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Notice

All information included in this document is current as of the date this document is issued. Such information, however, is
subject to change without any prior notice. Before purchasing or using any Renesas Electronics products listed herein, please
confirm the latest product information with a Renesas Electronics sales office. Also, please pay regular and careful attention to
additional and different information to be disclosed by Renesas Electronics such as that disclosed through our website.

Renesas Electronics does not assume any liability for infringement of patents, copyrights, or other intellectual property rights
of third parties by or arising from the use of Renesas Electronics products or technical information described in this document.
No license, express, implied or otherwise, is granted hereby under any patents, copyrights or other intellectual property rights
of Renesas Electronics or others.

Y ou should not ater, modify, copy, or otherwise misappropriate any Renesas Electronics product, whether in whole or in part.

Descriptions of circuits, software and other related information in this document are provided only to illustrate the operation of
semiconductor products and application examples. You are fully responsible for the incorporation of these circuits, software,
and information in the design of your equipment. Renesas Electronics assumes no responsibility for any losses incurred by
you or third parties arising from the use of these circuits, software, or information.

When exporting the products or technology described in this document, you should comply with the applicable export control
laws and regulations and follow the procedures required by such laws and regulations. Y ou should not use Renesas
Electronics products or the technology described in this document for any purpose relating to military applications or use by
the military, including but not limited to the development of weapons of mass destruction. Renesas Electronics products and
technology may not be used for or incorporated into any products or systems whose manufacture, use, or sale is prohibited
under any applicable domestic or foreign laws or regulations.

Renesas Electronics has used reasonable care in preparing the information included in this document, but Renesas Electronics
does not warrant that such information is error free. Renesas Electronics assumes no liability whatsoever for any damages
incurred by you resulting from errorsin or omissions from the information included herein.

Renesas Electronics products are classified according to the following three quality grades: “Standard”, “High Quality”, and
“Specific’. The recommended applications for each Renesas Electronics product depends on the product’ s quality grade, as
indicated below. You must check the quality grade of each Renesas Electronics product before using it in a particular
application. You may not use any Renesas Electronics product for any application categorized as “ Specific” without the prior
written consent of Renesas Electronics. Further, you may not use any Renesas Electronics product for any application for
which it is not intended without the prior written consent of Renesas Electronics. Renesas Electronics shall not be in any way
liable for any damages or losses incurred by you or third parties arising from the use of any Renesas Electronics product for an
application categorized as“ Specific” or for which the product is not intended where you have failed to obtain the prior written
consent of Renesas Electronics. The quality grade of each Renesas Electronics product is“ Standard” unless otherwise
expressly specified in a Renesas Electronics data sheets or data books, etc.

“Standard”: Computers; office equipment; communications equipment; test and measurement equipment; audio and visual
equipment; home el ectronic appliances, machine tools; personal electronic equipment; and industria robots.

“High Quality”: Transportation equipment (automobiles, trains, ships, etc.); traffic control systems; anti-disaster systems; anti-
crime systems; safety equipment; and medical equipment not specifically designed for life support.

“Specific™: Aircraft; aerospace equipment; submersible repeaters; nuclear reactor control systems; medical equipment or
systems for life support (e.g. artificial life support devices or systems), surgical implantations, or heathcare
intervention (e.g. excision, etc.), and any other applications or purposes that pose a direct threat to human life.

Y ou should use the Renesas Electronics products described in this document within the range specified by Renesas Electronics,
especialy with respect to the maximum rating, operating supply voltage range, movement power voltage range, heat radiation
characteristics, installation and other product characteristics. Renesas Electronics shall have no liability for malfunctions or
damages arising out of the use of Renesas Electronics products beyond such specified ranges.

Although Renesas Electronics endeavors to improve the quality and reliability of its products, semiconductor products have
specific characteristics such as the occurrence of failure at a certain rate and malfunctions under certain use conditions. Further,
Renesas Electronics products are not subject to radiation resistance design. Please be sure to implement safety measures to
guard them against the possibility of physical injury, and injury or damage caused by fire in the event of the failure of a
Renesas Electronics product, such as safety design for hardware and software including but not limited to redundancy, fire
control and malfunction prevention, appropriate treatment for aging degradation or any other appropriate measures. Because
the evaluation of microcomputer software aloneis very difficult, please evaluate the safety of the final products or system
manufactured by you.

Please contact a Renesas Electronics sales office for details as to environmental matters such as the environmental
compatibility of each Renesas Electronics product. Please use Renesas Electronics products in compliance with all applicable
laws and regulations that regulate the inclusion or use of controlled substances, including without limitation, the EU RoHS
Directive. Renesas Electronics assumes no liability for damages or losses occurring as aresult of your noncompliance with
applicable laws and regulations.

This document may not be reproduced or duplicated, in any form, in whole or in part, without prior written consent of Renesas
Electronics.

Please contact a Renesas Electronics sales office if you have any questions regarding the information contained in this
document or Renesas Electronics products, or if you have any other inquiries.

(Note1l) “Renesas Electronics’ as used in this document means Renesas Electronics Corporation and aso includes its majority-

owned subsidiaries.

(Note2) “Renesas Electronics product(s)” means any product developed or manufactured by or for Renesas Electronics.




General Precautions in the Handling of MPU/MCU Products

The following usage notes are applicable to all MPU/MCU products from Renesas. For detailed usage notes

on the products covered by this manual, refer to the relevant sections of the manual. If the descriptions under
General Precautions in the Handling of MPU/MCU Products and in the body of the manual differ from each
other, the description in the body of the manual takes precedence.

1.

Handling of Unused Pins

Handle unused pins in accord with the directions given under Handling of Unused Pins in the
manual.

— The input pins of CMOS products are generally in the high-impedance state. In operation
with an unused pin in the open-circuit state, extra electromagnetic noise is induced in the
vicinity of LS|, an associated shoot-through current flows internally, and malfunctions occur
due to the false recognition of the pin state as an input signal become possible. Unused
pins should be handled as described under Handling of Unused Pins in the manual.

Processing at Power-on

The state of the product is undefined at the moment when power is supplied.

— The states of internal circuits in the LSI are indeterminate and the states of register
settings and pins are undefined at the moment when power is supplied.

In a finished product where the reset signal is applied to the external reset pin, the states
of pins are not guaranteed from the moment when power is supplied until the reset
process is completed.

In a similar way, the states of pins in a product that is reset by an on-chip power-on reset
function are not guaranteed from the moment when power is supplied until the power
reaches the level at which resetting has been specified.

Prohibition of Access to Reserved Addresses

Access to reserved addresses is prohibited.

— The reserved addresses are provided for the possible future expansion of functions. Do
not access these addresses; the correct operation of LS| is not guaranteed if they are
accessed.

Clock Signals

After applying a reset, only release the reset line after the operating clock signal has become

stable. When switching the clock signal during program execution, wait until the target clock

signal has stabilized.

— When the clock signal is generated with an external resonator (or from an external
oscillator) during a reset, ensure that the reset line is only released after full stabilization of
the clock signal. Moreover, when switching to a clock signal produced with an external
resonator (or by an external oscillator) while program execution is in progress, wait until
the target clock signal is stable.

Differences between Products

Before changing from one product to another, i.e. to one with a different part number, confirm
that the change will not lead to problems.

— The characteristics of MPU/MCU in the same group but having different part numbers may
differ because of the differences in internal memory capacity and layout pattern. When
changing to products of different part numbers, implement a system-evaluation test for
each of the products.




1.

How to Use This Manual

Purpose and Target Readers

This manual is designed to provide the user with an understanding of the hardware functions and electrical
characteristics of the MCU. It is intended for users designing application systems incorporating the MCU. A basic
knowledge of electric circuits, logical circuits, and MCUs s necessary in order to use this manual.

The manual comprises an overview of the product; descriptions of the CPU, system control functions, peripheral
functions, and electrical characteristics; and usage notes.

Particular attention should be paid to the precautionary notes when using the manual. These notes occur
within the body of the text, at the end of each section, and in the Usage Notes section.

The revision history summarizes the locations of revisions and additions. It does not list all revisions. Refer
to the text of the manual for details.

The following documents apply to the RBC/LA3A Group and R8C/LASA Group. Make sure to refer to the latest
versions of these documents. The newest versions of the documents listed may be obtained from the Renesas
Electronics Web site.

Document Type Description Document Title Document No.
Datasheet Hardware overview and electrical R8C/LA3A Group, R8C/LA5A Group, |R01DS0011EJ0100
characteristics R8C/LAGA Group, R8C/LABA Group
Datasheet
User’s Manual: Hardware specifications (pin R8C/LA3A Group, R8C/LA5A Group | This User’s Manual
Hardware assignments, memory maps, User’s Manual: Hardware

peripheral function specifications,
electrical characteristics, timing
charts) and operation description
Note: Refer to the application notes
for details on using peripheral

functions.
User’s Manual: Description of CPU instruction set | R8C/Tiny Series Software Manual | REJO9B0001
Software
Application note Information on using peripheral Available from the Renesas Electronics Web site.

functions and application examples
Sample programs

Information on writing programs in
assembly language and C
Renesas technical | Product specifications, updates on
update documents, etc.




2.

The notation conventions for register names, bit names, numbers, and symbols used in this manual are described
below.

Notation of Numbers and Symbols

@

2

Register Names, Bit Names, and Pin Names
Registers, bits, and pins are referred to in the text by symbols. The symbol is accompanied by the word “register,”
“bit,” or “pin” to distinguish the three categories.
Examples the PMO3 bit in the PMO register
P3 5pin, VCC pin

Notation of Numbers
The indication “b” is appended to numeric values given in binary format. However, nothing is appended to the
values of single bits. The indication “h” is appended to numeric values given in hexadecimal format. Nothing is
appended to numeric values given in decimal format.
Examples Binary: 11b

Hexadecimal: EFAOh

Decimal: 1234




3. Register Notation

The symbols and terms used in register diagrams are descri

bed below.

X.X.X XXX Register (Symbol)

Address XXXXh

Bit b7 b6 b5 b4 b3 b2 bl o]0]
Symbol | XXX7 XXX6 XXX5 XXX4 — — XXX1 XXX0 *1
After Reset 0 0 0 0 0 0 0 0 /
Bit Symbol Bit Name Function
b0 XXX0 [XXX bit béboo. R/W
bl XXX1 F XXX R/W
0 1: XXX N
1 0: Do not set.
11: XXX
b2 — Nothing is assigned. If necessary, set to 0. When read, the content is undefined. —
b3 — Reserved bit Set to 0. R/W
b4 XXX4 | XXX bit Function varies according to the operating mode. R/W
b5 XXX5 w
b6 XXX6 R/W
b7 XXX7 | XXX bit 0: XXX R
1: XXX
\*2 \*3
*1
R/W: Read and write.
R: Read only.
W: Write only.
—: Nothing is assigned.
*2
* Reserved hit
Reserved bit. Set to specified value.
*3

* Nothing is assigned.

Nothing is assigned to the bit. Asthe bit may be used for future functions, if necessary, set to 0.

» Do not set to avalue.
Operation is not guaranteed when avalueis set.
« Function varies according to the operating mode.

The function of the bit varies with the peripheral function mode. Refer to the register diagram for information

on the individual modes.




4.

List of Abbreviations and Acronyms

Abbreviation Full Form
ACIA Asynchronous Communication Interface Adapter
bps bits per second
CRC Cyclic Redundancy Check
DMA Direct Memory Access
DMAC Direct Memory Access Controller
GSM Global System for Mobile Communications
Hi-Z High Impedance
IEBuUS Inter EqQuipment Bus
I/0 Input / Output
IrDA Infrared Data Association
LSB Least Significant Bit
MSB Most Significant Bit
NC Non-Connect
PLL Phase Locked Loop
PWM Pulse Width Modulation
SIM Subscriber Identity Module
UART Universal Asynchronous Receiver / Transmitter
VCO Voltage Controlled Oscillator

All trademarks and registered trademarks are the property of their respective owners.
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SFR Page Reference

Address Register Symbol Page Address Register Symbol Page
0000h 0040h
0001h 0041h | Flash Memory Ready Interrupt Control Register | FMRDYIC 156
0002h 0042h
0003h 0043h [ INT7 Interrupt Control Register INT7IC 157
0004h | Processor Mode Register 0 PMO 33 0044h
0005h | Processor Mode Register 1 PM1 192 0045h [ INT5 Interrupt Control Register INTSIC 157
0006h | System Clock Control Register O CMO 106, 123 0046h
0007h | System Clock Control Register 1 CM1 107, 124 0047h | Timer RC Interrupt Control Register TRCIC 156
0008h | Module Standby Control Register 0 MSTCRO | 225, 341, 365, 0048h
397, 433, 469 0049h
0009h | System Clock Control Register 3 cm3 108, 125 004Ah | Timer RH Interrupt Control Register TRHIC 156
000Ah | Protect Register PRCR 149 004Bh
000Bh | Reset Source Determination Register RSTFR 33 00ach
000Ch_| Oscillation S.tOp Detection Register ocb 109, 126 004Dh | Key Input Interrupt Control Register KUPIC 155
000Dh | Watchdog Timer Reset Register WDTR 192 004Eh | A/D Conversion Interrupt Control Register ADIC 155
O00Eh | Watchdog Timer Start Register WDTS 192 004Fh | SSU Interrupt Control Register / 1IC bus Interrupt | SSUIC/IICIC 156
000Fh | Watchdog Timer Control Register WDTC 193 Control Register
0010h | Module Standby Control Register 1 MSTCR1 | 202, 276, 320 0050h
0011h 0051h [ UARTO Transmit Interrupt Control Register SOTIC 155
0012h 0052h | UARTO Receive Interrupt Control Register SORIC 155
0013h 0053h
0014h 0054h
0015h 0055h | INT2 Interrupt Control Register INT2IC 157
0016h 0056h | Timer RJO Interrupt Control Register TRJOIC 155
0017h 0057h | Timer RB1 Interrupt Control Register TRB1IC 155
0018h 0058h | Timer RBO Interrupt Control Register TRBOIC 155
0019h 0059h [ INT1 Interrupt Control Register INT1IC 157
001Ah 005Ah | INT3 Interrupt Control Register INT3IC 157
001Bh 005Bh | Timer RJ1 Interrupt Control Register TRJ1IC 155
001Ch | Count Source Protection Mode Register CSPR 193 005Ch
001Dh 005Dh | INTO Interrupt Control Register INTOIC 157
001Eh 005Eh
001Fh 005Fh
0020h | Power-Off Mode Control Register 0 POMCRO 129 0060h
0021h 0061h
0022h 0062h
0023h | High-Speed On-Chip Oscillator Control Register 0 | FRAO 110, 127 0063h
0024h | High-Speed On-Chip Oscillator Frequency FRCO 110 0064h
Control Register 0 0065h
0025h | High-Speed On-Chip Oscillator Control Register 2 | FRA2 111 0086h
0026h | On-Chip Reference Voltage Control Register OCVREFCR 434 0067h
0o027h 0068h
0028h
. _ . 0069h
0029n C;?ngssgg%ch'p Oscillator 18 MHz Set FR18S0 u2 006Ah | LCD Interrupt Control Register LcDIC 155
002Ah | High-Speed On-Chip Oscillator 18 MHz Set FR18S1 112 006Bh
Value Register 1 006Ch
002Bh 006Dh
002Ch 006Eh
002Dh 006Fh
002Eh 0070h
002Fh | High-Speed On-Chip Oscillator Frequency FRC1 112 0071h
Control Register 1 . .
0030n | Voltage Monitor Circuit Control Register CVPA 76 0072h | Voltage monitor 1 Interrupt Control Register VCMPL1IC 155
0031h | Voltage Monitor Circuit Edge Select Register VCAC 76 0073h | Voltage monitor 2 Interrupt Control Register VCMP2IC 155
0032h 0074h
0033h | Voltage Detect Register 1 VCAL 47 0075h
0034h | Voltage Detect Register 2 VCA2 48, 128 0076h
0035h 0077h
0036h | Voltage Detection 1 Level Select Register VDILS 49 0078h
0037h 0079h
0038h | Voltage Monitor O Circuit Control Register VwoC 50 007AR
0039h | Voltage Monitor 1 Circuit Control Register VW1C 51 0078h
003Ah | Voltage Monitor 2 Circuit Control Register vw2acC 52 oo7ch
003Bh 007Dh
ooach 007Eh
0030n 007Fh
003Eh
003Fh
Note

1. Blank spaces are reserved. No access is allowed.




Address Register Symbol Page Address Register Symbol Page
0080h | Timer RJO Control Register TRJOCR 321 00COh | A/D Register 0 ADO 435
0081h | Timer RJO I/O Control Register TRJOIOC 321, 326, 329, 00C1h

831, 333, 336 00C2h | AID Register 1 ADL 435
0082h | Timer RJO Mode Register TRJOMR 322 00C3h
0083h | Timer RJO Event Pin Select Register TRJOISR 323 00Can | AID Register 2 D2 235
0084h | Timer RJO Register TRJO 323 00C5h
0085h 00C6h | A/D Register 3 AD3 435
0086h 00C7h
0087h 00C8h | A/D Register 4 AD4 435
0088h | Timer RJ1 Control Register TRJICR 321 00Coh
0089h | Timer RJ1 I/O Control Register TRJ1IOC 332311 ?323% 332396 00CAh | AID Register 5 ADS 235
008Ah | Timer RJ1 Mode Register TRIIMR 322 0ocBh
008Bh | Timer RJL Event Pin Select Register TRILISR 323 00CCh | A/D Register 6 ADS 435
008Ch | Timer RJ1 Register TRIL 323 00cDh
008Dh 00CEh | A/D Register 7 AD7 435
008Eh 00CFh
008Fh 00Doh
0090h 00D1h
0091h 00D2h
0092h 00D3h
0093h 00D4h | A/D Mode Register ADMOD 436
0094h 00D5h | A/D Input Select Register ADINSEL 437
0095h 00D6h | A/D Control Register 0 ADCONO 438
0096h 00D7h | A/D Control Register 1 ADCON1 439
0097h 00D8h
0098h | Timer RBL Control Register TRBICR 203 00D%h
0099h | Timer RBL One-Shot Control Register TRBIOCR 203 00DAR
009Ah | Timer RB1 /O Control Register TRBLIOC | 204,207, 211, 00DBh
214,218 00DCh
009Bh | Timer RB1 Mode Register TRBIMR 204 00DDh | A/D Control Register 2 ADCON2 440
009Ch | Timer RB1 Prescaler Register TRB1PRE 205 00DEh
009Dh | Timer RB1 Secondary Register TRB1SC 205 00DFh
009Eh | Timer RB1 Primary Register TRB1PR 206 00EOh | Port PO Register PO 70
009Fh 00E1h
00AOh | UARTO Transmit/Receive Mode Register UOMR 342 00E2h | Port PO Direction Register PDO 69
00Alh | UARTO Bit Rate Register UOBRG 342 00E3h
00A2h | UARTO Transmit Buffer Register uoTB 343 00E4h | Port P2 Register P2 70
00A3h 00E5h | Port P3 Register P3 70
00A4h | UARTO Transmit/Receive Control Register 0 | UOCO 344 00E6h | Port P2 Direction Register PD2 69
00A5h | UARTO Transmit/Receive Control Register 1 | UOC1 344 00E7h | Port P3 Direction Register PD3 69
00A6h | UARTO Receive Buffer Register UORB 345 00E8h
00A7h 00ESh | Port P5 Register P5 70
00A8h 00EAh
00A9h 00EBh | Port P5 Direction Register PD5 69
00AAh 00ECh
00ABh 00EDh | Port P7 Register P7 70
00ACh 00EEh
00ADh 00EFh | Port P7 Direction Register PD7 69
O00AEh 00FOh | Port P8 Register P8 70
00AFh 00F1h | Port P9 Register P9 70
00BOh 00F2h | Port P8 Direction Register PD8 69
00B1h 00F3h | Port P9 Direction Register PD9 69
00B2h 00F4h
00B3h 00F5h
00B4h 00F6h
00B5h 00F7h
00B6h 00F8h
00B7h 00F9h
00B8h 00FAh
00B%Sh 00FBh
00BAh 00FCh
00BBh 00FDh
00BCh 00FEh
00BDh 00FFh
00BEh
00BFh
Note:

1. Blank spaces are reserved. No access is allowed.




Address Register Symbol Page Address Register Symbol Page
0100h 0130h | Timer RC Control Register 2 TRCCR2 231, 252,
0101h 259, 265
0102h 0131h | Timer RC Digital Filter Function Select Register | TRCDF 232, 266
0103h 0132h | Timer RC Output Master Enable Register TRCOER 233
0104h 0133h | Timer RC Trigger Control Register TRCADCR 233
0105h 0134h
0106h 0135h
0107h 0136h

n - 0137h
0108h | Timer RBO Control Register TRBOCR 203
0109h | Timer RBO One-Shot Control Register TRBOOCR 203 0138h
010Ah | Timer RBO I/O Control Register TRBOIOC 204, 207, 211, 0139h
214,218 013Ah
010Bh | Timer RBO Mode Register TRBOMR 204 013Bh
010Ch | Timer RBO Prescaler Register TRBOPRE 205 013Ch
010Dh | Timer RBO Secondary Register TRBOSC 205 013Dh
010Eh | Timer RBO Primary Register TRBOPR 206 013Eh
010Fh 013Fh
0110h | Timer RH Second Data Register / Counter | TRHSEC 277, 309 0140h
Data Register 0141h
0111h | Timer RH Minute Data Register / Compare | TRHMIN 278, 309 o142h
Data Register
0112h | Timer RH Hour Data Register TRHHR 279 0143h
0113h | Timer RH Day-of-the-Week Data Register | TRHWK 280 0144h
0114h | Timer RH Date Data Register TRHDY 281 0145h
0115h | Timer RH Month Data Register TRHMON 282 0146h
0116h | Timer RH Year Data Register TRHYR 283 0147h
0117h | Timer RH Control Register TRHCR 284, 310 0148h
0118h | Timer RH Count Source Select Register | TRHCSR 287, 311 0149h
0119h | Timer RH Clock Error Correction Register | TRHADJ 288 014Ah
011Ah | Timer RH Interrupt Flag Register TRHIFR 289, 313 0148h
011Bh | Timer RH Interrupt Enable Register TRHIER 290, 314 014ch
011Ch | Timer RH Alarm Minute Register TRHAMN 201 014Dh
011Dh | Timer RH Alarm Hour Register TRHAHR 292 014Eh
011Eh | Timer RH Alarm Day-of-the-Week TRHAWK 293 014Fh
Register 0150h
011Fh | Timer RH Protect Register TRHPRC 294, 314 0151h
0120h | Timer RC Mode Register TRCMR 226 0152h
0121h | Timer RC Control Register 1 TRCCR1 227, 249, 258, 0153h
264
n n 0154h
0122h | Timer RC Interrupt Enable Register TRCIER 227 o5En
0123h | Timer RC Status Register TRCSR 228 o15ah
0124h | Timer RC I/O Control Register 0 TRCIORO 229, 244, 250 0157h
0125h | Timer RC I/O Control Register 1 TRCIOR1 229, 245, 251 T
0126h | Timer RC Counter TRC 230
0159h
0127h
- - 015Ah
0128h | Timer RC General Register A TRCGRA 230
015Bh
0129h
n n 015Ch
012Ah | Timer RC General Register B TRCGRB 230
015Dh
012Bh
- - 015Eh
012Ch | Timer RC General Register C TRCGRC 230
015Fh
012Dh
012Eh | Timer RC General Register D TRCGRD 230
012Fh
Note:

1. Blank spaces are reserved. No access is allowed.




Address Register Symbol Page Address Register Symbol Page
0160h 0190h
0161h 0191h
0162h 0192h
0163h 0193h | SS Bit Counter Register SSBR 367
0164h 0194h [ SS Transmit Data Register L / IIC bus SSTDR/ICDRT | 367, 399
0165h Transmit Data Register
0166h 0195h | SS Transmit Data Register H SSTDRH
o167h 0196h | SS R_eceive Data Register L /IIC bus SSRDR/ICDRR | 368, 399
Receive Data Register
o168h 0197h | SS Receive Data Register H SSRDRH
0169h 0198h | SS Control Register H / 1IC bus Control SSCRHI/ICCRL | 368, 400
016Ah Register 1
016Bh 0199h | SS Control Register L / [IC bus Control SSCRL/ICCR2 | 369, 401
o16ch Register 2
019Ah | SS Mode Register / IIC bus Mode Register | SSMR/ICMR 370, 402
016Dh 019Bh | SS Enable Register / IIC bus Interrupt SSER/ICIER 371, 403
016Eh Enable Register
016Fh 019Ch | SS Status Register / IIC bus Status Register | SSSR/ICSR 372, 404
0170h 019Dh | SS Mode Register 2 / Slave Address SSMR2/SAR 373, 405
0171h Register
0172h 019Eh
0173h 019Fh
0172h 01A0h
0175h 01Alh
0176h 01A2h
0177h 01A3h
0178h 01A4h
0179nh 01A5h
017An 01A6h
017Bh 01A7h
017Ch 01A8h
017Dh 01A%h
017En 01AAR
017Eh 01ABh
0180h | Timer RJ Pin Select Register TRJISR 71, 324 01ACh
0181h 01ADh
0182h | Timer RC Pin Select Register 0 TRCPSRO 72,234 O1AEh
0183h | Timer RC Pin Select Register 1 TRCPSR1 73,235 01AFh
0184h 01BOh
0185n 01B1h
0186h 01B2h | Flash Memory Status Register FST 493
0187h 01B3h
0188h | UARTO Pin Select Register UOSR 74346 01B4h | Flash Memory Control Register 0 FMRO 495
0189h 01B5h | Flash Memory Control Register 1 FMR1 498
018Ah 01B6h | Flash Memory Control Register 2 FMR2 499
018Bh 01B7h
018Ch | SSU/IIC Pin Select Register SSUIICSR | 75, 366, 308 01B8h
018Dh | Timer RH Second Interrupt Control Register | TRHICR 295 01Bh
018Eh | INT Interrupt Input Pin Select Register INTSR 76, 166 01BAh
018Fh | I/0O Function Pin Select Register PINSR 77,398 018Bh
01BCh
Note.l. Blank spaces are reserved. No access is allowed. 01BDh
01BEh
01BFh
01COh | Address Match Interrupt Register 0 RMADO 176
01C1h
01C2h
01C3h | Address Match Interrupt Enable Register 0 | AIERO 176
01C4h | Address Match Interrupt Register 1 RMAD1 176
01C5h
01C6h
01C7h | Address Match Interrupt Enable Register 1 | AIER1 176
01C8h
01C9%h
01CAh
01CBh
01CCh
01CDh
01CEh
01CFh

B-4




Address Register Symbol Page Address Register Symbol Page
01DOh 0200h | LCD Control Register LCRO 470
01D1h 0201h
01D2h 0202h | LCD Option Clock Control Register LCR2 471
01D3h 0203h | LCD Clock Control Register LCR3 471
01D4h 0204h | LCD Display Control Register LCR4 472
01D5h 0205h
01D6h 0206h | LCD Port Select Register 0 LSEO 472
01D7h 0207h | LCD Port Select Register 1 LSE1 473
01D8h 0208h | LCD Port Select Register 2 LSE2 473
01D%h 0209h
01DAh 020Ah
01DBh 020Bh | LCD Port Select Register 5 LSE5 474
01DCh 020Ch
01DDh 020Dh
01DEh 020Eh
01DFh 020Fh
01EOh | Port PO Pull-Up Control Register POPUR 78 0210h | LCD Display Data Register LRAOL 475
01Elh 0211h LRALL 475
01E2h | Port P2 Pull-Up Control Register P2PUR 78 0212h LRA2L 475
01E3h | Port P3 Pull-Up Control Register P3PUR 78 0213h LRA3L 475
01E4h 0214h LRA4L 475
01E5h | Port P5 Pull-Up Control Register P5PUR 78 0215h LRAS5L 475
01E6h 0216h LRAG6L 475
01E7h | Port P7 Pull-Up Control Register P7PUR 78 0217h LRA7L 475
01E8h | Port P8 Pull-Up Control Register P8PUR 78 0218h LRASL 475
01E9h | Port P9 Pull-Up Control Register P9PUR 78 0219h LRAIL 475
01EAh 021Ah LRA10L 475
01EBh 021Bh LRA11L 475
01ECh 021Ch LRA12L 475
01EDh 021Dh LRA13L 475
01EEh 021Eh LRA14L 475
01EFh 021Fh LRA15L 475
01FOh 0220h LRA16L 475
01F1h | Port P8 Drive Capacity Control Register P8DRR 78 0221h LRA17L 475
01F2h 0222h LRA18L 475
01F3h 0223h LRA19L 475
01F4h 0224h LRA20L 475
01F5h | Input Threshold Control Register O VLTO 79 0225h LRA21L 475
01F6h | Input Threshold Control Register 1 VLT1 80 0226h LRA22L 475
01F7h | Input Threshold Control Register 2 VLT2 81 0227h LRA23L 475
01F8h | Comparator B Control Register O INTCMP 461 0228h LRA24L 475
01F%h 0229h LRA25L 475
01FAh | External Input Enable Register 0 INTEN 167, 461 022Ah LRA26L 475
01FBh | External Input Enable Register 1 INTEN1 168 022Bh
01FCh [ INT Input Filter Select Register 0 INTF 168, 462 022Ch
01FDh [ INT Input Filter Select Register 1 INTF1 169 022Dh
01FEh [ Key Input Enable Register O KIEN 173 022Eh
01FFh | Key Input Enable Register 1 KIEN1 174 022Fh

Note: 0230h
1. Blank spaces are reserved. No access is allowed. 0231h
0232h
0233h
0234h
0235h
0236h
0237h
FFDBh | Option Function Select Register 2 ‘ OFS2 35, 188, ‘
195
FFFFh | Option Function Select Register OFS 34, 53,
187, 194,
491
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R8C/LA3A Group, R8C/LA5SA Group ROLUHO024E 10100

RENESAS MCU Rev.1.00
Aug 24, 2011

1. Overview

1.1 Features

The R8C/LA3A Group and R8C/LASA Group of single-chip MCUs incorporate the R8C CPU core, which
implements a powerful instruction set for ahigh level of efficiency and supports a 1 Mbyte address space, allowing
execution of instructions at high speed. In addition, the CPU core integrates a multiplier for high-speed operation
processing.

Power consumption is low, and the supported operating modes allow additional power control. These MCUs are
designed to maximize EMI/EMS performance.

Integration of many peripheral functions, including multifunction timer and serial interface, helps reduce the
number of system components.

The R8C/LA3A Group and R8C/LASA Group have dataflash (1 KB x 2 blocks).

1.1.1  Applications

Household appliances, office equipment, audio equipment, consumer products, etc.

RO1UH0024EJ0100 Rev.1.00 RENESAS Page 1 of 581
Aug 24, 2011



R8C/LA3A Group, R8C/LASA Group

1. Overview

1.1.2 Differences between Groups

Table 1.1 lists the differences between the groups, Table 1.2 lists the 1/O ports provided for each group, and
Table 1.3 lists the LCD Display Function Pins Provided for Each Group. Figures 1.3 and 1.4 show the pin

assignment for each group, and Tables 1.7 and 1.8 list product information.

The explanations in the chapters which follow apply to the R8C/LA5A Group only. Note the differences shown

bel ow.
Table 1.1 Differences between Groups
Item Function R8C/LA3A Group R8C/LA5SA Group
I/O Ports Programmable 1/O ports 26 pins 44 pins
Interrupts INT interrupt input pins 5 pins 6 pins
Timer RH Timer RH output pins None 1 pin
A/D Converter Analog input pins 5 pins 7 pins
LCD Drive Control Circuit | Segment output pins Max. 11 pins Max. 27 pins
Comparator B Analog input voltage 1 pin 2 pins
Reference input voltage 1 pin 2 pins
Clock XCIN pin Shared with XIN pin Dedicated pin
XCOUT pin Shared with XOUT pin Dedicated pin
Packages 32-pin LQFP 52-pin LQFP
Note:

1. 1/O ports are shared with I/O functions, such as interrupts or timers.

Refer to Tables 1.9 to 1.10, Pin Name Information by Pin Number, for details.

RO1UH0024EJ0100 Rev.1.00
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R8C/LA3A Group, R8C/LASA Group

1. Overview

Table 1.2 Programmable I/O Ports Provided for Each Group
Programmable R8C/LA3A Grc_>up R8C/LASA Grqup
/O Port Total: 26 I/O pins Total: 44 1/O pins
Bit 7 | Bit 6 | Bit 5 | Bit 4 | Bit 3| Bit 2 | Bit 1 [ Bit 0 | Bit 7 | Bit 6 | Bit 5 | Bit 4 | Bit 3| Bit 2| Bit 1 | Bit O
PO — T =T =7T=7T=1T=7T=T7TvIivivi]ivI]iv]v]v]v
P2 v v v v v v v v v v v v v v v v
P3 — === =]=1=]=1=|vi]iviiv]ivIiv]v]v]v
P5 — v v v v v v v — v v v v v v v
P7 — | - = = | = | = v — | - = = | — | — v v v
P8 v v v v v v v v v v v
P9 — | = = = | = | — v v SRR N (U S S — v v
Notes:
1. The symbol “v” indicates a programmable 1/O port.
2. The symbol “—” indicates the settings should be made as follows:
- Set 0 to the corresponding bits in the PDi (i = 0, 3, 5, 7, 9) register. When read, the content is 0.
- Set 0 to the corresponding bits in the Pi (i=0, 3, 5, 7, 9) register. When read, the content is 0.
Table 1.3 LCD Display Function Pins Provided for Each Group
R8C/LA3A Group R8C/LA5A Group
Shared 1/0O Port Common output: Max. 4 Common output: Max. 4
Segment output: Max. 11 Segment output: Max. 27
PO ol | | _ |SEG|SEG|SEG|SEG|SEG|SEG|SEG|SEG
7 6 5 4 3 2 1 0
P2 SEG|SEG|SEG|SEG|SEG|SEG|SEG|SEG|SEG|SEG|SEG|SEG|SEG|SEG|SEG|SEG
15|14 |13 |12 |11 | 10| 9 8 |15 |14 |13 |12 |11 |10 | 9 8
P3 o | | _ |SEG|SEG|SEG|SEG|SEG|SEG|SEG|SEG
23 |1 22|21 |20 |19 | 18 | 17 | 16
P5 COM|COM|COM COM|COM|COM
VL3 |VL2 | VL1 |CcOM| 1 2 3 VL3 |VL2 | VL1 |CcOM| 1 2 3
T | @ | @ | @] 0 |SEG|SEG|SEG| | @ | @ | @ | 0 |SEG|SEG|SEG
26 | 25 | 24 26 | 25 | 24
Notes:
1. The symbol “—" indicates there is no LCD display function. Set the corresponding bits to 0 by setting registers

LSEO, LSE2, and LSES5 for these pins.
2. When using the LCD drive control circuit, set the corresponding bit in the LSES register to 1.
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R8C/LA3A Group, R8C/LASA Group 1. Overview

1.1.3  Specifications
Tables 1.4 to 1.6 list the specifications.

Table 1.4 Specifications (1)
Item Function Specification

CPU Central processing unit R8C CPU core
* Number of fundamental instructions: 89
« Minimum instruction execution time:

50 ns (f(XIN) = 20 MHz, VCC = 2.7 Vt0 5.5 V)

125 ns (f(XIN) = 8 MHz, VCC = 1.8 Vt0 5.5 V)
« Multiplier: 16 bits x 16 bits — 32 bits
« Multiply-accumulate instruction: 16 bits x 16 bits + 32 bits — 32 bits
« Operating mode: Single-chip mode (address space: 1 Mbyte)

Memory |ROM/RAM Refer to Tables 1.7 to 1.8 Product Lists.
Data flash
Power Voltage detection circuit * Power-on reset
Supply « Voltage detection 3 (detection level of voltage detection 0 and
Voltage voltage detection 1 selectable)
Detection
I/O Ports | Programmable | RBC/LA3A Group |« CMOS 1/O ports: 26, selectable pull-up resistor (1)
I/0 ports « High current drive ports: 8

R8C/LASA Group |« CMOS I/O ports: 44, selectable pull-up resistor (1)
« High current drive ports: 8
Clock Clock generation circuits 4 circuits: XIN clock oscillation circuit
XCIN clock oscillation circuit (32 kHz)
High-speed on-chip oscillator (with frequency adjustment function)
Low-speed on-chip oscillator
« Oscillation stop detection:
XIN clock oscillation stop detection function
 Frequency divider circuit:
Division ratio selectable from 1, 2, 4, 8, and 16
« Low-power-consumption modes:
Standard operating mode (high-speed clock, low-speed clock, high-
speed on-chip oscillator, low-speed on-chip oscillator), wait mode,
stop mode, power-off mode
Real-time clock (timer RH)
Interrupts R8C/LA3A Group | » Number of interrupt vectors: 69
« External Interrupt: 13 (INT x 5, key input x 8)
« Priority levels: 7 levels
R8C/LA5SA Group | » Number of interrupt vectors: 69
« External Interrupt: 14 (INT x 6, key input x 8)
* Priority levels: 7 levels
Watchdog Timer * 14 bits x 1 (with prescaler)
« Selectable reset start function
» Selectable low-speed on-chip oscillator for watchdog timer

Note:
1. No pull-up resistor is provided in the pins P5_4 to P5_6.

RO1UH0024EJ0100 Rev.1.00 RENESAS Page 4 of 581
Aug 24, 2011



R8C/LA3A Group, R8C/LASA Group 1. Overview

Table 1.5 Specifications (2)

Iltem Function Specification
Timer Timer RBO, Timer RB1 |8 bits x 2 (with 8-bit prescaler)
Timer mode (period timer), programmable waveform generation mode
(PWM output), programmable one-shot generation mode, programmable wait
one-shot generation mode
Timer RC 16 bits x 1 (with 4 capture/compare registers)
Timer mode (input capture function, output compare function),
PWM mode (output: 3 pins), PWM2 mode (PWM output: 1 pin)
Timer RH Real-time clock mode (counting of seconds, minutes, hours, day of the week,
date, month, year), output compare mode
Timer RJO, Timer RJ1 |16 bits x 2
Timer mode (period timer), pulse output mode (output level inverted every
period), event counter mode, pulse width measurement mode, pulse period
measurement mode

Serial UARTO 1 channel
Interface Clock synchronous serial I/O/UART
Synchronous Serial 1 (shared with 12C-bus)
Communication Unit (SSU)
12C bus 1 (shared with SSU)
A/D Converter R8C/LA3A | 10-bit resolution x 5 channels, including sample and hold function, with sweep
Group mode, temperature sensor included (measurement temperature range:
—20 to 85°C (N version)/ —40 to 85°C (D version))
R8C/LA5A | 10-bit resolution x 7 channels, including sample and hold function, with sweep
Group mode, temperature sensor included (measurement temperature range:
—20 to 85°C (N version)/ —40 to 85°C (D version))
Comparator B R8C/LA3A | 1 circuit (comparator B1)
Group
R8C/LASA | 2 circuits (comparator B1, comparator B3)
Group
LCD Drive Control R8C/LA3A | Common output: Max. 4 pins
Circuit Group Segment output: Max. 11 pins | Bias: 1/2, 1/3
R8C/LASA | Common output: Max. 4 pins |« Duty: static, 1/2, 1/3, 1/4
Group Segment output: Max. 27 pins
RO1UHO0024EJ0100 Rev.1.00 RENESAS Page 5 of 581
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R8C/LA3A Group, R8C/LASA Group 1. Overview

Table 1.6 Specifications (3)

ltem Specification
Flash Memory * Programming and erasure voltage: VCC = 1.8 V to 5.5 V (data flash VCC =1.8 Vto 5.5 V)
» Programming and erasure endurance: 10,000 times (data flash)
10,000 times (program ROM)
» Program security: ROM code protect, ID code check
» On-chip debug function
» On-board flash rewrite function
Operating Frequency/ | f(XIN) = 20 MHz (VCC = 2.7 Vt0 5.5 V)
Supply Voltage f(XIN) =8 MHz (VCC=1.8Vt0o5.5V)
Current Consumption | Typ. 4.7 mA (VCC = 5.0V, f(XIN) = 20 MHz)
Typ. 2.3 mA (VCC = 3.0V, f(XIN) = 10 MHz)
Typ. 1.7 uA (VCC = 3.0 V, wait mode (f(XCIN) = 32 kHz))
Typ. 0.5 pA (VCC = 3.0V, stop mode)
Typ. 1.3 pA (VCC = 3.0V, power-off 2 mode, timer RH enabled)
Typ. 0.01 pA (VCC = 3.0V, power-off 0 mode, timer RH disabled)
Operating Ambient —20 to 85°C (N version)
Temperature —40 to 85°C (D version) (1)

Note:
1. Specify the D version if D version functions are to be used.
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R8C/LA3A Group, R8C/LASA Group

1. Overview

1.2 Product Lists

Tables 1.7 and 1.8 list product information for each group. Figures 1.1 and 1.2 show the Correspondence of Part
No., with Memory Size and Package for each group.

Table 1.7 Product List for RBC/LA3A Group Current of Aug 2011
Internal ROM Capacity Internal RAM
Part No. Program ROM Data Flash Capacity Package Type Remarks

R5F2LA32ANFP 8 Kbytes 1 Kbyte x 2 2 Kbytes PLQP0032GB-A N Version
R5F2LA34ANFP 16 Kbytes 1 Kbyte x 2 2 Kbytes PLQP0032GB-A

R5F2LA36ANFP 32 Kbytes 1 Kbyte x 2 2 Kbytes PLQP0032GB-A

R5F2LA38ANFP 64 Kbytes 1 Kbyte x 2 3.5 Kbytes PLQP0032GB-A

R5F2LA32ADFP 8 Kbytes 1 Kbyte x 2 2 Kbytes PLQP0032GB-A D Version
R5F2LA34ADFP 16 Kbytes 1 Kbyte x 2 2 Kbytes PLQP0032GB-A

R5F2LA36ADFP 32 Kbytes 1 Kbyte x 2 2 Kbytes PLQP0032GB-A

R5F2LA38ADFP 64 Kbytes 1 Kbyte x 2 3.5 Kbytes PLQP0032GB-A

Part No. R5 F 2LA3 8 AN

FP
L

Package type:
FP: LQFP (0.8 mm pin-pitch)

Classification
N: Operating ambient temperature —20 to 85 °C
D: Operating ambient temperature —40 to 85 °C

———— DataFlash

A: DataFlash
ROM capacity

2: 8KB

4: 16KB

6: 32KB

8: 64KB
R8C/LA3A Group
R8C/Lx Series

Memory type
F: Flash memory

Renesas MCU

Renesas semiconductor

Figure 1.1

Correspondence of Part No., with Memory Size and Package of RBC/LA3A Group
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R8C/LA3A Group, R8C/LASA Group

1. Overview

Table 1.8 Product List for RBC/LA5A Group Current of Aug 2011
Internal ROM Capacity Internal RAM
Part No. Program ROM | Data Flash Capacity Package Type Remarks

R5F2LA52ANFP 8 Kbytes 1 Kbyte x 2 2 Kbytes PLQPO0052JA-A N Version
R5F2LA54ANFP 16 Kbytes 1 Kbyte x 2 2 Kbytes PLQPO0052JA-A

R5F2LA56ANFP 32 Kbytes 1 Kbyte x 2 2 Kbytes PLQPO0052JA-A

R5F2LA58ANFP 64 Kbytes 1 Kbyte x 2 3.5 Kbytes PLQPO0052JA-A

R5F2LA52ADFP 8 Kbytes 1 Kbyte x 2 2 Kbytes PLQPO0052JA-A D Version
R5F2LA54ADFP 16 Kbytes 1 Kbyte x 2 2 Kbytes PLQPO0052JA-A

R5F2LA56ADFP 32 Kbytes 1 Kbyte x 2 2 Kbytes PLQPO0052JA-A

R5F2LA58ADFP 64 Kbytes 1 Kbyte x 2 3.5 Kbytes PLQPO0052JA-A

Part No. R5 F 2L A5 8 AN

FP
.

Package type:
FP: LQFP (0.65 mm pin-pitch)

Classification
N: Operating ambient temperature —20 to 85 °C
D: Operating ambient temperature —40 to 85 °C

DataFlash
A: DataFlash

ROM capacity

2: 8KB

4: 16KB

6: 32KB

8: 64KB
R8C/LA5A Group
R8C/Lx Series

Memory type
F: Flash memory

Renesas MCU

Renesas semiconductor

Figure 1.2

Correspondence of Part No., with Memory Size and Package of RBC/LASA Group
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R8C/LA3A Group, R8C/LASA Group

1. Overview

1.3 B

lock Diagrams

Figure 1.3 shows a Block Diagram of R8C/LA3A Group. Figure 1.4 shows aBlock Diagram of R8C/LAS5A Group.

I/O por

PXIII YT AR R R P XYY Y Y Y Yy Y Y YY)

ts

8

7

Peripheral functions

Timers

Timer RB (8 bits x 2)
Timer RC (16 bits x 1)
Timer RH

Timer RJ (16 bits x 2)

UART or
clock synchronous serial I/O
(8 bits x 1)

12C bus or SSU
(8 bits x 1)

Watchdog timer
(14 bits)

A/D converter
(10 bits X 5 channels)

Comparator B 1 ch

System clock generation
circuit

XIN-XOUT
High-speed on-chip oscillator
Low-speed on-chip oscillator

XCIN-XCOUT

Low-speed on-chip oscillator
for watchdog timer

LCD drive control circuit

Common output: Max. 4 pins
Segment output: Max. 11 pins

i

L X X N X X N J -....----‘
[

[ee]

&

Temperature Sensor R8C CPU core Memory
ROH | ROL SB ROM @
R1H [RIL Sop
Voltage detection circuit
RAM @
Multiplier

PY XYY YR YRR Y Y N YR R YR R YN AR P Y PR YRR YR L R R YR R R Y Y Y XX ¥ ¥FY

Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y T Y Y Y P Y Y Y P Y P Y P Y P Y PSP P Y Y PY Y YY Y YY

Notes:

1. ROM capacity varies with MCU type.
2. RAM capacity varies with MCU type.

[ 6duod | [ sduod | [ 2dwod |

Figure 1.3 Block Diagram of R8C/LA3A Group
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1. Overview

8

8 8

7

Timers

Timer RB (8 bits x 2)
Timer RC (16 bits x 1)
Timer RH

Timer RJ (16 bits x 2)

clock synchronous serial I/0

(8 bits x 1)

12C bus or SSU
(8 bits x 1)

/0 ports Port PO PortP2 | | PortP3 Port P5
Peripheral functions
UART or System clock generation

circuit

XIN-XOUT
High-speed on-chip oscillator
Low-speed on-chip oscillator

XCIN-XCOUT

Watchdog timer
(14 bits)

A/D converter
(20 bits X 7 channels)

Comparator B 2 ch

Low-speed on-chip oscillator
for watchdog timer

LCD drive control circuit

Common output: Max. 4 pins
Segment output: Max. 27 pins

Temperature Sensor R8C CPU core Memory
ROH | ROL SB ROM @
R1H | RIL Oor
Voltage detection circuit
RAM @
Multiplier

PY XTI Y X R Y PR R R YRR R R R R R YR YR R YRR Y YR RN YRR YRR Y YRR YR Y Y N Y ¥N

ccacscsccccnccscccccncnccncccacnscn st acncaccacrccencaeccenecccensaecacnann’

Notes:

1. ROM capacity varies with MCU type.
2. RAM capacity varies with MCU type.

cocsccsccae’

&

crceccee
[e0]

i

-
N

[ 6dvod | [ sduod | [ zdvod |

Figure 1.4

Block Diagram of R8C/LA5SA Group
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R8C/LA3A Group, R8C/LASA Group

1. Overview

1.4 Pin Assignments

Figures 1.3 and 1.4 show pin assignments (top view). Tables 1.9 to 1.10 list the pin name information by pin

number.

Notes:

P2_1/SEGY/TRBOO <4 [2
P2_0/SEGS8/TRB10 4 [2
P7_1/TRCCLK/INT2/AN5 <4 [2

P8 7(FI'RCTRG)/TRCIOA/IVREFl/ANS <+»|2
P8_6(/TRCIOB)/RXDO/AN2 <4 [2
P8_5/TRCIOC(/TRCIOB)/TXDO/AN1 4P
P8_4/TRCIOD(/TRCIOB)/CLKO/ANO <+»:

WKUPO —P [3

3

EEEEEEEER

P
X
CEEZER
YIXIX XIXIX
=== F D
— || NN
Eﬁkkkﬁww
ziziz228an
T STTSE N0
OHN(V)VLDEN
oA
[GRORCRUROCROI=—
UWwwww oo
NNNHLNVNNLOO
DAHADNNANDOY
NI ml <rI lDI ol '\I C>I HI
NANNNNANLWLW
[a N N a Ny a M a M a M a I 0 Y

PP

PLQP0032GB-A (32P6U-A)

.

R8C/LA3A Group

(top view)

10

Y

Lle]e e fle e ]l

—
—>
—>
>
—>
>
—>
>

VREF
MODE
RESET
(IXCOUT)
VSS/IAVSS

(IXCIN)
VCC/AVCC

P9_O/XIN
P8_3/TRJOIO/SSO/SDA

P9_1/XOUT

1. The pin in parentheses can be assigned by a program.
2. Confirm the pin 1 position on the package by referring to the Package Dimensions.

5_2/COM1/SEG26/KI6
5_3/COMO/KI7

P
P

P5_
P5_
P5_
P8_0/IVCMP1/SCS/INT1
p
P

8_2/TRJI1IO/SSCK/SCL

Figure 1.5

Pin Assignment (Top View) of PLQP0032GB-A Package
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R8C/LA3A Group, R8C/LASA Group

1. Overview

PO_7/SEG7/TRHO <4

PO_6/SEG6/SCS 4

PO_5/SEG5/SSI €4
PO_4/SEG4/SSCK/SCL 4
PO_3/SEG3/SSO/SDA 44—

PO_2/SEG2 4

PO_1/SEG1 4
PO_O/SEGO(/TRCTRG)/INT7/ADTRG <4
P7_2(/TRCTRG)/AN6 4
P7_1/TRCCLK/INT2/AN5 <€
P7_O/IVREF3/WKUPI/AN4 4
P8_7(/TRCTRG)/TRCIOA/IVREF1/AN3 €
P8_6(/TRCIOB)/RXDO/AN2 4

Notes:
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[ Iy W MY M N n Y n HY M n Y HY n R a H 0
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s ~
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@]
[ ] R8C/LA5A Group
45
=]
z PLQPO0052JA-A (52P6A-A)
48 H
o (top view)
=B
]
= O O
N J
DBEBnBnEoaEnEE
dopPuLWZERFENZO0C
ZzZEWwasS|w s
sg:mSQSmBQKQ%
SSRKE>=TQOMXILOLy
Qf; XIESH 30
£Q 20800
oo . 2
00 §
0o
'_
4
oa ®
ofe} .
0O
figid
e
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N
oo

1. The pin in parentheses can be assigned by a program.
2. Confirm the pin 1 position on the package by referring to the Package Dimensions.

NI RN RN N NN NN
slalleoll |l =l el S| RSl =] o] @

SRR RRARRRER:

P3_5/SEG21
P3_6/SEG22
P3_7/SEG23
P5_0/COM3/SEG24/KI4
P5_1/COM2/SEG25/KI5
P5_2/COM1/SEG26/KI6
P5_3/COMO/KI7
P5_4/VL1
P5_5/VL2

P5 6/NL3
P8_0/IVCMP1/SCS/INT1
P8_1/IVCMP3/SSI/INT3
P8_2/TRJ1IO/SSCK/SCL

Figure 1.6

Pin Assignment (Top View) of PLQP0052JA-A Package
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R8C/LA3A Group, R8C/LASA Group 1. Overview
Table 1.9 Pin Name Information by Pin Number (1)
Pin Number I/0 Pin Functions for Peripheral Modules
. LCD drive
LASA | LA3A Control Pin | Port Interrupt Timer Serial Interface SSU | I12C bus AID Converter, Control
Comparator B o
Circuit
TRCIOC/
1 30 P8_5 (TRCIOB) TXDO AN1
TRCIOD/
2 31 P8 4 (TRCIOB) CLKO ANO
3 32 WKUPO
4 1 VREF
5 2 MODE
6 XCIN
7 XCOUT
8 | 3 | Reser
XOouT
9 4 P9 1
(XCouT) @ —
10 5 VSS/AVSS
XIN
11 6 P9 0
(XCIN) @ -
12 7 VCC/AVCC
13 8 P8_3 TRJOIO SSO SDA
14 9 P8 2 TRJ1IO SSCK SCL
15 10 P8_1 | INT3 Ssl IVCMP3 ®)
16 11 P8 0 INT1 SCS IVCMP1
17 12 P5_6 VL3
18 | 13 P55 VL2
19 14 P5_4 VL1
20 15 P5 3 K7 COMO
— SEG26/
21 16 P5_2 KI6 COM1
. SEG25/
22 17 P5 1 KI5 CoM2
J— SEG24/
23 18 P5_0 Kl4 com3
24 P3_7 SEG23
25 P3_6 SEG22
26 P3 5 SEG21
27 P3 4 SEG20
28 P3_3 SEG19
29 P3_2 SEGI8
30 P31 SEG17
Note:

1. The pin in parentheses can be assigned by a program.

2. Pins (XCOUT) and (XCIN) are not available in the RBC/LA5A Group.

3. The IVCMP3 pin is not available in the R8C/LA3A Group.
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R8C/LA3A Group, R8C/LASA Group 1. Overview
Table 1.10  Pin Name Information by Pin Number (2)
Pin Number 1/0 Pin Functions for Peripheral Modules
Control LCD drive
LASA | LA3A Pin Port Interrupt Timer Serial Interface SSU | 12C bus AID Converter, Control
Comparator B o
Circuit
31 P3_0 SEG16
— SEG15/
32 19 P2_7 K13 COMEXP
33 | 20 P26 | (iNT3)KI2 SEG14
34 | 21 P25 | (iINT2)/KIT SEG13
35 | 22 P2_4 | (iINTL)KIO SEG12
36 | 23 P2_3 INTS SEG11
37 | 24 p2_2 iNTO SEG10
38 25 P2_1 TRBOO SEG9
39 26 P2_0 TRB10O SEGS8
40 PO_7 TRHO SEG7
41 PO_6 scs SEG6
42 P0O_5 SSI SEG5
43 PO_4 SSCK SCL SEG4
44 P0O_3 SSO SDA SEG3
45 P0O_2 SEG2
46 PO_1 SEG1
47 P0O_0 iINT7 | (TRCTRG) ADTRG SEGO
48 P7 2 (TRCTRG) ANG
49 | 27 P7_1 iNT2 TRCCLK ANS5
50 WKUPL P7_0 AN4/IVREF3
TRCIOA/
51 28 P8_7 (TRCTRG) AN3/IVREF1
52 29 P8_6 (TRCIOB) RXDO AN2
Note:
1. The pin in parentheses can be assigned by a program.
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R8C/LA3A Group, R8C/LASA Group 1. Overview

1.5 Pin Functions
Tables 1.11 and 1.12 list pin functions for RBC/LASA Group.

Table 1.11 Pin Functions for RBC/LA5SA Group (1)
Iltem Pin Name 1/0 Type Description
Power supply input | VCC, VSS — Apply 1.8 V to 5.5 V to the VCC pin.
Apply 0 V to the VSS pin.
Analog power AVCC, AVSS — Power supply for the A/D converter.
supply input Connect a capacitor between AVCC and AVSS.
Reset input RESET I Driving this pin low resets the MCU.
MODE MODE I Connect this pin to VCC via a resistor.
Power-off 0 mode |wKUpPO I This pin is provided for input to exit the mode used in power-off
exit input 0 mode. Connect to VSS when not using power-off 0 mode.
WKUP1 This pin is provided for input to exit the mode used in power-off
0 mode.
XIN clock input XIN These pins are provided for XIN clock generation circuit 1/O.
Connect a ceramic oscillator or a crystal oscillator between pins
XIN clock output | XOUT 0O XIN and XOUT. () To use an external clock, input it to the XIN
pin and set XOUT as the I/O port P9_1. When the pin is not
used, treat it as an unassigned pin and use the appropriate
handling.
XCIN clock input | XCIN | These pins are provided for XCIN clock generation circuit 1/O.
Connect a crystal oscillator between pins XCIN and XCOUT. ()
XCIN clock output | XCOUT Ie) To use an external clock, input it to the XCIN pin and leave the
XCOUT pin open.
INT interrupt input | INTO to INT3, INT interrupt input pins.
INT5, INT7
Key input interrupt | k10 to KI7 I Key input interrupt input pins
Timer RB TRB0OO, TRB1O o Timer RB output pin
Timer RC TRCCLK I External clock input pin
TRCTRG I External trigger input pin
TRCIOA, TRCIOB, I/0 Timer RC I/O pins
TRCIOC, TRCIOD
Timer RH TRHO (0] Timer RH output pin
Timer RJ TRJOIO, TRJ1IO 110 Timer RJ I/O pins
Serial interface CLKO I/O Transfer clock I/O pins
RXDO I Serial data input pins
TXDO 0] Serial data output pins
I: Input O: Output 1/O: Input and output
Note:

1. Contact the oscillator manufacturer for oscillation characteristics.
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R8C/LA3A Group, R8C/LASA Group

1. Overview

Table 1.12 Pin Functions for RBC/LA5SA Group (2)
Iltem Pin Name 1/0 Type Description
12C bus SCL 110 Clock 1/0O pin
SDA I/O Data I/O pin
SSuU SSi I/0 Data I/O pin
SCsS I/O Chip-select signal I/O pin
SSCK 110 Clock 1/0O pin
SSO I/0 Data I/O pin
Reference voltage |VREF I Reference voltage input pin for the A/D converter
input
A/D converter ANO to AN6 I A/D converter analog input pins
ADTRG I AD external trigger input pin
Comparator B IVCMP1, IVCMP3 | Comparator B analog voltage input pins
IVREF1, IVREF3 | Comparator B reference voltage input pins
I/O ports PO_0to PO_7, 1/0 CMOS /0 ports. Each port has an I/O select direction register,
P2_0to P2_7, allowing each pin in the port to be directed for input or output
P3_0to P3_7, individually.
P5_0to P5_86, Any port set to input can be set to use a pull-up resistor or not
P7_0to P7_2, by a program.
P8 0Oto P8 7, Port P8 can be used as LED drive ports.
P9 _0,P9_1
Segment output SEGO to SEG26 0] LCD segment output pins
Common output COMO to COMS, 0] LCD common output pins
COMEXP
LCD power supply |VL1 I Apply the following voltage: 1 V < VL1 <VCC and VL1 < VL2.
VL2 I Apply the following voltage: VL2 <5.5V and VL1 < VL2 <VL3.
VL3 I Apply the following voltage: VL3 <5.5V and VL2 < VL3.
I: Input O: Output 1/0: Input and output
Note:

1. Contact the oscillator manufacturer for oscillation characteristics.
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R8C/LA3A Group, R8C/LASA Group 2. Central Processing Unit (CPU)

2. Central Processing Unit (CPU)

Figure 2.1 shows the CPU Registers. The CPU contains 13 registers. RO, R1, R2, R3, A0, A1, and FB configure a
register bank. There are two sets of register banks.

b31 bl5 b8b7 b

I R2 ROH (high-order of RO)| ROL (low-order of R0O) I

' R3 R1H (high-order of R1)| R1L (low-order of R1) |
R2
R3

Data registers )

A0 I .
1 Address registers @
Al

FB I Frame base register

b19 b15 b0

| INTBH | INTBL | Interrupt table register

The 4 high-order bits of INTB are INTBH and
the 16 low-order bits of INTB are INTBL.

b19 bo
| PC | Program counter
bis bo
USP User stack pointer
ISP Interrupt stack pointer
SB Static base register
bi5 bo
| FLG Flag register
bia---=""" b8 b7 bo)
LI Py [ [ [ ] [ulilolBls][z[p]|c]
Carry flag
Debug flag
Zero flag
Sign flag

Register bank select flag
Overflow flag

Interrupt enable flag

Stack pointer select flag
Reserved bit

Processor interrupt priority level
Reserved bit

Note:
1. These registers configure a register bank.
There are two sets of register banks.

Figure 2.1 CPU Registers
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R8C/LA3A Group, R8C/LASA Group 2. Central Processing Unit (CPU)

2.1 Data Registers (RO, R1, R2, and R3)

RO is a 16-bit register for transfer, arithmetic, and logic operations. The same appliesto R1 to R3. RO can be split
into high-order bits (ROH) and low-order bits (ROL) to be used separately as 8-bit data registers. R1H and R1L are
analogous to ROH and ROL. R2 can be combined with RO and used as a 32-bit data register (R2R0). R3R1 is
analogous to R2R0.

2.2 Address Registers (A0 and Al)

A0 is a 16-bit register for address register indirect addressing and address register relative addressing. It is aso
used for transfer, arithmetic, and logic operations. Al isanalogousto AO. Al can be combined with AQ and as a 32-
bit address register (A1AO0).

2.3 Frame Base Register (FB)
FB isa16-bit register for FB relative addressing.

2.4 Interrupt Table Register (INTB)
INTB isa 20-bit register that indicates the starting address of an interrupt vector table.

2.5 Program Counter (PC)
PC is 20 bits wide and indicates the address of the next instruction to be executed.

2.6 User Stack Pointer (USP) and Interrupt Stack Pointer (ISP)

The stack pointers (SP), USP and ISP, are each 16 bitswide. The U flag of FLG is used to switch between
USPand ISP

2.7 Static Base Register (SB)
SB isa 16-hit register for SB relative addressing.

2.8 Flag Register (FLG)
FLG isan 11-hit register indicating the CPU state.

2.8.1 Carry Flag (C)
The C flag retains carry, borrow, or shift-out bits that have been generated by the arithmetic and logic unit.

28.2 Debug Flag (D)
The D flag isfor debugging only. Set it to 0.

2.8.3 Zero Flag (2)
The Z flag is set to 1 when an arithmetic operation results in O; otherwise to 0.

2.8.4  Sign Flag (S)

The Sflag is set to 1 when an arithmetic operation results in a negative value; otherwise to 0.

2.8.5 Register Bank Select Flag (B)
Register bank 0 is selected when the B flag is 0. Register bank 1 is selected when thisflag is set to 1.

2.8.6 Overflow Flag (O)
The O flag is set to 1 when an operation results in an overflow; otherwise to 0.
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R8C/LA3A Group, R8C/LASA Group 2. Central Processing Unit (CPU)

2.8.7 Interrupt Enable Flag (1)

The | flag enables maskable interrupts.
Interrupts are disabled when the | flag is set to 0, and are enabled when the | flagissetto 1. Thel flagissetto O
when an interrupt request is acknowledged.

2.8.8 Stack Pointer Select Flag (U)

ISP is selected when the U flag is set to 0; USP is selected when the U flag is set to 1.
The U flag is set to 0 when a hardware interrupt request is acknowledged or the INT instruction of software
interrupt numbers 0 to 31 is executed.

2.8.9 Processor Interrupt Priority Level (IPL)

IPL is 3 bits wide and assigns processor interrupt priority levels from level 0to level 7.
If arequested interrupt has higher priority than IPL, the interrupt is enabled.

2.8.10 Reserved Bit
If necessary, set to 0. When read, the content is undefined.
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R8C/LA3A Group, R8C/LASA Group

3. Memory

3.

Memory

Figure 3.1 isa Memory Map of each group. Each group has a 1-Mbyte address space from addresses 00000h to
FFFFFh. For example, a48-Kbyte internal ROM areais allocated addresses 04000h to OFFFFh.
The fixed interrupt vector table is allocated addresses OFFDCh to OFFFFh. The starting address of each interrupt
routine is stored here.
Theinternal ROM (data flash) is allocated addresses 03000h to 037FFh.
The internal RAM is allocated higher addresses, beginning with address 00400h. For example, a 3.5-Kbyte internal
RAM areais allocated addresses 00400h to 011FFh. The internal RAM is used not only for data storage but also as a
stack areawhen a subroutineis called or when an interrupt request is acknowledged.
Special function registers (SFRs) are allocated addresses 00000h to 002FFh and 02C00h to 02FFFh. Peripheral
function control registers are allocated here. All unallocated spaces within the SFRs are reserved and cannot be
accessed by users.

00000h SFR
(Refer to 4. Special
Function Registers
(SFRs))
002FFh
00400h
Internal RAM
/ OFFD8h
0XXXXh ¢
Reserved area
02C00h SFR
(Refer to 4. Special
Function Registers OFEDCh E n n n =
02FFFh (SFRs)) E Undefined instruction 3
03000h E Overflow 3
Internal ROM E BRK instruction E
(data flash) ®) E Address match 3
037FFh E Single st 3
oYYYYh E ingle step 3
Int | ROM [ Watchdog timer, oscillation stop detection, voltage monitor
nternal E 3
(program ROM) E Address break E
E (Reserved) 3
OFFFFh OFFFFh E Reset 3
Internal ROM
(program ROM) Notes:
Z7777Zh 1. Data flash indicates block A (1 Kbyte) and block B (1 Kbyte).
2. Blank spaces are reserved. No access is allowed.
FFFFFh
Internal ROM Internal RAM
Part Number - Address Address : Address Data Flash
Capacity oYYYYh 77777h Capacity 0XXXXh
R5F2LA32ANFP, R5F2LA32ADFP, R5F2LA52ANFP, R5F2LA52ADFP 8 Kbytes 0EO0Ch OFFFFh 2 Kbytes 00BFFh
R5F2LA34ANFP, R5F2LA34ADFP, R5F2LA54ANFP, R5F2LA54ADFP 16 Kbytes 0C000h OFFFFh 2 Kbytes 00BFFh
Available
R5F2LA36ANFP, R5F2LA36ADFP, R5F2LAS6ANFP, R5F2LAS6ADFP 32 Kbytes 08000h OFFFFh 2 Kbytes 00BFFh
R5F2LA38ANFP, R5F2LA38ADFP, R5F2LA58ANFP, R5F2LA58ADFP 64 Kbytes 04000h 13FFFh 3.5 Kbytes 011FFh
Figure 3.1 Memory Map
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R8C/LA3A Group, R8C/LASA Group

4. Special Function Registers (SFRs)

4. Special Function Registers (SFRs)
An SFR (specia function register) isacontrol register for a peripheral function. Tables 4.1 to 4.9 list SFR information
and Table 4.10 lists the ID Code Areas and Option Function Select Area. The description offered in this chapter is
based on the RBC/LA5A Group.

Table 4.1 SFR Information (1) (1)
Address Register Symbol After Reset
0000h
0001h
0002h
0003h
0004h Processor Mode Register 0 PMO 00h
0005h Processor Mode Register 1 PM1 00h
00000100b (2)
0006h System Clock Control Register 0 CMO 00100000b
0007h System Clock Control Register 1 CM1 00100000b
0008h Module Standby Control Register 0 MSTCRO 00h
0009h System Clock Control Register 3 CM3 00h
000Ah Protect Register PRCR 00h
000Bh Reset Source Determination Register RSTFR XXh 3
000Ch Oscillation Stop Detection Register OCD 00000100b 4)
00h 4)
000Dh Watchdog Timer Reset Register WDTR XXh
000Eh Watchdog Timer Start Register WDTS XXh
000Fh Watchdog Timer Control Register WDTC 00111111b
0010h Module Standby Control Register 1 MSTCR1 00h
0011h
0012h
0013h
0014h
0015h
0016h
0017h
0018h
0019h
001Ah
001Bh
001Ch Count Source Protection Mode Register CSPR 00h
10000000b (5)
001Dh
001Eh
001Fh
0020h Power-Off Mode Control Register 0 POMCRO XXXXXX00b
0021h
0022h
0023h High-Speed On-Chip Oscillator Control Register 0 FRAO 00h
0024h High-Speed On-Chip Oscillator Frequency Control Register 0 FRCO When shipping
0025h High-Speed On-Chip Oscillator Control Register 2 FRA2 00h
0026h On-Chip Reference Voltage Control Register OCVREFCR 00h
0027h
0028h
0029h High-Speed On-Chip Oscillator 18 MHz Set Value Register 0 FR18S0 XXh
002Ah High-Speed On-Chip Oscillator 18 MHz Set Value Register 1 FR18S1 XXh
002Bh
002Ch
002Dh
002Eh
002Fh High-Speed On-Chip Oscillator Frequency Control Register 1 FRC1 When shipping
0030h Voltage Monitor Circuit Control Register CMPA 00h
0031h Voltage Monitor Circuit Edge Select Register VCAC 00h
0032h
0033h Voltage Detect Register 1 VCA1l 00001000b
0034h Voltage Detect Register 2 VCA2 00h (6)
00100000b (7)
0035h
0036h Voltage Detection 1 Level Select Register VD1LS 00000111b
0037h
0038h Voltage Monitor O Circuit Control Register VWOC 1100X010b (6)
1100X011b ()
0039h Voltage Monitor 1 Circuit Control Register VW1C 10001010b
X: Undefined
Notes:
1. Blank spaces are reserved. No access is allowed.
2. The CSPRO bit in the CSPR register is set to 1.
3. The CWR bit in the RSTFR register is set to 0 after power-on, voltage monitor 0 reset, or exit from power-off 0 mode. Hardware reset, software reset,
or watchdog timer reset does not affect this bit.
4. The reset value differs depending on the mode.
5. The CSPROINI bit in the OFS register is set to 0.
6. The LVDAS bit in the OFS register is set to 1.
7. The LVDAS bit in the OFS register is set to 0.
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R8C/LA3A Group, R8C/LASA Group

4. Special Function Registers (SFRs)

Table 4.2

SFR Information (2) (1)

Address

Register

Symbol

After Reset

003Ah

Voltage Monitor 2 Circuit Control Register

VW2C

10000010b

003Bh

003Ch

003Dh

003Eh

003Fh

0040h

0041h

Flash Memory Ready Interrupt Control Register

FMRDYIC

XXXXX000b

0042h

0043h

INT7 Interrupt Control Register

INT7IC

XX00X000b

0044h

0045h

INT5 Interrupt Control Register

INT5IC

XX00X000b

0046h

0047h

Timer RC Interrupt Control Register

TRCIC

XXXXX000b

0048h

0049h

004Ah

Timer RH Interrupt Control Register

TRHIC

XXXXX000b

004Bh

004Ch

004Dh

Key Input Interrupt Control Register

KUPIC

XXXXX000b

004Eh

AJD Conversion Interrupt Control Register

ADIC

XXXXX000b

004Fh

SSU Interrupt Control Register / [IC bus Interrupt Control Register (2)

SSUIC/IICIC

XXXXX000b

0050h

0051h

UARTO Transmit Interrupt Control Register

SOTIC

XXXXX000b

0052h

UARTO Receive Interrupt Control Register

SORIC

XXXXX000b

0053h

0054h

0055h

INT2 Interrupt Control Register

INT2IC

XX00X000b

0056h

Timer RJO Interrupt Control Register

TRJOIC

XXXXX000b

0057h

Timer RB1 Interrupt Control Register

TRBI1IC

XXXXX000b

0058h

Timer RBO Interrupt Control Register

TRBOIC

XXXXX000b

0059h

INT1 Interrupt Control Register

INT1IC

XX00X000b

005Ah

INT3 Interrupt Control Register

INT3IC

XX00X000b

005Bh

Timer RJ1 Interrupt Control Register

TRJLIC

XXXXX000b

005Ch

005Dh

INTO Interrupt Control Register

INTOIC

XX00X000b

005Eh

005Fh

0060h

0061h

0062h

0063h

0064h

0065h

0066h

0067h

0068h

0069h

006Ah

LCD Interrupt Control Register

LCDIC

XXXXX000b

006Bh

006Ch

006Dh

006Eh

006Fh

0070h

0071h

0072h

Voltage monitor 1 Interrupt Control Register

VCMP1IC

XXXXX000b

0073h

Voltage monitor 2 Interrupt Control Register

VCMP2IC

XXXXX000b

0074h

0075h

0076h

0077h

0078h

0079h

007Ah

007Bh

007Ch

007Dh

007Eh

007Fh

X: Undefined
Notes:

1. Blank spaces are reserved. No access is allowed.
2. Selectable by the IICSEL bit in the SSUIICSR register.
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R8C/LA3A Group, R8C/LASA Group

4. Special Function Registers (SFRs)

Table 4.3

SFR Information (3) (1)

Address

Register

Symbol

After Reset

0080h

Timer RJO Control Register

TRJOCR

00h

0081h

Timer RJO I/O Control Register

TRJOIOC

00h

0082h

Timer RJO Mode Register

TRJOMR

00h

0083h

Timer RJO Event Pin Select Register

TRJOISR

00h

0084h

0085h

Timer RJO Register

TRJO

FFh
FFh

0086h

0087h

0088h

Timer RJ1 Control Register

TRJICR

00h

0089h

Timer RJ1 I/O Control Register

TRJ1IOC

0oh

008Ah

Timer RJ1 Mode Register

TRIIMR

00h

008Bh

Timer RJ1 Event Pin Select Register

TRJLISR

00h

008Ch

008Dh

Timer RJ1 Register

TRJ1

FFh
FFh

008Eh

008Fh

0090h

0091h

0092h

0093h

0094h

0095h

0096h

0097h

0098h

Timer RB1 Control Register

TRBICR

00h

0099h

Timer RB1 One-Shot Control Register

TRB1OCR

0oh

009Ah

Timer RB1 1/0O Control Register

TRB1IOC

00h

009Bh

Timer RB1 Mode Register

TRBIMR

00h

009Ch

Timer RB1 Prescaler Register

TRB1PRE

FFh

009Dh

Timer RB1 Secondary Register

TRB1SC

FFh

009Eh

Timer RB1 Primary Register

TRB1PR

FFh

009Fh

00AOh

UARTO Transmit/Receive Mode Register

UOMR

00h

00A1h

UARTO Bit Rate Register

UOBRG

XXh

00A2h

00A3h

UARTO Transmit Buffer Register

uoTB

XXh
XXh

00A4h

UARTO Transmit/Receive Control Register 0

uoCo

00001000b

00A5h

UARTO Transmit/Receive Control Register 1

uoC1

00000010b

00A6h

00A7h

UARTO Receive Buffer Register

UORB

XXh
XXh

00A8h

00A9h

00AAh

00ABh

00ACh

00ADh

00AEh

00AFh

00BOh

00B1h

00B2h

00B3h

00B4h

00B5h

00B6h

00B7h

00B8h

00B9Sh

00BAh

00BBh

00BCh

00BDh

00BEh

00BFh

X: Undefined
Note:

1. Blank spaces are reserved. No access is allowed.
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R8C/LA3A Group, R8C/LASA Group

4. Special Function Registers (SFRs)

Table 4.4 SFR Information (4) (1)
Address Register Symbol After Reset
00COh A/D Register 0 ADO XXh
00C1h 000000XXb
00C2h A/D Register 1 AD1 XXh
00C3h 000000XXb
00C4h A/D Register 2 AD2 XXh
00C5h 000000XXb
00C6h A/D Register 3 AD3 XXh
00C7h 000000XXb
00C8h A/D Register 4 AD4 XXh
00C9h 000000XXb
00CAh A/D Register 5 AD5 XXh
00CBh 000000XXb
00CCh A/D Register 6 AD6 XXh
00CDh 000000XXb
00CEh A/D Register 7 AD7 XXh
00CFh 000000XXb
00DOh
00D1h
00D2h
00D3h
00D4h A/D Mode Register ADMOD 00h
00D5h A/D Input Select Register ADINSEL 11000000b
00D6h A/D Control Register 0 ADCONO 00h
00D7h A/D Control Register 1 ADCON1 00h
00D8h
00D9h
00DAh
00DBh
00DCh
00DDh A/D Control Register 2 ADCON2 00h
00DEh
00DFh
00EOh Port PO Register PO XXh
00E1lh
00E2h Port PO Direction Register PDO 00h
00E3h
00E4h Port P2 Register P2 XXh
00E5h Port P3 Register P3 XXh
00E6h Port P2 Direction Register PD2 00h
00E7h Port P3 Direction Register PD3 00h
00E8h
00ESh Port P5 Register P5 XXh
00EAh
00EBh Port P5 Direction Register PD5 00h
00ECh
00EDh Port P7 Register P7 XXh
00EEh
00EFh Port P7 Direction Register PD7 00h
00FOh Port P8 Register P8 XXh
00F1h Port P9 Register P9 XXh
00F2h Port P8 Direction Register PD8 00h
00F3h Port P9 Direction Register PD9 00h
00F4h
00F5h
00F6h
00F7h
00F8h
00F9h
00FAh
00FBh
00FCh
00FDh
00FEh
00FFh
X: Undefined
Note:

1. Blank spaces are reserved. No access is allowed.
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R8C/LA3A Group, R8C/LASA Group

4. Special Function Registers (SFRs)

Table 4.5 SFR Information (5) (1)
Address Register Symbol After Reset
0100h
0101h
0102h
0103h
0104h
0105h
0106h
0107h
0108h Timer RBO Control Register TRBOCR 00h
0109h Timer RBO One-Shot Control Register TRBOOCR 00h
010Ah Timer RBO 1/0O Control Register TRBOIOC 00h
010Bh Timer RBO Mode Register TRBOMR 00h
010Ch Timer RBO Prescaler Register TRBOPRE FFh
010Dh Timer RBO Secondary Register TRBOSC FFh
010Eh Timer RBO Primary Register TRBOPR FFh
010Fh
0110h Timer RH Second Data Register / Counter Data Register TRHSEC XXh
00h (2)
0111h Timer RH Minute Data Register / Compare Data Register TRHMIN XXh
00h ()
0112h Timer RH Hour Data Register TRHHR 00XXXXXXb
00h (2
0113h Timer RH Day-of-the-Week Data Register TRHWK 00000XXXb
00h ()
0114h Timer RH Date Data Register TRHDY 00XXXXXXb
00000001b (2)
0115h Timer RH Month Data Register TRHMON 000XXXXXb
00000001b (2
0116h Timer RH Year Data Register TRHYR XXh
00h (2)
0117h Timer RH Control Register TRHCR XXX00X0Xb
000XX1X0b ()
0118h Timer RH Count Source Select Register TRHCSR X0001000b
OXXXXXXXb ()
0119h Timer RH Clock Error Correction Register TRHADJ XXh
00h (@
011Ah Timer RH Interrupt Flag Register TRHIFR 00000XXXb
000XX000b (2)
011Bh Timer RH Interrupt Enable Register TRHIER XXh
00h (@
011Ch Timer RH Alarm Minute Register TRHAMN XXh
00h ()
011Dh Timer RH Alarm Hour Register TRHAHR XXh
00h (@
011Eh Timer RH Alarm Day-of-the-Week Register TRHAWK X0000XXXb
00h (2)
011Fh Timer RH Protect Register TRHPRC 00h
X0000000b ()
0120h Timer RC Mode Register TRCMR 01001000b
0121h Timer RC Control Register 1 TRCCR1 00h
0122h Timer RC Interrupt Enable Register TRCIER 01110000b
0123h Timer RC Status Register TRCSR 01110000b
0124h Timer RC 1/O Control Register 0 TRCIORO 10001000b
0125h Timer RC 1/O Control Register 1 TRCIOR1 10001000b
0126h Timer RC Counter TRC 0oh
0127h 00h
0128h Timer RC General Register A TRCGRA FFh
0129h FFh
012Ah Timer RC General Register B TRCGRB FFh
012Bh FFh
012Ch Timer RC General Register C TRCGRC FFh
012Dh FFh
012Eh Timer RC General Register D TRCGRD FFh
012Fh FFh
0130h Timer RC Control Register 2 TRCCR2 00011000b
0131h Timer RC Digital Filter Function Select Register TRCDF 00h
0132h Timer RC Output Master Enable Register TRCOER 01111111b
0133h Timer RC Trigger Control Register TRCADCR 00h
0134h
0135h
0136h
0137h
0138h
0139h
013Ah
013Bh
013Ch
013Dh
013Eh
013Fh
X: Undefined
Notes:

1. Blank spaces are reserved. No access is allowed.
2. This is the reset value after reset by RTCRST bit in TRHCR register.
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R8C/LA3A Group, R8C/LASA Group

4. Special Function Registers (SFRs)

Table 4.6 SFR Information (6) (1)

Address

Register

Symbol

After Reset

0140h

0141h

0142h

0143h

0144h

0145h

0146h

0147h

0148h

0149h

014Ah

014Bh

014Ch

014Dh

014Eh

014Fh

0150h

0151h

0152h

0153h

0154h

0155h

0156h

0157h

0158h

0159h

015Ah

015Bh

015Ch

015Dh

015Eh

015Fh

0160h

0161h

0162h

0163h

0164h

0165h

0166h

0167h

0168h

0169h

016Ah

016Bh

016Ch

016Dh

016Eh

016Fh

0170h

0171h

0172h

0173h

0174h

0175h

0176h

0177h

0178h

0179h

017Ah

017Bh

017Ch

017Dh

017Eh

017Fh

X: Undefined
Note:

1. Blank spaces are reserved. No access is allowed.
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R8C/LA3A Group, R8C/LASA Group 4. Special Function Registers (SFRs)

Table 4.7 SFR Information (7) ()

Address Register Symbol After Reset
0180h Timer RJ Pin Select Register TRJISR 00h
0181h
0182h Timer RC Pin Select Register 0 TRCPSRO 00h
0183h Timer RC Pin Select Register 1 TRCPSR1 00h
0184h
0185h
0186h
0187h
0188h UARTO Pin Select Register UOSR 00h
0189
018Ah
018Bh
018Ch SSU/IIC Pin Select Register SSUIICSR 00h
018Dh Timer RH Second Interrupt Control Register TRHICR XOXXXXXXb
00000001b 3
018Eh INT Interrupt Input Pin Select Register INTSR 00h
018Fh 1/0 Function Pin Select Register PINSR 00h
0190h
0191h
0192h
0193h SS Bit Counter Register SSBR 11111000b
0194h SS Transmit Data Register L / 1IC bus Transmit Data Register (2) SSTDR/ICDRT FFh
0195h SS Transmit Data Register H (2) SSTDRH FFh
0196h SS Receive Data Register L / 1IC bus Receive Data Register (2) SSRDR/ICDRR FFh
0197h SS Receive Data Register H (2) SSRDRH FFh
0198h SS Control Register H / IIC bus Control Register 1 (2) SSCRH/ICCR1 00h
0199h SS Control Register L / 1IC bus Control Register 2 (2) SSCRL/ICCR2 01111101b
019Ah SS Mode Register / 1IC bus Mode Register (2) SSMR/ICMR 00010000b/00011000b
019Bh SS Enable Register / IIC bus Interrupt Enable Register (2) SSER/ICIER 00h
019Ch SS Status Register / IIC bus Status Register (2) SSSR/ICSR 00h/0000X000b
019Dh SS Mode Register 2 / Slave Address Register (2) SSMR2/SAR 00h
019Eh
019Fh
01A0h
01A1h
01A2h
01A3h
01A4h
01A5h
01A6h
01A7h
01A8h
01A9h
01AAh
01ABh
01ACh
01ADh
01AEh
01AFh
01BOh
01B1h
01B2h Flash Memory Status Register FST 10000X00b
01B3h
01B4h Flash Memory Control Register 0 FMRO 00h
01B5h Flash Memory Control Register 1 FMR1 000000X0b
01B6h Flash Memory Control Register 2 FMR2 00h
01B7h
01B8h
01B%h
01BAh
01BBh
01BCh
01BDh
01BEh
01BFh
X: Undefined
Notes:
1. Blank spaces are reserved. No access is allowed.
2. Selectable by the IICSEL bit in the SSUIICSR register.
3. This is the reset value after reset by RTCRST bit in TRHCR register.
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4. Special Function Registers (SFRs)

Table 4.8

SFR Information (8) (1)

Address

Register

Symbol

After Reset

01COh

01C1h

01C2h

Address Match Interrupt Register 0

RMADO

XXh
XXh
0000XXXXb

01C3h

Address Match Interrupt Enable Register O

AIERO

00h

01C4h

01C5h

01C6h

Address Match Interrupt Register 1

RMAD1

XXh
XXh
0000XXXXb

01C7h

Address Match Interrupt Enable Register 1

AIER1

00h

01C8h

01C9h

01CAh

01CBh

01CCh

01CDh

01CEh

01CFh

01DOh

01D1h

01D2h

01D3h

01D4h

01D5h

01D6h

01D7h

01D8h

01D%h

01DAh

01DBh

01DCh

01DDh

01DEh

01DFh

01EOh

Port PO Pull-Up Control Register

POPUR

00h

01E1h

01E2h

Port P2 Pull-Up Control Register

P2PUR

00h

01E3h

Port P3 Pull-Up Control Register

P3PUR

00h

01E4h

01E5h

Port P5 Pull-Up Control Register

PS5PUR

00h

01E6h

01E7h

Port P7 Pull-Up Control Register

P7PUR

00h

01E8h

Port P8 Pull-Up Control Register

P8PUR

00h

01ESh

Port P9 Pull-Up Control Register

POPUR

00h

01EAh

01EBh

01ECh

01EDh

01EEh

01EFh

01F0h

01F1lh

Port P8 Drive Capacity Control Register

P8DRR

00h

01F2h

01F3h

01F4h

01F5h

Input Threshold Control Register 0

VLTO

00h

01F6h

Input Threshold Control Register 1

VLT1

00h

01F7h

Input Threshold Control Register 2

VLT2

00h

01F8h

Comparator B Control Register 0

INTCMP

00h

01F9h

01FAh

External Input Enable Register 0

INTEN

00h

01FBh

External Input Enable Register 1

INTEN1

00h

01FCh

INT Input Filter Select Register 0

INTF

00h

01FDh

INT Input Filter Select Register 1

INTF1

00h

01FEh

Key Input Enable Register 0

KIEN

00h

01FFh

Key Input Enable Register 1

KIEN1

00h

X: Undefined
Note:

1. Blank spaces are reserved. No access is allowed.
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4. Special Function Registers (SFRs)

Table 4.9 SFR Information (9) (1)

Address Register Symbol After Reset
0200h LCD Control Register LCRO 00h
0201h
0202h LCD Option Clock Control Register LCR2 00h
0203h LCD Clock Control Register LCR3 00h
0204h LCD Display Control Register LCR4 00h
0205h
0206h LCD Port Select Register 0 LSEO 00h
0207h LCD Port Select Register 1 LSE1 00h
0208h LCD Port Select Register 2 LSE2 00h
0209h
020Ah
020Bh LCD Port Select Register 5 LSE5 00h
020Ch
020Dh
020Eh
020Fh
0210h LCD Display Data Register LRAOL XXh
0211h LRAIL XXh
0212h LRA2L XXh
0213h LRA3L XXh
0214h LRA4L XXh
0215h LRAS5L XXh
0216h LRAG6L XXh
0217h LRA7L XXh
0218h LRAS8L XXh
0219h LRA9L XXh
021Ah LRA10L XXh
021Bh LRAIIL XXh
021Ch LRA12L XXh
021Dh LRA13L XXh
021Eh LRA14L XXh
021Fh LRA15L XXh
0220h LRA16L XXh
0221h LRAL17L XXh
0222h LRA18L XXh
0223h LRA19L XXh
0224h LRA20L XXh
0225h LRA21L XXh
0226h LRA22L XXh
0227h LRA23L XXh
0228h LRA24L XXh
0229 LRA25L XXh
022Ah LRA26L XXh
022Bh
022Ch
022Dh
022Eh
022Fh
0230h
0231h
0232h
0233h
0234h
0235h
0236h
0237h

[ 2FFFR ]
X: Undefined
Note:

1. Blank spaces are reserved. No access is allowed.
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R8C/LA3A Group, R8C/LASA Group 4. Special Function Registers (SFRs)

Table 4.10 ID Code Areas and Option Function Select Area

| Address | Area Name | Symbol [ After Reset |
| FFth [ Option Function Select Register 2 [OFS2 [ (Note 1) ]
[ FFDFh [IDI [(Note 2) |
[ FFESR [iD2 [(Note 2) |
[ FFEBR 103 [(No 2) |
[ FFEFR [iD4 [(Note 2) |
[ FFF3h 105 [(Note 2) |
[ FFF7h 106 [(Note 2) |
[ FFFBR [1D7 [(Note 2) |
| FFFFR [ Option Function Select Register [ OFS [ (Note 1) ]
Notes:

1. The option function select area is allocated in the flash memory, not in the SFRs. Set appropriate values as ROM data by a program.
Do not write additions to the option function select area. If the block including the option function select area is erased, the option function select
area is set to FFh.
When blank products are shipped, the option function select area is set to FFh. It is set to the written value after written by the user.
When factory-programming products are shipped, the value of the option function select area is the value programmed by the user.
2. The ID code areas are allocated in the flash memory, not in the SFRs. Set appropriate values as ROM data by a program.
Do not write additions to the ID code areas. If the block including the ID code areas is erased, the ID code areas are set to FFh.
When blank products are shipped, the ID code areas are set to FFh. They are set to the written value after written by the user.
When factory-programming products are shipped, the value of the ID code areas is the value programmed by the user.
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5. Resets

The following resets are available: hardware reset, power-on reset, voltage monitor O reset, watchdog timer reset, and

software reset.
Table 5.1 lists the Reset Names and Sources and Figure 5.1 shows the Reset Circuit Block Diagram.

Table 5.1 Reset Names and Sources
Reset Name Source
Hardware reset The input voltage to the RESET pin is held low.
Power-on reset VCC rises.
Voltage monitor O reset VCC falls. (Monitor voltage: Vdet0)
Watchdog timer reset Underflow of the watchdog timer
Software reset Write 1 to the PMO3 bit in the PMO register.

Hardware reset

RESET O
<

Power-on reset | Power-on reset
circuit

VCC

Voltage
detection
circuit

Voltage monitor O reset

Watchdog timer
Watchdog reset

timer

Pins, CPU, and SFRs @

CcPU )

Software reset

Note:
1. The CWR bit in the RSTFR register is set to 0 (cold start-up) after power-on, voltage monitor O reset, or
exit from power-off 0 mode. This bit remains unchanged at a hardware reset, software reset, or watchdog

timer reset.

Figure 5.1 Reset Circuit Block Diagram
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5. Resets

Table 5.2 shows the Pin Status while RESET Pin Level is Low. Figure 5.2 shows the CPU Register Status after Reset
and Figure 5.3 shows the Reset Sequence.

Table 5.2

Pin Status while RESET Pin Level is Low

Pin Name

Pin Status

PO, P2, P3, P5 _0to P5 6, P7_Oto P7_2, P8, P9 Oto P9_1

High impedance

High impedance

WKUPO
XCIN, XCOUT Undefined
VL1 to VL3 High impedance
15 b
0000h I Data register (RO)
0000h Data register (R1)
0000h I Data register (R2)
0000h I Data register (R3)
0000h I Address register (A0)
0000h I Address register (A1)
. 0000h Frame base register (FB)
b19 bo
00000h Interrupt table register (INTB)
Content of addresses OFFFEh to OFFFCh Program counter (PC)
b15 b0
0000h User stack pointer (USP)
0000h Interrupt stack pointer (ISP)
0000h Static base register (SB)
b15 bo
| 0000h Flag register (FLG)
bas - b8 b7 bo
L PP
IPL Ul OBS ZzZDC
Figure 5.2 CPU Register Status after Reset

RESET pin

Internal reset
signal

1

RS e e e e e e B e I B

1« 10 us or more required @
h !

1 fOCO-S clock x 32 cycles @

Activation time of flash memory
(CPU clock x 148 cycles) CEU clock x 28 cycle

T 1 e P e e Y e I Y o 0 N

OFFFCh OFFFEh
Address
(internal address ' X X X
signal) ! [}
1
! OFFFDh Content of reset vector
Notes:
1. Hardware reset.
2. When the low-level input width of the RESET pin is set to fOCO-S clock x 32 cycles or more, the RESET pin is driven high
at the same time as the internal reset signal is held high.
Figure 5.3 Reset Sequence
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5.1 Registers
5.1.1 Processor Mode Register 0 (PMO)
Address 0004h
Bit b7 b6 b5 b4 b3 b2 bl b0
Sympol| — | — [ — | — [ PmMO3 | — — —
After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 — Reserved bits Setto O. R/W
bl —
b2 —
b3 PMO03 |Software reset bit Setting this bit to 1 resets the MCU. When read, the | R/W
content is 0.
b4 — Nothing is assigned. If necessary, set to 0. When read, the content is 0. —
b5 —
b6 —
b7 —
Set the PRC1 bit in the PRCR register to 1 (write enabled) before rewriting the PMO register.
5.1.2 Reset Source Determination Register (RSTFR)
Address 000Bh
Bit b7 b6 b5 b4 b3 b2 bl b0
Symbo|| — | — | — | — |WDR|SWR|HWR CWR|
After Reset X X X X X X X X (Note 1)
Bit Symbol Bit Name Function R/W
b0 CWR |Cold start-up/warm start-up 0: Cold start-up R/W
determine flag (2. 3) 1: Warm start-up
bl HWR  [Hardware reset detect flag (4) 0: Not detected R
1: Detected
b2 SWR |Software reset detect flag 0: Not detected R
1: Detected
b3 WDR |Watchdog timer reset detect flag |0: Not detected R
1: Detected
b4 — Reserved bits When read, the content is undefined. R
b5 —
b6 —
b7 —
Notes:

1. The CWR bit is set to 0 (cold start-up) after power-on, voltage monitor O reset, or exit from power-off 0 mode.
This bit remains unchanged at a hardware reset, software reset, or watchdog timer reset.

2. When 1 is written to the CWR bit by a program, it is set to 1. (Writing O does not affect this bit.)

3. When the VWOCO bit in the VWOC register is set to 0 (voltage monitor O reset disabled), the CWR bit value is

undefined.

4. A hardware reset or an exit from power-off 0 mode is detected.
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5.1.3  Option Function Select Register (OFS)
Address OFFFFh

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol | CSPROINI| LVDAS | VDSEL1 | VDSELO |ROMCP1| ROMCR | — WDTON
After Reset User setting value (Note 1)

Bit Symbol Bit Name Function R/W

b0 WDTON [Watchdog timer start select bit 0: Watchdog timer automatically starts after reset | R/W
1: Watchdog timer is stopped after reset

bl — Reserved bit Setto 1. R/W

b2 ROMCR |ROM code protect disable bit 0: ROM code protect disabled R/W
1: ROMCP1 bit enabled

b3 ROMCP1 [ROM code protect bit 0: ROM code protect enabled R/W
1: ROM code protect disabled

b4 | VDSELO |Voltage detection O level select bit (2) [p5b4 R/W

0 0: 3.80 V selected (Vdet0_3)

bS VDSELL 0 1: 2.85 V selected (Vdet0_2) RIW
10: 2.35V selected (Vdet0_1)
11:1.90V selected (Vdet0_0)
b6 LVDAS |Voltage detection O circuit start bit 3) |0: Voltage monitor O reset enabled after reset RIW
1: Voltage monitor O reset disabled after reset
b7 |CSPROINI|{Count source protection mode 0: Count source protection mode enabled after reset | R/W
after reset select bit 1: Count source protection mode disabled after reset
Notes:
1. The OFS register is allocated in the flash memory, not in the SFRs. Set appropriate values as ROM data by a
program.
Do not write additions to the OFS register. If the block including the OFS register is erased, the OFS register is
set to FFh.
When blank products are shipped, the OFS register is set to FFh. It is set to the written value after written by the
user.
When factory-programming products are shipped, the value of the OFS register is the value programmed by the
user.

2. The same level of the voltage detection O level selected by bits VDSELO and VDESL1 is set in both functions of
voltage monitor O reset and power-on reset.

3. To use power-on reset and voltage monitor O reset, set the LVDAS bit to O (voltage monitor O reset enabled after
reset).

For a setting example of the OFS register, refer to 14.3.1 Setting Example of Option Function Select Area.

LVDAS Bit (Voltage Detection 0 Circuit Start Bit)
The Vdet0 voltage to be monitored by the voltage detection O circuit is selected by bits VDSELO and VDSEL 1.
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5.1.4  Option Function Select Register 2 (OFS2)
Address OFFDBh
Bit b7 b6 b5 b4 b3 b2 b1l b0
Symbol| — | — | — | — |WDTRCSl|WDTRCSO|WDTUFSl WDTUFSO
After Reset User setting value (Note 1)

Bit Symbol Bit Name Function R/W

b0 WDTUFSO [Watchdog timer underflow period set bit b(l)b(()) 03FEh R/W

bl | WDTUFS1 0 1. OFFFh R/W
1 0: 1FFFh
1 1: 3FFFh

b2 WDTRCSO0 |Watchdog timer refresh acknowledgement period bé bé 2504 R/W

set bit n e

b3 | WDTRCS1 01 50% R/W
10: 75%
11:100%

b4 — Reserved bits Setto 1. R/W

b5 —

b6 —

b7 —

Note:
1. The OFS2 register is allocated in the flash memory, not in the SFRs. Set appropriate values as ROM data by a

program.

Do not write additions to the OFS2 register. If the block including the OFS2 register is erased, the OFS2 register
is set to FFh.

When blank products are shipped, the OFS2 register is set to FFh. It is set to the written value after written by the
user.

When factory-programming products are shipped, the value of the OFS2 register is the value programmed by the
user.

For a setting example of the OFS2 register, refer to 14.3.1 Setting Example of Option Function Select Area.

Bits WDTRCSO and WDTRCS1
(Watchdog Timer Refresh Acknowledgement Period Set Bit)

Assuming that the period from when the watchdog timer starts counting until it underflows is 100%, the refresh
acknowledgement period for the watchdog timer can be selected.
For details, refer to 15.3.1.1 Refresh Acknowledgment Period.
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5.2 Hardware Reset

A reset is applied using the RESET pin. When alow-level signal is applied to the RESET pin while the supply
voltage meets the recommended operating conditions, the pins, CPU, and SFRs are all reset (refer to Table 5.2 Pin
Satuswhile RESET Pin Level isLow, Figure 5.2 CPU Register Status after Reset, and Table4.1to Table 4.9
SFR Information).

When theinput level applied to the RESET pin changes from low to high, a program is executed beginning with the
address indicated by the reset vector. After reset, the low-speed on-chip oscillator clock with no division is
automatically selected as the CPU clock.

Refer to 4. Special Function Registers (SFRs) for the status of the SFRs after reset.

Theinternal RAM is not reset. If the RESET pin is pulled low while writing to the internal RAM isin progress, the
contents of internal RAM will be undefined.

Figure 5.4 shows an Example of Hardware Reset Circuit and Operation and Figure 5.5 shows an Example of
Hardware Reset Circuit (Usage Example of External Supply Voltage Detection Circuit) and Operation.

5.2.1  When Power Supply is Stable
(1) Apply alow-level signa to the RESET pin.
(2) Wait for 10 ps.
(3) Apply ahigh-level signal to the RESET pin.

522 Power On

(1) Apply alow-level signal to the RESET pin.

(2) Let the supply voltage increase until it meets the recommended operating conditions.

(3) Wait for td(P-R) or more to allow the internal power supply to stabilize (refer to 29. Electrical
Characteristics).

(4) Wait for 10 ps.

(5) Apply ahigh-level signal to the RESET pin.
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vee 18V
vee /
ov

<1 0.2 VCC or below

H—+—W—+—0

—_—  —

td(P-R) + 10 us or more

Note:
1. Refer to 29. Electrical Characteristics.

Figure 5.4 Example of Hardware Reset Circuit and Operation

Supply voltage
detecti ircuit
etection circui Voo

l.SV/

ov
ol e

td(P-R) + 10 us or more

B Example when
VCC=5V

Note:
1. Refer to 29. Electrical Characteristics.

Figure 5.5 Example of Hardware Reset Circuit (Usage Example of External Supply Voltage
Detection Circuit) and Operation
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5.3 Power-On Reset Function

When the RESET pin is connected to the VCC pin via a pull-up resistor, and the VCC pin voltage level rises, the
power-on reset function is enabled and the pins, CPU, and SFRs are reset. When a capacitor is connected to the
RESET pin, too, always keep the voltage to the RESET pin 0.8 VCC or above.

When the input voltage to the VCC pin reaches the VdetO level or above, the low-speed on-chip oscillator clock
starts counting. When the low-speed on-chip oscillator clock count reaches 32, the internal reset signal is held high
and the MCU enters the reset sequence (refer to Figure 5.3). The low-speed on-chip oscillator clock with no
division isautomatically selected as the CPU clock after reset.

Refer to 4. Special Function Registers (SFRs) for the status of the SFRs after power-on reset.

To use the power-on reset function, enable voltage monitor O reset by setting the LVDAS bit in the OFS register to
0.

Figure 5.6 shows an Example of Power-On Reset Circuit and Operation.

VCC
4.7 kQ
(reference)
RESET
Vdeto @
External
Power Vcc
0.5v
< tw(por) @ >
Internal
reset signal
71 X 32
foco-s

Notes:

1. Vdeto indicates the voltage detection level of the voltage detection O circuit. Refer to
6. Voltage Detection Circuit for details.

2. tw(por) indicates the duration the external power VCC must be held below the valid
voltage (0.5 V) to enable a power-on reset. When turning on the power after it falls
with voltage monitor O reset disabled, maintain tw(por) for 1 ms or more.

3. To use the power-on reset function, enable voltage monitor O reset by setting the
LVDAS bit in the OFS register to 0.

Figure 5.6 Example of Power-On Reset Circuit and Operation
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5.4 Voltage Monitor O Reset

A reset is applied using the on-chip voltage detection O circuit. The voltage detection O circuit monitors the input
voltage to the VCC pin. The voltage to monitor is VVdet0. To use voltage monitor O reset, set the LVDAS bit in the
OFS register to 0 (voltage monitor O reset enabled after reset). The VdetO voltage detection level can be changed by
the settings of bits VDSELO and VDSEL 1 in the OFS register.

When the input voltage to the VCC pin reaches the VdetO level or below, the pins, CPU, and SFRs are reset.

When the input voltage to the VCC pin reaches the VdetO level or above, the low-speed on-chip oscillator clock
starts counting. When the low-speed on-chip oscillator clock count reaches 32, the internal reset signal is held high
and the MCU enters the reset sequence (refer to Figure 5.3). The low-speed on-chip oscillator clock with no
division isautomatically selected as the CPU clock after areset.

To use the power-on reset function, enable voltage monitor O reset by setting the LVDAS bit in the OFS register to
0.

Bits VDSELO to VDSEL1 and LVDAS cannot be changed by a program. To set these bits, write values to b4 to b6
of address OFFFFh using a flash programmer.

Refer to 5.1.3 Option Function Select Register (OFS) for details of the OFS register.

Refer to 4. Special Function Registers (SFRs) for the status of the SFRs after voltage monitor O reset.

The internal RAM is not reset. When the input voltage to the VCC pin reaches the VdetO level or below while
writing to the internal RAM isin progress, the contents of internal RAM are undefined.

Refer to 6. Voltage Detection Circuit for details of voltage monitor O reset.

Figure 5.7 shows an Example of Voltage Monitor O Reset Circuit and Operation.

Vdet0

External
Power Vcc

0.5v

O

Voltage detection 0
circuit response time

Internal reset signal |

1
foco-s

x 32

Notes:
1. Vdeto indicates the voltage detection level of the voltage detection O circuit. Refer to 6. Voltage
Detection Circuit for details.
2. To use the power-on reset function, enable voltage monitor O reset by setting the LVDAS bit in
the OFS register to 0.

Figure 5.7 Example of Voltage Monitor O Reset Circuit and Operation
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5.5 Watchdog Timer Reset

When the PM 12 bit in the PM 1 register is set to 1 (reset when watchdog timer underflows), the MCU resetsits pins,
CPU, and SFRs when the watchdog timer underflows. Then the program beginning with the address indicated by
the reset vector is executed. The low-speed on-chip oscillator clock with no division is automatically selected asthe
CPU clock after reset.

Refer to 4. Special Function Registers (SFRs) for the status of the SFRs after watchdog timer reset.

The internal RAM is not reset. When the watchdog timer underflows while writing to the internal RAM isin
progress, the contents of internal RAM are undefined.

The underflow period and refresh acknowledge period for the watchdog timer can be set by bits WDTUFS0 and
WDTUFS1 and bits WDTRCS0 and WDTRCSL in the OFS2 register, respectively.

Refer to 15. Watchdog Timer for details of the watchdog timer.

5.6 Software Reset

When the PM03 bit in the PMO register is set to 1 (MCU reset), the MCU resets its pins, CPU, and SFRs. The
program beginning with the address indicated by the reset vector is executed. The low-speed on-chip oscillator
clock with no division is automatically selected for the CPU clock after reset.

Refer to 4. Special Function Registers (SFRs) for the status of the SFRs after software reset.

Theinternal RAM is not reset.

RO1UH0024EJ0100 Rev.1.00 RENESAS Page 40 of 581
Aug 24, 2011



R8C/LA3A Group, R8C/LA5A Group 5. Resets

5.7 Cold Start-Up/Warm Start-Up Determination Function

The cold start-up/warm start-up determination function uses the CWR bit in the RSTFR register to determine cold
start-up (reset process) at power-on and warm start-up (reset process) when areset occurred during operation.

The CWR bit is set to 0 (cold start-up) at power-on and also set to O at a voltage monitor O reset or an exit from
power-off 0 mode. When 1 is written to the CWR bit by a program, it is set to 1. This bit remains unchanged at a
hardware reset, software reset, or watchdog timer reset.

The cold start-up/warm start-up determination function uses voltage monitor O reset.

Figure 5.8 shows an Operating Example of Cold Start-Up/Warm Start-Up Function

5v
VCC /—\_/—\ /
VdetO

o /

Setto 1 by Setto 1 by
K av

rogram. a program.

CWR bit in RSTFR register —I_f

y y

Voltage monitor O reset

Figure 5.8 Operating Example of Cold Start-Up/Warm Start-Up Function

5.8 Reset Source Determination Function
The RSTFR register can be used to detect whether a hardware reset, software reset, or watchdog timer reset has
occurred.
If ahardware reset or an exit from power-off 0 mode occurs, the HWR bit is set to 1 (detected).
If asoftware reset occurs, the SWR bit is set to 1 (detected).
If awatchdog timer reset occurs, the WDR bit is set to 1 (detected).
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6. Voltage Detection Circuit
The voltage detection circuit monitors the voltage input to the VCC pin. This circuit can be used to monitor the VCC

input voltage by a program.

6.1 Introduction

The detection voltage of voltage detection 0 can be selected among four levels using the OFS register.
The detection voltage of voltage detection 1 can be selected among 16 levels using the VD 1L S register.
The voltage monitor O reset, and voltage monitor 1 interrupt and voltage monitor 2 interrupt can also be used.

Table 6.1 Voltage Detection Circuit Specifications
Iltem Voltage Monitor O Voltage Monitor 1 Voltage Monitor 2
VCC Voltage to Vdet0 Vdetl Vdet2
monitor monitor
Detection Whether passing through Whether passing through Whether passing through
target VdetO by rising or falling Vdetl by rising or falling Vdet2 by rising or falling
Detection Selectable among Selectable among VCC
voltage 4 levels using the OFS 16 levels using the VD1LS
register. register.
Monitor None The VWI1C3 bit The VCA13 bit
in the VW1C register in the VCAL register
Whether VCC is higher or Whether VCC or LVCMP2
lower than Vdetl input voltage is higher or
lower than Vdet2
Process at | Reset Voltage monitor O reset None None
voltage Reset at Vdet0 > VCC;
detection CPU operation restarts
at VCC > Vdet0
Interrupts None Voltage monitor 1 interrupt | Voltage monitor 2 interrupt
Non-maskable or maskable | Non-maskable or maskable
selectable selectable
Interrupt request at: Interrupt request at:
Vdetl > VCC Vdet2 > VCC
and/or and/or
VCC > Vdetl VCC > Vdet2
Digital filter | Switching No digital filter function Supported Supported
enable/
disable
Sampling — (fOCO-S divided by n) x 2 | (fOCO-S divided by n) x 2
time n:1,2,4,and 8 n:1,2,4,and 8
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6. Voltage Detection Circuit

VCC
VCA27
+ Voltage detection 2 signal
> Vdet2 i
VCAL register
VCA13 bit
VCA26
Level . .
selection Voltage detection 1 signal
circuit * >
(16 levels)
>
> Vdetl VWIC register
VD1S3 to VD1S0 l
b3
VW1C3 bit
VCA25
Level
selection Voltage detection O signal
R . + -
circuit >
(4 levels) Internal
reference
voltage > Vdet0
VDSEL1 to VDSELO VCA13: Bit in VCAL1 register
VCA24, VCA25, VCA26, VCA27: Bits in VCA2 register
VW1C3: Bit in VW1C register
VD1SO0 to VD1S3: Bits in VDILS register
VDSELO, VDSEL1: Bits in OFS register
Figure 6.1 Block Diagram of Voltage Detection Circuit
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6. Voltage Detection Circuit

Voltage detection O circuit

vCC

to VDSELO

VDSEL1

VCA25

Level selection

Voltage monitor O reset generation circuit

Internal reference voltage

When VCA25 bit is set to 0 (disabled),
voltage detection 0 signal is driven high.

VWOCO: Bit in VWOC register
VCAZ25: Bit in VCA2 register
VDSELO, VDSEL1: Bits in OFS register

VWO0CO

Voltage >
detection 0 —/ Voltage monitor 0
signal

reset signal

Figure 6.2

Block Diagram of Voltage Monitor O Reset Generation Circuit

Voltage monitor 1 interrupt generation circuit

VWI1F1 to VW1FO

Voltage detection 1 circuit

=00b

foco.

=01b

oS\

o VWIC? bit s set to 0.
VCA26
VW1C3
Level VWI1C1=0
vee * e Digital filter
Voltage Edge
VD1S3 detection 1 VW1C1 = 1 selection
to VD1S0 signal it
Internal reference voltage cireut
A
When VCAZ26 bit is set to 0 (disabled),
voltage detection 1 signal is driven high.
VCAC1
VW1C7

VWIC2 bit is set to 0 (not detected) by writing 0 by a program.
‘When VCAZ26 bit is set to 0 (voltage detection 1 circuit disabled),

VW1C2

VW1C0

COMPSEL
IRQ1SEL

Watchdog timer
interrupt signal

Voltage monitor 1
interrupt signal

Non-maskable
interrupt signal

VW1CO to VWIC3, VW1F0, VW1F1, VW1C6, VWI1CT: Bits in VW1C register
VCA21, VCA22, VCA26: Bits in VCA2 register
VD1S0 to VD1S3: Bits in VDILS register

COMPSEL, IRQ1SEL: Bits in CMPA register
VCAILC: Bit in VCAC register

Maskable
interrupt signal

Figure 6.3

Block Diagram of Voltage Monitor 1 Interrupt Generation Circuit
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Voltage detection 2 circuit

Voltage monitor 2 interrupt generation circuit

VW2F1 to VW2FO
= 00b

Digital filter

fOCO-
VCA27
Level — VCA13
vee change
VW2C1 =0
* o
- Voltage
detection 2 VW2C1 =1
signal
Internal reference voltage
When VCA27 bit is set to 0 (disabled),
voltage detection 2 signal is driven high.
Watchdog timer block
VW2C3
»
L

Watchdog timer underflow signal

vw2c7

VW2C3 bit is set to 0 (not detected)
by writing O by a program.

Edge
selection
circuit

A
VCAC2 /T

vw2c2

VwW2Co

COMPSEL
IRQ2SEL

'VW2C2 bit is set to 0 (not detected) by writing O by a program.
‘When VCA27 bit is set to 0 (voltage detection 2 circuit disabled),
VW2C?2 bit is set to 0.

Watchdog timer
interrupt signal

Voltage monitor
interrupt signal

2
Non-maskable
interrupt signal

v

VW2C0 to VW2C3, VW2F0, VW2F1, VW2C6, VW2CT: Bits in VW2C
VCA13: Bit in VCAL register

VCA23, VCA24, VCA27: Bits in VCA2 register
COMPSEL, IRQ2SEL: Bits in CMPA register
VCAC2: Bitin VCAC register

Maskable
interrupt signal

Figure 6.4

Block Diagram of Voltage Monitor 2 Interrupt Generation Circuit
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6.2 Registers

6.2.1  Voltage Monitor Circuit Control Register (CMPA)
Address 0030h

Bit b7 b6 b5 b4 b3 b2 bl bo
Symbol |COMPSEL| — | IRQ2SEL | IRQ1SEL | — | — | — —
After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 — Reserved bits Setto O. R/W
bl —
b2 —
b3 —
b4 IRQ1SEL |Voltage monitor 1 interrupt type |O: Non-maskable interrupt R/W
select bit (1) 1: Maskable interrupt
b5 IRQ2SEL |Voltage monitor 2 interrupt type |0: Non-maskable interrupt R/W
select bit () 1: Maskable interrupt
b6 — Reserved bit Setto 0. R/W
b7 COMPSEL |Voltage monitor interrupt type 0: Bits IRQ1SEL and IRQ2SEL disabled R/W
selection enable bit (. 2) 1: Bits IRQ1SEL and IRQ2SEL enabled
Notes:

1. When the VW1CO bit in the VWI1C register is set to 1 (enabled), do not set bits IRQ1SEL and COMPSEL
simultaneously (with one instruction).

2. When the VW2CO bit in the VW2C register is set to 1 (enabled), do not set bits IRQ2SEL and COMPSEL
simultaneously (with one instruction).

6.2.2 Voltage Monitor Circuit Edge Select Register (VCAC)
Address 0031h

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol| — | — | — | — | — |VCAC2|VCAC1| —
After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name | Function R/W
b0 — Nothing is assigned. If necessary, set to 0. When read, the content is 0. —
bl | VCAC1 |Voltage monitor 1 circuit edge select bit @) [0: One edge RIW
1: Both edges
b2 [ VCAC2 |Voltage monitor 2 circuit edge select bit 2) [0: One edge RIW
1: Both edges
b3 — Nothing is assigned. If necessary, set to 0. When read, the content is O. —
b4 —
b5 —
b6 —
b7 —
Notes:

1. When the VCACL bit is set to 0 (one edge), the VW1C7 bit in the VWL1C register is enabled. Set the VW1C7 bit
after setting the VCACL bit to 0.

2. When the VCAC2 bit is set to 0 (one edge), the VW2C?7 bit in the VW2C register is enabled. Set the VW2C7 bit
after setting the VCAC2 bit to 0.
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6.2.3  \Voltage Detect Register 1 (VCAL)
Address 0033h

Bit b7 b6 b5 b4 b3 b2 bl b0

Symbol| — | — [ — | — [VCAIB| — — —
After Reset 0 0 0 0 1 0 0 0
Bit Symbol Bit Name Function R/W
b0 — Reserved bits Setto 0. R/W
bl —
b2 —
b3 VCAL3 |Voltage detection 2 signal monitor flag 1) |0: VCC < Vdet2 R

1: VCC > Vdet2
or voltage detection 2 circuit disabled
b4 — Reserved bits Setto 0. R/W
b5 —
b6 —
b7 —
Note:

1. When the VCA27 bit in the VCA2 register is set to 1 (voltage detection 2 circuit enabled), the VCA13 bit is

enabled.

When the VCA27 bit in the VCAZ2 register is set to 0 (voltage detection 2 circuit disabled), the VCA13 bit is set to

1 (VCC > Vdet2).
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6.2.4  Voltage Detect Register 2 (VCA2)
Address 0034h

Bit b7 b6 b5 b4 b3 b2 b1l b0
Symbol | VCA27 | VCA26 | VCA25 | — | — | — — VCA20
After Reset 0 0 0 0 0 0 0 0
The above applies when the LVDAS bit in the OFS register is set to 1.
After Reset 0 0 1 0 0 0 0 0

The above applies when the LVDAS bit in the OFS register is set to 0.

Bit Symbol Bit Name Function R/W
b0 VCA20 |[Internal power low consumption 0: Low consumption disabled R/W
enable bit (1) 1: Low consumption enabled (2)

bl — Reserved bits Setto 0. R/W

b2 —

b3 —

b4 —

b5 VCA25 |Voltage detection O enable bit (3) 0: Voltage detection O circuit disabled R/IW
1: Voltage detection O circuit enabled

b6 VCA26 |Voltage detection 1 enable bit (4) 0: Voltage detection 1 circuit disabled R/W
1: Voltage detection 1 circuit enabled

b7 VCA27 |Voltage detection 2 enable bit (5) 0: Voltage detection 2 circuit disabled R/W
1: Voltage detection 2 circuit enabled

Notes:

1. Use the VCA20 bit only when the MCU enters wait mode. To set the VCA20 bit, follow the procedure shown in
10.8.9 Reducing Internal Power Consumption Using VCAZ20 Bit.

2. When the VCA20 bit is set to 1 (low consumption enabled), do not set the CM10 bit in the CM1 register to 1 (all
clocks stop).

3. When writing to the VCA25 hit, set a value after reset.

4. To use the voltage detection 1 interrupt or the VW1C3 bit in the VW1C register, set the VCA26 bit to 1 (voltage
detection 1 circuit enabled).
After the VCA26 bit is set to 1 from 0, allow td(E-A) to elapse before the voltage detection 1 circuit starts
operation.

5. To use the voltage detection 2 interrupt or the VCA13 bit in the VCAL1 register, set the VCA27 bit to 1 (voltage
detection 2 circuit enabled).
After the VCA27 bit is set to 1 from 0, allow td(E-A) to elapse before the voltage detection 2 circuit starts
operation.

Set the PRC3 hit in the PRCR register to 1 (write enabled) before rewriting the VCAZ2 register.
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6.2.5  Voltage Detection 1 Level Select Register (VD1LS)
Address 0036h

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol | — | — | — | — | VD1S3 | VD1S2 | VD1S1 | VD1S0
After Reset 0 0 0 0 0 1 1 1
Bit Symbol Bit Name Function R/W
b0 VD1S0 |Voltage detection 1 level select bit b3 b2 b1 b0 R/W
bl VD1S1 |(Reference voltage when the voltage falls) 8 8 8 (1) ggg x %ggﬁ—% R/W
b2 VD1S2 e - R/W

0010: 250V (Vdetl_2)
b3 | VDI1S3 0011:2.65V (Vdetl 3) RIW
0100:2.80 V (Vdetl_4)
0101:2.95V (Vdetl_5)
0110:3.10 V (Vdetl_6)
0111:3.25V (Vdetl_7)
1000: 3.40 V (Vdetl_8)
100 1: 3.55V (Vdetl_9)
1010:3.70 V (Vdetl_A)
1011:3.85V (Vdetl_B)
1100:4.00 V (Vdetl_C)
1101 4.15V (Vdetl_D)
1110:4.30V (Vdetl_E)
1111:4.45V (Vdetl_F)
b4 — Reserved bits Set to 0. R/W

b6 —
b7 —

Set the PRC3 bit in the PRCR register to 1 (write enabled) before rewriting the VD1L S register.
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6.2.6  Voltage Monitor 0 Circuit Control Register (VWOC)
Address 0038h
Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol| — | — | — | — | — | — | — | VWOCO
After Reset 1 1 0 0 X 0 1 0
The above applies when the LVDAS bit in the OFS register is set to 1.
After Reset 1 1 0 0 X 0 1 1
The above applies when the LVDAS bit in the OFS register is set to 0.
Bit Symbol Bit Name Function R/W
b0 | VWOCO |Voltage monitor O reset enable bit (1) 0: Disabled R/W
1: Enabled
bl — Reserved bit Set to 1. R/W
b2 — Reserved bit Set to 0. R/W
b3 — Reserved bit When read, the content is undefined. R
b4 — Reserved bits Set to 0. R/W
b5 —
b6 — Reserved bits Set to 1. R/W
b7 —
Note:

1. The VWOCO bit is enabled when the VCA25 bit in the VCA2 register is set to 1 (voltage detection O circuit
enabled). When writing to the VWOCO bit, set a value after reset.

Set the PRC3 hit in the PRCR register to 1 (write enabled) before writing the VWOC register.
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6.2.7  Voltage Monitor 1 Circuit Control Register (VW1C)
Address 0039h

Bit b7 b6 b5 b4 b3 b2 b1l bo
Symbol| VWI1C7 | — | VW1F1 | VW1FO0 | VW1C3 | VW1C2 | VWI1C1 | VW1CO0
After Reset 1 0 0 0 1 0 1 0
Bit Symbol Bit Name Function R/W
b0 | VWICO |voltage monitor 1 interrupt enable bit (1) |O: Disabled RIW
1: Enabled
bl VW1C1 |Voltage monitor 1 digital filter 0: Digital filter enabled mode R/W
disable mode select bit (2. 6) (digital filter circuit enabled)

1: Digital filter disable mode
(digital filter circuit disabled)

b2 VWI1C2 |Voltage change detection flag (3. 4) 0: Not detected R/W
1: Vdetl passing detected
b3 | VWICS |Voltage detection 1 signal monitor flag ®) {0: VCC < Vdetl R

1: VCC > Vdetl
or voltage detection 1 circuit disabled

b4 VW1FO i it (6) b5ba R/W
Sampling clock select bit 0.0: fOCO-S divided by 1

bS VWIFL 0 1: fOCO-S divided by 2 RIW
1 0: fOCO-S divided by 4
1 1: fOCO-S divided by 8
b6 — Reserved bit Set to 0. R/W
b7 VW1C7 |Voltage monitor 1 interrupt 0: When VCC reaches Vdetl or above. R/W
generation condition select bit (5) 1: When VCC reaches Vdetl or below.
Notes:

1. The VWI1CO bit is enabled when the VCA26 bit in the VCA2 register is set to 1 (voltage detection 1 circuit
enabled). Set the VW1CO bit to 0 (disabled) when the VCA26 bit is set to 0 (voltage detection 1 circuit disabled).
To set the VW1CO bit to 1 (enabled), follow the procedure shown in Table 6.2 Procedure for Setting Bits
Associated with Voltage Monitor 1 Interrupt.

2. When using the digital filter (while the VW1C1 bit is 0), set the CM14 bit in the CML1 register to 0 (low-speed on-
chip oscillator on).
To use the voltage monitor 1 interrupt to exit stop mode, set the VW1C1 bit to 1 (digital filter disabled).

3. Bits VW1C2 and VW1C3 are enabled when the VCA26 bit in the VCA2 register is set to 1 (voltage detection 1
circuit enabled).

4. Setthe VW1C2 bit to 0 by a program. When 0 is written by a program, this bit is set to 0 (and remains unchanged
even if 1 is written to it).

5. The VWI1C7 bit is enabled when the VCACL1 bit in the VCAC register is set to 0 (one edge). After setting the
VCACI1 bit to 0, set the VWI1CT7 bit.

6. When the VWI1CO bit is set to 1 (enabled), do not set the VW1C1 bit and bits VW1F1 and VW1FO0 simultaneously
(with one instruction).

Set the PRC3 bit in the PRCR register to 1 (write enabled) before writing the VW1C register.
Rewriting the VW1C register may set the VW1C2 bit to 1. Set the VW1C2 bit to O after rewriting the VW1C
register.
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6.2.8  Voltage Monitor 2 Circuit Control Register (VW2C)
Address 003Ah

Bit b7 b6 b5 b4 b3 b2 b1l bo
Symbol| VW2C7 | — | VW2F1 | VW2F0 | VW2C3 | VW2C2 | VW2C1 | VW2C0
After Reset 1 0 0 0 0 0 1 0
Bit Symbol Bit Name Function R/W
b0 VW2CO |Voltage monitor 2 interrupt enable bit (1) |0: Disabled RIW
1: Enabled
bl VW2C1 |Voltage monitor 2 digital filter 0: Digital filter enable mode R/W
disable mode select bit (2. 6) (digital filter circuit enabled)

1: Digital filter disable mode
(digital filter circuit disabled)

b2 VW2C2 |Voltage change detection flag 3: 4) 0: Not detected R/W
1: Vdet2 passing detected

b3 VW2C3 |WDT detection monitor flag (4) 0: Not detected R/W
1: Detected

b4 VW2F0 |Sampling clock select bit (6) b5 b4 R/W

0 0: fOCO-S divided by 1

bS VW2F1 0 1: fOCO-S divided by 2 RIW
1 0: fOCO-S divided by 4
1 1: fOCO-S divided by 8
b6 — Reserved bit Set to 0. R/W
b7 VW2C7 |Voltage monitor 2 interrupt 0: When VCC reaches Vdet2 or above. R/W
generation condition select bit (5) 1: When VCC reaches Vdet2 or below.
Notes:

1. The VW2CO bit is enabled when the VCA27 bit in the VCA2 register is set to 1 (voltage detection 2 circuit
enabled). Set the VW2CO bit to 0 (disabled) when the VCA27 bit is set to 0 (voltage detection 2 circuit disabled).
To set the VW2CO bit to 1 (enabled), follow the procedure shown in Table 6.3 Procedure for Setting Bits
Associated with Voltage Monitor 2 Interrupt.

2. When using the digital filter (while the VW2C1 bit is 0), set the CM14 bit in the CML1 register to 0 (low-speed on-
chip oscillator on).
To use the voltage monitor 2 interrupt to exit stop mode, set the VW2C1 bit to 1 (digital filter disabled).

3. The VW2C2 bit is enabled when the VCA27 bit in the VCA2 register is set to 1 (voltage detection 2 circuit
enabled).

4. Set this bit to 0 by a program. When 0 is written by a program, this bit is set to 0 (and remains unchanged even if
1 is written to it).

5. The VW2CY7 bit is enabled when the VCAC?2 bit in the VCAC register is set to 0 (one edge). After setting the
VCAC?2 bhit to 0, set the VW2C7 bit.

6. When the VW2CO bit is set to 1 (enabled), do not set the VW2C1 bit and bits VW2F1 and VW2FO0 simultaneously
(with one instruction).

Set the PRC3 hit in the PRCR register to 1 (write enabled) before rewriting the VW2C register.
Rewriting the VW2C register may set the VW2C2 bit to 1. After rewriting this register, set the VW2C2 bit to 0.
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6.2.9  Option Function Select Register (OFS)
Address OFFFFh

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol | CSPROINI| LVDAS | VDSEL1 | VDSELO |ROMCP1| ROMCR | — WDTON
After Reset User setting value (Note 1)

Bit Symbol Bit Name Function R/W

b0 WDTON [Watchdog timer start select bit 0: Watchdog timer automatically starts after reset | R/W
1: Watchdog timer is stopped after reset

bl — Reserved bit Setto 1. R/W

b2 ROMCR |ROM code protect disable bit 0: ROM code protect disabled R/W
1: ROMCP1 bit enabled

b3 ROMCP1 [ROM code protect bit 0: ROM code protect enabled R/W
1: ROM code protect disabled

b4 | VDSELO |Voltage detection O level select bit (2) [p5b4 R/W

0 0: 3.80 V selected (Vdet0_3)

bS VDSELL 0 1: 2.85 V selected (Vdet0_2) RIW
10: 2.35V selected (Vdet0_1)
11:1.90V selected (Vdet0_0)
b6 LVDAS |Voltage detection O circuit start bit 3) |0: Voltage monitor O reset enabled after reset RIW
1: Voltage monitor O reset disabled after reset
b7 |CSPROINI|{Count source protection mode 0: Count source protection mode enabled after reset | R/W
after reset select bit 1: Count source protection mode disabled after reset
Notes:
1. The OFS register is allocated in the flash memory, not in the SFRs. Set appropriate values as ROM data by a
program.
Do not write additions to the OFS register. If the block including the OFS register is erased, the OFS register is
set to FFh.
When blank products are shipped, the OFS register is set to FFh. It is set to the written value after written by the
user.
When factory-programming products are shipped, the value of the OFS register is the value programmed by the
user.

2. The same level of the voltage detection O level selected by bits VDSELO and VDESL1 is set in both functions of
voltage monitor O reset and power-on reset.

3. To use power-on reset and voltage monitor O reset, set the LVDAS bit to O (voltage monitor O reset enabled after
reset).

For a setting example of the OFS register, refer to 14.3.1 Setting Example of Option Function Select Area.

LVDAS Bit (Voltage Detection 0 Circuit Start Bit)
The Vdet0 voltage to be monitored by the voltage detection O circuit is selected by bits VDSELO and VDSEL 1.
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6.3 VCC Input Voltage

6.3.1 Monitoring Vdet0O
VdetO cannot be monitored.

6.3.2 Monitoring Vdetl

Once the following settings are made, the comparison result of voltage monitor 1 can be monitored by the
VW1C3 hit in the VWI1C register after td(E-A) has elapsed (refer to 29. Electrical Characteristics).

(1) SetbitsVD1S3to VD1S0inthe VDL Sregister (voltage detection 1 detection voltage).
(2) Setthe VCAZ26 bitinthe VCAZ2 register to 1 (voltage detection 1 circuit enabled).

6.3.3 Monitoring Vdet2

Once the following settings are made, the comparison result of voltage monitor 2 can be monitored by the
VCA13 bit in the VCA1 register after td(E-A) has elapsed (refer to 29. Electrical Characteristics).

 Set the VCAZ27 bit in the VCAZ2 register to 1 (voltage detection 2 circuit enabled).
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6.4 Voltage Monitor O Reset
To use voltage monitor O reset, set the LVDAS bit in the OFS register to O (voltage monitor O reset enabled after
reset).
Figure 6.5 shows an Operating Example of Voltage Monitor O Reset.

vee \ .ﬁ
Vdet0

|

Internal reset signal

When the internal reset signal is driven low, the pins, CPU, and SFRs are initialized.
When the internal reset signal level changes from low to high, a program is executed
beginning with the address indicated by the reset vector.

Refer to 4. Special Function Registers (SFRs) for the states of the SFRs after reset.

Figure 6.5 Operating Example of Voltage Monitor O Reset
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6.5 Voltage Monitor 1 Interrupt

Table 6.2 lists the Procedure for Setting Bits Associated with Voltage Monitor 1 Interrupt. Figure 6.6 shows an
Operating Example of Voltage Monitor 1 Interrupt.
To use the voltage monitor 1 interrupt to exit stop mode, set the VW1C1 bit in the VWIC register to 1 (digital filter

disabled).
Table 6.2 Procedure for Setting Bits Associated with Voltage Monitor 1 Interrupt
Step When Using Digital Filter | When Using No Digital Filter

1 Select the voltage detection 1 detection voltage by bits VD1S3 to VD1S0 in the VD1LS register.
2 Set the VCA26 bit in the VCAZ2 register to 1 (voltage detection 1 circuit enabled).

3 Wait for td (E-A).

4 Set the COMPSEL bit in the CMPA register to 1.

5(@@) Select the interrupt type by the IRQ1SEL bit in the CMPA register.
6 Select the sampling clock of the digital filter by bits | Set the VW1C1 bit in the VW1C register to 1 (digital
VW1F1 to VW1FO in the VW1C register. filter disabled).
7@ Set the VWI1C1 bit in the VW1C register to O (digital | —
filter enabled).

