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10.

11.

12.

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 sal es 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. Y ou 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 errors in 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; persona 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; agrospace 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 alone is 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 a result 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.

(Note 1) “Renesas Electronics’ as used in this document means Renesas Electronics Corporation and also 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.




How to Use This Manual

1. 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 isintended 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 R8C/38C 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 characteristics R8C/38C Group REJO3B0295
Datasheet
User’s manual: Hardware specifications (pin assignments, memory R8C/38C Group This User’s
Hardware maps, peripheral function specifications, electrical User’'s Manual: manual
characteristics, timing charts) and operation description | Hardware
Note: Refer to the application notes for details on using
peripheral functions.
User’s manual: Description of CPU instruction set R8C/Tiny Series REJ09B0001
Software Software Manual

Application note

Information on using peripheral functions and
application examples

Sample programs

Information on writing programs in assembly language
and C

Renesas technical
update

Product specifications, updates on documents, etc.

Available from Renesas Electronics

Web site.




2.

Notation of Numbers and Symbols

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

(1) 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 PM 03 bit in the PMO register
P3 5 pin, VCC pin

(2) 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: EFACh
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 N 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
IEBus Inter Equipment Bus
I/0 Input/Output
IrDA Infrared Data Association
LSB Least Significant Bit
MSB Most Significant Bit
NC Non-Connection
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 172
0002h 0042h
0003h 0043h
0004h | Processor Mode Register 0 PMO 30 0044h
0005h | Processor Mode Register 1 PM1 204 0045h
0006h | System Clock Control Register O CMO 134 0046h |INT4 Interrupt Control Register INT4IC 173
0007h | System Clock Control Register 1 CM1 135 0047h | Timer RC Interrupt Control Register TRCIC 172
0008h | Module Standby Control Register MSTCR 275, 333, 0048h | Timer RDO Interrupt Control Register TRDOIC 172
2;‘3‘ 333’ 0049h | Timer RD1 Interrupt Control Register TRD1IC 172
413‘ 468’ 004Ah | Timer RE Interrupt Control Register TREIC 171
568, 599, 004Bh |UART2 Transmit Interrupt Control Register S2TIC 171
0009h | System Clock Control Register 3 CM3 136 004Ch |UART2 Receive Interrupt Control Register S2RIC 171
000Ah | Protect Register PRCR 164 004Dh [ Key Input Interrupt Control Register KUPIC 171
000Bh |Reset Source Determination Register RSTFR 30 004Eh [A/D Conversion Interrupt Control Register ADIC 171
000Ch | Oscillation Stop Detection Register OCD 138 004Fh | SSU Interrupt Control Register/IIC bus Interrupt | SSUIC/IICIC 172
000Dh |Watchdog Timer Reset Register WDTR 204 Control Register
000Eh |Watchdog Timer Start Register WDTS 204 0050h | Timer RF Compare 1 Interrupt Control Register | CMP1IC 171
000Fh | Watchdog Timer Control Register WDTC 205 0051h [UARTO Transmit Interrupt Control Register SoTIC 171
0010h 0052h [UARTO Receive Interrupt Control Register SORIC 171
0011h 0053h [UART1 Transmit Interrupt Control Register S1TIC 171
0012h 0054h |[UART1 Receive Interrupt Control Register S1RIC 171
0013h 0055h [INT2 Interrupt Control Register INT2IC 173
0014h 0056h | Timer RA Interrupt Control Register TRAIC 171
0015h | High-Speed On-Chip Oscillator Control Register 7| FRA7 138 0057h
0016h 0058h | Timer RB Interrupt Control Register TRBIC 171
0017h 0059h [INT1 Interrupt Control Register INT1IC 173
0018h 005Ah | INT3 Interrupt Control Register INT3IC 173
0019h 005Bh | Timer RF Interrupt Control Register TRFIC 171
001Ah 005Ch | Timer RF Compare O Interrupt Control Register | CMPOIC 171
001Bh 005Dh | INTO Interrupt Control Register INTOIC 173
001Ch | Count Source Protection Mode Register CSPR 205 005Eh g,:;;irBus Collision Detection Interrupt Control | U2BCNIC 171
001Dh 005Fh | Timer RF Capture Interrupt Control Register CAPIC 171
001Eh
001Fh 0060h
0020h 0061
0021h 0062h
0022h 0063h
- - - - 0064h
0023h | High-Speed On-Chip Oscillator Control Register 0| FRAO 139 0065h
0024h | High-Speed On-Chip Oscillator Control Register 1| FRA1 139 0086h
0025h | High-Speed On-Chip Oscillator Control Register 2| FRA2 140 0067h
0026h | On-Chip Reference Voltage Control Register OCVREFCR 650 0088h
0027h 0069h
0028h | Clock Prescaler Reset Flag CPSRF 140 006AN
0029h H!gh-Speed On-Ch!p Osc!llator Control Reg!ster 4| FRA4 141 006Bh | Timer RG Interrupt Control Register TRGIC 72
002Ah | High-Speed On-Chip Oscillator Control Register 5| FRAS 141 006Ch
002Bh | High-Speed On-Chip Oscillator Control Register 6| FRA6 141 006Dh
o=
002Eh 006Fh
- - v - 0070h
002Fh |High-Speed On-Chip Oscillator Control Register 3| FRA3 141 0071h
gg:i: zo::age montor (C;rcui Egntrosl ’Tegtli:er o Szl:é ii 0072h | Voltage Monitor 1 Interrupt Control Register VCMPL1IC 171
oltage Monitor Circult =dge Select Register 0073h | Voltage Monitor 2 Interrupt Control Register | VCMP2IC 171
0032h
- 0074h
0033h | Voltage Detect Register 1 VCAL 44 0075h
0034h |Voltage Detect Register 2 VCA2 45, 142 0076n
0035h . . 077h
0036h |Voltage Detection 1 Level Select Register VDILS 46 0078n
0037h . _ . 0079h
0038h | Voltage Monitor 0 Circuit Control Register VwWocC 47 007Ah
0039%h | Voltage Monitor 1 Circuit Control Register Vwic 48 0078
003Ah | Voltage Monitor 2 Circuit Control Register vwac 49 0o7ch
-
003Dh 007ER
007Fh
003Eh
003Fh
Note:

1. The blank regions are reserved. Do not access locations in these regions.




Address Register Symbol Page Address Register Symbol Page
0080h | DTC Activation Control Register DTCTL 216 00COh |A/D Register 0 ADO 651
0081h 00C1h
0082h 00C2h |A/D Register 1 AD1 651
0083h 00C3h
0084h 00C4h |A/D Register 2 AD2 651
0085h 00C5h
0086h 00C6h |A/D Register 3 AD3 651
0087h 00C7h
0088h | DTC Activation Enable Register 0 DTCENO 215 00C8h |A/D Register 4 AD4 651
0089h |DTC Activation Enable Register 1 DTCEN1 215 00C9h
008Ah |DTC Activation Enable Register 2 DTCEN2 215 00CAh | A/D Register 5 AD5 651
008Bh | DTC Activation Enable Register 3 DTCEN3 215 00CBh
008Ch [DTC Activation Enable Register 4 DTCEN4 215 00CCh [A/D Register 6 AD6 651
008Dh [DTC Activation Enable Register 5 DTCEN5 215 00CDh
008Eh |DTC Activation Enable Register 6 DTCENG6 215 00CEh | A/D Register 7 AD7 651
008Fh 00CFh
0090h | Timer RF Register TRF 455 00DOh
0091h 00D1h
0092h 00D2h
0093h 00D3h
0094h 00D4h | A/D Mode Register ADMOD 652
0095h 00D5h [ A/D Input Select Register ADINSEL 653
0096h 00D6h | A/D Control Register 0 ADCONO 654
0097h 00D7h | A/D Control Register 1 ADCON1 655
0098h 00D8h | D/AO Register DAO 674
0099h 00D9h | D/Al Register DA1 674
009Ah | Timer RF Control Register 0 TRFCRO 456 00DAh
009Bh | Timer RF Control Register 1 TRFCR1 457 00DBh
009Ch | Capture and Compare O Register TRFMO 455 00DCh |D/A Control Register DACON 674
009Dh 00DDh
009Eh |Compare 1 Register TRFM1 456 0ODEh
009Fh 00DFh
00AOh | UARTO Transmit/Receive Mode Register UOMR 500 00EOh | Port PO Register PO 80
00A1lh |UARTO Bit Rate Register UOBRG 500 00E1lh |Port P1 Register P1 80
00A2h |UARTO Transmit Buffer Register uoTB 501 00E2h | Port PO Direction Register PDO 79
00A3h 00E3h [Port P1 Direction Register PD1 79
00A4h | UARTO Transmit/Receive Control Register 0 uoco 502 00E4h | Port P2 Register P2 80
00A5h |UARTO Transmit/Receive Control Register 1 uoC1 502 00E5h | Port P3 Register P3 80
00A6h | UARTO Receive Buffer Register UORB 503 00E6h | Port P2 Direction Register PD2 79
00A7h 00E7h [Port P3 Direction Register PD3 79
00A8h |UART2 Transmit/Receive Mode Register U2MR 522 00E8h | Port P4 Register P4 80
00A9h |UART2 Bit Rate Register U2BRG 522 00E9h | Port P5 Register P5 80
00AAh | UART2 Transmit Buffer Register u2TB 523 00EAh | Port P4 Direction Register PD4 79
00ABh 00EBh | Port P5 Direction Register PD5 79
00ACh |UART2 Transmit/Receive Control Register 0 u2Cco 524 00ECh | Port P6 Register P6 80
00ADh |UART2 Transmit/Receive Control Register 1 u2C1 525 00EDh | Port P7 Register P7 80
00AEh |UART2 Receive Buffer Register U2RB 526 00EEh | Port P6 Direction Register PD6 79
00AFh 00EFh [Port P7 Direction Register PD7 79
00BOh |UART2 Digital Filter Function Select Register URXDF 527 00FOh | Port P8 Register P8 80
00B1h 00F1h |Port P9 Register P9 80
00B2h 00F2h | Port P8 Direction Register PD8 79
00B3h 00F3h | Port P9 Direction Register PD9 79
00B4h 00F4h
00B5h 00F5h
00B6h 00F6h
00B7h 00F7h
00B8h 00F8h
00B9h 00F9h
00BAh 00FAh
00BBh |UART2 Special Mode Register 5 U2SMR5 527 00FBh
00BCh |UART2 Special Mode Register 4 U2SMR4 528 00FCh
00BDh | UART2 Special Mode Register 3 U2SMR3 528 00FDh
00BEh |UART2 Special Mode Register 2 U2SMR2 529 00FEh
00BFh |UART2 Special Mode Register U2SMR 529 00FFh

Note:

1. The blank regions are reserved. Do not access locations in these regions.




Address Register Symbol Page Address Register Symbol Page
0100h | Timer RA Control Register TRACR 236 0130h |Timer RC Control Register 2 TRCCR2 281, 302, 309,
0101h | Timer RA I/O Control Register TRAIOC 236, 239, 242, 315

244, 246, 249 0131h |Timer RC Digital Filter Function Select TRCDF 281, 316
0102h |Timer RA Mode Register TRAMR 237 Register
0103h | Timer RA Prescaler Register TRAPRE 237 0132h | Timer RC Output Master Enable Register TRCOER 282
0104h | Timer RA Register TRA 238 0133h | Timer RC Trigger Control Register TRCADCR 282
0105h | LIN Control Register 2 LINCR2 635 0134h
0106h | LIN Control Register LINCR 636 0135h | Timer RD Control Expansion Register TRDECR 333, 348, 368,
0107h LIN Status Register LINST 636 0136h | Timer RD Trigger Control Regist TRDADCR :js Y ??:sz ' ;;j
0108 | Timer RB Control Register TRBCR 253 imer RD Trigger Control Register vonaa
0109h | Timer RB One-Shot Control Register TRBOCR 253 0137h | Timer RD Start Register TRDSTR 334, 350, 370,
010Ah | Timer RB I/O Control Register TRBIOC 254, 257, 261, 385, 399, 415
264, 268 0138h | Timer RD Mode Register TRDMR 334, 351, 370,
010Bh | Timer RB Mode Register TRBMR 254 385, 399, 415
010Ch |Timer RB Prescaler Register TRBPRE 255 0139h | Timer RD PWM Mode Register TRDPMR 335, 351, 371
010Dh |Timer RB Secondary Register TRBSC 255 013Ah | Timer RD Function Control Register TRDFCR 335, 352, 371,
010Eh |Timer RB Primary Register TRBPR 256 386, 400, 416
010Fh 013Bh |[Timer RD Output Master Enable Register 1 | TRDOER1 | 353, 372, 387,
0110h 401, 417
01llh 013Ch |Timer RD Output Master Enable Register 2 | TRDOER2 | 353, 372, 387,
EET 401, 417
YRR 013Dh | Timer RD Output Control Register TRDOCR 354, 373, 418
013Eh |[Timer RD Digital Filter Function Select TRDDFO 336
0114h Register 0
0115h 013Fh | Timer RD Digital Filter Function Select TRDDF1 336
0116h Register 1
0117h 0140h |Timer RD Control Register O TRDCRO 337, 355, 373,
0118h | Timer RE Second Data Register / Counter | TRESEC 438, 446 388, 402, 419
Data Register 0141h |Timer RD I/O Control Register AO TRDIORAO 338, 356
0119h |Timer RE Minute Data Register / Compare | TREMIN 438, 446 0142h |Timer RD I/O Control Register CO TRDIORCO 339, 357
Data Register 0143h | Timer RD Status Register 0 TRDSRO 340, 358, 374,
011Ah |Timer RE Hour Data Register TREHR 439 389, 403, 420
011Bh | Timer RE Day of Week Data Register TREWK 439 0144h | Timer RD Interrupt Enable Register 0 TRDIERO 341, 359, 375,

011Ch | Timer RE Control Register 1 TRECR1 440, 447 390, 404, 421
011Dh | Timer RE Control Register 2 TRECR2 441, 447 0145h | Timer RD PWM Mode Output Level Control | TRDPOCRO 375
011Eh |Timer RE Count Source Select Register TRECSR 442, 448 R.eglster 0
O11Fh 0146h | Timer RD Counter 0 TRDO 341, 359, 376,

0147h 390, 404, 421
0120h | Timer RC Mode Register TRCMR 276 ozaen T RDG TRecistor A0 TRDGRAO | 342 360376
0121h | Timer RC Control Register 1 TRCCRL | 277, 299, 308, imer RD eneral Register 01 408, 499

0149h , s
0122h |Timer RC Interrupt Enable Register TRCIER 277 014Ah | Timer RD General Register BO TRDGRBO | 342, 360, 376,
0123h | Timer RC Status Register TRCSR 278 0148Bh 391, 405, 422
0124h | Timer RC I/O Control Register 0 TRCIORO | 279, 294, 300 014Ch | Timer RD General Register CO TRDGRCO 34%9316%227&
0125h | Timer RC I/O Control Register 1 TRCIORL | 279,295, 301 014Dh ’
0126h | Timer RC Counter TRC 280 014Eh | Timer RD General Register DO TRDGRDO | 342, 360, 376,
0127h 014Fh 391, 405, 422
0128h |Timer RC General Register A TRCGRA 280 0150h | Timer RD Control Register 1 TRDCR1 337, 355, 373,
0129h 0151h |Ti RD I/0 Ci | Regi Al TRDIORA1 33;0256
012Ah |Timer RC General Register B TRCGRB 280 fmer ontro eg?ster .
012Bh 0152h | Timer RD I/O Control Register C1 TRDIORC1 339, 357
012Ch | Timer RC General Register C TRCGRC 280 0153h | Timer RD Status Register 1 TRDSR1 340, 358, 374,

389, 403, 420

012Dh 0154h | Timer RD Interrupt Enable Register 1 TRDIERL | 341, 350, 375,
012Eh | Timer RC General Register D TRCGRD 280 390, 404, 421
012Fh 0155h | Timer RD PWM Mode Output Level Control | TRDPOCR1 375

Not Register 1

ote: -

1. The blank regions are reserved. Do not access locations in these regions. 0156h | Timer RD Counter 1 TRD1 341, 359, 376,
0157h 405
0158h |Timer RD General Register A1 TRDGRA1 | 342, 360, 376,
0159h 391, 405, 422
015Ah |Timer RD General Register B1 TRDGRB1 | 342, 360, 376,
015Bh 391, 405, 422
015Ch |Timer RD General Register C1 TRDGRC1 | 342, 360, 376,
015Dh 391, 405, 422
015Eh |Timer RD General Register D1 TRDGRD1 | 342, 360, 376,
015Fh 391, 405, 422




Address Register Symbol Page Address Register Symbol Page
0160h |UART1 Transmit/Receive Mode Register UIMR 500 01A0h
0161h |UART1 Bit Rate Register U1BRG 500 01A1lh
0162h |UART1 Transmit Buffer Register uiTB 501 01A2h
0163h 01A3h
0164h |UART1 Transmit/Receive Control Register 0 | U1CO 502 01A4h
0165h |UART1 Transmit/Receive Control Register 1 | U1C1 502 01A5h
0166h |UART1 Receive Buffer Register U1RB 503 01A6h
0167h 01A7h
0168h 01A8h
0169h 01A%h
016Ah 01AAh
016Bh 01ABh
016Ch 01ACh
016Dh 01ADh
016Eh 01AEh
016Fh 01AFh
0170h | Timer RG Mode Register TRGMR 469 01BOh
0171h | Timer RG Count Control Register TRGCNTC 470 01B1lh
0172h | Timer RG Control Register TRGCR 471, 493 01B2h [Flash Memory Status Register FST 688
0173h | Timer RG Interrupt Enable Register TRGIER 471 01B3h
0174h |Timer RG Status Register TRGSR 472 01B4h [Flash Memory Control Register 0 FMRO 690
0175h | Timer RG 1/O Control Register TRGIOR 473, 481, 485 01B5h | Flash Memory Control Register 1 FMR1 693
0176h | Timer RG Counter TRG 473 01B6h [Flash Memory Control Register 2 FMR2 695
0177h 01B7h
0178h |Timer RG General Register A TRGGRA 474 01B8h
0179h 01B%h
017Ah | Timer RG General Register B TRGGRB 474 01BAh
017Bh 01BBh
017Ch |[Timer RG General Register C TRGGRC 474 01BCh
017Dh 01BDh
017Eh |Timer RG General Register D TRGGRD 474 01BEh
017Fh 01BFh
0180h | Timer RA Pin Select Register TRASR 81, 238 01COh [Address Match Interrupt Register O RMADO 188
0181h | Timer RB/RC Pin Select Register TRBRCSR 81, 256, 283 01C1h
0182h | Timer RC Pin Select Register 0 TRCPSRO 82,284 01C2h
0183h | Timer RC Pin Select Register 1 TRCPSR1 83, 285 01C3h [Address Match Interrupt Enable Register 0 AIERO 188
0184h | Timer RD Pin Select Register 0 TRDPSRO 84, 343, 361, 01C4h [Address Match Interrupt Register 1 RMAD1 188
377, 392, 407, 01C5h
. . . 424 01Cé6h
0185h | Timer RD Pin Select Register 1 TRDPSR1 38747' 3;932' 346017' 01C7h | Address Match Interrupt Enable Register 1 AIERL 188
424 01C8h
0186h | Timer Pin Select Register TIMSR 85, 442, 448, 01C%h
458, 475 01CAh
0187h | Timer RF Output Control Register TRFOUT 85, 457 01CBh
0188h |UARTO Pin Select Register UOSR 86, 504 01CCh
0189h |UARTL1 Pin Select Register U1SR 86, 504 01CDh
018Ah |UART2 Pin Select Register 0 U2SRO 87, 530 01CEh
018Bh |UART2 Pin Select Register 1 U2SR1 87, 530 01CFh
018Ch [SSU/IIC Pin Select Register SSUIICSR 88, 568, 599 01D0h
018Dh 01D1h
018Eh |INT Interrupt Input Pin Select Register INTSR 89, 181 01D2h
018Fh |1/O Function Pin Select Register PINSR 90, 143, 600 01D3h
0190h 01D4h
0191h 01D5h
0192h 01D6h
0193h |SS Bit Counter Register SSBR 569 01D7h
0194h | SS Transmit Data Register L / IIC bus SSTDR/ 569, 601 01D8h
Transmit Data Register ICDRT 01D%h
0195h |SS Transmit Data Register H SSTDRH 01DAh
0196h |SS Rfsceive Data Register L/ IIC bus SSRDR/ 570, 601 01DBh
Receive Data Register ICDRR
0197h |SS Receive Data Register H SSRDRH o1bch
0198h |SS Control Register H / 1IC bus Control SSCRH / 570, 602 01DDh
Register 1 ICCR1 O01DEh
0199h | SS Control Register L /11C bus Control SSCRL/ 571, 603 01DFh
Register 2 ICCR2
019Ah | SS Mode Register / IIC bus Mode Register |SSMR/ 572, 604
ICMR
019Bh | SS Enable Register/ [IC bus Interrupt Enable | SSER / 573, 605
Register ICIER
019Ch |SS Status Register / 1IC bus Status Register | SSSR/ 574, 606
ICSR
019Dh |SS Mode Register 2 / Slave Address Register| SSMR2 / 575, 607
SAR
019Eh
019Fh
Note:

1. The blank regions are reserved. Do not access locations in these regions.




Address Register Symbol Page Address Register Symbol Page
01EOh |Pull-Up Control Register 0 PURO 91 2C50h [DTC Control Data 2 DTCD2
01E1h |Pull-Up Control Register 1 PUR1 91 2C51h
01E2h | Pull-Up Control Register 2 PUR2 92 2C52h
01E3h 2C53h
01E4h 2C54h
01E5h 2C55h
01E6h 2C56h
01E7h 2C57h
01E8h 2C58h |DTC Control Data 3 DTCD3
01E9h 2C59h
01EAh 2C5Ah
01EBh 2C5Bh
01ECh 2C5Ch
01EDh 2C5Dh
01EEh 2C5Eh
01EFh 2C5Fh
01FOh | Port P1 Drive Capacity Control Register P1DRR 93 2C60h [DTC Control Data 4 DTCD4
01F1h |Port P2 Drive Capacity Control Register P2DRR 93 2C61h
01F2h | Drive Capacity Control Register 0 DRRO 94 2C62h
01F3h | Drive Capacity Control Register 1 DRR1 95 2C63h
01F4h | Drive Capacity Control Register 2 DRR2 96 2C64h
01F5h |Input Threshold Control Register 0 VLTO 97 2C65h
01F6h |Input Threshold Control Register 1 VLT1 98 2C66h
01F7h |Input Threshold Control Register 2 VLT2 98 2C67h
01F8h |Comparator B Control Register 0 INTCMP 677 2C68h [DTC Control Data 5 DTCD5
01F9h 2C69h
01FAh |[External Input Enable Register 0 INTEN 182, 677 2C6Ah
01FBh [External Input Enable Register 1 INTEN1 182 2C6Bh
01FCh |INT Input Filter Select Register O INTF 183, 678 2C6Ch
01FDh |INT Input Filter Select Register 1 INTF1 183 2C6Dh
01FEh [Key Input Enable Register 0 KIEN 186 2C6Eh
01FFh 2C6Fh
2C00h [DTC Transfer Vector Area 2C70h |DTC Control Data 6 DTCD6
2C01h [DTC Transfer Vector Area 2C71h
2C02h |DTC Transfer Vector Area 2C72h
2C03h [DTC Transfer Vector Area 2C73h
2C04h |DTC Transfer Vector Area 2C74h
2C05h [DTC Transfer Vector Area 2C75h
2C06h |DTC Transfer Vector Area 2C76h
2C07h [DTC Transfer Vector Area 2C77h
2C08h |DTC Transfer Vector Area 2C78h |DTC Control Data 7 DTCD7
2C09h [DTC Transfer Vector Area 2C79h
2COAh |DTC Transfer Vector Area 2C7Ah

: DTC Transfer Vector Area 2C7Bh
: DTC Transfer Vector Area 2C7Ch

2C3Ah |DTC Transfer Vector Area 2C7Dh
2C3Bh |DTC Transfer Vector Area 2C7Eh
2C3Ch | DTC Transfer Vector Area 2C7Fh
2C3Dh | DTC Transfer Vector Area 2C80h |DTC Control Data 8 DTCD8
2C3Eh |DTC Transfer Vector Area 2C81h
2C3Fh [DTC Transfer Vector Area 2C82h
2C40h |DTC Control Data 0 DTCDO 2C83h
2C41h 2C84h
2C42h 2C85h
2C43h 2C86h
2C44h 2C87h
2C45h 2C88h |DTC Control Data 9 DTCD9
2C46h 2C89h
2C47h 2C8Ah
2C48h |DTC Control Data 1 DTCD1 2C8Bh
2C49h 2C8Ch
2C4Ah 2C8Dh
2C4Bh 2C8Eh
2C4Ch 2C8Fh
2C4Dh
2C4Eh
2C4Fh

Note:

1. The blank regions are reserved. Do not access locations in these regions.




Address Register Symbol Page Address Register Symbol Page
2C90h |DTC Control Data 10 DTCD10 2CDOh |DTC Control Data 18 DTCD18
2C91h 2CD1h
2C92h 2CD2h
2C93h 2CD3h
2C94h 2CD4h
2C95h 2CD5h
2C96h 2CD6h
2C97h 2CD7h
2C98h |[DTC Control Data 11 DTCD11 2CD8h [DTC Control Data 19 DTCD19
2C99h 2CD%h
2C9Ah 2CDAh
2C9Bh 2CDBh
2C9Ch 2CDCh
2C9Dh 2CDDh
2C9Eh 2CDEh
2C9Fh 2CDFh
2CAOh |DTC Control Data 12 DTCD12 2CEOh [DTC Control Data 20 DTCD20
2CAlh 2CE1h
2CA2h 2CE2h
2CA3h 2CE3h
2CA4h 2CE4h
2CA5h 2CE5h
2CA6h 2CE6h
2CA7h 2CE7h
2CA8h |DTC Control Data 13 DTCD13 2CE8h |DTC Control Data 21 DTCD21
2CA%h 2CE9h
2CAAh 2CEAh
2CABh 2CEBh
2CACh 2CECh
2CADh 2CEDh
2CAEh 2CEEh
2CAFh 2CEFh
2CBOh |DTC Control Data 14 DTCD14 2CFOh | DTC Control Data 22 DTCD22
2CB1h 2CF1h
2CB2h 2CF2h
2CB3h 2CF3h
2CB4h 2CF4h
2CB5h 2CF5h
2CB6h 2CF6h
2CB7h 2CF7h
2CB8h |DTC Control Data 15 DTCD15 2CF8h |DTC Control Data 23 DTCD23
2CBY%h 2CF9h
2CBAh 2CFAh
2CBBh 2CFBh
2CBCh 2CFCh
2CBDh 2CFDh
2CBEh 2CFEh
2CBFh 2CFFh
2CCOh [DTC Control Data 16 DTCD16 2D00h
2CC1h 2D01h
2CC2h :
2CC3h | FFDBh [Option Function Select Register 2 [oFs2 | 32,200,207 |
2CC4h :
2CC5h | FFFFh |Opti0n Function Select Register ‘ OFS ‘ 31, 50, 199, |
2CCeh 206, 686
2CC7h
2CC8h [DTC Control Data 17 DTCD17
2CCoh
2CCAh
2CCBh
2CCCh
2CCDh
2CCEh
2CCFh

Note:

1. The blank regions are reserved. Do not access locations in these regions.



LENESAS

R8C/38C Group ROLUHO094EJ0110

Rev.1.10
RENESAS MCU Oct 04, 2010

1. Overview

1.1 Features

The R8C/38C Group of single-chip MCUs incorporates the R8C CPU core, employing sophisticated instructions
for ahigh level of efficiency. With 1 Mbyte of address space, and it is capable of executing instructions at high
speed. In addition, the CPU core boasts 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, reduces the number of
system components.

The R8C/38C Group has data flash (1 KB x 4 blocks) with the background operation (BGO) function.

1.1.1  Applications
Electronic household appliances, office equipment, audio equipment, consumer equipment, etc.

RO1UHO0094EJ0110 Rev.1.10 RENESAS Page 1 of 794
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R8C/38C Group

1. Overview

1.1.2

Specifications

Tables 1.1 and 1.2 outline the Specifications for R8C/38C Group.

Table 1.1

Specifications for R8C/38C Group (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 t0 5.5 V)
200 ns (f(XIN) =5 MHz, VCC = 1.8 t0 5.5 V)
 Multiplier: 16 bits x 16 bits — 32 bits
» Multiply-accumulate instruction: 16 bits x 16 bits + 32 bits — 32 bits
» Operation mode: Single-chip mode (address space: 1 Mbyte)

Memory

ROM, RAM,
Data flash

Refer to Table 1.3 Product List for RBC/38C Group

Power Supply
Voltage
Detection

Voltage detection
circuit

* Power-on reset
« Voltage detection 3 (detection level of voltage detection 0 and voltage
detection 1 selectable)

1/0O Ports

Programmable 1/0
ports

* Input-only: 1 pin
* CMOS 1/O ports: 75, selectable pull-up resistor
« High current drive ports: 75

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: Dividing selectable 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

Real-time clock (timer RE)

Interrupts

* Interrupt Vectors: 69
» External: 9 sources (INT x 5, key input x 4)
* Priority levels: 7 levels

Watchdog Timer

* 14 bits x 1 (with prescaler)
* Reset start selectable
» Low-speed on-chip oscillator for watchdog timer selectable

DTC (Data Transfer Controller)

« 1 channel
« Activation sources: 39
« Transfer modes: 2 (normal mode, repeat mode)

Timer

Timer RA

8 bits x 1 (with 8-bit prescaler)
Timer mode (period timer), pulse output mode (output level inverted every
period), event counter mode, pulse width measurement mode, pulse period
measurement mode

Timer RB

8 bits x 1 (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 pin)

Timer RD

16 bits x 2 (with 4 capture/compare registers)
Timer mode (input capture function, output compare function), PWM mode
(output 6 pins), reset synchronous PWM mode (output three-phase
waveforms (6 pins), sawtooth wave modulation), complementary PWM mode
(output three-phase waveforms (6 pins), triangular wave modulation), PWM3
mode (PWM output 2 pins with fixed period)

RO1UHO094EJ0110 Rev.1.10

Oct 04, 2010
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R8C/38C Group 1. Overview

Table 1.2 Specifications for R8C/38C Group (2)

Item Function Specification
Timer Timer RE 8 bits x 1
Real-time clock mode (count seconds, minutes, hours, days of week), output
compare mode

Timer RF 16 bits x 1

Input capture mode (input capture circuit), output compare mode (output
compare circuit)

Timer RG 16 bits x 1 (with 2 capture/compare registers)

Timer mode (input capture function, output compare function), PWM mode
(output 1 pin), phase counting mode (available automatic measurement for
the counts of 2-phase encoder), event counter mode

Serial UARTO, UART1 Clock synchronous serial I/O/UART x 2 channel

Interface UART2 Clock synchronous serial I/O, UART, 12C mode (12C bus), multiprocessor
communication function

Synchronous Serial 1 (shared with 12C bus)

Communication Unit (SSU)

12C bus 1 (shared with SSU)

LIN Module Hardware LIN: 1 (timer RA, UARTO)

A/D Converter 10-bit resolution x 20 channels, includes sample and hold function, with sweep
mode

D/A Converter 8-bit resolution x 2 circuits

Comparator B 2 circuits

Flash Memory » Programming and erasure voltage: VCC =2.7t0 5.5V

» Programming and erasure endurance: 10,000 times (data flash)
1,000 times (program ROM)

« Program security: ROM code protect, ID code check

» Debug functions: On-chip debug, on-board flash rewrite function

» Background operation (BGO) function (data flash)

Operating Frequency/Supply f(XIN) =20 MHz (VCC =2.7t0 5.5 V)
Voltage f(XIN) =5 MHz (VCC =1.81t0 5.5 V)
Current consumption Typ. 7.0 mA (VCC =5.0 V, f(XIN) = 20 MHz)

Typ. 3.5 mA (VCC = 3.0V, f(XIN) = 10 MHz)
Typ. 4.0 pA (VCC = 3.0 V, wait mode (f(XCIN) = 32 kHz))
Typ. 2.0 pA (VCC = 3.0V, stop mode)

Operating Ambient Temperature —20 to 85°C (N version)
-40 to 85°C (D version) (1)
Package 80-pin LQFP

Package code: PLQPO080KB-A (previous code: 80P6Q-A)

Note:
1. Specify the D version if D version functions are to be used.

RO1UHO0094EJ0110 Rev.1.10 RENESAS Page 3 of 794
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R8C/38C Group

1. Overview

Oct 04, 2010

1.2 Product List
Table 1.3 lists Product List for R8C/38C Group. Figure 1.1 shows a Part Number, Memory Size, and Package of
R8C/38C Group.
Table 1.3 Product List for R8C/38C Group Current of Oct 2010
ROM Capacity RAM
Part No. Program . Package Type Remarks
Data flash | Capacity
ROM
R5F21386CNFP 32 Kbytes |1 Kbyte x 4 |2.5 Kbytes | PLQPO0O80OKB-A |N version
R5F21387CNFP 48 Kbytes |1 Kbyte x 4 |4 Kbytes | PLQPO08OKB-A
R5F21388CNFP 64 Kbytes |1 Kbyte x 4 |6 Kbytes |PLQP0O080KB-A
R5F2138ACNFP 96 Kbytes |1 Kbyte x 4 |8 Kbytes | PLQP0O080KB-A
R5F2138CCNFP 128 Kbytes | 1 Kbyte x 4 | 10 Kbytes | PLQP0080KB-A
R5F21386CNXXXFP |32 Kbytes |1 Kbyte x 4 |2.5 Kbytes | PLQPO080KB-A |N version |Factory
R5F21387CNXXXFP |48 Kbytes |1 Kbyte x 4|4 Kbytes | PLQPO080KB-A programming
R5F21388CNXXXFP |64 Kbytes |1 Kbyte x 4 |6 Kbytes | PLQPOOSOKB-A product ()
R5F2138ACNXXXFP |96 Kbytes |1 Kbyte x 4|8 Kbytes | PLQPO080KB-A
R5F2138CCNXXXFP | 128 Kbytes | 1 Kbyte x 4 |10 Kbytes | PLQPO080KB-A
R5F21386CDFP 32 Kbytes |1 Kbyte x 4 |2.5 Kbytes | PLQPO080KB-A |D version
R5F21387CDFP 48 Kbytes |1 Kbyte x 4 |4 Kbytes | PLQP0O080KB-A
R5F21388CDFP 64 Kbytes |1 Kbyte x 4 |6 Kbytes |PLQP0O080KB-A
R5F2138ACDFP 96 Kbytes |1 Kbyte x 4 |8 Kbytes | PLQP0O080KB-A
R5F2138CCDFP 128 Kbytes | 1 Kbyte x 4 |10 Kbytes | PLQPO080KB-A
R5F21386CDXXXFP |32 Kbytes |1 Kbyte x 4|2.5 Kbytes | PLQP0O080KB-A |D version |Factory
R5F21387CDXXXFP |48 Kbytes |1 Kbyte x 4 |4 Kbytes | PLQPO08OKB-A programming
R5F21388CDXXXFP |64 Kbytes |1 Kbyte x 4 |6 Kbytes | PLQPOOSOKB-A product ()
R5F2138ACDXXXFP |96 Kbytes |1 Kbyte x 4|8 Kbytes | PLQPO080KB-A
R5F2138CCDXXXFP | 128 Kbytes | 1 Kbyte x 4 | 10 Kbytes | PLQP008OKB-A
Note:
1. The user ROM is programmed before shipment.
RO1UH0094EJ0110 Rev.1.10 ;{ENESAS Page 4 of 794



R8C/38C Group 1. Overview

Part No. R5F 21 38

@)
@)
e
X

|
k:

Package type:
FP: PLQP0O080KB-A

ROM number

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

—T ROM capacity
6: 32 KB

7: 48 KB

8: 64 KB

A: 96 KB

C: 128 KB

R8C/38C Group

R8C/3x Series

Memory type
F: Flash memory

Renesas MCU

Renesas semiconductor

Figure 1.1 Part Number, Memory Size, and Package of R8C/38C Group

RO1UHO0094EJ0110 Rev.1.10 RENESAS Page 5 of 794
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R8C/38C Group

1. Overview

1.3 Block Diagram
Figure 1.2 shows a Block Diagram.
A A 5 0
-
L] L] v vy Y h
I/O ports [ PortPo | | PortP1 | | PortP2 | | PortP3 | [ PortP4 | [ PortP5 |
Peripheral functions
Timers UART or "
clock synchronous serial /O System clock generation
Timer RA (8 bits x 1) (8 bits x 3) circuit
Timer RB (8 bits x 1)
Timer RC (16 bits x 1) - Hich XLN'XOhL.’T et
Timer RD (16 bils x 2 e 3 Low-spoed on.chip oscllator
Timer RE (8 bits x 1) (8 bits x 1) XCIN-XCOUT
Timer RF (16 bits x 1)
Timer RG (16 bits x 1)
LIN module
- Low-speed on-chip oscillator
Watchdog timer for watchdog timer
(14 bits) Comparator B
AD converter Voltage detection circuit
(10 bits X 20 channels)
DTC
D/A converter
(8 bits X 2)
R8C CPU core Memory
ROH | ROL SB ROM @
RiH | RiL 5P
R2
R3 ISP
INTB RAM @
A
FB | FLG |
Multiplier
[ PortP9 | [ PortPg | | PortP7 | | PortP6 |
N A A A A y
{ 6 { 8 { 8 { 8 Notes:
1. ROM size varies with MCU type.
2. RAM size varies with MCU type.
Figure 1.2 Block Diagram
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R8C/38C Group

1. Overview

1.4 Pin Assignment

Figure 1.3 shows Pin Assignment (Top View).

Number.

Tables 1.4 and 1.5 outline the Pin Name Information by Pin

P7_3/AN15 4—p [61]

P7_2/AN14 4 [62]

P7_1/AN13 4—p [63]

P7_O/AN12 4—p- [64]
PO_7/ANO/DAL(/TRCIOC) 4—p [65]
PO_6/AN1/DAO(/TRCIOD) ¢—p» [66}
PO_5/AN2(/TRCIOB) 4—p- [67]
PO_4/AN3(/TRCIOB/TREO) ¢—p [65]
PO_3/AN4(/CLK1/TRCIOB) ¢—p» [69]
PO_2/AN5(/RXD1/TRCIOA/TRCTRG) 44— [70]
PO_1/ANB(/TXDL/TRCIOA/TRCTRG) 4—p [7T]
PO_O/AN7(/TRCIOA/ITRCTRG) 44— [72]
P6_4(/RXD1) 4—p [73]

P6_3(/TXD1) 4—p [74]

P6_2(/CLK1) <—p [75]

P6_1 4—p [76]

P6_O(/'TREO) 44— [77]

P9_5 ¢ [78]

P9_4 4—p [19]

P5_7(ITRGIOB) «4—p> [60\

Notes:

2. P4 _2is an input-only pin.

/AN17

©
=
4
<

<
'\I
a
2]

< P75
<> P7_6

[55]
[55]
[57]
[55]
[55]
[54]
53]
[52]
[51]
[50]

O

[1]
[2]
(3]
[4]
[5]

MODE —p [}
P4_3(IXCIN) <— ]

P4_4(/XCOUT) 4—»[3]

P5_5(/TRAIO) <4—»

P5_6(/TRAO/TRGIOA) ¢—»
P3_2(INTL/INT2/TRAIO/TRGCLKB) <¢—»

/AN18

< P7_7

O

/AN19

<4—» P10

/ANS/KIO(/TRCIOD)

<> P1_1

/AN10/KIZ(ITRCIOB)

/AN9/KIL(/TRCIOA/TRCTRG)

<> P1_2

<4—» P13

/AN11/KI3/TRBO(/TRCIOC)

ITXDO/TRCCLK)

<> P1_4

<4—» P1_5

/INT1/RXDO/TRAIO)
IVREF1(/CLKO)

<> P1_6

IVCMP/INT1(/TRAIO)

40] 4—» P1_7,
<4—» P4_5

/ADTRG/INTO(/RXD2/SCL2)

<4—» P6_5)

48]
47]

NT4(/CLK2/CLK1/TRCIOB)

NT2(/TXD2/SDA2/TRCIOC)

46] 4 P6_6

INT3/TRCIOD)
'TRFO00)
TRFOO01)
TRFO02)

TRFI/TRFO10)

<> P6_7|
<> P8_0

[45]
m
[43]
[42]
[41]

<> P8_1|

R8C/38C Group

PLQPOO8OKB-A (80P6Q-A)
(Top view)

P3_O(/TRAO/TRGCLKA) 4—p

P4_2/VREF —p

P4_7/XOUT 4—»

[10]
VSS/AVSS —[11]

P4_6/XIN 4—»

VCC/AVCC —»

1. Can be assigned to the pin in parentheses by a program.

[14]

<>

<4+ [15]
<>
<>
<>
<>
<>

[16]
[17]
[1]
[19]
20§

<4 P8 2

<4 P8_3

P5_4(/TRCIOD)

P5_3(/TRCIOC

P5_2(/TRCIOB;

P5_1(/TRCIOA/TRCTRG,

P5_O(/TRCCLK]

(/TXD2/SDA2/RXD2/SCL2,

P3_7/SDAISSO/TRAOI

(/CLK2/TRCIOD

P3_5/SCL/SSCKI

o) «—>
5] <>
5] <>
]«
5] «—>
5] <>
51 «—>
53] «—>
2] <>
5] <>
0] «—>
5] «—>
5] «—>
7] <>
5] <>
5] «—>
71 «—>
73] <>
2] <>

fo1] «—>

3. Confirm the pin 1 position on the package by referring to the package dimensions.

P8_4(/TRFO11)

P8_5(/TRFO12)

P8_6

P8_7

P3_1(/TRBO)

P3_6(/INTT)

P9_0

P9_1

P9_2

P9_3

P2_0(/INTL/TRCIOB/TRDIOAO/TRDCLK)
P2_1(/TRCIOC/TRDIOCO)
P2_2(/TRCIOD/TRDIOBO)

P2_3(/TRDIODO)

P2_4(/TRDIOAL)

P2_5(/TRDIOB1)

P2_6(/TRDIOC1)

P2_7(/TRDIOD1)
P3_3/IVCMP3/INT3/SCS(/CTS2/RTS2ITRCCLK)
P3_4/IVREF3/SSI(/TXD2/SDA2/RXD2/SCL2/TRCIOC)

Figure 1.3

Pin Assignment (Top View)

RO1UHO094EJ0110 Rev.1.10
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R8C/38C Group

1. Overview

Table 1.4 Pin Name Information by Pin Number (1)
I/O Pin Functions for Peripheral Modules
Pin . . A/D Converter,
Number Control Pin Port Interrupt Timer Serial SSuU 12C D/A Converter,
Interface bus
Comparator B
1 P5_6 (TRAO/TRGIOA)
2 P55 (TRAIO)
3 p3 2 | UNTY | TRAIO/TRGCLKB)
INT2)
4 P3 0 (TRAO/TRGCLKA)
5 P4_2 VREF
6 MODE
7 (XCIN) P4_3
8 (XCOUT) P4 4
9 RESET
10 XOuT P4 _7
11 VSS/AVSS
12 XIN P4_6
13 VCC/AVCC
14 P5 4 (TRCIOD)
15 P5 3 (TRCIOC)
16 P5 2 (TRCIOB)
17 P5 1 (TRCIOA/TRCTRG)
18 P5 0 (TRCCLK)
TXD2/SDA2/
19 P3 7 TRAO (RXD2/SCL2) SSO | SDA
20 P3 5 (TRCIOD) (CLK2) SSCK | SCL
TXD2/SDA2/
21 P3_4 (TRCIOC) (RXDZ/SCLZ) SSI IVREF3
22 P3 3 | INT3 (TRCCLK) (CTS2/RTS2) | SCS IVCMP3
23 pP2_7 (TRDIOD1)
24 P2 6 (TRDIOC1)
25 P2 5 (TRDIOB1)
26 P2_4 (TRDIOA1)
27 P2_3 (TRDIODO)
28 pP2_2 (TRCIOD/TRDIOBO)
29 P2_1 (TRCIOC/TRDIOCO0)
R— TRCIOB/TRDIOAO/
30 P20 | (NTD) |¢ TRDCLK)
31 P9 3
32 P9 2
33 P9 1
34 P9 0
35 P3_6 | (INT1)
36 P31 (TRBO)
37 P8 7
38 P8 6
39 P8 5 (TRFO12)
40 P8 4 (TRFO11)
Note:

1. Can be assigned to the pin in parentheses by a program.

RO1UHO094EJ0110 Rev.1.10
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R8C/38C Group

1. Overview

Table 1.5 Pin Name Information by Pin Number (2)
1/0 Pin Functions for Peripheral Modules

Pin .

Number Control Pin Port Interrupt Timer In?:rrfztlze SSuU LZUCS g//i gg:xgg:

Comparator B

41 P8 3 (TRFI/TRFO10)
42 P8 2 (TRFOO02)
43 P8 1 (TRFOO01)
44 P8 0 (TRFOO00)
45 P6_7 | (INT3) (TRCIOD)
46 P6 6 | INT2 (TRCIOC) (TXD2/SDA2)
47 P6 5 | INT4 (TRCIOB) (CLK2/CLK1)
48 P45 | INTO (RXD2/SCL2) ADTRG
49 P17 | INT1 (TRAIO) IVCMP
50 P1 6 (CLKO) IVREF1
51 P15 | (INT1) (TRAIO) (RXDO)
52 P1_4 (TRCCLK) (TXDO)
53 P13 | K3 TRBO(/TRCIOC) AN11
54 P1 2 K2 (TRCIOB) AN10
55 P11 KI1 | (TRCIOA/TRCTRG) AN9
56 P10 KI0O (TRCIOD) ANS
57 P7_7 AN19
58 P7_6 AN18
59 P7_5 AN17
60 P7 4 AN16
61 P7_3 AN15
62 P7 2 AN14
63 P7_1 AN13
64 P7_0 AN12
65 PO _7 (TRCIOC) ANO/DA1
66 PO_6 (TRCIOD) AN1/DAO
67 PO 5 (TRCIOB) AN2
68 PO_4 TREO(/TRCIOB) AN3
69 PO 3 (TRCIOB) (CLK1) AN4
70 PO_2 (TRCIOA/TRCTRG) (RXD1) ANS5
71 PO 1 (TRCIOA/TRCTRG) (TXD1) AN6
72 PO_O (TRCIOA/TRCTRG) AN7
73 P6_4 (RXD1)
74 P6_3 (TXD1)
75 P6_2 (CLK1)
76 P6_1
77 P6_0 (TREO)
78 P9 5
79 P9_4
80 P5 7 (TRGIOB)

Note:

1. Can be assigned to the pin in parentheses by a program.
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R8C/38C Group

1. Overview

1.5 Pin Functions
Tables 1.6 and 1.7 list Pin Functions.

Table 1.6 Pin Functions (1)
Item Pin Name I/0 Type Description
Power supply input | VCC, VSS — Apply 1.8 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 Input “L” on this pin resets the MCU.
MODE MODE | Connect this pin to VCC via a resistor.
XIN clock input XIN | These pins are provided for XIN clock generation circuit 1/0.
XIN clock output | XOUT /0 Connect a ceramic resonator or a crystal oscillator between
the XIN and XOUT pins. (1)
To use an external clock, input it to the XOUT pin and leave
the XIN pin open.
XCIN clock input | XCIN | These pins are provided for XCIN clock generation circuit I/O.
XCIN clock output | XCOUT fe) Connect a crystal oscillator between the XCIN and XCOUT
pins. (1)
To use an external clock, input it to the XCIN pin and leave
the XCOUT pin open.
INT interrupt input INTO to INT4 | INT interrupt input pins.
Key input interrupt | K0 to KI3 I Key input interrupt input pins.
Timer RA TRAIO 1/0 Timer RA 1/O pin.
TRAO (0] Timer RA output pin.
Timer RB TRBO (0] Timer RB output pin.
Timer RC TRCCLK | External clock input pin.
TRCTRG | External trigger input pin.
TRCIOA, TRCIOB, 110 Timer RC I/O pins.
TRCIOC, TRCIOD
Timer RD TRDIOAO, TRDIOAL, 110 Timer RD I/O pins.
TRDIOBO, TRDIOBL1,
TRDIOCO, TRDIOC1,
TRDIODO, TRDIOD1
TRDCLK | External clock input pin.
Timer RE TREO (0] Divided clock output pin.
Timer RF TRFOO00, TRFO10, (@] Timer RF output pins.
TRFOO01,TRFO11,
TRFO02,TRFO12
TRFI | Timer RF input pin.
Timer RG TRGIOA, TRGIOB 110 Timer RG 1/O ports.
TRGCLKA, TRGCLKB | External clock input pins.
Serial interface CLKO, CLK1, CLK2 /0 Transfer clock 1/0O pins.
RXDO0, RXD1, RXD2 | Serial data input pins.
TXDO, TXD1, TXD2 (0] Serial data output pins.
CTS2 | Transmission control input pin.
RTS2 @) Reception control output pin.
SCL2 I/O | 12C mode clock /O pin.
SDA2 I/O | 12C mode data I/O pin.
I: Input O: Output I/O: Input and output
Note:

1. Refer to the oscillator manufacturer for oscillation characteristics.
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R8C/38C Group

1. Overview

Table 1.7 Pin Functions (2)
Item Pin Name I/0O Type Description
SSuU SSi /10 Data I/O pin.
3CS I/0 Chip-select signal I/O pin.
SSCK /0 Clock I/0 pin.
SSO 1/0 Data I/O pin.
12C bus SCL /0 Clock 1/0 pin
SDA /0 Data /O pin
Reference voltage |VREF I Reference voltage input pin to A/D converter.
input
A/D converter ANO to AN19 | Analog input pins to A/D converter.
ADTRG | AD external trigger input pin.
D/A converter DAO, DA1 (0] D/A converter output pins.
Comparator B IVCMP1, IVCMP3 | Comparator B analog voltage input pins.
IVREF1, IVREF3 I Comparator B reference voltage input pins.
I/O port PO_0to PO_7, 1/0 CMOS 1/O ports. Each port has an 1/0 select direction
P1 Oto P1 7, register, allowing each pin in the port to be directed for input
P2_0to P2_7, or output individually.
P3_0to P3_7, Any port set to input can be set to use a pull-up resistor or not
P4 3to P4 7, by a program.
P5_0to P5_7,
P6_0to P6_7,
P7_0to P7_7,
P8_0to P8_7,
P9 O0toP9_5
Input port P4_2 | Input-only port.
I: Input O: Output I/O: Input and output
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R8C/38C 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 bank.

b31 b15 b8b7 b

' R2 ROH (high-order of R0)| ROL (low-order of RO)|

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

H 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
b15 b0
USP User stack pointer
ISP Interrupt stack pointer
SB Static base register
b15 bo
| FLG | Flag register
e b8 b7 bOE
LI Py | [ [ [ Ju[ifo]B]s[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 comprise a register bank. There are two register banks.

Figure 2.1 CPU Registers
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R8C/38C Group 2. Central Processing Unit (CPU)

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

RO is a 16-hit register for transfer, arithmetic, and logic operations. The same applies to 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)

AOQ is a 16-bit register for address register indirect addressing and address register relative addressing. It is also
used for transfer, arithmetic, and logic operations. Al isanaogousto AO. Al can be combined with AQ and as a 32-
bit address register (A1A0).

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

2.4 Interrupt Table Register (INTB)
INTB isa20-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 hitswide. The U flag of FLG is used to switch between
USP and ISP.

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

2.8 Flag Register (FLG)
FLG isan 11-bit 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.

2.8.2 Debug Flag (D)
The D flag is for debugging only. Set it to O.

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

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 isset to 1.

2.8.6  Overflow Flag (O)
The Oflag is set to 1 when an operation results in an overflow; otherwiseto 0.
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R8C/38C 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 O; 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 Oto 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/38C Group 3. Memory
3. Memory
3.1 R8C/38C Group
Figure 3.1 isaMemory Map of R8C/38C Group. The R8C/38C Group has a 1-Mbyte address space from addresses
00000h to FFFFFh. The internal ROM (program ROM ) is allocated lower addresses, beginning with address
OFFFFh. For example, a64-Kbyte internal ROM areais allocated addresses 04000h to 13FFFh.
The fixed interrupt vector table is allocated addresses OFFDCh to OFFFFh. The starting address of each interrupt
routineis stored here.
Theinternal ROM (data flash) is allocated addresses 03000h to O3FFFh.
The internal RAM is allocated higher addresses, beginning with address 00400h. For example, a 6-Kbyte internal
RAM areais alocated addresses 00400h to 01BFFh. The internal RAM is used not only for data storage but also as
astack areawhen a subroutine is called or when an interrupt request is acknowledged.
Specia function registers (SFRs) are allocated addresses 00000h to 002FFh and 02C00h to 02FFFh (the SFR areas
for the DTC and other modules). 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
OXXXXh
02C00h
SFR @
(Refer to 4 Special Function i OFFDCh E Undefined instruction 3
02EEFh Registers (SFRs)) % 5 Overfiow E
03000h Internal ROM E BRK instruction §
(data flash) ® = Address match E
03EFEh V4 E ' ' §|ngle step ‘ ' =
OvYYYh s = Watchdog timer, oscillation stop detection, voltage monitor =
Internal ROM =S Address break =
(program ROM) E (Reserved) E
OFFFFh OFFFFh E Reset =
Internal ROM
(program ROM)
h
FFFFFh
Notes:
1. The data flash indicates block A (1 Kbyte), block B (1 Kbyte), block C (1 Kbyte), and block D (1 Kbyte).
2. The SFR areas for the DTC and other modules are allocated to addresses 02C00h to 02FFFh.
3. The blank areas are reserved and cannot be accessed by users.
Internal ROM Internal RAM
Part Number - -
Size Address 0YYYYh | Address ZZZZZh Size Address 0XXXXh
R5F21386CNFP, R5F21386CDFP,
R5F21386CNXXXFP, 32 Kbytes 08000h - 2.5 Kbytes 00DFFh
RE5F21386CDXXXFP
R5F21387CNFP, R5F21387CDFP,
R5F21387CNXXXFP, 48 Kbytes 04000h - 4 Kbytes 013FFh
R5F21387CDXXXFP
R5F21388CNFP, R5F21388CDFP,
R5F21388CNXXXFP, 64 Kbytes 04000h 13FFFh 6 Kbytes 01BFFh
RE5F21388CDXXXFP
R5F2138ACNFP, R5F2138ACDFP,
R5F2138ACNXXXFP, 96 Kbytes 04000h 1BFFFh 8 Kbytes 023FFh
R5F2138ACDXXXFP
R5F2138CCNFP, R5F2138CCDFP,
R5F2138CCNXXXFP, 128 Kbytes 04000h 23FFFh 10 Kbytes 02BFFh
R5F2138CCDXXXFP
Figure 3.1 Memory Map of R8C/38C Group
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R8C/38C Group

4. Special Function Registers (SFRs)

4. Special Function Registers (SFRs)

An SFR (special function register) is a control register for a peripheral function. Tables 4.1 to 4.12 list the special
function registers. Table 4.13 liststhe ID Code Areas and Option Function Select Area.

Table 4.1 SFR Information (1)
Address Register Symbol After Reset
0000h
0001h
0002h
0003h
0004h Processor Mode Register 0 PMO 00h
0005h Processor Mode Register 1 PM1 00h
0006h System Clock Control Register 0 CMO 00101000b
0007h System Clock Control Register 1 CM1 00100000b
0008h Module Standby Control Register MSTCR 00h
0009h System Clock Control Register 3 CM3 00h
000Ah Protect Register PRCR 00h
000Bh Reset Source Determination Register RSTFR OXXXXXXXb (2)
000Ch Oscillation Stop Detection Register OCD 00000100b
000Dh Watchdog Timer Reset Register WDTR XXh
000Eh Watchdog Timer Start Register WDTS XXh
000Fh Watchdog Timer Control Register WDTC 00111111b
0010h
0011h
0012h
0013h
0014h
0015h High-Speed On-Chip Oscillator Control Register 7 FRA7 When shipping
0016h
0017h
0018h
0019h
001Ah
001Bh
001Ch Count Source Protection Mode Register CSPR 00h
10000000b (3)
001Dh
001Eh
001Fh
0020h
0021h
0022h
0023h High-Speed On-Chip Oscillator Control Register 0 FRAO 00h
0024h High-Speed On-Chip Oscillator Control Register 1 FRA1 When shipping
0025h High-Speed On-Chip Oscillator Control Register 2 FRA2 00h
0026h On-Chip Reference Voltage Control Register OCVREFCR 00h
0027h
0028h Clock Prescaler Reset Flag CPSRF 00h
0029h High-Speed On-Chip Oscillator Control Register 4 FRA4 When shipping
002Ah High-Speed On-Chip Oscillator Control Register 5 FRA5 When shipping
002Bh High-Speed On-Chip Oscillator Control Register 6 FRA6 When shipping
002Ch
002Dh
002Eh
002Fh High-Speed On-Chip Oscillator Control Register 3 FRA3 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 4)
00100000b )
0035h
0036h Voltage Detection 1 Level Select Register VD1LS 00000111b
0037h
0038h Voltage Monitor 0 Circuit Control Register VWO0C 1100X010b 4
1100X011b ()
003%9h Voltage Monitor 1 Circuit Control Register VW1C 10001010b
X: Undefined
Notes:

1. The blank areas are reserved and cannot be accessed by users.

2. The CWR bit in the RSTFR register is set to 0 after power-on and voltage monitor 0 reset. Hardware reset, software reset, or watchdog timer
reset does not affect this bit.