8 Select the interrupt request timing by the VCAC1 bit in the VCAC register and the VW1C7 bit in the VW1C
register.

9 Set the VW1C2 bit in the VW1C register to 0.

10 Set the CM14 bit in the CM1 register to O —
(low-speed on-chip oscillator on)
11 Wait for 2 cycles of the sampling clock of — (No wait time required)
the digital filter
12 @) | Set the VWI1CO bit in the VW1C register to 1 (voltage monitor 1 interrupt enabled)
Notes:

1. When the VW1CO bit is set to 0, steps 4 and 5 can be executed simultaneously (with one instruction).

2. When the VW1CO bit is set to 0, steps 6 and 7 can be executed simultaneously (with one instruction).

3. When the voltage detection 1 circuit is enabled while the voltage monitor 1 interrupt is disabled, low voltage is
detected and the VW1C2 bit becomes 1.
When low voltage is detected after the voltage detection 1 circuit is enabled until an interrupt is enabled for the
setting procedure of bits associated with voltage monitor 1 interrupt, an interrupt is not generated. After an
interrupt is enabled, read the VW1C2 bit. When the bit is read as 1, perform the process that occurs when low
voltage is detected.
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vee ﬁ‘ ﬁ
Vdetl

|

1
1.8V® | 1
1 )
1 1
1 1
1
VWI1CS3 bit
i
( Sampling clock of | Sampling clock of : |
digital filter x 2 cycles y—p digital filter x 2 cycles y—p
1
1
VWI1CL1 bit is set to O VW1C2 bit :
(digital filter enabled) T
and i ~—_ "L —
VCAC1 bit s set to 1 ! Setto 0by aprogramy =
(both edges) ! Set to 0 when an interrupt request ~}

Voltage monitor 1
interrupt request

is acknowledged. \—‘l

|

.
i
1
g i
VWIC1 bit is set to 0 o«
(digital filter enabled), Setto 0 by a program.
VCACL bit is set to 0 VW1C?2 bit
(one edge),
and 1

VWI1CT7 bit is set to 0
(when VCC reaches
Vdetl or above)

1
1
! -~ _Set to 0 when an interrupt request
is acknowledged.

Voltage monitor 1
interrupt request
A

-
VWI1C1 bit is set to O & Setto 0 by a program.
(digital filter enabled), .
VCACL1 bit is set to 0 VW1C2 bit
(one edge), p
and 1 1
VWIC?7 bit is set to 1 ! _a— Set to 0 when an interrupt request
(when VCC reaches Voltage monitor 1 is acknowledged.
Vdetl or below) interrupt request i

~ i

_ ‘—/"\I’_‘ Set to 0 by a program.

! -~
VWI1CL1 bit is set to 1 VW1C2 hit
(digital filter disabled) 1
and
VCACL1 bit is set to 1 ] i / Set to 0 when an interrupt request
(both edges) Voltage monitor 1 4 is acknowledged.
interrupt request
-

VWICL1 bit is set to 1 (
(digital filter disabled),
VCACL bit is set to 0 VW1C?2 bit
(one edge),

and

VWIC?7 bit is set to 0
(when VCC reaches Voltage monitor 1
Vdetl or above) L interrupt request

i -~ Set to 0 by a program.
! Set to 0 when an interrupt request

is acknowledged.

VWICLbitissettol [ _4— Setto 0 by a program.
(digital filter disabled), .

VCACL bit is set to 0 VW1C?2 bit

(one edge),

3331(;7 bit is set to 1 & Setto 0 when an interrupt request

(when VCC reaches Voltage monitor 1 is acknowledged.
Vdetl or below) interrupt request

VW1C1, VW1C2, VWIC3, VWICT: Bits in VWIC register
VCAC1: Bit in VCAC register

The above applies under the following conditions:
« VCA26 bit in VCA2 register = 1 (voltage detection 1 circuit enabled)
« VWICO bit in VWI1C register = 1 (voltage monitor 1 interrupt enabled)

ote:
1. When voltage monitor O reset is not used, set the power supply to VCC> 1.8 V.

Figure 6.6 Operating Example of Voltage Monitor 1 Interrupt
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6.6 Voltage Monitor 2 Interrupt

Table 6.3 lists the Procedure for Setting Bits Associated with Voltage Monitor 2 Interrupt. Figure 6.7 shows an
Operating Example of Voltage Monitor 2 Interrupt.
To use the voltage monitor 2 interrupt to exit stop mode, set the VW2C1 bit in the VW2C register to 1 (digital filter

disabled).
Table 6.3 Procedure for Setting Bits Associated with Voltage Monitor 2 Interrupt
Step When Using Digital Filter | When Using No Digital Filter

1 Set the VCA27 bit in the VCAZ2 register to 1 (voltage detection 2 circuit enabled).
2 Wait for td(E-A).
3 Set the COMPSEL bit in the CMPA register to 1.

41 Select the interrupt type by the IRQ2SEL bit in the CMPA register.
5 Select the sampling clock of the digital filter by bits | Set the VW2C1 bit in the VW2C register to 1
VW2FO0 to VW2F1 in the VW2C register. (digital filter disabled).
6@ Set the VW2C1 bit in the VW2C register to O —
(digital filter enabled).

7 Select the interrupt request timing by the VCAC2 bit in the VCAC register and the VW2C?7 bit in the VW2C
register.
8 Set the VW2C2 bit in the VW2C register to 0.

9 Set the CM14 bit in the CM1 register to O
(low-speed on-chip oscillator on).

10 Wait for 2 cycles of the sampling clock of the digital | — (No wait time required)
filter.
11 ®) | Set the VW2CO bit in the VW2C register to 1 (voltage monitor 2 interrupt enabled).
Notes:

1. When the VW2CO bit is set to 0, steps 3 and 4 can be executed simultaneously (with one instruction).

2. When the VW2CO bit is set to 0, steps 5 and 6 can be executed simultaneously (with one instruction).

3. When the voltage detection 2 circuit is enabled while the voltage monitor 2 interrupt is disabled, low voltage is
detected and the VW2C2 bit becomes 1.
When low voltage is detected after the voltage detection 2 circuit is enabled until an interrupt is enabled for the
setting procedure of bits associated with voltage monitor 2 interrupt, an interrupt is not generated. After an
interrupt is enabled, read the VW2C2 bit. When the bit is read as 1, perform the process that occurs when low
voltage is detected.
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vee ﬁ. ﬁ
Vdet2

|
18V® H 1
] 1
1 1
1 1
1
VCA13 bit
i
( Sampling clock of ) Sampling clock of : )
digital filter x 2 cycles y—pn digital filter x 2 cycles g—p
'
VW2C1 bit is set to 0 . H
VW2C2 bit !
(digital filter enabled) ! :
and » H e Sett00 by a program, ’:/'
VCAC2 bitis setto 1 1 1
(both edges) ! Set to 0 when an interrupt request ~

Voltage monitor 2
interrupt request

is acknowledged. ’\—‘l

|

VW2C1 bit is set to 0

(digital filter enabled), 4 Setto0 by aprogram.

VCAC?2 bit is set to 0 VW2C2 bit

(one edge), { H

and 1

VW2C7 bit is set to 0 . ! & Setto 0 when an interrupt request
(when VCC reaches Voltage monitor 2 is acknowledged.

Vdet2 or above) L interrupt request

VW2C1 bit is set to 0
(digital filter enabled),
VCAC2 bitis set to 0 VW2C2 bit
(one edge), 4
and

VW2C7 bit is set to 1 .
(when VCC reaches Voltage monitor 2
Vdet2 or below) interrupt request

& Setto 0 by a program.

— |

1
! _&— Setto 0 when an interrupt request
is acknowledged.

VW2C1 bit is set to 1 VW2C2 bit
(digital filter disabled)

— Set to 0 by a program.
~

1
d
s/?ZACZ bit is setto 1 ) 1 / Set to 0 when an interrupt request
(both edges) Voltage monitor 2 4 is acknowledged.
interrupt request

VW2C1 bit is set to 1 r
(digital filter disabled),
VCAC?2 bit is set to 0 VW2C2 bit
(one edge), P,
and

VW2C7 bit is set to 0
(when VCC reaches
Vdet2 or above)

& Setto 0 by a program.

! Set to 0 when an interrupt request

is acknowledged.

Voltage monitor 2
L interrupt request

VW2C1 bit is set to 1 & Setto 0 by a program.
(digital filter disabled), .
VCAC2 bit is set to 0 VW2C2 bit
(one edge), p

and - _4— Set to 0 when an interrupt request
VW2C7 bit is set to 1 Voltage monitor 2 is acknowledged.

(when VCC reaches interrupt request
Vdet2 or below) L

VCA13: Bit in VCAL register
VW2C1, VW2C2, VW2C7: Bits in VW2C register
VCAC2: Bit in VCAC register

The above applies under the following conditions:
« VCA27 bit in VCA2 register = 1 (voltage detection 2 circuit enabled)
« VW2CO bit in VW2C register = 1 (voltage monitor 2 interrupt enabled)

ote:
1. When voltage monitor O reset is not used, set the power supply to VCC> 1.8 V.

Figure 6.7 Operating Example of Voltage Monitor 2 Interrupt
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7. /O Ports
Note

The description offered in this chapter is based on the R8C/LA5A Group.

For the R8C/LA3A Group, refer to 1.1.2 Differences between Groups.

7.1 Introduction

1/0 ports are shared with the LCD ports for the LCD dive control waveform output and the 1/0 functions for the

oscillation circuits, timers, and A/D converter. When these functions are not used, pins can be used as I/O ports.
Table 7.1 lists the Overview of 1/O Ports.

Table 7.1 Overview of I/O Ports
. Internal Pull-Up Drive Capacity Input Level

Port /0 Format I/O Setting Resister Switch @ Switch @)
PO, P2, P3 /0 CMOSS3 state Set in 1-bit units. | Set in 1-bit units. | None Set in 8-bit units.
P5 OtoP5_3 /0 CMOSS3 state Set in 1-bit units. | Set in 1-bit units. | None Set in 7-bit units.
P5 4to P5 6 /O CMOSS3 state Set in 1-bit units. | None None
P7 0toP7_2 /0 CMOSS3 state Set in 1-bit units. | Set in 1-bit units. | None Set in 3-bit units.
P8 1/0 CMOS3 state Set in 1-bit units. | Setin 1-bit units. | Set in 1-bit units. | Set in 8-bit units.
P9 OtoP9_1 I/0 CMOSS3 state Set in 1-bit units. | Set in 1-bit units. | None Set in 2-bit units.
Notes:

1. In input mode, whether an internal pull-up resistor is connected or not can be selected by registers POPUR,
P2PUR, P3PUR, P5PUR, P7PUR, P8PUR, and P9PUR.

2. Whether the drive capacity of the output transistor is set to low or high can be selected by P8DRR register.

3. The input threshold value can be selected among three voltage levels (0.35 VCC, 0.50 VCC, and 0.70 VCC)
using registers VLTO and VLT1.
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Table 7.2 Programmable I/O Ports Provided for Each Group

Programmable R8C/LA3A Grc_>up R8C/LASA Grqup
/O Port Total: 26 I/O pins Total: 44 1/O pins
Bit 7 |Bit6 | Bit5|Bit4 |Bit 3|Bit 2 |Bit 1 | Bit 0| Bit 7 | Bit 6 | Bit 5 | Bit 4 | Bit 3| Bit 2 | Bit 1 | Bit 0
PO — ==l =] =] =] =] =1 =1 v v v v v v v v
P2 v v v v v v v v v v v v v v v v
P3 — | - - = = = | = | = v v v v v v v v
P5 — | v v v v v v v | — | v v v v v v v
P7 — | - - = | = | = v — | - = = | = | — v v v
P8 v v v v v v v v v v v
P9 — | = = = | = | = v v SRR S [ S S — v v
Notes:
1. The symbol “v” indicates a programmable 1/O port.
2. The symbol “—" indicates the settings should be made as follows:
- Set 0 to the corresponding bits in the PDi (i =0, 3, 5, 7, 9) register. When read, the content is 0.
- Set 0 to the corresponding bits in the Pi (i =0, 3, 5, 7, 9) register. When read, the content is 0.
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7.2 I/0 Port Functions

ThePDi_j (j =0to 7) bitinthe PDi (i =0, 2, 3, 5, 7 to 9) register controls the input/output of ports PO, P2, P3, P5,
P7 to P9. The Pi register consists of a port latch to retain output data and a circuit to read the pin status.
Figures 7.1 to 7.4 show the 1/O Port Configurations, and Table 7.3 lists the I/O Port Functions.

Table 7.3 /0 Port Functions

Operation When Value of PDi_j Bit in PDi Register (1)
Accessing L S
. . When PDi_j Bitis Set to O (Input Mode) | When PDi_j Bit is Set to 1 (Output Mode)

Pi Register
Read Read the pin input level. Read the port latch.

. . Write to the port latch. The value written to
write write to the port latch. the port latch is output from the pin.
Note:

1.i=0,2,3,5,7t09;j=0to 7

7.3 Effect on Peripheral Functions

1/0O ports function as I/O ports for peripheral functions (refer to Tables 1.9 to 1.10 Pin Name I nfor mation by Pin
Number).

Table 7.4 lists the Setting of PDi_j Bit when Functioning as |/O Ports for Peripheral Functions (i =0, 2, 3,5,7t09;
j =0to 7). Refer to the description of each function for information on how to set peripheral functions.

Table 7.4 Setting of PDi_j Bit when Functioning as I/O Ports for Peripheral Functions
(i=0,2,3,57t09;j=0to 7)

I/O of Peripheral Function PDi_j Bit Settings for Shared Pin Function
Input Set this bit to 0 (input mode).
Output This bit can be set to either 0 or 1 (output regardless of the port setting).

7.4 Pins Other than 1/O Ports
Figure 7.6 shows the Pin Configuration.
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PO_1to PO_2, P3

Pull-up selection

Direction
register

LCD port select

@IOINSEL

Data bus —4 Port latch L 4 O

Py

Ll

(Note 1)

Input level
switch function

VL3 O\C
VL2 O\O
VL1 O\O
VSS O\C

PO _3to PO_7,P2 0toP2_1

Pull-up selection

LCD port select

Direction | 1
register Pin select register

o—0—¢
@ IOINSEL
Output from individual
peripheral function
Data bus ——¢ Port latch Oo—0 \ 4 O

4 (Note 1)
p Input level
5 switch function
1 individual Pin select register
ﬁ o 2
VL3 O\O
VL2 o\c
VL1 o\c
VSS 0\0
A/D converter input 0\0
PO_0 only
Note:
1. —k— symbolizes a parasitic diode.
IOINSEL: Bit in PINSR register
Figure 7.1 1/0 Port Configuration (1)
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P2_2toP2_7,P5 0toP5 3
Pull-up selection
| Direction
register
] LCD port select
‘
@IOINSEL
Data bus —<>—| Port latch O
b (Note 1)
Input level
9 switch function
5 ,-I Input to individual Pin select register
peripheral function T
N
VL3 0\0
VL2 o
VLl o
vss o
P5_4
Direction [
register
:]I VL port select
[
@ IOINSEL
Data bus —0—| Port latch O
’—50 (Note 1)
q
J Input level
| switch function
VL1 _0\0_
Note:
1. —k— symbolizes a parasitic diode.
IOINSEL: Bit in PINSR register
Figure 7.2 1/0 Port Configuration (2)
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P5 5
Direction
register
:II VL port select
q
@IOINSEL
Data bus —<>—| Port latch O
’—{0 (Note 1)
[
} Input level
switch function
vz —0 No—
P5 6
Direction |
register
VL port select
———<
@IOINSEL
Data bus —0—| Port latch O
’—{0 (Note 1)
q
) Input level
switch function
Vi3 —0 So—
Note:
1. —k— symbolizes a parasitic diode.
IOINSEL: Bit in PINSR register
Figure 7.3 I/0 Port Configuration (3)
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P7 Oto P7_2

Pull-up selection

Direction 1
register Pin select register

o—o—7_

Ny

1
i (Note 2)

IOINSEL |

1

Output from individual H

peripheral function ! [\
Data bus ——4 Port latch o—0 | —(O
(Note 1)
Input level

switch function

Input to individual Pin select register
peripheral function 1

Analog input of comparator B O\O
P7_0 only
AID converter input O\O

P8 Pull-up selection
Drive capacity selection
Direction | 1
register Pin select register
¢ : 1
i (Note 2)
E L IOINSEL 1§
Output from individual H
peripheral function '
Data bus —4>—| Port latch o—0———4¢ * O
3 (Note 1)
Input level
1 switch function
; Input to individual Pin select register
\l peripheral function s
Analog input of comparator B o\o
P8_0 and P8_1 only
A/D converter input o\o
P8_4to P8_7 only
Notes:
1. —k—symbolizes a parasitic diode.
2. —k—symbolizes a parasitic diode.
Ensure the input voltage to each port does not exceed VCC.
IOINSEL: Bit in PINSR register
Figure 7.4 I/0 Port Configuration (4)
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P9_O/XIN

Pull-up selection

Direction
register

— < .
(Note 2)
IOINSEL
Data bus —4>—| Port latch O

(Note 1)
Input level
‘ switch function

s
CMO05
CMO07
e it
H 1 Stop mode
CM13=0 ! cMOS
1
Input to XIN clock H RIXIN i
o—— ! H
CM13=1 Stop mode :D_}_ !
cM11 i :
1 ]
i L— ¢ :
o
/CMIB
P9_1/XOUT
Pull-up selection
Direction
register
*® < °
(Note 2)
IOINSEL
Data bus—0—| Port latch O
/l/l—ﬂ (Note 1)
/L/I Input level
\l switch function
Notes:
1. —k— symbolizes a parasitic diode.
2. —k— symbolizes a parasitic diode.
Ensure the input voltage to each port does not exceed VCC. CMO5, CMO7: Bit in CMO register
IOINSEL: Bit in PINSR register CM11, CM13: Bitin CM1 register
Figure 7.5 1/0 Port Configuration (5)
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XCIN/XCOUT
Stop mode
(Note 2) CMO03 (Note 2)
XCOUT >
O O XCIN
(Note 1) (Note 1)
Input to XCIN clock RfXCIN
VREF Stop mode
?(Note 2)
A/D converter VREF O
77|l7 (Note 1)
WKUPO
Power-off 0 mode input signal \{ L 4 O
i (Note 1)
MODE
MODE input signal \{j . 4 O
i (Note 1)
RESET
RESET input signal \{/‘ L 2 O
(Note 1)
Notes:
1. —k— symbolizes a parasitic diode. CMO3: Bit in CMO register
2. —k— symbolizes a parasitic diode. CMA2: BitIn CM1 register
Ensure the input voltage to each port does not exceed VCC.
Figure 7.6 Pin Configuration
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7.5 Registers

7.5.1 Port Pi Direction Register (PDi) (i=0, 2,3,5,71t09)

Address 00E2h (PD0), 00E6h (PD2), 00E7h (PD3), 00EBh (PD5 (1)),
00EFh (PD7(2)), 00F2h (PD8), 00F3h (PD9®))

Bit b7 b6 b5 b4 b3 b2 b1l bo
Symbol| PDi_7 | PDi 6 | PDi_5 | PDi 4 | PDi_3 | PDi_2 | PDi_l | PDiO |

After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 PDi_0 [Port Pi_0 direction bit 0: Input mode (function as an input port) R/W
bl PDi_1 |Port Pi_1 direction bit 1: Output mode (function as an output port) R/W
b2 PDi_2 [Port Pi_2 direction bit R/W
b3 PDi_3 [Port Pi_3 direction bit R/W
b4 PDi_4 |Port Pi_4 direction bit R/W
b5 PDi_5 [Port Pi_5 direction bit R/W
b6 PDi_6 [Port Pi_6 direction bit R/W
b7 PDi_7 [Port Pi_7 direction bit R/W

Notes:

1. PD5_7 bitin the PD5 register is reserved bit. When writing to the PD5_7 bit, set to 0. When read, the content is 0.

2. Bits PD7_3 to PD7_7 in the PD7 register is reserved bit. When writing to bits PD7_3 to PD7_7, set to 0. When
read, the content is 0.

3. Bits PD9_2 and PD9_3 in the PD9 register are reserved bits. When writing to bits PD9_2 and PD9_3, set to 0.
When read, the content is 0.
Bits PD9_4 to PD9_7 in the PD9 register are unavailable on this MCU. When writing to bits PD9_4 to PD9_7, set
to 0. When read, the content is 0.

The PDi register selects whether 1/O ports are used for input or output. Each bit in the PDi register corresponds
to one port.
To use the peripheral function as output, set the direction register to 1 (output mode).

RO1UH0024EJ0100 Rev.1.00 RENESAS Page 69 of 581
Aug 24, 2011



R8C/LA3A Group, R8C/LASA Group

7.1/0 Ports

7.5.2 Port Pi Register (Pi) (i=0, 2,3,5,7t09)

Address 00EOh (P0), 00E4h (P2), 00E5h (P3), 00ESh (P5 (1)),
00EDh (P7(2)), 00FOh (P8), 00F1h (P9(3)

Bit b7 b6 b5 b4 b3 b2 b1l b0
Symbol| Pi7 | Pi6 [ Pi5 | Pida | Pi3 | Pi2 Pi_1 Pi_0

After Reset X X X X X X X X
Bit Symbol Bit Name Function R/W
b0 Pi_0 [PortPi_0 hit 0: Low level R/W
bl Pi_1 [PortPi_1 hit 1: High level R/W
b2 Pi_2 |PortPi_2 bit R/W
b3 Pi_3 |Port Pi_3 bit R/W
b4 Pi_4 |Port Pi_4 bit RIW
b5 Pi_5 |Port Pi_5 bit RIW
b6 Pi_6 |Port Pi_6 bit R/W
b7 Pi_7 |Port Pi_7 bit RIW

Notes:

1. P5_7 bitin the P5 register is reserved bit. When writing to the P5_7 bit, set to 0. When read, the content is 0.
2. Bits P7_3to P7_7 in the P7 register is reserved bit. When writing to bits P7_3 to P7_7, set to 0. When read, the

content is 0.

3. Bits P9_2 and P9_3 in the PD9 register are reserved bits. When writing to bits P9_2 and P9_3, set to 0. When

read, the content is 0.

Bits P9_4 to P9_7 in the PD9 register are unavailable on this MCU. When writing to bits P9_4 to P9_7, set to 0.

When read, the content is 0.

Datainput and output to and from external devices are accomplished by reading and writing to the Pi register.
The Pi register consists of a port latch to retain output data and a circuit to read the pin status. The value written

in the port latch is output from the pin. Each bit in the Pi register corresponds to one port.

Pi_jBit(i=0,2 3,5 7t09,]j=0to 7) (Port Pi_j Bit)

The pin level of any 1/O port which is set to input mode can be read by reading the corresponding bit in this
register. The pin level of any I/O port which is set to output mode can be controlled by writing to the

corresponding bit in this register.
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7.5.3 Timer RJ Pin Select Register (TRIJSR)
Address 0180h
Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol| — | — |TRJ1IOSEL1|TRJ1IOSELO| — —  |TRJIOIOSEL1|TRJOIOSELO

After Reset 0 0 0 0 0 0 0 0

Bit Symbol Bit Name Function R/W

b0 | TRIOIOSELO [TRJOIO pin select bit b(l)bg TRIOIO pin not used RIW

. | u

bl | TRJIOIOSEL1 01 P8 3 assigned RIW
1 0: Do not set.
1 1: Do not set.

b2 — Reserved bits Set to 0. R/W

b3 —

b4 | TRILIOSELO |TRJ1IO pin select bit "Sb{; TRILIO bin not used RIW

. pin not use

b5 | TRJILIOSEL1 01 P8 2 assigned RIW
1 0: Do not set.
1 1: Do not set.

b6 — Reserved bits Set to 0. R/W

b7 —

To use the I/O pins for timer RJi (i =0 or 1), set the TRISR register.
Set this register before setting the timer RJi associated registers. Also, do not change the setting value of this

register during timer RJi operation.
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7.5.4  Timer RC Pin Select Register 0 (TRCPSRO)
Address 0182h

Bit b7 b6 b5 b4 b3 b2 b1l b0
Symbol| — | — |TRCIOBSEL1|TRCIOBSELO| TRCIOASEL1 | TRCIOASELO| — |TRCCLKSELO
After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 [TRCCLKSELO|TRCCLK pin select bit 0: TRCCLK pin not used R/W
1: P7_1 assigned

bl — Reserved bit Set to 0. R/W
b2 | TRCIOASELO |TRCIOA/TRCTRG pin select bit b3 b2 RIW

0 0: TRCIOA/TRCTRG pin not used
0 1: TRCIOA/TRCTRG pin assigned to P8_7
1 0: TRCTRG pin assigned to PO_0
11: TRCTRG pin assigned to P7_2

b4 | TRCIOBSELO [TRCIOB pin select bit b5 ba ] R/W
0 0: TRCIOB pin not used

b3 |TRCIOASEL1 R/W

b5 TRCIOBSEL1 01: P8 6 assigned R/W
1 0: P8_5 assigned )
11: P8_4 assigned ()
b6 — Reserved bits Setto O. R/W
b7 —
Notes:

1. When the TRCIOCSELO bit in the TRCPSRL1 register is set to 1 (TRCIOC pin assigned to P8_5), P8_5 functions
as the TRCIOC pin regardless of the content of bits TRCIOBSEL1 to TRCIOBSELO.

2. When the TRCIODSELO bit in the TRCPSR1 register is set to 1 (TRCIOD pin assigned to P8_4), P8_4 functions
as the TRCIOD pin regardless of the content of bits TRCIOBSEL1 to TRCIOBSELO.

The TRCPSRO register selects whether to use the timer RC input. To use the input pins for timer RC, set this
register.

Set the TRCPSRO register before setting the timer RC associated registers. Also, do not change the setting value
of thisregister during timer RC operation. If the assignment of the timer RC pinsis changed, an edge may occur
depending on the changed pin level, causing the TRC register to be set to 0000h.
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7.5.5 Timer RC Pin Select Register 1 (TRCPSR1)
Address 0183h
Bit b7 b6 b5 b4 b3 b2 b1l b0
Symbol| — | — | — | — — | TRCIODSELO — TRCIOCSELO
After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 |[TRCIOCSELO |[TRCIOC pin select bit 0: TRCIOC pin not used R/W
1: P8 5 assigned
bl — Reserved bit Set to O. R/W
b2 |TRCIODSELO |TRCIOD pin select bit 0: TRCIOD pin not used R/W
1: P8 4 assigned
b3 — Reserved bits Set to O. R/W
b4 —
b5 —
b6 —
b7 —

The TRCPSRL1 register selects whether to use the timer RC input. To use the input pins for timer RC, set this

register.

Set the TRCPSRL register before setting the timer RC associated registers. Also, do not change the setting value
of thisregister during timer RC operation.
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7.5.6 UARTO Pin Select Register (UOSR)
Address 0188h

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol | — | — |CLKOSEL1|CLKOSELO|RXDOSEL1 RXDOSELO|TXDOSEL1|TXDOSELO
After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 | TXDOSELO | TXDO pin select bit b1 bo R/W

0 0: TXDO pin not used
0 1: P8_5 assigned

1 0: Do not set.

1 1: Do not set.

b2 |RXDOSELO |RXDO pin select bit b3 b2 R/W

0 0: RXDO pin not used
b3 |RXDOSELL 0 1: P8_6 assigned RIW

1 0: Do not set.
1 1: Do not set.

b4 | CLKOSELO [CLKO pin select bit b5 b4 . R/W
0 0: CLKO pin not used

bl |TXDOSEL1 R/W

b5 CLKOSELL 0 1: P8_4 assigned RIW
1 0: Do not set.
1 1: Do not set.

b6 — Reserved bits Set to 0. R/W

b7 —

The UOSR register selects which pin is assigned as the UARTO input/output. To use the I/0 pins for UARTO,
set this register.

Set the UOSR register before setting the UARTO associated registers. Also, do not change the setting value of
this register during UARTO operation.
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7.5.7

SSU/IIC Pin Select Register (SSUIICSR)
Address 018Ch

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol | SSOSELO | SCSSELO |SSCKSELO| SSISELO | — | — — IICSEL
After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 IICSEL  |SSU/I2C bus switch bit 0: SSU function selected R/W
1: 12C bus function selected
bl — Reserved bits Setto 0. R/W
b2 —
b3 —
b4 SSISELO |SSI pin select bit 0: P8_1 assigned R/W
1: PO_5 assigned
b5 SSCKSELO |SSCK/SCL pin select bit 0: P8_2 assigned R/W
1: PO_4 assigned
b6 SCSSELO [gcs pin select bit 0: P8_0 assigned R/W
1: PO_6 assigned
b7 SSOSELO [SSO/SDA pin select bit 0: P8_3 assigned R/W
1: PO_3 assigned
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7.5.8 INT Interrupt Input Pin Select Register (INTSR)
Address 018Eh
Bit b7 b6 b5 b4 b3 b2 b1l b0
Symbol| — | — | — | — | INT3SELO | INT2SELO | INT1SELO —
After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 — Reserved bit Setto 0. R/W
bl [INT1SELO ||NTT pin select bit 0: P8_0 assigned R/W
1: P2_4 assigned
b2 [INT2SELO ||NT2 pin select bit 0: P7_1 assigned R/W
1: P2_5 assigned
b3 [INT3SELO ||NT3 pin select bit 0: P8_1 assigned R/W
1: P2_6 assigned
b4 — Reserved bits Setto 0. R/W
b5 —
b6 —
b7 —

The INTSR register selects which pin is assigned asthe INTi (i = 0to 3, 5, 7) input. To use the INTI, set this

regi

ster.

Set the INTSR register before setting the INTi associated registers. Also, do not change the setting valuesin this
register during INTi operation.
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7.5.9 I/0O Function Pin Select Register (PINSR)
Address 018Fh

Bit b7 b6 b5 b4 b3 b2 b1l b0
Symbol | SDADLY1 | SDADLYO | IICTCHALF |IICTCTWI| IOINSEL | — — —
After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 — Reserved bits Set to 0. R/W
bl —
b2 —

b3 IOINSEL |I/O port input function select bit  |0: The 1/O port input function depends on the PDi (i= | RIW
0, 2, 3,5, 7 to 9) register.
When the PDi_j (j = 0 to 7) bit in the PDi register is
set to O (input mode), the pin input level is read.
When the PDi_j bit in the PDi register is set to 1
(output mode), the port latch is read.

1: The I/O port input function reads the pin input level
regardless of the PDi register.

b4 IICTCTWI |12C double transfer rate select bit |0: Transfer rate is the same as the value set with bits | R/W

1) CKSO0 to CKS3 in the ICCR1 register

1: Transfer rate is twice the value set with bits CKSO
to CKS3 in the ICCR1 register

b5 [IICTCHALF|I2C half transfer rate select bit (1) |0: Transfer rate is the same as the value set with bits | R/W
CKSO0 to CKS3 in the ICCR1 register

1: Transfer rate is half the value set with bits CKSO to
CKS3 in the ICCR1 register

b6 SDADLYO |SDA digital delay select bit b7 b6 R/W

0 O: Digital delay of 3 x f1 cycles
b7 SDADLY1 0 1: Digital delay of 11 x f1 cycles RIW

1 0: Digital delay of 19 x f1 cycles
1 1: Do not set.

Note:

1. Do not set both the ICTCTWI and IICTCHALF bits to 1 when the 12C bus function is used. Set these bits to 0
when the SSU function is used.
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7.5.10 Port Pi Pull-Up Control Register (PiPUR) (i=0, 2,3,5,7t09)

Address 01EOh (POPUR), 01E2h (P2PUR), 01E3h (P3PUR),01E5h (P5PUR(),
01E7h (P7PUR®), 01E8h (PSPUR), 01E9h (P9PUR®)

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol| PUi7 | PUI6 | PUS | PUi4 | PU3 | PU2 | PUl | PUIO

After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 PUIO  [Port Pi_0 pull-up 0: Not pulled up R/W
bl PUI1 |Port Pi_1 pull-up 1: Pulled up @) RIW
b2 PUi2 [Port Pi_2 pull-up R/W
b3 PUI3  [Port Pi_3 pull-up R/W
b4 PUi4 [Port Pi_4 pull-up R/W
b5 PUI5 [Port Pi_5 pull-up R/W
b6 PUI6 [Port Pi_6 pull-up R/W
b7 PUi7  [Port Pi_7 pull-up R/W

Notes:

1. When this bit is set to 1 (pulled up), the pin whose port direction bit is set to 0 (input mode) is pulled up.

2. Bits PU54 to PU57 in the P5PUR register are reserved bits. When writing to bits PU54 to PU57, set to 0. When
read, the content is 0.

3. Bits PU73 to PU77 in the P7PUR register is reserved bit. When writing to bits PU73 to PU77, set to 0. When
read, the content is 0.

4. Bits PU92 and PU93 in the POPUR are reserved bits. When writing to bits PU92 and PU93, set to 0. When read,
the content is 0.
Bits PU94 to PU97 in the POPUR register are unavailable on this MCU. When writing to bits PU94 to PU97, set
to 0. When read, the content is 0.

For pins used as input, the setting values in the PiIPUR register are valid.

7.5.11 Port P8 Drive Capacity Control Register (P8DRR)
Address 01F1h

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol | PBDRR7 | PS8DRR6 | P8DRR5 | PS8DRR4 | P8DRR3 | P8DRR2 | PS8DRR1 | PS8DRRO

After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 P8DRRO |[P8_0 drive capacity 0: Low R/W
bl P8DRR1 [P8_1 drive capacity 1: High @) R/W
b2 P8DRR2 |P8_2 drive capacity R/W
b3 P8DRR3 |P8_3 drive capacity R/W
b4 P8DRR4 |P8_4 drive capacity R/W
b5 P8DRR5 |P8_5 drive capacity R/W
b6 P8DRR6 |P8_6 drive capacity R/W
b7 P8DRR7 |P8_7 drive capacity R/W

Note:
1. Both high-level output and low-level output are set to high drive capacity.

The P8DRR register selects whether the drive capacity of the P8 output transistor is set to low or high. The
P8DRRI hit (i = 0to 7) is used to select whether the drive capacity of the output transistor is set to low or high
for each pin.

For pins used as output, the setting values in the PBDRR register are valid.
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7.5.12

Input Threshold Control Register 0 (VLTO)
Address 01F5h

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol | VLTO07 | VLT06 | VLT05 | VLT04 | — | — | VLTO01 | VLTOO
After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 VLTOO |[PO input level select bit bébg_ 0.50 x VCC R/W
bl viTo1 01:0.35xVCC RIW
10:0.70 x VCC
1 1: Do not set.
b2 — Reserved bits Set to O. R/W
b3 —
b4 VLT04 |P2 input level select bit bgbé. 0.50 x VCC R/W
bS VLTS 01:0.35xVCC RIW
10:0.70 x VCC
1 1: Do not set.
b6 VLTO06 |P3 input level select bit bébg. 0.50 x VCC R/W
b7 vLTo7 01:0.35xVCC RIW
10:0.70 x VCC
1 1: Do not set.

The VLTO register selects the voltage level of the input threshold values for ports PO, P2, and P3. The
corresponding bits are used to select the input threshold values among three voltage levels (0.35 VCC, 0.50
VCC, and 0.70 VCC).
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7.5.13 Input Threshold Control Register 1 (VLT1)

Address 01F6h

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol | VLT17 | VLT16 | — | — VLT13 | VLT12 | — —
After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 — Reserved bits Setto 0. R/W
bl —
b2 VLT12 |P5 input level select bit bgbé 0.50 x VCC R/W
:0.50 x
b3 VLT3 01:0.35xVCC RIW
10:0.70 x VCC
1 1: Do not set.
b4 — Reserved bits Set to O. R/W
b5 —
b6 VLT16 |P7 input level select bit bg)bg. 0.50 x VCC R/W
b7 VLTi7 01:0.35xVCC RIW
10:0.70 x VCC
1 1: Do not set.

The VLT1 register selects the voltage level of the input threshold values for ports P5 and P7. The corresponding
bits are used to select the input threshold values among three voltage levels (0.35 VCC, 0.50 VCC, and 0.70

VCC).
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7.5.14 Input Threshold Control Register 2 (VLT2)
Address 01F7h

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol | — | — | — | — | VLT23 | VLT22 | VLT21 | VLT20

After Reset 0 0 0 0 0 0 0 0

Bit Symbol Bit Name Function R/W

b0 VLT20 |P8 input level select bit bcl)b(()) 0.50 x VCC R/W

:0.50 x

bl virai 01:0.35xVCC RIW
10:0.70 x VCC
1 1: Do not set.

b2 VLT22 |P9 input level select bit b8b02. 0.50 x VCC R/W

b3 vLT23 01:0.35xVCC RIW
10:0.70 x VCC
1 1: Do not set.

b4 — Nothing is assigned. If necessary, set to 0. When read, the content is 0. —

b5 —

b6 —

b7 —

The VLT2 register selects the voltage level of the input threshold values for ports P8 and P9. Bits VLT20 to
VLT23 are used to select the input threshold values among three voltage levels (0.35 VCC, 0.50 VCC, and 0.70
VCC).
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7.6 Port Settings
Tables 7.5 to 7.50 list the port settings.
Table 7.5 PO_O/SEGO(/TRCTRG)/INT7/ADTRG
Register PDO | LSEO ADMOD TRCPSRO T'\ZQRC TRCCR2 INTSR | INTEN1
TRCIOA Function
. ADCAP TCEG INT7 | INT7
EL
Bit PDO_0 | LSE0O S PWM2 SELO | ENL
1 0 1 0 1 0
0 0 X X Othle{)tt)ha” X X X X X | Input port
P0_0 Other th
1 0 X X erian 1 X X X X | output port
10b
SEGO X 1 X X Other than X X X X X LCD drive control
) 10b output
Pin 0o | 1 PWM2 mode
(TRCTRG) 0 0 X X 1 0 0 1 X X (TRCTRG input)
— Other than N
INT7 0 0 X X 10b X X X 0 1 |INT7 input @
P Other than R
ADTRG 0 0 1 1 10b X X X 0 1 | ADTRG input ®
X:0orl
Note:
1. Pulled up by setting the PUQO bit in the POPUR register to 1.
Table 7.6 PO_1/SEG1
Register PDO LSEO )
- Function
Bit PDO_1 LSEO1
0 @
_ PO_1 Input port
Pin 0 Output port
SEG1 1 LCD drive control output
X:0orl
Note:
1. Pulled up by setting the PUOL1 bit in the POPUR register to 1.
Table 7.7 PO_2/SEG2
Register PDO LSEO .
i Function
Bit PDO_2 LSE02
0 0 @
. PO 2 Input port
Pin - 0 Output port
SEG2 1 LCD drive control output
X:0orl
Note:
1. Pulled up by setting the PUO2 bit in the POPUR register to 1.
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Table 7.8 PO_3/SEG3/SSO/SDA
Register PDO LSEO SSUIICSR ICCR1 . . .
_ SSU Associated Register Function
Bit PD0O_3 | LSEO3 | SSOSELO| IICSEL ICE
1 0
0 0 X (€
) X Input port
PO_3
1 0 Refer to synchronous
1 0 X 0 X serial communication unit | QUtPUL Port
Pin 1 0 (Table 23.4 Association
SEG3 X 1 X between LCD drive control output
0 X Communication Modes
SDA 0 0 1 1 1 and I/O Pins). SDA input/output
0 0 1 X SSO input (1)
SSO 0
0 0 X SSO output (@)
X:0or1l
Notes:

1. Pulled up by setting the PUO3 bit in the POPUR register to 1.
2. N-channel open-drain output by setting the SOOS bit in the SSMR2 register to 1 (N-channel open-drain output) and setting

the BIDE bit to 0 (standard mode).

Table 7.9 PO _4/SEG4/SSCK/SCL
Register PDO LSEO SSUIICSR ICCR1 | SSMR2
] SSCK SSU Associated Register Function
Bit PDO_4 | LSEO4 IICSEL ICE SCKS
SELO
0 0 X ! 0 0 Input port (1)
o X nput por
PO_4
1 0 Refer to synchronous
1 0 X 0 X 0 serial communication unit | OUtPut pPort
. Table 23.4 Association -
1 0 (
Pin SEG4 X 1 X 0 between IC;EtDuc:nve control
0 X Communication Modes P
SCL 0 0 1 1 0 and I/O Pins). SCL input/output ()
0 0 X 1 i 12
SSCK 0 SSCK input
0 0 X 1 SSCK output
X:0o0r1
Notes:

1. Pulled up by setting the PU04 bit in the POPUR register to 1.
2. N-channel open-drain output by setting the SOOS bit in the SSMR2 register to 1 (N-channel open-drain output). At this time,
set the PDO_4 bit in the PDO register to 0.
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Table 7.10 PO _5/SEG5/SSI
Register PDO LSEO SSUIICSR ) . .
_ SSU Associated Register Function
Bit PDO_5 LSEO5 | SSISELO | IICSEL
0 0 X X Input port (1)
P0O_5 i 5 % % Refer to synchronous serial Opt r; -
communication unit (Table 23.4 utput por
Pin SEG5 0 0 X X Association between LCD drive control output
0 0 1 0 Communication Modes and | SCS input ()
SSi I/O Pins). —
X 0 1 0 SCS output )
X:0orl
Notes:

1. Pulled up by setting the PUO5 bit in the POPUR register to 1.

2. N-channel open-drain output by setting the SOOS bit in the SSMR2 register to 1 (N-channel open-drain output) and setting

the BIDE bit to O (standard mode).

Table 7.11 PO_6/SEG6/SCS
Register PDO LSEO SSUIICSR SSMR2
. CSS Function
Bit PDO_6 LSE06 SCSSELO IICSEL i o
0 0 X X 0 0 @
PO_6 Input port
1 0 X X 0 0 Output port
Pin SEG6 X 1 X X 0 0 LCD drive control output
0 0 1 0 0 1 SSl input (1)
SCS 0 0 1 0 1 X SSl output (2)
X:0orl
Notes:

1. Pulled up by setting the PUO6 bit in the POPUR register to 1.
2. N-channel open-drain output by setting the CSOS bit in the SSMR2 register to 1.

Aug 24, 2011

Table 7.12 PO_7/SEG7/TRHO
Register PDO LSEO TRHCR )
i Function
Bit PDO_7 LSEQ7 TRHOE
0 0 0 @

PO 7 Input port

Pin - 1 0 0 Output port
SEG7 X 1 0 LCD drive control output
TRHO X 0 1 Timer waveform output

X:0or1l

Note:

1. Pulled up by setting the PUQ7 bit in the POPUR register to 1.
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Table 7.13 P2 _0/SEG8/TRB10O
Register PD2 LSE1 TRB1IOC TRB1MR
. TMOD Function
Bit PD2_0 LSEO8 TOCNT i
0 0 X 0 Input port (1)
P2_0 1 0 X
0 Output port
X 0 1
SEG8 X 1 X 0 LCD drive control output
Programmable waveform
Pin X 0 0 0 generation mode (pulse
output)
TRB1O X 0 0 1 Programmable on(_a—shot
waveform generation mode
Programmable wait one-
X 0 0 1 shot waveform generation
mode
X:0o0r1
Note:
1. Pulled up by setting the PU20 bit in the P2PUR register to 1.
Table 7.14 P2 1/SEG9/TRB0OO
Register PD2 LSE1 TRBOIOC TRBOMR
) TMOD Function
Bit PD2_1 LSEQ9 TOCNT
0 0 X Input port (1)
P2 1 1 0 X
0 Output port
X 0 1
SEG9 X 1 X 0 LCD drive control output
Programmable waveform
Pin X 0 0 0 generation mode (pulse
output)
TRBOO X 0 0 1 Programmable onc_a-shot
waveform generation mode
Programmable wait one-
X 0 0 1 shot waveform generation
mode
X:0or1l
Note:
1. Pulled up by setting the PU21 bit in the P2PUR register to 1.
Table 7.15 P2 _2/SEG10/INTO
Register PD2 LSE1 INTEN .
- Function
Bit PD2_2 LSE10 INTOEN
0 0 X (€}
P2 2 Input port
) 1 0 X Output port
Pin SEG10 X 1 X LCD drive control output
INTO 0 0 1 INTO input ()
X:0orl
Note:
1. Pulled up by setting the PU22 bit in the P2PUR register to 1.
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Table 7.16 P2_3/SEG11/INT5
Register PD2 LSE1 INTEN1 .
. Function
Bit PD2_3 LSE11 INTSEN
0 0 X @
P2 3 Input port
) 1 0 X Output port
Pin SEGIL X 1 X LCD drive control output
INT5 0 0 1 INTS input ()
X:0orl
Note:
1. Pulled up by setting the PU23 bit in the P2PUR register to 1.
Table 7.17 P2_4/SEG12(/INT1)/KIO
Register PD2 LSE1 INTSR INTEN KIEN ]
i Function
Bit PD2_4 LSE12 INT1ISELO INT1EN KIOEN
0 0 X X X ()
P2 4 Input port
- 1 0 X X X Output port
Pin SEG12 X 1 X X X LCD drive control output
(INT2) 0 0 0 1 X INT1 input 1)
K10 0 0 X X 1 KIO input (1)
X:0orl
Note:
1. Pulled up by setting the PU24 bit in the P2PUR register to 1.
Table 7.18 P2_5/SEG13(/INT2)/KI1
Register PD2 LSE1 INTSR INTEN KIEN )
i Function
Bit PD2_5 LSE13 INT2SELO INT2EN KI1EN
0 0 X X X ()
P2 5 Input port
- 1 0 X X X Output port
Pin SEG13 X 1 X X X LCD drive control output
(INT2) 0 0 0 1 X INT2 input (1)
KI1 0 0 X X 1 KI1 input (1)
X:0orl
Note:
1. Pulled up by setting the PU25 bit in the P2PUR register to 1.
Table 7.19 P2_6/SEG14(/INT3)/KI2
Register PD2 LSE1 INTSR INTEN KIEN ]
i Function
Bit PD2_6 LSE14 INT3SELO INT3EN KI2EN
0 0 X X X ()
P2 6 Input port
- 1 0 X X X Output port
Pin SEG14 X 1 X X X LCD drive control output
(INT3) 0 0 0 1 X INT3 input ()
K2 0 0 X X 1 K12 input (1)
X:0orl
Note:
1. Pulled up by setting the PU26 bit in the P2PUR register to 1.
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Table 7.20 P2_7/SEG15/COMEXP/KI3
Register PD2 LSE1 LCR4 KIEN .
- Function
Bit PD2_7 LSE15 LCTZS COMEXP KI3EN
0 0 X X X @
P2 7 Input port
1 0 X X X Output port
SEG15 X 1 0 0 X LCD drive control output
Pin LCD drive control output
COMEXP X 1 1 1 X (memory-type liquid crystal
panel)
KI3 0 0 X X 1 KI3 input (1)
X:0or1l
Note:
1. Pulled up by setting the PU27 bit in the P2PUR register to 1.
Table 7.21 P3_0/SEG16
Register PD3 LSE2 )
- Function
Bit PD3 0 LSE16
0 0 @
. P30 Input port
Pin 1 0 Output port
SEG16 X 1 LCD drive control output
X:0o0r1
Note:
1. Pulled up by setting the PU30 bit in the P3PUR register to 1.
Table 7.22 P3_1/SEG17
Register PD3 LSE2 .
- Function
Bit PD3 1 LSE17
0 0 @
_ P31 Input port
Pin 1 0 Output port
SEG17 X 1 LCD drive control output
X:0o0r1
Note:
1. Pulled up by setting the PU31 bit in the P3PUR register to 1.
Table 7.23 P3_2/SEG18
Register PD3 LSE2 )
- Function
Bit PD3 2 LSE18
0 0 @
. P3 2 Input port
Pin - 1 0 Output port
SEG18 X 1 LCD drive control output
X:0orl
Note:
1. Pulled up by setting the PU32 bit in the P3PUR register to 1.
Table 7.24 P3 3/SEG19
Register PD3 LSE2 )
i Function
Bit PD3_3 LSE19
0 0 @
. P33 Input port
Pin 1 0 Output port
SEG19 X 1 LCD drive control output
X:0orl
Note:
1. Pulled up by setting the PU33 bit in the P3PUR register to 1.
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Table 7.25 P3_4/SEG20
Register PD3 LSE2 )
- Function
Bit PD3 4 LSE20
0 0 @
. P34 Input port
Pin 1 0 Output port

SEG20 X 1 LCD drive control output
X:0o0r1
Note:

1. Pulled up by setting the PU34 bit in the P3PUR register to 1.

Table 7.26 P3_5/SEG21
Register PD3 LSE2 )
- Function
Bit PD3 5 LSE21
0 0 1)
_ P35 Input port
Pin 1 0 Output port

SEG21 X 1 LCD drive control output
X:0orl
Note:

1. Pulled up by setting the PU35 bit in the P3PUR register to 1.

Table 7.27 P3_6/SEG22
Register PD3 LSE2 )
) Function
Bit PD3_6 LSE22
0 0 @
. P3 6 Input port
Pin - 1 0 Output port

SEG22 X 1 LCD drive control output
X:0orl
Note:

1. Pulled up by setting the PU36 bit in the P3PUR register to 1.

Table 7.28 P3_7/SEG23
Register PD3 LSE2 )
i Function
Bit PD3 7 LSE23
0 0 @
. P3 7 Input port
Pin - 1 0 Output port

SEG23 X 1 LCD drive control output
X:0o0rl
Note:

1. Pulled up by setting the PU37 bit in the P3PUR register to 1.

Table 7.29 P5_0/COM3/SEG24/K14
Register PD5 LSE5 KIEN1 .
- Function
Bit PD5_0 LCOMO KI4EN
0 0 X @
P50 Input port
1 0 X Output port
Pin SEG24 X 1 X LCD drive control output
COM3 X 1 X LCD drive control output
Ki4 0 0 1 KI4 input (1)
X:0o0r1
Note:
1. Pulled up by setting the PU50 bit in the P5PUR register to 1.
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Table 7.30 P5_1/COM2/SEG25/KI5
Register PD5 LSE5 KIEN1 .
- Function
Bit PD5_1 LCOM1 KISEN
0 0 X @
P51 Input port
1 0 X Output port
Pin SEG25 X 1 X LCD drive control output
COM2 X 1 X LCD drive control output
KI5 0 0 1 KI5 input (1)
X:0o0r1
Note:
1. Pulled up by setting the PU51 bit in the P5PUR register to 1.
Table 7.31 P5 2/COM1/SEG26/KI6
Register PD5 LSE5 KIEN1 ]
i Function
Bit PD5_2 LCOM2 KIGEN
0 0 X @
P52 Input port
- 1 0 X Output port
Pin SEG26 X 1 X LCD drive control output
COoM1 X 1 X LCD drive control output
Ki6 0 0 1 KI6 input (O
X:0o0r1
Note:
1. Pulled up by setting the PU52 bit in the PSPUR register to 1.
Table 7.32 P5_3/COMO/KI7
Register PD5 LSES5 KIEN1 .
- Function
Bit PD5_3 LCOM3 KI7EN
0 0 X (€}
P53 Input port
) 1 0 X Output port
Pin COMO X 1 X LCD drive control output
KI7 0 0 1 KI7 input (1)
X:0orl
Note:
1. Pulled up by setting the PU53 bit in the P5PUR register to 1.
Table 7.33  P5_4/VL1
Register PD5 LSE5 .
- Function
Bit PD5_4 LVLP1
. P54 0 0 Input port
Pin 1 0 Output port
VL1 X 1 VL1 voltage input
X:0o0r1
Table 7.34 P5 5/VL2
Register PD5 LSE5 )
- Function
Bit PD5_5 LVLP2
. P55 0 0 Input port
Pin 1 0 Output port
VL2 X 1 VL2 voltage input
X:0o0r1
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Table 7.35 P5 6/VL3
Register PD5 LSE5 )
- Function
Bit PD5_6 LVLP3
. P5_6 0 0 Input port
Pin 1 0 Output port
VL3 X 1 VL3 voltage input
X:0o0r1
Table 7.36 P7_O/IVREF3/WKUP1/AN4
Register PD7 ADINSEL INTCMP
. CH ADGSEL Function
Bit PD7_0 INT1CPO
2 1 0 1 0
P7 0 0 X X X X X X Input port (1)
- 1 X X X X X X Output port
Pi AN4 1 0 0 0 0 X A/D converter input (AN4) (1)
in
Comparator B1 reference
IVREF3 0 X X X X X L voltage input (IVREF3)
WKUP1 0 X X X X X X WKUP1 input (1)
X:0o0r1
Note:
1. Pulled up by setting the PU70 bit in the P7PUR register to 1.
Table 7.37 P7_1/TRCCLK/INT2/AN5S
. TRC
Register PD7 ADINSEL PSRO TRCCR1 INTSR | INTEN
F .
B PD CH ADGSEL ETCK: TCK INT2 | INT2 unction
71 2 1 0 1 0 SELO 2 1 0 SELO EN1
P71 0 X X X X X 0 X X X X X Input port ()
- 1 X X X X X 0 X X X X X Output port
) A/D converter input
Pin AN5 0 1 0 1 0 0 0 X X X X X (ANS) @
TRCCLK X X X X X 1 0 1 X X TRCCLK input (1)
INT2 X | X | x| X | X 0 X | X | X 0 1 |INT2input @
X:0o0r1
Note:
1. Pulled up by setting the PU71 bit in the P7PUR register to 1.
Table 7.38  P7_2(/TRCTRG)/AN6
Register PD7 ADINSEL TRCPSRO | TRCMR TRCCR2
. PD CH ADGSEL TRCIOASEL TCEG Function
Bit PWM2
7.2 2 1 0 1 0 1 0 1 0
o | x | x| x| x| x Othi{gha” X X | X |inputport®
P12 Other th
1 X X X X X ib an X X X | Output port
Pin
0 1 | PWM2 mode
(TRCTRG) 0 X X X X X 1 1 0 i X (TRCTRG input) @
Other than A/D converter input
ANG6 0 1 1 0 0 0 11b X X X (ANG) ()
X:0o0r1
Note:
1. Pulled up by setting the PU72 bit in the P7PUR register to 1.
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R8C/LA3A Group, R8C/LASA Group

7.1/0 Ports

Table 7.39 P8 _0/IVCMP1/SCS/INT1
Register PD8 INTSR INTEN INTCMP | SSUIICSR SSMR2
. INT1 CSS Function
Bit PD8 0 INTLEN | INT1CPO | SCSSELO
SELO 1 0
P8 0 0 X X X X 0 0 Input port (1)
- 1 X X X X 0 0 Output port (2)
- 0 X X X 0 0 1 SCS input (1)
. SCS p—
Pin 0 X X X 0 1 X SCS output (1.2,3)
INT1 0 0 1 0 X 0 0 INT1 input )
Comparator B1 input
IVCMP1 0 X X 1 X 0 0 (IVCMP1)
X:0or1l
Notes:

1. Pulled up by setting the PUS8O0 bit in the P8PUR register to 1.
2. Output drive capacity high by setting the P8DRRO bit in the PBDRR register to 1.
3. N-channel open-drain output by setting the CSOS bit in the SSMR2 register to 1.

Table 7.40 P8_1/IVCMP3/SSI/INT3
. PD8 INTSR INTEN | INTCMP SSUIICSR .
Register SSU Associated .
; INT3 - Function
Bit PD8_1 SELO INT3EN | INT3CPO | SSISELO | IICSEL Register
P8 1 0 X X X X X Input port (1)
- 1 X X X X X Refer to synchronous | Output port (2)
0 X X X 0 0 serial communication [gg input @
) SSi unit (Table 23.4
1,2,3
Pin X X X X 0 0 Association between SS output ( :
INT3 0 0 1 0 X X Communication INT3 input (@)
Modes and I/O Pins). :
Comparator B1 input
IVCMP3 0 X X 1 X X (IVCMP3)
X:0or1l
Notes:

1. Pulled up by setting the PU81 bit in the P8PUR register to 1.
2. Output drive capacity high by setting the P8DRRL1 bit in the P8BDRR register to 1.
3. N-channel open-drain output by setting the SOOS bit in the SSMR2 register to 1 (N-channel open-drain output) and setting

the BIDE bit to O (standard mode).
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R8C/LA3A Group, R8C/LA5A Group 7.1/0 Ports

Table 7.41  P8_2/TRJ1IO/SSCK/SCL

Register PD8 TRJSR TRIL TRJ1IMR SSUIICSR SSMR2 )
1oc ICCR1 SSU Associated Function
Bit PD | TRJLIOSEL | TOP | TMOD |SScCK IICSEL SCKS Register
' 8 2 1 0 CR [2]1]0]SELO
her th 0 X
o | ©t g;é A1 x| x| x| x - . 0 Input port
P82 Other th 0 X
ther than
1 o1b 1 | X|[X]|X| X I 5 0 Output port ()
SCL
Other th
scL 0 g;b a1 x| x|[x| o 1 1 0 input/output
Refer to €2
0 Othg;’-tt)han 0 0 X 1 |synchronousserial | sscK input (1)
SSCK 1 X | X | X communication
0 Other than 0 0 X 1 unit (Table 23.4 SSCK output
Pin 01b Association (1,2,3)
0 0 between Pulse output
X 0 1 0 0]01 X 1 X 0 Communication | pmode (L 2)
) ) Modes and I/O
X 0 1 0 ol1lo X 0 Pins). Event counter
1 X mode
TRJ1IO 0 0 Pulse width
X 0 1 0 0|11 X 0 measurement
1 X mode
0 0 Pulse period
X 0 1 0 1|00 X 1 X 0 measurement
mode
X:0o0r1l

Notes:
1. Pulled up by setting the PU82 bit in the P8PUR register to 1.
2. Output drive capacity high by setting the P8DRR2 bit in the P8DRR register to 1.
3. N-channel open-drain output by setting the SOOS bit in the SSMR2 register to 1. At this time, set the PD8_2 bhit in the PD8
register to 0.
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Table 7.42  P8_3/TRJOIO/SSO/SDA

Register PD8 TRJSR TRJO TRJOMR SSUIICSR ICCR1 .
I0C SSU Associated Function
Bit PD | TRJIOIOSEL | TOP TMOD SSO neseL | ice Register
! 83 1 [ 0 |CR[2[1]o0]SEL
Other than 1 0
1
0 01b 1 | X | X|X X o < Input port (1)
P83 Other th 1 0
er than
2
1 o1b 1 | X | X|X X o < Output port (2)
SDA 0 Other than 1 x | x| x 0 1 1 SDA input/output
01b 1,2
0 Othertt)han 0 0 X SSO input @
01 Refer to synchronous
SSO 1 X | X|X . S
0 Other than 0 0 X serial communication SSO output
Pin 01b unit (Table 23.4 1,23
0 X | Association between [p e output
X 0 1 0 o001 X icati
1 0 Communication . mode (. 2)
o < Modes and I/O Pins).
X 0 1 0 ol11lo X Event counter
1 0 mode
TRJOIO 0 X Pulse width
X 0 1 0 oO|1]1 X 0 measurement
1 mode
0 X Pulse period
X 0 1 0 1({0]|O0 X measurement
1 0 mode
X:0o0r1
Notes:

1. Pulled up by setting the PU83 bit in the PBPUR register to 1.

2. Output drive capacity high by setting the PBDRRS3 bit in the P8DRR register to 1.

3. N-channel open-drain output by setting the SOOS bit in the SSMR2 register to 1 (N-channel open-drain output) and setting
the BIDE bit to O (standard mode).
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R8C/LA3A Group, R8C/LA5A Group 7.1/0 Ports

Table 7.43  P8_4/TRCIOD(/TRCIOB)/CLKO/ANO

. TRC TRC TRC TRC TRC TRC
Register PD8 ADINSEL PSRO | PSR1 | OER MR IORO IOR1 UOSR UOMR
TRC .
ADG TRC CLKO Function
CH 10B PWM I0B 10D SMD
Bit PD SEL | gg | IOD |EB|ED SEL CKD
8 4 IR
SELO
2|11|0f1f{0]|1]0 2|B|D|2|1]|0|2|1|0f1]|0]|2|1|O0
Other Other
0 X[ X|X|X|[X]| than 0 X | X |X[X[X]|X|X[X|X]|X]|X]| than | X|[X|X X Input port 1)
11b 01b
P8_4
- Other Other
X|X|X|X]|X]| than 0 X | X | X[ X[X[X[X[X|X|[X]|X]| than [ X|[X|X| X |Outputport (2
X 11b 01b
Other Other
ANO o |ofofofofof tan [ o [x|x|x|x|x|x|x|x|x|[x]|x|than [x|x|x| x |APDconverer
11b 01b input (ANO)
Other PWM2 mode
X XXX X|X[1]1 0 O | X |O|X[X|X|X[X|X|X[X]| than | X |[X|X X waveform
01b output ()
Other PWM mode
X XX X|X|X[1]1 0 O | X |1|1[X|X|X[X|X|X[X]| than | X|[X]|X X waveform
01b output @
(TRCIOB) ofof1 Timer waveform
Other output
X X|IX|X[X|X]1]|1 0 O X|1]|0(X ol1lx X|[X|[X] than | X | X |X X (output compare
01b .
Pi function) (2
in
0|X Other Timer mode
0 XX |X|X|[X[1]1 0 X[ X]1|0|X]|1 X |[X|X]| than | X|X|X| X |(inputcapture
1i0 01b function) (1)
Other Other PWM mode
X [ X|X|X]|X|X]| than 1 X101 X|1[X[X|X|X|X|X]| than | X|X|X X | waveform
11b 01b output @
Other 0|01 Other Z:T:thaveform
TRCIOD X X | X|X|X|X]| than 1 X O |1|X|O[X]|X]|X ol1lx than [ X [ X | X X (output compare
11b 01b .
function) ()
Other Other Timer mode
0 X[ X|X|X|X]| than 1 X | X |1|X[O|X|X[X|1]|X|[X]| than |X|[X|X]| X |(inputcapture
11b 01b function) (1)
Other
0 [x|x|x|x|x| than | o xxxxxxxxxxx01xxx1C"KO(.eXter?l";II
11b clock) input
CLKO o
er .
X [x x| x|x|x| than | o | x| x |x|x|x|x|x|x|x|x|x|o|1]o]of1| o |SKOUnemal
11b clock) output
X:0o0r1
Notes:

1. Pulled up by setting the PU84 bit in the P8PUR register to 1.
2. Output drive capacity high by setting the P8DRR4 bit in the P8DRR register to 1.
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R8C/LA3A Group, R8C/LA5A Group 7.1/0 Ports
Table 7.44 P8 5/TRCIOC(/TRCIOB)/TXD0O/AN1
) TRC | TRC | TRC TRC TRC TRC
Register PD8 ADINSEL psro | Psr1 | OER MR 10RO lorL |UOSR | UOMR
TRC )
) PD ch |APC| 0B | TRC PWM I0B ioc | PO gvp Function
Bit SEL IOC | EB | EC SEL
85 SEL
- SELO
1 1Jo][1]0 2[B[C]2 0 1 1[o]2[1]0
Other Other
0 X X | X | than 0 X | X [ X[X[X]|X]|x]|x X than | X | X [ X | Input port @
10b 01b
P8 5
- Other Other
X X[ X | than 0 X | X [ X[X[X[X[X]|X X than | X | X | X | Output port (2)
X 10b 01b
Other Other :
AN1 0 0 o1 than | o | x | x |x|[x|x|x|x|x|x]|x than | X | x | x | /D converter input
(AN1) (D
10b 01b
Other
X x{x|x|x|2]o| x | o] x|o|x|x|x|x|x|x]|x than | X | x | x | PWM2 mode waveform
output (2)
01b
Other
X x| x| x|[x[1fof x |o|x|a]2]x|x|x|x|x|x]|x]| than [x|x|x|PWMmodewaveform
01b output
(TRCIOB) i
0|0|1 Other Timer waveform output
Pin X X X|X|1|0 X 0| X |1|0|X X than | X | X [ X | (output compare
0f1]X 01b function) ()
0| X Other . -
0 X|[x|x[x{1]o] o | x|x|1|o|x]|1 X [x| than | x | x| x | Timermode (input
110 01b capture function) (1)
Other Other
X X|X[x|x|than | 1 | x| o0 |1{x|1]{X|x|X|x|X|x]| than [x|X|x P\':’Mtr?z‘;dewa"eform
10b 01b outpu
Other 0 Other Timer waveform output
TRCIOC X X X | X| than 1 X 0 [1|X|O[X]|X]|X than | X | X | X | (output compare
10b 1 01b function) (2)
Other Other ] A
0 X[x|x[x|than | 1 | x| x [1|x]o|x|x|x|1|x]|x]| than |X|x]|X T'mtermfodet(.'np“:l)
10b 01b capture function)
Other 0|0
TXDO X X X | X | than 0 X | X [ X[x|x]|x]|x]|x X 0|1|1]0][X]TXDO0 output@
10b
1 0
X:0or1l
Notes:

1. Pulled up by setting the PU85 bit in the P8PUR register to 1.
2. Output drive capacity high by setting the P8DRR5 bit in the P8DRR register to 1.
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R8C/LA3A Group, R8C/LA5A Group 7.1/0 Ports

Table 7.45  P8_6(/TRCIOB)/RXDO/AN2

Register PD8 ADINSEL TRCPSRO (;Fég TRCMR TRCIORO UOSR
TRCIOB RXDO Function
Bit g% CH ADGSEL SEL EB PWM 10B SEL
- 2110 1 0 1 0 2|B|D|2]|1|0] 1 0
Other
0 | x[x|x| x| x [Oherthant o Tl x| x|[x|x|x]| than |mputport®
01b
01b
P8 6
Other than Other
1 X|X|X| X X X XX X|X|X[X than Output port ()
01b
01b
Other .
AN2 0 ol1lo0l o 0 Other than X xIxIx!x!x!lx than A/D converter input
01b (AN2) @)
01b
Other
X [ x| x|x| x| x| o] 1] o |o|x|x|x|x|x]| than |FWM2modewaveform
) output (@
Pin 01b
Other
X [ x|x|x| x| x|o| 1] o |1]2|x|x|x|x]| than |FWMmodewaveform
output (2)
TRCIOB 01b
( ) 00| 1| Other |Timerwaveform output
X | X|X|X]| X X 0 1 0 110X ol1lx than | (output compare
01b | function) (2
0 | X | Other ) )
o [x|x|x|x|[x|o|1]| x [1]o|x]|1 than | imer mode (input
1|0 capture function) ()
01b
RXDO 0 | x|x|x|x]|x Othg;:)ha” X | X|x|[x|x|x|x| o] 1 |Rxpoinput@®
X:0o0r1
Notes:
1. Pulled up by setting the PU86 bit in the PBPUR register to 1.
2. Output drive capacity high by setting the PBDRR®6 bit in the P8DRR register to 1.
Table 7.46 P8 7(/TRCTRG)/TRCIOA/IVREF1/AN3
. TRC TRC INT
Register PD8 | ADINSEL | ADG | TRCPSRO OER TRCMR | TRCIORO CR2 CcMP
TRCIOA Function
. PD CH SEL I0A TCEG | INT1
SEL
Bit 8.7 EA | PWM2 CPO
211(0|1}0 1 0 2]11(0]1|0
0 | x| x|x|x]|x Othg;:)ha” X X x| x|x|x]|x]| X [inputport®
P8_7 Other th
1 x| x| x|x]|x g;ba” X X | x|[x|x|x|x]| X |outputport®
0|1 Timer waveform output
X XX X|X]|X 0 1 0 1 0 X | X X (output compare
1 (X .
TRCIOA function) (2)
0| X i i
Pin o |x|x|x|x|x|o]| 1] x 1 |1 x | x| x |Tmermode (input
110 capture function) (1)
0|1 PWM2 mode
(TRCTRG) 0 X|X|X|X]|X 0 1 X 0 X | X | X TTx X (TRCTRG input) @
Other than A/D converter input
AN3 0 o|1|1|0]|O0 01b X X X|X|X| X ]| X X (AN3) (@)
Comparator B1
IVREFL | 0 | X |X|X|Xx]|Xx Othg;:)ha” X X | Xx|x|x|x]|x]| 1 |referencevoltageinput
(IVREF1)
X:0o0r1
Notes:
1. Pulled up by setting the PU87 bit in the P8PUR register to 1.
2. Output drive capacity high by setting the P8DRR?7 bit in the P8DRR register to 1.
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R8C/LA3A Group, R8C/LASA Group 7.1/0 Ports
Table 7.47 P9 _O/XIN(/XCIN) (R8C/LA3A Group)
Register PD9 CMO CM1 CM3
Bit PD C™M CM CM Function Oscillation | Feedback
90| 03|04 |05]| 07|20 11 ] 121 13 buffer resistor
Po 0 0 1 0 1 X 0 1 1 0 Input port (1) OFF OFF
- 1 1 0 1 X 0 1 1 0 Output port OFF OFF
0 1 0 0 0 1 1 0 XIN clock input (1) ON ON
XIN clock input stop
0 1 0 0 0 1 1 1 0 (STOP mode) @ ON ON
XIN-XOUT oscillation
0 1 0 0 0 0 0 1 1 (on-chip feedback ON ON
resistor enabled)
XIN-XOUT oscillation
0 1 0 0 0 0 1 1 1 (on-chip feedback ON OFF
XIN resistor disabled)
XIN-XOUT oscillation
0 1 0 1 0 0 0 1 1 stop (on-chip feedback OFF ON
resistor enabled)
XIN-XOUT oscillation
0 1 0 1 0 0 1 1 1 stop (on-chip feedback OFF OFF
resistor disabled)
XIN-XOUT oscillation
0 1 0 0 0 1 X 1 1 stop (STOP mode) OFF OFF
Pin 0 0 1 1 1 0 1 1 0 XCIN clock input (1) ON ON
XCIN clock input stop
0 0 1 1 1 1 1 1 0 (STOP mode) @ ON ON
XCIN-XCOUT
oscillation
0 0 0 1 1 0 1 0 X (on-chip feedback ON ON
resistor enabled)
XCIN-XCOUT
oscillation
0 0 0 1 1 0 1 1 X (on-chip feedback ON OFF
(XCIN) resistor disabled)
XCIN-XCOUT
oscillation stop
0 1 0 1 1 0 1 0 X (on-chip feedback OFF ON
resistor enabled)
XCIN-XCOUT
oscillation stop
0 1 0 1 1 0 1 1 X (on-chip feedback OFF OFF
resistor disabled)
XCIN-XCOUT
0 0 0 1 1 1 X 1 0 oscillation stop OFF OFF
(STOP mode)
X:0o0r1
Note:

1. Pulled up by setting the PU9O0 bit in the POPUR register to 1.
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R8C/LA3A Group, R8C/LASA Group 7.1/0 Ports
Table 7.48 P9 _0O/XIN (R8C/LA5A Group)
Register PD9 CMO CM1
CM CM .
Bit PD Function Oscillation | Feedback
90| 05|07 | 10| 11 | 13 .
buffer resistor
P9 0 0 1 X 0 1 0 |Input port @) OFF OFF
- 1 1 X 0 1 0 | Output port OFF OFF
0 0 0 0 1 0 | XIN clock input (1) ON ON
0 0 0 1 1 0 | XIN clock input stop (STOP mode) (1) ON ON
XIN-XOUT oscillation
0 0 0 0 0 L (on-chip feedback resistor enabled) ON ON
Pin ——
XIN-XOUT oscillation
XIN 0 0 0 0 ! ! (on-chip feedback resistor disabled) ON OFF
XIN-XOUT oscillation stop
0 ! 0 0 0 ! (on-chip feedback resistor enabled) OFF ON
XIN-XOUT oscillation stop
0 L 0 0 ! L (on-chip feedback resistor disabled) OFF OFF
0 0 0 1 X 1 | XIN-XOUT oscillation stop (STOP mode) OFF OFF
X:0o0r1
Note:

1. Pulled up by setting the PU9O0 bit in the POPUR register to 1.
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R8C/LA3A Group, R8C/LA5A Group 7.1/0 Ports
Table 7.49 P9 1/XOUT(/XCOUT) (R8C/LA3A Group)
Register PD9 CMO CM1 CM3
. PD C™M CM CM Function Oscillation | Feedback
Bit .
9103 |04 |05 |07 |20 11| 12| 23] 32 buffer resistor
PO 1 0 1 0 1 X 0 1 1 0 0 | Input port (1) OFF OFF
- 1 1 0 1 X 0 1 1 0 0 | Output port OFF OFF
XIN-XOUT oscillation
0 1 0 0 0 0 0 1 1 0 | (on-chip feedback ON ON
resistor enabled)
XIN-XOUT oscillation
0 1 0 0 0 0 1 1 1 0 | (on-chip feedback ON OFF
resistor disabled)
XOUT XIN-XOUT oscillation
0 1 0 1 0 0 0 1 1 0 | stop (on-chip feedback OFF ON
resistor enabled)
XIN-XOUT oscillation
0 1 0 1 0 0 1 1 1 0 | stop (on-chip feedback OFF OFF
resistor disabled)
XIN-XOUT oscillation
0 1 0 0 0 1 X 1 1 0 stop (STOP mode) OFF OFF
. XCIN-XCOUT
o olo|o|1|1]o]|1|o0] x| 1 [oscilton ON ON
(on-chip feedback
resistor enabled)
XCIN-XCOUT
oscillation
0 0 0 1 1 0 1 1 X 1 (on-chip feedback ON OFF
resistor disabled)
XCIN-XCOUT
(XCOouT) 0 1 0 1 1 0 1 0 X 1 oscnlat_lon stop OFE ON
(on-chip feedback
resistor enabled)
XCIN-XCOUT
oscillation stop
0 1 0 1 1 0 1 1 X 1 (on-chip feedback OFF OFF
resistor disabled)
XCIN-XCOUT
0 0 0 1 1 1 X 1 0 1 |oscillation stop OFF OFF
(STOP mode)
X:0o0r1
Note:
1. Pulled up by setting the PU91 bit in the POPUR register to 1.
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R8C/LA3A Group, R8C/LA5A Group 7.1/0 Ports
Table 750 P9_1/XOUT (R8C/LA5A Group)
Register PD9 CMO CM1
CM CM )
Bit PD Function Oscillation | Feedback
91| 05 07 10 11 13 -
buffer resistor
P9 1 X X 0 0 | Input port (1) OFF OFF
- 1 X X 0 0 | Output port OFF OFF
XIN-XOUT oscillation
0 0 0 0 0 ! (on-chip feedback resistor enabled) ON ON
XIN-XOUT oscillation
Pin 0 0 0 0 ! ! (on-chip feedback resistor disabled) ON OFF
XIN-XOUT oscillation stop
XouT 0 L 0 0 0 ! (on-chip feedback resistor enabled) OFF ON
XIN-XOUT oscillation stop
0 L 0 0 ! ! (on-chip feedback resistor disabled) OFF OFF
XIN-XOUT oscillation stop
0 0 0 1 X 1 (STOP mode) OFF OFF
X:0o0r1
Note:

1. Pulled up by setting the PU91 bit in the POPUR register to 1.
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R8C/LA3A Group, R8C/LA5A Group 7.1/0 Ports

7.7 Unassigned Pin Handling
Table 7.51 lists Unassigned Pin Handling.

Table 7.51  Unassigned Pin Handling

Pin Name Connection
Ports PO, P2, P3, P5_0to P5_6, |+ After setting to input mode, connect each pin to VSS via a resistor
P7_OtoP7_2,P8,P9_0,P9_1 (pull-down) or connect each pin to VCC via a resistor (pull-up). (2)
« After setting to output mode, leave these pins open. (1. 2)

XCOUT Open

XCIN, VL1 Connect to VCC via a pull-up resistor. (2)
VREF, VL2, VL3 Connect to VCC.

WKUPO (3) Connect to VSS. @)

RESET 4 Connect to VCC via a pull-up resistor. (4)
Notes:

1. If these ports are set to output mode and left open, they remain in input mode until they are switched
to output mode by a program. The voltage level of these pins may be undefined and the power
current may increase while the ports remain in input mode.

The content of the direction registers may change due to noise or program runaway caused by
noise. In order to enhance program reliability, the program should periodically repeat the setting of
the direction registers.

2. Connect these unassigned pins to the MCU using the shortest wire length (2 cm or less) possible.

3. When power-off 0 mode is not used.

4. When the power-on reset function is used.

MCU

(Input mode) ’\N\/
Port PO :
Port P2 (Input mode) ANV
Port P3
Ports P5_0to P56 (CUtPutmode) Open
Ports P7_0to P7_2
Port P8 XCOUT Open
Ports P9_0 to P9_1 P =

XCIN, VL1 ——AN\——9

WKUPO® RESET® ANV

VREF, VL2 to VL3 J

777
Notes:
1. When the power-on reset function is used.
2. When power-off 0 mode is not used.
Figure 7.7 Unassigned Pin Handling
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R8C/LA3A Group, R8C/LASA Group

8. Bus

8. Bus

The bus cycles differ when accessing ROM/RAM and when accessing SFR.
Table 8.1 lists the Bus Cycles by Access Area.
ROM/RAM and SFR are connected to the CPU by an 8-bit bus. When accessing in word (16-hit) units, these areas are

accessed twicein

8-bit units.

Table 8.2 shows Access Units and Bus Operations.

Table 8.1

Bus Cycles by Access Area

Access Area

Bus Cycle

SFR/Data flash

2 cycles of CP

U clock

Program ROM/RAM

1 cycle of CPU clock

Table 8.2 Access Units and Bus Operations
Area SFR, Data flash ROM (program ROM), RAM

Even address CPU clock CPU clock

Byte access | | | | " | | | | N
Address X Even X Address

Odd address CPU clock

Byte ACCOSS CPU clock | |_ cloc | | | | |—
Address X Odd X Address

Even address CPU clock CPU clock | | | | |—

Word access
Address X Even X Even+1 X Address X _Even X Even+1 X

Odd address | cpuy clock ,_I_,_\_,_\_,_\_,’ CPU clock | | | | [

Word access
Address X odd X odd+1 X |Address X odd X odd+1 X

However, only the following SFRs are connected with the 16-bit bus:
Interrupts: Each interrupt control register
Timer RC: Registers TRC, TRCGRA, TRCGRB, TRCGRC, and TRCGRD
Timer RJ: TRJ Registers (i = 0to 1)
SSU: Registers SSTDR, SSTDRH, SSRDR, and SSRDRH
A/D converter: Registers ADO, AD1, AD2, AD3, AD4, AD5, AD6, AD7, ADMOD, ADINSEL, ADCONO,
and ADCON1
Address match interrupt: Registers RMADO, AIERO, RMAD1, and AIER1

Therefore, they are accessed once in 16-bit units. The bus operation is the same as “Area: SFR, Data flash, Even
address Byte Access’ in Table 8.2 Access Units and Bus Operations, and 16-bit datais accessed at atime.
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9. Clock Generation Circuit

9. Clock Generation Circuit

Note

The description offered in this chapter is based on the R8C/LA5A Group.
For the R8C/LA3A Group, refer to 1.1.2 Differences between Groups.

9.1

Introduction

The following five circuits are incorporated in the clock generation circuit:
» XIN clock oscillation circuit
» XCIN clock oscillation circuit
* Low-speed on-chip oscillator
« High-speed on-chip oscillator

* Low-speed on-chip oscillator for the watchdog timer

Table 9.1 lists the Specification Overview of Clock Generation Circuit. Figure 9.1 shows the Clock Generation
Circuit and Figure 9.2 shows the Peripheral Function Clock.

Table 9.1 Specification Overview of Clock Generation Circuit
On-Chip Oscillator .
Iltem XIN Clock XCIN Clock i r I On-Ch(i)WOSs[():ﬁ;ct’orfor
Oscillation Circuit | Oscillation Circuit High-Speed Low-Speed P .
On-Chip Oscillator | On-Chip Oscillator Watchdog Timer
Applications * CPU clock source | » CPU clock source |+ CPU clock source |+ CPU clock source |+ Watchdog timer

« Peripheral
function clock
source

« Peripheral
function clock
source

« Peripheral function
clock source

* CPU and
peripheral function
clock source when
XIN clock stops
oscillating

« Peripheral function
clock source

* CPU and
peripheral function
clock source when
XIN clock stops
oscillating

clock source

Clock frequency |0 to 20 MHz 32.768 kHz Approx. 20 MHz (2 | Approx. 125 kHz Approx. 125 kHz
Connectable « Ceramic  Crystal oscillator | — — —
oscillator resonator
« Crystal oscillator
Oscillator connect | XIN, XOUT (1) XCIN, XCOUT — @ —® —
pins
Oscillation stop, Usable Usable Usable Usable Usable
restart function
Oscillator status Stop Oscillate Stop Oscillate Stop @
after reset Oscillate (3)
Others Externally « Externally — — —
generated clock generated clock
can be input can be input
* On-chip feedback
resistor Rf
(connected/
not connected
selectable)
Notes:

1. These pins can be used as P9_0 and P9_1 when using the on-chip oscillator clock as the CPU clock while the XIN clock
oscillation circuit is not used.
The P9_0 pin is shared with the XIN pin, and the P9_1 pin is shared with the XOUT pin. These pins cannot be used as /O
ports when using the on-chip oscillation circuit.

2. This applies when the CSPROINI bit in the OFS register is set to 1 (count source protection mode disabled after reset).

3. This applies when the CSPROINI bit in the OFS register is set to O (count source protection mode enabled after reset).
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CMO01, CM02, CM03, CM04, CM05, CM06, CMO7: Bits in CMO register
CM10, CM11, CM12, CM13, CM14, CM16, CM17: Bits in CM1 register
CM30: Bit in CM3 register

OCDO, OCD1, OCD2: Bits in OCD register

FRA00, FRAO1, FRAO3: Bits in FRAO register

CSPRO: Bit in CSPR register

Oscillation Stop Detection Circuit

CM02 Low- speed on-chip oscillator| N
cMoL CSPRO for watchdog timer foCoO-wbT
fC-LCD
fC-TRH
CM04=0 ic
fc l [T12 ] 12 }q{ s f———rca2
L J L
CM12 —
CMO03 — CM02 — | FRCO register, FRC1 register | Frequency adjustable
CM04 —
FRA% i N fOCO20M
XCIN XCOUT on-chip oscillator| TeR a2 register |~
8 - fOCO-F Peripheral
FRAO1=1 $ On-chip oscillator clock > function
FRA01=0 FRAO3=1 foco clock
———0 —
FRA03=0 Divider (1/128) f0C0128
Low-speed
_D on-chip l\ Power-on reset circuit
Cm14 oscillator ~ |fOCO-S |
CM10=1 (stop mode) » Voltage detection circuit
RESET© ) fOCO-S
Power-on reset Oscillation 1l
Software reset — sto] c
Y i f2
Voltage monitor 0 reset XIN clock detection
Interrupt request _ v d i
WAIT instruction System clod e
CM30 f8
f f16
g
CMO05 ﬁ D CM13=0 l_( 32 J
—o° —D_ ;| Divider |
CM13=1 CPU clock
CM13
CMO05 — \o— CM02
8m%% CMo1
—
)
o >—p =) \
XIN XOouT b Cc

a—4

i—l 172 I—j

g
>—| 12 12 }J

CMO06=0
CM17 to CM16=11b

CM06=1

CM06=0
CM17 to CM16=01b

CMO06=0
CM17 to CM16=10b

O

CM06=0
CM17 to CM16=00b

Detail of divider

Forcible discharge when OCDO = 0

Pulse generation " ;
circuit for Charge P "
XIN clock —clock edge detection —{ discharge ﬁfec:y:g{)gesggpag?neﬁiﬁgnit
and charge/ circuit
discharge control
¢ 0ocD1 Watchdog timer interrupt-

Voltage monitor 1 interrupt.
Voltage monitor 2 interrupt

CD2 bit switch signal

CM14 bit switch signal

Oscillation stop detection,

watchdog timer,

voltage monitor 1 interrupt,
voltage monitor 2 interrupt

Figure 9.1 Clock Generation Circuit
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fC-LCD
fC @

fC-TRH
fC32
fOCO20M

fOCO128
foCo

fOCO-F

fOCO-WDT » Watchdog
timer

\ 4
. A
i=0103,57 ¢ v v v v AID Y v SSsu/
A

v y
| INTI | | Timer RJ | |Timer RB| |Timer RC| |Timer RH | | converter |UARTO| | LCD | 12C bus
A I WY A A AAAA WWW X K

fl
f2 L4 L g
f4 L4

f8 —e& L L L L4
f16

32 ® ® ® ® ®

CPU clock ® » CPU

Figure 9.2 Peripheral Function Clock
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9.2 Registers

9.2.1  System Clock Control Register 0 (CMO0)
Address 0006h

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol| CMO7 | CM06 | CMO5 | CMO04 | CMO3 | CMO2 | CMOl | CMOO

After Reset 0 0 1 0 0 0 0 0

Bit [Symbol Bit Name Function R/W

b0 CMOO [Power-off 2 mode transition enable |0: Disabled R/W

bit 1: Enabled (6)
bl CMO1 |Peripheral function clock stop bit in | b1bo ] ] ] R/W
b CM0? lwait mode (6) 00: Pe_rlpheral function clock does not stop in RIW
wait mode

0 1: Clocks f1 to f32 stop in wait mode
1 0: Clocks f1 to f32 and fC stop in wait mode
1 1: Clocks f1 to 32, fC, and fC-LCD stop in wait mode

b3 | CMO3 |XCIN clock stop bit (5. 7) 0: XCIN clock oscillates R/W
1: XCIN clock stops

b4 CMO04 [XCIN external clock input enable bit |0: External clock input disabled R/W
1: External clock input enabled

b5 | CMO5 |XIN clock (XIN-XOUT) stop bit (1. 2) [0: XIN clock oscillates R/W
1: XIN clock stops

b6 | CMO06 |CPU clock division select bit 0 3)  |[0: Bits CM16 and CM17 in CM1 register enabled R/W
1: Divide-by-8 mode

b7 CMO7 |System clock select bit (4) 0: XIN clock or on-chip oscillator clock R/W
1: XCIN clock

Notes:

1. The CMO05 bit can be used to stop the XIN clock when the system clock is other than the XIN clock. This bit
cannot be used to detect whether the XIN clock has stopped. To stop the XIN clock, set the bits in the following
order:

(a) Set bits OCD1 to OCDO in the OCD register to 00b.
(b) Set the OCD2 bit to 1 (on-chip oscillator clock selected).

2. Only when the CMO05 bit to 1 (XIN clock stops) and the CM13 hit is set to 0 (I/O ports), P9_0 and P9_1 can be
used as I/O ports.

The P9_0 pin is shared with the XIN pin, and the P9_1 pin is shared with the XOUT pin. These pins cannot be
used as I/0O ports when using the on-chip oscillation circuit.

3. When the MCU enters stop mode, the CMO06 bit is set to 1 (divide-by-8 mode).

4. Setthe CMO07 bitto 1 (XCIN clock) from 0 after allowing the XCIN clock oscillation to stabilize.

5. To use the XCIN clock, set the CM03 bit to 1 (XCIN clock stops) once and then set it to 0 (XCIN clock oscillates)
after turning on the power and exiting power-off O.

6. When setting the CMO0O bit to 1 (enabled), set bits CM02 to CM01 to 11b.

7. When inputting an external clock, set the CMO03 bit to 0 (XCIN clock oscillates).

Set the PRCO hit in the PRCR register to 1 (write enabled) before rewriting the CMO register.
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9.2.2 System Clock Control Register 1 (CM1)
Address 0007h

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol | CM17 | CM16 | — | CM14 | CM13 | CM12 CM11 CM10
After Reset 0 0 1 0 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 CM10 |All clock stop control bit (2. 7. 8) 0: Clock oscillates R/W
1: All clocks stop (stop mode/power-off 2 mode)
bl CM11 |XIN-XOUT on-chip feedback resistor |0: On-chip feedback resistor enabled R/W
select bit 1: On-chip feedback resistor disabled
b2 CM12 [XCIN-XCOUT on-chip feedback 0: On-chip feedback resistor enabled R/W
resistor select bit 1: On-chip feedback resistor disabled
b3 CM13  |Port/XIN-XOUT switch bit (. 6) 0: 1/0 ports P9_0 and P9_1 R/W
1: XIN-XOUT pin
b4 CM14 |Low-speed on-chip oscillator 0: Low-speed on-chip oscillator on R/W
oscillation stop bit (3. 4) 1: Low-speed on-chip oscillator off
b5 — Reserved bit Setto 1. R/W
b6 CM16 [CPU clock division select bit 1 (1) b7b6 o R/W
b7 CML7 0 0: No division mode RIW
0 1: Divide-by-2 mode
1 0: Divide-by-4 mode
1 1: Divide-by-16 mode

Notes:

1. When the CMO06 bit is set to 0, bits CM16 and CM17 are enabled.

2. When the CM10 bit is set to 1 (all clocks stop), the on-chip feedback resistor is disabled. However, the on-chip
XCIN-XCOUT feedback registor is not disabled in power-off 2 mode.

3. When the OCD2 bit is set to 0 (XIN clock selected), the CM14 hit can be set to 1 (low-speed on-chip oscillator
off). When the OCD?2 bit is set to 1 (on-chip oscillator clock selected), the CM14 bit is set to O (low-speed on-chip
oscillator on). It remains unchanged even if 1 is written to it.

4. To use the voltage monitor 1 interrupt or voltage monitor 2 interrupt (when the digital filter is used), set the CM14
bit to 0 (low-speed on-chip oscillator on).

5. Touse P9_0 and P9 _1 as input ports, set the CM13 bit to 0 (I/O ports) and the CMO5 bit in the CMO register to 1

(XIN clock stops).

To use as external clock input, set the CM13 bit to 0 (/O ports), the CMO5 bit to 0 (XIN clock oscillates), and the
CM11 bit to 1 (on-chip feedback resistor disabled). When the PD9_0 bit in the PD9 register is further set to 0
(input mode), an external clock can be input. Set XOUT as the I/O port P9_1 at this time. When the pin is not
used, treat it as an unassigned pin and use the appropriate handling.

The P9_0 pin is shared with the XIN pin, and the P9_1 pin is shared with the XOUT pin. These pins cannot be
used as I/0O ports when using the on-chip oscillation circuit.

Once the CM13 bit is set to 1 (XIN-XOUT pin) by a program, it cannot be set to 0 (I/O ports P9_0 and P9_1).

Do not set the CM10 bit to 1 when the VCAZ20 bit in the VCAZ2 register to 1 (low consumption enabled).

8. When the CMO0O bit in the CMO register is 1 (enabled), the MCU enters power-off 2 mode.

N o

Set the PRCO hit in the PRCR register to 1 (write enabled) before rewriting the CM 1 register.
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9.2.3 System Clock Control Register 3 (CM3)
Address 0009h

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol | CM37 | CM36 | CM35 | — | — | CM32 — CM30
After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 CM30 |Wait control bit (1) 0: Other than wait mode R/IW
1: MCU enters wait mode
bl — Nothing is assigned. If necessary, set to 0. When read, the content is O. —
b2 CM32 [ XIN-XCIN switch bit 0: P9_0 and P9_1 assigned to XIN-XOUT R/W
1: P9_0 and P9 _1 assigned to XCIN-XCOUT (2)
b3 — Reserved bits Setto 0. R/W
b4 —
b5 CM35 |[CPU clock division ratio select bit  |0: Following settings are enabled: R/W
when exiting wait mode (3) CMO6 bit in CMO register
Bits CM16 and CM17 in CM1 register
1: No division @)
b6 CM36 |[System clock select bit when exiting | b7 b6 ] ) R/W
b7 CM37 |wait, stop, or power-off 2 mode 00: _MCU exits with the CPU _CIOCk u_sed R/IW
immediately before entering wait, stop, or
power-off 2 mode
0 1: Do not set.
1 0: High-speed on-chip oscillator clock selected (4)
1 1: XIN clock selected ()
Notes:

1. When the MCU exits wait mode by a peripheral function interrupt, the CM30 bit is set to 0 (other than wait mode).

2. In the R8C/LA5SA Group, do not set the CM32 hitto 1 (P9_0 and P9_1 assigned to XCIN-XCOUT). Set this bit to
0 (P9_0 and P9_1 assigned to XIN-XOUT).

3. Set the CM35 bit to 0 in stop mode or power-off 2 mode. When the MCU enters wait mode, if the CM35 bit is set
to 1 (no division), the CMO06 bit in the CMO register is set to 0 (bits CM16 and CM17 enabled) and bits CM17 and
CM16 in the CM1 register is set to 00b (no division mode).

4. When bits CM37 to CM36 are set to 10b (high-speed on-chip oscillator clock selected), the following will be set
when the MCU exits wait mode, stop mode, or power-off 2 mode:

* OCD2 bit in OCD register = 1 (on-chip oscillator selected)
* FRAOQO bit in FRAO register = 1 (high-speed on-chip oscillator on)
* FRAOL1 bit in FRAO register = 1 (high-speed on-chip oscillator selected)

5. When bits CM37 to CM36 are set to 11b (XIN clock selected), the following will be set when the MCU exits wait
mode, stop mode, or power-off 2 mode.

* CMO5 bit in CMO register = 0 (XIN clock oscillates)

* CM13 bit in CM1 register = 1 (XIN-XOUT pin)

* OCD2 bit in OCD register = 0 (XIN clock selected)

When the MCU enters wait mode while the CMO5 bit in the CMO register is 1 (XIN clock stops), if the XIN clock is
selected as the CPU clock when exiting wait mode, set the CMO06 bit to 1 (divide-by-8 mode) and the CM35 bit to 0.
However, if an externally generated clock is used as the XIN clock, do not set bits CM37 to CM36 to 11b (XIN
clock selected).

CM30 bit (Wait Control Bit)

When the CM 30 hit isset to 1 (MCU enterswait mode), the CPU clock stops (wait mode). Sincethe XIN clock,
XCIN clock, and the on-chip oscillator clock do not stop, the peripheral functions using these clocks continue
operating. To set the CM30 bit to 1, set the | flag to 0 (maskable interrupt disabled).

The MCU exits wait mode by areset or peripheral function interrupt. When the MCU exits wait mode by a
peripheral function interrupt, it resumes executing the instruction immediately after the instruction to set the
CM30 hit to 1.

When the MCU enters wait mode with the WAIT instruction, make sure to set the | flag to 1 (maskable interrupt
enabled). With this setting, interrupt handling is performed by the CPU when the MCU exits wait mode.
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9.2.4  Oscillation Stop Detection Register (OCD)
Address 000Ch

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol| — | — | — | — | OCD3 | OCD2 | OCD1 | OCDO
After Reset 0 0 0 0 0 1 0 0
Bit | Symbol Bit Name Function R/W

: Oscillation stop detection function disabled (1) R/W
: Oscillation stop detection function enabled

b0 OCDO |Oscillation stop detection enable bit (6)

0
1

bl OCD1 |Oscillation stop detection interrupt 0: Disabled ) R/W

enable bit 1: Enabled

b2 OCD2 |On-chip oscillator clock select bit 3} |{0: XIN clock selected (6) RIW
1: On-chip oscillator clock selected (2)

b3 OCD3 |Clock monitor bit (4. 5) 0: XIN clock oscillates R
1: XIN clock stops

b4 — Reserved bits Set to O. R/W

b5 —

b6 —

b7 —

Notes:

1. Set bits OCD1 to OCDO to 00b before the MCU enters stop mode, high-speed on-chip oscillator mode, or low-
speed on-chip oscillator mode (XIN clock stops).

2. When the OCD?2 bit is set to 1 (on-chip oscillator clock selected), the CM14 bit is set to 0 (low-speed on-chip
oscillator on).

3. The OCD2 bit is automatically set to 1 (on-chip oscillator clock selected) when the XIN clock oscillation stop is
detected while bits OCD1 to OCDO are set to 11b. When the OCD3 bit is set to 1 (XIN clock stops), the OCD2 bit
remains unchanged even if 0 (XIN clock selected) is written to it.

4. The OCD3 bit is enabled when the OCDO bit is set to 1 (oscillation stop detection function enabled). In addition,
the OCD3 bit cannot be used to confirm whether the XIN clock oscillation is stable.

5. The OCD3 bit remains 0 (XIN clock oscillates) when bits OCD1 to OCDO are set to 00b.

6. Refer to 9.7.1 How to Use Oscillation Stop Detection Function for the switching procedure when the XIN
clock re-oscillates after detecting an oscillation stop.

Set the PRCO bit in the PRCR register to 1 (write enabled) before rewriting the OCD register.
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9.25 High-Speed On-Chip Oscillator Control Register 0 (FRAOQ)
Address 0023h

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol| — | — | — | — | FRA0O3| — | FRAOL [ FRAOO |
After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 FRAOO [High-speed on-chip oscillator enable bit  |0: High-speed on-chip oscillator off R/W

1: High-speed on-chip oscillator on
bl FRAO1 |High-speed on-chip oscillator select bit (1) |0: Low-speed on-chip oscillator selected (2) R/IW
1: High-speed on-chip oscillator selected (3)

b2 — Reserved bit Setto 0. R/W
b3 FRAO03 [fOCO128 clock select bit 0: fOCO-S divided by 128 selected R/W
1: fOCO-F divided by 128 selected

b4 — Nothing is assigned. If necessary, set to 0. When read, the content is 0. —
b5 —

b6 —

b7 —

Notes:

1. Change the FRAO1 bit under the following conditions.
* FRAQO = 1 (high-speed on-chip oscillator on)
* CM14 bit in CM1 register = 0 (low-speed on-chip oscillator on)
« Bits FRA22 to FRA20 in the FRAZ2 register:
All division mode can be set when VCC = 2.7 Vto 5.5V 000b to 111b
Divide ratio of 4 or more when VCC =1.8Vto 5.5V 011b to 111b (divide-by-4 or more)
2. When setting the FRAO1 bit to 0 (low-speed on-chip oscillator selected), do not set the FRAOO bit to O (high-
speed on-chip oscillator off) at the same time. Set the FRAO1 bit to 0 before setting the FRA0O bit to 0.
3. When setting the FRAO1 bit to be 1 (high-speed on-chip oscillator selected) and stopping the low-speed on-chip
oscillator, wait for one or more cycles of the low-speed on-chip oscillator and then set the CM14 bit in the CM1
register to 1 (low-speed on-chip oscillator off).

Set the PRCO bit in the PRCR register to 1 (write enabled) before rewriting the FRAO register.

9.2.6 High-Speed On-Chip Oscillator Frequency Control Register 0 (FRCO)
Address 0024h

Bit b7 b6 b5 b4 b3 b2 bl b0
symoolf — | — | — [ — | — | — [ = [ — |
After Reset When shipping
Bit Function R/W

b7-b0 |The frequency of the high-speed on-chip oscillator can be changed by the following R/W

settings.

20 MHz: FRCO = value after a reset, FRC1 = value after a reset

18.432 MHz: Transfer the data of the FR18S0 register to the FRCO register, and transfer

the data of the FR18S1 register to the FRC1 register.

Set the PRCO bit in the PRCR register to 1 (write enabled) before rewriting the FRCO register.
Also, rewrite the FRCO register when the FRAQO bit in the FRAO register is set 0 (high-speed on-chip oscillator
off).
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9.2.7 High-Speed On-Chip Oscillator Control Register 2 (FRA2)
Address 0025h

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol | — | — | — | — | — | FRA22 | FRA21 | FRA20 |
After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 FRA20 [High-speed on-chip oscillator frequency |Division ratio selection R/W
bl FRA21 |[switch bit These bits select the division ratio for the high- | R/W
b2 EFRA22 speed on-chip oscillator clock. R/W

b2 b1 b0
0 0 O: Divide-by-1 mode
0 0 1: Divide-by-2 mode
0 1 0: Divide-by-3 mode
0 1 1: Divide-by-4 mode
1 0 O: Divide-by-5 mode
10 1: Divide-by-6 mode
11 0O: Divide-by-7 mode
11 1: Divide-by-8 mode
b3 — Reserved bits Setto 0. R/W
b4 —
b5 —
b6 —
b7 —

Set the PRCO bit in the PRCR register to 1 (write enabled) before rewriting the FRA2 register.
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9.2.8 High-Speed On-Chip Oscillator 18 MHz Set Value Register 0 (FR18S0)
Address 0029h

Bit b7 b6 b5 b4 b3 b2 bl b0
Symoolf — | — | — [ — | — | — [ — [ — |
After Reset X X X X X X X X
Bit Function R/W
b7-b0 {18.432 MHz frequency correction data is stored. R

The frequency can be adjusted by transferring this value to the FRCO register and
by transferring the correction value of the FR18S1 register to the FRC1 register.

9.2.9 High-Speed On-Chip Oscillator 18 MHz Set Value Register 1 (FR18S1)
Address 002Ah

Bit b7 b6 b5 b4 b3 b2 bl b0
Symol] — [ — [ = [ = [ = [ =[] = [ = |
After Reset X X X X X X X X
Bit Function R/W
b7-b0 {18.432 MHz frequency correction data is stored. R

The frequency can be adjusted by transferring this value to the FRC1 register and
by transferring the correction value of the FR18S0 register to the FRCO register.

9.2.10 High-Speed On-Chip Oscillator Control Register 1 (FRC1)
Address 002Fh

Bit b7 b6 b5 b4 b3 b2 bl b0
Symol| — | — [ = | = | = [ = | = [ = |
After Reset When shipping
Bit Function R/W
b7-b0 |The frequency of the high-speed on-chip oscillator can be adjusted by setting as follows: R/W
20 MHz: FRCO = value after a reset, FRC1 = value after a reset

18.432 MHz: Transfer the value in the FRCO register to the FRCL1 register and the value in
the FR18S1 register to the FRC1 register.

Set the PRCO bit in the PRCR register to 1 (write enabled) before rewriting the FRCL1 register.
Also, rewrite the FRC1 register when the FRAQO bit in the FRAO register is set 0 (high-speed on-chip oscillator
off).
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The clocks generated by the clock generation circuits are described below.

9.3 XIN Clock

The XIN clock is supplied by the XIN clock oscillation circuit. This clock is used as the clock source for the CPU
and peripheral function clocks. The XIN clock oscillation circuit is configured by connecting a oscillator between
pins XIN and XOUT. The XIN clock oscillation circuit includes an on-chip feedback resistor, which is
disconnected from the oscillation circuit in stop mode in order to reduce the amount of power consumed by the
chip. The XIN clock oscillation circuit may also be configured by feeding an externally generated clock to the XIN
pin.

Figure 9.3 shows Examples of XIN Clock Connection Circuit.

During and after reset, the XIN clock stops.

After setting the CM13 hit in the CM1 register to 1 (XIN-XOUT pin), the XIN clock starts oscillating when the
CMO5 hit inthe CMO register is set to O (XIN clock oscillates).

After the XIN clock oscillation stabilizes, the XIN clock is used asthe CPU clock source by setting the OCD2 hit in
the OCD register to 0 (XIN clock selected).

The power consumption can be reduced by setting the CMO05 hit in the CMO register to 1 (XIN clock stops) by
setting the OCD2 hit isto 1 (on-chip oscillator clock selected).

When switching the XIN clock to an externally generated clock, or an externally generated clock to the XIN clock,
set the CM 05 hit to 1 (XIN clock stops).

In stop mode, all clocksincluding the XIN clock stop. Refer to 10. Power Control for details.

» When CMO5 bit in CMO register is 0 (XIN clock oscillates) * When CMOS bit in CMO register is 0 (XIN clock oscillates),
and CM13 bit in CM1 register is 1 (XIN-XOUT pin) CM13 bit in CM1 register is 0 (I/O ports P9_0 and P9_1),
and PD9_0 bit in PD9 register is 0 (input mode)

MCU MCU
(on-chip feedback resistor) (on-chip feedback resistor disabled)
XIN XOUT XIN P9_1
@
Rf R @

Externally generated clock

I |:| I
L]
CIN COouT VCC J_I_I_I_I_I_r
7; ; / ; ; VSS
Ceramic resonator external circuit External clock input circuit

Notes:

1. Insert a damping resistor if required. The resistance will vary depending on the oscillator and
the oscillation drive capacity settings. Use the values recommended by the oscillator manufacturer.
If the oscillator manufacturer's datasheet specifies that a feedback resistor be added to the chip externally,
insert a feedback resistor between XIN and XOUT following the instructions.

2. Set XOUT as the I/O port P9_1. When the pin is not used, treat it as an unassigned pin and use the
appropriate handling. (refer to 7.7 Unassigned Pin Handling).

3. When the CMO7 bit in the CMO register is set to 0 (XIN clock), the OCD?2 bit in the OCD register is set to 0
(XIN clock selected) under the above settings, the XIN clock is used as the clock source for the CPU.

Figure 9.3 Examples of XIN Clock Connection Circuit
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9.4 On-Chip Oscillator Clock

The on-chip oscillator clock is supplied by the on-chip oscillator (high-speed on-chip oscillator or low-speed on-
chip oscillator). This clock is selected by the FRAO1 bit in the FRAO register.

94.1 Low-Speed On-Chip Oscillator Clock

The clock generated by the low-speed on-chip oscillator is used as the clock source for the CPU clock, and
periphera function clock (fOCO, fOCO-S, and fOCO128).

After areset, the on-chip oscillator clock generated by the low-speed on-chip oscillator divided by 1 (no
division) is selected as the CPU clock.

If the XIN clock stops oscillating when bits OCD1 to OCDO in the OCD register are set to 11b, the low-speed
on-chip oscillator automatically starts operating and supplies the necessary clock for the MCU.

The frequency of the low-speed on-chip oscillator varies depending on the supply voltage and the operating
ambient temperature. Application products must be designed with sufficient margin to allow for frequency
changes.

9.4.2 High-Speed On-Chip Oscillator Clock

The clock generated by the high-speed on-chip oscillator is used as the clock source for the CPU clock, and
periphera function clock (fOCO, fOCO-F, fOCO20M, and fOCQ128).
To use the high-speed on-chip oscillator clock as the clock source for the CPU clock, peripheral clock, fOCO,
and fOCO-F, set bits FRA20 to FRA22 in the FRA2 register as follows:

*All division mode can be set when VCC =27V to 5.5V 000b to 111b
*Divideratio of 4 or morewhenVCC =18V to55V 011b to 111b (divide by 4 or more)

After areset, the on-chip oscillator clock generated by the high-speed on-chip oscillator stops. Oscillation is
started by setting the FRAOO bit in the FRAO register to 1 (high-speed on-chip oscillator on).

Frequency correction data is stored in registers FR18S0 and FR18S1.

To adjust the frequency of the high-speed on-chip oscillator clock to 18.432 MHz, first transfer the correction
value of the FR18S0 register to the FRCO register and the correction value of the FR18SL1 register to the FRC1
register before using the values. This enables the bit rates such as 9,600 bps and 38,400 bps to be used when the
serial interface is used in UART mode (refer to Table 21.8 Bit Rate Setting Example in UART Mode
(Internal Clock Selected)).
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9.5 XCIN Clock

The XCIN clock is supplied by the XCIN clock oscillation circuit. This clock is used as the clock source for the
CPU and peripheral function clocks. The XCIN clock oscillation circuit is configured by connecting a crystal
oscillator between pins XCIN and XCOUT. The XCIN clock oscillation circuit includes an on-chip a feedback
resistor, which is disconnected from the oscillation circuit in stop mode in order to reduce the amount of power
consumed by the chip. The XCIN clock oscillation circuit may also be configured by feeding an externally
generated clock to the XCIN pin.

Figure 9.4 shows Examples of XCIN Clock Connection Circuits.

Bits CM04 to CM03 in the CMO register are set to 00b (external clock input disabled, XCIN clock oscillates) by
reset and the XCIN clock starts oscillating (with the on-chip feedback resistor enabled). After the XCIN clock
oscillation stabilizes following reset, the XCIN clock is used as the CPU clock source by setting the CMO7 bit in
the CMO7 register to 1 (XCIN clock).

When the CM03 bit isset to 1 (XCIN clock stops), the XCIN clock stops.

When bits CM04 to CM03 are set to 10b (external clock input enabled, XCIN clock oscillates), an externally
generated clock can aso be input to the XCIN pin. Leave the XCOUT pin open at thistime.

This MCU has an on-chip feedback resistor, which can be disabled/enabled by the CM 12 bit in the CM1 register.
To use the XCIN clock, set the CM03 bit to 1 once and then set it to O (XCIN clock oscillates).

When the XCIN clock is not used, set bits CM04 to CM03 to 01b (external clock input disabled, X CIN clock stops)
and the CM 12 bit to 1 (on-chip feedback resistor disabled).

In stop mode, all clocksincluding the XCIN clock stop. Refer to 10. Power Control for details.

» When CMO3 bit in CMO register is 0 (XCIN clock oscillates)  « When CMO03 bit in CMO register is 1 (XCIN clock stops)

and CMO04 bit is 0 (external clock input disabled) and CMO04 bit is 1 (external clock input enabled)
MCU MCU
(on-chip feedback resistor) (on-chip feedback resistor disabled)
XCIN XCOUT XCIN XCOUT

/\/\/\/ Open
Rf @
Rd @
Externally generated clock
||:||
Il
CIN
T T

VSS
External crystal oscillator circuit External clock input circuit

Notes:

1. Insert a damping resistor and a feedback resistor if required. The resistance will vary depending on
the crystal oscillator and the crystal oscillation drive capacity settings. Use the value recommended
by the crystal oscillator manufacturer.

If the crystal oscillator manufacturer's datasheet specifies that a feedback resistor be added to the
chip externally, insert a feedback resistor between XCIN and XCOUT following the instructions.

2. When the CMO07 bit in the CMO register is set to 1 (XCIN clock) under the above settings, the XCIN
clock is used as the clock source for the CPU.

Figure 9.4 Examples of XCIN Clock Connection Circuits
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9.6 CPU Clock and Peripheral Function Clock

There are a CPU clock to operate the CPU and a peripheral function clock to operate the peripheral functions.
(Refer to Figure 9.1 Clock Generation Circuit.)

9.6.1 System Clock

The system clock is the clock source for the CPU and periphera function clocks. The XIN clock, XCIN clock,
or on-chip oscillator clock can be selected.

96.2 CPU Clock

The CPU clock is an operating clock for the CPU and the watchdog timer.

The system clock divided by 1 (no division), 2, 4, 8, or 16 is used as the CPU clock. The division ratio can be
selected by the CM06 bit in the CMO register and bits CM 16 and CM 17 in the CM1 register.

Usethe XCIN clock while the XCIN clock oscillation stabilizes.

After areset, the low-speed on-chip oscillator clock divided by 1 (no division) is used as the CPU clock.

When the MCU enters stop mode, the CM06 bit is set to 1 (divide-by-8 mode). To enter stop mode, set the
CM35 hit in the CM 3 register to 0 (settings of CM06 in CMO register and bits CM16 and CM17 in CM1
register enabled).

9.6.3 Peripheral Function Clock (f1, f2, f4, {8, 16, and f32)

The peripheral function clock is an operating clock for the peripheral functions.

Thefi (i =1, 2, 4, 8, 16, and 32) clock is generated by the system clock divided by i. It is used for timers RJ, RB,
RC, RH, the seria interface, the A/D converter, and the LCD waveform control circuit.

When the MCU enters wait mode after bits CM02 to CM01 in the CMO register are set to 01, 10, or 11, the fi
clock stops.

9.6.4 fOCO

fOCO isan operating clock for the periphera functions.

The frequency of fOCO is the frequency of the on-chip oscillator clock selected by the FRAOL bit in the FRAO
register. For the high-speed on-chip oscillator, its frequency is the frequency divided by the divide ratio selected
by bits FRA20 to FRA22 in the FRA2 register. fOCO can be used for timer RJ.

In wait mode, the fOCO clock does not stop.

9.6.5 fOCO20M

fOCO20M is used as the count source for timer RC.

This clock is generated by the high-speed on-chip oscillator and supplied by setting the FRAQO bit to 1.
In wait mode, the fOCO20M clock does not stop.

This clock can be used with supply voltage VCC =2.7t0 5.5 V.

9.6.6 fOCO-F

fOCO-F is used as the count source for timers RC and RD, and the A/D converter.

This clock is generated by the high-speed on-chip oscillator, divided by i (i =1, 2, 3, 4,5, 6, 7, or 8; division
ratio selected by the FRA2 register). It is supplied by setting the FRAQO bit to 1.

In wait mode, the fOCO-F clock does not stop.
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9.6.7 fOCO-S

fOCO-Sis an operating clock for the voltage detection circuit.

This clock is generated by the low-speed on-chip oscillator and supplied by setting the CM 14 bit to O (low-
speed on-chip oscillator on).

In wait mode, the fOCO-S clock does not stop.

9.6.8 fOCO128

fOCO128 clock is generated by fOCO-S or fOCO-F divided by 128. fOCO-S divided by 128 is selected by
setting the FRAQ3 bit to 0 and fOCO-F divided by 128 is selected by setting the FRAO3 bit to 1.
fOCO128 is configured as the capture signal used in the TRCGRA register for timer RC.

9.6.9 fC-LCD

fC-LCD isused in the LCD waveform control circuit.
Use this clock only while the XCIN clock oscillation stabilizes.

9.6.10 fC and fC32

fC and fC32 are used for timers RJ, RH and the seria interface.
Use theses clocks while the X CIN clock oscillation stabilizes.

9.6.11 fOCO-WDT

fOCO-WDT is an operating clock for the watchdog timer.

This clock is generated by the low-speed on-chip oscillator for the watchdog timer and supplied by setting the
CSPRO hit in the CSPR register to 1 (count source protection mode enabled).

In count source protection mode for the watchdog timer, the fOCO-WDT clock does not stop.

9.6.12 fC-TRH

fC-TRH is used as the count source for timer RH.
Use this clock while the XCIN clock oscillation stabilizes.
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9.7

Oscillation Stop Detection Function

The oscillation stop detection function detects the stop of the XIN clock oscillating circuit.
The oscillation stop detection function can be enabled and disabled by the OCDO bit in the OCD register.
Table 9.2 lists the Specifications of Oscillation Stop Detection Function.

When the XIN clock is the CPU clock source and bits OCD1 to OCDO are set to 11b, the MCU is placed in the
following statesif the XIN clock stops.

* OCD2 hit in OCD register = 1 (on-chip oscillator clock selected)
* OCD3 hit in OCD register = 1 (XIN clock stops)

¢ CM14 bitin CM1 register = 0 (low-speed on-chip oscillator on)
« Oscillation stop detection interrupt request is generated

Table 9.2 Specifications of Oscillation Stop Detection Function
Item Specification
Oscillation stop detection clock and frequency bandwidth f(XIN) > 2 MHz
Condition for enabling the oscillation stop detection function Bits OCD1 to OCDO are set to 11b.
Operation at oscillation stop detection Oscillation stop detection interrupt generation

9.7.1 How to Use Oscillation Stop Detection Function

 The oscillation stop detection interrupt shares a vector with the watchdog timer interrupt, the voltage monitor
1 interrupt, and the voltage monitor 2 interrupt. To use the oscillation stop detection interrupt and watchdog
timer interrupt, the interrupt source needs to be determined.
Table 9.3 lists the Determination of Interrupt Sources for Oscillation Stop Detection, Watchdog Timer,
Voltage Monitor 1, or Voltage Monitor 2 Interrupt. Figure 9.6 shows an Example of Determining Interrupt
Sources for Oscillation Stop Detection, Watchdog Timer, Voltage Monitor 1, or Voltage Monitor 2 Interrupt.

When the XIN clock restarts after oscillation stop, switch the XIN clock to the clock source for the CPU clock
and the peripheral functions by a program.

Figure 9.5 shows the Procedure for Switching to XIN Clock when XIN Clock Re-Oscillates after Oscillation
Stop is Detected.

To enter wait mode while the oscillation stop detection function is used, set bits CM02 to CM1 to 00
(periphera function clock does not stop in wait mode).

Since the oscillation stop detection function is a function for cases where the XIN clock is stopped by an
external cause, set bits OCD1 to OCDO to 00b to stop or start the XIN clock by a program (select stop mode or
change the CM 05 hit).

This function cannot be used when the XIN clock frequency is below 2 MHz. In this case, set bits OCD1 to
OCDO to 00b.

To use the low-speed on-chip oscillator clock as the clock source for the CPU clock and the periphera
functions after detecting the oscillation stop, set the FRAO1 bit in the FRAO register to 0 (low-speed on-chip
oscillator selected) and then bits OCD1 to OCDO to 11b.

To use the high-speed on-chip oscillator clock as the clock source for the CPU clock and the periphera
functions after detecting the oscillation stop, first set the FRA0O bit to 1 (high-speed on-chip oscillator on)
and the FRAO1 bit to 1 (high-speed on-chip oscillator selected). Then set bits OCD1 to OCDO to 11b.

Table 9.3 Determination of Interrupt Sources for Oscillation Stop Detection, Watchdog Timer,
Voltage Monitor 1, or Voltage Monitor 2 Interrupt
Generated Interrupt Source Bit Indicating Interrupt Source

Oscillation stop detection (a) OCD3 hit in OCD register =1

(when (a) or (b)) (b) Bits OCD1 to OCDO in OCD register = 11b and OCD2 bit = 1

Watchdog timer VW2C3 bit in VW2C register = 1

Voltage monitor 1 VW1C2 bit in VWIC register = 1

Voltage monitor 2 VW2C2 bit in VW2C register =1
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9. Clock Generation Circuit

Switch to XIN clock

Check several times
whether OCD3 bit is set to 0
(XIN clock oscillates)

NO

Set bits OCD1 to OCDO to 00b

Set OCD2 bitto 0
(XIN clock selected)

End

OCD3 to OCDO: Bits in OCD register

Figure 9.5
Stop is Detected

Procedure for Switching to XIN Clock when XIN Clock Re-Oscillates after Oscillation

Determination of
interrupt sources

oCD3=17? NO
(XIN clock stops)

YES ocp1=1

(oscillation stop detection
interrupt enabled) and OCD2 = 1
(on-chip oscillator clock
selected as the system clock)?

VW2C3 =17
(watchdog timer underflow)

YES

Set OCD1 bitto 0
(oscillation stop detection
interrupt disabled)

NO

VW2C2 = 1?
(Vdet2 passed)

To watchdog timer
interrupt routine

To oscillation stop detection
interrupt routine

) (

To voltage monitor 2
interrupt routine

) (

To voltage monitor 1
interrupt routine

Note:
1. This disables multiple oscillation stop detection interrupts.

OCDL1 to OCD3: Bits in OCD register
VW2C2, VW2C3: Bits in VW2C register

Figure 9.6

Timer, Voltage Monitor 1, or Voltage Monitor 2 Interrupt

Example of Determining Interrupt Sources for Oscillation Stop Detection, Watchdog
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9.8 Notes on Clock Generation Circuit

9.8.1  Oscillation Stop Detection Function

Since the oscillation stop detection function cannot be used when the XIN clock frequency isbelow 2 MHz, set
bits OCD1 to OCDO in the OCD register to 00b. In addition, the OCD3 bit cannot be used to confirm whether
the XIN clock oscillation is stable.

9.8.2  Oscillation Circuit Constants
Consult the oscillator manufacturer to determine the optimal oscillation circuit constants for the user system.

9.8.3  XCIN Clock

To use the XCIN clock, set the CM03 bit to 1 (XCIN clock stops) once and then set it to O (XCIN clock
oscillates).
In the RBC/LA3A Group, make the setting following the sample programs bel ow:

 Program example when the XCIN oscillation circuit is used

BSET 3,CMO ; XCIN clock stops
BSET 2,CM3 ; XCIN switched
BCLR 3,CMO0 ; XCIN clock oscillates

 Program example when an external clock is used for the XCIN oscillation circuit

BSET 3,CMO0 ; XCIN clock stops

BSET 2,CM1 ; XCIN-XCOUT on-chip feedback resistor disabled
BSET 4, CMO ; XCIN external clock input enabled

BSET 2,CM3 ; XCIN switched

BCLR 3,CMO ; XCIN clock oscillates

* Program example when the XCIN oscillation circuit is not used

BSET 3,CMO0 ; XCIN clock stops
BSET 2,CM1 ; XCIN-XCOUT on-chip feedback resistor disabled
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10. Power Control

Note

The description offered in this chapter is based on the R8C/LA5A Group.
For the R8C/LA3A Group, refer to 1.4 Pin Assignments.

10.1 Introduction

There are four power control modes. The states other than wait mode, stop mode, power-off 0 mode, and power-off
2 mode are referred to as standard operating mode here.
Table 10.1 lists each mode. Figure 10.1 shows the State Transitions in Power Control Mode.

Table 10.1 Power Control

Mode Operation
Standard operating High-speed clock
mode High-speed on-chip oscillator
Low-speed clock
Low-speed on-chip oscillator

The CPU and peripheral functions operate.

The CPU and peripheral functions operate.

Wait mode The CPU stops and peripheral functions operate.

Stop mode The CPU stops and peripheral functions other than the
watchdog timer stop (oscillation off).

Power-off 0 mode The CPU stops and all peripheral functions stop (oscillation
off), the contents of RAM and SFRs are not retained.

Power-off 2 mode The CPU stops and peripheral functions other than the

watchdog timer and timer RH stop, the contents of RAM and
SFRs are retained.
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State Transitions in Power Control Mode

Power-off 0 mode

Successive write to
POMCRO register

WKUPO, WKUP1

N Reset )

/— Standard operating mode

CM14=0
OoCD2=1

Low-speed on-chip oscillator mode
CM07 =0
CM14=0
ocb2=1
FRAO1 =0

CM05=0o0r1
CM13=1
OoCD2=0

High-speed on-chip oscillator mode
CMO07 =0
ocb2=1
FRAOQO = 1
FRAO1=1

FRA01=0
CM05=0o0r1 CMO07 =0
CM13=1 CM14=0
0oCcD2=0 FRA00 = 1 OCD2 =1
FRAOL = 1 FRA01 =0
CM04=0o0r1
CM03=0
High-speed clock mode CMO07 =1
CMO5=0o0r1 Low-speed clock mode
CMO07=0 CM04=0o0r1
= CM07=1
CM13=1 A
ocb2=0 CMO5 =0
CM07 =0
CM14=0 CM13=1
FRAO1 =0 0ocD2=0
ocb2=1
FRA00 =1
FRAO1=1

CM07=0
ocp2=1
FRA00 =1
FRAO1=1

CPU operation stops

CM10, CM13, CM14: Bits in CM1 register
CM30: Bit in CM3 register

OCD2: Bit in OCD register

FRAOO, FRAO1: Bits in FRAO register

All oscillators stop

CMO0 to CM02, CM04, CM05, CMO07: Bits in CMO register

CMO00 =1

WAIT instruction CM01=1

Interrupt CM30=1 Interrupt CM10=1 Interrupt CM02=1
CM10=1

Power-off 2 mode

Figure 10.1

State Transitions in Power Control Mode
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10.2 Registers

10.2.1 System Clock Control Register 0 (CMO)
Address 0006h

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol| CMO7 | CM06 | CMO5 | CMO04 | CMO3 | CMO2 | CMOl | CMOO

After Reset 0 0 1 0 0 0 0 0

Bit [Symbol Bit Name Function R/W

b0 CMOO [Power-off 2 mode transition enable |0: Disabled R/W

bit 1: Enabled (6)
bl CMO1 |Peripheral function clock stop bit in | b1bo ] ] ] R/W
b CM0? lwait mode (6) 00: Pe_rlpheral function clock does not stop in RIW
wait mode

0 1: Clocks f1 to f32 stop in wait mode
1 0: Clocks f1 to f32 and fC stop in wait mode
1 1: Clocks f1 to 32, fC, and fC-LCD stop in wait mode

b3 | CMO3 |XCIN clock stop bit (5. 7) 0: XCIN clock oscillates R/W
1: XCIN clock stops

b4 CMO04 [XCIN external clock input enable bit |0: External clock input disabled R/W
1: External clock input enabled

b5 | CMO5 |XIN clock (XIN-XOUT) stop bit (1. 2) [0: XIN clock oscillates R/W
1: XIN clock stops

b6 | CMO06 |CPU clock division select bit 0 3)  |[0: Bits CM16 and CM17 in CM1 register enabled R/W
1: Divide-by-8 mode

b7 CMO7 |System clock select bit (4) 0: XIN clock or on-chip oscillator clock R/W
1: XCIN clock

Notes:

1. The CMO05 bit can be used to stop the XIN clock when the system clock is other than the XIN clock. This bit
cannot be used to detect whether the XIN clock has stopped. To stop the XIN clock, set the bits in the following
order:

(a) Set bits OCD1 to OCDO in the OCD register to 00b.
(b) Set the OCD2 bit to 1 (on-chip oscillator clock selected).

2. Only when the CMO05 bit to 1 (XIN clock stops) and the CM13 hit is set to 0 (I/O ports), P9_0 and P9_1 can be
used as I/O ports.

The P9_0 pin is shared with the XIN pin, and the P9_1 pin is shared with the XOUT pin. These pins cannot be
used as I/0O ports when using the on-chip oscillation circuit.

3. When the MCU enters stop mode, the CMO06 bit is set to 1 (divide-by-8 mode).

4. Setthe CMO07 bitto 1 (XCIN clock) from 0 after allowing the XCIN clock oscillation to stabilize.

5. To use the XCIN clock, set the CM03 bit to 1 (XCIN clock stops) once and then set it to 0 (XCIN clock oscillates)
after turning on the power and exiting power-off O.

6. When setting the CMO0O bit to 1 (enabled), set bits CM02 to CM01 to 11b.

7. When inputting an external clock, set the CMO03 bit to 0 (XCIN clock oscillates).

Set the PRCO hit in the PRCR register to 1 (write enabled) before rewriting the CMO register.
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10.2.2 System Clock Control Register 1 (CM1)
Address 0007h

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol | CM17 | CM16 | — | CM14 | CM13 | CM12 CM11 CM10
After Reset 0 0 1 0 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 CM10 |All clock stop control bit (2. 7. 8) 0: Clock oscillates R/W
1: All clocks stop (stop mode/power-off 2 mode)
bl CM11 |XIN-XOUT on-chip feedback resistor |0: On-chip feedback resistor enabled R/W
select bit 1: On-chip feedback resistor disabled
b2 CM12 [XCIN-XCOUT on-chip feedback 0: On-chip feedback resistor enabled R/W
resistor select bit 1: On-chip feedback resistor disabled
b3 CM13  |Port/XIN-XOUT switch bit (. 6) 0: 1/0 ports P9_0 and P9_1 R/W
1: XIN-XOUT pin
b4 CM14 |Low-speed on-chip oscillator 0: Low-speed on-chip oscillator on R/W
oscillation stop bit (3. 4) 1: Low-speed on-chip oscillator off
b5 — Reserved bit Setto 1. R/W
b6 CM16 [CPU clock division select bit 1 (1) b7b6 o R/W
b7 CML7 0 0: No division mode RIW
0 1: Divide-by-2 mode
1 0: Divide-by-4 mode
1 1: Divide-by-16 mode

Notes:

1. When the CMO06 bit is set to 0, bits CM16 and CM17 are enabled.

2. When the CM10 bit is set to 1 (all clocks stop), the on-chip feedback resistor is disabled. However, the on-chip
XCIN-XCOUT feedback registor is not disabled in power-off 2 mode.

3. When the OCD2 bit is set to 0 (XIN clock selected), the CM14 hit can be set to 1 (low-speed on-chip oscillator
off). When the OCD?2 bit is set to 1 (on-chip oscillator clock selected), the CM14 bit is set to O (low-speed on-chip
oscillator on). It remains unchanged even if 1 is written to it.

4. To use the voltage monitor 1 interrupt or voltage monitor 2 interrupt (when the digital filter is used), set the CM14
bit to 0 (low-speed on-chip oscillator on).

5. Touse P9_0 and P9 _1 as input ports, set the CM13 bit to 0 (I/O ports) and the CMO5 bit in the CMO register to 1

(XIN clock stops).

To use as external clock input, set the CM13 bit to 0 (/O ports), the CMO5 bit to 0 (XIN clock oscillates), and the
CM11 bit to 1 (on-chip feedback resistor disabled). When the PD9_0 bit in the PD9 register is further set to 0
(input mode), an external clock can be input. Set XOUT as the I/O port P9_1 at this time. When the pin is not
used, treat it as an unassigned pin and use the appropriate handling.

The P9_0 pin is shared with the XIN pin, and the P9_1 pin is shared with the XOUT pin. These pins cannot be
used as I/0O ports when using the on-chip oscillation circuit.

Once the CM13 bit is set to 1 (XIN-XOUT pin) by a program, it cannot be set to 0 (I/O ports P9_0 and P9_1).

Do not set the CM10 bit to 1 when the VCAZ20 bit in the VCAZ2 register to 1 (low consumption enabled).

8. When the CMO0O bit in the CMO register is 1 (enabled), the MCU enters power-off 2 mode.

N o

Set the PRCO hit in the PRCR register to 1 (write enabled) before rewriting the CM 1 register.
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10.2.3 System Clock Control Register 3 (CM3)
Address 0009h

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol | CM37 | CM36 | CM35 | — | — | CM32 — CM30
After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 CM30 |Wait control bit (1) 0: Other than wait mode R/IW
1: MCU enters wait mode
bl — Nothing is assigned. If necessary, set to 0. When read, the content is O. —
b2 CM32 [ XIN-XCIN switch bit 0: P9_0 and P9_1 assigned to XIN-XOUT R/W
1: P9_0 and P9 _1 assigned to XCIN-XCOUT (2)
b3 — Reserved bits Setto 0. R/W
b4 —
b5 CM35 |[CPU clock division ratio select bit  |0: Following settings are enabled: R/W
when exiting wait mode (3) CMO6 bit in CMO register
Bits CM16 and CM17 in CM1 register
1: No division @)
b6 CM36 |[System clock select bit when exiting | b7 b6 ] ) R/W
b7 CM37 |wait, stop, or power-off 2 mode 00: _MCU exits with the CPU _CIOCk u_sed R/IW
immediately before entering wait, stop, or
power-off 2 mode
0 1: Do not set.
1 0: High-speed on-chip oscillator clock selected (4)
1 1: XIN clock selected ()
Notes:

1. When the MCU exits wait mode by a peripheral function interrupt, the CM30 bit is set to 0 (other than wait mode).

2. In the R8C/LA5SA Group, do not set the CM32 hitto 1 (P9_0 and P9_1 assigned to XCIN-XCOUT). Set this bit to
0 (P9_0 and P9_1 assigned to XIN-XOUT).

3. Set the CM35 bit to 0 in stop mode or power-off 2 mode. When the MCU enters wait mode, if the CM35 bit is set
to 1 (no division), the CMO06 bit in the CMO register is set to 0 (bits CM16 and CM17 enabled) and bits CM17 and
CM16 in the CM1 register is set to 00b (no division mode).

4. When bits CM37 to CM36 are set to 10b (high-speed on-chip oscillator clock selected), the following will be set
when the MCU exits wait mode, stop mode, or power-off 2 mode:

* OCD2 bit in OCD register = 1 (on-chip oscillator selected)
* FRAOQO bit in FRAO register = 1 (high-speed on-chip oscillator on)
* FRAOL1 bit in FRAO register = 1 (high-speed on-chip oscillator selected)

5. When bits CM37 to CM36 are set to 11b (XIN clock selected), the following will be set when the MCU exits wait
mode, stop mode, or power-off 2 mode.

* CMO5 bit in CMO register = 0 (XIN clock oscillates)

* CM13 bit in CM1 register = 1 (XIN-XOUT pin)

* OCD2 bit in OCD register = 0 (XIN clock selected)

When the MCU enters wait mode while the CMO5 bit in the CMO register is 1 (XIN clock stops), if the XIN clock is
selected as the CPU clock when exiting wait mode, set the CMO06 bit to 1 (divide-by-8 mode) and the CM35 bit to 0.
However, if an externally generated clock is used as the XIN clock, do not set bits CM37 to CM36 to 11b (XIN
clock selected).

CM30 bit (Wait Control Bit)

When the CM 30 hit isset to 1 (MCU enterswait mode), the CPU clock stops (wait mode). Sincethe XIN clock,
XCIN clock, and the on-chip oscillator clock do not stop, the peripheral functions using these clocks continue
operating. To set the CM30 bit to 1, set the | flag to 0 (maskable interrupt disabled).

The MCU exits wait mode by areset or peripheral function interrupt. When the MCU exits wait mode by a
peripheral function interrupt, it resumes executing the instruction immediately after the instruction to set the
CM30 hit to 1.

When the MCU enters wait mode with the WAIT instruction, make sure to set the | flag to 1 (maskable interrupt
enabled). With this setting, interrupt handling is performed by the CPU when the MCU exits wait mode.
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10.2.4 Oscillation Stop Detection Register (OCD)
Address 000Ch

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol| — | — | — | — | OCD3 | OCD2 | OCD1 | OCDO
After Reset 0 0 0 0 0 1 0 0
Bit | Symbol Bit Name Function R/W

: Oscillation stop detection function disabled (1) R/W
: Oscillation stop detection function enabled

b0 OCDO |Oscillation stop detection enable bit (6)

0
1

bl OCD1 |Oscillation stop detection interrupt 0: Disabled ) R/W

enable bit 1: Enabled

b2 OCD2 |On-chip oscillator clock select bit 3} |{0: XIN clock selected (6) RIW
1: On-chip oscillator clock selected (2)

b3 OCD3 |Clock monitor bit (4. 5) 0: XIN clock oscillates R
1: XIN clock stops

b4 — Reserved bits Set to O. R/W

b5 —

b6 —

b7 —

Notes:

1. Set bits OCD1 to OCDO to 00b before the MCU enters stop mode, high-speed on-chip oscillator mode, or low-
speed on-chip oscillator mode (XIN clock stops).

2. When the OCD?2 bit is set to 1 (on-chip oscillator clock selected), the CM14 bit is set to 0 (low-speed on-chip
oscillator on).

3. The OCD2 bit is automatically set to 1 (on-chip oscillator clock selected) when the XIN clock oscillation stop is
detected while bits OCD1 to OCDO are set to 11b. When the OCD3 bit is set to 1 (XIN clock stops), the OCD2 bit
remains unchanged even if 0 (XIN clock selected) is written to it.

4. The OCD3 bit is enabled when the OCDO bit is set to 1 (oscillation stop detection function enabled). In addition,
the OCD3 bit cannot be used to confirm whether the XIN clock oscillation is stable.

5. The OCD3 bit remains 0 (XIN clock oscillates) when bits OCD1 to OCDO are set to 00b.

6. Refer to 9.7.1 How to Use Oscillation Stop Detection Function for the switching procedure when the XIN
clock re-oscillates after detecting an oscillation stop.

Set the PRCO bit in the PRCR register to 1 (write enabled) before rewriting the OCD register.
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10.2.5 High-Speed On-Chip Oscillator Control Register 0 (FRAO)
Address 0023h

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol| — | — | — | — | FRA0O3| — | FRAOL [ FRAOO |
After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 FRAOO [High-speed on-chip oscillator enable bit  |0: High-speed on-chip oscillator off R/W

1: High-speed on-chip oscillator on
bl FRAO1 |High-speed on-chip oscillator select bit (1) |0: Low-speed on-chip oscillator selected (2) R/IW
1: High-speed on-chip oscillator selected (3)

b2 — Reserved bit Setto 0. R/W
b3 FRAO03 [fOCO128 clock select bit 0: fOCO-S divided by 128 selected R/W
1: fOCO-F divided by 128 selected

b4 — Nothing is assigned. If necessary, set to 0. When read, the content is 0. —
b5 —

b6 —

b7 —

Notes:

1. Change the FRAO1 bit under the following conditions.
* FRAQO = 1 (high-speed on-chip oscillator on)
* CM14 bit in CM1 register = 0 (low-speed on-chip oscillator on)
« Bits FRA22 to FRA20 in the FRAZ2 register:
All division mode can be set when VCC = 2.7 Vto 5.5V 000b to 111b
Divide ratio of 4 or more when VCC =1.8Vto 5.5V 011b to 111b (divide-by-4 or more)
2. When setting the FRAO1 bit to 0 (low-speed on-chip oscillator selected), do not set the FRAOO bit to O (high-
speed on-chip oscillator off) at the same time. Set the FRAO1 bit to 0 before setting the FRA0O bit to 0.
3. When setting the FRAO1 bit to be 1 (high-speed on-chip oscillator selected) and stopping the low-speed on-chip
oscillator, wait for one or more cycles of the low-speed on-chip oscillator and then set the CM14 bit in the CM1
register to 1 (low-speed on-chip oscillator off).

Set the PRCO bit in the PRCR register to 1 (write enabled) before rewriting the FRAO register.
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10.2.6 Voltage Detect Register 2 (VCA2)
Address 0034h

Bit b7 b6 b5 b4 b3 b2 b1l b0
Symbol | VCA27 | VCA26 | VCA25 | — | — | — — VCA20
After Reset 0 0 0 0 0 0 0 0
The above applies when the LVDAS bit in the OFS register is set to 1.
After Reset 0 0 1 0 0 0 0 0

The above applies when the LVDAS bit in the OFS register is set to 0.

Bit Symbol Bit Name Function R/W
b0 VCA20 |[Internal power low consumption 0: Low consumption disabled R/W
enable bit (1) 1: Low consumption enabled (2)

bl — Reserved bits Setto 0. R/W

b2 —

b3 —

b4 —

b5 VCA25 |Voltage detection O enable bit (3) 0: Voltage detection O circuit disabled R/IW
1: Voltage detection O circuit enabled

b6 VCA26 |Voltage detection 1 enable bit (4) 0: Voltage detection 1 circuit disabled R/W
1: Voltage detection 1 circuit enabled

b7 VCA27 |Voltage detection 2 enable bit (5) 0: Voltage detection 2 circuit disabled R/W
1: Voltage detection 2 circuit enabled

Notes:

1. Use the VCA20 bit only when the MCU enters wait mode. To set the VCA20 bit, follow the procedure shown in
10.8.9 Reducing Internal Power Consumption Using VCAZ20 Bit.

2. When the VCA20 bit is set to 1 (low consumption enabled), do not set the CM10 bit in the CM1 register to 1 (all
clocks stop).

3. When writing to the VCA25 hit, set a value after reset.

4. To use the voltage detection 1 interrupt or the VW1C3 bit in the VW1C register, set the VCA26 bit to 1 (voltage
detection 1 circuit enabled).
After the VCA26 bit is set to 1 from 0, allow td(E-A) to elapse before the voltage detection 1 circuit starts
operation.

5. To use the voltage detection 2 interrupt or the VCA13 bit in the VCAL1 register, set the VCA27 bit to 1 (voltage
detection 2 circuit enabled).
After the VCA27 bit is set to 1 from 0, allow td(E-A) to elapse before the voltage detection 2 circuit starts
operation.

Set the PRC3 hit in the PRCR register to 1 (write enabled) before rewriting the VCAZ2 register.
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10.2.7 Power-Off Mode Control Register 0 (POMCRO)
Address 0020h

Bit b7 b6 b5 b4 b3 b2 b1l b0
Symbol| POMO7 | POMO06 | POMO5 | POMO04 | POMO03 | POMO02 | POMO1 | POMOO
After Reset X X X X X X 0 0

Initial write: Setting the input pin to exit the mode in power-off 0 mode

Bit Symbol Bit Name Function R/W
b0 POMOO | Reserved bit Setto 0. w
bl POMO1 |wKuUP1 input enable bit 0: Input disabled w
1: Input enabled
b2 POMO02 | Reserved bits Set to 0. w
b3 POMO3
b4 POMO0O4
b5 | POMO5
b6 POMO6
b7 | POMO7
Second to fifth write: Entering power-off 0 mode
Bit Function R/W
b7 to b0 Write 88h, 15h, 92h, and 25h successively. W
Read
Bit Symbol Bit Name Function R/W
b0 POMOO | \WKUPO source power-off 0 exit flag | 0: Undetected R
1: Detected
bl POMO1 | WKUP1 source power-off 0 exit flag | 0: Undetected R
1: Detected
b2 — Nothing is assigned. When read, the content is undefined. —
b3 —
b4 —
b5 —
b6 —
b7 —
Note:

1. Write to the POMCRO register five times successively to enter power-off 0 mode.

Table 10.2 POMCRO Register Values After Exiting Power-Off 0 Mode

Power-off 0 mode exit source POMO7 | POMO6 | POMO5 | POM0O4 | POM0O3 | POMO2 | POMO1 | POMOO

WKUPO source X X X X X X 1

WKUP1 source X X X X X X 0
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10.3 Standard Operating Mode

Table 10.3 lists the Clock Selection in Standard Operating Mode.
In standard operating mode, the CPU and peripheral function clocks are supplied to operate the CPU and the
peripheral functions. Power control is enabled by controlling the CPU clock frequency. The higher the CPU clock
frequency, the more processing power increases. The lower the CPU clock frequency, the more power
consumption decreases. If unnecessary oscillator circuits stop, power consumption is further reduced.

Before the clock sources for the CPU clock can be switched over, the new clock source needs to be oscillating and
stable. Allow sufficient wait time in a program until oscillation stabilizes before switching the clock.

Table 10.3 Clock Selection in Standard Operating Mode
O(.:D CM1 Register CMO Register FRAO Register
Modes Register
OCD2 | CM17 | CM16 | CM14 CM13 | CMO7 | CMO6 | CMO5| CMO04 | CMO3 | FRAOL | FRAOO
High-speed | No division 0 0 0 — | 0or1®@ 0 0 0 — — — —
clock mode | pjyide-by-2 0 0 1 — Joor1@] o 0 0 — — | = —
Divide-by-4 0 1 0 — Oor1® 0 0 0 — — — —
Divide-by-8 0 — — — | 0or1® 0 1 0 — — — —
Divide-by-16 0 1 1 — | 0o0r1@ 0 0 0 — — — —
Low-speed | No division — 0 0 — — 1 0 — |O0or1 @ 0 — —
clock mode [ pjyide-by-2 — 0 1 — — 1 0 — Joor1w| o — —
Divide-by-4 — 1 0 — — 1 0 — |Oor1®| O — —
Divide-by-8 — — — — — 1 1 — |Oor1@®| O — —
Divide-by-16 — 1 1 — — 1 0 — |0or1®| O — —
High-speed | No division 1 0 0 — — 0 0 — — — 1 1
on-chip Divide-by-2 1 0 1 — — 0 0 — — — 1 1
OSCC'j”ator Divide-by-4 1 1 0 | — _ 0 0 | — _ _ 1 1
mode Divide-by-8 1 — = = = o | 1 | = = — | 1 1
Divide-by-16 1 1 1 — — 0 0 — — — 1 1
Low-speed | No division 1 0 0 0 — 0 0 — — — 0 —
on-chip Divide-by-2 1 0 1 0 — 0 0 — — — 0 —
;Socc'j”eator Divide-by-4 1 1 0 0 _ 0 0 | — _ I _
Divide-by-8 1 — — 0 — 0 1 — — — 0 —
Divide-by-16 1 1 1 0 — 0 0 — — — 0 —

—: Indicates that either O or 1 can be set.

Notes:

1. Setthe CMO04 bit to 1 to select the external clock input and set the CM04 bit to O to select the on-chip oscillation circuit.
2. Setthe CM13 bit to 0 to select the external clock input and set the CM13 bit to 1 to select the on-chip oscillation circuit.
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10.3.1 High-Speed Clock Mode

The XIN clock divided by 1 (no division), 2, 4, 8, or 16 is used as the CPU clock. When the CM 14 bit is set to
0 (low-speed on-chip oscillator on) or the FRAQO bit in the FRAO register is set to 1 (high-speed on-chip
oscillator on), fOCO can be used for timer RJ.

Also, when the FRAQO bit is set to 1, fOCO20M can be used for timer RC.

When the CM 14 hit is set to O (low-speed on-chip oscillator on), fOCO-S can be used for the voltage detection
circuit.

10.3.2 Low-Speed Clock Mode

The XCIN clock divided by 1 (no division), 2, 4, 8, or 16 is used as the CPU clock.

In this mode, low consumption operation is enabled by stopping the XIN clock and the high-speed on-chip
oscillator, and by setting the FMR27 bit in the FMR2 register to 1 (low-current-consumption read mode
enabled). When the CPU clock is set to the XCIN clock divided by 1 (no division), 2, 4, or 8, low-current-
consumption read mode can be used. However, do not use low-current-consumption read mode when the
frequency of the selected CPU clock is 3 kHz or below. After setting the divide ratio of the CPU clock, set the
FMR27 bit to 1.

Also, if the FRAQO bit is set to 1, fOCO20M can be used for timer RC.

When the CM 14 bit is set to 0 (low-speed on-chip oscillator on), fOCO-S can be used for the voltage detection
circuit.

To enter wait mode from low-speed clock mode, lower consumption current in wait mode is enabled by setting
the VCAZ20 bit in the VCA2 register to 1 (internal power low consumption enabled).

To reduce the power consumption, refer to 10.8 Reducing Power Consumption.

10.3.3 High-Speed On-Chip Oscillator Mode

The high-speed on-chip oscillator is used as the on-chip oscillator clock when the FRAQO bit in the FRAO
register is set to 1 (high-speed on-chip oscillator on) and the FRAO1 bit in the FRAO register isset to 1. The on-
chip oscillator divided by 1 (no division), 2, 4, 8, or 16 is used as the CPU clock. When the FRAQO bit is set to
1, fOCO20M can be used for timer RC.

Also, when the CM 14 hit is set to 0 (Ilow-speed on-chip oscillator on), fOCO-S can be used for the voltage
detection circuit.

10.3.4 Low-Speed On-Chip Oscillator Mode

If the CM 14 bit in the CM 1 register is set to O (low-speed on-chip oscillator on) and the FRAOL bit in the FRAO
register is set to 0, the low-speed on-chip oscillator is used as the on-chip oscillator clock. At thistime, the on-
chip oscillator clock divided by 1 (no division), 2, 4, 8 or 16 is used as the CPU clock. The on-chip oscillator
clock is also the clock source for the peripheral function clocks. When the FRAOO bit is set to 1, fOCO20M can
be used for timer RC.

Also, When the CM 14 bit is set to 0 (low-speed on-chip oscillator on), fOCO-S can be used for the voltage
detection circuit.

In this mode, low consumption operation is enabled by stopping the XIN clock and the high-speed on-chip
oscillator, and by setting the FMR27 bit in the FMR2 register to 1 (low-current-consumption read mode
enabled). When the CPU clock is set to the low-speed on-chip oscillator clock divided by 4, 8, or 16, low-
current-consumption read mode can be used. After setting the divide ratio of the CPU clock, set the FMR27 bit
to 1.

To enter wait mode from low-speed clock mode, lower consumption current in wait mode can be further
reduced by setting the VCA20 bit in the VCAZ2 register to 1 (internal power low consumption enabled).

To reduce the power consumption, refer to 10.8 Reducing Power Consumption.
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10.4 Wait Mode

Since the CPU clock stops in wait mode, CPU operation using the CPU clock and watchdog timer operation with
count source protection mode disabled are halted. However, the XIN clock, XCIN clock, and on-chip oscillator
clock do not stop, so peripheral functions using these clocks continue operating.

10.4.1 Peripheral Function Clock Stop Function

The peripheral function clock to stop in wait mode can be selected by setting bits CM01 and CM02 in the CMO
register (peripheral function clock stop bits in wait mode). This controls power consumption according to
applications.

10.4.2 Entering Wait Mode

The MCU enters wait mode by executing the WAIT instruction or setting the CM 30 bit in the CM3 register to 1
(MCU enters wait mode).

When the OCD2 hit in the OCD register is set to 1 (on-chip oscillator selected as system clock), set the OCD1
bit in the OCD register to 0 (oscillation stop detection interrupt disabled) before executing the WAIT
instruction or setting the CM30 hit in the CM 3 register to 1 (MCU enters wait mode).

If the MCU enters wait mode while the OCD1 bit is set to 1 (oscillation stop detection interrupt enabled),
current consumption is not reduced because the CPU clock does not stop.

When entering wait mode, set the FMROL bit in the FMRO register to 0 (CPU rewrite mode disabled) and the
FMR27 bit to 0 (low-current-consumption read mode disabled) before entering the mode.

Do not enter wait mode while the FMROL bit is 1 (CPU rewrite mode enabled) or the FMR27 bit is 1 (low-
current-consumption read mode enabled).

To enter wait mode by setting the CM30 bit to 1, set the | flag to 0 (maskable interrupt disabled). To enter wait
mode using the WAIT instruction, set the | flag to 1 (maskable interrupt enabled).

When setting bits CM 37 and CM 36 to values other than 00b to enter wait mode from low-speed clock mode, set
the XCIN clock frequency to 28 kHz or more.

When setting bits CM 37 and CM 36 to values other than 00b to enter wait mode from high-speed clock mode,
set the XIN clock frequency to 28 kHz or more.

10.4.3 Reducing Internal Power Using VCAZ20 Bit

When the MCU enters wait mode using low-speed clock maode or low-speed on-chip oscillator mode, internal
power consumption can be reduced using the VCAZ20 bit in the VCA?2 register. To enable internal power
consumption using the VCA20 bit, follow the procedure shown in 10.8.9 Reducing I nternal Power
Consumption Using VCA20 Bit.

10.4.4 Pin Status in Wait Mode
Each 1/0 port retains its states immediately before the MCU enters wait mode.
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10.4.5 Exiting Wait Mode

The MCU exits wait mode by areset or peripheral function interrupt. The peripheral function interrupts are
affected by bits CM01 and CMO02.

Table 10.4

Interrupts to Exit Wait Mode and Usage Conditions

Interrupt

CMO02 to CMO01 = 00b

CMO02 to CMO01 = 01b

CMO02 to CMO01 = 10b

CMO02 to CMO01 = 11b

Serial interface interrupt

Usable when operating
with an internal or
external clock.

Usable when operating
with fC or an external
clock.

Usable when operating
with an external clock.

Usable when operating
with an external clock.

Synchronous serial
communication unit
interrupt/I2C bus
interface interrupt

Usable in all modes.

(Do not use.)

(Do not use.)

(Do not use.)

Key input interrupt

Usable

Usable

Usable

Usable

A/D conversion interrupt

(Do not enter wait mode
during A/D conversion.)

(Do not enter wait mode
during A/D conversion.)

(Do not enter wait mode
during A/D conversion.)

(Do not enter wait mode
during A/D conversion.)

Timer RJ interrupt

Usable in all modes.

Usable if there is no filter
in event counter mode.
Usable by selecting
fOCO, fC, or fC32 as the
count source.

Usable if there is no filter
in event counter mode.
Usable by selecting
fOCO as the count
source.

Usable if there is no filter
in event counter mode.
Usable by selecting
fOCO as the count
source.

Timer RB interrupt

Usable in all modes.

(Do not use.)

Usable by selecting
fOCO as timer RJ count
source and timer RJ
underflow as timer RB
count source

Usable by selecting
fOCO as timer RJ count
source and timer RJ
underflow as timer RB
count source

Timer RC interrupt

Usable in all modes.

(Do not use.)

(Do not use.)

(Do not use.)

Timer RH interrupt

Usable in all modes.

Usable when operating
in real time clock mode.

Usable when operating
in real time clock mode.

Usable when operating
in real time clock mode.

detection interrupt

INT interrupt Usable Usable if there is no Usable if there is no Usable if there is no
filter. filter. filter.

Voltage monitor 1 Usable Usable Usable Usable

interrupt

Voltage monitor 2 Usable Usable Usable Usable

interrupt

Oscillation stop Usable (Do not use.) (Do not use.) (Do not use.)

The following interrupts can be used to exit wait mode:

* When bits CM02 to CMO0L1 are set to 00b (peripheral function clock does not stop in wait mode), peripheral
function interrupts other than A/D conversion interrupts.

* When bits CM02 to CMO0L1 are set to 01b (clocks f1 to 32 stop in wait mode), the interrupts of the peripheral
functions operating with external signals, the on-chip oscillator clock, or clocks fC, Cf32.

* When bits CM02 to CMO01 are set to 10b (clocks f1 to f32 and fC stop in wait mode), the interrupts of the
peripheral functions operating with external signals or the on-chip oscillator clock.

* When bits CM02 to CMO01 are set to 11b (clocks f1 to f32, fC, and fC-LCD stop in wait mode), the same
applies when bits CM02 to CMO01 are set to 10b.

Table 10.4 lists Interrupts to Exit Wait Mode and Usage Conditions.
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10.4.6 Exiting Wait Mode after CM30 Bit in CM3 Register is Set to 1 (MCU Enters

Wait Mode)

Figure 10.2 shows the Time from Wait Mode to First Instruction Execution following Exit after CM30 Bit in

CM3 Register is Set to 1 (MCU Enters Wait Mode).

To use a peripheral function interrupt to exit wait mode, set up the following before setting the CM30 bit to 1.

(1) Setthel flagto 0 (maskable interrupt disabled)

(2) Set the interrupt priority level in bits ILVL2 to ILVLO in the interrupt control registers of the peripheral
function interrupts to be used for exiting wait mode. Set bits ILVL2 to ILVLO of the peripheral function
interrupts that are not to be used for exiting wait mode to 000b (interrupt disabled).

(3) Operate the peripheral function to be used for exiting wait mode.

When the MCU exits by a peripheral function interrupt, the time (number of cycles) between interrupt request
generation and interrupt routine execution is determined by the settings of the FMSTP bit in the FMRO register
and the VCA20 bit in the VCAZ2 register, as shown in Figure 10.2.

The clock set by bits CM 35, CM 36, and CM37 in the CM3 register is used as the CPU clock when the MCU
exits wait mode by a peripheral function interrupt. At this time, the CM06 bit in the CMO register and bits
CM16 and CM17 in the CM 1 register automatically change.

FMRO Register VCAZ2 Register . i
Internal Power Flash memory reset Time until
Stabilization Time ) Y CPU Clock Remarks
. . (T0) time (1) Supply (T2)
FMSTP Bit VCA20 Bit
0
(internal power 100 ps (max.) @
0 low consumption disabled)
(flash memory
operates) _ 1 The total of TO to
(internal power 100 ps (max.) @ T2 is the time
low consumption enabled) Period of system clock | Period of CPU clock | from wait mode to
x 1 cycle @ x 2 cycles first instruction
. 0 execution
1 (internal power Ops following exit.
(flash memory low consumption disabled
stops) 1
(RAM operates) (internal power 100 ps (max.)
low consumption enabled)
P T0 ol T1 ol T2 o
. Internal power Flash memory reset CPU clock
Wait mode stabilization time sequence () restart sequence
A 100 ps (max.)
Interrupt request generation
Notes:
1. This time is also required when the flash memory stops (the FMSTP bit in the FMRO register is set to 1).
2. The activation of the flash memory is also completed within the internal power stabilization time.

Figure 10.2 Time from Wait Mode to First Instruction Execution following Exit after CM30 Bit in

CM3 Register is Set to 1 (MCU Enters Wait Mode)
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10.4.7 Exiting Wait Mode after WAIT Instruction is Executed

Figure 10.3 shows the Time from Wait Mode to Interrupt Routine Execution after WAIT instruction is

Executed.

To use a peripheral function interrupt to exit wait mode, set up the following before executing the WAIT

instruction.

(1) Set the interrupt priority level in bits ILVL2 to ILVLO of the peripheral function interrupts to be used for
exiting stop mode. Set bits ILVL2 to ILVLO of the peripheral function interrupts that are not to be used for
exiting stop mode to 000b (interrupt disabled).

(2) Setthel flagto 1 (maskable interrupts enabled).

(3) Operate the peripheral function to be used for exiting stop mode.

When the MCU exits by a peripheral function interrupt, the time (number of cycles) between interrupt request
generation and interrupt routine execution is determined by the settings of the FMSTP bit in the FMRO register
and the VCA20 bit in the VCAZ2 register, as shown in Figure 10.3.

The clock set by bits CM 35, CM 36, and CM37 in the CM3 register is used as the CPU clock when the MCU
exits wait mode by a peripheral function interrupt. At this time, the CM06 bit in the CMO register and bits
CM16 and CM17 in the CM 1 register automatically change.

FMRO Register VCAZ2 Register ! . !
Internal Power Flash memory reset Time until Time for
Stabilization Time time (Trl); CPU Clock Interrupt Remarks
TO Supply (T2, Sequence (T3
FMSTP Bit VCA20 Bit (M) pply (T2) q ™)
0
(internal power 100 ps (max.) @
0 low consumption disabled)
(flash memory
operates) 1
(internal power 100 ps (max.) @ The total of TO to T3 is
low consumption enabled) Period of system clock | Period of CPU clock | Period of CPU clock | the time from wait mode
x 1 cycle x 2 cycles x 20 cycles until an interrupt routine
] 0 is executed.
1 (internal power Ous
(flash memory low consumption disabled
stops) 1
(RAM operates) (internal power 100 ps (max.)
low consumption enabled)
_ TO oy T1 ol T2 oy T3 R
. Internal power Flash memory reset CPU clock
Wait mode stabilization time sequence @ restart sequence Interrupt sequence
A 100 ps (max.)
Interrupt request generation
Notes:
1. This time is also required when the flash memory stops (the FMSTP bit in the FMRO register is set to 1).
2. The activation of the flash memory is also completed within the internal power stabilization time.

Figure 10.3  Time from Wait Mode to Interrupt Routine Execution after WAIT instruction is
Executed
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10.5 Stop Mode

All oscillator circuits except fOCO-WDT stop in stop mode. Since the CPU clock and the peripheral function clock
stop, CPU operation and peripheral function operation using these clocks are halted. If the voltage applied to the
VCC pinis VRAM or more, the content of internal RAM is retained.

The peripheral functions clocked by external signals continue operating.

Table 10.5 lists Interrupts to Exit Stop Mode and Usage Conditions.

Table 10.5 Interrupts to Exit Stop Mode and Usage Conditions

Interrupt Usage Conditions
Key input interrupt Usable
INTO to INT3, INTS5, INT7 Usable if there is no filter.
interrupt
Timer RJ interrupt Usable if there is no filter when an external pulse is counted in event counter mode. (1)
Serial interface interrupt When an external clock is selected.
Voltage monitor 1 interrupt Usable in digital filter disabled mode (the VW1C1 bit in the VW1C register is set to 1).
Voltage monitor 2 interrupt Usable in digital filter disabled mode (the VW2C1 bit in the VW2C register is set to 1).

Note:
1. Intimer RJ event counter mode, only one of timer RJO and timer RJ1 can be used.

10.5.1 Entering Stop Mode

The MCU enters stop mode when the CM 10 bit in the CM 1 register is set to 1 after the CMOO bit in the CMO

register is set to 0. At the same time, the CMO06 bit in the CMO register is set to 1 (divide-by-8 mode).

To use stop mode, set the following before the MCU enters stop mode:

* Bits OCD1 to OCDO in the OCD register = 00b

e CM35 bit in CM3 register = 0 (settings of CMO06 bit in CMO register and bits CM16 and CM17 in CM1
register enabled)

Enter stop mode after setting the FMR27 bit to O (low-current-consumption read mode disabled). Do not enter

stop mode while the FMR27 bit is 1 (low-current-consumption read mode enabled).

10.5.2 Pin Status in Stop Mode

Each 1/0O port retains its state before the MCU enters stop mode.
However, when the CM 13 bit in the CM 1 register is set to 1 (XIN-XOUT pin), the XOUT (P9_1) pinis held
high.
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10.5.3 Exiting Stop Mode

The MCU exits stop mode by areset or periphera function interrupt.

Figure 10.4 shows the Time from Stop Mode to Interrupt Routine Execution.

To use a periphera function interrupt to exit stop mode, set up the following before setting the CM 10 bit to 1.

(1) Set the interrupt priority level in bits ILVL2 to ILVLO of the peripheral function interrupts to be used for
exiting stop mode. Set bits ILVL2 to ILVLO of the peripheral function interrupts that are not to be used for
exiting stop mode to 000b (interrupt disabled).

(2) Setthel flagto 1 (maskable interrupts enabled).

(3) Operate the peripheral function to be used for exiting stop mode.
When the MCU exits stop mode by a peripheral function interrupt, the interrupt sequence is executed when
an interrupt request is generated and the CPU clock supply starts.

The clock used immediately before stop mode divided by 8 is used as the CPU clock when the MCU exits stop
mode by a peripheral function interrupt. To enter stop mode, set the CM 35 bit in the CM 3 register to 0 (settings
of CMO06 bit in CMO register and bits CM 16 and CM17 in CM1 register enabled).

FMRO Register Ti il Time f
ime unti ime for
Internal Power Flash memory reset
Stabilization Time (T0) time (T2) CPU Clock Interrupt Remarks
FMSTP Bit Supply (T3) Sequence (T4)
0 100 ps (max.) @ The total of TO to T4 i
(flash memory operates) ) ) ) € total o 0 T4ls
Period of system clock | Period of CPU clock | Period of CPU clock | the time from stop mode
1 x 1 cycle @ x 2 cycles x 20 cycles until an interrupt routine
(flash memory stops) 100 ps (max.) is executed.
(RAM operates)
» TO P T1 P T2 P T3 P T4
Oscillation time of CPU clock
Stop mode Intgljnal_pow_er source used immediately Flash memory(lr)eset CPU clock Interrupt sequence
stabilization time before stop mode sequence restart sequence

A 100 ps (max.)
Interrupt request generation

Notes:
1. This time is also required when the flash memory stops (the FMSTP bit in the FMRO register is set to 1).
2. The activation of the flash memory is also completed within the internal power stabilization time.

Figure 10.4  Time from Stop Mode to Interrupt Routine Execution
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10.6 Power-Off 0 Mode

All oscillator circuitsincluding fOCO-WDT and fOCO-S stop in power-off 0 mode. Since the CPU clock stops, the
CPU and all the peripheral functions using this clock are halted.
The least power is consumed in this mode.

10.6.1 Pin Handling in Power-Off 0 Mode

Figure 10.5 shows Pin Handling in Power-Off 0 Mode. The hardware reset must be used in this mode.
The power-on reset cannot be used. For details of resets, refer to 5. Resets.

(1) When power-off 0 mode is used (2) When power-off 0 mode is not used
Connect WKUPO to VSS.
Pull up WKUPO. Example using the power-on reset
Pull up WKUP1 when selected as the exit source. (Example using power-on reset)
Input a low-level signal to exit the mode.
? MCU MCU
VCC VCC
4.7 kQ
i WKUPO (Reference value) WKUPO
WKUP1
RESET RESET
;; 777
Use the hardware reset as reset. The hardware reset or power-on reset can be
The power-on reset cannot be used. used as reset.

Figure 10.5 Pin Handling in Power-Off 0 Mode

10.6.2 Entering Power-Off 0 Mode

Table 10.6 lists the Entering Power-Off 0 Mode and Exit Methods.

(1) Setthe FMRO1 bit in the FMRO register to 0 (CPU rewrite mode disabl ed).

(2) Settheinput pinto exit the mode in power-off O mode by the initial write to the POMCRO register.

(3) When 88h, 15h, 92h, and 25h are written successively to the POMCRO register, the MCU enters power-off
0 mode.

During the processing to enter power-off 0 mode, set pins WKUPO and WKUPL1 (when input is enabled) to

high. If either of these pins changes to low during the processing, the MCU does not enter power-off 0 mode.

Table 10.6  Entering Power-Off 0 Mode and Exit Methods

Entering Power-Off 0 Mode Status Exit Method
Write the setting of the mode exit input pin | All peripheral functions stop, the
used in power-off 0 mode to the POMCRO | contents of RAM and SFRs are not
register (1) retained.
Then, write 88h,15h, 92h, and 25h
successively.

Note:

1. To use WKUP1 to exit power-off mode, set the POMO1 bit to 1 (input enabled) by the initial write to the
POMCRO register.

RESET input, WKUPO input,
or WKUP1 input (1)
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10.6.3 Pin Status in Power-Off 0 Mode

Table 10.7 lists the Pin Status in Power-Off 0 Mode.
When the MCU enters power-off 0 mode, the contents of RAM and SFRs are not retained.
Save the data needs to be retained to the data flash before entering power-off 0 mode.

Table 10.7 Pin Status in Power-Off 0 Mode

Pin Name Status
Ports PO, P2, P3, P5 0to P5 6 The states of registers LSEO to LSES5 before entering power-off 0 mode are
retained. When LCD ports are selected by these registers, low-level output.
When ports are selected, the pins are placed in the high-impedance state.
Ports P7_0to P7_2, P8, P9_0to P9_1 | High impedance

WKUPO WKUPQO input
XCIN, XCOUT Oscillation is off (high impedance)
VL1 to VL3 High impedance

10.6.4 Exiting Power-Off 0 Mode

To exit thismode, input alow-level pulse to the RESET, WKUPO, or WKUPL1 pin (when input is enabled).
* RESET pin: The low-level input width must be 2 ms or more.
* Pins WKUPO and WKUP1: The low-level input width must be 10 us or more.

After exiting power-off 0 mode, the operation is the same as a normal reset sequence.

When power-off 0 mode is exited, the exit source can be identified by reading the flags (POM00, POMO01) in
the POM CRO register. The values of these flags are undefined after power-on and set to 0 by writing to the
POMCRO register. If multiple exit sources coincide, multiple flags are set. If the WKUPO pin or WKUPL pin
(when input is enabled) changes to low during the processing to enter power-off 0 mode, the MCU does not
enter power-off 0 mode, but the flag (POMO0O0 or POMO01) in the POMCRO register is set to 1 (detected).

Figure 10.6 show the Time from Power-Off 0 Mode to Reset Vector Address Read Execution.

Internal Power Time until

Stabilization Time (TO) Internal Reset Time (T1) Flash Memory Activation (T2) Idiing Time (T3) Remarks

The total of TO to T3 is
the time from power-off 0
mode until a reset vector
address is read.

Max. 2 ms fOCO-S clock x 32 cycles CPU clock x 148 cycles CPU clock x 28 cycles

W TO oy T1 o T2 e T3 -
< > <€ > » < »
Power-off 0 mode Intgr_nal_power Internal reset time F""‘?h memory Idling time
stabilization time activation sequence

A Power-off 0 exit source generation

Note:
1. If the low-level input width of the RESET pin exceeds the internal power stabilization time and internal reset time (TO + T1), the excess is
added to the time until a reset vector address is read.
(The low-level input width must be 2 ms or more for the RESET pin, and 10 ps or more for pins WKUPO and WKUP1).

Figure 10.6  Time from Power-Off 0 Mode to Reset Vector Address Read Execution
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10.7 Power-off 2 Mode

All oscillator circuits except fOCO-WDT and fC-TRH stop in power-off 2 mode. Since the CPU clock stops, the
CPU and the peripheral functions (other than the watchdog timer and timer RH) using this clock are halted. If the

voltage applied to the VCC pinis VRAM or more, the content of internal RAM is retained.

The peripheral functions clocked by external signals continue operating.
Table 10.8 lists Interrupts to Exit Power-off 2 Mode and Usage Conditions.

Table 10.8  Interrupts to Exit Power-off 2 Mode and Usage Conditions

Interrupt

Usage Conditions

Key input interrupt

Usable

INTO to INT3, INT5, INT7 interrupt

Usable if there is no filter.

Timer RH interrupt

Usable if in real-time clock mode.

Timer RJ interrupt

Usable if there is no filter when an external pulse is counted in event counter

mode. M

Serial interface interrupt

When an external clock is selected.

Note:

1. Intimer RJ event counter mode, only one of timer RJO and timer RJ1 can be used.

10.7.1 Entering Power-off 2 Mode

The MCU enters stop mode when the CM 10 bit in the CM 1 register is set to 1 after the CMOO bit in the CMO
register is set to 0. At the same time, the CMO06 bit in the CMO register is set to 1 (divide-by-8 mode).

To use power-off 2 mode, set the following before the MCU enters power-off 2 mode:

* Bits OCD1 to OCDO in the OCD register = 00b
* CM35 bit in CM3 register = 0 (settings of CMO06 bit in CMO register and bits CM16 and CM17 in CM1

register enabled)

Enter power-off 2 mode after setting the FMR27 bit to O (Ilow-current-consumption read mode disabled). Do not
enter power-off 2 mode while the FMR27 bit is 1 (low-current-consumption read mode enabled).

10.7.2 Pin Status in Power-off 2 Mode

Each /O port retains its state before the MCU enters power-off 2 mode.
However, when the CM 13 bit in the CM 1 register is set to 1 (XIN-XOUT pin), the XOUT (P9_1) pinis held

high.
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10.7.3 Exiting Power-off 2 Mode

The MCU exits power-off 2 mode by areset or peripheral function interrupt.

Figure 10.7 shows the Time from Power-off 2 Mode to Interrupt Routine Execution.

To use a peripheral function interrupt to exit power-off 2 mode, set up the following before setting the CM 10 hit

tol.

(1) Set the interrupt priority level in bits ILVL2 to ILVLO of the peripheral function interrupts to be used for
exiting power-off 2 mode. Set bits ILVL2 to ILVLO of the peripheral function interrupts that are not to be
used for exiting power-off 2 mode to 000b (interrupt disabled).

(2) Setthel flagto 1 (maskable interrupts enabled).

(3) Operate the peripheral function to be used for exiting power-off 2 mode.

When the MCU exits power-off 2 mode by a peripheral function interrupt, the interrupt sequence is executed
when an interrupt request is generated and the CPU clock supply starts.

The clock used immediately before power-off 2 mode divided by 8 is used as the CPU clock when the MCU
exits power-off 2 mode by a peripheral function interrupt. To enter power-off 2 mode, set the CM 35 bit in the
CM3 register to O (settings of CM06 bit in CMO register and bits CM16 and CM 17 in CM 1 register enabled).

FMRO Register

Internal Power Flash memory reset Time untl Time for
S X . Y CPU Clock Interrupt Remarks
Stabilization Time (T0) time (T2)
) Supply (T3) Sequence (T4)
FMSTP Bit
0

) .
(flash memory operates) 100 ps (max.) The total of TO to T4 is

Period of CPU clock | Period of CPU clock | the time from power-off

Period of system)clock

1 x 1 cycle @ x 2 cycles x 20 cycles 2 mode until an interrupt
(flash memory stops) 100 ps (max.) routine is executed.
(RAM operates)
| TO P T1 | T2 | T3 P T4 |
< > < Lah e »< »
Oscillation time of CPU clock
Power-off 2 Intgrlnal‘powler source used immediately Flash memory(lr)eset CPU clock Interrupt sequence
mode stabilization time before power-off 2 mode sequence restart sequence

/\ 100 ps (max.)
Interrupt request generation

Notes:
1. This time is also required when the flash memory stops (the FMSTP bit in the FMRO register is set to 1).
2. The activation of the flash memory is also completed within the internal power stabilization time.

Figure 10.7

Time from Power-off 2 Mode to Interrupt Routine Execution
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10.8 Reducing Power Consumption

This section describes key points and processing methods for reducing power consumption. They should be
referred to when designing a system or creating a program.

10.8.1 Voltage Detection Circuit

When voltage monitor 1 is not used, set the VCA26 bit in the VCAZ2 register to O (voltage detection 1 circuit
disabled). When voltage monitor 2 is not used, set the VCA27 bit in the VCAZ2 register to O (voltage detection 2
circuit disabled).

When power-on reset and voltage monitor O reset are not used, set the VCAZ25 bit in the VCA2 register to 0
(voltage detection O circuit disabled).

10.8.2 Ports

Even after the MCU enters wait mode, stop mode, or power-off 2 mode, the states of the 1/O ports are retained.
Current flows into the output portsin the active state, and shoot-through current flows into the input portsin the
high-impedance state. Unnecessary ports should be set to output. When setting them to input, fix to a stable
electric potential before the MCU enters wait mode, stop mode, or power-off 2 mode.

10.8.3 Clocks

Power consumption generally depends on the number of the operating clocks and their frequencies. The fewer
the number of operating clocks or the lower their frequencies, the more power consumption decreases.
Unnecessary clocks should be stopped accordingly.

Stopping the low-speed on-chip oscillator oscillation: Set the CM 14 bit in the CM1 register to 1 (low-speed
on-chip oscillator off) and the OCD2 bit in the OCD
register to O (XIN clock selected).

Stopping the high-speed on-chip oscillator oscillation: Set the FRAQOO bit in the FRAO register to 0.

10.8.4 Wait Mode, Stop Mode, and Power-Off Mode
Power consumption can be reduced in wait mode, stop mode, and power-off mode.

10.8.5 Stopping Peripheral Function Clocks

When peripheral function clocks are not necessary in wait mode, set bits CM01 and CMO02 bit in the CMO
register to stop the clock.

10.8.6 Timers

When timer RJis not used, set the TCKCUT bit in the TRJIMR register to 1 (count source cutoff).
When timer RB is not used, set the TCKCUT hit in the TRBMR register to 1 (count source cutoff).
When timer RC is not used, set the MSTTRC bit in the MSTCRO register to 1 (standby).
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10.8.7 A/D Converter

When the A/D converter is not used, power consumption can be reduced by setting the ADSTBY bit in the
ADCONL1 register to 0 (A/D operation stops (standby)) to shut off any analog circuit current flow.

10.8.8 Clock Synchronous Serial Interface
When the SSU or 12C busis not used, set the MSTIIC bit in the MSTCRO register to 1 (standby).

10.8.9 Reducing Internal Power Consumption Using VCA20 Bit

The electric current in wait mode can be further reduced by setting the VCAZ20 bit in the VCA2 register to 1
(low consumption enabled). Set the VCAZ20 bit to 1 in low-speed clock mode or low-speed on-chip oscillator
mode before entering wait mode.
The setting procedure for reducing internal power consumption using the VCA 20 hit differs when the CM 30 bit
in the CM3 register is set to 1 (MCU enters wait mode) to enter wait mode and when the WAIT instruction is
executed to enter wait mode. Figure 10.8 shows the Setting Procedure for Reducing Internal Power
Consumption Using VCA20 Bit when CM30 Bit in CM3 Register is Set to 1 (MCU Enters Wait Mode) to Enter
Wait Mode. Figure 10.9 shows the Setting Procedure for Reducing Internal Power Consumption Using VCA20
Bit when WAIT Instruction is Executed to Enter Wait Mode.

Step (1)

Step (2)

Procedure for enabling reduced internal power
consumption using VCA20 bit

v

Enter low-speed clock mode or
low-speed on-chip oscillator mode

v

Stop XIN clock and
high-speed on-chip oscillator clock

v

Step (3)

VCA20 «— 1
(internal power low consumption enabled) 3

Step (4)

v

Enter wait mode using CM30 bit )

A

Step (5)

VCA20 «- 0
(internal power low consumption disabled) @

Step (6)

Step (7)

Step (8)

Notes:

v

Start XIN clock or
high-speed on-chip oscillator clock

v

(Wait until XIN clock or high-speed on-chip
oscillator clock oscillation stabilizes)

v

Enter high-speed clock mode or
high-speed on-chip oscillator mode

1. After entering wait mode by the CM30 bit, when an interrupt request is generated, without performing interrupt handling,
start the execution from the instruction immediately following the instruction to set the CM30 bit to 1.

2. Do not set the VCAZ20 bit to 0 with the instruction immediately after setting the VCA20 bit to 1. Also, do not do the opposite.

3. When the VCA20 bit is set to 1, do not set the CM10 bit to 1 (stop mode).

4. When the MCU enters wait mode, follow 10.4 Wait Mode.

Exit wait mode by interrupt request

Figure 10.8

Setting Procedure for Reducing Internal Power Consumption Using VCA20 Bit when

CM30 Bit in CM3 Register is Set to 1 (MCU Enters Wait Mode) to Enter Wait Mode
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Exit wait mode by interrupt

(Note 1)
Procedure for enabling reduced internal . .
power consumption using the VCA20 bit In the interrupt routine
Enter low-speed clock mode or VCA20 « 0
Step (1) low-speed on-chip oscillator mode Step (5) (internal power low consumption disabled) @
Step (2) Stop the XIN clock and Step (6) Start the XIN clock Ifitis necessary to start
p the high-speed on-chip oscillator clock P or the high-speed on-chip oscillator clock the high-speed clock or
high-speed on-chip oscillator
¢ ¢ during the interrupt routine,
X N - execute steps (6) and (7)

Step (3) VCA20 «- 1 Step (7) (Wait until the XIN clock or the high-speed in the routine.

(internal power low consumption enabled) @ 3) on-chip oscillator clock oscillation stabilizes)

v v

Enter high-speed clock mode or

i [©)
Step (4) Enter wait mode Step (8) high-speed on-chip oscillator mode
A
Step 5) VCA20 « 0 Interrupt handling
P (internal power low consumption disabled) @ ¢
¢ Step (1) Enter low-speed clock mode or
Step (6) Start the XIN clock or P low-speed on-chip oscillator mode
the high-speed on-chip oscillator clock If the high-speed clock or
¢ ¢ high-speed on-chip oscillator
Stop the XIN clock and starts during the interrupt
Step (7) (Wait until the XIN clock or the high-speed Step (2) the high-speed on-chip oscillator clock routine, execute steps (:L_) to
P on-chip oscillator clock oscillation stabilizes) ¢ (3) at the end of the routine.
- ¢ Step (3) VCA20 « 1
Step (8) Enter high-speed clock mode or P (internal power low consumption enabled) @ 3
high-speed on-chip oscillator mode ¢
( Interrupt handling completed )
Notes:

1. Execute this routine to handle all interrupts generated in wait mode.
However, this does not apply if it is not necessary to start the high-speed clock or high-speed on-chip oscillator during the interrupt routine.
2. Do not set the VCA20 bit to 0 with the instruction immediately after setting the VCA20 bit to 1. Also, do not do the opposite.
3. When the VCAZ20 bit is set to 1, do not set the CM10 bit to 1.
4. When the MCU enters wait mode, follow 10.4 Wait Mode.

VCAZ20: Bitin VCAZ2 register

Figure 10.9 Setting Procedure for Reducing Internal Power Consumption Using VCA20 Bit when
WAIT Instruction is Executed to Enter Wait Mode
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10.8.10 Stopping Flash Memory

In low-speed on-chip oscillator mode and low-speed clock mode, power consumption can be further reduced by
stopping the flash memory using the FMSTP bit in the FM RO register.

Access to the flash memory is disabled by setting the FMSTP bit to 1 (flash memory stops). The FMSTP bit
must be written to by a program transferred to RAM.

When the MUC enters stop mode, wait mode, or power-off 2 mode while CPU rewrite mode is disabled, the
power for the flash memory is automatically turned off. It is turned back on again after the MCU exits stop
mode or wait mode. This eliminates the need to set the FMRO register.

Do not use the settings of FMR27 = 1 (low-current-consumption read mode enabled) and FMSTP = 1 (flash
memory stops) at the same time.

Figure 10.10 shows the Handling Procedure Example for Reducing Power Consumption Using FM STP Bit.

FMSTP bit setting program

A 4
¢ After writing O to the FMROL1 bit,
Transfer the FMSTP bit setting program to RAM write 1 (CPU rewrite mode enabled)

v

Write 1 to the FMSTP bit (flash memory stops.

A 4 low power consumption state)
Jump to the FMSTP bit setting program ¢
(The subsequent processing is executed by
the program in the RAM) Enter low-speed clock mode or

low-speed on-chip oscillator mode

v

Stop the high-speed on-chip oscillator

v

Process in low-speed clock mode or
low-speed on-chip oscillator mode

v

Switch the clock source for the CPU clock @

v

Write O to the FMSTP bit
(flash memory operates)

v

Write 0 to the FMRO1 bit
(CPU rewrite mode disabled)

Notes: ¢

1. After setting the FMROL1 bit to 1 (CPU rewrite mode enabled), . . . L
) Wait until the flash memory circuit stabilizes
set the FMSTP bit to 1 (flash memory stops). (FST7 bit) @
2. Before switching the CPU clock source, make sure the designated
clock is stable.
3. Provide a wait time by a program until the FST7 bit is set to 1 (ready).
Do not access the flash memory during this wait time.

Jump to the specified address in the flash memory
FMRO1, FMSTP: Bits in FMRO register ¢

Figure 10.10 Handling Procedure Example for Reducing Power Consumption Using FMSTP Bit
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10.8.11 Low-Current-Consumption Read Mode

In low-speed clock mode and low-speed on-chip oscillator mode, the current consumption when reading the
flash memory can be reduced by setting the FMR27 bit in the FMR2 register to 1 (Ilow-current-consumption
read mode enabled).

L ow-current-consumption read mode can be used when the CPU clock is set to either of the following:

» The CPU clock is set to the low-speed on-chip oscillator clock divided by 4, 8, or 16.

» The CPU clock is set to the XCIN clock divided by 1 (no division), 2, 4, or 8.

However, do not use low-current-consumption read mode when the frequency of the selected CPU clock is 3 kHz
or below.

After setting the divide ratio of the CPU clock, set the FMR27 bit to 1 (low-current-consumption read mode
enabled).

Enter wait mode, stop mode, or power-off 2 mode after setting the FMR27 bit to 0 (low-current-consumption
read mode disabled).

Do not enter wait mode or stop mode while the FMR27 bit is 1 (Ilow-current-consumption read mode enabled).

Do not use the settings of FMR27 = 1 (low-current-consumption read mode enabled) and FMSTP = 1 (flash
memory stops) at the same time.

Figure 10.11 shows the Handling Procedure Exampl e of Low-Current-Consumption Read Mode.

Handling procedure for enabling
low-current-consumption read mode
by the FMR27 bit

Enter low-speed clock mode or
low-speed on-chip oscillator mode

y

Step (2) Stop the high-speed on-chip oscillator clock

v

FMR27 « 1
(low-current-consumption read mode enabled) @

v

Step (4) Enter low-current-consumption read mode @

Step (1)

Step (3)

A

FMR27 <0
(low-current-consumption read mode disabled)

v

Step (6) Start the high-speed on-chip oscillator clock

v

(Wait until the high-speed on-chip oscillator clock

Step (5)

Step (7) oscillation stabilizes)
Step (8) Enter high-speed on-chip oscillator mode

Notes:
1. To set the FMR27 bit to 1, first write 0 and then write 1 immediately.
Disable interrupts between writing 0 and writing 1.
2. In low-current-consumption read mode, set the FMROL1 bit in the FMRO register to 0 (CPU rewrite mode disabled).
Enter wait mode, stop mode, or power-off 2 mode after setting the FMR27 bit to O (low-current-consumption read mode disabled).
Do not enter wait mode, stop mode, or power-off 2 mode while the FMR27 bit is 1 (low-current-consumption read mode enabled).

FMR27: Bit in FMR2 register

Figure 10.11 Handling Procedure Example of Low-Current-Consumption Read Mode
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10.9 Notes on Power Control

10.9.1 Stop Mode

To enter stop mode, set the FMRO1 bit in the FMRO register to 0 (CPU rewrite mode disabled) first and then set
the CMOO hit in the CMO register to 0 and the CM 10 bit in the CM1 register to 1. An instruction queue pre-
reads 4 bytes from the instruction which sets the CM 10 hit to 1 and the program stops.

Insert at least four NOP instructions following the IMP.B instruction after the instruction which sets the CM 10
bit to 1.

» Program example to enter stop mode

BCLR 1,FMRO ; CPU rewrite mode disabled
BCLR 7,FMR2 ; Low-current-consumption read mode disabled
BSET 0,PRCR ; Writing to registers CM0 and CM 1 enabled
FSET I ; Interrupt enabled
BSET 0,CM1 ; Stop mode
JMPB LABEL_001
LABEL_001:
NOP
NOP
NOP
NOP

10.9.2 Wait Mode

When entering wait mode, set the FMROL bit in the FMRO register to 0 (CPU rewrite mode disabled) and the
FMR27 bit to O (low-current-consumption read mode disabled) before entering the mode. Do not enter wait
mode while the FMRO1 bit is 1 (CPU rewrite mode enabled) or the FMR27 hit is 1 (low-current-consumption
read mode enabled).

To enter wait mode by setting the CM 30 bit to 1, set the | flag to 0 (maskable interrupt disabled).

To enter wait mode using the WAIT instruction, set the | flag to 1 (maskable interrupt enabled). An instruction
queue pre-reads 4 bytes from the instruction to set the CM30 bit to 1 (MCU enters wait mode) or the WAIT
instruction, and then the program stops. Insert at least four NOP instructions after the instruction to set the
CM30 hit to 1 (MCU enters wait mode) or the WAIT instruction.

» Program example to execute the WAIT instruction

BCLR 1,FMRO ; CPU rewrite mode disabled

BCLR 7,FMR2 ; Low-current-consumption read mode disabled
FSET I ; Interrupt enabled

WAIT ; Wait mode

NOP

NOP

NOP

NOP

 Program exampl e to execute the instruction to set the CM30 bit to 1

BCLR 1, FMRO ; CPU rewrite mode disabled
BCLR 7, FMR2 ; Low-current-consumption read mode disabled
BSET 0, PRCR ; Writing to CM 3 register enabled
FCLR I ; Interrupt disabled
BSET 0,CM3 ; Wait mode
NOP
NOP
NOP
NOP
BCLR 0, PRCR ; Writing to CM 3 register disabled
FSET I ; Interrupt enabled
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10.9.3 Reducing Internal Power Using VCA20 Bit

Set the VCA20 bit to 1 in low-speed clock mode or low-speed on-chip oscillator mode before entering wait mode.
To enter wait mode by setting the CM 30 bit in the CM 3 register to 1 (MCU enters wait mode), follow the procedure
shown in Figure 10.8 to set the procedure for reducing internal power consumption using the VCA20 bit.

To enter wait mode by executing WAIT instruction, follow the procedure shown in Figure 10.9 to set the
procedure for reducing internal power consumption using the VCAZ20 bit.

10.9.4 Power-Off 0 Mode

To enter power-off mode, set the FMRO1 bit in the FMRO register to 0 (CPU rewrite mode disabled) and then
access the POMCRO register. There is a delay between accessing the POMCRO register and entering power-off O
mode, so insert at least four NOP instructions.

During the processing to enter power-off 0 mode, set pins WKUPO and WKUPL (when input is enabled) to high. If
either of these pins changes to low during the processing, the MCU does not enter power-off 0 mode and program
execution continues. At thistime, the flag (POM0O0 or POMO01) in the POMCRO register is set to 1 (detected).

 Program example to enter power-off 0 mode

BCLR 1, FMRO ; CPU rewrite mode disabled
MOV.B #02H, POMCRO : Fixed value

MOV.B #38H, POMCRO : Fixed value

MOV.B #15H, POMCRO : Fixed value

MOV.B #92H, POMCRO ; Fixed value

MOV.B #25H, POMCRO ; Fixed value

NOP

NOP

NOP

NOP ; Enter power-off 0 mode
WAIT ; Wait mode

BSET 1, PRCR ; Software reset

BSET 3, PMO

The operation after power-off 0 mode is exited is the same as anormal reset sequence. When power-off 0 mode
isexited immediately after the MCU enters the mode, therefore, power consumption cannot be reduced because
of the reset sequence and the program operation after areset. Evaluate the interval between entering and exiting
power-off 0 mode fully at the system level.

10.9.5 Power-Off 2 Mode

To enter power-off 2 mode, set the FMRO1 bit in the FMRO register to 0 (CPU rewrite mode disabled) first, and
set the CMOO bit in the CMO register to 1 and bits CM02 to CMO01 to 11b, and then set the CM 10 bit in the CM1
register to 1. An instruction queue pre-reads 4 bytes from the instruction which sets the CM 10 bit to 1 and the

program stops.
Insert at least four NOP instructions following the IMP.B instruction after the instruction which sets the CM 10
bit to 1.
* Program example to enter power-off 2 mode
BCLR 1,FMRO ; CPU rewrite mode disabled
BCLR 7,FMR2 ; Low-current-consumption read mode disabled
BSET 0,PRCR ; Writing to registers CMO and CM 1 enabled
FSET I ; Interrupt enabled
BSET 0,CMO ; Power-off 2 mode selected
BSET 1,CMO ;
BSET 2,CMO0 ;
BSET 0,CM1 ; Power-off 2 mode
JVPB LABEL_001
LABEL_001:
NOP
NOP
NOP
NOP
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11. Protection

The protection function protects important registers from being easily overwritten if a program runs out of control.
The registers protected by the PRCR register are asfollows:
* Registers protected by PRCO hit: Registers CM0, CM1, CM3, OCD, FRAO, FRCO, FRA2, and FRC1
* Registers protected by PRC1 bit: Registers PMO and PM 1
* Registers protected by PRC3 hit: Registers OCVREFCR, VCA2, VDI1LS, VWO0C, VW1C, and VW2C

11.1 Register

11.1.1 Protect Register (PRCR)

Address 000Ah

Bit b7 b6 b4 b3 bl b0
Symbol | — | — | — PRC3 PRC1 | PRCO
After Reset 0 0 0 0 0 0

Bit Symbol Bit Name Function R/W

b0 PRCO [Protect bit 0 Enables writing to registers CM0, CM1, CM3, OCD, FRAOQ, R/W
FRCO, FRA2, and FRC1.
0: Write disabled
1: Write enabled ()

bl PRC1 [Protect bit 1 Enables writing to registers PMO and PM1. R/W
0: Write disabled
1: Write enabled ()

b2 — Reserved bit Setto 0. R/W

b3 PRC3 [Protect bit 3 Enables writing to registers OCVREFCR, VCA2, VDI1LS, R/W
VWOC, VW1C, and VW2C.
0: Write disabled
1: Write enabled (1)

b4 — Reserved bits Setto 0. R/W

b5 —

b6 —

b7 — Nothing is assigned. If necessary, set to 0. When read, the content is 0. —

Note:

1. Bits PRCO, PRC1, and PRC3 are not set to 0 even after setting them to 1 (write enabled) and writing to the SFR

areas. Set these bits to 0 by a program.
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12. Interrupts

Note

The description offered in this chapter is based on the R8C/LA5A Group.
For the R8C/LA3A Group, refer to 1.1.2 Differences between Groups.

12.1 Introduction

12.1.1 Types of Interrupts
Figure 12.1 shows the Types of Interrupts.

Undefined instruction (UND instruction)
Overflow (INTO instruction)
BRK instruction
L INT instruction

" Software
(non-maskable interrupts)

=
Interrupts < Watchdog timer
Oscillation stop detection
Voltage monitor 1 @

Special ) 3 Voltage monitor 2 ®
(non-maskable interrupts)
~ Hardware ——

Single step @
Address break @
-~ Address match

Peripheral function
(maskable interrupts)

Notes:
1. A peripheral function interrupt is generated by a peripheral function in the MCU.
2. Do not use these interrupts. They are provided exclusively for use by development tools.
3. A non-maskable or maskable interrupt can be selected by bits IREQ1SEL and IREQ2SEL in the CMPA register.

Figure 12.1 Types of Interrupts

* Maskable interrupts: These interrupts are enabled or disabled by the interrupt enable flag (I flag).
The interrupt priority can be changed based on the interrupt priority level.

* Non-maskable interrupts.  These interrupts are not enabled or disabled by the interrupt enable flag (I flag).
The interrupt priority cannot be changed based on the interrupt priority level.
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12.1.2 Software Interrupts
A software interrupt is generated when an instruction is executed. Software interrupts are non-maskable.

12.1.2.1 Undefined Instruction Interrupt
An undefined instruction interrupt is generated when the UND instruction is executed.

12.1.2.2 Overflow Interrupt

An overflow interrupt is generated when the O flag is set to 1 (arithmetic operation overflow) and the INTO
instruction is executed. Instructions that set the O flag are asfollows:
ABS, ADC, ADCF, ADD, CMP, DIV, DIVU, DIVX, NEG RMPA, SBB, SHA, and SUB.

12.1.2.3 BRK Interrupt
A BRK interrupt is generated when the BRK instruction is executed.

12.1.2.4 INT Instruction Interrupt

AnINT instruction interrupt is generated when the INT instruction is executed. Software interrupt numbers 0 to
63 can be specified with the INT instruction. Because software interrupt numbers are assigned to peripheral
function interrupts, the same interrupt routine as for peripheral function interrupts can be executed by executing
the INT instruction.

For software interrupt numbers 0 to 31, the U flag is saved on the stack during instruction execution and the U
flag is set to O (ISP selected) before the interrupt sequence is executed. The U flag is restored from the stack
when returning from the interrupt routine. For software interrupt numbers 32 to 63, the U flag does not change
state during instruction execution, and the selected SPis used.
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12.1.3 Special Interrupts

Special interrupts are non-maskable.

12.1.3.1 Watchdog Timer Interrupt
A watchdog timer interrupt is generated by the watchdog timer. For details, refer to 15. Watchdog Timer.

12.1.3.2 Oscillation Stop Detection Interrupt

An oscillation stop detection interrupt is generated by the oscillation stop detection function. For details of the
oscillation stop detection function, refer to 9. Clock Generation Circuit.

12.1.3.3 Voltage Monitor 1 Interrupt

A voltage monitor 1 interrupt is generated by the voltage detection circuit. A non-maskable or maskable
interrupt can be selected by IRQ1SEL bit in the CMPA register. For details of the voltage detection circuit,
refer to 6. Voltage Detection Circuit.

12.1.3.4 Voltage Monitor 2 Interrupt

A voltage monitor 2 interrupt is generated by the voltage detection circuit. A non-maskable or maskable
interrupt can be selected by IRQ2SEL hit in the CMPA register. For details of the voltage detection circuit,
refer to 6. Voltage Detection Circuit.

12.1.3.5 Single-Step Interrupt, Address Break Interrupt

Do not use these interrupts. They are provided exclusively for use by development tools.

12.1.3.6 Address Match Interrupt

An address match interrupt is generated immediately before executing an instruction that is stored at an address
indicated by registers RMADO to RMADL1 if the AIEROO bit in the AIERO register or AIER10 bit in the AIER1
register is set to 1 (address match interrupt enabled).

For details of the address match interrupt, refer to 12.6 Address Match Interrupt.

12.1.4 Peripheral Function Interrupts

A peripheral function interrupt is generated by a peripheral function in the MCU. Peripheral function interrupts
are maskable. Refer to Table 12.2 Relocatable Vector Tables for sources of the corresponding peripheral
function interrupt. For details of peripheral functions, refer to the descriptions of individual peripheral
functions.
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12.1.5 Interrupts and Interrupt Vectors

There are 4 bytes in each vector. Set the starting address of an interrupt routine in each interrupt vector. When
an interrupt request is acknowledged, the CPU branches to the address set in the corresponding interrupt vector.
Figure 12.2 shows an Interrupt Vector.

MSB LSB

Vector address (L) Low-order address

Middle-order address

0000 High-order address

Vector address (H)

0000 0000

Figure 12.2 Interrupt Vector

12.1.5.1 Fixed Vector Tables
The fixed vector tables are alocated addresses OFFDCh to OFFFFh.
Table 12.1 lists the Fixed Vector Tables. The vector addresses (H) of fixed vectors are used by the ID code
check function. For details, refer to 28.3 Functionsto Prevent Flash Memory from being Rewritten.

Table 12.1 Fixed Vector Tables

Vector Addresses

INTO instruction

BRK instruction

OFFE4h to OFFE7h

If the content of address
OFFEG6h is FFh, program
execution starts from the
address shown by the
vector in the relocatable
vector table.

Interrupt Source Address (L) to (H) Remarks Reference
Undefined instruction OFFDCh to OFFDFh Interrupt with R8C/Tiny Series
UND instruction Software Manual
Overflow OFFEOh to OFFE3h Interrupt with

Address match

OFFE8h to OFFEBh

12.6 Address Match Interrupt

Single step V)

OFFEChH to OFFEFh

Watchdog timer,
Oscillation stop detection,

Voltage monitor 1 (2),
Voltage monitor 2 (3)

OFFFOh to OFFF3h

15. Watchdog Timer,
9. Clock Generation Circuit,
6. Voltage Detection Circuit

Address break (1)

OFFF4h to OFFF7h

(Reserved) OFFF8h to OFFFBh
Reset OFFFCh to OFFFFh 5. Resets
Notes:

1. Do not use these interrupts. They are provided exclusively for use by development tools.
2. Voltage monitor 1 interrupt is selected when the IRQ1SEL bit in the CMPA register is set to 0 (nonmaskable

interrupt).

3. Voltage monitor 2 interrupt is selected when the IRQ2SEL bit in the CMPA register is set to 0 (nonmaskable

interrupt).
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12.1.5.2 Relocatable Vector Tables

The relocatable vector tables occupy 256 bytes beginning from the starting address set in the INTB register.
Table 12.2 lists the Relocatable Vector Tables.

Table 12.2  Relocatable Vector Tables
Software | Interrupt
Interrupt Source Vector Addresses (1 Interrupt Contrc?l Reference
Address (L) to Address (H) Number | Reaister
9
BRK instruction () +0 to +3 (0000h to 0003h) 0 — R8C/Tiny Series
Software Manual
Flash memory ready +4 to +7 (0004h to 0007h) 1 FMRDYIC | 28. Flash Memory
(Reserved) 2 — _
INT7 +12 to +15 (000Ch to 000Fh) 3 INT7IC 12.4 INT Interrupt
(Reserved) 4 — —
INTS +20 to +23 (0014h to 0017h) 5 INTSIC 12.4 INT Interrupt
(Reserved) 6 — —
Timer RC +28 to +31 (001Ch to 001Fh) 7 TRCIC 18. Timer RC
(Reserved) 8 — —
(Reserved) 9 — —
Timer RH +40 to +43 (0028h to 002Bh) 10 TRHIC 19. Timer RH
(Reserved) 11 — —
(Reserved) 12 — —
Key input +52 to +55 (0034h to 0037h) 13 KUPIC 12.5 Key Input Interrupt
A/D conversion +56 to +59 (0038h to 003Bh) 14 ADIC 25. A/D Converter
Synchronous serial +60 to +63 (003Ch to 003Fh) 15 SSuIC/ 23. Synchronous Serial
communication unit/ lICIC Communication Unit (SSU),
12C bus interface (2) 24. 12C bus Interface
(Reserved) 16 — —
UARTO transmit +68 to +71 (0044h to 0047h) 17 SOTIC 21. Serial Interface (UARTO)
UARTO receive +72 to +75 (0048h to 004Bh) 18 SORIC
(Reserved) 19 — —
(Reserved) 20 — —
INT2 +84 to +87 (0054h to 0057h) 21 INT2IC 12.4INT Interrupt
Timer RJO +88 to +91 (0058h to 005Bh) 22 TRJOIC 20. Timer RJ
Timer RB1 +92 to +95 (005Ch to 005Fh) 23 TRB1IC 17. Timer RB
Timer RBO +96 to +99 (0060h to 0063h) 24 TRBOIC 17. Timer RB
INTL +100 to +103 (0064h to 0067h) 25 INT1IC 12.4 INT Interrupt
INT3 +104 to +107 (0068h to 006Bh) 26 INT3IC
Timer RJ1 +108 to +111 (006Ch to 006Fh) 27 TRJ1IC 20. Timer RJ
(Reserved) +112 to +115 (0070h to 0073h) 28 — —
INTO +116 to +119 (0074h to 0077h) 29 INTOIC 12.4INT Interrupt
(Reserved) +120 to +123 (0078h to 007Bh) 30 — —
(Reserved) 31 — —
Software 3 +128 to +131 (0080h to 0083h)to  [32to 41 |— R8C/Tiny Series
+164 to +167 (00A4h to 00AT7h) Software Manual
LCD +168 to +171 (00A8h to 00ABh) 42 LCDIC 27. LCD Drive Control Circuit
(Reserved) 43 — —
(Reserved) 441049 |— —
Voltage monitor 1 (4) +200 to +203 (00C8h to 00CBh) 50 VCMP1IC | 6. Voltage Detection Circuit
Voltage monitor 2 (5) +204 to +207 (00CCh to 00CFh) 51 VCMP2IC
(Reserved) 52t055 |— —
Software 3 +224 to +227 (OOEOh to 00E3h)to |56 t0 63 |— R8C/Tiny Series
+252 to +255 (00FCh to 00FFh) Software Manual
Notes:

1. These addresses are relative to those in the INTB register.

arwbd

Selectable by the IICSEL bit in the SSUIICSR register.
These interrupts are not disabled by the | flag.

Voltage monitor 1 interrupt is selected when the IRQ1SEL bit in the CMPA register is set to 1 (maskable interrupt).
Voltage monitor 2 interrupt is selected when the IRQ2SEL bit in the CMPA register is set to 1 (maskable interrupt).
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12.2 Registers

12.2.1

Interrupt Control Register
(KUPIC, ADIC, SOTIC, SORIC, TRJOIC, TRB1IC, TRBOIC, TRJ1IC, LCDIC,
VCMP1IC, VCMP2IC)
Address 004Dh (KUPIC), 004Eh (ADIC), 0051h (SOTIC), 0052h (SORIC),

0056h (TRJOIC), 0057h (TRBLIC), 0058h (TRBOIC), 005Bh (TRJLIC),
006Ah (LCDIC), 0072h (VCMP1IC), 0073h (VCMP2IC)

Bit b7 b6 b5 b4 b3 b2 bl
Symbol| — | — | — — | IR | ILVL2 | ILVL1 | ILVLO
After Reset X X X X X 0 0
Bit Symbol Bit Name Function R/W
b0 ILVLO [Interrupt priority level select bit b2 b1 b0 10 disabled R/W
b1 VLT 882 tm (l) (interrupt disabled) RIW
b2 ILVLL2 010: Level 2 RIW
011:Level3
100: Level 4
101: Level5
110: Level 6
111:Level 7
b3 IR Interrupt request bit 0: No interrupt requested R/W
1: Interrupt requested (1)
b4 — Nothing is assigned. If necessary, set to 0. When read, the content is undefined. —
b5 —
b6 —
b7 —
Note:

1. Only 0 can be written to the IR bit. Do not write 1 to this bit.

Rewrite the interrupt control register when an interrupt request corresponding to the register is not generated.
Refer to 12.8.5 Rewriting I nterrupt Control Register.

RO1UHO0024EJ0100 Rev.1.00

Aug 24, 2011

RENESAS

Page 155 of 581



R8C/LA3A Group, R8C/LASA Group

12. Interrupts

12.2.2 Interrupt Control Register (FMRDYIC, TRCIC, SSUIC/IICIC, TRHIC)

Address 0041h (FMRDYIC), 0047h (TRCIC), 004Ah (TRHIC),
004Fh (SSUIC/ICIC (1)

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol| — | — | — | — | IR | ILVL2 ILVL1 ILVLO
After Reset X X X X X 0 0 0
Bit Symbol Bit Name Function R/W
b0 ILVLO [Interrupt priority level select bit bébé tg Level O (i disabled R/W
b1 VLT o0 1: ng; 2 (interrupt disabled) RIW
b2 ILVL.2 010: Level 2 RIW
011:Level3
100: Level 4
101:Level5
110: Level 6
111:Level 7
b3 IR Interrupt request bit 0: No interrupt requested R
1: Interrupt requested
b4 — Nothing is assigned. If necessary, set to 0. When read, the content is undefined. —
b5 —
b6 —
b7 —
Note:

1. Selectable by the IICSEL bit in the SSUIICSR register.

Rewrite the interrupt control register when an interrupt request corresponding to the register is not generated.

Refer to 12.8.5 Rewriting Interrupt Control Register.
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12.2.3 INTi Interrupt Control Register (INTilIC) (i=0to 3,5, 7)

Address 0043h (INT7IC), 0045h (INT5IC), 0055h (INT2IC), 0059h (INT1IC),
005Ah (INT3IC), 005Dh (INTOIC)

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol [ — | — | — | POL | IR | ILVL2 | ILVL1 | ILVLO
After Reset X X 0 0 X 0 0 0
Bit Symbol Bit Name Function R/W
b0 ILVLO [Interrupt priority level select bit b2 b1 b0 Level 0 (i disabled R/W
bl VLT 882 ngl (1) (interrupt disabled) RIW
b2 ILVL2 010: Level 2 RIW
011:Level 3
100: Level 4
101:Level5
110: Level 6
111:Level 7
b3 IR Interrupt request bit 0: No interrupt requested R/W
1: Interrupt requested (1)
b4 POL  |Polarity switch bit (3) 0: Falling edge selected R/W
1: Rising edge selected (2)
b5 — Reserved bit Setto 0. R/W
b6 — Nothing is assigned. If necessary, set to 0. When read, the content is undefined. —
b7 —
Notes:

1. Only 0 can be written to the IR bit. Do not write 1 to this bit.

2. When the INTIPL bit in the INTEN register is set to 1 (both edges), set the POL bit to O (falling edge selected).

3. The IR bit may be set to 1 (interrupt requested) when the POL bit is rewritten. Refer to 12.8.4 Changing
Interrupt Sources.

Rewrite the interrupt control register when an interrupt request corresponding to the register is not generated.
Refer to 12.8.5 Rewriting I nterrupt Control Register.
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12.3 Interrupt Control

The following describes enabling and disabling maskable interrupts and setting the acknowledgement priority.
This description does not apply to non-maskabl e interrupts.

Usethel flag in the FLG register, IPL, and bits ILVL2 to ILVLO in the corresponding interrupt control register
to enable or disable a maskable interrupt. Whether an interrupt is requested or not is indicated by the IR bit in
the corresponding interrupt control register.

12.3.1 |Flag

The | flag enables or disables maskable interrupts. Setting the | flag to 1 (enabled) enables maskable interrupts.
Setting the | flag to O (disabled) disables all maskable interrupts.

12.3.2 IR Bit
The IR bit is set to 1 (interrupt requested) when an interrupt request is generated. After the interrupt request is
acknowledged and the CPU branches to the corresponding interrupt vector, the IR bit is set to O (no interrupt
requested).
The IR bit can be set to 0 by a program. Do not write 1 to this bit.
However, the IR bit operations of the timer RC interrupt, the synchronous serial communication unit interrupt

the 12C bus interface interrupt, and the flash memory interrupt are different. Refer to 12.7 Interrupts of Timer
RC, Timer RH, Synchronous Serial Communication Unit, 12C bus Interface, and Flash Memory
(Interruptswith Multiple Interrupt Request Sources).

12.3.3 Bits ILVL2 to ILVLO, IPL

Interrupt priority levels can be set using bits ILVL2 to ILVLO.
Table 12.3 lists the Settings of Interrupt Priority Levels and Table 12.4 lists the Interrupt Priority Levels
Enabled by IPL.

The following are the conditions when an interrupt is acknowledged:
* | flag = 1 (maskable interrupts enabled)

¢ IR bit = 1 (interrupt requested)

* Interrupt priority level > 1PL

Thel flag, IR bit, bits ILVL2to ILVLO, and IPL are independent of each other. They do not affect one another.

Table 12.3 Settings of Interrupt Priority Table 12.4 Interrupt Priority Levels Enabled by
Levels IPL
Bitsul_l\_/\&)z to Interrupt Priority Level Priority IPL Enabled Interrupt Priority Level

000b Interrupt level 1 and above

000b Level O (interrupt disabled) — 001b Interrupt level 2 and above

001b Level 1 Low 010b Interrupt level 3 and above

010b Level 2 011b Interrupt level 4 and above

011b Level 3 100b Interrupt level 5 and above

100b Level 4 101b Interrupt level 6 and above

101b Level 5 110b Interrupt level 7 and above

110b Level 6 111b All maskable interrupts disabled

111b Level 7 High
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12.3.4 Interrupt Sequence

The following describes an interrupt sequence which is performed from when an interrupt request is
acknowledged until the interrupt routine is executed.

When an interrupt request is generated while an instruction is being executed, the CPU determines its interrupt
priority level after the instruction is completed. The CPU starts the interrupt sequence from the following cycle.
However, for the SMOVB, SMOVF, SSTR, or RMPA instruction, if an interrupt request is generated while the
instruction is being executed, the MCU suspends the instruction to start the interrupt sequence. The interrupt
sequence is performed as indicated below.

Figure 12.3 shows the Time Required for Executing Interrupt Sequence.

(1) The CPU obtains interrupt information (interrupt number and interrupt request level) by reading address
00000h. The IR hit for the corresponding interrupt is set to 0 (no interrupt requested). (2)

(2) The FLG register is saved to a temporary register (1) in the CPU immediately before entering the interrupt
sequence.

(3) Thel, D and U flagsinthe FLG register are set as follows:
Thel flag is set to O (interrupts disabled).
The D flag is set to O (single-step interrupt disabled).
The U flag is set to 0 (ISP selected).
However, the U flag does not change state if an INT instruction for software interrupt number 32 to 63 is
executed.

(4) The CPU interna temporary register (1) is saved on the stack.

(5) The PC issaved on the stack.

(6) Theinterrupt priority level of the acknowledged interrupt is set inthe IPL.

(7) The starting address of the interrupt routine set in the interrupt vector is stored in the PC.

After the interrupt sequence is completed, instructions are executed from the starting address of the interrupt
routine.

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

CPU Clock

Address Bus X Address Y Undefined Xsp-2Ysp-1)Ysp-4)Y sp3 YvecY vecs1 Y vec+2 X PC
Data Bus X eraet X Undefined Kesnu X eoman Kesmanl__ Shicy Xewio X dEGE X vEG2 X
RD |_,_\( Undefined )’ |_,
WR

Note:
1. The indeterminate state depends on the instruction queue buffer.
A read cycle occurs when the instruction queue buffer is ready to accept instructions.

Figure 12.3  Time Required for Executing Interrupt Sequence

Notes:
1. Theseregisters cannot be accessed by the user.
2. Referto 12.7 Interruptsof Timer RC, Timer RH, Synchronous Serial Communication Unit, 12C
busInterface, and Flash Memory (Interruptswith Multiple I nterrupt Request Sources) for the IR
bit operations of the above interrupts.

RO1UH0024EJ0100 Rev.1.00 RENESAS Page 159 of 581
Aug 24, 2011



R8C/LA3A Group, R8C/LA5A Group 12. Interrupts

12.3.5 Interrupt Response Time

Figure 12.4 shows the Interrupt Response Time. The interrupt response time is the period from when an
interrupt request is generated until the first instruction in the interrupt routine is executed. The interrupt
response time includes the period from when an interrupt request is generated until the currently executing
instruction is completed (refer to (a) in Figure 12.4) and the period required for executing the interrupt sequence
(20 cycles, refer to (b) in Figure 12.4).

Interrupt request generation  Interrupt request acknowledgement

vy .

Instruction in
interrupt routine

g Instruction Interrupt sequence

(@) 20 cycles (b) 7

-
-

A
v

Interrupt response time

A
y

(a) The period from when an interrupt request is generated until the currently executing instruction is completed.
The length of time varies depending on the instruction being executed. The DIVX instruction requires
the longest time, 30 cycles (no wait states if the divisor is a register).

(b) 21 cycles for address match and single-step interrupts.

Figure 12.4 Interrupt Response Time

12.3.6 IPL Change when Interrupt Request is Acknowledged

When a maskable interrupt request is acknowledged, the interrupt priority level of the acknowledged interrupt
issetinthelPL.

When a software interrupt or special interrupt request is acknowledged, the level listed in Table 12.5 is set in
the IPL.

Table 12.5 lists the IPL Value When Software or Specia Interrupt is Acknowledged.

Table 12.5 IPL Value When Software or Special Interrupt is Acknowledged

Interrupt Source without Interrupt Priority Level Value Set in IPL
Watchdog timer, oscillation stop detection, voltage monitor 1, voltage monitor 2, 7
address break
Software, address match, single-step No change
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12.3.7 Saving Registers
In the interrupt sequence, the FL G register and PC are saved on the stack.
After an extended 16 bits, 4 high-order bits in the PC and 4 high-order (IPL) and 8 low-order bitsin the FLG
register, are saved on the stack, the 16 low-order bitsin the PC are saved.
Figure 12.5 shows the Stack State Before and After Acknowledgement of Interrupt Request.

The other necessary registers should be saved by a program at the beginning of the interrupt routine. The
PUSHM instruction can save several registers in the register bank being currently used (1) with asingle

instruction.

Note:

1. Selectable from registers RO, R1, R2, R3, AO, A1, SB, and FB.

Stack state before interrupt request acknowledgement

Note:

LSB

[SP]
New SP value @

PCL : 8 low-order bits of PC
PCM  : 8 middle-order bits of PC

PCH  :4 high-order bits of PC
FLGL : 8 low-order bits of FLG

Address Stack Address Stack
MSB LSB MSB
m-4 m-4 PCL
m-3 m-3 PCM
m-2 m-2 FLGL
m-1 m-1 FLGH PCH
[SP]
m . SP value before m .
Previous stack contents interrupt request Previous stack contents
acknowledgement @
m*+1 | Previous stack contents m+1 | Previous stack contents

Stack state after interrupt request acknowledgement

1. When an INT instruction for software numbers 32 to 63 has been executed,

this SP is indicated by the U flag. Otherwise it is ISP.

FLGH : 4 high-order bits of FLG

Figure 12.5

Stack State Before and After Acknowledgement of Interrupt Request
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The register saving operation, which is performed as part of the interrupt sequence, saved in 8 bitsat atimein

four steps.

Figure 12.6 shows the Register Saving Operation.

Note:

Address Stack
Saving sequence
[SP]-5
[SP]-4 PCL l— (3)
[SP]-3 PCM |— (4)
Saved, 8 bits at a time
[SP]-2 FLGL [-— (1)
[SPI-1 l— (2)
FLGH PCH PCL
PCM
[SP] PCH
Completed saving registers FLGL
in four operations FLGH

1. [SP] indicates the SP initial value when an interrupt request is acknowledged.
After registers are saved, the SP content is [SP] minus 4.
When an INT instruction for software numbers 32 to 63 has been executed,
this SP is indicated by the U flag. Otherwise it is ISP.

: 8 low-order bits of PC

: 8 middle-order bits of PC
: 4 high-order bits of PC

: 8 low-order bits of FLG

: 4 high-order bits of FLG

Figure 12.6  Register Saving Operation
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12.3.8 Returning from Interrupt Routine

When the REIT instruction is executed at the end of an interrupt routine, the FLG register and PC, which have
been saved on the stack, are automatically restored. The program, that was running before the interrupt request
was acknowledged, starts running again.

Registers saved by a program in an interrupt routine should be saved using the POPM instruction or a similar
instruction before executing the REIT instruction.

12.3.9 Interrupt Priority

If two or more interrupt requests are generated while a single instruction is being executed, the interrupt with
the higher priority is acknowledged.

Set bits ILVL2 to ILVLO to select any priority level for maskable interrupts (peripheral function). However, if
two or more maskable interrupts have the same priority level, their interrupt priority is resolved by hardware,
with the higher priority interrupts acknowledged.

The priority of the watchdog timer and other special interruptsis set by hardware.

Figure 12.7 shows the Hardware Interrupt Priority.

Software interrupts are not affected by the interrupt priority. When an instruction is executed, the MCU
executes the interrupt routine.

High
Reset 9

Address break

Watchdog timer
Oscillation stop detection
Voltage monitor 1
Voltage monitor 2

Peripheral function

Single step

Address match
Low

Figure 12.7 Hardware Interrupt Priority
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12.3.10 Interrupt Priority Level Selection Circuit

Theinterrupt priority level selection circuit is used to select the highest priority interrupt.
Figure 12.8 shows the Interrupt Priority Level Selection Circuit.

Level O (initial value)

Priority level of interrupts Priority level of interrupts Highest
[m————————— e — == 3
| 1 ! A
) | Voltage monitor 1 1
: : | Timer RC
1 | Voltage monitor 2 1
! r INTS
D INT2 !
] 1| INT7
: [ INT3 :
| 1| UARTO reception
1| Timer RBO ]
: : | AID conversion Peripheral function interrupt priority
1 | Timer RJ0 | (if priority levels are same)
: : | Timer RH
i INTO |
1 1 | UARTO transmission
: [ Timer RJL :
1 1 | SSU/I2C bus @
| INT1 :
: 1 | Key input
1 Timer RB1 ]
L __________________ : [ Flash memory ready \ 4
g
[ IPL Lowest

Interrupt request level
select output signal

Interrupt request

| flag
acknowledgement

Address match

Watchdog timer

Oscillation stop detection

Voltage monitor 1

Voltage monitor 2

Note:
1. Selectable by the IICSEL bit in the SSUIICSR register.

Figure 12.8  Interrupt Priority Level Selection Circuit
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12.4 INT Interrupt

12.4.1 INTi Interrupt (i=0t0 3,5, 7)

The INTI interrupt is generated by an INTi input. To use the INTi interrupt, set the INTiEN bit in the INTEN
register isto 1 (enabled). The edge polarity is selected using the INTiPL bit in the INTEN register and the POL
bit in the INTiIC register. The input pin used asthe INTi input can be selected.

Also, inputs can be passed through a digital filter with three different sampling clocks.

The INTO pin is shared with the pulse output forced cutoff input of timer RC, and the external trigger input of
timer RBO.

The INT2 pin is shared with the event input of timer RJ.

The INT5 pin is shared with the external trigger input of timer RB1.

Table 12.6 lists the Pin Configuration of INT Interrupt.

Table 12.6  Pin Configuration of INT Interrupt

Pin Name Assigned Pin I/O Function

INTO P2 2 Input | NTO interrupt input, timer RBO external trigger input, timer
RC pulse output forced cutoff input
INTL P8 _OorP2_4 Input | NT1 interrupt input
INT2 P7 10orP2 5 Input | NT2 interrupt input, timer RJ event control
INT3 P8 1orP2 6 Input | |NT3 interrupt input
INT5 P2_3 Input | INT5 interrupt input, timer RB1 external trigger input
INT7 PO O Input | INT7 interrupt input
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12.4.2 INT Interrupt Input Pin Select Register (INTSR)
Address 018Eh
Bit b7 b6 b5 b4 b3 b2 b1l b0
Symbol| — | — | — | — | INT3SELO | INT2SELO | INT1SELO —
After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 — Reserved bit Setto 0. R/W
bl [INT1SELO ||NTT pin select bit 0: P8_0 assigned R/W
1: P2_4 assigned
b2 [INT2SELO ||NT2 pin select bit 0: P7_1 assigned R/W
1: P2_5 assigned
b3 [INT3SELO ||NT3 pin select bit 0: P8_1 assigned R/W
1: P2_6 assigned
b4 — Reserved bits Setto 0. R/W
b5 —
b6 —
b7 —

The INTSR register selects which pin is assigned asthe INTi (i = 0to 3, 5, 7) input. To use the INTI, set this

regi

ster.

Set the INTSR register before setting the INTi associated registers. Also, do not change the setting valuesin this
register during INTi operation.

RO1UHO0024EJ0100 Rev.1.00

Aug 24, 2011

RENESAS

Page 166 of 581



R8C/LA3A Group, R8C/LASA Group

12. Interrupts

12.4.3 External Input Enable Register O (INTEN)
Address 01FAh

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol| INT3PL | INT3EN | INT2PL | INT2EN | INT1PL | INT1EN | INTOPL | INTOEN

After Reset 0 0 0 0 0 0 0 0

Bit Symbol Bit Name Function R/W

b0 INTOEN |iNTO input enable bit 0: Disabled R/W
1: Enabled

bl | INTOPL Q70 input polarity select bit (1. 2 0: One edge RIW
1: Both edges

b2 INT1EN [INT1 input enable bit 0: Disabled R/W
1: Enabled

b3 | INTIPL QT input polarity select bit (1. 2) 0: One edge RIW
1: Both edges

b4 INT2EN |INT2 input enable bit 0: Disabled R/W
1: Enabled

bS | INT2PL /{Q72 input polarity select bit (1. 2) 0: One edge RIW
1: Both edges

b6 INT3EN |INT3 input enable bit 0: Disabled R/W
1: Enabled

b7 | INTSPL XT3 input polarity select bit (1. 2 0: One edge RIW
1: Both edges

Notes:

1. To set the INTIPL bit (i = 0 to 3) to 1 (both edges), set the POL bit in the INTIIC register to 0 (falling edge
selected).
2. The IR bit in the INTIIC register may be set to 1 (interrupt requested) if the INTEN register is rewritten. Refer to
12.8.4 Changing Interrupt Sources.
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12.4.4 External Input Enable Register 1 (INTEN1)

Address 01FBh

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol| INT7PL | INT7EN | — | — | INTSPL | INTSEN | — —
After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 — Reserved bits Setto O. R/W
bl —
b2 INTSEN |INTS input enable bit 0: Disabled R/W
1: Enabled
b3 | INTSPL \{QT5 input polarity select bit (1. ) 0: One edge RIW
1: Both edges
b4 — Reserved bits Set to O. R/W
b5 —
b6 INT7EN (INT7 input enable bit 0: Disabled R/W
1: Enabled
b7 | INT7PL /{ST7 input polarity select bit (1.2)  [0: One edge RIW
1: Both edges
Notes:

1. To setthe INTIPL bit (i =5, 7) to 1 (both edges), set the POL bit in the INTIIC register to 0 (falling edge selected).
2. The IR bit in the INTIIC register may be set to 1 (interrupt requested) if the INTENL1 register is rewritten. Refer to

12.8.4 Changing Interrupt Sources.

12.4.5 INT Input Filter Select Register O (INTF)
Address 01FCh
Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol| INT3F1 | INT3FO | INT2F1 | INT2F0 | INT1F1 | INT1FO | INTOF1 | INTOFO
After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 INTOFO 3 ) ! b1 bo R/W
b NTOFT INTO input filter select bit 0 0: No filter i
0 1: Filter with f1 sampling
1 0: Filter with f8 sampling
1 1: Filter with f32 sampling
b2 INT1FO ; ; . b3 b2 RIW
03 NTIFT INT1 input filter select bit 0 0: No filter i
0 1: Filter with f1 sampling
1 0: Filter with f8 sampling
1 1: Filter with f32 sampling
b4 INT2FO |iNT? i ] i b5 ba R/W
- NToFT INT2 input filter select bit 0 0: No filter s
0 1: Filter with f1 sampling
1 0: Filter with f8 sampling
1 1: Filter with f32 sampling
b6 INT3FO > ] : b7 b6 R/W
= NTSET INT3 input filter select bit 0 0: No filter i
0 1: Filter with f1 sampling
1 0: Filter with f8 sampling
1 1: Filter with f32 sampling
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12.4.6 INT Input Filter Select Register 1 (INTF1)
Address 01FDh
Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol| INT7F1 | INT7FO | — | — | INT5F1 | INTSFO | — —
After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 — Reserved bits Setto 0. R/W
bl —
b2 INT5F0 [{NTS i ) i b3 b2 R/W
03 NTEET INT5 input filter select bit 0 0: No filter S
0 1: Filter with f1 sampling
1 O: Filter with f8 sampling
1 1: Filter with f32 sampling
b4 — Reserved bits Set to 0. R/W
b5 —
b6 INT7FO [INT7 i " : b7 b6 RIW
= NTTET INT7 input filter select bit 0 0: No filter .
0 1: Filter with f1 sampling
1 0: Filter with f8 sampling
1 1: Filter with f32 sampling
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12.4.7 INTi Input Filter (i=0to0 3,5, 7)

The INTI input contains a digital filter. The sampling clock is selected using bits INTiFO and INTiF1 in
registers INTF and INTF1. The INTi level is sampled every sampling clock cycle and if the sampled input level
matches three times, the IR bit in the INTilC register is set to 1 (interrupt requested).

Figure 12.9 showsthe INTi Input Filter Configuration. Figure 12.10 shows an Operating Example of INTi Input

Filter.
INTIF1 to INTIFO
f1 ﬂKO—| lock
i8 iObO Sampling clocl
f32 =1 o INTIEN
INTiF1 to INTiFO
= other than 00b .
NTT O Digital filter —————0 INTi interrupt
(matches
3 times) =00b INTIPL = 0
Both-edge
detection O_ B
circuit | 'NTPL=1
i=0t03,5,7
INTIFO, INTiF1: Bits in registers INTF, INTF1
INTIEN, INTIPL: Bits in registers INTEN, INTEN1
Figure 12.9 INTi Input Filter Configuration
INTi input
priutN R A A S A R A S
timing
IR bit in

INTIIC register

Set to 0 by a program.

Note:

1. This is an operating example when bits INTiF1 to INTiFO in registers INTF and INTF1 are set to 01b, 10b, or 11b
(digital filter enabled).

i=0t03,5,7

Figure 12.10 Operating Example of INTi Input Filter
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12.5 Key Input Interrupt

A key input interrupt request is generated by one of the input edges of pins K10 to K17. The key input interrupt can
be used as a key-on wake-up function to exit wait or stop mode.

The KIiEN bit (i = 0to 7) in the KIEN register is be used to select whether or not the pins are used as the KIi input.
The KIiPL bit in the KIEN register is aso be used to select the input polarity.

When inputting alow signal to the KIi pin, which sets the KIiPL bit to O (falling edge), the input to the other pins
K10 to K17 is not detected as interrupts. When inputting a high signal to the Kli pin, which sets the KIiPL bit to 1
(rising edge), the input to the other pins K10 to K17 is also not detected as interrupts.

Figure 12.11 shows a Block Diagram of Key Input Interrupt. Table 12.7 lists the Key Input Interrupt Pin
Configuration.

Pull-up control register value for the corresponding port
Pull-u | KUPIC register
P Direction register value for the corresponding port
transistor
KI7PL=0 KI7EN bit
K7
KI7TPL =1
Pull-up
transistor
KI6PL =0 KIBEN bit
Kie Interrupt control circuit Key input
KI6PL =1 interrupt request
Pull-up
transistor
KISPL =0 KISEN bit
Ki5
KISPL =1
Pull-up
transistor
KI4PL =0 KI4EN bit
Ki4
KI4PL =1
Pull-up
transistor
KI3PL =0 KI3EN bit
K3
KIBPL=1
Pull-up
transistor
KI2PL =0 KI2EN bit
K2
KI2PL=1
Pull-up
transistor
KI1LPL =0 KI1EN bit
KT
KIlPL=1
Pull-up
transistor .
KIOPL =0 KIOEN bit i=0to7
Kio KIiEN, KIiPL: Bits in KIEN or KIEN1 register
KIOPL =1

Figure 12.11 Block Diagram of Key Input Interrupt
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Table 12.7 Key Input Interrupt Pin Configuration

Pin Name IO Function
KIO Input | K|0 interrupt input
KI1 Input | KT interrupt input
K12 Input | K12 interrupt input
KI3 Input | kI3 interrupt input
Kl4 Input | K14 interrupt input
KI5 Input | KI5 interrupt input
KI6 Input | K16 interrupt input
KI7 Input | K17 interrupt input
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12.5.1

Key Input Enable Register 0 (KIEN)
Address 01FEh

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol| KI3PL | KI3EN | KI2PL | KI2EN | KI1PL | KILEN | KIOPL | KIOEN

After Reset 0 0 0 0 0 0 0 0

Bit Symbol Bit Name Function R/W

b0 KIOEN [KIO input enable bit 0: Disabled R/W
1: Enabled

bl KIOPL [KIO input polarity select bit 0: Falling edge R/W
1: Rising edge

b2 KILEN [KI1 input enable bit 0: Disabled R/W
1: Enabled

b3 KI1PL [KI1 input polarity select bit 0: Falling edge R/W
1: Rising edge

b4 KI2EN [KI2 input enable bit 0: Disabled R/W
1: Enabled

b5 KI2PL [KI2 input polarity select bit 0: Falling edge R/W
1: Rising edge

b6 KISEN [KI3 input enable bit 0: Disabled R/W
1: Enabled

b7 KISPL [KI3 input polarity select bit 0: Falling edge R/W
1: Rising edge

The IR bit in the KUPIC register may be set to 1 (interrupt requested) when the KIEN register is rewritten.
Refer to 12.8.4 Changing I nterrupt Sources.
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12.5.2 Key Input Enable Register 1 (KIEN1)
Address 01FFh

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol| KI7PL | KI7EN | KI6PL | KIGEN | KISPL | KISEN | KI4PL | KI4EN

After Reset 0 0 0 0 0 0 0 0

Bit Symbol Bit Name Function R/W

b0 KI4EN [KI4 input enable bit 0: Disabled R/W
1: Enabled

bl KI4PL |[KI4 input polarity select bit 0: Falling edge R/W
1: Rising edge

b2 KISEN (KI5 input enable bit 0: Disabled R/W
1: Enabled

b3 KISPL [KI5 input polarity select bit 0: Falling edge R/W
1: Rising edge

b4 KIGEN |[KI6 input enable bit 0: Disabled R/W
1: Enabled

b5 KI6PL [KI6 input polarity select bit 0: Falling edge R/W
1: Rising edge

b6 KI7TEN [KI7 input enable bit 0: Disabled R/W
1: Enabled

b7 KI7PL [KI7 input polarity select bit 0: Falling edge R/W
1: Rising edge

The IR bit in the KUPIC register may be set to 1 (interrupt requested) when the KIEN1 register is rewritten.
Refer to 12.8.4 Changing I nterrupt Sources.
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12.6 Address Match Interrupt

An address match interrupt request is generated immediately before execution of the instruction at the address
indicated by the RMAD:I (i =0 or 1) register. Thisinterrupt is used as a break function by the debugger. When the
on-chip debugger is used, do not set an address match interrupt (registers AIERO, AIER1, RMADO, and RMAD1,
and fixed vector tables) in the user system.

Set the starting address of any instruction in the RMAD:I (i = 0 or 1) register. The AIERI bit in the AIERI register
can be used to select the interrupt enabled or disabled. The address match interrupt is not affected by the | flag and
IPL.

The PC value (refer to 12.3.7 Saving Registers) which is saved on the stack when an address match interrupt
request is acknowledged varies depending on the instruction at the address indicated by the RMADi register. (The
appropriate return address is not saved on the stack.) When returning from the address match interrupt, follow one
of the following means:

* Rewrite the contents of the stack and use the REIT instruction to return.
* Use an instruction such as POP to restore the stack to its previous state before the interrupt request was

acknowledged. Then use ajump instruction to return.
Table 12.8 lists the PC Vaue Saved on Stack When Address Match Interrupt Request is Acknowledged.

Table 12.8  PC Value Saved on Stack When Address Match Interrupt Request is Acknowledged

Address Indicated by RMADi Register (i = 0 or 1) PC Value Saved (1)

Address indicated by
RMADI register + 2

« Instruction with 2-byte operation code (2)
« Instruction with 1-byte operation code (2)

ADD.B:S #IMM8,dest SUB.B:S #IMM8,dest AND.B:S #IMM8,dest
OR.B:S #IMM8,dest MOV.B:S #IMM8,dest STZ #IMM8,dest
STNZ #IMM8,dest  STZX #IMM81,#IMM82,dest

CMP.B:S #IMM8,dest PUSHM src POPM dest
JMPS #IMM8 JSRS #IMM8

MOV.B:S #IMM,dest (however, dest = A0 or A1)

« Instructions other than listed above Address indicated by

RMAD:i register + 1

Notes:
1. Referto the 12.3.7 Saving Registers.
2. Operation code: Refer to the R8C/Tiny Series Software Manual (REJO9B0001).
Chapter 4. Instruction Code/Number of Cycles contains diagrams showing operation code
below each syntax. Operation code is shown in the bold frame in the diagrams.

12. Interrupts

Table 12.9

Correspondence Between Address Match Interrupt Sources and Associated Registers

Address Match Interrupt Source

Address Match Interrupt Enable Bit

Address Match Interrupt Register

Address match interrupt O

AIEROO

RMADO

Address match interrupt 1

AIER10

RMAD1
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12.6.1 Address Match Interrupt Enable Register i (AIERI) (i =0 or 1)
Address 01C3h (AIERO), 01C7h (AIER1)

Bit b7 b6 b5 b4 b3 b2 b1l bo
Sympol| — | — | — | — | — | — | — | AIER0O [AIERO register
After Reset 0 0 0 0 0 0 0 0
Symbol [ — | — | — | — | — | — | — | AIER10 |AIERL register
After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 AIERIO |Address match interrupt i enable bit  [0: Disabled R/W
1: Enabled
bl — Nothing is assigned. If necessary, set to 0. When read, the content is 0. —
b2 —
b3 —
b4 —
b5 —
b6 —
b7 —

12.6.2 Address Match Interrupt Register i (RMAD:i) (i=0or 1)
Address 01C2h to 01COh (RMADO), 01C6h to 01C4h (RMAD1)

Bit b7 b6 b5 b4 b3 b2 bl b0
Sympolf — | — | — | — | = | = | = | =
After Reset X X X X X X X X
Bit b15 b14 b13 b12 b1l b10 b9 b8
Symbol — — — — — — — —
After Reset X X X X X X X X
Bit b23 b22 b21 b20 b19 b18 b17 b16
Symbol — — — — — — — —
After Reset 0 0 0 0 X X X X
Bit Symbol Function Setting Range R/W
b19 to b0 — Address setting register for address match interrupt 00000h to FFFFFh R/W
b20 — Nothing is assigned. If necessary, set to 0. When read, the content is 0. —
b21 —
b22 —
b23 —
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12.7 Interrupts of Timer RC, Timer RH, Synchronous Serial Communication Unit,

I2C bus Interface, and Flash Memory (Interrupts with Multiple Interrupt
Request Sources)

The interrupts of timer RC, timer RH, the synchronous serial communication unit, the 12C bus interface, and the
flash memory each have multiple interrupt request sources. An interrupt request is generated by the logical OR of
several interrupt request sources and is reflected in the IR bit in the corresponding interrupt control register.
Therefore, each of these peripheral functions hasits own interrupt request source status register (status register) and
interrupt request source enable register (enable register) to control the generation of interrupt requests (change of
the IR bit in the interrupt control register). Table 12.10 lists the Registers Associated with Interrupts of Timer RC,

Timer RH, Synchronous Serial Communication Unit, 12C bus Interface, and Flash Memory.

Table 12.10 Registers Associated with Interrupts of Timer RC, Timer RH, Synchronous Serial
Communication Unit, 12C bus Interface, and Flash Memory

Peripheral Function Name Status Register of Interrupt | Enable Register of Interrupt Interrupt Control Register
Request Source Request Source
Timer RC TRCSR TRCIER TRCIC
Timer RH ALIF (bit 0 of TRHIFR) (), | TRHIER TRHIC
RTCF (bit 1 of TRHIFR) (), | SLINT
INTF (bit 7 of TRHICR), (bit 5 of TRHICR)
CMIF (bit 0 of TRHIFR) @, [ALIE
OVIF (bit 1 of TRHIFR) @ | (bit 2 of TRHIFR)
Synchronous serial SSSR SSER SSuIC
communication unit
I2C bus interface ICSR ICIER lICIC
Flash memory RDYSTI (bit 0 of FST) RDYSTIE FMRDYIC
(bit 7 of FMRO)
BSYAEI (bit 1 of FST) BSYAEIE
(bit 6 of FMRO)
CMDERIE
(bit 5 of FMRO)

Notes:
1. Inreal-time clock mode.
2. In output compare mode.
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As with other maskable interrupts, the interrupts of timer RC, timer RH, the synchronous serial communication
unit, the 12C bus interface, and the flash memory are controlled by the combination of the | flag, IR bit, bits ILVLO
to ILVL2, and IPL. However, since each interrupt source is generated by a combination of multiple interrupt
request sources, the following differences from other maskable interrupts apply:

* When bits in the enable register are set to 1 and the corresponding bits in the status register are set to 1 (interrupt
enabled), the IR bit in the interrupt control register is set to 1 (interrupt requested).

* When either bits in the status register or the corresponding bits in the enable register, or both are set to 0, the IR
bit is set to 0 (no interrupt requested).
That is, even if the interrupt is not acknowledged after the IR bit is set to 1, the interrupt request will not be
retained.
Also, the IR bit is not set to 0 even if O iswritten to this bit.

* Individual bitsin the status register are not automatically set to 0 even if the interrupt is acknowledged.
The IR bit is aso not automatically set to 0 when the interrupt is acknowledged.
Set individua bits in the status register to 0 in the interrupt routine. Refer to the status register figure for how to
set individual bits in the status register to 0.

* When multiple bits in the enable register are set to 1 and other request sources are generated after the IR bit is set
to 1, the IR bit remains 1.

* When multiple bits in the enable register are set to 1, use the status register to determine which request source
causes an interrupt.

Refer to chapters of the individual peripheral functions (18. Timer RC, 19. Timer RH, 23. Synchronous Serial
Communication Unit (SSU), 24. 12C bus Interface, and 28. Flash Memory) for the status register and enable
register.

For the interrupt control register, refer to 12.3 Interrupt Control.
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12.8 Notes on Interrupts

12.8.1 Reading Address 00000h

Do not read address 00000h by a program. When a maskabl e interrupt request is acknowledged, the CPU reads
interrupt information (interrupt number and interrupt request level) from 00000h in the interrupt sequence. At
thistime, the IR bit for the acknowledged interrupt is set to 0 (no interrupt requested).

If address 00000 is read by a program, the IR bit for the interrupt which has the highest priority among the
enabled interrupts is set to 0. This may cause the interrupt to be canceled, or an unexpected interrupt to be
generated.

12.8.2 SP Setting

Set avalue in the SP before an interrupt is acknowledged. The SP is set to 0000h after areset. If an interrupt is
acknowledged before setting a value in the SP, the program may run out of control.

12.8.3 External Interrupt, Key Input Interrupt
Either the low-level width or high-level width shown in the Electrical Characteristicsis required for the signal
input to pins INTO to INT3, INT5, INT7, and pins KI0 to K17, regardless of the CPU clock.
For detalls, refer to Table 29.29 Timing Requirements of External Interrupt INTi (i =0to 3, 5, 7) and Key
Input Interrupt Kli (i=0to 7).
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12.8.4 Changing Interrupt Sources

The IR bit in the interrupt control register may be set to 1 (interrupt requested) when the interrupt source
changes. To use an interrupt, set the IR bit to 0 (no interrupt requested) after changing interrupt sources.
Changing interrupt sources as referred to here includes all factors that change the source, polarity, or timing of
the interrupt assigned to a software interrupt number. Therefore, if a mode change of a peripheral function
involves the source, polarity, or timing of an interrupt, set the IR bit to O (no interrupt requested) after making
these changes. Refer to the descriptions of the individual peripheral functions for related interrupts.

Figure 12.12 shows a Procedure Example for Changing Interrupt Sources.

< Interrupt source change >

Disable interrupts @3

Change interrupt sources
(including the mode of peripheral functions)

Set the IR bit to 0 (no interrupt requested)
using the MOV instruction @

Enable interrupts 2 3

|
< Change completed )

IR bit: Bit in the interrupt control register bit for the interrupt whose source is to be changed

Notes:

1. The above settings must be executed individually. Do not execute two or more settings
simultaneously (using one instruction).

2. To prevent interrupt requests from being generated, disable the peripheral function
before changing the interrupt source. In this case, use the | flag if all maskable
interrupts can be disabled.

If all maskable interrupts cannot be disabled, use bits ILVLO to ILVL2 for the interrupt
whose source is to be changed.

3. To change the interrupt source to the input with the digital filter used, wait for three or
more cycles of the sampling clock of the digital filter before setting the IR bit to O (no
interrupt requested). Refer to 12.8.5 Rewriting Interrupt Control Register for the
instructions to use and related notes.

Figure 12.12 Procedure Example for Changing Interrupt Sources
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12.8.5
@

(b)

(©

Rewriting Interrupt Control Register

The contents of the interrupt control register can be rewritten only while no interrupt requests
corresponding to that register are generated. If an interrupt request may be generated, disable the interrupt
before rewriting the contents of the interrupt control register.

When rewriting the contents of the interrupt control register after disabling the interrupt, be careful to
choose appropriate instructions.

Changing any bit other than the IR bit

If an interrupt request corresponding to the register is generated while executing the instruction, the IR bit
may not be set to 1 (interrupt requested), and the interrupt may be ignored. If this causes a problem, use one
of the following instructions to rewrite the contents of the register:

AND, OR, BCLR, and BSET.

Changing the IR bit
Depending on the instruction used, the IR bit may not be set to 0 (no interrupt requested).
Use the MOV instruction to set the IR bit to O.

When using the | flag to disable an interrupt, set the | flag as shown in the sample programs below.
Refer to (b) regarding rewriting the contents of interrupt control registers using the sample programs.

Examples 1 to 3 show how to prevent the | flag from being set to 1 (interrupts enabled) before the contents of
the interrupt control register are rewritten for the effects of the internal bus and the instruction queue buffer.

Examplel: Usethe NOP instructionsto pause program until the interrupt control register isrewritten

INT_SWITCHI:
FCLR | ; Disable interrupts
AND.B  #00H,0056H ; Set the TRJOIC register to 00h
NOP ;
NOP
FSET I ; Enable interrupts
Example2: Useadummy read to delay the FSET instruction
INT_SWITCH2:
FCLR | ; Disable interrupts
AND.B  #00H,0056H ; Set the TRJOIC register to 00h
MOV.W MEM,RO ; Dummy read
FSET I ; Enable interrupts
Example3: Usethe POPC instruction to changethel flag
INT_SWITCHS3:
PUSHC FLG
FCLR | ; Disable interrupts
AND.B  #00H,0056H ; Set the TRJOIC register to 00h
POPC FLG ; Enable interrupts
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13. ID Code Areas

The ID code areas are used to implement a function that prevents the flash memory from being rewritten in standard
serial 1/0 mode. This function prevents the flash memory from being read, rewritten, or erased.

13.1 Introduction

The ID code areas are assigned to OFFDFh, OFFE3h, OFFEBh, OFFEFh, OFFF3h, OFFF7h, and OFFFBh of the
respective vector highest-order addresses of the fixed vector table. Figure 13.1 showsthe ID Code Aresas.

ID code areas

Address =

OFFDFh to OFFDCh \

OFFE3h to OFFEOh \ \IDZ/

)
1
i
! Undefined instruction vector
]
E Overflow vector

OFFE7h to OFFE4h \ | BRK instruction vector
OFFEBh to OFFE8h D3 E Address match vector
OFFEFh to OFFECh / D4 \ i Single step vector
1
1 Watchdog timer, oscillation stop detection
1 ’ ’
OFFF3h to OFFFOh [ IDS ] } voltage monitor 1, voltage monitor 2
T
OFFF7h to OFFF4h \ ID6 / i Address break vector
OFFFBh to OFFF8h D7/ i (Reserved)
OFFFFh to OFFFCh OFS E Reset vector
r— 1 1 1 —
——
4 bytes
Figure 13.1 ID Code Areas
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13.2 Functions

The ID code areas are used in standard serial 1/0 mode. Unless 3 bytes (addresses OFFFCh to OFFFEh) of the reset
vector are set to FFFFFFh, the ID codes stored in the ID code areas and the ID codes sent from the serial
programmer or the on-chip debugging emulator are checked to see if they match. If the ID codes match, the
commands sent from the serial programmer or the on-chip debugging emulator are acknowledged. If the ID codes
do not match, the commands are not acknowledged. To use the serial programmer or the on-chip debugging
emulator, first write predetermined ID codesto the ID code areas.

If 3 bytes (addresses OFFFCh to OFFFE) of the reset vector are set to FFFFFFh, the ID codes are not checked and
all commands are accepted.

The ID code areas are allocated in the flash memory, not in the SFRs. Set appropriate values as ROM data by a
program.

The character sequence of the ASCII codes “ALeRASE” is the reserved word used for the forced erase function.
The character sequence of the ASCII codes “Protect” is the reserved word used for the standard serial 1/0 mode
disabled function. Table 13.1 shows the ID Code Reserved Word. The reserved word is a set of reserved characters
when all the addresses and data in the ID code storage addresses sequentially match Table 13.1. When the forced
erase function or standard serial 1/0 mode disabled function is not used, use another character sequence of the
ASCII codes.

13. ID Code Areas

Table 13.1 ID Code Reserved Word
ID Code Storage Address ID Code Reserved Word (ASCII) M
ALeRASE Protect
OFFDFh ID1 41h (upper-case “A") 50h (upper-case “P”)
OFFE3h ID2 4Ch (upper-case “L”") 72h (lower-case “r")
OFFEBh ID3 65h (lower-case “e”) 6Fh (lower-case “0”)
OFFEFh ID4 52h (upper-case “R”) 74h (lower-case “1")
OFFF3h ID5 41h (upper-case “A”) 65h (lower-case “e”)
OFFF7h ID6 53h (upper-case “S”) 63h (lower-case “c”)
OFFFBh ID7 45h (upper-case “E") 74h (lower-case “t")
Note:

1. Reserve word:
A set of characters when all the addresses and data in the ID code storage addresses sequentially match Table
13.1.
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13.3 Forced Erase Function

This function is used in standard serial 1/0 mode. When the ID codes sent from the serial programmer or the on-
chip debugging emulator are“ALeRASE” in ASCII code, the content of the user ROM area will be erased at once.
However, if the contents of the ID code addresses are set to other than “ALeRASE” (other than Table 13.1 1D
Code Reserved Word) when the ROMCR hit in the OFS register is set to 1 and the ROMCP1 bit is set to 0 (ROM
code protect enabled), forced erasure is not executed and the 1D codes are checked with the ID code check function.
Table 13.2 lists the Conditions and Operations of Forced Erase Function.

When the contents of the ID code addresses are set to “ALeRASE” in ASCII code, if the ID codes sent from the
serial programmer or the on-chip debugging emulator are “ALeRASE”, the content of the user ROM area will be
erased. If the ID codes sent from the serial programmer are other than “ALeRASE”, the ID codes do not match and
no command is acknowledged, thus the user ROM area remains protected.

Table 13.2  Conditions and Operations of Forced Erase Function

Condition
ID code from serial _ Bits _
onFi::%?;r)a(;?ergjgr];Lg ID codell'jstgcr):ge”;ddress ROMCPl and ROMCR Operation
emulator in OFS reqister
ALeRASE ALeRASE - All erasure of user ROM area
Other than ALeRASE (1) | Other than 01b (forced erase function)
(ROM code protect disabled)
01b ID code check
(ROM code protect enabled) (ID code check function)
Other than ALeRASE ALeRASE - ID code check
(ID code check function.
No ID code match)
Other than ALeRASE 1) |- ID code check
(ID code check function)

Note:
1. For “Protect”, refer to 13.4 Standard Serial I/O Mode Disabled Function.

13.4 Standard Serial /0O Mode Disabled Function

Thisfunctionisused in standard serial 1/0 mode. When the I/D codesin the ID code storage addresses are set to the
reserved character sequence of the ASCII codes “Protect” (refer to Table 13.1 ID Code Reserved Word),
communication with the serial programmer or the on-chip debugging emulator is not performed. This does not
allow the flash memory to be read, rewritten, or erased using the serial programmer or the on-chip debugging
emulator.

Also, if the ID codes are also set to the reserved character sequence of the ASCII codes “Protect” when the
ROMCR hit in the OFS register is set to 1 and the ROMCPL1 bit is set to 0 (ROM code protect enabled), ROM code
protection cannot be disabled using the serial programmer or the on-chip debugging emulator. This prevents the
flash memory from being read, rewritten, or erased using the serial programmer, the on-chip debugging emulator,
or the parallel programmer.
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13.5 Notes on ID Code Areas

13.5.1 Setting Example of ID Code Areas

The ID code areas are allocated in the flash memory, not in the SFRs. Set appropriate values as ROM data by a
program. The following shows a setting example.

* Toset 55hin all of the ID code areas
.org OOFFDCH
Jword dummy | (55000000h) ; UND
Jword dummy | (55000000h) ; INTO
Jword dummy ; BREAK
Jword dummy | (55000000h) ; ADDRESS MATCH
Jword dummy | (55000000h) ; SET SINGLE STEP
Jword dummy | (55000000h) ; WDT
Jword dummy | (55000000h) ; ADDRESS BREAK
Jword dummy | (55000000h) ; RESERVE
(Programming formats vary depending on the compiler. Check the compiler manual.)

RO1UH0024EJ0100 Rev.1.00 RENESAS Page 185 of 581
Aug 24, 2011



R8C/LA3A Group, R8C/LASA Group 14. Option Function Select Area

14. Option Function Select Area

14.1 Introduction
The option function select area is used to select the MCU state after areset, the function to prevent rewriting in
parallel 1/0 mode, or the watchdog timer operation. The reset vector highest-order-addresses, OFFFFh and
OFFDBNh, are assigned as the option function select area. Figure 14.1 shows the Option Function Select Area.

(Option function select area )

Address 1
H
1
OFFDBh to OFFD8h : Reserved area
: 1 1
]
]
1

Qﬁv

1
OFFFFh to OFFFCh : Reset vector
1 L L

~— -
——

4 bytes

Figure 14.1 Option Function Select Area
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14.2 Registers

Registers OFS and OFS2 are used to select the MCU state after a reset, the function to prevent rewriting in parallel
I/0 mode, or the watchdog timer operation.

14.2.1 Option Function Select Register (OFS)
Address OFFFFh

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol | CSPROINI| LVDAS | VDSEL1 | VDSELO |ROMCP1| ROMCR | — WDTON
After Reset User setting value (Note 1)
Bit Symbol Bit Name Function R/W
b0 WDTON [Watchdog timer start select bit 0: Watchdog timer automatically starts after reset | R/W
1: Watchdog timer is stopped after reset
bl — Reserved bit Setto 1. R/W
b2 ROMCR |ROM code protect disable bit 0: ROM code protect disabled R/W
1: ROMCP1 bit enabled
b3 ROMCP1 [ROM code protect bit 0: ROM code protect enabled R/W
1: ROM code protect disabled
i i b5 b4
Eg xg:gt(l) Voltage detection 0 level select bit (2) 0.0: 3.80 V selected (Vdet0_3) gm
0 1: 2.85 V selected (Vdet0_2)
10: 2.35V selected (Vdet0_1)
11:1.90V selected (Vdet0_0)
b6 LVDAS |Voltage detection O circuit start bit 3) |0: Voltage monitor O reset enabled after reset RIW
1: Voltage monitor O reset disabled after reset
b7 |CSPROINI|{Count source protection mode 0: Count source protection mode enabled after reset | R/W
after reset select bit 1: Count source protection mode disabled after reset
Notes:
1. The OFS register is allocated in the flash memory, not in the SFRs. Set appropriate values as ROM data by a
program.
Do not write additions to the OFS register. If the block including the OFS register is erased, the OFS register is
set to FFh.
When blank products are shipped, the OFS register is set to FFh. It is set to the written value after written by the
user.
When factory-programming products are shipped, the value of the OFS register is the value programmed by the
user.

2. The same level of the voltage detection O level selected by bits VDSELO and VDESL1 is set in both functions of
voltage monitor O reset and power-on reset.

3. To use power-on reset and voltage monitor O reset, set the LVDAS bit to O (voltage monitor O reset enabled after
reset).

For a setting example of the OFS register, refer to 14.3.1 Setting Example of Option Function Select Area.

LVDAS Bit (Voltage Detection 0 Circuit Start Bit)
The Vdet0 voltage to be monitored by the voltage detection O circuit is selected by bitsVDSELO and VDSEL 1.
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14.2.2 Option Function Select Register 2 (OFS2)
Address OFFDBh

Bit b7 b6 b5 b4 b3 b2 b1l b0
Symbol| — | — | — | — |WDTRCSl|WDTRCSO|WDTUFSl WDTUFSO
After Reset User setting value (Note 1)
Bit Symbol Bit Name Function R/W
b0 WDTUFSO [Watchdog timer underflow period set bit b(l)b(()) 03FEh R/W
bl | WDTUFS1 0 1. OFFFh R/W
1 0: 1FFFh
1 1: 3FFFh
b2 WDTRCSO0 |Watchdog timer refresh acknowledgement period bé bé 2504 R/W
set bit n e
b3 | WDTRCS1 01 50% R/W
10: 75%
11:100%
b4 — Reserved bits Setto 1. R/W
b5 —
b6 —
b7 —
Note:
1. The OFS2 register is allocated in the flash memory, not in the SFRs. Set appropriate values as ROM data by a
program.
Do not write additions to the OFS2 register. If the block including the OFS2 register is erased, the OFS2 register
is set to FFh.

When blank products are shipped, the OFS2 register is set to FFh. It is set to the written value after written by the
user.
When factory-programming products are shipped, the value of the OFS2 register is the value programmed by the
user.

For a setting example of the OFS2 register, refer to 14.3.1 Setting Example of Option Function Select Area.

Bits WDTRCSO0 and WDTRCS1
(Watchdog Timer Refresh Acknowledgement Period Set Bit)
Assuming that the period from when the watchdog timer starts counting until it underflows is 100%, the refresh

acknowledgement period for the watchdog timer can be selected.
For details, refer to 15.3.1.1 Refresh Acknowledgment Period.
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14.3 Notes on Option Function Select Area

14.3.1 Setting Example of Option Function Select Area

The option function select area is allocated in the flash memory, not in the SFRs. Set appropriate values as
ROM data by a program. The following shows a setting example.

* To set FFh in the OFS register
.org OOFFFCH
Jword reset | (OFFO00000h) ; RESET
(Programming formats vary depending on the compiler. Check the compiler manual.)

* To set FFh in the OFS2 register
.org OOFFDBH
.byte OFFh
(Programming formats vary depending on the compiler. Check the compiler manual.)
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15. Watchdog Timer

The watchdog timer is a function that detects when a program is out of control. Use of the watchdog timer is
recommended to improve the reliability of the system.

15.1 Introduction

The watchdog timer contains a 14-bit counter and allows selection of count source protection mode enable or
disable.

Table 15.1 lists the Watchdog Timer Specifications.

Refer to 5.5 Watchdog Timer Reset for details of the watchdog timer reset.

Figure 15.1 shows the Watchdog Timer Block Diagram.

Table 15.1  Watchdog Timer Specifications

Item Count Source Protection Mode Disabled Count Source Protection Mode Enabled
Count source CPU clock Low-speed on-chip oscillator clock
for the watchdog timer
Count operation Decrement
Count start condition Either of the following can be selected:

« After a reset, count starts automatically.
« Count starts by writing to the WDTS register.

Count stop condition Stop mode, wait mode | None

Watchdog timer * Reset

initialization conditions « Write 00h and then FFh to the WDTR register (with acknowledgement period setting). (1)
e Underflow

Operations at underflow Watchdog timer interrupt Watchdog timer reset
or watchdog timer reset

Selectable functions « Division ratio of the prescaler

Selectable by the WDTC?7 hit in the WDTC register or the CM07 bit in
the CMO register.
« Count source protection mode
Whether count source protection mode is enabled or disabled after a reset can be
selected by the CSPROINI bit in the OFS register (flash memory).
If count source protection mode is disabled after a reset, it can be enabled or disabled
by the CSPRO bit in the CSPR register (program).
« Start or stop of the watchdog timer after a reset
Selectable by the WDTON bit in the OFS register (flash memory).
« Initial value of the watchdog timer
Selectable by bits WDTUFS0 and WDTUFS1 in the OFS2 register.
« Refresh acknowledgement period for the watchdog timer
Selectable by bits WDTRCS0 and WDTRCS1 in the OFS2 register.

Note:
1. Write the WDTR register during the count operation of the watchdog timer.
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15. Watchdog Timer

CSPRO =1
Low-speed on-chip oscillator

for watchdog timer

Oscillation starts

when CSPRO =1

Internal reset signal
(Low active)

D>

Bits WDTRCSO0 and WDTRCS1—
Write to WDTR register

Refresh period

Prescaler
CMO07 =0,
WDC7 =0
1/16
L |
,—l CSPRO =0 PM12 =0
CPU clock: 1/128 0] Watchdog timer
| \(/:v'\lgl)?:77:—0i interrupt request
12 5 Watchdog timer ) o~
I—, CM07 =1
____________ (Note 1) PM12=1
Watchdog
timer reset

control circuit

Note:

CSPRO: Bit in CSPR register
WDTCT7: Bit in WDTC register

PM12: Bit in PM1 register
CMO7: Bit in CMO register
WDTUFS0, WDTUFS1, WDTRCS0, WDTRCSL1.: Bits in OFS2 register

1. A value set by bits WDTUFS0 and WDTUFSL1 is set in the watchdog timer (value when shipping: 3FFFh).

Figure 15.1 Watchdog Timer Block Diagram
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15. Watchdog Timer

15.2 Registers

15.2.1 Processor Mode Register 1 (PM1)
Address 0005h

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol| — | — | — | — | — | PMI2 — —
After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 — Reserved bits Setto 0. R/W
bl —
b2 PM12 |WDT interrupt/reset switch bit 0: Watchdog timer interrupt R/W
1: Watchdog timer reset (1)
b3 — Nothing is assigned. If necessary, set to 0. When read, the content is O. —
b4 —
b5 —
b6 —
b7 — Reserved bit [Setto 0. R/IW
Note:

1. The PM12 bitis set to 1 when 1 is written by a program (and remains unchanged even if 0 is written to it).
This bit is automatically set to 1 when the CSPRO bit in the CSPR register is set to 1 (count source protection

mode enabled).

Set the PRC1 bit in the PRCR register to 1 (write enabled) before rewriting the PM 1 register.

15.2.2 Watchdog Timer Reset Register (WDTR)
Address 000Dh

Bit b7 b6 b5 b4 b3 b2 bl b0
smo[ — [ — [ — [ — [ — [ — 1 — [ —
After Reset X X X X X X X X
Bit Function R/W
b7 to b0 [Writing 00h and then FFh into this register initializes the watchdog timer. W
The initial value of the watchdog timer is specified by bits WDTUFS0 and WDTUFL1 in the OFS2
register. (1)
Note:
1. Write the WDTR register during the count operation of the watchdog timer.
15.2.3 Watchdog Timer Start Register (WDTS)
Address 000Eh
Bit b7 b6 b5 b4 b3 b2 bl b0
smo — [ — [ — [ — [ — [ — 1 — [ —
After Reset X X X X X X X X
Bit Function R/W
b7 to b0 | A write instruction to this register starts the watchdog timer. w
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15.2.4 Watchdog Timer Control Register (WDTC)
Address 000Fh

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol| WDTC7 | — | — | — | — | — | — —
After Reset 0 0 1 1 1 1 1 1
Bit Symbol Bit Name | Function R/W
b0 — The following bits of the watchdog timer can be read. R
bl — When bits WDTUFS1 to WDTUFSO in the OFS2 register are R
b2 —|00b (03FFh): b5 to b0 R
b3 — 01b (OFFFh): b7 to b2 R
ba — 10b (1FFFh): b8 to b3 R
b5 — 11b (3FFFh): b9 to b4 R
b6 — Reserved bit When read, the content is O. R
b7 WDTC?7 |Prescaler select bit 0: Divide-by-16 R/W
1: Divide-by-128
15.2.5 Count Source Protection Mode Register (CSPR)
Address 001Ch
Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol|{CSPRO| — [ — | — | — | — | — | —
After Reset 0 0 0 0 0 0 0 0
The above applies when the CSPROINI bit in the OFS register is set to 1.
After Reset 1 0 0 0 0 0 0 0
The above applies when the CSPROINI bit in the OFS register is set to 0.
Bit Symbol Bit Name Function R/W
b0 — Reserved bits Setto 0. R/W
bl —
b2 —
b3 —
b4 —
b5 —
b6 —
b7 CSPRO [Count source protection mode select bit (1) |0: Count source protection mode disabled R/W
1: Count source protection mode selected
Note:

1. To set the CSPRO bit to 1, write 0 and then 1 to it. This bit cannot be set to 0 by a program. Disable interrupts
between writing 0 and writing 1.
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15.2.6 Option Function Select Register (OFS)
Address OFFFFh

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol | CSPROINI| LVDAS | VDSEL1 | VDSELO |ROMCP1| ROMCR | — WDTON
After Reset User setting value (Note 1)

Bit Symbol Bit Name Function R/W

b0 WDTON [Watchdog timer start select bit 0: Watchdog timer automatically starts after reset | R/W
1: Watchdog timer is stopped after reset

bl — Reserved bit Setto 1. R/W

b2 ROMCR |ROM code protect disable bit 0: ROM code protect disabled R/W
1: ROMCP1 bit enabled

b3 ROMCP1 [ROM code protect bit 0: ROM code protect enabled R/W
1: ROM code protect disabled

b4 | VDSELO |Voltage detection O level select bit (2) [p5b4 R/W

0 0: 3.80 V selected (Vdet0_3)

bS VDSELL 0 1: 2.85 V selected (Vdet0_2) RIW
10: 2.35V selected (Vdet0_1)
11:1.90V selected (Vdet0_0)
b6 LVDAS |Voltage detection O circuit start bit 3) |0: Voltage monitor 0 reset enabled after reset RIW
1: Voltage monitor O reset disabled after reset
b7 |CSPROINI|{Count source protection mode 0: Count source protection mode enabled after reset | R/W
after reset select bit 1: Count source protection mode disabled after reset
Notes:
1. The OFS register is allocated in the flash memory, not in the SFRs. Set appropriate values as ROM data by a
program.
Do not write additions to the OFS register. If the block including the OFS register is erased, the OFS register is
set to FFh.
When blank products are shipped, the OFS register is set to FFh. It is set to the written value after written by the
user.
When factory-programming products are shipped, the value of the OFS register is the value programmed by the
user.

2. The same level of the voltage detection O level selected by bits VDSELO and VDESL1 is set in both functions of
voltage monitor O reset and power-on reset.

3. To use power-on reset and voltage monitor O reset, set the LVDAS bit to O (voltage monitor O reset enabled after
reset).

For a setting example of the OFS register, refer to 14.3.1 Setting Example of Option Function Select Area.

LVDAS Bit (Voltage Detection 0 Circuit Start Bit)
The Vdet0 voltage to be monitored by the voltage detection O circuit is selected by bits VDSELO and VDSEL 1.
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15.2.7 Option Function Select Register 2 (OFS2)
Address OFFDBh

Bit b7 b6 b5 b4 b3 b2 b1l b0
Symbol| — | — | — | — |WDTRCSl|WDTRCSO|WDTUFSl WDTUFSO
After Reset User setting value (Note 1)
Bit Symbol Bit Name Function R/W
b0 WDTUFSO [Watchdog timer underflow period set bit b(l)b(()) 03FEh R/W
bl | WDTUFS1 0 1. OFFFh R/W
1 0: 1FFFh
1 1: 3FFFh
b2 WDTRCSO0 |Watchdog timer refresh acknowledgement period bé bé 2504 R/W
set bit n e
b3 | WDTRCS1 01 50% R/W
10: 75%
11:100%
b4 — Reserved bits Setto 1. R/W
b5 —
b6 —
b7 —
Note:
1. The OFS2 register is allocated in the flash memory, not in the SFRs. Set appropriate values as ROM data by a
program.
Do not write additions to the OFS2 register. If the block including the OFS2 register is erased, the OFS2 register
is set to FFh.