3. The CSPROINI bit in the OFS register is set to 0.

4. The LVDAS bit in the OFS register is set to 1.

5. The LVDAS bit in the OFS register is set to 0.
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R8C/38C 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

0044h

0045h

0046h

INT4 Interrupt Control Register

INT4IC

XX00X000b

0047h

Timer RC Interrupt Control Register

TRCIC

XXXXX000b

0048h

Timer RDO Interrupt Control Register

TRDOIC

XXXXX000b

0049h

Timer RD1 Interrupt Control Register

TRD1IC

XXXXX000b

004Ah

Timer RE Interrupt Control Register

TREIC

XXXXX000b

004Bh

UART2 Transmit Interrupt Control Register

S2TIC

XXXXX000b

004Ch

UART2 Receive Interrupt Control Register

S2RIC

XXXXX000b

004Dh

Key Input Interrupt Control Register

KUPIC

XXXXX000b

004Eh

A/D Conversion Interrupt Control Register

ADIC

XXXXX000b

004Fh

SSU Interrupt Control Register/IIC bus Interrupt Control Register (2)

Ssulc/iicic

XXXXX000b

0050h

Timer RF Compare 1 Interrupt Control Register

CMP1IC

XXXXX000b

0051h

UARTO Transmit Interrupt Control Register

SOTIC

XXXXX000b

0052h

UARTO Receive Interrupt Control Register

SORIC

XXXXX000b

0053h

UART1 Transmit Interrupt Control Register

S1TIC

XXXXX000b

0054h

UART1 Receive Interrupt Control Register

S1RIC

XXXXX000b

0055h

INT2 Interrupt Control Register

INT2IC

XX00X000b

0056h

Timer RA Interrupt Control Register

TRAIC

XXXXX000b

0057h

0058h

Timer RB Interrupt Control Register

TRBIC

XXXXX000b

0059h

INT1 Interrupt Control Register

INT1IC

XX00X000b

005Ah

INT3 Interrupt Control Register

INT3IC

XX00X000b

005Bh

Timer RF Interrupt Control Register

TRFIC

XXXXX000b

005Ch

Timer RF Compare 0 Interrupt Control Register

CMPOIC

XXXXX000b

005Dh

INTO Interrupt Control Register

INTOIC

XX00X000b

005Eh

UART2 Bus Collision Detection Interrupt Control Register

U2BCNIC

XXXXX000b

005Fh

Timer RF Capture Interrupt Control Register

CAPIC

XXXXX000b

0060h

0061h

0062h

0063h

0064h

0065h

0066h

0067h

0068h

0069h

006Ah

006Bh

Timer RG Interrupt Control Register

TRGIC

XXXXX000b

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. The blank areas are reserved and cannot be accessed by users.
2. Selectable by the IICSEL bit in the SSUIICSR register.
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R8C/38C Group 4. Special Function Registers (SFRs)

Table 4.3 SFR Information (3) W

Address Register Symbol After Reset
0080h DTC Activation Control Register DTCTL 00h

0081h

0082h

0083h

0084h

0085h

0086h

0087h

0088h DTC Activation Enable Register 0 DTCENO 00h

0089h DTC Activation Enable Register 1 DTCEN1 00h

008Ah DTC Activation Enable Register 2 DTCEN2 00h

008Bh DTC Activation Enable Register 3 DTCEN3 00h

008Ch DTC Activation Enable Register 4 DTCEN4 00h

008Dh DTC Activation Enable Register 5 DTCEN5 00h

008Eh DTC Activation Enable Register 6 DTCENG6 00h

008Fh

0090h Timer RF Register TRF 00h

0091h 00h

0092h

0093h

0094h

0095h

0096h

0097h

0098h

009%h

009Ah Timer RF Control Register 0 TRFCRO 00h

009Bh Timer RF Control Register 1 TRFCR1 00h

009Ch Capture and Compare 0 Register TRFMO 00h

009Dh 00h

009Eh Compare 1 Register TRFM1 FFh

009Fh FFh

00AOh UARTO Transmit/Receive Mode Register UOMR 00h

00A1h UARTO Bit Rate Register UOBRG XXh
00A2h UARTO Transmit Buffer Register uoTB XXh
00A3h XXh
00A4h UARTO Transmit/Receive Control Register 0 uoco 00001000b
00A5h UARTO Transmit/Receive Control Register 1 uoC1 00000010b
00A6h UARTO Receive Buffer Register UORB XXh
00A7h XXh
00A8h UART2 Transmit/Receive Mode Register U2MR 00h

00AS9h UART?2 Bit Rate Register U2BRG XXh
00AAh UART2 Transmit Buffer Register u2TB XXh
00ABh XXh
00ACh UART2 Transmit/Receive Control Register 0 u2co 00001000b
00ADh UART2 Transmit/Receive Control Register 1 u2C1 00000010b
00AEh UART2 Receive Buffer Register U2RB XXh
00AFh XXh
00BOh UART?2 Digital Filter Function Select Register URXDF 00h

00B1h

00B2h

00B3h

00B4h

00B5h

00B6h

00B7h

00B8h

00BSh

00BAh

00BBh UART2 Special Mode Register 5 U2SMR5 00h
00BCh UART2 Special Mode Register 4 U2SMR4 00h
00BDh UART2 Special Mode Register 3 U2SMR3 000X0X0Xb
00BEh UART2 Special Mode Register 2 U2SMR2 X0000000b
00BFh UART?2 Special Mode Register U2SMR X0000000b

X: Undefined
Note:

1. The blank areas are reserved and cannot be accessed by users.
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R8C/38C Group

4. Special Function Registers (SFRs)

Table 4.4 SFR Information (4) W
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
00C9%h 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 D/AO Register DAO 00h
00D9%h D/A1 Register DA1 00h
00DAh
00DBh
00DCh D/A Control Register DACON 00h
00DDh
00DEh
00DFh
00EOh Port PO Register PO XXh
00E1lh Port P1 Register P1 XXh
00E2h Port PO Direction Register PDO 00h
00E3h Port P1 Direction Register PD1 00h
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 Port P4 Register P4 XXh
00E9h Port P5 Register P5 XXh
00EAh Port P4 Direction Register PD4 00h
00EBh Port P5 Direction Register PD5 00h
00ECh Port P6 Register P6 XXh
00EDh Port P7 Register P7 XXh
00EEh Port P6 Direction Register PD6 00h
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. The blank areas are reserved and cannot be accessed by users.
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R8C/38C Group

4. Special Function Registers (SFRs)

Table 4.5 SFR Information (5) D

Address Register Symbol After Reset
0100h Timer RA Control Register TRACR 00h

0101h Timer RA 1/O Control Register TRAIOC 00h

0102h Timer RA Mode Register TRAMR 00h

0103h Timer RA Prescaler Register TRAPRE FFh

0104h Timer RA Register TRA FFh

0105h LIN Control Register 2 LINCR2 00h

0106h LIN Control Register LINCR 00h

0107h LIN Status Register LINST 00h

0108h Timer RB Control Register TRBCR 00h

0109h Timer RB One-Shot Control Register TRBOCR 00h

010Ah Timer RB I/O Control Register TRBIOC 00h

010Bh Timer RB Mode Register TRBMR 00h

010Ch Timer RB Prescaler Register TRBPRE FFh
010Dh Timer RB Secondary Register TRBSC FFh

010Eh Timer RB Primary Register TRBPR FFh

010Fh

0110h

0111h

0112h

0113h

0114h

0115h

0116h

0117h

0118h Timer RE Second Data Register / Counter Data Register TRESEC 00h

0119h Timer RE Minute Data Register / Compare Data Register TREMIN 00h

011Ah Timer RE Hour Data Register TREHR 00h

011Bh Timer RE Day of Week Data Register TREWK 00h

011Ch Timer RE Control Register 1 TRECR1 00h

011Dh Timer RE Control Register 2 TRECR2 00h

011Eh Timer RE Count Source Select Register TRECSR 00001000b
011Fh

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 00h

0127h 00h

0128h Timer RC General Register A TRCGRA FFh

012%h 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 Timer RD Control Expansion Register TRDECR 00h

0136h Timer RD Trigger Control Register TRDADCR 00h

0137h Timer RD Start Register TRDSTR 11111100b
0138h Timer RD Mode Register TRDMR 00001110b
013%9h Timer RD PWM Mode Register TRDPMR 10001000b
013Ah Timer RD Function Control Register TRDFCR 10000000b
013Bh Timer RD Output Master Enable Register 1 TRDOER1 FFh
013Ch Timer RD Output Master Enable Register 2 TRDOER2 01111111b
013Dh Timer RD Output Control Register TRDOCR 00h

013Eh Timer RD Digital Filter Function Select Register 0 TRDDFO 00h

013Fh Timer RD Digital Filter Function Select Register 1 TRDDF1 00h

Note:

1. The blank areas are reserved and cannot be accessed by users.
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R8C/38C Group

4. Special Function Registers (SFRs)

Table 4.6 SFR Information (6) (1)
Address Register Symbol After Reset
0140h Timer RD Control Register 0 TRDCRO 00h
0141h Timer RD 1/O Control Register AO TRDIORAO 10001000b
0142h Timer RD 1/O Control Register CO TRDIORCO 10001000b
0143h Timer RD Status Register 0 TRDSRO 11100000b
0144h Timer RD Interrupt Enable Register O TRDIERO 11100000b
0145h Timer RD PWM Mode Output Level Control Register 0 TRDPOCRO 11111000b
0146h Timer RD Counter 0 TRDO 00h
0147h 00h
0148h Timer RD General Register A0 TRDGRAO FFh
0149h FFh
014Ah Timer RD General Register BO TRDGRBO FFh
014Bh FFh
014Ch Timer RD General Register CO TRDGRCO FFh
014Dh FFh
014Eh Timer RD General Register DO TRDGRDO FFh
014Fh FFh
0150h Timer RD Control Register 1 TRDCR1 00h
0151h Timer RD 1/O Control Register Al TRDIORA1 10001000b
0152h Timer RD 1/O Control Register C1 TRDIORC1 10001000b
0153h Timer RD Status Register 1 TRDSR1 11000000b
0154h Timer RD Interrupt Enable Register 1 TRDIER1 11100000b
0155h Timer RD PWM Mode Output Level Control Register 1 TRDPOCR1 11111000b
0156h Timer RD Counter 1 TRD1 00h
0157h 00h
0158h Timer RD General Register A1 TRDGRA1 FFh
0159h FFh
015Ah Timer RD General Register B1 TRDGRB1 FFh
015Bh FFh
015Ch Timer RD General Register C1 TRDGRC1 FFh
015Dh FFh
015Eh Timer RD General Register D1 TRDGRD1 FFh
015Fh FFh
0160h UART1 Transmit/Receive Mode Register UIMR 00h
0161h UART1 Bit Rate Register U1BRG XXh
0162h UART1 Transmit Buffer Register UlTB XXh
0163h XXh
0164h UART1 Transmit/Receive Control Register 0 uUl1Co 00001000b
0165h UART1 Transmit/Receive Control Register 1 UlC1 00000010b
0166h UART1 Receive Buffer Register U1RB XXh
0167h XXh
0168h
0169h
016Ah
016Bh
016Ch
016Dh
016Eh
016Fh
0170h Timer RG Mode Register TRGMR 01000000b
0171h Timer RG Count Control Register TRGCNTC 00h
0172h Timer RG Control Register TRGCR 10000000b
0173h Timer RG Interrupt Enable Register TRGIER 11110000b
0174h Timer RG Status Register TRGSR 11100000b
0175h Timer RG I/O Control Register TRGIOR 00h
0176h Timer RG Counter TRG 00h
0177h 00h
0178h Timer RG General Register A TRGGRA FFh
0179h FFh
017Ah Timer RG General Register B TRGGRB FFh
017Bh FFh
017Ch Timer RG General Register C TRGGRC FFh
017Dh FFh
017Eh Timer RG General Register D TRGGRD FFh
017Fh FFh
X: Undefined
Note:

1. The blank areas are reserved and cannot be accessed by users.
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4. Special Function Registers (SFRs)

Table 4.7 SFR Information (7)

Address Register Symbol After Reset
0180h Timer RA Pin Select Register TRASR 00h
0181h Timer RB/RC Pin Select Register TRBRCSR 00h
0182h Timer RC Pin Select Register O TRCPSRO 00h
0183h Timer RC Pin Select Register 1 TRCPSR1 00h
0184h Timer RD Pin Select Register O TRDPSRO 00h
0185h Timer RD Pin Select Register 1 TRDPSR1 00h
0186h Timer Pin Select Register TIMSR 00h
0187h Timer RF Output Control Register TRFOUT 00h
0188h UARTO Pin Select Register UOSR 00h
0189h UART1 Pin Select Register U1SR 00h
018Ah UART2 Pin Select Register 0 U2SR0O 00h
018Bh UART2 Pin Select Register 1 U2SR1 00h
018Ch SSU/IIC Pin Select Register SSUIICSR 00h
018Dh
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 / [IC 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 / 1IC 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
01A9%h
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 00h
01B6h Flash Memory Control Register 2 FMR2 00h
01B7h
01B8h
01B9h
01BAh
01BBh
01BCh
01BDh
01BEh
01BFh

X: Undefined
Notes:

1. The blank areas are reserved and cannot be accessed by users.
2. Selectable by the IICSEL bit in the SSUIICSR 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 0

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

Pull-Up Control Register 0

PURO 00h

01E1lh

Pull-Up Control Register 1

PUR1 00h

01E2h

Pull-Up Control Register 2

PUR2 00h

01E3h

01E4h

01E5h

01E6h

01E7h

01E8h

01ESh

01EAh

01EBh

01ECh

01EDh

01EEh

01EFh

01F0h

Port P1 Drive Capacity Control Register

P1DRR 00h

01F1h

Port P2 Drive Capacity Control Register

P2DRR 00h

01F2h

Drive Capacity Control Register 0

DRRO 00h

01F3h

Drive Capacity Control Register 1

DRR1 00h

01F4h

Drive Capacity Control Register 2

DRR2 00h

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

X: Undefined
Note:

1. The blank areas are reserved and cannot be accessed by users.
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4. Special Function Registers (SFRs)

Table 4.9 SFR Information (9) W
Address Register Symbol After Reset
2C00h DTC Transfer Vector Area XXh
2C01h DTC Transfer Vector Area XXh
2C02h DTC Transfer Vector Area XXh
2C03h DTC Transfer Vector Area XXh
2C04h DTC Transfer Vector Area XXh
2C05h DTC Transfer Vector Area XXh
2C06h DTC Transfer Vector Area XXh
2C07h DTC Transfer Vector Area XXh
2C08h DTC Transfer Vector Area XXh
2C0%h DTC Transfer Vector Area XXh
2C0Ah DTC Transfer Vector Area XXh
: DTC Transfer Vector Area XXh
: DTC Transfer Vector Area XXh
2C3Ah DTC Transfer Vector Area XXh
2C3Bh DTC Transfer Vector Area XXh
2C3Ch DTC Transfer Vector Area XXh
2C3Dh DTC Transfer Vector Area XXh
2C3Eh DTC Transfer Vector Area XXh
2C3Fh DTC Transfer Vector Area XXh
2C40h DTC Control Data 0 DTCDO XXh
2C41h XXh
2C42h XXh
2C43h XXh
2C44h XXh
2C45h XXh
2C46h XXh
2C47h XXh
2C48h DTC Control Data 1 DTCD1 XXh
2C49h XXh
2C4Ah XXh
2C4Bh XXh
2C4Ch XXh
2C4Dh XXh
2C4AEh XXh
2C4Fh XXh
2C50h DTC Control Data 2 DTCD2 XXh
2C51h XXh
2C52h XXh
2C53h XXh
2C54h XXh
2C55h XXh
2C56h XXh
2C57h XXh
2C58h DTC Control Data 3 DTCD3 XXh
2C5%9h XXh
2C5Ah XXh
2C5Bh XXh
2C5Ch XXh
2C5Dh XXh
2C5Eh XXh
2C5Fh XXh
2C60h DTC Control Data 4 DTCD4 XXh
2C61h XXh
2C62h XXh
2C63h XXh
2C64h XXh
2C65h XXh
2C66h XXh
2C67h XXh
2C68h DTC Control Data 5 DTCD5 XXh
2C69h XXh
2C6Ah XXh
2C6Bh XXh
2C6Ch XXh
2C6Dh XXh
2C6Eh XXh
2C6Fh XXh
X: Undefined
Note:

1. The blank areas are reserved and cannot be accessed by users.

RO1UHO094EJ0110 Rev.1.10

Oct 04, 2010

RENESAS

Page 24 of 794



R8C/38C Group

4. Special Function Registers (SFRs)

Table 4.10  SFR Information (10) M

Address Register Symbol After Reset
2C70h DTC Control Data 6 DTCD6 XXh
2C71h XXh
2C72h XXh
2C73h XXh
2C74h XXh
2C75h XXh
2C76h XXh
2C77h XXh
2C78h DTC Control Data 7 DTCD7 XXh
2C79h XXh
2C7Ah XXh
2C7Bh XXh
2C7Ch XXh
2C7Dh XXh
2C7Eh XXh
2C7Fh XXh
2C80h DTC Control Data 8 DTCD8 XXh
2C81h XXh
2C82h XXh
2C83h XXh
2C84h XXh
2C85h XXh
2C86h XXh
2C87h XXh
2C88h DTC Control Data 9 DTCD9 XXh
2C89%h XXh
2C8Ah XXh
2C8Bh XXh
2C8Ch XXh
2C8Dh XXh
2C8Eh XXh
2C8Fh XXh
2C90h DTC Control Data 10 DTCD10 XXh
2C91h XXh
2C92h XXh
2C93h XXh
2C94h XXh
2C95h XXh
2C96h XXh
2C97h XXh
2C98h DTC Control Data 11 DTCD11 XXh
2C99h XXh
2C9Ah XXh
2C9Bh XXh
2C9Ch XXh
2C9Dh XXh
2C9Eh XXh
2C9Fh XXh
2CAOh DTC Control Data 12 DTCD12 XXh
2CAlh XXh
2CA2h XXh
2CA3h XXh
2CA4h XXh
2CA5h XXh
2CA6h XXh
2CAT7h XXh
2CA8h DTC Control Data 13 DTCD13 XXh
2CA9h XXh
2CAAh XXh
2CABh XXh
2CACh XXh
2CADh XXh
2CAEh XXh
2CAFh XXh

X: Undefined
Note:

1. The blank areas are reserved and cannot be accessed by users.

RO1UHO0094EJ0110 Rev.1.10 ENESAS
Oct 04, 2010

Page 25 of 794



R8C/38C Group

4. Special Function Registers (SFRs)

Table 4.11  SFR Information (11)
Address Register Symbol After Reset
2CB0Oh DTC Control Data 14 DTCD14 XXh
2CBlh XXh
2CB2h XXh
2CB3h XXh
2CB4h XXh
2CB5h XXh
2CB6h XXh
2CB7h XXh
2CB8h DTC Control Data 15 DTCD15 XXh
2CB%h XXh
2CBAh XXh
2CBBh XXh
2CBCh XXh
2CBDh XXh
2CBEh XXh
2CBFh XXh
2CCOh DTC Control Data 16 DTCD16 XXh
2CC1h XXh
2CC2h XXh
2CC3h XXh
2CC4h XXh
2CC5h XXh
2CC6h XXh
2CC7h XXh
2CC8h DTC Control Data 17 DTCD17 XXh
2CC9%h XXh
2CCAh XXh
2CCBh XXh
2CCCh XXh
2CCDh XXh
2CCEh XXh
2CCFh XXh
2CDOh DTC Control Data 18 DTCD18 XXh
2CD1h XXh
2CD2h XXh
2CD3h XXh
2CD4h XXh
2CD5h XXh
2CD6h XXh
2CD7h XXh
2CD8h DTC Control Data 19 DTCD19 XXh
2CD%h XXh
2CDAh XXh
2CDBh XXh
2CDCh XXh
2CDDh XXh
2CDEh XXh
2CDFh XXh
2CEOh DTC Control Data 20 DTCD20 XXh
2CElh XXh
2CE2h XXh
2CE3h XXh
2CE4h XXh
2CE5h XXh
2CE6h XXh
2CET7h XXh
2CE8h DTC Control Data 21 DTCD21 XXh
2CE%h XXh
2CEAh XXh
2CEBh XXh
2CECh XXh
2CEDh XXh
2CEEh XXh
2CEFh XXh

X: Undefined

Note:

1. The blank areas are reserved and cannot be accessed by users.
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4. Special Function Registers (SFRs)

Table 4.12  SFR Information (12) (D

Address Register Symbol After Reset

2CFOh DTC Control Data 22 DTCD22 XXh

2CF1h XXh

2CF2h XXh

2CF3h XXh

2CF4h XXh

2CF5h XXh

2CF6h XXh

2CF7h XXh

2CF8h DTC Control Data 23 DTCD23 XXh

2CF9h XXh

2CFAh XXh

2CFBh XXh

2CFCh XXh

2CFDh XXh

2CFEh XXh

2CFFh XXh

2D00h
|  2FFFh | | |
X: Undefined
Note:

1. The blank areas are reserved and cannot be accessed by users.

Table 4.13  ID Code Areas and Option Function Select Area
| Address | Area Name | Symbol | After Reset |
| FFDBh | Option Function Select Register 2 | OFS2 | (Note 1) |
[ FFDFh  [IDI [ (Note 2) |
[ FFE3h [ID2 [ (Note 2) |
[ _FFEBh [ID3 [ (Note 2) |
[ FFEFh [ID4 [ (Note 2) |
[ FFF3n__[ID5 [ (Note 2) |
[ _FFF7n__[1D6 [ (Note 2) |
[ FFFBh  [ID7 [ (Note 2) |
| FFFFh | 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

5. Resets

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

and software reset.

Table 5.1 lists the Reset Names and Sources, Figure 5.1 shows a Block Diagram of Reset Circuit.

Table 5.1 Reset Names and Sources

Reset Name

Source

Hardware reset

Input voltage of RESET pin is held “L”

Power-on reset

VCC rises

Voltage monitor O reset

VCC falls (monitor voltage: Vdet0)

Watchdog timer reset

Underflow of watchdog timer

Software reset

Write 1 to PMO3 bit in PMO register

1. The CWR bitin the RSTFR register is set to 0 (cold start-up) after power-on
or voltage monitor O reset. This bit remains unchanged at a hardware reset,

- Hardware reset
RESET O
Power-on reset | Power-on reset
VCC L
circuit
Voltage .
detection Voltage monitor O reset
circuit
Watchdog timer
Watchdog reset
timer
CPU )
Software reset
Note:
software reset, or watchdog timer reset.

Pin, CPU, and SFR

Figure 5.1 Block Diagram of Reset Circuit
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5. Resets

Table 5.2 liststhe Pin Functionswhile RESET Pin Level is“L”, Figure 5.2 shows the CPU Register Status after Reset,
Figure 5.3 shows the Reset Sequence.

Table 5.2

Pin Functions while RESET Pin Level is “L”

Pin Name

Pin Function

PO to P3, P4_2to P4 _7, P5t0 P8, P9 0to P9 5

Input port

b15

0000h

0000h

0000h

0000h

0000h

0000h

0000h

b19

bo

00000h

Content of addresses OFFFEh to OFFFCh

bls

b0

0000h

0000h

0000h

b0

Il OB SzZzDC

Data register (RO)
Data register (R1)
Data register (R2)
Data register (R3)
Address register (AO)
Address register (A1)

Frame base register (FB)

Interrupt table register (INTB)
Program counter (PC)

User stack pointer (USP)
Interrupt stack pointer (ISP)

Static base register (SB)

Flag register (FLG)

Figure 5.2

CPU Register Status after Reset

?——ﬁ 10 pus

1

Internal reset
signal

CPU clock J—%L

Address

or more are needed

1 f{OCO-S clock x 32 cycles @

Start time of flash memory
(CPU clock x 148 cycles)

CPU clock x 28 cycles

L A o o

OFFFCh

OFFFEh

¥

(internal
address signal)

Notes:
1. Hardware reset.

X

X

OFFFDh

2. When the “L” input width to the RESET pin is set to fOCO-S clock x 32 cycles or more, setting the RESET pin to “H” also sets the internal
reset signal to “H” at the same time.

Content of reset vector

Figure 5.3

Reset Sequence
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R8C/38C Group 5. Resets
5.1 Registers
5.1.1 Processor Mode Register 0 (PMO0)
Address 0004h
Bit b7 b6 b5 b4 b3 b2 b1l b0
Symbol|—|—|—|—|PM03|— — —
After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
bO — Reserved bits Setto 0. R/W
bl —
b2 —
b3 PMO3 |Software reset bit The MCU is reset when this bit is set to 1. When R/W
read, the content is 0.
b4 — Nothing is assigned. If necessary, set to 0. When read, the content is O. —
b5 —
b6 —
b7 —
Set the PRC1 hit 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
Sympol| — | — | — | — | WDR | SWR | HWR CWR |
After Reset 0 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 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 — Reserved bit Setto 0. R/W
Notes:

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

2. If 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.
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R8C/38C Group 5. Resets
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 (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 Set to 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 i it (2) |b5b4 R/W
- BeEll Voltage detection O level select bit 00: 3.80 V selected (Vdet0_3) b
0 1:2.85V selected (Vdet0_2)
1 0: 2.35V selected (Vdet0_1)
11:1.90V selected (VdetO_0)
b6 LVDAS |Voltage detection O circuit start bit 3) |0: Voltage monitor O reset enabled after reset R/W
1: Voltage monitor O reset disabled after reset
b7 |CSPROINI|Count source protection mode 0: Count source protect mode enabled after reset | R/IW
after reset select bit 1: Count source protect 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 13.3.1 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 bl b0
Symbol| — | — | — | — |WDTRCSl|WDTRCSO WDTUFS1|WDTUFS0
After Reset User Settng Value (1)

Bit Symbol Bit Name Function R/W

b0 WDTUFSO |Watchdog timer underflow period set bit b(l)bé) 03FFh R/W

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

b2 WDTRCSO [Watchdog timer refresh acknowledgement period bébé 5% R/W

set bit s E970

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 13.3.1 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 underflowsis 100%, the refresh
acknowledgement period for the watchdog timer can be selected.
For details, refer to 14.3.1.1 Refresh Acknowledgment Period.
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5.2 Hardware Reset

A reset is applied using the RESET pin. When an “L” signal is applied to the RESET pin while the supply voltage
meets the recommended operating conditions, pins, CPU, and SFRs are all reset (refer to Table 5.2 Pin Functions
while RESET Pin Level is“L”, Figure 5.2 CPU Register Status after Reset, and Table4.1to Table4.12 SFR
Infor mation).

When the input level applied to the RESET pin changes from “L” to “H”, aprogram 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 states of the SFRs after reset.

Theinternal RAM isnot reset. If the RESET pinispulled “L” 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 “L” tothe RESET pin.
(2) Wait for 10 ps.
(3) Apply “H” tothe RESET pin.

522 Power On

(1) Apply “L” tothe RESET pin.

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

(3) Wait for td(P-R) or more to alow the internal power supply to stabilize (refer to 35. Electrical
Characteristics).

(4) Wait for 10 ps.

(5) Apply “H” tothe RESET pin.
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R8C/38C Group
VCC 1.8V /
vCC /
-~
ov
RESET
l RESET
3 =T 0.2 VCC or below
oV
S N
td(P-R) + 10 pus or more
Note:

1. Refer to 35. Electrical Characteristics.

Figure 5.4 Example of Hardware Reset Circuit and Operation
5V

Supply voltage
detection circuit VCC 1.8V/
oV
5V
RESET
oV ——
td(P-R) + 10 ps or more
- Example when
VCC=5V
Note:
1. Refer to 35. Electrical Characteristics.
Figure 5.5 Example of Hardware Reset Circuit (Usage Example of External Supply Voltage
Detection Circuit) and Operation
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R8C/38C Group 5. Resets

53 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 MCU resets its pins, CPU, and SFR. When a capacitor is connected to
the RESET pin, too, always keep the voltage to the RESET pin 0.8 VCC or more.

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 “H”
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 states of the SFR 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
05V

. tw(por) @ -
< >

Internal reset signal

A
\ 4

—— x32
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 VdetO. To use voltage monitor O reset, set the LVDAS hit in the
OFSregister to 0 (voltage monitor O reset enabled after reset). The VdetO voltage detection level can be changed by
the settings of bits VDSELO to VDSEL1 in the OFSregister.

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

When the input voltage to the VCC pin reaches the VdetO level or above, the low-speed on-chip oscillator clock
start counting. When the low-speed on-chip oscillator clock count reaches 32, the internal reset signal is held “H”
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.

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 VDSEL 1 and LVDAS cannot be changed by a program. To set these bits, write valuesto 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 SFR 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 0 Reset Circuit and Operation.

Vdeto

External Power Vcc

0.5V

g

Voltage detection 0
circuit response time

Internal reset signal |

- x32
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. 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 0 Reset Circuit and Operation
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5.5 Watchdog Timer Reset

When the PM 12 hit inthe PM1 register is set to 1 (reset when watchdog timer underflows), the MCU resetsits pins,
CPU, and SFR if the watchdog timer underflows. Then the program beginning with the address indicated by the
reset vector is executed. 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 states of the SFRs after watchdog timer reset.

Theinternal 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 WDTUFSO0 to
WDTUFS1 and bits WDTRCS0 to WDTRCSL in the OFS2 register, respectively.

Refer to 14. 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 SFR. The
program beginning with the address indicated by the reset vector is executed. After reset, the low-speed on-chip
oscillator clock with no division is automatically selected for the CPU clock.

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

Theinternal RAM is not reset.
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5.7 Cold Start-Up/Warm Start-Up Determination Function

The cold start-up/warm start-up determination function uses the CWR hit 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 0 at a voltage monitor O reset. If 1 iswritten 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

SRVASAVE

Vdet0 /
oV
Setto 1 by Setto 1 by
/ a program. a program.
CWR bit in RSTFR register —I_f—
Voltage monitor O reset J

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 a hardware reset occurs, the HWR bit is set to 1 (detected). If a software reset occurs, the SWR bitissetto 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 Overview

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 VD1L 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
Item Voltage Monitor 0 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 falling Vdetl by rising or falling Vdet2 by rising or falling
Detection Selectable among 4 levels | Selectable among 16 levels | The fixed level.
voltage using the OFS register. using the VDLLS register.
Monitor None The VW1C3 bitin the VW1C | The VCA13 bit in the VCA1
register 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 time | — (fOCO-S divided by n) x 2 | (fOCO-S divided by n) x 2
n:1,2,4,and 8 n:1,2,4,and 8
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vCC
VCA25
Level
Selection Voltage detection 0 signal
. . + .y
Circuit »
(4 levels)
> Vdet0
VDSEL1 to VDSELO
VCA26
Level
Selection > Voltage detection 1 signal
Circuit >
(16 levels)
>
> Vdetl VWIC register
VD1S3 to VD1S0
VCA27 VWI1C3 bit
N Voltage detection 2 signal L
Internal o
reference . Vdet2
voltage = Vdet VCAL register
VCA13 bit
VCA13: Bit in VCAL register
VCA25, VCA26, VCA27: Bits in VCA2 register
VW1C3: Bit in VWI1C register
VD1S0 to VD1S3: Bits in VDILS register
VDSELO, VDSEL1: Bits in OFS register
Figure 6.1 Voltage Detection Circuit Block Diagram
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6. Voltage Detection Circuit

Voltage detection 0 circuit

Voltage monitor O reset generation circuit

VCA25

VCC Level selection

VDSEL1
to VDSELO

yl

Internal reference voltage

Voltage
detection 0
signal

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

VWOCQO: Bit in VWOC register
VCAZ25: Bit in VCA2 register

VWOCO

)
L/

»

VDSELO, VDSEL1: Bits in OFS register

»

Voltage monitor 0
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. 12
VCA26
vwic3
Level VWIC1=0

vee ’ ©

Voltage
VD13 detection 1 VWiCt =1
to VD1S0 signal

Internal reference voltage

When VCA26 bit is set to 0 (disabled),
voltage detection 1 signal is driven high.

=01b

oS

VWIC?2 bit is set to 0 (not detected) by writing O by a program.
‘When VCAZ26 bit is set to 0 (voltage detection 1 circuit disabled),
VW1C2 bitis set to 0.

Digital filter

Watchdog timer
interrupt signal

Voltage monitor 1
interrupt signal

Non-maskable
interrupt signal

Edge vwic2
selection
circuit
T A
VW1C0
VCAC1
VW1C7
COMPSEL o
IRQISEL —

VWI1CO to VW1C3, VW1F0, VW1F1, VWI1C7: Bits in VWIC register
VCAZ26: Bits in VCA2 register

VD1S0 to VD1S3: Bits in VD1LS register

COMPSEL, IRQ1SEL: Bits in CMPA register

VCACL: Bitin VCAC register

Maskable
interrupt signal

Figure 6.3

Block Diagram of Voltage Monitor 1 Interrupt Generation Circuit
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Voltage monitor 2 interrupt generation circuit
VW2F1 to VW2F0
=00b
=01b
Voltage detection 2 circuit Lo VW2C2 bit is set to 0 (not detected) by writing 0 by a program.
When VCA27 bit is set to 0 (voltage detection 2 circuit disabled),
foco o VW2C2 bit is set to 0.
VCA27
vee T VCAL3 Watchdog timer
> VW2C1=0 interrupt signal
o Digital filter
Voltage Edge vwacz
detection 2 VW2C1 =1 selection
signal circuit
Internal reference voltage |
A Voltage monitor 2
interrupt signal -
When VCA27 bitis set to 0 (disabled), VW2C0 Non-maskable
voltage detection 2 signal is driven high. VCAC2 Pt sigf
VW2C7
Watchdog timer block
vw2c3
»
Watchdog timer underflow signal o ,—\
. COMPSEL &
VW2C3 bit is set to 0 (not detected) IRQ2SEL ——| J Maskable
by writing 0 by a program. interrupt signal
VW2CO0 to VW2C3, VW2F0, VW2F1, VW2C7: Bits in VW2C
VCA13: Bit in VCAL register
VCA27: Bits in VCA2 register
COMPSEL, IRQ2SEL: Bits in CMPA register
VCAC?2: Bit in VCAC register
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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 b0
Symbol |COMPSEL| — | IRQ2SEL | IRQ1SEL | — | — | — —
After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 — Reseved bits Setto 0. R/W
bl —
b2 —
b3 —
b4 IRQLSEL |[Voltage monitor 1 interrupt type |0: 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 (2) 1: Maskable interrupt
b6 — Reserved bit Set to 0. R/W
b7 COMPSEL |Voltage monitor interrupt type 0: Bits IRQ1SEL and IRQ2SEL disabled R/W
selection enable bit (1. 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).
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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 O. —
bl [ VCAC1 [Voltage monitor 1 circuit edge select bit (1) [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 VCAC1 bit is set tot O (one edge), the VW1C7 bit in the VWI1C register is enabled. Set the VW1C?7 bit
after setting the VCACL bit to 0.

2. When the VCAC2 bit is set tot O (one edge), the VW2C7 bit in the VW2C register is enabled. Set the VW2C7 bit
after setting the VCAC2 bit to 0.

6.2.3  Voltage Detect Register 1 (VCA1)
Address 0033h

Bit b7 b6 b5 b4 b3 b2 bl b0

Sympol| — | — | — | — [VCAIB| — — —
After Reset 0 0 0 0 1 0 0 0
Bit Symbol Bit Name Function R/W
b0 — Reserved bits Setto O. 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 Set to 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).

RO1UHO0094EJ0110 Rev.1.10 RENESAS Page 44 of 794
Oct 04, 2010



R8C/38C Group 6. Voltage Detection Circuit
6.2.4  Voltage Detect Register 2 (VCA2)
Address 0034h
Bit b7 b6 b5 b4 b3 b2 bl 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: Low consumption enabled (2)
bl — Reserved bits Set to 0. R/W
b2 —
b3 —
b4 —
b5 | VCA25 |Voltage detection O enable bit 3  |0: Voltage detection O circuit disabled R/W
1: Voltage detection 0 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 ®)  |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
Figure 9.3 Procedure for 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 (stop
mode).
3. When writing to the VCA25 bit, 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.
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 VCAL register, set the VCA27 bit to 1.

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 VCA2 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 2 ;ég x %gzg—% RIW
b2 VD1S2 . - R/W

0010:250V (Vdetl 2)
b3 | VD1s3 0011:2.65V (Vdetl 3) RIW
0100:2.80V (Vdetl_4)
0101:295V (Vdetl_5)
0110:3.10V (Vdetl_6)
0111:325V (Vdetl_7)
1000:3.40V (Vdetl_8)
1001:355V (Vdetl_9)
1010:3.70V (Vdetl_A)
1011:3.85V (Vdetl_B)
1100:4.00V (Vdetl C)
1101:4.15V (Vdetl D)
1110:4.30V (Vdetl E)
1111:445V (Vdetl_F)
b4 — Reserved bits Setto 0. R/W
b5 —
b6 —
b7 —

Set the PRC3 hit 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 | — | — | — | — | — | — | — | VWO0CO0
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 () 0: Disabled R/W
1: Enabled
bl — Reserved bit Set to 1. R/W
b2 — Reserved bit Setto 0. R/W
b3 — Reserved bit When read, the content is undefined. R
b4 — Reserved bits Setto 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 bit 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 003%h

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol| VWI1C7 | — | VW1F1 | VW1FO | 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) |0: Disabled R/IW
1: Enabled
bl VW1C1 |Voltage monitor 1 digital filter disable 0: Digital filter enabled mode R/W
mode select bit (2. 6) (digital filter circuit enabled)

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

b2 | VWIC2 |voltage change detection flag (3. 4) 0: Not detected R/W
1: Vdetl passing detected
b3 | VWILC3 |Voltage detection 1 signal monitor flag ) |0: VCC < Vdetl R

1: VCC > Vdetl
or voltage detection 1 circuit disabled

b4 | VWIFO i it © A RIW
Sampling clock select bit 0 0: fOCO-S divided by 1

b5 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 Setto 0. R/W
b7 VW1C7 |Voltage monitor 1 interrupt generation 0: When VCC reaches Vdetl or above R/W
condition select bit (5) 1: When VCC reaches Vdetl or below
Notes:

1. The VW1CO is enabled when the VCA26 bit in the VCAZ2 register is set to 1 (voltage detection 1 circuit enabled).
Set the VWI1CO bit to 0 (disabled) when the VCAZ26 bit is set to 0 (voltage detection 1 circuit disabled).
To set the VWOCO 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 in the VW1C register 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 VW1C7 bit is enabled when the VCACL1 bit in the VCAC register is set to 0 (one edge). After setting the
VCAC1 bit to 0, set the VW1C?7 bit.

6. When the VWL1CO 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 bl b0
Symbol| VW2C7 | — | VW2F1 | VW2F0 | VW2C3 | VW2C2 | VW2C1 | VW2CO0
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 R/W
1: Enabled
bl VW2C1 |Voltage monitor 2 digital filter disable 0: Digital filter enable mode R/W
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

; i b5 b4

Eg xagi(l) Sampling clock select bit (6) 0.0 OCO-S divided by 1 im
0 1: fOCO-S divided by 2
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 generation 0: When VCC reaches Vdet2 or above R/W

condition select bit (5) 1: When VCC reaches Vdet2 or below
Notes:

1. The VW2CQO is enabled when the VCA27 bit in the VCA2 register is set to 1 (voltage detection 2 circuit enabled).
Set the VW2CO bit to O (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 CM1 register to 0 (low-speed on-
chip oscillator on).
To use the voltage monitor 2 interrupt to exit stop mode, set the VW2C1 bit in the VW2C register to 1 (digital filter
disabled).

3. The VW2C2 bhit 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 O (and remains unchanged even if
1 is written to it).

5. The VW2C7 bit is enabled when the VCAC?2 bit in the VCAC register is set to 0 (one edge). After setting the
VCAC2 bit to 0, set the VW2C?7 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 bit 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 hit 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 (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 Set to 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
) - b5 b4
Eg xg:gt(l) Voltage detection 0 level select bit (2) 0.0 3.80 V selected (Vdeto_ 3) E;w
0 1:2.85V selected (Vdet0_2)
1 0: 2.35V selected (Vdet0_1)
11:1.90V selected (VdetO_0)
b6 LVDAS |Voltage detection O circuit start bit (3) |0: Voltage monitor O reset enabled after reset R/W
1: Voltage monitor O reset disabled after reset
b7 |CSPROINI|Count source protection mode 0: Count source protect mode enabled after reset | R/IW
after reset select bit 1: Count source protect 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 13.3.1 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 35. Electrical Characteristics).

(1) Set bitsVD1S3to VD1S0inthe VDL Sregister (voltage detection 1 detection voltage).
(2) SettheVCAZ26 bit inthe 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 hit inthe VCAL1 register after td(E-A) has elapsed (refer to 35. Electrical Characteristics).

* Set the VCA27 hit 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 hit in the OFS register to 0 (voltage monitor O reset enabled after

reset).

Figure 6.5 shows an Operating Example of Voltage Monitor 0 Reset.

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 0 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 VWI1CL1 bit in the VW1C 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

Select the voltage detection 1 detection voltage by bits VD1S3 to VD1S0 in the VD1LS
register.

2 Set the VCA26 bit in the VCA2 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(1) |Select the interrupt type by the IRQ1SEL in the CMPA register.

1

6 Select the sampling clock of the digital filter by | Set the VW1C1 bit in the VW1C register to 1
bits VW1F0 and VW1F1 in the VW1C register. | (digital filter disabled).
72 Set the VWI1C1 bit in the VWL1C registerto0 | —
(digital filter enabled).
8 Select the interrupt request timing by the VCACL1 bit in the VCAC register and the VW1C7 bit in
the VW1C register.
9 Set the VWI1C2 bit in the VW1C register to 0.
Set the CM14 bit in the CM1 register to 0 —
10 . .
(low-speed on-chip oscillator on)
11 Wait for 2 cycles of the sampling clock of the |— (No wait time required)
digital filter

12 () |Set the VW1CO 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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VWIC1 bit is set to 0
(digital filter enabled)
and

VCACL1 bitis setto 1
(both edges)

VWI1C1 bit is set to 0
(digital filter enabled),
VCAC1 bitis setto 0

(one edge),

and

VWI1C?7 bit is set to 0
(when VCC reaches Vdetl
or above)

VWIC1 bit is set to 0
(digital filter enabled),
VCAC1 bitis setto 0

(one edge),

and

VWICY bitis set to 1
(when VCC reaches Vdetl
or below)

VWI1C1 bit is set to 1
(digital filter disabled)
and

VCACL1 bitis setto 1
(both edges)

VWIC1 bitis setto 1
(digital filter disabled),
VCAC1 bit is setto 0

(one edge),

and

VWI1C? bit is set to 0
(when VCC reaches Vdetl
or above)

VWIC1 bit is set to 1
(digital filter disabled),
VCAC1 bit is setto 0

(one edge),

and

VWICY bitis set to 1
(when VCC reaches Vdetl
or below)

Note:
1.

Vdetl

vee ——

1.8v®

VW1C3 bit

VWI1C2 bit

Voltage monitor 1

interrupt request
N

VW1C2 bit

Voltage monitor 1

L interrupt request

VWIC2 bit

Voltage monitor 1

interrupt request
-~

VWIC2 bit

Voltage monitor 1
interrupt request

VWI1C2 bit

Voltage monitor 1

L interrupt request

VW1C2 bit

Voltage monitor 1
interrupt request

The above applies when:
« VCA26 bit in VCA2 register = 1 (voltage detection 1 circuit enabled)
« VW1CO bit in VW1C register = 1 (voltage monitor 1 interrupt enabled)

Sampling clock of
digital filter x 2 cycles

1

Sampling clock of

digital filter x 2 cycles y—pm

B

is acknowledged.

— sett00 by a programj —}
|

1
Set to 0 when an interrupt request \\

=

y, —v>

[

4 Setto 0 by a program.

Set to 0 when an interrupt request
is acknowledged.

|

& Setto 0 by aprogram.

Set to 0 when an interrupt requeét
is acknowledged. i
1

—

—— Setto 0 by a program.

Bl

_

4—/_“" Set to 0 when an interrupt request

—| & is acknowledged.

B

- Set to 0 by a program.

-~
is acknowledged.

Set to 0 when an interrupt request

-~ Set to 0 by a program.

B

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

VW1C1, VW1C2, VWI1C3, VWICT: Bits in VW1C register
VCACL1: Bit in VCAC register

If 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 VW2CL1 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 VCA2 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.
4 (1) | Select the interrupt type by the IRQ2SEL in the CMPA register.
5 Select the sampling clock of the digital filter by | Set the VW2C1 bit in the VW2C register to 1
bits VW2F0 and VW2F1 in the VW2C register. | (digital filter disabled).
62 Se;t .the yWZCl bit in the VW2C registerto 0 | —
(digital filter enabled).
7 Select the interrupt request timing by the VCAC2 bit in the VCAC register and the VW2C7 bit in
the VW2C register.
8 Set the VW2C2 bit in the VW2C register to 0.
9 Set the CM14 bit in the CML1 register to 0 —
(low-speed on-chip oscillator on).
10 V\_/a_it for 2 cycles of the sampling clock of the |— (No wait time required)
digital 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 hit. When the bit is read as 1, perform

the process that occurs when low voltage is detected.
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VW2C1 bit is set to 0
(digital filter enabled)
and

VCAC?2 bitis setto 1
(both edges)

VW2C1 bit is set to 0
(digital filter enabled),
VCAC?2 bit is set to 0
(one edge),

and

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

VW2C1 bit is set to 0
(digital filter enabled),
VCAC2 bit is set to 0
(one edge),

and

VW2CT7 bit is setto 1
(when VCC reaches
Vdet2 or below)

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

VCAC?2 bit is set to 1
(both edges)

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

and

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

VW2C1 bitis setto 1
(digital filter disabled),
VCAC2 bitis set to 0
(one edge),

and

VW2C7 bit is set to 1
(when VCC reaches
Vdet2 or below)

VCA13: Bitin VCA1 reg

Vdet2

vee ——

1.8v®

VCA13 bit

VW2C2 bit

Voltage monitor 2
interrupt request

VW2C2 bit

Voltage monitor 2

interrupt request
L

VW2C2 bit

Voltage monitor 2
interrupt request

VW2C2 bit

Voltage monitor 2
interrupt request

VW2C2 bit

Voltage monitor 2
interrupt request

VW2C2 bit

Voltage monitor 2
interrupt request

ister

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

The above

« VCA27 bit in VCA2 register = 1 (voltage detection 2 circuit enabled)
* VW2CO bit in VW2C register = 1 (voltage monitor 2 interrupt enabled)

Note:

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

applies when:

__<

1
Sampling clock of : )
digital filter x 2 cycles u—p
'

Sampling clock of )
digital filter x 2 cycles :'_"

1|

Set to 0 when an interrupt request ~
is acknowledged. \

e Sett00 by a program,
|

- Set to 0 by a program.

]

'

' -~ Set to 0 when an interrupt request
is acknowledged.

& Setto 0 by a program.

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

Set to 0 by a program.

_|"

|

]

K/A__— Set to 0 when an interrupt request

_| 4 is acknowledged.

_&— Setto 0 by a program.

1
! & Setto 0 when an interrupt request

is acknowledged.

& Setto 0 by a program.

B

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

Figure 6.7

Operating Example of Voltage Monitor 2 Interrupt
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7. 1/0 Ports

Thereare 75 1/O ports PO to P3, P4_3to P4 7, P5to P8, and P9_0to P9_5. (P4_3 and P4_4 can be used as /O ports if
the XCIN clock oscillation circuit is not used. P4_6 and P4_7 can be used as 1/O ports if the XIN clock oscillation
circuit is not used.)

If the A/D converter and the D/A converter are not used, P4 2 can be used as an input-only port.

Table 7.1 lists an Overview of 1/0O Ports.

Table 7.1 Overview of /O Ports

Ports I/O | Type of Output 1/0 Setting Inte;w:SIiSPtl;Irl-Up Drlvgvf,:i?cphacny Input Level Switch
PO, P3, P5, I/O | CMOS3 state | Set in 1-bit units | Set in 4-bit units (1) | Set in 4-bit units 3) | Set in 8-bit units 4)
P6, P7, P8
P1, P2 I/O | CMOS3 state | Set in 1-bit units | Set in 4-bit units (1) | Set in 1-bit units (2) | Set in 8-bit units 4)
P4_30) I/O |CMOS3 state | Set in 1-bit units | Set in 1-bit units (1) | Set in 1-bit units (3) | Set in 6-bit units ()
P4 40),P4 5, | /O |CMOS3 state | Set in 1-bit units | Set in 4-bit units (V) | Set in 4-bit units (3)
P4 6 (6),
P4_7(®)
P4 2 I | (No output None None None

function)

P9_0toP9_3 | I/O |CMOS3 state |Set in 1-bit units | Set in 4-bit units (1) | Set in 4-bit units (3) | Set in 6-bit units (4)
P9 _4,P9 5 I/O |CMOS3 state | Set in 1-bit units | Set in 2-bit units (1) | Set in 2-bit units (3)
Notes:

1. Ininput mode, whether an internal pull-up resistor is connected or not can be selected by registers PURO,
PUR1, and PUR2.

2. Whether the drive capacity of the output transistor is set to low or high can be selected using registers PLDRR
and P2DRR.

3. Whether the drive capacity of the output transistor is set to low or high can be selected using registers DRRO,
DRR1, and DRR2.

4. The input threshold value can be selected among three voltage levels (0.35 VCC, 0.50 VCC, and 0.70 VCC)

using registers VLTO, VLT1, and VLT2.

When the XCIN clock oscillation circuit is not used, these ports can be used as an I/O ports.

When the XIN clock oscillation circuit is not used, these ports can be used as 1/O ports.

7. When the A/D converter and the D/A converter are not used, this port can be used as an input-only ports.

oo

7.1 Functions of I/O Ports

ThePDi_j (j =0to 7) bitin the PDi (i = 0to 9) register controls I/O of the ports PO to P3, P4 3to P4_7, P5to P8,
and P9_0to P9 5. The Pi register consists of a port latch to hold output data and a circuit to read pin states.
Figures 7.1 to 7.21 show the Configurations of 1/0O Ports. Table 7.2 lists the Functions of 1/0 Ports.

Table 7.2 Functions of I/O Ports
Operation When Value of PDi_j Bit in PDi Register (1)
Accessing L L
: ; When PDi_j Bitis Set to 0 (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 Write to the port latch. Write to the port latch. The value written
to the port latch is output from the pin.
i=0t09,j=0to7
Note:

1. Nothing is assigned to bits PD4_0 to PD4_2, PD9_6, and PD9_7.
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7.2 Effect on Peripheral Functions
1/O ports function as 1/0O ports for peripheral functions (refer to Table 1.4 and Table 1.5 Pin Name I nfor mation

by Pin Number).

Table 7.3 lists the Setting of PDi_j Bit when Functioning as 1/O Ports for Peripheral Functions(i=0t09,j =0to

7).

Refer to the description of each function for information on how to set peripheral functions.

Table 7.3 Setting of PDi_j Bit when Functioning as 1/0O Ports for Peripheral Functions
i=0t09,j=0to 7)

I/0 of Peripheral Function

PDi_j Bit Settings for Shared Pin Function

Input

Set this bit to O (input mode).

Output

This bit can be set to either 0 or 1 (output regardless of the port setting).

7.3 Pins Other than 1/O Ports
Figure 7.22 shows the Configuration of 1/0 Pins.
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PO_0to PO_5

Pull-up selection

Direction -
register Pin select
register
Output from individual

peripheral f&nction enabled

Data bus —0—‘ Port latch
IOINSEL

Output from individual
peripheral function

Drive capacity selection

Input level

F e

J (Note 1)

(Note 1)

switch function

Pin select register

Input to individual peripheral function 4@_

oo

Analog input of A/D converter

PO_6 and PO_7

Pull-up selection

Direction -
register T Pin select

register
] QOutput from individual
Data bus —0—‘ Port latch
IOINSEL

Output from individual
peripheral function

Drive capacity selection :D—

Drive capacity selection

Input level

peripheral fupction enabled
( Eﬂ

il

(Note 1)

(Note 1)

switch function

Pin select register

Input to individual peripheral function 4@_

o
oo

Analog input of A/D converter

Analog output of D/A converter

Note:

=

symbolizes a parasitic diode.
Ensure the input voltage to each port does not exceed VCC.

IOINSEL: Bit in PINSR register

D/A converter
output enable

Drive capacity selection :D_

Figure 7.1 Configuration of 1/0 Ports (1)
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P1 OtoP1_3 ) ) )
- - Drive capacity selection
Pull-up selection
register Pin select o) o)
register
Output from individual
| peripheral function enabled
[ ¢ )
Output from individual ! (Note 1)
peripheral function_Qko_
Data bus —0—‘ Port latch @ O *—4
p
(Note 1)
’_{r@ IOINSEL d E i
j )o— 777
Input level
switch function
Pin select register
Input to individual peripheral function —<ﬁ_z_
Analog input of A/D converter O\C
Drive capacity selection :D_
Note:
1. symbolizes a parasitic diode.
Ensure the input voltage to each port does not exceed VCC.
IOINSEL: Bit in PINSR register
Figure 7.2 Configuration of 1/0 Ports (2)
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P14

Drive capacity selection

Pull-up selection

Direction -
register

Pin select
register

Output from individual
peripheral function enabled ,J J
< Note 1
Output from individual ( )
peripheral function
Data bus —0—‘ Port latch
p
(Note 1)
G IOINSEL ’—l —l

‘g Input level

switch function

Pin select register

Input to individual peripheral function 4@_
Drive capacity selection :D_

P15 . . !
- Drive capacity selection
Pull-up selection
Direction -
register Pin select
register
Output from individual
peripheral function enabled \
o—<} — O} Ll (Note 1)
Output from individual 1
peripheral function‘c{‘l\o_
Data bus —0—‘ Port latch O
> (Note 1)
IOINSEL —l
| —
Input level
switch function
Pin select register
Input to individual ﬁ7—
peripheral function N\
o Digital
Input to external interrupt ——o fiter [
Drive capacity selection :D_
Note:

1. —k— symbolizes a parasitic diode.
Ensure the input voltage to each port does not exceed VCC.

IOINSEL: Bit in PINSR register

Figure 7.3 Configuration of 1/0 Ports (3)
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P16

Direction
register

Output from individual

Pull-up selection

Drive capacity selection

Pin select
register

Port latch

| peripheral fu‘nction enabled

Output from individual

o (Note 1)

Data bus

IOINSEL

4

peripheral function Q )
O

(Note 1)

—1

Input level

P17

Direction

Pin select register

Input to individual peripheral function 4@_

Analog input of comparator B

switch function

Pull-up selection

Drive capacity selection :D_

Drive capacity selection

register

peripheral ful

Output from individual

Pin select
register

nction enabled

Data bus Port latch

Output from individual
peripheral function

(Note 1)

IOINSEL

A

(Note 1)

Input level

Input to individual

Pin select register

switch function

peripheral function
Analog input of

i

comparator B

Note:

IOINSEL: Bit in PINSR register

Digital

. o— . ¢
Input to external interrupt ——O~ filter

1. —K—symbolizes a parasitic diode.
Ensure the input voltage to each port does not exceed VCC.

Drive capacity selection :D_

Figure 7.4

Configuration of 1/0 Ports (4)
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P20

Data bus —¢

Drive capacity selection

Pull-up selection

Direction -
register Pin select
register
Output from individual

nction enabled

i peripheral fu

Output from individual

peripheral function 4%\0_
O

>—‘ Port latch

IOINSEL

A

F

Input level
switch function

J (Note 1)

(Note 1)

Pin select register

Input to individual

peripheral function

A

Data bus —¢

Input to external interrupt

Digital

P2 1to P2 7

Pull-up selection

Direction -

_ o0 9 riter [

i

Drive capacity selection :D_

Drive capacity selection

i

register Pin select

register
Output from individual
peripheral function enabled

Port latch

Output from individual
peripheral function

Note:

IOINSEL

e

Input level

M&m

Pin select register

Input to individual peripheral function 4@_
Drive capacity selection :D_

switch function

symbolizes a parasitic diode.
Ensure the input voltage to each port does not exceed VCC.

IOINSEL: Bit in PINSR register

(Note 1)

(Note 1)

Figure 7.5

Configuration of 1/0 Ports (5)
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P3 0

Data bus —¢

Direction -

Pull-up selection

Drive capacity selection

register

Qutput
peripheral fu

Pin select
register

from individual
nction enabled

O

—

Output from individual
peripheral function

>—‘ Port latch

IOINSEL

P3_1

Data bus —¢

A

N

Input level

-

Pin select register

Input to individual peripheral function 4@_

Pull-up selection

switch function

Drive capacity selection :D_

Drive capacity selection

Direction -
register Pin select
register
Output from individual

nction enabled

: peripheral fu

Output from individual
peripheral function

O

>—‘ Port latch

Note:

N

Input level

b

symbolizes a parasitic diode.
Ensure the input voltage to each port does not exceed VCC.

IOINSEL: Bit in PINSR register

i 1

switch function

Drive capacity selection :D—

J \J (Note 1)
(Note 1)
_|

(Note 1)

(Note 1)

Figure 7.6

Configuration of 1/0 Ports (6)
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P3 2 ) ) )
- Drive capacity selection
Pull-up selection
Direction -
register Pin select
register
Output from individual
peripheral function enabled \
© 1 J (Note 1)
Output from individual 1
peripheral function‘Q}\O—
Data bus —0—‘ Port latch o}

b—l (Note 1)
._5 IOINSEL
Pin select register

Input to individual N 67—
peripheral function N

Digital
filter

Input level
switch function

Input to external interrupt

Drive capacity selection :D_

P3—3 Drive capacity selection
Pull-up selection
Direction
register Pin select
register
Output from individual
peripheral function enabled J
* ;J (Note 1)
Output from individual
peripheral function
Data bus Port latch

_|
)—l —| (Note 1)

Ao

Pin select register

Input level ‘
switch function

Input to individual
peripheral function T

Analog input of
comparator B

Digital
filter

Drive capacity selection :D_

Input to external interrupt

Note:
1. ——J¢——— symbolizes a parasitic diode.
Ensure the input voltage to each port does not exceed VCC.

IOINSEL: Bit in PINSR register

Figure 7.7 Configuration of 1/0 Ports (7)
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P3 4

Direction
register
Output from individual
| peripheral fu*nmion enabled

Pull-up selection

Drive capacity selection

Pin select
register

O

Data bus —¢ Port latch

Output from individual

peripheral function Q '
O

A

IOINSEL

A

Input level

P35

Direction
register

Pin select register

Input to individual peripheral function 4@_ °

Analog input of comparator B

Output from individual
| peripheral fu‘nmion enabled

switch function

Pull-up selection

Drive capacity selection :D_

Drive capacity selection

Pin select
register

Data bus Port latch

Output from individual
peripheral function

(L

IOINSEL

A

Input level

Note:

IOINSEL: Bit in PINSR register

Pin select register

Input to individual peripheral function 4@_

1. ——J¢——— symbolizes a parasitic diode.
Ensure the input voltage to each port does not exceed VCC.

switch function

Drive capacity selection :D_

(Note 1)

(Note 1)

(Note 1)

(Note 1)

Figure 7.8

Configuration of 1/0 Ports (8)
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P36

P3_7

Data bus

Note:

Data bus —0—‘ Port latch

Input to external
interrupt

Pull-up selection

Drive capacity selection

Direction
register

>

——

IOINSEL

— D

Input level

2?@

Pin select registerJ

?_

Digital
filter

Pull-up selection

Direction

(Note 1)

(Note 1)

switch function

Drive capacity selection :D_

Drive capacity selection

register Pin select

register
Output from individual
| peripheral fu‘nction enabled

Input to individual
peripheral function

Port latch

Output from individual
peripheral function

- H

IOINSEL

A

Input level

Pin select register

switch function

(Note 1)

(Note 1)

e

Drive capacity selection :D_

symbolizes a parasitic diode.
Ensure the input voltage to each port does not exceed VCC.

IOINSEL: Bitin PINSR register

Figure 7.9

Configuration of 1/0 Ports (9)
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P4 2/VREF
(Note 1)
| Input level
Data bus | switch function O
(Note 1)
P4 _3/XCIN Drive capacity selection
Pull-up selection
Direction D
register
+—<] FDJ | (Note 1
Data bus —0—‘ Port latch
(Note 1)
@— IOINSEL *{>®T—_Z>o<'_|
q
/g Input level CM04, XCSEL
switch function
R [ |
1 1
] )
Drive capacity selection H :
| B cmiz
XCIN ! H
oscillation ]
circuit : CMO3 RIXCIN E
1
P4_4/XCOUT Drive capacity selection E E
Pull-up selection :,_ ______ | E
Direction EI:}
register
— < FDM ] (Note 1)
Data bus —0—‘ Port latch O
(Note 1)

Input level

Note:
1.

symbolizes a

CMO03, CM04: Bits in CMO register
CM12: Bit in CM1 register
XCSEL: Bit in PINSR register
IOINSEL: Bit in PINSR register

switch function

=

Drive capacity selection

parasitic diode.

Ensure the input voltage to each port does not exceed VCC.

Figure 7.10 Configuration of 1/0 Ports (10)

RO1UHO094EJ0110 Rev.1.10

Oct 04, 2010

RENESAS

Page 68 of 794



R8C/38C Group

7.1/0 Ports
P4—5 Drive capacity selection
Pull-up selection
Direction -
register Pin select o fanY
register
Output from individual
peripheral function enabled \
< O (Note 1)
Output from individual H

peripheral function_Ql\o_
Data bus —0—| Port latch O *—4
b (Note 1)
@ IOINSEL ’—l E —I
j ):)_ 777

Input level
switch function

Pin select register
Input to individual /ﬁ__('_
peripheral function AN

. Digital
Input to external interrupt O— fg

¢ ] il
A/D trigger input 0 ﬁﬁ lter :D—
Drive capacity selection

Note:
1. ——J¢——— symbolizes a parasitic diode.
Ensure the input voltage to each port does not exceed VCC.

IOINSEL: Bit in PINSR register

Figure 7.11 Configuration of 1/0 Ports (11)
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P4_6/XIN

Drive capacity selection

Pull-up selection
Direction o
register

Data bus —0—| Port latch

i

.J J (Note 1)

»—l (Note 1)

| .

Input level

P4_7/XOUT

Drive capacity selection
pull-up selecion —498 [ +—~ |  beqmeoomommomooe- 1
Direction —lD
register
:I] (Note 1)

Data bus —0—| Port latch O

(Note 1)
’_5 — IOINSEL
; Input level
switch function
Drive capacity selection
Note:

1. —K— symbolizes a parasitic diode.
Ensure the input voltage to each port does not exceed VCC.

switch function
________________ ]
|
. . . !
Drive capacity selection v |
XIN !
. . 1
oscillation 1
circuit !
1
1
1
1
1

%@

CMO5: Bit in CMO register
CM11, CM13: Bits in CM1 register
IOINSEL: Bit in PINSR register

Figure 7.12 Configuration of 1/0 Ports (12)
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P5 0 i . .
- Drive capacity selection
Pull-up selection
Direction D
register & S o S
¢ I I l_DD_,J i (Note 1)
_| (Note 1)

Data bus —0—‘ Port latch
)
IOINSEL
Drive capacity selection :D_

Input level
switch function
o O P P
J (Note 1)
;_l _I (Note 1)

Pin select register J
Drive capacity selection :D_

Input to individual peripheral function na

P5 1toP5 4,P5 6,and P5_7 ) . !
— - - - Drive capacity selection

Pull-up selection

Direction
register Pin select
register

Output from individual
| peripheral fu'nction enabled

Data bus —Q—i Port latch

Output from individual
peripheral function

IOINSEL

e

Pin select register

Input to individual peripheral function —@_

Input level
switch function

Note:
symbolizes a parasitic diode.

Ensure the input voltage to each port does not exceed VCC.

IOINSEL: Bit in PINSR register

Figure 7.13 Configuration of 1/0 Ports (13)
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P5 5
Drive capacity selection
Pull-up selection
Direction D
o
0—<} l_D (Note 1)

Data bus —¢ Port latch
._{d— IOINSEL

Input level

B

Note:
1. —K— symbolizes a parasitic diode.

IOINSEL: Bit in PINSR register

switch function

Drive capacity selection :D_

Ensure the input voltage to each port does not exceed VCC.

Figure 7.14 Configuration of 1/0 Ports (14)

RO1UHO0094EJ0110 Rev.1.10 ENESAS

Oct 04, 2010

Page 72 of 794



R8C/38C Group 7.1/0 Ports

P6_0 and P6_3

Drive capacity selection

Pull-up selection

Direction
register Pin select
register

Output from individual

i peripheral function enabled \
1
Output from individual !
peripheral function_Qn\o_
Data bus —0—‘ Port latch O

.{@—IOINSEL a

(Note 1)

(Note 1)

Input level
switch function

Drive capacity selection :D_

P6_1
Drive capacity selection
Pull-up selection
Direction D
register S S o S
l_D—QJ J (Note 1)
Data bus Port latch
(Note 1)
— IOINSEL —l
Input level
switch function
Drive capacity selection :D_
Note:

1. ——j¢——— symbolizes a parasitic diode.
Ensure the input voltage to each port does not exceed VCC.

IOINSEL: Bit in PINSR register

Figure 7.15 Configuration of 1/0 Ports (15)
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P6_2

Drive capacity selection

Pull-up selection

register Pin select o & < g
(

register
Output from individual
| peripheral function enabled
¢ | L 4 J Note 1)
Output from individual
peripheral function
Data bus —.—‘ Port latch
4 p—l (Note 1)
IOINSEL

Input level
switch function

Pin select register

Input to individual peripheral function —@_
Drive capacity selection :D_

P6_4

Drive capacity selection

Pull-up selection
Direction D
register
Data bus —0—‘ Port latch l_D_<
4 (Note 1)
‘_{ IOINSEL i

(Note 1)

Input level

switch function
Pin select register

Input to individual peripheral function s

Drive capacity selection :D_

Note:
1. —k— symbolizes a parasitic diode.
Ensure the input voltage to each port does not exceed VCC.

IOINSEL: Bit in PINSR register

Figure 7.16 Configuration of 1/0 Ports (16)
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P6_5to P6_7

Drive capacity selection

Pull-up selection

register Pin select

register 5
| Output from individual
peripheral fupction enabled
L ¢ 3 O E ,J J (Note 1)
1

Output from individual

peripheral function‘%\o_
Data bus —0—‘ Port latch L o] *—4

»_{’_Ct. IOINSEL a E i (Note 1)
- it

Input level
switch function

Pin select register
Input to individual /3_7_
peripheral function N\

o Df|g|tal

Input to external interrupt ——o~ ilter
Drive capacity selection :D_

Note:
1. ——j¢——— symbolizes a parasitic diode.
Ensure the input voltage to each port does not exceed VCC.

IOINSEL: Bit in PINSR register

Figure 7.17 Configuration of 1/0 Ports (17)

P7 OtoP7_7
Drive capacity selection
Pull-up selection
register oS o
* < (Note 1)
Data bus —0—‘ Port latch
(Note 1)
’_{‘ I IOINSEL d i
Input level
switch function
Analog input of A/D converter oo
Drive capacity selection :D_
Note:
1. ——{¢——— symbolizes a parasitic diode.
Ensure the input voltage to each port does not exceed VCC.
IOINSEL: Bit in PINSR register
Figure 7.18 Configuration of 1/0 Ports (18)
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P8_0to P8_2, P8_4, and P8_5

Drive capacity selection

Pull-up selection

Direction -
register Pin select

T register
Output from individual
| peripheral function enabled \
¢ | i .J J (Note 1)
Output from individual !
peripheral function_%\o_
Data bus —0—| Port latch ‘o)
(Note 1)
— IOINSEL a [

Input level
switch function

Drive capacity selection :D_

P8 3 ) . )
- Drive capacity selection
Pull-up selection
Direction -
register Pin select O o Fa O

register

Output from individual

peripheral function enabled

(Note 1)
Output from individual
peripheral function
Data bus Port latch
(Note 1)
IOINSEL —I
Input level
switch function
Pin select register
Input to individual peripheral function —@_
Drive capacity selection :D_
Note:

1. —K— symbolizes a parasitic diode.
Ensure the input voltage to each port does not exceed VCC.

IOINSEL: Bit in PINSR register

Figure 7.19 Configuration of 1/0 Ports (19)
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P8 6 and P8_7
Drive capacity selection
Pull-up selection
register S o o S
L ¢ < ,J E J (Note 1)
Data bus —0—| Port latch *—4
(Note 1)
‘_{‘ I IOINSEL d E i
777
Input level
switch function
Drive capacity selection :D_
Note:
1. ——J¢——— symbolizes a parasitic diode.
Ensure the input voltage to each port does not exceed VCC.
IOINSEL: Bit in PINSR register
Figure 7.20 Configuration of 1/0 Ports (20)
P9 0to P9 5
Drive capacity selection
Pull-up selection
register oS o
[
4 < (Note 1)
Data bus —0—‘ Port latch
(Note 1)
’_{‘ I IOINSEL d i
Input level
switch function
Drive capacity selection :D_
Note:
1. ——J¢——— symbolizes a parasitic diode.
Ensure the input voltage to each port does not exceed VCC.
IOINSEL: Bit in PINSR register
Figure 7.21  Configuration of I/O Ports (21)
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MODE
MODE signal input \@ ® O
(Note 1)
RESET (Note 1)
RESET signal input \@ O
(Note 1)
Note:
1. —k—symbolizes a parasitic diode.
Ensure the input voltage to each port does not exceed VCC.
Figure 7.22 Configuration of I/0 Pins
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7.4 Registers

7.4.1 Port Pi Direction Register (PDi) (i=0to 9)

Address 00E2h (PDO (1)), 00E3h (PD1), 00E6h (PD2), 00E7h (PD3), 00EAh (PD4 (2)), 00EBh (PD5),
00EEh (PD6), 00EFh (PD7), 00F2h (PD8), 00F3h (PD9 (2))

Bit b7 b6 b5 b4 b3 b2 bl 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 (functions as an input port) R/W
bl PDi_1 [Port Pi_1 direction bit 1: Output mode (functions 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. Write to the PDO register with the next instruction after that used to set the PRC2 bit in the PRCR register to 1
(write enabled).
2. Bits PD4_0to PD4_2 in the PD4 register, and bits PD9_6 and PD9_7 in the PD9 register are unavailable on this
MCU.
If it is necessary to set bits PD4_0 to PD4_2 in the PD4 register, and bits PD9_6 and PD9_7 in the PD9 register,
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.
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7.4.2 Port Pi Register (Pi) (i=0to 9)

Address 00EOh (P0), 00ELh (P1), 00E4h (P2), 00E5h (P3), 00ESh (P4 (1)), 00ESh (P5), 00ECh (P6), 00EDh (P7),
00FOh (P8), 00F1h (P9 ()

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol| Pi7 | Pi6 [ Pi5 | Pia | Pi3 | Pi2 | Pil | PO |

After Reset X X X X X X X X
Bit Symbol Bit Name Function R/W
b0 Pi_0 [Port Pi_0 bit 0: “L”" level R/W
bl Pi_1 [PortPi_1 bit 1. "H” level R/W
b2 Pi_2 [Port Pi_2 bit R/W
b3 Pi_ 3 |PortPi_3 bit RIW
b4 Pi_4 [Port Pi_4 bit R/W
b5 Pi 5 |PortPi_5 bit RIW
b6 Pi_ 6 |PortPi_6 bit RIW
b7 Pi_7 [Port Pi_7 bit R/W

Note:
1. Bits P4_0to P4_1 in the P4 register, and bits P9_6 and P9_7 in the P9 register are unavailable on this MCU.
If it is necessary to set bits P4_0 to P4_1 in the P4 register, and bits P9_6 and P9_7 in the P9 register, set to 0.
When read, the content is 0.