When blank products are shipped, the OFS2 register is set to FFh. It is set to the written value after written by the
user.
When factory-programming products are shipped, the value of the OFS2 register is the value programmed by the
user.

For a setting example of the OFS2 register, refer to 14.3.1 Setting Example of Option Function Select Area.

Bits WDTRCSO0 and WDTRCS1
(Watchdog Timer Refresh Acknowledgement Period Set Bit)
Assuming that the period from when the watchdog timer starts counting until it underflows is 100%, the refresh

acknowledgement period for the watchdog timer can be selected.
For details, refer to 15.3.1.1 Refresh Acknowledgment Period.
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15.3  Functional Description
15.3.1 Common Items for Multiple Modes

15.3.1.1 Refresh Acknowledgment Period

The period for acknowledging refreshment operation to the watchdog timer (write to the WDTR register) can
be selected by bits WDTRCS0 and WDTRCSL in the OFS2 register. Figure 15.2 shows the Refresh
Acknowledgement Period for Watchdog Timer.

Assuming that the period from when the watchdog timer starts counting until it underflows is 100%, a refresh
operation executed during the refresh acknowledgement period is acknowledged. Any refresh operation
executed during the period other than the above is processed as an incorrect write, and a watchdog timer
interrupt or watchdog timer reset (selectable by the PM 12 bit in the PM 1 register) is generated.

Do not execute any refresh operation while the count operation of the watchdog timer is stopped.

Watchdog timer period
A

Is \
Count starts Underflow Refresh acknowledge period
- Refresh can be acknowledged R 100% (WDTRCS1 to WDTRCSO0 = 11b)
Processed as
incorrect write Refresh can be acknowledged 75% (WDTRCS1 to WDTRCSO = 10b)
Processed as incorrect write © Refresh can be acknowledged 50% (WDTRCSL1 to WDTRCSO0 = 01b)
' ' Refresh can be
- Processed as incorrect write @ _acknowledged 25% (WDTRCS1 to WDTRCSO0 = 00b)
0% 25% 50% 75% 100% WDTRCSO0, WDTRCS1: Bits in OFS2 register

Note:
1. A watchdog timer interrupt or watchdog timer reset is generated.

Figure 15.2 Refresh Acknowledgement Period for Watchdog Timer
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15.3.2 Count Source Protection Mode Disabled

The count source for the watchdog timer is the CPU clock when count source protection mode is disabled.
Table 15.2 lists the Watchdog Timer Specifications (Count Source Protection Mode Disabled).

Table 15.2  Watchdog Timer Specifications (Count Source Protection Mode Disabled)

Item Specification
Count source CPU clock
Count operation Decrement
Period Division ratio of prescaler (n) x count value of watchdog timer (m) (1)
CPU clock

n: 16 or 128 (selected by the WDTC?7 bit in the WDTC register), or
2 when the low-speed clock is selected (CMO07 bit in CMO register = 1)
m: Value set by bits WDTUFS0 and WDTUFSL1 in the OFS2 register
Example:
The period is approximately 13.1 ms when:
- The CPU clock frequency is set to 20 MHz.
- The prescaler is divided by 16.
- Bits WDTUFS1 to WDTUFSO are set to 11b (3FFFh).

Watchdog timer * Reset
initialization conditions « Write 00h and then FFh to the WDTR register. (3)
* Underflow
Count start conditions The operation of the watchdog timer after a reset is selected by

the WDTON bit (2) in the OFS register (address OFFFFh).
* When the WDTON bit is set to 1 (watchdog timer is stopped after reset).
The watchdog timer and prescaler are stopped after a reset and
start counting when the WDTS register is written to.
* When the WDTON bit is set to 0 (watchdog timer starts automatically after reset).
The watchdog timer and prescaler start counting automatically after a reset.
Count stop condition Stop mode, wait mode (Count resumes from the retained value after exiting.)
Operations at underflow * When the PM12 bit in the PM1 register is set to 0.
Watchdog timer interrupt
* When the PM12 bit in the PM1 register is set to 1.
Watchdog timer reset (refer to 5.5 Watchdog Timer Reset)

Notes:
1. The watchdog timer is initialized when 00h and then FFh is written to the WDTR register. The prescaler is
initialized after a reset. This may cause some errors due to the prescaler during the watchdog timer period.
2. The WDTON bit in the OFS register cannot be changed by a program. To set this bit, write 0 to bit 0 of address
OFFFFh with a flash programmer.
3. Write the WDTR register during the count operation of the watchdog timer.
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15.3.3 Count Source Protection Mode Enabled

The count source for the watchdog timer is the low-speed on-chip oscillator clock for the watchdog timer when
count source protection mode is enabled. If the CPU clock stops when a program is out of control, the clock can
still be supplied to the watchdog timer.

Table 15.3 lists the Watchdog Timer Specifications (Count Source Protection Mode Enabled).

Table 15.3  Watchdog Timer Specifications (Count Source Protection Mode Enabled)

Item Specification
Count source Low-speed on-chip oscillator clock
Count operation Decrement
Period Count value of watchdog timer (m)

Low-speed on-chip oscillator clock for the watchdog timer

m: Value set by bits WDTUFS0 and WDTUFSL1 in the OFS2 register
Example:

The period is approximately 8.2 ms when:

- The on-chip oscillator clock for the watchdog timer is set to 125 kHz.
- Bits WDTUFSL1 to WDTUFSO are set to 00b (03FFh).

Watchdog timer * Reset
initialization conditions « Write 00h and then FFh to the WDTR register. (3)
« Underflow
Count start conditions The operation of the watchdog timer after a reset is selected by

the WDTON bit 4 in the OFS register (address OFFFFh).

* When the WDTON bit is set to 1 (watchdog timer is stopped after reset).
The watchdog timer and prescaler are stopped after a reset and
start counting when the WDTS register is written to.

« When the WDTON bit is set to 0 (watchdog timer starts automatically after reset).
The watchdog timer and prescaler start counting automatically after a reset.

Count stop condition None (Count does not stop even in wait mode and stop mode once it starts.)
Operation at underflow Watchdog timer reset (Refer to 5.5 Watchdog Timer Reset.)
Registers, bits * When the CSPRO bit in the CSPR register is set to 1 (count source protection mode

enabled) (2), the following are set automatically:

- The low-speed on-chip oscillator for the watchdog timer is on.

- The PM12 bit in the PM1 register is set to 1 (watchdog timer reset when the
watchdog timer underflows).

Notes:
1. The WDTON bit in the OFS register cannot be changed by a program. To set this bit, write 0 to bit O of address
OFFFFh with a flash programmer.
2. Even if 0 is written to the CSPROINI bit in the OFS register, the CSPRO bit is set to 1. The CSPROINI bit
cannot be changed by a program. To set this bit, write 0 to bit 7 of address OFFFFh with a flash programmer.
3. Write the WDTR register during the count operation of the watchdog timer.
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16. Timers
The following four types of seven timers are available:
 Timer RB: Two 8-hit timer with an 8-bit prescalers
* Timer RC: 16-bit timer
* Timer RH: 3-bit counter, 4-bit counter and 8-bit counter
* Timer RJ: Two 16-bit timers
All these timers operate independently.
Table 16.1 Functional Comparison of Timers (1)
Item Timer RJ (0) Timer RJ (1) Timer RB (0) Timer RB (1) Timer RC Timer RH
Configuration 16-bit timer 16-bit timer 8-bit timer with 8-bit | 8-bit timer with 8-bit | 16-bit timer 3-bit counter
(with reload (with reload prescaler prescaler (with input capture | 4-bit counter
register) register) (with reload (with reload and output 8-bit counter
register) register) compare)
Count Decrement Decrement Decrement Decrement Increment/ Increment
Decrement
Count sources o fl o fl o fl o fl o fl - f8
o f2 o f2 o f2 o f2 o f2 32
- f8 - f8 « f8 - f8 . f4 « f128
« fOCO « fOCO « Timer RJ (0) e Timer RJ (1) « f8 » 1256
» f{C32 » fC32 underflow underflow « 132 « 512
e fC e fC « fOCO20M « f2048
* Timer RJ (0) « fOCO-F » f4096
underflow ¢ TRCCLK 18192
« fC-TRH
g | Count of the Timer mode Timer mode Timer mode Timer mode Timer mode —
5 | internal count (output compare
S | source function)
% [ Count of the Event counter Event counter — — Timer mode —
external count mode mode (output compare
source function)
External pulse Pulse width Pulse width — — Timer mode —
width/period measurement measurement (input capture
measurement mode, pulse period | mode, pulse period function; 4 pins)
measurement measurement
mode mode
PWM output Pulse output Pulse output Programmable Programmable Timer mode Output compare
mode (1) mode (D) waveform waveform (output compare mode
Event counter Event counter generation mode | generation mode | function; 4 pins) (1)
mode (1) mode (1) PWM mode
(3 pins)
PWM2 mode
(1 pin)
One-shot — — Programmable Programmable PWM mode —
waveform one-shot one-shot (3 pins)
output generation mode | generation mode
Programmable wait | Programmable wait
one-shot one-shot
generation mode generation mode
Three-phase — — — — — —
waveforms
output
Timer Timer mode Timer mode — — — Real-time clock
(only fC32 count) (only fC32 count) mode
Input pin TRJOIO TRJ1IO INTO INTS my TRCCLK, —
TRCTRG,
TRCIOA, TRCIOB,
TRCIOC, TRCIOD
Output pin TRJOIO TRJ1IO TRB0OO TRB10O TRCIOA, TRCIOB, | TRHO
TRCIOC, TRCIOD
Related interrupt Timer RJO interrupt | Timer RJ1 interrupt | Timer RBO Timer RB1 Compare match/ Timer RH interrupt
interrupt, interrupt, input capture A to

Timer stop

Provided

Provided

Provided

Provided

Provided

Provided

Note:

1. Rectangular waves are output in these modes. Since the waves are inverted at each overflow, the “H” and “L” level widths of the pulses are the

same.
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17. Timer RB

17.1 Introduction
Timer RB has two timers (RBO and RB1).

Timer RBO and timer RB1 are 8-bit timers with an 8-bit prescaler.

Timer RB has two 8-bit timers (timer RBO and timer RB1) with an 8-bit prescaler.

The prescaler and timer each consist of a reload register and counter (refer to Tables 17.3 to 17.6 for the
Specifications of Each Mode for accessing the reload register and counter). Timer RBi (i = 0 or 1) hastimer RBi

primary and timer RBi secondary as reload registers.

The count source for timer RB is the operating clock that regul ates the timing of timer operations such as counting

and reloading.

Figure 17.1 shows the Timer RBi Block Diagram. Table 17.1 lists the Timer RBi Pin Configuration.

Timer RB supports the four operating modes:
* Timer mode:

* Programmable waveform generation mode:
* Programmable one-shot generation mode:
* Programmable wait one-shot generation mode:

The timer counts an internal count source (peripheral
function clock or timer RJi underflows).

The timer outputs pulses of a given width successively.
The timer outputs a one-shot pulse.

The timer outputs a delayed one-shot pulse.

S Data bus S
TRBISC TRBIPR
register register
Reload Reload Reload
) register register register
Bits TCK1 10 TCKO  TkcUT bit
f1 _=00b Timer RBi interrupt
g = 212 o Counter  |——] Counter (timer RBi)
Timer RJi underflow :_l(l’bo TRBIPRE register (timer)
f2 ZHb 5 (prescaler) Bits TMOD1 to TMODO
=10bor 11b
TSTART bit
TOSSTF bit
INT] interrupt
|y
Ll
Input polarity
TNT] pin O B} Digital filter switched to be one Polarity
edge or both edge selection

T

INTJPL bit

Bits TMOD1 to TMODO
=01b, 10b, 11b

TOCNT =0

INTJEN bit

INOSEG bit INOSTG bit

TOPL=1

]

Toggle

TRBIO pin O <
O— Wheni=0
TOCNT=1 P2_1 bitin P2 register

Wheni=1
P2_0 bit in P2 register

TSTART, TCSTF: Bits in TRBICR register

TOSSTF: Bit in TRBIOCR register

TOPL, TOCNT, INOSTG, INOSEG: Bits in TRBIlOC register
TMODO, TMOD1, TCKO, TCK1, TCKCUT: Bits in TRBIMR register

i=0orl
j=0or5

| ©

flip-flop  CKlg
CLR

TOPL=0
TSTOP bit

Bits TMOD1 to TMODO
=01b,10b, 11b

Figure 17.1 Timer RBi Block Diagram
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17. Timer RB

Table 17.1  Timer RBi Pin Configuration

Pin Name Assigned Pin 110 Function
TRBO P2_1 Output Pulse output (programmable waveform generation mode,
TRB1O P2 0 programmable one-shot generation mode, programmable
- wait one-shot generation mode)

Table 17.2  Assigned INTj Pin and Internal Count Source for Each Timer RBi Channel
(i=0or1,j=00rb)

— Internal count source
Channel INT] pin (Underflow)
Timer RBO INTO pin Timer RJO
Timer RB1 INT5 pin Timer RJ1
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17.2 Registers

17.2.1 Module Standby Control Register 1 (MSTCR1)
Address 0010h

Bit b7 b6 b5 b4 b3 b2 b1l b0
Symbol| — | — | — [MSTTRJL|MSTTRJIO| MSTTRH |[MSTTRB1|MSTTRBO

After Reset 0 0 0 0 0 0 0 0

Bit Symbol Bit Name Function R/W

b0 MSTTRBO |Timer RBO standby bit 0: Active R/W
1: Standby (1)

bl MSTTRB1 |Timer RB1 standby bit 0: Active R/W
1: Standby ()

b2 MSTTRH |Timer RH standby bit 0: Active R/W
1: Standby (3

b3 MSTTRJO [Timer RJO standby bit 0: Active R/W
1: Standby 4

b4 MSTTRJ1 |Timer RJ1 standby bit (6) 0: Active R/W
1: Standby ()

b5 — Reserved bits Set to O. R/W

b6 —

b7 —

Notes:

1. When the MSTTRBO bit is set to 1 (standby), any access to the timer RBO associated registers (addresses
0108h to 010Eh) is disabled.

2. When the MSTTRBL1 bit is set to 1 (standby), any access to the timer RB1 associated registers (addresses
0098h to 009ENh) is disabled.

3. When the MSTTRH bit is set to 1 (standby), any access to the timer RH associated registers (addresses 0110h
to 011Fh) is disabled.

4. When the MSTTRJO bit is set to 1 (standby), any access to the timer RJO associated registers (addresses 0080h
to 0086h) is disabled.

5. When the MSTTRJ1 bit is set to 1 (standby), any access to the timer RJ1 associated registers (addresses 0088h
to 008ENh) is disabled.

6. In the R8C/LA3A Group, set the MSTTRJ1 bit to 1 (standby).

When changing each standby bit to standby, stop the corresponding peripheral function beforehand. When
peripheral functions are set to standby using each standby bit, their registers cannot be read or written. Also, the
clock supply to the peripheral functionsis stopped.

When changing from standby to active, set the registers of the corresponding peripheral function again after
changing.
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17.2.2 Timer RBi Control Register (TRBICR) (i=0or 1)
Address 0108h (TRBOCR), 0098h (TRB1CR)
Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol| — | — | — | — | — | TSTOP | TCSTF | TSTART
After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 | TSTART | Timer RBi count start bit (1) 0: Count stops RIW
1: Count starts
bl TCSTF | Timer RBi count status flag (1) 0: Count stops R
1: During count operation (3)
b2 | TSTOP |Timer RBi count forcible stop bit 1. 2) | When this bit is set to 1, the count is forcibly R/W

stopped. When read, the content is 0.

b3 — Nothing is assigned. If necessary, set to 0. When read, the content is O.
b4 —
b5 —
b6 —
b7 —

Notes:
1. Referto 17.7 Notes on Timer RB for precautions regarding bits TSTART, TCSTF and TSTOP.

2. When 1 is written to the TSTOP bit, registers TRBIPRE, TRBISC, TRBIiPR, and bits TSTART and TCSTF, and

the TOSSTF bit in the TRBIOCR register are set to values after a reset.

3. Indicates that count operation is in progress in timer mode or programmable waveform mode. In programmable
one-shot generation mode or programmable wait one-shot generation mode, it indicates that a one-shot pulse

trigger has been acknowledged.

17.2.3 Timer RBi One-Shot Control Register (TRBIOCR) (i =0 or 1)
Address 0109h (TRBOOCR), 0099h (TRB1OCR),

Bit b7 b6 b5 b4 b3 b2 bl b0
Symboll — | — | — | — | — |[TOSSTF| TOSSP | TOSST |
After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 TOSST | Timer RBi one-shot start bit When this bit is set to 1, one-shot trigger R/W
generated. When read, the content is 0.
bl TOSSP | Timer RBi one-shot stop bit When this bit is set to 1, counting of one-shot R/W
pulses (including programmable wait one-shot
pulses) stops. When read, the content is 0.
b2 | TOSSTF | Timer RBi one-shot status flag (1) 0: One-shot stopped R

1: One-shot operating (including wait period)

b3 — Nothing is assigned. If necessary, set to 0. When read, the content is O.
b4 —
b5 —
b6 —
b7 —

Note:
1. When 1 is written to the TSTOP bit in the TRBICR register, the TOSSTF bit is set to 0.

The TRBiIOCR register is enabled when bits TMOD1 to TMODO in the TRBiMR register is set to 10b

(programmable one-shot generation mode) or 11b (programmable wait one-shot generation mode).
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17.2.4 Timer RBi I/O Control Register (TRBIlOC) (i=0or 1)
Address 010Ah (TRBOIOC), 009Ah (TRB1IOC)

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol| — | — | — | — |INOSEG|INOSTG | TOCNT | TOPL

After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 TOPL |Timer RBi output level select bit Function varies according to the operating mode. | R/W
bl TOCNT | Timer RBI output enable bit R/W
b2 INOSTG | One-shot trigger control bit R/W
b3 INOSEG | One-shot trigger polarity select bit R/W
b4 — Nothing is assigned. If necessary, set to 0. When read, the content is O. —
b5 —
b6 —
b7 —

17.2.5 Timer RBi Mode Register (TRBIMR) (i =0 or 1)
Address 010Bh (TRBOMR), 009Bh (TRB1MR)

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol | TCKCUT| — | TCK1 | TCKO | TWRC | — | TMOD1 | TMODO
After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 TMODO |Timer RBI operating mode select bit  [b1b0 R/W
bl TMODL 1) 0 0: Timer mode _ RIW
0 1: Programmable waveform generation mode
1 0: Programmable one-shot generation mode
1 1: Programmable wait one-shot generation
mode
b2 — Nothing is assigned. If necessary, set to 0. When read, the content is 0. —
b3 TWRC | Timer RBi write control bit (2) 0: Write to reload register and counter R/W
1: Write to reload register only
b4 TCKO |Timer RBi count source select bit () bgbs_ 1 R/IW
b5 TCK1 01 18 R/W
1 0: Timer RJi underflow (3
11:f2
b6 — Nothing is assigned. If necessary, set to 0. When read, the content is 0. —
b7 | TCKCUT |Timer RBi count source cutoff bit (1) [0: Count source provided R/W
1: Count source cut off

Notes:

1. Change bits TMODO and TMOD1, TCKO and TCK1, and TCKCUT when both the TSTART and TCSTF bits in the
TRBICR register are set to 0 (count stops).

2. The TWRC bit can be set to either 0 or 1 in timer mode. In programmable waveform generation mode,
programmable one-shot generation mode, or programmable wait one-shot generation mode, the TWRC bit must
be set to 1 (write to reload register only).

3. To use the underflow signal of timer RJi as the count source for timer RB, set timer RJi in timer mode, pulse
output mode, or event counter mode.
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17.2.6 Timer RBi Prescaler Register (TRBIPRE) (i =0 or 1)
Address 010Ch (TRBOPRE), 009Ch (TRB1PRE)

Bit b7 b6 b5 b4 b3 b2 bl b0
Smool| — [ — | — | — [ = | = | = [ —
After Reset 1 1 1 1 1 1 1 1
Bit Mode Function Setting Range R/W
b7 to bO|Timer mode Counts an internal count source or 00h to FFh R/W
Programmable waveform generation |timer RJi underflows. 00h to FFh R/W
mode
Programmable one-shot generation 00h to FFh R/W
mode
Programmable wait one-shot 00h to FFh R/W
generation mode

When 1 iswritten to the TSTOP bit in the TRBICR register, the TRBiPRE register is set to FFh.

17.2.7 Timer RBi Secondary Register (TRBiSC) (i=0or 1)
Address 010Dh (TRBOSC), 009Dh (TRB1SC)

Bit b7 b6 b5 b4 b3 b2 bl b0
Symholf — | — | — [ — | — | — [ = [ —
After Reset 1 1 1 1 1 1 1 1
Bit Mode Function Setting Range R/W
b7 to b0O|Timer mode Disabled 00h to FFh —
Programmable waveform generation |Counts timer RBi prescaler underflows |00h to FFh w (2
mode ®
Programmable one-shot generation |Disabled 00h to FFh —
mode
Programmable wait one-shot Counts timer RBi prescaler underflows |00h to FFh w (2
generation mode (one-shot width is counted)

Notes:
1. The values of registers TRBiIPR and TRBIiSC are reloaded to the counter alternately and counted.
2. The count value can be read by reading the TRBIPR register even when the secondary period is being counted.

When 1 iswritten to the TSTOP bit in the TRBICR register, the TRBiSC register is set to FFh.

To write to the TRBIiSC register, perform the following steps.

(1) Writethe value into the TRBiSC register.

(2) Writethe value into the TRBIPR register. (If the value does not change, write the same value second time.)
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17.2.8 Timer RBi Primary Register (TRBiPR) (i=0or 1)
Address 010Eh (TRBOPR), 009Eh (TRB1PR)

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol] — [ — [ = [ = [ = [ = [ = [ =
After Reset 1 1 1 1 1 1 1 1
Bit Mode Function Setting Range R/W
b7 to bO|Timer mode Counts timer RBi prescaler underflows.  [{00h to FFh R/W
Programmable waveform generation |Counts timer RBi prescaler underflows. (1)|00h to FFh R/W
mode
Programmable one-shot generation |Counts timer RBi prescaler underflows 00h to FFh R/W
mode (one-shot width is counted)
Programmable wait one-shot Counts timer RBi prescaler underflows 00h to FFh R/W
generation mode (wait period width is counted)

Note:
1. The values of registers TRBiPR and TRBIiSC are reloaded to the counter alternately and counted.

When 1 iswritten to the TSTOP bit in the TRBiCR register, the TRBIiPR register is set to FFh.
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17.3 Timer Mode

In timer mode, ainternally generated count source or timer RJi (i = 0 or 1) underflows are counted (refer to Table

17.3). Registers TRBIOCR and TRBIiSC are not used in this mode.

Table 17.3

Timer Mode Specifications

Item

Specification

Count sources

f1, f2, f8, timer RJi underflow

Count operations

* Decrement

* When the timer underflows, it reloads the reload register content before the
count continues (when timer RBi underflows, the content of timer RBi primary
reload register is reloaded).

Division ratio

1/(n+1)(m+1)
n: Value set in TRBIPRE register, m: Value set in TRBIPR register

Count start condition

1 (count starts) is written to the TSTART bit in the TRBICR register.

Count stop conditions

* 0 (count stops) is written to the TSTART bit in the TRBICR register.
1 (count forcibly stops) is written to the TSTOP bit in the TRBICR register.

Interrupt request
generation timing

When timer RBi underflows [timer RBi interrupt].

TRBIO pin function

Programmable 1/O port

INTI pin function

Programmable I/O port or INTi interrupt input

Read from timer

The count value can be read out by reading registers TRBiPR and TRBIPRE.

Write to timer

*When registers TRBIPRE and TRBIPR are written while the count is stopped,
values are written to both the reload register and counter.

* When registers TRBIPRE and TRBiPR are written during count operation:
If the TWRC bit in the TRBIMR register is set to 0, the value is written to both
the reload register and the counter.
If the TWRC bit is set to 1, the value is written to the reload register only.
(Refer to 17.3.2 Timer Write Control during Count Operation.)

i=0orl,j=0o0r5

17.3.1 Timer RBi I/O Control Register (TRBIlOC) (i =0 or 1) in Timer Mode

Address 010Ah

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol| — | — | — | — |INOSEG | INOSTG| TOCNT | TOPL |

After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 TOPL |Timer RBI output level select bit Set to 0 in timer mode. R/W
bl TOCNT | Timer RBI output enable bit R/W
b2 INOSTG | One-shot trigger control bit R/W
b3 INOSEG | One-shot trigger polarity select bit R/W
b4 — Nothing is assigned. If necessary, set to 0. When read, the content is O. —
b5 —
b6 —
b7 —
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17.3.2 Timer Write Control during Count Operation

Timer RBi (i = 0 or 1) has a prescaler and atimer (which counts the prescaler underflows). The prescaler and
timer each consist of areload register and a counter. In timer mode, the TWRC bit in the TRBiIMR register can
be used to select whether writing to the prescaler or timer during count operation is performed to both the rel oad
register and counter or only to the reload register.

However, values are transferred from the reload register to the counter of the prescaler in synchronization with
the count source. In addition, values are transferred from the reload register to the counter of the timer in
synchronization with prescaler underflows. Therefore, even if the TWRC bit is set for writing to both the rel oad
register and counter, the counter value is not updated immediately after the WRITE instruction is executed. If
the TWRC bit is set for writing to the reload register only, the synchronization of the writing will be shifted
when the prescaler value changes. Figure 17.2 shows an Operating Example of Timer RBi when Counter Value
is Rewritten during Count Operation.
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Figure 17.2
Operation

Operating Example of Timer RBi when Counter Value is Rewritten during Count
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17.4 Programmable Waveform Generation Mode

In programmable waveform generation mode, the signal output from the TRBIiO pin is inverted each time the
counter underflows, while the valuesin registers TRBiPR (i = 0 or 1) and TRBiSC are counted aternately (refer to
Table 17.4). Counting starts by counting the setting value of the TRBIiPR register. The TRBiOCR register is
unused in this mode.

Figure 17.3 shows an Operating Example in Timer RBi in Programmable Waveform Generation Mode.

Table 17.4  Programmable Waveform Generation Mode Specifications

Item Specification
Count sources f1, f2, 8, timer RJi underflow
Count operations » Decrement

» When the timer underflows, it reloads the contents of the primary reload and secondary
reload registers alternately before the count continues.

Width and period of Primary period: (n+1)(m+21)/fi

output waveform Secondary period: (n+1)(p+1)/fi

Period: (n+1){(m+1)+(p+1)}/fi

fi: Frequency of count source

n: Value set in TRBIPRE register

m: Value set in TRBIPR register

p: Value set in TRBISC register

Count start condition 1 (count starts) is written to the TSTART bit in the TRBICR register.

Count stop conditions |+ 0 (count stops) is written to the TSTART bit in the TRBICR register.
* 1 (count forcibly stops) is written to the TSTOP bit in the TRBICR register.

Interrupt request In half a cycle of the count source, after timer RBi underflows during the secondary period
generation timing (at the same time as the TRBIO output change) [timer RBi interrupt]

TRBIO pin function Programmable output port or pulse output

W‘I’j pin function Programmable 1/O port or m interrupt input

Read from timer The count value can be read out by reading registers TRBiPR and TRBIPRE ().

Write to timer * When registers TRBIPRE, TRBISC, and TRBiPR are written while the count is stopped,

values are written to both the reload register and counter.
* When registers TRBIPRE, TRBISC, and TRBIPR are written to during count operation,
values are written to the reload registers only. (2)

Selectable function * Output level select function
The output level during primary and secondary periods is selected by the TOPL bit in
the TRBIlOC register.

» Waveform output enable function
The timer RB waveform output enabled or disabled is selected by the TOCNT bit in the
TRBIlOC register. (3)

Notes:

1. Even when the secondary period is being counted, the TRBIPR register may be read.

2. The set values are reflected in the waveform output beginning with the following primary period after writing to
the TRBIPR register.

3. The value written to the TOCNT bit is enabled by the following.
* When count starts.
* When a timer RBi interrupt request is generated.
The contents after the TOCNT bit is changed are reflected from the output of the following primary

period.
i=0orl,j=0o0r5
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17.4.1 Timer RBi I/O Control Register (TRBIlOC) (i =0 or 1) in Programmable
Waveform Generation Mode

Address 010Ah (TRBOIOC), 009Ah (TRB1IOC)

Bit b7 b6 b5 b4 b3 b2 b1l b0
Symbol| — | — | — | — | INOSEG | INOSTG | TOCNT | TOPL
After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 TOPL |Timer RBi output level select bit 0: High-level output for the primary period, R/W

low-level output for the secondary period
Low-level output when the timer is stopped
1: Low-level output for the primary period,
high-level output for the secondary period
High-level output when the timer is stopped

bl TOCNT | Timer RBi output enable bit 0: Timer RB waveform output enabled R/W
1: Timer RB waveform output disabled

b2 INOSTG | One-shot trigger control bit Set to 0 in programmable waveform generation R/W
b3 INOSEG | One-shot trigger polarity select bit mode. R/W
b4 — Nothing is assigned. If necessary, set to 0. When read, the content is O. —

b5 —

b6 —

b7 —
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17.4.2 Operating Example
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\
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The above applies under the following conditions:

TRBIPRE = 01h, TRBIiPR = 01h, TRBIiSC = 02h
TOCNT in TRBIlIOC register = 0 (timer RBi waveform output from the TRBIO pin)

i=0or1l

Secondary period

| Primary period

>l

Figure 17.3

Operating Example in Timer RBi in Programmable Waveform Generation Mode
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17.5 Programmable One-shot Generation Mode

In programmable one-shot generation mode, a one-shot pulse is output from the TRBiO (i = 0 or 1) pin by a
program or an external trigger input (input to the INT] (j = 0 or 5) pin) (refer to Table 17.5). When a trigger is
generated, the timer starts operating from the point only once for a given period equal to the set value in the
TRBIPR register. The TRBIiSC register is not used in this mode.

Figure 17.4 shows an Operating Example in Programmable One-Shot Generation Mode.

Table 17.5  Programmable One-Shot Generation Mode Specifications

ltem Specification
Count sources f1, f2, 8, timer RJi underflow
Count operations * The setting value of the TRBIPR register is decremented.

* When the timer underflows, it reloads the contents of the reload register before
the count completes and the TOSSTF bit is set to O (one-shot stops).
* When the count stops, the timer reloads the content of the reload register before

it stops.
One-shot pulse (n+1)(m+21)/i
output time fi: Frequency of count source

n: Value set in TRBIPRE register, m: Value set in TRBIPR register

Count start conditions | * The TSTART bit in the TRBICR register is set to 1 (count starts) and the next
trigger is generated.

* 1 (one-shot starts) is written to the TOSST bit in the TRBIOCR register.

« Trigger input to the INT]j pin

Count stop conditions | « When reloading completes after timer RBi underflows during the primary period

1 (one-shot stops) is written to the TOSSP bit in the TRBIOCR register.

« 0 (count stops) is written to the TSTART bit in the TRBICR register.

1 (count forcibly stops) is written to the TSTOP bit in the TRBICR register.

Interrupt request In half a cycle of the count source, after the timer underflows (at the same time as

generation timing the waveform output from the TRBIO pin ends) [timer RBi interrupt]

TRBIO pin function Pulse output

INT]j pin functions * When the INOSTG bit in the TRBIlOC register is set to 0 (INTj one-shot trigger
disabled): programmable I/O port or INTj (j = 0 or 5) interrupt input

* When the INOSTG bit in the TRBIIOC register is set to 1 (INTj one-shot trigger
enabled): external trigger (INTj interrupt input)

Read from timer The count value can be read out by reading registers TRBIPR and TRBiPRE.

Write to timer * When registers TRBIPRE and TRBIiPR are written while the count is stopped,
values are written to both the reload register and counter.

* When registers TRBIPRE and TRBIiPR are written during count operation,
values are written to the reload register only (1),

Selectable functions |« Output level select function
The output level of the one-shot pulse waveform is selected by the TOPL bit
in the TRBIIOC register.

* One-shot trigger select function
Refer to 17.5.3 One-Shot Trigger Selection.

Note:
1. The set value is reflected at the following one-shot pulse after writing to the TRBIPR register.
i=0orl,j=0o0r5
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17.5.1 Timer RBi I/O Control Register (TRBIlOC) (i =0 or 1) in Programmable
One-Shot Generation Mode

Address 010Ah (TRBOIOC), 009Ah (TRB1IOC)

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol| — | — | — | — | INOSEG | INOSTG | TOCNT | TOPL
After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 TOPL |Timer RBi output level select bit 0: High-level output of a one-shot pulse, R/W
low-level output when the timer is stopped
1: Low-level output of a one-shot pulse,
high-level output when the timer is stopped
bl TOCNT | Timer RBi output enable bit Set to 0 in programmable one-shot generation R/W
mode.
b2 | INOSTG | One-shot trigger control bit (1) 0: INTj (j = 0 or 5) pin one-shot trigger disabled @ | RIW
1: INTj (j = 0 or 5) pin one-shot trigger enabled (2)
b3 | INOSEG | One-shot trigger polarity select bit (1) |0: Falling edge trigger RIW
1: Rising edge trigger
b4 — Nothing is assigned. If necessary, set to 0. When read, the content is 0. —
b5 —
b6 —
b7 —
Note:

1. Referto 17.5.3 One-Shot Trigger Selection.
2. A one-shot trigger is input from the INTO pin for timer RBO and the INT5 pin for timer RB1.
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17.5.2 Operating Example

/Set to 1 by a program.

TSTART bitin
TRBICR register
Set to 1 by setting 1 to TOSST
bit in TRBIOCR register. ™\

Set to 0 when
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The above applies under the following conditions:

TRBIPRE = 01h, TRBiPR = 01h

TOPL in TRBIIOC register =0, TOCNT =0

INOSTG = 1 (INT] one-shot trigger enabled)

INOSEG = 1 (edge trigger at the rising edge)

i=0orl
j=0or5

Figure 17.4  Operating Example in Programmable One-Shot Generation Mode
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17.5.3 One-Shot Trigger Selection

In programmabl e one-shot generation mode and programmable wait one-shot generation mode, operation starts
when a one-shot trigger is generated while the TCSTF bit in the TRBICR register is set to 1 (count starts).

A one-shot trigger can be generated by either of the following causes:

 liswritten to the TOSST bit in the TRBIOCR register by a program.

« Trigger input from the INT] (j = 0 or 5) pin.

When a one-shot trigger occurs, the TOSSTF bit in the TRBIOCR register is set to 1 (one-shot operation in
progress) after one or two cycles of the count source have elapsed. Then, in programmable one-shot generation
mode, count operation begins and one-shot waveform output starts. (In programmable wait one-shot generation
mode, count operation starts for the wait period.) If a one-shot trigger occurs while the TOSSTF bit is set to 1,
no retriggering occurs.

To use trigger input from the INT] pin, input the trigger after making the following settings:

(1) Wheni=INTO

* Set the port direction bit in the port direction register corresponding to the INTO pin to O (input mode).

« Select the INTO digital filter with bits INTOFO and INTOF1 in the INTF register.

» Set the INTOPL bit in the INTEN register to 0 (one edge) and set the POL bit in the INTOIC register to 0
(falling edge). Furthermore, set the INOSEG hit in the TRBOIOC register to select afalling or rising edge.

» Set the INTOEN hit in the INTEN register to 1 (enabled).

« After completing the above, set the INOSTG bit in the TRBOIOC register to 1 (INTO pin one-shot trigger
enabled).

(2) Wheni=INT5 L

* Set the port direction bit in the port direction register corresponding to the INT5 pin to 0 (input mode).

* Select the INT5 digital filter with bits INT5F0 and INT5FL in the INTFL register.

* Set the INTSPL bit in the INTEN1 register to 0 (one edge) and set in the POL bit in the INT5IC register to O
(falling edge). Furthermore, set the INOSEG bit in the TRB1IOC register to select afalling or rising edge.

« Set the INT5EN bit in the INTEN1 register to 0 (enabled).

« After completing the above, set the INOSTG bit in the TRB1IOC register to 1 (INT5 pin one-shot trigger
enabled).

Note the following points with regard to generating interrupt requests by trigger input from the INT] pin.

« Processing to handle the interruptsis required. Refer to 12. Interrupts, for details.

* If aone-shot trigger occurs while the TOSSTF bit is set to 1, timer RB operation is not affected, but the value
of the IR bit in the INTjIC register changes.
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17.6 Programmable Wait One-Shot Generation Mode

In programmable wait one-shot generation mode, a one-shot pulse is output from the TRBIiO (i =0 or 1) pin by a
program or an external trigger input (input to the INT] (j = 0 or 5) pin) (refer to Table 17.6). When a trigger is
generated from that point, the timer outputs a pulse only once for a given length of time equal to the setting value of
the TRBIiSC register after waiting for a given length of time equal to the setting value of the TRBiPR register.
Figure 17.5 shows an Operating Example in Programmable Wait One-Shot Generation Mode.

Table 17.6  Programmable Wait One-Shot Generation Mode Specifications

Item Specification
Count sources f1, f2, 8, timer RJi underflow
Count operations * The setting value of the timer RBi primary is decremented.

* When a count of the timer RBi primary underflows, the timer reloads the contents of
timer RBi secondary before the count continues.

* When a count of the timer RBi secondary underflows, the timer reloads the
contents of timer RBi primary before the count completes and the TOSSTF bit is
set to 0 (one-shot stops).

« When the count stops, the timer reloads the content of the reload register before it
stops.

Wait time (n+1)(m+1)/fi

fi: Frequency of count source

n: Value set in TRBIPRE register, m: Value set in TRBIPR register

One-shot pulse output time (n+1)(p+1)/fi

fi: Frequency of count source

n: Value set in TRBIPRE register, p: Value set in TRBiISC register

Count start conditions » The TSTART bit in the TRBICR register is set to 1 (count starts) and the next
trigger is generated.

* 1 (one-shot starts) is written to the TOSST bit in the TRBIOCR register.

« Trigger input to the INT]j pin

Count stop conditions « When reloading completes after timer RBi underflows during the secondary period.

« 1 (one-shot stops) is written to the TOSSP bit in the TRBIOCR register.

« 0 (count stops) is written to the TSTART bit in the TRBICR register.

1 (count forcibly stops) is written to the TSTOP bit in the TRBICR register.

Interrupt request In half a cycle of the count source after timer RBi underflows during secondary

generation timing period (at the same time as the waveform output from the TRBIO pin ends) [timer
RBi interrupt].

TRBIO pin function Pulse output

INT] pin functions * When the INOSTG bit in the TRBIlIOC register is set to 0 (INTj one-shot trigger

disabled): programmable I/O port or INT]j interrupt input

» When the INOSTG bit in the TRBIIOC register is set to 1 (INTj one-shot trigger
enabled): external trigger (INTj interrupt input)

Read from timer The count value can be read out by reading registers TRBIiPR and TRBIiPRE.

Write to timer * When registers TRBIPRE, TRBISC, and TRBIPR are written while the count is
stopped, values are written to both the reload register and counter.

« When registers TRBIPRE, TRBiSC, and TRBIiPR are written during count
operation, values are written to the reload registers only. ()

Selectable functions « Output level select function
The output level of the one-shot pulse waveform is selected by the TOPL bit in
the TRBIlOC register.

« One-shot trigger select function
Refer to 17.5.3 One-Shot Trigger Selection.

Note:
1. The set value is reflected at the following one-shot pulse after writing to registers TRBISC and TRBIiPR.

i=0orl,j=0o0r5
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17.6.1 Timer RBi I/O Control Register (TRBIIOC) (i = 0 or 1) in Programmable
Wait One-Shot Generation Mode

Address 010Ah (TRBOIOC), 009Ah (TRB1IOC)

Bit b7 b6 b5 b4 b3 b2 b1l b0
Symbol| — | — | — | — |INOSEG INOSTG | TOCNT | TOPL
After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 TOPL |Timer RBi output level select bit 0: High-level output of a one-shot pulse, R/W
low-level output when the timer stops or during
wait

1: Low-level output of a one-shot pulse,
low-level output when the timer stops or during

wait

bl TOCNT | Timer RBi output enable bit Set to 0 in programmable wait one-shot generation | R/W
mode.

b2 | INOSTG | One-shot trigger control bit () 0: INTj (j = 0 or 5) pin one-shot trigger disabled @ | R/W
1: INTj (j = O or 5) pin one-shot trigger enabled ()

b3 [ INOSEG | One-shot trigger polarity select bit (1) | 0: Falling edge trigger RIW
1: Rising edge trigger

b4 — Nothing is assigned. If necessary, set to 0. When read, the content is O. —

b5 —

b6 —

b7 —

Note:

1. Referto 17.5.3 One-Shot Trigger Selection.
2. A one-shot trigger is input from the INTO pin for timer RBO and the INT5 pin for timer RB1.
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17.6.2 Operating Example
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in TRBICR register I I [
| . o _ [
Set to 1 by setting 1 to the TOSST bit in the TRBIOCR Set to 0 when |
ister, or INT] pin input tri . t ends. \}
register, or INT] pin |an{ rigger count ends ’

]

TOSSTF bit
in TRBIOCR register

INT] pin input —I

Count source

Underflow signal of
Timer RBi prescaler
| I I
Count starts Timer RB secondary reload Timer RB primary reload

v

CounteroftimerRBi( 01h X 00h X 04h X 03h X 02h X 01lh X 00h X 01lh )

Set to 0 when an interrupt request is acknowledged |
or by an program.

IR bitin
TRBIIC register

Set to O by a program.
|
TOPL bitin ]
TRBIIOC register 1

Wait starts Waveform output starts Waveform output ends

A
TRBIIO pin output
I
| Wait | One-shot pulse |
1. (primary period) S (secondary period) |
i > >
The above applies under the following conditions:
TRBIPRE = 01h, TRBiPR = 01h, TRBiSC = 04h
INOSTG = 1 (INT] one-shot trigger enabled)
INOSEG =1 (edge trigger at the rising edge)
i=0orl
j=0or5
Figure 17.5  Operating Example in Programmable Wait One-Shot Generation Mode
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17.7 Notes on Timer RB

* Timer RBI stops counting after areset. Set the valuesin the timer RBi and timer RBi prescalers before the count
starts.

* Evenif the prescaler and timer RBi isread out in 16-bit units, these registersareread 1 byte at atimein the MCU.
Consequently, the timer value may be updated during the period when these two registers are being read.

* |n programmabl e one-shot generation mode and programmable wait one-shot generation mode, when setting the

TSTART bit in the TRBICR register to 0 (count stops) or setting the TOSSP bit in the TRBiOCR register to 1

(one-shot stops), the timer reloads the value of reload register and stops. Therefore, in programmable one-shot

generation mode and programmable wait one-shot generation mode, read the timer count value before the timer

stops.

The TCSTF bit in the TRBICR register remains 0 (count stops) for one or two cycles of the count source after

setting the TSTART hit to 1 (count starts) while the count is stopped.

During this time, do not access registers associated with timer RBi (1) other than the TCSTF bit. Timer RB starts

counting at the first active edge of the count source after the TCSTF hit is set to 1 (during count operation).

The TCSTF bit remains 1 (during count operation) for one or two cycles of the count source after setting the

TSTART hit to 0 (count stops) while the count isin progress. Timer RBi counting is stopped when the TCSTF hit

is set to 0 (count stops).

During thistime, do not access registers associated with timer RBi (1) other than the TCSTF hit.

Note:
1. Registers associated with timer RBi:
TRBICR, TRBIOCR, TRBIilOC, TRBiMR, TRBIiPRE, TRBiSC, and TRBiPR

* When the TSTOP hit in the TRBiICR register is set to 1 during timer operation, timer RBi stops immediately.

* When 1 is written to the TOSST or TOSSP bit in the TRBIOCR register, the value of the TOSSTF bit changes
after one or two cycles of the count source have elapsed. When 1 is written to the TOSSP bit during the period
between when 1 is written to the TOSST bit and when the TOSSTF hit is set to 1, the TOSSTF bit may be set to
either 0 or 1 depending on the content state. Likewise, when 1 is written to the TOSST bit during the period
between when 1 is written to the TOSSP bit and when the TOSSTF bit is set to 0, the TOSSTF bit may be set to
either Oor 1.

* To use the underflow signal of timer RJi as the count source for timer RB, set timer RJi in timer mode, pulse
output mode, or event counter mode.

17.7.1 Timer Mode
To write to registers TRBIPRE and TRBIiPR during count operation (TCSTF bit in the TRBICR register (i =0
or 1) is set to 1), note the following:

* When the TRBIiPRE register is written continuously, allow three or more cycles of the count source for each
writeinterval.

* When the TRBIPR register is written continuously, allow three or more cycles of the prescaler underflow for
each writeinterval.

17.7.2 Programmable Waveform Generation Mode
To write to registers TRBIPRE and TRBIiPR during count operation (TCSTF bit in the TRBICR (i =0 or 1)
register is set to 1), note the following:
* When the TRBIiPRE register is written continuously, allow three or more cycles of the count source for each
writeinterval.
* When the TRBIPR register is written continuously, allow three or more cycles of the prescaler underflow for
each writeinterval.

RO1UH0024EJ0100 Rev.1.00 RENESAS Page 220 of 581
Aug 24, 2011



R8C/LA3A Group, R8C/LASA Group 17. Timer RB

17.7.3 Programmable One-Shot Generation Mode
To write to registers TRBIPRE and TRBIiPR during count operation (TCSTF bit in the TRBICR (i =0 or 1)
register is set to 1), note the following:

* When the TRBIPRE register is written continuously, allow three or more cycles of the count source for each
writeinterval.

* When the TRBIPR register is written continuously, allow three or more cycles of the prescaler underflow for
each writeinterval.

17.7.4 Programmable Wait One-shot Generation Mode
To write to registers TRBIPRE and TRBIiPR during count operation (TCSTF bit in the TRBICR (i =0 or 1)
register is set to 1), note the following:

* When the TRBIPRE register is written continuously, alow three or more cycles of the count source for each
write interval.

* When the TRBIPR register is written continuously, allow three or more cycles of the prescaler underflow for
each writeinterval.
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18. Timer RC

Note

The description offered in this chapter is based on the R8C/LA5A Group.
For the R8C/LA3A Group, refer to 1.4 Pin Assignments.

18.1 Introduction

Timer RC is a 16-bit timer with four 1/0O pins.

Timer RC uses either f1, fOCO20M or fOCO-F as its operating clock. Table 18.1 lists the Timer RC Operating
Clocks.

Table 18.1 Timer RC Operating Clocks

Condition Timer RC Operating Clock
The count source is f1, f2, f4, f8, 32, or TRCCLK input. fl
(Bits TCK2 to TCKO in the TRCCR1 register are set to 000b to 101b.)
The count source is fOCO20M. fOCO20M

(Bits TCK2 to TCKO in the TRCCRL1 register are set to 110b.)

Count source is fOCO-F (bits TCK2 to TCKO in TRCCRL1 register are setto |fOCO-F
111b)

Table 18.2 lists the Timer RC Pin Configuration. Figure 18.1 shows the Timer RC Block Diagram.

Timer RC supports the following three modes:
* Timer mode
- Input capture function The counter value is captured to aregister, using an external signal asthe trigger.
- Output compare function A match between the values of a counter and aregister is detected.
(Pin output can be changed at detection.)

The following two modes use the output compare function:

* PWM mode Pulses of a given width are output continuously.

* PWM2 mode A one-shot waveform or PWM waveform is output following the trigger after the
wait time has elapsed.

For the input capture function, the output compare function, and in PWM mode, settings may be selected
independently for each pin.

In PWM2 mode, waveforms are output based on a combination of the counter or the register.
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MSTCRO register

f1, 12, f4, 18, 132,
fOCO20M, fOCO-F

TRCMR register

TRCCRL1 register

TRCIER register

TRCSR register

TRCIORO register

TRCIORL1 register

TRC register

TRCGRA register

Data bus

TRCGRB register

TRCGRC register

TRCGRD register

15818888888 8

TRCCR2 register

Count source
select circuit

<«+—+—) TRCCLK

-t

(O 7o

Timer RC control circuit

<¢—() TRCIOATRCTRG

<«—() TRCIOB
<«—() TRCIOC
<¢—() TRCIOD

U:IIIIIIIIIIIIJ

Timer RC interrupt

<:>| TRCDF register
’ request

<:>| TRCOER register

<:>| TRCADCR register

<i>| TRCPSRO register
m<:>| TRCPSR1 register

Figure 18.1 Timer RC Block Diagram
Table 18.2  Timer RC Pin Configuration
Pin Name Assigned Pin I/0 Function
TRCIOA P8 7 I/O Function differs according to the mode.
Refer to descriptions of individual modes
TRCIOB P8 6, P8 5, or P8 4 AU
TRCIOC P8 5
TRCIOD P8 4
TRCCLK P7_1 Input | External clock input
TRCTRG P8 7,P7_2,0rP0_ 0 Input |PWM2 mode external trigger input
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18.2 Registers
Table 18.3 lists the Registers Associated with Timer RC.

Table 18.3  Registers Associated with Timer RC

Mode
Timer
Address | Symbol Input Output PwM | Pwm2 Related Information
Capture | Compare
Function | Function
0008h [MSTCRO |Valid Valid Valid Valid 18.2.1 Module Standby Control Register 0 (MSTCRO)
0120h |TRCMR |Valid Valid Valid Valid 18.2.2 Timer RC Mode Register (TRCMR)
0121h |TRCCR1 |Valid Valid Valid Valid Timer RC control register 1
18.2.3 Timer RC Control Register 1 (TRCCR1)
18.5.1 Timer RC Control Register 1 (TRCCR1) in
Timer Mode (Output Compare Function)
18.6.1 Timer RC Control Register 1 (TRCCR1) in
PWM Mode
18.7.1 Timer RC Control Register 1 (TRCCR1) in
PWM2 Mode
0122h |TRCIER |Valid Valid Valid Valid 18.2.4 Timer RC Interrupt Enable Register (TRCIER)
0123h |[TRCSR |Valid Valid Valid Valid 18.2.5 Timer RC Status Register (TRCSR)
0124h | TRCIORO | Valid Valid - - Timer RC I/O control register 0, timer RC 1/O control
register 1
18.2.6 Timer RC 1/0 Control Register 0 (TRCIORO)
18.2.7 Timer RC 1/0O Control Register 1 (TRCIOR1)
18.4.1 Timer RC I/0O Control Register 0 (TRCIORO0)
0125h | TRCIORL in_ Timer Mode (Input Capt_ure Function)
18.4.2 Timer RC I/O Control Register 1 (TRCIOR1)
in Timer Mode (Input Capture Function)
18.5.2 Timer RC I/0 Control Register 0 (TRCIORO)
in Timer Mode (Output Compare Function)
18.5.3 Timer RC 1/0O Control Register 1 (TRCIOR1)
in Timer Mode (Output Compare Function)
0126h |[TRC Valid Valid Valid Valid 18.2.8 Timer RC Counter (TRC)
0127h
0128h |TRCGRA |Valid Valid Valid Valid 18.2.9 Timer RC General Registers A, B, C, and D
0129h (TRCGRA, TRCGRB, TRCGRC, TRCGRD)
012Ah |TRCGRB
012Bh
012Ch |TRCGRC
012Dh
012Eh |TRCGRD
012Fh
0130h |[TRCCR2 |- Valid Valid Valid 18.2.10 Timer RC Control Register 2 (TRCCR2)
0131h |TRCDF |Valid - - Valid 18.2.11 Timer RC Digital Filter Function Select
Register (TRCDF)
0132h |[TRCOER |- Valid Valid Valid 18.2.12 Timer RC Output Master Enable Register
(TRCOER)
0133h |[TRCADCR|- Valid Valid Valid 18.2.13 Timer RC Trigger Control Register
(TRCADCR)
0182h |TRCPSRO | Valid Valid Valid Valid 18.2.14 Timer RC Pin Select Register 0 (TRCPSRO0)
0183h |TRCPSR1 | Valid Valid Valid Valid 18.2.15 Timer RC Pin Select Register 1 (TRCPSR1)
—: Invalid
RO1UHO0024EJ0100 Rev.1.00 RENESAS Page 224 of 581

Aug 24, 2011



R8C/LA3A Group, R8C/LASA Group 18. Timer RC
18.2.1 Module Standby Control Register 0 (MSTCRO)
Address 0008h
Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol | MSTADC| — |MSTTRC | MSTLCD| MSTIIC | — |MSTURTO —
After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 — Reseved bit Setto 0. R/W
bl [MSTURTO |UARTO standby bit 0: Active R/W
1: Standby (1)
b2 — Reseved bit Setto 0. R/W
b3 MSTIIC |SSU, I2C bus standby bit 0: Active R/W
1: Standby ()
b4 MSTLCD |LCD standby bit 0: Active R/W
1: Standby (3
b5 MSTTRC |Timer RC standby bit 0: Active R/W
1: Standby 4
b6 — Reseved bit Setto 0. R/W
b7 MSTADC |A/D standby bit (5) 0: Active R/W
1: Standby
Notes:
1. When the MSTURTO bit is set to 1 (standby), any access to the UARTO associated registers (addresses 00AOh

2.

3.

to 00A7h) is disabled.

When the MSTIIC bit is set to 1 (standby), any access to the SSU or the I2C bus associated registers (addresses
0193h to 019Dh) is disabled.

When the MSTLCD bit is set to 1 (standby), any access to the timer LCD associated registers (addresses 0200h
to 0237h) is disabled.

When the MSTTRC bit is set to 1 (standby), any access to the timer RC associated registers (addresses 0120h
to 0133h) is disabled.

When the MSTADC bit is set to 1 (standby), any access to the timer A/D associated registers (addresses 00COh
to 00D9h, 00DCh to 00DFh) is disabled.

Set the MSTADC bit to 0 (active) when the temperature sensor is used.

When changing each standby bit to standby, stop the corresponding peripheral function beforehand. When
peripheral functions are set to standby using each standby bit, their registers cannot be read or written. Also, the
clock supply to the peripheral functionsis stopped.

When changing from standby to active, set the registers of the corresponding peripheral function again after
changing.
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18.2.2 Timer RC Mode Register (TRCMR)
Address 0120h
Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol| TSTART | — | BFD | BFC | PWM2 | PWMD | PWMC | PWMB

After Reset 0 1 0 0 1 0 0 0

Bit Symbol Bit Name Function R/W

b0 PWMB | PWM mode of TRCIOB select bit () 0: Timer mode R/IW
1: PWM mode

bl PWMC | PWM mode of TRCIOC select bit (1) 0: Timer mode R/W
1: PWM mode

b2 PWMD | PWM mode of TRCIOD select bit (1) 0: Timer mode R/W
1: PWM mode

b3 PWM2 | PWM2 mode select bit 0: PWM 2 mode R/W
1: Timer mode or PWM mode

b4 BFC | TRCGRC register function select bit (3) | 0: General register R/W
1: Buffer register of TRCGRA register

b5 BFD | TRCGRD register function select bit 0: General register R/W
1: Buffer register of TRCGRB register

b6 — Nothing is assigned. If necessary, set to 0. When read, the content is 1. —

b7 | TSTART | TRC count start bit 0: Count stops R/W
1: Count starts

Notes:

1. These bits are enabled when the PWM2 hit is set to 1 (timer mode or PWM mode).

2. Setthe BFC bit to 0 (general register) in PWM2 mode.

For notes on the TRCMR register in PWM2 mode, refer to 18.9.6 TRCMR Register in PWM 2 Mode.
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18.2.3 Timer RC Control Register 1 (TRCCR1)
Address 0121h
Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol| CCLR | TCK2 | TCK1 | TCKO | TOD | TOC TOB TOA
After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 TOA |TRCIOA output level select bit (1) |Function varies according to the operating mode R/W
bl TOB |TRCIOB output level select bit @ | (function). RIW
b2 TOC |TRCIOC output level select bit (1) RIW
b3 TOD |TRCIOD output level select bit () RIW
b4 TCKO  [Count source select bit (1) bg bg '8‘_ i R/W
b5 TCKI 001 2 RIW
b6 TCK2 010 f4 R/W
011:f8
100:f32
10 1: TRCCLK input rising edge
110: fOCO20M
11 1:fOCO-F
b7 CCLR |TRC counter clear select bit 0: Clear disabled (free-running operation) R/W
1: TRC counter cleared by TRCGRA input capture or
by compare match with the TRCGRA register
Notes:

1. Setto these bits when the TSTART bit in the TRCMR register is set to 0 (count stops).
2. To select fOCO-F, set it to the clock frequency higher than the CPU clock frequency.

18.2.4 Timer RC Interrupt Enable Register (TRCIER)
Address 0122h

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol| OVE | — [ — | — | IMED | IMIEC | IMIEB | IMIEA

After Reset 0 1 1 1 0 0 0 0

Bit Symbol Bit Name Function R/W

b0 IMIEA | Input-capture/compare-match interrupt 0: Interrupt (IMIA) by IMFA bit disabled R/W
enable bit A 1: Interrupt (IMIA) by IMFA bit enabled

bl IMIEB | Input-capture/compare-match interrupt | O: Interrupt (IMIB) by IMFB bit disabled R/W
enable bit B 1: Interrupt (IMIB) by IMFB bit enabled

b2 IMIEC | Input-capture/compare-match interrupt | O: Interrupt (IMIC) by IMFC bit disabled R/W
enable bit C 1: Interrupt (IMIC) by IMFC bit enabled

b3 IMIED | Input-capture/compare-match interrupt 0: Interrupt (IMID) by IMFD bit disabled R/W
enable bit D 1: Interrupt (IMID) by IMFD bit enabled

b4 — Nothing is assigned. If necessary, set to 0. When read, the content is 1. —

b5 —

b6 —

b7 OVIE |Overflow interrupt enable bit 0: Interrupt (OVI) by OVF bit disabled R/W

1: Interrupt (OVI) by OVF bit enabled
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18.2.5 Timer RC Status Register (TRCSR)
Address 0123h

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol| OVF | — | — | — | IMFD | IMFC | IMFB | IMFA
After Reset 0 1 1 1 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 IMFA | Input-capture/compare-match flag A [Condition for setting to 0] R/W
bl IMFB | Input-capture/compare-match flag B Write O after reading. V) R/W
b2 IMFC | Input-capture/compare-match flag C [Condition for setting to 1] R/IW
b3 IMFD |nput-capture/compare_ma’[ch ﬂag D Refer to Table 18.4 Conditions for Setting Bit R/W
of Each Flag to 1.
b4 — Nothing is assigned. If necessary, set to 0. When read, the content is 1. —
b5 —
b6 —
b7 OVF | Overflow flag [Condition for setting to 0] R/W
Write O after reading. (1)
[Condition for setting to 1]
Refer to Table 18.4 Conditions for Setting Bit
of Each Flag to 1.
Note:

1. The results of writing to these bits are as follows:
» The bit is set to 0 when it is first read as 1 and then 0O is written to it.
* The bit remains unchanged even if it is first read as 0 and then 0 is written to it. (The bit's value remains 1 even
if it is set to 1 from O after being read as 0 and having 0 written to it.)
« The bit's value remains unchanged if 1 is written to it.

Table 18.4  Conditions for Setting Bit of Each Flag to 1

. Timer Mode
Bit Symbol - - PWM Mode PWM2 Mode
Input Capture Function Output Compare Function
IMFA TRCIOA pin input edge (1) | When the values of registers TRC and TRCGRA match.
IMFB TRCIOB pin input edge (1) | When the values of registers TRC and TRCGRB match.
IMFC TRCIOC pin input edge () | When the values of registers TRC and TRCGRC match. (2)
IMFD TRCIOD pin input edge (1) | When the values of registers TRC and TRCGRD match. (2)
OVF When the TRC register overflows.
Notes:
1. Edge selected by bits 10j0 and 10j1 (j = A, B, C, or D) in registers TRCIORO and TRCIORL1.
2. Includes the condition that bits BFC and BFD in the TRCMR register are set to 1 (buffer registers of registers
TRCGRA and TRCGRB).

RO1UH0024EJ0100 Rev.1.00 RENESAS Page 228 of 581
Aug 24, 2011



R8C/LA3A Group, R8C/LASA Group 18. Timer RC

18.2.6 Timer RC I/O Control Register 0 (TRCIORO)
Address 0124h

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol | — | I0OB2 | IOB1 | IOBO | I0A3 | 10A2 | I0AL IOAO
After Reset 1 0 0 0 1 0 0 0
Bit Symbol Bit Name Function R/W
b0 IOA0 |TRCGRA control bit Function varies according to the operating mode R/W
bl I0OA1 (function). R/W
b2 IOA2 | TRCGRA mode select bit (1) 0: Output compare function R/W
1: Input capture function
b3 IOA3 |TRCGRA input capture input switch |0: fOC0O128 signal R/W
bit (3 1: TRCIOA input pin
b4 IOBO |TRCGRB control bit Function varies according to the operating mode R/W
b5 10B1 (function). R/W
b6 IOB2 | TRCGRB mode select bit (2) 0: Output compare function R/W
1: Input capture function
b7 — Nothing is assigned. If necessary, set to 0. When read, the content is 1. —

Notes:

1. When the BFC bit in the TRCMR register is set to 1 (buffer register of TRCGRA register), set the IOC2 bit in the

TRCIORL1 register to the same value as the IOA2 bit in the TRCIORO register.

2. When the BFD bit in the TRCMR register is set to 1 (buffer register of TRCGRB register), set the 10D2 bit in the

TRCIORL1 register to the same value as the IOB2 bit in the TRCIORO register.
3. The IOA3 bit is enabled when the IOA2 bit is set to 1 (input capture function).

The TRCIORQO register is enabled in timer mode. It is disabled in PWM mode and PWM2 mode.

18.2.7 Timer RC I/O Control Register 1 (TRCIOR1)
Address 0125h

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol| 10D3 | IOD2 | 10D1 | I0DO | 10C3 | 10C2 | IOC1 10CO
After Reset 1 0 0 0 1 0 0 0
Bit Symbol Bit Name Function R/W
b0 IOCO0 |TRCGRC control bit Function varies according to the operating mode R/W
bl I0C1 (function). R/W
b2 I0C2 |TRCGRC mode select bit (1) 0: Output compare function R/W
1: Input capture function
b3 IOC3 |TRCGRC register function select bit  |{0: TRCIOA output register R/W
1: General register or buffer register
b4 IOD0 |TRCGRD control bit Function varies according to the operating mode R/W
b5 IOD1 (function). RIW
b6 IOD2 | TRCGRD mode select bit (2) 0: Output compare function R/W
1: Input capture function
b7 IOD3 |TRCGRD register function select bit  {0: TRCIOB output register R/W
1: General register or buffer register

Notes:

1. When the BFC bit in the TRCMR register is set to 1 (buffer register of TRCGRA register), set the IOC2 bit in the

TRCIORL1 register to the same value as the IOA2 bit in the TRCIORO register.

2. When the BFD bit in the TRCMR register is set to 1 (buffer register of TRCGRB register), set the 10D2 bit in the

TRCIORL1 register to the same value as the IOB2 bit in the TRCIORO register.

The TRCIORL register is enabled in timer mode. It is disabled in PWM mode and PWM2 mode.
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18.2.8 Timer RC Counter (TRC)
Address 0127h to 0126h

Bit b7 b6 b5 b4 b3 b2 bl b0

symbol[ — | — | — | — — — — -

After Reset 0 0 0 0 0 0 0 0

Bit b15 b14 b13 b12 b11 b10 b9 b8

Symbol — — — — — — — —

After Reset 0 0 0 0 0 0 0 0
Bit Function Setting Range R/W
b15 to b0 |Counts a count source. Count operation is increment. 0000h to FFFFh R/W

When an overflow occurs, the OVF bit in the TRCSR register is set to 1.

Access the TRC register in 16-bit units. Do not accessit in 8-bit units.

18.2.9 Timer RC General Registers A, B, C, and D (TRCGRA, TRCGRB, TRCGRC,
TRCGRD)

Address 0129h to 0128h (TRCGRA), 012Bh to 012Ah (TRCGRB),
012Dh to 012Ch (TRCGRC), 012Fh to 012Eh (TRCGRD)

Bit b7 b6 b5 b4 b3 b2 bl b0
o[ — [ — ] — [ — [ — [ — [ — ] —
After Reset 1 1 1 1 1 1 1 1
Bit  bl5 b14 b13 b12 b11 b10 b9 b8
Symbol — — — — — — — —
After Reset 1 1 1 1 1 1 1 1
Bit Function R/W
b15 to b0 |Function varies according to the operating mode. R/W

Access registers TRCGRA to TRCGRD in 16-bit units. Do not access them in 8-bit units.
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18.2.10 Timer RC Control Register 2 (TRCCR2)
Address 0130h

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol | TCEG1 | TCEGO | CSEL | — | — | POLD | POLC | POLB
After Reset 0 0 0 1 1 0 0 0
Bit Symbol Bit Name Function R/W
b0 POLB |PWM mode output level 0: TRCIOB output level selected as low active R/W
control bit B (1) 1: TRCIOB output level selected as high active
bl POLC [PWM mode output level 0: TRCIOC output level selected as low active R/W
control bit C (1) 1: TRCIOC output level selected as high active
b2 POLD [PWM mode output level 0: TRCIOD output level selected as low active R/W
control bit D (1) 1: TRCIOD output level selected as high active
b3 — Nothing is assigned. If necessary, set to 0. When read, the content is 1. —
b4 —
b5 CSEL |TRC count operation select bit (2) 0: Count continues at compare match with R/W
the TRCGRA register
1: Count stops at compare match with
the TRCGRA register
b6 TCEGO i it 3) b7 b6 R/W
TRCTRG input edge select bit 0 0: Trigger input from the TRCTRG pin disabled
b7 TCEG1 S R/W
0 1: Rising edge selected
1 0: Falling edge selected
1 1: Both edges selected
Notes:

1. Enabled when in PWM mode.

2. Enabled when in output compare function, PWM mode, or PWM2 mode. For notes on PWM2 mode, refer to
18.9.6 TRCMR Register in PWM2 Mode.

3. Enabled when in PWM2 mode.
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18.2.11 Timer RC Digital Filter Function Select Register (TRCDF)
Address 0131h

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol | DFCK1 | DFCKO | — | DFTRG | DFD | DFC | DFB | DFA |

After Reset 0 0 0 0 0 0 0 0

Bit | Symbol Bit Name Function R/W

b0 DFA | TRCIOA pin digital filter function select bit (1) {0: Function is not used R/W
1: Function is used

bl DFB |TRCIOB pin digital filter function select bit (1) |0: Function is not used R/IW
1: Function is used

b2 DFC | TRCIOC pin digital filter function select bit (1) [0: Function is not used R/W
1: Function is used

b3 DFD | TRCIOD pin digital filter function select bit (1) [0: Function is not used RIW
1: Function is used

b4 | DFTRG |TRCTRG pin digital filter function select bit (2)|0: Function is not used RIW
1: Function is used

b5 — Nothing is assigned. If necessary, set to 0. When read, the content is 0. —

b6 | DFCKO |Digital filter function clock select bit (1. 2) b7 b6 RIW

b7 DFCK1 00:32 R/W
01:f8
10:f1
1 1: Count source (clock selected by bits

TCKO to TCK2 in the TRCCR1 register)

Notes:
1. These bits are enabled for the input capture function.
2. These bits are enabled when in PWM2 mode and bits TCEG1 to TCEGO in the TRCCR2 register are set to 01b,
10b, or 11b (TRCTRG trigger input enabled).
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18.2.12 Timer RC Output Master Enable Register (TRCOER)
Address 0132h
Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol| PTO | — | — | — | ED | EC | EB | EA
After Reset 0 1 1 1 1 1 1 1
Bit Symbol Bit Name Function R/W
b0 EA  |TRCIOA output disable bit (1) 0: Output enabled RIW
1: Output disabled
(TRCIOA pin functions as a programmable 1/O port)
bl EB  |TRCIOB output disable bit (1) 0: Output enabled RIW
1: Output disabled
(TRCIOB pin functions as a programmable I/O port)
b2 EC |TRCIOC output disable bit (1) 0: Output enabled RIW
1: Output disabled
(TRCIOC pin functions as a programmable 1/0 port)
b3 ED |TRCIOD output disable bit () 0: Output enabled RIW
1: Output disabled
(TRCIOD pin functions as a programmable 1/0 port)
b4 — Nothing is assigned. If necessary, set to 0. When read, the content is 1. —
b5 —
b6 —
b7 PTO  |INTO of pulse output forced cutoff 0: Pulse output forced cutoff input disabled R/W
signal input enabled bit 1: Pulse output forced cutoff input enabled
(Bits EA, EB, EC, and ED are setto 1
(output disabled) when a low or high-level signal is
applied to the INTO pin depending on POL bit in
INTOIC register.)
Note:

1. These bits are disabled for pins set as input-capture input.

18.2.13 Timer RC Trigger Control Register (TRCADCR)
Address 0133h

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol | — | — | — | — |ADTRGDE|ADTRGCE|ADTRGBE ADTRGAE
After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 |ADTRGAE |A/D trigger A enable hit 0: A/D trigger disabled R/W
1: A/D trigger generated at compare match
between registers TRC and TRCGRA
bl |ADTRGBE |A/D trigger B enable bit 0: A/D trigger disabled R/W
1: A/D trigger generated at compare match
between registers TRC and TRCGRB
b2 |ADTRGCE |A/D trigger C enable bit 0: A/D trigger disabled R/W
1: A/D trigger generated at compare match
between registers TRC and TRCGRC
b3 |ADTRGDE |A/D trigger D enable bit 0: A/D trigger disabled R/W
1: A/D trigger generated at compare match
between registers TRC and TRCGRD
b4 — Nothing is assigned. If necessary, set to 0. When read, the content is 0. —
b5 —
b6 —
b7 —
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18.2.14 Timer RC Pin Select Register 0 (TRCPSRO0)
Address 0182h

Bit b7 b6 b5 b4 b3 b2 b1l b0
Symbol| — | — |TRCIOBSEL1|TRCIOBSELO| TRCIOASEL1 | TRCIOASELO| — |TRCCLKSELO
After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 [TRCCLKSELO|TRCCLK pin select bit 0: TRCCLK pin not used R/W
1: P7_1 assigned

bl — Reserved bit Set to 0. R/W
b2 | TRCIOASELO |TRCIOA/TRCTRG pin select bit b3 b2 RIW

0 0: TRCIOA/TRCTRG pin not used
0 1: TRCIOA/TRCTRG pin assigned to P8_7
1 0: TRCTRG pin assigned to PO_0
11: TRCTRG pin assigned to P7_2

b4 | TRCIOBSELO [TRCIOB pin select bit b5 ba ] R/W
0 0: TRCIOB pin not used

b3 |TRCIOASEL1 R/W

b5 TRCIOBSEL1 01: P8 6 assigned R/W
1 0: P8_5 assigned )
11: P8_4 assigned (2)
b6 — Reserved bits Setto O. R/W
b7 —
Notes:

1. When the TRCIOCSELO bit in the TRCPSRL1 register is set to 1 (TRCIOC pin assigned to P8_5), P8_5 functions
as the TRCIOC pin regardless of the content of bits TRCIOBSEL1 to TRCIOBSELO.

2. When the TRCIODSELO bit in the TRCPSR1 register is set to 1 (TRCIOD pin assigned to P8_4), P8_4 functions
as the TRCIOD pin regardless of the content of bits TRCIOBSEL1 to TRCIOBSELO.

The TRCPSRO register selects whether to use the timer RC input. To use the input pins for timer RC, set this
register.

Set the TRCPSRO register before setting the timer RC associated registers. Also, do not change the setting value
of thisregister during timer RC operation. If the assignment of the timer RC pinsis changed, an edge may occur
depending on the changed pin level, causing the TRC register to be set to 0000h.
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18.2.15 Timer RC Pin Select Register 1 (TRCPSR1)
Address 0183h
Bit b7 b6 b5 b4 b3 b2 b1l b0
Symbol| — | — | — | — — | TRCIODSELO — TRCIOCSELO
After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 |[TRCIOCSELO |[TRCIOC pin select bit 0: TRCIOC pin not used R/W
1: P8 5 assigned
bl — Reserved bit Set to O. R/W
b2 |TRCIODSELO |TRCIOD pin select bit 0: TRCIOD pin not used R/W
1: P8 4 assigned
b3 — Reserved bits Set to O. R/W
b4 —
b5 —
b6 —
b7 —

The TRCPSRL1 register selects whether to use the timer RC input. To use the input pins for timer RC, set this

register.

Set the TRCPSRL register before setting the timer RC associated registers. Also, do not change the setting value
of thisregister during timer RC operation.
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18.3 Common Items for Multiple Modes

18.3.1 Count Source

The method of selecting the count source is common to all modes.
Table 18.5 lists the Count Source Selection, and Figure 18.2 shows the Count Source Block Diagram.

Table 18.5 Count Source Selection

Count Source Selection Method
f1, 2, f4, 18, 32 The count source is selected by bits TCK2 to TCKO in TRCCRL1 register
fOCO20M - The FRAOO bit in the FRAO register set to 1 (high-speed on-chip oscillator on).
fOCO-F - Bits TCK2 to TCKO in the TRCCRL1 register are set to 110b (fOCO20M).

- Bits TCK2 to TCKO in TRCCRL1 register are set to 111b (fOCO-F)

External signal input |- Bits TCK2 to TCKO in TRCCR1 register are set to 101b (count source is rising
to TRCCLK pin edge of external clock)

- The corresponding direction bit in the direction register is set to 0 (input mode)

f TCK2 to TCKO
=000b
2 = OOlbO
fa =010b o
8 =011b Count source TRC register
32 =100b O
TrRCCLK () =101b 5
fOCO20M =110b
fOCO-F = 1116
TCK2 to TCKO: Bits in TRCCRL1 register

Figure 18.2  Count Source Block Diagram

The pulse width of the external clock input to the TRCCLK pin should be set to three cycles or more of the
timer RC operation clock. (See Table 18.1 Timer RC Operating Clocks.)

To select fOCO20M or fOCO-F as the count source, set the FRAQO bit in the FRAO register set to 1 (high-speed
on-chip oscillator on), and then set bits TCK2 to TCKO in the TRCCR1 register to 110b (fOCO20M) or 111b
(fOCO-F).
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18.3.2 Buffer Operation

Bits BFC and BFD in the TRCMR register are used to select the TRCGRC or TRCGRD register as the buffer
register of the TRCGRA or TRCGRB register.

« Buffer register of TRCGRA register: TRCGRC register
« Buffer register of TRCGRB register: TRCGRD register
Buffer operation differs depending on the mode.

Table 18.6 lists the Buffer Operation in Each Mode, Figure 18.3 shows the Buffer Operation of Input Capture
Function, and Figure 18.4 shows the Buffer Operation of Output Compare Function.

Table 18.6  Buffer Operation in Each Mode

Function, Mode

Transfer Timing

Transfer Destination Register

Input capture function

Input capture signal input

The content of the TRCGRA
(TRCGRB) register is transferred to
the buffer register.

Output compare function

Compare match between the TRC
register and the TRCGRA (TRCGRB)

The content of the buffer register is
transferred to the TRCGRA

TRC register

TRCGRA register

TRCGRC register
(buffer)

PWM mode register (TRCGRB) register.
PWM2 mode « Compare match between the TRC The content of the buffer register
register and the TRCGRA register (TRCGRD) is transferred to the
* TRCTRG pin trigger input TRCGRB register.
TRCIOA input o
(input capture signal) L\
TRCGRC TRCGRA TRC
register | register
TRCIOA input

]

=}

X n+1

\\ Transfer

N

i
)
)
\ Transfer

Lt -

The above applies under the following conditions:
» The BFC bit in the TRCMR register is set to 1 (TRCGRC register is used as the buffer register of the TRCGRA register).
* Bits IOA2 to IOAO in the TRCIORO register are set to 100b (input capture at the rising edge).

Figure 18.3 Buffer Operation of Input Capture Function
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TRCGRC
register

Compare match signal

TRCGRA
register

»  Comparator [«—

TRC

TRC register

m+1

TRCGRA register

b 4

——— e

Transfer

TRCGRC register

(buffer)

TRCIOA output

The above applies under the following conditions:
* The BFC bit in the TRCMR register is setto 1 (TRCGRC register is used as the buffer register of the TRCGRA register).
* Bits IOA2 to IOAO in the TRCIORO register are set to 001b (low-level output at compare match).

Figure 18.4 Buffer Operation of Output Compare Function

Make the following settings in timer mode.
» To usethe TRCGRC register as the buffer register of the TRCGRA register:
Set the IOC2 bit in the TRCIORL register to the same value as the IOA2 bit in the TRCIORO register.
» To usethe TRCGRD register as the buffer register of the TRCGRB register:
Set the I0D2 bit in the TRCIOR1 register to the same value as the IOB2 bit in the TRCIORO register.

When the TRCGRC or TRCGRD register is also used as the buffer register for the output compare function, in
PWM mode, or PWM2 mode, the IMFC or IMFD bit in the TRCSR register is set to 1 by a compare match with

the TRC register.

When the TRCGRC register or TRCGRD register is also used as the buffer register for the input capture
function, the IMFC or IMFD bit in the TRCSR register is set to 1 at the input edge of a signal input to the

TRCIOC or TRCIOD pin.

RO1UHO0024EJ0100 Rev.1.00
Aug 24, 2011

RENESAS

Page 238 of 581



R8C/LA3A Group, R8C/LASA Group 18. Timer RC

18.3.3 Digital Filter

The input to TRCTRG or TRCIQj (j = A, B, C, or D) is sampled, and the level is determined when three
matches occur. The digital filter function and sampling clock can be selected using the TRCDF register.
Figure 18.5 shows a Block Diagram of Digital Filter.

TCK2 to TCKO DFCK1 to DFCKO

1 =000b ~00b

=001b

o 132
—F—0 =
B 18 =010
— S04 =10b
fl —=0
™ zoub =11bey

Count source
32 =100b O

TRCCLK =101b I0A2 to 10A0
=110b 10B2 to I0BO
fOCO20M ——— O ? 10C2 to 10CO
_ 10D2 to I0DO

fOCO-F = 111b

(or TCEG1 to TCEGO)
Sampling clock

DFj (or DFTRG)

C 1
— o
TRCIO] input signal D Match detect Bdge detect |y
(or TRCTRG input
signal) Latch
0
Timer RC operating clock
1 or fOCO20M
[}
D Q
Latch
Clock cycle selected by
TCK2 to TCKO
(or DFCK1 to DFCKO)
Sampling clock
1 1 ) 1 1 ) ) )
H H A A N
1 ~ N
TRCIOj input signal . !
TRCTRG it )
cr input signal) Three matches occur and
a signal change is confirmed.
Input signal after
passing through \

~N—_

digital filter . . .
Maximum signal transmission
\ delay is five sampling clocks.

If fewer than three matches occur,
the matches are recognized as noise
and no transmission is performed.

j=A,B,C,orD

TCKO to TCK2: Bits in TRCCR1 register

DFTRG, DFCKO, DFCK1, DFj: Bits in TRCDF register

I0AO to I0A2, 10BO to I0B2: Bits in TRCIORO register
10CO0 to I0C2, 10DO to 10D2: Bits in TRCIOR1 register
TCEGO, TCEG1.: Bits in TRCCR2 register

Figure 18.5 Block Diagram of Digital Filter
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18.3.4 Forced Cutoff of Pulse Output

When using the timer mode's output compare function, PWM mode, or PWM2 mode, pulse output from the
TRCIQj (j = A, B, C, or D) output pin can be forcibly cut off and the TRCIOj pin set to function as a
programmable 1/0 port by means of input to the INTO pin.

A pin used for output by the timer mode’s output compare function, PWM mode, or PWM2 mode can be set to
function asthetimer RC output pin by setting the Ej bit in the TRCOER register to O (timer RC output enabled).

When the PTO bit in the TRCOER register is 1 (pulse output forced cutoff signal input INTO enabled), if alow-
level (or high-level) signal isinput to the INTO pin, bits EA, EB, EC, and ED in the TRCOER register are all set
to 1 (timer RC output disabled, TRCIOj output pin functions as a programmable 1/0O port) after one or two
cycles of the timer RC operating clock. For details of the timer RC operating clock, refer to Table 18.1 Timer
RC Operating Clocks.

Make the following settings to use this function.

* Set the pin state following forced cutoff of pulse output (high impedance (input), low-level output, or high-
level output). (Refer to 7. 1/0O Ports.)

* Set the INTOEN bit to 1 (INTO input enabled) and the INTOPL bit to O (one edge) in the INTEN register.

* Set the POL hit in the INTOIC register to select arising or falling edge.
When the POL bit is set to O (falling edge), the pulse output isforcibly cut off at the falling edge of the INTO pin.
When the POL bit is set to 1 (rising edge), the pulse output is forcibly cut off at the rising edge of the INTO pin.

* Set the direction registers for the I/O ports selected as INTO to O (input mode).

* Select the INTO digital filter with bits INTOFO and INTOF1 in the INTF register.

* Set the PTO bit in the TRCOER register to 1 (pulse output forced cutoff signal input INTO enabled).

The IR bit in the INTOIC register is set to 1 (interrupt requested) in accordance with the setting of the POL bit
and achangein the INTO pin input (refer to 12.8 Notes on Interrupts).
For details on interrupts, refer to 12. Interrupts.
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INTO input O——d

—

PTO

g

Timer RC

output data TRCIOB

Timer RC % O
output data TRCIOA

. EA
EA bit D
write value Q
S
EB bit EB
write value D Q
S
EC
EC bit D
write value Q
S
ED
ED bit
write value D Q
S

EA, EB, EC, ED, PTO: Bits in TRCOER register

Timer RC
output data

Timer RC % O
output data TRCIOC

TRCIOD

Figure 18.6

Forced Cutoff of Pulse Output
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18.4 Timer Mode (Input Capture Function)

This function measures the width or period of an external signal. An external signal input to the TRCIOj (j = A, B,
C, or D) pin acts as atrigger for transferring the content of the TRC register (counter) to the TRCGR]j register
(input capture). The input capture function, or any other mode or function, can be selected for each individual pin.
Table 18.7 lists the Input Capture Function Specifications, Figure 18.7 shows a Block Diagram of Input Capture
Function, Table 18.8 lists the Functions of TRCGR] Register when Using Input Capture Function, and Figure 18.8
shows an Operating Example of Input Capture Function.

Table 18.7 Input Capture Function Specifications

Item Specification
Count sources f1, f2, f4, 18, 32, fOCO20M, fOCO-F, or
external signal (rising edge) input to the TRCCLK pin
Count operation Increment
Count period * The CCLR bit in the TRCCR1 register is set to 0 (free-running operation):

1/tk x 65,536
fk: Frequency of count source
* The CCLR bit in the TRCCR1 register is set to 1 (TRC register is set to
0000h by TRCGRA input capture):
1tk x (n + 1)
n: Value set in TRCGRA register

Count start condition 1 (count starts) is written to the TSTART bit in the TRCMR register.

Count stop condition 0 (count stops) is written to the TSTART bit in the TRCMR register.
The TRC register retains a value before the count stops.

Interrupt request * Input capture (active edge of the TRCIQj input)

generation timing * TRC register overflows

TRCIOA, TRCIOB, TRCIOC, |Programmable I/O port or input capture input

and TRCIOD pins function (selectable for each individual pin)

INTO pin function Programmable 1/0 port or INTO interrupt input

Read from timer The count value can be read by reading TRC register.

Write to timer The TRC register can be written to.

Selectable functions * Input-capture input pin selection

One or more of pins TRCIOA, TRCIOB, TRCIOC, and TRCIOD
* Input-capture input active edge selection
Rising edge, falling edge, or both rising and falling edges
« Buffer operation (Refer to 18.3.2 Buffer Operation.)
« Digital filter (Refer to 18.3.3 Digital Filter.)
« Timing for setting the TRC register to 0000h
Overflow or input capture

j=A,B,C,orD
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S

fOCO-S or Divided fOCO128
fOCO-F by 128 03 =0
(Note 3) Input capture signal @)
O Edge {
TRCIOA selection IOA3 =1
TRCGRA
(Note 1) register
TRCGRC
register
C Edge
TRCIOC selection ]
Input capture signal
Input capture signal
O Edge
TRCIOB selection
TRCGRB
(Note 2) register
TRCGRD
register
C Edge
TRCIOD selection

I0A3: Bit in TRCIORO register

Notes:

1. The BFC bit in the TRCMR register is set to 1 (TRCGRC register functions as the buffer register for the TRCGRA register)
2. The BFD bit in the TRCMR register is set to 1 (TRCGRD register functions as the buffer register for the TRCGRB register)
3. The trigger input of the TRCGRA register can select the TRCIOA pin input or fOC0128 signal.

Input capture signal

TRC register

Eabs

Figure 18.7

Block Diagram of Input Capture Function
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18.4.1 Timer RC I/O Control Register 0 (TRCIORO) in Timer Mode (Input Capture

Function)
Address 0124h
Bit b7 b6 b5 b3 b2 bl b0
Symbol | — | I0B2 10B1 IOA3 I0A2 I0A1 IOAO
After Reset 1 0 0 1 0 0 0
Bit Symbol Bit Name Function R/W
b0 IOA0 [TRCGRA control bit b1 b0 ] R/W
b1 OAL 00: I_nput capture to the TRCGRA register at the RIW
rising edge
0 1: Input capture to the TRCGRA register at the
falling edge
1 0: Input capture to the TRCGRA register at both
edges
1 1: Do not set.
b2 IOA2 | TRCGRA mode select bit (1) Set to 1 for the input capture function. R/W
b3 IOA3 |TRCGRA input-capture input 0: fOC0O128 signal R/W
switch bit 3) 1: TRCIOA pin input
b4 IOBO |TRCGRB control bit b5 b4 ] R/W
b5 0BT 00: I_nput capture to the TRCGRB register at the RIW
rising edge
0 1: Input capture to the TRCGRB register at the
falling edge
1 0: Input capture to the TRCGRB register at both
edges
1 1: Do not set.
b6 IOB2 |TRCGRB mode select bit (2) Set to 1 for the input capture function. R/W
b7 — Nothing is assigned. If necessary, set to 0. When read, the content is 1. —
Notes:
1. When the BFC bit in the TRCMR register is set to 1 (buffer register of TRCGRA register), set the IOC2 bit in the

2.

3.

TRCIORL1 register to the same value as the IOA2 bit in the TRCIORO register.
When the BFD bit in the TRCMR register is set to 1 (buffer register of TRCGRB register), set the IOD2 bit in the
TRCIORL1 register to the same value as the IOB2 bit in the TRCIORO register.
The I0A3 bit is enabled when the IOA2 bit is set to 1 (input capture function).
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18.4.2 Timer RC I/O Control Register 1 (TRCIOR1) in Timer Mode (Input Capture

Function)
Address 0125h
Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol| 10D3 | I0D2 IOD1 IODO I0C3 I0C2 IOC1 10CO
After Reset 1 0 0 0 1 0 0 0
Bit Symbol Bit Name Function R/W
b0 IOCO0 |TRCGRC control bit bcl) 183 h CGRE ] he risi R/W
b1 OC1 : Igg;écapture to the TRCGRC register at the rising RIW
0 1: Input capture to the TRCGRC register at the
falling edge
1 0: Input capture to the TRCGRC register at both
edges
1 1: Do not set.
b2 I0OC2 |TRCGRC mode select bit () Set to 1 for the input capture function. R/W
b3 IOC3 |TRCGRC register function Set to 1. R/W
select bit
b4 IODO0 |TRCGRD control bit bSbd h ) he risi R/W
b5 OD1 00: Ig([j);;capture to the TRCGRD register at the rising RIW
0 1: Input capture to the TRCGRD register at the
falling edge
1 0: Input capture to the TRCGRD register at both
edges
1 1: Do not set.
b6 IOD2 |TRCGRD mode select bit () Set to 1 for the input capture function. R/W
b7 IOD3 |TRCGRD register function Set to 1. R/W
select bit
Notes:

1. When the BFC bit in the TRCMR register is set to 1 (buffer register of TRCGRA register), set the IOC2 bit in the
TRCIORL1 register to the same value as the IOA2 bit in the TRCIORO register.

2. When the BFD bit in the TRCMR register is set to 1 (buffer register of TRCGRB register), set the 10D2 bit in the
TRCIORL1 register to the same value as the I0B2 bit in the TRCIORO register.

Table 18.8 Functions of TRCGRj Register when Using Input Capture Function
. . . . Input Capture
Register Setting Register Function Input Pin

TRCGRA - General register. Can be used to read the TRC register value | TRCIOA
TRCGRB at input capture. TRCIOB
TRCGRC BFC=0 General register. Can be used to read the TRC register value | TRCIOC
TRCGRD BFD =0 |atinput capture. TRCIOD
TRCGRC BFC=1 Buffer registers. Can be used to retain the transferred value | TRCIOA
TRCGRD BFD=1 from the general register. (Refer to 18.3.2 Buffer Operation.) | TRCIOB
j=A,B,C,orD

BFC, BFD: Bits in TRCMR register
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18.4.3 Operating Example

TRCCLK input
count source

TRC register
count value

FFFFh

0009h

0006h

0000h

TSTART bitin
TRCMR register

TRCIOA input

TRCGRA register

TRCGRC register

IMFA bit in
TRCSR register

OVF bitin
TRCSR register

|
[}
[}
[}
|
|
|
|
|
+
:
1
1
4
1
1
[}
[}
1
1
[}
4
i
I
[}
[}
1
I
I
I
I
I
|
[}

T

! 65,536

Y

|

i

| N

i \:\Transfer Transfer
X\ X‘0006h
i
1

a

—‘/Set to 0 by a program.

(

The above applies under the following conditions:
« The CCLR bit in the TRCCRL register is set to 1 (TRC counter cleared by input capture).

« Bits TCK2 to TCKO in the TRCCR1 register are set to 101b (TRCCLK input selected as the count source).
« Bits IOA2 to IOAOQ in the TRCIORA register are set to 101b (input capture at the falling edge of the TRCIOA input).
« The BFC bit in the TRCMR register is set to 1 (TRCGRC register functions as the buffer register of the TRCGRA register).

Figure 18.8

Operating Example of Input Capture Function
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18.5 Timer Mode (Output Compare Function)

This function detects when the contents of the TRC register (counter) and the TRCGR] register (j = A, B, C, or D)
match (compare match). When a match occurs, asignal is output from the TRCIQj pin at a given level. The output
compare function, or other mode or function, can be selected for each individua pin.

Table 18.9 lists the Output Compare Function Specifications, Figure 18.9 shows a Block Diagram of Output
Compare Function, Table 18.10 lists the Functions of TRCGRj Register when Using Output Compare Function,
and Figure 18.10 shows an Operating Example of Output Compare Function.

Table 18.9  Output Compare Function Specifications

Item Specification
Count sources f1, f2, f4, 18, 32, fOCO20M, fOCO-F, or
external signal input to the TRCCLK pin (rising edge)
Count operation Increment
Count periods * The CCLR bit in the TRCCRL1 register is set to 0 (free-running operation):

1/fk x 65,536
fk: Frequency of count source
« The CCLR bit in the TRCCR1 register is set to 1 (TRC register is set to 0000h
by TRCGRA compare match):
1/fk x (n + 1)
n: Value set in TRCGRA register

Waveform output timing Compare match
Count start condition 1 (count starts) is written to the TSTART bit in the TRCMR register.
Count stop condition * When the CSEL bit in the TRCCR2 register is set to 0 (count continues after

compare match with the TRCGRA register).
0 (count stops) is written to the TSTART bit in the TRCMR register.
The output compare output pin retains the output level before the count stops,
the TRC register retains a value before the count stops.

* When the CSEL bit in the TRCCR2 register is set to 1 (count stops at compare
match with the TRCGRA register).
The count stops at a compare match with the TRCGRA register. The output-
compare output pin retains the level after the output is changed by the compare

match.
Interrupt request « Compare match (the contents of the TRC register and the TRCGR;j register
generation timing match.)

* TRC register overflow
TRCIOA, TRCIOB, TRCIOC, and | Programmable 1/O port or output compare output

TRCIOD pins function (selectable for each individual pin)

INTO pin function Programmable 1/O port, pulse output forced cutoff signal input, or INTO interrupt
input

Read from timer The count value can be read by reading the TRC register.

Write to timer The TRC register can be written to.

Selectable functions « Output-compare output pin selection

One or more of pins TRCIOA, TRCIOB, TRCIOC, and TRCIOD
« Output level selection at the compare match
Low-level output, High-level output, or toggle output
« Initial output level selection
Selectable output level for the period from the count start to the compare match
« Timing for setting the TRC register to 0000h
Overflow or compare match with the TRCGRA register
« Buffer operation (Refer to 18.3.2 Buffer Operation.)
« Pulse output forced cutoff signal input (Refer to 18.3.4 Forced Cutoff of Pulse
Output.)
« Timer RC can be used as an internal timer by disabling the timer RC output
« Changing output pins for registers TRCGRC and TRCGRD
TRCGRC can be used for output control of the TRCIOA pin and TRCGRD can
be used for output control of the TRCIOB pin.
« A/D trigger generation

j=A,B,C,orD
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TRC
Output Compare match signal
TRCIOA O connol [
Output Compare match signal
TRCIOC O Comprol -
Output Compare match signal
TRCIOB O comprol -
Output Compare match signal
TRCIOD O confrol -

Figure 18.9 Block Diagram of Output Compare Function
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18.5.1 Timer RC Control Register 1 (TRCCR1) in Timer Mode (Output Compare

Function)
Address 0121h
Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol | CCLR | TCK2 TCK1 TCKO TOD TOC TOB TOA
After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 TOA |TRCIOA output level select bit (1, 2) |0: Initial output at low R/W
bl TOB |TRCIOB output level select bit . 2) | 1: Initial output at high RIW
b2 TOC |TRCIOC output level select bit (1, 2) R/W
b3 TOD [TRCIOD output level select bit (1. 2) RIW
b4 TCKO |Count source select bit (1) bg bS *E;‘ i R/W
b5 | TCK1 0012 RIW
b6 TCK2 010 f4 R/W
011:f8
100:32
10 1: TRCCLK input rising edge
11 0: fOCO20M
11 1:fOCO-F (3
b7 CCLR |TRC counter clear select bit 0: Clear disabled (free-running operation) R/W
1: Clear by compare match with the TRCGRA register

Notes:
1. Set to these bits when the TSTART bit in the TRCMR register is set to 0 (count stops).
2. If the pin function is set for waveform output (refer to 7.6 Port Settings), the initial output level is output when the
TRCCR1 register is set.
3. To select fOCO-F, set it to the clock frequency higher than the CPU clock frequency.

Table 18.10 Functions of TRCGRj Register when Using Output Compare Function

. . . . Output Compare
Register Setting Register Function Output Pin

TRCGRA - General register. Write a compare value to one of these |TRCIOA
TRCGRB registers. TRCIOB
TRCGRC BFC=0 General register. Write a compare value to one of these |TRCIOC
TRCGRD |BFD=0 registers. TRCIOD
TRCGRC BFC =1 Buffer register. Write the next compare value to one of TRCIOA
TRCGRD BFD =1 these registers. (Refer to 18.3.2 Buffer Operation.) TRCIOB
j=A,B,C,orD

BFC, BFD: Bits in TRCMR register
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18.5.2 Timer RC /O Control Register 0 (TRCIORO0) in Timer Mode (Output
Compare Function)

Address 0124h

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol | — | I0OB2 | 10B1 | IOBO IOA3 I0A2 I0A1 IOAO
After Reset 1 0 0 0 1 0 0 0
Bit Symbol Bit Name Function R/W
b0 IOA0 |TRCGRA control bit b1bO o R/W
b1 OAL 0 O: Pin output k_)y compare match is disabled RIW
(TRCIOA pin functions as a programmable 1/O port)
0 1: Low-level output at compare match with
the TRCGRA register
1 0: High-level output at compare match with
the TRCGRA register
1 1: Toggle output at compare match with
the TRCGRA register
b2 IOA2 |TRCGRA mode select bit (1) Set to O for the output compare function. R/W
b3 IOA3 |TRCGRA input capture input  |Set to 1. R/W
switch bit
ba I0BO | TRCGRB control bit b(s)tg' Pin output by compare match is disabled RIW
b5 I0B1 (TRCIOB pin functions as a programmable 1/O port) RIW
0 1: Low-level output at compare match with
the TRCGRB register
1 0: High-level output at compare match with
the TRCGRB register
1 1: Toggle output at compare match with
the TRCGRB register
b6 IOB2 |TRCGRB mode select bit (@) Set to O for the output compare function. R/W
b7 — Nothing is assigned. If necessary, set to 0. When read, the content is 1. —
Notes:

1. When the BFC bit in the TRCMR register is set to 1 (buffer register of TRCGRA register), set the IOC2 bit in the
TRCIORL1 register to the same value as the IOA2 bit in the TRCIORO register.

2. When the BFD bit in the TRCMR register is set to 1 (buffer register of TRCGRB register), set the 10D2 bit in the
TRCIORL1 register to the same value as the IOB2 bit in the TRCIORO register.
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18.5.3 Timer RC /O Control Register 1 (TRCIOR1) in Timer Mode (Output
Compare Function)

Address 0125h

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol | I0OD3 | I0D2 | I0D1 | 10D0 10C3 10C2 IOC1 I0CO
After Reset 1 0 0 0 1 0 0 0
Bit Symbol Bit Name Function R/W
b0 IOCO0 |TRCGRC control bit b1b0 o R/W
b1 OCT 0 O: Pin output by compare match is dlsab_led RIW
0 1: Low-level output at compare match with
the TRCGRC register
1 0: High-level output at compare match with
the TRCGRC register
1 1: Toggle output at compare match with
the TRCGRC register
b2 IOC2 |TRCGRC mode select bit (1) Set to O for the output compare function. R/W
b3 IOC3 |TRCGRC register function 0: TRCIOA output register R/W
select bit 1: General register or buffer register
b4 IODO |TRCGRD control bit b5b4 o R/W
bE ODL 0 0: Pin output by compare match is dlsab_led RIW
0 1: Low-level output at compare match with
the TRCGRD register
1 0: High-level output at compare match with
the TRCGRD register
1 1: Toggle output at compare match with
the TRCGRD register
b6 IOD2 |TRCGRD mode select bit () Set to 0 for the output compare function. R/W
b7 IOD3 |TRCGRD register function 0: TRCIOB output register R/W
select bit 1: General register or buffer register
Notes:

1. When the BFC bit in the TRCMR register is set to 1 (buffer register of TRCGRA register), set the I0C2 bit in
theTRCIOR1 register to the same value as the IOA2 bit in the TRCIORO register.
2. When the BFD bit in the TRCMR register is set to 1 (buffer register of TRCGRB register), set the 10D2 bit in
theTRCIORL1 register to the same value as the |OB2 bit in the TRCIORO register.

RO1UHO0024EJ0100 Rev.1.00

Aug 24, 2011

RENESAS

Page 251 of 581



R8C/LA3A Group, R8C/LASA Group 18. Timer RC

18.5.4 Timer RC Control Register 2 (TRCCR2) in Timer Mode (Output Compare

Function)
Address 0130h
Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol | TCEG1 | TCEGO | CSEL — — POLD | POLC | POLB
After Reset 0 0 0 1 1 0 0 0
Bit Symbol Bit Name Function R/W
b0 POLB |PWM mode output level 0: TRCIOB output level selected as low active R/W
control bit B () 1: TRCIOB output level selected as high active
bl POLC |[PWM mode output level 0: TRCIOC output level selected as low active R/W
control bit C (1) 1: TRCIOC output level selected as high active
b2 POLD [PWM mode output level 0: TRCIOD output level selected as low active R/W
control bit D (1) 1: TRCIOD output level selected as high active
b3 — Nothing is assigned. If necessary, set to 0. When read, the content is 1. —
b4 —
b5 CSEL |TRC count operation select bit (2) 0: Count continues at compare match with R/IW

the TRCGRA register
1: Count stops at compare match with
the TRCGRA register

b6 TCEGO i it 3 b7 b6 R/W
TRCTRG input edge select bit 0 0: Trigger input from the TRCTRG pin disabled

b7 TCEGL 0 1: Rising edge selected RIW
1 0: Falling edge selected
1 1: Both edges selected
Notes:

1. Enabled when in PWM mode.

2. Enabled when in output compare function, PWM mode, or PWM2 mode. For notes on PWM2 mode, refer to
18.9.6 TRCMR Register in PWM2 Mode.

3. Enabled when in PWM2 mode.
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18.5.5 Operating Example

TRC register value

[ gy gy gy Sy Ly g Sy Sy Sy SOy Uy Sy Sy Uy S Sy SRy Sy Sy

TRCIOB output

]
|
VY
1
\ 1 1
“H” output at !

1 compare match
1

Initial output “L”

1

1 1
1 1
1 1
1 1
1 1
1 1
. AR —
T -_I : : __: : : __: : Count
|’ 1 | |' 1 | |' 1 restarts
! ! ! ! !
T T T T T
: : : : : Count
1 1 1 | 1 stops
1 1 1 1 1
TSTART bitin : : : : : : :
TRCMR register | 1 1 ] | | 1
< HE L >l H m+l | - l
il 1 1 i ] 1 ] 1
' i i I ; ; ] | Output level held
TRCIOA output ! i i — ! i
outpu ! H H I Output inverted at H *
T T | compare match T S
:\ 1 1 1 1 ' 1 1
1 o 1 1 1 1 1 |
1 Initial output “L” : 1 : : 1 :
IMFA bit in : i ] ] ] ]
TRCSR register H H
] \ T
1 0
i ™ Set 0.0 by a program. 7 Output level held
e L . ¥
[l el O
]
i
)
]

A

i
IMFB bit in
TRCSR register

program.

'I

P+1

1

1

1

1

1

1

!

\ ;
Setto O by a
i

|

|

1

Output level held

N

/— “L” output at compare match
]

IMFC bit in
TRCSR register
\ Set to 0 by a program. _"

m: Value set in TRCGRA register
n: Value set in TRCGRB register
p: Value set in TRCGRC register

TRCIOC output

Initial output “H”

-4

-
Y

The above applies under the following conditions:
« Bits BFC and BFD in the TRCMR register are set to O (registers TRCGRC and TRCGRD are not used as buffer registers).
« Bits EA, EB, and EC in the TRCOER register are set to 0 (TRCIOA, TRCIOB, and TRCIOC pin output enabled).
* The CCLR bit in the TRCCR1 register is set to 1 (TRC register is set to 0000h by compare match with TRCGRA register ).
« Bits TOA and TOB in the TRCCR1 register are are set to 0 (initial output at low until compare match) and
the TOC bit is set to 1 (initial output at high until compare match).
« Bits IOA2 to IOAOQ in the TRCIORO register are set to 011b (TRCIOA output inverted by TRCGRA compare match).
« Bits IOB2 to IOBO in the TRCIORO register are set to 010b (TRCIOB high-level output at TRCGRB compare match).
« Bits IOC2 to I0C2 in the TRCIOR1 register are set to 001b (TRCIOC low-level output at TRCGRC compare match).
« The CSEL bit in the TRCCR2 register is set to 0 (TRC count continues after TRCGRA compare match).

Figure 18.10 Operating Example of Output Compare Function
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18.5.6 Changing Output Pins in Registers TRCGRC and TRCGRD

The TRCGRC register can be used for output control of the TRCIOA pin, and the TRCGRD register can be
used for output control of the TRCIOB pin. Each pin output can be controlled as follows:
* TRCIOA output is controlled by the values of registers TRCGRA and TRCGRC.

* TRCIOB output is controlled by the values of registers TRCGRB and TRCGRD.

TRC
_ Compare match signal
TRCIOA O Output |
control I0C3=0in
TRCIORI register >—>| Comparator |<—| TRCGRA |
Compare match signal
Output
TRCIOC O control €O 10c3=1
>—>| Comparator |<—| TRCGRC |
P Compare match signal
TRCIOB O Output |
control IOD3 =0
=0iIn
TRCIORL register >—>| Comparator |<—| TRCGRB |
Compare match signal
Output
TRCIOD O control O 10D3=1
—>| Comparator |<—| TRCGRD |
Figure 18.11  Changing Output Pins in Registers TRCGRC and TRCGRD

Change output pinsin registers TRCGRC and TRCGRD asfollows:

¢ Set the IOC3 bit in the TRCIOR1 register to 0 (TRCIOA output register) and set the I0D3 hit to 0

(TRCIOB output register).
¢ Set bits BFC and BFD in the TRCMR register to O (general register).
 Set different values in registers TRCGRC and TRCGRA. Also, set different values in registers TRCGRD

and TRCGRB.
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Figure 18.12 shows an Operating Example When TRCGRC Register is Used for Output Control of TRCIOA

Pin and TRCGRD Register is Used for Output Control of TRCIOB Pin.

TRC register value

FFFFh

T Ty gy Sy Sy RS

0000h

Y

RGN KR! QN g S,
[RRRpR [y Ry U IR W i ——

Jg

B i ittt Cetttt e Tttt

Initial output “L”
TRCIOA output ‘

o

Output inverted by compare match

-

Set to 0 by a program.
4

IMFA bit in
TRCSR register

—

.4
Set to 0 by a program.

IMFC bit in

TRCSR register

Initial output “L”

TRCIOB output } K /

Output inverted by compare match

-

IMFB bit in
TRCSR register

—

f f

Set to 0 by a program. Set to 0 by a program.

IMFD bit in
TRCSR register

—

m: Value set in TRCGRA register
n: Value set in TRCGRC register
p: Value set in TRCGRB register
q: Value set in TRCGRD register

The above applies under the following conditions:

Bits BFC and BFD in the TRCMR register are set to 0 (registers TRCGRC and TRCGRD are not used as buffer registers).
Bits EA and EB in the TRCOER register are set to 0 (TRCIOA and TRCIOB pin output enabled).

The CCLR bit in the TRCCR1 register are set to 1 (TRC register is set to 0000h by compare match with the TRCGRA register).
Bits TOA and TOB in the TRCCR1 register are set to O (initial output at low until compare match).

Bits IOA2 to IOAQ in the TRCIORO register are set to 011b (TRCIOA output inverted by TRCGRA register compare match).
Bits I0B2 to I0BO in the TRCIORO register are set to 011b (TRCIOB output inverted by TRCGRB register compare match).
Bits IOC2 to 10CO in the TRCIOR1 register are set to 011b (TRCIOA output inverted by TRCGRC register compare match).
The IOC3 bit in the TRCIOR1 register are set to 0 (TRCIOA output register).

Bits I0D2 to 10DO in the TRCIOR1 register are set to 011b (TRCIOB output inverted by TRCGRD register compare match).
The I0D3 bit in the TRCIOR1 register are set to 0 (TRCIOB output register).

The CSEL bit in the TRCCR2 register are set to 0 (TRC count continues after compare match).

Figure 18.12 Operating Example When TRCGRC Register is Used for Output Control of TRCIOA

Pin and TRCGRD Register is Used for Output Control of TRCIOB Pin

RO1UH0024EJ0100 Rev.1.00 RENESAS Page 255 of 581

Aug 24, 2011



R8C/LA3A Group, R8C/LASA Group 18. Timer RC

18.6 PWM Mode

This mode outputs PWM waveforms. A maximum of three PIWM waveforms with the same period are output.
PWM mode or timer mode can be selected for each individual pin. (However, the TRCGRA register cannot be used
for timer mode since the register is used when using any pin for PWM mode.)

Table 18.11 lists the PWM Mode Specifications, Figure 18.13 shows a Block Diagram of PWM Mode, Table 18.12
lists the Functions of TRCGRj Register in PWM Mode, and Figures 18.14 and 18.15 show Operating Examplesin

PWM Mode.

Table 18.11 PWM Mode Specifications

Item

Specification

Count source

f1, 2, f4, 18, £32, fOCO20M, fOCO-F, or
external signal (rising edge) input to the TRCCLK pin

Count operation

Increment

PWM waveform

PWM period: 1/fk x (m + 1)

Active level width: 1/fk x (m - n)

Inactive level width: 1/fk x (n + 1)
fk: Frequency of count source
m: Value set in TRCGRA register
n: Value set in TRCGRh register

m+1

-t .
- !

_
_

L

(Active level is low)

Count start condition

1 (count starts) is written to the TSTART bit in the TRCMR register.

Count stop condition

*«When the CSEL bit in the TRCCR2 register is set to 0 (count continues
after compare match with the TRCGRA register).
0 (count stops) is written to the TSTART bit in the TRCMR register.
The PWM output pin retains the output level before the count stops,
The TRC register retains a value before the count stops.

* When the CSEL bit in the TRCCR2 register is set to 1 (count stops at
compare match with the TRCGRA register).
The count stops at a compare match with the TRCGRA register. The
PWM output pin retains the level after the output is changed by the
compare match.

Interrupt request
generation timing

« Compare match (the contents of the TRC register and the TRCGR}j
register match)
* TRC register overflow

TRCIOA pin function

Programmable 1/O port

TRCIOB, TRCIOC, and
TRCIOD pins function

Programmable 1/0O port or PWM output
(selectable for each individual pin)

INTO pin function

Programmable I/O port, pulse output forced cutoff signal input, or INTO
interrupt input

Read from timer

The count value can be read by reading the TRC register.

Write to timer

The TRC register can be written to.

Selectable functions

* One to three pins selectable as PWM pins
One or more of pins TRCIOB, TRCIOC, and TRCIOD

« Active level selectable for each individual pin

« Initial level selectable for each individual pin

« Buffer operation (Refer to 18.3.2 Buffer Operation.)

« Pulse output forced cutoff signal input (Refer to 18.3.4 Forced Cutoff
of Pulse Output.)

« A/D trigger generation

h
i

B,C,orD
A /B, C,orD
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TRC

Compare match signal

|
TRCIOB (O— 1—>| Comparator|<—{ TRCGRA |<—

A

P Compare match signal
- | (Note 1)
TRCIOC (O— Output '—>| Comparator |<—{ TRCGRB I:
control | Compare match signal
TRCIOD O— '—>| Comparator |<—{ TRCGRC }—
P Compare match signal (Note 2)
—>| Comparator |<—{ TRCGRD }—

Notes:
1. The BFC bit in the TRCMR register is set to 1 (TRCGRC register is used as the buffer register of the TRCGRA register).
2. The BFD bit in the TRCMR register is set to 1 (TRCGRD register is used as the buffer register of the TRCGRB register).

Figure 18.13 Block Diagram of PWM Mode
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18.6.1 Timer RC Control Register 1 (TRCCR1) in PWM Mode
Address 0121h

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol| CCLR | TCK2 | TCK1 | TCKO | TOD | TOC | TOB | TOA
After Reset 0 0 0 0 0 0 0 0
Bit | Symbol Bit Name Function R/W
b0 TOA |TRCIOA output level select bit (1) Disabled in PWM mode. R/W
bl TOB |TRCIOB output level select bit (1. 2) [0 Initial output selected as non-active level R/IW
b2 TOC |TRCIOC output level select bit &, 2) | 1: Initial output selected as active level RIW
b3 TOD |TRCIOD output level select bit (1. 2) R/W
b4 TCKO |Count source select bit (1) bgbg kg_ (1 R/W
b5 TCK1 00 1 f R/W
b6 TCK2 010 f4 R/W
011:f8
100: 32
10 1: TRCCLK input rising edge
11 0: fOCO20M
111: fOCO-F )
b7 CCLR |TRC counter clear select bit 0: Clear disabled (free-running operation) R/W
1: Clear by compare match with the TRCGRA register

Notes:
1. Setto these bits when the TSTART bit in the TRCMR register is set to 0 (count stops).
2. If the pin function is set for waveform output (refer to 7.6 Port Settings), the initial output level is output when the
TRCCR1 register is set.
3. To select fOCO-F, set it to the clock frequency higher than the CPU clock frequency.
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18.6.2 Timer RC Control Register 2 (TRCCR2) in PWM Mode
Address 0130h

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol | TCEG1 | TCEGO | CSEL | — | — | POLD | POLC | POLB

After Reset 0 0 0 1 1 0 0 0

Bit Symbol Bit Name Function R/W

b0 POLB [|PWM mode output level 0: TRCIOB output level selected as low active R/W
control bit B (1) 1: TRCIOB output level selected as high active

bl POLC [PWM mode output level 0: TRCIOC output level selected as low active R/W
control bit C (1) 1: TRCIOC output level selected as high active

b2 POLD |[PWM mode output level 0: TRCIOD output level selected as low active R/W
control bit D (1) 1: TRCIOD output level selected as high active

b3 — Nothing is assigned. If necessary, set to 0. When read, the content is 1. —

b4 —

b5 CSEL |TRC count operation select bit (2) |0: Count continues at compare match with R/W

the TRCGRA register
1: Count stops at compare match with
the TRCGRA register

b6 TCEGO i it 3) |[b7Db6 R/W
TRCTRG input edge select bit 0 0: Trigger input from the TRCTRG pin disabled

b7 TCEGL 0 1: Rising edge selected RIW
1 0: Falling edge selected
1 1: Both edges selected
Notes:

1. Enabled when in PWM mode.

2. Enabled when in output compare function, PWM mode, or PWM2 mode. For notes on PWM2 mode, refer to
18.9.6 TRCMR Register in PWM2 Mode.

3. Enabled when in PWM2 mode.

Table 18.12 Functions of TRCGRj Register in PWM Mode

Register Setting Register Function PWM Output Pin
TRCGRA - General register. Set the PWM period. -
TRCGRB - General register. Set the PWM output change point. TRCIOB
TRCGRC BFC =0 General register. Set the PWM output change point. TRCIOC
TRCGRD BFD =0 TRCIOD
TRCGRC BFC=1 Buffer register. Set the next PWM period. (Refer to 18.3.2 Buffer |-
Operation.)

TRCGRD BFD =1 Buffer register. Set the next PWM output change point. (Refer to | TRCIOB
18.3.2 Buffer Operation.)

j=A,B,C,orD

BFC, BFD: Bits in TRCMR register

Note:

1. The output level does not change even if a compare match occurs when the TRCGRA register value (PWM
period) is the same as the TRCGRB, TRCGRC, or TRCGRD register value.
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18.6.3

Operating Example

TRC regi

m

ster value

TRCIOB output

B e it

B e e et Tttt

E Active level “H" ]

Initial output “L”
A until compare match

TRCIOC output

TRCIOD output

]
‘T‘nitial output “H”

until compare match
'

/

Active level
1

IMFA bit in
TRCSR register

\ Initial output “L”
utnil compare match
1

IMFB bit in
TRCSR register

1
1
1
]
]
1
1
1
1
1
1
1
1
K
1
1
1
1
1
1
1
1
1
1
1
]

ol

Set to 0 by a program.

==

— |
Ea

Set to 0 by a program.

IMFC bit in
TRCSR register

—

IMFD bit in
TRCSR register

Set to 0 by a program.

A
e

s

B

Set to 0 by a program.

L

The above applies under the following conditions:
« Bits BFC and BFD in the TRCMR register are set to O (registers TRCGRC and TRCGRD are not used as buffer registers).
« Bits EB, EC, and ED in the TRCOER register are set to 0 (TRCIOB, TRCIOC, and TRCIOD pin output enabled).

« Bits TOB and TOC in the TRCCR1 register are set to 0 (inactive level) and the TOD bit is set to 1 (active level).

« The POLB bit in the TRCCR2 register is set to 1 (high active), bits POLC and POLD are set to 0 (low active).

m: Value set in TRCGRA register
n: Value set in TRCGRB register
p: Value set in TRCGRC register
q: Value set in TRCGRD register

Figure 18.14 Operating Example in PWM Mode
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TRC register value

TRCIOB output does not switch to “L” because
no compare match with the TRCGRB register
X~ has occurred.

Duty 0%

_______.63_____. —_———

qlb----
nNpeee-
0000h
L 1

TSTART bitin

TRCMR register

TRCIOB output

TRCGRB register n

X p (p>m)

IMFA bit in
TRCSR register

T T
‘\: Rewrite by a program. -:/‘
] 1

| ] [ ]

IMFB bit in
TRCSR register

vl —

’—‘ Set to 0 by a program.

1 Set to 0 by a program.

4

TRC register value

IMFB bit in
TRCSR register

>

Y V]

M e e e e
] S T
1 1
_____ ] I
n H 1 1
H 1 ]
i i |
0000h ' | |
T 1 T T T T
| 1 ) 1 1 ]
' ] 1 | | '
[} 1 1 I I ]
! 1 ] 1 ] 1
L 1 t T + + +
H H t H 4
T’;—CS&":R:Z l?lsttg; : 1 If compare matches occur simultaneously with registers TRCGRA and
9 H ! TRCGRB, the compare match with the TRCGRB register has priority.
! A TRCIOB output switches to “L” (i.e. no change).
— 1
! 1
TRCIOB output H Duty1100%
FanY n
| \r TV\TRCIOB output switches to “L” at compare match
: ! 1 with the TRCGRB register (i.e. no change).
TRCGRB register n X m X p
T T T T T
1 . 1 1 1 1
: Rewrite by a | : : :
IMFA bit in j Program i i
TRCSR register H H !
1 ] ]
H '
]

SettoObya progra}m. » \ Set to 0 by a program.

Y

m: Value set in TRCGRA register

The above applies under the following conditions:
« The EB bit in the TRCOER register is set to 0 (TRCIOB pin output enabled).
« The POLB bit in the TRCCR2 register is set to 0 (low active).

Figure 18.15 Operating Example in PWM Mode (Duty 0% and Duty 100%)
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18.7 PWM2 Mode

This mode outputs a single PWM waveform. After a given wait time has elapsed following the trigger, the pin
output switches to active level. Then, after a given duration, the output switches back to inactive level.
Furthermore, the counter stops at the same time the output returns to inactive level, making it possible to use
PWM2 mode to output a programmable wait one-shot waveform.

Since timer RC uses multiple general registers in PWM2 mode, other modes cannot be used in conjunction with it.
Figure 18.16 shows a Block Diagram of PWM2 Mode, Table 18.13 lists the PWM2 Mode Specifications, Table
18.14 lists the Functions of TRCGR] Register in PWM2 Mode, and Figures 18.17 to 18.19 show Operating
Examplesin PWM2 Mode.

Trigger signal

Compare match signal

Count clear signal

—>| Comparator TRCGRA

TRCTRG O—| Input

control

(Note 1)

TRCGRD
TRCIOB Output [*
control |
Note:

1. The BFD bit in the TRCMR register is set to 1 (TRCGRD register is used as the buffer register of the TRCGRB register).

Figure 18.16 Block Diagram of PWM2 Mode
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Table 18.13 PWM2 Mode Specifications

Item

Specification

Count source

f1, f2, 4, 18, 32, fOCO20M, fOCO-F, or
external signal input to TRCCLK pin (rising edge)

Count operation

TRC register increment

PWM waveform

PWM period: 1/fk x (m + 1) (no TRCTRG input)
Active level width: 1/fk x (n - p)
Wait time from count start or trigger: 1/fk x (p + 1)
fk: Frequency of count source
m: Value set in TRCGRA register
n: Value set in TRCGRB register
p: Value set in TRCGRC register

TRCTRG input
ML ol :
Ve ] 1
1 n+l [l 1 n+l |
—————————— i ——————————— i
' |
+1 1 +1 1
Y - i
1
TRCIOB output ' H l
_
T i V
] ——————————p ] —————————
1 '

' n-p ] ' n-p ]

(TRCTRG: Rising edge, active level is high)

Count start conditions

« Bits TCEG1 to TCEGO in the TRCCR2 register are set to 00b (TRCTRG trigger
disabled) or the CSEL bit in the TRCCR2 register is set to 0 (count continues).
1 (count starts) is written to the TSTART bit in the TRCMR register.

« Bits TCEG1 to TCEGO in the TRCCR2 register are set to 01b, 10b, or 11b (TRCTRG
trigger enabled) and the TSTART bit in the TRCMR register is set to 1 (count starts).
A trigger is input to the TRCTRG pin.

Count stop conditions

* 0 (count stops) is written to the TSTART bit in the TRCMR register while the CSEL bit in
the TRCCR2 register is set to 0 or 1.
The TRCIOB pin outputs the initial level in accordance with the value of the TOB bit in
the TRCCRA1 register. The TRC register retains the value before the count stops.

« The count stops at a compare match with TRCGRA while the CSEL bit in the TRCCR2
register is setto 1
The TRCIOB pin outputs the initial level. The TRC register retains the value before the
count stops when the CCLR bit in the TRCCR1 register is set to 0. The TRC register is
set to 0000h when the CCLR bit in the TRCCRL1 register is set to 1.

Interrupt request
generation timing

« Compare match (the contents of the TRC register and the TRCGR]j register match.)
* TRC register overflow

TRCIOA/TRCTRG pins
function

Programmable 1/O port or TRCTRG input

TRCIOB pin function

PWM output

TRCIOC/TRCIOD pins
function

Programmable 1/O port

INTO pin function

Programmable 1/O port, pulse output forced cutoff signal input, or INTO interrupt input

Read from timer

The count value can be read by reading the TRC register.

Write to timer

The TRC register can be written to.

Selectable functions

« External trigger and active edge selection
The edge or edges of the signal input to the TRCTRG pin can be used as the PWM
output trigger: rising edge, falling edge, or both rising and falling edges

« Buffer operation (Refer to 18.3.2 Buffer Operation.)

« Pulse output forced cutoff signal input (Refer to 18.3.4 Forced Cutoff of Pulse
Output.)

« Digital filter (Refer to 18.3.3 Digital Filter.)

« A/D trigger generation

j=A,B,C,orD
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18.7.1 Timer RC Control Register 1 (TRCCR1) in PWM2 Mode
Address 0121h

Bit b7 b6 b5 b4 b3 b2 bl b0

Symbol| CCLR | TCK2 | TCK1 | TCKO | TOD | TOC | TOB | TOA

After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 TOA  |TRCIOA output level select bit (1) | Disabled in PWM2 mode. R/W
bl TOB | TRCIOB output level select bit (1. 2) | 0: Active level is high RIW

(Initial output at low

High-level output at compare match with
the TRCGRC register

Low-level output at compare match with
the TRCGRB register)

1: Active level is low

(Initial output at high

Low-level output at compare match with
the TRCGRC register

High-level output at compare match with
the TRCGRB register)

b2 TOC |TRCIOC output level select bit 1)  [Disabled in PWM2 mode. R/W
b3 TOD |TRCIOD output level select bit (1) RIW
b4 TCKO |Count source select bit (1) bgbg ‘6‘. a RIW
b5 | TCK1 001 2 RIW
b6 | TCK2 010: 4 R
011:f8
100: 32

10 1: TRCCLK input rising edge
11 0: fOCO20M
11 1:fOCO-F @)
b7 CCLR |TRC counter clear select bit 0: Clear disabled (free-running operation) R/W
1: Clear by compare match with the TRCGRA register

Notes:
1. Set to these bits when the TSTART bit in the TRCMR register is set to 0 (count stops).
2. If the pin function is set for waveform output (refer to 7.6 Port Settings), the initial output level is output when the
TRCCR1 register is set.
3. To select fOCO-F, set it to the clock frequency higher than the CPU clock frequency.
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18.7.2 Timer RC Control Register 2 (TRCCR2) in PWM2 Mode
Address 0130h

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol | TCEG1 | TCEGO | CSEL | — | — | POLD | POLC | POLB
After Reset 0 0 0 1 1 0 0 0
Bit Symbol Bit Name Function R/W
b0 POLB |PWM mode output level 0: TRCIOB output level selected as low active R/W
control bit B (1) 1: TRCIOB output level selected as high active
bl POLC [PWM mode output level 0: TRCIOC output level selected as low active R/W
control bit C (1) 1: TRCIOC output level selected as high active
b2 POLD [PWM mode output level 0: TRCIOD output level selected as low active R/W
control bit D (1) 1: TRCIOD output level selected as high active
b3 — Nothing is assigned. If necessary, set to 0. When read, the content is 1. —
b4 —
b5 CSEL |TRC count operation select bit (2) 0: Count continues at compare match with R/W
the TRCGRA register
1: Count stops at compare match with
the TRCGRA register
b6 TCEGO i it 3) b7b6 R/W
TRCTRG input edge select bit 0 0: Trigger input from the TRCTRG pin disabled
b7 TCEG1 S R/W
0 1: Rising edge selected
1 0: Falling edge selected
1 1: Both edges selected
Notes:

1. Enabled when in PWM mode.

2. Enabled when in output compare function, PWM mode, or PWM2 mode. For notes on PWM2 mode, refer to
18.9.6 TRCMR Register in PWM2 Mode.

3. Enabled when in PWM2 mode.
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18.7.3 Timer RC Digital Filter Function Select Register (TRCDF) in PWM2 Mode
Address 0131h

Bit b7 b6 b5 b4 b3 b2 bl
Symbol | DFCK1 | DFCKO | — | DFTRG | DFD | DFC | DFB |

After Reset 0 0 0 0 0 0 0

Bit | Symbol Bit Name Function R/W

b0 DFA | TRCIOA pin digital filter function select bit (1) {0: Function is not used R/W
1: Function is used

bl DFB |TRCIOB pin digital filter function select bit (1) |0: Function is not used R/IW
1: Function is used

b2 DFC | TRCIOC pin digital filter function select bit (1) [0: Function is not used R/W
1: Function is used

b3 DFD | TRCIOD pin digital filter function select bit (1) [0: Function is not used RIW
1: Function is used

b4 | DFTRG |TRCTRG pin digital filter function select bit (2)|0: Function is not used RIW
1: Function is used

b5 — Nothing is assigned. If necessary, set to 0. When read, the content is 0. —

b6 | DFCKO |Digital filter function clock select bit (1. 2) b7 b6 RIW

b7 DFCK1 00:32 R/W
01:f8
10:f1
1 1: Count source (clock selected by bits

TCKO to TCK2 in the TRCCR1 register)
Notes:

1. These bits are enabled for the input capture function.

2. These bits are enabled when in PWM2 mode and bits TCEG1 to TCEGO in the TRCCR2 register are set to 01b,
10b, or 11b (TRCTRG trigger input enabled).

Table 18.14 Functions of TRCGRj Register in PWM2 Mode

Register Setting Register Function PWM2 Output Pin
TRCGRA - General register. Set the PWM period. TRCIOB pin
TRCGRB (1) |- General register. Set the PWM output change point.

TRCGRC (1) |BFC=0 General register. Set the PWM output change point (wait time
after trigger).

TRCGRD BFD =0 (Not used in PWM2 mode.) -

TRCGRD BFD =1 Buffer register. Set the next PWM output change point. (Refer to | TRCIOB pin
18.3.2 Buffer Operation.)

j=A,B,C,orD

BFC, BFD: Bits in TRCMR register

Note:

1. Do not set registers TRCGRB and TRCGRC to the same value.
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18.7.4 Operating Example

FFFFh

]

Set to 0000h

0_\ / by a program.

Previous value is retained
whenTSTART bit is set to

TRC register value

TRC register is cleared
by TRCGRA register
compare match

¥

1 1
1 ]
1 ]
0000h ; "
! 1 1 h Count stops
H ! ! ! because
TSTART bitin i H gifgfns
TRCMR register \ H '
— 1
H i i {_ Settolby TSTART bit
H H , : a program. is setto 0.
CSEL bitin 1 ! ! H ¥
TRCCR2 register H H ! ! !
5 ! : :
i i < ol
H 1 N ] ]
' ! 1 oo+l 1
] 1 1 — 1
] ! 1 | | ] |
v, Pl i 1 1 Pl 1 1
.~ : ™ : :
wm ! 1 Return to initial output 1 ] ' 1
H" output at TRCGRC when TSTART bit is set! ! “L” output at TRCGRB !
register compare match to 0. H H register compare match
! ] | 1 ]
! | 1
“L” initial output A / No ch ! ! No change
TRCIOB output nitial outpu © change i :/
¥ g :
1 1
H H '\ “H” output at TRCGRC register |
] 1 compare match
IMFA bit in i '
TRCSR register H !
T ] |
! | ] /
: ! !
IMFB bit in : : : Set to E) by a program.
TRCSR register H ! ! / !
i i i i
! ] | ]
IMFC bit in Set to 0 by a program. E Set to 0 by a program. i
TRCSR register / ! / [
i i
1 1
1 1
1 1
TRCGRB register X n
y. A X y. A
] 1
! Transfer H Transfer
H H
TRCGRD register n X Next data

.'b\

The above applies under the following conditions:
« The TOB bit in the TRCCR1 register is set to 0 (initial level is low, high-level output at compare match with the TRCGRC register,

low-level output at compare match with the TRCGRB register).
« Bits TCEG1 and TCEGO in the TRCCR2 register are set to 00b (TRCTRG trigger input disabled).

/

Transfer from buffer register to general register

m: Value set in TRCGRA register
n: Value set in TRCGRB register
p: Value set in TRCGRC register

Figure 18.17 Operating Example in PWM2 Mode (TRCTRG Trigger Input Disabled)
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FFFFh

m

0000h

TRC register (counter) is cleared
by TRCTRG pin trigger input.
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]
-
]
]
]

TRC register value
TRC register is cleared
by TRCGRA register
compare match.

Set to 0000h
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TRCIOB output

IMFA bit in
TRCSR register

IMFB bit in
TRCSR register

IMFC bit in
TRCSR register
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_ Count starts at
TRCTRG pin
trigger input.
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Count stops
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CSEL bit is
setto 1.
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is setto 0.
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1 1 ) LI a program. 1 |
| | ' : | : : :
| : H ! I om+l :
DL ; ; e L
e P | : be Pl i ] W |
[ ' ] [ | |
1 1 . ) ' 1 [ 1
“H” output at : “L" output at : : : : : :
TRCGRC register | TRCGRB register H . ! AN !
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: \I ' ! b ! R ] 1
“L” initial output ] H O
: | !
K . b\
]

¢

Inactive level so

enabled.

TRCTRG input is

A

Return to initial value
when TSTART bit is set to
0.

Active level so TRCTRG
input is disabled.

—

~a

Set to 0 by
a program.

bl

A

____ ------------.---------------_----
e =TTy T

TRCGRD register

]
]
]
]
]
i
!
Set to 0 by Set to 0 by Set to 0 by H
a program. a program. a program. 1
i i
K ¥ ¥ i
] 1
] 1
] 1
] 1
\ 1
n n n n
). 4 y.4 X y.A X ). A
] 1
Transfer Transfer ! Transfer H Transfer
1 1
n X Next data

: :

Transfer from buffer register to general register

The above applies under the following conditions:
» The TOB bit in the TRCCRL register is set to O (initial level is low, high-level output at compare match with the TRCGRC register,

low-level output at compare match with the TRCGRB register).
« Bits TCEG1 and TCEGO in the TRCCR2 register are set to 11b (trigger at both rising and falling edges of TRCTRG input).

f f

Transfer from buffer register to general register

m: Value set in TRCGRA register
n: Value set in TRCGRB register
p: Value set in TRCGRC register

Figure 18.18 Operating Example in PWM2 Mode (TRCTRG Trigger Input Enabled)
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* TRCGRB register setting value greater than * TRCGRC register setting value greater than
TRCGRA register setting value TRCGRA register setting value
TRC register value TRC register value
IR e L PP PP PP PP p
[ SEEEEEE L m
n
]
]
1
_____________________ '
P 1 ] !
: : :
ooooh | ! J ! 0000h | H |
1 ! 1 ) 1 1 1
L : 1 : L H 1
TSTART bit in 1 ' ) TSTART bitin ! !
TRCMR register ! ! H TRCMR register 1 !
I ! 1 ) I ! 1
1_p+l : ! E 1 n+l E !
1 m+l H ) 1 om1 1 !
! 1 | No compare match with ! ! :
1 I TRCGRSB register, so I L output at
1 U - No compare match ! 1 '
H” output conti . 1
' y qutpLt continues with TRCGRC register, 1 ! Ic?n?i?fr:gfr:er
\ H /: so “L” output continues. : O 'r)m change)
TRCIOB output : ! TRCIOB output H o
outpu “H” output at TRCGRC register outpd \ ! !
\ : compare match T H
1 ] W ien ]
“L” initial ! ! il !
IMFA bit in output ! ! IMFA bit in P :
TRCSR register [ ! TRCSR register H
] ] [
]
! ! '
IMFB bit in : : IMFB bit in
TRCSR register o ! ! TRCSR register
i SettoObya E

/ program.
IMFC bit in IMFC bit in
TRCSR register TRCSRregister

m: Value set in TRCGRA register
n: Value set in TRCGRB register
p: Value set in TRCGRC register

The above applies under the following conditions:

« The TOB bit in the TRCCRL register is set to 0 (initial level is low, high-level output at compare match with the TRCGRC register,
low-level output at compare match with the TRCGRB register).

« Bits TCEG1 and TCEGO in the TRCCR2 register are set to 00b (TRCTRG trigger input disabled).

Figure 18.19 Operating Example in PWM2 Mode (Duty 0% and Duty 100%)
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18.8 Timer RC Interrupt

Timer RC generates atimer RC interrupt request from five sources. The timer RC interrupt uses the single TRCIC

register (bitsIR and ILVLO to ILVL2) and asingle vector.

Table 18.15 lists the Registers Associated with Timer RC Interrupt and Figure 18.20 shows a Block Diagram of

Timer RC Interrupt.

Table 18.15 Registers Associated with Timer RC Interrupt

Timer RC Timer RC Timer RC
Status Register Interrupt Enable Register Interrupt Control Register
TRCSR TRCIER TRCIC

IMFA bit ——]

IMIEA bit Timer RC interrupt request

(IR bit in TRCIC register)
IMFB bit
IMIEB bit

IMFC bit ——
IMIEC bit

IMFD bit
IMIED bit

OVF bit —
OVIE bit

3_
—
D

IMFA, IMFB, IMFC, IMFD, OVF: Bits in TRCSR register
IMIEA, IMIEB, IMIEC, IMIED, OVIE: Bits in TRCIER register

Figure 18.20 Block Diagram of Timer RC Interrupt

Like other maskable interrupts, the timer RC interrupt is controlled by the combination of the | flag, IR bit, bits
ILVLOto ILVL2, and IPL. However, it differs from other maskable interrupts in the following respects because
asingleinterrupt source (timer RC interrupt) is generated from multiple interrupt request sources.

e The IR bit in the TRCIC register is set to 1 (interrupt requested) when a bit in the TRCSR register is set to 1
and the corresponding bit in the TRCIER register is also set to 1 (interrupt enabled).

» The IR bit is set to 0 (no interrupt requested) when the bit in the TRCSR register or the corresponding bit in
the TRCIER register is set to 0, or both are set to 0. In other words, the interrupt request is not maintained if
the IR bit isonce set to 1 but the interrupt is not acknowledged.

« If another interrupt source is triggered after the IR bit is set to 1, the IR bit remains set to 1 and does not
change.

« If multiple bits in the TRCIER register are set to 1, use the TRCSR register to determine the source of the
interrupt request.

 The hitsin the TRCSR register are not automatically set to 0 when an interrupt is acknowledged. Set them to
0 within the interrupt routine. Refer to 18.2.5 Timer RC Satus Register (TRCSR), for the procedure for
setting these bitsto 0.

Refer to 18.2.4 Timer RC Interrupt Enable Register (TRCIER), for details of the TRCIER register.
Refer to 12.3 Interrupt Control, for details of the TRCIC register and 12.1.5.2 Relocatable Vector Tables,
for information on interrupt vectors.
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18.9 Notes on Timer RC

18.9.1 TRC Register

« The following note applies when the CCLR bit in the TRCCRL register is set to 1 (TRC register cleared by
compare match with TRCGRA register).
When using a program to write a value to the TRC register while the TSTART bit in the TRCMR register is
set to 1 (count starts), ensure that the write does not overlap with the timing with which the TRC register is set
to 0000h.
If the timing of the write to the TRC register and the setting of the TRC register to 0000h coincide, the write
value will not be written to the TRC register and the TRC register will be set to 0000h.

» Reading from the TRC register immediately after writing to it can result in the value previous to the write
being read out. To prevent this, execute the IMPB instruction between the read and the write instructions.

Program Example MOV.W #XXXXh, TRC \Write
JMPB L1 ;JMPB instruction
L1 MOV.W TRC,DATA ;Read

18.9.2 TRCSR Register

Reading from the TRCSR register immediately after writing to it can result in the value previous to the write
being read out. To prevent this, execute the IMP.B instruction between the read and the write instructions.

Program Example MOQOV.B #XXh, TRCSR ;Write
JMPB L1 ;JMP.B instruction
L1 MOV.B TRCSR,DATA ;Read

18.9.3 TRCCRL1 Register

To set bits TCK2 to TCKO in the TRCCR1 register to 111b (fOCO-F), set fOCO-F to the clock frequency
higher than the CPU clock frequency.

18.9.4 Count Source Switching

» Stop the count before switching the count source.

Switching procedure

(1) Setthe TSTART bit inthe TRCMR register to O (count stops).

(2) Change the settings of bits TCK2 to TCKO in the TRCCR1 register.

« After switching the count source from fOCO20M to another clock, allow two or more cycles of f1 to elapse
after changing the clock setting before stopping fOCO20M.

Switching procedure

(1) Setthe TSTART bit inthe TRCMR register to O (count stops).

(2) Change the settings of bits TCK2 to TCKO in the TRCCRL register.

(3) Wait for two or more cycles of f1.

(4) Set the FRAQO bit in the FRAO register to 0 (high-speed on-chip oscillator off).

« After switching the count source from fOCO-F to a clock other than fOCO20M, allow a minimum of one
cycle of fOCO-F + fOCO20M to elapse after changing the clock setting before stopping fOCO-F.

Switching procedure

(1) Setthe TSTART bit inthe TRCMR register to O (count stops).

(2) Change the settings of bits TCK2 to TCKO in the TRCCRL register.

(3) Wait for aminimum of one cycle of fOCO-F + fOCO20M.

(4) Set the FRAOQO bit in the FRAO register to 0 (high-speed on-chip oscillator off).
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18.9.5 Input Capture Function

* Set the pulse width of the input capture signal as follows:
[When the digital filter is not used)]
Three or more cycles of the timer RC operation clock (refer to Table 18.1 Timer RC Operating Clocks)
[When the digital filter is used)]
Five cycles of the digital filter sampling clock + three cycles of the timer RC operating clock, minimum (refer
to Figure 18.5 Block Diagram of Digital Filter)

* The value of the TRC register is transferred to the TRCGR] register one or two cycles of the timer RC
operation clock after the input capture signal is input to the TRCIQj (j = A, B, C, or D) pin (when the digital
filter function is not used).

* When the input capture function is used, if an edge selected by bits 10j0 and 1Oj1 (j = A, B, C, or D) in the
TRCIORO or TRCIORL1 register isinput to the TRCIQj pin, the IMFj bit in the TRCSR register is set to 1
even when the TSTART bit in the TRCMR register is 0 (count stops).

18.9.6 TRCMR Register in PWM2 Mode

When the CSEL bit in the TRCCR2 register is set to 1 (count stops at compare match with the TRCGRA
register), do not set the TRCMR register at compare match timing of registers TRC and TRCGRA.
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19. Timer RH

19. Timer RH

Note

The description offered in this chapter is based on the R8C/LA5A Group.
For the R8C/LA3A Group, refer to 1.1.2 Differences between Groups.

19.1 Introduction

Timer RH has a 3-bit counter, 4-bit counter, and 8-bit counter.
Timer RH supports the following two modes:
* Real-time clock mode
A one-second signal is generated from fC-TRH and seconds, minutes, hours, a day of the week, a date, a month,
and ayear (supporting leap years from 2000 to 2099) are counted.
* Output compare mode
A count source is counted and compare matches are detected.

The count source for timer RH is the operating clock that regul ates the timing of timer operations.

Table 19.1 lists the Timer RH Pin Configuration.

Table 19.1  Timer RH Pin Configuration
Pin Name Assigned Pin 1/0 Function
TRHO PO_7 Output Function differs according to the mode.
Refer to descriptions of individual modes for details.
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19. Timer RH

19.2

Real-Time Clock Mode

In real-time clock mode, a one-second signal is generated from fC-TRH using a 3-bit counter, 4-bit counter, or
8-bit counter, and used to count seconds, minutes, hours, a day of the week, a date, a month, and a year.
Matches with specified minutes, hours, aday of the week are also detected. Figure 19.1 shows a Block Diagram
of Real-Time Clock Mode and Table 19.2 lists the Real-Time Clock Mode Specifications.

ws) (1/256)

(1/16)

3-bit 8-bit

Zbit ] _One-second overfiow
I

0S2to 0OS0

fa
fC-TRH

1Hz

=000b
=001b
5 —=010b
=011b

TRHO pin

0 TRHOE

counter

J

0.5-second overflow

0.25-second overflow

64Hz
32

TRHAMN

TRHAHR APM bit
Comparison | Match
circuit

\d Match

Comparison
circuit

TRHAWK
Comparison
circuit

Control

=100b o)
=101b o
=110b o

circuit

Data bus

Overflow I I
TRHAWK TRHADJ
register register
Overflow Overflow * Overflow Overflow
P TRHSEC TRHMIN TRHHR TRHDY TRHMON TRHYR AADIM|
register register register register register register bit

RSTADJ || ADJ30S
bit bit

PM
bit

HR24 bit

ALIE

Timing
control
circuit

Timer RH
interrupt

seios—___/
N\

SEIEO25 —| )

BSY: Bit in TRHSEC register
HR24, PM, TRHOE, AADJE: Bits in TRHCR register
AADJM, OS2 to OS0: Bits in TRHCSR register

ENBMN: Bit in TRHAMN register

ENBHR, APM: Bits in TRHAHR register
ENBWK: Bit in TRHAWK register

INTF, SLINT, SLCNS: Bits in TRHICR register
Note:

« TRHSEC register

« TRHMIN register

« TRHHR register

« TRHWK register

« TRHDY register

« TRHMON register
«TRHYR register

«PM bit in TRHCR register

Specified second interrupt
(update every first digit
of second)

SLCNS =0

Bits SDAREG3 to SDAREGO [

RSTADJ, ADJ30S, ALIE, RTCF, ALIF: Bits in TRHIFR register
YRIE, MOIE, DYIE, HRIE, MNIE, SEIE, SEIE05, SEIE025: Bits in TRHIER register

Specified second interrupt
(update every second
digit of second)

SLCNS = 1

1. Set the PROTECT bit in the TRHPRC register to 1 to enable writing to the following registers or bit:

Figure 19.1

Block Diagram of Real-Time Clock Mode
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Table 19.2 Real-Time Clock Mode Specifications

Item Specification
Count source fC-TRH (32.768 kHz)
Count operation Increment

Count start condition 1 (count starts) is written to the RUN bit in the TRHCR register.
Count stop condition 0 (count stops) is written to the RUN bit in the TRHCR register.
Interrupt request Periodic interrupt
generation timing Select one of the following:
» 0.25-second period
 0.5-second period
» Update of second data
» Update of minute data
Update of hour data
Update of day data
» Update of month data
» Update of year data
Alarm interrupt
When time data and alarm data match
Update of the specified second set by the TRHICR register
TRHO pin function Programmable 1/O port or output of f4, f8, f16, f32, 1 Hz, 64 Hz, or f{C-TRH
Read from timer When reading timer RH data registers (1), the count values can be read.
The values read from the timer RH data registers (1) except TRHWK are represented by
the BCD code.
Write to timer When the PROTECT bit in the TRHPRC register is set to 1 (write enabled) and the RUN bit
in the TRHCR register is set to 0 (count stops), the value can be written to timer RH data
registers (1) and the PM bit in the TRHCR register.
The values written to the timer RH data registers (1) except TRHWK are represented by the
BCD code.
Selectable functions ¢ 12-hour mode/24-hour mode switch function
 Alarm function
Either of following is detected:
- Minutes, hours, or the day of the week
- Any combination of these
» Second adjustment function
« Clock error correction function
Automatic correction function or correction by software
« Clock output

Note:
1. Timer RH data registers: TRHSEC, TRHMIN, TRHHR, TRHWK, TRHDY, TRHMON, and TRHYR registers
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19.2.1 Module Standby Control Register 1 (MSTCR1)
Address 0010h

Bit b7 b6 b5 b4 b3 b2 b1l b0
Symbol| — | — | — | MSTTRJ1 | MSTTRJO | MSTTRH | MSTTRB1 | MSTTRBO

After Reset 0 0 0 0 0 0 0 0

Bit Symbol Bit Name Function R/W

b0 MSTTRBO |Timer RBO standby bit 0: Active R/W
1: Standby (1)

bl MSTTRB1 |Timer RB1 standby bit 0: Active R/W
1: Standby ()

b2 MSTTRH |Timer RH standby bit 0: Active R/W
1: Standby (3)

b3 MSTTRJO |Timer RJO standby bit 0: Active R/W
1: Standby 4)

b4 MSTTRJ1 |Timer RJ1 standby bit (6) 0: Active R/W
1: Standby (5

b5 — Reserved bits Setto 0. R/W

b6 —

b7 —

Notes:

1. When the MSTTRBO bit is set to 1 (standby), any access to the timer RBO associated registers (addresses
0108h to 010Eh) is disabled.

2. When the MSTTRBL1 bit is set to 1 (standby), any access to the timer RB1 associated registers (addresses
0098h to 009ENh) is disabled.

3. When the MSTTRH bit is set to 1 (standby), any access to the timer RH associated registers (addresses 0110h
to 011Fh) is disabled.

4. When the MSTTRUJO bit is set to 1 (standby), any access to the timer RJO associated registers (addresses 0080h
to 0086h) is disabled.

5. When the MSTTRJ1 hit is set to 1 (standby), any access to the timer RJ1 associated registers (addresses 0088h
to 008ENh) is disabled.

6. Inthe R8C/LA3A Group, set the MSTTRJ1 bit to 1 (standby).

When changing each standby bit to standby, stop the corresponding peripheral function beforehand. When
peripheral functions are set to standby using each standby bit, their registers cannot be read or written. Also, the
clock supply to the peripheral functionsis stopped.

When changing from standby to active, set the registers of the corresponding peripheral function again after
changing.
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19.2.2 Timer RH Second Data Register (TRHSEC) in Real-Time Clock Mode
Address 0110h

Bit b7 b6 b5 b4 b3 b2 b1 b0
Symbol| BSY | SC12 | SC1l | SC10 | SC03 | SC02 | SCOl [ SCO00 |
After Reset X X X X X X X X
After Reset by 0 0 0 0 0 0 0 0
RTCRST Bitin

TRHCR Register

Bit Symbol Bit Name Function Setting Range | RIW
b0 SCO00 [First digit of second count bit |Count 0 to 9 every second. Oto9 R/W
bl SCO01 When the digit increments, 1 is added to |(BCD code) R/W
b2 SCO02 the second digit of second. RIW
b3 SCO03 R/W
b4 SC10 |[Second digit of second count |When counting 0 to 5, 60 seconds are Oto5 R/W
b5 SC11 |bit counted. (BCD code) R/W
b6 SC12 R/W
b7 BSY |Timer RH busy flag This bit is set to 1 while timer RH data registers (1) or the R
PM in the TRHCR register is updated.

Note:
1. Timer RH data registers: TRHSEC, TRHMIN, TRHHR, TRHWK, TRHDY, TRHMON, and TRHYR

Set the PROTECT bit in the TRHPRC register to 1 (write enabled) before rewriting this register.

Bits SC03 to SCO0 (First Digit of Second Count Bit)
Bits SC12 to SC10 (Second Digit of Second Count Bit)
Set values between 00 to 59 by the BCD code.

Write to these bits when the RUN bit in the TRHCR register is set to 0 (count stops).
Read these bits when the BSY bit is set to 0 (not while data is updated).

BSY Bit (Timer RH Busy Flag)
This bit is set to 1 while data is updated. Read the following registers or bit when this bit set to is 0 (not while
datais updated).
« Timer RH dataregisters (1)
* The PM bit in the TRHCR register

Write to the following registers or bits when the BSY hit is set to O (not while data is not updated).
« Timer RH data registers (1)

* Timer RH alarm registers (2

 Bits PM and HR24 in the TRHCR register

« Registers and bits associated with correction (3)

Notes:
1. Timer RH dataregisters: TRHSEC, TRHMIN, TRHHR, TRHWK, TRHDY, TRHMON, and TRHYR
2. Timer RH aarm registers: TRHAMN, TRHAHR, and TRHAWK
3. Registers and bits associated with correction: TRHADJ, AADIM in TRHCSR, and AADJE in TRHCR
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19.2.3 Timer RH Minute Data Register (TRHMIN) in Real-Time Clock Mode
Address 0111h

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol| MN7 | MN12 | MN11 | MN10 | MNO3 | MNO02 | MNO1 | MNOO |
After Reset X X X X X X X X
After Reset by 0 0 0 0 0 0 0 0
RTCRST Bitin
TRHCR Register
Bit Symbol Bit Name Function Setting Range | R/IW
b0 MNOO [First digit of minute count bit  [Count O to 9 every minute. 0Oto9 R/W
bl MNO1 When the digit increments, 1 is added to |(BCD code) R/W
b2 MNO2 the second digit of minute. RIW
b3 MNO3 R/W
b4 MN10 [Second digit of minute count |When counting O to 5, 60 minutes are Oto5 R/W
b5 MN11 |bit counted. (BCD code) R/W
b6 MN12 R/W
b7 MN7 |Set to O in real-time clock mode. R/W

Set the PROTECT bit in the TRHPRC register to 1 (write enabled) before rewriting this register.

Bits MNO3 to MNOO (First Digit of Minute Count Bit)
Bits MN12 to MN10 (Second Digit of Minute Count Bit)

Set values between 00 to 59 by the BCD code.

When the digit increments from the TRHSEC register, 1 is added.

Write to these bits when the RUN bit in the TRHCR register is set to 0 (count stops).

Read these bits when the BSY bit in the TRHSEC register is set to 0 (not while data is updated).
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19.2.4 Timer RH Hour Data Register (TRHHR) in Real-Time Clock Mode
Address 0112h

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol | — | — | HR11 | HR10 | HRO3 | HR02 | HRO1 | HROO |
After Reset 0 0 X X X X X X
After Reset by 0 0 0 0 0 0 0 0
RTCRST Bit in
TRHCR Register
Bit Symbol Bit Name Function Setting Range | R/IW
b0 HROO [First digit of hour count bit [Count O to 9 every hour. Oto9 R/W
bl HRO1 When the digit increments, 1 is added to (BCD code) R/W
b2 HRO2 the second digit of hour. RIW
b3 HRO03 R/W
b4 HR10 |[Second digit of hour count [Count O to 1 when the HR24 bit in the Oto2 R/W
b5 HR11 |bit TRHCR register is set to 0 (12-hour mode). |(BCD code) R/W
Count 0 to 2 when the HR24 bit is set to 1
(24-hour mode).
b6 — Nothing is assigned. If necessary, set to 0. When read, the content is 0. —
b7 —

Set the PROTECT bit in the TRHPRC register to 1 (write enabled) before rewriting this register.

Bits HRO3 to HROO (First Digit of Hour Count Bit)
Bits HR11 to HR10 (Second Digit of Hour Count Bit)

Set values between 00 to 11 by the BCD code when the HR24 bit in the TRHCR register is set to 0 (12-hour
mode). Set values between 00 to 23 by the BCD code when the HR24 bit is set to 1 (24-hour mode).

When the digit increments from the TRHMIN register, 1 is added.

Write to these bits when the RUN bit in the TRHCR register is set to 0 (count stops).

Read these bits when the BSY bit in the TRHSEC register is set to 0 (not while data is updated).
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19.2.5 Timer RH Day-of-the-Week Data Register (TRHWK) in Real-Time Clock

Mode
Address 0113h
Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol| — — — — — WK2 WK1 WKO
After Reset 0 0 0 0 0 X X X
After Reset by 0 0 0 0 0 0 0 0
RTCRST Bitin

TRHCR Register

Bit Symbol Bit Name Function R/W
b0 WKO |Day-of-the-week count bit b2b1 b0 R/W
o1 | Wk 000 ey aw
b2 WK2 . R/W

0 1 0: Tuesday
01 1: Wednesday
10 0: Thursday
10 1: Friday

11 0: Saturday
11 1: Do not set.
b3 — Nothing is assigned. If necessary, set to 0. When read, the content is 0. —
b4 —
b5 —

b7 —_

Set the PROTECT bit in the TRHPRC register to 1 (write enabled) before rewriting this register.

Bits WK2 to WKO (Day-of-Week Count Bit)

A week is counted by counting from 000b (Sunday) to 110b (Saturday) repeatedly. Do not set to 111b.
When the digit increments from the TRHHR register, 1 is added.

Write to these bits when the RUN bit in the TRHCR register is 0 (count stops).

Read these bits when the BSY bit in the TRHSEC register is 0 (not while data is updated).
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19.2.6 Timer RH Date Data Register (TRHDY) in Real-Time Clock Mode

Address 0114h
Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol| — | — | DY11 | DY10 | DY03 | DY02 | DYO01 | DY00 |
After Reset 0 0 X X X X X X
After Reset by 0 0 0 0 0 0 0 1
RTCRST Bitin
TRHCR Register
Bit Symbol Bit Name Function Setting Range | RIW
b0 DYOO |First digit of date count bit |{Count 0 to 9 every day. Oto9 R/W
bl DYO01 When the digit increments, 1 is added to (BCD code) R/W
b2 DY02 the second digit of date. RIW
b3 DY03 R/W
b4 DY10 |Second digit of date count |Count O to 3. Oto3 R/W
b5 DY11 |bit (BCD code) R/W
b6 — Nothing is assigned. If necessary, set to 0. When read, the content is 0. —
b7 —

Set the PROTECT bit in the TRHPRC register to 1 (write enabled) before rewriting this register.

Bits DY03 to DYO0O (First Digit of Date Count Bit)
Bits DY11 to DY10 (Second Digit of Date Count Bit)

Set values between 01 and 31 by the BCD code.

When the digit increments from the TRHHR register, 1 is added.

The number of days (28 to 31) in each month including February in aleap year are counted from 2000 to 2099.
Write to these bits when the RUN bit in the TRHCTR register is set to O (count stops).

Read these bits when the BSY bit in the TRHSEC register is set to 0 (not while data is updated).
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19.2.7 Timer RH Month Data Register (TRHMON) in Real-Time Clock Mode
Address 0115h

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol | — | — | — | MO10 | MOO03 | MO02 | MOO01 | MOO00 |
After Reset 0 0 0 X X X X X
After Reset by 0 0 0 0 0 0 0 1
RTCRST Bitin
TRHCR Register
Bit Symbol Bit Name Function Setting Range | R/IW
b0 MOOQO [First digit of month count bit|Count O to 9 every month. Oto9 R/W
bl MOO01 When the digit increments, 1 is added to (BCD code) R/W
b2 MOO02 the second digit of month. RIW
b3 MOO03 R/W
b4 MO10 [Second digit of month CountOto 1. Oto1l R/W
count bit (BCD code)
b5 — Nothing is assigned. If necessary, set to 0. When read, the content is O. —
b6 —
b7 —

Set the PROTECT bit in the TRHPRC register to 1 (write enabled) before rewriting this register.

Bits MOO03 to MOOQO (First Digit of Month Count Bit)
MO10 Bit (Second Digit of Month Count Bit)

Set values between 01 and 12 by the BCD code.

When the digit increments from the TRHDY register, 1 is added.

Write to these bits when the RUN bit in the TRHCR register is set to 0 (count stops).
Read these bits when the BSY bit in the TRHSEC register is set to 0 (not while data is updated).
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19.2.8 Timer RH Year Data Register (TRHYR) in Real-Time Clock Mode

Address 0116h
Bit b7 b6 b5 b4 b3 b2 bl b0
Symboll YR13 | YR12 | YR1l | YRI1O | YRO3 | YRO2 | YROL | YROO |
After Reset X X X X X X X X
After Reset by 0 0 0 0 0 0 0 0
RTCRST Bitin
TRHCR Register
Bit Symbol Bit Name Function Setting Range | R/IW
b0 YROO [First digit of year count bit [Count O to 9 every year. Oto9 R/W
bl YRO1 When the digit increments, 1 is added to (BCD code) R/W
b2 YRO2 the second digit of year. RIW
b3 YRO3 R/W
b4 YR10 |[Second digit of year count [CountO to 9. Oto9 R/W
b5 YR11 |bit (BCD code) R/W
b6 YR12 R/W
b7 YR13 R/W

Set the PROTECT bit in the TRHPRC register to 1 (write enabled) before rewriting this register.

Bits YRO03 to YROO (First Digit of Year Count Bit)

Bits YR13 to YR10 (Second Digit of Year Count Bit)
Set values between 00 and 99 by the BCD code. Fourth digit and third digit of the year are fixed to 20.
When the digit increments from the TRHMON register, 1 is added.

Write to these bits when the RUN bit in the TRHCR register is set to 0 (count stops).
Read these bits when the BSY bit in the TRHSEC register is set to 0 (not while data is updated).
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19.2.9 Timer RH Control Register (TRHCR) in Real-Time Clock Mode

Address 0117h
Bit b7 b6 b5 b4 b3 b2 b1l b0
Symbol| RUN | HR24 | PM |RTCRST| CCLR | LFLAG | TRHOE | AADJE |
After Reset X X X 0 0 X 0 X
After Reset by 0 0 0 X X 1 X 0
RTCRST Bitin

TRHCR Register

Bit Symbol Bit Name Function R/W
b0 AADJE [Timer RH automatic correction 0: Automatic correction function disabled R/W
function enable bit (correction function by software enabled)

1: Automatic correction function enabled
(correction function by software disabled)

bl TRHOE |Timer RH output enable bit 0: TRHO output disabled R/W
1: TRHO output enabled

b2 LFLAG  |Leap year flag(®) 0: Common year R
1: Leap year

b3 CCLR Set to O in real-time clock mode. R/W

b4 RTCRST |Timer RH reset bit (2 When this bit is set to 1, the target registers and R/W

bits are initialized to the reset values and the timer
RH control circuit is initialized.

b5 PM a.m./p.m. bit 0:a.m. R/W
1:p.m.

b6 HR24 Operating mode select bit 0: 12-hour mode R/W
1: 24-hour mode

b7 RUN Timer RH operation start bit 0: Count stops R/W

1. Count starts

Notes:
1. When the RTCRST bit is set to 1, the TRHYR register is reset to 00h.
As year 2000 is a leap year, the initial value of the LFLAG bit is 1.
2. Setthe RTCRST bit to O after setting it to 1.

AADJE Bit
Rewrite this bit when the BSY bit in the TRHSEC register is set to 0 (not while datais updated).

TRHOE Bit (Timer RH Output Enable Bit)
Rewrite this bit when the RUN hit is set to O (count stops).

LFLAG Bit (Leap Year Flag)

Thishitisset to 1 (leap year) when the values of the TRHY R register are 00 or the multiples of four.
When thisbit is set to 1, the number of daysin February becomes 29.
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RTCRST Bit (Timer RH Reset Bit)

When the RTCRST hit set to 1, the registers and bits listed in Table 19.3 are initialized to the reset values and
the timer RH control circuit isinitialized. Always set the RTCRST bit to O after setting it to 1.

Table 19.3 Registers and Bits (1) Initialized by RTCRST Bit

Register Bit to be Initialized Bit to Retain Setting Value
Timer RH data register () Bit O to bit 7 —
Timer RH alarm register (3) Bit O to bit 7 —
TRHCR AADJE, LFLAG, PM, HR24, RUN TRHOE, CCLR, RTCRST
TRHCSR Bit 7 Bit O to bit 6
TRHADJ Bit O to bit 7 —
TRHIFR Bit O to bit 2 Bit 3 to bit 7
TRHIER Bit O to bit 7 —
TRHPRC Bit O to bit 7 —
TRHICR Bit O to bit 7 —

Notes:
1. For the reset values, refer to each register’s values reset by the RTCRST bit.
2. Timer RH data registers: TRHSEC, TRHMIN, TRHHR, TRHWK, TRHDY, TRHMON, and TRHYR
3. Timer RH alarm registers: TRHAMN, TRHAHR, and TRHAWK
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PM Bit (a.m./p.m. Bit)

Write to this bit when the RUN bit in the TRHCR register is 0 (count stops). Set the PROTECT bit in the
TRHPRC register to 1 (write enabled) before rewriting this bit.
Read this bit when the BSY bit in the TRHSEC register is set to 0 (not while data is updated).
Thisbit is enabled when the HR24 bit is set to 0 (12-hour mode).
This bit changes as follows while counting.

» Changesto 0 when thisbit is 1 (p.m.) and the clock increments from 11:59:59 to 00:00:00.
» Changesto 1 when thisbit is 0 (am.) and the clock increments from 11:59:59 to 00:00:00.

Figure 19.2 shows the Definition of Time Representation.

< When count starts from 0 a.m. of Saturday on January 1, 2000 >
Noon
HR24 bit = 1 TRHHR register | 0 1 - 10 1112213 ~ 22 |23|] 0| 1] 2 2122231 0 |1 ]| 2
(24-hour mode) -
PM bit 0
HR24 bit=o | TRHHRregister| 0 [ 1 - 10 |11 0| 1 -~ 10 |11|0| 1|2 910|110 1|2
(12-hour mode) -
PM bit 0 (a.m.) 1 (p.m.) 0 (a.m.) 1 (p.m.) 0 (a.m.)
TRHWK register 110 (Sat.) 000 (Sun.) ... 001 (Mon.) 010 (Tue.)
TRHDY register Day 1 Day 2 Day 31 Day 1
TRHMON register January February
TRHYR register Year 2000
LFLAG bit 1
HR24 bit=1 | TRHHRregister| 3 [ 4 | 5 21 (22|23|0|1| 2 2122|230 1] 2
(24-hour mode) -
PM bit 0
HR24 bit = 0 TRHHR register| 3 | 4 5 2110|111 (0| 1] 2 9 (10]11({ 0| 1] 2
(12-hour mode) .
PM bit 0(a.m.) 1(p.m.) | O(am.) 1(p.m) | O0(am)
TRHWK register 010 (Tue.) 010 (Tue.)| 011 (Wed.) 000 (Sun.) | 001 (Mon.)
TRHDY register Day 1 Day 29 Day 1 Day 31 Day 1
TRHMON register February March December| January
TRHYR register Year 2000 Year 2001
LFLAG hit 1 0
LFLAG, PM, HR24: Bits in TRHCR register

Figure 19.2

Definition of Time Representation

HR24 Bit (Operating Mode Select Bit)

When this bit is set to 0, the TRHHR register counts 0 to 11. When this bit is set to 1, the register counts 0 to 23.
Write to this bit when the RUN bit is set to O (counter stops).
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19.2.10 Timer RH Count Source Select Register (TRHCSR) in Real-Time Clock

Mode
Address 0118h
Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol| AADIM 0Ss2 0Os1 0Ss0 Cs3 Cs2 Csi1 CSso
After Reset X 0 0 0 1 0 0 0
After Reset by 0 X X X X X X X
RTCRST Bitin

TRHCR Register

Bit Symbol Bit Name Function R/W
b0 CSO | Count source select bit Set to 1000b (fC-TRH) in real-time clock mode R/W
b1 CS1 (CS3 bit = 1). RIW
b2 Cs2 R/W
b3 Cs3 R/W
b4 OSO0 | Timer RH output select bit bgbg ts{ @ R/W
b5 0Os1 : R/W
001: fC-TRH
b6 0S2 01018 R/W
011:1Hz(®3
100:f16
101:64Hz @23
110:f32
11 1: Do not set.
b7 AADJM | Automatic correction mode select bit | 0: Correct every minute R/W
1: Correct every 10 seconds

Notes:
1. When fC-TRH = 32.768 kHz
When fC-TRH = 32.768 kHz, the output frequency may vary from 1 Hz.
2. When fC-TRH = 32.768 kHz
When fC-TRH = 32.768 kHz, the output frequency may vary from 64 Hz.
3. When the second adjustment or clock error correction is used, the output frequency may vary depending on the
timing.

Bits CS3 to CSO (Count Source Select Bit)
Rewrite these bits when the RUN bit in the TRHCR register is set to 0 (count stops).

Bits OS2 to OSO (Timer RH Output Select Bit)

Rewrite these bits when the RUN bit in the TRHCR register is set to 0 (count stops).
These hits are enabled when the TRHOE bit in the TRHCR register is set to 1 (TRHO output enabled).

AADJM Bit (Automatic Correction Mode Select Bit)

This bit is enabled when the AADJE bit in the TRHCR register is set to 1 (automatic correction function
enabled).
Rewrite this bit when the BSY bit in the TRHSEC register is set to 0 (not while data is updated).
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19.2.11 Timer RH Clock Error Correction Register (TRHADJ) in Real-Time Clock

Mode
Address 0119h
Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol| PLUS MINUS ADJ5 ADJ4 ADJ3 ADJ2 ADJ1 ADJO
After Reset X X X X X X X X
After Reset by 0 0 0 0 0 0 0 0
RTCRST Bitin

TRHCR Register

Bit Symbol Bit Name Function R/W
b0 ADJO | Correction value set bit Setting range: 00h to 3Fh (00 to 63) R/W
bl ADJ1 R/W
b2 ADJ2 R/W
b3 ADJ3 R/W
b4 ADJ4 R/W
b5 ADJ5 R/W
b6 MINUS | Correction counter bit bébg. Not corrected R/W
b7 PLUS 0 1: Corrected to the minus side RIW

1 0: Corrected to the plus side

1 1: Do not set.

Rewrite this register when the BSY hit in the TRHSEC register is set to 0 (not while data is updated).

Bits MINUS and PLUS (Correction Counter Bit)

The one-second counter is changed depending on the values of bits ADJO to ADJ5.

When the PLUS bit is set to 0 and the MINUS bit is set to 1, the internal counter is corrected to the minus side.
The clock can be set back when it gainstime.

When the PLUS bit is set to 1 and the MINUS bit is set to O, the internal counter is corrected to the plus side.
The clock can be set ahead when it loses time.
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19.2.12 Timer RH Interrupt Flag Register (TRHIFR) in Real-Time Clock Mode

Address 011Ah
Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol| — | — | — | RSTADJ | ADJ30S | ALIE | RTCF | ALIF |
After Reset 0 0 0 0 0 X X X
After Reset by 0 0 0 X X 0 0 0
RTCRST Bitin

TRHCR Register

Bit Symbol Bit Name Function R/W

b0 ALIF [ Alarm interrupt flag 0: No interrupt requested R/W
1: Interrupt requested

bl RTCF | RTC periodic interrupt flag 0: No interrupt requested R/W
1: Interrupt requested

b2 ALIE | Alarm interrupt enable bit 0: Alarm interrupt disabled R/W
1: Alarm interrupt enabled

b3 ADJ30S |30 seconds adjust bit When 1 is written to this bit, the values of the TRHSEC W

register are as follows:
When the TRHSEC register values < 29: TRHSEC « 00

When the TRHSEC register values > 30: TRHSEC « 00,
TRHSEC < TRHMIN + 1
When read, the content is 0.

b4 RSTADJ | Second counter reset adjust | When setting this bit is set to 1, the values of the w
bit TRHSEC register are set to 00, and the internal counter is
initialized.
When read, the content is 0.
b5 — Nothing is assigned. If necessary, set to 0. When read, the content is 0. —
b6 —
b7 —

ALIF Bit (Alarm Interrupt Flag)

[Condition for setting to Q]

Write O after reading this bit. When writing O to this bit if the read valueis 1, thisbit is set to 0.

[Condition for setting to 1]

The contents of timer RH alarm registers (1) match the contents of timer RH data registers (2) (refer to 19.2.20
Alarm Function).

When writing 0 to this bit if the read value is O, this bit remains unchanged (if this bit changes from 0 to 1 after
reading this bit, this bit remains 1 even if writing 0). Writing 1 has no effect.

To confirm the match, set an ENB bit in the timer RH alarm registers (U to 1.

Notes:
1. Timer RH alarm registers: TRHAMN, TRHAHR, and TRHAWK
2. Timer RH dataregisters: TRHSEC, TRHMIN, TRHHR, TRHWK, TRHDY, TRHMON, and TRHYR

RTCF Bit (RTC Periodic Interrupt Flag)

[Condition for setting to 0]

Write O after reading this bit. When writing O to this bit if the read valueis 1, thisbit isset to 0.

[Condition for setting to 1]

Aninterrupt source enabled in the TRHIER register is generated.

When writing 0 to this bit if the read value is 0, this bit remains unchanged (if this bit changes from 0 to 1 after
reading this bit, this bit remains 1 even if writing 0). Writing 1 has no effect.
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19.2.13 Timer RH Interrupt Enable Register (TRHIER) in Real-Time Clock Mode

Address 011Bh
Bit b7 b6 b5 b4 b3 b2 bl b0
Symboll YRIE | MOIE | DYIE | HRIE | MNIE | SEIE [ SEIEO5 |SEIE025 |
After Reset X X X X X X X X
After Reset by 0 0 0 0 0 0 0 0
RTCRST Bitin
TRHCR Register
Bit Symbol Bit Name Function R/W
b0 | SEIEO25 |Periodic interrupt triggered every |0: Periodic interrupt triggered every 0.25 seconds R/W
0.25 seconds enable bit disabled
1: Periodic interrupt triggered every 0.25 seconds
enabled
bl SEIEO5 |Periodic interrupt triggered every |0O: Periodic interrupt triggered every 0.5 seconds R/W
0.5 seconds enable bit disabled
1: Periodic interrupt triggered every 0.5 seconds
enabled
b2 SEIE |Periodic interrupt triggered every |0: Periodic interrupt triggered every second disabled R/W
second enable bit 1: Periodic interrupt triggered every second enabled
b3 MNIE |Periodic interrupt triggered every |0: Periodic interrupt triggered every minute disabled R/W
minute enable bit 1: Periodic interrupt triggered every minute enabled
b4 HRIE |[Periodic interrupt triggered every |0: Periodic interrupt triggered every hour disabled R/W
hour enable bit 1: Periodic interrupt triggered every hour enabled
b5 DYIE |Periodic interrupt triggered every |0: Periodic interrupt triggered every day disabled R/W
day enable bit 1: Periodic interrupt triggered every day enabled
b6 MOIE |[Periodic interrupt triggered every |0: Periodic interrupt triggered every month disabled R/W
month enable bit 1: Periodic interrupt triggered every month enabled
b7 YRIE |Periodic interrupt triggered every |0: Periodic interrupt triggered every year disabled R/W
year enable bit 1: Periodic interrupt triggered every year enabled

Write to this register when the RUN bit in the TRHCR register is set to 0 (count stops).

An interrupt request can be generated every 0.25 seconds, 0.5 seconds, one second, minute, hour, day, month,
or year. To generate an interrupt request, set one of the following bits to 1 (interrupt enabled): SEIE025,
SEIEQ5, SEIE, MNIE, HRIE, DYIE, MOIE, and YRIE (be sure to set only one bit to 1). Table 19.4 lists RTC

Periodic Interrupt Sources.

Table 19.4 RTC Periodic Interrupt Sources
Source Interrupt Source Interrupt Enable Bit

Periodic interrupt triggered The TRHYR register is updated (one-year period) YRIE
every year

Periodic interrupt triggered The TRHMON register is updated (one-month period) MOIE
every month

Periodic interrupt triggered The TRHDY register is updated (one-day period). DYIE
every day

Periodic interrupt triggered The TRHHR register is updated (one-hour period). HRIE
every hour

Periodic interrupt triggered The TRHMIN register is updated (one-minute period). MNIE
every minute

Periodic interrupt triggered The TRHSEC register is updated (one-second period). SEIE
every second

Periodic interrupt triggered 0.5-second period SEIEO5
every 0.5 seconds

Periodic interrupt triggered 0.25-second period SEIE025
every 0.25 seconds

When the interrupt is enabled by the above bits, the following occurs when the periodic interrupt is generated:

» The RTCF bit in the TRHIFR register is set to 1 (periodic interrupt requested).

* The IR bitinthe TRHIC register is set to 1 (interrupt requested).
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19.2.14 Timer RH Alarm Minute Register (TRHAMN) in Real-Time Clock Mode

Address 011Ch
Bit b7 b6 b5 b4 b3 b2 b1l b0
Symbol| ENBMN| AMNG | AMNS5 | AMN4 | AMN3 | AMN2 | AMN1 | AMNO |
After Reset X X X X X X X X
After Reset by 0 0 0 0 0 0 0 0
RTCRST Bitin

TRHCR Register

Bit Symbol Bit Name Function Setting Range | R/IW
b0 AMNO | First digit of minute alarm | Store alarm data Oto9 R/W
bl AMN1 |data bit (BCD code) R/W
b2 AMN2 R/W
b3 AMN3 R/W
b4 AMN4 | Second digit of minute Store alarm data Oto5 R/W
b5 AMN5 | alarm data bit (BCD code) R/W
b6 AMNG6 R/W
b7 ENBMN | Minute alarm enable bit | 0: Minute alarm disabled (not compared with the TRHMIN R/W
register)
1: Minute alarm enabled (compared with the TRHMIN register)

Write to this register when the BSY bit in the TRHSEC register is set to 0 (not while data is updated).

Bits AMN3 to AMNO (First Digit of Minute Alarm Data Bit)
Bits AMNG6 to AMN4 (Second Digit of Minute Alarm Data Bit)

Set values between 00 and 59 by the BCD code.
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19.2.15 Timer RH Alarm Hour Register (TRHAHR) in Real-Time Clock Mode

Address 011Dh
Bit b7 b6 b5 b4 b3 b2 b1l b0
Symbol| ENBHR| APM | AHR5 | AHR4 | AHR3 | AHR2 | AHR1 | AHRO |
After Reset X X X X X X X X
After Reset by 0 0 0 0 0 0 0 0
RTCRST Bitin

TRHCR Register

Bit Symbol Bit Name Function Setting Range | RIW
b0 AHRO | First digit of hour alarm Store alarm data 0to9 R/W
bl AHR1 |data bit (BCD code) R/W
b2 AHR2 R/W
b3 AHR3 R/W
b4 AHR4 | Second digit of hour alarm | Store alarm data Oto2 R/W
b5 AHRS5 |data bit (BCD code) R/W
b6 APM |a.m./p.m. alarm data bit 0: a.m. R/W
1:p.m.
b7 ENBHR | Hour alarm enable bit 0: Hour alarm disabled (not compared with the TRHHR R/W
register)
1: Hour alarm enabled (compared with the TRHHR register)

Write to this register when the BSY bit in the TRHSEC register is set to 0 (not while data is updated).

Bits AHR3 to AHRO (First Digit of Hour Alarm Data Bit)
Bits AHR5 to AHR4 (Second Digit of Hour Alarm Data Bit)

When the HR24 bit in the TRHCR register is set to 0 (12-hour mode), set values between 00 and 11 by the BCD
code. When the HR24 hit is set to 1 (24-hour mode), set values between 00 and 23 by the BCD code.

APM Bit (a.m./p.m. Alarm Data Bit)
Thisbit is disabled when the HR24 bit in the TRHCR register is set to 1 (24-hour mode).
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19.2.16 Timer RH Alarm Day-of-the-Week Register (TRHAWK) in Real-Time Clock

Mode
Address 011Eh
Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol| ENBWK — — — — AWK2 AWK1 AWKO
After Reset X 0 0 0 0 X X X
After Reset by 0 0 0 0 0 0 0 0
RTCRST Bitin
TRHCR Register
Bit Symbol Bit Name Function R/W Bit
b0 AWKO | Day-of-week alarm data bé bé%’ sund R/W
b1 [ AWK b oo gl
b2 AWK2 0 1 0: Tuesday RIW
0 1 1: Wednesday
10 0: Thursday
10 1: Friday
11 0: Saturday
11 1: Do not set.
b3 — Nothing is assigned. If necessary, set to 0. When read, the content is O. —
b4 —
b5 —
b6 —
b7 ENBWK | Day-of-week alarm 0: Day-of-week alarm disabled (not compared with the TRHWK | —
enable bit register)
1: Day-of-week alarm enabled (compared with the TRHWK
register)
Write to this register when the BSY hit in the TRHSEC register is set to 0 (not while data is updated).
Bits AWK2 to AWKO (Day-of-Week Alarm Data Bit)
Set 000b (Sunday) to 110b (Saturday).
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19.2.17 Timer RH Protect Register (TRHPRC) in Real-Time Clock Mode

Address 011Fh
Bit b7 b6 b5 b4 b3 b2 bl b0
SymboI|PROTECT| — | — | — | — | — | — | — |
After Reset 0 0 0 0 0 0 0 0
After Reset by X 0 0 0 0 0 0 0
RTCRST Bit in
TRHCR Register
Bit Symbol Bit Name | Function R/W
b0 — Nothing is assigned. If necessary, set to 0. When read, the content is 0. —
bl —
b2 —
b3 —
b4 —
b5 —
b6 —
b7 | PROTECT | Protect bit Write to time data registers enabled/disabled R/W
0: Write disabled
1: Write enabled

PROTECT Bit (Protect Bit)

The following registers and bit can be changed when this bit is set to 1 (write enabled):

Timer RH data registers (1) and the PM bit in the TRHCR register

When writing 1 to this bit by a program, this bit stays 1. Change the registers protected by this bit as follows:
(1) Write 1 tothishit.

(2) Write avalueto the register protected by this bit.

(3) Write 0 (write disabled) to this hit.

Note:
1. Timer RH dataregisters; TRHSEC, TRHMIN, TRHHR, TRHWK, TRHDY, TRHMON, and TRHYR
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19.2.18 Timer RH Second Interrupt Control Register (TRHICR) in Real-Time Clock

Address 018Dh
Bit b7 b6 b5 b4 b3 b2 b1l b0
Symbol| INTF | — | SLINT | SLCNS |SDAREGS|SDAREGZ|SDAREGl|SDAREGO|
After Reset X 0 X X X X X X
After Reset by 0 0 0 0 0 0 0 1
RTCRST Bitin

TRHCR Register

Bit Symbol Bit Name Function R/W
b0 | SDAREGO | Specified second interrupt b3b2blb0  <SLCNS=0> <SLCNS=1> R/W
bl SDAREGT | value set bit 0000: Do not set. RIW
b5 SDAREG? 0001: second 10 seconds RIW
oo01o0: seconds 20 seconds

b3 SDAREG3 0011: seconds 30 seconds RIW
0100: seconds 40 seconds
0101: seconds 50 seconds
0110: seconds 60 seconds
0111: seconds 70 seconds
1000: seconds 80 seconds
1001: seconds 90 seconds
1010:10 seconds 100 seconds
1011:11 seconds 110 seconds
1100: 12 seconds 120 seconds
1101:13 seconds 130 seconds
1110:14 seconds 140 seconds
1111:15 seconds 150 seconds
b4 SLCNS | Count source select bit 0: Update of the first digit of second R/W
1: Update of the second digit of second
b5 SLINT | Interrupt select bit (1) 0: RTC periodic interrupt R/W
1: Specified second interrupt
b6 — Nothing is assigned. If necessary, set to 0. When read, the content is 0. —

b7 INTF Specified second interrupt 0: Interrupt requested R/W
flag @ 1: No interrupt requested

©CoO~NOU A~ WNPE

Notes:
1. When not using a specified second interrupt after setting the INTF flag to O, set the SLINT bit to 0.
2. The INTF flag is not automatically set to O even if an interrupt is accepted. Write 0 to this flag.
3. When the TRHICR register is written, bits SDAREGO to SDAREG3 are reloaded to the counter.

Use thisregister while the RTC periodic interrupt is disabled (the TRHIER register is 00h).

Bits SDAREG3 to SDAREGO (Specified Second Interrupt Value Set Bit)

Set the time to generate an interrupt request. Select either update of the first digit or the second digit of second
in the TRHSEC register as the count source by the SLCNS bit.

When writing to the TRHICR register while the RUN bit in the TRHCR register is 1, the count starts with the
contents of bits SDAREG3 to SDAREGO and SLICNS. When writing to the TRHICR register while the RUN
bit is 0, the count starts when the RUN bit is set to 1.
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INTF Bit (Specified Second Interrupt Flag)

[Condition for setting to Q]

Write O after reading this bit. Note a maximum of 0.04 msis required before the INTF bit is set to 0. When
writing O to this bit isthe read valueis 1, this bit isset to 0.

[Condition for setting to 1]

When the value set in bits SDAREG3 to SDAREGO is decremented and changesto 0.

When writing 0 to this bit if the read value is O, this bit remains unchanged (if this bit changes from 0 to 1 after
reading this bit, this bit remains 1 even if writing 0). Writing 1 has no effect.

When using a specified second interrupt, confirm the state of the INTF bit.

When the first digit of second (or the second digit of second) is updated while the RUN bit in the TRHCR
register is 1 (count starts), the INTF bit may be set to 1 because count operation is performed. Once the INTF
bit isset to 1, thisbit remainsas 1 until it is set to 0 or initialized by the RTCRST bit in the TRHCR register.
The INTF bit is set to 1 within about 0.04 ms after the BSY bit is changed from 1 (while data is updated) to O
(not while datais updated). Adjust the timing when setting the INTF bit to O while the RUN bit is 1.

RO1UH0024EJ0100 Rev.1.00 RENESAS Page 296 of 581
Aug 24, 2011



R8C/LA3A Group, R8C/LASA Group

19. Timer RH

19.2.19 Operating Example

BSY bit

Bits SC12 to SC00

Bits MN12 to MNOO

Bits AMNG to AMNO

Bits HR11 to HROO

Bits WK2 to WKO

Bits DY11 to DY0O0

Bits MO10 to MOO0O

Bits YR13 to YROO

When SEIEOS5 bit is set to 1
(periodic interrupt triggered
every 0.5 seconds enabled)

IR bit

RTCEF bit

When SEIE bit is set to 1
(periodic interrupt triggered
every second enabled)

IR bit

RTCEF bit

When MNIE bit is set to 1
(periodic interrupt triggered
every minute enabled)

IR bit

RTCEF bit

When ALIE bit is set to 1
(alarm interrupt enabled) and
ENBMN bit is set to 1
(minute alarm enabled)

IR bit

ALIF bit

@ |
Approx. <

156ms |
<>l 05s

Y

| _

58 { 59 00
03 04
04

(No change)

(No change)

(No change)

(No change)

(No change)

Ll v
R ) Tl N ) N U A Bl B > > “

0

When the corresponding 'interrupt flag is set to 0, the IR bit iF also set to 0.
1

ﬂ\

I
Set to 0 by a program i
after reading as 1. :

I

I

|
Set to 0 by a program :
after reading as 1. :

|
Set to 0 by a program :
after reading as 1. l

|

|

|

BSY, SC00 to SC12: Bits in TRHSEC register
MNOO to MN12: Bits in TRHMIN register
ENBHN, AMNO to AMNG: Bits in TRHAMN register
HROO to HR11: Bits in TRHHR register

WKO to WK2: Bits in TRHWK register

DYO00 to DY11: Bits in TRHDY register

MOO00 to MO10: Bits in TRHMON register
YROO to YR13: Bits in TRHYR register
SEIEO5, SEIE, MNIE: Bits in TRHIER register
RTCF, ALIEF, ALIE: Bits in TRHIFR register
IR: Bit in TRHIC register

Note:

1. The BSY bit is set to 1 while data is updated.
Read the following registers or bit when the BSY bit is set to 0

(not while data is updated).
» Timer RH data registers
* PM bit in TRHCR register

Figure 19.3

Operating Example in Real-Time Clock Mode
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Write to TRHICR register 5s 3s 7s 5s

TRHSEC register
(SC12 to SC10,

SCO3 to SCO0) 20 [21[22 23 [24[25] 2627 [28 29 [30 [31][32][33[34[35]36][37[38]39]40] 41]
Update of one second

(count source) mn nfnnnfnnffnannnnin Il
Update of 10 seconds

(count source) —l —l —l

Setting value of
SDAREG3 to SDAREGO
in TRHICR register
Write to SDAREG3 to

SDAREGO ‘l_‘_‘
L|_|_‘

0000b

Set to 0 by a program

L after reading as 1.

L /
INTF bit in — / S

TRHICR register \ \

4

TRHIC lrlzgti)istttier; l_l,)\ ” ) ;|)

When the INTF bit is set to 0, the IR bit is also set to 0. (Maximum 0.04 ms is required)

The above applies under the following conditions:

SLCNS bit in TRHICR register = 0 (update of the first digit of second is selected as the count source )
SLINT bit in TRHICR register = 1 (specified second interrupt)

All enable bits in TRHIER register = 0 (RTC periodic interrupt disabled)

SDAREGO to SDAREGS, INTF, SLCNS, SLINT: Bits in TRHICR register

Figure 19.4 Operating Example in Real-Time Clock Mode When Using Specified Second Interrupt
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| RUN in TRHCR =0 | } Stop timer RH operation
| TRHOE in TRHCR = 0 | Disable the timer RH clock output

+ (when necessary)
| TRHIC « 00h | } Timer RH interrupt disabled
[ CS31t0CS0in TRHCSR = 1000b | - Set to real-time clock mode
| RTCRSTin TRHCR=1

+ Initialize timer RH registers and bits (refer to Table 19.3)

and the timer RH control circuit
| RTCRSTiInTRHCR=0 |
| Set OS0 to OS2 in TRHCSR | } Select the timer RH output
| Set HR24 in TRHCR | } Select 12-hour or 24-hour operating mode
| PROTECT in TRHPRC =1 | } Enable writing to timer RH data registers
Timer RH data registers and Set seconds, minutes, hours, a day of the week, days, months, years,
PM in TRHCR a.m./p.m., and interrupt timing
PROTECT in TRHPRC =0 | } Disable writing to timer RH data registers
Set TRHIER, ALIE in TRHIFR, Select the interrupt source
TRHICR

| Set TRHIC | 3 Select interrupt priority level
| TRHOE in TRHCR = 1 | Enable the timer RH clock output

+ (when necessary)
| RUN in TRHCR = 1 | } Start timer RH operation

Timer RH data registers: TRHSEC, TRHMIN, TRHHR, TRHWK,
TRHDY, TRHMON, and TRHYR
Figure 19.5 Setting Example in Real-Time Clock Mode
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19.2.20 Alarm Function

Time data (1) and alarm data (2) are compared, and a compare match is detected.

An alarm can be generated by minutes, hours, or day of the week, or any combination of these. Set an ENB hit

in the corresponding alarm register to 1. Hour isa.m. or p.m.

When the comparison result matches, the following occurs:

* The ALIF bit in the TRHIFR register is set to 1 (alarm interrupt requested).

* When the ALIE bit in the TRHIFR register is 1 (alarm interrupt enabled), the IR bit in the TRHIC register is
set to 1 (alarm interrupt requested).

Notes:

1. Bitsfor time dataare as follows:
Bits MN12 to MN10 and MNO3 to MNQOO in the TRHMIN register
Bits HR11 to HR10 and HR03 to HROO in the TRHHR register
The PM hit in the TRHCR register
Bits WK2 to WKO in the TRHWK register

2. Bitsfor dlarm data are as follows:
Bits AMNG to AMN4 and AMN3 to AMNO in the TRHAMN register
Bits AHR5 to AHR4 and AHR3 to AHRO in the TRHAHR register
The APM bit in the TRHAHR register
Bits AWK 2 to AWKO in the TRHAWK register

Figure 19.6 shows the Alarm Time Setting Procedure.

< Alarm time change )

|

TRHIC « 00h
(timer RH interrupt disabled)

Disable the alarm interrupt

ALIE bitin TRHIFR « 0

Set TRHAMN, TRHAHR, and
TRHAWK

Set the alarm time, select the alarm source

ALIF bitin TRHIFR <0

} No alarm interrupt request

ALIE bitin TRHIFR « 1

Enable the alarm interrupt

Set TRHIC (IR bit < 0,
select interrupt priority level)

(when using the alarm interrupt)

C

End

)

Execute the above processing when the BSY bit in the TRHSEC register is set to 0 (not while data is updated).

Figure 19

.6

Alarm Time Setting Procedure
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@

BSY bit
I I
I I
I I
I [
TRHMIN 22 X 23
I
L
TRHHR 1
I
L
PM bit 0
T
ALIF bit in Set to 0 by a program.
TRHIFR register ¥ Yy aprog
I
IR bit in ¥~ When the ALIF bit is set to 0, the IR bit is also set to 0.
TRHIC register

Bits ALIF and IR are set to 1 after one cycle of the count source
when the BSY bit is set to O.

The above applies under the following conditions:

« HR24 bit in TRHCR register = 0 (12-hour mode)

« ENBMN bit in TRHAMN register = 1 (minute alarm enabled),
bits AMNG6 to AMN4 = 2, and bits AMN3 to AMNO = 3 (23 minutes)

« ENBHR bit in TRHAHR register = 1 (hour alarm enabled), APM bit = 0 (a.m.),
bits AHR5 to AHR4 = 0, and bits AHR3 to AHRO =1 (1 o’clock)

« ENBWK bit in TRHAWK register = 0 (day-of-week alarm disabled)

« ALIE bit in TRHIFR register = 1 (alarm interrupt enabled)

BSY: Bit in TRHSEC register

TRHMIN: Bits MN12 to MN10 and MNO3 to MNOO in TRHMIN register
TRHHR: Bits HR11 to HR10 and HR03 to HROO in TRHHR register
PM: Bit in TRHCR register

Note:
1. The BSY bit is set to 1 while data is updated.
Read the following registers or bit when the BSY bit is set to 0 (not while data is updated).
o Timer RH data registers
¢ PM bit in TRHCR register

Figure 19.7 Alarm Function
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19.2.21 Second Adjustment Function
Two functions are available as the second adjustment function: reset adjustment and 30 seconds adjustment.

19.2.21.1 Reset Adjustment Function

The reset adjustment function initializes the TRHSEC register and the internal counters (3-bit, 4-bit, and 8-bit
counters). When 1 is written to the RSTADJ bit in the TRHIFR register while the BSY bit in the TRHSEC
register is 0 (not while datais updated), the TRHSEC register is set to 00h and the interna counter isinitialized
and the count restarts after about 0.1 ms. When 1 is written to the RSTADJ bit while the BSY bit is 1 (while
data is updated), the TRHSEC register is set to 00h and the internal counter isinitialized and the count restarts
when the data is updated.

The other timer RH data registers are not affected. After the RSTADJ bit is set to 1, wait for about 0.2 ms or
more to write to the TRHSEC register.

< ls >

BSY bit ] \
RSTADJ bit |'| \
/

)\

\J
X‘ ) Initialized and count restarts

Internal counter Count operation

—> ———->;—\

Registers TRHSEC + TRHMIN 03 min 47 s 03 min 48 s 03min0ls

1
|
1
> 03 min 00 s
1
1
1

e ————

BSY: Bit_i“ TRHSEC register Reset adjustment operation BSY calculation result
RSTADJ: Bit in TRHIFR register TRHSEC is set to 00h TRHSEC register + 1
The internal counter is initialized and restarts

Figure 19.8  Reset Adjustment Generation While BSY Bit =0

1 1
I: 1 S #I
BSY bit [\ \
RSTADJ bit | \
i
i
Internal counter Count operation E v Initialized and count restarts !
i/ /
l :
} |
Registers TRHSEC + TRHMIN 03min4ss 1}” 03min00's Y 03mino1s
i |
Reset adjustment operation TT TRHSEC is set to 00h T
The internal counter is BSY calculation result
initialized and restarts TRHSEC register + 1
BSY: Bit in TRHSEC register
RSTADJ: Bit in TRHIFR register
Figure 19.9 Reset Adjustment Generation While BSY Bit=1
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19.2.21.2 30 Seconds Adjustment Function

The 30 seconds adjustment function rounds 29 seconds or less to 00 and 30 seconds or more to 00.
When 1 iswritten to the ADJ30S bit in the TRHIFR register while the BSY bit is 0 (not while datais updated),
the TRHSEC register is adjusted by 30 seconds when the data is updated. When 1 is written to the ADJ30S hit
whilethe BSY bit is 1 (while datais updated), the TRHSEC register is adjusted by 30 seconds when the datais
updated next time. The other timer RH data register are not affected during 30 seconds adjustment.

»
»

BSY bit [] []

ADJ30S bit \

/

Registers TRHSEC + TRHMIN 03 min 47 s 03 min 48 s ¥ oaminoos

A
[
%)

BSY: Bit in TRHSEC register T . . T
ADJ30S: Bit in TRHIFR register 30 seconds adjustment operation 30 seconds adjustment result

Initialize TRHSEC to 00h
TRHMIN register + 1

Figure 19.10 30 Seconds Adjustment Generation (Second Data > 30) While BSY Bit =0

A

1s

BSY bit [ ] [ ]

ADJ30S bit \ \
4

Y

/

03 min49 s 4 04 min 00 s

Registers TRHSEC + TRHMIN 03min 48s

tt t

30 seconds BSY 30 seconds adjustment result
BSY: Bit in TRHSEC register adjustment  calculation Initialize TRHSEC to 00h
ADJéOS' Bitin TRHIFR register operation  result TRHMIN register + 1

Figure 19.11 30 Seconds Adjustment Generation (Second Data > 30) While BSY Bit =1
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19.2.22 Clock Error Correction Function

This function corrects a frequency error of fC-TRH. As shown in the basic operation in Figure 19.12, the
internal counter of the one-second generation circuit counts 32.768 kHz 32768 times. When fC-TRH is larger
or smaller than 32.768 kHz, it can be corrected by increasing or decreasing the number of count.
Select automatic correction or correction by software by the AADJE bit in the TRHCR register.

Basic operation 1/32768 s it « One cycle
fC-TRH = 32768 Hz |- —
1 2 [ [ 32767 | 32768
P 1/32768 s x 32768 = 1 s — reference 1 s =
Ex. 1)
1/32767
fC-TRH = 32767 Hz |[€22/°7 Sy! « One cycle 32787 s,
1 2 [ [ 32766 [ 32767 32768
1/32767 s x 32768 - 1 s
After
correction
1/32767 s
1 2 [ [ 32766 [ 32767 | 32768
P 1/32767 s x (32768 -1)=1s o
Ex. 2)
fC-TRH =32769 Hz [|1/32769 8¢ one cycle 1/32769 5
1 2 | | 32768
J 1/32769 s x 32768 > 1 s R
After
correction
inus correction
1 [ 2 ] [ 32768
P 1/32769 s x (32768 + 1) =1 -

Figure 19.12 Clock Error Correction Overview
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19.2.22.1 Automatic Correction Function

When the AADJE bit in the TRHCR register is set to 1, an automatic correction function is enabled.

Select a correction timing by the AADJM bit in the TRHCSR register. Set a correction value and correction
content (add/subtract) to the TRHADJ register. The correction value is automatically added or subtracted at the
selected correction timing. However, during automatic correction, do no rewrite the registers and bits associated
correction while the BSY bit is 1 (about 15. 6 ms) and after 2 ms when the BSY bit is changed from 1 to 0.

Registers and bits associated with correction: TRHADJ, AADJIM in TRHCSR, and AADJE in TRHCR

Examples are as follows:

Approx. 15.6 ms

A
A

BSY bit

—»! Approx. 17.6 ms

Figure 19.13 Rewrite disabled period in automatic correction mode

Ex. 1) fC-TRH = 32767 Hz

1. Example of Correction Procedure
One cycle to make one second is 32767 Hz (= 1/32767 s). Thus, counting 32768 times makes the second
longer than the reference one second, causing the clock to lose time.
The clock needs to be set forward to correct this error. It can be corrected to the reference one second
(counts: 32767 times) by setting the correction value 1 to the plus side.
Set the correction value 60 to the plus side to perform automatic correction every minute.

Register setting

e The AADIM bhit in the TRHCSR register: 0 (corrected every minute)

* BitsPLUS and MINUS in the TRHADJ register: 10b (corrected to the plus side)
« Bits ADJ5 to ADJO in the TRHADJ register: 3Ch (60)

Ex. 2) fC-TRH = 32769 Hz

2. Example of Correction Procedure
One cycle to make a one second is 32769 Hz (= 1/32769 s). Thus, counting 32768 times makes the second
shorter than the reference one second, causing the clock to gain time.
The clock needs to be set backward to correct this error. It can be corrected to the reference one second
(counts: 32769 times) by setting the correction value 1 to the minus side.
Set the correction value 10 to the minus side to perform an automatic correction every 10 seconds.

Register setting

e The AADIM hit in the TRHCSR register: 1 (corrected every 10 seconds)

* BitsPLUS and MINUS in the TRHADJ register: 01b (corrected to the minus side)
* BitsADJ5 to ADJO in the TRHADJ register: 0Ah (10)
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19.2.22.2 Correction by Software

When the AADJE bit in the TRHCR register is set to O, correction by software is enabled. Write a correction
value and correction content (add/subtract) to the TRHADJ register at an arbitrary timing. Correction is
performed when the write instruction is executed.

However, after correction by software is set once, wait for about 62.6 ms or more to rewrite the registers and
bits associated with correction.

Ex. 1) fC-TRH = 32769 Hz

How to correct

One cycle to make one second is 32769 Hz (= 1/32769 s). Thus, counting 32768 times makes the second shorter
than the reference one second, causing the clock to gain time.

The clock needsto be set backward to correct this error. It can be corrected to the reference one second (counts:
32769 times) by setting the correction value to minus 1.

Set the correction value 1 to the minus side every second by software.

Register setting

* BitsPLUS and MINUS in the TRHADJ register: 01b (corrected to the minus side)
* BitsADJ5 to ADJO in the TRHADJ register: 01h (set the correction amount)

» Write to the TRHADJ register every second.
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19.2.22.3 Correction Mode Change Procedure
Change correction mode following the procedure shown below:

(1) When changing from correction by software to automatic correction:
Do not rewrite the registers and bits associated with correction for about 62.6 ms after correction by
software is set once. Also, do not rewrite the above registers and bits while the BSY bit is 1 (while datais
updated).

Registers and bits associated with correction: TRHADJ, AADIM in TRHCSR, and AADJE in TRHCR

| Correction operation by software |

| Set AADJM in TRHCSR Set automatic correction mode

v

| Set AADJE in TRHCR =1 | Enable the automatic correction function
| Set TRHADJ | Set addition or suptraction and the correction amount
+ (automatic correction)

| Automatic correction operation |

Figure 19.14 Procedure for Changing from Correction by Software to Automatic Correction

(2) When changing from automatic correction to correction by software:
Do not rewrite the registers and bits associated with correction while the BSY bit is 1 (while data is
updated).
Do not rewrite the above registers and bits for 2 ms after the BSY bit is changed from 1 (while datais
updated) to O (not while data is updated). Refer to Figure 19.13.

Registers and hits associated with correction: TRHADJ, AADJIM in TRHCSR, and AADJE in TRHCR

| Automatic correction operation |

v

| Set AADJE in TRHCR = 0

v

| Set TRHADJ | Set addition or subtraction and the correction amount
+ (software correction)

Enable the software correction function

| Correction operation by software |

Figure 19.15 Procedure for Changing from Automatic Correction to Correction by Software

19.2.23 Clock Output

When the TRHOE hit in the TRHCR register is set to 1 (TRHO output enabled), a clock is output from the
TRHO pin. Select the clock by bits OS2 to OS0 in the TRHCSR register.

RO1UH0024EJ0100 Rev.1.00 RENESAS Page 307 of 581
Aug 24, 2011



R8C/LA3A Group, R8C/LASA Group 19. Timer RH

19.3 Output Compare Mode

In output compare mode, the count source is counted using the 8-bit counter and a compare value match is detected
with the counter. Figure 19.16 shows a Block Diagram of Output Compare Mode and Table 19.5 lists the Output

Compare Mode Specifications.

f8
32

0S2 to 0S0

CS3to CSO
= 0000b

= 000b

fa

fC-TRH _=001b

CCLR, TRHOE: Bits in TRHCR register

TRHSEC
register

OVIF 8 =010b
- O bit O
fl2g — =0010b f16 _=100b TRHO pin
1256 =0011b (11256)  overfiow 32 =110b
8-bit Toggle output = 111b
= [o] le output =
12— =010 counter y T Q% P O
f2048 — 01010 4 R
14096 =0110b O -
fe10p — —OLb o (0S2 to 0S0 = 111b)
OVIE Timing

o Timer RH

control
interrupt

’ circuit

Comparison | Match signal
circuit

Match signal

ane—|_)

4
CMIF
bit

Clear signal

TRHMIN
register

CS3 to CS0, OS2 to OSO0: Bits in TRHCSR register
OVIF, CMIF: Bits in TRHIFR register S
OVIE, CMIE: Bits in TRHIER register

Data bus S

No

tes:
1. Set the PROTECT bit in the TRHPRC register to 1 to enable writing to the TRHMIN register.
2. Refer to Table 19.6 for the combinations of count sources and system clocks.

Figure 19.16 Block Diagram of Output Compare Mode

Table 19.5

Output Compare Mode Specifications

Item

Specification

Count sources

f8, 132, f128, 256, 512, 2048, f4096, {8192

Count operations

Increment

Count period

« The CCLR hit in the TRHCR register is set to 0 (free-running operation):
1/fi x 65,536
fi: Frequency of count source

* The CCLR bit in the TRHCR register is set to 1 (TRC register is set to 00h
by TRHMIN register compare match):
fix (n+1)
n: Value set in TRHMIN register

Count start condition

1 (count starts) is written to the RUN bit in the TRHCR register.

Count stop condition

0 (count stops) is written to the RUN bit in the TRHCR register.

Interrupt request generation
timing

* When the contents of the 8-bit counter and the TRHMIN register match.
* When the 8-bit counter overflows.

TRHO pin function

Select either one of the following

* Programmable 1/0 port

* Output of f4, f8, fC-TRH, f16, 32

« Toggle output at every compare match

Read from timer

When the TRHSEC register is read, the 8-bit counter value can be read.
When the TRHMIN register is read, the compare value can be read.

Write to timer

Writing to the TRHSEC register is disabled.

When the PROTECT bit in the TRHPRC register is set to 1 (write enabled) and the

RUN bit in the TRHCR register is set to 0 (count stops), writing to the TRHMIN
register is enabled.

Selectable functions

« Toggle output function (TRHO output polarity is inverted)

* Timing for setting the TRHSEC register to 00h
When the CCLR bit in the TRHCR register is set to 0, overflow.
When the CCLR bit in the TRHCR register is set to 1, compare match with the
TRHMIN register.

« When 111b is written to bits OS2 to OS0 in the TRHCSR register, the output
level is initialized to O.
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19.3.1 Timer RH Counter Data Register (TRHSEC) in Output Compare Mode

Address 0110h
Bit b7 b6 b5 b4 b3 b2 b1l b0
Symbo| — | — | — | — | = [ = | = [ = |
After Reset X X X X X X X X
After Reset by 0 0 0 0 0 0 0 0
RTCRST Bit in
TRHCR Register
Bit Function R/W
b7 to b0 |8-bit counter data can be read. R

Even if timer RH stops counting, the count value is retained.
When the CCLR bit in the TRHCR register is set to 0, even if a compare match occurs, the count
continues. When the CCLR bit is set to 1, the TRHSEC register is set to 00h.

19.3.2 Timer RH Compare Data Register (TRHMIN) in Output Compare Mode

Address 0111h
Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol| MN7 | MN6 | MN5 | MN4 | MN3 | MN2 [ MNL1 | MNO |
After Reset X X X X X X X X
After Reset by 0 0 0 0 0 0 0 0
RTCRST Bit in
TRHCR Register
Bit Symbol Bit Name Function R/W
b0 MNO | Compare data bit O 8-bit compare data is stored. R/W
bl MN1 | Compare data bit 1 Write the compare value. RIW
b2 MN2 | Compare data bit 2 R/W
b3 MN3 | Compare data bit 3 R/W
b4 MN4 | Compare data bit 4 R/W
b5 MN5 | Compare data bit 5 R/W
b6 MN6 | Compare data bit 6 R/W
b7 MN7 | Compare data bit 7 R/W

Do not write 00h to the TRHMIN register when the CCLR bit in the TRHCR register is set to 1.
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19.3.3 Timer RH Control Register (TRHCR) in Output Compare Mode

Address 0117h
Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol| RUN | HR24 | PM | RTCRST | CCLR | LFLAG | TRHOE | AADJE |
After Reset X X X 0 0 X 0 X
After Reset by 0 0 0 X X 1 X 0
RTCRST Bitin
TRHCR Register
Bit Symbol Bit Name | Function R/W
b0 AADJE Set to 0 in output compare mode. R/W
bl TRHOE Timer RH output enable bit 0: Output disabled R/W
1: Output enabled
b2 LFLAG Set to 0 in output compare mode. R
b3 CCLR Counter clear enable bit 0: TRHSEC register initialization by compare R/W

match disabled
1: TRHSEC register initialization by compare
match enabled

b4 RTCRST | Timer RH reset bit (1) 0: Normal operation R/W
1: Timer RH reset

b5 PM Set to 0 in output compare mode. R/W

b6 HR24 R/W

b7 RUN Timer RH operation start bit 0: Count stops R/W

1: Count starts

Note:
1. Setthe RTCRST bit to 0 after setting it to 1.

TRHOE Bit (Timer RH Output Enable Bit)
Rewrite this bit when the RUN hit is set to O (count stops).

CCLR Bit (Count Clear Enable Bit)

Rewrite this bit when the RUN hit is set to O (count stops).
Set this bit to select whether to reset the TRHSEC register at the compare match between registers TRHSEC
and TRHMIN. This bit is enabled only when the CS3 bit in the TRHCSR register is set to 0.

RTCRST Bit (Timer RH Reset Bit)

When thisbit is set to 1, the registers and bits listed in Table 19.3 are initialized to the values after reset, and the
timer RH control circuit isinitialized.
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19.3.4 Timer RH Count Source Select Register (TRHCSR) in Output Compare

Mode
Address 0118h
Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol| AADIM 0Ss2 0Os1 0Ss0 Cs3 Cs2 Cs1 CSo
After Reset X 0 0 0 1 0 0 0
After Reset by 0 X X X X X X X
RTCRST Bitin
TRHCR Register
Bit Symbol Bit Name Function R/W
b0 CSO | Count source select bit (1) In output compare mode (CS3 bit = 0), set to the R/W
bl CS1 following: R/W
b3 b2 bl b0
b2 | €S2 0000:f8 RIW
b3 | CS3 0001:32 RIW
0010:f128
001 1: 256
0100: 512
010 1:f2048
0110:f4096
0111:8192
1 X X X: Do not set.
b4 OSO0 | Timer RH output select bit bgbg lg “ R/W
b5 0s1 : R/W
00 1: fC-TRH
b6 0Ss2 010 18 R/W
01 1: Do not set.
100:f16
10 1: Do not set.
110:f32
11 1: Toggle output at the compare match
When writing 111b to bits OS2 to OS0,
the internal output level is initialized to “L".
b7 AADJM | Set to 0 in output compare mode. R/W
X:0orl
Note:

1. When f8 is used as the count source, do not use 4, 8, or f16 as the system clock.
When 32 is used as the count source, do not use f16 as the system clock.
Refer to Table 19.6 for details.

Bits CS3 to CSO (Count Source Select Bit)
Rewrite these bits when the RUN bit in the TRHCR register is set to 0 (count stops).

Bits OS2 to OSO (Timer RH Output Select Bit)

Rewrite these bits when the RUN bit in the TRHCR register is set to 0 (count stops).
These bits are enabled when the TRHOE bit in the TRHCR register is set to 1 (TRHO output enabled).
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Table 19.6  Combinations of Count Sources and System Clocks

Count Sources System clocks fl 2 f4 8 f16

f8 Enabled Enabled Disabled Disabled Disabled

f32 Enabled Enabled Enabled Enabled Disabled
f128 Enabled Enabled Enabled Enabled Enabled
f256 Enabled Enabled Enabled Enabled Enabled
f512 Enabled Enabled Enabled Enabled Enabled
f2048 Enabled Enabled Enabled Enabled Enabled
f4096 Enabled Enabled Enabled Enabled Enabled
8192 Enabled Enabled Enabled Enabled Enabled
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19.3.5 Timer RH Interrupt Flag Register (TRHIFR) in Output Compare Mode

Address 011Ah
Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol| — | — | — | RSTADJ | ADJ30S | ALIE | OVIF | CMIF |
After Reset 0 0 0 0 0 X X X
After Reset by 0 0 0 X X 0 0 0
RTCRST Bit in
TRHCR Register
Bit Symbol Bit Name Function R/W
b0 CMIF | Compare match interrupt flag 0: No interrupt requested R/W
1: Interrupt requested
bl OVIF | Overflow interrupt flag 0: No interrupt requested R/W
1: Interrupt requested
b2 ALIE | Setto 0 in output compare mode. R/W
b3 ADJ30S w
b4 RSTADJ W
b5 — Nothing is assigned. If necessary, set to 0. When read, the content is 0. —
b6 —
b7 —

CMIF Bit (Compare Match Interrupt Flag)

[Condition for setting to 0]

Write 0 after reading this bit. When writing O to this bit if the read valueis 1, thisbit isset to 0.

[Condition for setting to 1]

The contents of registers TRHSEC and TRHMIN match.

When writing 0 to this bit if the read value is O, this bit remains unchanged (if this bit changes from 0 to 1 after
reading this bit, this bit remains 1 even if writing 0). Writing 1 has no effect.

OVIF Flag (Overflow Interrupt Flag)

[Condition for setting to Q]
Write O after reading this bit. When writing O to this bit if the read valueis 1, thisbit isset to O.
[Condition for setting to 1]

The 8-bit counter overflows.
When writing 0 to this bit if the read value is O, this bit remains unchanged (if this bit changes from 0 to 1 after

reading this bit, this bit remains 1 even if writing 0). Writing 1 has no effect.
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19.3.6 Timer RH Interrupt Enable Register (TRHIER) in Output Compare Mode

Address 011Bh
Bit b7 b6 b5 b4 b3 b2 b1l b0
Symbol| YRIE | MOIE | DYIE | HRIE | MNIE | SEIE | OVIE | CMIE |
After Reset X X X X X X X X
After Reset by 0 0 0 0 0 0 0 0
RTCRST Bitin

TRHCR Register

Bit Symbol Bit Name Function R/W

b0 CMIE [Compare match interrupt enable bit{0: Compare match interrupt disabled R/W
1: Compare match interrupt enabled

bl OVIE |Overflow interrupt enable bit 0: Overflow interrupt disabled R/W
1: Overflow interrupt enabled

b2 SEIE |[Set to O in output compare mode. R/W

b3 MNIE R/W

b4 HRIE R/W

b5 DYIE R/W

b6 MOIE R/W

b7 YRIE R/W

Write to this register when the RUN bit in the TRHCR register is 0 (count stops).

19.3.7 Timer RH Protect Register (TRHPRC) in Output Compare Mode

Address 011Fh
Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol| PROTECT| — | — | — | — | — | — | — |
After Reset 0 0 0 0 0 0 0 0
After Reset by X 0 0 0 0 0 0 0
RTCRST Bitin

TRHCR Register

Bit Symbol Bit Name | Function R/W
b0 — Nothing is assigned. If necessary, set to 0. When read, the content is 0. —

bl —
b2 —
b3 —
b4 —
b5 —
b6 —
b7 PROTECT |Protect bit Write to TRHMIN register enabled/disabled R/W
0: Write disabled
1: Write enabled

PROTECT Bit (Protect Bit)

TRHMIN register can be changed when this bit is set to 1 (write enabled):

When writing 1 to this bit by a program, this bit stays 1. Change the registers protected by this bit as follows:
(1) Write 1 to thisbit.

(2) Writeavalueto the register protected by this bit.

(3) Write O (write disabled) to this bit.
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19.3.8 Operating Example

8-bit counter content
(hexadecimal number)

TRHMIN register
setting value

RUN bit in
TRHCR register

IR bitin
TRHIC register

CMIF bit in
TRHIFR register

TRHO output

Count starts

00h

—

P

Set to 1 by a program.

Time

e

Maximum 2 cycles of count sourc

—

When the CMIF bit is set to 0, the IR bit is also set to 0.

Lt

Set to 1 by a program after reading as 1.

L

_|<

—\/

—

]

The above applies under the following conditions:

™~

The output polarity is inverted at the compare match.

/

CCLR bit in TRHCR register = 1 (TRHSEC register initialization by compare match enabled)
TRHOE bit in TRHCR register = 1 (timer RH output enabled)

CMIE bit in TRHIER register = 1 (compare match interrupt enabled)
Bits OS2 to OS0 in TRHCSR register = 11b (toggle output)

Figure 19.17 Operating Example in Output Compare Mode
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v

| RUN in TRHCR = 0

| } Stop timer RH operation

v

| TRHOE in TRHCR = 0

| Disable the timer RH clock output
(when necessary)

v

| TRHIC « 00h

| } Timer RH interrupt disabled

Y

CS3to CSO in TRHCSR = 0XXXb
(X:0o0r1l)

Set to output compare mode
Select the count source

J

v

| RTCRST in TRHCR = 1

v

Initialize timer RH registers and bits (refer to Table 19.3)
and the timer RH control circuit

| RTCRST in TRHCR = 0

v

| Set OS0 to OS2 in TRHCR

| } Select the timer RH output

Y

| Set CCLR in TRHCR

| } Set the TRHSEC register reset by compare match

v

| PROTECT in TRHPRC =1

| } Enable writing to TRHMIN register

Y

| Set TRHMIN

| } Set compare data

v

| PROTECT in TRHPRC = 0

| } Disable writing to TRHMIN register

Y

| Set TRHIER

| } Select the interrupt source

v

| Set TRHIC

| } Select interrupt priority level

v

| TRHOE in TRHCR = 1

| Enable the timer RH clock output
(when necessary)

v

| RUN in TRHCR = 1

| } Start timer RH operation

Figure 19.18 Setting Example in Output Mode
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19.4 Notes on Timer RH

19.4.1 Reset

A reset input does not reset the timer RH registers that store data of seconds, minutes, hours, days of the week,
dates, months, years, 12-hour/24-hour operating mode, am./p.m., alarms, interrupts, error correction. This
requirestheinitial setting of al registers after power on.

19.4.2 Starting and Stopping Count

Timer RH usesthe RUN bit in the TRHCR register to instruct the count to start or stop.

When the RUN hit isset to 1 (count starts), timer RH starts counting. It takes the time for up to two cycles of the
count source until the 15-bit counter starts counting. During this time, do not access registers associated with
timer RH (1),

Similarly, when the RUN bit is set to O (count stops), timer RH stops counting. It takes the time for up to two
cycles of the count source until the 15-bit counter stops counting. During this time, do not access registers
associated with timer RH (1),

Note:
1. Registers associated with timer RH:MSTCR1, TRHSEC, TRHMIN, TRHHR, TRHWK, TRHDY,
TRHMON, TRHYR, TRHCR, TRHCSR, TRHADJ, TRHIFR,
TRHIER, TRHAMIN, TRHAHR, TRHWK, TRHPRC, and TRHICR

19.4.3 Register Setting

Write to the following registers or bits when the RUN bit in the TRHCR register is set to 0 (count stops).
« Timer TRH dataregisters (V)

* The TRHIER register

* Bits TRHOE, HR24, PM, and CCLR in the TRHCR register

 Bits CS0 to CS3 and OS0 to OS2 in the TRHCSR register

Set the TRHIER register after setting other registers and bits mentioned above (immediately before timer RH
count starts).
Figure 19.5 shows a Setting Example in Real-Time Clock Mode.

Note:
1. Timer RH dataregisters: TRHSEC, TRHMIN, TRHHR, TRHWK, TRHDY, TRHMON, and TRHYR
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19.4.4 Time Reading Procedure in Real-Time Clock Mode

In real-time clock mode, read timer RH data registers (1) and bits HR24 and PM in the TRHCR register when
the BSY bit in the TRHSEC is set to 0 (not while datais updated).

When reading several registers, an incorrect time will be read if datais updated before another register is read
after reading any register.

In order to prevent this, use the reading procedure shown below:

 Using an interrupt
Read necessary contents of timer RH data registers (1) and bits HR24 and PM in the TRHCR register in the
timer RH interrupt routine.

* Monitoring with aprogram 1
Monitor the IR bit in the TRHIC register with a program and read necessary contents of timer RH data
registers (1) and bits HR24 and PM in the TRHCR register after the IR bit is set to 1 (timer RH interrupt
request generated).

« Monitoring with a program 2

(1) Monitor the BSY bit.

(2) Monitor until the BSY bit is set to 0 after it isset to 1 (approximately 15.6 mswhile the BSY bit is 1).

(3) Read necessary contents of timer RH data registers (1) and bits HR24 and PM in the TRHCR register after
the BSY hitissetto 0.

« Using read results if they are the same value twice
(1) Read necessary contents of timer RH data registers () and bits HR24 and PM in the TRHCR register
(2) Read the sameregister as (1) and compare the contents.
(3) Recognize as the correct value if the contents match. If the contents do not match, repeat until the read
contents match the previous contents.
Also, when reading several registers, read them as continuously as possible.

Note:
1.Timer RH dataregisters: TRHSEC, TRHMIN, TRHHR, TRHWK, TRHDY, TRHMON, and TRHYR
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20. Timer RJ

20.1 Introduction

Timer RJ has two timers (RJ0 and RJ1).

Timer RJ0 and timer RJ1 are 16-bit timers.

Timer RJ has two 16-bit timers (timer RJO and timer RJL).

Timer RJi (i =0 or 1) has an input and output pin.

The timers each consist of areload register and counter. The reload register and counter are allocated at the same
address, and can be accessed when accessing the TRJi register (refer to Tables 20.2 to 20.6 for details of the
specifications of each mode).

The count source for timer RJ is the operating clock that regulates the timing of timer operations such as counting
and reloading.

Figure 20.1 shows the Timer RJi Block Diagram. Table 20.1 lists the Timer RJi Pin Configuration.

Timer RJi supports the following five operating modes:

 Timer mode: The timer counts an internal count source.
* Pulse output mode: The timer counts an internal count source and outputs pulses which invert
the polarity by underflow of the timer.
 Event counter mode: The timer counts external pulses.
* Pulse width measurement mode: The timer measures the pulse width of an external pulse.
* Pulse period measurement mode: The timer measures the pulse period of an external pulse.
Bits TCK2 to TCKO
f =000b
=001b
f§ =——=0
foco %% \
f2 Zoiy, .
22 228 B O RS s s
fCc —=—o0
Timer RJ underflow @ =10 —o Bits TIOGT1 to TIOGTO Tobit
Event input always enabled iOOb TCKCUT TCSTF
Event input enabled at INT2 level @=01b bit bit )
Event input enabled at level of timer RC compare match signal (5)?&0 _ Underfiow signal
Event input enabled for “H” period of timer RB output le‘O o 16'b'_t cotfnter |_"_D—>
Bits TMOD?2 to| TMODO TRJi register A Timer RJi interrupt
(timer)
B_its TIPF1 to TIPFO
=10b Bits TIPF1 to TIPFO Bits TMOD2 to TMODO
B2 = other than 00b e T 1T or 1oob
f32——="0 [ Digital filter One edge/both Polarit
(matches 3 times) edges polarity | | (')1ah”’ Y °°“”.‘ cqntrol
40/0_ selection switehing cireuit Measurement end signal
=00b TEDGPL bit TEDGSEL bit 9

e

Bits TMOD2 to TMODO = 001b
J;| Ck TOPCR bit TEDGEL=1 Toggle
TRJIIO pin @ o !

flip-flop CKl«e
~ _ p-flop
0\_ CLR

TEDGSEL =0
LG: Write to TRJIMR register
i=0orl Write 1 to TSTOP bit

TCSTF, TSTOP: Bits in TRJICR register
TEDGSEL, TOPCR, TIPF1, TIPFO, TIOGT1, TIOGTO: Bits in TRJIlOC register
TEDGPL, TMOD2 to TMODO, TCK2 to TCKO, TCKCUT: Bits in TRJIMR register

Notes:

1. Cascade connection can be made in the order of TRJO and TRJ1.

2. The POL bit in the INT2IC register is used to select the INT2 level when the event input is enabled.

3. In timer RJ, the event input is enabled for the high-level period of the corresponding timer RB output. Timer RJO corresponds
to timer RBO, and timer RJ1 to timer RB1, respectively.

4. Bits TRJOIOSELO and TRJOIOSELL1 and bits TRJILIOSELO and TRJ1IOSEL1 in the TRISR register can be used to select
which pin is assigned.

5. In timer RJ, the event input of the corresponding timer RC compare match signal (TRCIOA, TRCIOB, TRCIOC, or TRCIOD)
is enabled.

Figure 20.1  Timer RJi Block Diagram

Table 20.1  Timer RJi Pin Configuration

Pin Name Assigned Pin I/0 Function
TRJOIO P8 3 1/0 Function differs according to the mode.
TRJ1IO P8 2 1/O Refer to descriptions of individual modes for details.
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20.2 Registers
20.2.1 Module Standby Control Register 1 (MSTCR1)
Address 0010h
Bit b7 b6 b5 b4 b3 b2 b1l b0
Symbol| — | — | — [MSTTRJL|MSTTRJIO| MSTTRH |[MSTTRB1|MSTTRBO

After Reset 0 0 0 0 0 0 0 0

Bit Symbol Bit Name Function R/W

b0 MSTTRBO |Timer RBO standby bit 0: Active R/W
1: Standby (1)

bl MSTTRB1 |Timer RB1 standby bit 0: Active R/W
1: Standby ()

b2 MSTTRH |Timer RH standby bit 0: Active R/W
1: Standby (3

b3 MSTTRJO [Timer RJO standby bit 0: Active R/W
1: Standby 4

b4 MSTTRJ1 |Timer RJ1 standby bit (6) 0: Active R/W
1: Standby ()

b5 — Reserved bits Set to O. R/W

b6 —

b7 —

Notes:
1. When the MSTTRBO bit is set to 1 (standby), any access to the timer RBO associated registers (addresses

2.

3.

0108h to 010Eh) is disabled.

When the MSTTRBL1 bit is set to 1 (standby), any access to the timer RB1 associated registers (addresses
0098h to 009ENh) is disabled.

When the MSTTRH bit is set to 1 (standby), any access to the timer RH associated registers (addresses 0110h
to 011Fh) is disabled.

When the MSTTRJO bit is set to 1 (standby), any access to the timer RJO associated registers (addresses 0080h
to 0086h) is disabled.

When the MSTTRJ1 bit is set to 1 (standby), any access to the timer RJ1 associated registers (addresses 0088h
to 008ENh) is disabled.

In the R8C/LA3A Group, set the MSTTRJ1 bit to 1 (standby).

When changing each standby bit to standby, stop the corresponding peripheral function beforehand. When
peripheral functions are set to standby using each standby bit, their registers cannot be read or written. Also, the
clock supply to the peripheral functionsis stopped.

When changing from standby to active, set the registers of the corresponding peripheral function again after
changing.
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20.2.2 Timer RJi Control Register (TRJICR) (i=0or 1)
Address 0080h (TRJOCR), 0088h (TRJ1CR)

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol| — | — | TUNDF | TEDGF | — | TSTOP | TCSTF | TSTART
After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 | TSTART | Timer RJi count start bit (1) 0: Count stops RIW
1. Count starts
bl TCSTF | Timer RJi count status flag (V) 0: Count stops R

1: During count operation
b2 TSTOP | Timer RJi count forcible stop bit (2) | When this bit is set to 1, the count is forcibly stopped. | R/W
When read, the content is 0.

b3 — Nothing is assigned. If necessary, set to 0. When read, the content is 0. —

b4 | TEDGF |Active edge judgment flag (3 4) 0: Active edge not received R/W
1: Active edge received (end of measurement period)

b5 TUNDF | Timer RJi underflow flag (3. 5) 0: No underflow R/W
1: Underflow

b6 — Nothing is assigned. If necessary, set to 0. When read, the content is O. —

b7 —

Notes:

1. Referto 20.8 Notes on Timer RJ for notes regarding bits TSTART and TCSTF.

2. When 1 is written to the TSTOP bit, bits TSTART and TCSTF and the TRJi register are set to the values after a
reset.

3. Bits TEDGF and TUNDF can be set to 0 by writing O to these bits by a program. However, their value remains
unchanged when 1 is written.

4. The TEDGF bit is not used in timer mode, pulse output mode, and event counter mode.

5. Set this bit to 0 in timer mode, pulse output mode, and event count mode.

In pulse width measurement mode and pulse period measurement mode, use the MOV instruction to set the
TRJCR register. If it is necessary to avoid changing the values of bits TEDGF and TUNDF, write 1 to them.

20.2.3 Timer RJi I/O Control Register (TRJIIOC) (i=0or 1)
Address 0081h (TRJOIOC), 0089h (TRJ1IOC)

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol | TIOGT1 | TIOGTO | TIPFL | TIPFO | — | — | TOPCR |[TEDGSEL
After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 |[TEDGSEL | TRJIlO polarity switch bit Function varies according to the operating mode. | R/W
bl TOPCR | TRJilO output control bit R/W
b2 — Reserved bit Setto 0. R/W
b3 — Nothing is assigned. If necessary, set to 0. When read, the content is 0. —
b4 TIPFO | TRJIlO input filter select bit Function varies according to the operating mode. | R/W
b5 TIPF1 R/W
b6 TIOGTO |TRJilO event input control bit R/W
b7 TIOGT1 R/W
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20.2.4 Timer RJi Mode Register (TRJIMR) (i =0 or 1)
Address 0082h (TRJOMR), 008Ah (TRJ1IMR)
Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol | TCKCUT| TCK2 | TCK1 | TCKO | TEDGPL | TMOD2 | TMOD1 | TMODO

After Reset 0 0 0 0 0 0 0 0

Bit Symbol Bit Name Function R/W

b0 TMODO |Timer RJi operating mode select bit b2bib0 q R/W

b1 TMOD1 0 0 0: Timer mode RIW

b3 TNIOD2 0 0 1: Pulse output mode RIW
0 1 0: Event counter mode
01 1: Pulse width measurement mode
1 0 0: Pulse period measurement mode
10 1: Do not set.
11 0: Do not set.
11 1: Do not set.

b3 | TEDGPL |[TRJIlO input polarity select bit 0: One edge RIW
1: Both edges (1)

b4 TCKO | Timer RJi count source select bit (2) ~ |p6b5b4 RIW
000:f1

b5 TCK1 001 18 R/W

b6 TCK2 010 fOCO R/W
011:f2
100:fC32
10 1: Do not set.
110:fC
11 1: Timer RJO underflow (TRJ1MR register)

b7 | TCKCUT |Timer RJi count source cut off bit 0: Count source provided R/W
1: Count source cut off

Notes:

1. When setting the TEDGPL bit to 1 (both edges), set the TEDGSEL bit in the TRJIIOC register to O (count on
rising edge). The setting of both edges can be used only in event counter mode.
Do not set bits TCK2 to TCKO in the TRJOMR register to 111b.

2.

When both the TSTART and TCSTF bitsin the TRJICR register are set to 0 (count stops), rewrite the TRIMR

register.
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20.2.5 Timer RJi Event Pin Select Register (TRJiIISR) (i=0or 1)
Address 0083h (TRJOISR), 008Bh (TRJLISR)

Bit b7 b6 b5 b4 b3 b2 bl b0
Sympof — | — | — | — | — |RCCPSEL2|RCCPSEL1/RCCPSELO
After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 |RCCPSELO |Timer RC compare input event b1 b0 R/W

0 0: TRCIOD output used

bl [RCCPSEL1 |select bit (1) 0 1: TRCIOC output used R/W
1 0: TRCIOB output used
1 1: TRCIOA output used
b2 |RCCPSEL2 |Timer RC compare event 0: Low-level period of the compare match signal is R/W
invert bit counted
1: High-level period of the compare match signal is
counted
b3 — Nothing is assigned. If necessary, set to 0. When read, the content is 0. —
b4 —
b5 —
b6 —
b7 —
Note:

1. Bits RCCPSELO and RCCPSELL1 in the TRJIISR register are used to select the compare output from timer RC.

20.2.6 Timer RJi Register (TRJi) (i=0o0r 1)
Address 0084h to 0085h (TRJO0), 008Ch to 008Dh (TRJ1)

Bit b7 b6 b5 b4 b3 b2 bl b0
smo _— [ — [ — [ — [ — [ — [ — [ — ]
After Reset 1 1 1 1 1 1 1 1 (Note 1)
Bit bl5 b14 b13 b12 b1l b10 b9 b8
Symbol — — — — — — — — |
After Reset 1 1 1 1 1 1 1 1 (Note 1)
Bit Mode Function Setting Range | RIW
b15 to bO|Timer mode Counts an internal count source. 0000h to FFFFh R/W
Pulse output mode 0000h to FFFFh R/W
Event counter mode Counts an external count source. 0000h to FFFFh R/W

Pulse width measurement mode |Measures the pulse width of input pulses 0001h to FFFFh ®)| R/W
from external (counts an internal count
source).
Pulse period measurement mode |Measures the pulse period of input pulses |0001h to FFFFh 3)| RIW
from external (counts an internal count
source).

Notes:
1. When 1 is written to the TSTOP bit in the TRJICR register, the TRJi register is set to FFFFh.
2. Access the TRJi register in 16-bit units. Do not access this register in 8-bit units.
3. Do not set to the TRJi register 0000h in pulse width measurement mode and pulse period measurement mode.
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20.2.7 Timer RJ Pin Select Register (TRIJSR)
Address 0180h

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol| — | — |TRJ1IOSEL1|TRJ1IOSELO| — —  |TRJOIOSEL1|{TRJOIOSELO
After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 TRJOIOSELO [TRJOIO pin select bit b(l)bg TRIOIO pin not used R/W
: i u
bl TRJOIOSEL1 01: P8_3 assigned R/W
1 0: Do not set.
1 1: Do not set.
b2 — Reserved bits Set to 0. R/W
b3 —
b4 TRJ1IOSELO |TRJ1IO pin select bit bgbé TRILIO pi ; q R/W
: pin not use
b5 TRJ1IOSEL1 01: P8 2 assigned R/W
1 0: Do not set.
1 1: Do not set.
b6 — Reserved bits Set to 0. R/W
b7 —

To use the I/O pins for timer RJi (i =0 or 1), set the TRISR register.
Set this register before setting the timer RJi associated registers. Also, do not change the setting value of this
register during timer RJi operation.
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20.3 Timer Mode

In this mode, the timer counts an internally generated count source (refer to Table 20.2).

Table 20.2

Timer Mode Specifications

Item

Specification

Count sources

f1, f2, 8, fOCO, fC32, fC, timer RJO underflow for timer RJ1 (1)

Count operations

 Decrement
« When the timer underflows, the contents of the reload register are reloaded and the
count is continued.

Division ratio

1/(m+1)
m: Value set in TRJi register

Count start condition

1 (count starts) is written to the TSTART bit in the TRJICR register.

Count stop conditions

« 0 (count stops) is written to the TSTART bit in the TRJICR register.
« 1 (count forcibly stops) is written to the TSTOP bit in the TRJICR register.

Interrupt request
generation timing

When timer RJi underflows [timer RJi interrupt].

TRJIilO pin function

Programmable 1/O port

Read from timer

The count value can be read out by reading the TRJi register.

Write to timer

* When the TRJi register is written while the count is stopped, values written to both the
reload register and counter.

« When the TRJi register is written during count operation, values are written to the reload
register and counter (refer to 20.3.2 Timer Write Control during Count Operation).

Note:

1. Underflow cannot be selected for timer RJO.

i=0orl
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20.3.1 Timer RJi I/O Control Register (TRJIIOC) (i =0 or 1) in Timer Mode
Address 0081h (TRJOIOC), 0089h (TRJ1IOC)

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol| TIOGT1 | TIOGTO | TIPF1 | TIPFO | — | — | TOPCR |TEDGSEL|
After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 |TEDGSEL | TRJIIO polarity switch bit Set to O in timer mode. R/W
bl TOPCR | TRJIlO output control bit R/W
b2 — Reserved bit Setto 0. R/W
b3 — Nothing is assigned. If necessary, set to 0. When read, the content is 0. —
b4 TIPFO | TRJIIO input filter select bit Set to O in timer mode. R/W
b5 TIPF1 R/W
b6 TIOGTO | TRJIlO event input control bit R/W
b7 TIOGT1 R/W
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20.3.2 Timer Write Control during Count Operation

Timer RJi has areload register and a counter. When writing to the timer, values are written to both the reload
register and counter.

Figure 20.2 shows an Operating Example of Timer RJi when Counter Value is Rewritten during Count
Operation.

Write 2501h to the TRJi register by a program.

Count source

After writing, the reload register is '
written with the first count source. h
Lower 8 bits in
timer RJi reload register Previous value X New value (01h) \\
Reload with Increment |
the second from FF at !
count source. underflow. i
_ Lower 8 bits in 06h osh ¥ o0s4h X oih ¥ ooh Y FFh Y FER ) FDh oh X FFh(f ooh Y o1h
timer RJi counter

After writing, the reload register is
written with the first count source.
i

\

New value (25h

Higher 8 bits in

timer RJi reload register Previous value X

—

Reload with
the second
count source.

Higher 8 bits in

timer RJi counter 03h 25h X 24h X 23h 00h 25h

N
< P

—
P

IR bitin

TRJIIC register 0 /

The IR bit remains unchanged until underflow is generated by a new value.

The above applies under the following condition:
Both the TSTART and TCSTF bits in the TRJICR register are set to 1 (during count operation).

i=0orl

Figure 20.2  Operating Example of Timer RJi when Counter Value is Rewritten during Count
Operation
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20.4 Pulse Output Mode

In pulse output mode, an internally generated count source is counted, and a pulse with inverted polarity is output
from the TRJilO pin each time the timer underflows (refer to Table 20.3).

Table 20.3  Pulse Output Mode Specifications

Item Specification
Count sources f1, f2, f8, fOCO, fC32, fC, timer RJO underflow for timer RJ1 (1)
Count operations * Decrement
» When the timer underflows, the contents of the reload register are reloaded and the count
is continued.
Division ratio 1/(m+1)

m: Value set in TRJi register
Count start condition 1 (count starts) is written to the TSTART bit in the TRJICR register.

Count stop conditions |« O (count stops) is written to the TSTART bit in the TRJICR register.
« 1 (count forcibly stops) is written to the TSTOP bit in the TRJICR register.

Interrupt request When timer RJi underflows [timer RJi interrupt].

generation timing

TRJilO pin function Pulse output or programmable output port

Read from timer The count value can be read out by reading the TRJi register.

Write to timer « When the TRJi register is written while the count is stopped, values are written to both the

reload register and counter.
* When the TRJi register is written during count operation, values are written to the reload
register and counter (refer to 20.3.2 Timer Write Control during Count Operation).
Selectable functions * TRJIlIO output polarity switch function
The level when the pulse output starts is selected by the TEDGSEL bit in the TRJIIOC
register. (2)
* Pulse output stop function
Output from the TRJilO pin is stopped by the TOPCR bit in the TRJilIOC register.
* TRJIlO pin select function
Use of the TRJIlO pin is selected by bits TRJIOSELO and TRJIIOSEL1 in the TRISR
register.

Notes:

1. Underflow cannot be selected for timer RJO.

2. By writing to the TRJIMR register, the output pulse is set to the level when the pulse output starts.
i=0orl
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20.4.1 Timer RJi I/O Control Register (TRJIIOC) (i =0 or 1) in Pulse Output Mode
Address 0081h (TRJ0IOC), 0089h (TRJ1IOC)

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol | TIOGT1 | TIOGTO | TIPF1 | TIPFO | — | — | TOPCR | TEDGSEL|

After Reset 0 0 0 0 0 0 0 0

Bit Symbol Bit Name Function R/W

b0 |TEDGSEL | TRJIlO polarity switch bit 0: TRJIIO output starts at high R/W
1: TRJilO output starts at low

bl TOPCR | TRJIIO output control bit 0: TRJIIO output R/W
1: /O port

b2 — Reserved bit Set to O. R/W

b3 — Nothing is assigned. If necessary, set to 0. When read, the content is O. —

b4 TIPFO | TRJIIO input filter select bit Set to 0 in pulse output mode. R/W

b5 TIPF1 R/W

b6 TIOGTO |TRJIlO event input control bit R/W

b7 TIOGT1 R/W
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20.5 Event Counter Mode
In event counter mode, external signal inputs to the TRJilO pin are counted (refer to Table 20.4).

Table 20.4  Event Counter Mode Specifications

Item Specification
Count source External signal input to the TRJilO pin (active edge selectable by a program)
Count operations  Decrement

« When the timer underflows, the contents of the reload register are reloaded and the
count is continued.

Division ratio 1/(m+1)
m: Value set in TRJi register
Count start condition 1 (count starts) is written to the TSTART bit in the TRJICR register.

Count stop conditions « 0 (count stops) is written to the TSTART bit in the TRJICR register.
« 1 (count forcibly stops) is written to the TSTOP bit in the TRJICR register.

Interrupt request When timer RJi underflows [timer RJi interrupt].

generation timing

TRJIilO pin function Count source input

Read from timer The count value can be read out by reading the TRJi register.

Write to timer * When the TRJi register is written while the count is stopped, values are written to both

the reload register and counter.
* When the TRJi register is written during count operation, values are written to the reload
register and counter (refer to 20.3.2 Timer Write Control during Count Operation).

Selectable functions * TRJilO input polarity switch function
The active edge of the count source is selected by the TEDGSEL bit in the TRJIIOC
register.

« Count source input pin select function
Use of the TRJilO pin is selected by bits TRJIIOSELO and TRJIIOSEL1 in the TRISR
register.

« Digital filter function
Whether enabling or disabling the digital filter and the sampling frequency is selected by
bits TIPFO and TIPF1 in the TRJilIOC register.

 Event input control function
The enabled period for the event input to the TRJIlO pin is selected by bits TIOGTO and
TIOGTL1 in the TRJIIOC register.

i=0orl
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20.5.1 Timer RJi I/O Control Register (TRJIIOC) (i=0or 1) in Event Counter Mode
Address 0081h (TRJOIOC), 0089h (TRJ1IOC)

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol| TIOGT1 | TIOGTO | TIPF1 | TIPFO | — | — | TOPCR |TEDGSEL|
After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 |TEDGSEL | TRJilO polarity switch bit (1) 0: Count at the rising edge of TRJIlO input R/W
1: Count at the falling edge of TRJilO input
bl TOPCR | TRJIIO output control bit Set to 0 in event counter mode. R/W
b2 — Reserved bit Set to O. R/W
b3 — Nothing is assigned. If necessary, set to 0. When read, the content is O. —
b4 TIPFO o)X i it @ b5 b4 RIW
o Kb TRJIlO input filter select bit 00: No filter b
0 1: Filter with f1 sampling
1 O: Filter with f8 sampling
1 1: Filter with f32 sampling
b6 TIOGTO |TRJIIO event input control bit bébg. E ) | bled R/W
b7 TIOGTL : Event ?nput always enable RIW
0 1: Event input enabled at INT2 level (3)
1 0: Event input enabled at level of timer RC compare
match signal ()
1 1: Event input enabled for high-level period of timer
RB output (4)
Notes:

1. Do not change the setting value of the TEDGSEL bit during count operation.
2. When the same value from the TRJIlO pin is sampled three times continuously, the input is determined.
3. Setthe INT2PL bit in the INTEN register to 0 (one edge). _
When the POL bit in the INT2IC register is set to 0 (falling edge selected), the event input for the INT2 high-level
period is enabled. When the POL bit is set to 1 (rising edge selected), the event input for the INT2 low-level
period is enabled.
In timer RJ, the event input is enabled for the high-level period of the corresponding timer RB output. Timer RJO
corresponds to timer RBO and timer RJ1 to timer RB1, respectively.
In timer RJ, the event input of the corresponding timer RC compare match signal (TRCIOA, TRCIOB, TRCIOC,
or TRCIOD) is enabled. Bits RCCPSELO and RCCPSELL1 in the TRJIISR register can be used to select the
compare output from timer RC, and the RCCPSEL2 bit can be used to select the level of the timer RC compare

match signal.
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20.6 Pulse Width Measurement Mode

In pulse width measurement mode, the pulse width of an external signal input to the TRJi1O pin is measured (refer

to Table 20.5).

Figure 20.3 shows an Operating Example in Pulse Width Measurement Mode.

Table 20.5

Pulse Width Measurement Mode Specifications

Item

Specification

Count sources

f1, f2, f8, fOCO, 32, fC, timer RJO underflow for timer RJ1 (1)

Count operations

e Decrement

 The count is continued only while the measured pulse is high or low level.

* When the timer underflows, the contents of the reload register are reloaded and the
count is continued.

Count start condition

1 (count starts) is written to the TSTART bit in the TRJICR register.

Count stop conditions

« 0 (count stops) is written to the TSTART bit in the TRJICR register.
« 1 (count forcibly stops) is written to the TSTOP bit in the TRJICR register.

Interrupt request
generation timing

* When timer RJi underflows [timer RJi interrupt].
* Rising or falling of the TRJilO input (end of measurement period)
[timer RJi interrupt]

TRJIilO pin function

Measured pulse input

Read from timer

The count value can be read out by reading the TRJi register.

Write to timer

* When the TRJi register is written while the count is stopped, values are written to both
the reload register and counter.

* When the TRJi register is written during count operation, values are written to the reload
register and counter (refer to 20.3.2 Timer Write Control during Count Operation).

Selectable functions

» Measurement level setting
A high-level or low-level period is selected by the TEDGSEL bit in the TRJIlOC register.
« Measured pulse input pin select function
Use of the TRJilO pin is selected by bits TRJIIOSELO and TRJIIOSEL1 in the TRISR
register.
« Digital filter function
Whether enabling or disabling the digital filter and the sampling frequency is selected by
bits TIPFO and TIPF1 in the TRJIlOC register.

Note:

1. Underflow cannot be selected for timer RJO.

i=0or1l
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20.6.1 Timer RJi /O Control Register (TRJIIOC) (i = 0 or 1) in Pulse Width
Measurement Mode

Address 0081h (TRJOIOC), 0089h (TRJI1IOC)

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol | TIOGT1 | TIOGTO | TIPF1 | TIPFO | — — TOPCR | TEDGSEL
After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 |TEDGSEL | TRJIIO polarity switch bit 0: Low-level width of TRJilO input is measured R/W
1: High-level width of TRJilO input is measured
bl TOPCR | TRJIIO output control bit Set to 0 in pulse width measurement mode. R/W
b2 — Reserved bit Setto 0. R/W
b3 — Nothing is assigned. If necessary, set to 0. When read, the content is 0. —
b4 TIPFO o i i it M) b5 b4 RIW
i L TRJIlO input filter select bit 00 No filter adas
0 1: Filter with f1 sampling
1 0: Filter with f8 sampling
1 1: Filter with f32 sampling
b6 TIOGTO |TRJilO event input control bit Set to 0 in pulse width measurement mode. R/W
b7 TIOGT1 R/W
Note:

1. When the same value from the TRJilO pin is sampled three times continuously, the input is determined.
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20.6.2 Operating Example

FFFFh

Content of counter (hex)

0000h

TSTART bitin
TRJICR register

Measured pulse
(TRJIlO pin input)

IR bit in
TRJIIC register

TEDGF bit in
TRJICR register

TUNDF bit in
TRJICR register

i=0orl

n = content of TRJi register

Measurement starts
—

Underflow

>
>

Measurement stops

1k

Mea|

—
surement starts

Measurement stops

< >

< »

Measurement starts

Set

/

to 1 by a program.

Period

_

Set to 0 when an interrupt request is acknowledged or by a program.

o

= Setto O by a

program.

~

=

Set to 0 by a program

The above applies under the following condition:
« High-level width of measured pulse is measured (TEDGSEL = 1)

Figure 20.3

Operating Example in Pulse Width Measurement Mode
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20.7 Pulse Period Measurement Mode
In pul se period measurement mode, the pulse period of an external signal input to the TRJilO pin is measured (refer

to Table 20.6).

Figure 20.4 shows an Operating Example in Pulse Period M easurement Mode.

Table 20.6

Pulse Period Measurement Mode Specifications

Item

Specification

Count sources

f1, f2, f8, fOCO, fC32, fC, timer RJO underflow for timer RJ1 (1)

Count operations

* Decrement

« After the active edge of the measured pulse is input, the contents of the read-out buffer
are retained at the first underflow of timer RJi. Then timer RJi reloads the contents of the
reload register at the second underflow and continues counting.

Count start condition

1 (count starts) is written to the TSTART bit in the TRJICR register.

Count stop conditions

« 0 (count stops) is written to TSTART bit in the TRJICR register.
« 1 (count forcibly stops) is written to the TSTOP bit in the TRJICR register.

Interrupt request
generation timing

* When timer RJi underflows or reloads [timer RJi interrupt].
* Rising or falling of the TRJilO input (end of measurement period)
[timer RJi interrupt]

TRJIilO pin function

Measured pulse input

Read from timer

The count value can be read out by reading the TRJi register.

Write to timer

* When the TRJi register is written while the count is stopped, values are written to both
the reload register and counter.

* When the TRJi register is written during count operation, values are written to the reload
register and counter (refer to 20.3.2 Timer Write Control during Count Operation).

Selectable functions

» Measurement period selection
The measurement period of the input pulse is selected by the TEDGSEL bit in the
TRJIlIOC register.

» Measured pulse input pin select function
Use of the TRJilO pin is selected by bits TRJIIOSELO and TRJIIOSEL1 in the TRISR
register.

« Digital filter function
Whether enabling or disabling the digital filter and the sampling frequency is selected by
bits TIPFO and TIPF1 in the TRJIIOC register.

Note:

1. Underflow cannot be selected for timer RJO.

i=0orl
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20.7.1 Timer RJi I/0O Control Register (TRJIIOC) (i = 0 or 1) in Pulse Period
Measurement Mode

Address 0081h (TRJOIOC), 0089h (TRJI1IOC)

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol| TIOGT1 | TIOGTO | TIPF1 | TIPFO | — — TOPCR | TEDGSEL
After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 |TEDGSEL | TRJIIO polarity switch bit 0: Period from one rising edge to next rising edge | R/W

of measured pulse is measured
1: Period from one falling edge to next falling edge
of measured pulse is measured

bl TOPCR | TRJIIO output control bit Set to 0 in pulse period measurement mode. R/W
b2 — Reserved bit Set to O. R/W
b3 — Nothing is assigned. If necessary, set to 0. When read, the content is 0. —

b4 TIPFO | TRJIlO input filter select bit (1) bSba. ) R/W
b5 TIPEL 0 O: No filter RIW

0 1: Filter with f1 sampling
1 O: Filter with f8 sampling
1 1: Filter with f32 sampling

b6 TIOGTO |TRJilO event input control bit Set to O in pulse period measurement mode. R/W
b7 TIOGT1 R/W
Note:

1. When the same value from the TRJilO pin is sampled three times continuously, the input is determined.
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20.7.2 Operating Example

Notes:

[$2]

i=0orl

Count source

CPU clock

TSTART bitin
TRJICR register

Measured pulse
(TRJIlO pin input)

Contents of TRJi

Contents of
read-out buffer (1)

TEDGEF bitin
TRJICR register

TUNDEF bit in
TRJICR register

IR bitin
TRJIIC register

ol
I

MUUL

|
|
| ,Setto 1I by a prolgram.
| | |
I

|
| Count starts

TRJi reload | TRJi reload

I/

01 yo1 \o1 \o1 yo1 Yyo1i Wo1i \/o1 \o1

h/\ OEh/\ODh/\OCh/\OBh \OAh |09h \ OFh/\OEh \ODh/\
|

tained
010Dh

Retained
0109h

01 \o1
0Bh/\0Ah

TRJiread® |
@) | @)
]

]
@) ) @)
\ Set to 0 by a program. _—/

(6)

®)

Set to 0 when an interrupt request is acknowledged or by a program.

The above applies when the initial value in the TRJi register is set to 010Fh and the period from one rising edge to the next rising edge of the
measurement pulse is measured (TEDGSEL = 0).

1. The content of the read-out buffer can be read by reading the TRJi register in pulse period measurement mode.
2. After the active edge of the measurement pulse is input, a TRJi reload occurs at the second rising edge of the count source. Then the TEDGF bit
in the TRJICR register is set to 1 (active edge received) at the second rising edge of the CPU clock.
3. The TRJi register should be read before the next active edge is input after the TEDGF bit is set to 1 (active edge received).
The contents of the read-out buffer are retained until the TRJi register is read. If the TRJi register is not read before the next active edge is input,
the measured result of the previous period is retained.
4. To set to 0 by a program, use a MOV instruction to write 0 to the TEDGF bit in the TRJICR register.
At the same time, write 1 to the TUNDF bit.
. To set to 0 by a program, use a MOV instruction to write O to the TUNDF bit in the TRJICR register.
At the same time, write 1 to the TEDGF bit.
6. When timer RJi underflows and reloads at the input of an active edge simultaneously, bits TUNDF and TEDGF are set to 1 at the second rising
edge of the CPU clock after the underflow.
If not, the TUNDF bit is set to 1 at the second rising edge of the CPU clock after the underflow.

Figure 20.4

Operating Example in Pulse Period Measurement Mode
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20.8 Notes on Timer RJ

 Timer RJi stops counting after areset. Set the values in the timer before the count starts.

* Read the timer in 16-bit units.

* In pulse width measurement mode and pulse period measurement mode, bits TEDGF and TUNDF in the TRJCR
register can be set to 0 by writing O to these bits by a program. However, these bits remain unchanged if 1 is
written. When using the READ-MODIFY-WRITE instruction for the TRJCR register, the TEDGF or TUNDF
bit may be set to 0 although these bits are set to 1 while the instruction is being executed. In this case, write 1 to
the TEDGF or TUNDF bit which is not supposed to be set to 0 with the MOV instruction.

» When changing to pulse period measurement mode from another mode, the contents of bits TEDGF and TUNDF

are undefined. Write 0 to bits TEDGF and TUNDF before the count starts.

The TEDGF bit may be set to 1 by the first timer RJi underflow signal generated after the count starts.

» When using pulse period measurement mode, leave two or more periods of the timer RJi register immediately

after the count starts, then set the TEDGF bit to 0.

The TCSTF bit remains 0 (count stops) for zero or one cycle of the count source after setting the TSTART bit to

1 (count starts) while the count is stopped.

During thistime, do not access registers associated with timer RJi (1) other than the TCSTF bit.

Timer RJi starts counting at the first active edge of the count source after the TCSTF bit is set to 1 (during count

operation).

The TCSTF bit remains 1 for zero or one cycle of the count source after setting the TSTART bit to 0 (count stops)

while the count isin progress. Timer RJi counting is stopped when the TCSTF bit is set to 0.

During thistime, do not access registers associated with timer RJi (1) other than the TCSTF bit.

Note:
1. Registers associated with timer RJi: TRJICR, TRJIOC, TRJIMR, and TRJi

When the TRJi register is continuously written during count operation (TCSTF hit is set to 1), alow three or
more cycles of the count source for each write interval.

* Do not set to the TRJ register (i = 0 or 1) 0000h in pulse width measurement mode and pulse period
measurement mode.
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21. Serial Interface (UARTO)
The serial interface consists of a channel, UARTO. This chapter describes UARTO.

21.1 Introduction

UARTO has a dedicated timer to generate atransfer clock. Clock synchronous serial 1/0O mode and clock asynchronous

serial 1/0 mode (UART mode) are supported.

Figure 21.1 shows a Block Diagram of UARTO. Figure 21.2 shows a Block Diagram of UARTO Transmit/Receive

Unit. Table 21.1 lists the Pin Configuration of UARTO.

rRxD0 O

UART reception

CKDIR=0
Internal

CLK1 to CLKO
1 = 00b

Reception Receive clock
Clock synchronous type |_oi control circuit Transmit/

Transmit clock

————— TXDO

receive
unit

=205 UOBRG register i
=10b © 4 UART transmission o 1
82 =11b —O Transmission
fC ——o External Clock synchronous type control circuit
X
CKDIR = 1 Clock synchronous type|

(internal clock selected) o
CKDIR =0

Clock synchronous type ©

Clock synchronous type (external clock selected) CKDIR =1

(internal clock selected)

CLK polarit)

cLko O—{ switch <

circuit

CKDIR: Bit in UOMR register
CLKO, CLK1: Bits in UOCO register

Figure 21.1 Block Diagram of UARTO
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Clock
tsynchronous
PRYE =0 ype
é?":’s -0 E’ARbl d UART (7 bits) ) ) )
= isable UART (8 bits UART (7 bits) UARTO receive register
RXD0 O—4 O
_ PAR enabled
STPS=1 PRYE =1 UART synchronous
2SP type
UART (8 bits)
UART (9 bits)
oioto!o0!o0!o0!o0!D8 [D7 I D6 ! D5 D4 D3 D2 ! DL ! DO |UORB register
| MSBJ/LSB conversion circuit |
q Data bus high-order bits
I <~
q Data bus low-order bits
| MSBJ/LSB conversion circuit |
[D7 { D6 { D5 §D4 D3 D2} DL} DO |U0TB register
UART (8 bits)
UART (9 bits)
25p Cloclﬁ
PRYE =1 UART (9 bits synchronous
STPS =1 PAR enabled UART ¢ ) type
STPS =0 PAR UART (7 bits) UART (7 bits) UARTO transmit register
1sP disabled UART (8 bits)
PRYE = 0| type )
Clock SP: Stop bit
0 synchronous PAR: Parity bit
type STPS, PRYE: Bits in UOMR register
Figure 21.2 Block Diagram of UARTO Transmit/Receive Unit

Table 21.1 Pin Configuration of UARTO

Pin Name Assigned Pin I/0 Function
TXDO P8 5 Output Serial data output
RXDO P8 6 Input Serial data input
CLKO P8_4 /0 Transfer clock 1/O
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Registers

21.2.1 Module Standby Control Register 0 (MSTCRO)
Address 0008h

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol [MSTADC| —  [MSTTRC|MSTLCD| MSTIIC | —  [MSTURTO| —
After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 — Reseved bit Set to 0. R/W
bl |MSTURTO |UARTO standby bit 0: Active R/W
1: Standby (1)
b2 — Reseved bit Set to 0. R/W
b3 MSTIIC |SSU, I2C bus standby bit 0: Active R/W
1: Standby (@
b4 MSTLCD |LCD standby bit 0: Active R/W
1: Standby (3
b5 MSTTRC |Timer RC standby bit 0: Active R/W
1: Standby 4
b6 — Reseved bit Setto 0. R/W
b7 MSTADC |A/D standby bit (5) 0: Active R/W
1: Standby
Notes:
1. When the MSTURTO bit is set to 1 (standby), any access to the UARTO associated registers (addresses 00AOh

2.

3.

to 00A7h) is disabled.

When the MSTIIC bit is set to 1 (standby), any access to the SSU or the I2C bus associated registers (addresses
0193h to 019Dh) is disabled.

When the MSTLCD bit is set to 1 (standby), any access to the timer LCD associated registers (addresses 0200h
to 0237h) is disabled.

When the MSTTRC bit is set to 1 (standby), any access to the timer RC associated registers (addresses 0120h
to 0133h) is disabled.

When the MSTADC bit is set to 1 (standby), any access to the timer A/D associated registers (addresses 00C0Oh
to 00D9h, 00ODCh to 00DFh) is disabled.

Set the MSTADC bit to O (active) when the temperature sensor is used.

When changing each standby bit to standby, stop the corresponding peripheral function beforehand. When
peripheral functions are set to standby using each standby bit, their registers cannot be read or written. Also, the
clock supply to the peripheral functionsis stopped.

When changing from standby to active, set the registers of the corresponding peripheral function again after
changing.
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21.2.2 UARTO Transmit/Receive Mode Register (UOMR)
Address 00AOh

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol | — | PRYE | PRY | STPS | CKDIR | SMD2 | SMD1 | SMDO
After Reset 0 0 0 0 0 0 0 0

Bit Symbol Bit Name Function R/W

Eg gmgg Serial I/0 mode select bit (- 2 bcz)bé %): Serial interface disabled E/\/\x

b5 SVID2 0 0 1: Clock synchronous serial 1/0 mode RIW
1 0 0: UART mode, transfer data 7 bits long
10 1: UART mode, transfer data 8 bits long
11 0: UART mode, transfer data 9 bits long
Other than above: Do not set.

b3 CKDIR [ Internal/external clock select bit 0: Internal clock R/W
1: External clock

b4 STPS | Stop bit length select bit 0: One stop bit R/W
1: Two stop bits

b5 PRY | Odd/even parity select bit Enabled when PRYE = 1 R/W
0: Odd parity
1: Even parity

b6 PRYE | Parity enable bit 0: Parity disabled R/W
1: Parity enabled

b7 — Reserved bit Setto 0. R/W

Notes:
1. When setting bits SMD2 to SMDO to 000b (serial interface disabled), set the TE bit in the UOCL1 register to 0
(transmission disabled) and the RE bit to 0 (reception disabled).
2. When bits SMD2 to SMDO are set to 001b (clock synchronous serial I/O mode), the error flags (bits FER, PER,
and SUM) in the UORB register are disabled. When these bits are read, the values are undefined.

21.2.3 UARTO Bit Rate Register (UOBRG)
Address 00Alh

Bit b7 b6 b5 b4 b3 b2 bl b0

o[ — [ — ] — [ — [ — [ — [ — ] —

After Reset X X X X X X X X
Bit Function Setting Range R/W
b7 to bO[If the setting value is n, UOBRG divides the count source by n+1. 00h to FFh W

Write to the UOBRG register while transmission and reception stop.
Use the MOV instruction to write to this register.
Set bits CLK0 and CLK1 in the UOCO register before writing to the UOBRG register.
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21.2.4 UARTO Transmit Buffer Register (UOTB)

Address 00A3h to 00A2h
Bit b7 b6 b5

Symbol| — | — | —

After Reset X X X

Bit b15 b14 b13

Symbol — | — | —

After Reset X X X

Bit Symbol

Function

R/W

b0 — Transmit data (D8 to DO)
bl —
b2 —
b3 —
b4 —
b5 —
b6 —
b7 —
b8 —

b10 —
b1l —
b12 —
b13 —
b14 —
b15 —

b9 — Nothing is assigned. If necessary, set to 0. When read, the content is undefined.

When the transfer data is 9 bits long, write data to the high-order byte first, then low-order byte of the UOTB

register.

Use the MOV instruction to write to this register.
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21.2.5 UARTO Transmit/Receive Control Register 0 (UOCO)
Address 00A4h

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol| UFORM | CKPOL | NCH | — | TXEPT | — | CLK1 | CLKO
After Reset 0 0 0 0 1 0 0 0
Bit Symbol Bit Name Function R/W
b0 CLKO |BRG count source select bit (1) béboo_ {1 selected RIW
bl CLK1 ) R/W

0 1: f8 selected

1 0: f32 selected

1 1: fC selected

b2 — Reserved bit Set to 0. R/W

b3 TXEPT | Transmit register empty flag 0: Data in the transmit register R
(transmission in progress)

1: No data in the transmit register
(transmission completed)

b4 — Nothing is assigned. If necessary, set to 0. When read, the content is O. —

b5 NCH | Data output select bit 0: TXDO pin set as CMOS output R/W
1: TXDO pin set as N-channel open-drain output

b6 CKPOL | CLK polarity select bit 0: Transmit data output at the falling edge and receive | R/W

data input at the rising edge of the transfer clock
1: Transmit data output at the rising edge and receive

data input at the falling edge of the transfer clock
b7 UFORM | Transfer format select bit 0: LSB first R/W
1: MSB first

Note:
1. If the BRG count source is switched, set the UOBRG register again.

21.2.6 UARTO Transmit/Receive Control Register 1 (UOC1)
Address 00A5h

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol | — | — | UORRM | UOIRS | RI | RE | TI | TE
After Reset 0 0 0 0 0 0 1 0
Bit Symbol Bit Name Function R/W
b0 TE Transmission enable bit 0: Transmission disabled R/W
1: Transmission enabled
bl TI Transmit buffer empty flag 0: Data in the UOTB register R
1: No data in the UOTB register
b2 RE Reception enable bit 0: Reception disabled R/W
1: Reception enabled
b3 RI Reception complete flag (1) 0: No data in the UORB register R
1: Data in the UORB register
b4 UOIRS [UARTO transmit interrupt source 0: Transmit buffer empty (TI = 1) R/W
select bit 1: Transmission completed (TXEPT = 1)
b5 UORRM [ UARTO continuous receive mode 0: Continuous receive mode disabled R/W
enable bit @ 1: Continuous receive mode enabled
b6 — Nothing is assigned. If necessary, set to 0. When read, the content is O. —
b7 —
Notes:

1. The RI bitis set to 0 when the higher byte of the UORB register is read.
2. In UART mode, set the UORRM bit to 0 (continuous receive mode disabled).
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21.2.7 UARTO Receive Buffer Register (UORB)
Address 00A7h to 00A6h

Bit b7 b6 b5 b4 b3 b2 bl b0
smo — [ — [ — [ — [ — [ — ] — [ —
After Reset X X X X X X X X
Bit b15 b14 b13 b12 b11 b10 b9 b8
Symbol| SUM PER FER OER — | — | — | —
After Reset X X X X X X X X
Bit Symbol Bit Name Function R/W
b0 — — Receive data (D7 to DO) R
bl —
b2 —
b3 —
b4 —
b5 —
b6 —
b7 —
b8 — — Receive data (D8) R
b9 — Nothing is assigned. If necessary, set to 0. When read, the content is undefined. —
b10 —
b1l —
b12 OER  |Overrun error flag (1) 0: No overrun error R
1: Overrun error
b13 FER |Framing error flag (1. 2) 0: No framing error R
1: Framing error
b14 PER |Parity error flag (1. 2) 0: No parity error R
1: Parity error
b15 SUM  |Error sum flag (4, 2) 0: No error R
1: Error

Notes:

1. Bits SUM, PER, FER, and OER are set to 0 (no error) when either of the following is set:
- Bits SMD2 to SMDO in the UOMR register are set to 000b (serial interface disabled).
- The RE bit in the UOCL register is set to 0 (reception disabled).
The SUM bit is set to 0 (no error) when all of bits PER, FER, and OER are set to 0 (no error).
Bits PER and FER are also set to 0 when the high-order byte of the UORB register is read.
When setting bits SMD2 to SMDO in the UiMR register to 000b, set the TE bit in the UiC1 register to 0
(transmission disabled) and the RE bit to O (reception disabled).