Data input 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=0to 9,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 1/O port which is set to output mode can be controlled by writing to the
corresponding bit in this register.
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7.4.3  Timer RA Pin Select Register (TRASR)
Address 0180h

Bit b7 b6 b5 b4 b3 b2 b1l b0
Symbol | — | — | — |TRAOSEL1|TRAOSELO|TRAIOSEL2 TRAIOSEL1|TRAIOSELO
After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 |TRAIOSELO|TRAIO pin select bit b2 b1 b0 ] R/W
b1 |[TRAIOSELL 8 8 2f ;?A;Oass'?ggggused RIW
b2 |TRAIOSEL2 L onT RIW

0 10: P1_5 assigned
01 1: P3_2 assigned
10 0: P5_5 assigned
Other than above: Do not set.
b3 | TRAOSELO |TRAO pin select bit b4 b3 R/W

0 0: P3_7 assigned
b4 |TRAOSEL1 0 1: P3_0 assigned RV

1 0: P5_6 assigned
1 1: Do not set.

b5 — Nothing is assigned. If necessary, set to 0. When read, the content is O. —
b6 —
b7 —

The TRASR register selects which pin is assigned to the timer RA 1/O. To use the 1/O pin for timer RA, set this
register.

Set the TRASR register before setting the timer RA associated registers. Also, do not change the setting value
in thisregister during timer RA operation.

7.4.4  Timer RB/RC Pin Select Register (TRBRCSR)
Address 0181h

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol | — |TRCCLKSEL2| TRCCLKSEL1 | TRCCLKSELO | — | — — |TRBOSELO
After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 TRBOSELO |[TRBO pin select bit 0: P1_3 assigned R/W
1: P3_1 assigned

bl — Reserved bit Set to O. R/W
b2 — Nothing is assigned. If necessary, set to 0. When read, the content is 0. —
b3 —

b4 |TRCCLKSELO|TRCCLK pin select bit b6 bS b4 . R/W
b5 |TRCCLKSELL 8 8 (1’; ;TC4C;_S§izlger;0t used RIW
b6 |TRCCLKSEL2 - R/W

01 0: P3_3 assigned
1 00: P5_0 assigned
Other than above: Do not set.
b7 — Nothing is assigned. If necessary, set to 0. When read, the content is 0. —

The TRBRCSR register selects which pin is assigned to the timer RB and timer RC 1/O. To use the 1/0 pin for
timer RB and timer RC, set thisregister.

Set the TRBOSELO bit before setting the timer RB associated registers. Set bits TRCCLKSELO to
TRCCLKSEL 2 before setting the timer RC associated registers. Also, do not change the setting values of the
TRBOSELO bit during timer RB operation. Do not change the setting values of bits TRCCLKSELO to
TRCCLKSEL 2 during timer RC operation.
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7.45 Timer RC Pin Select Register 0 (TRCPSRO0)
Address 0182h

Bit b7 b6 b5 b4 b3 b2 b1l b0
Symbol | — |TRCIOBSEL2|TRCIOBSEL1|TRCIOBSELO| — |TRCIOASEL2 TRCIOASEL1|TRCIOASELO
After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 |[TRCIOASELO |[TRCIOA/TRCTRG pin select bit b2b1b0 A/ ) q R/W
bl | TRCIOASELL 8 8 (1); ;Tcl'zssgsfég% pin not use RIW
b2 | TRCIOASEL2 010 P0:0 assigned R/W
01 1: PO_1 assigned
1 00: PO_2 assigned
101: P5_1 assigned
Other than above: Do not set.
b3 — Nothing is assigned. If necessary, set to 0. When read, the content is 0. —
b4 | TRCIOBSELO | TRCIOB pin select bit bgbglg_ TRCIOB bi q R/W
b5 | TRCIOBSELL 001 P12 assﬁ’"r‘]:gt use RIW
b6 | TRCIOBSEL2 on 9 R/W

01 0: PO_3 assigned
01 1: PO_4 assigned
1 00: PO_5 assigned
10 1: P2_0 assigned
11 0: P6_5 assigned
111:P5_2 assigned
b7 — Nothing is assigned. If necessary, set to 0. When read, the content is 0. —

The TRCPSRO register selects which pin is assigned to the timer RC I/O. To use the 1/0 pin for timer RC, set
this register.

Set the TRCPSRO register before setting the timer RC associated registers. Also, do not change the setting value
in this register during timer RC operation.
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7.4.6  Timer RC Pin Select Register 1 (TRCPSR1)
Address 0183h

Bit b7 b6 b5 b4 b3 b2 b1l b0
Symbol | — |TRCIODSEL2|TRCIODSEL1|TRCIODSELO| — |TRCIOCSEL2 TRCIOCSEL1|TRCIOCSELO

After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 |TRCIOCSELO |TRCIOC pin select bit b2b1 b0 ] q R/W
bl | TRCIOCSELL 8 8 (1); ;Tcaligs%?\:;t use RIW
b2 |TRCIOCSEL2 010 P3:4 assigned R/W

01 1: PO_7 assigned

100: P2_1 assigned

10 1: P6_6 assigned

11 0: P5_3 assigned

Other than above: Do not set.
b3 — Nothing is assigned. If necessary, set to 0. When read, the content is 0. —
b4 | TRCIODSELO |TRCIOD pin select bit bgbé%{ TRCIOD bi q R/W
b5 | TRCIODSELL 001 P10 ass'io"r‘]é‘;t use RIW
b6 |TRCIODSEL2 oo 9 R/W

01 0: P3_5 assigned
01 1: PO_6 assigned
10 0: P2_2 assigned
101: P6_7 assigned
11 0: P5_4 assigned
Other than above: Do not set.
b7 — Nothing is assigned. If necessary, set to 0. When read, the content is 0. —

The TRCPSR1 register selects which pin is assigned to the timer RC I/O. To use the I/O pin for timer RC, set
this register.

Set the TRCPSR1 register before setting the timer RC associated registers. Also, do not change the setting value
in this register during timer RC operation.
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7.4.7  Timer RD Pin Select Register 0 (TRDPSRO0)
Address 0184h
Bit b7 b6 b5 b3 b2 bl b0
Symbol | — |TRDIODOSELO|TRDIOCOSEL1|TRDIOCOSELO|TRDIOBOSEL1|TRDIOBOSELO| — |TRDIOAOSELO
After Reset 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 | TRDIOAOSELO |[TRDIOAO/TRDCLK pin select bit 0: TRDIOAO/TRDCLK pin not used R/IW
1: P2_0 assigned
bl — Nothing is assigned. If necessary, set to 0. When read, the content is 0. —
b2 TRDIOBOSELO | TRDIOBO pin select bit b3 b% ) R/W
b3 TRDIOBOSELL 0 0: TRDIOBO pin not used RIW
0 1: Do not set.
1 0: P2_2 assigned
1 1: Do not set.
b4 | TRDIOCOSELO [ TRDIOCO pin select bit bSbd ] R/IW
b5 TRDIOCOSELL 0 0: TRDIOCO pin not used RIW
0 1: Do not set.
1 0: P2_1 assigned
1 1: Do not set.
b6 TRDIODOSELO | TRDIODO pin select bit 0: TRDIODO pin not used R/W
1: P2_3 assigned
b7 — Nothing is assigned. If necessary, set to 0. When read, the content is 0. —

The TRDPSRO register selects which pin is assigned to the timer RD 1/O. To use the I/O pin for timer RD, set

this register.

Set the TRDPSRO register before setting the timer RD associated registers. Also, do not change the setting

valuein thisregister during timer RD operation.

7.4.8 Timer RD Pin Select Register 1 (TRDPSR1)
Address 0185h
Bit b7 b6 b5 b3 b2 bl b0
Symbol | — |TRDIOD1$ELO| — |TRDIOC1SELO| — |TRDIOBlSELO — TRDIOA1SELO
After Reset 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 TRDIOA1SELO |[TRDIOAL pin select bit 0: TRDIOAL pin not used R/W
1: P2_4 assigned
bl — Nothing is assigned. If necessary, set to 0. When read, the content is 0. —
b2 TRDIOB1SELO | TRDIOBL pin select bit 0: TRDIOBL1 pin not used R/W
1: P2_5 assigned
b3 — Nothing is assigned. If necessary, set to 0. When read, the content is 0. —
b4 TRDIOC1SELO [ TRDIOCL1 pin select bit 0: TRDIOC1 pin not used R/W
1: P2_6 assigned
b5 — Reserved bit Setto 0. R/W
b6 TRDIOD1SELO [TRDIODL1 pin select bit 0: TRDIOD1 pin not used R/W
1: P2_7 assigned
b7 — Reserved bit Setto 0. R/W

The TRDPSR1 register selects which pin is assigned to the timer RD 1/O. To use the I/O pin for timer RD, set

this register.

Set the TRDPSR1 register before setting the timer RD associated registers. Also, do not change the setting

value in this register during timer RD operation.
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7.4.9  Timer Pin Select Register (TIMSR)
Address 0186h
Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol | TRGCLKBSEL | TRGCLKASEL | TRGIOBSEL | TRGIOASEL | — | TRFISELO | — | TREOSELO
After Reset 0 0 0 0 0 0 0 0

Bit Symbol Bit Name Function R/W

b0 TREOSELO |[TREO pin select bit 0: PO_4 pin assigned R/W
1: P6_0 pin assigned

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

b2 TRFISELO |TRFI pin select bit 0: TRFI pin not used R/W
1: P8_3 pin assigned

b3 — Nothing is assigned. If necessary, set to 0. When read, the content is 0. —

b4 TRGIOASEL |TRGIOA pin select bit 0: TRGIOA pin not used R/W
1: P5_6 pin assigned

b5 TRGIOBSEL |[TRGIOB pin select bit 0: TRGIOB pin not used R/W
1: P5_7 pin assigned

b6 | TRGCLKASEL |TRGCLKA pin select bit 0: TRGCLKA pin not used R/W
1: P3_0 pin assigned

b7 | TRGCLKBSEL |TRGCLKB pin select bit 0: TRGCLKB pin not used R/W
1: P3_2 pin assigned

The TIMSR register selects which pin is assigned as the timers RE, RF, and RG 1/0. To use the I/O pin for
timers RE, RF, and RG, set thisregister.
Set the TIM SR register before setting the registers associated with timers RE, RF, and RG. Also, do not change
the setting value in this register during the operation of timers RE, RF, and RG.

7.4.10 Timer RF Output Control Register (TRFOUT)
Address 0187h

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol| TRFOUT? | TRFOUT6 | TRFOUT5 | TRFOUT4 | TRFOUT3 | TRFOUT2 | TRFOUT1 | TRFOUTO

After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 TRFOUTO | TRFOOO output enable bit 0: Output disabled R/W
bl | TRFOUT1 |TRFOO1 output enable bit 1: Output enabled RIW
b2 TRFOUT2 | TRFOO02 output enable bit R/W
b3 TRFOUT3 | TRFO10 output enable bit R/W
b4 TRFOUT4 | TRFO11 output enable bit R/W
b5 TRFOUTS5 | TRFO12 output enable bit R/W
b6 TRFOUT6 |TRFOO00 to TRFOO02 output invert bit |0: Output not inverted R/W
b7 | TRFOUT7 |TRFO10 to TRFO12 output invert bit |1: Output inverted RIW
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7.4.11 UARTO Pin Select Register (UOSR)
Address 0188h

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol| — | — | — |CLKOSELO| — |RXDOSELO —  |TXDOSELO

After Reset 0 0 0 0 0 0 0 0

Bit Symbol Bit Name Function R/W

b0 |[TXDOSELO|TXDO pin select bit 0: TXDO pin not used R/W
1: P1_4 assigned

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

b2 |RXDOSELO|RXDO pin select bit 0: RXDO pin not used R/W
1: P1_5 assigned

b3 — Nothing is assigned. If necessary, set to 0. When read, the content is 0. —

b4 |CLKOSELO|CLKO pin select bit 0: CLKO pin not used R/W
1: P1_6 assigned

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

b6 —

b7 —

The UOSR register selects which pin is assigned to the UARTO I/0O. To use the 1/0 pin for UARTO, set this
register.

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

7.4.12 UART1 Pin Select Register (ULSR)
Address 0189h

Bit b7 b6 b5 b4 b3 b2 b1l b0
Symbol | — | — |CLKlSEL1|CLKlSELO|RXD18EL1 RXD1SELO|TXD1SEL1|TXD1SELO
After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 | TXDISELO |TXD1 pin select bit b1 b0 RIW

0 0: TXD1 pin not used
0 1: PO_1 assigned

1 0: P6_3 assigned

1 1: Do not set.

b2 |RXD1SELO|RXD1 pin select hit b3 b2 R/W

0 0: RXD1 pin not used
b3 |RXDISELL 0 1: PO_2 assigned RIW

1 0: P6_4 assigned
1 1: Do not set.
b4 | CLK1SELO [CLK1 pin select bit b5 b4 R/W

0 0: CLK1 pin not used
b5 | CLKISELL 0 1: PO_3 assigned RIW

1 0: P6_2 assigned
1 1: P6_5 assigned
b6 — Nothing is assigned. If necessary, set to 0. When read, the content is O. —
b7 —

bl |TXD1SEL1 R/W

The U1SR register selects which pin is assigned to the UART1 I/O. To use the 1/0 pin for UARTL, set this
register.

Set the ULSR register before setting the UART1 associated registers. Also, do not change the setting value in
this register during UART1 operation.
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7.4.13 UART2 Pin Select Register 0 (U2SR0)
Address 018Ah

Bit b7 b6 b5 b4 b3 b2 b1l b0
Symbol | — | — |RXD25EL1|RXDZSELO| — |TXDZSEL2 TXD2SEL1|TXD2SELO
After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 |TXD2SELO |TXD2/SDA2 pin select bit b(z)bé %3 TXD2/SDA2 bi d R/W
bl |TXD2SEL1 00 1: P3_7 assigneptzln notuse RIW
b2 | TXD2SEL2 010: P3:4 assigned RIW
01 1: Do not set.
1 0 0: Do not set.
10 1: P6_6 assigned
11 0: Do not set.
11 1: Do not set.
b3 — Nothing is assigned. If necessary, set to 0. When read, the content is 0. —
b4 |RXD2SELO|RXD2/SCL2 pin select bit bgbs RXD2/SCL2 bi ; q R/W
: pin not use
b5 |RXD2SEL1 01: P3 4 assigned R/W
1 0: P3_7 assigned
1 1: P4_5 assigned
b6 — Reserved bit Setto 0. R/W
b7 — Nothing is assigned. If necessary, set to 0. When read, the content is 0. —

The U2SRO register selects which pin is assigned to the UART2 I/O. To use the 1/0 pin for UART2, set this
register.

Set the U2SRO0 register before setting the UART 2 associated registers. Also, do not change the setting valuein
thisregister during UART2 operation.

7.4.14 UART2 Pin Select Register 1 (U2SR1)
Address 018Bh

Bit b7 b6 b5 b4 b3 b2 b1l b0
Symbol | — | — | — |CTSZSELO| — | —  |CLK2SEL1|CLK2SELO

After Reset 0 0 0 0 0 0 0 0

Bit Symbol Bit Name Function R/W

b0 | CLK2SELO |CLK2 pin select bit b(l)b(())- CLK2 pin not used R/W

bl | CLK2SELL 0 1: P3_5 assigned RIW
1 0: Do not set.
11: P6_5 assigned

b2 — Nothing is assigned. If necessary, set to 0. When read, the content is O. —

b3 —

b4 | CTS2SELO | CTS2/RTS2 pin select bit 0: CTS2/RTS2 pin not used RIW
1: P3_3 assigned

b5 — Reserved bit Setto O. R/W

b6 — Nothing is assigned. If necessary, set to 0. When read, the content is O. —

b7 —

The U2SR1 register selects which pin is assigned to the UART2 I/O. To use the I/O pin for UART?2, set this
register.

Set the U2SR1 register before setting the UART2 associated registers. Also, do not change the setting value in
thisregister during UART2 operation.
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7.4.15 SSU/IC Pin Select Register (SSUIICSR)
Address 018Ch
Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol | — | — | — | — | — | — — 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 bit Set to 0. R/W
b2 — Nothing is assigned. If necessary, set to 0. When read, the content is 0. —
b3 —
b4 — Reserved bits Set to 0. R/W
b5 —
b6 —
b7 —
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7.4.16 INT Interrupt Input Pin Select Register (INTSR)
Address 018Eh

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol |INT3$EL1|INT3$ELO| — |INTZSELO| INTlSEL2| INT1$EL1|INT1$ELO —
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 [INT1SELO [\NTT pi - b3 b2 bl R/W
INT1 pin select bit 00 0: P1_7 assigned
b2 |INTISEL1 00 1: P1_5 assigned RIW
b3 INTISEL2 010: P2:0 assigned RIW
01 1: P3_6 assigned
10 0: P3_2 assigned
Other than above: Do not set.
b4 | INT2SELO ||NT2 pin select bit 0: P6_6 assigned R/W
1: P3_2 assigned
b5 — Nothing is assigned. If necessary, set to 0. When read, the content is 0. —
b6 | INT3SELO iNT3 pin select bit b7oe. . RIW
b7 | INT3SELL 00:P3_3 assigned RIW
0 1: Do not set.
1 0: P6_7 assigned
1 1: Do not set.

The INTSR register selects which pinisassigned to the INTi (i = 1to 3) input. To use INTI, set thisregister.
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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7.4.17

Address 018Fh

After Reset

Bit b7

b6 b5 b4

I/O Function Pin Select Register (PINSR)

b3 b2 bl b0

Symbol | SDADLY1 | SDADLYO0 | IICTCHALF |IICTCTWI| IOINSEL |

XCSEL

0

0 0 0

0 0 0 0

Bit

Symbol

Bit Name

Function

R/W

bO

XCSEL

XCIN/XCOUT pin connect bit

0: XCIN not connected to P4_3, XCOUT not
connected to P4_4

1: XCIN connected to P4_3, XCOUT connected to
P4 4

R/W

bl

Reserved bit

Set to 0.

R/W

b2

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

b3

IOINSEL

1/0 port input function select bit

0: The I/O port input function depends on the PDi (i
= 0to 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

R/W

b4

IICTCTWI

I2C double transfer rate select bit

0: Transfer rate is the same as the value set with
bits CKSO to CKS3 in the ICCR1 register
1: Transfer rate is twice the value set with bits CKS0

to CKS3 in the ICCR1 register

R/W

b5

IICTCHALF

I2C half transfer rate select bit

0: Transfer rate is the same as the value set with
bits CKS0 to CKS3 in the ICCR1 register
1: Transfer rate is half the value set with bits CKS0

to CKS3 in the ICCR1 register

R/W

b6

SDADLYO

b7

SDADLY1

SDA digital delay select bit

b7 b6
0 O: Digital delay of 3 x f1 cycles

0 1: Digital delay of 11 x f1 cycles
1 0: Digital delay of 19 x f1 cycles
1 1: Do not set.

R/W

R/W

XCSEL Bit (XCIN/XCOUT pin connect bit)

The XCSEL bit isused to connect XCIN and XCOUT to P4_3 and P4_4, respectively. When thisbitisset to 1,
XCIN is connected to P4_3 and XCOUT is connected to P4_4. For how to set XCIN and XCOUT, refer to 9.

Clock Generation Circuit.

IOINSEL Bit (/0O port input function select bit)

The IOINSEL bit is used to select the pin level of an I/O port when the PDi_j (j =0to 7) bitinthe PDi (i=0to
9) register isset to 1 (output mode). When thisbit is set to 1, the I/O port input function reads the pin input level
regardless of the PDi register.

Table 7.4 lists I/O Port Values Read by Using IOINSEL Bit. The IOINSEL bit can be used to change the input
function of all 1/O ports except P4_2.

Table 7.4 I/O Port Values Read by Using IOINSEL Bit
PDi_j bit in PDi register 0 (input mode) 1 (output mode)
IOINSEL hit 0 | 1 0 1
I/O port values read Pin input level Port latch value | Pin input level
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7.4.18 Pull-Up Control Register 0 (PURO)
Address 01EOh

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol | PUO7 | PUO06 | PU05 | PU04 | PUO3 | PU02 PUO1 PUOO
After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 PUOO [PO_0to PO_3 pull-up 0: Not pulled up R/W
bl PUO1 |[PO_4to PO_7 pull-up 1: Pulled up @ R/W
b2 PUO2 |[P1_0OtoP1_3 pull-up R/W
b3 PUO3 ([P1_4to P1_7 pull-up R/W
b4 PUO4 |P2_0to P2_3 pull-up R/W
b5 PUO5 [P2_4to P2_7 pull-up R/W
b6 PUO6 |P3_0to P3_3 pull-up R/W
b7 PUO7 |P3_4to P3_7 pull-up R/W
Note:
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.
For pins used as input, the setting valuesin the PURO register are valid.
7.4.19 Pull-Up Control Register 1 (PUR1)
Address 01E1lh
Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol| PU17 | PUl6 | PU15 | PUl14 | PU13 | PU12 PU11 PU10
After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 PU10 [P4_3 pull-up 0: Not pulled up R/W
bl PU1l [P4_4to P4 _7 pull-up 1: Pulled up @ R/IW
b2 PU12 |P5_0to P5_3 pull-up R/W
b3 PU13 |P5_4to P5_7 pull-up R/W
b4 PU14 |P6_0to P6_3 pull-up R/W
b5 PU15 |P6_4to P6_7 pull-up R/W
b6 PU16 |P7_0to P7_3 pull-up R/W
b7 PU17 |P7_4to P7_7 pull-up R/W
Note:

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

For pins used as input, the setting values in the PUR1 register are valid.
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7.4.20 Pull-Up Control Register 2 (PUR2)
Address 01E2h

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol | — | — | — | — | PU23 | PU22 PU21 PU20
After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 PU20 [P8_0to P8_3 pull-up 0: Not pulled up R/W
bl PU21 |P8 4 to P8_7 pull-up 1: Pulled up (1) RIW
b2 PU22 P9 _0to P9_3 pull-up R/W
b3 PU23 |P9_4 and P9_5 pull-up R/W
b4 — Nothing is assigned. If necessary, set to 0. When read, the content is O. —
b5 —
b6 —
b7 —
Note:

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.

For pins used as input, the setting valuesin the PUR2 register are valid.
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7.4.21 Port P1 Drive Capacity Control Register (P1DRR)
Address 01F0h

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol| P1DRR7 | P1DRR6 | P1DRR5 | P1DRR4 | P1DRR3 | P1DRR2 | P1DRR1 | P1DRRO

After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 |P1DRRO [P1_0 drive capacity 0: Low R/W
bl |P1DRR1 |[P1_1 drive capacity 1: High D) R/W
b2 |P1DRR2 [P1_2 drive capacity R/W
b3 | P1DRR3 [P1_3 drive capacity R/W
b4 | P1DRR4 [P1_4 drive capacity R/W
b5 |P1DRR5 [P1_5 drive capacity R/W
b6 |P1DRR6 [P1_6 drive capacity R/W
b7 | P1DRRY [P1_7 drive capacity R/W

Note:
1. Both “H” and “L” output are set to high drive capacity.

The P1DRR register selects whether the drive capacity of the P1 output transistor is set to low or high.

The PIDRRI 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 PADRR register are valid.

7.4.22 Port P2 Drive Capacity Control Register (P2DRR)
Address 01F1h

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol| P2DRR7 | P2DRR6 | P2DRR5 | P2DRR4 | P2DRR3 | P2DRR2 | P2DRR1 | P2DRRO

After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 |P2DRRO [P2_0 drive capacity 0: Low R/W
bl |P2DRR1 |P2_1 drive capacity 1: High O R/W
b2 | P2DRR2 |P2_2 drive capacity R/W
b3 | P2DRR3 |P2_3 drive capacity R/W
b4 | P2DRR4 |P2_4 drive capacity R/W
b5 | P2DRR5 [P2_5 drive capacity R/W
b6 |P2DRR6 [P2_6 drive capacity R/W
b7 | P2DRRY [P2_7 drive capacity R/W

Note:
1. Both “H” and “L” output are set to high drive capacity.

The P2DRR register selects whether the drive capacity of the P2 output transistor is set to low or high. The
P2DRRI 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 P2DRR register are valid.
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7.4.23 Drive Capacity Control Register 0 (DRRO)
Address 01F2h
Bit b7 b6 b5 b4 b3 b2 bl b0

Symbol | DRRO7 | DRRO06 | — | — — | — | DRRO1 | DRROO
After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 DRROO |PO_0 to PO_3 drive capacity 0: Low R/W
bl DRRO1 |P0O_4 to PO_7 drive capacity 1: High (D) R/W
b2 — Nothing is assigned. If necessary, set to 0. When read, the content is O. —
b3 —
b4 —
b5 —
b6 DRRO06 |P3_0 to P3_3 drive capacity 0: Low R/W
b7 DRRO7 |P3_4 to P3_7 drive capacity 1: High (D) R/W

Note:

1. Both “H” and “L” output are set to high drive capacity.

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

DRROO Bit (PO_0to PO_3 drive capacity)

The DRROO bit selects whether the drive capacity of the PO_0 to PO_3 output transistorsis set to low or high.
Thisbit is used to select whether the drive capacity of the output transistors is set to low or high for four pins.

DRRO1 Bit (PO_4 to PO_7 drive capacity)

The DRROL1 bit selects whether the drive capacity of the PO_4 to PO_7 output transistorsis set to low or high.
Thishit is used to select whether the drive capacity of the output transistors is set to low or high for four pins.

DRRO6 Bit (P3_0to P3_3 drive capacity)

The DRRO6 hit selects whether the drive capacity of the P3_0to P3_3 output transistorsis set to low or high.
Thishit is used to select whether the drive capacity of the output transistors is set to low or high for four pins.

DRRO7 Bit (P3_4 to P3_7 drive capacity)

The DRRO7 bit selects whether the drive capacity of the P3_4 to P3_7 output transistors is set to low or high.
Thisbit is used to select whether the drive capacity of the output transistorsis set to low or high for four pins.
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7.4.24 Drive Capacity Control Register 1 (DRR1)
Address 01F3h

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol | DRR17 | DRR16 | DRR15 | DRR14 | DRR13 | DRR12 | DRR1l | DRRI10

After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 DRR10 [P4_3 drive capacity 0: Low R/W
bl DRR11 |P4_4to P4 _7 drive capacity 1: High (D) R/W
b2 DRR12 |P5_0to P5_3 drive capacity R/W
b3 DRR13 |P5_4 to P5_7 drive capacity R/W
b4 DRR14 |P6_0 to P6_3 drive capacity R/W
b5 DRR15 |P6_4 to P6_7 drive capacity R/W
b6 DRR16 |P7_0to P7_3 drive capacity R/W
b7 DRR17 |P7_4 to P7_7 drive capacity R/W

Note:
1. Both “H” and “L” output are set to high drive capacity.

For pins used as output, the setting values in the DRR1 register are valid.

DRR10 Bit (P4_3 drive capacity)

The DRR10 bit selects whether the drive capacity of the P4_3 output transistor is set to low or high. Thisbit is
used to select whether the drive capacity of the output transistor is set to low or high for one pin.

DRR11 Bit (P4_4to P4 _7 drive capacity)

The DRR11 bit selects whether the drive capacity of the P4_4 to P4_7 output transistorsis set to low or high.
Thisbit is used to select whether the drive capacity of the output transistors is set to low or high for four pins.

DRR12 Bit (P5_0to P5_3 drive capacity)

The DRR12 hit selects whether the drive capacity of the P5_0to P5_3 output transistorsis set to low or high.
Thisbit is used to select whether the drive capacity of the output transistors is set to low or high for four pins.

DRR13 Bit (P5_4 to P5_7 drive capacity)

The DRR13 hit selects whether the drive capacity of the P5_4 to P5_7 output transistorsis set to low or high.
Thisbit is used to select whether the drive capacity of the output transistors is set to low or high for four pins.

DRR14 Bit (P6_0to P6_3 drive capacity)

The DRR14 bit selects whether the drive capacity of the P6_0 to P6_3 output transistorsis set to low or high.
Thishit is used to select whether the drive capacity of the output transistors is set to low or high for four pins.

DRR15 Bit (P6_4 to P6_7 drive capacity)

The DRR15 bit selects whether the drive capacity of the P6_4 to P6_7 output transistors is set to low or high.
Thisbit is used to select whether the drive capacity of the output transistorsis set to low or high for four pins.

DRR16 Bit (P7_0to P7_3 drive capacity)

The DRR16 bit selects whether the drive capacity of the P7_0 to P7_3 output transistorsis set to low or high.
Thisbit is used to select whether the drive capacity of the output transistors is set to low or high for four pins.

DRR17 Bit (P7_4 to P7_7 drive capacity)

The DRR17 bit selects whether the drive capacity of the P7_4 to P7_7 output transistorsis set to low or high.
Thisbit is used to select whether the drive capacity of the output transistors is set to low or high for four pins.
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7.4.25 Drive Capacity Control Register 2 (DRR2)
Address 01F4h
Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol| — | — | — | — | DRR23 | DRR22 | DRR21 | DRR20
After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 DRR20 |P8_0 to P8_3 drive capacity 0: Low R/W
bl DRR21 |P8_4 to P8_7 drive capacity 1: High (D) R/W
b2 DRR22 |P9_0 to P9_3 drive capacity R/W
b3 DRR23 |P9_4 and P9_5 drive capacity R/W
b4 — Nothing is assigned. If necessary, set to 0. When read, the content is O. —
b5 —
b6 —
b7 —
Note:

1. Both “H” and “L” output are set to high drive capacity.

For pins used as output, the setting values in the DRR2 register are valid.

DRR20 Bit (P8_0to P8_3 drive capacity)

The DRR20 bit selects whether the drive capacity of the P8_0 to P8_3 output transistors is set to low or high.
Thisbit is used to select whether the drive capacity of the output transistorsis set to low or high for four pins.

DRR21 Bit (P8_4 to P8_7 drive capacity)

The DRR21 bit selects whether the drive capacity of the P8 4 to P8 _7 output transistorsis set to low or high.
Thisbit is used to select whether the drive capacity of the output transistors is set to low or high for four pins.

DRR22 Bit (P9_0to P9 _3drive capacity)

The DRR22 hit selects whether the drive capacity of the P9_0to P9_3 output transistorsis set to low or high.
Thisbit is used to select whether the drive capacity of the output transistors is set to low or high for four pins.

DRR23 Bit (P9_4 and P9_5 drive capacity)

The DRR23 bit selects whether the drive capacity of the P9_4 and P9_5 output transistorsis set to low or high.
Thisbit is used to select whether the drive capacity of the output transistorsis set to low or high for two pins.
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7.4.26 Input Threshold Control Register 0 (VLTO)
Address 01F5h
Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol| VLTO7 | VLT06 | VLTOS | VLTO4 | VLTO3 | VLTO2 | VLTO1 | VLTOO
After Reset 0 0 0 0 0 0 0 0
Bit | Symbol Bit Name Function RIW
b0 VLTOO0 |[PO input level select bit b(l) b8. 0.50 x VCC R
bl VLTO1 01:0.35 xVCC R
10:0.70 x VCC
1 1: Do not set.
b2 VLT0Z |P1 input level select bit bébé 0.50 x VCC R
:0.50 x
b3 VLTO3 01:0.35 xVCC R
10:0.70 x VCC
1 1: Do not set.
b4 VLTO4 |P2 input level select bit "8*’6‘ 0.50 x VCC RIW
10.50 x
b5 VLTO5 01:0.35 xVCC R
10:0.70 x VCC
1 1: Do not set.
b6 VLT06 |P3 input level select bit bébg_ 0.50 x VCC RIVY
b7 VLTO7 01:0.35 xVCC R
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 to P3. Bits VLTOO to
VLTO7 are used to select the input threshold values among three voltage levels (0.35 VCC, 0.50 VCC, and 0.70
VCC) for every eight pins.
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7.4.27 Input Threshold Control Register 1 (VLT1)
Address 01F6h

Bit b7 b6 b5 b4 b3 b2 b1l b0
Symbol| VLT17 | VLT16 | VLT15 | VLT14 | VLT13 | VLT12 | VLT11 | VLT10
After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 VLT10 [P4_2to P4 _7 input level select bit b(l) b8_ 0.50 x VCC R/W
bl VLT11 01 0.35 x VOO RIW
10:0.70 x VCC
1 1: Do not set.
b2 VLT12 |P5 input level select bit bébé 0.50 x VCC R/W
- 0. X
b3 VLT13 01 0.35 x VG RIW

10:0.70 x VCC

1 1: Do not set.

b4 VLT14 [P6 input level select bit bgbé 0.50 x VCC RV
:0.50 x

b5 VLT15 01:0.35xVCC R

10:0.70 x VCC

1 1: Do not set.

b6 VLT16 |P7 input level select bit bébg. 0.50 x VCC RV
b7 VLT17 01:0.35 xVCC R
10:0.70 x VCC

1 1: Do not set.

The VLT1 register selectsthe voltage level of the input threshold valuesfor ports P4 _2to P4 7, P5, P6, and P7.
BitsVLT10to VLT17 are used to select the input threshold values among three voltage levels (0.35 VCC, 0.50
VCC, and 0.70 VCC).

7.4.28 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 b1bo R/W
b1 VITo1 00:0.50 x VCC RIW

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

b2 VLT22 |P9_0to P9 _5 input level select bit b(3) bé_ 0.50 x VCC R/W
b3 VLT23 01 0.35 x VCG R/W
10:0.70 x VCC
1 1: Do not set.
b4 — Nothing is assigned. If necessary, set to 0. When read, the content is O. —
b5 —
b6 —
b7 —

The VLT2 register selects the voltage level of the input threshold values for ports P8 and P9_0 to P9_5. 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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7.5 Port Settings
Tables 7.5 t0 7.95 list the port settings.

Table 7.5 Port PO_O/AN7/TRCIOA/TRCTRG

Register | PDO ADINSEL TRCPSRO Timer RC Setting
. CH ADGSEL | TRCIOASEL Function
Bit PDO_0 —
—|2J1JoJ1Jo]2]1]o
X | X | X | X | X |Otherthan 010b X Input port (1)
1 X | X | X | X | X |Otherthan 010b X Output port ()
Setting 0 1 1 1 0 0 | Other than 010b X A/D converter input (AN7)(1)
Value 0 x x| x| x| x 0 1 0 Refer to Table 7.82 TRCIOA Pin | TRCIOA input ()
Setting
i 2
X X | x| x| x| x 0 1 0 Refer to Table 7.32 TRCIOA Pin | TRCIOA output (@
Setting
X:0or1l
Notes:

1. Pulled up by setting the PUOO bit in the PURO register to 1.
2. Output drive capacity high by setting the DRRO0O bit in the DRRO register to 1.

Table 7.6 Port PO_1/AN6/TXD1/TRCIOA/TRCTRG

Register | PDO ADINSEL U1SR UIMR TRCPSRO Timer RC Setting
. CH ADGSEL | TXD1SEL SMD TRCIOASEL Function
Bit PDO_1 —
2]1Jo[1Jo] 1 ] o J2J1]Jol2]1]o0
0 X | X|X| X | X |Otherthan01b | X | X | X | Other than 011b X Input port (1)
1 X | X|X| X | X |Otherthan01b | X | X | X | Other than 011b X Output port ()
A/D converter
0 1{1({0| O | O |Otherthan01lb| X | X | X | Other than 011b X input (AN6) (@)
ol 1] TXD1 output (2. 3)
Setting 0|0
Value X X[ X[ X] X X 0 1 1 EN X X X X
1|0
Refer to Table 7.82 | TRCIOA input (1)
0 X[ X[ X] X X |OtherthanO0lb | X | X | X | O 1 1 TRCIOA Pin Setting
Refer to Table 7.82 | TRCIOA output (2)
X X|X|X]| X | X |OtherthanOlb| X | X | X | O 1 1 TRCIOA Pin Setting

X:0orl

Notes:
1. Pulled up by setting the PUOO bit in the PURO register to 1.
2. Output drive capacity high by setting the DRRO0O bit in the DRRO register to 1.
3. N-channel open-drain output by setting the NCH bit in the U1CO register to 1.

Table 7.7 Port 0_2/AN5/RXD1/TRCIOA/TRCTRG

Register | PDO ADINSEL U1SR TRCPSRO Timer RC Setting
. CH ADGSEL RXD1SEL TRCIOASEL Function
Bit PDO_2 —
2]1]ol1]o] 1 o [2]1]o0
0 X | X | X | X | X X X | Other than 100b X Input port (1)
1 X | X | X | X | X X X | Other than 100b X Output port (2)
0 |1]0|1]| 0| o |Otherthano1b|Other than 100b X A/D converter input
Setting (ANS) @
Value 0 X[ X[ X| X | X 0 1 | Other than 100b X RXD1 input (1)
Refer to Table 7.82 | TRCIOA input (1)
O XXX x| x| X X010 peion Pin Setting
Refer to Table 7.82 | TRCIOA output (2
X XXX X X X X 1 0 0 TRCIOA Pin Setting
X:0orl
Notes:

1. Pulled up by setting the PUOO bit in the PURO register to 1.
2. Output drive capacity high by setting the DRRO0O bit in the DRRO register to 1.
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Table 7.8 Port 0_3/AN4/CLK1/TRCIOB

Register | PDO ADINSEL ULISR UIMR TRCPSRO Timer RC Setting
. CH ADGSEL | CLK1SEL SMD TRCIOBSEL Function
Bit PDO_3 CKDIR —
—l2]1]Jof 2 Jo ] 1] o [2]1]o0 2]1]o
Other Other than Input port (1)
0 XX x| X X than 01b XXX X 010b X
Other Other than Output port (2)
L XX x| X X than 01b XXX X 010b X
Other Other than A/D converter
O 110101010 Fpanow | XXX X 010b X input (AN4) ()
Setting 0 xIx x| x X 0 1 Ixlx!|x 1 x | x| x X CLK1 (external
Value clock) input (@)
X |x|x|x| x| x|o|1]oloj1] o |[x]x]x X CLK1 (internal
clock) output (2)
Other Refer to Table 7.83 | TRCIOB input (1)
O XXX XX hanote | XXX X ] 9L Y| O |TrRCIOB Pin Setting
Other Refer to Table 7.83 | TRCIOB output (2)
X XX x| X X than 01b XXX X opr]o TRCIOB Pin Setting
X:0or1l
Notes:

1. Pulled up by setting the PUOO bit in the PURO register to 1.
2. Output drive capacity high by setting the DRRO0O bit in the DRRO register to 1.

Table 7.9 Port 0_4/AN3/TREO/TRCIOB

Register | PDO ADINSEL TIMSR TRECR1 TRCPSRO Timer RC Setting
. CH ADGSEL TRCIOBSEL Function
Bit PDO_4 TREOSELO | TOENA —
—[2]1]o]l 1] o0 2 | 1]o0
X|X|[X]| X | X Other than 01b Other than 011b X Input port (1)
X|X|X| X | X Other than 01b Other than 011b X Output port @
A/ID teri t
o |ol1]1|o |0 Other than 01b | Other than 011b X converterinpu
Setting (AN3) @
Value X X[ X|X| X | X 0 1 Other than 011b X TREO output (2
Refer to Table 7.83 | TRCIOB input (1)
0 XXX X X X X 0 ! ! TRCIOB Pin Setting
Refer to Table 7.83 | TRCIOB output (2)
X XRpXp x| X X X 0 ! 1 TRCIOB Pin Setting
X:0or1l
Notes:

1. Pulled up by setting the PUOL1 bit in the PURO register to 1.
2. Output drive capacity high by setting the DRROL1 bit in the DRRO register to 1.

Table 7.10  Port 0_5/AN2/TRCIOB

Register | PDO ADINSEL TRCPSRO Timer RC Setting
. CH ADGSEL | TRCIOBSEL Function
Bit PDO_5 —
—l2]1JoJa1Jo]2]1]o0
X | X | X | X | X [Otherthan 100b X Input port (1)
1 X | X | X | X | X |Otherthan 100b X Output port ()
Setting 0| 1| 0| 0| 0 |Otherthan 100b X A/D converter input (AN2) (1)
i 1
Value 0 x | x x | x| x 1 0 0 Refer to T_able 7._83 TRCIOB | TRCIOB input (1)
Pin Setting
2
X X X X X X 1 0 0 Refer to Tgble 7._83 TRCIOB | TRCIOB output (2)
Pin Setting
X:0or1l
Notes:

1. Pulled up by setting the PUOL1 bit in the PURO register to 1.
2. Output drive capacity high by setting the DRROL1 bit in the DRRO register to 1.
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Table 7.11 Port 0_6/AN1/DAO/TRCIOD
Register | PDO ADINSEL DACON TRCPSR1 Timer RC Setting
. CH ADGSEL TRCIODSEL Function
Bit PDO_6 DAOE —
—[2]J1Jof1]o 2 1]o
0 X | X | X | X | X 0 Other than 011b X Input port (1)
1 X | X | X | X ] X 0 Other than 011b X Output port ()
0 ojo|1]0]|0O 0 Other than 011b X A/D converter input (AN1) ()
Setlting 0 X | X | X | X | X 1 Other than 011b X D/A converter output (DAO) (1)
Value
Refer to Table 7.85 | TRCIOD input ()
0 X X X X X 0 0 1 ! TRCIOD Pin Setting
Refer to Table 7.85 | TRCIOD output (2
X X XX X X 0 0 ! ! TRCIOD Pin Setting
X:0or1l
Notes:

1. Pulled up by setting the PUO1 bit in the PURO register to 1.
2. Output drive capacity high by setting the DRRO1 bit in the DRRO register to 1.

Table 7.12 Port 0_7/ANO/DA1/TRCIOC
Register | PDO ADINSEL DACON TRCPSR1 Timer RC Setting
. CH ADGSEL TRCIOCSEL Function
Bit PDO_7 DA1E —
2] 1Jof1]o0 2 1]o
0 X X X X X 0 Other than 011b X Input port (1)
1 X | X | X | X | X 0 Other than 011b X Output port ()
0 0 0 0 0 0 0 Other than 011b X A/D converter input (ANO) (1)
Setting 0 X | X | X | x| x 1 Other than 011b X D/A converter output (DA1) (1)
Value Refer to Table 7.84 | TRCIOC input (1)
0 X XXX X 0 0 ! ! TRCIOC Pin Setting
Refer to Table 7.84 | TRCIOC output (2)
Xopxpxpxpxpxg 0 0| 1 1 Itrcioc Pin Setting
X:0or1l
Notes:

1. Pulled up by setting the PUOL1 bit in the PURO register to 1.
2. Output drive capacity high by setting the DRROL1 bit in the DRRO register to 1.

Table 7.13 Port 1_0/KIO/AN8/TRCIOD
Register | PD1 KIEN ADINSEL TRCPSR1 Timer RC Setting
. CH ADGSEL | TRCIODSEL Function
Bit | PD1_0 | KIOEN —
- 21 ]Jof1]lol2]1]o0
0 X X | X | X | X | X |Otherthan 001b X Input port (1)
1 X | X | X | X | X |Otherthan 001b X Output port ()
0 1 X | X | X | X | X |Otherthan 001b X KI0 input (@)
Sveflting 0 0 o| 0| o] o] 1 |Otherthan0o0olb X A/D converter input (AN8) (1)
alue
Refer to Table 7.85 | TRCIOD input (1)
0 XXX p X X X 00 01 1 1pcioD Pin Setting
Refer to Table 7.85 | TRCIOD output (2)
X X Xop X X X X 0 01 1 1pci0D Pin Setting
X:0orl
Notes:

1. Pulled up by setting the PUO2 bit in the PURO register to 1.
2. Output drive capacity high by setting the P1DRRO bit in the P1DRR register to 1.
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Table 7.14  Port 1_1/KIZJ/AN9/TRCIOA/TRCTRG

Register | PD1 KIEN ADINSEL TRCPSRO Timer RC Setting
. CH ADGSEL TRCIOASEL Function
Bit PD1_1 | KI1EN —
- 21 Jof1]Jof2]1]o0
0 X X X | X X | X | Other than 001b X Input port (1)
1 X X | X | X | X | X |Otherthan 001b X Output port )
0 1 X | X | X | X | X |Otherthan 001b X KI1 input (@)
Svetlting 0 0 ol o] 1] o] 1 |otherthanoo1lb X A/D converter input (AN9) (1)
alue
Refer to Table 7.82 | TRCIOA input (1)
0 Xop X p X XX X 000001 1 rpcioa Pin Setting
Refer to Table 7.82 | TRCIOA output (2)
X X X X X X X 0 0 ! TRCIOA Pin Setting
X:0orl
Notes:

1. Pulled up by setting the PUO2 bit in the PURO register to 1.
2. Output drive capacity high by setting the P1DRR1 bit in the P1DRR register to 1.

Table 7.15  Port 1_2/KI2/AN10/TRCIOB

Register | PD1 KIEN ADINSEL TRCPSRO Timer RC Setting
. CH ADGSEL | TRCIOBSEL Function
Bit PD1 2 | KI2EN —
2 1JofJ1]Jof2]1]o0
0 X X X | X X | X |Other than 001b X Input port (1)
1 X X X | X X | X |Other than 001b X Output port (2)
0 1 X | X | X | X | X |Otherthan 001b X KI2 input ()
Setting 0 0 o| 1| 0| o] 1 |Otherthan001b X A/D converter input (AN10) ()
Value Refer to Table 7.83 | TRCIOB input @)
. inpu
0 X X X X X X 0 0 1 TRCIOB Pin Setting
Refer to Table 7.83 | TRCIOB output (2)
X X X X X X X 0 0 ! TRCIOB Pin Setting
X:0o0r1
Notes:

1. Pulled up by setting the PUO2 bit in the PURO register to 1.
2. Output drive capacity high by setting the PLDRR2 bit in the P1DRR register to 1.
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Table 7.16 Port 1_3/KI3/AN11/TRBO/TRCIOC
Register PD1 KIEN ADINSEL TRBRCSR | TRCPSR1 Timer RB Setting Timer RC Setting
. CH ADGSEL TRCIOCSEL Function
Bit PD1_3 | KI3EN TRBOSELO — —
- 2J1fol 1 ] o 2]1]o
1 X (€}
Other than Input port
0 X [ X[X[X]| X | X X 001b Other than TRBO X
usage conditions
1 X 2
Other than Output port
1 X |IX|X|X] X | X X 001b Other than TRBO X
usage conditions
1 X KI3 input (1)
Other than
0 1 [ X|[X|X]| x| X X 001b Other than TRBO X
usage conditions
Setting 1 Other th X A/D converter input
Value 0 o |of1|1] o0 |1 y botb [ Other than TRBO X (AN11) @)
usage conditions
Refer to Table 7.81 TRBO output (2)
X X XX x| X X 0 R TRBO Pin Setting X
1 X i (€Y}
0 X x|xx| x X olol1 Refer to Table 7.84 TRCIOC input
X Other than TRBO | 1R 10¢ pin Setting
usage conditions
1 X 2
X X x| xx| x X olol1 Refer to Table 7.84 TRCIOC output
X Other than TRBO | 1pci0c Pin Setting
usage conditions
X:0orl
Notes:

1. Pulled up by setting the PUO2 bit in the PURO register to 1.
2. Output drive capacity high by setting the PLDRRS3 bit in the P1DRR register to 1.

Table 7.17 Port 1_4/TXDO/TRCCLK
Register PD1 UOSR UOMR TRBRCSR TRCCR1
. SMD TRCCLKSEL TCK Function
Bit PD1_4 TXDOSELO
- 2 1 0 1 0 1
0 X X X X X Input port (1)
1 0 X X X X X X Output port (2)
) 0 1 TXDO output 2. 3)
Setting
0 0
Value X 1 X X X X X
1 1
1 0
0 0 X X X 0 1 1 0 1 TRCCLK input (1)
X:0or1l
Notes:

1. Pulled up by setting the PUO3 bit in the PURO register to 1.
2. Output drive capacity high by setting the PLDRR4 bit in the P1DRR register to 1.
3. N-channel open-drain output by setting the NCH bit in the UOCO register to 1.
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Table 7.18 Port 1_5/INT1/RXDO/TRAIO
Register | PD1 UOSR TRASR | TRAIOC TRAMR INTSR INTEN | INTCMP
. TRAIOSEL TMOD INT1SEL Function
Bit PD1_5 | RXDOSELO TOPCR INT1EN | INT1CPO
2[1]o0 2]1Jol2]1]0
Other than Input port ()
0 X 010b X X[ X | X|[X]|X]|X X X
2
1 X Other than X xIxIx!Ix!xlx X X Output port ()
010b
0 1 Other than X xIxIx!Ix!xlx X X RXDO input ()
010b
Other than TRAIO input (1)
0 X 0O(1]0 0 000b, 001b X | XX X X
Setting N
value | 0 X Otherthan |y | x| x|x|o|o|1]| 1 0 |INTlinput(®
010b
Other than TRAIO/INTL input ()
0 X o|1]|0 0 000b, 001b 0[0|1 1 0
X X ol1]o0 0 olof1][x][x]x X X | TRAIO pulse output @
0 1 0 1 0 0 Master X | x| x X X TRAIO/RXDO input
mode: 000b (Hardware LIN)
Slave mode: TRAIO/RXDO/INT1 input
0 1 o|1]0 0 0|01 1 0
011b (Hardware LIN)
X:0orl
Notes:
1. Pulled up by setting the PUO3 bit in the PURO register to 1.
2. Output drive capacity high by setting the P1DRRS5 bit in the P1DRR register to 1.
Table 7.19 Port 1 _6/CLKO/IVREF1
Register PD1 UOSR UOMR INTCMP
. SMD Function
Bit PD1 6 CLKOSELO 2 1 0 CKDIR INT1CPO
0 0 X X X X X Input port ()
1 0 X X X X X Output port ()
Setting 0 1 X X X 1 X CLKO (external clock) input (1)
Value X 1 0| o0 1 0 X CLKO (internal clock) output ()
Comparator B1 reference voltage input
0 0 X X X X 1 (IVREF1)
X:0or1l
Notes:

1. Pulled up by setting the PUO3 bit in the PURO register to 1.
2. Output drive capacity high by setting the PLDRR®6 bit in the P1DRR register to 1.
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Table 7.20  Port 1_7/INT1/TRAIO/IVCMP1
Register | PD1 TRASR TRAIOC TRAMR INTSR INTEN | INTCMP
] TRAIOSEL TMOD INT1SEL Function
Bit |PD1_7 TOPCR INTIEN | INT1CPO
2] 1]o 2 1Jol2]1]o0
Other than 001b X X | X | X | X | X X X Input port ()
Other than 001b X X | X | X | X | X | X X X Output port )
Other than TRAIO input (1)
0 0 0 1 0 000b, 001b X | X | X X X
Setting | 0 | Otherthan001b | X x [ x[x]o]o]o 1 0 |INTLinput®
Value —
Other than TRAIO/INTL input @)
0 0 0 1 0 000b, 001b o|lo0]oO 1 0
X 0 0 1 0 0|0 |1 ]| X]|X]X X X TRAIO pulse output (2)
Comparator B1 input
0 Other than 001b X X | X | X | X | X | X 1 1 (IVCMP1)
X:0o0r1l
Notes:
1. Pulled up by setting the PUO3 bit in the PURO register to 1.
2. Output drive capacity high by setting the PLDRR?7 bit in the P1DRR register to 1.
Table 7.21 Port 2_0/INT1/TRDIOAO/TRDCLK/TRCIOB
Register | PD2 | TRDPSRO | INTSR | INTEN | INTCMP | TRCPSRo | 'merRC | Timer RD
Setting Setting . )
_ INTLSEL TRCIOBSEL unction
Bit |PD2_0 | TRDIOAOSELO INTLEN | INT1CPO — —
2[1]0 2]1]o0
Other than Input port (1)
0 0 X | X|X X X 101b X X
Other than Output port (2)
1 0 X | X|X X X 101b X X
Referto | TRDIOAO input (1)
Table7.86
0 1 X[ x| x| x X Other than X TRDIOAO
101b .
Pin
Setting
Referto | TRDIOAO output ()
Table 7.86
X 1 x| x|x| x X Other than X TRDIOAO
) 101b .
Setting Pin
Value Setting
0 0 ol1lo 1 0 Other than X X INT1 input 1)
101b
Refer to TRCIOB input (1)
Table7.83
0 X X | X|X X X 1| 0| 1| TRCIOB X
Pin
Setting
Refer to TRCIOB output (2)
Table 7.83
X X X | X|X X X 1| 0| 1| TRCIOB X
Pin
Setting
X:0or1l
Notes:

1. Pulled up by setting the PUO4 bit in the PURO register to 1.

2. Output drive capacity high by setting the P2DRRO bit in the P2DRR register to 1.
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Table 7.22  Port 2_1/TRDIOCO/TRCIOC

Register | PD2 TRDPSRO TRCPSR1 Timer RC Setting Timer RD Setting
. TRDIOCOSEL TRCIOCSEL Function
Bit PD2_1 — —
- 1 | o 2 [ 1] o
1
0 Otherthan | ot than 100b X X Input port
10b
2
1 Othfgéha” Other than 100b X X Output port ()
Refer to Table 7.88 | TRDIOCO input (1)
Setting | ° 1 0 Other than 100b X TRDIOCO Pin Setting
Value Refer to Table 7.88 | TRDIOCO output (2)
X 1 0 Other than 100b X TRDIOCO Pin Setting
Refer to Table 7.84 TRCIOC input (1)
0 XX b 9 1 0 Fireioc pin Setting X
Refer to Table 7.84 TRCIOC output ()
X X X ! 0 0 TRCIOC Pin Setting X
X:0o0r1
Notes:

1. Pulled up by setting the PU04 bit in the PURO register to 1.
2. Output drive capacity high by setting the P2DRR1 bit in the P2DRR register to 1.

Table 7.23  Port 2_2/TRDIOBO/TRCIOD

Register | PD2 TRDPSRO TRCPSR1 Timer RC Setting Timer RD Setting
. TRDIOBOSEL TRCIODSEL Function
Bit PD2_2 — -
1 [ o 2 | 1 ] o
Other than 10b Other than 100b X X Input port (1)
1 Other than 10b Other than 100b X X Output port (2)
Refer to Table 7.87 | TRDIOBO input (1)
0 1 0 Other than 100b X TRDIOBO Pin Setting
Setting Refer to Table 7.87 | TRDIOBO output (2)
Value X 1 0 Other than 100b X TRDIOBO Pin Setting
Refer to Table 7.85 TRCIOD input (1)
0 X X 1 O | 0 |7rcioD pin setting X
Refer to Table 7.85 TRCIOD output (2)
X X X ! 0 0 TRCIOD Pin Setting X
X:0orl
Notes:

1. Pulled up by setting the PU04 bit in the PURO register to 1.
2. Output drive capacity high by setting the P2DRR2 bit in the P2DRR register to 1.

Table 7.24  Port 2_3/TRDIODO

Register PD2 TRDPSRO Timer RD Setting )
- Function
Bit PD2_3 TRDIODOSELO —
0 0 X Input port (1)
Setting 1 0 X Output port ()
Value 0 1 Refer to Table 7.89 TRDIODO Pin Setting | TRDIODO input (1)
X 1 Refer to Table 7.89 TRDIODO Pin Setting | TRDIODO output ()
X:0o0r1l
Notes:

1. Pulled up by setting the PU04 bit in the PURO register to 1.
2. Output drive capacity high by setting the P2DRR3 bit in the P2DRR register to 1.
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Table 7.25 Port 2_4/TRDIOA1
Register PD2 TRDPSR1 Timer RD Setting )
- Function
Bit PD2_4 TRDIOA1SELO —
0 0 X Input port (1)
Setting 1 0 X Output port (2)
Value 0 1 Refer to Table 7.90 TRDIOAL Pin Setting | TRDIOA1 input (1)
X 1 Refer to Table 7.90 TRDIOA1 Pin Setting | TRDIOA1 output (2)
X:0or1l
Notes:

1. Pulled up by setting the PUO5 bit in the PURO register to 1.
2. Output drive capacity high by setting the P2DRR4 bit in the P2DRR register to 1.

Table 7.26 Port 2 5/TRDIOB1
Register PD2 TRDPSR1 Timer RD Setting Function
Bit PD2_5 TRDIOB1SELO —
0 0 X Input port (1)
Setting 1 0 X Output port ()
Value 0 1 Refer to Table 7.91 TRDIOB1 Pin Setting | TRDIOB1 input (1)
X 1 Refer to Table 7.91 TRDIOB1 Pin Setting | TRDIOB1 output (2)
X:0or1l
Notes:

1. Pulled up by setting the PUO5 bit in the PURO register to 1.
2. Output drive capacity high by setting the P2DRRS5 bit in the P2DRR register to 1.

Table 7.27  Port 2_6/TRDIOC1
Register PD2 TRDPSR1 Timer RD Setting )
- Function
Bit PD2_6 TRDIOC1SELO —
0 0 X Input port (1)
Setting 1 0 X Output port (2)
Value 0 1 Refer to Table 7.92 TRDIOC1 Pin Setting | TRDIOC1 input (1)
X 1 Refer to Table 7.92 TRDIOCL1 Pin Setting | TRDIOC1 output (2)
X:0orl

1. Pulled up by setting the PUO5 bit in the PURO register to 1.
2. Output drive capacity high by setting the P2DRR6 bit in the P2DRR register to 1.

Table 7.28 Port 2_7/TRDIOD1
Register PD2 TRDPSR1 Timer RD Setting .
i Function
Bit PD2_7 TRDIOD1SELO —
0 0 X Input port (1)
Setting 1 0 X Output port (2)
Value 0 1 Refer to Table 7.93 TRDIOD1 Pin Setting | TRDIOD1 input (1)
X 1 Refer to Table 7.93 TRDIOD1 Pin Setting | TRDIOD1 output (2)
X:0or1l
Notes:

1. Pulled up by setting the PUO5 bit in the PURO register to 1.
2. Output drive capacity high by setting the P2DRR?7 bit in the P2DRR register to 1.
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Table 7.29 Port 3 O/TRAO/TRGCLKA
Register PD3 TRASR TRAIOC TIMSR TRGCR
) TRAOSEL TCK Function
Bit PD3_0 TOENA | TRGCLKASEL
- 1 [ o 2 1 0
0 Other than 01b X X X X X |Input port )
Setting 1 Other than 01b X X X X X | Output port (2)
Value X o | 1 1 X X X X | TRAO output ()
0 Other than 01b X 1 1 0 1 | TRGCLKA input (1)
X:0or1l
Notes:

1. Pulled up by setting the PUO6 bit in the PURO register to 1.

2. Output drive capacity high by setting the DRRO06 bit in the DRRO register to 1.

Table 7.30 Port 3_1/TRBO

Register PD3 TRBRCSR Timer RB Setting )

- Function
Bit PD3_1 TRBOSELO —
Sett 0 0 X Input port (1)
\/eal:Jneg 1 0 X Output port (2)
X 1 Refer to Table 7.81 TRBO Pin Setting TRBO output (2)

X:0or1l
Notes:

1. Pulled up by setting the PUO6 bit in the PURO register to 1.

2. Output drive capacity high by setting the DRRO06 bit in the DRRO register to 1.
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Table 7.31 Port 3_2/INT2/TRAIO/INTL/TRGCLKB
Register | PD3 TRASR | TRAIOC| TRAMR INTSR INTEN TIMSR TRGCR
_ TRAIOSEL TMOD | INTISEL TCK Function
Bit |PD3_2 TOPCR INT2SELO | INTLEN | INT2EN | TRGCLKBSEL
“l2]1]o0 2l1]o2]1]0 2]1]0
1
0 Other than Xl x x| x|x|x]|x X X X x | x | x | mputport @
011b
2
1 Other than X X | x| x|x|x]|x X X X x | x | x | Outeut port @
011b
0 Other than X X | x| x| x|[x]|x 1 1 X % | x | x | INT2 input @
011b
o |o|1]1 o | Otherthan | iy |y X X X x| x| x |TRAO
Setting 000b, 001b input @)
Value 0 Other than X xIxlxl1lolo X X X x| x| x INTT input (1)
011b
Other than TRAIO/INT1
o jopr]t O | ooob, 001 | 1] O] © X X X XXX input @
x o112 0 olo|1|x]|x]|x X X X x | x | x | TRAIO pulse
output (2)
Other than TRGCLKB
0 11 X x| x| x]|x]|x|x X X 1 R N s
X:0o0rl
Notes:
1. Pulled up by setting the PUO06 bit in the PURO register to 1.
2. Output drive capacity high by setting the DRRO6 bit in the DRRO register to 1.
Table 7.32 Port 3_3/INT3/TRCCLK/SCS/CTS2/RTS2/IVCMP3
Register | PD3 | SSMR2 | INTSR | INTEN | TRBRCSR | TRCCRL | U2SR1 UZMR U2CO | INTCMP
_ CSS | INT3SEL TRCCLKSEL | TCK SMD Function
Bit |PD3_3 INT3EN CTS2SELO CRS | CRD | INT3CPO
1]o| 1o 1 0 |2]1]o0 2[1]0
o |o]o] x| x X X X | X[x]x 0 x [ x x| x | x X Input port
1 oo x| x X X x | x[x|x 0 x| x x| x| x X | output port @
o |olo|o]o 1 X x | x|x|x 0 x| x[x| x| x 0 INT3 input ©
o oo x| x X 1 0o [1]o0]1 0 x| x|[x| x| x x | TRCCLK
input ()
X 1] x| x X X x | x[x|x X X x | x X | SCSinput®
Setting —
1] o0 2.3
Vale | X =i X | X | X X | x |x|x]|x X X X | x x |SCSoutput@3
o oo x| x X X X | x| x|x 1 Otherthan | | x  |CTS2input®
000b
x |olol] x| x X X X | x| x|x 1 Otherthan |, | X RTS2 output )
000b
Other than Comparator B3
o oo x| x 1 Tob x| x| x 0 x| x|{x| x| x 1 ot (VCMP3)
X:0o0rl
Notes:

1. Pulled up by setting the PUO6 bit in the PURO register to 1.

2. Output drive capacity high by setting the DRRO6 bit in the DRRO register to 1.

3. N-channel open-drain output by setting the CSOS bit in the SSMR2 register to 1 (N-channel open-drain output).
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Table 7.33 Port 3_4/TRCIOC/SSI/RXD2/SCL2/TXD2/SDA2/IVREF3
Synchronous
Serial
Communication
Unit (refer to .
Table 27.4 Timer
Register PD3 | SSUIICSR Associati.on TRCPSR1 U2SRO0 U2MR U2SMR | INTCMP RC
Setting
between Function
Communication
Modes and /O
Pins)
SS| SS| TRCIOC RXD2 TXD2 SMD
Bit PD3_4 IICSEL output | input SEL SEL SEL IICM INT3CPO —
control | control | 2 | 1 | 0 1 0 2 | 1 | 0 1|0
Other than | Otherthan | Other than Input port ()
0 X 0 0 010b 01b 010b XX X X X
Other than | Otherthan | Other than Output
! X 0 0 010b 01b 010b XX X X X port ()
Referto | TRCIOC
Table |input @
Otherthan | Other than 7.84
0 X 0 0 ojtjo 01b 010b XX X X TRCIOC
Pin
Setting
Referto | TRCIOC
Table | output @
Otherthan | Other than 7.84
X X 0 0 optyo 01b 010b x| X X X TRCIOC
Pin
Setting
X 0 0 1 X | XX X X X | X | X X | X X X X SSlinput (1)
Setting X 0 1 0 X | XX X X X | X[ X X | X X X X Ssi
Value output (2. 3)
Other than Other than RXD2
0 X 0 0 010b 0 ! 010b XX X X X input ()
Other than SCL2 input/
0 X 0 0 X | X | X 0 1 010b 1|0 1 X X output 2 4)
1 TXD2
" lo/lo] output 2. 4)
X X 0 0 X | X | X X X of1|0 T X X X
1|0
0 X 0 o Ix|x|x|x|x|o|1]o 1lo] 1 X x  |SPA2inpu
output (2. 4)
Comparator
B3
Other than | Otherthan | Other than reference
0 X 0 0 010b 01b 010b XX X ! X voltage
input
(IVREF3)
X:0or1l
Notes:

1. Pulled up by setting the PUO7 bit in the PURO register to 1.
2. Output drive capacity high by setting the DRRO7 bit in the DRRO 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 in the

SSMR2 register to 0 (standard mode).
4. N-channel open-drain output by setting the NCH bit in the U2CO register to 1.
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Table 7.34 Port 3_5/TRCIOD/SCL/SSCK/CLK2
Synchronous Serial
Communication Unit
(refer to Table 27.4 Timer RC
Register | PD3 | SSUIICSR | ICCR1 Association TRCPSR1 U2SR1 U2MR Settin
between 9 .
Communication Function
Modes and 1/O Pins)
SSCK SSCK TRCIODSEL | CLK2SEL SMD
Bit PD3_5 IICSEL ICE output input CKDIR —
control control 211]0 1 0 12]1/0
0 X 0 0 Other than | Otherthan Input port ()
0 1 0 X X 010b T R S X
0 X 0 0 Other than | Otherthan Output port (2
! 1 0 X X 010b o XXX X X
X 1 1 X X X | X | X | X X | X|X]|X X SCL input/output ()
X 0 X 0 1 X | X | X X X | X|X|X X X SSCK input (1)
X 0 X 1 0 X | X | X| X X [ X|X[X X X SSCK output (2. 3)
0 X 0 0 Referto | TRCIOD input (1)
Setting Other than Table 7.85
Value 0 1 0 X X 0j10 01b XX % X TRCIOD Pin
Setting
0 X 0 0 Referto | TRCIOD output (2)
Otherthan Table 7.85
X 1 0 X X oj1]o 01b XXX X TRCIOD Pin
Setting
0 X 0 0 i 2
0 x| x| x| o] 1 |x|x|x] 1 X CLKZ input
1 0 X X
0 X 0 0 (2,4
X x| x|x| o] 1 lolol1] o X CLK2 output
1 0 X X
X:0orl
Notes:

1. Pulled up by setting the PUO7 bit in the PURO register to 1.
2. Output drive capacity high by setting the DRRO7 bit in the DRRO register to 1.