2. These error flags are invalid when bits SMD2 to SMDO in the UiMR register are set to 001b (clock synchronous
serial I/O mode). When read, the content is undefined.

Always read the UORB register in 16-bit units.
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21.2.8 UARTO Pin Select Register (UOSR)
Address 0188h

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol | — | — |CLKOSEL1|CLKOSELO|RXDOSEL1 RXDOSELO|TXDOSEL1|TXDOSELO
After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 | TXDOSELO | TXDO pin select bit b1 bo R/W

0 0: TXDO pin not used
0 1: P8_5 assigned

1 0: Do not set.

1 1: Do not set.

b2 |RXDOSELO |RXDO pin select bit b3 b2 R/W

0 0: RXDO pin not used
b3 |RXDOSELL 0 1: P8_6 assigned RIW

1 0: Do not set.
1 1: Do not set.

b4 | CLKOSELO |CLKO pin select bit b5 b4 . R/W
0 0: CLKO pin not used

bl |TXDOSEL1 R/W

b5 CLKOSELL 0 1: P8_4 assigned RIW
1 0: Do not set.
1 1: Do not set.

b6 — Reserved bits Set to 0. R/W

b7 —

The UOSR register selects which pin is assigned as the UARTO input/output. To use the I/0 pins for UARTO,
set this register.

Set the UOSR register before setting the UARTO associated registers. Also, do not change the setting value of
this register during UARTO operation.
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21.3 Clock Synchronous Serial I/0 Mode

In clock synchronous serial 1/0 mode, datais transmitted and received using a transfer clock.
Table 21.2 lists the Clock Synchronous Serial 1/0 Mode Specifications. Table 21.3 lists the Registers Used and
Settings in Clock Synchronous Serial 1/0O Mode.

Table 21.2  Clock Synchronous Serial /0O Mode Specifications

Item Specification
Transfer data format « Transfer data length: 8 bits
Transfer clocks * The CKDIR bit in the UOMR register is set to 0 (internal clock): fi/(2(n+1))

fi=f1, f8, 32, f{C n = Value set in UOBRG register: 00h to FFh
* The CKDIR bit is set to 1 (external clock): Input from the CLKO pin

Transmit start conditions « To start transmission, the following requirements must be met: (1)
- The TE bit in the UOCL register is set to 1 (transmission enabled).
- The Tl bit in the UOC1 register is set to 0 (data in the UOTB register).

Receive start conditions « To start reception, the following requirements must be met: (1)
- The RE bit in the UOC1 register is set to 1 (reception enabled).
- The TE bit in the UOCL register is set to 1 (transmission enabled).
- The Tl bit in the UOC1 register is set to 0 (data in the UOTB register).
Interrupt request generation |+ For transmission, one of the following can be selected.
timing - The UOIRS bit is set to 0 (transmit buffer empty):
When data is transferred from the UOTB register to the UARTO transmit register (at
start of transmission).
- The UOIRS bit is set to 1 (transmission completed):
When data transmission from the UARTO transmit register is completed.
« For reception
When data is transferred from the UARTO receive register to the UORB register (at
completion of reception).
Error detection « Overrun error (2
This error occurs if the serial interface starts receiving the next unit of data before
reading the UORB register and receives the 7th bit of the next unit of data.
Selectable functions * CLK polarity selection
Transfer data input/output can be selected to occur synchronously with the rising or
the falling edge of the transfer clock.
« LSB first, MSB first selection
Whether data transmission/reception begins with bit O or begins with bit 7 can be
selected.
« Continuous receive mode selection
Reception is enabled immediately by reading the UORB register.

Notes:
1. When an external clock is selected, the requirements must be met in either of the following states:
- The external clock is held high when the CKPOL bit in the UOCO register is set to 0 (transmit data output at
the falling edge and receive data input at the rising edge of the transfer clock)
- The external clock is held low when the CKPOL bit in the UOCO register is set to 1 (transmit data output at the
rising edge and receive data input at the falling edge of the transfer clock)
2. If an overrun error occurs, the receive data (b0 to b8) in the UORB register will be undefined.
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Table 21.3  Registers Used and Settings in Clock Synchronous Serial 1/0 Mode®

Register Bit Function
uoTB b0 to b7 Set data transmission.
UORB b0 to b7 Receive data can be read.
OER Overrun error flag
UOBRG b0 to b7 Set the transfer rate.
UOMR SMD2 to SMDO Set to 001b.
CKDIR Select an internal clock or external clock.
UoCo CLKO, CLK1 Select the count source for the UOBRG register.
TXEPT Transmit register empty flag
NCH Select the output format of the TXDO pin.
CKPOL Select the transfer clock polarity.
UFORM Select LSB first or MSB first.
uoC1 TE Set to 1 to enable transmission/reception
TI Transmit buffer empty flag
RE Set to 1 to enable reception.
RI Reception complete flag
UOIRS Select the UARTO transmit interrupt source.
UORRM Set to 1 to use continuous receive mode.

Note:
1. Set the bits not listed in this table to 0 when writing to the above registers in clock synchronous serial I/O mode.
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Table 21.4 lists the I/O Pin Functionsin Clock Synchronous Serial 1/0 Mode.
After UARTO operating mode is selected, the TXDO pin outputs a high-level signal until transfer starts. (When the
NCH bit in the UOCO register is set to 1 (N-channel open-drain output), this pinisin the high-impedance state.)

Table 21.4 /O Pin Functions in Clock Synchronous Serial I/O Mode

Pin Name Function Selection Method

TXDO (P8_5) Serial data output Bits TXDOSEL1 to TXDOSELO in UOSR register = 01b

When N-channel open-drain output is selected,

PD8_5 bit in PD8 register = 0

For reception only:

P8_5 can be used as a port by setting TXDOSEL1 to TXDOSELO bit =
00b.

RXDO (P8_6) Serial data input Bits RXDOSEL1 to RXDOSELO in UOSR register = 01b

PD8_6 bit in PD8 register = 0

For transmission only:

P8_6 can be used as a port by setting bits RXDOSEL1 to RXDOSELO =
00b.

CLKO (P8_4) Transfer clock output Bits CLKOSEL1 to CLKOSELO in UOSR register = 01b

CKDIR bit in UOMR register = 0 (internal clock)

Transfer clock input Bits CLKOSEL1 to CLKOSELO in UOSR register = 01b

CKDIR bit in UOMR register = 1 (external clock)

PD8_4 bit in PD8 register = 0
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« Transmit Timing Example (Internal Clock Selected)

TC

DL

Transfer clock

TE bitin
UOC1 register .
Data set in UOTB register

Tibitin _(l/ >—|
UOC1 register \

Data transfer from UOTB register to UARTO transmit register

TCLK,

Pulsing stops because TE bit is set to 0.
-

CLKO
von oo oo oo e e oo (oo o
TXEPT bitin
UOCO register
IR bit in
SOTIC register

N

. . . Set to 0 when an interrupt request is acknowledged or by a program.
The above applies under the following conditions: ptreq 9 Y @ prog

« CKDIR bit in UOMR register = 0 (internal clock) TC = TCLK = 2(n+1)/fi
« CKPOL bit in UOCO register = 0 fi: Frequency of UOBRG count source (f1, f8, f32, fC)
(transmit data output at the falling edge and receive data input at the rising edge of the transfer clock) n: Value set in UOBRG register

« UOIRS bit in UOC1 register = 0
(interrupt request generation when the transmit buffer is empty)

« Receive Timing Example (External Clock Selected)

RE bitin
UOC1 register

TE bitin
UOC1 register ——
- Dummy data set in UOTB register
Tl bitin /
UOC1 register ),\
Data transfer from UOTB register to UARTO transmit register
1HEXT
> |
CLKO

Received data capture

RXDO

Data transfer from UARTO receive register .
" Data read from UORB register
RI bit in to UORB register \ /

UOCL register

IR bitin
SORIC register /

Set to 0 when an interrupt request is acknowledged or by a program.

The above applies under the following conditions:

* CKDIR bit in UOMR register = 1 (external clock)

« CKPOL bit in UOCO register = 0

(transmit data output at the falling edge and receive data input at the rising edge of the transfer clock)

The following should be met when a high-level is applied to the CLKO pin before receiving data:

« TE bit in UOC1 register = 1 (transmission enabled)

* RE bit in UOC1 register = 1 (reception enabled)

« Dummy data write to the UOTB register

fEXT: Frequency of external clock

Figure 21.3  Transmit and Receive Timing in Clock Synchronous Serial /O Mode
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21.3.1 Measure for Dealing with Communication Errors

If communication is aborted or a communication error occurs while transmitting or receiving in clock
synchronous serial 1/0 mode, follow the procedures bel ow:

(1) SettheTE bitinthe UOC1 register to O (transmission disabled) and the RE bit to O (reception disabled).
(2) Set bits SMD2 to SMDO in the UOMR register to 000b (serial interface disabled).

(3) Set bits SMD2 to SMDO in the UOMR register to 001b (clock synchronous seria 1/O mode).

(4) Setthe TE bitin the UOC1 register to 1 (transmission enabled) and the RE bit to 1 (reception enabled).
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21.3.2 Polarity Select Function

Figure 21.4 shows the Transfer Clock Polarity. The CKPOL bit in the UOCO register can be used to select the
transfer clock polarity.

« CKPOL bit in UOCO register = 0 (transmit data output at the falling edge and
receive data input at the rising edge of the transfer clock)

CLKO®
TXDO ><D0 D1><D2}><D3><D4><D5><D6><D7

memxé'fxmxmxmxmxm

« CKPOL bit in UOCO register = 1 (transmit data output at the rising edge and
receive data input at the falling edge of the transfer clock)

CLKO @

TXDO

\ oo
d
RXDO ><DO>< D1><D2><D3

Notes:
1. The CLKO pin level is high during no transfer.
2. The CLKO pin level is low during no transfer.

Figure 21.4 Transfer Clock Polarity

21.3.3 LSB First/MSB First Select Function

Figure 21.5 shows the Transfer Format. The UFORM bit in the UOCO register can be used to select the transfer
format.

« UFORM bit in UOCO register = 0 (LSB first)

TXDO ><DO><D1><D2><D3><D4><
RXDO ><DO><D1><D2><D3><D4><
« UFORM bit in UOCO register = 1 (MSB first) @
TXDO ><D7><D6><D5><D4><D3>< >< ><
RXDO ><D7><D6><D5><D4><D3>< >< ><
Note:

1. The above applies under the following condition:

CKPOL bit in UOCO register = 0 (transmit data output at the falling edge and
receive data input at the rising edge of the transfer clock).

Figure 21.5 Transfer Format

D2 D1 DO

D2 D1 DO
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21.3.4 Continuous Receive Mode

Continuous receive mode is selected by setting the UORRM bit in the UOC1 register to 1 (continuous receive
mode enabled). In this mode, reading the UORB register sets the T bit in the UOC1 register to O (data in the
UOTB register). When the UORRM bit is set to 1, do not write dummy data to the UOTB register by a program.
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21.4 Clock Asynchronous Serial I/0O (UART) Mode

The UART mode allows data transmission and reception after setting the desired transfer rate and transfer data
format.
Table 21.5 lists the UART Mode Specifications, and Table 21.6 lists the Registers Used and Settings in UART
Mode.

Table 21.5  UART Mode Specifications

Item Specification
Transfer data formats « Character bits (transfer data): Selectable from 7, 8 or 9 bits
« Start bit: 1 bit
« Parity bit: Selectable from odd, even, or none
« Stop bits: Selectable from 1 or 2 bits
Transfer clocks » The CKDIR bit in the UOMR register is set to 0 (internal clock): fj/(16(n+1))
fj = f1, 18, 32, fC n = Value set in UOBRG register: 00h to FFh
* The CKDIR bit is set to 1 (external clock): fEXT/(16(n+1))
fEXT: Input from CLKO pin,
n = Value set in UOBRG register: 00h to FFh
Transmit start conditions « To start transmission, the following requirements must be met:
- The TE bit in the UOC1 register is set to 1 (transmission enabled).
- The Tl bit in the UOCL1 register is set to 0 (data in the UOTB register).
Receive start conditions « To start reception, the following requirements must be met:
- The RE bit in the UOCL1 register is set to 1 (reception enabled).
- Start bit detection
Interrupt request generation « For transmission, one of the following can be selected.
timing - The UOIRS bit in the UOC1 register is set to 0 (transmit buffer empty):
When data is transferred from the UOTB register to the UARTO transmit register
(at start of transmission).
- The UOIRS bit is set to 1 (transfer completed):
When data transmission from the UARTO transmit register is completed.
« For reception
When data is transferred from the UARTO receive register to the UORB register (at
completion of reception).
Error detection « Overrun error (1)
This error occurs if the serial interface starts receiving the next unit of data before
reading the UORB register and receive the bit one before the last stop bit of the
next unit of data.
« Framing error
This error occurs when the set number of stop bits is not detected.
« Parity error
This error occurs when parity is enabled, and the number of 1's in the parity and
character bits do not match the set number of 1’s. (2)
« Error sum flag
This flag is set to 1 if an overrun, framing, or parity error occurs.

Notes:
1. If an overrun error occurs, the receive data (b0 to b8) in the UORB register will be undefined.
2. The framing error flag and the parity error flag are set to 1 when data is transferred from the UARTO receive
register to the UORB register.
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Table 21.6 Registers Used and Settings in UART Mode
Register Bit Function
uoTB b0 to b8 Set transmit data. (1)
UORB b0 to b8 Receive data can be read. (@
OER, FER, PER, SUM Error flag
UOBRG b0 to b7 Set the transfer rate.
UOMR SMD2 to SMDO Set to 100b when transfer data is 7 bits long.
Set to 101b when transfer data is 8 bits long.
Set to 110b when transfer data is 9 bits long.
CKDIR Select an internal clock or external clock.
STPS Select the stop bit(s).
PRY, PRYE Select whether parity is included and whether odd or even.
uoco CLKO, CLK1 Select the count source for the UOBRG register.
TXEPT Transmit register empty flag
NCH Select the output format of the TXDO pin.
CKPOL Set to 0.
UFORM Select LSB first or MSB first when transfer data is 8 bits long.
Set to 0 when transfer data is 7 bits or 9 bits long.
UoC1 TE Set to 1 to enable transmission.
TI Transmit buffer empty flag
RE Set to 1 to enable reception.
RI Reception complete flag
UOIRS Select the UARTO transmit interrupt source.
UORRM Set to 0.
Notes:

1. The bits used for transmission/receive data are as follows:
- Bits b0 to b6 when transfer data is 7 bits long
- Bits b0 to b7 when transfer data is 8 bits long
- Bits b0 to b8 when transfer data is 9 bits long
2. The contents of the following are undefined:
- Bits b7 and b8 when the transfer data is 7 bits long
- Bit b8 when the transfer data is 8 bits long
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Table 21.7 lists the 1/O Pin Functionsin UART Mode.
After the UARTO operating mode is selected, the TXDO pin outputs a high-level signal until transfer starts. (When
the NCH bit in the UOCO register is set to 1 (N-channel open-drain output), this pin isin the high-impedance state.)

Table 21.7 1/0 Pin Functions in UART Mode

Pin name Function Selection Method

TXDO (P8_5) Serial data output Bits TXDOSEL1 to TXDOSELO in UOSR register = 01b

When N-channel open-drain output is selected,

PD8_5 bit in PD8 register = 0

For reception only:

P8_5 can be used as a port by setting bits TXDOSEL1 to TXDOSELO =
00b.

RXDO (P8_6) Serial data input Bits RXD1SEL1 to RXDOSELO in UOSR register = 01b

PD8_6 bit in PD8 register = 0

For transmission only:

P8_6 can be used as a port by setting bits RXDOSEL1 to RXDOSELO =
00b.

CLKO (P8_4) Programmable 1/O port Bits CLKOSEL1 to CLKOSELO in UOSR register = 00b

(CLKO pin not used)

Transfer clock input Bits CLKOSEL1 to CLKOSELO in UOSR register = 01b

CKDIR bit in UOMR register = 1 (external clock)

PD8_4 bit in PD8 register = 0
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TC

.

Transfer clock

« Transmit Timing Example When Transfer Data is 8 Bits Long (Parity Enabled, One Stop Bit)

i

Tyuuuiuyuud vpguuLe

TE bitin
UOC1 register

Data set in UOTB register
Tl bitin '
UOCL register \

—

]

Data transfer from UOTB register to
UARTO transmit register

Start Parity Stop
bit bit bit
v oo oo
TXEPT bitin

UOCO register

o
[l
\
i
\
]
]
T

Pulsing sto

o1 oo 2 o2 o 0w e or) 7

ps because TE bit is set to 0.
1

o o]

o
<

P

(%2

IR bitin
SOTIC register

The above applies under the following conditions:
* PRYE bit in UOMR register = 1 (parity enabled)
« STPS bit in UOMR register = 0 (one stop bit)
* UOIRS bit in UOCL1 register = 1
(interrupt request generation when transmission is comple:

TC

o e

TE bitin

[

« Transmit Timing Example When Transfer Data is 9 Bits Long (Parity Disabled, Two Stop Bits)

Transfer clock

I

N el

Set to 0 when an interrupt request is acknowledged or by a program.

TC=16(n+1)/fjor16 (n+ 1) /fEXT
fi: Frequency of UOBRG count source (f1, f8, f32, fC)
fEXT: Frequency of UOBRG count source (external clock)

n: Value set in UOBRG register
ted)

UOC1 register

|

Data set in UOTB register

JTUUuruuyL
—

]

UOCO register

Tl bitin /
UOCL register
Data transfer from UOTB register to
st UARTO transmit register Stop Stop
bit bit  bit
1

vor —\ oo e

TXEPT bitin ]

57J oo} o o2f o2 ) oo oof o7 o 57

o

ST (DO | D1

IR bitin
SOTIC register

]
S~

The above applies under the following conditions:
* PRYE bit in UOMR register = 0 (parity disabled)
« STPS bit in UOMR register = 1 (two stop bits)
* UOIRS bit in UOC1 register =0
(interrupt request generation when the transmit buffer is em|

Set to 0 when an interrupt request is acknowledged or by a program.

]
—

TC=16(n+1)/fjor16 (n+1)/fEXT
fj: Frequency of UOBRG count source (f1, 8, f32, fC)
fEXT: Frequency of UOBRG count source (external clock)

n: Value set in UOBRG register
pty)

Figure 21.6  Transmit Timing in UART Mode
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* Receive Timing Example When Transfer Data is 8 Bits Long (Parity Disabled, One Stop Bit)

UOBRG output

RE bitin T T
UOCL1 register

S
RXDO Start bit /< D
S

O
U

L el Stop bit
XD1 D7) \
Received data capture

S S

Reception starts when a transfer clock is Data transfer from UARTO receive register to
generated at the falling edge of the start bit. UORB register

RI bit in
UOC1 register —_ —_—-

IR bit in |
SORIC register —_ —_—- I

7

Set to 0 when an interrupt request is acknowledged or by a program.

o

“L” is determined.

Transfer clock

The above applies under the following conditions:
* PRYE bit in UOMR register = 0 (parity disabled)
* STPS bit in UOMR register = 0 (one stop bit)

Figure 21.7 Receive Timing in UART Mode
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21.4.1 Bit Rate
In UART mode, the bit rate is the frequency (divided by the UOBRG register) divided by 16.

UART mode

« Internal clock selected
fj

Bit rate x 16 -1

Setting value of UOBRG register =

fj: Count source frequency of UOBRG register (f1, f8, f32, or fC)

« External clock selected

Setting value of UOBRG register = fFEXT -1

Bit rate x 16

fEXT: Count source frequency of UOBRG register (external clock)

Figure 21.8 Formula for Calculating Setting Value of UOBRG Register

Table 21.8  Bit Rate Setting Example in UART Mode (Internal Clock Selected)
System Clock = 20 MHz System Clock = 18.432 MHz (1) System Clock = 8 MHz

Bit Rate UOBRG UOBRG Setti UOBRG Setti UOBRG Actual | Setti
Count . Actual Time | °€°'"9 . Actual Time | 219 . clua eting
©Ps) || source | Setting (bps) Error | Setting (bps) Error | Setting Time | Error
value P %) | Value P @) | value | (ps) | @)

1200 f8 129 (81h) 1201.92 0.16] 119 (77h) 1200.00 0.00| 51 (33h) 1201.92 0.16

2400 f8 64 (40h) 2403.85 0.16| 59 (3Bh) 2400.00 0.00| 25 (19h) | 2403.85 0.16
4800 f8 32 (20h) 4734.85| -1.36]| 29 (1Dh) 4800.00 0.00| 12 (0OCh) | 4807.69| 0.16

9600 fl 129 (81h) 9615.38 0.16] 119 (77h) 9600.00 0.00| 51 (33h) | 9615.38 0.16
14400 fl 86 (56h) 14367.82| -0.22] 79 (4Fh) 14400.00 0.00| 34 (22h) |14285.71| -0.79
19200 fl 64 (40h) 19230.77 0.16] 59 (3Bh) 19200.00 0.00| 25 (19h) | 19230.77 0.16
28800 fl 42 (2Ah) 29069.77 0.94| 39 (27h) 28800.00 0.00| 16 (10h) | 29411.76 2.12
38400 fl 32 (20h) 37878.79| -1.36| 29 (1Dh) 38400.00 0.00] 12 (0Ch) | 38461.54 0.16
57600 fl 21 (15h) 56818.18| -1.36| 19 (13h) 57600.00 0.00| 8(08h) |55555.56| -3.55
115200 fl 10 (OAh) | 113636.36| -1.36] 9 (09h) 115200.00| 0.00 — — —

Note:
1. For the high-speed on-chip oscillator, the correction value of the FR18S0 register should be written into the
FRCO register and the correction value of the FR18S1 register should be written into the FRC1 register.

This applies when the high-speed on-chip oscillator is selected as the system clock and bits FRA22 to FRA20
in the FRA2 register are set to 000b (divide-by-1 mode).
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21.4.2 Measure for Dealing with Communication Errors

If communication is aborted or a communication error occurs while transmitting or receiving in UART mode,
follow the procedures below:

(1) SettheTE bitinthe UOC1 register to O (transmission disabled) and the RE bit to O (reception disabled).

(2) Set bits SMD2 to SMDO in the UOMR register to 000b (serial interface disabled).

(3) Set bits SMD2 to SMDO in the UOMR register to 100b (UART mode, transfer data 7 bits long), 101b
(UART mode, transfer data 8 bitslong), or 110b (UART mode, transfer data 9 bits long).

(4) Setthe TE bitin the UOC1 register to 1 (transmission enabled) and the RE bit to 1 (reception enabled).
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21.5 Notes on Serial Interface (UARTO)

* When reading data from the UORB register either in clock synchronous serial 1/0 mode or in clock asynchronous

serial 1/0 mode, aways read datain 16-bit units.
When the high-order byte of the UORB register is read, bits PER and FER in the UORB register and the RI bit in

the UOC1 register are set to 0.
To check receive errors, read the UORB register and then use the read data.

Program example to read the receive buffer register:
MOV.W 00A6H,RO ; Read the UORB register

* When writing data to the UOTB register in clock asynchronous seria 1/0O mode with 9-bit transfer data length,
write data to the high-order byte first and then the low-order byte, in 8-bit units.

Program example to write to the transmit buffer register:
MOV.B #XXH,00A3H ; Write to the high-order byte of the UOTB register
MOV.B #XXH,00A2H ; Write to the low-order byte of the UOTB register
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22. Clock Synchronous Serial Interface

The clock synchronous serial interface is configured as follows.

Clock synchronous seria interface

Synchronous serial communication unit (SSU) —_— Clock synchronous communication mode

4-wire bus communication mode

12C bus Interface 12C bus interface mode

Clock synchronous serial mode

The clock synchronous serial interface uses the registers at addresses 0193h to 019Dh. Registers, bits, symbols, and
functions vary even for the same addresses depending on the mode. Refer to the registers of each function for details.
Also, the differences between clock synchronous communication mode and clock synchronous serial mode are the
options of the transfer clock, clock output format, and data output format.

22.1 Mode Selection

The clock synchronous seria interface supports four modes.

Table 22.1 lists the Mode Selections. Refer to 23. Synchronous Serial Communication Unit (SSU), 24. 12C bus
I nter face and the sections that follow for details of each mode.

Table 22.1 Mode Selections

Bit 0 in 019Dh
IICSEL Bit Bit 7 in 0198h (SSUMS Bit
in SSUIICSR (ICE Bitin in SSMR2 Register, Function Mode
Register ICCR1 Register) FS Bit
in SAR Register)
0 0 0 Synchronous serial Clock synchronous
communication unit communication mode
0 0 1 4-wire bus communication mode
1 1 0 12C bus interface I2C bus interface mode
1 1 1 Clock synchronous serial mode
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23. Synchronous Serial Communication Unit (SSU)

Note

The description offered in this chapter is based on the R8C/LASA Group.
For the R8C/LA3A Group, refer to 1.4 Pin Assignments.

23.1 Introduction

The synchronous serial communication unit (SSU) supports clock synchronous serial data communication.
Table 23.1 shows the Synchronous Serial Communication Unit Specifications. Figure 23.1 shows a Block Diagram
of Synchronous Serial Communication Unit.

Table 23.1 Synchronous Serial Communication Unit Specifications

Item Specification
Transfer data format « Transfer data length: 8 to 16 bits
Continuous transmission and reception of serial data are enabled since both
transmitter and receiver have buffer structures.

Operating modes * Clock synchronous communication mode

« 4-wire bus communication mode (including bidirectional communication)
Master/slave device Selectable
I/O pins SSCK (I/O): Clock 1/O pin

SSI (1/0): Data I/O pin

SSO (I/O): Data I/O pin

SCS (I/0O): Chip-select I/0 pin

Transfer clocks * When the MSS bit in the SSCRH register is set to 0 (operation as a slave device), an
external clock is selected (input from the SSCK pin).

« When the MSS hit in the SSCRH register is set to 1 (operation as the master device),
an internal clock (selectable among f1/256, f1/128, f1/64, f1/32, f1/16, f1/8 and f1/4,
output from the SSCK pin) is selected.

 The clock polarity and the phase of SSCK can be selected.

Receive error detection « Overrun error

An overrun error occurs during reception and completes in error. While the RDRF bit in
the SSSR register is set to 1 (data in the SSRDR register) and when the next serial
data reception is completed, the ORER bit in the SSSR register is set to 1 (overrun
error).

Multimaster error detection | « Conflict error

When the SSUMS bit in the SSMR2 register is set to 1 (4-wire bus communication
mode) and the MSS bit in the SSCRH register is set to 1 (operation as the master
device) and when starting a serial communication, the CE bit in the SSSR register is
set to 1 (conflict error) if a low-level signal applies to the SCS pin input. When the
SSUMS bit in the SSMR2 register is set to 1 (4-wire bus communication mode), the
MSS bit in the SSCRH register is set to 0 (operation as a slave device) and the SCS
pin input changes state from low to high, the CE bit in the SSSR register is set to 1.

Interrupt requests 5 interrupt requests (transmit end, transmit data empty, receive data full, overrun error,
and conflict error) (1),
Selectable functions « Data transfer direction

Selectable MSB first or LSB first
¢ SSCK clock polarity
Selectable a low or high level when the clock stops
¢ SSCK clock phase
Selectable edges for data change and data download

Note:
1. All sources use a single interrupt vector table for the synchronous serial communication unit.
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Internal clock (f1/i)

f1

v

Internal clock

generation
circuit
//
A
" Multiplexer |-
SSCK O——— P ~y
v SSMR register k:>
- SSCRL register k:>
| SSCRH register [(=5)
5CS O Transmit/receive |qg—— -
SCS control circuit “
[t SSMR2 register |<:> é
| SsToRregser [ &
$SO 04— -t SSTRSR register
Selector
ssi Oa—»|
| SSRDR register [75)
L g Interrupt requests
(TXI, TEI, RXI, OEI, and CEI)
—d
i=4,8,16, 32, 64, 128, or 256
Figure 23.1 Block Diagram of Synchronous Serial Communication Unit
Table 23.2 Pin Configuration of Synchronous Serial Communication Unit
Pin Name Assigned Pin I/0 Function
SSi P8 1,P0 5 /0 Data I/O
SCS P8_0,P0_6 /0 Chip-select signal I1/10
SSCK P8_2,P0_4 110 Clock I/O
SSO P8_3,P0_3 I/0 Data I/O
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23.2

Registers

23.2.1 Module Standby Control Register 0 (MSTCRO)
Address 0008h

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol [MSTADC| —  [MSTTRC|MSTLCD| MSTIIC | —  [MSTURTO| —
After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 — Reseved bit Set to 0. R/W
bl |MSTURTO |UARTO standby bit 0: Active R/W
1: Standby (1)
b2 — Reseved bit Set to 0. R/W
b3 MSTIIC |SSU, I2C bus standby bit 0: Active R/W
1: Standby (@
b4 MSTLCD |LCD standby bit 0: Active R/W
1: Standby (3
b5 MSTTRC |Timer RC standby bit 0: Active R/W
1: Standby 4
b6 — Reseved bit Setto 0. R/W
b7 MSTADC |A/D standby bit (5) 0: Active R/W
1: Standby
Notes:
1. When the MSTURTO bit is set to 1 (standby), any access to the UARTO associated registers (addresses 00AOh

2.

3.

to 00A7h) is disabled.

When the MSTIIC bit is set to 1 (standby), any access to the SSU or the I2C bus associated registers (addresses
0193h to 019Dh) is disabled.

When the MSTLCD bit is set to 1 (standby), any access to the timer LCD associated registers (addresses 0200h
to 0237h) is disabled.

When the MSTTRC bit is set to 1 (standby), any access to the timer RC associated registers (addresses 0120h
to 0133h) is disabled.

When the MSTADC bit is set to 1 (standby), any access to the timer A/D associated registers (addresses 00C0Oh
to 00D9h, 00ODCh to 00DFh) is disabled.

Set the MSTADC bit to O (active) when the temperature sensor is used.

When changing each standby bit to standby, stop the corresponding peripheral function beforehand. When
peripheral functions are set to standby using each standby bit, their registers cannot be read or written. Also, the
clock supply to the peripheral functionsis stopped.

When changing from standby to active, set the registers of the corresponding peripheral function again after
changing.
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23.2.2 SSUI/IC Pin Select Register (SSUIICSR)
Address 018Ch

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol | SSOSELO | SCSSELO |SSCKSELO| SSISELO | — | — — IICSEL
After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 IICSEL  |[SSU/I2C bus switch bit 0: SSU function selected R/W
1: 12C bus function selected
bl — Reserved bits Setto 0. R/W
b2 —
b3 —
b4 SSISELO |SSI pin select bit 0: P8_1 assigned R/W
1: PO_5 assigned
b5 SSCKSELO |SSCK/SCL pin select bit 0: P8_2 assigned R/W
1: PO_4 assigned
b6 SCSSELO [gcs pin select bit 0: P8_0 assigned R/W
1: PO_6 assigned
b7 SSOSELO [SSO/SDA pin select bit 0: P8_3 assigned R/W
1: PO_3 assigned
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23.2.3 SS Bit Counter Register (SSBR)
Address 0193h

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol | — | — | — | — | BS3 BS2 BS1 BSO
After Reset 1 1 1 1 1 0 0 0
Bit Symbol Bit Name Function R/W
b0 BSO it (1) b3 b2 b1 bo R/W
SSU data transfer length set bit 0000 16 bits
bl BS1 . R/W
b5 557 100 0: 8 bits RIW
100 1:9 bits
b3 | BS3 101 0: 10 bits RIW
101 1: 11 bits
1100: 12 bits
110 1: 13 bits
1110: 14 bits
111 1:15bits
b4 — Nothing is assigned. If necessary, set to 0. When read, the content is 1. —
b5 —
b6 —
b7 —
Note:

1. Do not write to bits BSO to BS3 during SSU operation.

To set the SSBR register, set the RE bit in the SSER register to 0 (reception disabled) and the TE bit to 0
(transmission disabled).

Bits BSO to BS3 (SSU Data Transfer Length Set Bit)

From 8 to 16 bits can be used as the SSU data transfer length.

23.2.4 SS Transmit Data Register (SSTDR)
Address 0195h to 0194h

Bit b7 b6 b5 b4 b3 b2 bl b0
smo[ — [ — [ — [ — [ — [ — 1 — [ —
After Reset 1 1 1 1 1 1 1 1
Bit  bl5 b14 b13 b12 b11 b10 b9 b8
Symbol — — — — — — — —
After Reset 1 1 1 1 1 1 1 1
Bit Symbol Function R/W
b15 to b0 — | This register stores transmit data. (1) RIW
When the SSTRSR register is detected as empty, the stored transmit data is transferred
to the SSTRSR register and transmission starts.
When the next transmit data is written to the SSTDR register during the data
transmission from the SSTRSR register, continuous transmission is enabled.
When the MLS bit in the SSMR register is set to 1 (transfer data with LSB first), the MSB-
LSB inverted data is read after writing to the SSTDR register.
Note:
1. When the SSU data transfer length is set to 9 bits or more with the SSBR register, access the SSTDR register in
16-bit units.
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23.2.5 SS Receive Data Register (SSRDR)
Address 0197h to 0196h

Bit b7 b6 b5 b4 b3 b2 bl b0
smeo[ — [ — ] — ] — [ — [ — [ — ] -
After Reset 1 1 1 1 1 1 1 1
Bit b15 bl4 b13 b12 b1l b10 b9 b8
Symbol [ — — — — — — — —
After Reset 1 1 1 1 1 1 1 1
Bit Symbol Function R/W
b15 to b0 — | This register stores receive data. (1, 2) R

The receive data is transferred to the SSRDR register and the receive operation is
completed when 1 byte of data has been received by the SSTRSR register. At this time,
the next reception is enabled.

Continuous reception is enabled using registers SSTRSR and SSRDR.

Notes:
1. When the ORER bit in the SSSR register is set to 1 (overrun error), the SSRDR register retains the data received
before an overrun error occurs. When an overrun error occurs, the receive data is discarded.
2. When the SSU data transfer length is set to 9 bits or more with the SSBR register, access the SSRDR register in
16-bit units.

23.2.6 SS Control Register H (SSCRH)
Address 0198h

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol| — |RSSTP| MSS | — | — CKS2 | CKS1 | CKSO

After Reset 0 0 0 0 0 0 0 0

Bit Symbol Bit Name Function R/W

b0 CKSO it (1) b2 b1 b0 R/W

Transfer clock select bit 000 11/256

bl CKS1 R/W

b2 CKSD 00 1:f1/128 RIW
010:fl/64
011:f1/32
100:fl/16
101:f1/8
110:f1/4
11 1: Do not set.

b3 — Nothing is assigned. If necessary, set to 0. When read, the content is 0. —

b4 —

b5 MSS |Master/slave device select bit @ |0: Operation as a slave device R/W
1: Operation as the master device

b6 RSSTP |Receive single stop bit 3) 0: Receive operation is continued after receiving 1 byte | R/W

of data
1: Receive operation is completed after receiving 1
byte of data
b7 — Nothing is assigned. If necessary, set to 0. When read, the content is 0. —
Notes:

1. The set clock is used when the MSS bit is set to 1 (operates as master device).

2. The SSCK pin functions as the transfer clock output pin when the MSS bit is set to 1 (operation as the master
device). The MSS bit is set to O (operation as a slave device) when the CE bit in the SSSR register is set to 1
(conflict error occurs).

3. The RSSTP bit is disabled when the MSS bit is set to O (operation as a slave device).
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23.2.7 SS Control Register L (SSCRL)

Address 0199h

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol| — | — | SOL | SOLP | — — SRES —
After Reset 0 1 1 1 1 1 0 1
Bit Symbol Bit Name Function R/W
b0 — Nothing is assigned. If necessary, set to 0. When read, the content is 1. —
bl SRES |SSU control unit reset bit When 1 is written to this bit, the SSU control unitand | R/W
the SSTRSR register are reset.
The value of the SSU internal register (1) is retained.
b2 — Nothing is assigned. If necessary, set to 0. When read, the content is 1. —
b3 —
b4 SOLP  |SOL write protect bit (2) When 0 is written to this bit, the output level can be RIW
changed by the SOL bit.
The SOLP bit remains unchanged even if 1 is written
to it. When read, the content is 1.
b5 SOL  |Serial data output value setting bit |When read R/W
0: Serial data output is low
1: Serial data output is high
When written (2, 3)
0: Data output is low
1: Data output is high
b6 — Nothing is assigned. If necessary, set to 0. When read, the content is 1. —
b7 — Nothing is assigned. If necessary, set to 0. When read, the content is 0. —
Notes:

1. Registers SSBR, SSCRH, SSCRL, SSMR, SSER, SSSR, SSMR2, SSTDR, and SSRDR.
2. For the data output after serial data transmission, the last bit value of the transmitted serial data is retained.
If the content of the SOL bit is rewritten before or after serial data transmission, the change is immediately

reflected in the data output.

When writing to the SOL bit, set the SOLP bit to 0 and the SOL bit to 0 or 1 simultaneously by the MOV

instruction.

3. Do not write to the SOL bit during data transfer.
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23.2.8 SS Mode Register (SSMR)
Address 019Ah

Bit b7 b6 b5 b4 b3 b2 b1l b0
Symbol| MLS | CPOS | CPHS | — | BC3 BC2 BC1 BCO
After Reset 0 0 0 1 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 BCO |Bit counter 3to 0 b3 b2 b1 b0 ) R
b1 BCT 0000:16 _bltS left R
b2 BCD 0001:1 b!t left R
00 10: 2 bits left
b3 BC3 001 1: 3 bits left R
01 0 0: 4 bits left
010 1: 5 bits left
011 0: 6 bits left
011 1:7 bits left
1 00 0: 8 hits left
100 1: 9 bits left
101 0: 10 bits left
101 1: 11 bits left
1100: 12 bits left
1101: 13 bits left
111 0: 14 bits left
111 1:15 bits left
b4 — Nothing is assigned. If necessary, set to 0. When read, the content is 1. —
b5 CPHS |SSCK clock phase select bit (1) 0: Data change at odd edges R/W
(Data download at even edges)
1: Data change at even edges
(Data download at odd edges)
b6 CPOS [SSCK clock polarity select bit (1) 0: High when clock stops R/W
1: Low when clock stops
b7 MLS |MSB first/LSB first select bit 0: Transfer data with MSB first R/W
1: Transfer data with LSB first
Note:

1. Refer to 23.3.1.1 Association between Transfer Clock Polarity, Phase, and Data for the settings of bits
CPHS and CPOS.
When the SSUMS bit in the SSMR2 register is set to 0 (clock synchronous communication mode), set the CPHS
bit to 0 and the CPOS bit to 0.
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23.2.9 SS Enable Register (SSER)
Address 019Bh

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol | TIE | TEIE | RIE | TE | RE — — CEIE

After Reset 0 0 0 0 0 0 0 0

Bit Symbol Bit Name Function R/W

b0 CEIE |[Conflict error interrupt enable bit |0: Conflict error interrupt request disabled R/W
1: Conflict error interrupt request enabled

bl — Nothing is assigned. If necessary, set to 0. When read, the content is O. —

b2 —

b3 RE Reception enable bit 0: Reception disabled R/W
1: Reception enabled

b4 TE Transmission enable bit 0: Transmission disabled R/W
1: Transmission enabled

b5 RIE  |Receive interrupt enable bit 0: Receive data full and overrun error interrupt requests | R/W

disabled
1: Receive data full and overrun error interrupt requests
enabled

b6 TEIE |Transmit end interrupt enable bit |0: Transmit end interrupt request disabled R/W
1: Transmit end interrupt request enabled

b7 TIE  |Transmit interrupt enable bit 0: Transmit data empty interrupt request disabled R/W
1: Transmit data empty interrupt request enabled
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23.2.10 SS Status Register (SSSR)
Address 019Ch

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol | TDRE | TEND | RDRF | — | — ORER — CE
After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 CE  [Conflict error flag (1) 0: No confiict error RIW
1: Conflict error ()
bl — Nothing is assigned. If necessary, set to 0. When read, the content is 0. —
b2 ORER |Overrun error flag (1) 0: No overrun error R/W
1: Overrun error (3)
b3 — Nothing is assigned. If necessary, set to 0. When read, the content is 0. —
b4 —
b5 RDRF  |Receive data register full flag (. 4) [0: No data in the SSRDR register R/W
1: Data in the SSRDR register
b6 TEND | Transmit end flag (. %) 0: TDRE bit is set to 0 when transmitting the last bit of | R/W
transmit data
1: TDRE bit is set to 1 when transmitting the last bit of
transmit data
b7 TDRE |Transmit data empty flag (. 5. 6) 0: No data transferred from registers SSTDR to R/W
SSTRSR
1: Data transferred from registers SSTDR to SSTRSR
Notes:
1. Writing 1 to the CE, ORER, RDRF, TEND, or TDRE bit is disabled. To set any of these bits to 0, first read 1 then
write 0.

2. When the serial communication is started while the SSUMS bit in the SSMR2 register is set to 1 (4-wire bus
communication mode) and the MSS bit in the SSCRH register is set to 1 (operation as the master device), the
CE bit is set to 1 if a low-level signal is applied to the SCS pin input. Refer to 23.5.4 SCS Pin Control and
Arbitration for more information.

When the SSUMS bit in the SSMR2 register is set to 1 (4-wire bus communication mode), the MSS bit in the
SSCRH register is set to 0 (operation as a slave device) and the SCS pin input changes the level from low to
high during transfer, the CE bit is set to 1.

3. Indicates when an overrun error occurs during reception and completes in error. If the next serial data receive
operation is completed while the RDRF bit is set to 1 (data in the SSRDR register), the ORER bit is set to 1.
After the ORER bit is set to 1 (overrun error), receive operation is disabled while the bit remains 1. Transmit
operation is also disabled while the MSS bit is set to 1 (operation as the master device).

4. The RDRF bit is set to 0 when reading the data from the SSRDR register.

5. Bits TEND and TDRE are set to 0 when writing data to the SSTDR register.

When reading these bits immediately after writing to the SSTDR register, insert three or more NOP instructions
between the instructions used for writing and reading.

6. The TDRE bit is set to 1 when the TE bit in the SSER register is set to 1 (transmission enabled).

To access the SSSR register successively, insert one or more NOP instructions between the instructions used for
access.
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23.2.11 SS Mode Register 2 (SSMR2)
Address 019Dh

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol| BIDE | SCKS | CSS1 | CSS0O | SCKOS | SOOS | CSOS | SSUMS
After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 SSUMS |SSU mode select bit (1) 0: Clock synchronous communication mode R/W
1: 4-wire bus communication mode
bl CSOS |scs pin open-drain output 0: CMOS output _ R/W
select bit 1: N-channel open-drain output
b2 SOOS |Serial data open drain output 0: CMOS output (4 R/W
select bit (1) 1: N-channel open-drain output
b3 SCKOS [SSCK pin open-drain output 0: CMOS output R/W
select bit 1: N-channel open-drain output
b4 CSSO0 |Grc i . b5 b4 RIW
- — SCS pin select bit (2) 0 0: Function as a port R
0 1: Function as the SCS input pin
1 0: Function as the SCS output pin (3)
1 1: Function as the SCS output pin (3)
b6 SCKS |SSCK pin select bit 0: Function as a port R/W
1: Function as the serial clock pin
b7 BIDE |Bidirectional mode enable bit (1. 4) |0: Standard mode (communication using 2 pins of data | R/W
input and data output)
1: Bidirectional mode (communication using 1 pin of
data input and data output)
Notes:

1. Refer to 23.3.2.1 Association between Data I/O Pins and SS Shift Register for information on the
combinations of data I/O pins.
2. The SCS pin functions as a port, regardless of the values of bits CSS0 and CSS1 when the SSUMS bit is set to
0 (clock synchronous communication mode).
3. This bit functions as the SCS input pin before starting transfer.

E

The BIDE bit is disabled when the SSUMS bit is set to 0 (clock synchronous communication mode).

5. When the SOOS bit is set to 0 (CMOS output), set the port direction register bits corresponding to pins SSI and
SSO to 0 (input mode).
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23.3 Common Items for Multiple Modes

23.3.1 Transfer Clock

The transfer clock can be selected from among seven internal clocks (f1/256, f1/128, 1/64, f1/32, f1/16, f1/8,
and f1/4) and an external clock.

To use the synchronous serial communication unit, set the SCKS bit in the SSMR2 register to 1 and select the
SSCK pin asthe seria clock pin.

When the MSS bit in the SSCRH register is set to 1 (operation as the master device), an internal clock can be
selected and the SSCK pin functions as output. When transfer is started, the SSCK pin outputs a clock at the
transfer rate selected by bits CKS0 to CKS2 in the SSCRH register.

When the MSS bit in the SSCRH register is set to 0 (operation as a slave device), an external clock can be
selected and the SSCK pin functions as input.

23.3.1.1 Association between Transfer Clock Polarity, Phase, and Data

The association between the transfer clock polarity, phase, and data changes according to the combination of
the SSUMS bit in the SSMR2 register and bits CPHS and CPOS in the SSMR register.

Figure 23.2 shows the Association between Transfer Clock Polarity, Phase, and Transfer Data.

Also, the MSB-first transfer or LSB-first transfer can be selected by setting the ML S bit in the SSMR register.
When the ML S bit is set to 1, transfer is started from the LSB and proceeds to the MSB. When the MLS bit is
set to O, transfer is started from the MSB and proceedsto the L SB.
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* SSUMS = 0 (clock synchronous communication mode), CPHS bit = 0 (data change at odd edges),
and CPOS bit = 0 (“H” when clock stops)

SSCK

W oo W o Y o W X o X o X o W o

SSO, Ssi

e SSUMS =1 (4-wire bus communication mode) and CPHS = 0 (data change at odd edges)

SSCK
CPOS =0

(“H” when clock stops)

SSCK
CPOS=1
(“L” when clock stops)

SSO,SSI4<:><£6><[\;1><!;J2><[;§><;4><I;%><B16><t\)}7>7
—

* SSUMS =1 (4-wire bus communication mode) and CPHS = 1 (data download at odd edges)

SSCK
CPOS =0

(“H” when clock stops)

SSCK
CPOS=1
(“L” when clock stops)

\s A4 A4 A4 A4 A4 T A
SSO, sSi 4< b0 >< bl >< b2 >< b3 >< b4 >< b5 >< b6 >< b7 ><:>7
SCS

CPHS, CPOS: Bits in SSMR register
SSUMS: Bit in SSMR2 register

Figure 23.2 Association between Transfer Clock Polarity, Phase, and Transfer Data
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23.3.2 SS Shift Register (SSTRSR)

The SSTRSR register is a shift register for transmitting and receiving serial data.

When transmit data is transferred from the SSTDR register to the SSTRSR register and the MLS bit in the
SSMR register is set to 0 (MSB first), bit 0 inthe SSTDR register is transferred to bit 0 in the SSTRSR register.
When the ML S bit is set to 1 (LSB first), bit 7 in the SSTDR register is transferred to bit 0 in the SSTRSR
register.

23.3.2.1 Association between Data I/O Pins and SS Shift Register

The connection between the data 1/0 pins and the SSTRSR register (SS shift register) changes according to a
combination of the MSS bit in the SSCRH register and the SSUMS bit in the SSMR2 register. The connection
a so changes according to the BIDE hit in the SSMR2 register.

Figure 23.3 shows the Association between Data |/O Pins and SSTRSR Register.

e SSUMS =1 (4-wire bus communication mode),
BIDE = 0 (standard mode), and
MSS = 1 (operation as the master device) |

e SSUMS = 0 (clock synchronous communication mode)

|
| SSTRSR register SSO —>| SSTRSR register SSO
] ]
<—<> ssl <—<> ssl
| I
¢ SSUMS =1 (4-wire bus communication mode), e SSUMS =1 (4-wire bus communication mode) and
BIDE = 0 (standard mode), and BIDE = 1 (bidirectional mode)
MSS = 0 (operation as a slave device) | l
| ]
SSTRSR register SSO | SSTRSR register SSO

SsSli C:) SSl

Figure 23.3  Association between Data I/0O Pins and SSTRSR Register
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23.3.3 Interrupt Requests

The synchronous serial communication unit has five interrupt requests: transmit data empty, transmit end,
receive datafull, overrun error, and conflict error. Since these interrupt requests are assigned to the synchronous
serial communication unit interrupt vector table, determining interrupt sources by flagsis required.

Table 23.3 shows the Interrupt Reguests of Synchronous Serial Communication Unit.

Table 23.3 Interrupt Requests of Synchronous Serial Communication Unit

Interrupt Request Abbreviation Generation Condition
Transmit data empty TXI TIE=1and TDRE=1
Transmit end TEI TEIE=1and TEND =1
Receive data full RXI RIE=1and RDRF =1
Overrun error OEl RIE=1and ORER =1
Conflict error CEl CEIE=1andCE=1

CEIE, RIE, TEIE, TIE: Bits in SSER register
ORER, RDRF, TEND, TDRE: Bits in SSSR register

If the generation conditionsin Table 23.3 are met, an interrupt request of the synchronous serial communication
unit is generated. Set each interrupt source to 0 by the synchronous serial communication unit interrupt routine.

However, bits TDRE and TEND are automatically set to O by writing transmit data to the SSTDR register and
the RDRF bit is automatically set to O by reading the SSRDR register. In particular, the TDRE bit isset to 1
(data transferred from registers SSTDR to SSTRSR) at the same time transmit data is written to the SSTDR
register. If the TDRE bit isfurther set to O (data not transferred from registers SSTDR to SSTRSR), additional 1
byte may be transmitted.
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23.3.4 Communication Modes and Pin Functions

The synchronous serial communication unit switches the functions of the I/O pinsin each communication mode
according to the setting of the M SS hit in the SSCRH register and bits RE and TE in the SSER register.
Table 23.4 shows the Association between Communication Modes and 1/0 Pins.

Table 23.4 Association between Communication Modes and |I/O Pins

Communication Mode Bit Setting Pin State
SSUMS BIDE MSS TE RE SSlI SSO SSCK
Clock synchronous 0 Disabled 0 1 Input —® Input
communication mode 1 0 —0 Output Input
1 Input Output Input
1 0 1 Input — Output
1 0 — @ Output Output
1 Input Output Output
4-wire bus communication 1 0 0 1 — @ Input Input
mode 1 0 Output | — @ Input
1 Output Input Input
1 0 1 Input — @ Output
1 0 — @ Output Output
1 Input Output Output
4-wire bus (bidirectional) 1 1 0 0 1 —® Input Input
communication mode (2) 1 0 ) Output Input
1 0 1 —® Input Output
1 0 — @ Output Output

Notes:
1. This pin can be used as a programmable I/O port.
2. Do not set both bits TE and RE to 1 in 4-wire bus (bidirectional) communication mode.
SSUMS, BIDE: Bits in SSMR2 register
MSS: Bit in SSCRH register
TE, RE: Bits in SSER register

RO1UH0024EJ0100 Rev.1.00 RENESAS Page 378 of 581
Aug 24, 2011



R8C/LA3A Group, R8C/LASA Group 23. Synchronous Serial Communication Unit (SSU)

23.4 Clock Synchronous Communication Mode

23.4.1 Initialization in Clock Synchronous Communication Mode

Figure 23.4 shows Initialization in Clock Synchronous Communication Mode. Before data transmission or
reception, set the TE bit in the SSER register to 0 (transmission disabled) and the RE bit to O (reception
disabled), and initialize the synchronous serial communication unit.

Set the TE bit to 0 and the RE bit to 0 before changing the communication mode or format.

Setting the RE bit to 0 does not change the contents of flags RDRF and ORER or the contents of the SSRDR

register.

SSER register RE bit < 0
TE bit« 0

| SSMR2 register SSUMS bit « 0 |

SSMR register CPHS bit« 0
CPOS bit« 0
Set the MLS bit

SSCRH register Set the MSS bit

SSMR2 register SCKS bit «+ 1
Set the SOOS bit

SSCRH register  Set bits CKS0 to CKS2
Set the RSSTP bit

| SSSR register ORER bit <~ 0 @ |

SSER register RE bit < 1 (receive)
TE bit « 1 (transmit)
Set bits RIE, TEIE, and TIE

End

Note:
1. Write 0 after reading 1 to set the ORER bit to 0.

Figure 23.4 Initialization in Clock Synchronous Communication Mode
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23.4.2 Data Transmission

Figure 23.5 shows an Example of Synchronous Serial Communication Unit Operation during Data
Transmission (Clock Synchronous Communication Mode, 8-Bit SSU Data Transfer Length). During data
transmission, the synchronous serial communication unit operates as described below (the data transfer length
can be set from 8 to 16 bits using the SSBR register).

When the synchronous serial communication unit is set as the master device, it outputs a synchronous clock and
data. When the synchronous serial communication unit is set as a slave device, it outputs data synchronized
with the input clock.

When the TE bit in the SSER register is set to 1 (transmission enabled) before writing the transmit data to the
SSTDR register, the TDRE bit in the SSSR register is automatically set to O (data not transferred from registers
SSTDR to SSTRSR) and the data is transferred from registers SSTDR to SSTRSR. After the TDRE bit is set to
1 (data transferred from registers SSTDR to SSTRSR), transmission starts. When the TIE bit in the SSER
register isset to 1 at thistime, a TXI interrupt request is generated.

When one frame of datais transferred while the TDRE hit is set to 0, data is transferred from registers SSTDR
to SSTRSR and transmission of the next frame is started. If the 8th bit is transmitted while the TDRE bit is set
to 1, the TEND bit in the SSSR register is set to 1 (TDRE bit is set to 1 when the last bit of the transmit datais
transmitted) and the state is retained. When the TEIE bit in the SSER register is set to 1 (transmit-end interrupt
request enabled) at thistime, a TEl interrupt request is generated. The SSCK pin is fixed high after transmit-
end.

Transmission cannot be performed while the ORER bit in the SSSR register is set to 1 (overrun error). Confirm
that the ORER bit is set to O (no overrun error) before transmission.

Figure 23.6 shows a Sample Flowchart of Data Transmission (Clock Synchronous Communication Mode).

¢ SSUMS = 0 (clock synchronous communication mode), CPHS = 0 (data change at odd edges),
CPOS =0 (“H” when clock stops), and BS3 to BSO = 1000b (8 bits)

| o L L L g

><bo><m><§><m;<boxmx§><m

i
- 1 frame i 1 frame >
TDRE bit in | 55
SSSR register - g / TEl interrupt request
\ 1 generation
TEND bit in TXI interrupt request generation

SSSR register

Program ‘ BSO0 to BS3: Bits in SSBR register
broceasing  Write data to the SSTDR register. CPHS, CPOS: Bits in SSMR register
SSUMS: Bit in SSMR2 register

Figure 23.5 Example of Synchronous Serial Communication Unit Operation during Data
Transmission (Clock Synchronous Communication Mode, 8-Bit SSU Data Transfer
Length)
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Start

i

| Initialization |
1) | Read the TDRE bit in the SSSR register |
No
Yes

Write transmit data to the SSTDR register

Data

L Yes
transmission

@

continues?
No
) Read the TEND bit in the SSSR register
No
Yes

| SSSR register  TEND bit < 0 ® |

| SSER register TE bit« 0 |

End

Note:
1. Write 0 after reading 1 to set the TEND bit to O.

(1) After reading the SSSR register and confirming
that the TDRE bit is set to 1, write the transmit
data to the SSTDR register. When the transmit
data is written to the SSTDR register, the TDRE
bit is automatically set to 0.

(2) Determine whether data transmission continues.

(3) When data transmission is completed, the TEND
bit is set to 1. Set the TEND bit to 0 and the TE bit
to 0 and end transmit mode.

Figure 23.6

Sample Flowchart of Data Transmission (Clock Synchronous Communication Mode)
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23.4.3 Data Reception

Figure 23.7 shows an Example of Synchronous Serial Communication Unit Operation during Data Reception
(Clock Synchronous Communication Mode, 8-Bit SSU Data Transfer Length). During data reception, the
synchronous serial communication unit operates as described below (the data transfer length can be set from 8
to 16 bits using the SSBR register).

When the synchronous serial communication unit is set as the master device, it outputs a synchronous clock and
inputs data. When the synchronous serial communication unit is set as a slave device, it inputs data
synchronized with the input clock.

When the synchronous serial communication unit is set as the master device, it outputs a receive clock and
starts receiving by performing dummy read from the SSRDR register.

After 8 bits of data are received, the RDRF bit in the SSSR register is set to 1 (datain the SSRDR register) and
receive data is stored in the SSRDR register. When the RIE bit in the SSER register is set to 1 (RXI and OEI
interrupt requests enabled) at thistime, an RXI interrupt request is generated. If the SSRDR register isread, the
RDREF bit is automatically set to O (no datain the SSRDR register).

When the synchronous serial communication unit operates as a master device and finish the data reception, read
the receive data after setting the RSSTP bit in the SSCRH register to 1 (receive operation is completed after
receiving 1 byte of data). The synchronous serial communication unit outputs aclock for receiving 8 bits of data
and stops. After that, set the RE bit in the SSER register to O (reception disabled) and the RSSTP bit to 0
(receive operation is continued after receiving the 1 byte of data) and read the receive data. If the SSRDR
register is read while the RE bit is set to 1 (reception enabled), areceive clock is output again.

When the 8th clock rises while the RDRF bit is set to 1, the ORER bit in the SSSR register is set to 1 (overrun
error: OEIl) and the operation is stopped. When the ORER bit is set to 1, reception cannot be performed.
Confirm that the ORER bit is set to O (no overrun error) before restarting reception.

Figure 23.8 shows a Sample Flowchart of Data Reception (MSS = 1) (Clock Synchronous Communication
Mode).

¢ SSUMS = 0 (clock synchronous communication mode), CPHS = 0 (data download at even edges),
CPOS bit = 0 (“H” when clock stops), and BS3 to BSO = 1000b (8 bits)

gJ_I_I_I_I_LgJ_I_I_I_I_LgJ_I_l_

o Xff W

s W XYY W YT K
0y s
1
RDRF bit i_n I h ’755 4|_
SSSR register T 55 / i 5/( / L
RXI interrupt request RXI interrupt request 55_ /
RSSTP bit in generation generation IV

SSCRH register 5 RXI interrupt request
generation
Program Dummy read Read data from Setthe RSSTP bitto 1.  Read data from
processing the SSRDR register. the SSRDR register. the SSRDR register.

BSO0 to BS3: Bits in SSBR register
CPHS, CPOS: Bits in SSMR register
SSUMS: Bit in SSMR2 register

Figure 23.7 Example of Synchronous Serial Communication Unit Operation during Data
Reception (Clock Synchronous Communication Mode, 8-Bit SSU Data Transfer
Length)
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| Initialization |
1) | Dummy read the SSRDR register | (1) After setting each register in the synchronous serial
communication unit register, a dummy read from
the SSRDR register is performed and the receive
operation is started.
@) Last data
received? (2) Determine whether it is the last 1 byte of data to be
received. If so, set to stop after the data is received.
Read the ORER bit in the SSSR register
Yes ; i
@) ORER = 17 ) Ifa receive error occurs, perform error processing
(6) after reading the ORER bit.
Then set the ORER bit to 0.
No Transmission/reception cannot be restarted
while the ORER bit is set to 1.
Read the RDRF bit in the SSSR register
(4) No (4) Confirm that the RDRF bit is set to 1.
RDRF =17 If the RDRF bit is set to 1, read the receive data in
the SSRDR register. When the SSRDR register is
Yes read, the RDRF bit is automatically set to 0.
| Read receive data in the SSRDR register |
I
I
(5) | SSCRH register RSSTP bit « 1 | (5) Before the last 1 byte of data is received,
set the RSSTP bit to 1 and stop after the data
>| is received.
| Read the ORER bit in the SSSR register |
Yes
(6)
No
Read the RDRF in the SSSR register
(7) Confirm that the RDRF bit is set to 1.
No 15 When the receive operation is completed,
RDRF =17 set the RSSTP bit to 0 and the RE bit to 0
@ before reading the last 1 byte of data.
Yes If the SSRDR register is read before setting
- - the RE bit to 0, the receive operation is
| SSCRH register RSSTP bit « 0 | restarted again.
| Overrun
| SSER register RE bit « 0 | error
| processing
| Read receive data in the SSRDR register |
End

Figure 23.8 Sample Flowchart of Data Reception (MSS = 1) (Clock Synchronous Communication
Mode)
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23.4.3.1 Data Transmission/Reception

Data transmission/reception is an operation combining data transmission and reception which were described
earlier. Transmission/reception is started by writing data to the SSTDR register.

When the last transfer clock (the data transfer length can be set from 8 to 16 bits using the SSBR register) rises
or the ORER bit is set to 1 (overrun error) whilethe TDRE bit is set to 1 (datatransferred from registers SSTDR
to SSTRSR), the transmit/receive operation is stopped.

Before switching from transmit mode (TE = 1) or receive mode (RE = 1) to transmit/receive mode (TE = RE =
1), set the TE bit to O (transmission disabled) and RE bit to O (reception disabled) once. After confirming that
the TEND bit is set to O (TDRE bit is set to 0 when the last bit of the transmit datais transmitted), the RDRF bit
isset to 0 (no datain the SSRDR register), and the ORER bit is set to O (no overrun error), set bits TE and RE to
1 (transmission enabled/reception enabled).

Figure 23.9 shows a Sample Flowchart of Data Transmission/Reception (Clock Synchronous Communication
Mode).

When exiting transmit/receive mode after this mode is used (TE = RE = 1), a clock may be output if
transmit/receive mode is exited after reading the SSRDR register. To avoid any clock outputs, perform either of
the following:

- First set the RE bit to 0, and then set the TE bit to 0.
- Set bits TE and RE at the same time.

When subsequently switching to receive mode (TE = 0 and RE = 1), first set the SRES bit in the SSCRL register
to 1, and set this bit to O to reset the SSU control unit and the SSTRSR register. Then, set the RE bit to 1.
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Start

i

| Initialization |
(1) | Read the TDRE bit in the SSSR register |
No
Yes

| Write transmit data to the SSTDR register |

-]

@ | Read the RDRF bit in the SSSR register |
No
RDRF = 1?
Yes

Read receive data from the SSRDR register

Data

Yes

3) transmission
continues?
No

4) Read the TEND bit in the SSSR register

No

Yes

(5) SSSR register  TEND bit < 0 @

SSER register RE bit «- 0
®) TE bit < 0

End

Note:
1. Write 0 after reading 1 to set the TEND bit to 0.

(1) After reading the SSSR register and confirming
that the TDRE bit is set to 1, write the transmit
data to the SSTDR register. When the transmit
data is written to the SSTDR register, the TDRE
bit is automatically set to 0.

(2) Confirm that the RDRF bit is set to 1.
If the RDRF bit is set to 1, read receive data in
the SSRDR register. When the SSRDR register
is read, the RDRF bit is automatically set to O.

(3) Determine whether data transmission continues.

(4) When the data transmission is completed,
the TEND bit in the SSSR register is set to 1.

(5) Set the TEND bit to 0, and bits RE and TE
(6) in the SSER register to 0 before ending
transmit/receive mode.

Figure 23.9
Communication Mode)

Sample Flowchart of Data Transmission/Reception (Clock Synchronous
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23.5 Operation in 4-Wire Bus Communication Mode

In 4-wire bus communication mode, a 4-wire bus consisting of aclock line, adatainput line, adata output line, and
achip select line is used for communication. This mode includes bidirectional mode in which the data input line
and data output line function asa single pin.

The data input line and output line change according to the settings of the MSS bit in the SSCRH register and the
BIDE bit in the SSMR2 register. For details, refer to 23.3.2.1 Association between Data 1/O Pins and SS Shift
Register. In this mode, the clock polarity, phase, and data settings are performed by using bits CPOS and CPHS in
the SSMR register. For details, refer to 23.3.1.1 Association between Transfer Clock Polarity, Phase, and Data.
When this MCU is set as the master device, the chip select line controls output. When the synchronous serial
communication unit is set as a slave device, the chip select line controls input. When it is set as the master device,
the chip select line controls output of the SCS pin or controls output of ageneral port according to the setting of the
CSSL1 bit in the SSMR2 register. When the MCU is set as a slave device, the chip select line sets the SCS pin as
input by setting bits CSS1 and CSS0 in the SSMR2 register to 01b.

In 4-wire bus communication mode, the MLS bit in the SSMR register is set to 0 and communication is performed
MSB first.
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23.5.1 Initialization in 4-Wire Bus Communication Mode

Figure 23.10 shows Initialization in 4-Wire Bus Communication Mode. Before the data transmit/receive
operation, set the TE bit in the SSER register to 0 (transmission disabled), the RE bit in the SSER register to 0
(reception disabled), and initialize the synchronous serial communication unit.

Set the TE bit to 0 and the RE hit to 0 before changing the communication mode or format.

Setting the RE bit to 0 does not change the settings of flags RDRF and ORER or the contents of the SSRDR

register.
SSER register RE bit < 0
TE bit«< 0
SSMR2 register SSUMS bit «~ 1
1) SSMR register Set bits CPHS and CPOS (1) The MLS bit is set to O for MSB-first transfer.
MLS bit < 0 The clock polarity and phase are set by bits
| CPHS and CPOS.
SSCRH register Set the MSS bit
SSMR2 register ~ SCKS bit « 1 (2) Set the BIDE bit to 1 in bidirectional mode and
@ Set hits SOOS, CSSO to set the 1/0O of the SCS pin by bits CSS0 and
CSS1, and BIDE Cssl.

SSCRH register Set bits CKSO0 to CKS2
Set the RSSTP bit

| SSSR register ORER bit«- 0 @ |

SSER register RE bit « 1 (receive)
TE bit « 1 (transmit)
Set bits RIE, TEIE, and TIE

End

Note:
1. Write 0 after reading 1 to set the ORER bit to 0.

Figure 23.10 Initialization in 4-Wire Bus Communication Mode
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23.5.2 Data Transmission

Figure 23.11 shows an Example of Synchronous Serial Communication Unit Operation during Data
Transmission (4-Wire Bus Communication Mode, 8-Bit SSU Data Transfer Length). During the data transmit
operation, the synchronous serial communication unit operates as described below (the data transfer length can
be set from 8 to 16 bits using the SSBR register).

When the synchronous serial communication unit is set as the master device, it outputs a synchronous clock and
data. When the synchronous serial communication unit is set as a slave device, it outputs data in
synchroni zation with the input clock while the SCS pin is low-input state.

When the transmit data is written to the SSTDR register after setting the TE bit in the SSER register to 1
(transmission enabled), the TDRE bit in the SSSR register is automatically set to O (data not transferred from
registers SSTDR to SSTRSR) and the dataistransferred from registers SSTDR to SSTRSR. After the TDRE bit
is set to 1 (data transferred from registers SSTDR to SSTRSR), transmission starts. When the TIE bit in the
SSER register isset to 1 at thistime, the TXI interrupt request is generated.

After one frame of datais transferred while the TDRE bit is set to O, the data is transferred from registers
SSTDR to SSTRSR and transmission of the next frame is started. If the 8th bit is transmitted while TDRE is set
to 1, TEND inthe SSSR register is set to 1 (when the last bit of the transmit datais transmitted, the TDRE bit is
set to 1) and the state is retained. When the TEIE bit in the SSER register is set to 1 (transmit-end interrupt
reguest enabled) at thistime, the TEI interrupt request is generated. The SSCK pin remains high after transmit-
end and the SCS pin is held high. When transmitting continuously while the SCS pin is held low, write the next
transmit data to the SSTDR register before transmitting the 8th bit.

Transmission cannot be performed while the ORER bit in the SSSR register is set to 1 (overrun error). Confirm
that the ORER bit is set to O (no overrun error) before transmission.

In contrast to the clock synchronous communication mode, the SSO pin is placed in high-impedance state while
the SCS pin is placed in high-impedance state when operating as the master device. The SSI pin is placed in
high-impedance state while the SCS pin is high-input state when operating as a slave device.

The sample flowchart is the same as that for the clock synchronous communication mode (refer to Figure 23.6
Sample Flowchart of Data Transmission (Clock Synchronous Communication Mode)).
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Figure 23.11 Example of Synchronous Serial Communication Unit Operation during Data
Transmission (4-Wire Bus Communication Mode, 8-Bit SSU Data Transfer Length)

RO1UH0024EJ0100 Rev.1.00 RENESAS Page 389 of 581

Aug 24, 2011



R8C/LA3A Group, R8C/LASA Group 23. Synchronous Serial Communication Unit (SSU)

23.5.3 Data Reception

Figure 23.12 shows an Example of Synchronous Serial Communication Unit Operation during Data Reception
(4-Wire Bus Communication Mode, 8-Bit SSU Data Transfer Length). During data reception, the synchronous
serial communication unit operates as described below (the data transfer length can be set from 8 to 16 bits
using the SSBR register).

When the synchronous serial communication unit is set as the master device, it outputs a synchronous clock and
inputs data. When the synchronous serial communication unit is set as a slave device, it outputs data
synchronized with the input clock while the SCS pin islow-input state.

When the synchronous serial communication unit is set as the master device, it outputs a receive clock and
starts receiving by performing a dummy read from the SSRDR register.

After 8 bits of data are received, the RDRF bit in the SSSR register is set to 1 (datain the SSRDR register) and
receive data is stored in the SSRDR register. When the RIE bit in the SSER register is set to 1 (RXI and OEI
interrupt requests enabled) at thistime, an RXI interrupt request is generated. When the SSRDR register isread,
the RDRF hit is automatically set to O (no datain the SSRDR register).

When the synchronous serial communication unit operates as a master device and finish the data reception, read
the receive data after setting the RSSTP bit in the SSCRH register to 1 (receive operation is completed after
receiving 1-byte data). The synchronous serial communication unit outputs a clock for receiving 8 bits of data
and stops. After that, set the RE bit in the SSER register to O (reception disabled) and the RSSTP bit to 0
(receive operation is continued after receiving 1-byte data) and read the receive data. When the SSRDR register
isread while the RE bit is set to 1 (reception enabled), areceive clock is output again.

When the 8th clock rises while the RDRF bit is set to 1, the ORER bit in the SSSR register is set to 1 (overrun
error: OEIl) and the operation is stopped. When the ORER bit is set to 1, reception cannot be performed.
Confirm that the ORER bit is set to O (no overrun error) before restarting reception.

The timing at which bits RDRF and ORER are set to 1 varies depending on the setting of the CPHS hit in the
SSMR register. Figure 23.12 shows when bits RDRF and ORER are set to 1.

When the CPHS bit is set to 1 (data download at odd edges), bits RDRF and ORER are set to 1 at some point
during the frame.

The sample flowchart is the same as that for the clock synchronous communication mode (refer to Figure 23.8
Sample Flowchart of Data Reception (MSS = 1) (Clock Synchronous Communication Mode)).
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Figure 23.12 Example of Synchronous Serial Communication Unit Operation during Data

Reception (4-Wire Bus Communication Mode, 8-Bit SSU Data Transfer Length)
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23.5.4 SCS Pin Control and Arbitration

When the SSUMS bit in the SSMR2 register is set to 1 (4-wire bus communication mode) and the CSS1 bit is
set to 1 (function as the SCS output pin), set the MSS bit in the SSCRH register to 1 (operation as the master
device) and check the arbitration of the SCS pin before starting serial transfer. If the synchronous serial
communication unit detects that the synchronized internal SCS signal is held low in this period, the CE bit in
the SSSR register is set to 1 (conflict error) and the MSS bit is automatically set to O (operation as a slave

devi

ce).

Figure 23.13 shows the Arbitration Check Timing.

Future transmit operations are not performed while the CE bit is set to 1. Set the CE bit to 0 (no conflict error)

before starting transmission.

SCS input

Internal SCS

(synchronization)

MSS bit in
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Transfer start
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Figure 23.13 Arbitration Check Timing

RO1UHO0024EJ0100 Rev.1.00

Aug 24, 2011

RENESAS

Page 392 of 581



R8C/LA3A Group, R8C/LASA Group 23. Synchronous Serial Communication Unit (SSU)

23.6 Notes on Synchronous Serial Communication Unit (SSU)

To use the synchronous serial communication unit, set the ICSEL bit in the SSUIICSR register to 0 (SSU function
selected).
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24. 12C bus Interface

Note
The description offered in this chapter is based on the RBC/LA5A Group.

For the R8C/LA3A Group, refer to 1.4 Pin Assignments.

24.1 Introduction

The 12C bus interface is the circuit that performs serial communication based on the data transfer format of the
Philips 12C bus.

Table 24.1 lists the 12C bus Interface Specifications. Figure 24.1 shows a Block Diagram of 12C bus interface, and
Figure 24.2 shows the External Circuit Connection Example of Pins SCL and SDA. Table 24.2 lists the 12C bus
Interface Pin Configuration.

* 12C busis atrademark of Koninklijke Philips Electronics N. V.

Table 24.1 I2C bus Interface Specifications

Item Specification
Communication formats « |12C bus format
- Selectable as master/slave device
- Continuous transmit/receive operation (because the shift register, transmit data
register, and receive data register are independent)
- Start/stop conditions are automatically generated in master mode.
- Automatic loading of the acknowledge bit during transmission
- Bit synchronization/wait function (In master mode, the state of the SCL signal is
monitored per bit and the timing is synchronized automatically. If the transfer is not
possible yet, the SCL signal goes low and the interface stands by.)
- Support for direct drive of pins SCL and SDA (N-channel open-drain output)
« Clock synchronous serial format
Continuous transmit/receive operation (because the shift register, transmit data
register, and receive data register are independent)

I/O pins SCL (1/O): Serial clock 1/0O pin
SDA (I/O): Serial data 1/O pin
Transfer clocks * When the MST bit in the ICCR1 register is set to 0 (slave mode)

« External clock (input from the SCL pin)

* When the MST bit in the ICCRL1 register is set to 1 (master mode)

« Internal clock selected by bits CKSO0 to CKS3 in the ICCR1 register and bits ICTCTWI
and IICTCHALF in the PINSR register (output from the SCL pin)

Receive error detection « Overrun error detection (clock synchronous serial format)

« Indicates an overrun error during reception. When the last bit of the next unit of data is
received while the RDRF bit in the ICSR register is set to 1 (data in the ICDRR
register), the AL bit is set to 1.

Interrupt sources * 12C bus format ........ccecevererereriereeieene 6 sources ()

« Transmit data empty (including when slave address matches), transmit end, receive
data full (including when slave address matches), arbitration lost, NACK detection, and
stop condition detection

* Clock synchronous serial format ............. 4 sources (1)
« Transmit data empty, transmit end, receive data full, and overrun error
Selectable functions * I2C bus format

Selectable output level for the acknowledge signal during reception
« Clock synchronous serial format
Selectable MSB first or LSB first as the data transfer direction
« SDA digital delay
Digital delay value for the SDA pin selectable by bits SDADLYO0 to SDADLY1 in the
PINSR register.

Note:
1. All sources use a single interrupt vector table for the I2C bus interface.
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Figure 24.1  Block Diagram of I2C bus interface
Table 24.2 I2C bus Interface Pin Configuration
Pin Name Assigned Pin Function
SCL P8_2, PO_4 Clock 110
SDA P8_3,P0_3 Data I/0
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24.2

Registers

24.2.1 Module Standby Control Register 0 (MSTCRO)
Address 0008h

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol [MSTADC| —  [MSTTRC|MSTLCD| MSTIIC | —  [MSTURTO| —
After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 — Reseved bit Set to 0. R/W
bl |MSTURTO |[UARTO standby bit 0: Active R/W
1: Standby (1)
b2 — Reseved bit Set to 0. R/W
b3 MSTIIC |SSU, I2C bus standby bit 0: Active R/W
1: Standby (@
b4 MSTLCD |LCD standby bit 0: Active R/W
1: Standby (3
b5 MSTTRC |Timer RC standby bit 0: Active R/W
1: Standby 4
b6 — Reseved bit Setto 0. R/W
b7 MSTADC |A/D standby bit (5) 0: Active R/W
1: Standby
Notes:
1. When the MSTURTO bit is set to 1 (standby), any access to the UARTO associated registers (addresses 00AOh

2.

3.

to 00A7h) is disabled.

When the MSTIIC bit is set to 1 (standby), any access to the SSU or the I2C bus associated registers (addresses
0193h to 019Dh) is disabled.

When the MSTLCD bit is set to 1 (standby), any access to the timer LCD associated registers (addresses 0200h
to 0237h) is disabled.

When the MSTTRC bit is set to 1 (standby), any access to the timer RC associated registers (addresses 0120h
to 0133h) is disabled.

When the MSTADC bit is set to 1 (standby), any access to the timer A/D associated registers (addresses 00COh
to 00D9h, 00ODCh to O0DFh) is disabled.

Set the MSTADC bit to 0 (active) when the temperature sensor is used.

When changing each standby bit to standby, stop the corresponding peripheral function beforehand. When
peripheral functions are set to standby using each standby bit, their registers cannot be read or written. Also, the
clock supply to the peripheral functionsis stopped.

When changing from standby to active, set the registers of the corresponding peripheral function again after
changing.
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24.2.2 SSUJ/IC Pin Select Register (SSUIICSR)
Address 018Ch

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol | SSOSELO | SCSSELO |SSCKSELO| SSISELO | — | — — IICSEL
After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 IICSEL  |SSU/I2C bus switch bit 0: SSU function selected R/W
1: 12C bus function selected
bl — Reserved bits Setto 0. R/W
b2 —
b3 —
b4 SSISELO |SSI pin select bit 0: P8_1 assigned R/W
1: PO_5 assigned
b5 SSCKSELO [SSCK/SCL pin select bit 0: P8_2 assigned R/W
1: PO_4 assigned
b6 SCSSELO [gcs pin select bit 0: P8_0 assigned R/W
1: PO_6 assigned
b7 SSOSELO [SSO/SDA pin select bit 0: P8_3 assigned R/W
1: PO_3 assigned

24.2.3 1/0O Function Pin Select Register (PINSR)
Address 018Fh

Bit b7 b6 b5 b4 b3 b2 b1l b0
Symbol | SDADLY1 | SDADLYO | IICTCHALF |IICTCTWI| IOINSEL | — — —
After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 — Reserved bits Set to 0. R/W
b1l —
b2 —

b3 IOINSEL |I/O port input function select bit ~ |0: The 1/O port input function depends on the PDi (i= | RIW
0, 2, 3,5, 7 to 9) register.
When the PDi_j (j = 0 to 7) bit in the PDi register is
set to O (input mode), the pin input level is read.
When the PDi_j bit in the PDi register is set to 1
(output mode), the port latch is read.

1: The I/O port input function reads the pin input level
regardless of the PDi register.

b4 IICTCTWI |12C double transfer rate select bit |0: Transfer rate is the same as the value set with bits | R/W

1) CKSO0 to CKS3 in the ICCR1 register

1: Transfer rate is twice the value set with bits CKS0O
to CKS3 in the ICCR1 register

b5 |IICTCHALF|I2C half transfer rate select bit (1) |0: Transfer rate is the same as the value set with bits | R/W
CKSO to CKS3 in the ICCR1 register

1: Transfer rate is half the value set with bits CKSO0 to
CKS3 in the ICCR1 register

b6 SDADLYO |SDA digital delay select bit b7 b6 R/W

0 O: Digital delay of 3 x f1 cycles
7 DADLY1 2 R
b S 0 1: Digital delay of 11 x f1 cycles w

1 0: Digital delay of 19 x f1 cycles
1 1: Do not set.

Note:

1. Do not set both the ICTCTWI and IICTCHALF bits to 1 when the 12C bus function is used. Set these bits to 0
when the SSU function is used.
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24.2.4 1IC bus Transmit Data Register (ICDRT)
Address 0194h

Bit b7 b6 b5 b4 b3 b2 bl b0
smo — [ — [ — [ — [ — [ — 1 — [ —
After Reset 1 1 1 1 1 1 1 1
Bit Function R/W
b7 to b0 |[This register stores transmit data. R/W
When the ICDRS register is detected as empty, the stored transmit data is transferred to the ICDRS
register and transmission starts.
When the next transmit data is written to the ICDRT register during the data transmission from the
ICDRS register, continuous transmission is enabled.
When the MLS bit in the ICMR register is set to 1 (data transfer with LSB first), the MSB-LSB
inverted data is read after writing to the ICDRT register.
24.2.5 1IC bus Receive Data Register (ICDRR)
Address 0196h
Bit b7 b6 b5 b4 b3 b2 bl b0
smool[— [ — [ — [ — [ — [ — [ — [ -
After Reset 1 1 1 1 1 1 1 1
Bit Function R/W
b7 to b0 |This register stores receive data. R
When the ICDRS register receives 1 byte of data, the receive data is transferred to the ICDRR
register and the next receive operation is enabled.
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24.2.6 1IC bus Control Register 1 (ICCR1)
Address 0198h

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol | ICE | RCVD | MST | TRS | CKS3 | CKS2 CKS1 CKS0
After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 CKSO i i (1) [b3b2blbO R/W
Transmit clock select bit 3to 0 0000 f1/28
bl CKS1 R/W
b2 CKSD 000 1: f1/40 RIW
0010:f1/48
b3 | CKS3 001 1: f1/64 RIW
0100:f1/80

010 1:f1/100
0110:f1/112
0111:f1/128
100 0:f1/56

1001:f1/80

1010:f1/96

1011:f1/128
1100:f1/160
110 1:f1/200
1110:f1/224
1111:f1/256

b4 TRS |Transmission/reception b5 b4 ] R/W
select bit 2.3, 6) 0 0: Slave Receive Mode (4
- 1: Sl T itM
b5 MST |Master/slave select bit (5. 6) 0 1: Slave Transmit Mode RIW

1 0: Master Receive Mode
1 1: Master Transmit Mode
b6 RCVD |Reception disable bit After reading the ICDRR register while the TRS bitis | R/W
set to O (receive mode),
0: Next receive operation continues
1: Next receive operation disabled
b7 ICE  |I2C bus interface enable bit (7) 0: This module is halted RIW
(Pins SCL and SDA are set to the port function)
1: This module is enabled for transfer operations
(Pins SCL and SDA are in the bus drive state)

Notes:

1. Set according to the necessary transfer rate in master mode. Refer to Table 24.3 Transfer Rate Examples and
Table 24.4 Transfer Rate Examples (2) for the transfer rate. This bit is used for maintaining the setup time in
transmit mode of slave mode. The time is 10Tcyc when the CKS3 bit is set to 0 and 20Tcyc when the CKS3 bit is
set to 1. (1Tcyc = 1/f1(s))

2. Rewrite the TRS bit between transfer frames.

3. When the first 7 bits after the start condition in slave receive mode match the slave address set in the SAR
register and the 8th bit is set to 1, the TRS bit is set to 1 (transmit mode).

4. In master mode with the 12C bus format, if arbitration is lost, bits MST and TRS are set to 0 and the IIC enters
slave receive mode.

5. When an overrun error occurs in master receive mode with the clock synchronous serial format, the MST bit is
set to 0 and the 12C bus enters slave receive mode.

6. In multimaster operation, use the MOV instruction to set bits TRS and MST.

7. When writing 0 to the ICE bit or 1 to the IICRST bit in the ICCR2 register during an 12C bus interface operation,
the BBSY bhit in the ICCR2 register and the STOP bit in the ICSR register may become undefined. Refer to 24.9
Notes on 12C bus Interface.
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24.2.7 1IC bus Control Register 2 (ICCR2)
Address 0199h

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol| BBSY | SCP [ SDAO | SDAOP | SCLO | — IICRST —
After Reset 0 1 1 1 1 1 0 1
Bit Symbol Bit Name | Function R/W
b0 — Nothing is assigned. If necessary, set to 0. When read, the content is 1. —
bl IICRST [12C bus control block reset When hang-up occurs due to communication failure during | R/W
bit (5) the 12C bus interface operation, writing 1 resets the control
block of the I2C bus interface without setting ports or
initializing registers.
b2 — Nothing is assigned. If necessary, set to 0. When read, the content is 1. —
b3 SCLO |SCL monitor flag 0: SCL pin is set to low R
1: SCL pin is set to high
b4 | SDAOP |SDAO write protect bit When rewriting the SDAO bit, write 0 simultaneously (1). | RIW
When read, the content is 1.
b5 SDAO |SDA output value control bit  [When read R/W
0: SDA pin output is held low
1: SDA pin output is held high
When written (1, 2)
0: SDA pin output is changed to low
1: SDA pin output is changed to high-impedance
(High-level output via an external pull-up resistor)
b6 SCP |Start/stop condition generation |When writing to the to BBSY bit, write 0 simultaneously 3).| R/W
disable bit When read, the content is 1.
Writing 1 is invalid.
b7 BBSY |Bus busy bit (4. 5) When read: R/W
0: Bus is released
(SDA signal changes from low to high
while SCL signal is held high)
1: Bus is occupied
(SDA signal changes from high to low
while SCL signal is held high)
When written (3):
0: Stop condition generated
1: Start condition generated
Notes:

1. When rewriting the SDAO bit, write 0 to the SDAOP bit simultaneously using the MOV instruction.

2. Do not write to the SDAO bit during a transfer operation.

3. Enabled in master mode. When writing to the BBSY bit, write 0 to the SCP bit simultaneously using the MOV
instruction. Execute the same way when a start condition is regenerated.

4. Disabled when the clock synchronous serial format is used.

5. When writing O to the ICE bit in the ICCRL1 register or 1 to the IICRST bit during an 12C bus interface operation,
the BBSY bit and the STOP bit in the ICSR register may become undefined. Refer to 24.9 Notes on 12C bus
Interface.
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24.2

.8

Address 019Ah

Bit

b7 b6 b5

IIC bus Mode Register (ICMR)

b4 b3 b2 bl b0

Symbol| MLS | WAIT |

| BCWP BC2 BC1 BCO

After Reset

0 0 0

1 1 0 0 0

Bit

Symbol

Bit Name

Function

R/W

bO

BCO

Bit counter 2to O

bl

BC1

b2

BC2

12C bus format

(Read: Number of remaining transfer bits;
Write: Number of next transfer data bits). (1, 2)
b2 bl b0

00 0: 9 bits ®

00 1: 2 bits

01 0: 3 bits

011:4hits

100: 5 bits

10 1: 6 bits

110:7 bits

11 1: 8 bits

Clock synchronous serial format

(Read: Number of remaining transfer bits;

Write: Always 000b).
b2 bl b0
0 0 0: 8 hits

001:1hit
01 0: 2 bits
01 1:3bits
10 0: 4 bits
10 1: 5 bits
11 0: 6 bits
11 1:7 bits

R/W

R/W

R/W

b3

BCWP

BC write protect bit

When rewriting bits BCO to BC2, write 0 simultaneously. (2. 4)
When read, the content is 1.

R/W

b4

Nothing is assigned. If ne

cessary, set to 0. When read, the content is 1.

b5

Reserved bit

Setto 0.

R/W

b6

WAIT

Wait insertion bit (5)

0: No wait states
(Data and the acknowledge bit are transferred successively)
1: Wait state
(After the clock of the last data bit falls, a low-level period is
extended for two transfer clocks)

R/W

b7

MLS

MSB first/LSB first select
bit

0: Data transfer with MSB first (6)
1: Data transfer with LSB first

R/W

Notes:
Rewrite between transfer frames. When writing values other than 000b, write when the SCL signal is low.

When writing to bits BCO to BC2, write 0 to the BCWP bit simultaneously using the MOV instruction.

After data including the acknowledge bit is transferred, these bits are automatically set to 000b. When a start

1.
2.
3.

4,

condition is detected, these bits are automatically set to 000b.
Do not rewrite when the clock synchronous serial format is used.

The setting value is valid in master mode with the 12C bus format. It is invalid in slave mode with the 12C bus

format or when the clock synchronous serial format is used.
Set to 0 when the 12C bus format is used.
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24.2.9 1IC bus Interrupt Enable Register (ICIER)
Address 019Bh

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol| TIE | TEIE | RIE | NAKIE | STIE | ACKE | ACKBR | ACKBT
After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 ACKBT [Transmit acknowledge 0: In receive mode, 0 is transmitted as the acknowledge bit.| R/W
select bit 1: In receive mode, 1 is transmitted as the acknowledge bit.

bl ACKBR |Receive acknowledge bit 0: In transmit mode, the acknowledge bit received from R
the receive device is set to 0.

1: In transmit mode, the acknowledge bit received from
the receive device is set to 1.

b2 ACKE |Acknowledge bit detection 0: Content of the receive acknowledge bit is ignored and R/W

select bit continuous transfer is performed.

1: When the receive acknowledge bit is set to 1,
continuous transfer is halted.

b3 STIE |Stop condition detection 0: Stop condition detection interrupt request disabled R/W
interrupt enable bit 1: Stop condition detection interrupt request enabled (2)

b4 NAKIE |NACK receive interrupt 0: NACK receive interrupt request and arbitration lost/ R/W
enable bit overrun error interrupt request disabled

1: NACK receive interrupt request and arbitration lost/
overrun error interrupt request (1)

b5 RIE |Receive interrupt enable bit  |[0: Receive data full and overrun error interrupt request R/W
disabled
1: Receive data full and overrun error interrupt request
enabled )
b6 TEIE |Transmit end interrupt 0: Transmit end interrupt request disabled R/W
enable bit 1: Transmit end interrupt request enabled
b7 TIE |Transmit interrupt enable bit |[0: Transmit data empty interrupt request disabled R/W
1: Transmit data empty interrupt request enabled

Notes:
1. An overrun error interrupt request is generated when the clock synchronous format is used.
2. Setthe STIE bit to 1 (stop condition detection interrupt request enabled) when the STOP bit in the ICSR register
is setto 0.
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24.2.10 1IC bus Status Register (ICSR)
Address 019Ch

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol | TDRE | TEND | RDRF | NACKF | STOP AL AAS ADZ
After Reset 0 0 0 0 X 0 0 0
Bit Symbol Bit Name Function R/W
b0 ADZ |General call address This flag is set to 1 when a general call address is R/W
recognition flag (1. 2) detected.
bl AAS |Slave address This flag is set to 1 when the first frame immediately after | R/W
recognition flag () the start condition matches bits SVAO to SVA6 in the SAR
register in slave receive mode (slave address detection
and general call address detection).
b2 AL Arbitration lost flag/ I2C bus format: R/W
overrun error flag 1) This flag indicates that arbitration has been lost
in master mode.
This flag is set to 1 ) when:
* The internal SDA signal and SDA pin level do not
match at the rising edge of the SCL signal in master
transmit mode
» The SDA pin is held high at start condition detection in
master transmit/receive mode
Clock synchronous format:
This flag indicates an overrun error.
This flag is set to 1 when:
* The last bit of the next unit of data is received
while the RDRF bit is setto 1
b3 STOP |[Stop condition detection This flag is set to 1 when a stop condition is detected R/W
flag (1. 7) after the frame is transferred.
b4 NACKF |No acknowledge detection This flag is set to 1 when no ACKnowledge is detected R/W
flag (1, 4) from the receive device after transmission.
b5 RDRF |Receive data register full This flag is set to 1 when receive data is transferred from | R/W
flag (1, 5) registers ICDRS to ICDRR.
b6 TEND [Transmit end flag (1. 6) I2C bus format: R/W
This flag is set to 1 at the rising edge of the 9th clock cycle
of the SCL signal while the TDRE bit is set to 1.
Clock synchronous format:
This flag is set to 1 when the last bit of the transmit frame
is transmitted.
b7 TDRE |Transmit data empty flag (1. 6) [This flag is set to 1 when: R/W
* Data is transferred from registers ICDRT to ICDRS and
the CDRT register is empty
» The TRS bit in the ICCRL1 register is set to 1 (transmit
mode)
« A start condition is generated (including retransmission)
« Slave receive mode is changed to slave transmit mode
Notes:
1. Each bitis set to 0 by reading 1 before writing 0.

2.

This flag is enabled in slave receive mode with the 12C bus format.

3. When two or more master devices attempt to occupy the bus at nearly the same time, if the I2C bus Interface
monitors the SDA pin and the data which the 12C bus Interface transmits is different, the AL flag is set to 1 and
the bus is occupied by another master.

4. The NACKF bit is enabled when the ACKE bit in the ICIER register is set to 1 (when the receive acknowledge bit
is set to 1, transfer is halted).

5. The RDREF bit is set to 0 when data is read from the ICDRR register.

6. Bits TEND and TDRE are set to O when data is written to the ICDRT register.

When reading these bits immediately after writing to the ICDRT register, insert three or more NOP instructions
between the instructions used for writing and reading.

7. When writing O to the ICE bit in the ICCRL register or 1 to the IICRST bit in the ICCR2 register during an 12C bus
interface operation, the BBSY bit in the ICCR?2 register and the STOP bit may become undefined. Refer to 24.9
Notes on 12C bus Interface.

When accessing the ICSR register successively, insert one or more NOP instructions between the instructions
used for access.
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24.2.11 Slave Address Register (SAR)
Address 019Dh

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol| SVA6 | SVAS | SVA4 | SVA3 | SVA2 | SVAl | SVAO FS
After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 FS  [Format select bit 0: 12C bus format RIW
1: Clock synchronous serial format
bl SVAO (Slave address 6 to 0 Set an address different from that of the other slave | R/W
b2 SVA1 devices connected to the I2C bus. R/IW
b3 SVA2 When the 7 high-order bits of the first frame R/W
b4 SVA3 transmitted after the start condition match bits R/W
b5 SVA4 SVAO to SVAG in slave mode of the 12C bus format, [[RW
06 SVAS the MCU operates as a slave device. RIW
b7 SVA6 R/W
24.2.12 1IC bus Shift Register (ICDRS)
Bit b7 b6 b5 b4 b3 b2 bl b0
smo = [ = [ = [ = [ = [ =1 = [ =
Bit Function R/W
b7 to b0 |[This register transmits and receives data. —

During transmission, data is transferred from registers ICRDT to ICDRS and transmitted from the
SDA pin.
During reception, data is transferred from registers ICDRS to the ICDRR after 1 byte of data is
received.
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24.3 Common Items for Multiple Modes

24.3.1 Transfer Clock

When the MST bit in the ICCR1 register is set to 0 (dlave mode), the transfer clock is the external clock input
from the SCL pin.

When the M ST bit in the ICCRL1 register is set to 1 (master mode), the transfer clock is the internal clock
selected by bits CKS0 to CKS3 in the ICCR1 register and the transfer clock is output from the SCL pin.

Tables 24.3 and 24.4 list Transfer Rate Examples.

Table 24.3  Transfer Rate Examples(l)

PINSR Register ICCR1 Register Transfer Transfer Rate
IICTCHALF | IICTCTWI | CKS3 | CKS2 | CKS1 [ cKS0| Clock (1 =5MHz |f1 =8 MHz | f1 =10 MHz | f1= 16 MHz | f1= 20 MHz
0 0 0 0 0 0 f1/28 | 179 kHz | 286 kHz | 357 kHz | 571 kHz | 714 kHz

f1/40 | 125kHz | 200 kHz | 250 kHz | 400 kHz | 500 kHz
f1/48 104 kHz | 167 kHz | 208 kHz | 333 kHz | 417 kHz
f1/64 | 78.1 kHz | 125kHz | 156 kHz | 250 kHz | 313 kHz
f1/80 | 62.5kHz | 100 kHz | 125 kHz | 200 kHz | 250 kHz
f1/100 | 50.0 kHz | 80.0 kHz | 100 kHz | 160 kHz | 200 kHz
f1/112 | 44.6 kHz | 71.4 kHz | 89.3kHz | 143 kHz | 179 kHz
f1/128 | 39.1 kHz | 62.5kHz | 78.1 kHz | 125 kHz | 156 kHz
f1/56 | 89.3kHz | 143 kHz | 179 kHz | 286 kHz | 357 kHz
f1/80 | 62.5kHz | 100 kHz | 125kHz | 200 kHz | 250 kHz
f1/96 | 52.1 kHz | 83.3 kHz | 104 kHz | 167 kHz | 208 kHz
f1/128 | 39.1kHz | 62.5kHz | 78.1 kHz | 125 kHz | 156 kHz
f1/160 | 31.3 kHz | 50.0 kHz | 62.5 kHz | 100 kHz | 125 kHz
f1/200 | 25.0 kHz | 40.0 kHz | 50.0 kHz | 80.0 kHz | 100 kHz
f1/224 | 22.3kHz | 35.7kHz | 44.6 kHz | 71.4 kHz | 89.3 kHz
f1/256 | 19.5kHz | 31.3kHz | 39.1 kHz | 62.5kHz | 78.1 kHz

,_\
o
o
Rlo|r|o|lr|lo|lr|lo|lr|o|lr|olr|o|r
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Table 24.4  Transfer Rate Examples (2)

PINSR Register ICCR1 Register Transfer Transfer Rate
IICTCHALF | IICTCTWI | CKS3 | CkS2 | cks1|ckso| Clock | f1=5MHz | fL=8MHz | fl1 =10 MHz | f1 = 16 MHz | f1 = 20 MHz
0 1 0 0 0 0 f1/28 358 kHz | 572 kHz | 714 kHz | 1142 kHz | 1428 kHz
1 f1/40 250 kHz | 400 kHz | 500 kHz | 800 kHz | 1000 kHz
1 0 f1/48 208 kHz | 334 kHz | 416 kHz | 666 kHz | 834 kHz
1 f1/64 156 kHz | 250 kHz | 312 kHz | 500 kHz | 626 kHz
1 0 0 f1/80 | 125kHz | 200 kHz | 250 kHz | 400 kHz | 500 kHz
1 f1/100 | 100 kHz | 160 kHz | 200 kHz | 320 kHz | 400 kHz
1 0 f1/112 89 kHz 143 kHz | 179 kHz | 286 kHz | 358 kHz
1 f1/128 78 kHz 125 kHz | 156 kHz | 250 kHz | 312 kHz
1 0 0 0 f1/56 179 kHz | 286 kHz | 358 kHz | 572 kHz | 714 kHz
1 f1/80 125kHz | 200 kHz | 250 kHz | 400 kHz | 500 kHz
1 0 f1/96 104 kHz | 167 kHz | 208 kHz | 334 kHz | 416 kHz
1 f1/128 78 kHz 125kHz | 156 kHz | 250 kHz | 312 kHz
1 0 0 f1/160 | 63 kHz | 100kHz | 125kHz | 200 kHz | 250 kHz
1 f1/200 50 kHz 80 kHz 100 kHz | 160 kHz | 200 kHz
1 0 f1/224 45 kHz 71 kHz 89 kHz 143 kHz | 179 kHz
1 f1/256 39 kHz 63 kHz 78 kHz 125 kHz | 156 kHz
1 0 0 0 0 0 f1/28 90kHz | 143 kHz | 179kHz | 286 kHz | 357 kHz
1 f1/40 63 kHz | 100kHz | 125kHz | 200 kHz | 250 kHz
1 0 f1/48 52 kHz 84 kHz 104 kHz | 167 kHz | 209 kHz
1 f1/64 39 kHz 63 kHz 78 kHz 125 kHz | 157 kHz
1 0 0 f1/80 31 kHz 50 kHz 63 kHz 100 kHz | 125 kHz
1 f1/100 25 kHz 40 kHz 50 kHz 80 kHz 100 kHz
1 0 f1/112 | 22 kHz 36 kHz 45 kHz 72 kHz 90 kHz
1 f1/128 | 20 kHz 31 kHz 39 kHz 63 kHz 78 kHz
1 0 0 0 f1/56 45 kHz 72 kHz 90 kHz 143 kHz | 179 kHz
1 f1/80 31 kHz 50 kHz 63 kHz 100 kHz | 125 kHz
1 0 f1/96 26 kHz 42 kHz 52 kHz 84 kHz 104 kHz
1 f1/128 20 kHz 31 kHz 39 kHz 63 kHz 78 kHz
1 0 0 f1/160 | 16 kHz 25 kHz 31 kHz 50 kHz 63 kHz
1 f1/200 | 13 kHz 20 kHz 25 kHz 40 kHz 50 kHz
1 0 f1/224 11 kHz 18 kHz 22 kHz 36 kHz 45 kHz
1 f1/256 10 kHz 16 kHz 20 kHz 31 kHz 39 kHz
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24.3.2 SDA Pin Digital Delay Selection

The digital delay value for the SDA pin can be selected by bits SDADLY 0 to SDADLY 1 in the PINSR register.
Figure 24.3 shows the Operating Example of Digital Delay for SDA Pin.

* SDADLY1 to SDADLYO = 00b
(3 x f1 cycles)

20 ps (Transfer Rate = 50 kHz)

-

i A

(2]
O
>

F

*« SDADLY1 to SDADLYO = 10b
(19 x f1 cycles)

SDA

1
i 3 x f1 cycles
1
« SDADLY1 to SDADLYO =01b |
(11 x f1 cycles) i
i
1
SDA i
—

]
11 x f1 cycles

]

]

|

i

300 ns (f1 = 10 MHz)

]

|

1
1.1 ps (f1 = 10 MHz)

|

SDADLYO0 to SDADLY1: Bits in PINSR register

19 x f1 cycles

0.95 pis (f1 = 20 MHz)

Figure 24.3 Operating Example of Digital Delay for SDA Pin
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24.3.3

Interrupt Requests

The 12C bus interface has six interrupt requests when the 12C bus format is used and four interrupt requests
when the clock synchronous serial format is used.

Table 24.5 lists the Interrupt Requests of 12C bus Interface.
Because these interrupt requests are allocated at the 12C bus interface interrupt vector table, the source must be

determined bit by bit.
Table 24.5 Interrupt Requests of 12C bus Interface
Format
Interrupt Request Generation Condition Clock
12C bus Synchronous
Serial
Transmit data empty TXI TIE=1and TDRE=1 Enabled Enabled
Transmit end TEI TEIE=1and TEND =1 Enabled Enabled
Receive data full RXI RIE=1and RDRF =1 Enabled Enabled
Stop condition detection STPI STIE=1and STOP =1 Enabled Disabled
NACK detection NAKI NAKIE=1and AL=1 Enabled Disabled
Arbitration lost/overrun error (or NAKIE = 1 and NACKF = 1) Enabled Enabled

STIE, NAKIE, RIE, TEIE, TIE: Bits in ICIER register
AL, STOP, NACKF, RDRF, TEND, TDRE: Bits in ICSR register

When generation conditions listed in Table 24.5 are met, an interrupt request of the 12C bus interface is
generated. Set the interrupt generation conditions to 0 by the 12C bus interface interrupt routine.

However, bits TDRE and TEND are automatically set to O by writing transmit data to the ICDRT register and
the RDRF bit is automatically set to O by reading the ICDRR register. In particular, the TDRE bit isset to 0
when transmit data is written to the ICDRT register and set to 1 when datais transferred from the ICDRT
register to the ICDRS register. If the TDRE bit is further set to O, additional 1 byte may be transmitted.

Also, set the STIE bit to 1 (stop condition detection interrupt request enabled) when the STOP bit is set to 0.
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24.4  12C bus Interface Mode

24.4.1 12C bus Format

When the FS bit in the SAR register is set to 0, the 12C bus format is used for communication.

Figure 24.4 shows the I2C bus Format and Bus Timing. The first frame following the start condition consists of
8 hits.

(1) I12C bus format

(a) I12C bus format (FS = 0)

S i SLA | RW | A | DATA | A | | AA | P |
| 1 7 | | 1 n | 1 | 1 1 )
I< Ll >I< >I< >i¢ >I< >I |<—><—>| Number of transfer bits (n = 1 to 8)
1 m
< >le »> Number of transfer frames (m = 1 or more)
(b) I12C bus format when start condition is retransmitted (FS = 0)

s SLA | R/W| A | DATA | | AR | s | SLA | R/W| A | DATA | | AR | P |
leLole 7 PRI I ni , letoletole 7 ool oletple n2 . |._1NL,|
[ > > [—* < e < >

< 1 »le m1 > <& 1 »le m2 >

Upper: Number of transfer bits (n1, n2 = 1 to 8)
Lower: Number of transfer frames (m1, m2 = 1 or more)

(2) I12C bus timing
I A A
SCL \ ’1107\ ’8\ ’9\ ’1107\ ’8~ ’9\ ’1107\ ’8\ ’9\ ’
L1 | Il Il ] | I ] | I [ ]

S SLA R/W A DATA A DATA A P
Legend:

S : Start condition
The master device changes the SDA signal from high to low while the SCL signal is held high.
SLA :Slave address
RAW : Indicates the direction of data transmission/reception
Data is transmitted when:
R/W value is 1: From the slave device to the master device
R/W value is 0: From the master device to the slave device
A : Acknowledge
The receive device sets the SDA signal to low.
DATA : Transmit/receive data
P : Stop condition
The master device changes the SDA signal from low to high while the SCL signal is held high.

Figure 24.4 I2C bus Format and Bus Timing

RO1UH0024EJ0100 Rev.1.00 RENESAS Page 410 of 581
Aug 24, 2011



R8C/LA3A Group, R8C/LA5SA Group 24. 12C bus Interface

24.4.2 Master Transmit Operation

In master transmit mode, the master device outputs the transmit clock and data, and the slave device returns an

acknowledge signal. Figures 24.5 and 24.6 show the Operating Timing in Master Transmit Mode (12C bus
Interface Mode).

The transmit procedure and operation in master transmit mode are as follows:

(1) Setthe STOP bit in the ICSR register to O for initialization, and set the ICE bit in the ICCR1 register to 1
(transfer operation enabled). Then, set bits WAIT and ML S in the ICMR register and bits CKS0 to CKS3 in
the ICCRL1 register (initial setting).

(2) After confirming that the bus is released by reading the BBSY bit in the ICCR2 register, set bits TRS and
MST in the ICCR1 register to master transmit mode. Then, write 1 to the BBSY bit and 0 to the SCP bit
with the MOV instruction (start condition generated). Thiswill generate a start condition.

(3) After confirming that the TDRE bit in the ICSR register is set to 1 (datais transferred from registers ICDRT
to ICDRS), write transmit data to the ICDRT register (datain which a slave address and R/W are indicated
in the 1st byte). At thistime, the TDRE bit is automatically set to 0. When data is transferred from registers
ICDRT to ICDRS, the TDRE bit is set to 1 again.

(4) When 1 byte of data transmission is completed while the TDRE bit is set to 1, the TEND bit in the ICSR
register is set to 1 at the rising edge of the 9th clock cycle of the transmit clock. After confirming that the
slave device is selected by reading the ACKBR bit in the ICIER register, write the 2nd byte of data to the
ICDRT register. Since the slave device is not acknowledged when the ACKBR bit is set to 1, generate a
stop condition. Stop condition generation is enabled by writing 0 to the BBSY bit and 0 to the SCP bit with
the MOV instruction. The SCL signal isfixed low until dataisready or a stop condition is generated.

(5) Write the transmit data after the 2nd byte to the ICDRT register every time the TDRE bit isset to 1.

(6) When the number of bytesto be transmitted is written to the ICDRT register, wait until the TEND bit is set
to 1 while the TDRE hit is set to 1. Or wait for NACK (NACKF bit in ICSR register = 1) from the receive
device while the ACKE bit in the ICIER register is set to 1 (when the receive acknowledge bit is set to 1,
transfer is halted). Then, generate a stop condition before setting the TEND bit or the NACKF bit to O.

(7) When the STOP bit in the ICSR register is set to 1, return to slave receive mode.
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SCL
(master output)

SDA
(master output) \_é b7 X b6 X b5 X ba X b3 X b2 X b1 X b0 / b7 b6
4

A

Slave address _
< » RW

SDA A
(slave output)
TDRE bit in 1
ICSR register

TEND bit in
ICSR register

ICDRT register :YR / Address + RAW / 1X Data 1 X \Data 2
AN \
A
Data 1
Program processing (2) Instruction for  (3) Write data to the ICDRT register  (4) Write data to the ICDRT register (°) Write data to the ICDRT register

start condition (1st byte). (2nd byte). (3rd byte).
generation

N
ICDRS register Address + RIW

Figure 24.5 Operating Timing in Master Transmit Mode (I2C bus Interface Mode) (1)

SCL
(master output) 9 1 2 3 4 5 6 7 8 9
(master ouﬁ% \( b7 X b6 X b5 X b4 X b3 X b2 X b1 X b0 / ~ '

SDA _ [
(slave output) A / \_ AA

TDRE bit in
ICSR register
A
/
TEND bit in
ICSR register

ICDRT register :X Data n //
A\

-

X
ICDRS register \ Data n /
\ L / /
Program processing (3) Write data to the ICDRT register. ©) Gegera;t;a?gs;og:jitiog v
and set the it to 0.

(7) Set to slave receive mode.

Figure 24.6 Operating Timing in Master Transmit Mode (I2C bus Interface Mode) (2)
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24.4.3 Master Receive Operation

In master receive mode, the master device outputs the receive clock, receives data from the slave device, and
returns an acknowledge signal. Figures 24.7 and 24.8 show the Operating Timing in Master Receive Mode (12C
bus Interface Mode).

The receive procedure and operation in master receive mode are as follows:

(1) After setting the TEND bit in the ICSR register to 0, set the TRS bit in the ICCR1 register to O to switch
from master transmit mode to master receive mode. Then set the TDRE bit in the ICSR register to 0.

(2) Dummy reading the ICDRR register starts receive operation. The receive clock is output in synchronization
with the internal clock and datais received. The master device outputs the level set by the ACKBT hit in
the ICIER register to the SDA pin at the rising edge of the 9th clock cycle of the receive clock.

(3) When one frame of data reception is completed, the RDRF bit in the ICSR register is set to 1 at the rising
edge of the 9th clock cycle of the receive clock. If the ICDRR register isread at thistime, the received data
can be read and the RDRF bit is set to 0 simultaneously.

(4) Continuousreceive operation is enabled by reading the ICDRR register every time the RDRF bit is set to 1.
If reading the ICDRR register is delayed by another process and the 8th clock cycle falls while the RDRF
bit isset to 1, the SCL signal isfixed low until the ICDRR register is read.

(5) If the next frame is the last receive frame and the RCVD bit in the ICCRL1 register is set to 1 (next receive
operation disabled) before reading the ICDRR register, stop condition generation is enabled after the next
receive operation.

(6) When the RDRF hit is set to 1 at the rising edge of the 9th clock cycle of the receive clock, generate a stop
condition. When a stop condition generation or a start condition regeneration overlaps with the falling edge
of the ninth clock cycle of SCL, an additional cycle is output after the ninth clock cycle. Refer to 24.9
Notes on 12C bus I nterface.

(7) Whenthe STOP bitinthe ICSR register isset to 1, read the ICDRR register and set the RCVD bit to O (next
receive operation continues).

(8) Returnto slave receive mode.
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1
Master transmit mode <€——— | ———J» Master receive mode

]
1
scL i
(master output) 9 H 1 2 3 4 5 6 7 8 9 1
]
i X
i \ A/
1
1
1
1
:
AI(: b7\Xb6Xb5Xb4Xb3Xb2Xleb0/ \b7x
i
i
]
1
1
T
i
]
]
]
1
1

SDA
(master output)

_J
SDA _\

(slave output)

TDRE bit in
ICSR register

\
TEND bit in
ICSR register

TRS bit in
ICCRA1 register

RDRF bit in
ICSR register

\

ICDRS register I

ICDRR register Data 1

—
—— 1
—

—t]
JEOEREN DESEPEN puyey ] ey iy
T
L—
-t
-¢

Program processing (1) Set the TDRE bit to 0 after (2) Read the ICDRR register. (3) Read the ICDRR register.
setting bits TEND and TRS to 0.

Figure 24.7 Operating Timing in Master Receive Mode (I2C bus Interface Mode) (1)
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SCL
(master output) 9 1 2 3 4 5 6 7 8 9
SDA
(master output) \ A ’ \_A/K \—/—
SDA b7 b6 b5 b4 b3 b2 bl b0
(slave output)
\ \
RDREF bit in
ICSR register f
A
RCVD bit in
ICCRL1 register
ICDRS register Datafn-1 X \ / Datan
\
AN AR N
A X
ICDRR register Data n-1 Data n
Program processing (5) Read the ICDRR register (6) Generate a stop condition.  (7) Set the RCVD bit to 0
after setting the RCVD bit to 1. after reading the ICDRR register. Y
(8) Set to slave receive mode.

Figure 24.8 Operating Timing in Master Receive Mode (I2C bus Interface Mode) (2)
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24.4.4 Slave Transmit Operation

In slave transmit mode, the slave device outputs the transmit data while the master device outputs the receive
clock and returns an acknowledge signal.
Figures 24.9 and 24.10 show the Operating Timing in Slave Transmit Mode (12C bus Interface Mode).

The transmit procedure and operation in slave transmit mode are as follows.

(1) Setthe ICE bit in the ICCR1 register to 1 (transfer operation enabled), and set bits WAIT and ML S in the
ICMR register and bits CKS0 to CKS3 in the ICCR1 register (initial setting). Then, set bits TRS and MST
in the ICCR1 register to 0 and wait until the slave address matches in slave receive mode.

(2) When the dave address matches at the first frame after detecting the start condition, the slave device
outputs the level set by the ACKBT bit in the ICIER register to the SDA pin at the rising edge of the 9th
clock cycle. If the 8th bit of data (R/W) is 1 at thistime, bits TRS and TDRE in the ICSR register are set to
1, and the mode is switched to slave transmit mode automatically. Continuous transmission is enabled by
writing transmit data to the ICDRT register every time the TDRE bit is set to 1.

(3) When the TDRE bit in the ICDRT register is set to 1 after the last transmit data is written to the ICDRT
register, wait until the TEND bit in the ICSR register is set to 1 while the TDRE bit is set to 1. When the
TEND bit isset to 1, set the TEND bit to O.

(4) Set the TRS bit to 0 and dummy read the ICDRR register to end the process. This will release the SCL
signal.

(5) Setthe TDRE hit to 0.
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) ]
Slave receive mode €——— : —— Slave transmit mode
1
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(master output)
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(master output)
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TDRE bit in
ICSR register

TEND bit in
ICSR register 0

C

TRS bit in
ICCR1 register

ICDRT register

|
e

Data 2

|
Y

ICDRS register

Data 2

ICDRR regjister

\
\

===

Program processing

\

|

7 o |
/ \
\
\

]
: /
(1) Write data to the ICDRT register
(data 1).

(2) Write data to the ICDRT register
(data 2).

(2) Write data to the ICDRT register

(data 3).

Figure 24.9

Operating Timing in Slave Transmit Mode (I12C bus Interface Mode) (1)
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Slave receive
mode

—

Slave transmit mode <€———

SCL
(master output)

SDA A _
(master output) _'l

SCL
(slave output)

(slaveoutsp?ﬁ) \ b7 X b6 X b5 X b4 X b3 X DZX b1X bO/

TDRE bit in
ICSR register

TEND bit in
ICSR register

TRS bitin

ICCRL1 register /

]

]

]

T

ICDRT register ~ Datan / / :
\ '

]

]

]

]

v

ICDRS register X Datan / / !
v

'

'

1

]

ICDRR register  (No change) / / :
(]

]

¥ [/ '

»
>

B h LT B s

-
—
\

Program processing (3) Set the TEND bit to 0. (4) Dummy read the ICDRR register

after setting the TRS bit to 0. (5) Set the TDRE bit to 0.

Figure 24.10 Operating Timing in Slave Transmit Mode (I2C bus Interface Mode) (2)
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24.45 Slave Receive Operation

In slave receive mode, the master device outputs the transmit clock and data, and the slave device returns an

acknowledge signal. Figures 24.11 and 24.12 show the Operating Timing in Slave Receive Mode (12C bus
Interface Mode).

The receive procedure and operation in slave receive mode are as follows:

(1) Setthe ICE bit in the ICCR1 register to 1 (transfer operation enabled), and set bits WAIT and ML S in the
ICMR register and bits CKS0 to CKS3 in the ICCR1 register (initial setting). Then, set bits TRS and MST
in the ICCR1 register to 0 and wait until the slave address matches in slave receive mode.

(2) When the dave address matches at the first frame after detecting the start condition, the slave device
outputs the level set by the ACKBT bit in the ICIER register to the SDA pin at the rising edge of the 9th
clock cycle. Since the RDRF bit in the ICSR register is set to 1 simultaneously, dummy read the ICDRR
register (the read data is unnecessary because it indicates the slave address and R/W).

(3) Readthe ICDRR register every timethe RDRF bit is set to 1. If the 8th clock cycle fallswhile the RDRF bit
is set to 1, the SCL signal is fixed low until the ICDRR register is read. The setting change of the
acknowledge signal returned to the master device before reading the ICDRR register takes affect from the
following transfer frame.

(4) Reading the last byte is also performed by reading the ICDRR register.
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SCL

(master output) 9 1 2 3 4 5 6 7 8 9 1
SDA

(master output) b7 b6 b5 b4 b3 b2 bl b0 b7
scL 1!

(slave output)

SDA
(slave output) ~ A ' ~ A '
RDRF bit in |
ICSR register \
ICDRS register \ / X Data 1

\
ICDRR register X \ / X / Data 1
v/ v/

Program processing (2) Dummy read the ICDRR register. (2) Read the ICDRR register.

Data 2

\>\s

Figure 24.11 Operating Timing in Slave Receive Mode (12C bus Interface Mode) (1)

SCL
(master output) 9 1 2 3 4 5 6 7 8 9

SDA [

(master output) \ b7 X b6 X b5 X b4 X b3 X b2 X bl X b0 / \_F
SCL

(slave output)

SDA
(slave output) ~ A ' i

o )\/ fLI \ ‘L
|

ICDRS register X Data 1 / \ \ Data 2

\
WA VS
VAR

Program processing (3) Set the ACKBT bit to 1. (3) Read the ICDRR register.  (4) Read the ICDRR register.

- |

ICDRR register X

Figure 24.12 Operating Timing in Slave Receive Mode (I12C bus Interface Mode) (2)
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24.5 Clock Synchronous Serial Mode

24.5.1 Clock Synchronous Serial Format

When the FS bit in the SAR register is set to 1, the clock synchronous serial format is used for communication.
Figure 24.13 shows the Transfer Format of Clock Synchronous Serial Format.

When the MST bit in the ICCR1 register is set to 1 (master mode), the transfer clock is output from the SCL
pin. When the MST bit is set to 0 (slave mode), the external clock isinput.

The transfer data is output between successive falling edges of the SCL clock, and data is determined at the
rising edge of the SCL clock. MSB first or LSB first can be selected as the order of the data transfer by setting
the MLS hit in the ICMR register. The SDA output level can be changed by the SDAO hit in the ICCR2 register
during transfer standby.

son X W w W X w W w W X w X

Figure 24.13 Transfer Format of Clock Synchronous Serial Format
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24.5.2 Transmit Operation

In transmit mode, transmit data is output from the SDA pin in synchronization with the falling edge of the
transfer clock. The transfer clock is output when the MST bit in the ICCR1 register is set to 1 (master mode)
and input when the MST bit is set to O (Slave mode).

Figure 24.14 shows the Operating Timing in Transmit Mode (Clock Synchronous Serial Mode).

The transmit procedure and operation in transmit mode are as follows:

(1) SettheICE bitinthe ICCR1 register to 1 (transfer operation enabled). Then set bits CKS0 to CKS3 in the
ICCRL1 register and the MST bit (initial setting).

(2) Setthe TRS bit in the ICCRL1 register to 1 to select transmit mode. This will set the TDRE bit in the ICSR
register to 1.

(3) After confirming that the TDRE bit is set to 1, write transmit datato the ICDRT register. Datais transferred
from registers ICDRT to ICDRS and the TDRE bit is automatically set to 1. Continuous transmission is
enabled by writing data to the ICDRT register every time the TDRE bit is set to 1. To switch from transmit
to receive mode, set the TRS bit to O while the TDRE bit is set to 1.

N AV AN WA AVANL AN AN
£ 5
(Ouﬁjig \ b0 X bl X:E:X b6 X b7 X b0 X:g:X b6 X b7 X b0 X:
coromn |

TDRE bit in
ICSR register a

f A L\ 4 A f A L
comrrogsr || [omer |\ 5{ 5{ o
|y X\ N s // [

N I/ SN oo ]/
Vi

—-

—— A

Data 3 / /
I/ A\ ! I
Program processing (3) Write data to (3) Write data to (3) Write data to (3) Write data to
the ICDRT register. the ICDRT register. the ICDRT register. the ICDRT register.

(2) Set the TRS hit to 1.

Figure 24.14 Operating Timing in Transmit Mode (Clock Synchronous Serial Mode)
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24.5.3 Receive Operation

In receive mode, data is latched at the rising edge of the transfer clock. The transfer clock is output when the
MST bit in the ICCR1 register is set to 1 (master mode) and input when the MST bit is set to O (Slave mode).
Figure 24.15 shows the Operating Timing in Receive Mode (Clock Synchronous Serial Mode).

The receive procedure and operation in receive mode are as follows:

(1) SettheICE bitinthe ICCR1 register to 1 (transfer operation enabled). Then set bits CKS0 to CKS3 in the
ICCR1 register and the MST bit (initial setting).

(2) Setthe MST bit to 1 while the transfer clock is being output. Thiswill start the output of the receive clock.

(3) When the receive operation is completed, data is transferred from registers ICDRS to ICDRR and the
RDREF bit in the ICSR register is set to 1. When the MST bit is set to 1, the clock is output continuously
since the next byte of datais enabled for reception. Continuous receive operation is enabled by reading the
ICDRR register every time the RDRF bit is set to 1. If the 8th clock cycle falls while the RDRF bit is set to
1, an overrun is detected and the AL bit in the ICSR register is set to 1. At thistime, the last receive datais
retained in the ICDRR register.

(4) When the MST bit isset to 1, set the RCVD bit in the ICCR1 register to 1 (next receive operation disabled)
and read the ICDRR register. The SCL signal is fixed high after the following byte of data reception is

completed.
ERYAYAVAWAWAVANLWAWAWAWAR
SCL 1 2 7 8 1 7 8 1 2
e o e e e e
(input) E 5
(
MST bit in J 55 )j
ICCRA1 register
TRS bitin X
ICCR1 register 5)( 55
RDRF bit in L
ICSR register a T
Y \ o \
| A S f
ICDRS register \ X Data 1 X / Data 2 X Datf.’s‘
| N N
] P I T
ICDRR register Data 1 Data 2
Program processing  (2) Set the MST bit to 1 (3) Read the ICDRR register. (3) Read the ICDRR register.
(when the transfer clock is output).

Figure 24.15 Operating Timing in Receive Mode (Clock Synchronous Serial Mode)
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24.6

Register Setting Examples

Figures 24.16 to 24.19 show Register Setting Examples when using 12C bus interface.

Start

t

Initial setting |

—

| Read the BBSY bit in the ICCR2 register |

No " Bpsy = 07

Yes

| ICCR1 register

TRS bit« 1
MST bit« 1

| ICCR2 register

SCP bit - 0
BBSY bit« 1

| Write transmit data to the ICDRT register |

—»|

Read the TEND bit in the ICSR register

‘ (©)

Read the ACKBR bit in the ICIER register

(6)

ACKBR =0?

Transmit
mode?

| Write transmit data to the ICDRT register |

Jo

Read the TDRE bit in the ICSR register |

®)
)

| Write transmit data to the ICDRT register |

Read the TEND bit in the ICSR register

t

(10)

| ICSR register ~ TEND bit« 0 :l (11)
I
| ICSR register  STOP bit< 0 | :| (12)
I
ICCR2 register SCP bit<« 0 13)
BBSY bit« 0
| Read the STOP bit in the ICSR register | N
14
No (14
Yes -
ICCR1 register TRS bit« 0
MST bit« 0
T (15)
| ICSR register TDRE bit < 0 |

End

« Set the STOP bit in the ICSR register to 0.
« Set the IICSEL bit in the SSUIICSR register to 1.
« Set the MSTIIC bit in the MSTCRO register to 0.

(1) Determine the states of the SCL and SDA lines.

(2) Set to master transmit mode.
(3) Generate a start condition.

(4) Set the transmit data of the 1st byte
(slave address + R/W).

(5) Wait until 1 byte of data is transmitted.

(6) Determine the ACKBR bit from the specified
slave device.

(7) Set the transmit data after 2nd byte
(except the last byte).

(8) Wait until the ICRDT register is empty.
(9) Set the transmit data of the last byte.
(10) Wait until the last byte is transmitted.
(11) Set the TEND bit to 0.

(12) Set the STOP bit to 0.

(13) Generate a stop condition.

(14) Wait until a stop condition is generated.

(15) Set to slave receive mode.
Set the TDRE bit to 0.

I Master receive mode I

Figure 24.16 Register Setting Example in Master Transmit Mode (I2C bus Interface Mode)
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| | Master receive mode | |

| ICSR register TEND bit < 0 | (1) Set the TEND bit to 0 and set to master receive mode.
Set the TDRE bit to 0. 42

ICCR1 isti TRS bit <~ 0
| register e | @ (2) Set the ACKBT bit to the transmit device. ©
| ICSR register ~ TDRE bit «- 0 | (3) Dummy read the ICDRR register. @
| ICIER register ACKBT bit < 0 | :| ) (4) Wait until 1 byte is received.
[ ) )

| Dummy read the ICDRR register | :I 3) (5) Determine (last receive - 1).

=i (6) Read the receive data.

> _
| Read the RDRF bit in the ICSR register | (7) Set the ACKBT bit of the last byte and set continuous

receive operation to disable (RCVD = 1). @

(C] (8) Read the receive data of (last byte - 1).

(9) Wait until the last byte is received.

7 (10) Set the STOP bit to 0.

Last receive - 1? (5) (11) Generate a stop condition. )

(12) Wait until a stop condition is generated.

| Read the ICDRR register | :| (6) (13) Read the receive data of the last byte.
]
| (14) Set the RCVD bit to 0.
| ICIER register ACKBT bit < 1 | (15) Set to slave receive mode.
()]
| ICCRL register RCVD bit « 1 |
| Read the ICDRR register | :| (8)
|
| _
| Read the RDRF bit in the ICSR register |
9
RDRF =1?
Yes -
ICSR register  STOP bit < 0 | :| (10)
No
(11)
Yes
ICCR2 register SCP bit < 0
BBSY bit « 0
o] -
| _
Read the STOP bit in the ICSR register
No (12)
Yes -
| Read the ICDRR register | :| (13)
[
[ ICCRI register  RCVD bit « 0 | :| (14)
[ ICCR1 register  MST bit <0 | Jas
End

Notes:
1. Do not generate interrupts while processing steps (1) to (3).
2. For 1 byte of data reception, skip steps (2) to (6) after step (1) and jump to process step (7).
Process step (8) is a dummy read from the ICDRR register.
3. After confirming the falling edge of the 9th clock cycle of SCL, generate a stop condition. Refer to 24.9.1 Master Receive Mode.

Figure 24.17 Register Setting Example in Master Receive Mode (12C bus Interface Mode)
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| | Slave transmit mode | |

| ICSR register  AAS bit < 0

| Jo

|
>

| Write transmit data to the ICDRT register | :I 2

| Read the TDRE bit in the ICSR register |

Last byte?

3

4

| Write transmit data to the ICDRT register |

.|

|

| Read the TEND bit in the ICSR register |

No

Yes

| ICSR register  TEND bit < 0

| ICCR1 register  TRS bit < 0

| Dummy read the ICDRR register

| ICSR register  TDRE bit « 0

End

(1) Set the AAS bitto 0.

(2) Set the transmit data (except the last byte).
(3) Wait until the ICRDT register is empty.

(4) Set the transmit data of the last byte.

(5) Wait until the last byte is transmitted.

(6) Setthe TEND bit to 0.

(7) Set to slave receive mode.

(8) Dummy read the ICDRR register to release
the SCL signal.

(9) Set the TDRE bitto 0.

Figure 24.18 Register Setting Example in Slave Transmit Mode (I12C bus Interface Mode)
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| | Slave receive mode | |

[ ICSR register  AAS bit - 0 | :| @ (1) Set the AAS bitto 0.

| (2) Set the ACKBT bit to the transmit device.
| ICIER register ACKBT bit « 0 | :| @)

[ (3) Dummy read the ICDRR register.
| Dummy read the ICDRR register | :I 3)

(4) Wait until 1 byte is received.

| Read the RDRF bit in the ICSR register |

— (5) Determine (last receive - 1).

(6) Read the receive data.

4 (7) Set the ACKBT bit of the last byte. @
(8) Read the receive data of (last byte - 1).

(9) Wait until the last byte is received.

Yes

Last receive - 1? (5) (10) Read the receive data of the last byte.
| Read the ICDRR register | :I (6)
T
[
| ICIER register ACKBT bit « 1 | :| @
[
| Read the ICDRR register | :I (8)
|
ot |
| Read the RDRF bit in the ICSR register |
No 9)
Yes
Read the ICDRR register | :I (10)
End

Note:
1. For 1 byte of data reception, skip steps (2) to (6) after (1) and jump to process step (7).
Process step (8) is a dummy read from the ICDRR register.

Figure 24.19 Register Setting Example in Slave Receive Mode (12C bus Interface Mode)
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24.7 Noise Canceller

The states of pins SCL and SDA are routed through the noise canceller before being latched internally.
Figure 24.20 shows a Block Diagram of Noise Canceller.
The noise canceller consists of two cascaded latch and match detector circuits. When the SCL pin input signal (or
SDA pininput signal) is sampled on f1 and two latch outputs match, the level is passed forward to the next circuit.
When they do not match, the former value is retained.

SCL or SDA
input signal

f1 (sampling clock)

f1 (sampling clock)

Latch

f1 period

A

:

Match
detection
circuit

Internal SCL
or SDA signal

Figure 24.20 Block Diagram of Noise Canceller
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24.8 Bit Synchronization Circuit

When the I2C bus interface is set to master mode, the high-level period may become shorter if:

» The SCL signal isheld low by a dave device.

» Therise speed of the SCL signal isreduced by aload (load capacity or pull-up resistor) on the SCL line.
Therefore, the SCL signal is monitored and communication is synchronized bit by bit.

Figure 24.21 shows the Bit Synchronization Circuit Timing and Table 24.6 lists the Time between Changing SCL
Signal from Low-Level Output to High-Impedance and Monitoring SCL Signal.