3. N-channel open-drain output by setting the SCKOS bit in the SSMR2 register to 1 (N-channel open-drain output).
4.

N-channel open-drain output by setting the NODC bit in the U2SMR3 register to 1.

Table 7.35  Port 3_6/INT1
Register PD3 INTSR INTEN INTCMP
. INT1SEL Function
Bit PD3_6 INTLIEN | INT1CPO
2 1 0
X X X X X Input port (1)
Setting
X X X X X @
Value Output port
0 0 1 1 1 0 INT1 input ()
X:0or1l
Notes:

1. Pulled up by setting the PUO7 bit in the PURO register to 1.
2. Output drive capacity high by setting the DRRO7 bit in the DRRO register to 1.
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Table 7.36  Port 3_7/TRAO/SSO/RXD2/SCL2/TXD2/SDA2/SDA

Synchronous
Serial
Communication
Unit (refer to
Register | PD3 | SSUIICSR | ICCR1 Table.27.'4 U2SRO0 U2MR U2SMR | TRASR | TRAIOC
Association
between Function
Communication
Modes and I/O
Pins)
SSO SSO RXD2SEL | TXD2SEL SMD TRAOSEL
Bit PD3_7 IICSEL ICE output input IICM TOENA
control | control 1 0 2|1110]2)1]0 1 0
1 0 X X Otherthan | Other than Input port 1)
0 0 X 0 0 10b 001b X|X|X X Other than 001b
1 0 X X Otherthan | Other than Output port (2)
1 0 X 0 0 10b 001b X | X|X X Other than 001b
X 1 1 X X X X X | X | X|X|[X]|X X X X X _SDA
input/output (2)
X 0 X 0 1 X X X | X | X | X|[X]|X X X X X SSO input (1)
SSO
X 0 X 1 0 X X X | X | X | X|[X]|X X X X X
output (2, 3)
) 1 0 X X Other than RXD2 input ()
Setting 0 o X o 0 1 0 001b X|X]|X X Other than 001b
Value 1 0 X X her th SCL2 input/
Other than inpu
0 0 X 0 0 ! 0 001b oft]o ! X X X output (2.4)
1 0 X X 0 1 TXD2
olo] output . 4)
X X X 0|01 1 T X X X X
0 X 0 0
1(0
1 0 X X SDA2 input/
0 X X ofo|1)0|1]0 1 X X X
0 X 0 0 output (2,4)
1 0 X X Otherthan | Other than TRAO output ()
X 5 X 5 5 10b 001b X | XX X 0 0 1
X:0or1l
Notes:

1. Pulled up by setting the PUO7 bit in the PURO register to 1.

2. Output drive capacity high by setting the DRRO7 bit in the DRRO 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).
4. N-channel open-drain output by setting the NCH bit in the U2CO register to 1.
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Table 7.37 Port 4 _2/VREF
Register ADCON1 DACON .
- Function
Bit ADSTBY DAOE DA1E
Setting 0 0 0 Input port
Value Other than 000b Input port/VREF input
Table 7.38 Port 4_3/XCIN
Register | PD4 | PINSR CMO CMm1 Circuit specifications
illati Function
Bit |PD4 3| XCSEL | CM03 | cMo4 | cm10 | cm1g | Oscillation | Feedback
- buffer resistor
0 X 1
0 X x | x OFF oFf |mputport®
1 0
0 X 2
1 X X X OFF oFf | Outputport®
1 0
0 ON ON XC.IN—XCOUT oscillation (on-chip feedback
Setting 0 resistor enabled) (3)
Value 1 ON OFF i;iilzgcdics):;ec;sc(i\l’l)ation (on-chip feedback
0 ! ! 0 XCIN-XCOUT : illati t
- oscillation stop
) 0 OFF ON | (on-chip feedback resistor enabled)
XCIN-XCOUT oscillation stop
L OFF OFF (on-chip feedback resistor disabled)
X X X X 1 X OFF OFF XCIN-XCOUT oscillation stop (STOP mode)
X:0o0r1
Notes:

1. Pulled up by setting the PU10 bit in the PURL1 register to 1.
2. Output drive capacity high by setting the DRR10 bit in the DRR1 register to 1.
3. When the XCIN clock is used, set the PU10 bit in the PURL register to 0 (not pulled up).

Table 7.39  Port 4_4/XCOUT
Register | PD4 | PINSR CMO CM1 Circuit specifications
illati Function
Bit |PDA4 4| XCSEL | CM03 | cMo4 | cm10 | cmiz | OScillation | Feedback unet
buffer resistor
0 X 1
0 X X X OFF oFf | Mputport®
1 0
0 X 2
1 X X X OFF oFf | Outputport®
1 0
0 ON ON XC_IN-XCOUT oscillation (on-chip feedback
) resistor enabled) 3. 4)
Setting 0 P — -
Value 1 ON OFF XCIN-XCOUT oscillation (on-chip feedback
0 1 1 0 resistor disabled) (3. 4)
XCIN-XCOUT oscillation stop
1 0 OFF ON (on-chip feedback resistor enabled)
XCIN-XCOUT oscillation stop
1 OFF OFF (on-chip feedback resistor disabled)
X X X X 1 X OFF OFF XCIN-XCOUT oscillation stop (STOP mode)
X:0orl
Notes:

1. Pulled up by setting the PU11 bit in the PURL1 register to 1.
2. Output drive capacity high by setting the DRR11 bit in the DRR1 register to 1.
3. Since the XCIN-XCOUT oscillation buffer operates with internal step-down power, the XCOUT output level cannot be used as

the CMOS level signal directly.
4. When the XCIN clock is used, set the PU11 bit in the PURL1 register to 0 (not pulled up).
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Table 7.40 Port 4 _5/INTO/RXD2/SCL2/ADTRG
Register PD4 INTEN U2SRO U2MR U2SMR ADMOD
Bit PD4 5 INTOEN RXD2SEL SMD 1M ADCAP Function
- 1 [ o 2 1 0 1 0
0 X Other than 11b X X X X X X Input port (1)
1 X Otherthan 11b | X X X X X X | Output port ()
Setting 0 1 Otherthan 11b| X X X X X X |INTO input @
Value 0 X 1 1 X X X X X X RXD2 input )
0 X 1 1 0 1 0 1 X X | SCL2 input/output (2 3)
0 1 Other than 11b| X X X X 1 1 |ADTRG input @
X:0or1l
Notes:

1. Pulled up by setting the PU11 bit in the PURL1 register to 1.

2. Output drive capacity high by setting the DRR11 bit in the DRR1 register to 1.
3. N-channel open-drain output by setting the NCH bit in the U2CO register to 1.

Table 7.41  Port 4_6/XIN
Register | PD4 | PINSR CMO0 CM1 Circuit specifications
illati Function
Bit |PD4_6|XCSEL | CMO3 | CM04 | cMo5 | cM10 | cM11 | cmi12 | cmyg | Oscilation | Feedback
- buffer resistor
0 0 (€
0 X X | o | x| x| o OFF oFf | !Mputport
1 X
0 0 @
1 X x | o | x| x| o OFF oFf | Outputport
1 X
XIN-XOUT oscillation
0 ON ON (on-chip feedback
0 resistor enabled)
XIN-XOUT oscillation
] 1 ON OFF (on-chip feedback
Setting resistor disabled)
Value o 1 XIN-XOUT oscillation
stop (on-chip
X X X X 0 X OFF ON feedback resistor
1 enabled)
XIN-XOUT oscillation
stop (on-chip
L OFF OFF feedback resistor
disabled)
oscillation stop
X 1 X X OFF OFF (STOP mode)
X:0o0r1
Notes:

1. Pulled up by setting the PU11 bit in the PURL1 register to 1.

2. Output drive capacity high by setting the DRR11 bit in the DRR1 register to 1.
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Table 7.42 Port 4_7/XOUT
Register | PD4 | PINSR CMO0 CM1 Circuit specifications
illati Function
Bit |PD4_7|XCSEL | CMO3 | CM04 | cMo5 | cM10 | cM11 | cmi12 | cmyg | Oscilation | Feedback
- buffer resistor
0 0 1
0 X x | o | x| x| o OFF oFf | ™mputport®
1 X
0 0 2
1 X x | o | x| x| o OFF oFf | Outputport @
1 X
XIN-XOUT oscillation
0 ON ON (on-chip feedback
0 resistor enabled)
XIN-XOUT oscillation
] 1 ON OFF (on-chip feedback
Setting resistor disabled)
Value 0 1 XIN-XOUT oscillation
stop (on-chip
X X X X 0 X OFF ON feedback resistor
1 enabled)
XIN-XOUT oscillation
stop (on-chip
L OFF OFF feedback resistor
disabled)
oscillation stop
X 1 X X OFF OFF (STOP mode)
X:0or1l
Notes:

1. Pulled up by setting the PU11 bit in the PURL register to 1.

2. Output drive capacity high by setting the DRR11 bit in the DRR1 register to 1.

3. Since the XCIN-XCOUT oscillation buffer operates with internal step-down power, the XCOUT output level cannot be used as
the CMOS level signal directly.

Table 7.43 Port 5_0/TRCCLK
Register PD5 TRBRCSR TRCCR1
. TRCCLKSEL TCK Function
Bit PD5_0
- 2 1 0 2 1 0
X X X X X X Input port (1)
Setting >
Value X X X X X X | Output port
1 0 0 1 0 1 TRCCLK input (1)
X:0orl
Notes:
1. Pulled up by setting the PU12 bit in the PUR1 register to 1.
2. Output drive capacity high by setting the DRR12 bit in the DRR1 register to 1.
Table 7.44 Port 5_1/TRCIOA/TRCTRG
Register | PD5 TRCPSRO Timer RC Setting
. TRCIOASEL Function
Bit PD5_1 —
2 | 1 ] o
0 Other than 101b X Input port (1)
Setting 1 Other than 101b X Output port (2)
Value 0 L 0 1 Refer to Table 7.82 TRCIOA | TRCIOA input ()
X Pin Setting TRCIOA output @
X:0o0r1
Notes:

1. Pulled up by setting the PU12 bit in the PURL register to 1.
2. Output drive capacity high by setting the DRR12 bit in the DRR1 register to 1.
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Table 7.45 Port 5_2/TRCIOB
Register | PD5 TRCPSRO Timer RC Setting
) TRCIOBSEL Function
Bit PD5_2 —
~ [ + [ o
0 Other than 111b X Input port ()
Setting 1 Other than 111b X Output port ()
Value 0 L 1 1 Refer to Table 7.83 TRCIOB | TRCIOB input ()
X Pin Setting TRCIOB output (2)
X:0or1l
Notes:
1. Pulled up by setting the PU12 bit in the PURL1 register to 1.
2. Output drive capacity high by setting the DRR12 bit in the DRR1 register to 1.
Table 7.46 Port 5_3/TRCIOC
Register PD5 TRCPSRO Timer RC Setting
. TRCIOCSEL Function
Bit PD5_3 —
- 2 | 1 ] o
0 Other than 110b X Input port (1)
Setting 1 Other than 110b X Output port ()
Value 0 L 1 o | RefertoTable 7.84 TRCIOC | TRCIOC input @
X Pin Setting TRCIOC output (2)
X:0o0r1
Notes:

1. Pulled up by setting the PU12 bit in the PUR1 register to 1.
2. Output drive capacity high by setting the DRR12 bit in the DRR1 register to 1.

Table 7.47 Port 5_4/TRCIOD
Register | PD5 TRCPSRO Timer RC Setting
. TRCIODSEL Function
Bit PD5_4 —
2 | 1 ] o
0 Other than 110b X Input port (1)
Setting 1 Other than 110b X Output port (2)
Value 0 . 1 0 Refer to Table 7.85 TRCIOD | TRCIOD input (1)
X Pin Setting TRCIOD output (2)
X:0o0r1
Notes:
1. Pulled up by setting the PU13 bit in the PURL register to 1.
2. Output drive capacity high by setting the DRR13 bit in the DRR1 register to 1.
Table 7.48  Port 5 5/TRAIO
Register PD5 TRASR TRAIOC TRAMR
. TRAIOSEL TMOD Function
Bit PD5 5 TOPCR
2 [ 1 ] o 2 1 0
0 Other than 100b X X X X Input port (1)
Setting 1 Other than 100b X X X X Output port (2)
Value 0 100b 0 Other than 000b, 001b | TAAIO input ()
X 100b 0 0 | o | 1 [71AAIOpulse output @
X:0or1l
Notes:

1. Pulled up by setting the PU13 bit in the PUR1 register to 1.
2. Output drive capacity high by setting the DRR13 bit in the DRR1 register to 1.
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Table 7.49 Port 5 6/TRAO/TRGIOA
Register | PD5 TRASR TRAIOC TIMSR Timer RG Setting
) TRAOSEL Function
Bit PD5_6 1 | 0 TOENA | TRGIOASEL —
0 Other than 10b X X X Input port (1)

_ 1 Other than 10b X X X Output port ()
Setting 1 [ o 1 X X TRAO output (1)
Value

0 Other than 10b X 1 Refer to Table 7.94 TRGIOA | TRGIOA input ()
X Other than 10b X Pin Setting TRGIOA output ()
X:0orl
Notes:

1. Pulled up by setting the PU13 bit in the PUR1 register to 1.
2. Output drive capacity high by setting the DRR13 bit in the DRR1 register to 1.

Table 7.50 Port 5 7/TRGIOB
Register PD5 TIMSR Timer RG Setting .
i Function
Bit PD5_7 TRGIOBSEL —
0 X X Input port ()
Setting 1 X X Output port (@
Value 0 1 Refer to Table 7.95 TRGIOB | TRGIOB input ()
X Pin Setting TRGIOB output @
X:0o0r1l
Notes:

1. Pulled up by setting the PU13 bit in the PURL1 register to 1.
2. Output drive capacity high by setting the DRR13 bit in the DRR1 register to 1.

Table 7.51  Port 6_0/TREO
Register PD6 TIMSR TRECR1 .
- Function
Bit PD6_0 TREOSELO TOENA
0 Other than 11b Input port ()
Setting >
Value 1 Other than 11b Output port (2)
X 1 1 TREO output
X:0o0r1
Notes:

1. Pulled up by setting the PU14 bit in the PURL register to 1.
2. Output drive capacity high by setting the DRR14 bit in the DRR1 register to 1.

Table 752  Port6_1
Register PD6 ]
- Function
Bit PD6_1
Setting 0 Input port (1)
Value 1 Output port
Notes:

1. Pulled up by setting the PU14 bit in the PUR1 register to 1.
2. Output drive capacity high by setting the DRR14 bit in the DRR1 register to 1.
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Table 7.53 Port 6_2/CLK1
Register PD6 U1SR U1IMR )
- Function
Bit PD6_2 CLK1SEL1 I CLK1SELO SMD2 SMD1 SMDO CKDIR
0 Other than 10b X X X X Input port (1)
Setting 1 Other than 10b X X X X Output port ()
Value 0 1 0 X X X 1 CLK1 (external clock) input (1)
X 1 0 0 0 1 0 CLKA1 (internal clock) output (2)
X:0or1l
Notes:

1. Pulled up by setting the PU14 bit in the PURL1 register to 1.
2. Output drive capacity high by setting the DRR14 bit in the DRR1 register to 1.

Table 7.54 Port 6_3/TXD1
Register PD6 U1SR UIMR .
i Function
Bit PD6_3 | TXD1SEL1 | TXD1SELO SMD2 SMD1 SMDO
0 Other than 10b X X X Input port (1)
1 Other than 10b X X X Output port (2)
Setting 0 1 TXD1 output (2. 3)
Value 0 0
X 1 0
1 1
1 0
X:0o0r1
Notes:

1. Pulled up by setting the PU14 bit in the PURL register to 1.
2. Output drive capacity high by setting the DRR14 bit in the DRR1 register to 1.
3. N-channel open-drain output by setting the NCH bit in the U1CO register to 1.

Table 7.55 Port 6_4/RXD1
Register PD6 U1SR .
- Function
Bit PD6_4 RXD1SEL1 RXD1SELO
0 X X Input port (1)
Setting >
value 1 X X Output port (2)
0 1 0 RXD1 input (1)
X:0o0r1
Notes:

1. Pulled up by setting the PU15 bit in the PURL register to 1.
2. Output drive capacity high by setting the DRR15 bit in the DRR1 register to 1.

RO1UHO094EJ0110 Rev.1.10

Oct 04, 2010

RENESAS

Page 118 of 794



R8C/38C Group

7.1/0 Ports

Table 7.56 Port 6_5/INT4/CLK1/CLK2/TRCIOB
Register | PD6 |INTEN1| U2SR1 U2MR ULSR UIMR TRCPSRO T'S":trmzc
_ CLK2SEL | SMD CLKISEL | SMD TRCIOBSEL Function
Bit PD6_5 | INT4EN CKDIR CKDIR —
1] o J2]1]o0 1] o J2]1]o0 2]1]o
Otherthan Otherthan Other than Input port (1)
0 X 11b X | XX X 11b X | XX X 110b X
Otherthan Otherthan Other than Output port (@
1 X 11b XXX X 11b X[ XX X 110b X
Otherthan Other than Other than INT4 input @)
0 1 11b X | XX X 11b X | XX X 110b X
Other than CLK2 (external
0 X 1 1 | X|X[X 1 11b X | XX X X | X | X X clock) input (@)
Otherthan CLK2 (internal clock)
Setting X X 1 1 oot 0 11b XXX X X x| X X output (2 3)
Value
0 X X X | X|X[X X 1 1 | X|X[X 1 X | X | X X CLK1 (_external
clock) input (1)
X X X | x [x|x|[x| x | 1] 1 ]olol1] o |x]|x]x X CLK1 (internal clock)
output ()
Referto Table | TRCIOB input (1)
0 x | omerthan |y fx | x [Oterthan bty i x| 1| 1] o |7.83TRCIOB
11b 11b . .
Pin Setting
Referto Table | TRCIOB output (2)
X x |omerthan |y Ix | x |[Oerthan by iy x| x| 1| 1] o |7.83TRCIOB
11b 11b . .
Pin Setting
X:0orl
Notes:
1. Pulled up by setting the PU15 bit in the PURL1 register to 1.
2. Output drive capacity high by setting the DRR15 bit in the DRR1 register to 1.
3. N-channel open-drain output by setting the NODC bit in the U2SMR3 register to 1.
Table 7.57 Port 6_6/INT2/TXD2/SDA2/TRCIOC
Register | PD6 INTSR INTEN U2SR0O U2MR U2SMR | TRCPSR1 Timer RC Setting
. TXD2SEL SMD TRCIOCSEL Function
Bit PD6_6 | INT2SELO | INT2EN IICM —
2J1Jof2]1]o0 2]1]o0
Other than Other than Input port ()
0 X X 101b X | X | X X 101b X
Other than Other than Output port (2)
1 X X 101b X | X | X X 101b X
Other than Other than INT2 input (1)
0 0 1 101b X | X | X X 101b X
0 1 TXD2 output (2. 3)
Setting ol o
Value X X X 1 0 1 1 T X X | X | X X
0
0 X X 1/{0|1]0 0 1 X[ X|X X SDA2 input/output (2. 3)
Other than Refer to Table 7.84 TRCIOC input (1)
0 X X 101b X x|X X ! 0 ! TRCIOC Pin Setting
Other than Refer to Table 7.84 TRCIOC output ()
X X X 101b Xpxx X tpoge TRCIOC Pin Setting
X:0orl
Notes:
1. Pulled up by setting the PU15 bit in the PUR1 register to 1.
2. Output drive capacity high by setting the DRR15 bit in the DRR1 register to 1.
3. N-channel open-drain output by setting the NCH bit in the U2CO register to 1.
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Table 7.58  Port 6_7/INT3/TRCIOD

Register PD6 INTSR INTEN INTCMP TRCPSR1 Timer RC Setting
. INT3SEL TRCIODSEL Function
Bit PD6_7 INT3EN | INT3CPO —
- 1 0 2 [ 1] o
X X X Other than 101b X Input port ()
X X X X Other than 101b X Output port )
Setting 0 1 0 1 0 Other than 101b X INT3 input ()
Value Refer to Table 7.85 | TRCIOD input (1)
0 X | X X X | 9 1 1 |1RcioD Pin Setting
Refer to Table 7.85 | TRCIOD output (2)
X X X X X 1 0 L TRCIOD Pin Setting
X:0orl
Notes:

1. Pulled up by setting the PU15 bit in the PURL register to 1.
2. Output drive capacity high by setting the DRR15 bit in the DRR1 register to 1.

Table 7.59  Port 7_0/AN12

Register PD7 ADINSEL TRCCR1
) CH ADGSEL Function
Bit PD7_0
- 2 1 0 1 0
X X X X X Input port (1)
Setting
2
Value X X X X X Output port (2)
0 0 0 1 0 A/D converter input (AN12) (1)
X:0or1l
Notes:

1. Pulled up by setting the PU16 bit in the PURL1 register to 1.
2. Output drive capacity high by setting the DRR16 bit in the DRR1 register to 1.

Table 7.60  Port 7_1/AN13

Register PD7 ADINSEL TRCCR1
. CH ADGSEL Function
Bit PD7_1
- 2 1 0 1 0
X X X X X Input port (1)
Setting =
Value X X X X X Output port )
0 0 1 1 0 A/D converter input (AN13) (1)
X:0or1l
Notes:

1. Pulled up by setting the PU16 bit in the PUR1 register to 1.
2. Output drive capacity high by setting the DRR16 bit in the DRR1 register to 1.

Table 7.61  Port 7_2/AN14

Register PD7 ADINSEL TRCCR1
. CH ADGSEL Function
Bit PD7_2
2 1 0 1 0
et X X X X X Input port (1)
etting =
Value X X X X X Output port (2)
0 1 0 1 0 A/D converter input (AN14) (1)
X:0o0r1
Notes:

1. Pulled up by setting the PU16 bit in the PUR1 register to 1.
2. Output drive capacity high by setting the DRR16 bit in the DRR1 register to 1.
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Table 7.62  Port 7_3/AN15

Register PD7 ADINSEL TRCCR1
. CH ADGSEL Function
Bit PD7_3
- 2 1 0 1 0
X X X X X Input port (1)
Setting
2
Value X X X X X Output port (2)
0 1 1 1 0 A/D converter input (AN15) (1)
X:0or1l
Notes:

1. Pulled up by setting the PU16 bit in the PUR1 register to 1.
2. Output drive capacity high by setting the DRR16 bit in the DRR1 register to 1.

Table 7.63  Port 7_4/AN16

Register | PD7 ADINSEL TRCCR1
) CH ADGSEL Function
Bit PD7_4
2 1 0 1 0
0 X X X X X Input port (1)
Setting 2
Value 1 X X X X X Output port (2)
1 0 0 1 0 AID converter input (AN16) ()
X:0or1l
Notes:

1. Pulled up by setting the PU17 bit in the PURL register to 1.
2. Output drive capacity high by setting the DRR17 bit in the DRR1 register to 1.

Table 7.64  Port 7_5/AN17

Register PD7 ADINSEL TRCCR1
. CH ADGSEL Function
Bit PD7_5
2 1 0 1 0
0 X X X X X Input port (1)
setting |7 X X X X X | output port @
Value utput por
0 1 0 1 1 0 A/D converter input (AN17) (1)
X:0o0r1
Notes:

1. Pulled up by setting the PU17 bit in the PURL register to 1.
2. Output drive capacity high by setting the DRR17 bit in the DRR1 register to 1.

Table 7.65  Port 7_6/AN18

Register PD7 ADINSEL TRCCR1
. CH ADGSEL Function
Bit PD7_6
- 2 1 0 1 0
X X X X X Input port (1)
Setting 2
Value 1 X X X X X Output port (2)
0 1 1 0 1 0 A/D converter input (AN18) (1)

X:0or1l
Notes:

1. Pulled up by setting the PU17 bit in the PUR1 register to 1.
2. Output drive capacity high by setting the DRR17 bit in the DRR1 register to 1.
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Table 7.66 Port 7_7/AN19
Register PD7 ADINSEL TRCCR1
. CH ADGSEL
Bit PD7_7
- 2 1 0 1 0
X X X X X Input port (1)
Setting
2
Value X X X X X Output port (2)
1 1 1 1 0 A/D converter input (AN19) ()
X:0or1l
Notes:

1. Pulled up by setting the PU17 bit in the PUR1 register to 1.
2. Output drive capacity high by setting the DRR17 bit in the DRR1 register to 1.

Table 7.67 Port 8_0/TRFO00
Register PD8 TRFOUT P8 .
- Function
Bit PD8_0 TRFOUTO P8_0
0 0 X Input port (1)
Setting 2
Value 1 0 X Output port ()
X 1 1 TRFOOO output (2)
X:0orl
Notes:

1. Pulled up by setting the PU20 bit in the PUR2 register to 1.
2. Output drive capacity high by setting the DRR20 bit in the DRR2 register to 1.

Table 7.68  Port 8_1/TRFO01
Register PD8 TRFOUT P8 _
i Function
Bit PD8_1 | TRFOUT1 P8 1
Setti 0 0 X Input port (1)
etting ~
Value 1 0 X Output port
X 1 1 TRFOO1 output @
X:0or1l
Notes:

1. Pulled up by setting the PU20 bit in the PUR2 register to 1.
2. Output drive capacity high by setting the DRR20 bit in the DRR2 register to 1.

Table 7.69 Port 8 2/TRFO02
Register PD8 TRFOUT P8 .
: Function
Bit PD8_2 TRFOUT2 P8_2
0 0 X Input port (1)
Setting >
Value 1 0 X Output port ()
X 1 1 TRFOO02 output (2)
X:0or1l
Notes:

1. Pulled up by setting the PU20 bit in the PUR2 register to 1.
2. Output drive capacity high by setting the DRR20 bit in the DRR2 register to 1.

Table 7.70 Port 8_3/TRFO10/TRFI
Register PD8 TRFOUT P8 TIMSR .
- Function
Bit PD8_3 TRFOUT3 P8_3 TRFISELO
0 0 X X Input port (1)
Setting 1 0 X X Output port ()
Value X 1 1 X TRFO10 output @
0 0 X 1 TRFI input ()
X:0or1l
Notes:

1. Pulled up by setting the PU20 bit in the PUR2 register to 1.
2. Output drive capacity high by setting the DRR20 bit in the DRR2 register to 1.
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Table 7.71 Port 8_4/TRFO11
Register PD8 TRFOUT P8 )
- Function
Bit PD8_4 TRFOUT4 P8_4
0 0 X Input port (1)
Setting
2
Value 1 0 X Output port ()
X 1 1 TRFO11 output (2)
X:0or1l
Notes:

1. Pulled up by setting the PU21 bit in the PUR2 register to 1.
2. Output drive capacity high by setting the DRR21 bit in the DRR2 register to 1.

Table 7.72 Port 8_5/TRFO12
Register PD8 TRFOUT P8 )
- Function
Bit PD8_5 TRFOUTS P8_5
0 0 X Input port (1)
Setting
2
Value 1 0 X Output port ()
X 1 1 TRFO12 output (2)
X:0or1l
Notes:

1. Pulled up by setting the PU21 bit in the PUR2 register to 1.
2. Output drive capacity high by setting the DRR21 bit in the DRR2 register to 1.

Table 7.73  Port 8_6
Register PD8 ]
; Function
Bit PD8_6
Setting 0 Input port ()
Value 1 Output port ()
Notes:

1. Pulled up by setting the PU21 bit in the PUR2 register to 1.
2. Output drive capacity high by setting the DRR21 bit in the DRR2 register to 1.

Table 7.74 Port 8_7
Register PD8 i
: Function
Bit PD8_7
Setting 0 Input port (1)
Value 1 Output port ()
Notes:

1. Pulled up by setting the PU21 bit in the PUR2 register to 1.
2. Output drive capacity high by setting the DRR21 bit in the DRR2 register to 1.

Table 7.75  Port9_0
Register PD9 _
i Function
Bit PD9_0
Setting 0 Input port ()
Value 1 Output port ()
Notes:

1. Pulled up by setting the PU22 bit in the PUR2 register to 1.
2. Output drive capacity high by setting the DRR22 bit in the DRR2 register to 1.

Table 7.76  Port9_1
Register PD9 ]
- Function
Bit PD9_1
Setting 0 Input port ()
Value 1 Output port @
Notes:

1. Pulled up by setting the PU22 bit in the PUR2 register to 1.
2. Output drive capacity high by setting the DRR22 bit in the DRR2 register to 1.
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Table 7.77 Port9 2

Register PD9 ]
; Function
Bit PD9 2
Setting 0 Input port (1)
Value 1 Output port ()
Notes:

1. Pulled up by setting the PU22 bit in the PUR2 register to 1.
2. Output drive capacity high by setting the DRR22 bit in the DRR2 register to 1.

Table 7.78  Port9 3

Register PD9 .
- Function
Bit PD9_3
Setting 0 Input port (1)
Value 1 Output port @
Notes:

1. Pulled up by setting the PU22 bit in the PUR2 register to 1.
2. Output drive capacity high by setting the DRR22 bit in the DRR2 register to 1.

Table 7.79  Port9 4

Register PD9 i
; Function
Bit PD9_4
Setting 0 Input port ()
Value 1 Output port ()
Notes:

1. Pulled up by setting the PU23 bit in the PUR2 register to 1.
2. Output drive capacity high by setting the DRR23 bit in the DRR2 register to 1.

Table 7.80 Port9 5

Register PD9 ;
: Function
Bit PD9_5
Setting 0 Input port (1)
Value 1 Output port @)
Notes:

1. Pulled up by setting the PU23 bit in the PUR2 register to 1.
2. Output drive capacity high by setting the DRR23 bit in the DRR2 register to 1.

Table 7.81  TRBO Pin Setting

Register TRBIOC TRBMR )
) Function
Bit TOCNT TMOD1 TMODO
0 0 1 Programmable waveform generation mode (pulse output)
Setting 1 0 1 Programmable waveform generation mode (programmable output)
Value 0 1 0 Programmable one-shot generation mode
0 1 1 Programmable wait one-shot generation mode

Table 7.82  TRCIOA Pin Setting

Register | TRCOER | TRCMR TRCIORO TRCCR2 Function
Bit EA PWM2 I0A2 I0A1 IOA0 | TCEG1 | TCEGO
0 1 0 0 1 X X Timer waveform output (output compare
1 X function)
Setting 0 1 1 X X X X Timer mode (input capture function)
Value 1
0 1 PWM2 mode TRCTRG input
1 0 X X X
1
X:0or1l
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Table 7.83  TRCIOB Pin Setting
Register | TRCOER TRCMR TRCIORO .
- Function
Bit EB PWM2 | PWMB 10B2 I0B1 10BO
0 0 X X X X PWM2 mode waveform output
0 1 1 X X X PWM mode waveform output
Setting 0 1 0 0 0 1 Timer waveform output (output compare function)
Value 1 X
0 Timer mode (input capture function)
1 0 1 X X
1
X:0o0r1
Table 7.84  TRCIOC Pin Setting
Register | TRCOER TRCMR TRCIOR1 .
- Function
Bit EC PWM2 | PWMC 10C2 I0C1 10C0
0 1 1 X X X PWM mode waveform output
) 0 1 Timer waveform output (output compare function)
Setting 0 1 0 0
1 X
Value . . .
0 Timer mode (input capture function)
1 0 1 X X
1
X:0orl
Table 7.85  TRCIOD Pin Setting
Register | TRCOER TRCMR TRCIOR1 .
- Function
Bit ED PWM2 | PWMD 10D2 10D1 10D0
0 1 1 X X X PWM mode waveform output
) 0 1 Timer waveform output (output compare function)
Setting 0 1 0 0
1 X
Value - - -
0 Timer mode (input capture function)
1 0 1 X X
1
X:0or1l
Table 7.86  TRDIOAO Pin Setting
Register | TRDOER1 TRDFCR TRDIORAO Function
uncti
Bit EAO CMD1 | CMDO | STCLK | PWM3 | I0A2 I0A1 I0A0
X 0 0 0 1 1 X X Timer mode (input capture function)
) X X X 1 1 0 0 0 External clock input (TRDCLK)
Sve;ﬂj”eg 0 0 0 0 0 X X X | PWM3 mode waveform output
1 0 1 Timer mode waveform output (output
0 0 0 0 0 1 X compare function)
X:0orl
Table 7.87 TRDIOBO Pin Setting
Register | TRDOER1 TRDFCR TRDPMR TRDIORAO Function
Bit EBO CMD1 | CMDO | PWM3 | PWMBO | IOB2 | IOB1 | IOBO
X 0 0 1 0 1 X X Timer mode (input capture function)
0 0 Complementary PWM mode waveform
1 1 X X X X X output
. Reset synchronous PWM mode
S\;e;}tneg 0 0 1 X X X X X | waveform output
0 0 0 0 X X X X PWM3 mode waveform output
0 0 0 1 1 X X X PWM mode waveform output
0 0 0 1 0 0 0 1 Timer mode waveform output (output
1 X compare function)
X:0or1l
RO1UHO0094EJ0110 Rev.1.10 RENESANAS Page 125 of 794

Oct 04, 2010



R8C/38C Group 7.1/0 Ports

Table 7.88  TRDIOCO Pin Setting

Register | TRDOER1 TRDFCR TRDPMR TRDIORCO Function
Bit ECO CMD1 | CMDO | PWM3 | PWMCO | IOC2 | IOC1 | I0CO
X 0 0 1 0 1 X X Timer mode (input capture function)
0 1 0 X " X X X Complementary PWM mode waveform
1 output

e o Lo [ [ [ [ [ x| xR aneteneus Pub mode
0 0 0 1 1 X X X PWM mode waveform output
0 0 0 1 0 0 0 1 Timer mode ngeform output (output

1 X compare function)
X:0or1l

Table 7.89  TRDIODO Pin Setting

Register | TRDOER1 TRDFCR TRDPMR TRDIORCO Function
Bit EDO CMD1 | CMDO | PWM3 | PWMDO | IOD2 | IOD1 | IODO
X 0 0 1 0 1 X X Timer mode (input capture function)
0 1 0 X X X X X Complementary PWM mode waveform
1 output

sl o Lo [ [ ] [ ] | [ e punimoce
0 0 0 1 1 X X X PWM mode waveform output
0 0 0 1 0 0 0 1 Timer mode W_aveform output (output

1 X compare function)
X:0o0r1

Table 790 TRDIOA1 Pin Setting

Register | TRDOER1 TRDFCR TRDIORA1 Function
Bit EAL CMD1 | CMDO | PWM3 | I0A2 | IOALl | IOAO
X 0 0 1 1 X X Timer mode (input capture function)
0 Complementary PWM mode waveform output
0 1 X X X X
Setting 1
Value 0 0 1 X X X X Reset synchronous PWM mode waveform output
0 0 0 0 0 1 Timer mode waveform output (output compare
1 1 X function)
X:0orl
Table 791  TRDIOB1 Pin Setting
Register | TRDOER1 TRDFCR TRDPMR TRDIORA1 Function
Bit EB1 CMD1 | CMDO | PWM3 | PWMB1 | IOB2 | IOB1 | IOBO
X 0 0 1 0 1 X X Timer mode (input capture function)
0 1 0 X X X X X Complementary PWM mode waveform
1 output
Setting 0 0 1 X X X X X Reset synchronous PWM mode
Value waveform output
0 0 0 1 1 X X X PWM mode waveform output
1 0 1 Timer mode waveform output (output
0 0 0 0 0 1 X compare function)
X:0or1l
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Table 7.92  TRDIOCL1 Pin Setting
Register | TRDOER1 TRDFCR TRDPMR TRDIORC1 Function
Bit EC1 CMD1 | CMDO | PWM3 | PWMC1 | IOC2 | IOC1 | I0CO
X 0 0 1 0 1 X X Timer mode (input capture function)
0 Complementary PWM mode waveform
0 1 1 X X X X X output
Setting 0 0 1 X X X X X Reset synchronous PWM mode
Value waveform output
0 0 0 1 1 X X X PWM mode waveform output
0 0 0 0 0 0 1 Timer mode waveform output (output
1 1 X compare function)
X:0or1l
Table 7.93  TRDIOD1 Pin Setting
Register | TRDOER1 TRDFCR TRDPMR TRDIORC1 Function
Bit ED1 CMD1 | CMDO | PWM3 | PWMD1 | |OD2 | |OD1 | |ODO
X 0 0 1 0 1 X X Timer mode (input capture function)
0 Complementary PWM mode waveform
0 1 1 X X X X X output
Setting 0 0 1 X X X X X Reset synchronous PWM mode
Value waveform output
0 0 0 1 1 X X X PWM mode waveform output
0 1 Timer mode waveform output (output
0 0 0 1 0 0 1 X compare function)
X:0or1l
Table 7.94  TRGIOA Pin Setting
Register | TRGMR TRGIOR .
- Function
Bit PWM I10A2 I0A1 IOA0
1 X X X PWM mode waveform output
) 0 1 Timer waveform output (output compare function)
Setting 0 0 1 0
Value
1 1
0 1 X X Timer mode (input capture function)
X:0or1l
Table 7.95 TRGIOB Pin Setting
Register | TRGMR TRGIOR .
- Function
Bit PWM 10B2 10B1 I0BO
0 1 Timer waveform output (output compare function)
Setting 0 0 1 0
Value 1 1
0 1 X X Timer mode (input capture function)
X:0or1l
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7.6 Unassigned Pin Handling
Table 7.96 lists Unassigned Pin Handling.

Table 7.96  Unassigned Pin Handling

Pin Name

Connection

Ports PO, P1, P2, P3,

P4_3to P4_7, P5, P6, P7, P8,

« After setting to input mode, connect each pin to VSS via a resistor
(pull-down) or connect each pin to VCC via a resistor (pull-up). (2

P9_0to P95 « After setting to output mode, leave these pins open. (1. 2)
Port P4_2/VREF Connect to VCC

RESET (3 Connect to VCC via a pull-up resistor (2)

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 the power-on reset function is in use.

MCU

Ports PO, P1, P2, P3,  (Input mode ) W
P4 3to P4_7,P5, P6, : :
P7,P8,P9 _0to P9 5

(Input mode) ’\N\,
(Output mode)

Open

RESET @ M

Port P4_2/VREF

Note:
1. When the power-on reset function is in use.

Figure 7.23 Unassigned Pin Handling
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8. Bus

The bus cycles differ when accessing ROM, RAM, DTC vector area, DTC control data and when accessing SFR.
Table 8.1 lists Bus Cycles by Access Area of R8C/38C Group.
ROM, RAM, DTC vector area, DTC control data and SFR are connected to the CPU by an 8-bit bus. When accessing
in word (16-bit) units, these areas are accessed twice in 8-bit units.

Table 8.2 shows Access Units and Bus Operations.

Table 8.1

Bus Cycles by Access Area of R8C/38C

Group

Access Area

Bus Cycle

SFR, Data flash

2 cycles of CPU 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,
DTC vector area, DTC control data

Even address CPU clock CPU clock

Byte access | | | I l_ | | | | l_
Address X Even X Address

Odd address CPU clock CPU clock

Byte access eloe | | | | |_ e | | | | |_
Address X Odd X Address
Data Data

Even address CPU clock CPU clock | | | | [

Word access

Address X Even X Even+1 X

Address X Even X Even+1 X

Odd address | cpy clock ,_l_l_l_,_\_,_\_,_
Word access

Address X__odd X odd+1 X

CPU clock | | | | |_

Address X__odd X odd+1 X
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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 RD: Registers TRDi (i =0, 1), TRDGRAI, TRDGRBIi, TRDGRCi, and TRDGRDi

Timer RG: Registers TRG, TRGGRA, TRGGRB, TRGGRC, and TRGGRD

SSU: Registers SSTDR, SSTDRH, SSRDR, and SSRDRH

UART2: Registers U2MR, U2BRG, U2TB, U2C0, U2C1, U2RB, U2SMR5, U2SMR4, U2SMR3, U2SMR2,
and U2SMR

A/D converter: Registers ADO, AD1, AD2, AD3, AD4, AD5, AD6, AD7, ADMOD, ADINSEL, ADCONO,

and ADCON1

D/A converter: Registers DAO and DA1

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

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 watchdog timer

9.1

Overview

Table 9.1 lists the Specification Overview of Clock Generation Circuit. Figure 9.1 shows a Clock Generation
Circuit, Figure 9.2 shows a Peripheral Function Clock, and Figure 9.3 shows a Procedure for Reducing Internal
Power Consumption Using VCA20 hit.

Table 9.1 Specification Overview of Clock Generation Circuit
XIN Clock On-Chip Oscillator Low-Speed
o XCIN Clock - i i
Item Oscillation L S High-Speed Low-Speed On-Chip Oscillator
L Oscillation Circuit ! - A > :
Circuit On-Chip Oscillator | On-Chip Oscillator | for Watchdog Timer
Applications * CPUclock |« CPU clock source |+ CPU clock source |+« CPU clock source |« Watchdog timer
source « Peripheral * Peripheral function |« Peripheralfunction | clock source
« Peripheral | function clock clock source clock source
function source * CPU and * CPU and
clock peripheral function | peripheral function
source clock source when | clock source when
XIN clock stops XIN clock stops
oscillating oscillating
Clock frequency | 0 to 20 MHz | 32.768 kHz Approx. 40 MHz 4) | Approx. 125 kHz Approx. 125 kHz
Connectable e Ceramic |« Crystal oscillator |— — —
oscillator resonator
« Crystal
oscillator
Oscillator XIN, XCIN, XCOUT @ | — @ — (@ —
connect pins XOUT )
Oscillation stop, | Usable Usable Usable Usable Usable
restart function
Oscillator status | Stop Stop Stop Oscillate Stop )
after reset Oscillate (6)
Others Externally | Externally — — —
generated generated clock
clock can can be input
be input ) |+ On-chip feedback
resistor Rf
(connected/not
connected
selectable)
Notes:

1. These pins can be used as P4_6 and P4_7 when using the XCIN clock oscillation circuit or on-chip oscillator
clock as the CPU clock while the XIN clock oscillation circuit is not used. The P4_6 pin is shared with the XIN
pin, and the P4_7 pin is shared with the XOUT pin. These pins cannot be used as I/0 ports when using the XIN

clock.

2. These pins can be used as P4_3 and P4_4 when using the XIN clock oscillation circuit or on-chip oscillator
clock as the CPU clock while the XCIN clock oscillation circuit is not used. The P4_3 pin is shared with the XCIN
pin, and the P4_4 pin is shared with the XCOUT pin. These pins cannot be used as I/O ports when using the

XCIN clock.

3. Toinput an external clock, set the CMO5 bit in the CMO register to 1 (XIN clock stops), the CM11 bit in the CM1
register to 1 (internal feedback resistor disabled), and the CM13 bit to 1 (XIN-XOUT pin).
4. The clock frequency is automatically set to up to 20 MHz by a divider when using the high-speed on-chip
oscillator as the CPU clock source.
5. This applies when the CSPROINI bit in the OFS register is set to 1 (count source protection mode disabled after

reset).

6. This applies when the CSPROINI bit in the OFS register is set to 0 (count source protection mode enabled after

reset).
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Oscillation Stop Detection Circuit

Low-speed on-chip oscillator =N
CSPRO for watchdog timer foco-wpt
fC
fc2
fca
LS {12 172 }—l—{ g f————— fc32
FRAL register, FRA3 register |
Frequency adjustable
FRAOO High-speed |
on-chip oscillator FRA2 register | foco4om
fOCO-F
XCIN XCOUT FRAO01 =1 5 fOCO (On-chip|oscillator clock)
foco Peripheral
FRA01 =0 FRAO3 = = > function
Divider clock
O (1/128) fOCO128
FRAO3 =0
cos 1 Low-speed | Power-on reset circuit
CcMo3 > —o— CcM14 on-chip oscillator ower-on reset circu
foco-s
Voltage detection circuit
CM10 = 1 (stop mode)— S Q}—4 (0Co-S
b N
RESET R 1% fl
Power-on reset H N f2
Software reset |7
Voltage monitor 0 reset d NG
Interrupt request S Q | Oscillation stop detection l/ f4
. e
WAIT instruction R XIN clock 8
CM30 g
ocD2 =1 f32
cM13 J
o _\—O Divid h
ivider
N XOUT A ﬂ:})— CPU clock
CM07 =0
fcC—oO
CcM13 CMO07 =1
CMO05 /
System clock
cmoz@_
e
b c g
a —L— 1/2 —L— 1/2 1/2
CMO06 =0
CM17 to CM16 = 11b
h
CM02, CM03, CM04, CM05, CMO06, CMO7: Bits in CMO register CMO06 =0
CM10, CM13, CM14, CM16, CM17: Bits in CM1 register -
CM30: Bit in CM3 register CM17 to CM16 = 01b
0OCDO, OCD1, OCD2: Bits in OCD register
FRAO00, FRAO1, FRAO3: Bits in FRAO register CMO6 = 0
CSPRO: Bit in CSPR register -
CM17 to CM16 = 00b . .
Detail of divider

Forcible discharge when OCDO = 0

Pulse generation circuit
for clock edge detection
and charge/discharge

XIN clock —

%

Charge/discharge
circuit

Oscillation stop detection
Interrupt generation circuit

control

OCD1

Watchdog timer interrupt.

Voltage monitor 1 interrupt.

Voltage monitor 2 interrupt.
@—Pp» OCD2 bit switch signal

L—» 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
fc2

fc4
fC32
fOCO40M

foco128
fOCO
fOCO-F

Watchdog
fOCO-WDT >
timer

3

INTOto| _v v v Yy VvVVvVVvYy v v v v Ssu/
iNT4 | [Timer RA| [Timer RB]|[ Timer RC] [Timer RD| [Timer RE | [ Timer RF | [Timer RG] [ A/D converter | [UARTO| [UART1] [UART2] |I°C bus
A A A A A A A AAAAA AAAAA A A4 A A 4 A AAA A A A A A A A A

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 | CMO07 | CMO06 | CMO05 | CMO04 | CMO03 | CMO02 — —
After Reset 0 0 1 0 1 0 0 0
Bit [Symbol Bit Name Function R/W
b0 — |Reserved bits Setto O. R/W
b1l —
b2 CMO02 [Wait mode peripheral function clock |0: Peripheral function clock does not stop in wait mode | R/W
stop bit 1: Peripheral function clock stops in wait mode
b3 CMO03 [XCIN clock stop bit 0: XCIN clock oscillates R/W
1: XCIN clock stops
b4 CMO4 [Port/XCIN-XCOUT switch bit (5.6) |0: 1/O ports P4_3 and P4_4 R/W
1: XCIN-XCOUT pin ("
b5 | CMO5 [XIN clock (XIN-XOUT) stop bit (1. 3) |0: XIN clock oscillates R/W
1: XIN clock stops (2)
b6 CMO06 |CPU clock division select bit 0 4)  |0: Bits CM16 and CM17 in CM1 register enabled R/W
1: Divide-by-8 mode
b7 | CMO7 |XIN, XCIN clock select bit (8) 0: XIN clock R/W
1: XCIN clock

Notes:

1. The CMO5 bit stops the XIN clock when the high-speed on-chip oscillator mode or low-speed on-chip oscillator
mode is selected. 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:

(1) Set bits OCD1 to OCDO in the OCD register to 00b.

(2) Set the OCD2 bit to 1 (on-chip oscillator clock selected).

During external clock input, only the clock oscillation buffer stops and clock input is acknowledged.

3. Only when the CMO5 bhit is set to 1 (XIN clock stops) and the CM13 bit in the CML1 register is set to 0 (P4_6 and
P4_7), P4_6 and P4_7 can be used as I/O ports.
The P4_6 pin is shared with the XIN pin, and the P4_7 pin is shared with the XOUT pin. These pins cannot be
used as I/O ports when using the XIN clock.

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

5. Touse P4_3 and P4_4 as input ports, set the CMO04 bit to 0 (I/O ports) and the CMO03 bit to 1(XCIN clock stops).

To use as external clock input, set the CM04 bit to 1 (XCIN-XCOUT pin), the CM03 bit to 1 (XCIN clock stops),

and the CM12 bit in the CML1 register to 1 (on-chip feedback resistor disabled). When the PD4_3 bit in the PD4

register is further set to 0 (input mode), an external clock can be input. Set XCIN as the 1/0 port P4_3 at this time.

When the pin is not used, treat it as an unassigned pin and use the appropriate handling.

The P4_3 pin is shared with the XCIN pin, and the P4_4 pin is shared with the XCOUT pin. These pins cannot be

used as I/O ports when using the on-chip oscillation circuit.

The CMO04 bit can be set to 1 by a program but cannot be set to 0.

7. To use the XCIN clock, set the CM04 bit to 1 and the XCSEL bit in the PINSR register to 1. Also, set ports P4_3
and P4_4 as input ports without pull-up.
The P4_3 pin is shared with the XCIN pin, and the P4_4 pin is shared with the XCOUT pin. These pins cannot be
used as I/O ports when using the XCIN clock.

8. Set the CMO07 bit to 1 (XCIN clock) from 0 after setting the CM04 bit to 1 (XCIN-XCOUT pin) and allowing XCIN
clock oscillation to stabilize.

n

o

Set the PRCO bit 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) 0: Clock oscillates RIW
1: All clocks stop (stop 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 resistor |0: On-chip feedback resistor enabled R/W
select bit 1: On-chip feedback resistor disabled

b3 CM13 |Port/XIN-XOUT switch bit . 6) 0: /O ports P4_6 and P4_7 R/W
1: XIN-XOUT pin

b4 CM14 |Low-speed on-chip oscillator stop bit (3. 4) |0: Low-speed on-chip oscillator on R/W
1: Low-speed on-chip oscillator off

b5 — Reserved bit Set to 1. R/W

b6 CM16 |CPU clock division select bit 1 (1) b7 b6 o R/W

b7 CM1T 0 0: No division mode RIW
0 1: Divide-by-2 mode
1 O: Divide-by-4 mode
1 1: Divide-by-16 mode

Notes:

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

2. If the CM10 bit is set to 1 (stop mode), the on-chip feedback resistor is disabled.

3. When the OCD2 hit is set to 0 (XIN clock selected), the CM14 hit can be set to 1 (low-speed on-chip oscillator
off). When the OCD2 hit is set to 1 (on-chip oscillator clock selected), the CM14 bit is set to 0 (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. To use P4_6 and P4_7 as input ports, set the CM13 bit to 0 (I/O ports) and the CMO05 bit in the CMO register to 1

(XIN clock stops).

To use as external clock input, set the CM13 bit to 1 (XIN-XOUT pin), the CMO05 bit to 1 (XIN clock stops), and

the CM11 bit to 1 (on-chip feedback resistor disabled). When the PD4_7 bit in the PD4 register is further set to 0

(input mode), an external clock can be input. Set XIN as the I/O port P4_6 at this time. When the pin is not used,

treat it as an unassigned pin and use the appropriate handling.

The P4_6 pin is shared with the XIN pin, and the P4_7 pin is shared with the XOUT pin. These pins cannot be

used as I/0 ports when using the on-chip oscillation circuit.

Once the CM13 bit is set to 1 by a program, it cannot be set to 0.

7. Do not set the CM10 bit to 1 (stop mode) when the VCA20 bit in the VCA2 register to 1 (low consumption
enabled).

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 | — | — | — — 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/W
1: MCU enters wait mode
bl — Nothing is assigned. If necessary, set to 0. When read, the content is O. —
b2 —
b3 — Reserved bits Setto 0. R/W
b4 —
b5 CM35 |CPU clock division when exiting 0: Following settings are enabled: R/W
wait mode select bit (2) CMO6 bit in CMO register

Bits CM16 and CM17 in CM1 register
1: No division
b6 CM36 |System clock when exiting wait b7 b6 R/W

b7 CM37 | mode or stop mode select bit 0 0: MCU exits V\{lth the_CPU clock immediately RIW
before entering wait or stop mode.

0 1: Do not set.
1 0: High-speed on-chip oscillator clock selected (3)
1 1: XIN clock selected 4

Notes:

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

2. Setthe CM35 hit to 0 in stop mode. When the MCU enters wait mode, if the CM35 bit is set to 1 (no division), the
CMOG6 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).

3. When bits CM37 and CM36 are set to 10b (high-speed on-chip oscillator clock selected), the following will be set
when the MCU exits wait mode or stop mode.
* OCD2 bit in OCD register = 1 (on-chip oscillator selected)
* FRAOO bit in FRAO register = 1 (high-speed on-chip oscillator on)
* FRAO1 bit in FRAO register = 1 (high-speed on-chip oscillator selected)

4. When bits CM37 and CM36 are set to 11b (XIN clock selected), the following will be set when the MCU exits wait
mode or stop mode.
* OMOS5 bit in OMO register = 1 (XIN clock oscillates)
* OM13 bit in OM1 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 CMO6 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).

Set the PRCO bit in the PRCR register to 1 (write enabled) before rewriting the CM 3 register.
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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 hitto 1.

When the MCU enters wait mode with the WAIT instruction, make sureto 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

b0 OCDO |Oscillation stop detection enable bit (6) {0: Oscillation stop detection function disabled (1) R/W
1: Oscillation stop detection function enabled

bl OCD1 |Oscillation stop detection interrupt 0: Disabled (1) R/W

enable bit 1: Enabled

b2 OCD2 |system clock select bit ) 0: XIN clock selected (6) R/W
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 Setto 0. 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. Ifthe OCD2 hitis 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) if XIN clock oscillation stop is detected

while bits OCD1 to OCDO are set to 11b. If the OCD3 bit is set to 1 (XIN clock stops), the OCD2 bit remains

unchanged even when set to 0 (XIN clock selected).

The OCD3 bit is enabled when the OCDO bit is set to 1 (oscillation stop detection function enabled).

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

6. Refer to Figure 9.10 Procedure for Switching Clock Source from Low-Speed On-Chip Oscillator to XIN
Clock for the switching procedure when the XIN clock re-oscillates after detecting oscillation stop.

ok

Set the PRCO hit in the PRCR register to 1 (write enabled) before rewriting the OCD register.

9.25 High-Speed On-Chip Oscillator Control Register 7 (FRA7)
Address 0015h

Bit b7 b6 b5 b4 b3 b2 bl b0
Sympolf — | — | — [ — | = | — | = [ — |
After Reset When shipping
Bit Function R/W
b7-b0 |32 MHz frequency correction data is stored. R

The frequency can be adjusted by transferring this value to the FRA3 register and by
transferring the correction value in the FRAG register to the FRA1 register.
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9.2.6  High-Speed On-Chip Oscillator Control Register 0 (FRAO)
Address 0023h

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol | — | — | — | — | FRAO3 | — | FRAO1 | 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 FRAOL |High-speed on-chip oscillator select bit (1) |0: Low-speed on-chip oscillator selected (2) R/W
1: High-speed on-chip oscillator selected (3)

b2 — Reserved bit Setto 0. R/W

b3 FRAO3 | 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 O. —

b5 —

b6 —

b7 —

Notes:

1. Change the FRAOL bit in the following conditions.
* FRAOO =1 (high-speed on-chip oscillator on)
» The CM14 bit in the CM1 register = 0 (low-speed on-chip oscillator on)
* Bits FRA22 to FRA20 in the FRA2 register:
All division mode can be set when VCC =2.7t0 5.5V  000b to 111b
Divide ratio of 8 or more when VCC =1.8t0 5.5V 110b to 111b (divide-by-8 or more)

2. When setting the FRAO1 bit to 0 (low-speed on-chip oscillator selected), do not set the FRAO0O bit to 0 (high-

speed on-chip oscillator off) at the same time. Set the FRAOO bit to 0 after setting the FRAO1 bit to 0.

3. When setting the FRAO01 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.

9.2.7 High-Speed On-Chip Oscillator Control Register 1 (FRA1)
Address 0024h

Bit b7 b6 b5 b4 b3 b2 bl b0
Sympolf — | — | — [ — | = | = | = [ — |
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

40 MHz: FRA1 = value after reset, FRA3 = value after reset

36.864 MHz: Transfer the value in the FRA4 register to the FRAL register and the value in the FRA5
register to the FRA3 register.

32 MHz: Transfer the value in the FRAG register to the FRAL register and the value in the FRA7
register to the FRAS3 register.

Set the PRCO hit in the PRCR register to 1 (write enabled) before rewriting the FRA 1 register.

Also, rewrite the FRA1 register when the FRAQO bit in the FRAO register is set O (high-speed on-chip oscillator

off).
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9.2.8 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 selection R/W
bl FRA21 |switching bit These bits select the division ratio for the high- [ R/W
b2 FRA22 speed on-chip oscillator clock. RIW

b2 b1 b0

0 0 O: Divide-by-2 mode
0 0 1: Divide-by-3 mode
0 1 O: Divide-by-4 mode
0 1 1: Divide-by-5 mode
1 0 0: Divide-by-6 mode
10 1: Divide-by-7 mode
11 0: Divide-by-8 mode
11 1: Divide-by-9 mode
b3 — Reserved bits Setto O. R/W
b4 —
b5 —
b6 —
b7 —

Set the PRCO hit in the PRCR register to 1 (write enabled) before rewriting the FRA2 register.

9.2.9 Clock Prescaler Reset Flag (CPSRF)
Address 0028h

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol| CPSR | — | — | — | — | — — —
After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 — Reserved bits Set to O. R/W
bl —
b2 —
b3 —
b4 —
b5 —
b6 —
b7 CPSR [Clock prescaler reset flag Setting this bit to 1 initializes the clock prescaler. R/W
(When read, the content is 0.)
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9.2.10 High-Speed On-Chip Oscillator Control Register 4 (FRA4)
Address 0029h

Bit b7 b6 b5 b4 b3 b2 bl b0
sympol| — | — | — [ — | — | — | — [ — |
After Reset When shipping
Bit Function R/W
b7-b0 {36.864 MHz frequency correction data is stored. R

The frequency can be adjusted by transferring this value to the FRA1 register and by transferring the
correction value in the FRAS register to the FRAS register.

9.2.11 High-Speed On-Chip Oscillator Control Register 5 (FRADS)

Address 002Ah
Bit b7 b6 b5 b4 b3 b2 b1l b0
Symhol| — | — | — [ — | = | = | = [ — |
After Reset When shipping

Bit Function R/W
b7-b0 {36.864 MHz frequency correction data is stored. R
The frequency can be adjusted by transferring this value to the FRA3 register and by transferring the
correction value in the FRA4 register to the FRAL register.

9.2.12 High-Speed On-Chip Oscillator Control Register 6 (FRAG)
Address 002Bh

Bit b7 b6 b5 b4 b3 b2 bl b0
Sympolf — | — | — [ — | — | — | — [ — |
After Reset When shipping
Bit Function R/W
b7-b0 |32 MHz frequency correction data is stored. R

The frequency can be adjusted by transferring this value to the FRA1 register and by transferring the
correction value in the FRA7 register to the FRAS register.

9.2.13 High-Speed On-Chip Oscillator Control Register 3 (FRA3)
Address 002Fh

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol] — | — | — [ = [ = [ = [ = [ — |
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

40 MHz: FRA1 = value after reset, FRA3 = value after reset

36.864 MHz: Transfer the value in the FRA4 register to the FRAL register and the value in the FRA5
register to the FRA3 register.

32 MHz: Transfer the value in the FRAG register to the FRAL register and the value in the FRA7
register to the FRAS3 register.

Set the PRCO hit in the PRCR register to 1 (write enabled) before rewriting the FRAS register.
Also, rewrite the FRA3 register when the FRAQO bit in the FRAO register is set 0 (high-speed on-chip oscillator
off).

ROLUHO0094EJ0110 Rev.1.10 RENESAS Page 141 of 794
Oct 04, 2010



R8C/38C

Group

9. Clock Generation Circuit

9.2.14 Voltage Detect Register 2 (VCA2)

Address 0034h

Bit b7 b6 b5 b4 b3 b2 bl 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: Low consumption enabled (2)
bl — Reserved bits Set to 0. R/W
b2 —
b3 —
b4 —
b5 | VCA25 |Voltage detection O enable bit 3  |0: Voltage detection O circuit disabled R/W
1: Voltage detection 0 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 ®)  |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
Figure 9.3 Procedure for 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 (stop
mode).
3. When writing to the VCA25 bit, 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.
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 VCAL register, set the VCA27 bit to 1.

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 VCA2 register.
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9.2.15

Address 018Fh

After Reset

Bit b7

b6 b5 b4

I/O Function Pin Select Register (PINSR)

b3 b2 bl b0

Symbol | SDADLY1 | SDADLYO0 | IICTCHALF |IICTCTWI| IOINSEL |

XCSEL

0

0 0 0

0 0 0 0

Bit

Symbol

Bit Name

Function

R/W

bO

XCSEL

XCIN/XCOUT pin connect bit

0: XCIN not connected to P4_3, XCOUT not
connected to P4_4

1: XCIN connected to P4_3, XCOUT connected to
P4 4

R/W

bl

Reserved bit

Set to 0.

R/W

b2

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

b3

IOINSEL

1/0 port input function select bit

0: The I/O port input function depends on the PDi (i
= 0to 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

R/W

b4

IICTCTWI

I2C double transfer rate select bit

0: Transfer rate is the same as the value set with
bits CKSO to CKS3 in the ICCR1 register
1: Transfer rate is twice the value set with bits CKS0

to CKS3 in the ICCR1 register

R/W

b5

IICTCHALF

I2C half transfer rate select bit

0: Transfer rate is the same as the value set with
bits CKS0 to CKS3 in the ICCR1 register
1: Transfer rate is half the value set with bits CKS0

to CKS3 in the ICCR1 register

R/W

b6

SDADLYO

b7

SDADLY1

SDA digital delay select bit

b7 b6
0 O: Digital delay of 3 x f1 cycles

0 1: Digital delay of 11 x f1 cycles
1 0: Digital delay of 19 x f1 cycles
1 1: Do not set.

R/W

R/W

XCSEL Bit (XCIN/XCOUT pin connect bit)

The XCSEL bit isused to connect XCIN and XCOUT to P4_3 and P4_4, respectively. When thisbitisset to 1,
XCIN is connected to P4_3 and XCOUT is connected to P4_4. For how to set XCIN and XCOUT, refer to 9.
Clock Generation Circuit.

IOINSEL Bit (/0O port input function select bit)

The IOINSEL bit is used to select the pin level of an I/O port when the PDi_j (j =0to 7) bitinthe PDi (i=0to
9) register isset to 1 (output mode). When thisbit is set to 1, the I/O port input function reads the pin input level
regardless of the PDi register.

Table 9.2

Table 9.2 lists I/O Port Values Read by Using IOINSEL Bit. The IOINSEL bit can be used to change the input
function of all 1/O ports except P4_2.

I/O Port Values Read by Using IOINSEL Bit

PDi_j bit in PDi register

0 (input mode)

1 (output mode)

IOINSEL hit 0 | 1 0 1
I/O port values read Pin input level Port latch value | Pin input level
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Exit wait mode by interrupt
(Note 1)
Procedure for enabling reduced internal . )
power consumption using VCA20 bit In interrupt routine
Enter low-speed clock mode or ) VCA20 <0
Step (1) low-speed on-chip oscilator mode Step (5) (internal power low consumption disabled) @
¢ (This is automatically set when exiting wait mode)
Step (2) Stop XIN clock and Step (6) Start XIN clock Ifitis necessary to start
P high-speed on-chip oscillator clock P or high-speed on-chip oscillator clock the high-speed clock or
high-speed on-chip oscillator
¢ ¢ during the interrupt routine,
execute steps (6) to (7
Step (3) VCA20 « 1 Step (7) (Wait until XIN clock or high-speed on-chip in the routin'()a ©tM
P (internal power low consumption enabled) @3 P oscillator clock oscillation stabilizes) '
. Enter high-speed clock mode or
@
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 XIN clock or P low-speed on-chip oscillator mode
high-speed on-chip oscillator clock If the high-speed clock or
¢ ¢ high-speed on-chip oscillator
Stop XIN clock and starts during the interrupt
(Wait until XIN clock or high-speed on-chip Step (2) high-speed on-chip oscillator clock routine, execute steps (1) to
Step (7) ) P o 3) at th d of th ti
oscillator clock oscillation stabilizes) ¢ (3) at the end of the routine.
- ¢ Step (3) VCA20 « 1
Sten (8 Enter high-speed clock mode or P )] (internal power low consumption enabled) @ 3
tep (8) — e !
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 VCA20 bit is set to 1, do not set the CM10 bit to 1 (stop mode).
4. When the MCU enters wait mode, follow 9.7.2 Wait Mode.
VCAZ20: Bit in VCA2 register

Figure 9.3 Procedure for Reducing Internal Power Consumption Using VCAZ20 bit
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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 resonator 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
XOUT pin.

Figure 9.4 shows Examples of XIN Clock Connection Circuit.

During and after areset, the XIN clock stops.

After setting the CM 13 bit in the CM 1 register to 1 (XIN-XOUT pin), the XIN clock starts oscillating when the
CMO5 bit in the CMO register is set to 0 (XIN clock oscillates). After the XIN clock oscillation stabilizes, the XIN
clock is used as the CPU clock source when the OCD2 hit in the OCD register is set to 0 (XIN clock selected).

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

When an externally generated clock isinput to the XOUT pin, the XIN clock does not stop even if the CMO5 bit is
set to 1. If necessary, use an external circuit to stop the clock.

In stop mode, al clocksincluding the XIN clock stop. Refer to 9.7 Power Control for details.

* When CMO5 bit in CMO register
is set to 0 (XIN clock oscillates)
and CM13 bit in CM1 register is
setto 1 (XIN-XOUT pin)

* When CMO05 bit in CMO register
is set to 1 (XIN clock stops),
CM11 bit in CM1 register is set
to 1 (internal feedback resistor

disabled), and the CM13 bit is
set to 1 (XIN-XOUT pin)

MCU MCU
(on-chip feedback resistor) (on-chip feedback resistor)
XIN XOUT XIN XOUT
Open
Rf @ @
Rd @
I
[ Externally generated clock

CIN COouT VCC
L T
p— e 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. Insert a damping resistor if required to prevent an overshoot from occurring.

Figure 9.4 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 FRAOL bit in the FRAOQ 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,
peripheral 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,
peripheral function clock, fOCO, fOCO-F, fOC0O40M, and fOCO128.

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 =2.7t0 5.5V 000b to 111b

« Divideratio of 8 or morewhen VCC=1.8t05.5V 110b to 111b (divide by 8 or more)

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

Freguency correction datais stored in registers FRA4 to FRA7.

To adjust the frequency of the high-speed on-chip oscillator clock to 36.864 MHz, first transfer the correction
value in the FRA4 register to the FRA1 register and the correction value in the FRAS register to the FRA3
register before using the values. This enables the setting errors of bit rates such as 9600 bps and 38400 bpsto be
0% when the serial interface is used in UART mode (refer to Tables 24.8 and 25.8 Bit Rate Setting Example
in UART Mode).

To adjust the frequency of the high-speed on-chip oscillator clock to 32 MHz, first transfer the correction value
in the FRAG register to the FRAL register and the correction value in the FRA7 register to the FRA3 register
before using the values.
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95 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 resonator
between the XCIN and XCOUT pins. 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 9.5 shows Examples of XCIN Clock Connection Circuits.

During and after areset, the XCIN clock stops.

After setting the XCSEL bit in the PINSR register to 1 (XCIN connected to P4 3, XCOUT connected to P4_4) and
the CM04 bit in the CMO register to 1 (XCIN-XCOUT pin), the XCIN clock starts oscillating when the CM03 bit
in the CMO register is set to 0 (XCIN clock oscillates). After the XCIN clock oscillation stabilizes, the X CIN clock
is used as the CPU clock source when the CMO7 bit in the CMO register is set to 1 (XCIN clock). To input an
externally generated clock to the XCIN pin, also set the CM04 hit in the CMO register to 1 (XCIN-XCOUT pin).
Leave the XCOUT pin open at thistime.

ThisMCU has an on-chip feedback resistor, which can be disabled/enabled by the CM 12 bit inthe CM 1 register. In
stop mode, al clocks including the XCIN clock stop. Refer to 9.7 Power Control for details.

* When CMO03 bit in CMO register is set * When CMO03 bit in CMO register is set
to 0 (XCIN clock oscillates) and CM04 to 1 (XCIN clock stops) and CMO04 bit
bit is set to 1 (XCIN-XCOUT pin) is set to 1 (XCIN-XCOUT pin)

MCU MCU
(on-chip feedback resistor) (on-chip feedback resistor)
XCIN XCOUT XCIN XCOUT

. o LITLILT
VSS

External crystal oscillator circuit External clock input circuit

/\N\/ Open
Rf @
Rd @®
Externally generated clock
IDI
LI
T " T

Note:

1. Insert a damping resistor and feedback resistor if required. The resistance will vary depending on
the oscillator and the oscillation drive capacity setting. Use the value 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 XCIN and XCOUT following the instructions.

Figure 9.5 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 peripheral function clocks. The XIN clock, the XCIN
clock, or the on-chip oscillator clock can be selected.

9.6.2 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. Use the CM06 bit in the
CMO register and bits CM16 and CM 17 in the CM 1 register to select the value of the division.

Also, use the 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 hit 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, and f32)

The peripheral function clock is an operating clock for the peripheral functions.
Thefi (i =1, 2, 4, 8, and 32) clock is generated by the system clock divided by i. It isused for timers RA, RB,
RC, RD, RE, RF, RG, the serid interface, and the A/D converter.

If the MCU enters wait mode after the CM02 bit in the CMO register is set to 1 (peripheral function clock stops
in wait mode), the fi clock stops.

9.6.4 fOCO

fOCO is an operating clock for the peripheral functions.

This clock runs at the same frequency as the on-chip oscillator clock and can be used as the source for timer
RA

In wait mode, the fOCO clock does not stop.

9.6.5 fOCO40M

fOCO40M is used as the count source for timers RC, RD, and RG.

This clock is generated by the high-speed on-chip oscillator and supplied by setting the FRAQO bit to 1.
In wait mode, the fOCO40M clock does not stop.

This clock can be used with supply voltage VCC =2.7t05.5V.

9.6.6 fOCO-F

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

fOCO-F isaclock generated by the high-speed on-chip oscillator and divided by i (i=2,3,4,5,6,7,8,and 9;
divide ratio selected by the FRA2 register). This clock 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-Sisan 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 isaclock generated by dividing fOCO-S or fOCO-F by 128. When the FRA03 bit is set to 0, fOCO-
Sdivided by 128 is selected. When thisbit is set to 1, fOCO-F divided by 128 is selected.

fOCO128 is configured as the capture signal used in the TRCGRA register for timer RC and timer RDO for
timer RD.

9.6.9 fC,fC2, fC4, and fC32

fC, fC2, fC4, and fC32 are used for timers RA, RD, RE, and the serial interface.
Use theses clocks while the XCIN clock oscillation stabilizes.

9.6.10 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 protect mode enabled).

In count source protection mode for the watchdog timer, the fOCO-WDT clock does not stop.
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9.7

Power Control

There are three power control modes. All modes other than wait mode and stop mode are referred to as standard
operating mode.

9.7.1

Standard Operating Mode

Standard operating mode is further separated into four modes.
In standard operating mode, the CPU and peripheral function clocks are supplied to operate the CPU and the
peripheral functions. Power consumption 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 timein a program until oscillation stabilizes before switching the clock.

Oct 04, 2010

Table 9.3 Settings and Modes of Clock Associated Bits
O(.:D CM1 Register CMO Register FRAO Register
Register
Modes LT
OCD2 CM16’ CM14 | CM13 | CMO7 | CMO6 | CMO5 | CM04 | CMO03 | FRAO1 | FRAOO

High-speed | No division 0 00b — 1 0 0 0 — — — —
clock mode | pivide-by-2 0 0lb | — 1 0 0 0 — — — —

Divide-by-4 0 10b — 1 0 0 0 — — — —

Divide-by-8 0 — — 1 0 1 0 — — — —

Divide-by-16 0 11b — 1 0 0 0 — — —
Low-speed | No division — 00b — — 1 0 — 1 0 — —
clock mode | pivide-by-2 — 0lb | — — 1 0 — 1 0 — —

Divide-by-4 — 0b | — — 1 0 — 1 0 — —

Divide-by-8 — — — — 1 1 — 1 0 — —

Divide-by-16 | — 11b | — — 1 0 — 1 0 — —
High-speed | No division 1 00b — — 0 0 — — — 1 1
on-chip Divide-by-2 1 0lb | — — 0 0 — — — 1 1
oscillator  I'piide_by-4 1 b | — | — | o 0o | — | — | = 1 1
mode Divide-by-8 1 — =1 =1 o 1| — | — [ = 1 1

Divide-by-16 1 11b | — — 0 0 — — — 1 1
Low-speed | No division 1 00b 0 — 0 0 — — — 0 —
on-chip Divide-by-2 1 01b 0 — 0 0 — — — 0 —
oscillator  I'piide_by-4 1 b | 0 | — | o 0o | — | — | = 0 —
mode Divide-by-8 1 — o [ = o 1| — | — [ = 0 —

Divide-by-16 1 11b 0 — 0 0 — — — 0 —
—: Indicates that either 0 or 1 can be set.
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9.7.1.1 High-Speed Clock Mode

The XIN clock divided by 1 (no division), 2, 4, 8, or 16 is used as the CPU clock. If the CM14 bit isset to O
(low-speed on-chip oscillator on) or the FRAOO bit in the FRAO register is set to 1 (high-speed on-chip
oscillator on), fOCO can be used for timer RA.

Also, if the FRAQO bit is set to 1, fOCO40M can be used for timers RC, RD, and RG.

If the CM14 bit is set to O (low-speed on-chip oscillator on), fOCO-S can be used for the voltage detection
circuit.

9.7.1.2 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 FRAOO hit is set to 1, fOCO40M can be used for timers RC, RD, and RG.

If the CM 14 bit is set to O (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 VCA20 bit in the VCAZ2 register to 1 (internal power low consumption enabled).

To reduce the power consumption, refer to 34. Reducing Power Consumption.

9.7.1.3 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 FRAOQ
register is set to 1 (high-speed on-chip oscillator on) and the FRAO1 bit in the FRAO register is set to 1. The on-
chip oscillator divided by 1 (no division), 2, 4, 8, or 16 is used as the CPU clock. If the FRAOO bit is set to 1,
fOCO40M can be used for timers RC, RD, and RG.

Also, if the CM 14 bit is set to O (low-speed on-chip oscillator on), fOCO-S can be used for the voltage detection
circuit.

9.7.1.4 Low-Speed On-Chip Oscillator Mode

If the CM14 bit in the CM 1 register is set to 0 (low-speed on-chip oscillator on) and the FRAO1 bit in the FRAO
register is set to O, the low-speed on-chip oscillator is used as the on-chip oscillator clock. At this time, 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. If the FRAQO bit is set to 1, fOCO40M can be
used for timers RC, RD, and RG.

Also, if 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 (Iow-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 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 34. Reducing Power Consumption.
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9.7.2 Wait Mode

Since the CPU clock stopsin wait mode, the CPU operating with the CPU clock and the watchdog timer when
count source protection mode is disabled stop. Since the XIN clock, XCIN clock, and on-chip oscillator clock
do not stop, the peripheral functions using these clocks continue operating.

9.7.2.1  Peripheral Function Clock Stop Function

If the CMO2 bit is set to 1 (peripheral function clock stops in wait mode), the f1, f2, f4, 8, and f32 clocks stop
in wait mode. This reduces power consumption.

9.7.2.2 Entering Wait Mode

The MCU enters wait mode by executing the WAIT instruction or setting the CM 30 bit in the CM 3 register to 1
(MCU enters wait mode).

When the OCD2 bit in the OCD register is set to 1 (on-chip oscillator selected as system clock), set the OCD1
bit in the OCD register to O (oscillation stop detection interrupt disabled) before executing the WAIT
instruction or setting the CM 30 bit in the CM 3 register to 1(MCU enters wait mode).

If the MCU enters wait mode while the OCD1 hit is set to 1 (oscillation stop detection interrupt enabled),
current consumption is not reduced because the CPU clock does not stop.

Enter wait mode after setting the FMR27 bit to 0 (low-current-consumption read mode disabled). Do not enter
wait mode while the FMR27 bit is 1 (low-current-consumption read mode enabl ed).

9.7.2.3  Pin Status in Wait Mode
The /O port retains the status immediately before the MCU enters wait mode.
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9.7.2.4  Exiting Wait Mode

The MCU exits wait mode by areset or peripheral function interrupt.

The peripheral function interrupts are affected by the CMO02 bit. When the CMO02 hit is set to O (peripheral
function clock does not stop in wait mode), the peripheral function interrupts other than A/D conversion
interrupts can be used to exit wait mode. When the CMO02 hit is set to 1 (peripheral function clock stopsin wait
mode), the peripheral functions using the peripheral function clock stop and the peripheral functions operating
with external signals or the on-chip oscillator clock can be used to exit wait mode.

Table 9.4 lists Interrupts to Exit Wait Mode and Usage Conditions.

Table 9.4 Interrupts to Exit Wait Mode and Usage Conditions
Interrupt CM02=0 CM02 =1
Serial interface interrupt Usable when operating with internal | Usable when operating with
or external clock external clock
Synchronous serial Usable in all modes (Do not use)

communication unit interrupt/
I2C bus interface interrupt

Key input interrupt Usable Usable
A/D conversion interrupt (Do not use) (Do not use)
Timer RA interrupt Usable in all modes Usable if there is no filter in event

counter mode.
Usable by selecting fOCO, fC, or
fC32 as count source.

Timer RB interrupt Usable in all modes Usable by selecting fOCO as timer
RA count source and timer RA
underflow as timer RB count source

Timer RC interrupt Usable in all modes (Do not use)

Timer RD interrupt Usable in all modes Usable by selecting fOCO40M or
fC2 as count source

Timer RE interrupt Usable in all modes Usable when operating in real time
clock mode

Timer RF interrupt Usable in all modes (Do not use)

Timer RG interrupt Usable in all modes Usable by selecting fOCO40M as
count source

INT interrupt Usable Usable (INTO to INT4 can be used if
there is no filter.)

Voltage monitor 1 interrupt Usable Usable

Voltage monitor 2 interrupt Usable Usable

Oscillation stop detection Usable (Do not use)

interrupt
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Figure 9.6 shows the Time from Wait Mode to First Instruction Execution following Exit after CM 30 Bit in
CM3 Register is Set to 1 (MCU Enters Wait Mode).
To use aperiphera function interrupt to exit wait mode, set up the following before setting the CM 30 bit to 1.
(1) Setthel flag to 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 FM RO register
and the VCAZ20 hit in the VCAZ2 register, as shown in Figure 9.6.
The clock set by bits CM35, 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

VCA2 Register

(internal power
low consumption enabled)

100 ps (max.)

Internal Power Time until Time until
Stabilization Time Flash Memory CPU Clock Remarks
TO Activation (T1 Supply (T2
FMSTP Bit VCAZ20 Bit (10) (T1) PPl (T2)
0
(internal power Opus
0 low consumption disabled) Period of system clock .
(flash memory x 1 cycle + 60 us Per|o:i gfcflleerdOCk
operates) 1 (max.) The total of TO

1
(flash memory

0
(internal power
low consumption disabled

Ops

Period of system clock

Same as above

to T2 is the time
from wait mode to
first instruction

following exit.

Wait mode

stabilization time

activation sequence

1 cycle
stops) 1 Loy
(internal power 100 ps (max.)
low consumption enabled)
P TO ol T1 ol T2 N
Internal power Flash memory CPU clock

restart sequence

A

100 ps (max.)

Interrupt request generation

Figure 9.6

CM3 Register is Set to 1 (MCU Enters Wait Mode)

Time from Wait Mode to First Instruction Execution following Exit after CM30 Bit in
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Figure 9.7 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 periphera 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.
(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 FM RO register
and the VCAZ20 hit in the VCAZ2 register, as shown in Figure 9.7.
The clock set by bits CM35, 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 VCA2 Register ) . ) . )
Internal Power Time until Time until Time for
Stabilization Time Flash Memory CPU Clock Interrupt Remarks
TO Activation (T1 Supply (T2 Sequence (T3
FMSTP Bit VCA20 Bit (10) (T pply (T2) q (T3)
0
(internal power Ops
0 low consumption disabled) Period of system clock . .
(flash memory x 1 cycle + 60 s Period of CPU clock | Period of CPU clock
x 2 cycles x 20 cycles
operates) 1 (max.)
(internal power 100 ps (max.) The total of TO
low consumption enabled) to T3 is the time
from wait mode to
0 interrupt routine
(internal power Ous execution.
1 low consumption disabled ’
(flash memory Period gflszigén clock Same as above Same as above
stops) 1
(internal power 100 ps (max.)
low consumption enabled)
_ TO ol T1 oy T2 ol T3 N
. Internal power Flash memory CPU clock
Wait mode e Lo Interrupt sequence
stabilization time activation sequence restart sequence
A 100 ps (max.)
Interrupt request generation
Figure 9.7 Time from Wait Mode to Interrupt Routine Execution after WAIT instruction is

Executed
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9.7.3  Stop Mode

Since all oscillator circuits except fOCO-WDT stop in stop mode, the CPU and peripheral function clocks stop
and the CPU and the peripheral functions operating with these clocks also stop. The least power required to
operate the MCU is in stop mode. If the voltage applied to the VCC pin is VRAM or more, the contents of
internal RAM is retained.

The peripheral functions clocked by external signals continue operating.

Table 9.5 lists Interrupts to Exit Stop Mode and Usage Conditions.

Table 9.5 Interrupts to Exit Stop Mode and Usage Conditions
Interrupt Usage Conditions
Key input interrupt Usable
INTO to INT4 interrupt Usable if there is no filter
Timer RA interrupt Usable if there is no filter when external pulse is counted in event counter
mode

Serial interface interrupt | When external clock selected
Voltage monitor 1 interrupt | Usable in digital filter disabled mode (VW1C1 bit in VWL1C register is set to 1)
Voltage monitor 2 interrupt | Usable in digital filter disabled mode (VW2C1 bit in VW2C register is set to 1)

9.7.3.1  Entering Stop Mode

The MCU enters stop mode when the CM 10 bit in the CM 1 register is set to 1 (all clocks stop). At the same

time, the CM06 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

* CM35 bit in CM3 register = 0 (settings of CM06 hit in CMO register and bits CM16 and CM17 in CM1
register enabled)

Enter stop mode after setting the FMR27 bit to O (Ilow-current-consumption read mode disabled). Do not enter

stop mode while the FMR27 bit is 1 (low-current-consumption read mode enabled).

9.7.3.2  Pin Status in Stop Mode

The /O port retains the status before the MCU enters stop mode.
However, when the CM 13 bit in the CM1 register is set to 1 (XIN-XOUT pin), the XOUT(P4_7) pinis held
“H”. When the CM 13 bit is set to O (input ports P4_6 and P4_7), the P4_7(XOUT pin) is held in an input status.
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9.7.3.3  Exiting Stop Mode

The MCU exits stop mode by areset or peripheral function interrupt.

Figure 9.8 shows the Time from Stop Mode to Interrupt Routine Execution.

To use aperiphera 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) Setthelflagtol.

(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 hit 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 . i . . ’
Internal Power Time until Time until Time for
Stabilization Time (T0) FIa;h Memory CPU Clock Interrupt Remarks
) Activation (T2) Supply (T3) Sequence (T4)
FMSTP Bit
0 Period of system clock Period of CPU clock | Period of CPU clock
100 ps (max.) x 1 cycle + 60 s The total of TO
(flash memory operates) (max.) x 2cycles x 20 cycles to T4 is the time
from wait mode to
1 Period of system clock interrupt routine
(flash memory stops) 100 ps (max.) x 1 cycle Same as above Same as above | ayecution.
w TO P T1 | T2 P T3 P T4 _
Oscillation time of CPU clock
Stop mode '”‘?’.“a'.po"‘(er source used immediately Fla§h memory CPU clock Interrupt sequence
stabilization time before stop mode activation sequence restart sequence
A 100 ps (max.)
Interrupt request generation
Figure 9.8 Time from Stop Mode to Interrupt Routine Execution
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Figure 9.9 shows the State Transitions in Power Control Mode.

State Transitions in Power Control Mode

Reset

/— Standard operating mode

y

Low-speed on-chip oscillator mode

CM07 =0
CM14=0
CM14=0 och2=1
ocb2=1 FRAOL=0

FRA01=0

CM07=0
A CM14=0
FRA0O = 1 OCD2 =1
FRAOL=1 FRA01=0
CMO03 =0
CM04 = 1
High-speed clock mode CMO07 =1
CM05=0 Low-speed clock mode
CMO07=0 CM04 =1
CM13=1 CMO7 =1
0oCD2=0 CMO05 =0 CM03=0
CMO07 =0
cM14=0 CM18 =1
FRAO1 =0
ocb2=1
FRAOQO = 1 v
FRAOL = 1

CM05=0 CMO07 =0
CM13=1 ) - 0Cbh2=1
ocD2=0 High-speed on-chip oscillator mode FRAOO = 1
CMO07 =0 FRAO1 =1
oCD2=1
FRAOQO = 1
FRAOL =1

Interrupt WAIT instruction

CPU operation stops

Interrupt

All oscillators stop
(except fOCO-WDT)

CM10=1

CMO03, CM04, CMO05, CMO07: Bits in CMO register
CM13, CM14: Bits in CM1 register

OCD2: Bit in OCD register

FRAO00, FRAO1: Bits in FRAO register

Figure 9.9 State Transitions in Power Control Mode
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9.8 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 hit in the OCD register.
Table 9.6 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 state if the XIN clock stops.

» OCD2 hit in OCD register = 1 (on-chip oscillator clock selected)

» OCD3 hit in OCD register = 1 (XIN clock stops)

e CM14 bit in CM1 register = 0 (low-speed on-chip oscillator oscillates)

« Oscillation stop detection interrupt request is generated

Table 9.6 Specifications of Oscillation Stop Detection Function
Item Specification
Oscillation stop detection clock and frequency f(XIN) > 2 MHz
bandwidth
Enabled condition for oscillation stop detection Bits OCD1 to OCDO set to 11b
function
Operation at oscillation stop detection Oscillation stop detection interrupt generated

9.8.1 How to Use Oscillation Stop Detection Function

» The oscillation stop detection interrupt shares a vector with the voltage monitor 1 interrupt, the voltage
monitor 2 interrupt, and the watchdog timer interrupt. To use the oscillation stop detection interrupt and
watchdog timer interrupt, the interrupt source needs to be determined.

Table 9.7 lists the Determination of Interrupt Sources for Oscillation Stop Detection, Watchdog Timer,
Voltage Monitor 1, or Voltage Monitor 2 Interrupt. Figure 9.11 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 9.10 shows the Procedure for Switching Clock Source from Low-Speed On-Chip Oscillator to XIN
Clock.

« To enter wait mode while the oscillation stop detection function is used, set the CM02 bit to O (peripheral
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 aprogram (select stop mode or
change the CMO05 hit).

« This function cannot be used when the XIN clock frequency is below 2 MHz. In this case, set bits OCDL1 to
OCDO to 00b.

» To use the low-speed on-chip oscillator clock as the clock source for the CPU clock and the peripheral

functions after detecting the oscillation stop, set the FRAO1 bit in the FRAO register to 0 (low-speed on-chip
oscillator selected) and 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 peripheral
functions after detecting the oscillation stop, first set the FRAQO bit to 1 (high-speed on-chip oscillator
oscillates) and the FRAO1 bit to 1 (high-speed on-chip oscillator selected). Then set bits OCD1 to OCDO to
11b.
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Table 9.7

Voltage Monitor 1, or Voltage Monitor 2 Interrupt

Determination of Interrupt Sources for Oscillation Stop Detection, Watchdog Timer,

Generated Interrupt Source

Bit Indicating Interrupt Source

Oscillation stop detection

(a) OCD3 bitin OCD register =1

(&) or (b))

(b) OCDL1 to OCDO bits in OCD register = 11b and OCD2 bit =1

Watchdog timer

VW2C3 bit in VW2C register = 1

Voltage monitor 1

VW1C2 bit in VWI1C register = 1

Voltage monitor 2

VW2C2 bit in VW2C register = 1

NO

CSWitch to XIN cIock)

Check several times
whether OCD3 bit is set to 0

Set bits OCDO to OCD1 to 00b

Set OCD2 hit to 0
(XIN clock selected)

o

OCDO to OCD3: Bits in OCD register

Figure 9.10
Clock

Procedure for Switching Clock Source from Low-Speed On-Chip Oscillator to XIN
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Determination of
Interrupt sources

C

oCcD3=17? NO
(XIN clock stops)

YES

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

Set OCD1 bitto 0
(oscillation stop detection
interrupt disabled) ®

To oscillation stop detection
interrupt routine

Note:

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

VW2C3 =17
(watchdog timer underflow)

YES

NO

VW2C2 = 1?
(Vdet2 passed)

To watchdog timer
interrupt routine

) (

To voltage monitor 2
interrupt routine

) (

To voltage monitor 1
interrupt routine

1. This disables multiple oscillation stop detection interrupts.

Figure 9.11

Example of Determining Interrupt Sources for Oscillation Stop Detection, Watchdog

Timer, Voltage Monitor 1, or Voltage Monitor 2 Interrupt
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9.9 Notes on Clock Generation Circuit

9.9.1 Stop Mode

To enter stop mode, set the FMROL bit in the FMRO register to 0 (CPU rewrite mode disabled) and then the
CM10 bit in the CM1 register to 1 (stop mode). An instruction queue pre-reads 4 bytes from the instruction
which sets the CM 10 hit to 1 (stop mode) 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 CM 1 register enabled
FSET I ; Enable interrupt
BSET 0,CM1 ; Stop mode
JMP.B LABEL_001

LABEL_001:
NOP
NOP
NOP
NOP

99.2 Wait Mode

To enter wait mode by setting the CM 30 bit to 1, set the FMRO1 bit in the FMRO register to 0 (CPU rewrite
mode disabled) before setting the CM30 bit to 1.

To enter wait mode with the WAIT instruction, set the FMROL bit in the FMRO register to 0 (CPU rewrite mode
disabled) and then execute the WAIT instruction. An instruction queue pre-reads 4 bytes from the instruction to
set the CM 30 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 ; Enable interrupt
WAIT ; Wait mode
NOP
NOP
NOP
NOP
o Program exampl e to execute the instruction to set the CM30 hit 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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9.9.3  Oscillation Stop Detection Function

Since the oscillation stop detection function cannot be used if the XIN clock frequency isbelow 2 MHz, set bits
OCD1 to OCDO to 00b.

9.9.4  Oscillation Circuit Constants
Consult the oscillator manufacturer to determine the optimal oscillation circuit constants for the user system.
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10. 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 as follows:

* Registers protected by PRCO hit: Registers CM0, CM1, CM3, OCD, FRAO, FRA1, FRA2, and FRA3

* Registers protected by PRC1 bit: Registers PMO and PM1

* Registers protected by PRC2 hit: PDO register

* Registers protected by PRC3 bit: Registers OCVREFCR, VCA2, VDILS, VWO0C, VW1C, and VW2C

10.1 Register

10.1.1 Protect Register (PRCR)
Address 000Ah

Bit b7 b6 b5 b4 b3 b2 b1l b0
Symbol[ — | — | — | — PRC3 | PRC2 | PRC1 | PRCO
After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 PRCO |Protect bit O Enables writing to registers CMO, CM1, CM3, OCD, FRAOQ, R/W

FRAL, FRA2, and FRA3.
0: Write disabled

1: Write enabled (2)

bl PRC1 (Protect bit 1 Enables writing to registers PMO and PM1. R/W
0: Write disabled

1: Write enabled (2)
b2 PRC2 |Protect bit 2 Enables writing to the PDO register. R/W
0: Write disabled

1: Write enabled (1)
b3 PRC3 |Protect bit 3 Enables writing to registers OCVREFCR, VCA2, VD1LS, R/W
VWO0C, VW1C, and VW2C.
0: Write disabled

1: Write enabled (2)

b4 — Reserved bits Set to O. R/W

b5 —

b6 —

b7 — Nothing is assigned. If necessary, set to 0. When read, the content is O. —
Notes:

1. The PRC2 bit is set to 0 after setting it to 1 (write enabled) and writing to the SFR area. Change the register
protected by the PRC2 bit with the next instruction after that used to set the PRC2 bit to 1. Do not allow interrupts
or DTC activation between the instruction to set to the PRC2 bit to 1 and the next instruction.

2. 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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11. Interrupts

11.1 Overview

11.1.1 Types of Interrupts
Figure 11.1 shows the Types of Interrupts.

Undefined instruction (UND instruction)
Overflow (INTO instruction)

BRK instruction

INT instruction

~ Software <
(non-maskable interrupts)

Interrupts < Watchdog timer
Oscillation stop detection
Voltage monitor 1
Voltage monitor 2 ©
Single step @

Address break @

-~ Address match

Special — <
(non-maskable interrupts)

~ Hardware ——

Peripheral function @
(maskable interrupts)

Notes:
1. Peripheral function interrupts are generated by the peripheral functions in the MCU.
2. Do not use these interrupts. This is provided exclusively for use by development tools.
3. A non-maskable or maskable interrupt can be selected by bits IRQ1SEL and IRQ2SEL
in the CMPA register.

Figure 11.1  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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11.1.2 Software Interrupts
A software interrupt is generated when an instruction is executed. Software interrupts are non-maskable.

11.1.2.1 Undefined Instruction Interrupt
An undefined instruction interrupt is generated when the UND instruction is executed.

11.1.2.2 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 as follows:
ABS, ADC, ADCF, ADD, CMP, DIV, DIVU, DIVX, NEG, RMPA, SBB, SHA, and SUB.

11.1.2.3 BRK Interrupt
A BRK interrupt is generated when the BRK instruction is executed.

11.1.2.4 INT Instruction Interrupt

An INT instruction interrupt is generated when the INT instruction is executed. Software interrupt numbers 0 to
63 can be specified with the INT instruction. Because some 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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11.1.3 Special Interrupts
Special interrupts are non-maskable.

11.1.3.1 Watchdog Timer Interrupt
A watchdog timer interrupt is generated by the watchdog timer. For details, refer to 14. Watchdog Timer.

11.1.3.2 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.

11.1.3.3 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.

11.1.3.4 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 bit in the CMPA register. For details of the voltage detection circuit,
refer to 6. Voltage Detection Circuit.

11.1.3.5 Single-Step Interrupt, and Address Break Interrupt
Do not use these interrupts. They are provided exclusively for use by development tools.

11.1.3.6 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 RMAD1 if the AIERQO bit in the AIERO register or the AIER10 bit in the

AlER1 register is set to 1 (address match interrupt enabled).
For details of the address match interrupt, refer to 11.6 Address Match Interrupt.

11.1.4 Peripheral Function Interrupts
A periphera function interrupt is generated by a peripheral function in the MCU. Peripheral function interrupts
are maskable. Refer to Tables 11.2 and 11.3 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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11.1.5

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 11.2 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 11.2

Interrupt Vector

11.1.5.1 Fixed Vector Tables

The fixed vector tables are alocated addresses OFFDCh to OFFFFh.

Table 11.1 lists the Fixed Vector Tables. The vector addresses (H) of fixed vectors are used by the ID code
check function. For details, refer to 33.3 Functionsto Prevent Flash Memory from being Rewritten.

Table 11.1

Fixed Vector Tables

Interrupt Source

Vector Addresses
Address (L) to (H)

Remarks

Reference

Undefined instruction

OFFDCh to OFFDFh

Interrupt with UND
instruction

Overflow

OFFEOh to OFFE3h

Interrupt with
INTO instruction

BRK instruction

OFFE4h to OFFE7h

If the content of
address OFFE6Gh
is FFh, program
execution starts
from the address
shown by the
vector in the
relocatable vector
table.

R8C/Tiny Series Software
Manual

Address match

OFFES8h to OFFEBh

11.6 Address Match
Interrupt

Single step (1)

OFFECh to OFFEFh

Watchdog timer,
Oscillation stop detection,
Voltage monitor 1,
Voltage monitor 2

OFFFOh to OFFF3h

14. 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
Note:

1. Do not use these interrupts. They are provided exclusively for use by development tools.
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11.1.5.2 Relocatable Vector Tables

The relocatable vector tables occupy 256 bytes beginning from the starting address set in the INTB register.
Tables 11.2 and 11.3 list the Relocatable Vector Tables.

Table 11.2  Relocatable Vector Tables (1)
Software Interrupt
Interrupt Source A d;zzg’;s(igrzzzer:;;) H) Interrupt Cor?trc?l Reference
Number Register
BRK instruction (3) +0 to +3 (0000h to 0003h) 0 — R8C/Tiny Series Software
Manual

Flash memory ready +4 to +7 (0004h to 0007h) 1 FMRDYIC 33. Flash Memory
(Reserved) 2to5 — —

INT4 +24 to +27 (0018h to 001Bh) 6 INT4IC 11.4 INT Interrupt

Timer RC +28 to +31 (001Ch to 001Fh) 7 TRCIC 19. Timer RC

Timer RDO +32 to +35 (0020h to 0023h) 8 TRDOIC 20. Timer RD

Timer RD1 +36 to +39 (0024h to 0027h) 9 TRD1IC

Timer RE +40 to +43 (0028h to 002Bh) 10 TREIC 21. Timer RE

UART?2 transmit/NACK2 | +44 to +47 (002Ch to 002Fh) 11 S2TIC 25. Serial Interface (UART2)
UART2 receive/ACK2 | +48 to +51 (0030h to 0033h) 12 S2RIC

Key input +52 to +55 (0034h to 0037h) 13 KUPIC 11.5 Key Input Interrupt
A/D conversion +56 to +59 (0038h to 003Bh) 14 ADIC 30. A/D Converter
Synchronous serial +60 to +63 (003Ch to 003Fh) 15 SSUIC/ICIC |27. Synchronous Serial
communication unit/ Communication Unit
12C bus interface (2) (SSv),

28. 12C bus Interface

Timer RF compare 1 +64 to +67 (0040h to 0043h) 16 CMP1IC 22. Timer RF

UARTO transmit +68 to +71 (0044h to 0047h) 17 SOTIC 24, Serial Interface (UARTI (i
UARTO receive +72 to +75 (0048h to 004Bh) 18 SORIC =0or1))

UART1 transmit +76 to +79 (004Ch to 004Fh) 19 S1TIC

UART1 receive +80 to +83 (0050h to 0053h) 20 S1RIC

INT2 +84 to +87 (0054h to 0057h) 21 INT2IC 11.4 INT Interrupt

Timer RA +88 to +91 (0058h to 005Bh) 22 TRAIC 17. Timer RA

(Reserved) 23 — —

Timer RB +96 to +99 (0060h to 0063h) 24 TRBIC 18. Timer RB

INT1 +100 to +103 (0064h to 0067h) 25 INT1IC 11.4 INT Interrupt

INT3 +104 to +107 (0068h to 006Bh) 26 INT3IC

Timer RF +108 to +111 (006Ch to 006Fh) |27 TRFIC 22. Timer RF

Timer RF compare 0 +112 to +115 (0070h to 0073h) 28 CMPOIC

INTO +116 to +119 (0074h to 0077h) 29 INTOIC 11.4 INT Interrupt

UART?2 bus collision +120 to +123 (0078h to 007Bh) 30 U2BCNIC 25. Serial Interface (UART2)
detection

Timer RF capture +124 to +127 (007Ch to 007Fh) |31 CAPIC 22. Timer RF

Software 3 +128 to +131 (0080h to 0083h) to |32t0 41 |— R8C/Tiny Series Software

+164 to +167 (00A4h to 00A7h) Manual

(Reserved) 42 — —

Timer RG +172 to +175 (OOACh to 00AFh) |43 TRGIC 23. Timer RG

(Reserved) 441049 |— —

Notes:

1. These addresses are relative to those in the INTB register.

2. Selectable by the IICSEL bit in the SSUIICSR register.

3. These interrupts are not disabled by the | flag.
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Table 11.3 Relocatable Vector Tables (2)

| Vector Addresses (1) Software | Interrupt
nterrupt Source Address (L) to Address (H) Interrupt Con.trol Reference
Number Register
Voltage monitor 1 +200 to +203 (00C8h to 00CBh) |50 VCMP1IC 6. Voltage Detection Circuit
Voltage monitor 2 +204 to +207 (00CCh to 00CFh) |51 VCMP2IC
(Reserved) 52to55 |— —
Software (1) +224 to +227 (0OEOh to O0E3h)to |56 to 63 |— R8C/Tiny Series Software
+252 to +255 (00FCh to 00FFh) Manual
Note:
1. These interrupts are not disabled by the | flag.
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11.2 Registers

11.2.1 Interrupt Control Register
(TREIC, S2TIC, S2RIC, KUPIC, ADIC, SOTIC, SORIC, CMP1IC, S1TIC,
S1RIC, TRAIC, TRBIC, TRFIC, CMPOIC, U2BCNIC, CAPIC, VCMPL1IC,
VCMP2IC)

Address 004Ah (TREIC), 004Bh (S2TIC), 004Ch (S2RIC), 004Dh (KUPIC), 004Eh (ADIC),
0050h (CMP1IC), 0051h (SOTIC), 0052h (SORIC), 0053h (S1TIC), 0054h (S1RIC), 0056h (TRAIC),
0058h (TRBIC), 005Bh (TRFIC), 005Ch (CMPOIC), 005Eh (U2BCNIC), 005Fh (CAPIC),
0072h (VCMP1IC), 0073h (VCMP2IC)

Bit b7 b6 b5 b4 b3 b2 bl b0
Sympol| — | — | — | — [ IR | L2 [ 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 0 (i disabled R/W
b1 VLT o0 1: L:le ° (interrupt disabled) RIW
b2 ILvL2 010: Level 2 RIW
011:Level3
100: Level 4
101: Level 5
110: Level 6
111:Level 7
b3 IR Interrupt request bit 0: No interrupt requested R/W (1)
1: Interrupt requested
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 11.8.5 Rewriting Interrupt Control Register.
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11.2.2 Interrupt Control Register (FMRDYIC, TRCIC, TRDOIC, TRD1IC,
SSUIC/ICIC, TRGIC)

Address 0041h (FMRDYIC), 0047h (TRCIC), 0048h (TRDOIC), 0049h (TRD1IC), 004Fh (SSUIC/ICIC (1)),
006Bh (TRGIC)

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 b2b1b0 Level 0 (i disabled R/W
b1 VLT 88(1) Lgxgl (; (interrupt disabled) RIW
b2 ILVL2 010: Level 2 R/W
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 11.8.5 Rewriting I nterrupt Control Register.
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11.2.3 INTi Interrupt Control Register (INTIIC) (i =0 to 4)
Address 0046h (INT4IC), 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 bébcl) tg Level O (i disabled R/W
b1 VLT o0 1: Lgle : (interrupt disabled) RIW
b2 | ILVL2 010: Level 2 RIW
011:Level3
100: Level 4
101: Level 5
110: Level 6
111:Level 7
b3 IR Interrupt request bit 0: No interrupt requested R/W (1)
1: Interrupt requested
b4 POL  |Polarity switch bit (3) 0: Falling edge selected R/W
1: Rising edge selected (2)
b5 — Reserved bit Setto O. 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. If the INTIPL bit in the INTEN register is set to 1 (both edges), set the POL bit to 0 (falling edge selected).
3. The IR bit may be set to 1 (interrupt requested) when the POL bit is rewritten.

Refer to 11.8.4 Changing Interrupt Sources.

Rewrite the interrupt control register when an interrupt request corresponding to the register is not generated.
Refer to 11.8.5 Rewriting Interrupt Control Register.
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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 isindicated by the IR bit in
the corresponding interrupt control register.

11.3.1 IFlag

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.

11.3.2 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 timer RD interrupt, the synchronous serial
communication unit interrupt the 12C businterface interrupt, and the flash memory interrupt are different. Refer
to 11.7 Timer RC Interrupt, Timer RD Interrupt, Timer RG Interrupt, Synchronous Serial
Communication Unit Interrupt, 12C bus Interface Interrupt, and Flash Memory Interrupt (Interrupts
with Multiple Interrupt Request Sour ces).

11.3.3 Bits ILVL2to ILVLO, IPL

Interrupt priority levels can be set using bitsILVL2to ILVLO.

Table 11.4 lists the Settings of Interrupt Priority Levels and Table 11.5 lists the Interrupt Priority Levels
Enabled by IPL.

The following are the conditions when an interrupt is acknowledged:

e« lflag=1

* IRbit=1

* Interrupt priority level > IPL

Thel flag, IR bit, bitsILVL2 to ILVLO, and IPL are independent of each other. They do not affect one another.

Table 11.4  Settings of Interrupt Priority Table 11.5 Interrupt Priority Levels Enabled by
Levels IPL
Bits ILVL2 to Interrupt Priority Level Priority IPL Enabled Interrupt Priority Level

ILVLO 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 are disabled

111b Level 7 High
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11.3.4 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 11.3 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 flagsin the FL G 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 O (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 internal 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 in the 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.

Notes:

1. These registers cannot be accessed by the user.

2. Referto11.7 Timer RC Interrupt, Timer RD Interrupt, Timer RG Interrupt, Synchronous Serial
Communication Unit Interrupt, 12C bus Interface Interrupt, and Flash Memory Interrupt
(Interruptswith Multiple Interrupt Request Sour ces) for the IR bit operations of the timer RC
Interrupt, timer RD Interrupt, Synchronous Serial Communication unit Interrupt, and the 12C bus
Interface Interrupt.

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

CPU Clock

Address Bus Address X Undefined Xsp-2Ysp-1Xsp-4X sp3 Yvec vecsi Y vecs2 X PC
Data Bus x inlfnolrenr{;t’i)cl)n x Undefined cosrﬁéﬁts c%féﬁts contents, coSnFt’é?qts cantEe%ts c\éﬁgﬁ%s c\éﬁgﬁgs
RD U_\( Undefined )’ |_|
" Hplpiipl
Note:

1. The indeterminate state depends on the instruction queue buffer.
A read cycle occurs when the instruction queue buffer is ready to acknowledge instructions.

Figure 11.3  Time Required for Executing Interrupt Sequence
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11.3.5 Interrupt Response Time

Figure 11.4 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 11.4) and the period required for executing the interrupt sequence
(20 cycles, refer to (b) in Figure 11.4).

Interrupt request generation  Interrupt request acknowledgement

v -

Instruction in g

interrupt routine

g Instruction Interrupt sequence

P (a) _ 20 cycles (b) 7

Interrupt response time

A

\

(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 11.4 Interrupt Response Time

11.3.6 IPL Change when Interrupt Request is Acknowledged

When a maskable interrupt request is acknowledged, the interrupt priority level of the acknowledged interrupt
issetinthe IPL.

When a software interrupt or special interrupt request is acknowledged, the level listed in Table 11.6 is set in
the IPL.

Table 11.6 liststhe IPL Vaue When Software or Special Interrupt is Acknowledged.

Table 11.6  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 7
2, address break
Software, address match, single-step Not changed
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11.3.7 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 bits in the PC are saved.

Figure 11.5 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 a single

instruction.

Note:

1. Selectable fromregisters RO, R1, R2, R3, A0, A1, SB, and FB.

Stack state before interrupt request acknowledgement

Note:

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 |

Address Stack Address Stack
MSB LsB MSB LsB
SP
m-4 m-4 PCL - [SP]
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 Egkll
acknowledgement () POH
m+1 | Previous stack contents m+1 | Previous stack contents FLGL
FLGH

SP.

Stack state after interrupt request acknowledgement

New SP value ®

: 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

Figur

ell5 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 11.6 shows the Register Saving Operation.
Address Stack
Sequence in which registers are saved
[SP]-5
[SP]-4 PCL [+— ()
[SPI-3 PCM l— (4)
Saved, 8 hits at a time
[SP]-2 FLGL [-— (1)
P | FLGH PCH [+ @
[SP]
Completed saving reqgisters
in four operations
Note:
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.

PCL
PCM
PCH
FLGL
FLGH

: 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 11.6 Register Saving Operation

RO1UHO094EJ0110 Rev.1.10

Oct 04, 2010

RENESAS

Page 178 of 794



R8C/38C Group 11. Interrupts

11.3.8 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.

11.3.9 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 bitsILVL2 to ILVLO to select any priority level for maskable interrupts (periphera 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 watchdog timer and other special interruptsis set by hardware.

Figure 11.7 shows the Hardware Interrupt Priority.

Software interrupts are not affected by the interrupt priority. If an instruction is executed, the MCU executes the
interrupt routine.

High
Reset g

Address break

Watchdog timer
Oscillation stop detection
Voltage monitor 1
Voltage monitor 2

Peripheral function

Single step

Address match

Low

Figure 11.7 Hardware Interrupt Priority
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11.3.10 Interrupt Priority Level Selection Circuit

Theinterrupt priority level selection circuit is used to select the highest priority interrupt.

Figure 11.8 shows the Interrupt Priority Level Selection Circuit.

Priority level of interrupts

Highest

Level O (initial value)

Voltage monitor 1

UART?2 bus collision detection

UART1 receive

Voltage monitor 2

Timer RG

Timer RF capture

INT2

Timer RF compare 0

INT3

Timer RB

Timer RA

INT4

INTO

Timer RF

INTL

Timer RC

UARTO receive

Timer RF compare 1

AJD conversion

UART?2 receive/ACK2

Timer RE

Timer RDO

UART1 transmit

UARTO transmit

SSU/12C bus @

Key input

UART?2 transmit/NACK2

Flash memory ready

rrr1r1+rr+r7vv1rr 1T 1T T T T T T T T T TTTTTTTTT T T

<P < < B < < < < o < R < EE<T]

y

A

Peripheral function interrupt priority
(if the priority levels are same)

[ Timer RD1 v
| PL Lowest
Interrupt request level
selection output signal
| flag I Interrupt request

Address match

Watchdog timer

|—

Oscillation stop detection

Voltage monitor 1

acknowledgement

Note:

Voltage monitor 2

1. Selectable by the IICSEL bit
in the SSUIICSR register.

Figure 11.8

Interrupt Priority Level Selection Circuit
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11.4 INT Interrupt

11.4.1 INTi Interrupt (i =0to 4)

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 INTilC register. The input pins used asthe INT1 to INT3 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 timer RD, and the external

trigger input of timer RB. The INT2 pin is shared with the event input enabled of timer RA.
Table 11.7 lists the Pin Configuration of INT Interrupt.

Table 11.7  Pin Configuration of INT Interrupt
Pin Name Assigned Pin I/0 Function
INTO P4_5 Input INTO interrupt input, timer RB external
trigger input, timer RC and timer RD pulse
output forced cutoff input
INT1 P1_5, Pl_?, PZ_O, P3_2, or P3_6 Input INT1 interrupt |nput
INT2 P3_2orP6_6 Input INT2 interrupt input, timer RA event input
enabled
INT3 P3_3 or P6_7 Input INT3 interrupt input
INT4 P6_5 Input INT4 interrupt input
11.4.2 INT Interrupt Input Pin Select Register (INTSR)
Address 018Eh
Bit b7 b6 b5 b4 b3 b2 b1l b0
Symbol |INT3$EL1|INT3$ELO| — |INTZSELO| INTlSEL2| INT1$EL1|INT18ELO —
After Reset 0 0 0 0 0 0 0 0
Bit Symbol Function R/W
b0 — Nothing is assigned. If necessary, set to 0. When read, the content is 0. —
bl |INTISELO ||NT1 pin select bit b3 b2bL ; RIW
2 [WTISELT o0 il oo gl
b3 INTISEL2 010: P2:0 assigned RIW
01 1: P3_6 assigned
10 0: P3_2 assigned
Other than above: Do not set.
b4 | INT2SELO ||NT2 pin select bit 0:P6_6 ass@gned R/W
1: P3_2 assigned
b5 — Nothing is assigned. If necessary, set to 0. When read, the content is O. —
b6 | INT3SELO iNT3 pin select bit b7oe. . RIW
b7 | INT3SELL 00:P3_3 assigned RIW
0 1: Do not set.
1 0: P6_7 assigned
1 1: Do not set.

The INTSR register selects which pinisassigned to the INTi (i = 1to 3) input. To use INTI, set thisregister.
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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11.4.3 External Input Enable Register 0 (INTEN)

Address 01FAh

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbo|| 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 fiNTO input polarity select bit (1. 2) 0: One edge RIW
1: Both edges

b2 INT1EN m input enable bit 0: Disabled R/W
1: Enabled

b3 INTIPL |INTZ input polarity select bit (L. 2) 0: One edge RIW
1: Both edges

b4 INT2EN |INT2 input enable bit 0: Disabled R/W
1: Enabled

bS | INTZPL |INT2 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 1 INT3PL fiNT3 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 O (falling edge

selected).

2. The IR bhit in the INTIIC register may be set to 1 (interrupt requested) if the INTEN register is rewritten.

Refer to 11.8.4 Changing Interrupt Sources.

11.4.4 External Input Enable Register 1 (INTEN1)

Address 01FBh

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol | — | — | — | — — | — | INT4PL | INT4EN
After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 INT4EN m input enable bit 0: Disabled R/W
1: Enabled
bl | INT4PL I\NTZ input polarity select bit (1. 2) 0: One edge RIW

1: Both edges

b2 —
b3 —
b4 —
b5 —
b6 —
b7 —

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

Notes:

1. To set the INT4PL bit to 1 (both edges), set the POL bit in the INT4IC register to 0 (falling edge selected).
2. The IR bit in the INT4IC register may be set to 1 (interrupt requested) if the INTEN1 register is rewritten.

Refer to 11.8.4 Changing Interrupt Sources.
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11.4.5 INT Input Filter Select Register O (INTF)
Address 01FCh
Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol| INT3F1 | INT3FO | INT2F1 | INT2FO | INT1F1 | INT1FO | INTOF1 | INTOFO
After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 INTOFO [INTO " : b1 b0 ] R/W
b NTOFT INTO input filter select bit 0 0: No filter e
0 1: Filter with f1 sampling
1 O: Filter with f8 sampling
1 1: Filter with f32 sampling
b2 INT1FO [{NTT i ) i b3 b2 R/W
o NTIFT INT1 input filter select bit 0 0: No filter =
0 1: Filter with f1 sampling
1 O: Filter with f8 sampling
1 1: Filter with f32 sampling
b4 INT2FO |[INT2 i " : b5 b4 RIW
-~ NToFT INT2 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
b6 INT3FO [INT3 i " : b7 b6 R/W
0 NTSET INT3 input filter select bit 0 0: No filter e
0 1: Filter with f1 sampling
1 O: Filter with f8 sampling
1 1: Filter with f32 sampling
11.4.6 INT Input Filter Select Register 1 (INTF1)
Address 01FDh
Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol| — | — | — | — — | — | INT4F1 | INT4FO
After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
bo INT4FO |{NT2 i " : b1 b0 RIW
b NTAET INT4 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 — Nothing is assigned. If necessary, set to 0. When read, the content is O. —
b3 —
b4 —
b5 —
b6 —
b7 —
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11.4.7 INTi Input Filter (i=0to 4)

The INTI input contains a digital filter. The sampling clock is selected using bits INTiF1 and INTiFO in
registers INTF and INTFL. The INTi level is sampled every sampling clock cycle and if the sampled input level
matches three times, the IR bit inthe INTIIC register is set to 1 (interrupt requested).

Figure 11.9 shows the INTi Input Filter Configuration. Figure 11.10 shows an Operating Example of INTi Input
Filter.

INTIF1 to INTIFO

fl =01b
g = 10bO ~ o Sampling clock
f32 =10 o INTIEN
Other than
INTiF1 to INTiFO
INTi Digital filter |= 00b o) INTi interrupt
o (input level
Port dl_rectlczg ma_tches =00b INTIPL=0
register 3 times)
Both edges
detection "
circuit |INTiPL=1
i=0to 4
INTIFO, INTiF1: Bits in registers INTF, INTF1
INTIEN, INTIPL: Bits in registers INTEN, INTEN1
Note:

1. INTO: Port P4_5 direction register
INT1: Port P1_5 direction register when P1_5 pin used
Port P1_7 direction register when P1_7 pin used
Port P2_0 direction register when P2_0 pin used
Port P3_2 direction register when P3_2 pin used
Port P3_6 direction register when P3_6 pin used
INT2: Port P3_2 direction register when P3_2 pin used
Port P6_6 direction register when P6_6 pin used
INT3: Port P3_3 direction register when P3_3 pin used
Port P6_7 direction register when P6_7 pin used

INT4: Port P6_5 direction register

Figure 11.9 INTi Input Filter Configuration

INTi input

i I b }

IR bitin
INTIIC register

Set to 0 by a program.
i=0to 4
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).

Figure 11.10 Operating Example of INTi Input Filter
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11.5 Key Input Interrupt

A Kkey input interrupt request is generated by one of the input edges of pins K10 to K13. The key input interrupt can
be used as a key-on wake-up function to exit wait or stop mode.

The KIiEN (i = 0to 3) bit in the KIEN register is be used to select whether or not the pins are used as the K1i input.
TheKIiPL bit inthe KIEN register is aso be used to select the input polarity.

When inputting “L” to the KIi pin, which sets the KIiPL bit to 0 (falling edge), the input to the other pins K10 to
K13 isnot detected as interrupts. When inputting “H” to the KIi pin, which sets the KI1iPL bit to 1 (rising edge), the
input to the other pins K10 to K13 is not also detected as interrupts.

Figure 11.11 shows a Block Diagram of Key Input Interrupt. Table 11.8 lists the Pin Configuration of Key Input

Interrupt.
T [ PUO2 bitin PURO register
R | | KUPIC register
< Pull-up > ,_GCO— PD1_3 bitin PD1 register
transistor
KI3EN bit
PD1_3 bit
KI3PL =0 Loj
KI3 —| >o—0O o
KI3PL =1
KI2EN bit
Pull-up PD1_2 bit
transistor KI2PL = 0 Lol N
v Interrupt control circuit Key input
K12 OL—DO—O om P l_> interrupt request
KI2PL =1
KI1EN bit
Pull-up PDL_1 bit
transistor KITPL = 0
KT O—’L—DO—O 3
KIIPL =1
KIOEN bit KIOEN, KILEN, KI2EN, KI3EN,
Pull-up PD1 O bit KIOPL, KI1PL, KI2PL, KI3PL: Bits in KIEN register
transistor KIOPL = 0 — PD1_0, PD1_1, PD1_2, PD1_3: Bits in PD1 register
KIOPL =1

Figure 11.11 Block Diagram of Key Input Interrupt

Table 11.8  Pin Configuration of Key Input Interrupt

Pin Name I/O Function
KI0 Input | KI0 interrupt input
KI1 Input KI1 interrupt input
KI2 Input | K12 interrupt input
KI3 Input | K13 interrupt input
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11.5.1 Key Input Enable Register 0 (KIEN)
Address 01FEh
Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol| KI3PL | KI3EN | KI2PL | KI2EN | KI1PL | KILIEN | 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 KIZEN [KI1 input enable bit 0: Disabled R/W
1: Enabled

b3 KI1IPL [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 11.8.4 Changing I nterrupt Sour ces.
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11.6 Address Match Interrupt

An address match interrupt request is generated immediately before execution of the instruction at the address
indicated by the RMADI register (i = 0 or 1). 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 register (i = 0 or 1). The AIERIO bit in the AIERI register

can be used to select enable or disable the interrupt. The address match interrupt is not affected by the | flag and

IPL.

The PC value (refer to 11.3.7 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 RMADiI 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.

e 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 11.9 lists the PC Vaue Saved on Stack When Address Match Interrupt Request is Acknowledged. Table

11.10 lists the Correspondence Between Address Match Interrupt Sources and Associated Registers.

Table 11.9 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)

« Instruction with 2-byte operation code (2) Address indicated by

« Instruction with 1-byte operation code (2) RMAD:i register + 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 Al)

Instructions other than above Address indicated by
RMAD:I register + 1

Notes:
1. Referto 11.3.7 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.

Table 11.10 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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11.6.1 Address Match Interrupt Enable Register i (AIERIi) (i=0or 1)
Address 01C3h (AIER0), 01C7h (AIER1)

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol| — | — | — | — | — | — | — | AIEROO |AIERO register
After Reset 0 0 0 0 0 0 0 0
Sympol| — | — | — | — | — | — | — |AERIO |[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 —

11.6.2 Address Match Interrupt Register i (RMADI) (i=0or 1)
Address 01C2h to 01C0h (RMADO), 01C6h to 01C4h (RMAD1)

Bit b7 b6 b5 b4 b3 b2 b1l b0
Symbol] — | — | — [ = | = [ = [ = | =
After Reset X X X X X X X X
Bit  bi5 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 O. —
b21 —
b22 —
b23 —
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11.7

Timer RC Interrupt, Timer RD Interrupt, Timer RG Interrupt, Synchronous

Serial Communication Unit Interrupt, I2C bus Interface Interrupt, and Flash
Memory Interrupt (Interrupts with Multiple Interrupt Request Sources)

The timer RC interrupt, timer RD (timer RDO) interrupt, timer RD (timer RD1) interrupt, timer RG interrupt,
synchronous serial communication unit interrupt, 12C bus interface interrupt, and flash memory interrupt 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 11.11 lists the Registers Associated with Timer RC Interrupt, Timer RD Interrupt, Timer
RG Interrupt, Synchronous Serial Communication Unit Interrupt, 12C bus Interface Interrupt, and Flash Memory
Interrupt and Figure 11.12 shows a Block Diagram of Timer RD Interrupt.

Table 11.11 Registers Associated with Timer RC Interrupt, Timer RD Interrupt, Timer RG
Interrupt, Synchronous Serial Communication Unit Interrupt, I2C bus Interface
Interrupt, and Flash Memory Interrupt

IMFC bit
IMIEC bit

IMFD bit

OVIE bit

i=0orl

IMFA, IMFB, IMFC, IMFD, OVF, UDF: Bits in TRDSRI register
IMIEA, IMIEB, IMIEC, IMIED, OVIE: Bits in TRDIERI register

IMIED bit —}
UDF bit

Peripheral Function Status Register of Enable Register of Interrupt Control
Name Interrupt Request Source | Interrupt Request Source Register
Timer RC TRCSR TRCIER TRCIC
Timer RD | Timer RDO | TRDSRO TRDIERO TRDOIC
Timer RD1 | TRDSR1 TRDIER1 TRD1IC
Timer RG TRGSR TRGIER TRGIC
Synchronous serial SSSR SSER SSuIC
communication unit
12C bus interface ICSR ICIER lciC
Flash memory RDYSTI RDYSTIE FMRDYIC
BSYAEI BSYAEIE
CMDERIE
Timer RDi
IMFA bit ] B
e et st
IMFB bit
IMIEB bit —

Figure 11.12 Block Diagram of Timer RD Interrupt
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As with other maskable interrupts, the timer RC interrupt, timer RD (timer RDO) interrupt, timer RD (timer RD1)
interrupt, timer RG interrupt, synchronous serial communication unit interrupt, 12C bus interface interrupt, and
flash memory interrupt are controlled by the combination of the | flag, IR bit, bitsILVLO to ILVLZ2, 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 hit in the interrupt control register is set to 1 (interrupt requested).
» When either hits 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 isnot set to O 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 also not automatically set to 0 when the interrupt is acknowledged.
Set individual bitsin the status register to 0 in the interrupt routine. Refer to the status register figure for how to
set individual bitsin the status register to O.
» When multiple bits in the enabl e 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 (19. Timer RC, 20. Timer RD, 23. Timer RG, 27.
Synchronous Serial Communication Unit (SSU), 28. 12C bus I nterface, and 33. Flash Memory) for the status
register and enable register.

For the interrupt control register, refer to 11.3 Interrupt Control.
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11.8 Notes on Interrupts

11.8.1 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 O.
If address 00000h 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.

11.8.2 SP Setting
Set avaue 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.

11.8.3 External Interrupt and Key Input Interrupt

Either the“L” level width or “H” level width shown in the Electrical Characteristicsis required for the signal
input to pins INTO to INT4 and pins K10 to K13, regardless of the CPU clock.