Reference clock of
SCL monitor timing

A -—

e -—

(7]
(@)
[
\
I
—"‘
1
1
1
1
]
]
]
]
]
1
1
1
\)
\
1
\
\
.
\
\
\

Internal SCL

__________________

TR
—

Figure 24.21 Bit Synchronization Circuit Timing

Table 24.6  Time between Changing SCL Signal from Low-Level Output to High-Impedance and
Monitoring SCL Signal

ICCR1 Register . )
SCL Monitoring Time
CKS3 CKS2

0 0 7.5Tcyc
1 19.5Tcyc

1 0 17.5Tcyc
1 41.5Tcyc

1Tcyc = 1/f1(s)
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24.9 Notes on I2C bus Interface

To use the 12C bus interface, set the IICSEL bit in the SSUIICSR register to 1 (12C bus interface function
selected).

24.9.1 Master Receive Mode

After a master receive operation is completed, when a stop condition generation or a start condition
regeneration overlaps with the falling edge of the ninth clock cycle of SCL, an additional cycle is output after
the ninth clock cycle.

24.9.1.1 Countermeasure

After a master receive operation is completed, confirm the falling edge of the ninth clock cycle of SCL and
generate a stop condition or regenerate a start condition.

Confirm the falling edge of the ninth clock cycle of SCL as follows: Confirm the SCLO bit in the ICCR2
register (SCL monitor flag) becomes O (SCL pin is low) after confirming the RDRF bit in the ICSR register
(receive data register full flag) becomes 1.

24.9.2 TheICE Bit in the ICCR1 Register and the IICRST Bit in the ICCR2 Register

When writing O to the ICE bit or 1 to the ICRST bit during an 12C bus interface operation, the BBSY bit in the
ICCR2 register and the STOP bit in the ICSR register may become undefined.

24.9.2.1 Conditions When Bits Become Undefined

» When this module occupies the bus in master transmit mode (bits MST and TRS in the ICCR1 register are 1).
« When this module occupies the bus in master receive mode (the MST bit is 1 and the TRS bit is 0).

« When this module transmits data in slave transmit mode (the MST bit is 0 and the TRS bitis 1).

« When this modul e transmits an acknowledge in slave receive mode (bits MST and TRS are 0).

24.9.2.2 Countermeasures

« When the start condition (the SDA falling edge when SCL is high) isinput, the BBSY hit becomes 1.

« When the stop condition (the SDA rising edge when SCL is high) isinput, the BBSY hit becomes 0.

« When writing 1 to the BBSY bit, 0 to the SCP bit, and the start condition (the SDA falling edge when SCL is
high) is output while SCL and SDA are high in master transmit mode, the BBSY bit becomes 1.

« When writing 0 to bits BBSY and SCP, the stop condition (the SDA rising edge when SCL is high) is output
while SDA islow, and thisis the only module that holds SCL low in master transmit mode or master receive
mode, the BBSY hit becomes 0.

« When writing 1 to the FS bit in the SAR register, the BBSY bit becomes 0.

24.9.2.3 Additional Descriptions Regarding the IICRST Bit

* When writing 1 to the IICRST hit, bits SDAO and SCLO in the ICCR2 register become 1.

* When writing 1 to the IICRST bit in master transmit mode and slave transmit mode, the TDRE bit in the ICSR
register becomes 1.

« While the control block of the 12C bus interface is reset by setting the IICRST bit to 1, writing to bits BBSY,
SCP, and SDAO is disabled. Write 0 to the IICRST hit before writing to the BBSY bit, SCP bit, or SDAO hit.

« Even when writing 1 to the [ICRST hit, the BBSY bit does not become 0. However, the stop condition (the
SDA rising edge when SCL is high) may be generated depending on the states of SCL and SDA and the
BBSY hit may become 0. There may also be asimilar effect on other bits.

« While the control block of the I2C bus interface is reset by setting the IICRST bit to 1, data transmission/
reception is stopped. However, the function to detect the start condition, stop condition, or arbitration lost
operates. The values in the ICCR1 register, ICCR2 register, or ICSR register may be updated depending on
the signal's applied to pins SCL and SDA.
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25. A/D Converter

Note

The description offered in this chapter is based on the R8C/LA5A Group.
For the R8C/LA3A Group, refer to 1.1.2 Differences between Groups.

The A/D converter consists of one 10-bit successive approximation A/D converter circuit with a capacitive coupling
amplifier. An analog input voltage can also be A/D converted through the gain amplifier. The analog input shares pins
P7 OtoP7 2and P8 4to P8 7.

As an extended function, the output voltage from the temperature sensor can be A/D converted.

Refer to 25.9 Temperature Sensor for details of the temperature sensor and Table 29.5 Gain Amplifier
Characteristicsfor details of the gain amplifier.

25.1 Introduction
Table 25.1 liststhe A/D Converter Performance. Figure 25.1 shows the A/D Converter Block Diagram.

Table 25.1 A/D Converter Performance

Item Performance
A/D conversion method Successive approximation (with capacitive coupling amplifier)
Analog input voltage () 0V to AVCC
Gain amplifier selection 4) Gain 1, 2, 4, 6, or 8 can be selected
Operating clock ¢AD (2) fAD, fAD divided by 2, fAD divided by 4, fAD divided by 8
(fAD = f1 or fOCO-F)
Resolution 8 bits or 10 bits selectable
Absolute accuracy AVCC = Vref =5V, ¢AD = 20 MHz

* 8-bit resolution +2 LSB

* 10-bit resolution £3 LSB

AVCC = Vref = 3.0 V, $AD = 10 MHz
* 8-bit resolution +2 LSB

 10-bit resolution +5 LSB

Operating modes One-shot mode, repeat mode 0, repeat mode 1, single sweep mode, and repeat
sweep mode

Analog input pins 7 pins (ANO to ANG)

A/D conversion  Software trigger

start conditions e Timer RH
* Timer RC

« External trigger
« (Refer to 25.3.3 A/D Conversion Start Conditions.)

Conversion rate per pin 3) Minimum 44 ¢AD cycles
(4AD = fAD)

Notes:
1. When the analog input voltage is over the reference voltage, the A/D conversion result will be 3FFh in 10-bit
mode and FFh in 8-bit mode.
2. Referto Table 29.3 A/D Converter Characteristics for the operating clock ¢AD.
3. The conversion rate per pin is minimum 44 ¢AD cycles for 8-bit and 10-bit resolution.
4. The gain amplifier has an offset.
Ensure the amplified value does not exceed VCC.
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CKS2=1
5 CKS1 to CKS0
foco-F ,o—fAB| 172 172 172 =00b
f1 =01b
CKS2=0 =10b ¢AD
=11b
VREFO ADSTBY=0 o Analog circuit
SO oo L TTITTTTY
ADCAP1 to ADCAPO [TTTTTTTTT e
; =00b <
Software trigger =01b Successive conversion register
Timer RH trigger————o0 i SCANL1 to SCANO)
) . = rigger
Timer RC trigger: 100 99 CH2 to CHO
ADTRG =11b ADO register -
AD1 register -
AD?2 register -
AD3 register -
- *— Decoder
ADA4 register - Vref
ADS register -
ADEG register -
AD?7 register -
ADGSEL1 to ADGSELO Comparator
1l
S Data bus S
CH2 to CH0=000b -

P8_4/ANO O

CH2 to CH0=001b

P8_5/AN1 O

CH2 to CH0=010b

P8_6/AN2 O

CH2 to CH0=011b

P8_7/AN3 O

CH2 to CH0=100b

P7_0/AN4 O

0,0,0,0,0,0

CH2 to CH0=101b

P7_1/AN5 O

CH2 to CH0=110b

P7_2/AN6 O

Note:

o

ADTSEL =0

ADGSEL1 to ADGSELO
=00b
ADTSEX=1

Temperature sensor 5©
output voltage (VTMP)

ADTSEX =0

OCVREFAN=0

OCVREFAN:lkc

Qo

Gain ADTSEL = 1| ADEXO0 =0
amplifier _%_‘

X1to8 o

ADEX0=1

On-chip reference voltage ___ OCVREFANZL
(OCVREF) (Note 1)

ADDDAEN=0

ADDDAEN:lKO—
O

ADDDAELME

CKSO0 to CKS2, ADCAPO, ADCAP1: Bits in ADMOD register

CHO to CH2, SCANO, SCAN1, ADGSELO, ADGSEL1: Bits in ADINSEL register
ADEXO0, ADSTBY, ADDDAEN, ADDDAEL: Bits in ADCONL1 register

ADTSEX, ADTSEL: Bits in ADCON2 register

OCVREFAN: Bit in OCVREFCR register

1. When the on-chip reference voltage is used as analog input, first set the ADEXO bit to 1 (on-chip reference voltage selected)

and then set the OCVREFAN bit to 1 (on-chip reference voltage and analog input are connected).

When the on-chip reference voltage is not used as analog input, first set the OCVREFAN bit to 0 (on-chip reference voltage

and analog input are cut off) and then set the ADEXO bit to 0 (on-chip reference voltage not selected).

Figure 25.1  A/D Converter Block Diagram
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25.2

Registers

25.2.1 Module Standby Control Register 0 (MSTCRO)
Address 0008h

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol [MSTADC| —  [MSTTRC|MSTLCD| MSTIIC | —  [MSTURTO| —
After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 — Reseved bit Set to 0. R/W
bl |MSTURTO |[UARTO standby bit 0: Active R/W
1: Standby (1)
b2 — Reseved bit Set to 0. R/W
b3 MSTIIC |SSU, I2C bus standby bit 0: Active R/W
1: Standby (@
b4 MSTLCD |LCD standby bit 0: Active R/W
1: Standby (3
b5 MSTTRC |Timer RC standby bit 0: Active R/W
1: Standby 4
b6 — Reseved bit Setto 0. R/W
b7 MSTADC |A/D standby bit (5) 0: Active R/W
1: Standby
Notes:
1. When the MSTURTO bit is set to 1 (standby), any access to the UARTO associated registers (addresses 00AOh

2.

3.

to 00A7h) is disabled.

When the MSTIIC bit is set to 1 (standby), any access to the SSU or the I2C bus associated registers (addresses
0193h to 019Dh) is disabled.

When the MSTLCD bit is set to 1 (standby), any access to the timer LCD associated registers (addresses 0200h
to 0237h) is disabled.

When the MSTTRC bit is set to 1 (standby), any access to the timer RC associated registers (addresses 0120h
to 0133h) is disabled.

When the MSTADC bit is set to 1 (standby), any access to the timer A/D associated registers (addresses 00COh
to 00D9h, 00ODCh to O0DFh) is disabled.

Set the MSTADC bit to 0 (active) when the temperature sensor is used.

When changing each standby bit to standby, stop the corresponding peripheral function beforehand. When
peripheral functions are set to standby using each standby bit, their registers cannot be read or written. Also, the
clock supply to the peripheral functionsis stopped.

When changing from standby to active, set the registers of the corresponding peripheral function again after
changing.
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25.2.2 On-Chip Reference Voltage Control Register (OCVREFCR)
Address 0026h

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol | — | — | — | — | — | — | — |OCVREFAN|
After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W

b0 | OCVREFAN |On-chip reference voltage to |0: On-chip reference voltage and analog input are cut off| R/W
analog input connect bit (1) |1: On-chip reference voltage and analog input are
connected

bl — Reserved bits Set to 0. R/W
b2 —
b3 —
b4 —
b5 —
b6 —
b7 —

Note:

1. When the on-chip reference voltage is used as analog input, first set the ADEXO bit in the ADCONL1 register to 1
(on-chip reference voltage selected) and then set the OCVREFAN bit to 1 (on-chip reference voltage and analog
input are connected).

When the on-chip reference voltage is not used as analog input, first set the OCVREFAN bit to 0 (on-chip
reference voltage and analog input are cut off) and then set the ADEXO bit to 0 (extended analog input not
selected).

Set the OCVREFAN bit to 0 (on-chip reference voltage and analog input are cut off) when the temperature
sensor is used.

Set the PRC3 hit in the PRCR register to 1 (write enabled) before rewriting the OCVREFCR register.
If the content of the OCVREFCR register is rewritten during A/D conversion, the conversion result is
undefined.
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25.2.3 A/D Registeri (ADi) (i=0to 7)

Address 00C1h to 00COh (ADO), 00C3h to 00C2h (AD1), 00C5h to 00C4h (AD2),
00C7h to 00C6h (AD3), 00C9h to 00C8h (AD4), 00CBh to 00CAh (ADS5),
00CDh to 00CCh (AD6), 00CFh to 00CEh (AD7) (1)

Bit b7 b6 b5 b4 b3 b2 bl b0
smo — [ — [ — [ — [ — [ — 1 — [ —
After Reset X X X X X X X X
Bit b15 b14 b13 b12 b1l b10 b9 b8
Symbol — — — — — — — —
After Reset 0 0 0 0 0 0 X X
Function
Bit 10-bit mode 8-bit mode R/W
(BITS bit in ADCONL1 register = 1) (BITS bit in ADCONL1 register = 0)
b0 |8 low-order bits in A/D conversion result A/D conversion result R
bl
b2
b3
b4
b5
b6
b7
b8 |2 high-order bits in A/D conversion result When read, the content is 0. R
b9
b10 [Nothing is assigned. If necessary, set to 0. When read, the content is 0. —
b1l
b12
b13
b14
b1l5 |Reserved bit |When read, the content is undefined. R
Note:

1. The AD7Y register can be used only in repeat mode 1.

If the contents of the ADCON1, ADMOD, ADINSEL, or OCVREFCR register are written during A/D
conversion, the conversion result is undefined.

When using the A/D converter in 10-bit mode, repeat mode O, repeat mode 1, or repeat sweep mode, access the
ADi register in 16-bit units. Do not accessit in 8-bit units.

Wait for one cycle or more to read the conversion result after A/D conversion is completed.
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25.2.4 A/D Mode Register (ADMOD)
Address 00D4h

Bit b7 b6 b5 b4 b3 b2 b1l b0
Symbol | ADCAP1 | ADCAPOQ | MD2 | MD1 | MDO CKS2 CKS1 CKSO0
After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 CKSO |Division select bit b1 b0 R/W

0 0: fAD divided by 8

bl CKS1 0 1: fAD divided by 4 RIW
1 0: fAD divided by 2
1 1: fAD divided by 1 (no division)
b2 CKS2 |Clock source select bit (1) |O: f1 selected R/W
1: fOCO-F selected
b3 MDO |A/D operating mode bSba b3 R/W
b4 | MDI |select bit @ 8 8 (1); ggisth;’;tm"de RIW
b5 MD2 . . R/W

0 1 0: Repeat mode 0

01 1: Repeat mode 1

1 0 0: Single sweep mode
10 1: Do not set.

11 0: Repeat sweep mode
111: Do not set.

b6 |ADCAPO |A/D conversion trigger b7 b6 _ _ . R/W
b7 TADCAPT |select bit 0 0: A/D conversion starts by software trigger (ADST bit in RIW

ADCONQO register)
0 1: A/D conversion starts by conversion trigger from timer RH
1 0: A/D conversion starts by conversion trigger from timer RC
1 1: A/D conversion starts by external trigger (ADTRG)

Notes:
1. When the CKS2 bit is changed, wait for three ¢AD cycles or more before starting A/D conversion.
2. Use the temperature sensor only in one-shot mode, repeat mode 0, or repeat mode 1.
Do not select single sweep mode and repeat sweep mode.

If the content of the ADMOD register is rewritten during A/D conversion, the conversion result is undefined.
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25.2.5 A/D Input Select Register (ADINSEL)
Address 00D5h

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol |ADGSEL1|ADGSELO| SCAN1 | SCANO | — | CH2 CH1 CHO
After Reset 1 1 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 CHO [Analog input pin select bit Refer to Table 25.2 Analog Input Pin Selection R/W
bl CH1 R/W
b2 CH2 R/W
b3 — Reserved bit Setto 0. R/W
b4 SCANO |A/D sweep pin count select bit b5 b4 . R/W
b5 | SCANT 00: 2 pins RIW
0 1: 4 pins
1 0: 6 pins
11:7 pins
b6 |ADGSELO|A/D input group select bit b7 b6 R/W
b7 TADGSELL 0 0: ANO to ANG6 selected RIW
0 1: Do not set.
1 0: Do not set.
1 1: Analog input pin not selected

If the content of the ADINSEL register isrewritten during A/D conversion, the conversion result is undefined.

Table 25.2  Analog Input Pin Selection

Bits CH2 to CHO Bits ADGSEL1 to ADGSELO = 00b
000b ANO
001b AN1
010b AN2
011b AN3
100b AN4
101b AN5
110b ANG6
111b Do not set.
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25.2.6 A/D Control Register 0 (ADCONO)

Address 00D6h

Bit b7 b5 b4 b3 b2 bl b0
Symbol| — | | - | = | = | = — ADST
After Reset 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 ADST |A/D conversion start flag 0: A/D conversion stops R/W
1: A/D conversion starts

bl — Nothing is assigned. If necessary, set to 0. When read, the content is O. —
b2 —

b3 —

b4 —

b5 —

b6 —

b7 —

ADST Bit (A/D Conversion Start Flag)

[Conditions for setting to 1] When A/D conversion starts and while A/D conversion isin progress.
[Condition for setting to 0] When A/D conversion stops.
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25.2.7 A/D Control Register 1 (ADCONL1)
Address 00D7h

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol |ADDDAEL |ADDDAEN | ADSTBY | BITS | — — — ADEX0
After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 ADEXO0 |On-chip reference voltage select bit (1) |0: On-chip reference voltage not selected R/IW
1: On-chip reference voltage selected (2. 6. 7)
bl — Reserved bits Set to 0. R/W
b2 —
b3 —
b4 BITS |8-/10-bit mode select bit 0: 8-bit mode R/W
1: 10-bit mode
b5 | ADSTBY |A/D standby bit (3) 0: A/D operation stops (standby) 4) R/IW
1: A/D operation enabled
b6 |ADDDAEN |A/D open-circuit detection assist 0: Disabled R/W
function enable bit (. 7) 1: Enabled
b7 |ADDDAEL [A/D open-circuit detection assist 0: Discharge before conversion R/W
method select bit (5) 1: Precharge before conversion

Notes:

1. When the on-chip reference voltage is used as analog input, first set the ADEXO0 bit to 1 (on-chip reference
voltage selected) and then set the OCVREFAN bit in the OCVREFCR register to 1 (on-chip reference voltage
and analog input are connected).

When the on-chip reference voltage is not used as analog input, first set the OCVREFAN bit to 0 (on-chip

reference voltage and analog input are cut off) and then set the ADEXO bit to 0 (on-chip reference voltage not

selected).

Set the ADEXO bit to 0 (on-chip reference voltage not selected) when the temperature sensor is used.

Do not set in single sweep mode or repeat sweep mode.

3. When the ADSTBY bit is changed from 0 (A/D operation stops) to 1 (A/D operation enabled), wait for one ¢AD
cycle or more before starting A/D conversion.

4. Stop the A/D function before setting to standby. When the ADSBY bit is set to 1 (standby), any access to the A/D
associated registers (addresses 00C0Oh to 00CFh and 00D4h to 00D7h) is disabled.

5. To enable the A/D open-circuit detection assist function, select the conversion start state with the ADDDAEL bit

after setting the ADDDAEN bit to 1 (enabled).

The conversion result for an open circuit varies with external circuits. Careful evaluation should be performed

according to the system before using this function.

When on-chip reference voltage is used (ADEXO0 = 1), set bits CH2 to CHO in the ADINSEL register to 000b.

7. When on-chip reference voltage is used (ADEXO = 1), set the ADDDAEN bit to 0 (A/D open-circuit detection
assist function disabled).

n

o

If the content of the ADCONL1 register is rewritten during A/D conversion, the conversion result is undefined.
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25.2.8 A/D Control Register 2 (ADCON2)
Address 00DDh

Bit b7 b6 b5 b4 b3 b2 b1l b0
Symbol | ADTSEL | ADTSEN | — | — | ADTSEX | ADTSG2 | ADTSG1 | ADTSGO

After Reset 0 0 0 0 0 0 0 0

Bit Symbol Bit Name Function R/W

Eg ﬁglggg Gain select bit 9 bcz)bélg: Gain 1 (amplification factor: x 1) E/\/\x

b3 ADTSG? 001: Ga!n 2 (ampl!f!cat!on factor: x 2) RIW
0 1 0: Gain 4 (amplification factor: x 4)
01 1: Gain 6 (amplification factor: x 6)
1 0 0: Gain 8 (amplification factor: x 8)
10 1: Do not select.
11 0: Do not select.
11 1: Do not select.

b3 ADTSEX |Gain amplifier input switch bit 0: Internal temperature sensor () R/W
1: Analog input pin

b4 — Reserved bits Set to 0. R/W

b5 —

b6 | ADTSEN |Gain amplifier operation start bit (1. 2, 3)[0: Operation stops RIW
1: Operation starts

b7 ADTSEL |Analog input switch bit (4) 0: Analog input pin R/W
1: Gain amplifier output

Notes:

1. When the gain amplifier is not used, set the ADTSEN bit to 0 to reduce current consumption.

2. When the ADTSEN bit is set to 1 (operation starts), the gain amplifier starts operation. The voltage will stabilize
maximum 200 us after the setting to start operation. Wait until the voltage stabilizes before starting A/D
conversion.

3. When the ADTSEX bit is set to O (internal temperature sensor) and the ADTSEN bit is set to 1 (operation starts),
the temperature sensor starts operation. After the setting to start operation, wait until the voltage stabilizes a
maximum of 200 us before starting A/D conversion.

4. Setthe ADTSEL bit to 1 (gain amplifier output) when the temperature sensor is used.

5. Ensure the amplified value does not exceed VCC.

If the content of the ADCONZ2 register is rewritten during A/D conversion, the conversion result is undefined.
The gain amplifier has an offset.
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25.3 Common Items for Multiple Modes

25.3.1 Input/Output Pins

The analog input shares pinsP7_0to P7_2and P8_4to P8 7in ANOto ANG.
To usethe ANi (i = 0to 6) pin asinput, set the corresponding port direction bit to O (input mode).
After changing the A/D operating mode, select an analog input pin again.

25.3.2 A/D Conversion Cycles
Figure 25.2 shows the Timing Diagram of A/D Conversion. Figure 25.3 shows the A/D Conversion Cycles

(ODAD =fAD).
. A/D conversion execution time .
€ > !
! Open-circuit |
Start process | getection Conversion time of 1st bit 2nd bit End process |
)
€ > Lh P > P
Start Ogstr;gif:n Sampling time Comparison | Comparison | Comparison Comparison End process
process Charging time 16 $AD cycles time time tme [ 77 time P

* Repeat until conversion ends H

S »!

Figure 25.2  Timing Diagram of A/D Conversion

A/D conversion execution time

< >
Conversion time
Open-circuit . . . at the 2nd bit and
Start process detection Conversion time at the 1st bit the follows End process
t——— e ——— >
Conversion time | Start process Og)etn—ctl_rcun Sampling ti Comparison Comparison |End process
(Minimum) @ (Minimum) etection ampiing time time time (Minimum)

Charging time

Disabled: 0 $AD
44 6AD 1 $AD 16 ¢AD 2.5 AD 2.5 ¢AD 2 $AD

Enabled: 2 )AD

Note:
1. The conversion time (minimum) is 44 ¢AD for 8-bit and 10-bit resolution.

Figure 25.3 A/D Conversion Cycles (§AD = fAD)
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Table 25.3 shows the Number of Cycles for A/D Conversion Items. The A/D conversion time is defined as
follows:

The start process time varies depending on which ¢AD is selected.

When 1 (A/D conversion starts) iswritten to the ADST bit in the ADCONO register, an A/D conversion starts
after the start process time has elapsed. Reading the ADST bit before the A/D conversion returns 0 (A/D
conversion stops).

In the modes where an A/D conversion is performed on multiple pins or multiple times, the between-execution
process time is inserted between the A/D conversion execution time for one pin and the next A/D conversion
time.

In one-shot mode and single sweep mode, the ADST bit is set to 0 during the end process time and the last A/D
conversion result is stored in the ADi register at the sametime.

* In on-shot mode
Start processtime + A/D conversion execution time + end process time

» When two pins are selected in single sweep mode
Start process time + (A/D conversion execution time + between-execution process time + A/D conversion
execution time) + end process time

In single sweep mode and repeat sweep mode, A/D conversion execution time is the time for eight pins when
bits SCAN1 to SCANO are set to 11b (seven pins).

Table 25.3  Number of Cycles for A/D Conversion Items

A/D Conversion Item Number of Cycles
Start process time ®AD = fAD 1 or 2 fAD cycles
®AD = fAD divided by 2 2 or 3fAD cycles
oAD = fAD divided by 4 3 or 4 fAD cycles
oAD = fAD divided by 8 5 or 6 fAD cycles
A/D conversion Open-circuit detection disabled 40 $AD cycles + 1 to 3 fAD cycles
execution time Open-circuit detection enabled 42 AD cycles + 1 to 3 fAD cycles
Between-execution process time 1 ¢AD cycle
End process time 2 or 3fAD cycles
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25.3.3 A/D Conversion Start Conditions

A softwaretrigger, trigger from timer RH interrupt request, trigger from timer RC, and external trigger are used
as A/D conversion start triggers.

Figure 25.4 shows the Block Diagram of A/D Conversion Start Control Unit.

ADCAP1 to ADCAPO
=00b
Interrupt flag ADST —4 =01b
(TRHIFR and TRHICR registers) — =" =02 bit_D_j J———0
(TRHIFR and TRHIER registers) =10b A/D conversion start trigger
IME = D AT
ADTBEE ni INT7EN
ADTRG pin
PDO 0 :D
i=A,B,C,D

ADCAP1 to ADCAPO: Bits in ADMOD register
ADST: Bit in ADCONO register

ADTRGIE: Bit in TRCADCR register

INT7EN: Bit in INTENL1 register

IMFj: Bit in TRCSR register

PDO_O: Bitin PDO

Figure 25.4 Block Diagram of A/D Conversion Start Control Unit

25.3.3.1 Software Trigger

A software trigger is selected when bits ADCAPL to ADCAPO in the ADMOD register are set to 00b (software
trigger).
The A/D conversion starts when the ADST bit in the ADCONO register isset to 1 (A/D conversion starts).

25.3.3.2 Trigger from Timer RH

Thistrigger is selected when bits ADCAPL to ADCAPQ inthe ADMOD register are set to 01b (timer RH).
To use this function, make sure the following conditions are met:

e BitsILVLOto ILVL2 inthe TRHIC register are set to 000b (interrupt disabled).
* BitsADCAP1 to ADCAPO in the ADMOD register are set to 01b (timer RH).

e Timer RH is used.

 The corresponding interrupt enable bit in the TRHIER register isset to 1.

* The ADST bit in the ADCONO register isset to 1 (A/D conversion starts).

When the corresponding interrupt flag in the TRHIFR or TRHICR register is changed from 0 to 1 under the
above conditions, A/D conversion starts.

Refer to 12. Interruptsand 19. Timer RH for details of timer RH interrupt request.
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25.3.3.3 Trigger from Timer RC

Thistrigger is selected when bits ADCAP1 to ADCAPO in the ADMOD register are set to 10b (timer RC).
To use this function, make sure the following conditions are met:

* Bits ADCAP1 to ADCAPO in the ADMOD register are set to 10b (timer RC).

» Timer RC is used in the output compare function (timer mode, PWM mode, and PWM2 mode).

* The ADTRGJE hit (j =A, B, C, D) inthe TRCADCR register is set to 1 (A/D trigger occurs at compare match
with TRCGRj register).

» The ADST hit in the ADCONO register isset to 1 (A/D conversion starts).

When the IMFj bit in the TRCSR register is changed from 0 to 1 under the above conditions, A/D conversion
starts.

Refer to 18. Timer RC, 18.5 Timer M ode (Output Compare Function), 18.6 PWM Mode, 18.7 PWM 2
Mode for the details of timer RC and the output compare function (timer mode, PWM mode, and PWM2
mode).

25.3.3.4 External Trigger

Thistrigger is selected when bits ADCAP1 to ADCAPO in the ADMOD register are set to 11b (external trigger
(ADTRG)).
To use this function, make sure the following conditions are met:

* Bits ADCAP1 to ADCAPO in the ADMOD register are set to 11b (external trigger (ADTRG)).

» The INT7EN bit in the INTEN1 register is set to 1 (INT7 input enabled)).

 The port direction register is set to input: the PDO_0 bit in the PDO register is set to 0 (input mode).
* Select the INT7 digital filter by bits INT7F1 to INT7FO0 in the INTF1 register.

e The ADST bit in the ADCONO register is set to 1 (A/D conversion starts).

ThelR bitinthe INT7IC register isset to 1 (interrupt requested) in accordance with the setting of the POL bit in
the INT7IC register and the INT7PL bit in the INTEN1 register and a change in the ADTRG pin input (refer to
12.8 Noteson Interrupts).

Refer to 12. Interrupts for details of interrupts.

When the ADTRG pin input is changed from high to low under the above conditions, A/D conversion starts.
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25.3.4 A/D Conversion Result

The A/D conversion result is stored in the ADi register (i = 0 to 6). Wait for one cycle or more to read the
conversion result after A/D conversion is completed. The register where the result is stored varies depending on
the A/D operating mode used. The contents of the ADi register are undefined after reset. Values cannot be
written to the ADi register.

In repeat mode 0, no interrupt request is generated. After the first AD conversion is completed, determine if the
A/D conversion time has elapsed by a program.

In one-shot mode, repeat mode 1, single sweep mode, and repeat sweep mode, an interrupt request is generated
at certain times, such as when an A/D conversion completes (the IR bit in the ADIC register is set to 1).
However, in repeat mode 1 and repeat sweep mode, A/D conversion continues after an interrupt request is
generated. Read the ADi register before the next A/D conversion is completed, since at completion the ADi
register is rewritten with the new value.

In one-shot mode and single sweep mode, when bits ADCAP1 to ADCAPO in the ADMOD register is set to
00b (software trigger), the ADST bit in the ADCONO register is used to determine whether the A/D conversion
or sweep has compl eted.

During an A/D conversion operation, if the ADST bit in the ADCONO register is set to O (A/D conversion
stops) by a program to forcibly terminate A/D conversion, the conversion result of the A/D converter is
undefined and no interrupt is generated. The value of the ADi register before A/D conversion may also be
undefined.

If the ADST hit is set to O by a program, do not use the value of al the ADi register.

25.3.5 Low-Current-Consumption Function

When the A/D converter is not used, power consumption can be reduced by setting the ADSTBY bit in the
ADCONL1 register to 0 (A/D operation stops (standby)) to shut off any analog circuit current flow.

To use the A/D converter, set the ADSTBY bit to 1 (A/D operation enabled) and wait for one $AD cycle or
more before setting the ADST bit in the ADCONQO register to 1 (A/D conversion starts). Do not write 1 to bits
ADST and ADSTBY at the sametime.

Also, do not set the ADSTBY bit to 0 (A/D operation stops (standby)) during the A/D conversion.

25.3.6  On-Chip Reference Voltage (OCVREF)

In one-shot mode, repeat mode 0, and repeat mode 1, the on-chip reference voltage (OCVREF) can be used as
analog input.

Any variation in VREF can be confirmed using the on-chip reference voltage. Use the ADEXQO bit in the
ADCONL1 register and the OCVREFAN hit in the OCVREFCR register to select the on-chip reference voltage.
The A/D conversion result of the on-chip reference voltage in one-shot mode or in repeat mode O is stored in the
ADO register.

25.3.7 Gain Amplifier

The gain amplifier (gain 1, 2, 4, 6, or 8) can be selected by bits ADTSGO0 0 to ADTSG2 in the ADCON2
register. The gain amplifier has an offset. Ensure the amplified value does not exceed VCC.
For details of the temperature sensor, refer to Table 25.9 Temper ature Sensor Performance.
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25.3.8 A/D Open-Circuit Detection Assist Function

To suppress influences of the analog input voltage |eakage from the previously converted channel during A/D
conversion operation, a function is incorporated to fix the electric charge on the chopper amp capacitor to the
predetermined state (AVCC or GND) before starting conversion.

This function enables more reliable detection of an open circuit in the wiring connected to the analog input pins.
Figure 25.5 shows the A/D Open-Circuit Detection Example on AV CC Side (Precharge before Conversion
Selected) and Figure 25.6 shows the A/D Open-Circuit Detection Example on AVSS Side (Discharge before

Conversion Selected).

External circuit example @

Analog input

ADDDAEN

ANi r

Precharge

Precharge control signal

Discharge
control signal

Note:

ADDDAEN: Bit in ADCONL register

i=0t06

L |

| |
|
Chopper amp capacitor

1. The conversion result for an open circuit varies with external circuits. Careful evaluation should be
performed before using this function.

Figure 25.5
Selected)

A/D Open-Circuit Detection Example on AVCC Side (Precharge before Conversion

Precharge
control signal

bﬂ:i:::::
<=

Discharge
control signal

Note:

ADDDAEN: Bit in ADCONL1 register

ADDDAEN
External circuit example
CTTTTTETT TS .
> ' Analzg,;\”mput Discharge
X ] [
9 i=0to6 - )

Chopper amp capacitor

1. The conversion result for an open circuit varies with external circuits. Careful evaluation should be
performed before using this function.

Figure 25.6
Selected)

A/D Open-Circuit Detection Example on AVSS Side (Discharge before Conversion
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25.4 One-Shot Mode

In one-shot mode, the input voltage to one pin selected from among ANO to AN6, OCV REF, or the temperature
sensor output voltage (VTMP) is A/D converted once.
Table 25.4 lists the One-Shot Mode Specifications.

Table 25.4  One-Shot Mode Specifications

Item Specification
Function The input voltage to the pin selected by bits CH2 to CHO and bits ADGSELL1 to
ADGSELO in the ADINSEL register, bits ADTSEX and ADTSEL in the ADCON2
register, or the ADEXO bit in the ADCONL1 register is A/D converted once.

Resolution 8 bits or 10 bits
A/D conversion « Software trigger
start conditions * Timer RH

* Timer RC

« External trigger
(Refer to 25.3.3 A/D Conversion Start Conditions)

A/D conversion « A/D conversion completes (when bits ADCAP1 to ADCAPO in the ADMOD register

stop conditions are set to 00b (software trigger), the ADST bit in the ADCONO register is set to 0.)
* Set the ADST bhit to 0.

Interrupt request When A/D conversion completes.

generation timing

Analog input pin One pin is selectable from among ANO to AN6, OCVREF, or VTMP.

Storage resisters for ADO register: ANO, OCVREF, VTMP ()

A/D conversion result AD1 register: AN1, VTMP ()

AD2 register: AN2, VTMP (1)

AD3 register: AN3, VTMP ()

AD4 register: AN4, VTMP ()

ADS5 register: AN5, VTMP ()

ADSG register: AN6, VTMP (1)

Reading of Read the register among ADO to AD6 corresponding to the selected pin.

A/D conversion result

Note:

1. The A/D conversion result of the temperature sensor output voltage is stored in registers ADO to AD6

corresponding to the pin selected by bits CHO to CH2 and bits ADGSEL1 to ADGSELDO in the ADINSEL
register.
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25.5 Repeat Mode 0

In repeat mode O, the input voltage to one pin selected from among ANO to AN6, OCV REF, or the temperature
sensor output voltage (VTMP) is A/D converted repeatedly.
Table 25.5 lists the Repeat Mode 0 Specifications.

Table 25.5  Repeat Mode 0 Specifications

Item Specification
Function The input voltage to the pin selected by bits CH2 to CHO and bits ADGSELL1 to
ADGSELO in the ADINSEL register, bits ADTSEX and ADTSEL in the ADCON2
register, or the ADEXO bit in the ADCONL1 register is A/D converted repeatedly.

Resolution 8 bits or 10 bits
A/D conversion « Software trigger
start conditions * Timer RH

* Timer RC

« External trigger
(Refer to 25.3.3 A/D Conversion Start Conditions)

A/D conversion Set the ADST bit in the ADCONO register to O

stop conditions

Interrupt request Not generated

generation timing

Analog input pin One pin is selectable from among ANO to AN6, OCVREF, or VTMP.
Storage resisters for ADO register: ANO, OCVREF, VTMP (1)

A/D conversion result AD1 register: AN1, VTMP (1)

AD2 register: AN2, VTMP (%)
AD3 register: AN3, VTMP ()
ADA4 register: AN4, VTMP ()
ADS5 register: AN5, VTMP (1)
ADG register: AN6, VTMP (1)
Reading of Read the register among ADO to AD6 corresponding to the selected pin.
A/D conversion result

Note:
1. The A/D conversion result of the temperature sensor output voltage is stored in registers ADO to AD6
corresponding to the pin selected by bits CHO to CH2 and bits ADGSEL1 to ADGSELO in the ADINSEL
register.
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25.6 Repeat Mode 1

In repeat mode 1, the input voltage to one pin selected from among ANO to AN6, OCV REF, or the temperature
sensor output voltage (VTMP) is A/D converted repeatedly.
Table 25.6 lists the Repeat Mode 1 Specifications. Figure 25.7 shows an Operating Example in Repeat Mode 1.

Table 25.6  Repeat Mode 1 Specifications

Item Specification
Function The input voltage to the pin selected by bits CH2 to CHO and bits ADGSELL1 to
ADGSELO in the ADINSEL register, bits ADTSEX and ADTSEL in the ADCON2
register, or the ADEXO bit in the ADCONL1 register is A/D converted repeatedly.

Resolution 8 bits or 10 bits
A/D conversion « Software trigger
start conditions * Timer RH

* Timer RC

« External trigger
(Refer to 25.3.3 A/D Conversion Start Conditions)

A/D conversion Set the ADST bit in the ADCONO register to 0.

stop condition

Interrupt request When the A/D conversion result is stored in the AD7 register.
generation timing

Analog input pin One pin is selectable from among ANO to AN6, OCVREF, or VTMP.
Storage resisters for ADO register: 1st A/D conversion result, 9th A/D conversion result...
A/D conversion result AD1 register: 2nd A/D conversion result, 10th A/D conversion result...

AD2 register: 3rd A/D conversion result, 11th A/D conversion result...
AD3 register: 4th A/D conversion result, 12th A/D conversion result...
AD4 register: 5th A/D conversion result, 13th A/D conversion result...
ADS register: 6th A/D conversion result, 14th A/D conversion result...
ADG register: 7th A/D conversion result, 15th A/D conversion result...
ADY register: 8th A/D conversion result, 16th A/D conversion result...

Reading of Read registers ADO to AD7.
A/D conversion result
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or set by a program.

—

The above applies under the following condition:

Figure 25.7  Operating Example in Repeat Mode 1

Bits ADCAP1 to ADCAPO in the ADMOD register are set to 00b (A/D conversion starts by software trigger).
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25.7 Single Sweep Mode

In single sweep mode, the input voltage to two, four, six, or seven pins selected from among ANO to AN6 are A/D

converted one-by-one.

Table 25.7 lists the Single Sweep Mode Specifications. Figure 25.8 shows an Operating Example in Single Sweep

Mode.

Table 25.7  Single Sweep Mode Specifications

Item Specification
Function The input voltage to the pin selected by bits ADGSEL1 to ADGSELO and bits SCANL1 to
SCANO in the ADINSEL register is A/D converted one-by-one.
Resolution 8 bits or 10 bits

A/D conversion
start conditions

« Software trigger
* Timer RH
* Timer RC
« External trigger
(Refer to 25.3.3 A/D Conversion Start Conditions)

A/D conversion
stop conditions

« If 2 pins are selected, when A/D conversion of the 2 selected pins completes.
(The ADST bit in the ADCONO register is set to 0.)

« If 4 pins are selected, when A/D conversion of the 4 selected pins completes.
(The ADST bit is set to 0.)

« If 6 pins are selected, when A/D conversion of the 6 selected pins completes.
(The ADST bit is set to 0.)

« If 7 pins are selected, when A/D conversion of the 7 selected pins completes.
(The ADST bit is set to 0.)

 Set the ADST bit to 0.

Interrupt request
generation timing

« If 2 pins are selected, when A/D conversion of the 2 selected pins completes.
« If 4 pins are selected, when A/D conversion of the 4 selected pins completes.
« If 6 pins are selected, when A/D conversion of the 6 selected pins completes.
« If 7 pins are selected, when A/D conversion of the 7 selected pins completes.

Analog input pins

ANO and AN1 (2 pins)

ANO to AN3 (4 pins)

ANO to AN5 (6 pins)

ANO to AN6 (7 pins) ()

(Selectable by bits SCAN1 to SCANO and bits ADGSEL1 to ADGSELDO.)

Storage resisters for
A/D conversion result

ADO register: ANO
AD1 register: AN1
AD2 register: AN2
AD3 register: AN3
AD4 register: AN4
ADS5 register: AN5
ADG register: AN6

Reading of
A/D conversion result

Read the register among ADO to AD6 corresponding to the selected pin.

Note:

1. The A/D conversion execution time is the time for eight pins.

RO1UHO0024EJ0100 Rev.1.00
Aug 24, 2011

RENESAS Page 451 of 581

25. A/D Converter




R8C/LA3A Group, R8C/LASA Group

25. A/D Converter
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The above applies under the following conditions:

bits ADGSEL1 to ADGSELO are set to 00b (ANO, AN1, AN2, AN3, AN4, AN5, and AN6).
Figure 25.8

Operating Example in Single Sweep Mode

* Bits ADCAP1 to ADCAPO in the ADMOD register are set to 00b (A/D conversion starts by software trigger).
¢ Bits SCANL1 to SCANO in the ADINSEL register are set to 11b (7 pins),
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25.8 Repeat Sweep Mode
In repeat sweep mode, the input voltage to two, four, six, or seven pins selected from among ANO to AN6 are A/D

converted repeatedly.

Table 25.8 lists the Repeat Sweep Mode Specifications. Figure 25.9 shows an Operating Example in Repeat Sweep

Mode.

Table 25.8 Repeat Sweep Mode Specifications

Item Specification
Function The input voltage to the pin selected by bits ADGSEL1 to ADGSELO and bits SCANL1 to
SCANO in the ADINSEL register is A/D converted repeatedly.
Resolution 8 bits or 10 bits

A/D conversion
start conditions

« Software trigger
* Timer RH
* Timer RC
« External trigger
(Refer to 25.3.3 A/D Conversion Start Conditions)

A/D conversion
stop condition

Set the ADST bit in the ADCONO register to O

Interrupt request
generation timing

« If 2 pins are selected, when A/D conversion of the 2 selected pins completes.
« If 4 pins are selected, when A/D conversion of the 4 selected pins completes.
« If 6 pins are selected, when A/D conversion of the 6 selected pins completes.
« If 7 pins are selected, when A/D conversion of the 7 selected pins completes.

Analog input pins

ANO and AN1 (2 pins)

ANO to AN3 (4 pins)

ANO to AN5 (6 pins)

ANO to AN6 (7 pins) (@)

(Selectable by bits SCAN1 to SCANO and bits ADGSEL1 to ADGSELDO.)

Storage resisters for
A/D conversion result

ADO register: ANO
AD1 register: AN1
AD2 register: AN2
AD3 register: AN3
AD4 register: AN4
ADS register: AN5
ADBG register: AN6

Reading of
A/D conversion result

Read the register among ADO to AD6 corresponding to the selected pin.

Note:

1. The A/D conversion execution time is the time for eight pins.

RO1UHO0024EJ0100 Rev.1.00
Aug 24, 2011

RENESAS Page 453 of 581

25. A/D Converter




R8C/LA3A Group, R8C/LASA Group

25. A/D Converter

ADST bitin
ADCONO register

Successive conversion

) 1
]
AD2 register

; :XANOXANl XANZXANBX AN4 XANSXAN6X - X ANOX
register ~ N \ \ \ \ -~
~ h) A} T N
\\ \“ \ \\\ ‘\\ “\ \\\ : \\
£} \ % \ \ \ \ H
\ v 5 - - : :‘—
ADO register UndefinedX ‘\\ ANO in A/D conversion result ‘\‘ ANO in A/D conversion result
v H A A \
\ ‘\l \ \ \ ‘\‘ !
L HENE S S S L
ADL1 register Undefined X \ \ ANL1 in A/D conversion result
1
i
1
¥

1 )
v v T
\ \ ) Vo
] 1 1 ) 1
T T T +
Undefined X \ AN2 in A/D conversion result
. T T —
] ] ] 1 ]
[} ] ] 1 ]
' ] ] |I ]
AD3 register Undefined X AN3 in A/D conversion result
b L
| 1 [
Y : !
AD4 register Undefined X AN4 in A/D conversion result
T
o
' ]
1
AD5 register Undefined X ANS in A/D conversion result
1
]
1
¥
ADG register Undefined X ANG in A/D conversion result
IR bitin
ADIC register

i 4

“~ Set to 0 when an interrupt
request is acknowledged,
or set by a program.

The above applies under the following conditions:

* Bits ADCAP1 to ADCAPO in the ADMOD register are set to 00b (A/D conversion starts by software trigger).
¢ Bits SCAN1 to SCANO in the ADINSEL register are set to 11b (7 pins),

bits ADGSEL1 to ADGSELO are set to 00b (ANO, AN1, AN2, AN3, AN4, AN5, and ANG).
Figure 25.9

Operating Example in Repeat Sweep Mode

RO1UHO0024EJ0100 Rev.1.00
Aug 24, 2011

RENESAS

Page 454 of 581



R8C/LA3A Group, R8C/LA5SA Group 25. A/D Converter

25.9 Temperature Sensor

A temperature sensor circuit is provided to generate a voltage (typical temperature-coefficient value: —2.1 mV/°C)
which decreases in proportion to temperature. The temperature sensor output voltage can be A/D converted
through the gain amplifier.

Table 25.9 lists the Temperature Sensor Performance, and Figure 25.10 shows the Temperature Characteristics of
Temperature Sensor Output Voltage When Gain 1 is Selected (Typical Characteristics).

Table 25.9  Temperature Sensor Performance

ltem Performance

Guaranteed temperature range —20to 85 °C (N version)/ —40 to 85 °C (D version)
Temperature coefficient of temperature sensor Typical value: —2.1 mV/°C
output voltage
Normal temperature characteristics of temperature | Typical value: 600 mV (Ambient temperature = 25 °C)
sensor output voltage
Gain amplifier selection Gain 1, 2, 4, 6, or 8 can be selected (1)

Refer to Table 29.5 Gain Amplifier Characteristics.
A/D conversion voltage/frequency conditions 1.8V <Vref=AVCC <55V

¢AD: 1 MHz to 5 MHz
Start-up time Max. 200 ps
Resolution 8 bits or 10 bits selectable
Absolute accuracy Refer to Table 29.3 A/D Converter Characteristics.
Operating modes One-shot mode, repeat mode 0, and repeat mode 1
A/D conversion start conditions Refer to Table 25.1 A/D Converter Performance.
A/D conversion result Refer to 25.3.4 A/D Conversion Result.
Note:

1. The gain amplifier has an offset.
Ensure the amplified value does not exceed VCC.
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Figure 25.10 Temperature Characteristics of Temperature Sensor Output Voltage When Gain 1 is
Selected (Typical Characteristics)
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25.9.1 Temperature Sensor Setting Procedure
Figure 25.11 shows the Temperature Sensor Setting Procedure Example before A/D conversion starts.

Temperature Sensor Setting Procedure

v

MSTADC bit in MSTCRO register «<— 0 (AD converter active)

v

OCVREFAN bit in OCVREFCR register < 0
(on-chip reference voltage and analog input are cut off)

ADMOD register setting @
(clock source selected, mode selected, A/D conversion trigger selected)

ADINSEL register setting
(The A/D conversion result of the temperature sensor output voltage is stored
in registers ADO to AD6 corresponding to the pin selected by bits CHO to CH2

and bits ADGSEL1 to ADGSELO in the ADINSEL register.)
ADCONL1 register setting

The following settings are required:
* ADEXO bit « 0 (on-chip reference voltage not selected)
* ADSTBY bit < 1 (A/D operation enabled)

* ADDDAEN bit <~ 0 (A/D open-circuit detection assist function disabled)
ADCONZ2 register setting @

The following settings are required:

* ADTSEX bit « 0 (internal temperature sensor)

* ADTSEN bit < 1 (gain amplifier operation starts)
* ADTSEL bit « 1 (gain amplifier output)

v

ADST bit in ADCON register <— 1 (A/D conversion starts) @

Notes:

1. Use the temperature sensor only in one-shot mode, repeat mode 0, or repeat

mode 1. Do not select single sweep mode and repeat sweep mode.

2. When the ADTSEN bit is set to 1 (operation starts), the temperature sensor

starts operation. After the setting to start operation, wait until the voltage
stabilizes a maximum of 200 us before starting A/D conversion.

Figure 25.11 Temperature Sensor Setting Procedure Example
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25.10 Output Impedance of Sensor under A/D Conversion

To carry out A/D conversion properly, charging the internal capacitor C shown in Figure 25.12 has to be completed
within a specified period of time. T (sampling time) as the specified time. Let output impedance of sensor
equivalent circuit be RO, internal resistance of microcomputer be R, precision (error) of the A/D converter be X,
and the resolution of A/D converter be'Y (Y is 1024 in the 10-bit mode, and 256 in the 8-bit mode).

1
VCisgenerally VC=VIN< 1-e CRO+R)'

Andwhent=T, VC=VIN —éVlN = VIN<1 - é >

1 4 X
CRO+R) — X

e =
Y

1

CRo<R) M

<X

T

Hence, RO =- -R

CXInX
Y

Figure 25.12 shows the Analog Input Pin and External Sensor Equivalent Circuit. When the difference between
VIN and VC becomes 0.1L SB, we find impedance RO when voltage between pins VC changes from 0 to VIN-
(0.2/1024) VIN in time T. (0.1/1024) means that A/D precision drop due to insufficient capacitor charge is held to
0.1LSB at time of A/D conversion in the 10-bit mode. Actual error however is the value of absolute precision
added to 0.1L. SB.

T = 0.8 us when $AD = 20 MHz. Output impedance RO for sufficiently charging capacitor C withintime T is
determined as follows.

T=0.8us,R=10kQ, C=6.0 pF, X =0.1, and Y = 1024. Hence,
0.8x10 ° , .
RO =- -10%x10°~ 4.4 x10

-12 0.1
6.0 x 10 x In 1024

Thus, the allowabl e output impedance of the sensor equivalent circuit, making the precision (error) 0.1LSB or less,
is approximately 4.4 kQ. maximum.

MCU
Sensor equivalent
circuit
RO R (10 kQ)
VA O—/\V\W
VIN :L

C (6.0 pF)
% G

Figure 25.12 Analog Input Pin and External Sensor Equivalent Circuit

RO1UH0024EJ0100 Rev.1.00 RENESAS Page 457 of 581
Aug 24, 2011



R8C/LA3A Group, R8C/LA5SA Group 25. A/D Converter

25.11 Notes on A/D Converter

25.11.1 A/D Converter

 Write to the ADMOD, ADINSEL, ADCONO (other than the ADST bit), ADCON1, or OCVREFCR register
must be performed while A/D conversion is stopped (before atrigger occurs).

» To use the A/D converter in repeat mode O, repeat mode 1, or repeat sweep mode, select the frequency of the
A/D converter operating clock $AD or more for the CPU clock during A/D conversion.

Do not select fOCO-F as ¢AD.

 Connect 0.1 pF capacitor between pins VREF and AV SS.

« Do not enter stop mode during A/D conversion.

« Do not enter wait mode during A/D conversion regardless of the state of the CMO02 bit in the CMO register (1.
Peripheral function clock stopsin wait mode or O: Peripheral function clock does not stop in wait mode).

* Do not set the FMSTP bit in the FMRO register to 1 (flash memory stops) or the FMR27 bit to 1 (low-current-
consumption read mode enabled) during A/D conversion. Otherwise, the A/D conversion result will be
undefined.

« Do not change the CKS2 bit in the ADMOD register while fOCO-F is stopped.

« During an A/D conversion operation, if the ADST bit in the ADCONO register is set to 0 (A/D conversion
stops) by a program to forcibly terminate A/D conversion, the conversion result of the A/D converter is
undefined and no interrupt is generated. The value of the ADi (i = 0to 7) register before A/D conversion may
also be undefined.

If the ADST bit is set to O by aprogram, do not use the value of al the ADi register.

* When using the A/D converter, it is recommended that the average of the conversion results be taken.

* In single sweep mode and repeat sweep mode, A/D conversion execution time is the time for eight pins when
bits SCAN1 to SCANO are set to 11b (seven pins).

25.11.2 Temperature Sensor

* When the ADTSEN bit is set to 1 (operation starts), the temperature sensor starts operation. After the setting
to start operation, wait until the voltage stabilizes a maximum of 200 us before starting A/D conversion.

» The A/D conversion result of the temperature sensor output voltage will include fluctuations in the output
voltage and errors in the A/D converter absolute accuracy. This may cause discrepancies in the Temperature
Sensor Performance (refer to Table 25.9) or the Temperature Characteristics of Temperature Sensor Output
Voltage When Gain 1 is Selected (Typical Characteristics) (refer to Figure 25.10).

» Depending on the environment surrounding the MCU, the thermal conductivity from the measured object to
the temperature sensor circuit varies, affecting the response time and accuracy of the temperature sensor
output voltage. Careful evaluation should be performed for the system before use.

« If the temperature sensor output voltage amplified by the gain amplifier exceeds the reference voltage, A/D
conversion cannot be performed correctly.

» The temperature sensor output voltage cannot be output from the pins.
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26. Comparator B

Note

The description offered in this chapter is based on the R8C/LA5A Group.
For the R8C/LA3A Group, refer to 1.1.2 Differences between Groups.

Comparator B compares a reference input voltage and an anal og input voltage. Comparator B1 and comparator B3 are
independent of each other.

26.1 Introduction

The comparison result of the reference input voltage and analog input voltage can be read by software. An input to
the IVREFi (i = 1 or 3) pin can be used as the reference input voltage.

Table 26.1 lists the Comparator B Specifications, Figure 26.1 shows the Comparator B Block Diagram, and Table
26.2 liststhe 1/O Pins.

Table 26.1 @ Comparator B Specifications

Item Specification

Analog input voltage Input voltage to the IVCMPi pin

Reference input voltage Input voltage to the IVREFi pin

Comparison result Read from the INTICOUT bit in the INTCMP register

Interrupt request generation | When the comparison result changes.

timing

Selectable function « Digital filter function
Whether the digital filter is applied or not and the sampling frequency can be
selected.

i=lor3
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INT3F1 to INT3FO

1 =01b
tg = 10b )\ Sampling clock
f32 =1Lb o
INT3 O INT3EN To INT3 interrupt
INT3CPO =0 INT3F1 to INT3FO
iqital fi = other than 00b
~o [’(ﬁg‘éﬂggr o INT3PL =0
vemMp3 O———— % INT3CPO = 1 3 times)
INT3PL=1
IVREF3 O———-
Monitor fl Both edge j
_EI ontorfiag detection
circuit
: —EI Monitor flag
IveMPL + INTIEN To INTTI interrupt
IVREF1 O—> INT1CPO = 1 Digital fiter |INTLFL to INTLFO
(matches = other than 00b
O 3 times) = INTIPL =0
INTICPO =0
INT1 O INTIPL=1
Both edge
detection
INT1F1 to INT1FO circuit
1 =01b
fg =100,
fap =11b Sampling clock
INTLCPO, INT1COUT, INT3CPO, INT3COUT: Bits in INTCMP register
INTLEN, INTPL, INT3EN, INT3PL: Bits in INTEN register
INTLFO, INT1F1, INT3FO, INT3F1: Bits in INTF register
Figure 26.1 Comparator B Block Diagram
Table 26.2 I/0 Pins
Pin Name I/0 Function
IVCMP1 Input Comparator B1 analog pin
IVREF1 Input Comparator B1 reference voltage pin
IVCMP3 Input Comparator B3 analog pin
IVREF3 Input Comparator B3 reference voltage pin
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26.2

Registers

26.2.1 Comparator B Control Register 0 (INTCMP)
Address 01F8h

Bit b7 b6 b5 b4 b3 b2 b1l b0
Symbol INT3COUT|  — [ — | INT3CPO [INTICOUT| — — INT1CPO
After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 INT1CPO |Comparator B1 operation enable bit [0: Comparator B1 operation disabled R/W
1: Comparator B1 operation enabled
bl — Reserved bits Set to 0. R/W
b2 —
b3 INTLCOUT |Comparator B1 monitor flag 0: IVCMP1 < IVREF1 R
or comparator B1 operation disabled
1: IVCMPL1 > IVREF1
b4 INT3CPO |Comparator B3 operation enable bit [0: Comparator B3 operation disabled R/W
1: Comparator B3 operation enabled
b5 — Reserved bits Set to 0. R/W
b6 —
b7 INT3COUT |Comparator B3 monitor flag 0: IVCMP3 < IVREF3 R
or comparator B3 operation disabled
1: IVCMP3 > IVREF3
26.2.2 External Input Enable Register 0 (INTEN)
Address 01FAh
Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol | INT3PL | INT3EN [ INT2PL | INT2EN | INTIPL | INTIEN | INTOPL | INTOEN
After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 INTOEN [INTO input enable bit 0: Disabled R/W
1: Enabled
bl | INTOPL Q70 input polarity select bit (1. 2) 0: One edge RIW
1: Both edges
b2 INT1EN |INTT input enable bit 0: Disabled R/W
1: Enabled
b3 | INTIPL QT input polarity select bit (1. 0: One edge RIW
1: Both edges
b4 INT2EN |INT2 input enable bit 0: Disabled R/W
1: Enabled
bS | INT2PL N7 input polarity select bit (1. 2 0: One edge RIW
1: Both edges
b6 INT3EN |INT3 input enable bit 0: Disabled R/W
1: Enabled
b7 | INT3PL QT3 input polarity select bit (1. 2) 0: One edge RIW
1: Both edges
Notes:

1. To set the INTIPL bit (i = 0 to 3) to 1 (both edges), set the POL bit in the INTIIC register to 0 (falling edge
selected).
2. The IR bit in the INTIIC register may be set to 1 (interrupt requested) if the INTEN register is rewritten. Refer to
12.8.4 Changing Interrupt Sources.
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26.2.3

INT Input Filter Select Register 0 (INTF)
Address 01FCh

Bit b7 b6 b5 b4 b3 b2 bl
Symbol | INT3F1 | INT3FO | INT2F1 | INT2FO | INT1F1 | INT1FO | INTOF1
After Reset 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 INTOFO [{NTO i ) i b1 b0 R/W
b NTOET INTO input filter select bit 0 0: No filter i
0 1: Filter with f1 sampling
1 O: Filter with f8 sampling
1 1: Filter with f32 sampling
b2 INT1IFO [{NTT i ) i b3 b2 R/W
Es NTIFT INT1 input filter select bit 0 0: No filter .
0 1: Filter with f1 sampling
1 0: Filter with f8 sampling
1 1: Filter with f32 sampling
b4 INT2FO [INT2 i ; i b5 b4 R/W
- NToFT INT2 input filter select bit 0 0: No filter i
0 1: Filter with f1 sampling
1 0: Filter with f8 sampling
1 1: Filter with f32 sampling
b6 INT3FO [INT3 i ) ; b7 b6 R/W
0 NTIET INT3 input filter select bit 0 0: No filter i
0 1: Filter with f1 sampling
1 O: Filter with f8 sampling
1 1: Filter with f32 sampling
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26.3 Functional Description

Comparator B1 and comparator B3 operate independently. Their operations are the same.
Table 26.3 lists the Procedure for Setting Registers Associated with Comparator B.

Table 26.3  Procedure for Setting Registers Associated with Comparator B

Step | Register | Bit | Setting Value
1 |Select the function of pins IVCMPi and IVREFi. Refer to 7.6 Port Settings.
However, set registers and bits other than listed in step 2 and the following steps.

2 |INTF Select whether to enable or disable the filter.
Select the sampling clock.

3 |[INTCMP INTICPO | 1 (operation enabled)

4 | Wait for comparator stability time (100 us max.)

5 |INTEN INTIEN When using an interrupt: 1 (interrupt enabled)
INTIPL When using an interrupt: Select the input polarity.

6 |INTIIC ILVLO to ILVL2 When using an interrupt: Select the interrupt priority level.
IR When using an interrupt: 0 (no interrupt requested: initialization)

i=1lor3

Figure 26.2 shows an Operating Example of Comparator Bi (i = 1 or 3).

If the analog input voltage is higher than the reference input voltage, the INTICOUT bit in the INTCMP register is
set to 1. If the analog input voltage is lower than the reference input voltage, the INTICOUT bit is set to 0. To use
the comparator Bi interrupt, set the INTIEN bit in the INTEN register to 1 (interrupt enabled). If the comparison
result changes at this time, a comparator Bi interrupt request is generated. Refer to 26.4 Comparator B1 and
Comparator B3 Interruptsfor details of interrupts.

Analog input voltage (V)

Reference input voltage

INTICOUT bit in §
INTCMP register 4|
Set to 0 by a program.

]
]
! / i ¢
] ]
IR biti |_| |_|
INTIIC regiétg:

The above applies under the following conditions:

Bits INTiF1 to INTiFO in INTF register = 00b (no filter)
INTIPL bit in INTEN register = 0 (both edges)

i=lor3

Figure 26.2 Operating Example of Comparator Bi (i = 1 or 3)
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26.3.1 Comparator Bi Digital Filter (i=1 or 3)

Comparator Bi can use the same digital filter as the INTi input. The sampling clock can be selected by bits
INTiFO and INTiF1 in the INTF register. The INTiCOUT signal output from comparator Bi is sampled every
sampling clock. When the level matches three times, the IR bit in the INTilC register is set to 1 (interrupt
reguested).

Figure 26.3 shows the Configuration of Comparator Bi Digital Filter, and Figure 26.4 shows an Operating
Example of Comparator Bi Digital Filter.

INTIF1 to INTIFO
f1 =01b

i8 Mclock
=11b o
f32 INTIEN
. INTICPO =0 Diattal fi INTiF1 to INTIFO
INTI C (Ir%g?chlégr zothertohan 00b To INTI interrupt
3 times) !
INTICPO = 1 - 00b NTPL=0
INTICOUT %Otth e;ige L o
IVCMPi O— + ii(re(f,:uli(tm INTIPL = 1
IVREFi ( —;
INTICPO, INTICOUT: Bits in INTCMP register
INTIFO, INTiF1: Bits in INTF register
INTIEN, INTIPL: Bits in INTEN register
i=lor3
Figure 26.3 Configuration of Comparator Bi Digital Filter
INTICOUT signal
Sampling timing ? ? ? ? ? ? ? ? ? ? ?
IR bitin
INTIIC register

Set to 0 by a program.

Note:
1. The above applies when:
Bits INTiF1 to INTIFO in the INTIF register are set to 01b, 10b, or 11b (digital filter used).

i=lor3

Figure 26.4 Operating Example of Comparator Bi Digital Filter
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26.4 Comparator B1 and Comparator B3 Interrupts

Comparator B generates an interrupt request from two sources, comparator B1 and comparator B3. The comparator
Bi (i = 1 or 3) interrupt uses the same INTIlC register (bits IR and ILVLO to ILVL2) asthe INTi (i =21 or 3) and a
single vector.

To use the comparator Bi interrupt, set the INTiEN bit in the INTEN register to 1 (interrupt enabled). In addition,
the polarity can be selected by the INTiPL bit in the INTEN register and the POL bit in the INTilC register.

Inputs can also be passed through the digital filter with three different sampling clocks.
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27. LCD Drive Control Circuit

Note

The description offered in this chapter is based on the R8C/LA5A Group.

For the R8C/LA3A Group, refer to 1.1.2 Differences between Groups.

27.1 Introduction

Thiscircuit isadrive control circuit for aliquid crystal display (LCD).
A maximum of 27 pins can be used for segment output and 4 pins for common output. Up to 96 pixels of an LCD
display can be controlled.
Segment output pins, common output pins, and the LCD power supply input pins are shared with the 1/0 port

functions.

When the LCD display function is not used, these pins are used as I/O ports.
The number of these LCD display function pins varies for each group. Table 27.1 lists the LCD Display Function
Pins Provided for Each Group.
The following description applies to the R8BC/LA5SA Group, which have the maximum number of LCD display

function pins. For the RBC/LA3A Group, note that only the pinslisted in Table 27.1 are provided.

Table 27.1 LCD Display Function Pins Provided for Each Group
R8C/LA3A Group R8C/LA5A Group
Shared 1/0O Port Common output: Max. 4 Common output: Max. 4
Segment output: Max. 11 Segment output: Max. 27
PO SEG|SEG|SEG|SEG|SEG|SEG|SEG|SEG
| | 7|65 (4|3|2]1]0
P2 SEG|SEG|SEG |SEG |SEG|SEG|SEG|SEG|SEG|SEG|SEG|SEG|SEG|SEG|SEG|SEG
15|14 | 13| 12 | 11 | 10 9 8 15| 14 | 13 | 12 | 11 | 10 9 8
P3 SEG|SEG|SEG|SEG|SEG|SEG|SEG|SEG
||| | 23|2|21|2 |19 |18 | 17 | 16
P5 COM|COM|COM COM|COM|COM
VL3 |VL2|VL1|COM| 1 2 3 VL3 |VL2|VL1|COM| 1 2 3
| @ | @] @ | 0 |SEGISEG|SEG| | @ | @ | @ | 0 |SEG|SEG|SEG
26 | 25 | 24 26 | 25 | 24
Notes:
1. The symbol “—" indicates there is no LCD display function. Set the corresponding bits to 0 by setting registers

LSEOQ, LSE2, and LSES5 for these pins.
2. When using the LCD drive control circuit, set the corresponding bit in the LSES register to 1.
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Table 27.2 lists the Specification Overview of LCD Drive Control Circuit. Figure 27.1 shows a Block Diagram of
LCD Drive Control Circuit.

Table 27.2

Specification Overview of LCD Drive Control Circuit (1)

Item

Specification

Segment output

Max. 27 pins (SEGO to SEG26)
Pins can be individually controlled for use as an I/O port or a segment output pin by setting bits
LSEOO to LSE23 in registers LSEO to LSE2 and bits LCOMO to LCOM2 in the LSES register.

Common output

Max. 4 pins (COMO to COM3)

The common output pins can be selected by setting bits LDTYO and LDTY1 in the LCRO
register.

Pins can be controlled for use as an I/O port or a common output pin by setting bits LCOMO
to LCOM3 in the LSES register.

LCD power supply
input pins

Pins can be controlled for use as an 1/O port or LCD power supply input pin by setting bits
LVLP1 to LVLP3 in the LSES5 register. However, make the settings of pins VL1 to VL3 at the
same time.

Maximum number of
display pixels

LCRO Register
LDTY1|LDTYO
Static 0 0
1/2 0 1
1/3 1 0
1/4 1 1

Common Pin

Duty Maximum Number of Display Pixels

COMO

COMO to COM1
COMO to COM2
COMO to COM3

27 dots or 8-segment LCD 3 digits
52 dots or 8-segment LCD 6 digits
95 dots or 8-segment LCD 9 digits
96 dots or 8-segment LCD 12 digits

LCD drive timing

The frequency of the internal signal LCDCK for determining the LCD drive timing:

Frequency of LCD clock source Notes:
n = 32 when 32 is selected

n =4 when fC-LCD is selected

f(LCDCK) =
n x division ratio

The frequency of the internal signal LCDCK when the OTPCK bit of the LCR2 register is 1 (valid):
Frequency of LCD clock source

f(LCDCK) =
4 x division ratio x option clock division ratio

Frame frequency:
f(FR) =

f(LCDCK) x duty
2

Bias control

The bias can be controlled by using external division resistors.

« The LCD drive voltage is applied to the LD power supply pins VL1 to VL3 by using external
division resistors.

« The following voltage values are applied to VL1 to VL3 according to the bias values set by
the LBASO bit in the LCRO register.

Bias Value
1/3 bias

Voltage Value

VL3 =VLCD

VL2 = 2/3 VLCD

VL1 =1/3 VLCD

VL3 =VLCD

VL2 =VL1=1/2 VLCD

1/2 bias

VLCD: LCD power supply voltage

LCD display data
register

Common output data corresponding to each segment output is written to bits COMO to
COM3 in registers LRAOL to LRA26L.

27 bytes

When a bit is set to 1, the corresponding segment is turned on.

When a bit is set to 0, the corresponding segment is turned off.

Interrupt according to
the LCD display period

* An interrupt is enabled by setting the LINTE bit in the LCR4 register.

 The interrupt generation timing can be selected by setting the LINTSO bit in the LCR4 register.
When LINTSO is set to 0, an interrupt is generated at the falling edge of each frame.
When LINTSO is set to 1, an interrupt is generated at the falling edge of LCDCK.

« While the memory-type liquid crystal panel is driven, a frame interrupt is generated after
two frames are completed.

Pin status after reset

SEGO to SEG26: High impedance
COMO to COM3: High impedance
VL1 to VL3: High impedance
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e Data bus q

OTPCK: Bit in LCR2 register

LSTAT: Bit in LCRO register

32 Divide-by-32 |—
OTPCK1 to OTPCK3 OTPCK =1 (Valid)
— Divide-by-4 |- Divider | o LPSCOto LPSC2
00b Divider
M OTPCK =0 (Invalid)
fC-LCD Divide-by-4 o]
01lb
LCKSO to LCKS1
A A
LCR2
]
LI T T |
LCR3
== [ [TTT11]
LCR4
<:>| | ||||||| | ||| Common voltage
> control circuit
_3 se;n?gm?i/ver L0 SEG26/COM1
f(LCDCK)
LCRO /
=T [T :% seé:rﬁg::’%’:iver |0 SEG25/COM2
T L1 e
LRAOL : ||
> 1 C /
tiﬁzt > % Seg;&?%’:iver —O SEG24/COM3
Segment voltage
P control circuit ;
N LCD display data
LRA26L >
LSEO to LSE2, LSE5 ” -
:>| ! | T | ; | T | i | T | ; | T | LCD drive voltage control circuit LsTaT=1 o O VL3
———o
s HHEENEEE v
LT T T T T T 1 > —— O VL1
N

LPSCO to LPSC2, LCKSO to LCKS1: Bits in LCR3 register

Figure 27.1

Block Diagram of LCD Drive Control Circuit
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27.2 Registers

27.2.1 Module Standby Control Register 0 (MSTCRO)
Address 0008h

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol [MSTADC| —  [MSTTRC|MSTLCD| MSTIIC | —  [MSTURTO| —
After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 — Reseved bit Set to 0. R/W
bl |MSTURTO |[UARTO standby bit 0: Active R/W
1: Standby (1)
b2 — Reseved bit Set to 0. R/W
b3 MSTIIC |SSU, I2C bus standby bit 0: Active R/W
1: Standby (@
b4 MSTLCD |LCD standby bit 0: Active R/W
1: Standby (3
b5 MSTTRC |Timer RC standby bit 0: Active R/W
1: Standby 4
b6 — Reseved bit Set to 0. R/W
b7 MSTADC |A/D standby bit (5) 0: Active R/W
1: Standby

Notes:

1. When the MSTURTO bit is set to 1 (standby), any access to the UARTO associated registers (addresses 00AOh
to 00A7h) is disabled.

2. When the MSTIIC bit is set to 1 (standby), any access to the SSU or the I2C bus associated registers (addresses
0193h to 019Dh) is disabled.

3. When the MSTLCD bit is set to 1 (standby), any access to the timer LCD associated registers (addresses 0200h
to 0237h) is disabled.

4. When the MSTTRC bit is set to 1 (standby), any access to the timer RC associated registers (addresses 0120h
to 0133h) is disabled.

5. When the MSTADC bit is set to 1 (standby), any access to the timer A/D associated registers (addresses 00COh
to 00D9h, 00ODCh to O0DFh) is disabled.
Set the MSTADC bit to 0 (active) when the temperature sensor is used.

When changing each standby bit to standby, stop the corresponding peripheral function beforehand. When
peripheral functions are set to standby using each standby bit, their registers cannot be read or written. Also, the
clock supply to the peripheral functionsis stopped.

When changing from standby to active, set the registers of the corresponding peripheral function again after
changing.
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27.2.2 LCD Control Register (LCRO)
Address 0200h

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol | LSTAT | LDSPE | — | LBASO | — — LDTY1 | LDTYO
After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 LDTYO |Duty Select Bit b(l) b8_ Static R/W
bl LDTY1 (COMO, SEG24 to SEG26 used) RIW
0 1: 1/2 duty
(COMO and COM1, SEG24 and SEG25 used)
1 0: 1/3 duty
(COMO to COM2, SEG24 used)
11:1/4 duty
(COMO to COM3 used)
b2 — Reserved bits Setto 0. R/W
b3 —
b4 LBASO |LCD Bias select bit 0: 1/2 bias R/W
1: 1/3 bias
b5 — Reserved bit Setto 0. R/W
b6 LDSPE |LCD display enable bit 0: LCD panel turned off R/W
1: LCD panel turned on
b7 LSTAT |LCD control start bit 0: LCD control stops R/W
1: LCD control starts (1)
Note:

1. When the LCTZS bit in the LCR4 register is set to 1, the LSTAT bit is automatically set to 0 after the display ends.
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27.2.3 LCD Option Clock Control Register (LCR2)
Address 0202h

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol| — | — | — | — | OTPCK3 | OTPCK2 | OTPCK1 | OTPCK
After Reset 0 0 0 0 0 0 0 0

Bit Symbol Bit Name Function R/W

b0 OTPCK | Option clock select bit 0: Invalid R/W
1: Valid

bl OTPCK1 i ivi it (1) b3 b2 bl R/W

Option clock divide bit 0.0 0: Divide-by-2

b2 | OTPCK2 0 0 1: Divide-by-3 RIW

b3 | OTPCKS 0 1 O: Divide-by-4 RIW
01 1: Divide-by-5
1 0 0: Divide-by-6
10 1: Divide-by-7
11 0: Divide-by-8
11 1: Divide-by-9

b4 — Reserved bits Set to 0. R/W

b5 —

b6 —

b7 —

Note:

1. Valid when the OTPCK bit is set to 1.

The LCR2 register is used to optimize the LCD drive waveform of memory-type liquid crystal panels
manufactured by Citizen Seimitsu Co., LTD.
The frequency of the internal signal LCDCK when the OTPCK bit is 1 (valid)

Frequency of LCD clock source

f(LCDCK) =
4 x division ratio x option clock division ratio

27.2.4 LCD Clock Control Register (LCR3)
Address 0203h

Bit b7 b6 b5 b4 b3 b2 b1l b0
Symbol | LCKS1 | LCKSO | — | — | — | LPSC2 | LPSC1 | LPSCO
After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 LPSCO | Division ratio select bit b2b1b0 o R/W
b1 [PSC1 000: N_o _d|V|S|on RIW
b3 [PSCo 0 0 1: Divide-by-2 BRIV
0 1 0: Divide-by-4
0 1 1: Divide-by-8
1 0 0: Divide-by-16
10 1: Divide-by-32
11 0: Divide-by-64
11 1: Divide-by-128
b3 — Reserved bits Set to 0. R/W
b4 —
b5 —
b6 LCKSO |LCD clock source select bit bébgl £32 R/W
b7 LCKS1 01 fC-LCD R/W
1 0: Do not set.
1 1: Do not set.
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27.2.5 LCD Display Control Register (LCR4)
Address 0204h

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol | — | — | COMEXP | LCTZS | LINTE — — LINTSO
After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 LINTSO Interrupt timing select bit 0: Frame interrupt R/W
1: LCDCK interrupt
bl — Reserved bits Set to 0. R/W
b2 —
b3 LINTE Counter interrupt enable bit 0: Disabled R/W
1: Enabled
b4 LCTZS Display waveform switch bit (1) 0: LCD drive waveform of segment panel R/W
1: LCD drive waveform of memory-type liquid
crystal panel )
b5 COMEXP | Memory-type liquid crystal panel 0: P2_7 is set to SEG15 R/W
COM output set bit 1: P2_7 is set to COMEXP waveform
b6 — Reserved bits Set to 0. R/W
b7 —
Note:

1. The LCTZS bit is used to optimize the LCD drive waveform of memory-type liquid crystal panels manufactured
by Citizen Seimitsu Co., LTD.
Do not change the value set in the LCTZS bit while the LCD is driven.

27.2.6 LCD Port Select Register 0 (LSEO)
Address 0206h

Bit b7 b6 b5 b4 b3 b2 b1 b0
Symbol | LSE07 | LSEO6 | LSEO5 | LSE04 | LSEO3 | LSE02 | LSEOL | LSEO00
After Reset 0 0 0 0 0 0 0 0

Bit Symbol Bit Name Function R/W

b0 LSEOO |LCD port select bit 0 0: Port PO_O R/W
1: SEGO

bl LSEO1 |LCD port select bit 1 0: Port PO_1 R/W
1: SEG1

b2 LSEO2 |LCD port select bit 2 0: Port PO_2 R/W
1: SEG2

b3 LSEO3 |LCD port select bit 3 0: Port PO_3 R/W
1: SEG3

b4 LSEO4 |LCD port select bit 4 0: Port PO_4 R/W
1: SEG4

b5 LSEO5 |LCD port select bit 5 0: Port PO_5 R/W
1: SEG5

b6 LSE06 |LCD port select bit 6 0: Port PO_6 R/W
1: SEG6

b7 LSEOQ7 |LCD port select bit 7 0: Port PO_7 R/W
1: SEG7
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27.2.7 LCD Port Select Register 1 (LSE1)
Address 0207h

Bit b7 b6 b5 b4 b3 b2 b1l b0
Symbol| LSE15 | LSE14 | LSE13 | LSE12 | LSE1l | LSE10 | LSE09 | LSEO8
After Reset 0 0 0 0 0 0 0 0

Bit Symbol Bit Name Function R/W

b0 LSEO8 |LCD port select bit 8 0: Port P2_0 R/W
1: SEGS8

bl LSEO9 |LCD port select bit 9 0: Port P2_1 R/W
1: SEG9

b2 LSE10 |LCD port select bit 10 0: Port P2_2 R/W
1: SEG10

b3 LSE11 |LCD port select bit 11 0: Port P2_3 R/W
1: SEG11

b4 LSE12 |LCD port select bit 12 0: Port P2_4 R/W
1: SEG12

b5 LSE13 |LCD port select bit 13 0: Port P2_5 R/W
1: SEG13

b6 LSE14 |LCD port select bit 14 0: Port P2_6 R/W
1: SEG14

b7 LSE15 |LCD port select bit 15 0: Port P2_7 R/W
1: SEG15/COMEXP ()

Note:

1. Pins SEG15 and COMEXP can be selected by the COMEXP bit in the LCR4 register.
The COMEXP pin is a LCD common output pin for the memory-type liquid crystal panel.

This pin is used as a common signal for non pixels depending on the specifications of the memory-type liquid

crystal panel.

27.2.8 LCD Port Select Register 2 (LSE2)
Address 0208h

Bit b7 b6 b5 b4 b3 b2 b1l b0
Symbol | LSE23 | LSE22 | LSE21 | LSE20 | LSE19 | LSE18 | LSE17 | LSE16
After Reset 0 0 0 0 0 0 0 0

Bit Symbol Bit Name Function R/W

b0 LSE16 |LCD port select bit 16 0: Port P3_0 R/W
1: SEG16

bl LSE17 |LCD port select bit 17 0: Port P3_1 R/W
1: SEG17

b2 LSE18 |LCD port select bit 18 0: Port P3_2 R/W
1: SEG18

b3 LSE19 |LCD port select bit 19 0: Port P3_3 R/W
1: SEG19

b4 LSE20 |LCD port select bit 20 0: Port P3_4 R/W
1: SEG20

b5 LSE21 |LCD port select bit 21 0: Port P3_5 R/W
1: SEG21

b6 LSE22 |LCD port select bit 22 0: Port P3_6 R/W
1: SEG22

b7 LSE23 |LCD port select bit 23 0: Port P3_7 R/W
1: SEG23
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27.2.9 LCD Port Select Register 5 (LSE5)
Address 020Bh

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol| — | LVLP3 | LVLP2 | LVLP1 | LCOM3 | LCOM2 | LCOM1 | LCOMO
After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 LCOMO |LCDCOM port select bit 0 0: Port P5_0 R/W
1: COM3/SEG24
bl LCOM1 |LCDCOM port select bit 1 0: Port P5_1 R/W
1: COM2/SEG25
b2 LCOM2 | LCDCOM port select bit 2 0: Port P5_2 R/W
1: COM1/SEG26
b3 LCOM3 |LCDCOM port select bit 3 0: Port P5_3 R/W
1: COMO
b4 LVLP1 |LCDVL port select bit 1 (1) 0: Port P5_4 R/W
1:vLl
b5 LVLP2 |LCDVL port select bit 2 (1) 0: Port P5_5 R/W
1: VL2
b6 LVLP3 |LCDVL port select bit 3 (1) 0: Port P5_6 R/W
1: VL3
b7 — Reserved bit Setto 0. R/W

Notes:
1. When using the LCD drive control circuit, set the corresponding bit in the LSES5 register to 1.
2. Common output and segment output can be switched automatically depending on the duty selected by bits
LDTYO and LDTY1 in the LCRO register.
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27.3 Data Registers

When 1 iswritten to a bit in the LCD display data register, the corresponding segment of the LCD panel is turned
on. When 0 iswritten to a bit, the corresponding segment is turned off.

bit7 | bit | bits | bita | bit3 | bit2 | bitl | bito
Symbol Address COM7|COM6(COM5|COM4|COM3|COM2|COM1|(COMO
LRAOL | 0210h SEGO
LRAIL | 0211h SEG1
LRA2L | 0212h SEG2
LRA3L | 0213h SEG3
LRA4L | 0214h SEG4
LRASL | 0215h SEG5
LRA6L | 0216h SEG6
LRA7L | 0217h SEG7
LRASL | 0218h SEGS8
LRASL | 0219h SEG9
LRALOL [ 021Ah SEG10
LRALIL| 021Bh SEG11
LRA12L [ 021Ch SEG12
LRA13L| 021Dh Do not set. SEG13
LRAL4L | 021Eh SEG14
LRAL5L [ 021Fh SEG15
LRAL6L | 0220h SEG16
LRAL7L | 0221h SEG17
LRA18L | 0222h SEG18
LRA19L [ 0223h SEG19
LRA20L | 0224h SEG20
LRA21L | 0225h SEG21
LRA22L [ 0226h SEG22
LRA23L | 0227h SEG23
LRA24L | 0228h SEG24
LRA25L | 0229h SEG25
LRA26L | 022Ah SEG26

Figure 27.2 LCD Display Data Register
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27.4

LCD Drive Control

Table 27.3 and Table 27.4 show outlines of the LCD drive control procedure.

Table 27.3  LCD Drive Control Procedure and Status of Segment and Common Pins (Normal)
Procedure Status of Segment and Common Pins
« 1/O port (input)
( Reset ) * High-impedance state
+ (Depending on the pull-up control registers)

LSEO to LSE2, LSES register setting
 Select segment output pins, common output pins, and the
LCD power supply input pins

!

LRAOL to LRA26L register initial setting
« Set the initial value for the data output from the SEG pins

LCR3 register setting
* Bits LCKS0 and LCKS1: Select the LCD clock source
* Bits LPSCO to LPSC2: Select the division ratio

v
LCRO register setting
* LSTAT bit: Start LCD control
* LDSPE bit: Enable LCD display
* LBASO bit: Select the bias
* Bits LDTYO and LDTY1: Select the duty

-
%

Y

LRAOL to LRA26L register setting
* Set the data output from the SEG pins

« High-impedance

Y

At start of LCD control

 The content of the PiPUR register
(i=0,2,3,5,7to09)is invalid.

* When the LDSPE bit is set to 0, the
segment output and common output
pins output a low-level signal.

* When the LDSPE bit is set to 1, the
segment output and common output
pins output the content of the LCD
display data register.

RO1UHO0024EJ0100 Rev.1.00 ENESAS

Aug 24,

2011

Page 476 of 581



R8C/LA3A Group, R8C/LA5SA Group 27. LCD Drive Control Circuit

Table 27.4  LCD Drive Control Procedure and Status of Segment and Common Pins
(Memory-Type Liquid Crystal Panel)

Procedure Status of Segment and Common Pins
« 1/0O port (input)
( Reset ) « High-impedance state
+ (Depending on the pull-up control registers)

LSEO to LSE2, LSES5 register setting
« Select segment output pins, common output pins, and the
LCD power supply input pins

!

LRAOL to LRA26L register initial setting
« Set the initial value for the data output from the SEG pins

LCR2 register setting
* OTPCK bit: Select the option clock
* Bits OTPCK1 to OTPCKS3: Select the division

LCR3 register setting
* Bits LCKSO0 and LCKS1: Select the LCD clock source
* Bits LPSCO to LPSC2: Select the division ratio

LCRA4 register setting

* LCTZS bit: Select the LCD drive waveform memory-type
liquid crystal panel

* COMEXP bit: Select the COMEXP waveform for P4_7

* High-impedance

Y

¢ At start of LCD control

 The content of the PiPUR register
(i=0,2,3,5,7t09)is invalid.

* When the LDSPE bit is set to 0, the
segment output and common output

LCRO register setting
* LBASO bit: Select the bias
« Bits LDTYO and LDTY1: Select the duty

pins output a low-level signal.
- * When the LDSPE bit is set to 1, the
v segment output and common output
pins output the content of the LCD
LRAOL to LRA26L register setting display data register.

* Set the data output from the SEG pins

LCRO register setting
* LSTAT bit: Start LCD control
* LDSPE bit: Enable LCD display
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27.4.1 Segment Output Pin Selection

All of the segment output pins SEGO to SEG26, common output pins COMO to COM 3, and LCD power supply
pins VL1 to VL3 are shared with 1/O ports. All these pins function as I/O ports after areset. Thus, set the
corresponding L SEi (i = 00 to 26), LCOMj (j = 0to 3), or LVLPk (k = 1 to 3) hit to 1 for the pinsto be used as
segment output, common output, or LCD power supply for LCD displays. Set the corresponding L SEi, LCOMj,
or LVLPk bit to O (1/0 port) for the pins not to be used as segment output, common output, or LCD power
supply. If these pins are not used as /O ports, perform unassigned pin handling for 1/O ports (refer to Table
7.51 Unassigned Pin Handling).

27.4.2 LCD Clock Selection

Either f32 or fC-LCD is selected asthe LCD clock source by setting bits LCK S0 and LCKSL. Thedivision ratio
is selected from arange of no division to divide-by-128 by setting bits LPSCO to LPSC2.

27.4.3 Bias Control

The LCD drive voltage is applied to the LCD power supply input pins VL1 to VL3 by connecting division
resistors. Figure 27.3 shows the Pin Connection and Voltage Levels when External Division Resistors are Used.

Contrast adjustment Contrast adjustment

— —  Z

VLDC C3 VLDC C3

VL3 I VL3 Imn

R3 c2 % R3

VL2 % b VL2
2/3 VLDC 2 M
c1 1/2 VLDC c1

VL1 Ty VL1 e
1/3 VLDC M I

R1 %Rl
777 777

1/3 bias selected 1/2 bias selected

Notes:

1. Apply the LCD drive voltage to the LCD power supply pins VL1 to VL3 by using external division resistors.
2. Be sure to connect a smoothing capacitor to pins VL1 to VL3. (Reference value: 0.2 pF to 0.4 uF)

Figure 27.3  Pin Connection and Voltage Levels when External Division Resistors are Used
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27.4.4 LCD Data Display

The bias is selected by setting the LBASO bit in the LCRO register, and the duty is selected by setting bits
LDTYOand LDTY 1. An LCD display is enabled by setting the LDSPE bit to 1, and the display is started by
setting the LSTAT bit to 1.

The LCD display content is changed by rewriting the content of the LCD display data register.

Do not change the content of the LCD display data register while the memory-type liquid crystal panel is
driven.

27.4.5 Pin Status in Stop Mode and Power-Off 2 Mode

In stop mode and power-off 2 mode, the status of the LCD display function pins selected by bits L SEQO to
LSE26 in registers LSEO to L SE5, bits LCOMO to LCOM3, and bits LVLP1 to LVLP3 will be as shown in
Table 27.5. LCD control is restarted by means of the same operation as that used to make L CRO register
settings, as shown the LCD drive control procedure in Table 27.3.

Table 27.5  LCD Display Function Pin Status in Stop Mode and Power-Off 2 Mode

Pin Name Pin Status
SEGO to SEG26 Outputs a low-level signal.
COMO to COM3 Outputs a low-level signal.
VL1 to VL3 High-impedance state

27.4.6 Pin Status in Power-Off 0 Mode

In power-off 0 mode, the status of the LCD display function pins selected by bits L SEQO to L SE26 in registers
LSEO to LSE7, bits LCOMO to LCOM3, and bits LVLP1 to LVLP3 will be as shown in Table 27.6. The
operation is started from areset as shown in Table 27.3.

Table 27.6  LCD Display Function Pin Status in Power-Off 0 Mode

Pin Name Pin Status
SEGO to SEG26 Outputs a low-level signal
COMO to COM3 P ghat.
VL1 to VL3 High-impedance state
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27.5

LCD Drive Waveform

27.5.1 Segment Panel Drive Waveform
Figure 27.4 to 27.12 show the LCD drive waveform.
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27.5.2 Drive Waveform of Memory-Type Liquid Crystal Panel
Figure 27.12 shows the LCD drive waveform.
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27.5.3 Interrupt Control Waveform
Figure 27.13 shows the Interrupt Control Waveform.

LCD clock source

L

Internal signal
LCDCK timing

Timing for generating the falling edge of the LCDCK interrupt

COoM2 COM3 COMO

Timing for generating the falling edge of the frame interrupt

Note:
1. While the memory-type liquid crystal panel is driven, a frame interrupt is generated after two frames are completed.

Figure 27.13 Interrupt Control Waveform

RO1UH0024EJ0100 Rev.1.00 RENESAS Page 485 of 581
Aug 24, 2011



R8C/LA3A Group, R8C/LA5SA Group 27. LCD Drive Control Circuit

27.6 Notes on LCD Drive Control Circuit

27.6.1 When Division Resistors are Connected Externally

The reference values of R1 to R3 are 10 kQ to 200 kQ. These reference values depend on the used LCD panel,
number of segment and common pins, frame frequency, and environment. Careful evaluation should be
performed for the system to determine the values (refer to Figure 27.3).
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28. Flash Memory

28. Flash Memory

The flash memory can perform in the following three rewrite modes: CPU rewrite mode, standard serial 1/0 mode, and
paralel [/0 mode.

28.1 Introduction

Table 28.1 lists the Flash Memory Version Performance. (Refer to the specifications in Table 1.4 to Table 1.6 for
items not listed in Table 28.1.)

Table 28.1 Flash Memory Version Performance
Item Specification
Flash memory operating mode 3 modes (CPU rewrite, standard serial 1/0, and parallel 1/O)
Division of erase blocks Refer to Figure 28.1.
Programming method Byte units
Erasure method Block erase

Programming and erasure control method (1)

Program and erase control by software commands

Rewrite control

Blocks 0 to 5 Rewrite protect control in block units by the lock bit

erasure endurance ) | (Program ROM)(4)

method (2) (Program ROM)4)
Blocks A and B Individual rewrite protect control on blocks A and B by bits FMR14
(Data flash) and FMR15 in the FMR1 register

Number of commands 7 commands

Programming and Blocks 0 to 5 10,000 times

Blocks A, B, C, and D 10,000 times
(Data flash)

ID code check function Standard serial /0O mode supported

ROM code protection Parallel I/O mode supported

Notes:

1. To program and erasure program ROM, use VCC = 1.8 V to 5.5 V as the supply voltage.

2. To program and erasure data flash, use VCC = 1.8 V to 5.5 V as the supply voltage.

3. Definition of programming and erasure endurance
The programming and erasure endurance is defined on a per-block basis. If the programming and erasure
endurance is n (n = 10,000), each block can be erased n times. For example, if 1,024 1-byte writes are
performed to different addresses in block A, a 1-Kbyte block, and then the block is erased, the programing/
erasure endurance still stands at one. When performing 100 or more rewrites, the actual erase count can be
reduced by executing program operations in such a way that all blank areas are used before performing an
erase operation. Avoid rewriting only particular blocks and try to average out the programming and erasure
endurance of the blocks. It is also advisable to retain data on the erasure endurance of each block and limit the
number of erase operations to a certain number.

4. The number of blocks and block division vary with the MCU. Refer to Figure 28.1 Flash Memory Block
Diagrams of R8C/LA3A Group and R8C/LASA Group for details.

Table 28.2

Flash Memory Rewrite Mode

Flash Memory
Rewrite Mode

CPU Rewrite Mode Standard Serial I/0 Mode

Parallel I/O Mode

Function User ROM area is rewritten by | User ROM area is rewritten User ROM area is rewritten
executing software commands | using a dedicated serial using a dedicated parallel
from the CPU. programmer. programmer.
Rewritable area | User ROM User ROM User ROM
Rewrite programs | User program Standard boot program -
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28.2 Memory Map

The flash memory contains a user ROM area and a boot ROM area (reserved area).

Figure 28.1 shows the Flash Memory Block Diagrams of R8C/LA3A Group and R8C/LAS5A Group.
The user ROM area contains program ROM and data flash.

Program ROM: Flash memory mainly used for storing programs

Data flash: Flash memory mainly used for storing data to be rewritten

The user ROM areais divided into several blocks. The user ROM area can be rewritten in CPU rewrite mode,
standard serial 1/0O mode, or parallel I/0O mode.

The rewrite control program (standard boot program) for standard serial 1/0 mode is stored in the boot ROM area
before shipment. The boot ROM areais alocated separately from the user ROM area.
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ROM 8 KB product ROM 16 KB product
03000h[  giock A: 1 Kbyte 03000h|  giock A: 1 Kbyte
Data flash Data flash
037FFh Block B: 1 Kbyte 037FFh Block B: 1 Kbyte
| | | |
| | | |
| | | |
| | | |
| | | |
| | | |
| | | |
| | | |
| | | |
| | | |
| | | |
| | | |
| | | |
| | | |
| | | |
| | 0C000h
: : Block 2: 8 Kbytes
ODFFFh ODFFFh Program ROM
0E000h Block 1: 4 Kbytes 0E000h Block 1: 4 Kbytes
OEFFFh P ROM OEFFFh
0F000h | Biock 0 4 Kb rogram 0F000h [~ Biock 0: 4 Kb
OFFFFh 0ck 0: 4 Kbytes OFFFFh ock 0: 4 Kbytes
User ROM area User ROM area
ROM 32 KB product ROM 64 KB product
03000h|  giock A: 1 Kbyte 03000h|  giock A: 1 Kbyte
Data flash Data flash
037FFh Block B: 1 Kbyte 037FFh Block B: 1 Kbyte
| | | |
| | | |
: : 04000h A
| |
| | Block 4: 16 Kbytes
| |
| |
07FFFhl | 07FFFh
08000h ) 08000h
Block 3: 16 Kbytes Block 3: 16 Kbytes
OBFFFh 0BFFFh
0C000h > Program ROM 0C000h > Program ROM
Block 2: 8 Kbytes Block 2: 8 Kbytes
ODFFFh ODFFFh
0EO000h . 0E000h .
OEEEEh Block 1: 4 Kbytes OEEFFh Block 1: 4 Kbytes
0F000h . 0F000h .
OFFEEh Block 0: 4 Kbytes ) OFEEEh Block 0: 4 Kbytes
User ROM area 10000h
Block 5: 16 Kbytes
13FFFh )

User ROM area

Figure 28.1 Flash Memory Block Diagrams of RBC/LA3A Group and R8C/LASA Group
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28.3 Functions to Prevent Flash Memory from being Rewritten

Standard serial 1/0 mode has an ID code check function, and parallel 1/O mode hasaROM code protect function to
prevent the flash memory from being read or rewritten easily.

28.3.1 ID Code Check Function

The ID code check function is used in standard seria 1/0 mode. Unless 3 bytes (addresses OFFFCh to OFFFEh)
of the reset vector are set to FFFFFFh, the ID codes sent from the serial programmer or the on-chip debugging
emulator and the 7-byte ID codes written in the flash memory are checked to see if they match. If the ID codes
do not match, the commands sent from the serial programmer or the on-chip debugging emulator are not
accepted. For details of the ID code check function, refer to 13. 1D Code Areas.
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28.3.2 ROM Code Protect Function

The ROM protect function prevents the contents of the flash memory from being read, rewritten, or erased
using the OFS register in parallel 1/0 mode.
Refer to 14. Option Function Select Area for details of the option function select area.

The ROM code protect function is enabled by writing 1 to the ROMCR bit and writing 0 to the ROMCP1 bit.
This prevents the content of the on-chip flash memory from being read or rewritten.

Once ROM code protection is enabled, the content of the internal flash memory cannot be rewritten in parallel
1/0 mode. To disable ROM code protection, erase the block including the OFS register using CPU rewrite
mode or standard seria 1/0 mode.

28.3.3 Option Function Select Register (OFS)
Address OFFFFh

Bit b7 b6 b5 b4 b3 b2 bl b0
SymboI|CSPROINI| LVDAS | VDSEL1 | VDSELO |ROMCP1| ROMCR | — WDTON
After Reset User setting value (Note 1)

Bit Symbol Bit Name Function R/W

b0 WDTON [Watchdog timer start select bit 0: Watchdog timer automatically starts after reset | RIW
1: Watchdog timer is stopped after reset

bl — Reserved bit Setto 1. R/W

b2 ROMCR |ROM code protect disable bit 0: ROM code protect disabled R/W
1: ROMCP1 bit enabled

b3 ROMCP1 |[ROM code protect bit 0: ROM code protect enabled R/W
1: ROM code protect disabled

b4 VDSELO |Voltage detection 0 level select bit (2) |b5b4 R/W

0 0: 3.80 V selected (Vdet0_3)

bS VDSELL 0 1: 2.85 V selected (Vdet0_2) RIW
10: 2.35V selected (Vdet0_1)
11:1.90V selected (Vdet0_0)
b6 LVDAS |Voltage detection O circuit start bit 3) |0: Voltage monitor 0 reset enabled after reset RIW
1: Voltage monitor O reset disabled after reset
b7 |CSPROINI|{Count source protection mode 0: Count source protection mode enabled after reset | R/W
after reset select bit 1: Count source protection mode disabled after reset
Notes:
1. The OFS register is allocated in the flash memory, not in the SFRs. Set appropriate values as ROM data by a
program.
Do not write additions to the OFS register. If the block including the OFS register is erased, the OFS register is
set to FFh.
When blank products are shipped, the OFS register is set to FFh. It is set to the written value after written by the
user.
When factory-programming products are shipped, the value of the OFS register is the value programmed by the
user.

2. The same level of the voltage detection 0 level selected by bits VDSELO and VDESL1 is set in both functions of
voltage monitor O reset and power-on reset.

3. To use power-on reset and voltage monitor O reset, set the LVDAS bit to 0 (voltage monitor O reset enabled after
reset).

For a setting example of the OFS register, refer to 14.3.1 Setting Example of Option Function Select Area.

LVDAS Bit (Voltage Detection 0 Circuit Start Bit)
The Vdet0 voltage to be monitored by the voltage detection O circuit is selected by bitsVDSELO and VDSEL 1.
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28.4 CPU Rewrite Mode

In CPU rewrite mode, the user ROM area can be rewritten by executing software commands from the CPU.
Therefore, the user ROM area can be rewritten directly while the MCU is mounted on a board without using a
ROM programmer. Execute the software command only to blocks in the user ROM area.

The flash module has a suspend function (program-suspend, erase-suspend) which halts erase or program operation
temporarily in CPU rewrite mode. During suspend, the flash memory can be read. For erase-suspend only, the flash
memory can also be programmed.

Erase-write 0 mode (EWO0 mode) and erase-write 1 mode (EW1 mode) are available in CPU rewrite mode.

Table 28.3 lists the Differences between EW0 Mode and EW1 Mode.

Table 28.3 Differences between EW0 Mode and EW1 Mode
Item EWO0 Mode EW1 Mode
Operating mode Single-chip mode Single-chip mode

Rewrite control program
allocatable area

User ROM

User ROM

Rewrite control program
executable areas

RAM (The rewrite control program must
be transferred before being executed.)

User ROM or RAM

Rewritable area

User ROM

User ROM
However, blocks which contain the rewrite
control program are excluded.

Software command
restrictions

Program and block commands cannot be
executed to any block which contains the
rewrite control program.

Mode after programming or
block erasure or after
entering suspend

Read array mode

Read array mode

CPU state during
programming and
block erasure

The CPU operates.

The CPU is put in a hold state during
programming and block erasure. (1/0O ports
retain the states before the command
execution).

Flash memory
status detection

Read bits FST7, FST5, and FST4 in
the FST register by a program.

Read bits FST7, FST5, and FST4 in
the FST register by a program.

Conditions for entering
erase-suspend

* Set bits FMR20 and FMR21 in the
FMR2 register to 1 by a program.

* Set bits FMR20 and FMR22 in the
FMR2 register to 1 and the enabled
maskable interrupt is generated.

* Set bits FMR20 and FMR21 in the FMR2
register to 1 by a program (while rewriting
the data flash area).

* Set bits FMR20 and FMR22 in the FMR2
register to 1 and the enabled maskable
interrupt is generated.

Conditions for entering
program-suspend

« Set bits FMR20 and FMR21 in the
FMR2 register to 1 by a program.

« Set bits FMR20 and FMR22 in the
FMR2 register to 1 and the enabled
maskable interrupt is generated.

* Set bits FMR20 and FMR21 in the FMR2
register to 1 by a program (while rewriting
the data flash area).

* Set bits FMR20 and FMR22 in the FMR2
register to 1 and the enabled maskable
interrupt is generated.

CPU clock

Max. 20 MHz

Max. 20 MHz
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28.4.1 Flash Memory Status Register (FST)
Address 01B2h

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol | FST7 | FST6 | FST5 | FST4 | FST3 | LBDATA | BSYAEI | RDYSTI

After Reset 1 0 0 0 0 X 0 0

Bit Symbol Bit Name Function R/W

b0 RDYSTI |Flash ready status interrupt request  |0: No flash ready status interrupt request R/W

flag (1. 4) 1: Flash ready status interrupt request
bl BSYAEI [Flash access error interrupt request  |0: No flash access error interrupt request R/W
flag 2 4 1: Flash access error interrupt request

b2 LBDATA |LBDATA monitor flag 0: Locked R
1: Not locked

b3 FST3 |Program-suspend status flag 0: Other than program-suspend R
1: During program-suspend

b4 FST4 |Program error flag (3 0: No program error R
1: Program error

b5 FST5 |Erase error/blank check error flag (3 |0: No erase error/blank check error R
1: Erase error/blank check error

b6 FST6 |Erase-suspend status flag 0: Other than erase-suspend R
1: During erase-suspend

b7 FST7 |Ready/busy status flag 0: Busy R
1: Ready

Notes:

1. The RDYSTI bit cannot be set to 1 (flash ready status interrupt request) by a program.
When writing 0 (no flash ready status interrupt request) to the RDYSTI bit, read this bit (dummy read) before
writing to it.
To confirm this bit, set the RDYSTIE bit in the FMRO register to 1 (flash ready status interrupt enabled).

2. The BSYAEI bit cannot be set to 1 (flash access error interrupt request) by a program.
When writing 0 (no flash access error interrupt request) to the BSYAEI bit, read this bit (dummy read) before
writing to it.
To confirm this bit, set the BSYAEIE bit in the FMRO register to 1 (flash access error interrupt enabled) or set the
CMDERIE bit in the FMRO register to 1 (erase/write error interrupt enabled).

3. This bit is also set to 1 (error) when a command error occurs.

4. When this bit is set to 1, do not set the FMROL1 bit in the FMRO register to 0 (CPU rewrite mode disabled).

RDYSTI Bit (Flash Ready Status Interrupt Request Flag)
When the RDY STIE bit in the FMRO register is set to 1 (flash ready status interrupt enabled) and auto-
programming or auto-erasure completes, or suspend mode is entered, the RDY STI bit is set to 1 (flash ready
status interrupt request).
During interrupt handling, set the RDY ST bit to 0 (no flash ready status interrupt request).

[Condition for setting to Q]

Set to 0 by an interrupt handling program.

[Condition for setting to 1]

When the flash memory status changes from busy to ready while the RDY STIE bit in the FRMRO register is set
to 1, the RDY STI bitisset to 1.

The statusis changed from busy to ready in the following states:

» Completion of erasing/programming the flash memory

* Suspend acknowledgement

» Completion of forcible termination

» Completion of the lock bit program

» Completion of the read lock bit status

» Completion of the block blank check

» When the flash memory can be read after it is released from stop state.
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BSYAEI Bit (Flash Access Error Interrupt Request Flag)

The BSYAE! bit is set to 1 (flash access error interrupt request) when the BSYAEIE bit in the FMRO register is
set to 1 (flash access error interrupt enabled) and the block during auto-programming/auto-erasure is accessed.
Thisbitisalso setto 1 if an erase or program error occurs when the CMDERIE bit in the FMRO register is set to
1 (erase/write error interrupt enabled).

During interrupt handling, set the BSYAEI bit to 0 (no flash access error interrupt request).

[Conditions for setting to O]

(1) Set to 0 by an interrupt handling program.

(2) Execute the clear status register command.

[Conditions for setting to 1]

(1) Read or write the area that is being erased/written when the BSYAEIE bit in the FMRO register is set to 1
and while the flash memory is busy.
Or, read the data flash area while erasing/writing to the program ROM area. (Note that the read value is
undefined in both cases. Writing has no effect.)

(2) If acommand sequence error, erase error, blank check error, or program error occurs when the CMDERIE
bit in the FMRO register is set to 1 (erase/write error interrupt enabled).

LBDATA Bit (LBDATA Monitor Flag)

Thisis aread-only bit indicating the lock bit status. To confirm the lock bit status, execute the read lock bit
status command and read the LBDATA bit after the FST7 bit is set to 1 (ready).

The condition for updating this bit is when the program, erase, read lock bit status commands are generated.
When the read lock bit status command is input, the FST7 bit is set to 0 (busy). At the time when the FST7 bit
isset to 1 (ready), the lock bit status is stored in the LBDATA bit. The datain the LBDATA hit is retained until
the next command isinput.

FST3 Bit (Program-Suspend Status Flag)

Thisis aread-only bit indicating the suspend status. The bit is set to 1 when a program-suspend request is
acknowledged and a suspend status is entered; otherwise, it is set to 0.

FST4 Bit (Program Error Flag)

Thisis aread-only bit indicating the auto-programming status. The bit is set to 1 if a program error occurs;
otherwise, it is set to 0. For details, refer to the description in 28.4.11 Full Satus Check.

FST5 Bit (Erase Error/Blank Check Error Flag)

Thisis aread-only bit indicating the status of auto-erasure or the block blank check command. The bit is set to
1if an erase error or blank check error occurs; otherwise, it is set to 0. Refer to 28.4.11 Full Satus Check for
details.

FST6 Bit (Erase Suspend Status Flag)

Thisis aread-only bit indicating the suspend status. The bit is set to 1 when an erase-suspend request is
acknowledged and a suspend status is entered; otherwise, it isset to 0.

FST7 Bit (Ready/Busy Status Flag)

When the FST7 bit is set to 0 (busy), the flash memory isin one of the following states:
 During programming

* During erasure

 During the lock bit program

 During the read lock bit status

« During the block blank check

« During forced stop operation

« The flash memory is being stopped

* The flash memory is being activated
Otherwise, the FST7 hit is set to 1 (ready).
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28.4.2 Flash Memory Control Register 0 (FMRO)
Address 01B4h

Bit b7 b6 b5 b4 b3 b2 b1l b0
Symbol | RDYSTIE| BSYAEIE |CMDERIE| CMDRST| FMSTP | FMR0O2 | FMRO1 —
After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 — Reserved bit Setto 0. R/W
bl FMRO1 [CPU rewrite mode select bit (1. 4) 0: CPU rewrite mode disabled R/W
1: CPU rewrite mode enabled
b2 FMRO2 |EW1 mode select bit (1) 0: EWO0 mode R/W
1: EW1 mode
b3 FMSTP |Flash memory stop bit (2) 0: Flash memory operates R/W
1: Flash memory stops

(Low-power consumption state, flash memory
initialization)
b4 | CMDRST |Erase/write sequence reset bit (3) When the CMDRST bit is set to 1, the erase/write | R/IW
sequence is reset and erasure/writing can be
forcibly stopped.
When read, the content is O.
0: Erase/write error interrupt disabled R/W
1: Erase/write error interrupt enabled
b6 BSYAEIE |[Flash access error interrupt enable bit |0: Flash access error interrupt disabled R/W
1
0
1

b5 | CMDERIE |Erase/write error interrupt enable bit

: Flash access error interrupt enabled
: Flash ready status interrupt disabled R/W
: Flash ready status interrupt enabled

b7 RDYSTIE |Flash ready status interrupt enable bit

Notes:

1. To set this bit to 1, first write 0 and then 1 immediately. Disable interrupts between writing O and writing 1.

2. Write to the FMSTP bit by a program transferred to the RAM. The FMSTP bit is enabled when the FMROL bit is
set to 1 (CPU rewrite mode enabled). To set the FMSTP bit to 1 (flash memory stops), set it when the FST7 bit in
the FST register is set to 1 (ready).

3. The CMDRST bit is enabled when the FMRO1 bit is set to 1 (CPU rewrite mode enabled) and the FST7 bit in the
FST register is set to 0 (busy).

4. To set the FMRO1 bit to 0 (CPU rewrite mode disabled), set it when the RDYSTI bit in the FST register is set to 0
(no flash ready status interrupt request) and the BSYAEI bit is set to O (no flash access error interrupt request).

FMROL1 Bit (CPU Rewrite Mode Select Bit)

When the FMRO1 hit is set to 1 (CPU rewrite mode enabled), the MCU is made ready to accept software
commands.

FMRO2 Bit (EW1 Mode Select Bit)
When the FMRO2 bit is set to 1 (EW1 mode), EW1 mode is selected.
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FMSTP Bit (Flash Memory Stop Bit)

This bit is used to initialize the flash memory control circuits, and also to reduce the amount of current
consumed by the flash memory. Access to the flash memory is disabled by setting the FMSTP bit to 1.

Write to the FMSTP bit by a program transferred to the RAM.

To reduce the power consumption further in high-speed on-chip oscillator mode, low-speed on-chip oscillator
mode (XIN clock stopped), and low-speed clock mode (XIN clock stopped), set the FMSTP bit to 1. Refer to
10.8.10 Sopping Flash Memory for details.

When entering stop mode or wait mode while CPU rewrite mode is disabled, the FMRO register does not need
to be set because the power for the flash memory is automatically turned off and is turned back on when exiting
stop or wait mode.

When the FMSTP bit is set to 1 (including during the busy status (the period while the FST7 bit is 0)
immediately after the FMSTP bit is changed from 1 to 0), do not set to low-current-consumption read mode at
the sametime.

FMSTP bit i
!
FST7 bit 0 (busy) ' 1 (ready)
' ; i Low-consumption-current
Do not set to low-consumption-current read mode. ! read mode enabled

P
1 '

Figure 28.2  Transition to Low-Current-Consumption Read Mode

CMDRST Bit (Erase/Write Sequence Reset Bit)

Thishbit is used to initialize the flash memory sequence and forcibly stop a program or block erase command.

If the program or block erase command is forcibly stopped using the CMDRST bit in the FMRO register,
execute the clear status register command after the FST7 bit in the FST register is changed to 1 (ready). To
program to the same address again, execute the block erase command again and ensure it has been completed
normally before programming. If the addresses and blocks which the program or block erase command is
forcibly stopped are allocated in the program area, set the FMR13 bit in the FMRL1 register to 1 (lock bit
disabled) before executing the block erase command again.

When the CMDRST bhit is set to 1 (erasure/writing stopped) during erase-suspend, the suspend status is also
initialized. Thus execute block erasure again to the block which the block erasure is being suspended.

When td(CMDRST-READY) has elapsed after the CMDRST bit is set to 1 (erasure/writing stopped), the
executing command is forcibly terminated and reading from the flash memory is enabled.

CMDERIE Bit (Erase/Write Error Interrupt Enable Bit)

This bit enables a flash command error interrupt to be generated if the following errors occur:
* Program error
« Block erase error

« Command sequence error

« Block blank check error

If the CMDERIE bit is set to 1 (erase/write error interrupt enabled), an interrupt is generated if the above errors
occur.

If aflash command error interrupt is generated, execute the clear status register command during interrupt
handling.

To change the CMDERIE hit from O (erase/write error interrupt disabled) to 1 (erase/write error interrupt enabled),
make the setting as follows:

(1) Executethe clear status register command.

(2) Setthe CMDERIE hit to 1.
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BSYAEIE Bit (Flash Access Error Interrupt Enable Bit)
This bit enables a flash access error interrupt to be generated if the flash memory during rewriting is accessed.

To change the BSYAEIE bit from 0 (flash access error interrupt disabled) to 1 (flash access error interrupt
enabled), make the setting as follows:

(1) Read the BSYAEI bit in the FST register (dummy read).

(2) Write 0 (no flash access error interrupt request) to the BSYAEI bit.

(3) Setthe BSYAEIE hit to 1 (flash access error interrupt enabled).

RDYSTIE Bit (Flash Ready Status Interrupt Enable Bit)

This bit enables a flash ready status error interrupt to be generated when the status of the flash memory
sequence changes from the busy to ready status.

To change the RDY STIE bit from 0 (flash ready status interrupt disabled) to 1 (flash ready status interrupt
enabled), make the setting as follows:

(1) Readthe RDY STI bit in the FST register (dummy read).

(2) Write O (no flash ready statusinterrupt request) to the RDY STI bit.

(3) Setthe RDYSTIE hit to 1 (flash ready status interrupt enabled).
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28.4.3 Flash Memory Control Register 1 (FMR1)
Address 01B5h

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol | — | — | FMR15 | FMR14 | FMR13 | — | — —
After Reset 0 0 0 0 0 0 X 0
Bit Symbol Bit Name Function R/W
b0 — Reserved bits Setto O. R/W
bl — R
b2 — R/W
b3 FMR13 |Lock bit disable select bit (1) 0: Lock bit enabled R/W
1: Lock bit disabled
b4 FMR14 |Data flash block A rewrite 0: Rewrite enabled (software command acceptable) R/W
disable bit (2. 3) 1: Rewrite disabled (software command not acceptable,

no error occurred)

b5 FMR15 |Data flash block B rewrite 0: Rewrite enabled (software command acceptable) R/W
disable bit (2. 3) 1: Rewrite disabled (software command not acceptable,
no error occurred)
b6 — Reserved bits Set to O. R/W
b7 —
Notes:

1. To setthe FMR13 bit to 1, first write O and then 1 immediately. Disable interrupts between writing 0 and writing 1.
2. To set this bit to 0, first write 1 and then 0 immediately. Disable interrupts between writing 1 and writing O.
3. This bit is set to 0 when the FMROL1 bit in the FMRO register is set to 0 (CPU rewrite mode disabled).

FMR13 Bit (Lock Bit Disable Select Bit)

When the FMR13 hit is set to 1 (lock bit disabled), the lock bit is disabled. When the FMR13 bit is set to 0, the
lock bit is enabled. Refer to 28.4.9 Data Protect Function for the details of the lock bit.

The FMR13 bit enables the lock bit function only and the lock bit data does not change. However, when a block
erase command is executed while the FMR13 bit is set to 1, the lock bit data set to 0 (locked) changesto 1 (not
locked) after erasure compl etes.

[Conditions for setting to O]
The FMR13 bit is set to 0 when one of the following conditions is met:

» Completion of the program command

» Completion of the erase command

» Generation of acommand sequence error

« Transition to erase-suspend

* The FMROL1 bit in the FMRO register is set to 0 (CPU rewrite mode disabled).
e The FMSTP hit in the FM RO register is set to 1 (flash memory stops).

e The CMDRST hit in the FMRO register is set to 1 (erasure/writing stopped).
[Condition for setting to 1]
Set to 1 by aprogram.

FMR14 Bit (Data Flash Block A Rewrite Disable Bit)
When the FMR 14 hit is set to 0, data flash block A accepts program and block erase commands.

FMR15 Bit (Data Flash Block B Rewrite Disable Bit)
When the FMR 15 bit is set to 0, data flash block B accepts program and block erase commands.
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28.4.4 Flash Memory Control Register 2 (FMR2)
Address 01B6h

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol | FMR27 | — | — | — | — | FMR22 | FMR21 | FMR20
After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 | FMR20 [Suspend enable bit (1) 0: Suspend disabled RIW
1: Suspend enabled
bl FMR21 |Suspend request bit (2) 0: Restart R/W
1: Suspend request
b2 FMR22 |Interrupt request suspend 0: Suspend request disabled by interrupt request R/W
request enable bit (1) 1: Suspend request enabled by interrupt request
b3 — Nothing is assigned. If necessary, set to 0. —
b4 — Reserved bits Setto O. R/W
b5 —
b6 —
b7 FMR27 |Low-current-consumption 0: Low-current-consumption read mode disabled R/W
read mode enable hit (1. 3) 1: Low-current-consumption read mode enabled
Note:

1. To set this bit to 1, first write 0 and then 1 immediately. Disable interrupts between writing O and writing 1.

2. To set the FMR21 bit to O (restart), set it when the FMRO1 bit in the FMRO register is set to 1 (CPU rewrite mode
enabled).

3. Setthe FMR27 bit to 1 after setting either of the following:
* Set the CPU clock to the low-speed on-chip oscillator clock divided by 4, 8, or 16.
* Set the CPU clock to the XCIN clock divided by 1 (no division), 2, 4, or 8.
Enter wait mode or stop mode after setting the FMR27 bit to O (low-current-consumption read mode disabled).
Do not enter wait mode or stop mode while the FMR27 bit is 1 (low-current-consumption read mode enabled).

FMR20 Bit (Suspend Enable Bit)
When the FMR20 bit is set to 1 (enabled), the suspend function is enabled.

FMR21 Bit (Suspend Request Bit)

When the FMR21 bit is set to 1, suspend mode is entered. If the FMR22 bit is set to 1 (suspend request enabled
by interrupt request), the FMR21 bit is automatically set to 1 (suspend request) when an interrupt request for the
enabled interrupt is generated, and suspend mode is entered. To restart auto-erasure, set the FMR21 bit to 0
(restart).

[Condition for setting to 0]
Set to 0 by a program.
[Conditions for setting to 1]

* The FMR22 bit is set to 1 (suspend request enabled by interrupt request) when an interrupt is generated.
* Set to 1 by aprogram.

FMR22 Bit (Interrupt Request Suspend-Request Enable Bit)

When the FMR 22 bit is set to 1 (suspend request enabled by interrupt request), the FMR21 bit is automatically
set to 1 (suspend request) at the time an interrupt request is generated during auto-erasure.
Set the FMR22 bit to 1 when using suspend while rewriting the user ROM areain EW1 mode.
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FMR27 Bit (Low-Current-Consumption Read Mode Enable Bit)

When the FMR 27 bit is set to 1 (low-current-consumption read mode enabled) in low-speed clock mode (XIN
clock stopped) or low-speed on-chip oscillator mode (XIN clock stopped), current consumption when reading
the flash memory can be reduced. Refer to 10.8.11 L ow-Current-Consumption Read M ode for details.

L ow-current-consumption read mode can be used when the CPU clock is set to either of the following:

» The CPU clock is set to the low-speed on-chip oscillator clock divided by 4, 8, or 16.

» The CPU clock is set to the XCIN clock divided by 1 (no division), 2, 4, or 8.

However, do not use low-current-consumption read mode when the frequency of the selected CPU clock is 3 kHz
or below.

After setting the divide ratio of the CPU clock, set the FMR27 hit to 1.

Enter wait mode or stop mode after setting the FMR27 bit to 0 (low-current-consumption read mode disabled).

Do not enter wait mode or stop mode while the FMR27 bit is 1 (low-current-consumption read mode enabled).

When the FMR27 hit is set to 1 (low-current-consumption read mode enabled), do not execute the program,
block erase, or lock bit program command. To change the FMSTP bit from 1 (flash memory stops) to O (flash
memory operates), make the setting when the FMR27 bit is set to 0 (low-current-consumption read mode
disabled).

28.4.5 EWO Mode

When the FMRO1 bit in the FMRO register is set to 1 (CPU rewrite mode enabled), the MCU enters CPU
rewrite mode and software commands can be accepted. At thistime, the FMRO2 bit in the FM RO register is set
to 0 so that EWO0 mode is selected.

Software commands are used to control program and erase operations. The FST register can be used to confirm
whether programming or erasure has completed.

To enter suspend during auto-programming or auto-erasure, set the FMR20 bit to 1 (suspend enabled) and the
FMR21 bit to 1 (suspend request). Next, verify the FST7 bit in the FST register is set to 1 (ready), then verify
the FST3 hit is set to 1 (during program-suspend) or the FST6 bit is set to 1 (during erase-suspend) before
accessing the flash memory. When the FST3 bit is set to 0, program completes, the FST6 bit is set to O, erasure
completes.

When the FMR21 bit in the FMR2 register is set to O (restart), auto-programming or auto-erasure restarts. To
confirm whether auto-programming or auto-erasure has restarted, verify the FST7 bit in the FST register is set
to O, then verify the FST3 bit is set to O (other than program-suspend) the FST6 bit is set to O (other than erase-
suspend).

28.4.6 EW1 Mode

After the FMRO1 bit in the FMRO register is set to 1 (CPU rewrite mode enabled), EW1 mode is selected by
setting the FMRO2 bit is set to 1.

The FST register can be used to confirm whether programming and erasure has completed.

To enable the suspend function, execute the program or block erase command after setting the FMR20 bit in the
FMR2 register to 1 (suspend enabled). To enter suspend while auto-erasing the user ROM area, set the FMR22
bit in the FMR2 register to 1 (suspend request enabled by interrupt request). Also, the interrupt to enter suspend
must be enabled beforehand.

When an interrupt request is generated, the FMR21 bit in the FMR2 register is automatically set to 1 (suspend
reguest) and auto-programming or auto-erasure suspends after td(SR-SUS). After interrupt handling compl etes,
set the FMR21 bit to O (restart) to restart auto-programming or auto-erasure.
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28.4.7 Suspend Operation

The suspend function halts the operation temporarily during auto-programming or auto-erasure.

When auto-programming or auto-erasure is suspended, the next operation can be executed. (Refer to Table 28.4

Executable Operation during Suspend.)

* To check the program-suspend, verify the FST7 bit is set to 1 (ready), then verify the FST3 bit is set to 1
(during program-suspend) to confirm whether programming has been suspended. (When the FST3 bit is set to
0 (other than program-suspend), programming completes.)

« To check the erase-suspend, verify the FST7 bit is set to 1 (ready), then verify the FST6 bit isset to 1 (during
erase-suspend) to confirm whether erasure has been suspended. (When the FST6 bit is set to O (other than
erase-suspend), erasure completes.)

28. Flash Memory

Figure 28.3 shows the Erase-Suspend Operation Timing in EWO0 Mode.

Table 28.4  Executable Operation during Suspend
Operation during Suspend
Data flash Data flash Program ROM Program ROM
(Block during (Block during no (Block during (Block during no
erasure execution erasure execution erasure execution erasure execution
before entering before entering before entering before entering
suspend) suspend) suspend) suspend)
Erase | Program | Read | Erase | Program | Read | Erase | Program | Read | Erase | Program | Read
Areas during | Data D D D | D E E |NA| NA [ NA| D E E
erasure flash
execution Program
before entering | ROM N/A | NA | NA | D E E D D D D E E
suspend
Areas during | Data D D D | D D E [NA| NA [ NA| D D E
program flash
execution Program
before entering | ROM N/A | N/A | N/A D D E D D D D D E
suspend
Notes:

1. E indicates operation is enabled by using the suspend function, D indicates operation is disabled, and N/A
indicates no combination is available.
2. The block erase command can be executed for erasure. The program, lock bit program, and read lock bit status
commands can be executed for programming.
The clear status register command can be executed when the FST7 bit in the FST register is set to 1 (ready).
The operation of block blank check is disabled during suspend.
3. The MCU enters read array mode immediately after entering suspend.
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28. Flash Memory

1
|
Elr Suspend Data | Suspend Program Suspend Erase
Flash memory ) | ase (readable) | read | (readable) 9 (readable) S
4 [ 4 A
| | | |
A 4 A
N . Set Flash ready - Flash ready | Set - Flash ready -
RAM Eswrr:; Coissue q R;gvir::] FMR21 Rewrite program interrupt COESTZM erwrr;ti interrupt | FMR21 erwrr;ti interrupt erwrr::]
prog prog bitto 1 handling prog handling | bitto0 | P handling | P9
| 1 1 I 1 1 I
| ¥ 1 1 | 1 1 v 1
FMR21 bit ! ! ! ! ! ! !
in FMR2 register | I td(SR-SUS) | : I : : | I
. ' I | 1 ] | | ] |
FST7 bit I | L) 1 |
in FST register : ! 1 : I i ! ! !
FST6 bit | | 1 | 1 | | |
in FST register T i 3 : : ! ! i !
RDYSTI bit : | 1is set automatically. | 11 is set automatically. 1 is set automatically.
T T T T T T 1
' | | |

in FST register

Note:

1

Set to 0 by a program.

1. The flash memory includes the user ROM and data flash.

1

Set to 0 by a program.

Set to 0 by a program.

!

Figure 28.3

Erase-Suspend Operation Timing in EW0 Mode

Flash memory @

RAM

FMR21 bit
in FMR2 register

)
I
]
Suspend Data | Suspend
Prcl)gram (readable) | read | (readable) Program
4 [ 4 A
I |
y A
Rewrite |Commend| Rewrite F’j;[m Rewite program Fliﬁgr:ﬁ‘Ty Set FMR21| Rewrite Flﬁ]stgr:is,?y Rewrite
program issue program bitto 1 handiing bitto 0 program handling program
| l l
| - | |
| T |
+ I 1
| 1
| |

FST7 bit '

in FST register
FST3 bit

in FST register
RDYSTI bit

in FST register

< td(SR-SUS) 'l

¥

\

1 is set automatically.

1
1is set automatically.

Note:

Set to 0 by a program.

1. The flash memory includes the user ROM and data flash.

Set to 0 by a program.

Figure 28.4

Program-Suspend Operation Timing in EW0 Mode
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28.4.8 How to Set and Exit Each Mode

Figure 28.5 shows How to Set and Exit EW0 Mode and Figure 28.6 shows How to Set and Exit EW1 Mode
(When Rewriting Data Flash) and EW1 Mode.

EWO0 Mode Execution Procedure
(When Rewriting User ROM)

— Rewrite control program

A
After writing 0 to the FMRO1 bit,
write 1 (CPU rewrite mode enabled) @

,, |

Transfer the rewrite control program that uses | | Execute software commands | |
CPU rewrite mode to RAM ¢

4 Write 0 (CPU rewrite mode disabled) to
Jump to the rewrite control program transferred the FMRO1 bit
to the RAM
(The subsequent process is executed by the
rewrite control program in the RAM)
Jump to the specified address in the flash memory

FMRO1: Bit in FMRO register

Note:

1. To set the FMROL bit to 1, first write 0 and then 1 immediately. Disable interrupts between writing 0 and writing 1.
Writing to the FMRO1 bit must be performed in the RAM.

Figure 28.5 How to Set and Exit EW0 Mode

EW1 Mode Execution Procedure

Program in ROM

v

After writing 0 to the FMROL1 bit,
write 1 (CPU rewrite mode enabled) @

v

After writing 0 to the FMRO2 bit,
write 1 (EW1 mode)

| | Execute software commands | |

v

Write 0 (CPU rewrite mode disabled) to
the FMROL1 bit

FMRO1, FMRO2: Bits in FMRO register

Note:

1. To set the FMROL1 bit to 1, first write 0 and then 1 immediately.
Disable interrupts between writing 0 and writing 1.

Figure 28.6 How to Set and Exit EW1 Mode (When Rewriting Data Flash) and EW1 Mode
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28.4.9 Data Protect Function

Each block in the program ROM has a nonvolatile lock bit. The lock bit is enabled by setting the FMR13 bit in
the FMR1 register is set to 0 (lock bit enabled). The lock bit can be used to disable (lock) programming or
erasing each block. This prevents data from being written or erased inadvertently. A block status changes
according to the lock bit as follows:

* When the lock bit dataiis set to O: locked (the block cannot be programmed or erased)
* When the lock bit datais set to 1: not locked (the block can be programmed and erased)

The lock bit datais set to O (locked) by executing the lock bit program command and to 1 (not locked) by
erasing the block. No commands can be used to set only the lock bit datato 1.
Thelock bit data can be read using the read lock bit status command.

When the FMR13 bit is set to 1 (lock bit disabled), the lock bit function isdisabled and al blocks are not locked
(each lock bit data remains unchanged). The lock bit function is enabled by setting the FMR13 bit to O (the lock
bit dataisretained).

When the block erase command is executed while the FMR13 bit is set to 1, the target block is erased regardiess
of thelock hit status. The lock bit of the erase target block is set to 1 after auto-erasure compl etes.

Refer to 28.4.10 Software Commands for the details of individual commands.

The FMR13 bit is set to 0 after auto-erasure completes. Thisbit isalso set to 0 if one of the following conditions
is met. To erase or program a different locked block, set the FMR13 bit to 1 again and execute the block erase
or program command.

« If the FST7 bit in the FST register is changed from 0 (busy) to 1 (ready).
« If acommand sequence error occurs.

« If the FMROL1 bit in the FMRO register is set to 0 (CPU mode disabled).
« If the FMSTP bit in the FMRO register is set to 1 (flash memory stops).

« If the CMDRST bit in the FMRO register is set to 1 (erasure/writing stopped).

Figure 28.7 shows the FMR13 Bit Operation Timing.

(Ready/busy status flag) 0

J Erase start Erase completion

Erase |

Operation [
FST7 bit 1

0 is set at the rising edge of the FST7 bit.

FMR13 bit 1
(Lock bit disable select bit) O—a W

Set to 1 by a program. Lock bit enabled

FST7: Bitin FST register
FMR13: Bit in FMR1 register

28. Flash Memory

Figure 28.7 FMR13 Bit Operation Timing
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28. Flash Memory

28.4.10 Software Commands

The software commands are described below. Read or write commands and data in 8-bit units.

Table 28.5 Software Commands

First Bus Cycle Second Bus Cycle
Command

Mode Address Data Mode Address Data
Read array Write X FFh
Clear status register Write X 50h
Program (byte units) Write WA 40h Write WA WD
Block erase Write X 20h Write BA DOh
Lock bit program Write BT 77h Write BT DOh
Read lock bit status Write x 71h Write BT DOh
Block blank check Write X 25h Write BA DOh

WA: Write address (specify the even address to program in word units.)

WD: Write data
BA: Any block address
BT: Starting block address

x:  Any address in the user ROM area

28.4.10.1 Read Array Command

Theread array command is used to read the flash memory.
When FFh iswritten in the first bus cycle, the MCU enters read array mode. When the read address is input in
the following bus cycles, the content of the specified address can be read in 8-bit units.
Since read array mode remains until another command is written, the contents of multiple addresses can be read

continuously.