For details, refer to Table 35.23 (VCC =5V), Table35.30 (VCC=3V), Table35.37 (VCC =22 V) External
Interrupt INTi (i =0to4) Input, Key Input Interrupt Kli (i =0to 3).
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11.8.4 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 11.13 shows a Procedure Example for Changing Interrupt Sources.

( Interrupt source change )

Disable interrupts @3

Change interrupt sources
(including mode of peripheral function)

Set the IR bit to 0 (no interrupt request)
using the MOV instruction ©®

Enable interrupts 3

|
< Change completed )

IR bit: 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 0 (no
interrupt request). Refer to 11.8.5 Rewriting Interrupt Control Register for the
instructions to use and related notes.

Figure 11.13 Procedure Example for Changing Interrupt Sources
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11.8.5 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.

(b) 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.

(c) When usingthel 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 shows 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 theinterrupt control register isrewritten

INT_SWITCH1:
FCLR I ; Disable interrupts
AND.B  #00H, 0056H ; Set the TRAIC register to 00h
NOP ;
NOP
FSET I ; Enable interrupts
Example2: Useadummy read to delay the FSET instruction
INT_SWITCH2:
FCLR I ; Disable interrupts
AND.B  #00H, 0056H ; Set the TRAIC register to 00h
MOV.W MEM, RO ; Dummy read
FSET I ; Enable interrupts
Example 3: Usethe POPC instruction to changethel flag
INT_SWITCHS3:
PUSHC FLG
FCLR I ; Disable interrupts
AND.B  #00H, 0056H ; Set the TRAIC register to 00h
POPC FLG ; Enable interrupts
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12. ID Code Areas

The ID code areas are used to implement a function that prevents the flash memory from being rewritten in standard

seria 1/0 mode. This function prevents the flash memory from being read, rewritten, or erased.

12.1 Overview

The ID code areas are assighed to OFFDFh, OFFE3h, OFFEBh, OFFEFh, OFFF3h, OFFF7h, and OFFFBh of the
respective vector highest-order addresses of the fixed vector table. Figure 12.1 showsthe ID Code Areas.

ID code areas

Address

OFFDFh to OFFDCh

OFFE3h to OFFEOh

OFFE7h to OFFE4h

OFFEBh to OFFE8h

OFFEFh to OFFECh

OFFF3h to OFFFOh

OFFF7h to OFFF4h

Undefined instruction vector

\ \IDZ/ EOverflow vector

\ | BRK instruction vector

D3 E Address match vector

/ D4 \ Single step vector

1 Watchdog timer, oscillation stop detection,
voltage monitor 1, voltage monitor 2

\ ID6 / Address break vector

OFFFBh to OFFF8h ID7 E (Reserved)
OFFFFh to OFFFCh OFS E Reset vector
SN— ' ! ' i
—
4 bytes
Figure 12.1 ID Code Areas
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12.2 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 codes to the ID code aress.

If 3 bytes (addresses OFFFCh to OFFFEh) of the reset vector are set to FFFFFFh, the ID codes are not checked and
all commands are accepted.

The ID code areas are alocated 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” isthe 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 12.1 shows the ID Code Reserved Word. The reserved word is a set of reserved characters
when al the addresses and datain the ID code storage addresses sequentially match Table 12.1. When the forced
erase function or standard serial 1/0 mode disabled function is not used, use another character sequence of the
ASCII codes.

12. ID Code Areas

Table 12.1  ID Code Reserved Word

ID Code Storage Address ID Code Reserved Word (ASCII) (1)

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 “t")
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 12.1.
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12.3 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 areawill be erased at once.
However, if the contents of the ID code addresses are set to other than “ALeRASE” (other than Table 12.1 ID
Code Reserved Word) when the ROMCR bit in the OFSregister is set to 1 and the ROMCP1 hit is set to 0 (ROM
code protect enabled), forced erasure is not executed and the ID codes are checked with the ID code check function.
Table 12.2 lists the Conditions and Operations of Forced Erase Function.

Also, 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 12.2  Conditions and Operations of Forced Erase Function

Condition
ID code from serial
programmer or the ID code in ID code Bits ROMCP1 and ROMCR Operation
on-chip debugging storage address in OFS register
emulator
ALeRASE ALeRASE — All erasure of user ROM
Other than ALeRASE (1) | Other than 01b area (forced erase
(ROM code protect disabled) | function)
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 12.4 Standard Serial /O Mode Disabled Function.

12.4 Standard Serial /O Mode Disabled Function

Thisfunctionisused in standard seria 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 12.1 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 bit in the OFSregister is set to 1 and the ROMCP1 hit 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 parallel programmer.
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12.5 Notes on ID Code Areas

12.5.1 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 55h in al of the ID code areas
.org OOFFDCH
Jword dummy | (55000000h) ; UND
Jword dummy | (55000000h) ; INTO
word 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.)
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13. Option Function Select Area

13.1 Overview
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-address, OFFFFh and OFFDBh,
are assigned as the option function select area. Figure 13.1 shows the Option Function Select Area.

(Option function select area )

Address 1
H
1
OFFDBh to OFFD8h : Reserved area
: 1 1
[]
]
1

Qﬁfx/

OFFFFh to OFFFCh E Reset vector

— -
———

4 bytes

Figure 13.1  Option Function Select Area
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13.2 Registers

Registers OFS and OFS2 are used to select the MCU state after areset, the function to prevent rewriting in parallel
I/0 mode, or the watchdog timer operation.

13.2.1 Option Function Select Register (OFS)
Address OFFFFh

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol [CSPROINI| LVDAS | VDSELL | VDSELO [ROMCP1[ ROMCR — WDTON
After Reset User Setting Value (1)
Bit Symbol Bit Name Function R/W
b0 WDTON |[Watchdog timer start select bit 0: Watchdog timer automatically starts after reset | R/IW
1: Watchdog timer is stopped after reset
bl — Reserved bit Set to 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 ; b5 b4
Eg xB:Et(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 R/W
1: Voltage monitor O reset disabled after reset
b7 |CSPROINI|{Count source protection mode 0: Count source protect mode enabled after reset | R/IW
after reset select bit 1: Count source protect 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 O (voltage monitor O reset enabled after
reset).

For a setting example of the OFS register, refer to 13.3.1 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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13.2.2 Option Function Select Register 2 (OFS2)
Address OFFDBh

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol| — | — | — | — |WDTRCSl|WDTRCSO WDTUFS1|WDTUFS0
After Reset User Settng Value (1)
Bit Symbol Bit Name Function R/W
b0 WDTUFSO |Watchdog timer underflow period set bit b(l)b(()) 03FFh R/W
bl WDTUFS1 0 1. OFFFh R/W
1 0: 1FFFh
1 1: 3FFFh
b2 WDTRCSO [Watchdog timer refresh acknowledgement period bébé 5% R/W
set bit s E970
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 13.3.1 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 underflowsis 100%, the refresh

acknowledgement period for the watchdog timer can be selected.
For details, refer to 14.3.1.1 Refresh Acknowledgment Period.
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13.3 Notes on Option Function Select Area

13.3.1 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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14. 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.

14.1 Overview

The watchdog timer contains a 14-bit counter and allows selection of count source protection mode enable or
disable.

Table 14.1 lists the Watchdog Timer Specifications.

Refer to 5.5 Watchdog Timer Reset for details of the watchdog timer reset.

Figure 14.1 shows a Watchdog Timer Block Diagram.

Table 14.1  Watchdog Timer Specifications

ltem Count Sourge Protection Mode Count Source Protection Mode
Disabled 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) (D)

« Underflow

Operations at underflow | Watchdog timer interrupt or watchdog | Watchdog timer reset

timer reset

Selectable functions « Division ratio of the prescaler
Selected by the WDTC?7 bit in the WDTC register or the CMOQ7 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
Selected by the WDTON bit in the OFS register (flash memory).
« Initial value of the watchdog timer
Selectable by bits WDTUFS0 and WDTUFSL1 in the OFS2 register.
 Refresh acknowledgement period for the watchdog timer
Selectable by bits WDTRCS0 and WDTRCSL1 in the OFS2 register.

Note:
1. Write the WDTR register during the count operation of the watchdog timer.
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Prescaler
CMO07 =0,
WDTC7=0
1/16
L
,—l CSPRO =0 PM12 =0
CPU clock: 1/128 O Watchdog timer
B \(/:v'\é?&; 9'1 interrupt request
12 o Watchdog timer
L= T} cwor=1 >} o—>
(Note 1) PM12=1

FromTT CSPRO =1 Watchdog
- - timer reset
Low-speed on-chip oscillator

for watchdog timer

Oscillation starts

when CSPRO =1

Internal reset signal °[> D

(“L” active)
Bits WDTRCS0 and WDTRCS1—— Refresh period
Write to WDTR register control circuit

CSPRO: Bitin CSPR register

WDTC7: Bit in WDTC register

PM12: Bit in PM1 register

CMO7: Bit in CMO register

WDTUFS0, WDTUFS1, WDTRCS0, WDTRCS1: Bits in OFS2 register

Note:
1. A value set by bits WDTUFS0 and WDTUFSL is set in the watchdog timer (value when shipping: 3FFFh).

Figure 14.1 Watchdog Timer Block Diagram
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14.2 Registers
14.2.1 Processor Mode Register 1 (PM1)
Address 0005h
Bit b7 b6 b5 b4 b3 b2 bl b0
Sympol| — | — [ — | — | — | PM12 | — —
After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 — Reserved bits Setto 0. R/W
b1l —
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/W
Note:

1. The PM12 bit is set to 1 when 1 is written by a program (and remains unchanged even if O 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 PRCL1 bit in the PRCR register to 1 (write enabled) before rewriting the PM1 register.

14.2.2 Watchdog Timer Reset Register (WDTR)
Address 000Dh

Bit b7 b6 b5 b4 b3 b2 bl b0
smo — [ — [ — [ — [ — ] — [ — ] =
After Reset X X X X X X X X
Bit Function R/W
b7 to b0 |Writing 00h and then FFh to this register initializes the watchdog timer. W
The initial value of the watchdog timer is specified by bits WDTUFS0 and WDTUF1 in the OFS2
register. (1)
Note:
1. Write the WDTR register during the count operation of the watchdog timer.
14.2.3 Watchdog Timer Start Register (WDTS)
Address 000Eh
Bit b7 b6 b5 b4 b3 b2 b1l b0
smoo — [ — [ — [ — [ — ] — 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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14.2.4 Watchdog Timer Control Register (WDTC)
Address 000Fh

Bit b7 b6 b5 b4 b3 b2 bl b0
SymboI|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
b1l — 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 0. R
b7 WDTCT7 |Prescaler select bit 0: Divided-by-16 R/W
1: Divided-by-128
14.2.5 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 O. 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 enabled

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

and DTC activation between writing 0 and writing 1.
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14.2.6 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 (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 Set to 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
) - b5 b4
Eg xg:gt(l) Voltage detection 0 level select bit (2) 0.0 3.80 V selected (Vdeto_3) E;w
0 1:2.85V selected (Vdet0_2)
1 0: 2.35V selected (Vdet0_1)
11:1.90V selected (VdetO_0)
b6 LVDAS |Voltage detection O circuit start bit (3) |0: Voltage monitor O reset enabled after reset R/W
1: Voltage monitor O reset disabled after reset
b7 |CSPROINI|Count source protection mode 0: Count source protect mode enabled after reset | R/IW
after reset select bit 1: Count source protect 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 13.3.1 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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14.2.7 Option Function Select Register 2 (OFS2)
Address OFFDBh

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol| — | — | — | — |WDTRCSl|WDTRCSO WDTUFS1|WDTUFS0
After Reset User Settng Value (1)
Bit Symbol Bit Name Function R/W
b0 WDTUFSO |Watchdog timer underflow period set bit b(l)b(()) 03FFh R/W
bl WDTUFS1 0 1. OFFFh R/W
1 0: 1FFFh
1 1: 3FFFh
b2 WDTRCSO [Watchdog timer refresh acknowledgement period bébé 5% R/W
set bit s E970
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 13.3.1 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 underflowsis 100%, the refresh

acknowledgement period for the watchdog timer can be selected.
For details, refer to 14.3.1.1 Refresh Acknowledgment Period.
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14.3

Functional Description

14.3.1 Common Items for Multiple Modes

14.3.1.1 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 WDTRCSL1 in the OFS2 register. Figure 14.2 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.

Count starts

Watchdog timer period
A

4 A

Underflow Refresh acknowledge period

P Refresh can be acknowledged 100% (WDTRCS1 to WDTRCSO0 = 11b)

\

Processed as

incorrect write @ Refresh can be acknowledged

-t 7:4 -
1

1

Processed as incorrect write ()
- ; >
1
1

75% (WDTRCS1 to WDTRCSO = 10b)

50% (WDTRCS1 to WDTRCSO = 01b)

Refresh can be acknowledged

! Refresh can be
Processed as incorrect write ©

_acknowledged 25% (WDTRCS1 to WDTRCSO = 00b)

A

0% 25% 50% 75% 100% WDTRCSO0, WDTRCSL1.: Bits in OFS2 register

Note:
1. A watchdog timer interrupt or watchdog timer reset is generated.

Figure 14.2

Refresh Acknowledgement Period for Watchdog Timer
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14.3.2 Count Source Protection Mode Disabled

The count source for the watchdog timer is the CPU clock when count source protection mode is disabled.
Table 14.2 lists the Watchdog Timer Specifications (Count Source Protection Mode Disabled).

Table 14.2  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 WDTCY7 bit in the WDTC register), or 2 when
selecting the low-speed clock (CMO7 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 O (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 setto 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 cannot be changed by a program. To set this bit, write 0 to bit O of address OFFFFh
with a flash programmer.

3. Write the WDTR register during the count operation of the watchdog timer.
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14.3.3 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 14.3 lists the Watchdog Timer Specifications (Count Source Protection Mode Enabled).

Table 14.3  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 WDTUFS1 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 ()
« Underflow

Count start conditions | The operation of the watchdog timer after a reset is selected by

the WDTON bit (1) 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 O (watchdog timer starts automatically after

reset

The 2Natchdog 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 CSPPRO bit in the CSPR register is set to 1 (count source

protection mode enabled) (), 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 cannot be changed by a program. To set this bit, write 0 to bit 0 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 setto 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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15. DTC

The DTC (datatransfer controller) isafunction that transfers data between the SFR and on-chip memory without using
the CPU. This chip incorporates one DTC channel. The DTC is activated by a peripheral function interrupt to perform
datatransfers. The DTC and CPU use the same bus, and the DTC takes priority over the CPU in using the bus.

To control DTC data transfers, control data comprised of a transfer source address, a transfer destination address, and
operating modes are allocated in the DTC control data area. Each time the DTC is activated, the DTC reads control
datato perform data transfers.

15.1 Overview
Table 15.1 shows the DTC Specifications.

Table 15.1  DTC Specifications

Item Specification
Activation sources 39 sources
Allocatable control data 24 sets
Address space which can be transferred 64 Kbytes (00000h to OFFFFh)
Maximum number of transfer | Normal mode |256 times
times Repeat mode | 255 times
Maximum size of block to be | Normal mode |256 bytes
transferred Repeat mode | 255 bytes
Unit of transfers Byte
Transfer mode Normal mode | Transfers end on completion of the transfer causing the DTCCT]

register value to change from 1 to O.

Repeat mode | On completion of the transfer causing the DTCCT] register value to
change from 1 to O, the repeat area address is initialized and the
DTRLDj register value is reloaded to the DTCCTj register to continue
transfers.

Address control Normal mode | Fixed or incremented

Repeat mode | Addresses of the area not selected as the repeat area are fixed or
incremented.

Priority of activation sources Refer to Table 15.5 DTC Activation Sources and DTC Vector
Addresses.

Interrupt request Normal mode |When the data transfer causing the DTCCT,] register value to change
from 1 to O is performed, the activation source interrupt request is
generated for the CPU, and interrupt handling is performed on
completion of the data transfer.

Repeat mode |When the data transfer causing the DTCCT,] register value to change

from 1 to 0 is performed while the RPTINT bit in the DTCCR] register

is 1 (interrupt generation enabled), the activation source interrupt

request is generated for the CPU, and interrupt handling is

performed on completion of the transfer.

Transfer start When bits DTCENIO to DTCENI7 in the DTCEN:I registers are 1

(activation enabled), data transfer is started each time the

corresponding DTC activation sources are generated.

Transfer stop Normal mode |« When bits DTCENIO to DTCENI7 are set to O (activation disabled).

« When the data transfer causing the DTCCT] register value to
change from 1 to 0 is completed.

Repeat mode |+ When bits DTCENIO to DTCENI7 are set to 0 (activation disabled).

« When the data transfer causing the DTCCT] register value to
change from 1 to 0 is completed while the RPTINT bit is 1 (interrupt
generation enabled).

i=0to6,j=0to 23
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/N
CPU
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g DTCCR: DTC control register
g DTCENO § DTBLS: DTC block size register
s to DTC activation 5 » DTCCT: DTC transfer count register
2 DTCENG request S 3 DTRLD: DTC transfer count reload register
ﬂcg > £ s DTSAR: DTC source address register
= 8 5] DTDAR: DTC destination address register
g DTCTL < DTCTL: DTC activation control register
= DTCENO to DTCENG6:
K DTC activation enable registers 0 to 6
a
Peripheral interrupt
request —
Se
= =l |2o
ol || |28
Y . Q = % <§
Interrupt controller | Bus interface | a =

i

Peripheral bus

Figure 15.1 DTC Block Diagram

15.2 Registers

When the DTC is activated, control data (DTCCRj, DTBLSj, DTCCT]j, DTRLDj, DTSARj, and DTDAR]j, j =0to
23) allocated in the control data areais read, and then transferred to the control registers (DTCCR, DTBLS,
DTCCT, DTRLD, DTSAR, and DTDAR) in the DTC. On completion of the DTC data transfer, the contents of the
DTC control registers are written back to the control data area.

Each DTCCR, DTBLS, DTCCT, DTRLD, DTSAR, and DTDAR register cannot be directly read or written to.
DTCCRj, DTBLSj, DTCCT]j, DTRLDj, DTSAR]j, and DTDAR] are allocated as control data at addresses from
2C40h to 2CFFh in the DTC control data area, and can be directly accessed.

Also, registers DTCTL and DTCENI (i = 0to 6) can be directly accessed.
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15.2.1 DTC Control Register j (DTCCR}j) (j =0to 23)

Address Refer to Table 15.4 Control Data Allocation Addresses.

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol| — | — | RPTINT | CHNE | DAMOD | SAMOD | RPTSEL | MODE

After Reset X X X X X X X X

Bit Symbol Bit Name Function R/W

b0 MODE |Transfer mode select bit 0: Normal mode R/W
1: Repeat mode

bl | RPTSEL |Repeat area select bit (1) 0: Transfer destination is the repeat area R/W
1: Transfer source is the repeat area

b2 | SAMOD |Source address control bit (2) 0: Fixed R/IW
1: Incremented

b3 | DAMOD |Destination address control bit (2) 0: Fixed R/W
1: Incremented

b4 CHNE |Chain transfer enable bit (3 0: Chain transfers disabled R/W
1: Chain transfers enabled

b5 RPTINT |Repeat mode interrupt enable bit (1) |0 Interrupt generation disabled R/W
1: Interrupt generation enabled

b6 — Reserved bits Setto 0. R/W

b7 —

Notes:

1. This bit is valid when the MODE bit is 1 (repeat mode).
2. Settings of bits SAMOD and DAMOD are invalid for the repeat area.
3. Set the CHNE bit in the DTCCR23 register to 0 (chain transfers disabled).

15.2.2 DTC Block Size Register j (DTBLSj) (j =0to 23)
Address Refer to Table 15.4 Control Data Allocation Addresses.

Bit b7 b6 b5 b4 b3 b2 b1l b0
smoo — [ — [ — [ — [ — T — [ — ] —
After Reset X X X X X X X X
Bit Function Setting Range | R/W
b7 to b0  |These bits specify the size of the data block to be transferred by one 00hto FFh (1) | R/W
activation.

Note:
1. When the DTBLS register is set to 00h, the block size is 256 bytes.

15.2.3 DTC Transfer Count Register j (DTCCT,]) (j = 0 to 23)
Address Refer to Table 15.4 Control Data Allocation Addresses.

Bit b7 b6 b5 b4 b3 b2 bl b0

Symbol| — | — | — | — | = | = | = | =

After Reset X X X X X X X X
Bit Function Setting Range | R/W
b7 to b0 |These bits specify the number of times of DTC data transfers. 00h to FFh (O R/W

Note:
1. When the DTCCT register is set to 00h, the number of transfer times is 256. Each time the DTC is activated, the
DTCCT register is decremented by 1.
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15.2.4 DTC Transfer Count Reload Register j (DTRLDj) (j =0 to 23)

Address Refer to Table 15.4 Control Data Allocation Addresses.

Bit b7 b6 b5 b4 b3 b2 bl b0
sympolf — | — | — [ — | — | — | — [ — |
After Reset X X X X X X X X
Bit Function Setting Range R/W
b7 to b0 | This register value is reloaded to the DTCCT register in repeat mode. 00h to EFh @ R/W

Note:
1. Set the initial value for the DTCCT register.

15.2.5 DTC Source Address Register j (DTSAR)) (j = 0to 23)
Address Refer to Table 15.4 Control Data Allocation Addresses.

Bit b7 b6 b5 b4 b3 b2 b1l b0
Symool] — | — | = [ = [ = [ = [ = [ = |
After Reset X X X X X X X X
Bit  bi5 b14 b13 b12 b1l b10 b9 b8
Symool] — | — | = [ = [ = [ =[] = [ = |
After Reset X X X X X X X X
Bit Function Setting Range R/W
b15to b0 |These bits specify a transfer source address for data transfer. 0000h to FFFFh R/W

15.2.6 DTC Destination Address Register j (DTDAR])) (j = 0 to 23)

Address Refer to Table 15.4 Control Data Allocation Addresses.

Bit b7 b6 b5 b4 b3 b2 bl b0
Sympolf — | — | — [ — | — | = | = [ — |
After Reset X X X X X X X X
Bit b1l5 b14 b13 b12 b1l b10 b9 b8
Sympolf — | — | — [ — | — | — | — [ — |
After Reset X X X X X X X X
Bit Function Setting Range R/W
b15 to b0 |These bits specify a transfer destination address for data transfer. 0000h to FFFFh R/W
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15.2.7 DTC Activation Enable Register i (DTCENI) (i = 0 to 6)

Address 0088h (DTCENO), 0089h (DTCENL1), 008Ah (DTCENZ2), 008Bh (DTCEN3), 008Ch (DTCEN4),
008Dh (DTCENS5), 008Eh (DTCEN®)

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol | DTCEN;7 | DTCENi6 | DTCENI5 | DTCENi4| DTCENi3 | DTCENi2 | DTCENi1 | DTCENiO|
After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 |DTCENIO |DTC activation enable bit (1) 0: Activation disabled R/W
bl |DTCENIil 1: Activation enabled R/W
b2 |DTCENi2 RIW
b3 |DTCENI3 RIW
b4 | DTCENi4 RIW
b5 |DTCENI5 RIW
b6 |DTCENI6 RIW
b7 |DTCENIi7 RIW
i=0to 6
Note:

1. For the operation of this bit, refer to 15.3.7 Interrupt Sources.

The DTCENI registers enable/disable DTC activation by interrupt sources. Table 15.2 shows Correspondences

between Bits DTCENIiO to DTCENI7 (i = 0 to 6) and Interrupt Sources.

Table 15.2  Correspondences between Bits DTCENIiO to DTCENI7 (i = 0 to 6) and Interrupt
Sources
Reqister DTCENi7 DTCENI6 DTCENI5 DTCENi4 DTCENI3 DTCENi2 DTCENiIl DTCENIO
9 Bit Bit Bit Bit Bit Bit Bit Bit
DTCENO INTO INT1 INT2 INT3 INT4 — — —
. A/ID UARTO UARTO UART1 UART1 UART2 UART2
DTCEN1 Key input . . . . L ) .
conversion reception | transmission | reception | transmission | reception | transmission
Timer RC Timer RC
SSU/I2C bus | SSU/I2C bus input- input-
DTCEN2 | receive data | transmitdata VoIt_age VoIt_age — — capture/ capture/
Monitor 2 Monitor 1
full empty compare- compare-
match A match B
Timer RC Timer RC Timer RDO | Timer RDO | Timer RDO | Timer RDO | Timer RD1 | Timer RD1
input- input- input- input- input- input- input- input-
DTCEN3 capture/ capture/ capture/ capture/ capture/ capture/ capture/ capture/
compare- compare- compare- compare- compare- compare- compare- compare-
match C match D match A match B match C match D match A match B
Timer RD1 | Timer RD1
input- input-
DTCEN4 capture/ capture/ — — — — — —
compare- compare-
match C match D
Timer RG
Timer RF Timer RF ) input-
) ; Timer RF
DTCENS5 — — Timer RE Timer RF compare- compare- capture/
capture
match O match 1 compare-
match A
Timer RG
input-
DTCENG6 capture/ Timer RA — Timer RB Flash ready — — —
status
compare-
match B
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15.2.8 DTC Activation Control Register (DTCTL)
Address 0080h

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol|—|—|—|—|—|—|NMIF—
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 NMIF |Non-maskable interrupt generation |0: Non-maskable interrupts not generated R/W
bit (1) 1: Non-maskable interrupts generated
b2 — Nothing is assigned. If necessary, set to 0. When read, the content is O. —
b3 —
b4 —
b5 —
b6 —
b7 —
Note:

1. This bit is set to 0 when the read result is 1 and 0 is written to the same bit. This bit remains
unchanged even if the read result is 0 and 0 is written to the same bit. This bit remains unchanged if
1 is written to it.

The DTCTL register controls DTC activation when a non-maskable interrupt (an interrupt by the watchdog
timer, oscillation stop detection, voltage monitor 1, or voltage monitor 2) is generated.

NMIF Bit (Non-Maskable Interrupt Generation Bit)

The NMIF bit is set to 1 when a watchdog timer interrupt, an oscillation stop detection interrupt, a voltage
monitor 1 interrupt, or avoltage monitor 2 interrupt is generated.

When the NMIF bit is 1, the DTC is not activated even if the interrupt which enables DTC activation is
generated. If the NMIF bit is changed to 1 during DTC transfer, the transfer is continued until it is completed.

When an interrupt source is the watchdog timer, wait for the following cycles before writing O to the NMIF bit:
If the WDTCY bit in the WDTC register is set to 0 (divide-by-16 using the prescaler), wait for 16 cycles of the
CPU clock after the interrupt source is generated.

If the WDTCY bit is set to 1 (divide-by-128 using the prescaler), wait for 128 cycles of the CPU clock after the
interrupt source is generated.

When an interrupt source is oscillation stop detection, set to the OCD1 bit in the OCD register to O (oscillation
stop detection interrupt disabled) before writing O to the NMIF bit.
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15.3 Function Description

15.3.1 Overview

When the DTC is activated, control datais read from the DTC control data area to perform data transfers and
control data after datatransfer iswritten back to the DTC control data area. Twenty-four sets of control data can
be stored in the DTC control data area, which allows 24 types of data transfers to be performed.

There are two transfer modes: normal mode and repeat mode. When the CHNE bit in the DTCCRj (j = 0 to 23)
register is set to 1 (chain transfers enabled), multiple control data is read and data transfers are continuously
performed by one activation source (chain transfers).

A transfer source address is specified by the 16-bit register DTSAR], and a transfer destination address is
specified by the 16-bit register DTDAR]. The valuesin theregisters DTSARj and DTDAR] are separately fixed
or incremented according to the control data on completion of the data transfer.

15.3.2 Activation Sources

The DTC is activated by an interrupt source. Figure 15.2 is a Block Diagram Showing Control of DTC

Activation Sources.

Theinterrupt sources to activate the DTC are selected with the DTCENI (i = 0 to 6) registers.

The DTC sets 0 (activation disabled) to the corresponding bit among bits DTCENiO to DTCENI7 in the

DTCENI register during operation when the setting of datatransfer (the first transfer in chain transfers) is either

of the following:

* Transfer causing the DTCCT] (j = 0 to 23) register value to change to 0 in normal mode

* Transfer causing the DTCCT] register value to change to 0 while the RPTINT bit in the DTCCR] register is 1
(interrupt generation enabled) in repeat mode

If the datatransfer setting is not either of the above and the activation source is an interrupt source for timer RC,

timer RD, timer RG, or the flash memory, the DTC sets 0 to the interrupt source flag corresponding to the

activation source during operation.

Table 15.3 shows the DTC Activation Sources and Interrupt Source Flags for Setting to O during DTC

Operation.

If multiple activation sources are simultaneously generated, the DTC activation will be performed according to

the DTC activation source priority.

If multiple activation sources are simultaneously generated on completion of DTC operation, the next transfer

will be performed according to the priority.

DTC activation is not affected by the | flag or interrupt control register, unlike with interrupt request operation.

Therefore, even if interrupt requests cannot be acknowledged because interrupts are disabled, DTC activation

requests can be acknowledged. The IR bit in the interrupt control register does not change even when an

interrupt source to enable DTC activation is generated.
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Peripheral interrupt
request

Interrupt controller

Interrupt request

Peripheral function 1 >

- - Peripheral interrupt
Peripheral function 2 request

(timer RC, timer RD, timer RG, »

flash memory)
A

Set the interrupt source flag
in the status register to 0.

DTC activation

Select interrupt source or request

DTC activation source DTC

A

A Select DTC activation or
interrupt generation.

DTCENI

A set the bit among bits DTCENIO to
DTCENi7 (i=0to 6) to 0.

<

Clear control

Figure 15.2

Table 15.3
Operation

Block Diagram Showing Control of DTC Activation Sources

DTC Activation Sources and Interrupt Source Flags for Setting to 0 during DTC

DTC activation source generation

Interrupt Source Flag for Setting to 0

Timer RC input-capture/compare-match A

IMFA bit in TRCSR register

Timer RC input-capture/compare-match B

IMFB bit in TRCSR register

Timer RC input-capture/compare-match C

IMFC bit in TRCSR register

Timer RC input-capture/compare-match D

IMFD bit in TRCSR register

Timer RDO input-capture/compare-match A

IMFA bit in TRDSRO register

Timer RDO input-capture/compare-match B

IMFB bit in TRDSRO register

Timer RDO input-capture/compare-match C

IMFC bit in TRDSRO register

Timer RDO input-capture/compare-match D

IMFD bit in TRDSRO register

Timer RD1 input-capture/compare-match A

IMFA bit in TRDSR1 register

Timer RD1 input-capture/compare-match B

IMFB bit in TRDSR1 register

Timer RD1 input-capture/compare-match C

IMFC bit in TRDSR1 register

Timer RD1 input-capture/compare-match D

IMFD bit in TRDSR1 register

Timer RG input-capture/compare-match A

IMFA bit in TRGSR register

Timer RG input-capture/compare-match B

IMFB bit in TRGSR register

Flash ready status

RDYSTI bit in FST register
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15.3.3 Control Data Allocation and DTC Vector Table

Control datais allocated in the order: Registers DTCCRj, DTBLSj, DTCCTj, DTRLDj, DTSAR]j, and DTDAR]
(j = 0to 23). Table 15.4 shows the Control Data Allocation Addresses.

Table 15.4 Control Data Allocation Addresses
DTSAR] | DTSAR] | DTDAR] | DTDAR]
Register | Control Address DTCCRj | DTBLSj | DTCCTj | DTRLDj | Register | Register | Register | Register
Symbol | Data No. Register | Register | Register | Register | (Lower (Higher (Lower (Higher
8 Bits) 8 Bits) 8 Bits) 8 Bits)
pTcpo | Control | 2C40hto | oopnn | ocatn | 2cazh | 2cash | 2c4an | 2cash | 2cash | 2ca7h
Data0 | 2C47h
prcpy | ontrol | 2C48hto | o a0 | ocaon | 2camh | 2caBh | 2cach | 2c4aph | 2c4Eh | 2c4Fh
Datal | 2C4Fh
prcpz | Control | 2C50hto | oopn | oesan | 2052 | 2c53h | 2C54n | 2cs5h | 2¢56h | 2C57h
Data 2 2C57h
prcpa | ontrol | 2C58hto | o opg | 550 | 2c5Ah | 205Bh | 205Ch | 2C5Dh | 2C5Eh | 2C5Fh
Data 3 2C5Fh
DTcps | Control | 2C60hto | ooen | ocean | 2c62n | 2c63h | 2C6ah | 2c65h | 2c66h | 2C67h
Data4 | 2C67h
pTcps | Control | 2C68hto | ooear | oceoh | 2ceAh | 2c6Bh | 2c6Ch | 2C6Dh | 2C6ER | 2C6Fh
Data5 | 2C6Fh
prcpe | Control | 2C70hto | oonn | oc71n | 2c72h | 2c73h | 2c7an | 2c75h | 2c76h | 2¢77h
Data6 | 2C77h
prcpy | €ontrol | 2C78hto | og | oc70n | 2c7Ah | 2c7Bh | 2c7Ch | 2c7Dh | 2c7ER | 2C7Fh
Data7 | 2C7Fh
pTcpg | Control | 2C80hto | ooan | ocgan | 2c82n | 2c83h | 2csan | 2cssh | 2cssh | 2cs87h
Data 8 2C87h
DTcpy | ontrol | 2C88hto | ag | 2cgon | 2csah | 2c8Bh | 2c8ch | 2csDh | 2c8Eh | 2csFh
Data 9 2C8Fh
Control | 2C90h to
DTCD10 | o' | Socgmn | 2C90h | 2C91h | 2Ce2h | 2Ce3h | 2C9e4h | 2C95h | 2C96h | 2C97h
Control | 2C98hto
DTCD1L | o' | Scorn | 2C98h | 2C99h | 2C9Ah | 2C9Bh | 2C9Ch | 2C9Dh | 2C9ER | 2C9Fh
Control | 2CAOhto
DTCD12 | o | “Scazn | 2CAOh | 2CAlh | 2CA2h | 2CA3h | 2CAdh | 2CASh | 2CAGh | 2CATh
Control | 2CA8hto
DTCD13 | o' | “ycarn | 2CABM | 2CASh | 2CAAh | 2CABh | 2CACh | 2CADh | 2CAEh | 2CAFh
Control | 2CBOhto
DTCD14 | o'’ | “Sog7n | 2CBOh | 2CBih | 2CB2h | 2CB3h | 2CB4h | 2CBSh | 2CBGh | 2CB7h
Control | 2CB8hto
DTCD15 | o' | “Sogen | 2CB8h | 2CBSh | 2CBAh | 2CBBh | 2CBCh | 2CBDh | 2CBEh | 2CBFh
Control | 2CCOhto
DTCD16 | o' | “ocoyn | 2CCOh | 2CCih | 20C2h | 20C3h | 20C4h | 2CCSh | 2CC6h | 2CC7h
Control | 2CC8hto
DTCD17 | s | “yccmn | 2CC8h | 2CCsh | 2CCAh | 2CCBh | 2CCCh | 2CCDh | 2CCEh | 2CCFh
Control | 2CDOhto
DTCD18 | o' | “yap7n | 2CDOh | 2CDih | 2CD2h | 2CD3h | 2CD4h | 2CDSh | 2CD6h | 2CD7h
Control | 2CD8hto
DTCD19 | o' | “yopen | 2CD8h | 2CDsh | 2CDAh | 2CDBh | 2CDCh | 2CDDh | 2CDEh | 2CDFh
Control | 2CEOhto
pTeD20 | o | oggn | 2CEOh | 2CElh | 2CE2h | 2CESh | 2CE4h | 2CESh | 2CE6h | 2CE7h
Control | 2CE8hto
pTCD21 | o0 | “Scgen | 2CE8h | 2CESh | 2CEAh | 2CEBh | 2CECh | 2CEDh | 2CEEh | 2CEFh
Control | 2CFOh to
DTCD22 | S0 | See7n | 2CFOh | 2CFin | 2CF2h | 2CF3h | 2CF4h | 2CFSh | 2CF6h | 2CF7h
Control | 2CF8hto
DTCD23 | o0 | Sopen | 2CF8h | 2CF9h | 2CFAh | 2CFBh | 2CFCh | 2CFDh | 2CFEh | 2CFFh
j=0to23
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When the DTC is activated, one control datais selected according to the data read from the vector table which
has been assigned to each activation source, and the selected control datais read from the DTC control data

area.

Table 15.5 shows the DTC Activation Sources and DTC Vector Addresses. A one-byte vector table areais
assigned to each activation source and one value from 00000000b to 00010111b (control data numbersin Table
15.4) is stored in each area to select one of the 24 control data sets.
Figures 15.3 to 15.7 show the DTC Internal Operation Flowchart.

Table 15.5 DTC Activation Sources and DTC Vector Addresses
Interrupt Request Source Interrupt Name Source No. DTC Vector Address | Priority

External input INTO 0 2C00h High
INTL 1 2C01h A
INT2 2 2C02h
INT3 3 2C03h
INT4 4 2C04h

Key input Key input 8 2C08h

A/D A/D conversion 9 2C0%h

UARTO UARTO reception 10 2CO0Ah
UARTO transmission 11 2C0Bh

UART1 UART1 reception 12 2CO0Ch
UART1 transmission 13 2C0Dh

UART2 UART?2 reception 14 2COEh
UART?2 transmission 15 2COFh

SSU/12C bus Receive data full 16 2C10h
Transmit data empty 17 2C11h

Voltage detection circuit Voltage monitor 2 18 2C12h
Voltage monitor 1 19 2C13h

Timer RC Input-capture/compare-match A 22 2C16h
Input-capture/compare-match B 23 2C17h
Input-capture/compare-match C 24 2C18h
Input-capture/compare-match D 25 2C1%9h

Timer RDO Input-capture/compare-match A 26 2C1Ah
Input-capture/compare-match B 27 2C1Bh
Input-capture/compare-match C 28 2C1Ch
Input-capture/compare-match D 29 2C1Dh

Timer RD1 Input-capture/compare-match A 30 2C1Eh
Input-capture/compare-match B 31 2C1Fh
Input-capture/compare-match C 32 2C20h
Input-capture/compare-match D 33 2C21h

Timer RE Timer RE 42 2C2Ah

Timer RF Timer RF 43 2C2Bh
Compare-match 0 44 2C2Ch
Compare-match 1 45 2C2Dh
Capture 46 2C2Eh

Timer RG Input-capture/compare-match A 47 2C2Fh
Input-capture/compare-match B 48 2C30h

Timer RA Timer RA 49 2C31h

Timer RB Timer RB 51 2C33h v

Flash memory Flash ready status 52 2C34h Low
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Branch 1

0 is written to the bit among bits DTCENIO to DTCENI7 and an interrupt request is generated

when transfer is either of the following:

- Transfer causing the DTCCT] (j = O to 23) register value to change from 1 to 0 in normal mode

- Transfer causing the DTCCT] register value to change from 1 to 0 while the RPTINT bitis 1 in
repeat mode

DTC activation source
generation

|

DTCENIO to DTCEN:I7: Bits in DTCEN:i (i = O to 6) registers
RPTINT, CHNE: Bits in DTCCR register
| NMIF: Bitin DTCTL register

Read DTC vector

!

Read control data | ‘

Write O to the bit among
DTCENIO to DTCENi7

Yes Generate an interrupt request
for the CPU
No —l<7 l }7

| Transfer data | | Read control data | | Transfer data | | Read control data |
| Write back control data | | Transfer data | | Write back control data | | Transfer data |
Yes - Yes ;
CHNE =1? Write back control data CHNE = 1? Write back control data
No No
No No
( End J ( Interrupt handling )

Figure 15.3 DTC Internal Operation Flowchart When DTC Activation Source is not SSU/I2C bus,
Timer RC, Timer RD, Timer RG, or Flash Memory Interrupt Source

Branch 1

0 is written to the bit among bits DTCENIO to DTCENI7 and an interrupt request is generated

when transfer is either of the following:

- Transfer causing the DTCCT] (j = 0 to 23) register value to change from 1 to 0 in normal mode

- Transfer causing the DTCCT] register value to change from 1 to 0 while the RPTINT bitis 1 in
repeat mode

DTC activation source
generation

DTCENIO to DTCEN:I7: Bits in DTCEN:i (i = 0 to 6) registers
RPTINT, CHNE: Bits in DTCCR; register
NMIF: Bitin DTCTL register

I

Read DTC vector |

!

Read control data |

No Write 0 to the bit among
—l<7 DTCENIO to DTCENi7 —l‘i

Write O to the interrupt source

Generate an interrupt request
flag in the status register | Read control data | for the CPU | Read control data |
| Transfer data | | Transfer data | | Transfer data | | Transfer data |
| Write back control data | | Write back control data | | Write back control data | | Write back control data |

Yes Yes Yes

No No No No

( End ) ( Interrupt handling J

Figure 15.4 DTC Internal Operation Flowchart When DTC Activation Source is Timer RC, Timer
RD, or Timer RG Interrupt Source
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(DTC activation source generationj Branch 1
0 is written to the bit among bits DTCENIO to DTCENi7 and an interrupt request is generated
when transfer is either of the following:

- Transfer causing the DTCCT] (j = 0 to 23) register value to change from 1 to 0 in normal mode
- Transfer causing the DTCCT] register value to change from 1 to 0 while the RPTINT bitis 1 in
repeat mode
DTCENIO to DTCENI7: Bits in DTCENi (i = O to 6) registers
RPTINT, CHNE: Bits in DTCCR] register

Read DTC vector | NMIF: Bit in DTCTL register
i RDREF: Bit in SSSR/ICSR register

Read control data | l

Write 0 to the bit among
DTCENIO to DTCENI7

Yes Generate an interrupt request
for the CPU
No —l‘i l l<—

~ Transfer data ] | Read control data | Transfer data | Read control data
(Reading the receive data register (Reading the receive data register
sets the RDRF bit to 0) © l does not set the RDRF bit to 0) l
l Transfer data l Transfer data

Write back control data Write back control data

(Reading the receive data register
| sets the RDRF bit to 0) @

'

(Reading the receive data register
| does not set the RDRF bit to 0)

!

CHNE = 17 Yes | Write back control data | Yes | Write back control data |
No No
No No
( End ) ( Interrupt handling )

Note:
1. When the DTC activation source is SSU/I?C bus receive data full, the DTC does not set the RDRF bit in the SSSR register/the ICSR register to 0.
Instead, reading the receive data register during DTC data transfer sets the RDRF bit to 0.

Figure 15.5 DTC Internal Operation Flowchart When DTC Activation Source is SSU/I2C bus
Receive Data Full

(DTC activation source generation) Branch 1
0 is written to the bit among bits DTCENIO to DTCENi7 when transfer is either of the following:
- Transfer causing the DTCCT] (j = 0 to 23) register value to change from 1 to 0 in normal mode
- Transfer causing the DTCCT] register value to change from 1 to 0 while the RPTINT bitis 1 in
repeat mode

DTCENIO to DTCEN:I7: Bits in DTCENi (i = 0 to 6) registers
RPTINT, CHNE: Bits in DTCCR] register
Read DTC vector NMIF: Bitin DTCTL register

i TDRE: Bit in SSSR/ICSR register

|

Read control data |

Yes Write 0 to the bit among
DTCENIO to DTCENI7
No —l<7 1 DU

~ Transfer data ) | Read control data | Transfer data | Read control data |
(writing the transmit data register (writing the transmit data register
sets the TDRE bit to 0) © l sets the TDRE bit to 0) l

l Transfer data l Transfer data
(writing the transmit data register - (writing the transmit data register
| sets the TDRE bit to 0) | Write back control data | sets the TDRE bit to 0) @

! l

Write back control data

CHNE =17 Yes | Write back control data | CHNE =17 Yes | Write back control data |
No No
No No

N\

End )

1. When the DTC activation source is SSU/I?C bus transmit data empty, the DTC does not set the TDRE bit in the SSSR register/the ICSR register to 0.
Instead, writing data to the transmit data register during DTC data transfer sets the TDRE bit to 0.

Figure 15.6 DTC Internal Operation Flowchart When DTC Activation Source is SSU/I2C bus
Transmit Data Empty

z
S
@
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Branch 1

0 is written to the bit among bits DTCENIO to DTCENI7 when transfer is either of the following:

- Transfer causing the DTCCT] (j = 0 to 23) register value to change from 1 to 0 in normal mode
- Transfer causing the DTCCT] register value to change from 1 to 0 while the RPTINT bitis 1 in

¢— repeat mode

DTCENIO to DTCEN:I7: Bits in DTCEN:i (i = 0 to 6) register
RPTINT, CHNE: Bits in DTCCR] register
Read DTC vector | NMIF: Bitin DTCTL register

!

Read control data |

e
No Write 0 to the bit among
—l<7 DTCENIO to DTCENI7 —l‘i

Write O to the interrupt source Write 0 to the interrupt source
| Read control data | | Read control data |

DTC activation source
generation

flag in the status register flag in the status register

! ; :

| Transfer data | | Transfer data | | Transfer data | | Transfer data |
| Write back control data | | Write back control data | | Write back control data | | Write back control data |

Yes Yes Yes
CHNE = 1? Yes @ CHNE = 1? @

No No No No

= )

Figure 15.7 DTC Internal Operation Flowchart When DTC Activation Source is Flash ready status
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15.3.4 Normal Mode

One to 256 bytes of data are transferred by one activation. The number of transfer times can be 1 to 256. When
the data transfer causing the DTCCT]j (j = 0 to 23) register value to change to 0 is performed, an interrupt
request for the CPU is generated during DTC operation.
Table 15.6 shows Register Functionsin Normal Mode.
Figure 15.8 shows Data Transfersin Normal Mode.

Table 15.6  Register Functions in Normal Mode
Register Symbol Function
DTC block size register j DTBLS;j Size of the data block to be transferred by one activation
DTC transfer count register j DTCCTj Number of times of data transfers
DTC transfer count reload register j | DTRLDj Not used
DTC source address register j DTSARj Data transfer source address
DTC destination address register j | DTDAR]j Data transfer destination address

j=0to 23

Transfer source

SRC

Transfer destination

DST }

by one activation (N bytes)

Size of the data block to be transferred

DTBLSj=N
DTSARj = SRC
DTDARj = DST
j=0to23
Bits b3 to b0 in | Source address | Destination address Source address Destination address
DTCCR register control control after transfer after transfer
00X0b Fixed Fixed SRC DST
01X0b Incremented Fixed SRC +N DST
10X0b Fixed Incremented SRC DST +N
11X0b Incremented Incremented SRC +N DST +N
X:0orl
Figure 15.8 Data Transfers in Normal Mode
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15.3.5 Repeat Mode

Oneto 255 bytes of data are transferred by one activation. Either of the transfer source or destination should be
specified as the repeat area. The number of transfer times can be 1 to 255. On completion of the specified
number of transfer times, the DTCCT] (i =0 to 23) register and the address specified for the repeat area are
initialized to continue transfers. When the data transfer causing the DTCCT] register value to changeto 0 is
performed whilethe RPTINT bit in the DTCCR; register is 1 (interrupt generation enabled), an interrupt request
for the CPU is generated during DTC operation.
The lower 8 bits of the initial value for the repeat area address must be 00h. The size of data to be transferred

must be set to 255 bytes or less before the specified number of transfer times is completed.

Table 15.7 shows Register Functionsin Repeat Mode. Figure 15.9 shows Data Transfers in Repeat Mode.

Table 15.7 Register Functions in Repeat Mode
Register Symbol Function
DTC block size register j DTBLS;j Size of the data block to be transferred by one activation
DTC transfer count register j DTCCTj Number of times of data transfers
DTC transfer count reload register j | DTRLDj This register value is reloaded to the DTCCT register
(Data transfer count is initialized)
DTC source address register j DTSARj Data transfer source address
DTC destination address registerj | DTDAR]j Data transfer destination address
j=0to 23
DTCCTj reqister # 1
Transfer source Transfer destination
SRC DST Size of the data block to be transferred by
one activation (N bytes)
DTBLSj=N
DTCCTj=1
DTSAR] = SRC
DTDARj = DST
j=0to23
Bits b3 to b0 in | Source address | Destination address Source address Destination address
DTCCR register control control after transfer after transfer
0X11b Repeat area Fixed SRC +N DST
1X11b Repeat area Incremented SRC +N DST +N
X001b Fixed Repeat area SRC DST +N
X101b Incremented Repeat area SRC +N DST+N
X:0orl
DTCCTj register = 1
Repeat area
Address of the repeat area is initialized
SRCO/DSTO after a transfer.
DTBLSj=N
SRC/DST DTCCTj=1
DTSARj = SRC
DTDARj = DST
j=0to23
Bits b3 to b0 in | Source address | Destination address Source address Destination address
DTCCR register control control after transfer after transfer
0X11b Repeat area Fixed SRCO DST
1X11b Repeat area Incremented SRCO DST+N
X001b Fixed Repeat area SRC DSTO
X101b Incremented Repeat area SRC +N DSTO
SRCO: Initial source address value
DSTO: Initial destination address value
X:0orl
Figure 15.9 Data Transfers in Repeat Mode
RO1UHO0094EJ0110 Rev.1.10 RENESANAS Page 225 of 794

Oct 04, 2010



R8C/38C Group

15.3.6 Chain Transfers

When the CHNE bit in the DTCCR] (j = 0to 22) register is 1 (chain transfers enabled), multiple data transfers
can be continuously performed by one activation source. Figure 15.10 shows a Flow of Chain Transfers.

When the DTC is activated, one control data is selected according to the data read from the DTC vector address
corresponding to the activation source, and the selected control data is read from the DTC control data area.
When the CHNE bit for the control datais 1 (chain transfers enabled), the next control data immediately
following the current control datais read and transferred after the current transfer is completed. This operation
is repeated until the data transfer with the control data for which the CHNE bit is O (chain transfers disabled) is
completed.

Set the CHNE bit in the DTCCR23 register to 0 (chain transfers disabled).

DTC activation source
generation

\
| Read DTC vector |

\
| Read control data 1 |

DTC control data area

\
Transfer data |

Control data 1 |

CHNE =1
Control data 2 )
CHNE =0
| Write back control data 1 |
A
| Read control data 2 |
A
| Data transfer |
\
| Write back control data 2 |
\
CHNE: Bit in DTCCR register | End of DTC transfers |

Figure 15.10 Flow of Chain Transfers

15.3.7 Interrupt Sources

When the data transfer causing the DTCCT]j (j = 0 to 23) register value to change to 0 is performed in normal
mode, and when the data transfer causing the DTCCT] register value to change to 0 is performed while the
RPTINT bit in the DTCCR] register is 1 (interrupt generation enabled) in repeat mode, the interrupt request
corresponding to the activation source is generated for the CPU during DTC operation. However, no interrupt
request is generated for the CPU when the activation source is SSU/I12C bus transmit data empty or flash ready
status.

Interrupt requests for the CPU are affected by the | flag or interrupt control register. In chain transfers, whether
the interrupt request is generated or not is determined either by the number of transfer times specified for the
first type of the transfer or the RPTINT bit. When an interrupt request is generated for the CPU, the bit among
bits DTCENIO to DTCENI7 in the DTCEN:I (i = 0 to 6) registers corresponding to the activation source are set
to O (activation disabled).
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15.3.8 Operation Timings

The DTC requires five clock cycles to read control data allocated in the DTC control data area. The number of
clock cycles required to write back control data differs depending on the control data settings.

Figure 15.11 shows an Example of DTC Operation Timings and Figure 15.12 shows an Example of DTC
Operation Timingsin Chain Transfers.

Table 15.8 shows the Specifications of Control Data Write-Back Operation.

CPU clock
ETED G D D ) (D G G G T
Re:ad ve:tc:)r Read control data g :Transfer dat:: \7\lrite back control dat:\
Figure 15.11 Example of DTC Operation Timings

<!Esed by CPU

CPU clock

Address

Write back control Read control data Transfer data Write back control data

data

Read control data Transfer data

Read vector

15. DTC

Figure 15.12 Example of DTC Operation Timings in Chain Transfers
Table 15.8  Specifications of Control Data Write-Back Operation
Bits b3 to b0 in ) Address Control Control Data to be Written Back Number of
Operating - - - -
DTCCR Mode Source Destination DTCCT]j DTRLD;j DTSAR]j DTDAR]j Clock
Register Register Register Register Register Cycles
00X0b Fixed Fixed Written back | Written back Not written | Not written 1
back back
01X0b Normal Incremented Fixed Written back | Written back | Written back Notbvav;:ten 2
mode Not writt
10X0b Fixed Incremented | Written back | Written back ob\;v;L en Written back 2
11X0b Incremented | Incremented | Written back | Written back | Written back | Written back 3
0X11b Fixed Written back | Written back | Written back Not written 2
Repeat area back
1X11b Repeat Incremented | Written back | Written back | Written back | Written back 3
mode i
X001b Fixed Written back | Written back Not written Written back 2
Repeat area back

X101b Incremented Written back | Written back | Written back | Written back 3

j=0to 23

X:0or1l
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15.3.9 Number of DTC Execution Cycles

Table 15.9 shows the Operations Following DTC Activation and Required Number of Cycles for each
operation.
Table 15.10 shows the Number of Clock Cycles Required for Data Transfers.

Table 15.9  Operations Following DTC Activation and Required Number of Cycles

Control Data . .
Vector Read - Data Read Data Write Internal Operation
Read Write-back
1 5 (Note 2) (Note 1) (Note 1) 1
Notes:

1. For the number of clock cycles required for data read/write, refer to Table 15.10 Number of Clock Cycles
Required for Data Transfers.

2. For the number of clock cycles required for control data write-back, see Table 15.8 Specifications of Control
Data Write-Back Operation.

Dataistransferred as described below, when the DTBLSj (j = 0 to 23) register = N,
(1) When N = 2n (even), two-byte transfers are performed n times.
(2) When N = 2n + 1 (odd), two-byte transfers are performed n times followed by one time of one-byte

transfer.

Table 15.10 Number of Clock Cycles Required for Data Transfers

l(rgi:innal Eﬁz\:ﬂ Internal Internal SFR (Word SER SFR (DTC control
. Unit of 9 ROM ROM Access) data area)
Operation Transfers) (Byte

Transfers (Program | (Data

Even Odd ROM) flash) Even Odd | Access) | Even Odd
Address | Address Address | Address Address | Address

1-byte SK1 1 1 2 2 2 1
Data read

2-bytesk2| 1 | 2 2 4 2 | 4 4 1 | 2
Data write 1-byte SL1 1 — — 2 2 1

2-bytesL2| 1 | 2 — — 2 | 4 4 1 | 2

From Tables 15.9 and 15.10, the total number of required execution cycles can be obtained by the following
formula:

Number of required execution cycles=1 + X[formulaA] + 2
¥: Sum of the cycles for the number of transfer times performed by one activation source ([the number of

transfer times for which CHNE issetto 1] + 1)

(1) For N =2n (even)
FormulaA =J+neSK2+neSL2
(2) For N =2n+1 (odd)
FormulaA =J+neSK2+1eSK1+neSL2+1+SL1
J: Number of cycles required to read control data (5 cycles) + number of cycles required to write back
control data

To read data from or write data to the register that to be accessed in 16-bit units, set an even value of 2 or greater
tothe DTBLS (j = 0to 23) register.
The DTC performs accesses in 16-bit units.
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15.3.10 DTC Activation Source Acknowledgement and Interrupt Source Flags

15.3.10.1 Interrupt Sources Except for Flash Memory, Timer RC, Timer RD, Timer
RG, and Synchronous Serial Communication Unit (SSU)/I2C bus

When the DTC activation sourceis an interrupt source except for the flash memory, timer RC, timer RD, Timer
RG, or the synchronous serial communication unit/I2C bus, the same DTC activation source cannot be
acknowledged for 8 to 12 cycles of the CPU clock after the interrupt source is generated. If an interrupt source
is generated when a software command is executed, the same DTC activation source cannot be acknowledged
for 9 to 16 cycles of the CPU clock. If a DTC activation source is generated during DTC operation and
acknowledged, the same DTC activation source cannot be acknowledged for 8 to 12 cycles of the CPU clock on
completion of the DTC transfer immediately before the DTC is activated by the source. When a software
command is executed on completion of the DTC transfer immediately before the DTC is activated, the same
DTC activation source cannot be acknowledged for 16 cycles of the CPU clock.

15.3.10.2 Flash Memory

When the DTC activation source is flash ready status, even if aflash ready statusinterrupt request is generated,
it is not acknowledged as the DTC activation source after the RDY ST bit in the FST register is set to 1 (flash
ready status interrupt request) and before the DTC sets the RDY ST1 bit to O (no flash ready status interrupt
request). If aflash ready status interrupt request is generated after the DTC sets the RDY STI bit to O, the DTC
acknowledges it as the activation source. 8 to 12 cycles of the CPU clock are required after the RDY ST1 bit is
set to 1 and before the DTC setsthe interrupt request flag to 0. If aflash ready statusinterrupt is generated when
a software command is executed, 9 to 16 cycles of the CPU clock are required before the DTC sets the interrupt
source flag to 0. If aflash ready status interrupt request is generated during DTC operation and acknowledged
asthe DTC activation source, the RDY ST1 hit is set to 0 after 8 to 12 cycles of the CPU clock on completion of
the DTC transfer immediately before the DTC is activated by the source. When a software command is
executed on completion of the DTC transfer immediately before the DTC is activated, the RDY ST1 bit is set to
0 after 16 cycles of the CPU clock.

15.3.10.3 Timer RC, Timer RD, or Timer RG

When the DTC activation source is an interrupt source for timer RC, timer RD, or timer RG, even if an input
capture/compare match in individual timers occurs, it is not acknowledged as the DTC activation source after
the interrupt source flag is set to 1 and before the DTC sets the flag to 0. If an input capture/compare match
occurs after the DTC sets the interrupt source flag to 0, the DTC acknowledges it as the activation source. 8 to
12 cycles of the CPU clock plus 0.5 to 1.5 cycles of the timer operating clock are required after the interrupt
source flag is set to 1 and before the DTC sets the flag to 0. If the interrupt request flag is set to 1 when a
software command is executed, 9 to 16 cycles of the CPU clock plus 0.5 to 1.5 cycles of the timer operating
clock are required before the DTC sets the interrupt source flag to 0. If individual DTC activation sources are
generated for timer RC, timer RD, or timer RG during DTC operation and acknowledged, the interrupt source
flag is set to O after 8 to 12 cycles of the CPU clock plus 0.5 to 1.5 cycles of the timer operating clock on
completion of the DTC transfer immediately before the DTC is activated by the source. When a software
command is executed on completion of the DTC transfer immediately before the DTC is activated, the interrupt
source flag is set to O after 16 cycles of the CPU clock plus 0.5 to 1.5 cycles of the timer operating clock.
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15.3.10.4 SSU/12C bus Receive Data Full

When the DTC activation source is SSU/12C bus receive data full, read the SSRDR register/the ICDRR register
using a data transfer. The RDRF bit in the SSSR register/the ICSR register is set to 0 (no datain
SSRDR/ICDRR register) by reading the SSRDR register/ the ICDRR register. If aninterrupt source for receive
data full is subsequently generated, the DTC acknowledges it as the activation source.

15.3.10.5 SSU/I2C bus Transmit Data Empty

When the DTC activation source is SSU/I2C bus transmit data empty, write to the SSTDR register/the ICDRT
register using a data transfer. The TDRE bit in the SSSR register/the ICSR register is set to 0 (data is not
transferred from registers SSTDR/ICDRT to SSTRSR/ICDRS) by writing to the SSTDR register/the ICDRT

register. If an interrupt source for transmit data empty is subsequently generated, the DTC acknowledges it as
the activation source.
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15.4 Notes on DTC

15.4.1 DTC activation source

« Do not generate any DTC activation sources before entering wait mode or during wait mode.
« Do not generate any DTC activation sources before entering stop mode or during stop mode.

15.4.2 DTCENI (i = 0to 6) Registers

» Modify bits DTCENIO to DTCENI7 only while an interrupt request corresponding to the bit is not generated.

» When the interrupt source flag in the status register for the peripheral function is 1, do not modify the
corresponding activation source bit among bits DTCENIO to DTCEN:i 7.

* Do not access the DTCENI registersusing DTC transfers.

15.4.3 Peripheral Modules

« Do not set the status register bit for the peripheral functionto O using aDTC transfer.

» When the DTC activation source is SSU/I2C bus receive data full, read the SSRDR register/the ICDRR
register using aDTC transfer.

The RDRF bit in the SSSR register/the ICSR register is set to 0 (no datain SSRDR/ICDRR register) by
reading the SSRDR register/the ICDRR register.
However, the RDRF bit is not set to 0 by reading the SSRDR register/the ICDRR register when the DTC data
transfer setting is either of the following:
- Transfer causing the DTCCT] (j = 0 to 23) register value to change from 1 to 0 in normal mode
- Transfer causing the DTCCR)j register value to change from 1 to O while the RPTINT bit in the DTCCRj
register is 1 (interrupt generation enabled) in repeat mode.

» When the DTC activation source is SSU/I2C bus transmit data empty, write to the SSTDR register/the ICDRT
register using a DTC transfer. The TDRE bit in the SSSR register/the ICSR register is set to 0 (data is not
transferred from registers SSTDR/ICDRT to SSTRSR/ICDRS) by writing to the SSTDR register/the ICDRT
register.

15.4.4 Interrupt Request

No interrupt is generated for the CPU during DTC operation in any of the following cases:

- When the DTC activation source is SSU/I2C transmit data empty or flash ready status

- When performing the data transfer causing the DTCCT] (j = O to 23) register value to change to 0 in normal
mode

- When performing the data transfer causing the DTCCR] register value to change to O while the RPTINT bit in
the DTCCR] register is 1 (interrupt generation enabled) in repeat mode
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16. General Overview of Timers

The MCU has two 8-bit timers with 8-bit prescalers, five 16-bit timers, and a timer with a 4-bit counter and an 8-bit
counter. The two 8-bit timers with 8-bit prescalers are timer RA and timer RB. These timers contain areload register to
store the default value of the counter. The three 16-bit timer is timer RC, timer RF, and timer RG and the two 16-bit
timers are timer RD, and have input capture and output compare functions. The 4-bit and 8-bit counters are timer RE,
and has an output compare function. All the timers operate independently.

Table 16.1 lists Functional Comparison of Timers.
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Table 16.1  Functional Comparison of Timers

Item Timer RA Timer RB Timer RC Timer RD Timer RE Timer RF Timer RG
Configuration 8-bit timer with | 8-bit timer with 8- | 16-bit timer 16-bit timer x 2 | 4-bit counter | 16-bit timer 16-bit timer
8-bit prescaler | bit prescaler (with | (with input (with input 8-bit counter | (with input (with input
(with reload reload register) capture and capture and capture and | capture and
register) output output output output
compare) compare) compare) compare)
Count Decrement Decrement Increment Increment/ Increment Increment Increment/
Decrement Decrement
Count sources o fl o fl o fl o fl o f4 o fl o fl
o f2 o f2 o f2 o f2 « 8 - 8 o f2
8 8 o f4 - f4 « f32 « f32 o f4
» fOCO * Timer RA 8 « f8 « fC4 « 8
» fC32 underflow « f32 « f32 * f32
« fC » fOCO40M « fC2 » fOCO40M
» fOCO-F « fOCO40M * TRGCLKA
* TRCCLK « fOCO-F * TRGCLKB
*« TRDCLK
Function | Count of the | Timer mode | Timer mode Timer mode Timer mode — Output Timer mode
internal count (output (output compare (output
source compare compare mode compare
function) function) function)
Count of the | Event counter |— Timer mode Timer mode — — Timer mode
external mode (output (output (output
count source compare compare compare
function) function) function),
Phase
counting
mode
External Pulse width — Timer mode Timer mode — Input Timer mode
pulse measurement (input capture | (input compare compare (Inputcapture
width/period | mode, function; function; mode function;
measurement | pulse period 4 pins) 2 x 4 pins) 2 pins)
measurement
mode
PWM output | Pulse output | Programmable Timer mode Timer mode Output Output Timer mode
mode (1), waveform (output (output compare compare (output
Event counter |generation mode |compare compare mode @) mode compare
mode (1) function; function; function;
4 pins) (1), 2 x 4 pins) (1), 2 pins),
PWM mode PWM mode PWM mode
(3 pins), (2 x 3 pins), (1 pin)
PWM2 mode | PWM3 mode
(1 pin) (1 % 2 pins)
One-shot — Programmable PWM mode PWM mode — — —
waveform one-shot (3 pins) (2 x 3 pins)
output generation mode,
Programmable
wait one-shot
generation mode
Three-phase |— — — Reset — — —
waveforms synchronous
output PWM mode
(2 x 3 pins,
Sawtooth wave
modulation),
Complementary
PWM mode
(2 x 3 pins,
triangular wave
modulation,
dead time)
Timer Timer mode | — — — Real-time — —
(only fC32 clock mode
count)

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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Table 16.2  Functional Comparison of Timers
Item Timer RA Timer RB Timer RC Timer RD Timer RE Timer RF Timer RG
Input pin TRAIO, INTO INTO, INTO, — TRFI TRGCLKA,
INT2 TRCCLK, TRDCLK, TRGCLKB,
TRCTRG, TRDIOAO, TRGIOA,
TRCIOA, TRDIOAL, TRGIOB
TRCIOB, TRDIOBO,
TRCIOC, TRDIOB1,
TRCIOD TRDIOCO,
TRDIOC1,
TRDIODO,
TRDIOD1
Output pin TRAO, TRBO TRCIOA, TRDIOAO, TREO TRFOOQO, TRGIOA,
TRAIO TRCIOB, TRDIOA1, TRFOO01, TRGIOB
TRCIOC, TRDIOBO, TRFO02,
TRCIOD TRDIOB1, TRFO10,
TRDIOCO, TRFO11,
TRDIOCL1, TRFO12
TRDIODO,
TRDIOD1
Related interrupt Timer RA Timer RB Compare Compare Timer RE Compare 0 |Compare
interrupt, interrupt, match/input  |match/input interrupt interrupt, match/input
INT2 interrupt |INTO interrupt ~ |capture Ato D |capture A0 to Compare 1 |capture Ato
interrupt, DO interrupt, interrupt, B interrupt,
Overflow Compare Capture Overflow
interrupt, match/input interrupt, interrupt,
INTO interrupt |capture Al to Timer RF Underflow
D1 interrupt, interrupt interrupt (1)
Overflow
interrupt,
Underflow
interrupt (),
INTO interrupt
Timer stop Provided Provided Provided Provided Provided Provided Provided
Note:
1. The underflow interrupt can be set to timer RD1.
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17. Timer RA

Timer RA isan 8-bit timer with an 8-bit prescaler.

17.1 Overview

The prescaler and timer each consist of areload register and counter. The reload register and counter are allocated
at the same address, and can be accessed when accessing registers TRAPRE and TRA (refer to Tables17.2t0 17.6

the Specifications of Each M ode).

The count source for timer RA isthe operating clock that regulates the timing of timer operations such as counting

and reloading.

Figure 17.1 shows a Timer RA Block Diagram. Table 17.1 lists Pin Configuration of Timer RA.

Timer RA contains the following five operating modes:

 Timer mode
* Pulse output mode

» Event counter mode
* Pulse width measurement mode
* Pulse period measurement mode

The timer counts the internal count source.

The timer counts the internal count source and outputs pulses which invert the
polarity by underflow of the timer.

The timer counts external pulses.

The timer measures the pulse width of an external pulse.

The timer measures the pulse period of an external pulse.

Bits TCK2 to TCKO
gy
fe :010
foco 240,
22 %;b Bits TMOD2 to TMODO
2R, its 0 Data bus
fcaz = 110b = other than 010b S = S
—=0
fe _ ] U
TIOG'[l ttl)) TIOGTO bits Reload Reload
Event input always enabled : TCKCUT TCSTF | register register
Event input enabled at INTZ level @ Llso bit  bit L J L J
= 10l i
Event enabled for “L” period of ———0 Underflow signal
TRCIOD (timer RC output) Counter |-  Counter |
TRAPRE registerA ~ TRA register & Timer RA interrupt
TMOD2 to TMODO (prescaler) (timer)
Bits TIPF1 to TIPFO =010b
=01b
- Bits TIPF1 to TIPFO
{52200 N, s her t‘r’m TMOD2 to TMODO
fa0 = 11b Digital 000b =011b or 100b
filter Polarity Count controlf
switching grrout Measurement
=00b completion signal
TMOD2 to TMODO = 001b_|_EDGSEL o1
/I/I—CR;TOPCR bit o— 1o Toggle
TRAIO pin ® O

A

O\  flipflop CK
Q CLR

\l ]
TOENA bit TEDGSEL = 0

Write to TRAMR register

TRAO pin @ O—— Write 1 to TSTOP bit

TCSTF, TSTOP: Bits in TRACR register
TEDGSEL, TOPCR, TOENA, TIPF1, TIPFO, TIOGT1, TIOGTO: Bits in TRAIOC register
TMOD2 to TMODO, TCK2 to TCKO, TCKCUT: Bits in TRAMR register

Notes:
1. Bits TRAIOSELO to TRAIOSEL2 in the TRASR register are used to select which pin is assigned.
2. Bits TRAOSELO and TRAOSEL1 in the TRASR register are used to select which pin is assigned.
3. The POL bit in the INT2IC register is used to select the INT2 level when the event input is enabled.

Figure 17.1  Timer RA Block Diagram
Table 17.1  Pin Configuration of Timer RA
Pin Name Assigned Pin I/0 Function
TRAIO P15 P1 7,P3 2,0rP5 5 1/0 Function differs according to the mode.
TRAO P3_0,P3 7,0rP5 6 Output Refer to descriptions of individual modes
for details
RO1UH0094EJ0110 Rev.1.10 RENESAS Page 235 of 794

Oct 04, 2010



R8C/38C Group 17. Timer RA

17.2 Registers

17.2.1 Timer RA Control Register (TRACR)
Address 0100h

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 RA count start bit (1) 0: Count stops R/W
1: Count starts
bl TCSTF |Timer RA count status flag () 0: Count stops R

1: During count
b2 TSTOP |Timer RA count forcible stop bit (2) |When this bit is set to 1, the count is forcibly stopped. | R/W
When read, its content is O.

b3 — Nothing is assigned. If necessary, set to 0. When read, the content is O. —

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 RA underflow flag 3,4 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 17.8 Notes on Timer RA for precautions regarding bits TSTART and TCSTF.

2. When the TSTOP bit is set to 1, bits TSTART and TCSTF and registers TRAPRE and TRA 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. Setto 0 in timer mode, pulse output mode, and event counter mode.

In pulse width measurement mode and pulse period measurement mode, use the MOV instruction to set the
TRACR register. If it is necessary to avoid changing the values of bits TEDGF and TUNDF, write 1 to them.

17.2.2 Timer RA I/O Control Register (TRAIOC)
Address 0101h

Bit b7 b6 b5 b4 b3 b2 b1l b0
Symbol | TIOGT1 | TIOGTO | TIPF1 | TIPFO | TIOSEL | TOENA | TOPCR | TEDGSEL
After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 |TEDGSEL |[TRAIO polarity switch bit Function varies according to the operating mode. | R/W
bl TOPCR |TRAIO output control bit R/W
b2 TOENA |TRAO output enable bit R/W
b3 TIOSEL |[Hardware LIN function select bit R/W
b4 TIPFO |TRAIO input filter select bit R/W
b5 TIPF1 R/W
b6 TIOGTO |TRAIO event input control bit R/W
b7 TIOGT1 R/W
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17.2.3 Timer RA Mode Register (TRAMR)
Address 0102h

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol | TCKCUT| TCK2 | TCK1 | TCKO | — | TMOD2 | TMOD1 | TMODO
After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 TMODO |Timer RA operating mode select bit b2b1bB0 R/W
b1 TVODL 0 0 0: Timer mode RIW
b2 TNIODS 0 0 1: Pulse output mode RIW
0 1 0: Event counter mode
0 1 1: Pulse width measurement mode
1 0 O: Pulse period measurement mode
10 1: Do not set.
11 0: Do not set.
11 1: Do not set.
b3 — Nothing is assigned. If necessary, set to 0. When read, the content is O. —
b4 TCKO |Timer RA count source select bit b6 b5 b4 R/W
b5 TCK1 8 8 (1)j % R/W
b6 TCK2 010: fOCO R/W
011:12
100:fC32
10 1: Do not set.
110:fC
11 1: Do not set.
b7 | TCKCUT |Timer RA count source cutoff bit 0: Provides count source R/W
1: Cuts off count source

When both the TSTART and TCSTF bitsin the TRACR register are set to 0 (count stops), rewrite this register.

17.2.4 Timer RA Prescaler Register (TRAPRE)
Address 0103h

Bit b7 b6 b5 b4 b3 b2 bl b0
smo[ — [ — [ — [ — [ = [ — [ — [ — ]
After Reset 1 1 1 1 1 1 1 1 (Note 1)
Bit Mode Function Setting Range R/W
b7 to bO| Timer mode Counts an internal count source 00h to FFh R/W
Pulse output mode 00h to FFh R/W
Event counter mode Counts an external count source 00h to FFh R/W
Pulse width measurement mode |Measure pulse width of input pulses from  |00h to FFh R/W
external (counts internal count source)
Pulse period measurement mode |Measure pulse period of input pulses from |00h to FFh R/W
external (counts internal count source)

Note:
1. When the TSTOP bit in the TRACR register is set to 1, the TRAPRE register is set to FFh.
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17.2.5 Timer RA Register (TRA)
Address 0104h

Bit b7 b6 b5 b4 b3 b2 bl b0
smo[ — [ — [ — [ — [ — [ — [ — [ — ]
After Reset 1 1 1 1 1 1 1 1 (Note 1)
Bit Mode Function Setting Range R/W
b7 to bO|All modes Counts on underflow of TRAPRE register 00h to FFh R/W

Note:
1. When the TSTOP bit in the TRACR register is set to 1, the TRAPRE register is set to FFh.

17.2.6 Timer RA Pin Select Register (TRASR)
Address 0180h

Bit b7 b6 b5 b4 b3 b2 b1 b0
Symbol | — | — | — |TRAOSEL1|TRAOSELO|TRAIOSEL2 TRAIOSEL1|TRAIOSELO
After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 | TRAIOSELO]|TRAIO pin select bit b2 b1 b0 i RIW
bl TTRAIOSELL 00 O TRAIO pin not used RIW
b5 [ TRAIOSELS 00 1: P1_7 assigned RIW

01 0: P1_5 assigned
01 1: P3_2 assigned
10 0: P5_5 assigned
Other than above: Do not set.
b3 | TRAOSELO |TRAO pin select bit b4 b3 R/W

0 0: P3_7 assigned
b4 | TRAOSELL 0 1: P3_0 assigned RIW

1 0: P5_6 assigned
1 1: Do not set.

b5 — Nothing is assigned. If necessary, set to 0. When read, the content is O. —
b6 —
b7 —

The TRASR register selects which pin is assigned to the timer RA 1/0. To usethe I/O pin for timer RA, set this
register.

Set the TRASR register before setting the timer RA associated registers. Also, do not change the setting value
in this register during timer RA operation.
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17.3 Timer Mode

In this mode, the timer counts an internally generated count source (refer to Table 17.2 Timer Mode
Specifications).

Table 17.2  Timer Mode Specifications

Item Specification
Count sources f1, 2, 8, fOCO, fC32, fC
Count operations * Decrement

* When the timer underflows, the contents of the reload register are reloaded and
the count is continued.

Divide ratio 1/(n+1)(m+1)

n: Value set in TRAPRE register, m: Value set in TRA register

Count start condition |1 (count starts) is written to the TSTART bit in the TRACR register.

Count stop conditions |« O (count stops) is written to the TSTART bit in the TRACR register.

* 1 (count forcibly stops) is written to the TSTOP bit in the TRACR register.

Interrupt request When timer RA underflows [timer RA interrupt].

generation timing

TRAIO pin function Programmable 1/O port

TRAO pin function Programmable 1/O port

Read from timer The count value can be read by reading registers TRA and TRAPRE.

Write to timer * When registers TRAPRE and TRA are written while the count is stopped, values
are written to both the reload register and counter.

* When registers TRAPRE and TRA are written during the count, values are
written to the reload register and counter (refer to 17.3.2 Timer Write Control
during Count Operation).

17.3.1 Timer RA 1/O Control Register (TRAIOC) in Timer Mode
Address 0101h

Bit b7 b6 b5 b4 b3 b2 b1l b0
Symbol | TIOGT1 | TIOGTO | TIPF1 | TIPFO | TIOSEL | TOENA | TOPCR | TEDGSEL

After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 | TEDGSEL |[TRAIO polarity switch bit Set to 0 in timer mode. R/W
bl TOPCR |TRAIO output control bit R/W
b2 TOENA |TRAO output enable bit R/W
b3 TIOSEL |Hardware LIN function select bit Set to 0. However, set to 1 when the hardware LIN | R/W

function is used.
b4 TIPFO | TRAIO input filter select bit Set to 0 in timer mode. R/W
b5 TIPF1 R/W
b6 TIOGTO |TRAIO event input control bit R/W
b7 TIOGT1 R/W
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17.3.2 Timer Write Control during Count Operation

Timer RA has a prescaler and a timer (which counts the prescaler underflows). The prescaler and timer each
consist of areload register and a counter. When writing to the prescaler or timer, values are written to both the
reload register and counter.

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, if the prescaler or timer is written to when count
operation isin progress, the counter value is not updated immediately after the WRITE instruction is executed.
Figure 17.2 shows an Operating Example of Timer RA when Counter Value is Rewritten during Count
Operation.

Set 01h to the TRAPRE register and 25h to
the TRA register by a program.

Count source | BEREREREE

| | H
! ! H !
i After writing, the reload register is :
!
|

| written to at the first count source. i

Reload register of :
timer RA prescaler Previous value X New value (01h)
Reload at
second count Reload at
source underflow
! Counter of 06h 05h 04h 01h 00h 01h 00h 01h 00h 01h 00h
timer RA prescaler

After writing, the reload register is
written to at the first underflow.

Reload r‘i%'ﬁ;?k‘i{ Previous value X New value (25h)

Reload at the sécond underflow

Counter of timer RA 03h x 02h X 25h X 24h X

IR bitin TRAIC

register 0 /

The IR bit remains unchanged until underflow is
generated by a new value.

The above applies under the following conditions.
Both bits TSTART and TCSTF in the TRACR register are set to 1 (during count).

Figure 17.2  Operating Example of Timer RA when Counter Value is Rewritten during Count
Operation
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17.4 Pulse Output Mode

In pulse output mode, the internally generated count source is counted, and a pulse with inverted polarity is
output from the TRAIO pin each time the timer underflows (refer to Table 17.3 Pulse Output Mode
Specifications).

Table 17.3  Pulse Output Mode Specifications

Item Specification
Count sources f1, f2, f8, fOCO, fC32, fC
Count operations » Decrement

* When the timer underflows, the contents in the reload register is reloaded and
the count is continued.

Divide ratio 1/(n+1)(m+1)

n: Value set in TRAPRE register, m: Value set in TRA register

Count start condition |1 (count starts) is written to the TSTART bit in the TRACR register.

Count stop conditions |« 0 (count stops) is written to the TSTART bit in the TRACR register.
1 (count forcibly stops) is written to the TSTOP bit in the TRACR register.

Interrupt request When timer RA underflows [timer RA interrupt].
generation timing

TRAIO pin function Pulse output, programmable output port
TRAO pin function Programmable I/O port or inverted output of TRAIO
Read from timer The count value can be read by reading registers TRA and TRAPRE.

Write to timer * When registers TRAPRE and TRA are written while the count is stopped, values
are written to both the reload register and counter.

* When registers TRAPRE and TRA are written during the count, values are
written to the reload register and counter (refer to 17.3.2 Timer Write Control
during Count Operation).

Selectable functions |« TRAIO signal polarity switch function
The level when the pulse output starts is selected by the TEDGSEL bit in the
TRAIOC register. (1)

* TRAO output function

Pulses inverted from the TRAIO output polarity can be output from the TRAO
pin (selectable by the TOENA bit in the TRAIOC register).

« Pulse output stop function

Output from the TRAIO pin is stopped by the TOPCR bit in the TRAIOC register.

* TRAIO pin select function

P1 5,P1 7,P3 2, or P5 5 is selected by bits TRAIOSELO to TRAIOSEL2 in
the TRASR register.

* TRAO pin select function

P3_0, P3_7, or P5_6 is selected by bits TRAOSELO and TRAOSEL1 in the
TRASR register.

Note:
1. The level of the output pulse becomes the level when the pulse output starts when the TRAMR
register is written to.
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17.4.1 Timer RA I/O Control Register (TRAIOC) in Pulse Output Mode
Address 0101h

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol | TIOGT1 | TIOGTO | TIPF1 | TIPFO | TIOSEL | TOENA | TOPCR | TEDGSEL |

After Reset 0 0 0 0 0 0 0 0

Bit Symbol Bit Name Function R/W

b0 |TEDGSEL |[TRAIO polarity switch bit 0: TRAIO output starts at “H” R/W
1: TRAIO output starts at “L”

bl TOPCR |TRAIO output control bit 0: TRAIO output R/W
1: TRAIO output disabled

b2 TOENA |TRAO output enable bit 0: TRAO output disabled R/W
1: TRAO output (inverted TRAIO output from the

port)

b3 TIOSEL |[Hardware LIN function select bit Setto 0. R/W

b4 TIPFO |TRAIO input filter select bit Set to 0 in pulse output mode. R/W

b5 TIPF1 R/W

b6 TIOGTO |TRAIO event input control bit R/W

b7 TIOGT1 R/W
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17.5 Event Counter Mode

In event counter mode, external signal inputs to the TRAIO pin are counted (refer to Table 17.4 Event
Counter Mode Specifications).

Table 17.4  Event Counter Mode Specifications

Item Specification
Count source External signal which is input to TRAIO 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.

Divide ratio 1/(n+1)(m+1)

n: setting value of TRAPRE register, m: setting value of TRA register

Count start condition |1 (count starts) is written to the TSTART bit in the TRACR register.

Count stop conditions |« 0 (count stops) is written to the TSTART bit in the TRACR register.

* 1 (count forcibly stops) is written to the TSTOP bit in the TRACR register.

Interrupt request When timer RA underflows [timer RA interrupt].

generation timing

TRAIO pin function | Count source input
TRAO pin function Programmable 1/0 port or pulse output (1)
Read from timer The count value can be read by reading registers TRA and TRAPRE.

Write to timer * When registers TRAPRE and TRA are written while the count is stopped, values
are written to both the reload register and counter.

* When registers TRAPRE and TRA are written during the count, values are
written to the reload register and counter (refer to 17.3.2 Timer Write Control
during Count Operation).

Selectable functions |« TRAIO input polarity switch function
The active edge of the count source is selected by the TEDGSEL bit in the
TRAIOC register.

« Count source input pin select function
P1 5,P1 7,P3 2, or P5 5 is selected by bits TRAIOSELO to TRAIOSEL2 in
the TRASR register.

« Pulse output function
Pulses of inverted polarity can be output from the TRAO pin each time the timer
underflows (selectable by the TOENA bit in the TRAIOC register). (1)

* TRAO pin select function
P3_0, P3_7, or P5_6 is selected by bits TRAOSELO and TRAOSEL1 in the
TRASR register.

« Digital filter function
Whether enabling or disabling the digital filter and the sampling frequency is
selected by bits TIPFO and TIPF1 in the TRAIOC register.

« Event input control function
The enabled period for the event input to the TRAIO pin is selected by bits
TIOGTO and TIOGT1 in the TRAIOC register.

Note:
1. The level of the output pulse becomes the level when the pulse output starts when the TRAMR
register is written to.
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17.5.1 Timer RA I/O Control Register (TRAIOC) in Event Counter Mode
Address 0101h

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol | TIOGT1 | TIOGTO | TIPF1 | TIPFO | TIOSEL | TOENA | TOPCR | TEDGSEL |
After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 |TEDGSEL |[TRAIO polarity switch bit 0: Starts counting at rising edge of the TRAIO input R/W
and TRAO starts output at “L”
1: Starts counting at falling edge of the TRAIO input
and TRAO starts output at “H”
bl TOPCR |TRAIO output control bit Set to O in event counter mode. R/W
b2 TOENA |TRAO output enable bit 0: TRAO output disabled R/W
1: TRAO output
b3 TIOSEL |Hardware LIN function select bit |Set to 0. R/W
i i it (1 b5 b4
E;l I:E'E;J TRAIO input filter select bit (1) 0.0 No filter E;x
0 1: Filter with f1 sampling
1 O: Filter with f8 sampling
1 1: Filter with f32 sampling
b6 TIOGTO |TRAIO event input control bit b7 b6 . R/W
b7 TIOGTL 0 0: Event !nput always enabled RIW
0 1: Event input enabled at INT2 level (2)
1 0: Event input enabled for “L” period of TRCIOD
(timer RC output)
1 1: Do not set.
Notes:
1. When the same value from the TRAIO pin is sampled three times continuously, the input is determined.

2. Make the following settings to use event input enabled at INT2 level:

» Set the INT2EN bit in the INTEN register to 1 (INT2 input enabled) and the INT2PL bit to 0 (one edge).

» Set the INT2 polarity by the POL bit in the INT2IC register. .
When the POL bit is set O (falling edge selected), the event input for the INT2 high-level period is enabled.
When the POL bit is set 1 (rising edge selected), the event input for the INT2 low-level period is enabled.

» Set the PDi_j (j = 2 or 6) bit in the PDi (i = 3 or 6) register for the port assigned as the INT2 pin to O (input
mode).

- Select the INT2 digital filter by bits INT2F1 to INT2FO in the INTF register.

The IR bit in the INT2IC register is set to 1 (interrupt requested) in accordance with the setting of the POL bit in

the INT2IC register and the INT2PL bit in the INTEN register, and a change in the INT2 pin input (refer to 11.8

Notes on Interrupts).

For details on interrupts, refer to 11. Interrupts.
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17.6 Pulse Width Measurement Mode

In pulse width measurement mode, the pulse width of an external signal input to the TRAIO pin is measured
(refer to Table 17.5 Pulse Width M easur ement M ode Specifications).
Figure 17.3 shows an Operating Example of Pulse Width Measurement Mode.

Table 17.5 Pulse Width Measurement Mode Specifications

Item Specification
Count sources f1, f2, f8, fOCO, fC32, fC
Count operations » Decrement

« Continuously counts the selected signal only when measurement pulse is “H”
level, or conversely only “L” 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 TRACR register.

Count stop conditions | 0 (count stops) is written to the TSTART bit in the TRACR register.
« 1 (count forcibly stops) is written to the TSTOP bit in the TRACR register.

Interrupt request * When timer RA underflows [timer RA interrupt].
generation timing * Rising or falling of the TRAIO input (end of measurement period) [timer RA
interrupt]

TRAIO pin function Measured pulse input
TRAO pin function Programmable 1/O port
Read from timer The count value can be read by reading registers TRA and TRAPRE.

Write to timer « When registers TRAPRE and TRA are written while the count is stopped, values
are written to both the reload register and counter.

« When registers TRAPRE and TRA are written during the count, values are
written to the reload register and counter (refer to 17.3.2 Timer Write Control
during Count Operation).

Selectable functions |« Measurement level setting
The “H” level or “L” level period is selected by the TEDGSEL bit in the TRAIOC
register.

» Measured pulse input pin select function
P1 5,P1_7,P3 2, or P5_5is selected by bits TRAIOSELO to TRAIOSEL2 in
the TRASR register.

« Digital filter function
Whether enabling or disabling the digital filter and the sampling frequency is
selected by bits TIPFO and TIPF1 in the TRAIOC register.
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17.6.1 Timer RA 1/0O Control Register (TRAIOC) in Pulse Width Measurement

Mode
Address 0101h
Bit b7 b6 b5 b4 b3 b2 b1l b0
Symbol | TIOGT1 | TIOGTO | TIPF1 TIPFO | TIOSEL | TOENA | TOPCR | TEDGSEL

After Reset 0 0 0 0 0 0 0 0

Bit Symbol Bit Name Function R/W

b0 | TEDGSEL |[TRAIO polarity switch bit 0: TRAIO input starts at “L” R/W
1: TRAIO input starts at “H”

bl TOPCR |TRAIO output control bit Set to 0 in pulse width measurement mode. R/W

b2 TOENA |TRAO output enable bit R/W

b3 TIOSEL |Hardware LIN function select bit Set to 0. However, set to 1 when the hardware R/W
LIN function is used.

b4 TIPFO i i it (1) b5 b4 R/W

o ks TRAIO input filter select bit 00 No filter ke
0 1: Filter with f1 sampling
1 0: Filter with f8 sampling
1 1: Filter with f32 sampling

b6 TIOGTO |[TRAIO 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 TRAIO pin is sampled three times continuously, the input is determined.
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17.6.2 Operating Example

FFFFh

Content of counter (hex)

0000h

TSTART bitin
TRACR register

Measured pulse
(TRAIO pin input)

IR bitin TRAIC
register

TEDGF bit in
TRACR register

TUNDF bit in
TRACR register

n = high level: the contents of TRA register, low level: the contents of TRAPRE register

Count start
—

Underflow

A
\4

L.

Count stop A

Count stop

<€ P>

Count start

_

Set to 1 by program

/

Period

Set to 0 when interrupt request is acknowledged, or set b

A

program

Set to 0 by program

ﬁA//

~

=

-

Set to 0 by program

The above applies under the following conditions.
» “H” level width of measured pulse is measured. (TEDGSEL = 1)
« TRAPRE = FFh

Figure 17.3

Operating Example of Pulse Width Measurement Mode
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17.7 Pulse Period Measurement Mode

In pulse period measurement mode, the pulse period of an external signal input to the TRAIO pin is measured
(refer to Table 17.6 Pulse Period M easurement M ode Specifications).
Figure 17.4 shows an Operating Example of Pulse Period Measurement Mode.

Table 17.6  Pulse Period Measurement Mode Specifications

Item Specification
Count sources f1, f2, f8, fOCO, fC32, fC
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 RA prescaler. Then timer RA
reloads the contents in the reload register at the second underflow of timer RA
prescaler and continues counting.

Count start condition |1 (count starts) is written to the TSTART bit in the TRACR register.

Count stop conditions | O (count stops) is written to TSTART bit in the TRACR register.
« 1 (count forcibly stops) is written to the TSTOP bit in the TRACR register.

Interrupt request * When timer RA underflows or reloads [timer RA interrupt].
generation timing * Rising or falling of the TRAIO input (end of measurement period) [timer RA
interrupt]

TRAIO pin function | Measured pulse input (1)
TRAO pin function Programmable 1/O port
Read from timer The count value can be read by reading registers TRA and TRAPRE.

Write to timer * When registers TRAPRE and TRA are written while the count is stopped, values
are written to both the reload register and counter.

* When registers TRAPRE and TRA are written during the count, values are
written to the reload register and counter (refer to 17.3.2 Timer Write Control
during Count Operation).

Selectable functions |+ Measurement period selection
The measurement period of the input pulse is selected by the TEDGSEL in the
TRAIOC register.

* Measured pulse input pin select function

P1 5,P1_7,P3_2, or P5_5 is selected by bits TRAIOSELO to TRAIOSEL2 in
the TRASR register.

« Digital filter function
Whether enabling or disabling the digital filter and the sampling frequency is
selected by bits TIPFO and TIPF1 in the TRAIOC register.

Note:
1. Input a pulse with a period longer than twice the timer RA prescaler period. Input a pulse with a
longer “H” and “L” width than the timer RA prescaler period. If a pulse with a shorter period is input
to the TRAIO pin, the input may be ignored.
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17.7.1 Timer RA I/O Control Register (TRAIOC) in Pulse Period Measurement

Mode
Address 0101h
Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol | TIOGT1 | TIOGTO | TIPF1 TIPFO | TIOSEL | TOENA | TOPCR | TEDGSEL
After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 | TEDGSEL |[TRAIO polarity switch bit 0: Measures measurement pulse from one rising R/W
edge to next rising edge
1: Measures measurement pulse from one falling
edge to next falling edge
bl TOPCR |TRAIO output control bit Set to 0 in pulse period measurement mode. R/W
b2 TOENA |TRAO output enable bit R/W
b3 TIOSEL |[Hardware LIN function select bit Setto 0. R/W
b4 TIPFO i i it (1) b5 b4 R/W
o ks TRAIO input filter select bit 00 No filter ke
0 1: Filter with f1 sampling
1 0: Filter with f8 sampling
1 1: Filter with f32 sampling
b6 TIOGTO |[TRAIO 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 TRAIO pin is sampled three times continuously, the input is determined.
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17.7.2 Operating Example

Underflow signal of
timer RA prescaler

TSTART bitin
TRACR register

Measurement pulse
(TRAIO pin input)

Contents of TRA

Contents of read-out
buffer

TEDGF bit in
TRACR register

TUNDF bit in
TRACR register

IR bit in TRAIC
register

Notes:

[$2]

Set to 1 by program

UL JuguL

I

Count start

OFh | OEh] ODh
|

TRA reloaded

TRA reloaded

_/V

-
OFh) OEh] ODh}
\

Retained Retained
( OFh }OEh 0Dh 0Ah 09h ‘
TRA read @
(Note 2) (Note 2)
\—' Set to 0 by program  —(Note 4)

Set to 0 by program

Conditions: The period from one rising edge to the next rising edge of the measured pulse is measured (TEDGSEL = 0) with
the default value of the TRA register as OFh.

1. The contents of the read-out buffer can be read by reading the TRA register in pulse period measurement mode.
2. After an active edge of the measured pulse is input, the TEDGF bit in the TRACR register is set to 1 (active edge received) when the
timer RA prescaler underflows for the second time.

3. The TRA register should be read before the next active edge is input after the TEDGF bit is set to 1 (active edge received).
The contents in the read-out buffer are retained until the TRA register is read. If the TRA 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 O to the TEDGF bit in the TRACR register. At the same time, write 1 to the
TUNDF bit in the TRACR register.
. To set to 0 by a program, use a MOV instruction to write O to the TUNDF bit. At the same time, write 1 to the TEDGF bit.
6. Bits TUNDF and TEDGF are both set to 1 if timer RA underflows and reloads on an active edge simultaneously.

(Note 6)

(Note 5)

Figure 17.4

Operating Example of Pulse Period Measurement Mode
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17.8 Notes on Timer RA

» Timer RA stops counting after areset. Set the values in the timer RA and timer RA prescalers before the count
starts.

 Even if the prescaler and timer RA are read out in 16-bit units, these registers are read 1 byte at a time by the
MCU. Consequently, the timer value may be updated during the period when these two registers are being read.

* In pulse width measurement mode and pul se period measurement mode, bits TEDGF and TUNDF in the TRACR
register can be set to 0 by writing 0 to these bits by a program. However, these bits remain unchanged if 1 is
written. When using the READ-MODIFY -WRITE instruction for the TRACR register, the TEDGF or TUNDF
bit may be set to 0 although these hits 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 RA prescaler underflow generated after the count starts.

» When using the pulse period measurement mode, leave two or more periods of the timer RA prescaler

immediately after the count starts, then set the TEDGF bit to 0.

The TCSTF hit retains 0 (count stops) for 0 to 1 cycle 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 RA (1) other than the TCSTF bit. Timer RA starts

counting at the first valid edge of the count source after the TCSTF bit is set to 1 (during count).

The TCSTF bit remains 1 for 0 to 1 cycle of the count source after setting the TSTART bit to O (count stops)

while the count isin progress. Timer RA counting is stopped when the TCSTF bit is set to 0.

During thistime, do not access registers associated with timer RA (1) other than the TCSTF bit.

Note:
1. Registers associated with timer RA: TRACR, TRAIOC, TRAMR, TRAPRE, and TRA.

When the TRAPRE register is continuously written during count operation (TCSTF bit is set to 1), allow three or
more cycles of the count source clock for each write interval.

When the TRA register is continuously written during count operation (TCSTF bit is set to 1), allow three or
more cycles of the prescaler underflow for each write interval.
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18. Timer RB
Timer RB is an 8-bit timer with an 8-bit prescaler.

18.1 Overview

The prescaler and timer each consist of a reload register and counter (refer to Tables 18.2 to 18.5 the

Specifications of Each Mode). Timer RB hastimer RB pri

mary and timer RB secondary as reload registers.

The count source for timer RB is the operating clock that regulates the timing of timer operations such as counting

and reloading.

Figure 18.1 shows a Timer RB Block Diagram. Table 18.1 lists Pin Configuration of Timer RB.

Timer RB has four operation modes listed as follows:
» Timer mode

* Programmable waveform generation mode
* Programmabl e one-shot generation mode
 Programmable wait one-shot generation mode

The timer counts an internal count source (peripheral
function clock or timer RA 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.

TSTART bit

q Data bus S
TRBSC TRBPR
register register
Reload Reload Reload
) register register register
Bits TCK1t0 TCKO ek CUT bit
f1 =00 Timer RB interrupt
— i i u
8 —= 0;2 Counter  }——] Counter (timer RB)
Timer RA underflow %mo TRBPRE register (Timer)
2 =220 (prescaler) Bits TMOD1 to TMODO

=10b or 11b

TOSSTF bit

INTO interrupt

o
-

TOCNT =1 P3_1 bitin P3 register

TSTART, TCSTF: Bits in TRBCR register

TOSSTF: Bit in TRBOCR register

TOPL, TOCNT, INOSTG, INOSEG: Bits in TRBIOC register

TMOD1 to TMODO, TCK1 to TCKO, TCKCUT: Bits in TRBMR register

Note:
1. The TRBOSELO bit in the TRBRCSR register is used to select which

N Input polarity
INTO pin O hp Digital filter switched to be one Polarity
edge or both edges selection
T
INTOPL bit INOSEG bt INOSTG bit
Bits TMOD1 to TMODO .
= 01b, 10b, 11b INTOEN bit TOPL=1
TOCNT =0 o——Q Toggle
) flip-flop  CK|g
TRBO pin ® O < Q ClR
O— P1_3 bitin P1 register or TOPL=0

Write 1 to TSTOP bit
Bits TMOD1 to TMODO
=01b, 10b, 11b

=

pin is assigned.

Figure 18.1  Timer RB Block Diagram
Table 18.1  Pin Configuration of Timer RB
Pin Name Assigned Pin 110 Function

TRBO P1 30rP3_1 Output Pulse output (programmable waveform
generation mode, programmable one-shot
generation mode, programmable wait one-
shot generation mode)
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18.2 Registers
18.2.1 Timer RB Control Register (TRBCR)
Address 0108h
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 RB count start bit (1) 0: Count stops R/W
1: Count starts

bl TCSTF |Timer RB count status flag () 0: Count stops R
1: During count )

b2 | TSTOP |Timer RB 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 18.7 Notes on Timer RB for precautions regarding bits TSTART, TCSTF and TSTOP.

2. When the TSTOP bhit is set to 1, registers TRBPRE, TRBSC, TRBPR, and bits TSTART and TCSTF, and the

TOSSTF bit in the TRBOCR 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, indicates that a one-shot pulse

trigger has been acknowledged.

18.2.2 Timer RB One-Shot Control Register (TRBOCR)
Address 0109h

Bit b7 b6 b5 b4 b3 b2 bl b0
Sympol| — | — | — | — | — |TOSSTF| TOSSP | TOSST
After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 TOSST |Timer RB one-shot start bit When this bit is set to 1, one-shot trigger R/W
generated. When read, its content is 0.
bl TOSSP |Timer RB one-shot stop hit 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 RB 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 set to the TSTOP bit in the TRBCR register, the TOSSTF bit is set to 0.

Thisregister is enabled when bits TMOD1 to TMODO in the TRBMR register is set to 10b (programmable one-

shot generation mode) or 11b (programmable wait one-shot generation mode).
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18.2.3 Timer RB 1/0O Control Register (TRBIOC)
Address 010Ah

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 RB output level select bit Function varies according to the operating mode. R/W
bl TOCNT |[Timer RB output switch 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 —

18.2.4 Timer RB Mode Register (TRBMR)
Address 010Bh

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 RB operating mode select bit (1) {150 RIW
b1 TMODI 0 O: 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 O. —
b3 TWRC |Timer RB write control bit (2) 0: Write to reload register and counter R/W
1: Write to reload register only
b4 TCKO |Timer RB count source select bit (1) b(s)bé- f R/W
b5 TCK1 01 f8 R/W
1 0: Timer RA underflow @)
11:f2
b6 — Nothing is assigned. If necessary, set to 0. When read, the content is O. —
b7 | TCKCUT |Timer RB count source cutoff bit (1) 0: Provides count source R/W
1: Cuts off count source
Notes:

1. Change bits TMOD1 and TMODO; TCK1 and TCKO; and TCKCUT when both the TSTART and TCSTF bits in the
TRBCR register 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 RA as the count source for timer RB, set timer RA in timer mode, pulse
output mode, or event count mode.
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18.2.5 Timer RB Prescaler Register (TRBPRE)
Address 010Ch

Bit b7 b6 b5 b4 b3 b2 bl b0
smo — [ — [ — [ — [ — ] — [ — ] =
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 RA 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 the TSTOP bit in the TRBCR register is set to 1, the TRBPRE register is set to FFh.
18.2.6 Timer RB Secondary Register (TRBSC)
Address 010Dh
Bit b7 b6 b5 b4 b3 b2 bl b0
smoo — ] — [ — ] — ] — T — ] — T —
After Reset 1 1 1 1 1 1 1 1
Bit Mode Function Setting Range R/W
b7 to bO|Timer mode Disabled 00h to FFh —
Programmable waveform generation |Counts timer RB prescaler underflows (1) |00h to FFh w ()
mode
Programmable one-shot generation |Disabled 00h to FFh —
mode
Programmable wait one-shot Counts timer RB prescaler underflows  |{00h to FFh w (2
generation mode (one-shot width is counted)

Notes:
1. The values of registers TRBPR and TRBSC are reloaded to the counter alternately and counted.

2. The count value can be read out by reading the TRBPR register even when the secondary period is being

counted.

When the TSTOP bit in the TRBCR register is set to 1, the TRBSC register is set to FFh.
To write to the TRBSC register, perform the following steps.
(1) Writethe value to the TRBSC register.

(2) Writethevalueto the TRBPR register. (If the value does not change, write the same value second time.)
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18.2.7 Timer RB Primary Register (TRBPR)
Address 010Eh

Bit b7 b6 b5 b4 b3 b2 bl b0
smo — [ — [ — [ — [ — ] — [ — ] =
After Reset 1 1 1 1 1 1 1 1
Bit Mode Function Setting Range R/W
b7 to bO|Timer mode Counts timer RB prescaler underflows  |{00h to FFh R/W
Programmable waveform generation |Counts timer RB prescaler underflows (1) [00h to FFh RIW
mode
Programmable one-shot generation |Counts timer RB prescaler underflows  [00h to FFh R/W
mode (one-shot width is counted)
Programmable wait one-shot Counts timer RB prescaler underflows  |00h to FFh R/W
generation mode (wait period width is counted)

Note:
1. The values of registers TRBPR and TRBSC are reloaded to the counter alternately and counted.

When the TSTOP bit in the TRBCR register is set to 1, the TRBPR register is set to FFh.

18.2.8 Timer RB/RC Pin Select Register (TRBRCSR)
Address 0181h

Bit b7 b6 b5 b4 b3 b2 b1l bo
Symbol | — |TRCCLKSEL2| TRCCLKSEL1 | TRCCLKSELO | — | — — |TRBOSELO
After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 TRBOSELO |[TRBO pin select bit 0: P1_3 assigned R/W
1: P3_1 assigned

bl — Reserved bit Setto 0. R/W
b2 — Nothing is assigned. If necessary, set to 0. When read, the content is 0. —
b3 —

b4 |TRCCLKSELO|TRCCLK pin select bit b6 bS b4 . R/W
b5 |[TRCCLKSELL 8 8 (1); ;'fcfa'-sigr:‘e?t used RIW
b6 |TRCCLKSEL2 o R/W

01 0: P3_3 assigned
1 00: P5_0 assigned
Other than above: Do not set.
b7 — Nothing is assigned. If necessary, set to 0. When read, the content is 0. —

The TRBRCSR register selects which pin is assigned to the timer RB and timer RC 1/O. To use the 1/O pin for
timer RB and timer RC, set thisregister.

Set the TRBOSELO bit before setting the timer RB associated registers. Set bits TRCCLKSELO to
TRCCLKSEL 2 before setting the timer RC associated registers. Also, do not change the setting values of the
TRBOSELO bit during timer RB operation. Do not change the setting values of bits TRCCLKSELDO to
TRCCLKSEL2 during timer RC operation.
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18.3 Timer Mode

In timer mode, a count source which is internally generated or timer RA underflows are counted (refer to Table
18.2 Timer Mode Specifications). Registers TRBOCR and TRBSC are not used in timer mode.

Table 18.2  Timer Mode Specifications

ltem Specification
Count sources f1, f2, 8, timer RA underflow
Count operations * Decrement

« When the timer underflows, it reloads the reload register contents before the
count continues (when timer RB underflows, the contents of timer RB primary
reload register is reloaded).

Divide ratio 1/(n+1)(m+1)

n: setting value in TRBPRE register, m: setting value in TRBPR register

Count start condition |1 (count starts) is written to the TSTART bit in the TRBCR register.

Count stop conditions |« 0 (count stops) is written to the TSTART bit in the TRBCR register.

1 (count forcibly stop) is written to the TSTOP bit in the TRBCR register.

Interrupt request When timer RB underflows [timer RB interrupt].

generation timing

TRBO pin function Programmable 1/O port

INTO pin function Programmable 1/O port or INTO interrupt input
Read from timer The count value can be read out by reading registers TRBPR and TRBPRE.
Write to timer « When registers TRBPRE and TRBPR are written while the count is stopped,

values are written to both the reload register and counter.

* When registers TRBPRE and TRBPR are written to while count operation is in
progress:
If the TWRC bit in the TRBMR 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 18.3.2 Timer Write Control during Count Operation).

18.3.1 Timer RB I/O Control Register (TRBIOC) in Timer Mode
Address 010Ah

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 RB output level select bit Set to 0 in timer mode. R/W
bl TOCNT |[Timer RB output switch 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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18.3.2 Timer Write Control during Count Operation

Timer RB has a prescaler and a timer (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 TRBMR register can be used to
select whether writing to the prescaler or timer during count operation is performed to both the reload 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 hit 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. In
addition, if the TWRC hit is set for writing to the reload register only, the synchronization of the writing will be
shifted if the prescaler value changes. Figure 18.2 shows an Operating Example of Timer RB when Counter
Valueis Rewritten during Count Operation.
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Count source

When the TWRC bit is set to 0 (write to reload register and counter)

Set 01h to the TRBPRE register and 25h to
the TRBPR register by a program.

After v'vriting, the reload Fegister is
written with the first count source.

Reloads register of
timer RB prescaler

Previous vaIueX

New value (01h)

Reload with
the second
count source

Reload on
underflow

Counter of
timer RB prescaler

06h X 05h X O4hX 01h X 00h

01h X 00h f O01h } 0Oh

0lh } 0Oh

—

After writing, the reload register is
written on the first underflow.

Reloads register of
timer RB

Counter of timer RB

Previous value X New value (25h)
|
Reload on the second
underflow !
03h 02h X 25h X 24h

IR bit in TRBIC
register 0

Count source

The IR bit remains unchanged until underflow /

is generated by a new value.

When the TWRC bit is set to 1 (write to reload register only)

Set 01h to the TRBPRE register and 25h to
the TRBPR register by a program.

After writing, the reload register is
written with the first count source.

JERERERE

Reloads register of
timer RB prescaler

Previous vaIueX

New value (01h)

Reload on
underflow

flE:
-
.

Counter of
timer RB prescaler

06h X 05h X 04h X 03h X 02h X Oth 00h

X 01h X 00h X 01h } 00h X 01h | 0Oh

01h

| |
After writing, the reload register is
written on the first underflow.

i i

Reloads register of
timer RB

Previous value

New value (25h)

Reload on
underflow

Counter of timer RB

03h

X 02h

01h 00h

25h

IR bitin TRBIC
register

—

The above applies under the following conditions.
Both bits TSTART and TCSTF in the TRBCR register are set to 1 (During count).

i
«

Only the prescaler values are updated,

extending

the duration until timer RB underflow.

N
>

Figure 18.2
Operation

Operating Example of Timer RB when Counter Value is Rewritten during Count
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18.4 Programmable Waveform Generation Mode

In programmable waveform generation mode, the signal output from the TRBO pin is inverted each time the
counter underflows, while the values in registers TRBPR and TRBSC are counted alternately (refer to Table 18.3
Programmable Waveform Generation M ode Specifications). Counting starts by counting the setting value in
the TRBPR register. The TRBOCR register is unused in this mode.

Figure 18.3 shows an Operating Example of Timer RB in Programmable Waveform Generation Mode.

Table 18.3  Programmable Waveform Generation Mode Specifications

Item Specification
Count sources f1, f2, 8, timer RA 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: Count source frequency

n: Value set in TRBPRE register, m: Value set in TRBPR register
p: Value set in TRBSC register

Count start condition |1 (count start) is written to the TSTART bit in the TRBCR register.

Count stop conditions |+ O (count stop) is written to the TSTART bit in the TRBCR register.
1 (count forcibly stop) is written to the TSTOP bit in the TRBCR register.

Interrupt request In half a cycle of the count source, after timer RB underflows during the secondary
generation timing period (at the same time as the TRBO output change) [timer RB interrupt]

TRBO pin function Programmable output port or pulse output

INTO pin function Programmable 1/0 port or INTO interrupt input

Read from timer The count value can be read out by reading registers TRBPR and TRBPRE. (1)
Write to timer * When registers TRBPRE, TRBSC, and TRBPR are written while the count is

stopped, values are written to both the reload register and counter.

* When registers TRBPRE, TRBSC, and TRBPR are written to during count
operation, values are written to the reload registers only. (2)

Selectable functions |+ Output level select function
The output level during primary and secondary periods is selected by the TOPL
bit in the TRBIOC register.

* TRBO pin output switch function
Timer RB pulse output or P3_1 (P1_3) latch output is selected by the TOCNT bit
in the TRBIOC register. (3)

Notes:

1. Even when counting the secondary period, the TRBPR register may be read.

2. The set values are reflected in the waveform output beginning with the following primary period after
writing to the TRBPR register.

3. The value written to the TOCNT bit is enabled by the following.
* When counting starts.
* When a timer RB interrupt request is generated.
The contents after the TOCNT bit is changed are reflected from the output of the following primary
period.
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18.4.1 Timer RB I/O Control Register (TRBIOC) in Programmable Waveform
Generation Mode

Address 010Ah

Bit b7 b6 b5 b4 b3 b2 bl bO
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 RB output level select bit 0: Outputs “H” for primary period R/W

Outputs “L” for secondary period
Outputs “L” when the timer is stopped
1: Outputs “L” for primary period
Outputs “H” for secondary period
Outputs “H” when the timer is stopped

bl TOCNT |[Timer RB output switch bit 0: Outputs timer RB waveform R/W
1: Outputs value in P3_1 (P1_3) port register

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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18.4.2 Operating Example

Set to 1 by program

TSTART bit in TRBCR
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Figure 18.3 Operating Example of Timer RB in Programmable Waveform Generation Mode
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18.5 Programmable One-shot Generation Mode

In programmabl e one-shot generation mode, a one-shot pulse is output from the TRBO pin by a program or an
external trigger input (input to the INTO pin) (refer to Table 18.4 Programmable One-Shot Generation Mode
Specifications). When atrigger is generated, the timer starts operating from the point only once for a given period
equal to the set value in the TRBPR register. The TRBSC register is not used in this mode.

Figure 18.4 shows an Operating Example of Programmable One-Shot Generation Mode.

Table 18.4  Programmable One-Shot Generation Mode Specifications

Item Specification
Count sources f1, 2, 8, timer RA underflow
Count operations » Decrement the setting value in the TRBPR register

* When the timer underflows, it reloads the contents of the reload register before
the count completes and the TOSSTF bit is set to 0 (one-shot stops).

* When the count stops, the timer reloads the contents of the reload register
before it stops.

One-shot pulse (n+1)(m+21)/fi
output time fi: Count source frequency,

n: Setting value in TRBPRE register, m: Setting value in TRBPR register
Count start * The TSTART bit in the TRBCR register is set to 1 (count starts) and the next
conditions trigger is generated

 Set the TOSST bit in the TRBOCR register to 1 (one-shot starts)
« Input trigger to the INTO pin

Count stop conditions | * When reloading completes after timer RB underflows during primary period

* When the TOSSP bit in the TRBOCR register is set to 1 (one-shot stops)
*When the TSTART bit in the TRBCR register is set to 0 (stops counting)
*When the TSTOP bit in the TRBCR register is set to 1 (forcibly stops counting)
Interrupt request In half a cycle of the count source, after the timer underflows (at the same time as
generation timing the TRBO output ends) [timer RB interrupt]

TRBO pin function Pulse output

INTO pin functions * When the INOSTG bit in the TRBIOC register is set to 0 (INTO one-shot trigger
disabled): programmable I/O port or INTO interrupt input

* When the INOSTG bit in the TRBIOC register is set to 1 (INTO one-shot trigger
enabled): external trigger (INTO interrupt input)

Read from timer The count value can be read out by reading registers TRBPR and TRBPRE.

Write to timer * When registers TRBPRE and TRBPR are written while the count is stopped,
values are written to both the reload register and counter.

* When registers TRBPRE and TRBPR are written during the count, values are
written to the reload register only (the data is transferred to the counter at the
following reload). (1)

Selectable functions |+ Output level select function
The output level of the one-shot pulse waveform is selected by the TOPL bit in
the TRBIOC register.

« One-shot trigger select function
Refer to 18.5.3 One-Shot Trigger Selection.

Note:
1. The set value is reflected at the following one-shot pulse after writing to the TRBPR register.
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18.5.1 Timer RB I/O Control Register (TRBIOC) in Programmable One-Shot

Generation Mode
Address 010Ah

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 RB output level select bit 0: Outputs one-shot pulse “H” R/W
Outputs “L” when the timer is stopped
1: Outputs one-shot pulse “L”
Outputs “H” when the timer is stopped
bl TOCNT |[Timer RB output switch bit Set to 0 in programmable one-shot generation R/W
mode.
b2 | INOSTG |One-shot trigger control bit (1) 0: INTO pin one-shot trigger disabled RIW
1: INTO pin one-shot trigger enabled
b3 | INOSEG |One-shot trigger polarity select bit (1) |0: Falling edge trigger RIW

1: Rising edge trigger

b4 —
b5 —
b6 —
b7 —

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

Note:
1. Referto 18.5.3 One-Shot Trigger Selection.
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18.5.2 Operating Example
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The above applies under the following conditions.
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Figure 18.4

Operating Example of Programmable One-Shot Generation Mode
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18.5.3 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 hit in the TRBCR 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 TRBOCR register by a program.

« Trigger input from the INTO pin.

When a one-shot trigger occurs, the TOSSTF bit in the TRBOCR 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 hit is set to 1,
no retriggering occurs.

To use trigger input from the INTO pin, input the trigger after making the following settings:

* Set the PD4 5 bit in the PD4 register to O (input port).

» Select the INTO digital filter with bits INTOF1 and INTOFO in the INTF register.

« Select both edges or one edge with the INTOPL bit in INTEN register. If one edge is selected, further select
falling or rising edge with the INOSEG bit in TRBIOC register.

* Set the INTOEN bit in the INTEN register to 1 (enabled).

« After completing the above, set the INOSTG bit in the TRBIOC register to 1 (INTO pin one-shot trigger
enabled).

Note the following points with regard to generating interrupt requests by trigger input from the INTO pin.

* Processing to handle the interruptsis required. Refer to 11. Interrupts, for details.

« If one edge is selected, use the POL hit in the INTOIC register to select falling or rising edge. (The INOSEG
bit in the TRBIOC register does not affect INTO interrupts).

« If aone-shot trigger occurs while the TOSSTF hit is set to 1, timer RB operation is not affected, but the value
of the IR bit in the INTOIC register changes.
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18.6 Programmable Wait One-Shot Generation Mode

In programmabl e wait one-shot generation mode, a one-shot pulse is output from the TRBO pin by a program or an
external trigger input (input to the INTO pin) (refer to Table 18.5 Programmable Wait One-Shot Generation
Mode Specifications). When atrigger is generated from that point, the timer outputs a pulse only once for agiven
length of time equal to the setting value in the TRBSC register after waiting for a given length of time equal to the
setting value in the TRBPR register.

Figure 18.5 shows an Operating Example of Programmable Wait One-Shot Generation Mode.

Table 18.5 Programmable Wait One-Shot Generation Mode Specifications

Item Specification
Count sources f1, f2, 8, timer RA underflow
Count operations * Decrement the timer RB primary setting value.

* When a count of the timer RB primary underflows, the timer reloads the contents
of timer RB secondary before the count continues.

*When a count of the timer RB secondary underflows, the timer reloads the
contents of timer RB primary before the count completes and the TOSSTF bit is
set to 0 (one-shot stops).

* When the count stops, the timer reloads the contents of the reload register
before it stops.

Wait time (n+1)(m+21)/fi

fi: Count source frequency

n: Value set in the TRBPRE register, m Value set in the TRBPR register

One-shot pulse (n+1)(p+1)/fi
output time fi: Count source frequency

n: Value set in the TRBPRE register, p: Value set in the TRBSC register
Count start * The TSTART bit in the TRBCR register is set to 1 (count starts) and the next
conditions trigger is generated.

* Set the TOSST bit in the TRBOCR register to 1 (one-shot starts).

« Input trigger to the INTO pin

Count stop conditions | * When reloading completes after timer RB underflows during secondary period.
* When the TOSSP bit in the TRBOCR register is set to 1 (one-shot stops).
*When the TSTART bit in the TRBCR register is set to 0 (starts counting).

* When the TSTOP bit in the TRBCR register is set to 1 (forcibly stops counting).
Interrupt request In half a cycle of the count source after timer RB underflows during secondary
generation timing period (complete at the same time as waveform output from the TRBO pin) [timer
RB interrupt].

TRBO pin function Pulse output

INTO pin functions * When the INOSTG bit in the TRBIOC register is set to 0 (INTO one-shot trigger
disabled): programmable 1/O port or INTO interrupt input

* When the INOSTG bit in the TRBIOC register is set to 1 (INTO one-shot trigger
enabled): external trigger (INTO interrupt input)

Read from timer The count value can be read out by reading registers TRBPR and TRBPRE.

Write to timer *When registers TRBPRE, TRBSC, and TRBPR are written while the count
stops, values are written to both the reload register and counter.

*When registers TRBPRE, TRBSC, and TRBPR are written to 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 TRBIOC register.

« One-shot trigger select function
Refer to 18.5.3 One-Shot Trigger Selection.

Note:
1. The set value is reflected at the following one-shot pulse after writing to registers TRBSC and
TRBPR.
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18.6.1 Timer RB I/O Control Register (TRBIOC) in Programmable Wait One-Shot

Generation Mode
Address 010Ah

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 RB output level select bit 0: Outputs one-shot pulse “H” R/W
Outputs “L” when the timer stops or during wait
1: Outputs one-shot pulse “L”
Outputs “H” when the timer stops or during wait
bl TOCNT |[Timer RB output switch bit Set to 0 in programmable wait one-shot generation | R/W
mode.
b2 | INOSTG |One-shot trigger control bit (1) 0: INTO pin one-shot trigger disabled RIW
1: INTO 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 18.5.3 One-Shot Trigger Selection.
RO1UHO0094EJ0110 Rev.1.10 .IENESAS Page 268 of 794

Oct 04, 2010




R8C/38C Group 18. Timer RB

18.6.2 Operating Example
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The above applies under the following conditions.

TRBPRE = 01h, TRBPR = 01h, TRBSC = 04h

INOSTG = 1 (INTO one-shot trigger enabled)

INOSEG =1 (edge trigger at rising edge)

Figure 18.5  Operating Example of Programmable Wait One-Shot Generation Mode
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18.7 Notes on Timer RB

» Timer RB stops counting after a reset. Set the values in the timer RB and timer RB prescalers before the count
starts.

 Evenif the prescaler and timer RB isread out in 16-bit units, these registers are read 1 byte at atime by 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 TRBCR register to 0 (stops counting) or setting the TOSSP bit in the TRBOCR register to 1

(stops one-shot), 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 remains O (count stops) for 1 to 2 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 RB (1) other than the TCSTF bit. Timer RB starts

counting at the first valid edge of the count source after the TCSTF bit is set to 1 (during count).

The TCSTF bit remains 1 for 1 to 2 cycles of the count source after setting the TSTART hit to O (count stops)

while the count isin progress. Timer RB counting is stopped when the TCSTF hit is set to O.

During thistime, do not access registers associated with timer RB (1) other than the TCSTF bit.

Note:
1. Registersassociated with timer RB: TRBCR, TRBOCR, TRBIOC, TRBMR, TRBPRE, TRBSC, and
TRBPR.

If the TSTOP bit in the TRBCR register is set to 1 during timer operation, timer RB stops immediately.

If 1 iswritten to the TOSST or TOSSP bit in the TRBOCR register, the value of the TOSSTF bit changes after
one or two cycles of the count source have elapsed. If the TOSSP bit is written to 1 during the period between
when the TOSST bit iswritten to 1 and when the TOSSTF bit is set to 1, the TOSSTF bit may be set to either O or
1 depending on the content state. Likewise, if the TOSST bit is written to 1 during the period between when the
TOSSP bit iswritten to 1 and when the TOSSTF bit is set to 0, the TOSSTF bit may be set to either 0 or 1.

* To use the underflow signal of timer RA as the count source for timer RB, set timer RA in timer mode, pulse
output mode, or event count mode.

18.7.1 Timer Mode

To write to registers TRBPRE and TRBPR during count operation (TCSTF bit in the TRBCR register is set to

1), note the following points:

» When the TRBPRE register is written continuously, allow three or more cycles of the count source for each
writeinterval.

» When the TRBPR register is written continuously, allow three or more cycles of the prescaler underflow for
each write interval.

18.7.2 Programmable Waveform Generation Mode

To write to registers TRBPRE and TRBPR during count operation (TCSTF bit in the TRBCR register is set to

1), note the following points:

» When the TRBPRE register is written continuously, allow three or more cycles of the count source for each
writeinterval.

» When the TRBPR register is written continuously, alow three or more cycles of the prescaler underflow for
each write interval.
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18.7.3 Programmable One-shot Generation Mode

To write to registers TRBPRE and TRBPR during count operation (TCSTF bit in the TRBCR register is set to

1), note the following points:

» When the TRBPRE register iswritten continuously during count operation (TCSTF hit is set to 1), allow three
or more cycles of the count source for each write interval.

» When the TRBPR register iswritten continuously during count operation (TCSTF bit is set to 1), allow three
or more cycles of the prescaler underflow for each write interval.

18.7.4 Programmable Wait One-shot Generation Mode

To write to registers TRBPRE and TRBPR during count operation (TCSTF bit in the TRBCR register is set to

1), note the following points:

« When the TRBPRE register is written continuously, allow three or more cycles of the count source for each
writeinterval.

« When the TRBPR register is written continuously, allow three or more cycles of the prescaler underflow for
each write interval.
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19. Timer RC
Timer RC isa 16-bit timer with four 1/0 pins.

19.1 Overview

Timer RC uses either f1, fOCO40M or fOCO-F as its operation clock. Table 19.1 lists the Timer RC Operation
Clock.

Table 19.1  Timer RC Operation Clock

Condition Timer RC Operation Clock
Count source is f1, f2, f4, 8, 32, or TRCCLK input fl
(bits TCK2 to TCKO in TRCCR1 register are set to a value from 000b to
101b)
Count source is fOCO40M fOCO40M
(bits TCK2 to TCKO in TRCCRL1 register are set to 110b)
Count source is fOCO-F fOCO-F
(bits TCK2 to TCKO in TRCCRL1 register are set to 111b)

Table 19.2 lists the Pin Configuration of Timer RC and Figure 19.1 shows a Timer RC Block Diagram.
Timer RC has three modes.
» Timer mode
- Input capture function The counter valueis captured to aregister, using an external signal asthetrigger.
- Output compare function Matches between the counter and register values are detected. (Pin output state
changes when a match is detected.)
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.

Input capture function, output compare function, and PWM mode settings may be specified independently for each
pin.
In PWM2 mode waveforms are output based on a combination of the counter or the register.
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TRCCRL1 register

TRCIER register

TRCSR register

TRCIORO register

TRCIORL1 register

TRC register

TRCGRA register

Data bus

TRCGRB register

TRCGRC register

TRCGRD register

TRCCR2 register

§ $858888888¢88

TRCDF register

f1, f2, f4, 18, 132,
fOCO40M, fOCO-F

Count source
select circuit < ( ) TRCCLK
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Figure 19.1

Table 19.2

Timer RC Block Diagram

Pin Configuration of Timer RC

Pin Name

Assigned Pin

I/O

Function

TRCIOA

PO 0, PO _1,P0 2,P1 1, 0orP5 1 o)

TRCIOB

P5 2,0rP6 5

PO_3, PO_4, PO_5, P1_2,P2_0,

TRCIOC

or P6_6

PO_7,P1_3,P2_1, P3_4, P5_3,

TRCIOD

orP6_7

PO_6, P1_0, P2_2, P3_5, P5_4,

Function differs according to the mode.
Refer to descriptions of individual modes
for details.

TRCCLK

P1_4, P33, or P5 0

Input

External clock input

TRCTRG

PO 0,P0_1,P0 2,P1 1,0rP5 1 | Input

PWM2 mode external trigger input
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19.2 Registers
Table 19.3 lists the Registers Associated with Timer RC.

Table 19.3  Registers Associated with Timer RC
Mode

Timer
Address | Symbol Input Output Related Information

PWM | PWM2
Capture | Compare
Function | Function

0008h |[MSTCR Valid Valid Valid |Valid |19.2.1 Module Standby Control Register (MSTCR)
0120h |TRCMR Valid Valid Valid |Valid |19.2.2 Timer RC Mode Register (TRCMR)

0121h |TRCCR1 |Valid Valid Valid |Valid |Timer RC control register 1

19.2.3 Timer RC Control Register 1 (TRCCR1)

19.5.1 Timer RC Control Register 1 (TRCCR1) for
Output Compare Function

19.6.1 Timer RC Control Register 1 (TRCCR1) in
PWM Mode

19.7.1 Timer RC Control Register 1 (TRCCR1) in
PWM2 Mode

0122h |TRCIER Valid Valid Valid |Valid |19.2.4 Timer RC Interrupt Enable Register (TRCIER)
0123h |TRCSR Valid Valid Valid |Valid |19.2.5 Timer RC Status Register (TRCSR)

0124h | TRCIORO |Valid Valid — — Timer RC 1/O control register 0, timer RC 1/O control
register 1
19.2.6 Timer RC I/O Control Register 0 (TRCIORO)
19.2.7 Timer RC I/O Control Register 1 (TRCIOR1)
19.4.1 Timer RC I/O Control Register 0 (TRCIORO)
for Input Capture Function
19.4.2 Timer RC I/O Control Register 1 (TRCIOR1)
for Input Capture Function
19.5.2 Timer RC I/O Control Register 0 (TRCIORO)
for Output Compare Function
19.5.3 Timer RC I/O Control Register 1 (TRCIOR1)
for Output Compare Function

0125h |TRCIOR1

0126h |TRC Valid Valid Valid |Valid |19.2.8 Timer RC Counter (TRC)

0127h

0128h | TRCGRA |Valid Valid Valid Valid 19.2.9 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 |19.2.10 Timer RC Control Register 2 (TRCCR2)

0131h |TRCDF Valid — — Valid 19.2.11 Timer RC Digital Filter Function Select
Register (TRCDF)

0132h |TRCOER |— Valid Valid |Valid |19.2.12 Timer RC Output Master Enable Register
(TRCOER)

0133h |TRCADCR |— Valid Valid |Valid 19.2.13 Timer RC Trigger Control Register
(TRCADCR)

0181h |TRBRCSR |Valid Valid Valid |Valid 19.2.14 Timer RB/RC Pin Select Register
(TRBRCSR)

0182h |TRCPSRO |Valid Valid Valid |Valid 19.2.15 Timer RC Pin Select Register 0 (TRCPSRO)
0183h |TRCPSR1 |Valid Valid Valid |Valid |19.2.16 Timer RC Pin Select Register 1 (TRCPSR1)

—: Invalid
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19.2.1 Module Standby Control Register (MSTCR)
Address 0008h
Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol | — |MSTTRG | MSTTRC | MSTTRD| MSTIIC | — | — —
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 O. —
bl —
b2 —
b3 MSTIIC [SSU, I2C bus standby bit 0: Active R/W
1: Standby (1)
b4 |MSTTRD |Timer RD standby bit 0: Active R/W
1: Standby (2, 3)
b5 |MSTTRC |Timer RC standby bit 0: Active R/W
1: Standby 4
b6 |MSTTRG|Timer RG standby bit 0: Active R/W
1: Standby ()
b7 — Nothing is assigned. If necessary, set to 0. When read, the content is O. —

Notes:

1. When the MSTIIC bit is set to 1 (standby), any access to the SSU or the 12C bus associated registers (addresses

0193h to 019Dh) is disabled.