In addition, after areset, the MCU entersread array mode after a program, block erase, block blank check, read
lock bit status, or clear status register command, or after entering erase-suspend.

28.4.10.2 Clear Status Register Command

The clear status register command is used to set bits FST4 and FST5 in the FST register to 0.

When 50h iswritten in the first bus cycle, bits FST4 and FST5 in the FST register are set to 0.
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28.4.10.3 Program Command

The program command is used to write data to the flash memory in 1-byte.

When 40h is written in the first bus cycle and data is written in the second bus cycle to the write address, auto-
programming (data program and verify operation) starts. Make sure the address value specified in the first bus
cycleisthe same address as the write address specified in the second bus cycle.

The FST7 bit in the FST register can be used to confirm whether auto-programming has completed. The FST7
bit is set to 0 during auto-programming and is set to 1 when auto-programming completes.

After auto-programming has completed, the auto-program result can be confirmed by the FST4 bit in the FST
register (refer to 28.4.11 Full Status Check).

Do not write additions to the already programmed addresses.

The program command targeting each block in the program ROM can be disabled using the lock hit.
The following commands are not accepted under the following conditions:

 Program commands targeting data flash block A when the FMR14 bit in the FMR1 register is set to 1 (rewrite
disabled).
» Program commands targeting data flash block B when the FMR15 hit is set to 1 (rewrite disabled).

Figure 28.8 shows a Program Flowchart (Flash Ready Status Interrupt Disabled) and Figure 28.9 shows a
Program Flowchart in EWO0 Mode (Flash Ready Status Interrupt Disabled and Suspend Enabled).

In EW1 mode, do not execute this command to any address where a rewrite control program is allocated.

When the RDY STIE bit in the FMRO register is set to 1 (flash ready status interrupt enabled), a flash ready
status interrupt can be generated upon completion of auto-programming. If the FMR21 bit changes to 1
(suspend request) while the RDY STIE bit is 1 and the FMR20 bit in the FMR2 register is 1 (suspend enabled),
aflash ready status interrupt is generated when auto-programming suspends. The auto-program result can be
confirmed by reading the FST register during the interrupt routine.

s )
v

Write the command code 40h

v

Write data to the write address

| | Full status check | |

v

( Program completed ) . .
FST7: Bitin FST register

Figure 28.8 Program Flowchart (Flash Ready Status Interrupt Disabled)
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( Start ) ( Maskable interrupt ¢ )
‘ v

| FMR20=1 | | FMR21=1® |
dl
l
v v
Write the command code No
40h FST7=17?
. ¢ Yes
| =1 (interrupt enabled)
¢ | Access the flash memory |
Write data to the write A
address | FMR21=0 |

<
y y

No ( REIT )
FST7=17

Yes
| | Full status check | | I: Flag in CPU register
FST7: Bit in FST register
¢ FMR20, FMR21: Bits in FMR2 register

( Program completed )

Notes:
1. The interrupt vector table and interrupt routine for interrupts to be used must be allocated to an area other than
the programming target area.
2. td(SR-SUS) is required until suspend is acknowledged after the FMR21 bit is set to 1.
The interrupt to enter suspend must be enabled beforehand.

Figure 28.9 Program Flowchart in EWO0 Mode (Flash Ready Status Interrupt Disabled and
Suspend Enabled)
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( Start ) ( Maskable interrupt ) )

| RDYSTIE=1 | | FMR21=1® |

v v
| FMR20=1 | ( REIT >

v

Write the command code

40h

I =1 (interrupt enabled)

v

Write data to the write
address

( Program completed )

Flash ready status
interrupt 43

No
Yes v
| Access the flash memory | | | Full status check | |
| FMR21=0 |
gl
-
\ 4
| RDYSTI=0 |
¢ I: Flag in CPU register
RDYSTI, FST3: Bits in FST register
REIT RDYSTIE: Bit in FMRO register

FMR20, FMR21: Bits in FMR2 register

Notes:
1. The interrupt vector table and interrupt routine for interrupts to be used must be allocated to an area other than
the programming target area.
2. td(SR-SUS) is required until suspend is acknowledged after the FMR21 bit is set to 1.
The interrupt to enter suspend must be enabled beforehand.
3. When auto-erasure suspends, a flash ready status interrupt is generated.

Figure 28.10 Program Flowchart in EWO0 Mode (Flash Ready Status Interrupt Enabled and Suspend
Enabled)
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When the FMR 22 hit is set to 1 (suspend request enabled by interrupt request), the FMR21 bit is automatically
set to 1 (suspend request) when an interrupt request is generated during auto-erasure. Set the FMR22 bit to 1
when suspend is used while the user ROM areais rewritten in EW1 mode.

( Start ) ( Maskable interrupt @ )
! v

| FMR20 =1 | | Access the flash memory |

v y
| FMR22 =1 | ( REIT )

Write the command code

40h

| =1 (interrupt enabled)

y

Write data to the write
address

NOP instruction x 4

>

I
hl
)4
FST7=17? FMR21 =0
No
Yes
FST3=07?
No
Yes

| | Full status check | |

¢ I: Flag in CPU register
( Program completed ) FST7: Bit in FST register
FMR20, FMR21, FMR22: Bits in FMR2 register

Notes:
1. The interrupt vector table and interrupt routine for interrupts to be used must be allocated to an area other than
the programming target area.
2. td(SR-SUS) is required from when the maskable interrupt is generated until suspend is acknowledged.
The interrupt to enter suspend must be enabled beforehand.

Figure 28.11 Program Flowchart in EW1 Mode (Flash Ready Status Interrupt Disabled and
Suspend Enabled)
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28.4.10.4 Block Erase Command

When 20h is written in the first bus cycle and then DOh is written in the second bus cycle to any block address,
auto-erasure (erase and erase verify operation) startsin the specified block.

The FST7 bit in the FST register can be used to confirm whether auto-erasure has completed. The FST7 bit is
set to 0 during auto-erasure and is set to 1 when auto-erasure completes. After auto-erasure completes, all data
in the block is set to FFh.

After auto-erasure has completed, the auto-erase result can be confirmed by the FST5 bit in the FST register.
(Refer to 28.4.11 Full Status Check).

The block erase command targeting each block in the program ROM can be disabled using the lock bit.
The following commands are not accepted under the following conditions:

* Block erase commands targeting data flash block A when the FMR14 bit in the FMRL1 register is set to 1
(rewrite disabled).

« Block erase commands targeting data flash block B when the FMR15 bit is set to 1 (rewrite disabled).

Figure 28.12 shows the Block Erase Flowchart in EWO0 Mode (Flash Ready Status Interrupt Disabled), Figure
28.13 shows the Block Erase Flowchart in EW0 Mode (Flash Ready Status Interrupt Disabled and Suspend
Enabled), and Figure 28.14 shows the Block Erase Flowchart in EWO0 Mode (Flash Ready Status Interrupt
Enabled and Suspend Enabled).

In EW1 mode, do not execute this command to any block where arewrite control program is allocated.

While the RDY STIE bit in the FMRO register is set to 1 (flash ready status interrupt enabled), a flash ready
status interrupt can be generated upon completion of auto-erasure. If the FMR21 bit changes to 1 (suspend
request) while the RDY STIE bit is 1 and the FMR20 bit in the FMR2 register is 1 (suspend enabled), aflash
ready status interrupt is generated when auto-erasure suspends. The auto-erase result can be confirmed by
reading the FST register during the interrupt routine.
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( S )
v

Write the command code 20h

v

Write DOh to any block address

| | Full status check | |

v

( Block erase completed )

FST7: Bitin FST register

Figure 28.12 Block Erase Flowchart in EW0 Mode (Flash Ready Status Interrupt Disabled)
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( Start ) ( Maskable interrupt )

| FMR20 =1 | | FMR21=1® |
d
l
v v
i No
Write the command code 20h EST7 = 17
- ¢ Yes
| =1 (interrupt enabled)
¢ | Access the flash memory |
Write DOh lock ¢
rite DOh to any block address | FMR21 = 0 |

3 v
) &
No C REIT )
FST7=1?

Yes
| | Full status check | |

I: Flag in CPU register

( Block erase completed ) FST7: Bitin FST register
FMR20, FMR21: Bits in FMR2 register

Notes:
1. The interrupt vector table and interrupt routine for interrupts to be used must be allocated to an area other than the erase target area.
2. td(SR-SUS) is required until suspend is acknowledged after the FMR21 bit is set to 1.
The interrupt to enter suspend must be enabled beforehand.

Figure 28.13 Block Erase Flowchart in EW0 Mode (Flash Ready Status Interrupt Disabled and
Suspend Enabled)
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( Start ) ( Maskable interrupt )

| RDYSTIE=1 | | FMR21=1® |

v .

| FMR20 =1 | ( REIT )

v

Write the command code 20h

v

| = 1 (interrupt enabled)

v

Write DOh to any block address

v

C Block erase completed )

Flash ready status
interrupt . 3)

No
Yes y

| Access the flash memory | | | Full status check | |
| FMR21 =0 |

-

hl

A
| RDYSTI =0 |

¢ I: Flag in CPU register
( REIT ) RDYSTI, FST6: Bits in FST register
RDYSTIE: Bit in FMRO register

FMR20, FMR21: Bits in FMR2 register

Notes:
1. The interrupt vector table and interrupt routine for interrupts to be used must be allocated to an area other than the erase target area.
2. td(SR-SUS) is required until suspend is acknowledged after the FMR21 bit is set to 1.
The interrupt to enter suspend must be enabled beforehand.
3. When auto-erasure suspends, a flash ready status interrupt is generated.

Figure 28.14 Block Erase Flowchart in EWO0 Mode (Flash Ready Status Interrupt Enabled and
Suspend Enabled)
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When the FMR 22 hit is set to 1 (suspend request enabled by interrupt request), the FMR21 bit is automatically
set to 1 (suspend request) when an interrupt request is generated during auto-erasure. Set the FMR22 bit to 1

when suspend is used while the user ROM areais rewritten in EW1 mode.

( Start > ( Maskable interrupt )
v v

| FMR20 =1 | | Access the flash memory |

v v

| FMR22 =1 | ( REIT )

Write the command code

20h

I =1 (interrupt enabled)

v

Write DOh to any block
address

v

NOP instruction x 4

dl
)l
dl
)l
Y
FST7=17? FMR21 =0
No
Yes
FST6=07
No
Yes
| | Full status check | |
¢ I: Flag in CPU register
FST7: Bit in FST register
( Block erase completed ) FMR20, FMR21, FMR22: Bits in FMR2 register

Notes:

1. The interrupt vector table and interrupt routine for interrupts to be used must be allocated to an area other than

the programming target area.

2. td(SR-SUS) is required from when the maskable interrupt is generated until suspend is acknowledged.

The interrupt to enter suspend must be enabled beforehand.

Figure 28.15 Block Erase Flowchart in EW1 Mode (Flash Ready Status Interrupt Disabled and

Suspend Enabled)
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28.4.10.5 Lock Bit Program Command

This command is used to set the lock bit of any block in the program ROM areato O (locked).

When 77h is written in the first bus cycle and DOh is written in the second bus cycle to the starting block
address, 0 is written to the lock bit of the specified block. Make sure the address value in the first bus cycle is
the same address as the starting block address specified in the second bus cycle.

Figure 28.16 shows the Lock Bit Program Flowchart. The lock bit status (lock bit data) can be read using the
read lock bit status command.

The FST7 bit in the FST register can be used to confirm whether writing to the lock bit has completed.

Refer to 28.4.9 Data Protect Function for the lock bit function and how to set the lock bit to 1 (not locked).

s )
v

Write the command code 77h

v

Write DOh to the starting
block address

[P
l

Yes
| | Full status check | |

v

( Completed ) FST7: Bitin FST register

Figure 28.16 Lock Bit Program Flowchart
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28.4.10.6 Read Lock Bit Status Command

This command is used to read the lock bit status of any block in the program ROM area.

When 71h written in the first bus cycle and DOh is written in the second cycle to the starting block address, the
lock bit status of the specified block is stored in the LBDATA bit in the FST register. After the FST7 bit in the
FST register has been set to 1 (ready), read the LBDATA bit.

Figure 28.17 shows the Read L ock Bit Status Flowchart.

s )
v

|Write the command code 71h |

v

Write DOh to the starting
block address

<
4

FST7 =17

Yes
| | Full status check | |

h 4

( Completed ) FST7: Bitin FST register

Figure 28.17 Read Lock Bit Status Flowchart
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28.4.10.7 Block Blank Check Command

This command is used to confirm that all addresses in any block are blank data FFh.

When 25h iswritten in the first bus cycle and DOh is written in the second bus cycle to any block address, blank
checking starts in the specified block. The FST7 bit in the FST register can be used to confirm whether blank
checking has completed. The FST7 bit is set to 0 during the blank-check period and set to 1 when blank
checking completes.

After blank checking has completed, the blank-check result can be confirmed by the FST5 bit in the FST
register. (Refer to 28.4.11 Full Status Check.). This command is used to verify the target block has not been
written to. To confirm whether erasure has completed normally, execute the full status check.

Do not execute the block blank check command when the FST6 bit is set to 1 (during erase-suspend).
Figure 28.18 shows the Block Blank Check Flowchart.

s )
v

|Write the command code 25h |

v

Write DOh to any block

address
Ll
l
) 4
No
FST7 =17
Yes
| | Full status check | |
( Blank ) FST7: Bitin FST register

Figure 28.18 Block Blank Check Flowchart

This command is intended for programmer manufactures, not for general users.
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28.4.11 Full Status Check

If an error occurs, bits FST4 and FST5 in the FST register are set to 1, indicating the occurrence of an error. The
execution result can be confirmed by checking these status bits (full status check).

Table 28.6 lists the Errors and FST Register Status. Figure 28.19 shows the Full Status Check and Handling
Procedure for Individual Errors.

Table 28.6  Errors and FST Register Status
FST Register Status

Error Error Occurrence Condition
FST5 FST4
1 1 Command * When a command is not written correctly.
sequence error * When data other than valid data (i.e., DOh or FFh) is written in

the second bus cycle of the block erase command (1),
« The erase command is executed during erase-suspend
« The program command or erase command is executed during
program-suspend
» The command is executed to the block during suspend
1 0 Erase error When the block erase command is executed, but auto-erasure
does not complete correctly.
Blank check error | When the block blank check command is executed and data
other than blank data FFh is read.

0 1 Program error When the program command is executed, but auto-programming
does not complete correctly.

Lock bit program When the lock bit command is executed, but the lock bit is not set
error to 0 (locked).

Note:
1. When FFh is written in the second bus cycle of these commands, the MCU enters read array mode. At the
same time, the command code written in the first bus cycle is invalid.
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Full status check

| Command sequence error | |

Full status check completed )

Note:
1. To rewrite to the address where the program error occurs, ensure that
the full status check completes normally and write to the address
after the block erase command is executed.

No
Y
Yes Erase error/
=17
FSTS =1 blank check error
No
Y
Yes
FST4 =17 Program error | |
No
h 4

| | Command sequence error | |

y

Execute the clear status register command
(Set bits FST4 and FST5
in the FST register to 0)

v

Check if the command is properly input

y

( Re-execute the command )
Erase error/

blank check error

Execute the clear status register command

(Set bits FST4 and FST5
in the FST register to 0)

Is the lock bit disabled?

or

Set FMR13 bitto 1
Is the command executed on

|_

the data flash area?

Erase command
Re-execution times < 3 times?

The erasure target block
cannot be used

4
( Re-execute the block erase command )

Program error

Execute the clear status register command

(Set bits FST4 and FST5
in the FST register to 0)

Is the lock bit disabled?
or

Is the command executed on

the data flash area?

Set FMR13 bitto 1

Specify an address other than the write
address where the error occurs @
as the program address

<
<

A 4
( Re-execute the program command )

FST4, FSTS: Bits in FST register
FMR13: Bit in FMR1 register

Figure 28.19 Full Status Check and Handling Procedure for Individual Errors
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28.5 Standard Serial 1/O Mode

In standard serial 1/0 mode, a serial programmer which supports the MCU can be used to rewrite the user ROM
areawhile the MCU is mounted on-board.
There are three types of standard serial 1/0 modes:

e Standard serial /O mode 1 ................. Clock synchronous serial 1/0 used to connect to a serial programmer

e Standard seria /O mode 2 ................. Clock asynchronous serial 1/0 used to connect to a serial programmer

e Standard seria /O mode 3 ................. Specia clock asynchronous serial /O used to connect to a serid
programmer

Standard serial 1/0 mode 2 and standard serial |/O mode 3 can be used for the MCU.

Refer to Appendix 2. Connection Examples with Serial Programmer for examples of connecting to a serial
programmer. Contact the serial programmer manufacturer for more information. Refer to the user’s manual
included with your serial programmer for instructions.

Table 28.7 lists the Pin Functions (Flash Memory Standard Serial 1/0 Mode 2) and Figure 28.20 shows Pin
Handling in Standard Serial 1/0 Mode 2. Table 28.8 lists the Pin Functions (Flash Memory Standard Serial 1/0O
Mode 3) and Figure 28.21 shows Pin Handling in Standard Seria 1/0 Mode 3.

After handling the pins shown in Table 28.8 and rewriting the flash memory using the programmer, apply a high-
level signal to the MODE pin and reset the hardware to run a program in the flash memory in single-chip mode.

28.5.1 ID Code Check Function

The ID code check function determines whether the ID codes sent from the serial programmer and those written
in the flash memory match.
Refer to 13. ID Code Areasfor details of the ID code check.
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Table 28.7 Pin Functions (Flash Memory Standard Serial I/O Mode 2)
Pin Name I/0 Description
VCC, VSS Power supply input Apply the guaranteed programming and erasure voltage to
the VCC pin and 0 V to the VSS pin.
RESET Reset input I |Resetinput pin
P9_0/XIN P9_0 input/clock input I | When operating with the on-chip oscillator clock, it is not
P9_1/XOUT P9_1 input/clock output 1/O | necessary to connect an oscillation circuit. Operation is not
XCIN Clock input | affected teven if an external oscillator is connected in the
XCOUT Clock output yo | USer system.
VREF Reference voltage I [Input a high-level signal.
MODE MODE I/0 | Input a low-level signal.
P8 5 TXD output O | Serial data output pin
P8 6 RXD input | | Serial data input pin
Other 1/O port pins I [Input a high-level signal, output a low-level signal, or leave
open.
MCU
™0 veciavee j
( Datainput } | RXD
MODE
User reset signal —— | RESET
VSS/AVSS
XIN  XOUT

Notes:

O O

N—

Connect an oscillator @

1. In this example, modes are switched between single-chip mode and standard serial /O mode by
controlling the MODE input with a switch.

2. When operating with the on-chip oscillator clock, it is not necessary to connect an oscillation circuit.
Refer to Appendix 2 Connection Examples with Serial Programmer.

Figure 28.20 Pin Handling in Standard Serial 1/O Mode 2
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Table 28.8  Pin Functions (Flash Memory Standard Serial I/O Mode 3)
Pin Name I/0 Description

VCC, VSS Power supply input Apply the guaranteed programming and erasure voltage to
the VCC pin and 0 V to the VSS pin.

RESET Reset input I |Resetinput pin

P9_0/XIN P9_0 input/clock input I | When operating with the on-chip oscillator clock, it is not

P9_1/XOUT P9_1 input/clock output 1/O | necessary to connect an oscillation circuit. Operation is not

XCIN Clock input | affected even if an external oscillator is connected in the

XCOUT Clock output yo | USer system.

VREF Reference voltage I [Input a high-level signal.

MODE MODE I/O | Serial data I/O pin. Connect the pin to a programmer.

Other I/O port pins I | Input a high-level signal, output a low-level signal, or leave
open.

MODE I/0

Reset input

Notes:

MCU

User reset signal

MODE

VCC/AVCC

VSSIAVSS

o

1. Controlled pins and external circuits vary depending on the programmer.
Refer to the programmer manual for details.
2. In this example, modes are switched between single-chip mode and standard serial I/O mode
by connecting a programmer.
3. When operating with the on-chip oscillator clock, it is not necessary to connect an oscillation circuit.

Figure 28.21

Pin Handling in Standard Serial 1/O Mode 3
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28.6 Parallel I/O Mode

Parallel 1/0O mode is used to input and output software commands, addresses and data necessary to control (read,
program, and erase) the on-chip flash memory.

Use a parallel programmer which supports the MCU. Contact the parallel programmer manufacturer for more
information. Refer to the user’s manual included with your parallel programmer for instructions.

In paralel 1/0O mode, the user ROM areas shown in Figure 28.1 can be rewritten.

28.6.1 ROM Code Protect Function

The ROM code protect function prevents the flash memory from being read and rewritten. (Refer to the 28.3.2
ROM Code Protect Function.)
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28.7 Notes on Flash Memory
28.7.1 CPU Rewrite Mode

28.7.1.1 Prohibited Instructions

The following instructions cannot be used while the program ROM area is being rewritten in EW0 mode
because they reference data in the flash memory: UND, INTO, and BRK.

28.7.1.2 Interrupts
Tables 28.9 to 28.10 list CPU Rewrite Mode Interrupts (1) and (2), respectively.
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Table 28.9  CPU Rewrite Mode Interrupts (1)
Mode Wr:f(;a?:r/get Status Maskable Interrupt
EWO0 | Data flash During auto-erasure/ | When an interrupt request is acknowledged, interrupt handling is executed. If the
programming FMR22 bit is set to 1 (suspend request enabled by interrupt request), the FMR21 bit
FMR20=1 is automatically set to 1 (suspend request). The flash memory suspends auto-
(suspend enabled) erasure or auto-programming after td(SR-SUS).
If suspend is required while the FMR22 bit is 0 (suspend request disabled by
interrupt request), set the FMR21 bit to 1 during interrupt handling. The flash
memory suspends auto-erasure or auto-programming after td(SR-SUS).
While auto-erasure is being suspended, any block other than the block during auto-
erasure execution can be read or written.
While auto-programming is being suspended, any block other than the block during
auto-programming execution can be read. Auto-erasure or auto-programming can
be restarted by setting the FMR21 bit to O (restart).
During auto-erasure/ | Interrupt handling is executed while auto-erasure or auto-programming is being
programming performed.
FMR20=0
(suspend disabled)
Program During auto-erasure/ | When an interrupt request is acknowledged, interrupt handling is executed. If the
ROM programming FMR22 bit is set to 1 (suspend request enabled by interrupt request), the FMR21 bit
FMR20=1 is automatically set to 1 (suspend request). The flash memory suspends auto-
(suspend enabled) erasure or auto-programming after td(SR-SUS).
If suspend is required while the FMR22 bit is 0 (suspend request disabled by
interrupt request), set the FMR21 bit to 1 during interrupt handling. The flash
memory suspends auto-erasure or auto-programming after td(SR-SUS).
While auto-erasure is being suspended, any block other than the block during auto-
erasure execution can be read or written.
While auto-programming is being suspended, any block other than the block during
auto-programming execution can be read. Auto-erasure or auto-programming can
be restarted by setting the FMR21 bit to O (restart).
During auto-erasure/ | Interrupt handling is executed while auto-erasure or auto-programming is being
programming performed.
FMR20=0
(suspend disabled)
EW1 | Data flash During auto-erasure/ | If the FMR22 bit is set to 1 (suspend request enabled by interrupt request), the
programming FMR21 bit is automatically set to 1 (suspend request) when an interrupt request is
FMR20=1 acknowledged. The flash memory suspends auto-erasure or auto-programming after
(suspend enabled) td(SR-SUS) and interrupt handling is executed.
While auto-erasure is being suspended, any block other than the block during auto-
erasure execution can be read or written.
While auto-programming is being suspended, any block other than the block during
auto-programming execution can be read. Auto-erasure or auto-programming can
be restarted by setting the FMR21 bit to O (restart).
If the FMR22 bit is set to 0 (suspend request disabled by interrupt request), auto-
erasure and auto-programming have priority and interrupt requests are put on standby.
Interrupt handling is executed after auto-erase and auto-program complete.
During auto-erasure/ | Auto-erasure and auto-programming have priority and interrupt requests are put on
programming standby.
FMR20=0 Interrupt handling is executed after auto-erase and auto-program complete.
(suspend disabled)
Program During auto-erasure/ | If the FMR22 bit is set to 1 (suspend request enabled by interrupt request), the
ROM programming FMR21 bit is automatically set to 1 (suspend request) when an interrupt request is
FMR20=1 acknowledged. The flash memory suspends auto-erasure or auto-programming after
(suspend enabled) td(SR-SUS) and interrupt handling is executed.
While auto-erasure is being suspended, any block other than the block during auto-
erasure execution can be read or written.
While auto-programming is being suspended, any block other than the block during
auto-programming execution can be read. Auto-erasure or auto-programming can
be restarted by setting the FMR21 bit to O (restart).
If the FMR22 bit is set to 0 (suspend request disabled by interrupt request), auto-
erasure and auto-programming have priority and interrupt requests are put on standby.
Interrupt handling is executed after auto-erase and auto-program complete.
During auto-erasure/ | Auto-erasure and auto-programming have priority and interrupt requests are put on
programming standby.
FMR20=0 Interrupt handling is executed after auto-erase and auto-program complete.
(suspend disabled)

FMR21, FMR22: Bits in FMR?2 register
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Table 28.10 CPU Rewrite Mode Interrupts (2)

Erase/

« Watchdog Timer
« Oscillation Stop Detection

¢ Undefined Instruction
¢ INTO Instruction

FMR20=1
(suspend enabled)

During auto-erasure/
programming

FMR20=0

(suspend disabled)

Mode Write Target Status * Voltage Monitor 2 * BRK Instruction
* \oltage Monitor 1 (Note 1) | » Single Step (Note 1)
EWO0 | Data flash During auto-erasure/|When an interrupt request is acknowledged, auto- | Do not use during
programming erasure or auto-programming is forcibly stopped | auto-erasure or
FMR20=1 immediately and the flash memory is reset. | auto-programming.
(suspend enabled) Interrupt handling starts when the flash memory
restarts after the fixed period.
During auto-erasure/ Since the block during auto-erasure or the address
programming during auto-programming is forcibly stopped, the
EMR20=0 normal value may not be read. After the flash
(suspend disabled) memory restarts, execute auto-erasure again and
- ensure it completes normally. The watchdog timer
Program During a_uto-erasure/ does not stop during the command operation, so
ROM programming interrupt requests may be generated. Initialize the
FMR20=1 watchdog timer regularly using the suspend
(suspend enabled) function.
During auto-erasure/
programming
FMR20=0
(suspend disabled)
EW1 | Data flash During auto-erasure/|When an interrupt request is acknowledged, auto- | Not usable during
programming erasure or auto-programming is forcibly stopped | auto-erasure or
FMR20=1 immediately and the flash memory is reset. | auto-programming.
(suspend enabled) Interrupt handling starts when the flash memory
restarts after the fixed period.
During auto-erasure/ Since the block during auto-erasure or the address
programming during auto-programming is forcibly stopped, the
FMR20=0 normal value may not be read. After the flash
(suspend disabled) memory restarts, execute auto-erasure again and
Program During auto-erasure/ ensure it completes normally. The watchdog timer
ROM programming does not stop during the command operation, so

interrupt requests may be generated. Initialize the
watchdog timer regularly using the suspend
function.

FMR21, FMR22: Bits in FMR2 register

Note:

1. Do not use a non-maskable interrupt while block 0 is being auto-erased because the fixed vector is allocated in block 0.
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28.7.1.3 How to Access
To set one of the following bitsto 1, first write 0 and then 1 immediately. Disable interrupts between writing O
and writing 1.
e The FMRO1 or FMRO2 bit in the FMRO register
* The FMR13 bit in the FMR1 register
* The FMR20, FMR22, or FMR 27 hit in the FMR2 register

To set one of the following bitsto O, first write 1 and then O immediately. Disable interrupts between writing 1
and writing O.

* The FMR14 or FMR15 hit in the FMRL1 register

28.7.1.4 Rewriting User ROM Area

In EWO mode, if the supply voltage drops while rewriting any block in which a rewrite control program is
stored, it may not be possible to rewrite the flash memory because the rewrite control program cannot be
rewritten correctly. In this case, use standard serial 1/0O mode.

28.7.1.5 Programming
Do not write additions to the already programmed address.

28.7.1.6 Entering Stop Mode or Wait Mode

Do not enter stop mode or wait mode during erase-suspend.

When the FST7 bit in the FST register is set to 0 (busy (during programming or erasure execution), do not enter
to stop mode or wait mode.

Do not enter stop mode or wait mode while the FMR27 bit is 1 (low-current-consumption read mode enabled).

28.7.1.7 Programming and Erasure Voltage for Flash Memory

To program and erasure program ROM, use VCC = 1.8 V to 5.5 V as the supply voltage. Do not perform
programming and erasure at lessthan 1.8 V.

28.7.1.8 Block Blank Check
Do not execute the block blank check command during erase-suspend.

28.7.1.9 Low-Current-Consumption Read Mode

In low-speed clock mode and low-speed on-chip oscillator mode, the current consumption when reading the
flash memory can be reduced by setting the FMR27 bhit in the FMR2 register to 1 (low-current-consumption
read mode enabled).

L ow-current-consumption read mode can be used when the CPU clock is set to either of the following:

. The CPU clock is set to the low-speed on-chip oscillator clock divided by 4, 8, or 16.

. The CPU clock is set to the XCIN clock divided by 1 (no division), 2, 4, or 8.

However, do not use low-current-consumption read mode when the frequency of the selected CPU clock is

3 kHz or below.

After setting the divide ratio of the CPU clock, set the FMR27 bit to 1 (low-current-consumption read mode
enabled).

To reduce the power consumption, refer to 10.8 Reducing Power Consumption.

Enter wait mode or stop mode after setting the FMR27 bit to 0 (low-current-consumption read mode disabled).
Do not enter wait mode or stop mode while the FMR27 bit is 1 (low-current-consumption read mode enabled).
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29. Electrical Characteristics

29.1 Absolute Maximum Ratings

Table 29.1  Absolute Maximum Ratings
Symbol Parameter Condition Rated Value Unit
Vcc/AVee | Supply voltage -0.31t0 6.5 \%
Vi Input voltage | XIN XIN-XOUT oscillation on -0.3t01.9 \%
(oscillation buffer ON) (1)
XIN XIN-XOUT oscillation on -0.3to Vcc+ 0.3 \%
(oscillation buffer OFF) (1)
P5_4/VL1 -0.3to VL2 @ \
P5_5/VL2 VL1 to VL3 \Y
P5_6/VL3 VL2 t0 6.5 \
Other pins -0.3to Vcc+ 0.3 \%
Vo Output voltage | XOUT XIN-XOUT oscillation on -0.3t01.9 \%
(oscillation buffer ON) (1)
XOouT XIN-XOUT oscillation on -0.3to Vcc+ 0.3 \
(oscillation buffer OFF) (1)
COMO to COM3 -0.3to VL3 \
SEGO to SEG26 -0.3to VL3 \
Other pins -0.3to Vcc+ 0.3 \%
Pd Power dissipation —40 °C < Topr< 85 °C 500 mw
Topr Operating ambient temperature —20 to 85 (N version)/ °C
—40 to 85 (D version)
Tstg Storage temperature —65 to 150 °C
Notes:

1. For the register settings for each operation, refer to 7. I1/0 Ports and 9. Clock Generation Circuit.

2. The VL1 voltage should be VCC or below.
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29.2 Recommended Operating Conditions

Table 29.2 Recommended Operating Conditions
(Vcc=1.8t0 5.5V and Topr =-20 to 85 °C (N version)/ -40 to 85 °C (D version), unless

otherwise specified.)

. Standard .
Symbol Parameter Conditions i . Y Unit
Vcc/AVcce | Supply voltage 1.8 - 55 Vv
Vss/AVss | Supply voltage - 0 - \%
VIH Input “H” voltage | Other than CMOS input 40V <Vcc<55V 0.8 Vcc - Vcc \%
27V<Vcc<4.0V 0.8 Vcc - Vcc Vv
1.8V <Vcc<27V 0.9 Vcc — Vcc \%
CMOS | Input level | Input level selection [4.0V <Vcc <55V 0.5 Vcc - Vcc Vv
input | switching |:0.35Vcc 27V<Vcc<4.0V 0.55 Vce - Vcc \%
function 1.8V<Vcc<27V |065Vcc| - Vce Y
(VO port)  [Tnput level selection |[4.0V<Vcc<55V |065Vce| - Vce v
:0.5Vcee 27V<Vcc<4.0V 0.7 Vcc - Vcc Vv
1.8V<Vcc<27V 0.8 Vcc — Vcc \%
Input level selection |{4.0V <Vcc <55V 0.85 Vcc - Vce \Y
:0.7 Vcc 27V<Vcc<4.0V 0.85 Vcc — Vcc \%
1.8V<Vcc<2.7V 0.85 Vcc — Vcc \%
ViL Input “L” voltage | Other than CMOS input 40V <Vcc<55V 0 - 0.2Vcc | V
27V<Vcc<4.0V 0 - 0.2Vcc | V
1.8V<Vcc<27V 0 - 0.05Vcc| V
CMOS | Input level | Input level selection [4.0V <Vcc <55V 0 - 0.2Vcc | V
input | switching |:0.35Vcc 27V<Vcc<4.0V 0 - 0.2Vcc | V
function 1.8V<Vcc<27V 0 - 02Vcc | V
(VO port)  [Tnput level selection | 4.0V <Vcc <55V 0 — l04Vce | V
:0.5 Vce 27V<Vcc<4.0V 0 - 0.3Vcc | V
1.8V<Vcc<27V 0 - 0.2Vcc | V
Input level selection |{4.0V <Vcc <55V 0 - 0.55Vvcec| V
:0.7 Vcc 27V<Vcc<4.0V 0 - 0.45Vcc| V
1.8V<Vcc<27V 0 - 0.35Vce| V
loH(sum) | Peak sum output | Sum of all pins IoH(peak) - — -160 mA
“H” current
IoH(sum) | Average sum Sum of all pins loH(avg) - - -80 mA
output “H” current
IoH(peak) | Peak output “H” | Port P8 (2) — — -40 mA
current Other pins — — -10 mA
loH@avg) | Average output | Port P8 (2) - — -20 mA
“H" current @ ['Other pins Z Z 5 mA
loLsum) | Peak sumoutput | Sum of all pins loL(peak) - — 160 mA
“L” current
loLsum) | Average sum Sum of all pins loL(avg) - - 80 mA
output “L” current
loL(peak) | Peak output “L” | Port P8 (2) - — 40 mA
current Other pins — — 10 mA
loLavg) | Average output | Port P8 (2) - — 20 mA
“L” current (1) Other pins - - 5 mA
f(xIN) XIN clock input oscillation frequency 27V <Vcc<5h5V 2 - 20 MHz
1.8V <Vcc<27V 2 - 8 MHz
f(xcIN) XCIN oscillation frequency 1.8V <Vcc<55V — 32.768 — kHz
XCIN external clock input frequency 1.8V<Vcc<55V - - 50 kHz
fOCO20M | When used as the count source for timer RC (3) 27V<Vcc<h5V 18.432 - 20 MHz
fOCO-F | fOCO-F frequency 27V<Vcc<55V - - 20 MHz
18V <Vecc<27V - - 8 MHz
- System clock frequency 27V<Vcc<55V - - 20 MHz
18V<Vecc<27V - - 8 MHz
f(BCLK) CPU clock frequency 27V<Vcc<h5V 0 - 20 MHz
1.8V <Vcc<27V 0 - 8 MHz
Notes:

1. The average output current indicates the average value of current measured during 100 ms.

2. This applies when the drive capacity of the output transistor is set to High by P8DRR register. When the drive capacity is set to Low, the value
of any other pin applies.
3. fOCO20M can be used as the count source for timer RC in the range of VCC = 2.7 V to 5.5V.
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PO
P2
P3
P5_0to P5_6
P7 0to P72
P8
P9 0toP9 1

S

30 pF

Figure 29.1 Ports PO, P2, P3, P5 0to P5 6,P7_0to P7_2,P8,and P9 _0to P9 _1 Timing

Measurement Circuit
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29.3 Peripheral Function Characteristics
Table 29.3  A/D Converter Characteristics
(VcclAvee = Vref =1.8t0 5.5V, Vss =0V, and Topr = -20 to 85 °C (N version)/
—40 to 85 °C (D version), unless otherwise specified.)
- Standard )
Symbol Parameter Conditions - Unit
Min. Typ. Max.
- Resolution Vref = AVcc - - 10 Bit
- Absolute accuracy () 10-bit mode | Vref = AVcc=5.0V | ANO to ANG input - - 3 LSB
Vref = AVcc= 2.2V ANO to ANG input - - +5 LSB
Vref = AVcc= 1.8V ANO to ANG input - - +5 LSB
8-bit mode Vref = AVcc=5.0 V ANO to ANG input - - +2 LSB
Vref = AVcc=2.2V ANO to ANG input — - +2 LSB
Vref = AVcc =18V ANO to ANG input — - +2 LSB
6AD A/D conversion clock 4.0<Vref=AVcc<55Vv @) 1 - 20 MHz
3.2<Vief=AVcc <55V (1) 1 - 16 MHz
2.7 <Vief=AVcc <55V 1) 1 - 10 MHz
1.8 <Vief=AVcc <55V (1) 1 - 8 MHz
- Tolerance level impedance - 3 - kQ
tconv Conversion time 10-bit mode | Vref = AVcc = 5.0 V, $AD = 20 MHz 2.2 - - us
8-bit mode Vref = AVcc = 5.0 V, $AD = 20 MHz 2.2 - - ms
tsAmP Sampling time ¢AD = 20 MHz 0.8 - - us
Ivref Vref current Vee =5V, XIN =1 = ¢AD = 20 MHz - 45 - LA
Vref Reference voltage 1.8 - AVcc \%
ViA Analog input voltage (3) 0 - Vret \
OCVREF | On-chip reference voltage 2 MHz < ¢AD < 4 MHz 1.53 1.70 1.87 \%
Notes:

1. The A/D conversion result will be undefined in wait mode, stop mode, power-off mode, when the flash memory stops, and in
low-current-consumption mode. Do not perform A/D conversion in these states or transition to these states during A/D
conversion.

2. This applies when the peripheral functions are stopped.

3. When the analog input voltage is over the reference voltage, the A/D conversion result will be 3FFh in 10-bit mode and FFh in
8-bit mode.

Table 29.4

Temperature Sensor Characteristics

(Vss =0V and Topr =-20to 85 °C (N version)/ —40 to 85 °C (D version), unless

otherwise specified.)

. Standard )
Symbol Parameter Conditions - Unit
Min. Typ. Max.

VTMP Temperature sensor output voltage | 1.8 V < Vref = AVcc <5.5V 550 600 650 mV
$AD = 1.0 MHz to 5.0 MHz
Ambient temperature = 25 °C

- Temperature coefficient 1.8V <Vref =AVcc <55V - -2.1 - mV/°C
¢AD = 1.0 MHz to 5.0 MHz
Ambient temperature = 25 °C

- Start-up time 1.8V <Vref=AVcc <55V - - 200 us
¢AD = 1.0 MHz to 5.0 MHz

ITmP Operating current 1.8V <Vref =AVcc <55V - 100 - pA
¢AD = 1.0 MHz to 5.0 MHz
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Table 29.5  Gain Amplifier Characteristics
(Vss =0V and Topr = -20to 85 °C (N version)/ —40 to 85 °C (D version), unless

otherwise specified.)

- Standard .
Symbol Parameter Conditions - Unit
Min. Typ. Max.
VGAIN Gain amplifier operating range 0.4 — Avcc -1.0 \%
oAD A/D conversion clock 1 — 5 MHz

Table 29.6  Comparator B Characteristics
(Vcc=1.8t0 5.5V and Topr =20 to 85 °C (N version)/ -40 to 85 °C (D version), unless

otherwise specified.)

- Standard .
Symbol Parameter Condition - Unit
Min. Typ. Max.
Vref IVREF1, IVREF3 input reference voltage 0 - Vec-1.4 \%
Vi IVCMP1, IVCMP3 input voltage -0.3 - Vcec+0.3 \%
- Offset - 5 100 mV
td Comparator output delay time () Vi = Vref £ 100 mV - - 1 us
Icmp Comparator operating current Vcc=5.0V — 12 - LA
Note:
1. When the digital filter is disabled.
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Table 29.7 Flash Memory (Program ROM) Characteristics

(Vcc =1.8t0 5.5V and Topr = 0to 60 °C, unless otherwise specified.)

Symbol Parameter Conditions Standard Unit
Min. Typ. Max.

- Program/erase endurance (1) 10,000 | - - times

- Byte program time - 80 - us

- Block erase time - 0.12 - S

td(SR-SUS) Time delay from suspend request - — | 0.25+ CPUclock | ms
until suspend x 3 cycles

- Time from suspend until erase - - 30 + CPU clock us
restart x 1 cycle

td(CMDRST-READY) | Time from when command is forcibly - - 30 + CPU clock us
terminated until reading is enabled x 1 cycle

- Program, erase voltage 1.8 - 55 \%

- Read voltage 1.8 - 55 \%

- Program, erase temperature 0 - 60 °C

- Data hold time (6) Ambient temperature = 85 °C 10 - - year

Notes:

Definition of programming/erasure endurance

The programming and erasure endurance is defined on a per-block basis.

If the programming and erasure endurance is n (n = 1,000), each block can be erased n times. For example, if 1,024 1-byte
writes are performed to different addresses in block A, a 1 Kbyte block, and then the block is erased, the
programming/erasure endurance still stands at one.

However, the same address must not be programmed more than once per erase operation (overwriting prohibited).
Endurance to guarantee all electrical characteristics after program and erase. (1 to Min. value can be guaranteed).

In a system that executes multiple programming operations, the actual erasure count can be reduced by writing to sequential
addresses in turn so that as much of the block as possible is used up before performing an erase operation. For example,
when programming groups of 16 bytes, the effective number of rewrites can be minimized by programming up to 128 groups
before erasing them all in one operation. It is also advisable to retain data on the erasure endurance of each block and limit
the number of erase operations to a certain number.

If an error occurs during block erase, attempt to execute the clear status register command, then execute the block erase
command at least three times until the erase error does not occur.

Customers desiring program/erase failure rate information should contact their Renesas technical support representative.
The data hold time includes time that the power supply is off or the clock is not supplied.
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Table 29.8  Flash Memory (Data flash Block A and Block B) Characteristics
(Vcc=1.8to0 5.5V and Topr =-20to 85 °C (N version)/ —40 to 85 °C (D version), unless
otherwise specified.)

. Standard .
Symbol Parameter Conditions - Unit
Min. | Typ. Max.
- Program/erase endurance () 10,000 | - - time
(2 S
- Byte program time - 150 - us
(program/erase endurance < 10,000 times)
- Block erase time - 0.05 1 s
(program/erase endurance < 10,000 times)
td(SR-SUS) Time delay from suspend request until - — | 0.25+CPUclock | ms
suspend x 3 cycles
- Time from suspend until erase restart - - 30+ CPUclock | ps
x 1 cycle
td(CMDRST-READY) | Time from when command is forcibly — — 30 + CPU clock us
terminated until reading is enabled x 1 cycle
- Program, erase voltage 1.8 - 5.5 \Y
- Read voltage 1.8 - 5.5 \%
- Program, erase temperature 20 | - 85 °C
- Data hold time (7) Ambient temperature = 85 °C 10 - - year

1. Definition of programming/erasure endurance
The programming and erasure endurance is defined on a per-block basis.

If the programming and erasure endurance is n (n = 10,000), each block can be erased n times. For example, if 1,024 1-byte
writes are performed to different addresses in block A, a 1 Kbyte block, and then the block is erased, the
programming/erasure endurance still stands at one.

However, the same address must not be programmed more than once per erase operation (overwriting prohibited).

2. Endurance to guarantee all electrical characteristics after program and erase. (1 to Min. value can be guaranteed).

3. In a system that executes multiple programming operations, the actual erasure count can be reduced by writing to sequential
addresses in turn so that as much of the block as possible is used up before performing an erase operation. For example,
when programming groups of 16 bytes, the effective number of rewrites can be minimized by programming up to 128 groups
before erasing them all in one operation. In addition, averaging the erasure endurance between blocks A and B can further
reduce the actual erasure endurance. It is also advisable to retain data on the erasure endurance of each block and limit the
number of erase operations to a certain number.

4. If an error occurs during block erase, attempt to execute the clear status register command, then execute the block erase
command at least three times until the erase error does not occur.

5. Customers desiring program/erase failure rate information should contact their Renesas technical support representative.

—40 °C for D version.

The data hold time includes time that the power supply is off or the clock is not supplied.

N o

Suspend request
(FMR21 bit)

FST7 bit

FST6 bit

Clock-dependent
Fixed time

Access restart

td(SR-sUS)

FST6, FST7: Bits in FST register
FMR21: Bit in FMR2 register

Figure 29.2  Time delay until Suspend
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Table 29.9  Voltage Detection 0 Circuit Characteristics
(Vcc=1.8t0 5.5V and Topr =20 to 85 °C (N version)/ -40 to 85 °C (D version), unless
otherwise specified.)
" Standard .
Symbol Parameter Condition - Unit
Min. Typ. Max.
Vdeto Voltage detection level Vdet0_0 (1) 1.8 1.90 | 2.05 \Y
Voltage detection level Vdet0_1 () 215 | 235 | 250 \Y
Voltage detection level Vdet0_2 (1) 270 | 2.85 | 3.05 \Y
Voltage detection level Vdet0_3 (1) 355 | 3.80 | 4.05 \Y
- Voltage detection O circuit In operation | At the falling of Vcc from 5V - 50 500 us
response time (3) to (Vdet0_0-0.1) V
In stop mode | At the falling of Vcc from 5V - 100 500 us
to (Vdet0_0-0.1) V
- Voltage detection circuit self power | VCA25=1,Vcc=5.0V - 15 - pA
consumption
td(E-A) Waiting time until voltage detection - - 100 us
circuit operation starts (2)
Notes:

1. Select the voltage detection level with bits VDSELO and VDSEL1 in the OFS register.
2. Necessary time until the voltage detection circuit operates when setting to 1 again after setting the VCA25 bit in the VCAZ2 register to 0.
3. Time until the voltage monitor O reset is generated after the voltage passes Vdeto.

Table 29.10 Voltage Detection 1 Circuit Characteristics
(Vcc=1.8to0 5.5V and Topr =-20to 85 °C (N version)/ —40 to 85 °C (D version), unless

otherwise specified.)

Symbol Parameter Condition - Standard Unit
Min. Typ. Max.

Vdetl Voltage detection level Vdetl 0 () At the falling of Vcc 2.00 2.20 2.40 \%
Voltage detection level Vdetl 1 () At the falling of Vcc 2.15 2.35 2.55 \%
Voltage detection level Vdetl 2 () At the falling of Vcc 2.30 2.50 2.70 \
Voltage detection level Vdetl 3 (1) At the falling of Vcc 2.45 2.65 2.85 \
Voltage detection level Vdetl 4 (1) At the falling of Vcc 2.60 2.80 3.00 \
Voltage detection level Vdetl 5 (1) At the falling of Vcc 2.75 2.95 3.15 \
Voltage detection level Vdetl 6 (1) At the falling of Vcc 2.85 3.10 3.40 \Y
Voltage detection level Vdetl_7 () At the falling of Vcc 3.00 3.25 3.55 \Y
Voltage detection level Vdetl_8 (1) At the falling of Vcc 3.15 | 340 | 3.70 \Y
Voltage detection level Vdet1_9 (1) At the falling of Vcc 3.30 | 355 | 3.85 \Y
Voltage detection level Vdetl A (1) At the falling of Vcc 3.45 3.70 4.00 \%
Voltage detection level Vdetl B (1) At the falling of Vcc 3.60 3.85 4.15 \
Voltage detection level Vdetl C (1) At the falling of Vcc 3.75 4.00 4.30 \
Voltage detection level Vdetl D (1) At the falling of Vcc 3.90 4.15 4.45 \
Voltage detection level Vdetl E (1) At the falling of Vcc 4.05 4.30 4.60 \
Voltage detection level Vdetl_F (1) At the falling of Vcc 4.20 4.45 4.75 \Y

- Hysteresis width at the rising of Vccin | Vdetl_0 to Vdetl 5 selected - 0.07 - \%
voltage detection 1 circuit Vdetl_6 to Vdetl_F selected - ow | - Vv

- Voltage detection 1 circuit response In operation | At the falling of Vcc from - 60 150 us
time (2 5Vto (Vdetl 0-0.1) V

In stop mode | At the falling of Vcc from - 250 500 us
5Vto (Vdetl_0-0.1) V

- Voltage detection circuit self power VCA26 =1,Vcc=5.0V - 1.7 - pA
consumption

td(E-A) Waiting time until voltage detection - - 100 us
circuit operation starts (3)

Notes:

1. Select the voltage detection level with bits VD1S0 to VD1S3 in the VD1LS register.

2. Time until the voltage monitor 1 interrupt request is generated after the voltage passes Vdet1.
3. Necessary time until the voltage detection circuit operates when setting to 1 again after setting the VCA26 bit in the VCA2 register to 0.
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Table 29.11 Voltage Detection 2 Circuit Characteristics
(Vcc=1.8t0 5.5V and Topr =20 to 85 °C (N version)/ -40 to 85 °C (D version), unless
otherwise specified.)

- Standard .
Symbol Parameter Condition - Unit
Min. | Typ. | Max.
Vdet2 Voltage detection level Vdet2_0 (1) At the falling of Vcc 3.70 4.0 4.30 \Y
- Hysteresis width at the rising of Vcc in - 0.10 - \
voltage detection 2 circuit
- Voltage detection 2 circuit response time (2) | In operation | At the falling of Vcc from - 20 150 us
5Vto (Vdet2_0-0.1) V
In stop mode | At the falling of Vcc from - 200 500 us
5V to (Vdet2_0-0.1) V
- Voltage detection circuit self power VCA27 =1,Vcc=5.0V - 1.7 - pA
consumption
td(E-A) Waiting time until voltage detection circuit — — 100 us
operation starts ()

Notes:
1. The voltage detection level varies with detection targets. Select the level with the VCA24 bit in the VCAZ2 register.
2. Time until the voltage monitor 2 interrupt request is generated after the voltage passes Vdet2.
3. Necessary time until the voltage detection circuit operates after setting to 1 again after setting the VCA27 bit in the VCA2
register to 0.

Table 29.12 Power-on Reset Circuit Characteristics (1)
(Topr =—20t0 85 °C (N version)/ —40 to 85 °C (D version), unless otherwise specified.)

. Standard )
Symbol Parameter Condition - Unit
Min. Typ. Max.

trth External power Vcc rise gradient 0 - 50000 | mV/ms

Note:
1. To use the power-on reset function, enable voltage monitor O reset by setting the LVDAS bit in the OFS register to 0.

1 A
Vdeto \ Vdeto @
trth
External trth
Power Vcc
05V <>

Voltage detection 0
circuit response time

tw(por) @ =
L

Internal
reset signal
i » . A
Y L l
1 3 B Y
foco-s foco-s
Notes:

1. Vdeto indicates the voltage detection level of the voltage detection O circuit. Refer to 6. Voltage Detection
Circuit for details.

2. tw(por) indicates the duration the external power Vcc must be held below the valid voltage (0.5 V) to enable
a power-on reset. When turning on the power after it falls with voltage monitor O reset disabled, maintain
tw(por) for 1 ms or more.

Figure 29.3 Power-on Reset Circuit Characteristics
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Table 29.13 High-speed On-Chip Oscillator Circuit Characteristics
(Vcc=1.8t0 5.5V and Topr =20 to 85 °C (N version)/ -40 to 85 °C (D version), unless
otherwise specified.)

- Standard .
Symbol Parameter Condition - Unit
Min. Typ. Max.
- High-speed on-chip oscillator frequency after Vcc=18Vto55V 19.2 20 20.8 MHz
reset —20°C < Topr<85°C
Vcc=18Vto55V 19.0 20 21.0 MHz
—40°C < Topr<85°C
High-speed on-chip oscillator frequency when Vcc=18Vto55V 17.694 | 18.432 | 19.169 | MHz
the FRA4 register correction value is written into | — 20 °C < Topr < 85 °C
the FRA1 register and the FRAS register Vcc=18Vto55V 17.510 | 18.432 | 19.353 | MHz
correction value into the FRAS3 register (1) — 40 °C < Topr < 85 °C
- Oscillation stability time - 5 30 us
- Self power consumption at oscillation Vce =5.0V, Topr =25 °C - 530 - pA
Note:
1. This enables the setting errors of bit rates such as 9600 bps and 38400 bps to be 0% when the serial interface is used in
UART mode.

Table 29.14 Low-speed On-Chip Oscillator Circuit Characteristics
(Vcc=1.8t0 5.5V and Topr =-20 to 85 °C (N version)/ -40 to 85 °C (D version), unless
otherwise specified.)

. Standard .
Symbol Parameter Condition - Unit
Min. Typ. Max.
fOCO-S Low-speed on-chip oscillator frequency 60 125 250 kHz
- Oscillation stability time - - 35 us
- Self power consumption at oscillation Vcec =5.0V, Topr = 25°C - 2 - pA
fOCO-WDT | Low-speed on-chip oscillator frequency for the 60 125 250 kHz
watchdog timer

- Oscillation stability time - - 35 us
- Self power consumption at oscillation Vce =5.0V, Topr = 25°C - 2 - pA

Table 29.15 Power Supply Circuit Characteristics
(Vcc=1.8t0 5.5V, Vss =0V, and Topr = 25 °C, unless otherwise specified.)

Standard

Symbol Parameter Condition - Unit
Min. | Typ. | Max.

td(P-R) Time for internal power supply stabilization during - - 2000 us
power-on ()

Note:
1. Waiting time until the internal power supply generation circuit stabilizes during power-on.
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Table 29.16 LCD Drive Control Circuit Characteristics
(Vcc=1.8t05.5V,Vss=0V, and Topr =-20to 85 °C (N version)/
—40to 85 °C (D version), unless otherwise specified.)

. Standard .
Symbol Parameter Condition - Unit
Min. Typ. Max.
VLCD LCD power supply voltage VLCD = VL3 2.2 - 55 \%
VL2 VL2 voltage VL1 - VL3 \Y
VL1 VL1 voltage 1 - VL2 (2 \Y
f(FR) Frame frequency 50 - 180 Hz
ILCD LCD drive control circuit current - @ - pA

Notes:
1. Refer to Table 29.19 DC Characteristics (2), Table 29.21 DC Characteristics (4), and Table 29.23 DC Characteristics (6).

2. The VL1 voltage should be VCC or below.

Table 29.17 Power-Off Mode Characteristics
(Vcc=1.8t05.5V,Vss =0V, and Topr =-20to 85 °C (N version)/
—40 to 85 °C (D version), unless otherwise specified.)

. Standard .
Symbol Parameter Condition - Unit
Min. Typ. Max.
- Power-off mode operating supply voltage 1.8 - 5.5 \%
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29.4

DC Characteristics

Table 29.18 DC Characteristics (1) [4.0V <Vcc £5.5V]
(Topr =—20t0 85 °C (N version)/ —40 to 85 °C (D version), unless otherwise specified.)

. Standard )
Symbol Parameter Condition - Unit
Min. Typ. | Max.
VoH Output “H” voltage Port P8 (1) Vcc =5V |loH=-20mA |Vcc -2.0| - Vcc \%
Other pins Vcc=5V |loH=-5mA |Vcc-20| - Vcc \%
VoL Output “L” voltage Port P8 (1) Vce =5V | loL =20 mA - - 2.0 \%
Other pins Vcc =5V |loL =5 mA - - 2.0 \%
VT+VT- | Hysteresis INTO, INTZ, INT2, 0.05 0.5 - \%
KIO, KI, K12, KI3,
Kl4, KI5, K16, KI7,
TRCIOA, TRCIOB,
TRCIOC, TRCIOD,
TRJOIO, TRJ1IO,
TRCTRG, TRCCLK,
ADTRG,
RXDO, CLKO, SSI,
SCL, SDA, SSO
ﬁ’ WKUPO 0.1 0.8 - \%
IH Input “H” current VI=5V,Vcc=5V — — 5.0 nA
I Input “L” current VI=0V,Vcc=5V - - -5.0 | pA
RpuLLUP | Pull-up resistance VI=0V,Vcc=5V 20 40 80 kQ
RfxIN Feedback | XIN - 2.0 - MQ
resistance
RfxcIN Feedback |XCIN - 14 - MQ
resistance
VRAM RAM hold voltage During stop mode 1.8 - - \%
Note:

1. This applies when the drive capacity of the output transistor is set to High by P8DRR register. When the drive capacity is set
to Low, the value of any other pin applies.
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Table 29.19 DC Characteristics (2) [4.0 V <Vcc <5.5V]
(Topr =—=20t0 85 °C (N version)/ -40 to 85 °C (D version), unless otherwise specified.)

Condition Standard
Oscillation . .
A On-Chip Oscillator
Circuit Low-Power- i
Symbol | Parameter High- L CPU Clock | Consumption Other Min. T():{;E) Max. unit
XIN@ | XCIN | Speed | o Oe‘Aé'd Setting
(foco-F)| =P
Icc Power High- 20 MHz| Off Off 125 kHz | No division - - | 47] 10 | mA
supply - |speed  TEMHZz[  Of Off | 125 kHz | No division - ~ 39| 8 [mA
current (1) [clock —
mode 10 MHz| Off Off 125 kHz | No division - - |23 - |mA
20 MHz| Off Off Off No division [FMR27 =1 Flash memory off - |31 - |mA
MSTCRO = BEh |Program operation on RAM
MSTCR1 = 3Fh |Module standby setting
enabled
20 MHz| Off Off 125 kHz | Divide-by-8 - - 118 — |mA
16 MHz| Off Off 125 kHz | Divide-by-8 - - |15 - |mA
10 MHz| Off Off 125 kHz | Divide-by-8 - - 10| - |mA
High- Off Off 20 MHz | 125 kHz | No division - - |50 11 |mA
gg‘fgﬁ Off | Off |20 MHz | 125 kHz | Divide-by-8 - - |21 - [mA
oo o Off | 4MHz | 125 kHz | Divide-by-16 [MSTCRO = BEh — o9 = |mA
mode MSTCR1 = 3Fh
Low- Off Off Off 125 kHz | No division |FMR27 =1 - 110|320 | pA
speed VCA20 =0
on-chip Off Off Off | 125 kHz | Divide-by-8 [FMR27 = 1 — |63 [220] puA
oscillator VCA20 = 0
mode
Low- Off | 32 kHz Off Off No division [FMR27 =1 — | 60 [220| pA
speed VCA20=0
clock
mode Off [32kHz| Off Off No division [FMSTP =1 Flash memory off - 46| - [ pA
VCA20=0 Program operation on RAM
Wait Off Off Off 125 kHz - VCA27 =0 While a WAIT instruction is - 19.0] 50 | pA
mode VCA26 =0 executed
VCA25 =0 Peripheral clock operation
VCA20 =1
Off Off Off 125 kHz - VCA27 =0 While a WAIT instruction is - 12833 | pA
VCA26 =0 executed
VCA25 =0 Peripheral clock off
VCA20 =1
CcM02=1
CM01=1
Off | 32 kHz Off Off - VCA27 =0 While aWAIT |LCD drive - |46 - | pA
VCA26 =0 instruction is |control
VCA25=0 executed circuit 4
VCA20=1 Peripheral When
CM02=1 clock off external
CM01=0 Timer RH |division
operation in  |resistors are
real-time used
clock mode
Off | 32 kHz Off Off - VCA27 =0 While a WAIT instructionis | — |24 | — | pA
VCA26 =0 executed
VCA25 =0 Peripheral clock off
VCA20=1 Timer RH operation in real-
CM02 =1 time clock mode
CM01=1
Stop Off Off Off Off - VCA27 =0 Topr =25 °C - 105]22]|pA
mode VCA26 =0 Peripheral clock off
VCA25=0
CM10=1
Off Off Off Off - VCA27 =0 Topr =85 °C - 12| - | pA
VCA26 =0 Peripheral clock off
VCA25=0
CM10=1
Power- Off Off Off Off - - Power-off 0 - 10.01{ 0.1 | pA
off mode Topr=25°C
Off Off Off Off - - Power-off 0 - 10.03| — | pA
Topr =85 °C
Off 32 kHz Off Off - VCA27 =0 Power-off 2 - 118]64 | pA
VCA26 =0 Topr =25 °C
VCA25 =0
CM10=1
Off 32 kHz Off Off - VCA27 =0 Power-off 2 - |27 - | pA
VCA26 =0 Topr =85 °C
VCA25 =0
CM10=1
Notes:
1. Vecc=4.0Vto5.5V, single chip mode, output pins are open, and other pins are Vss.
2. XIN is set to square wave input.
3. Vec=50V
4. VLCD = Vcc, external division resistors are used for VL3 to VL1, 1/3 bias, 1/4 duty, f(FR) = 64 Hz, SEGO to SEG26 are selected, and segment
and common output pins are open. The standard value does not include the current that flows through external division resistors.
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Table 29.20 DC Characteristics (3) [2.7 V <Vcc <4.0V]
(Topr =—20t0 85 °C (N version)/ —40 to 85 °C (D version), unless otherwise specified.)

. Standard )
Symbol Parameter Condition - Unit
Min. Typ. Max.
VoH Output “H” voltage Port P8 (1) lon=-5mA | Vcc-0.5 - Vcc \%
Other pins loH=-1mA | Vcc-0.5 - Vce \%
VoL Output “L” voltage Port P8 (1) loL=5mA - - 0.5 \%
Other pins loL=1mA - - 0.5 \%
VT+VT- | Hysteresis INTO, INT1, INT2, 0.05 0.4 - \%
KIO, KIZ, K12, KI3,
Ki4, KI5, K16, K7,
TRCIOA, TRCIOB,
TRCIOC, TRCIOD,
TRJOIO, TRJ1IO,
TRCTRG, TRCCLK,
ADTRG,
RXDO, CLKO, SSI,
SCL, SDA, SSO
RESET, WKUPO 0.1 0.8 - \
IiH Input “H” current VI=3V,Vcc=3V — - 5.0 HA
I Input “L” current VI=0V,Vcc=3V — - -5.0 HA
RpuLLuP | Pull-up resistance VI=0V,Vcc=3V 25 80 140 kQ
R#xIN Feedback resistance | XIN - 2.0 - MQ
RfxcIN Feedback resistance | XCIN - 14 - MQ
VRAM RAM hold voltage During stop mode 1.8 - - \%
Note:

1. This applies when the drive capacity of the output transistor is set to High by P8DRR register. When the drive capacity is set
to Low, the value of any other pin applies.
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Table 29.21 DC Characteristics (4) [2.7 V <Vcc <4.0V]
(Topr =—-20t0 85 °C (N version)/ -40 to 85 °C (D version), unless otherwise specified.)

Condition Standard
Oscillation On-Chip
Circuit Oscillator Low-Power- i
Symbol | Parameter High- L CPU Clock | Consumption Other Min. T():{;E) Max. unit
XIN@ | XCIN | Speed | o oevé'd Setting
(foco-p| =P
Icc Power High- 20 MHz| Off Off 125 kHz [No division - - | 47] 10 | mA
SUPP'Vt W iﬁ)ecid T0MHz| Off | Of | 125 kHz |No division = — 23| 6 [mA
cunrent e ode  [20MAz| OF | OR Off | No division |FMR27 = 1 Flash memory off — 29[ - [mA
MSTCRO = BEh |Program operation on RAM
MSTCR1 = 3Fh [Module standby setting
enabled
20 MHz| Off Off | 125 kHz [Divide-by-8 - - 18| - |mA
10 MHz| Off Off 125 kHz |Divide-by-8 - - 110 - |mA
High- Off Off |20 MHz| 125 kHz |No division - - |50 11 |mA
Z‘r)fcerﬁ Off | Off |20 MHz| 125 kHz |Divide-by-8 - - 21 - ]mA
oscilla?or Off Off |10 MHz| 125 kHz |No division - - 129 - |mA
mode Off Off |10 MHz| 125 kHz |Divide-by-8 - - |15 - |mA
Off Off 4 MHz | 125 kHz [Divide-by-16 [MSTCRO = BEh - 109 - |mA
MSTCR1 = 3Fh
Low- Off Off Off | 125 kHz | No division |[FMR27 =1 — |106 [ 300 | A
speed VCA20=0
on-chip Off Off Off | 125 kHz |Divide-by-8 [FMR27 = 1 — |54 200 pA
oscillator VCA20 = 0
mode
Low- Off |32kHz| Off Off No division |FMR27 =1 — | 54 |200| pA
speed VCA20=0
clock
mode Off [32kHz| Off Off |No division [FMSTP =1 Flash memory off -3 - [ pA
VCA20=0 Program operation on RAM
Wait Off Off Off | 125 kHz - VCA27 =0 While a WAIT instruction is - 19.0[50 | pA
mode VCA26 =0 executed
VCA25 =0 Peripheral clock operation
VCA20 =1
Off Off Off 125 kHz - VCA27 =0 While a WAIT instruction is - 25|31 | pA
VCA26 =0 executed
VCA25=0 Peripheral clock off
VCA20 =1
CM02=1
CM01=1
Off [32kHz| Off Off - VCA27 =0 While a WAIT [LCD drive - (31| - | pA
VCA26 =0 instruction is  |control circuit
VCA25=0 executed )
VCA20=1 Peripheral When external
CM02 =1 clock off division
CM01=0 Timer RH resistors are
operation in  |used
real-time clock
mode
Off |32kHz| Off Off - VCA27 =0 While a WAIT instruction is - |17 - | pA
VCA26 =0 executed
VCA25=0 Peripheral clock off
VCA20=1 Timer RH operation in real-
CM02 =1 time clock mode
CM01=1
Stop Off Off Off Off - VCA27 =0 Topr = 25 °C - [05[22]|pA
mode VCA26 =0 Peripheral clock off
VCA25=0
CM10=1
Off Off Off Off - VCA27 =0 Topr = 85 °C - (12| - | pA
VCA26 =0 Peripheral clock off
VCA25 =0
CM10=1
Power- Off Off Off Off - - Power-off 0 — 10.01{ 0.1 | pA
off mode Topr =25 °C
Off Off Off Off - - Power-off 0 - [0.02] - | pA
Topr =85 °C
Off [32kHz| Off Off - VCA27 =0 Power-off 2 - |13 45| pA
VCA26 =0 Topr = 25 °C
VCA25=0
CM10=1
Off [32kHz| Off Off - VCA27 =0 Power-off 2 - 22| - | pA
VCA26 =0 Topr =85 °C
VCA25=0
CM10=1
Notes:
1. Vcc=2.7Vto4.0V,single chip mode, output pins are open, and other pins are Vss.
2. XINis set to square wave input.
3. Vec=3.0V
4. VLCD = Vcc, external division resistors are used for VL3 to VL1, 1/3 bias, 1/4 duty, f(FR) = 64 Hz, SEGO to SEG26 are selected, and segment
and common output pins are open. The standard value does not include the current that flows through external division resistors.
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29. Electrical Characteristics

Table 29.22 DC Characteristics (5) [1.8 V <Vcc < 2.7 V]
(Topr =—20t0 85 °C (N version)/ —40 to 85 °C (D version), unless otherwise specified.)

. Standard )
Symbol Parameter Condition - Unit
Min. Typ. | Max.
VoH Output “H” voltage Port P8 (1) lon=-2mA | Vcc - 0.5 - Vcc \%
Other pins loH=-1mA | Vcc - 0.5 - Vce \%
VoL Output “L” voltage Port P8 (1) loL =2 mA - - 0.5 \%
Other pins loL=1mA - - 0.5 \%
VT+VT- | Hysteresis INTO, INT1, INT2, 0.05 0.4 - \%
KIO, KIZ, K12, KI3,
Ki4, KI5, K16, K7,
TRCIOA, TRCIOB,
TRCIOC, TRCIOD,
TRJOIO, TRJ1IO,
TRCTRG, TRCCLK,
ADTRG,
RXDO, CLKO, SSI,
SCL, SDA, SSO
RESET, WKUPO 0.1 0.8 - \
IiH Input “H” current VI=18V,Vcc=18V — — 4.0 HA
I Input “L” current VI=0V,Vcc=18V — — -4.0 HA
RpuLLuP | Pull-up resistance VI=0V,Vcc=18V 85 220 500 kQ
R#xIN Feedback resistance | XIN - 2.0 - MQ
RfxcIN Feedback resistance | XCIN - 14 - MQ
VRAM RAM hold voltage During stop mode 1.8 - - \%
Note:

1. This applies when the drive capacity of the output transistor is set to High by P8DRR register. When the drive capacity is set
to Low, the value of any other pin applies.
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Table 29.23 DC Characteristics (6) [1.8 V <Vcc < 2.7 V]
(Topr =—-20t0 85 °C (N version)/ -40 to 85 °C (D version), unless otherwise specified.)

Condition Standard
Oscillation On-Chip
Circuit Oscillator Low-Power- i
Symbol | Parameter High- L CPU Clock | Consumption Other Min. T():{;E) Max. unit
XIN@ | XCIN | Speed | ¢ °e"é'd Setting
(foco-F)| =P
Icc Power High- 8 MHz Off Off 125 kHz [No division - - 121 - |mA
supply |speed gNMHZ | OF | OF |125 kHz|Divide-by-8 - — (09| - [mA
current (1) [clock
mode
High- Off Off 5 MHz [ 125 kHz |No division - - 118 5 |mA
3?553 Off | Off |5 MHz[125 kHz |Divide-by-8 - - [11] - |mA
oscilla?or Off Off | 4 MHz | 125 kHz |Divide-by-16 |[MSTCRO = BEh - 109 - |mA
mode MSTCR1 = 3Fh
Low- Off Off Off |125 kHz | No division [FMR27 =1 — | 106 | 300 | pA
speed VCA20=0
on-chip Off Off Off |125 kHz |Divide-by-8 [FMR27 = 1 — |54 [200]( pA
oscillator VCA20 =0
mode
Low- Off |32kHz| Off Off [Nodivision [FMR27 =1 — | 54 {200 | pA
speed VCA20=0
clock
mode Off [32kHz| Off Off [No division [FMSTP =1 Flash memory off - 36| - [ pA
VCA20=0 Program operation on RAM
Wait Off Off Off 125 kHz - VCA27 =0 While a WAIT instruction is - |9.0(50 | pA
mode VCA26 =0 executed
VCA25=0 Peripheral clock operation
VCA20=1
Off Off Off 125 kHz - VCA27 =0 While a WAIT instruction is - 25|31 | pA
VCA26 =0 executed
VCA25=0 Peripheral clock off
VCA20=1
CM02 =1
CM01=1
Off |32kHz| Off Off - VCA27 =0 While a WAIT |LCD drive - 124] - | pA
VCA26 =0 instruction is  |control circuit
VCA25 =0 executed 4
VCA20 =1 Peripheral When external
CMO02 =1 clock off division
CMO01=0 Timer RH resistors are
operationin  |used
real-time clock
mode
Off |32kHz| Off Off - VCA27 =0 While a WAIT instruction is - |17 — | pA
VCA26 =0 executed
VCA25=0 Peripheral clock off
VCA20 =1 Timer RH operation in real-
CM02=1 time clock mode
CM01=1
Stop Off Off Off Off - VCA27 =0 Topr = 25 °C - 105(22]|pA
mode VCA26 =0 Peripheral clock off
VCA25=0
CM10=1
Off Off Off Off - VCA27 =0 Topr = 85 °C - 12| - | pA
VCA26 =0 Peripheral clock off
VCA25=0
CM10=1
Power- Off Off Off Off - - Power-off 0 — (0.01{ 0.1 | pA
off mode Topr =25 °C
Off Off Off Off - - Power-off 0 - 10.02 - | pA
Topr =85 °C
Off |32kHz| Off Off - VCA27 =0 Power-off 2 - 12| 4 | pA
VCA26 =0 Topr =25 °C
VCA25=0
CM10=1
Off |32kHz| Off Off - VCA27 =0 Power-off 2 - 2 - | BA
VCA26 =0 Topr =85 °C
VCA25=0
CM10 =1
Notes:
1. Vec=1.8Vto 2.7V, single chip mode, output pins are open, and other pins are Vss.
2. XIN is set to square wave input.
3. Vec=22V
4. VLCD = Vcc, external division resistors are used for VL3 to VL1, 1/3 bias, 1/4 duty, f(FR) = 64 Hz, SEGO0 to SEG26 are selected, and segment
and common output pins are open.The standard value does not include the current that flows through external division resistors.
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29.5 AC Characteristics

Table 29.24 Timing Requirements of Synchronous Serial Communication Unit (SSU)
(Vcc=1.8t05.5V,Vss=0V, and Topr = -20to 85 °C (N version)/

—40 to 85 °C (D version), unless otherwise specified.)

. Standard .
Symbol Parameter Conditions - Unit
Min. Typ. Max.
tsucyc SSCK clock cycle time 4 - - tcyc (D
tHI SSCK clock “H” width 0.4 - 0.6 tsucyc
tLo SSCK clock “L” width 0.4 - 0.6 tsucyc
tRISE SSCK clock rising Master - - 1 tcyc (D
time Slave - - 1 us
tFALL SSCK clock falling Master - - 1 tcyc (D
time Slave - - 1 us
tsu SSO, SSI data input setup time 100 - - ns
tH SSO, SSI data input hold time 1 - - tcye (1)
tLEAD SCS setup time Slave ltcyc + 50 - - ns
tLAG SCS hold time Slave ltcyc + 50 - - ns
top SSO, SSI data output delay time - - ltcyc + 20 ns
tsa SSI slave access time 27V<Vcc<55V - - 1.5tcyc + 100 ns
1.8V<Veec<27V - - 1.5tcyc + 200 ns
tor SSI slave out open time 27V<Vcc<55V - - 1.5tcyc + 100 ns
1.8V<Veec<27V - - 1.5tcyc + 200 ns
Note:

1. 1tcyc = 1/f1(s)
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]
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Figure 29.6 1/0 Timing of Synchronous Serial Communication Unit (SSU) (Clock Synchronous
Communication Mode)
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Table 29.25 Timing Requirements of 12C bus Interface ()
(Vcc=1.8t05.5V,Vss=0V, and Topr = -20to 85 °C (N version)/ —40 to 85 °C
(D version), unless otherwise specified.)

. Standard .
Symbol Parameter Condition - Unit
Min. Typ. Max.
tscL SCL input cycle time 12tcyc + 600 () - - ns
tscLH SCL input “H” width 3tcyc + 300 D - - ns
tscLL SCL input “L” width Stcyc + 500 (1) - - ns
tsf SCL, SDA input fall time - - 300 ns
tsp SCL, SDA input spike pulse rejection time - - ltcve (M) ns
tBUF SDA input bus-free time Stcyc (1) - - ns
tSTAH Start condition input hold time 3tcyc (D) - - ns
tsTAS Retransmit start condition input setup time 3tcyc (1) - - ns
tstop Stop condition input setup time 3tcyc (1) - - ns
tsbAs Data input setup time 1ltcyc+ 40 @) - - ns
tSDAH Data input hold time 10 - - ns
Note:
1. 1tcyc = 1/fA(s)
i S B I
] ! ] : - ] _
H 1 1 1 \ 1
] 1 ] ] H
SDA /1t 1\ :
VAR : AAR
) ! 1 b 1
] H H - : - \
P lteun] :
P tscLH : tsp  tsToP
Eobo ! tsTAs
[l ! ] _ 1
[l ! 1 1
] ! ] ]
P :
SCL ¢ 1+ | |
[l ! 1 1
[l ! 1
P --- -
L__! L
tor tscLL tsr —
tsct «— tSDAH
Notes:
1. Start condition
2. Stop condition
3. Retransmit start condition
Figure 29.7  I/0O Timing of 12C bus Interface
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Table 29.26  External Clock Input (XIN, XCIN)

(Vss =0V and Topr = -20to 85 °C (N version)/ —40 to 85 °C (D version), unless
otherwise specified.)

Standard
Symbol Parameter Vce = 2.2V, Topr = 25°C | Vcc =3V, Topr = 25°C Vcc =5V, Topr = 25°C Unit
Min. Max. Min. Max. Min. Max.

tc(XIN) XIN input cycle time 200 - 50 - 50 - ns
TWH(XIN) XIN input “H” width 90 - 24 - 24 - ns
TWL(XIN) XIN input “L” width 90 - 24 - 24 - ns
te(XCIN) XCIN input cycle time 20 - 20 - 20 - us
TWH(XCIN) XCIN input “H” width 10 - 10 - 10 - us
tWL(XCIN) XCIN input “L” width 10 - 10 - 10 - us

tC(XIN), IC(XCIN)

tWH(XIN),
External Clock L WHIXCIN)
Input )

TWL(XIN), TWL(XCIN)

<
<

Figure 29.8 External Clock Input Timing Diagram

Table 29.27 Timing Requirements of TRJilO (i =0 or 1)
(Vss =0V and Topr =-20to 85 °C (N version)/ -40 to 85 °C (D version), unless
otherwise specified.)

Standard
Symbol Parameter Vce = 2.2V, Topr = 25°C | Vcc = 3V, Topr = 25°C Vcc =5V, Topr = 25°C Unit
Min. Max. Min. Max. Min. Max.
tc(TRJIO) TRJIlO input cycle time 500 — 300 - 100 — ns
tWH(TRJIO) TRJIIO input “H” width 200 — 120 - 40 — ns
tWL(TRJIO) TRJIIO input “L” width 200 — 120 - 40 — ns
P tC(TRJIO) R
| IWH(TRJIO)
TRJIlO input
_ tWL(TRJIO) N
< >

Figure 29.9 Input Timing of TRJilO

RO1UH0024EJ0100 Rev.1.00 RENESAS Page 550 of 581
Aug 24, 2011



R8C/LA3A Group, R8C/LA5A Group 29. Electrical Characteristics

Table 29.28 Timing Requirements of Serial Interface
(Vss =0V and Topr = -20to 85 °C (N version)/ —40 to 85 °C (D version), unless
otherwise specified.)

Standard
Symbol Parameter Vce = 2.2V, Topr = 25°C | Vcc =3V, Topr = 25°C Vcce =5V, Topr = 25°C Unit
Min. Max. Min. Max. Min. Max.
te(CK) CLKO input cycle time 800 - 300 - 200 - ns
tW(CKH) CLKO input “H” width 400 - 150 - 100 - ns
tW(CKL) CLKO input “L” width 400 - 150 - 100 - ns
td(C-Q) TXDO output delay time - 200 - 80 - 50 ns
th(C-Q) TXDO hold time 0 - 0 - 0 - ns
tsu(D-C) RXDO input setup time 150 - 70 - 50 - ns
th(C-D) RXDO input hold time 90 - 90 - 90 - ns
tc(CK) S
 DW(CKH)
CLKO
< tw(ckL) N
_ th(c-Q)
TXDO >< ><
I :[(exle) G tsu(D-C th(c-D)
RXDO \*\

Figure 29.10 Input and Output Timing of Serial Interface

Table 29.29 Timing Requirements of External Interrupt INTi (i =0to 3, 5, 7) and Key Input Interrupt
Kli (i=0to 7)
(Vss =0V and Topr = -20to 85 °C (N version)/ —40 to 85 °C (D version), unless
otherwise specified.)

Standard
Symbol Parameter Vce = 2.2V, Topr = 25°C | Vec = 3V, Topr = 25°C | Vcc =5V, Topr = 25°C | Unit
Min. Max. Min. Max. Min. Max.
twanH) | INTI input “H” width, KIi input “H” width | 1000 (1) - 380 M - 250 (@) - ns
twany | INTI input “L” width, Ki input “L” width | 1000 @) - 380 - 2502 - ns

Notes:
1. When selecting the digital filter by the INTi input filter select bit, use an INTi input HIGH width of either (1/digital filter clock
frequency x 3) or the minimum value of standard, whichever is greater.
2. When selecting the digital filter by the INTi input filter select bit, use an INTi input LOW width of either (1/digital filter clock
frequency x 3) or the minimum value of standard, whichever is greater.

INTI input WL

(i=0t03,5,7) < >

Kli input

(i=0to7) I« tW(INH) >

Figure 29.11 Input Timing of External Interrupt INTi and Key Input Interrupt Kli
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30. Usage Notes

30.1 Notes on Clock Generation Circuit

30.1.1 Oscillation Stop Detection Function

Since the oscillation stop detection function cannot be used when the XIN clock frequency is below 2 MHz, set
bits OCD1 to OCDO in the OCD register to 00b. In addition, the OCD3 bit cannot be used to confirm whether
the XIN clock oscillation is stable.

30.1.2 Oscillation Circuit Constants
Consult the oscillator manufacturer to determine the optimal oscillation circuit constants for the user system.

30.1.3 XCIN Clock

To use the XCIN clock, set the CM03 bit to 1 (XCIN clock stops) once and then set it to O (XCIN clock
oscillates).
In the R8C/LA3A Group, make the setting following the sample programs bel ow:

« Program example when the XCIN oscillation circuit is used

BSET 3,CMO0 ; XCIN clock stops
BSET 2,CM3 ; XCIN switched
BCLR 3,CMO0 ; XCIN clock oscillates

* Program example when an external clock is used for the XCIN oscillation circuit

BSET 3,CMO0 ; XCIN clock stops

BSET 2,CM1 ; XCIN-XCOUT on-chip feedback resistor disabled
BSET 4, CMO ; XCIN external clock input enabled

BSET 2,CM3 ; XCIN switched

BCLR 3,CMO0 ; XCIN clock oscillates

* Program example when the XCIN oscillation circuit is not used

BSET 3,CMO0 ; XCIN clock stops
BSET 2,CM1 ; XCIN-XCOUT on-chip feedback resistor disabled
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30.2 Notes on Power Control

30.2.1 Stop Mode

To enter stop mode, set the FMROL bit in the FMRO register to 0 (CPU rewrite mode disabled) first and then set
the CMOO hit in the CMO register to 0 and the CM10 bit in the CM1 register to 1. An instruction queue pre-
reads 4 bytes from the instruction which sets the CM 10 hit to 1 and the program stops.

Insert at least four NOP instructions following the IMP.B instruction after the instruction which sets the CM 10
bit to 1.

» Program example to enter stop mode
BCLR 1,FMRO ; CPU rewrite mode disabled
BCLR 7,FMR2 ; Low-current-consumption read mode disabled
BSET 0,PRCR ; Writing to registers CM0 and CM 1 enabled
FSET I ; Interrupt enabled
BSET 0,CM1 ; Stop mode
JVPB LABEL_001
LABEL_001:
NOP
NOP
NOP
NOP

30.2.2 Wait Mode

When entering wait mode, set the FMRO1 bit in the FMRO register to 0 (CPU rewrite mode disabled) and the
FMR27 bit to O (low-current-consumption read mode disabled) before entering the mode. Do not enter wait
mode while the FMRO1 hit is 1 (CPU rewrite mode enabled) or the FMR27 bit is 1 (low-current-consumption
read mode enabled).

To enter wait mode by setting the CM 30 bit to 1, set the | flag to 0 (maskable interrupt disabled).

To enter wait mode using the WAIT instruction, set the | flag to 1 (maskable interrupt enabled). An instruction
gueue pre-reads 4 bytes from the instruction to set the CM30 bit to 1 (MCU enters wait mode) or the WAIT
instruction, and then the program stops. Insert at least four NOP instructions after the instruction to set the
CM30 bit to 1 (MCU enters wait mode) or the WAIT instruction.

 Program example to execute the WAIT instruction

BCLR 1,FMRO ; CPU rewrite mode disabled
BCLR 7,FMR2 ; Low-current-consumption read mode disabled
FSET I ; Interrupt enabled
WAIT ; Wait mode
NOP
NOP
NOP
NOP
 Program exampl e to execute the instruction to set the CM30 bit to 1

BCLR 1, FMRO ; CPU rewrite mode disabled
BCLR 7, FMR2 ; Low-current-consumption read mode disabled
BSET 0, PRCR ; Writing to CM 3 register enabled
FCLR I ; Interrupt disabled
BSET 0,CM3 ; Wait mode
NOP
NOP
NOP
NOP
BCLR 0, PRCR ; Writing to CM 3 register disabled
FSET I ; Interrupt enabled
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30.2.3 Reducing Internal Power Using VCA20 Bit

Set the VCA20 bit to 1 in low-speed clock mode or low-speed on-chip oscillator mode before entering wait mode.
To enter wait mode by setting the CM 30 bit in the CM 3 register to 1 (MCU enters wait mode), follow the procedure
shown in Figure 10.8 to set the procedure for reducing internal power consumption using the VCA20 bit.

To enter wait mode by executing WAIT instruction, follow the procedure shown in Figure 10.9 to set the
procedure for reducing internal power consumption using the VCAZ20 bit.

30.2.4 Power-Off 0 Mode

To enter power-off mode, set the FMRO1 bit in the FMRO register to 0 (CPU rewrite mode disabled) and then
access the POMCRO register. There is a delay between accessing the POMCRO register and entering power-off O
mode, so insert at least four NOP instructions.

During the processing to enter power-off 0 mode, set pins WKUPO and WKUPL (when input is enabled) to high. If
either of these pins changes to low during the processing, the MCU does not enter power-off 0 mode and program
execution continues. At thistime, the flag (POMO0O0 or POMO01) in the POMCRO register is set to 1 (detected).

« Program example to enter power-off 0 mode

BCLR 1, FMRO ; CPU rewrite mode disabled
MOV.B #02H, POMCRO : Fixed value

MOV.B #38H, POMCRO : Fixed value

MOV.B #15H, POMCRO : Fixed value

MOV.B #92H, POMCRO ; Fixed value

MOV.B #25H, POMCRO ; Fixed value

NOP

NOP

NOP

NOP ; Enter power-off 0 mode
WAIT : Wait mode

BSET 1, PRCR ; Software reset

BSET 3, PMO

The operation after power-off 0 mode is exited is the same as anormal reset sequence. When power-off 0 mode
isexited immediately after the MCU enters the mode, therefore, power consumption cannot be reduced because
of the reset sequence and the program operation after areset. Evaluate the interval between entering and exiting
power-off 0 mode fully at the system level.

30.2.5 Power-Off 2 Mode

To enter power-off 2 mode, set the FMRO1 bit in the FMRO register to 0 (CPU rewrite mode disabled) first, and
set the CMOO bit in the CMO register to 1 and bits CM02 to CM01 to 11b, and then set the CM 10 bit in the CM1
register to 1. An instruction queue pre-reads 4 bytes from the instruction which sets the CM 10 bit to 1 and the

program stops.
Insert at least four NOP instructions following the IMP.B instruction after the instruction which sets the CM 10
bit to 1.
« Program example to enter power-off 2 mode
BCLR 1,FMRO ; CPU rewrite mode disabled
BCLR 7,FMR2 ; Low-current-consumption read mode disabled
BSET 0,PRCR ; Writing to registers CMO and CM 1 enabled
FSET I ; Interrupt enabled
BSET 0,CMO ; Power-off 2 mode selected
BSET 1,CMO0 ;
BSET 2,CMO ;
BSET 0,CM1 ; Power-off 2 mode
JVPB LABEL_001
LABEL_0O01:
NOP
NOP
NOP
NOP
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30.3 Notes on Interrupts

30.3.1 Reading Address 00000h

Do not read address 00000h by a program. When a maskable interrupt request is acknowledged, the CPU reads
interrupt information (interrupt number and interrupt request level) from 00000h in the interrupt sequence. At
thistime, the IR bit for the acknowledged interrupt is set to 0 (no interrupt requested).

If address 00000 is read by a program, the IR bit for the interrupt which has the highest priority among the
enabled interrupts is set to 0. This may cause the interrupt to be canceled, or an unexpected interrupt to be
generated.

30.3.2 SP Setting

Set avalue in the SP before an interrupt is acknowledged. The SP is set to 0000h after areset. If an interrupt is
acknowledged before setting a value in the SP, the program may run out of control.

30.3.3 External Interrupt, Key Input Interrupt
Either the low-level width or high-level width shown in the Electrical Characteristicsis required for the signal
input to pins INTO to INT3, INT5, INT7, and pins K10 to K17, regardless of the CPU clock.
For details, refer to Table 29.29 Timing Requirements of External Interrupt INTi (i =0to 3, 5, 7) and Key
Input Interrupt Kli (i=0to 7).
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30.3.4 Changing Interrupt Sources

The IR bit in the interrupt control register may be set to 1 (interrupt requested) when the interrupt source
changes. To use an interrupt, set the IR bit to 0 (no interrupt requested) after changing interrupt sources.
Changing interrupt sources as referred to here includes all factors that change the source, polarity, or timing of
the interrupt assigned to a software interrupt number. Therefore, if a mode change of a peripheral function
involves the source, polarity, or timing of an interrupt, set the IR bit to O (no interrupt requested) after making
these changes. Refer to the descriptions of the individual peripheral functions for related interrupts.

Figure 30.1 shows a Procedure Example for Changing Interrupt Sources.

< Interrupt source change >

Disable interrupts @3

Change interrupt sources
(including the mode of peripheral functions)

Set the IR bit to 0 (no interrupt requested)
using the MOV instruction ©®

Enable interrupts @ 3

|
< Change completed )

IR bit: Bit in the interrupt control register bit for the interrupt whose source is to be changed

Notes:

1. The above settings must be executed individually. Do not execute two or more settings
simultaneously (using one instruction).

2. To prevent interrupt requests from being generated, disable the peripheral function
before changing the interrupt source. In this case, use the | flag if all maskable
interrupts can be disabled.

If all maskable interrupts cannot be disabled, use bits ILVLO to ILVL2 for the interrupt
whose source is to be changed.

3. To change the interrupt source to the input with the digital filter used, wait for three or
more cycles of the sampling clock of the digital filter before setting the IR bit to O (no
interrupt requested). Refer to 12.8.5 Rewriting Interrupt Control Register for the
instructions to use and related notes.

Figure 30.1 Procedure Example for Changing Interrupt Sources
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30.3.5
@

(b)

(©

Rewriting Interrupt Control Register

The contents of the interrupt control register can be rewritten only while no interrupt reguests
corresponding to that register are generated. If an interrupt request may be generated, disable the interrupt
before rewriting the contents of the interrupt control register.

When rewriting the contents of the interrupt control register after disabling the interrupt, be careful to
choose appropriate instructions.

Changing any bit other than the IR bit

If an interrupt request corresponding to the register is generated while executing the instruction, the IR bit
may not be set to 1 (interrupt requested), and the interrupt may be ignored. If this causes a problem, use one
of the following instructions to rewrite the contents of the register:

AND, OR, BCLR, and BSET.

Changing the IR bit
Depending on the instruction used, the IR bit may not be set to 0 (no interrupt requested).
Use the MOV instruction to set the IR bit to O.

When using the | flag to disable an interrupt, set the | flag as shown in the sample programs below.
Refer to (b) regarding rewriting the contents of interrupt control registers using the sample programs.

Examples 1 to 3 show how to prevent the | flag from being set to 1 (interrupts enabled) before the contents of
the interrupt control register are rewritten for the effects of the internal bus and the instruction queue buffer.

Examplel: Usethe NOP instructionsto pause program until the interrupt control register isrewritten

INT_SWITCH1:
FCLR | ; Disable interrupts
AND.B  #00H,0056H ; Set the TRJOIC register to 00h
NOP ;
NOP
FSET I ; Enable interrupts
Example2: Useadummy read to delay the FSET instruction
INT_SWITCH2:
FCLR | ; Disable interrupts
AND.B  #00H,0056H ; Set the TRJOIC register to 00h
MOV.W MEM,RO ; Dummy read
FSET I ; Enable interrupts
Example3: Usethe POPC instruction to changethel flag
INT_SWITCH3:
PUSHC FLG
FCLR | ; Disable interrupts
AND.B  #00H,0056H ; Set the TRJOIC register to 00h
POPC FLG ; Enable interrupts
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30.4 Notes on ID Code Areas

30.4.1 Setting Example of ID Code Areas

The ID code areas are allocated in the flash memory, not in the SFRs. Set appropriate values as ROM data by a
program. The following shows a setting example.

* Toset 55hin al of the ID code areas
.org OOFFDCH
Jword dummy | (55000000h) ; UND
Jword dummy | (55000000h) ; INTO
Jword dummy ; BREAK
Jword dummy | (55000000h) ; ADDRESS MATCH
Jword dummy | (55000000h) ; SET SINGLE STEP
Jword dummy | (55000000h) ; WDT
Jword dummy | (55000000h) ; ADDRESS BREAK
Jword dummy | (55000000h) ; RESERVE
(Programming formats vary depending on the compiler. Check the compiler manual.)

30.5 Notes on Option Function Select Area

30.5.1 Setting Example of Option Function Select Area

The option function select area is allocated in the flash memory, not in the SFRs. Set appropriate values as
ROM data by a program. The following shows a setting example.

* To set FFh in the OFSregister
.org OOFFFCH
Jword reset | (OFFO00000h) ; RESET
(Programming formats vary depending on the compiler. Check the compiler manual.)

* To set FFh in the OFS2 register
.org OOFFDBH
.byte OFFh
(Programming formats vary depending on the compiler. Check the compiler manual.)
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30.6 Notes on Timer RB

 Timer RBi stops counting after areset. Set the values in the timer RBi and timer RBi prescalers before the count
starts.

» Evenif the prescaler and timer RBi isread out in 16-bit units, these registersareread 1 byte at atimein the MCU.
Consequently, the timer value may be updated during the period when these two registers are being read.

* In programmable one-shot generation mode and programmable wait one-shot generation mode, when setting the

TSTART bit in the TRBICR register to O (count stops) or setting the TOSSP bit in the TRBIOCR register to 1

(one-shot stops), the timer reloads the value of reload register and stops. Therefore, in programmable one-shot

generation mode and programmable wait one-shot generation mode, read the timer count value before the timer

stops.

The TCSTF bit in the TRBICR register remains 0 (count stops) for one or two cycles of the count source after

setting the TSTART bit to 1 (count starts) while the count is stopped.

During this time, do not access registers associated with timer RBi (1) other than the TCSTF bit. Timer RB starts

counting at the first active edge of the count source after the TCSTF bit is set to 1 (during count operation).

The TCSTF bit remains 1 (during count operation) for one or two cycles of the count source after setting the

TSTART bit to 0 (count stops) while the count isin progress. Timer RBi counting is stopped when the TCSTF bit

is set to O (count stops).

During thistime, do not access registers associated with timer RBi (1) other than the TCSTF bit.

Note:
1. Registers associated with timer RBi:
TRBICR, TRBIOCR, TRBIilOC, TRBiMR, TRBIiPRE, TRBiSC, and TRBiPR

When the TSTOP bit in the TRBICR register is set to 1 during timer operation, timer RBi stops immediately.

* When 1 is written to the TOSST or TOSSP hit in the TRBIOCR register, the value of the TOSSTF bit changes
after one or two cycles of the count source have elapsed. When 1 is written to the TOSSP bit during the period
between when 1 is written to the TOSST bit and when the TOSSTF bit is set to 1, the TOSSTF bit may be set to
either 0 or 1 depending on the content state. Likewise, when 1 is written to the TOSST bit during the period
between when 1 is written to the TOSSP bit and when the TOSSTF hit is set to 0, the TOSSTF bit may be set to
either O or 1.

* To use the underflow signal of timer RJi as the count source for timer RB, set timer RJi in timer mode, pulse

output mode, or event counter mode.

30.6.1 Timer Mode

To write to registers TRBiPRE and TRBIiPR during count operation (TCSTF bit in the TRBICR register (i =0

or 1) is set to 1), note the following:

* When the TRBIPRE register is written continuously, allow three or more cycles of the count source for each
writeinterval.

* When the TRBIPR register is written continuoudly, allow three or more cycles of the prescaler underflow for
each writeinterval.

30.6.2 Programmable Waveform Generation Mode

To write to registers TRBiPRE and TRBiPR during count operation (TCSTF bit in the TRBICR (i = 0 or 1)

register is set to 1), note the following:

« When the TRBIPRE register is written continuously, allow three or more cycles of the count source for each
write interval.

« When the TRBIPR register is written continuously, allow three or more cycles of the prescaler underflow for
each writeinterval.
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30.6.3 Programmable One-Shot Generation Mode

To write to registers TRBIPRE and TRBIiPR during count operation (TCSTF bit in the TRBICR (i =0 or 1)

register is set to 1), note the following:

* When the TRBIiPRE register is written continuously, allow three or more cycles of the count source for each
writeinterval.

* When the TRBIPR register is written continuoudly, allow three or more cycles of the prescaler underflow for
each writeinterval.

30.6.4 Programmable Wait One-shot Generation Mode

To write to registers TRBiPRE and TRBiPR during count operation (TCSTF bit in the TRBICR (i = 0 or 1)

register is set to 1), note the following:

« When the TRBIPRE register is written continuously, allow three or more cycles of the count source for each
write interval.

« When the TRBIPR register is written continuoudly, allow three or more cycles of the prescaler underflow for
each writeinterval.
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30.7 Notes on Timer RC

30.7.1 TRC Register

» The following note applies when the CCLR bit in the TRCCRL1 register is set to 1 (TRC register cleared by
compare match with TRCGRA register).
When using a program to write a value to the TRC register while the TSTART bit in the TRCMR register is
set to 1 (count starts), ensure that the write does not overlap with the timing with which the TRC register is set
to 0000h.
If the timing of the write to the TRC register and the setting of the TRC register to 0000h coincide, the write
value will not be written to the TRC register and the TRC register will be set to 0000h.

» Reading from the TRC register immediately after writing to it can result in the value previous to the write
being read out. To prevent this, execute the IMP.B instruction between the read and the write instructions.

Program Example MOV.W #XXXXh, TRC \Write
JMPB L1 ;JMPB instruction
L1 MOV.W TRC,DATA ;Read

30.7.2 TRCSR Register

Reading from the TRCSR register immediately after writing to it can result in the value previous to the write
being read out. To prevent this, execute the IMPB instruction between the read and the write instructions.

Program Example MOV.B #XXh, TRCSR ;Write
JMPB L1 ;JMPB instruction
L1 MOV.B TRCSR,DATA ;Read

30.7.3 TRCCRI1 Register

To set bits TCK2 to TCKO in the TRCCR1 register to 111b (fOCO-F), set fOCO-F to the clock frequency
higher than the CPU clock frequency.

30.7.4 Count Source Switching

 Stop the count before switching the count source.

Switching procedure

(1) Setthe TSTART bit inthe TRCMR register to 0 (count stops).

(2) Change the settings of bits TCK2 to TCKO in the TRCCRL register.

« After switching the count source from fOCO20M to another clock, allow two or more cycles of f1 to elapse
after changing the clock setting before stopping fOCO20M.

Switching procedure

(1) Setthe TSTART bit inthe TRCMR register to 0 (count stops).

(2) Change the settings of bits TCK2 to TCKO in the TRCCR1 register.

(3) Wait for two or more cycles of f1.

(4) Set the FRAOO bit in the FRAO register to 0 (high-speed on-chip oscillator off).

* After switching the count source from fOCO-F to a clock other than fOCO20M, allow a minimum of one
cycle of fOCO-F + fOCO20M to elapse after changing the clock setting before stopping fOCO-F.

Switching procedure

(1) Setthe TSTART bit inthe TRCMR register to 0 (count stops).

(2) Change the settings of bits TCK2 to TCKO in the TRCCR1 register.

(3) Wait for aminimum of one cycle of fOCO-F + fOCO20M.

(4) Set the FRAOO bit in the FRAO register to 0 (high-speed on-chip oscillator off).
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30.7.5 Input Capture Function

* Set the pulse width of the input capture signal as follows:
[When the digital filter is not used]
Three or more cycles of the timer RC operation clock (refer to Table 18.1 Timer RC Operating Clocks)
[When the digital filter is used)]
Five cycles of the digital filter sampling clock + three cycles of the timer RC operating clock, minimum (refer
to Figure 18.5 Block Diagram of Digital Filter)

» The value of the TRC register is transferred to the TRCGRj register one or two cycles of the timer RC
operation clock after the input capture signal isinput to the TRCIQj (j = A, B, C, or D) pin (when the digital
filter function is not used).

* When the input capture function is used, if an edge selected by bits 10j0 and 10j1 (j = A, B, C, or D) in the
TRCIORO or TRCIOR1 register is input to the TRCIOj pin, the IMFj bit in the TRCSR register isset to 1
even when the TSTART bit in the TRCMR register is 0 (count stops).

30.7.6 TRCMR Register in PWM2 Mode

When the CSEL bit in the TRCCR2 register is set to 1 (count stops at compare match with the TRCGRA
register), do not set the TRCMR register at compare match timing of registers TRC and TRCGRA.
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30.8 Notes on Timer RH

30.8.1 Reset

A reset input does not reset the timer RH registers that store data of seconds, minutes, hours, days of the week,
dates, months, years, 12-hour/24-hour operating mode, am./p.m., alarms, interrupts, error correction. This
requirestheinitial setting of al registers after power on.

30.8.2 Starting and Stopping Count

Timer RH usesthe RUN bit in the TRHCR register to instruct the count to start or stop.

When the RUN hit isset to 1 (count starts), timer RH starts counting. It takes the time for up to two cycles of the
count source until the 15-bit counter starts counting. During this time, do not access registers associated with
timer RH (1),

Similarly, when the RUN bit is set to O (count stops), timer RH stops counting. It takes the time for up to two
cycles of the count source until the 15-bit counter stops counting. During this time, do not access registers
associated with timer RH (1),

Note:
1. Registers associated with timer RH:MSTCR1, TRHSEC, TRHMIN, TRHHR, TRHWK, TRHDY,
TRHMON, TRHYR, TRHCR, TRHCSR, TRHADJ, TRHIFR,
TRHIER, TRHAMIN, TRHAHR, TRHWK, TRHPRC, and TRHICR

30.8.3 Register Setting

Write to the following registers or bits when the RUN bit in the TRHCR register is set to O (count stops).
« Timer TRH dataregisters(Y)

* The TRHIER register

* Bits TRHOE, HR24, PM, and CCLR in the TRHCR register

 Bits CS0 to CS3 and OS0 to OS2 in the TRHCSR register

Set the TRHIER register after setting other registers and bits mentioned above (immediately before timer RH
count starts).
Figure 19.5 shows a Setting Example in Real-Time Clock Mode.

Note:
1. Timer RH dataregisters: TRHSEC, TRHMIN, TRHHR, TRHWK, TRHDY, TRHMON, and TRHYR
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30.8.4 Time Reading Procedure in Real-Time Clock Mode

In real-time clock mode, read timer RH data registers (1) and bits HR24 and PM in the TRHCR register when
the BSY bit in the TRHSEC is set to 0 (not while data is updated).

When reading several registers, an incorrect time will be read if datais updated before another register is read
after reading any register.

In order to prevent this, use the reading procedure shown below:

 Using an interrupt
Read necessary contents of timer RH data registers (1) and bits HR24 and PM in the TRHCR register in the
timer RH interrupt routine.

« Monitoring with aprogram 1
Monitor the IR bit in the TRHIC register with a program and read necessary contents of timer RH data
registers (1) and bits HR24 and PM in the TRHCR register after the IR bit is set to 1 (timer RH interrupt
request generated).

« Monitoring with a program 2

(1) Monitor the BSY bit.

(2) Monitor until the BSY bit is set to O after it isset to 1 (approximately 15.6 mswhile the BSY bit is1).

(3) Read necessary contents of timer RH data registers (1) and bits HR24 and PM in the TRHCR register after
the BSY bhitissetto 0.

« Using read results if they are the same value twice
(1) Read necessary contents of timer RH data registers () and bits HR24 and PM in the TRHCR register
(2) Read the sameregister as (1) and compare the contents.
(3) Recognize as the correct value if the contents match. If the contents do not match, repeat until the read
contents match the previous contents.
Also, when reading severa registers, read them as continuously as possible.

Note:
1.Timer RH dataregisters: TRHSEC, TRHMIN, TRHHR, TRHWK, TRHDY, TRHMON, and TRHYR
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30.9 Notes on Timer RJ

 Timer RJi stops counting after areset. Set the values in the timer before the count starts.

* Read the timer in 16-bit units.

* In pulse width measurement mode and pulse period measurement mode, bits TEDGF and TUNDF in the TRJCR
register can be set to 0 by writing O to these bits by a program. However, these bits remain unchanged if 1 is
written. When using the READ-MODIFY-WRITE instruction for the TRJCR register, the TEDGF or TUNDF
bit may be set to 0 although these bits are set to 1 while the instruction is being executed. In this case, write 1 to
the TEDGF or TUNDF bit which is not supposed to be set to 0 with the MOV instruction.

» When changing to pulse period measurement mode from another mode, the contents of bits TEDGF and TUNDF

are undefined. Write O to bits TEDGF and TUNDF before the count starts.

The TEDGF bit may be set to 1 by the first timer RJi underflow signal generated after the count starts.

» When using pulse period measurement mode, leave two or more periods of the timer RJi register immediately

after the count starts, then set the TEDGF bit to O.

The TCSTF bit remains 0 (count stops) for zero or one cycle of the count source after setting the TSTART bit to

1 (count starts) while the count is stopped.

During thistime, do not access registers associated with timer RJi (1) other than the TCSTF bit.

Timer RJi starts counting at the first active edge of the count source after the TCSTF bit is set to 1 (during count

operation).

The TCSTF bit remains 1 for zero or one cycle of the count source after setting the TSTART bit to 0 (count stops)

while the count isin progress. Timer RJi counting is stopped when the TCSTF bit is set to 0.

During thistime, do not access registers associated with timer RJi (1) other than the TCSTF bit.

Note:
1. Registers associated with timer RJi: TRJICR, TRJIOC, TRJIMR, and TRJi

When the TRJi register is continuously written during count operation (TCSTF hit is set to 1), alow three or
more cycles of the count source for each write interval.

* Do not set to the TRJ register (i = 0 or 1) 0000h in pulse width measurement mode and pulse period
measurement mode.

30.10 Notes on Serial Interface (UARTO)

» When reading data from the UORB register either in clock synchronous seria 1/0 mode or in clock asynchronous
serial 1/0 mode, aways read datain 16-bit units.
When the high-order byte of the UORB register is read, bits PER and FER in the UORB register and the RI bit in
the UOC1 register are set to 0.
To check receive errors, read the UORB register and then use the read data.

Program example to read the receive buffer register:
MOV.W 00A6H,RO ; Read the UORB register

* When writing data to the UOTB register in clock asynchronous serial 1/0 mode with 9-bit transfer data length,
write data to the high-order byte first and then the low-order byte, in 8-bit units.

Program example to write to the transmit buffer register:
MOV.B #XXH,00A3H ; Write to the high-order byte of the UOTB register
MOV.B #XXH,00A2H ; Write to the low-order byte of the UOTB register

30.11 Notes on Synchronous Serial Communication Unit (SSU)

To use the synchronous serial communication unit, set the IICSEL bit in the SSUIICSR register to 0 (SSU function
selected).
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30.12 Notes on I2C bus Interface

To use the 12C bus interface, set the IICSEL bit in the SSUIICSR register to 1 (12C bus interface function
selected).

30.12.1 Master Receive Mode

After a master receive operation is completed, when a stop condition generation or a start condition
regeneration overlaps with the falling edge of the ninth clock cycle of SCL, an additional cycle is output after
the ninth clock cycle.

30.12.1.1 Countermeasure

After a master receive operation is completed, confirm the falling edge of the ninth clock cycle of SCL and
generate a stop condition or regenerate a start condition.

Confirm the falling edge of the ninth clock cycle of SCL as follows: Confirm the SCLO bit in the ICCR2
register (SCL monitor flag) becomes 0 (SCL pin is low) after confirming the RDRF bit in the ICSR register
(receive data register full flag) becomes 1.

30.12.2 The ICE Bit in the ICCR1 Register and the IICRST Bit in the ICCR2 Register

When writing O to the ICE bit or 1 to the ICRST bit during an I2C bus interface operation, the BBSY bit in the
ICCR2 register and the STOP hit in the ICSR register may become undefined.

30.12.2.1 Conditions When Bits Become Undefined

» When this module occupies the bus in master transmit mode (bits MST and TRS in the ICCR1 register are 1).
« When this modul e occupies the bus in master receive mode (the MST bit is 1 and the TRS bit is 0).

« When this module transmits data in slave transmit mode (the MST bit is 0 and the TRS bitis 1).

» When this modul e transmits an acknowledge in slave receive mode (bits MST and TRS are 0).

30.12.2.2 Countermeasures

« When the start condition (the SDA falling edge when SCL is high) isinput, the BBSY bit becomes 1.

« When the stop condition (the SDA rising edge when SCL is high) isinput, the BBSY hit becomes 0.

« When writing 1 to the BBSY hit, 0 to the SCP bit, and the start condition (the SDA falling edge when SCL is
high) is output while SCL and SDA are high in master transmit mode, the BBSY bit becomes 1.

« When writing 0 to bits BBSY and SCP, the stop condition (the SDA rising edge when SCL is high) is output
while SDA islow, and thisis the only module that holds SCL low in master transmit mode or master receive
mode, the BBSY hit becomes 0.

« When writing 1 to the FS bit in the SAR register, the BBSY bit becomes 0.

30.12.2.3 Additional Descriptions Regarding the IICRST Bit

* When writing 1 to the IICRST hit, bits SDAO and SCLO in the ICCR2 register become 1.

* When writing 1 to the IICRST bit in master transmit mode and slave transmit mode, the TDRE bit in the ICSR
register becomes 1.

« While the control block of the 12C bus interface is reset by setting the IICRST bit to 1, writing to bits BBSY,
SCP, and SDAO is disabled. Write 0 to the IICRST hit before writing to the BBSY hbit, SCP bit, or SDAO hit.

« Even when writing 1 to the [ICRST hit, the BBSY bit does not become 0. However, the stop condition (the
SDA rising edge when SCL is high) may be generated depending on the states of SCL and SDA and the
BBSY hit may become 0. There may also be asimilar effect on other bits.

« While the control block of the I2C bus interface is reset by setting the [ICRST bit to 1, data transmission/
reception is stopped. However, the function to detect the start condition, stop condition, or arbitration lost
operates. The values in the ICCR1 register, ICCR2 register, or ICSR register may be updated depending on
the signal's applied to pins SCL and SDA.
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30.13 Notes on A/D Converter

30.13.1 A/D Converter

 Write to the ADMOD, ADINSEL, ADCONQO (other than the ADST bit), ADCON1, or OCVREFCR register
must be performed while A/D conversion is stopped (before atrigger occurs).

» To use the A/D converter in repeat mode O, repeat mode 1, or repeat sweep mode, select the frequency of the
A/D converter operating clock $AD or more for the CPU clock during A/D conversion.

Do not select fOCO-F as ¢AD.

 Connect 0.1 pF capacitor between pins VREF and AV SS.

« Do not enter stop mode during A/D conversion.

« Do not enter wait mode during A/D conversion regardless of the state of the CMO02 bit in the CMO register (1.
Peripheral function clock stopsin wait mode or O: Peripheral function clock does not stop in wait mode).

* Do not set the FMSTP bit in the FMRO register to 1 (flash memory stops) or the FMR27 bit to 1 (low-current-
consumption read mode enabled) during A/D conversion. Otherwise, the A/D conversion result will be
undefined.

« Do not change the CKS2 bit in the ADMOD register while fOCO-F is stopped.

« During an A/D conversion operation, if the ADST bit in the ADCONO register is set to 0 (A/D conversion
stops) by a program to forcibly terminate A/D conversion, the conversion result of the A/D converter is
undefined and no interrupt is generated. The value of the ADi (i = 0to 7) register before A/D conversion may
also be undefined.

If the ADST bit is set to 0 by aprogram, do not use the value of al the ADi register.

* When using the A/D converter, it is recommended that the average of the conversion results be taken.

* In single sweep mode and repeat sweep mode, A/D conversion execution time is the time for eight pins when
bits SCAN1 to SCANO are set to 11b (seven pins).

30.13.2 Temperature Sensor

* When the ADTSEN bit is set to 1 (operation starts), the temperature sensor starts operation. After the setting
to start operation, wait until the voltage stabilizes a maximum of 200 us before starting A/D conversion.

» The A/D conversion result of the temperature sensor output voltage will include fluctuations in the output
voltage and errors in the A/D converter absolute accuracy. This may cause discrepancies in the Temperature
Sensor Performance (refer to Table 25.9) or the Temperature Characteristics of Temperature Sensor Output
Voltage When Gain 1 is Selected (Typical Characteristics) (refer to Figure 25.10).

» Depending on the environment surrounding the MCU, the thermal conductivity from the measured object to
the temperature sensor circuit varies, affecting the response time and accuracy of the temperature sensor
output voltage. Careful evaluation should be performed for the system before use.

« If the temperature sensor output voltage amplified by the gain amplifier exceeds the reference voltage, A/D
conversion cannot be performed correctly.

» The temperature sensor output voltage cannot be output from the pins.

30.14 Notes on LCD Drive Control Circuit

30.14.1 When Division Resistors are Connected Externally

The reference values of R1 to R3 are 10 kQ to 200 kQ. These reference values depend on the used LCD panel,
number of segment and common pins, frame frequency, and environment. Careful evaluation should be
performed for the system to determine the values (refer to Figure 27.3).
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30.15 Notes on Flash Memory
30.15.1 CPU Rewrite Mode

30.15.1.1 Prohibited Instructions

The following instructions cannot be used while the program ROM area is being rewritten in EW0 mode
because they reference data in the flash memory: UND, INTO, and BRK.

30.15.1.2 Interrupts
Tables 30.1 to 30.2 list CPU Rewrite Mode Interrupts (1) and (2), respectively.
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Table 30.1  CPU Rewrite Mode Interrupts (1)
Mode WrE(;a'l?;r/get Status Maskable Interrupt
EWO0 | Data flash During auto-erasure/ | When an interrupt request is acknowledged, interrupt handling is executed. If the
programming FMR22 bit is set to 1 (suspend request enabled by interrupt request), the FMR21 bit
FMR20=1 is automatically set to 1 (suspend request). The flash memory suspends auto-
(suspend enabled) erasure or auto-programming after td(SR-SUS).
If suspend is required while the FMR22 bit is 0 (suspend request disabled by
interrupt request), set the FMR21 bit to 1 during interrupt handling. The flash
memory suspends auto-erasure or auto-programming after td(SR-SUS).
While auto-erasure is being suspended, any block other than the block during auto-
erasure execution can be read or written.
While auto-programming is being suspended, any block other than the block during
auto-programming execution can be read. Auto-erasure or auto-programming can
be restarted by setting the FMR21 bit to O (restart).
During auto-erasure/ | Interrupt handling is executed while auto-erasure or auto-programming is being
programming performed.
FMR20=0
(suspend disabled)
Program During auto-erasure/ | When an interrupt request is acknowledged, interrupt handling is executed. If the
ROM programming FMR22 bit is set to 1 (suspend request enabled by interrupt request), the FMR21 bit
FMR20=1 is automatically set to 1 (suspend request). The flash memory suspends auto-
(suspend enabled) erasure or auto-programming after td(SR-SUS).
If suspend is required while the FMR22 bit is 0 (suspend request disabled by
interrupt request), set the FMR21 bit to 1 during interrupt handling. The flash
memory suspends auto-erasure or auto-programming after td(SR-SUS).
While auto-erasure is being suspended, any block other than the block during auto-
erasure execution can be read or written.
While auto-programming is being suspended, any block other than the block during
auto-programming execution can be read. Auto-erasure or auto-programming can
be restarted by setting the FMR21 bit to O (restart).
During auto-erasure/ | Interrupt handling is executed while auto-erasure or auto-programming is being
programming performed.
FMR20=0
(suspend disabled)
EW1 | Data flash During auto-erasure/ | If the FMR22 bit is set to 1 (suspend request enabled by interrupt request), the
programming FMR21 bit is automatically set to 1 (suspend request) when an interrupt request is
FMR20=1 acknowledged. The flash memory suspends auto-erasure or auto-programming after
(suspend enabled) td(SR-SUS) and interrupt handling is executed.
While auto-erasure is being suspended, any block other than the block during auto-
erasure execution can be read or written.
While auto-programming is being suspended, any block other than the block during
auto-programming execution can be read. Auto-erasure or auto-programming can
be restarted by setting the FMR21 bit to O (restart).
If the FMR22 bit is set to 0 (suspend request disabled by interrupt request), auto-
erasure and auto-programming have priority and interrupt requests are put on standby.
Interrupt handling is executed after auto-erase and auto-program complete.
During auto-erasure/ | Auto-erasure and auto-programming have priority and interrupt requests are put on
programming standby.
FMR20=0 Interrupt handling is executed after auto-erase and auto-program complete.
(suspend disabled)
Program During auto-erasure/ | If the FMR22 bit is set to 1 (suspend request enabled by interrupt request), the
ROM programming FMR21 bit is automatically set to 1 (suspend request) when an interrupt request is
FMR20=1 acknowledged. The flash memory suspends auto-erasure or auto-programming after
(suspend enabled) td(SR-SUS) and interrupt handling is executed.
While auto-erasure is being suspended, any block other than the block during auto-
erasure execution can be read or written.
While auto-programming is being suspended, any block other than the block during
auto-programming execution can be read. Auto-erasure or auto-programming can
be restarted by setting the FMR21 bit to O (restart).
If the FMR22 bit is set to 0 (suspend request disabled by interrupt request), auto-
erasure and auto-programming have priority and interrupt requests are put on standby.
Interrupt handling is executed after auto-erase and auto-program complete.
During auto-erasure/ | Auto-erasure and auto-programming have priority and interrupt requests are put on
programming standby.
FMR20=0 Interrupt handling is executed after auto-erase and auto-program complete.
(suspend disabled)

FMR21, FMR22: Bits in FMR2 register
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Table 30.2 CPU Rewrite Mode Interrupts (2)
» Watchdog Timer ¢ Undefined Instruction
Erase/ « Oscillation Stop Detection ¢ INTO Instruction
Mode Status

Write Target

* Voltage Monitor 2

« BRK Instruction

FMR20=1
(suspend enabled)

During auto-erasure/
programming

FMR20=0

(suspend disabled)

* \Voltage Monitor 1 (Note 1) | » Single Step (Note 1)
EWO0 | Data flash During auto-erasure/|When an interrupt request is acknowledged, auto- | Do not use during
programming erasure or auto-programming is forcibly stopped | auto-erasure or
FMR20=1 immediately and the flash memory is reset. | auto-programming.
(suspend enabled) Interrupt handling starts when the flash memory
restarts after the fixed period.
During auto-erasure/ Since the block during auto-erasure or the address
programming during auto-programming is forcibly stopped, the
EMR20=0 normal value may not be read. After the flash
(suspend disabled) memory restarts, execute auto-erasure again and
- ensure it completes normally. The watchdog timer
Program During a_uto-erasure/ does not stop during the command operation, so
ROM programming interrupt requests may be generated. Initialize the
FMR20=1 watchdog timer regularly using the suspend
(suspend enabled) function.
During auto-erasure/
programming
FMR20=0
(suspend disabled)
EW1 | Data flash During auto-erasure/|When an interrupt request is acknowledged, auto- | Not usable during
programming erasure or auto-programming is forcibly stopped | auto-erasure or
FMR20=1 immediately and the flash memory is reset. | auto-programming.
(suspend enabled) Interrupt handling starts when the flash memory
restarts after the fixed period.
During auto-erasure/ Since the block during auto-erasure or the address
programming during auto-programming is forcibly stopped, the
FMR20=0 normal value may not be read. After the flash
(suspend disabled) memory restarts, execute auto-erasure again and
Program During auto-erasure/ ensure it completes normally. The watchdog timer
ROM programming does not stop during the command operation, so

interrupt requests may be generated. Initialize the
watchdog timer regularly using the suspend
function.

FMR21, FMR22: Bits in FMR2 register

Note:

1. Do not use a non-maskable interrupt while block 0 is being auto-erased because the fixed vector is allocated in block 0.
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30.15.1.3 How to Access

To set one of the following bitsto 1, first write 0 and then 1 immediately. Disable interrupts between writing O
and writing 1.

* The FMRO1 or FMRO2 bit in the FMRO register

* The FMR13 hit in the FMR1 register

* The FMR20, FMR22, or FMR 27 bit in the FMR2 register

To set one of the following bitsto O, first write 1 and then O immediately. Disable interrupts between writing 1
and writing O.
e The FMR14 or FMR15 bit in the FMR1 register

30.15.1.4 Rewriting User ROM Area

In EWO0 mode, if the supply voltage drops while rewriting any block in which arewrite control program is
stored, it may not be possible to rewrite the flash memory because the rewrite control program cannot be
rewritten correctly. In this case, use standard serial 1/0 mode.

30.15.1.5 Programming
Do not write additions to the already programmed address.

30.15.1.6 Entering Stop Mode or Wait Mode

Do not enter stop mode or wait mode during erase-suspend.

When the FST7 hit in the FST register is set to 0 (busy (during programming or erasure execution), do not enter
to stop mode or wait mode.

Do not enter stop mode or wait mode while the FMR27 bit is 1 (Ilow-current-consumption read mode enabled).

30.15.1.7 Programming and Erasure Voltage for Flash Memory

To program and erasure program ROM, use VCC = 1.8 V to 5.5 V as the supply voltage. Do not perform
programming and erasure at lessthan 1.8 V.

30.15.1.8 Block Blank Check

Do not execute the block blank check command during erase-suspend.

30.15.1.9 Low-Current-Consumption Read Mode

In low-speed clock mode and low-speed on-chip oscillator mode, the current consumption when reading the
flash memory can be reduced by setting the FMR27 bit in the FMR2 register to 1 (low-current-consumption
read mode enabled).

L ow-current-consumption read mode can be used when the CPU clock is set to either of the following:

. The CPU clock is set to the low-speed on-chip oscillator clock divided by 4, 8, or 16.

. The CPU clock is set to the XCIN clock divided by 1 (no division), 2, 4, or 8.

However, do not use low-current-consumption read mode when the frequency of the selected CPU clock is

3 kHz or below.

After setting the divide ratio of the CPU clock, set the FMR27 bit to 1 (low-current-consumption read mode
enabled).

To reduce the power consumption, refer to 10.8 Reducing Power Consumption.

Enter wait mode or stop mode after setting the FMR27 bit to O (low-current-consumption read mode disabled).

Do not enter wait mode or stop mode while the FMR27 bit is 1 (low-current-consumption read mode enabled).
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30.16 Notes on Noise

30.16.1 Inserting Bypass Capacitor between Pins VCC and VSS as Countermeasure
against Noise and Latch-up

Connect a bypass capacitor (approximately 0.1 uF) using the shortest and thickest wire possible.

30.16.2 Countermeasures against Noise Error of Port Control Registers

During rigorous noise testing or the like, external noise (mainly power supply system noise) can exceed the
capacity of the MCU internal noise control circuitry. In such cases the contents of the port related registers may
be changed.
As afirmware countermeasure, it is recommended that the port registers, port direction registers, and pull-up
control registers be reset periodically. However, examine the control processing fully before introducing the
reset routine as conflicts may be created between the reset routine and interrupt routines.

30.17 Note on Supply Voltage Fluctuation

After reset is deasserted, the supply voltage applied to the VCC pin must meet either or both the allowable ripple
voltage Vr (vcc) or ripple voltage falling gradient dVr (vce)/dt shown in Figure 30.2.

Standard
Symbol Parameter - Unit
Min. Typ. Max.
Vr (vce) Allowable ripple voltage 0.1vCC \%
dVr (vce)/dt Ripple voltage falling gradient 10 V/ms
A
VCC Vr (vee)
A4
Figure 30.2 Definition of Ripple Voltage
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31. Notes on On-Chip Debugger

When using the on-chip debugger to develop and debug programs for the RBC/LA3A Group and R8C/LA5SA Group,
take note of the following:

(1) Some of the user flash memory and RAM areas are used by the on-chip debugger. These areas cannot be accessed
by the user.
Refer to the on-chip debugger manual for which areas are used.

(2) Do not set the address match interrupt (registers AIERO, AIER1, RMADO, and RMAD1 and fixed vector tables)
inauser system.

(3) Do not usethe BRK instruction in a user system.

(4) Debugging isavailable under the condition of supply voltage VCC = 1.8 t0 5.5 V. Set the supply voltageto 1.8 V
or above for rewriting the flash memory.

Connecting and using the on-chip debugger has some special restrictions. Refer to the on-chip debugger manual for
details.
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Appendix 1. Package Dimensions

Diagrams showing the latest package dimensions and mounting information are available in the “ Packages’ section of
the Renesas Electronics web site.

JEITA Package Code | RENESAS Code |  Previous Code | MASS[Typ] |
P-LQFP32-7x7-0.80 | PLQP0032GB-A | 32P6U-A | 029 |

Ho

"

2 17
H H H H H H H H N DIMENSIONS 17 AND 22"
DO NOT INCLUDE MOLD FLASH.
2 0] (e % NEOBE TR oFPSET.
] ]
o] i z
il
o ]
wi E4
[ BN & i Dimension in Millimeters
i i} symbol T Min [ Nom | Max
1] i D 69|70 71
| Terminal cross section E 69 | 70| 71
e\ s Ao | — |14 —
H H H H H H H * Ho | 88 | 9.0 | 9.2
S He | 88 | 9.0 | 9.2
21 8 Al — | — |17
—) Index mark A1 0 01 02
F < & } bp [0.32]0.37] 042
J q bt | —[035] —
— = ¢ 10.09(0.145| 0.20
[] [ 1\ . ] kK I T g
L 6 o]l — 1 8
; e | — 08| —
E . Detail F X — — 0.20
8l % & ® y | — | — |0.10
Zp | — | 07—
Ze | — | 07| —
L 03] 05 07
Li | — 110 ] —
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JEITA Package Code | RENESAS Code | Previous Code | MASS[Typ] |
P-LQFP52-10x10-0.65 | PLQP0052JA-A | 52P6A-A | 03 |
HD
"y
39 27
HHHAAAAAAHAAA
40 B Q F= 26 N?.T%)IMENSIONS”“VAND i
0= = DO NOT INCLUDE MOLD FLASH.
(= = b 2. DIMENSION "*3" DOES NOT
=im i P INCLUDE TRIM OFFSET.
(== i b1
(== i
[ im mim] w4
= =« 5| o
(== i
g % Dimension in Millimeters
== Q o Symeel ["Min [ Nom | Max
52 0 -“1“H Terminal cross section D 99 100|101
E
LEGEREEREREE = eef100]t01
2 Index mark Hp | 11.8]12.0] 12.2
He [ 11.8]12.0] 12.2
Al — | — 17
F o L A1 10.05] 0.1 ]0.15
1< B ‘ by [0.27]0.32]0.37
d ) s 1. b [ — 030 —
= . I ¢ |0.09[0.145[ 0.20
E L C1 0.125
g eb]s] 3 o TR . . I E—
el | — 065 —
Detail F X _ _ 0.13
y — | — [0.10
Zo | — [ 11| —
Ze | — |11 | —
L 0.35]| 0.5 ]0.65
L[ —T[10[—
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Appendix 2. Connection Examples with Serial Programmer
Appendix Figures 2.1 to 2.2 show connection examples with the MF Ten Nine Cable (M3A-0652CBL).

_EELEEEER
[-] O s =]
ol
RESET = = N
SRR [ 0] > B
VSS ? ] > [ 8]
\o—=] ® =
vee S [~] e B
=] s =]
S, \ J
BEAEEEEE
XD
10
TXD _8 g[ 7 VSS 7L_
[oNe]
RXD 4_0 o A?
00 1 vCC ®
A

MF Ten Nine Cable
(M3A-0652CBL)

L

Notes:
1. It is not necessary to connect an oscillation circuit when operating with the on-chip oscillator clock.
2. Input the reference potential to the VREF pin as shown in 29. Electrical Characteristics: A/D Converter Characteristics
or connect the pin to VCC.

Appendix Figure 2.1  Connection Example with MF Ten Nine Cable (M3A-0652CBL) (1)

RO1UH0024EJ0100 Rev.1.00 RENESAS Page 576 of 581
Aug 24, 2011



R8C/LA3A Group, R8C/LA5SA Group Appendix 2. Connection Examples with Serial Programmer

!J%'H?IIEH%II%II%Ilsllalltlltllﬁllﬁll*sl
( ™
; 5O Ok
T = Py &]
[ (0% =]
=] Q) 2]
> (o] C E
[=] > (2]
] o 2]
@ Connect an E > E
[ — —
oscillation circuit @ (O—; )] [ 2]
VSS *® ) (5] 3 E
o——E]} =]
VCC L {5] % i
E] (2]
N J
S BB B EEEEREE B
CIXD>
10
TXD o O 7 VSS
ool
RXD 4 © 0 |:
o © 1 vce
(oo L
A
MF Ten Nine Cable
(M3A-0652CBL)
Notes:
1. Itis not necessary to connect an oscillation circuit when operating with the on-chip oscillator clock.
2. Input the reference potential to the VREF pin as shown in 29. Electrical Characteristics: A/D Converter Characteristics
or connect the pin to VCC.

Appendix Figure 2.2  Connection Example with MF Ten Nine Cable (M3A-0652CBL) (2)
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Appendix 3. Connection Examples with E8a Emulator
Appendix Figures 3.1 and 3.2 show connection examples with the E8a Emulator (ROEO0008A K CEQQ).

@

_FEEEEERR
O

Open collector buffer

4.7 kQ or more ’»

N
w
L]
Connect an e l:h

oscillation circuit @

dnolo vev1/08Y
1 o

AR
./
4.7 kQ + 10%
14
12 _g g RESET
0 CMODE>
—HO O
sl O[ 7 MODE _ Y,
vee &l oo Lol L s L= L2 L]
400
2400
Vss
A
E8a emulator
(ROEOOOOBAKCEQO)

Notes:
1. It is not necessary to connect an oscillation circuit when operating with the on-chip oscillator clock.
2. Input the reference potential to the VREF pin as shown in 29. Electrical Characteristics: A/D Converter Characteristics

or connect the pin to VCC.

Appendix Figure 3.1  Connection Example with E8a Emulator (ROEOOO08AKCEOQO) (1)
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@

-] [ €]
[~] E
Open collector buffer Mo ) =
- [=] X 5]
4.7 kQ or more ” i Q ==
L - o
® o] > 2]
— [4)] Bl
[ 5 > =
Connect an L] Lo
- oscillation circuit ™ rO— o] Q =]
(5] =} 2]
4.7 kQ + 10% = = =]
1[5 o = ° —
12 RESET Lo | [ 8]
o O CMODE> E s
0160 7 MODE _:ms:zzgmmmﬁmg_
8lo o=
|-
VCC 6 Lo O
O O
2lo o0
VSS
A
E8a emulator
(ROEOOO08AKCEO00)

Notes:
1. Itis not necessary to connect an oscillation circuit when operating with the on-chip oscillator clock.
2. Input the reference potential to the VREF pin as shown in 29. Electrical Characteristics: A/D Converter Characteristics
or connect the pin to VCC.

Appendix Figure 3.2  Connection Example with E8a Emulator (ROEOO008AKCEOQO) (2)
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