2. When the MSTTRD bit is set to 1 (standby), any access to the timer RD associated registers (addresses 0135h

to 015Fh) is disabled.

3. To set the MSTTRD bit to 1 (standby), set bits TCK2 to TCKO in the TRDCRI (i = 0 or 1) register to 000b (f1).
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 MSTTRG bit is set to 1 (standby), any access to the timer RG associated registers (addresses 0170h

to 017Fh) is disabled.
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19.2.2 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 (1) 0: Timer mode R/W
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 (2) |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 bit is set to 1 (timer mode or PWM mode).

2. Setthe BFC bit to 0 (general register) in PWM2 mode.

For notes on PWM2 mode, refer to 19.9.6 TRCMR Register in PWM 2 Mode.

RO1UHO094EJ0110 Rev.1.10

Oct 04, 2010

RENESAS

Page 276 of 794



R8C/38C Group 19. Timer RC

19.2.3 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). R/W
b2 TOC |TRCIOC output level select bit (1) R/W
b3 TOD |TRCIOD output level select bit (1) R/W
b4 TCKO |Count source select bit (1) bgbg *6‘ i R/W
b5 TCK1 00 1 f R/W
b6 TCK2 010 f4 R/W
011:f8
100:f32
10 1: TRCCLK input rising edge
11 0: fOCO40M
11 1: fOCO-F
b7 CCLR |[TRC counter clear select bit 0: Disable clear (free-running operation) R/W
1: Clear TRC counter by input capture or by compare
match in TRCGRA

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.

19.2.4 Timer RC Interrupt Enable Register (TRCIER)
Address 0122h

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol| OVIE | — | — | — | IMIED | 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: Disable interrupt (IMIA) by the IMFA bit R/W
enable bit A 1: Enable interrupt (IMIA) by the IMFA bit
bl IMIEB |Input capture/compare match interrupt 0: Disable interrupt (IMIB) by the IMFB bit R/W
enable bit B 1: Enable interrupt (IMIB) by the IMFB bit
b2 IMIEC |[Input capture/compare match interrupt 0: Disable interrupt (IMIC) by the IMFC bit R/W
enable bit C 1: Enable interrupt (IMIC) by the IMFC bit
b3 IMIED |Input capture/compare match interrupt 0: Disable interrupt (IMID) by the IMFD bit R/W
enable bit D 1: Enable interrupt (IMID) by the IMFD bit
b4 — Nothing is assigned. If necessary, set to 0. When read, the content is 1. —
b5 —
b6 —
b7 OVIE |Overflow interrupt enable bit 0: Disable interrupt (OVI) by the OVF bit R/W
1: Enable interrupt (OVI) by the OVF bit
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19.2.5 Timer RC Status Register (TRCSR)
Address 0123h

Bit b7 b6 b5 b4 b3 b2 b1l 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 [Source for setting this bit to 0] R/W
bl IMFB |Input capture/compare match flag B Write O after read. () R/W
b2 IMFC  [Input capture/compare match flag C [Source for setting this bit to 1] R/W
b3 IMFD |Input capture/compare match flag D Refer to Table 19.4 Source for Setting Bit of R/W
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 [Source for setting this bit to 0] R/W
Write O after read. (1)
[Source for setting this bit to 1]
Refer to Table 19.4 Source for Setting Bit of
Each Flag to 1.
Note:

1. The writing results are as follows:
* This bit is set to 0 when the read result is 1 and 0 is written to the same bit.
* This bit remains unchanged even if the read result is 0 and 0 is written to the same bit. (This bit remains 1 even
if it is set to 1 from O after reading, and writing 0.)
* This bit remains unchanged if 1 is written to it.

Table 19.4  Source 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 ) | When the values of the registers TRC and TRCGRA match.
IMFB TRCIOB pin input edge 1) | When the values of the registers TRC and TRCGRB match.
IMFC TRCIOC pin input edge (1) | When the values of the registers TRC and TRCGRC match. (2)
IMFD TRCIOD pin input edge (1) | When the values of the registers TRC and TRCGRD match. (2)
OVF When the TRC register overflows.
Notes:
1. Edge selected by bits 10j1 to 10j0 (j = A, B, C, or D).
2. Includes the condition that bits BFC and BFD are set to 1 (buffer registers of registers TRCGRA and TRCGRB).
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19.2.6 Timer RC I/O Control Register 0 (TRCIORO)
Address 0124h
Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol| — | 10B2 | IOB1 | I0BO [ I0A3 | IOA2 [ IOAl IOA0
After Reset 1 0 0 0 1 0 0 0
Bit Symbol Bit Name Function R/W
b0 IOAO0 |TRCGRA control bit Function varies according to the operating mode R/W
b1 IOAT (function). RIW
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 pin input
b4 IOBO |TRCGRB control bit Function varies according to the operating mode R/W
b5 IOB1 (function). RIW
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

2.

3.

TRCIORL1 register to the same value as the 10A2 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 10B2 bit in the TRCIORO register.
The I0A3 bit is enabled when the IOA2 bit is set to 1 (input capture function).

The TRCIORO register is enabled in timer mode. It is disabled in modes PWM and PWM 2.

19.2.7 Timer RC I/O Control Register 1 (TRCIOR1)
Address 0125h

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol| 10D3 | 10D2 | 10D1 | 1ODO [ 10C3 | 10C2 | I0C1 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 IOC1 (function). RIW
b2 IOC2 |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 IODO |TRCGRD control bit Function varies according to the operating mode R/W
b5 IOD1 (function). R/W
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 10A2 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 I0D2 bit in the
TRCIORL1 register to the same value as the 10B2 bit in the TRCIORO register.

The TRCIORL1 register is enabled in timer mode. It is disabled in modes PWM and PWM 2.
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19.2.8 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 b1l b10 b9 b8

Symbol — — — — — — — —

After Reset 0 0 0 0 0 0 0 0
Bit Function Setting Range R/W
b15 to bO|Count a count source. Count operation is incremented. 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.

19.2.9 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
Sympolf — | — | — [ — | = | — | — [ — |

After Reset 1 1 1 1 1 1 1 1

Bit b1l5 bl4 b13 b12 b1l 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.

RO1UH0094EJ0110 Rev.1.10 RENESAS Page 280 of 794
Oct 04, 2010



R8C/38C Group 19. Timer RC
19.2.10 Timer RC Control Register 2 (TRCCRZ2)
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 control 0: TRCIOB output level selected as “L” active R/W
bit B (1) 1: TRCIOB output level selected as “H” active
bl POLC |PWM mode output level control 0: TRCIOC output level selected as “L” active R/W
bit C (1) 1: TRCIOC output level selected as “H” active
b2 POLD [PWM mode output level control 0: TRCIOD output level selected as “L” active R/W
bit D (1) 1: TRCIOD output level selected as “H” active
b3 — Nothing is assigned. If necessary, set to 0. When read, the content is 1. —
b4 —
b5 CSEL |TRC count operation select bit ) [0: Count continues at compare match with the R/W
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: Disable the trigger input from the TRCTRG pin
b7 TCEG1 g 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 the output compare function, PWM mode, or PWM2 mode. For notes on PWM2 mode, refer to

19.9.6 TRCMR Register in PWM2 Mode.
3. Enabled when in PWM2 mode.

19.2.11 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
bl DFB |TRCIOB pin digital filter function select bit @ |1: Function is used R/W
b2 DFC |TRCIOC pin digital filter function select bit () R/W
b3 DFD | TRCIOD pin digital filter function select bit (1) R/W
b4 | DFTRG |TRCTRG pin digital filter function select bit (2) R/W
b5 — Nothing is assigned. If necessary, set to 0. When read, the content is O. —
b6 DFCKO |[Clock select bits for digital filter function (1. 2) bébg: 32 R/IW
b7 DFCK1 01 18 R/W
10:f1
1 1: Count source (clock selected by bits
TCK2 to TCKO 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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19.2.12 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: Enable output RIW

1: Disable output (The TRCIOA pin is used as a
programmable 1/O port.)

bl EB  |TRCIOB output disable bit (1) 0: Enable output RIW
1: Disable output (The TRCIOB pin is used as a
programmable 1/O port.)
b2 EC |TRCIOC output disable bit (1) 0: Enable output RIW

1: Disable output (The TRCIOC pin is used as a
programmable 1/O port.)

b3 ED |TRCIOD output disable bit (1) 0: Enable output RIW

1: Disable output (The TRCIOD pin is used as a
programmable 1/O 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 set to 1 (disable
output) when “L” is applied to the INTO pin)

Note:
1. These bits are disabled for input pins set to the input capture function.

19.2.13 Timer RC Trigger Control Register (TRCADCR)
Address 0133h

Bit b7 b6 b5 b4 b3 b2 b1l 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 bit

o

: A/D trigger disabled R/W

1: A/D trigger generated at compare match with
registers TRC and TRCGRA

: A/D trigger disabled R/W

1: A/D trigger generated at compare match with
registers TRC and TRCGRB

: A/D trigger disabled R/W

1: A/D trigger generated at compare match with
registers TRC and TRCGRC

: A/D trigger disabled R/W

1: A/D trigger generated at compare match with

registers TRC and TRCGRD

bl |ADTRGBE |A/D trigger B enable bit

o

b2 |ADTRGCE |A/D trigger C enable bit

o

o

b3 |ADTRGDE |A/D trigger D enable bit

b4 — Nothing is assigned. If necessary, set to 0. When read, the content is 0. —
b5 —
b6 —
b7 —
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19.2.14 Timer RB/RC Pin Select Register (TRBRCSR)
Address 0181h

Bit b7 b6 b5 b4 b3 b2 b1l bo
Symbol | — |TRCCLKSEL2| TRCCLKSEL1 | TRCCLKSELO | — | — — |TRBOSELO

After Reset 0 0 0 0 0 0 0 0

Bit Symbol Bit Name Function R/W

b0 TRBOSELO |[TRBO pin select bit 0: P1_3 assigned R/W

1: P3_1 assigned

bl — Reserved bit Set to 0. R/W

b2 — Nothing is assigned. If necessary, set to 0. When read, the content is 0. —

b3 —

b4 |TRCCLKSELO|TRCCLK pin select bit b6 b5 b4 . R/W

b5 |[TRCCLKSELL 8 8 (1)3 ;'fcdfcésiig'r:‘e?t used RIW

b6 |TRCCLKSEL2 oo R/W

01 0: P3_3 assigned
1 00: P5_0 assigned
Other than above: Do not set.
b7 — Nothing is assigned. If necessary, set to 0. When read, the content is 0. —

The TRBRCSR register selects which pin is assigned to the timer RB and timer RC 1/O. To use the 1/O pin for
timer RB and timer RC, set thisregister.

Set the TRBOSELO bit before setting the timer RB associated registers. Set bits TRCCLKSELO to
TRCCLKSEL2 before setting the timer RC associated registers. Also, do not change the setting values of the
TRBOSELO bit during timer RB operation. Do not change the setting values of bits TRCCLKSELDO to
TRCCLKSEL2 during timer RC operation.
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19.2.15 Timer RC Pin Select Register 0 (TRCPSRO)
Address 0182h

Bit b7 b6 b5 b4 b3 b2 b1l b0
Symbol | — |TRCIOBSEL2|TRCIOBSEL1|TRCIOBSELO| — |TRCIOASEL2 TRCIOASEL1|TRCIOASELO
After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 |[TRCIOASELO |[TRCIOA/TRCTRG pin select bit b2b1b0 A/ ) q R/W
bl | TRCIOASELL 8 8 (1); ;Tcl'zssgsfég% pin not use RIW
b2 | TRCIOASEL2 010 P0:0 assigned R/W
01 1: PO_1 assigned
1 00: PO_2 assigned
101: P5_1 assigned
Other than above: Do not set.
b3 — Nothing is assigned. If necessary, set to 0. When read, the content is 0. —
b4 | TRCIOBSELO | TRCIOB pin select bit bgbglg_ TRCIOB bi q R/W
b5 | TRCIOBSELL 001 P12 assﬁ’"r‘]:gt use RIW
b6 | TRCIOBSEL2 on 9 R/W

01 0: PO_3 assigned
01 1: PO_4 assigned
1 00: PO_5 assigned
10 1: P2_0 assigned
11 0: P6_5 assigned
111:P5_2 assigned
b7 — Nothing is assigned. If necessary, set to 0. When read, the content is 0. —

The TRCPSRO register selects which pin is assigned to the timer RC I/O. To use the 1/0 pin for timer RC, set
this register.

Set the TRCPSRO register before setting the timer RC associated registers. Also, do not change the setting value
in this register during timer RC operation.
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19.2.16 Timer RC Pin Select Register 1 (TRCPSR1)
Address 0183h
Bit b7 b6 b5 b4 b3 b2 b1l b0
Symbol | — |TRCIODSEL2|TRCIODSEL1|TRCIODSELO| — |TRCIOCSEL2 TRCIOCSEL1|TRCIOCSELO
After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 |TRCIOCSELO |TRCIOC pin select bit b2b1 b0 ] q R/W
bl |[TRCIOCSELT 8 8 (1); ;Tcaligs%?\:;t use RIW
b2 |TRCIOCSEL2 010 P3:4 assigned R/W
01 1: PO_7 assigned
100: P2_1 assigned
10 1: P6_6 assigned
11 0: P5_3 assigned
Other than above: Do not set.
b3 — Nothing is assigned. If necessary, set to 0. When read, the content is 0. —
b4 | TRCIODSELO |TRCIOD pin select bit b6 b5 b4 . q R/W
b5 | TRCIODSELL 8 8 (1)j ;T%‘ggsgge”;t use RIW
b6 |TRCIODSEL2 010 P3:5 assigned R/W
01 1: PO_6 assigned
10 0: P2_2 assigned
101: P6_7 assigned
11 0: P5_4 assigned
Other than above: Do not set.
b7 — Nothing is assigned. If necessary, set to 0. When read, the content is 0. —

The TRCPSR1 register selects which pin is assigned to the timer RC I/O. To use the I/O pin for timer RC, set
this register.
Set the TRCPSR1 register before setting the timer RC associated registers. Also, do not change the setting value
in this register during timer RC operation.
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19.3 Common Items for Multiple Modes

19.3.1 Count Source

The method of selecting the count source is common to all modes.
Table 19.5 lists the Count Source Selection and Figure 19.2 shows a Count Source Block Diagram.

Table 19.5 Count Source Selection

Count Source Selection Method
f1, f2, f4, 18, f32 Count source selected using bits TCK2 to TCKO in TRCCR1 register
fOCO40M FRAOQO bit in FRAO register set to 1 (high-speed on-chip oscillator on)
fOCO-F Bits TCK2 to TCKO in TRCCRL1 register are set to 110b (fOCO40M)

Bits TCK2 to TCKO in TRCCRL1 register are set to 111b (fOCO-F)

External signal input | Bits TCK2 to TCKO in TRCCRL1 register are set to 101b (count source is rising
to TRCCLK pin edge of external clock) and the corresponding direction bit in the corresponding
direction register is set is set to 0 (input mode)

TCK2 to TCKO

fl

=000b

o = 001b

“ = 010b ~

8 =011b O Count source TRC register

@2 = 100b
TRCCLK () =101b
fOCO40M =110b
fOCO-F QP-1110

TCK2 to TCKO: Bits in TRCCRL1 register

Figure 19.2 Count Source Block Diagram

The pulse width of the external clock input to the TRCCLK pin should be three cycles or more of the timer RC
operation clock (refer to Table 19.1 Timer RC Operation Clock).

To select fOCO40M or fOCO-F as the count source, set the FRAQOO 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 (fOCO40M) or 111b
(FOCO-F).
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19.3.2 Buffer Operation

Bits BFC and BFD in the TRCMR register are used to select the TRCGRC or TRCGRD register as the buffer
register for the TRCGRA or TRCGRB register.

« Buffer register for TRCGRA register: TRCGRC register

« Buffer register for TRCGRB register: TRCGRD register

Buffer operation differs depending on the mode.

Table 19.6 lists the Buffer Operation in Each Mode, Figure 19.3 shows the Buffer Operation for Input Capture
Function, and Figure 19.4 shows the Buffer Operation for Output Compare Function.

Table 19.6 = Buffer Operation in Each Mode

Function, Mode Transfer Timing Transfer Destination Register
Input capture function Input capture signal input Contents of TRCGRA (TRCGRB)
register are transferred to buffer
register
Output compare function | Compare match between TRC Contents of buffer register are
register and TRCGRA (TRCGRB) transferred to TRCGRA (TRCGRB)
PWM mode register register
PWM2 mode e Compare match between TRC Contents of buffer register (TRCGRD)
register and TRCGRA register are transferred to TRCGRB register
*« TRCTRG pin trigger input

TRCIOA input o
(input capture signal) L\
TRCQRC TRCQRA TRC
register | register
TRCIOA input
i
TRC register n-1 X n X n+l
i
\ Transfer
TRCGRA register m X RN n
\:\ Transfer
TRCGRC register X A m
(buffer)
The above applies under the following conditions:
* The BFC bit in the TRCMR register is set to 1 (the TRCGRC register functions as the buffer register for the TRCGRA register).
« Bits IOA2 to IOAOQ in the TRCIORO register are set to 100b (input capture at the rising edge).

Figure 19.3 Buffer Operation for Input Capture Function
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TRCGRC
register

Compare match signal

TRCGRA

. —» Comparator [«—
register

TRC

TRC register

m+1

TRCGRA register

b. 4

Transfer

T T e T T T e

TRCGRC register
(buffer)

TRCIOA output

The above applies under the following conditions:
* The BFC bit in the TRCMR register is set to 1 (the TRCGRC register functions as the buffer register for the TRCGRA register).
« Bits IOA2 to IOAOQ in the TRCIORO register are set to 001b (“L” output by compare match).

Figure 19.4 Buffer Operation for Output Compare Function

Make the following settings in timer mode.

 To usethe TRCGRC register as the buffer register for 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 for the TRCGRB register:

Set the I0D2 bit in the TRCIOR1 register to the same value as the I0B2 bit in the TRCIORO register.

The output compare function, PWM mode, or PWM2 mode, and the TRCGRC or TRCGRD register is
functioning as a buffer register, the IMFC bit or IMFD bit in the TRCSR register is set to 1 when a compare
match with the TRC register occurs.
The input capture function and the TRCGRC register or TRCGRD register is functioning as a buffer register,
the IMFC bit or IMFD bit inthe TRCSR register isset to 1 at theinput edge of asignal input to the TRCIOC pin

or TRCIOD pin.
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19.3.3 Digital Filter
Theinput to TRCTRG or TRCIOQj (j = A, B, C, or D) is sampled, and the level is considered to be determined
when three matches occur. The digitd filter function and sampling clock are selected using the TRCDF register.
Figure 19.5 shows a Digital Filter Block Diagram.

f1

TCK2 to TCKO DFCK1 to DFCKO
= 000b =00b

=001b f32
2 ————0 =01b
- 8 ——O
“ =010b — 100
1l —0
s =oub = 11bs

fOCO40M

fOCO-F

32 = 100b O
TRCCLK (O)——=1010 5

Count source

=110b

=111b ?

TRCIOj input signal
(or TRCTRG input
signal)

Sampling clock

(or TCEGL to TCEGO)

DFj (or DFTRG)

1
—-o0
Match detect
circuit
0

Timer RC operation clock
1 or fOCO40M

Clock cycle selected by
TCK2 to TCKO
(or DFCK1 to DFCKO)

10A2 to IOA0
10B2 to I0BO
10C2 to I0CO
10D2 to IODO

Edge detect
circuit

Sampling clock

' 1
| 1
i i
TRCIOj input signal H H
(or TRCTRG input signal)

Input signal after passing N el

]
1
a
O

¢--

Three matches occur and a
signal change is confirmed.

]
1

o
) |

through digital filter ~N—_ 7 ~N—_ 7

Maximum signal transmission
delay is five sampling clock
pulses.

If fewer than three matches occur,
the matches are treated as noise
and no transmission is performed.

j=A,B,C,orD

TCKO to TCK2: Bits in TRCCR1 register

DFTRG, DFCKO to DFCK1, DFj: Bits in TRCDF register
I0OAO0 to I0A2, I0BO to I0B2: Bits in TRCIORO register
10CO0 to I0C2, I10DO to I0D2: Bits in TRCIOR1 register
TCEG1 to TCEGO: Bits in TRCCR?2 register

L

Figure 19.5

Digital Filter Block Diagram
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19.3.4 Forced Cutoff of Pulse Output

When using the timer mode’ s output compare function, the PWM mode, or the PWM2 mode, pul se output from
the TRCIQj (j = A, B, C, or D) output pin can be forcibly cut off and the TRCIQOj 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, the PWM mode, or the PWM2 mode can be
set to function as the timer RC output pin by setting the Ej bit in the TRCOER register to 0 (timer RC output
enabled). If “L” isinput to the INTO pin while the PTO hit in the TRCOER register is set to 1 (pulse output
forced cutoff signal input INTO enabled), bits EA, EB, EC, and ED in the TRCOER register are all set to 1
(timer RC output disabled, TRCIQj output pin functions as the programmable 1/0 port). When one or two
cycles of the timer RC operation clock after “L” input to the INTO pin (refer to Table 19.1 Timer RC
Operation Clock) has elapsed, the TRCIOj output pin becomes a programmable /O port.

Make the following settings to use this function:

* Set the pin state following forced cutoff of pulse output (high impedance (input), “L” output, or “H” output)
(referto 7. 1/0 Ports).

+ Set the INTOEN bit in the INTEN register to 1 (INTO input enabled) and the INTOPL bit to O (one edge), and
set the POL hit in the INTOIC register to O (falling edge selected).

* Set the PD4 5 hit in the PD4 register to O (input mode).

+ Select the INTO digital filter by bits INTOF1 to INTOFO in the INTF register.

* Set the PTO bit in the TRCOER register to 1 (pulse output forced cutoff signal input INTO enabled).

ThelR bit inthe INTOIC register is set to 1 (interrupt requested) in accordance with the setting of the POL bitin
the INTOIC register and the INTOPL bit in the INTEN register, and achangein the INTO pin input (refer to 11.8
Noteson Interrupts).

For details on interrupts, refer to 11. Interrupts.
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. EA bit
EA bit D
write value Q
INTO input O—— \ Timer RC
| / S output data TRCIOA
PTO bit Port P1_1
output data
Port P1_1
input data
. EB bit
EB bit D
write value Q \L\
Timer RC
S output data O TRCIOB
Port P1_2
output data
Port P1_2
_ input data
EChbit __ = EC bit
write value Q
Timer RC
S output data”~ | TRCIOC
Port P3_4
output data
Port P3_4
input data
. ED bit
ED bit D
write value Q
S Timer RC _| TRCIOD
output data
Port P3_5
output data
Port P3_5
input data
EA, EB, EC, ED, PTO: Bits in TRCOER register
Figure 19.6 Forced Cutoff of Pulse Output
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19.4 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 contents 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.
The TRCGRA register can also select fOCQO128 signal as input-capture trigger input.

Table 19.7 lists the Input Capture Function Specifications, Figure 19.7 shows a Block Diagram of Input Capture
Function, Table 19.8 lists the Functions of TRCGR] Register when Using Input Capture Function, and Figure 19.8
shows an Operating Exampl e of Input Capture Function.

Table 19.7  Input Capture Function Specifications

Item Specification
Count source f1, 2, f4, 18, 32, fOCO40M, fOCO-F
External signal input to TRCCLK pin (rising edge)
Count operation Increment
Count period * The CCLR bit in the TRCCRL register is set to 0 (free running operation):

1/fk x 65,536 fk: Count source frequency
* The CCLR bit in the TRCCRL1 register is set to 1 (TRC register set to
0000h at TRCGRA input capture):
1/fk x (n+1)
n: TRCGRA register setting value
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 count stops.
Interrupt request generation |« Input capture (valid edge of TRCIQj input or fOC0128 signal edge)
timing * The TRC register overflows.
TRCIOA, TRCIOB, TRCIOC, | Programmable 1/O port or input capture input (selectable individually for
and TRCIOD pin functions | each 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 valid edge selection
Rising edge, falling edge, or both rising and falling edges
« Buffer operation (refer to 19.3.2 Buffer Operation)
« Digital filter (refer to 19.3.3 Digital Filter)
« Timing for setting the TRC register to 0000h
Overflow or input capture
« Input-capture trigger selected
fOCO128 can be selected for input-capture trigger input of the TRCGRA
register.

j=A,B,C,orD
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fOCO128

I0OA3 =0

(Note 3) Input capture signal
I0A3 =1
TRCGRA
(Note 1) register

TRCGRC
register

Input capture signal

Input capture signal

fOCO-S or Divided
fOCO-F by 128
O Edge
TRCIOA selection
C Edge
TRCIOC selection
C Edge
TRCIOB selection
C Edge
TRCIOD selection

(Note 2)

TRCGRB
register

TRCGRD
register

s

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 fOC0O128 signal.

Input capture signal

TRC register

> g

Figure 19.7

Block Diagram of Input Capture Function
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19.4.1 Timer RC I/O Control Register 0 (TRCIORO) for Input Capture Function
Address 0124h

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol | — | IOB2 | 10B1 | I0BO | IOA3 | I0A2 | I0A1 | I0A0 |
After Reset 1 0 0 0 1 0 0 0
Bit Symbol Bit Name Function R/W
b0 IOA0 [TRCGRA control bit b1 b0 ] R/W
b1 OAT 00: Input 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 (@) Set to 1 (input capture) in the input capture function. | R/IW
b3 IOA3 |TRCGRA input capture input switch [0: fOC0O128 signal R/W
bit 3 1: TRCIOA pin input
b4 IOBO [TRCGRB control bit b5 b4 . R/W
b5 OB1 00: Ipput 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 (input capture) in 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
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 I0D2 bit in the
TRCIORL1 register to the same value as the 10B2 bit in the TRCIORO register.
3. The IOA3 bit is enabled when the IOA2 bit is set to 1 (input capture function).
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19.4.2 Timer RC I/O Control Register 1 (TRCIOR1) for Input Capture Function
Address 0125h

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol| 10D3 | 10D2 | IOD1 | IODO | I0C3 | I0C2 | I0C1 | 10CO |
After Reset 1 0 0 0 1 0 0 0
Bit Symbol Bit Name Function R/W
b0 IOCO |TRCGRC control bit b1 b0 h ] he fisi R/W
b1 OC1 00: I:é);;capture 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 IOC2 |TRCGRC mode select bit (1) Set to 1 (input capture) in the input capture function. R/W
b3 IOC3 |TRCGRC register function select |Setto 1. R/W
bit
b4 IOD0 |TRCGRD control bit bSbd h ) he risi R/W
b5 OD1 00: Iené);(tecapture 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 (2) Set to 1 (input capture) in the input capture function. R/W
b7 IOD3 |TRCGRD register function select |Setto 1. R/W
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 I0A2 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 I0D2 bit in the
TRCIORL1 register to the same value as the IOB2 bit in the TRCIORO register.

Table 19.8  Functions of TRCGRj Register when Using Input Capture Function

. . . . Input Capture
Register Setting Register Function plnput Fr’Jin

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 at input capture. TRCIOD
TRCGRC BFC=1 Buffer registers. Can be used to hold transferred value from |TRCIOA
TRCGRD BED = 1 the general register (refer to 19.3.2 Buffer Operation). TRCIOB
j=A,B,C,orD
BFC, BFD: Bits in TRCMR register
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19.4.3 Operating Example

TRCCLK input
count source

TRC register
count value

FFFFh

0009h

0006h

0000h

TSTART bitin
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TRCGRA register

TRCGRC register
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1
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1
[]
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1
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) J

B

) 65536
.;
; !
, N IX \ X 0009h
i \:\Transfer \:\Transfer
X\ X‘OOOGh

—

A

The above applies under the following conditions:
» The CCLR bit in the TRCCRL1 register is set to 1 (Clear TRC counter by input capture).

* Bits TCK2 to TCKO in the TRCCRL1 register are set to 101b (the count source is TRCCLK input).
* Bits IOA2 to IOAO 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 (the TRCGRC register functions as the buffer register for the TRCGRA register).

a

—‘/Set to 0 by a program

Figure 19.8

Operating Example of Input Capture Function
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19.5 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 individual pin.

Table 19.9 lists the Output Compare Function Specifications, Figure 19.9 shows a Block Diagram of Output
Compare Function, Table 19.10 lists the Functions of TRCGRj Register when Using Output Compare Function,
and Figure 19.10 shows an Operating Example of Output Compare Function.

Table 19.9  Output Compare Function Specifications

Item Specification
Count source f1, 2, f4, 18, £32, fOCO40M, fOCO-F
External signal input to TRCCLK pin (rising edge)
Count operation Increment
Count period e The CCLR bitin the TRCCRL1 register is set to 0 (free running operation):

1/fk x 65,536 fk: Count source frequency
* The CCLR bit in the TRCCRL1 register is set to 1 (TRC register set to 0000h at
TRCGRA compare match):
1/fk x (n+1)
n: TRCGRA register setting value

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 TRCGRA).
0 (count stops) is written to the TSTART bit in the TRCMR register.
The output compare output pin retains output level before count stops, the
TRC register retains a value before count stops.

* When the CSEL bit in the TRCCR2 register is set to 1 (count stops at compare
match with TRCGRA register).
The count stops at the 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 generation |« Compare match (contents of registers TRC and TRCGRj match)

timing * The TRC register overflows.

TRCIOA, TRCIOB, TRCIOC, |Programmable I/O port or output compare output (selectable individually for
and TRCIOD pin functions | each 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 < Output compare output pin selection

One or more of pins TRCIOA, TRCIOB, TRCIOC, and TRCIOD
« Compare match output level selection
“L” output, “H” output, or toggle output
« Initial output level selection
Sets output level for period from count start to compare match
« Timing for setting the TRC register to 0000h
Overflow or compare match with the TRCGRA register
« Buffer operation (refer to 19.3.2 Buffer Operation)
* Pulse output forced cutoff signal input (refer to 19.3.4 Forced Cutoff of Pulse
Output)
e Can be used as an internal timer by disabling 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 ooy [
Output Compare match signal
TRCIOC O ool [
Output | Compare match signal
TRCIOB O control I
Output Compare match signal
TRCIOD O conol [

Figure 19.9 Block Diagram of Output Compare Function
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19.5.1 Timer RC Control Register 1 (TRCCR1) for Output Compare Function
Address 0121h

Bit b7 b6 b5 b3 b2 bl b0
Symbol | CCLR | TCK2 | TCK1 | TCKO | TOD | TOC | TOB | TOA |
After Reset 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 “L” R/W
bl TOB | TRCIOB output level select bit (. 2 |1: Initial output “H” RIW
b2 TOC |TRCIOC output level select bit (1. 2) R/W
b3 TOD |TRCIOD output level select bit (2. 2) RIW
b4 TCKO |Count source select bit (1) bgbg *6‘ i R/W
b5 TCK1 00 1 f R/W
b6 TCK2 010 f4 R/W
011:f8
100:f32
10 1: TRCCLK input rising edge
11 0: fOCO40M
11 1: fOCO-F 3
b7 CCLR |[TRC counter clear select bit 0: Disable clear (free-running operation) R/W
1: Clear by compare match in the TRCGRA register

Notes:

1. Setto these bits when the TSTART bit in the TRCMR register is set to O (count stops).

2. If the pin function is set for waveform output (refer to 7.5 Port Settings), the initial output level is output when the
TRCCRI1 register is set.
3. To select fOCO-F, set it to the clock frequency higher than the CPU clock frequency.

Table 19.10 Functions of TRCGRj Register when Using Output Compare Function

. . . . Output Compare

Register Setting Register Function (gutput Pi?]
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 19.3.2 Buffer Operation). TRCIOB
j=A,B,C,orD

BFC, BFD: Bits in TRCMR register
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19.5.2 Timer RC I/O Control Register 0 (TRCIORO) for Output Compare Function
Address 0124h

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol | — | IOB2 | 10B1 | I0BO | IOA3 | I0A2 | I0A1 | I0A0 |
After Reset 1 0 0 0 1 0 0 0
Bit Symbol Bit Name Function R/W
b0 IOA0 [TRCGRA control bit b1bO ] ] R/W
b1 OAT 00: Dlsaple pin output by compare match (TRCIOA pin RIW
functions as the programmable 1/O port)
0 1: “L” output by compare match in the TRCGRA
register
1 0: “H” output by compare match in the TRCGRA
register
1 1: Toggle output by compare match in the TRCGRA
register
b2 IOA2 |TRCGRA mode select bit (1) Set to O (output compare) in the output compare R/W
function.
b3 IOA3 |TRCGRA input capture input Set to 1. R/W
switch bit
b4 IOBO |[TRCGRB control bit b5ba . . R/W
b5 OB1 00: Dlsat_ale pin output by compare match (TRCIOB pin RIW
functions as the programmable 1/O port)
0 1: “L” output by compare match in the TRCGRB
register
1 0: “H” output by compare match in the TRCGRB
register
1 1: Toggle output by compare match in the TRCGRB
register
b6 IOB2 |TRCGRB mode select bit (2) Set to 0 (output compare) in the output compare R/W
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
theTRCIORL1 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 I0D2 bit in the
TRCIORL1 register to the same value as the 10B2 bit in the TRCIORO register.
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19.5.3 Timer RC I/O Control Register 1 (TRCIOR1) for Output Compare Function
Address 0125h

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol | 10D3 | 10D2 | IOD1 | I0ODO | I0C3 | I0C2 | I0C1 | 10CO |
After Reset 1 0 0 0 1 0 0 0
Bit Symbol Bit Name Function R/W
bo 10C0 | TRCGRC control bit b(1)b8' Disable pin output by compare match RIW
bl 10C1 0 1: “L” output by compare match in the TRCGRC RIW
register
1 0: “H” output by compare match in the TRCGRC
register
1 1: Toggle output by compare match in the TRCGRC
register
b2 IOC2 |TRCGRC mode select bit (1) Set to O (output compare) in the output compare R/W
function.
b3 IOC3 |TRCGRC register function select |0: TRCIOA output register R/W
bit 1: General register or buffer register
ba 10D0_|TRCGRD control bit b(s)bcl)l' Disable pin output by compare match RIW
b5 10D1 0 1: “L” output by compare match in the TRCGRD RIW
register
1 0: “H” output by compare match in the TRCGRD
register
1 1: Toggle output by compare match in the TRCGRD
register
b6 IOD2 |TRCGRD mode select bit (2) Set to O (output compare) in the output compare R/W
function.
b7 IOD3 |TRCGRD register function select |0: TRCIOB output register R/W
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 IOC2 bit in
theTRCIORL1 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 IOB2 bit in the TRCIORO register.
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19.5.4 Timer RC Control Register 2 (TRCCR2) for 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 control 0: TRCIOB output level selected as “L” active R/W
bit B (1) 1: TRCIOB output level selected as “H” active
bl POLC |PWM mode output level control 0: TRCIOC output level selected as “L” active R/W
bit C (1) 1: TRCIOC output level selected as “H” active
b2 POLD [PWM mode output level control 0: TRCIOD output level selected as “L” active R/W
bit D (1) 1: TRCIOD output level selected as “H” active
b3 — Nothing is assigned. If necessary, set to 0. When read, the content is 1. —
b4 —
b5 CSEL |TRC count operation select bit ) [0: Count continues at compare match with the R/W
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: Disable the trigger input from the TRCTRG pin
b7 TCEG1 g 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 the output compare function, PWM mode, or PWM2 mode. For notes on PWM2 mode, refer to

19.9.6 TRCMR Register in PWM2 Mode.
3. Enabled when in PWM2 mode.
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19.5.5

Operating Example

IMFA bit in TRCSR

TRC register value

Mpemccccc e cc e e e cc e

Count
restarts

Count
stops

TSTART bit in
TRCMR register

A

m+1

TRCIOA output

Initial output “L”

A

register

RS RN g QD P
—
1
1

Output level held

¥

o
S

Output inverted at
compare match

n+l

Set to 0 by a program Output level held

TRCIOB output

A
Y

-

Initial output “L”
IMFB bit in
TRCSR register

“H” output by
compare match

P+l

|

TRCIOC output / /

“L” output by compare match

\‘1\»\

~—

Set to 0 by é program

i
1
: Output level held

T

Initial output “H”

IMFC bit in
TRCSR register

‘:( Y
1

T~

The above applies under the following conditions:

« Bits BFC and BFD in the TRCMR register are set to 0 (TRCGRC and TRCGRD do not operate as buffers).

« Bits EA, EB, and EC in the TRCOER register are set to 0 (output from TRCIOA, TRCIOB, and TRCIOC enabled).

* The CCLR bit in the TRCCRL1 register is set to 1 (set the TRC register to 0000h by TRCGRA compare match).

« In the TRCCRL1 register, bits TOA and TOB are set to 0 (“L” initial output until compare match) and the TOC bit is set to 1 (“H” initial

output until compare match).

« Bits IOA2 to IOAO0 in the TRCIORO register are set to 011b (TRCIOA output inverted at TRCGRA compare match).
« Bits I0B2 to I0BO in the TRCIORO register are set to 010b (“H” TRCIOB output at TRCGRB compare match).
 Bits IOC2 to I0C2 in the TRCIORL register are set to 001b (“L” TRCIOC output at TRCGRC compare match).

« The CSEL bit in the TRCCR2 register is set to 0 (TRC count continues after TRCGRA compare match).

Set to 0 by a program

J ———

m: TRCGRA register setting value
n: TRCGRB register setting value
p: TRCGRC register setting value

Figure 19.10 Operating Example of Output Compare Function
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19.5.6 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. Therefore, each pin output can be controlled as follows:

» TRCIOA output is controlled by the valuesin registers TRCGRA and TRCGRC.
» TRCIOB output is controlled by the valuesin registers TRCGRB and TRCGRD.

Change output pinsin registers TRCGRC and TRCGRD as follows:

* Set the IOC3 hit in the TRCIOR1 register to 0 (TRCIOA output register) and set the I0D3 bit to 0 (TRCIOB

output register).

* Set bits BFC and BFD in the TRCMR register to 0 (general register).
* Set different valuesin registers TRCGRC and TRCGRA. Also, set different valuesin registers TRCGRD and

TRCGRB.

Figure 19.12 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
_ Compare match signal
TRCIOA O Output |
control 10C3=0in
TRCIORL register l—>| Comparator |<—| TRCGRA |
Compare match signal
Output
TRCIOC O control QO loc3=1
1—>| Comparator |<—| TRCGRC |
_ Compare match signal
TRCIOB O Output |
control I0D3 =0 in
TRCIORL register 1—>| Comparator |<—| TRCGRB |
Compare match signal
Output
TRCIOD (O control [€—Q1003=1
—>| Comparator |<—| TRCGRD |
Figure 19.11 Changing Output Pins in Registers TRCGRC and TRCGRD
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Value in TRC register

FFFFh

Mpeeeecc e cccccccccccccce e ae

0000h

Initial output “L"
TRCIOA output }

Output inverted by compare match

pi

IMFA bit in
TRCSR register

Set to 0 by a program

—

Set to 0 by a program
¥

IMFC bit in
TRCSR register

Initial output “L”
TRCIOB output %

W,

Output inverted by compare match

—
f £

Set to 0 by a program Set to 0 by a program

W% ¥

IMFB bit in
TRCSR register

IMFD bit in
TRCSR register

-

m: Value set in TRCGRA register
n: Value set in TRCGRC register
p: Value set in TRCGRB register
g: 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 register).

« Bits EA and EB in the TRCOER register are set to 0 (enable TRCIOA and TRCIOB pin outputs).

« The CCLR bit in the TRCCRL1 register are set to 1 (set the TRC register to 0000h by compare match in the TRCGRA register).
« Bits TOA and TOB in the TRCCRL register are set to O (initial output “L” to compare match).

« Bits IOA2 to IOAO in the TRCIORO register are set to 011b (TRCIOA output inverted at TRCGRA register compare match).
« Bits I0B2 to IOBO in the TRCIORO register are set to 011b (TRCIOB output inverted at TRCGRB register compare match).
« Bits IOC2 to I0CO in the TRCIORL register are set to 011b (TRCIOA output inverted at TRCGRC register compare match).
« The 10C3 bit in the TRCIOR1 register are set to 0 (TRCIOA output register).

« Bits IOD2 to 10DO in the TRCIORL register are set to 011b (TRCIOB output inverted at TRCGRD register compare match).
« The 10D3 bit in the TRCIOR1 register are set to 0 (TRCIOB output register).

« The CSEL bit in the TRCCR2 register are set to 0 (TRC continues counting after compare match).

Figure 19.12 Operating Example When TRCGRC Register is Used for Output Control of TRCIOA

Pin and TRCGRD Register is Used for Output Control of TRCIOB Pin
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19.6 PWM Mode

This mode outputs PWM waveforms. A maximum of three PWM waveforms with the same period are outpuit.
The PWM mode, or the timer mode, can be selected for each individual pin. (However, since the TRCGRA register
is used when using any pin for the PWM mode, the TRCGRA register cannot be used for the timer mode.)

Table 19.11 lists the PWM Mode Specifications, Figure 19.13 shows a PWM Mode Block Diagram, Table 19.12
lists the Functions of TRCGRh Register in PWM Mode, and Figures 19.14 and 19.15 show Operating Examples of

PWM Mode.

Table 19.11 PWM Mode Specifications

Item

Specification

Count source

f1, f2, f4, 18, £32, fOCO40M, fOCO-F
External signal input to TRCCLK pin (rising edge)

Count operation

Increment

PWM waveform

PWM period: 1/fk x (m+1)
Active level width: 1/fk x (m-n)
Inactive width: 1/fk x (n+1)
fk: Count source frequency
m: TRCGRA register setting value
n: TRCGRj register setting value

—

-
n+1 m-n

m+1

.

(“L" is active level)

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 TRCGRA).
0 (count stops) is written to the TSTART bit in the TRCMR register.
PWM output pin retains output level before count stops, TRC register
retains value before count stops.

*When the CSEL bit in the TRCCR2 register is set to 1 (count stops at
compare match with TRCGRA register).
The count stops at the 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 (contents of registers TRC and TRCGRh match)
* The TRC register overflows.

TRCIOA pin function

Programmable 1/O port

TRCIOB, TRCIOC, and
TRCIOD pin functions

Programmable I/O port or PWM output (selectable individually for each 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 output pins
One or more of pins TRCIOB, TRCIOC, and TRCIOD

* Active level selectable for each pin

« Initial level selectable for each pin

« Buffer operation (refer to 19.3.2 Buffer Operation)

« Pulse output forced cutoff signal input (refer to 19.3.4 Forced Cutoff of
Pulse Output)

« A/D trigger generation
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TRC

Compare match signal

TRCIOB O—— l—>| 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 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)

Figure 19.13 PWM Mode Block Diagram
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19.6.1 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 () Disabled in PWM mode R/W
bl TOB |TRCIOB output level select bit (1, 2) |0: Initial output selected as non-active level R/W
b2 TOC [TRCIOC output level select bit (1. 2) 1: Initial output selected as active level RIW
b3 TOD |TRCIOD output level select bit (2. 2) RIW
b4 TCKO |Count source select bit (1) bgbg ‘8‘ i R/W
b5 TCK1 00 1: . R/W
b6 TCK2 01014 R/W
011:f8
100:f32
10 1: TRCCLK input rising edge
11 0: fOCO40M
11 1: fOCO-F (3
b7 CCLR |[TRC counter clear select bit 0: Disable clear (free-running operation) R/W
1: Clear by compare match in the TRCGRA register
Notes:

1. Setto these bits when the TSTART bit in the TRCMR register is set to O (count stops).
2. If the pin function is set for waveform output (refer to 7.5 Port Settings), the initial output level is output when the

TRCCRI1 register is set.
3. To select fOCO-F, set it to the clock frequency higher than the CPU clock frequency.
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19.6.2 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 control 0: TRCIOB output level selected as “L” active R/W
bit B (1) 1: TRCIOB output level selected as “H” active
bl POLC |PWM mode output level control 0: TRCIOC output level selected as “L” active R/W
bit C (D) 1: TRCIOC output level selected as “H” active
b2 POLD [PWM mode output level control 0: TRCIOD output level selected as “L” active R/W
bit D (1) 1: TRCIOD output level selected as “H” active
b3 — Nothing is assigned. If necessary, set to 0. When read, the content is 1. —
b4 —
b5 CSEL |TRC count operation select bit () |0: Count continues at compare match with the R/W
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: Disable the trigger input from the TRCTRG pin
b7 TCEG1 . 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 the output compare function, PWM mode, or PWM2 mode. For notes on PWM2 mode, refer to
19.9.6 TRCMR Register in PWM2 Mode.

3. Enabled when in PWM2 mode.

Table 19.12 Functions of TRCGRh 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 19.3.2 Buffer Operation).
TRCGRD BFD =1 Buffer register. Set the next PWM output change point TRCIOB
(refer to 19.3.2 Buffer Operation).

h=AB,C,orD
BFC, BFD: Bits in TRCMR register
Note:
1. The output level does not change even when a compare match occurs if the TRCGRA register value
(PWM period) is the same as the TRCGRB, TRCGRC, or TRCGRD register value.
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19.6.3 Operating Example

Value in TRC register

TRCIOB output

TRCIOC output

TRCIOD output

IMFA bit in

TRCSR register

IMFB bit in

TRCSR register

IMFC bit in

TRCSR register

IMFD bit in

TRCSR register

m

1 Active level
H

Initial output “L”
A to compare match

e -

ceeeccedeccceqecccccarea==

Initial output “H”
to compare match

/

Active level

W nial output “L”
to compare match

mmetecccccctef cencclaccanaaa

ol

Set to 0 by a program

|

A

—‘ Set to 0 by a program

-

]

A

Set to 0 by a program —‘

]

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 0 (registers TRCGRC and TRCGRD do not operate as buffers).
« Bits EB, EC, and ED in the TRCOER register are set to 0 (output from TRCIOB, TRCIOC, and TRCIOD enabled).

« Bits TOB and TOC in the TRCCRL1 register are set to 0 (inactive level), the TOD bit is set to 1 (active level).

« The POLB bit in the TRCCR2 register is set to 1 (‘H” active), bits POLC and POLD are set to 0 (“L” active).

m: TRCGRA register setting value
n: TRCGRB register setting value
p: TRCGRC register setting value
q: TRCGRD register setting value

Figure 19.14 Operating Example of PWM Mode
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TRC register value

0000h

TSTART bitin 1

- TRCIOB output does not switch to “L” because
TRCMR register

no compare match with the TRCGRB register
/ has occurred.

TRCIOB output Duty 0%

"""'6}""' ————

TRCGRB register n X p (p>m) X q

T T
‘&: Rewritten by a program -:/‘
] 1

1
1
1
H
1
1
/ / v
Set to 0 by a program

. Set to 0 by a program
IMFB bit in
TRCSR register /

TRC register value

IMFA bit in
TRCSR register

S gy Sy S,
e A
: i
np===2 { ' 1
H ' 1
| : i
0000h H ' )
T T lJ T T
! ] ] ] | [}
! ] ] ] ] [}
! ] ] ] ] [}
! ] ] ] | '
win 1 1 H t t t t
ng&":ﬁl lljlsttg: H 1 If compare matches occur simultaneously with registers TRCGRA and
g ] ! TRCGRB, the compare match with the TRCGRB register has priority.
: H TRCIOB output switches to “L". (In other words, no change).
— . ;
TRCIOB output ) Duty}100%
& m
] 1 YV\TRCIOB output switches to “L” at compare match with the
: : H TRCGRSB register. (In other words, no change).
TRCGRB register n X m X

™ |
Rewritten by !

,
1
:

IMFA bit in j &program

TRCSR register H
H
]
]

)
-

. ’ 1
SettoO by a progr?m Set to 0 by a program
IMFB bit in }
TRCSR register

m: TRCGRA register setting value

The above applies under the following conditions:
« The EB bit in the TRCOER register is set to 0 (output from TRCIOB enabled).
« The POLB bit in the TRCCR2 register is set to 0 (“L” active).

Figure 19.15 Operating Example of PWM Mode (Duty 0% and Duty 100%)
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19.7 PWM2 Mode

This mode outputs a single PWM waveform. After a given wait duration 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
PWM 2 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 19.16 shows a PWM2 Mode Block Diagram, Table 19.13 lists the PWM2 Mode Specifications, Table 19.14
lists the Functions of TRCGRj Register in PWM2 Mode, and Figures 19.17 to 19.19 show Operating Examples of

PWM2 Mode.
Trigger signal
Compare match signal

TRCTRG C Input Count clear signal (Note 1)

control TRC |——>| Comparator

register
TRCIOB Output [*
control |
Note:

1. The BFD bit in the TRCMR register is set to 1 (the TRCGRD register functions as the buffer register for the TRCGRB register).

Figure 19.16 PWM2 Mode Block Diagram
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Table 19.13 PWM2 Mode Specifications

Iltem

Specification

Count source

f1, f2, f4, 18, f32, fOCO40M, fOCO-F
External signal input to TRCCLK pin (rising edge)

Count operation

Increment TRC register

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: Count source frequency
m: TRCGRA register setting value
n: TRCGRB register setting value
p: TRCGRC register setting value

TRCTRG input
PR - i
v g} |
1 n+l 1 1 n+l ]
———————————————— P e ————————————————— P
: p+la : : p+l1 :
r—p | :4—»1 ]
'
TRCIOB output H l
; i
| e ———————— | g ————————p
'

n-p | 1 n-p |

(TRCTRG: Rising edge, active level is “H")

Count start conditions

* Bits TCEGL1 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 setto O or 1.
The TRCIOB pin outputs the initial level in accordance with the value of the TOB bit
in the TRCCRL1 register. The TRC register retains the value before count stops.
 The count stops due to 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
count stops if the CCLR bit in the TRCCR1 register is set to 0. The TRC register is
set to 0000h if the CCLR bit in the TRCCRL1 register is set to 1.

Interrupt request
generation timing

» Compare match (contents of TRC and TRCGR;j registers match)
» The TRC register overflows

TRCIOA/TRCTRG pin

Programmable 1/O port or TRCTRG input

TRCIOD pin functions

function
TRCIOB pin function | PWM output
TRCIOC and 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 valid 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 19.3.2 Buffer Operation)

* Pulse output forced cutoff signal input (refer to 19.3.4 Forced Cutoff of Pulse
Output)

« Digital filter (refer to 19.3.3 Digital Filter)

« A/D trigger generation

j=A,B,orC
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19.7.1 Timer RC Control Register 1 (TRCCR1) in PWM2 Mode
Address 0121h

Bit b7 b6 b5 b4 b3 b2 b1l 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 () Disabled in PWM2 mode R/W
bl TOB | TRCIOB output level select bit (1.2)  |0: Active level “H” RIW

(Initial output “L”

“H” output by compare match in the TRCGRC
register

“L” output by compare match in the TRCGRB
register)

1: Active level “L”
(Initial output “H”
“L” output by compare match in the TRCGRC

register
“H” output by compare match in the TRCGRB
register)
b2 TOC |TRCIOC output level select bit (1) Disabled in PWM2 mode RIW
b3 TOD |TRCIOD output level select bit (1) R/W
b4 TCKO |Count source select bit (1) bg bg ‘8‘_ (1 R/W
b5 TCK1 00 l: f R/W
b6 TCK2 010 f4 R/W
011:f8
100:f32

10 1: TRCCLK input rising edge
11 0: fOCO40M
111:fOCO-F®3)

b7 CCLR |TRC counter clear select bit 0: Disable clear (free-running operation) R/W
1: Clear by compare match in 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 7.5 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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19.7.2 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 control 0: TRCIOB output level selected as “L” active R/W
bit B (1) 1: TRCIOB output level selected as “H” active
bl POLC |PWM mode output level control 0: TRCIOC output level selected as “L” active R/W
bit C (1) 1: TRCIOC output level selected as “H” active
b2 POLD [PWM mode output level control 0: TRCIOD output level selected as “L” active R/W
bit D (1) 1: TRCIOD output level selected as “H” active
b3 — Nothing is assigned. If necessary, set to 0. When read, the content is 1. —
b4 —
b5 CSEL |TRC count operation select bit ) [0: Count continues at compare match with the R/W
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: Disable the trigger input from the TRCTRG pin
b7 TCEG1 g 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 the output compare function, PWM mode, or PWM2 mode. For notes on PWM2 mode, refer to

19.9.6 TRCMR Register in PWM2 Mode.
3. Enabled when in PWM2 mode.
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19.7.3 Timer RC Digital Filter Function Select Register (TRCDF) in PWM2 Mode
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
bl DFB~ | TRCIOB pin digital filter function select bit @ |1: Function is used RIW
b2 DFC |TRCIOC pin digital filter function select bit (1) R/W
b3 DFD |TRCIOD pin digital filter function select bit (1) R/IW
b4 | DFTRG |TRCTRG pin digital filter function select bit (2) R/W
b5 — Nothing is assigned. If necessary, set to 0. When read, the content is O. —
b6 DFCKO |[Clock select bits for digital filter function (1, 2) b(7) bS: 32 R/W
b7 DFCK1 01 18 R/W
10:f1
1 1: Count source (clock selected by bits
TCK2 to TCKO 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 TRCCR?2 register are set to 01b,
10b, or 11b (TRCTRG trigger input enabled).

Table 19.14 Functions of TRCGRj Register in PWM2 Mode

Register Setting Register Function PWM2 Output Pin
TRCGRA |— General register. Set the PWM period. TRCIOB pin
TRCGRB @) | — General register. Set the PWM output change point.

TRCGRC ) |[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 TRCIOB pin
(refer to 19.3.2 Buffer Operation).

j=A,B,C,orD
BFC, BFD: Bits in TRCMR register
Note:
1. Do not set the TRCGRB and TRCGRC registers to the same value.
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19.7.4 Operating Example
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' 1
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Set to AO by a program

Set to 0 by a program

Set to 0 by a program
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b4

Transfer

=3
R Y [P

Transfer
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The above applies under the following conditions:
« The TOB bit in the TRCCR1 register is set to 0 (initial level is “L”, “H" output by compare match with the TRCGRC register, “L” output by compare

match with the TRCGRB register).
« Bits TCEG1 and TCEGO in the TRCCR2 register are set to 00b (TRCTRG trigger input disabled).

.\

/l

Transfer from buffer register to general register

m: TRCGRA register setting value
n: TRCGRB register setting value
p: TRCGRC register setting value

Figure 19.17 Operating Example of PWM2 Mode (TRCTRG Trigger Input Disabled)
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Transfer from buffer register to general register

*

The above applies under the following conditions:
» The TOB bit in the TRCCR1 register is set to O (initial level is “L”, “H" output by compare match with the TRCGRC register, “L” output by compare match with the

TRCGRSB register).
« Bits TCEG1 and TCEGO in the TRCCR2 register are set to 11b (trigger at both rising and falling edges of TRCTRG input).

*

+

m: TRCGRA register setting value
n: TRCGRB register setting value
p: TRCGRC register setting value

+

Transfer from buffer register to general register

Figure 19.18 Operating Example of PWM2 Mode (TRCTRG Trigger Input Enabled)
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register setting value

TRC register value

* TRCGRB register setting value greater than TRCGRA

register setting value

TRC register value

* TRCGRC register setting value greater than TRCGRA

IMFC bit in
TRCSR register

The above applies under the following conditions:
* The TOB bit in the TRCCR1 register is set to O (initial level is “L”, “H” output by compare match with the TRCGRC register, “L” output by compare

match with the TRCGRB register).
« Bits TCEG1 and TCEGO in the TRCCR2 register are set to 00b (TRCTRG trigger input disabled).

/ program
IMFC bit in
TRCSR register 0

Nfeeecccccccccccccccccncaa=- R
R U EEEEEEEEEEEEEEEESS
[N P,
i
]
i
P ] ] !
: : :
0000h ! ! 0000h H
f t f t
1 ! 1 ! 1 ! 1
1 ! 1 ! 1 ! 1
TSTART bit in 1 ] 1 TSTART bit in ' !
TRCMR register 1 ! H TRCMR register ) !
| ' 1 ! 1 ! 1
]
1 _p+] : : E ] n+l : :
1 m+1 H ) 1 oml ) !
. [ —p
! ] 1 No compare match with f ' 1
! I TRCGRB register, so o
1 1, “H" output cgntinues No compare match : H TLRggSLg ?etgister
1 / . with TRCGRC register, | L compare maten
1 wp 5
: 1 so “L” output continues : " with no change.
TRCIOB output ' ' TRCIOB output \ H 1
| “H” output at TRCGRC \ !
| register compare match : ]
pIR ' i A “Lvinitial 1 '
L” initial ) outout ]
IMFA bit in output ! ! IMFA bit in P '
TRCSR register ! ! TRCSR register 1
] ] [
]
i i '
IMFB bit in : : IMFB bit in
TRCSR register 0 1 1 TRCSR register
E SettoObya E

m: TRCGRA register setting value
n: TRCGRB register setting value
p: TRCGRC register setting value

Figure 19.19 Operating Example of PWM2 Mode (Duty 0% and Duty 100%)
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19.8 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 19.15 lists the Registers Associated with Timer RC Interrupt and Figure 19.20 isa Timer RC Interrupt Block
Diagram.

Table 19.15 Registers Associated with Timer RC Interrupt

Timer RC Status Register | Timer RC Interrupt Enable Register | Timer RC 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_
O—
o

IMFA, IMFB, IMFC, IMFD, OVF: Bits in TRCSR register
IMIEA, IMIEB, IMIEC, IMIED, OVIE: Bits in TRCIER register

Figure 19.20 Timer RC Interrupt Block Diagram

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 interruptsin the following respects because
asingleinterrupt source (timer RC interrupt) is generated from multiple interrupt request sources.

» The IR bit in the TRCIC register is set to 1 (interrupt requested) when a bit in the TRCSR register isset to 1
and the corresponding bit in the TRCIER register is also set to 1 (interrupt enabled).

» The IR bit is set to O (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 is once 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.

» Thebitsin the TRCSR register are not automatically set to 0 when an interrupt is acknowledged. Set them to
0 within the interrupt routine. Refer to 19.2.5 Timer RC Status Register (TRCSR), for the procedure for
setting these bitsto 0.

Refer to 19.2.4 Timer RC Interrupt Enable Register (TRCIER), for details of the TRCIER register.
Refer to 11.3 Interrupt Control, for details of the TRCIC register and 11.1.5.2 Relocatable Vector Tables,
for information on interrupt vectors.
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19.9 Notes on Timer RC

19.9.1 TRC Register

* The following note applies when the CCLR bit in the TRCCR1 register is set to 1 (clear TRC register at
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
JMP.B L1 ; JMP.B instruction
L1 MOV.W TRC, DATA ; Read

19.9.2 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 MQOV.B #XXh, TRCSR ; Write
JMP.B L1 ; JMP.B instruction
L1 MOV .B TRCSR, DATA ; Read

19.9.3 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.

19.9.4 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 TRCCR1 register.

« After switching the count source from fOCO40M to another clock, allow a minimum of two cycles of f1 to
elapse after changing the clock setting before stopping fOCO40M.

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 two cycles of f1.

(4) Set the FRAOO bit in the FRAO register to 0 (high-speed on-chip oscillator off).
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« After switching the count source from fOCO-F to fOCO40M, alow a minimum of two cycles of fOCO-F 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 two cycles of fOCO-F.

(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 fOCO40M, alow a minimum of one
cycle of fOCO-F + fOCO40M 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 + fOCO40M.

(4) Set the FRAOO bit in the FRAO register to 0 (high-speed on-chip oscillator off).

19.9.5 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 19.1 Timer RC Operation Clock)
[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 19.5 Digital Filter Block Diagram)

« 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).

19.9.6 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.

19.9.7 Count Source fOCO40M

The count source fOCO40M can be used with supply voltage VCC = 2.7 t0 5.5 V. For supply voltage other than
that, do not set bits TCK2 to TCKO in the TRCCR1 register to 110b (select fOCO40M as the count source).
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20. Timer RD
Timer RD has 2 16-bit timers (timer RDO and timer RD1).

20.1 Overview

Timer RDi (i=0to 1) has4 /O pins.
The operation clock of timer RD isf1, fOCO40M or fOCO-F. Table 20.1 lists the Timer RD Operation Clocks.

Table 20.1  Timer RD Operation Clocks

Condition Operation Clock of Timer RD
The count source is f1, f2, f4, 8, 32, fC2, or TRDCLK input fl
(bits TCK2 to TCKO in registers TRDCRO and TRDCR1 are set to a value
from 000b to 101b)

The count source is fOCO40M fOCO40M
(bits TCK2 to TCKO in registers TRDCRO and TRDCRL1 are set to 110b)
The count source is fOCO-F fOCO-F

(bits TCK2 to TCKO in registers TRDCRO and TRDCR1 are set to 111b)

Figure 20.1 shows a Timer RD Block Diagram, and Table 20.2 lists Pin Configuration of Timer RD.
Timer RD has 5 modes:

» Timer mode
- Input capture function Transfer the counter value to aregister with an external signal asthe trigger
- Output compare function Detect register value matches with a counter (Pin output can be changed at

detection)

The following 4 modes use the output compare function.

« PWM mode Output pulse of any width continuously

* Reset synchronous PWM mode  Output three-phase waveforms (6) without sawtooth wave modulation and
dead time

» Complementary PWM mode Output three-phase waveforms (6) with triangular wave modulation and dead
time

* PWM3 mode Output PWM waveforms (2) with afixed period

In the input capture function, output compare function, and PWM mode, timer RDO and timer RD1 have the
equivalent functions, and functions or modes can be selected individually for each pin. Also, a combination of
these functions and modes can be used in timer RDi.

In reset synchronous PWM mode, complementary PWM mode, and PWM 3 mode, a waveform is output with a
combination of counters and registersin timer RDO and timer RD1.
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f1, f2, f4, 18, 132, fC2,
fOCO40M, fOCO-F

a_, 1—— Timer RDi -

TRDGRAI register

‘}‘

i

(o) TROGRE regter || Y -
([ TRDGRCi register |- Count Source | <¢—a—»~() TRDIOAO/TRDCLK ©
(4D TROGRDIregister |1 <—>( TRDIOBO ®
Timer RD control <—>( TRo0CO
circuit <«—() TRDIODO ®
' «——»() TRDIOAL®
: <« TRol0B1 @
i <+ Trol0CL @
% i <«—»() TROIODL®
g |
‘ WYY W)
(m)| TRDECR register ] I_> Timer RDO interrupt
(==){ TRDADCR registe et
TRDSTR register —> :;g]:;siml et
TRDMR register AID trigger

TRDPMR register

TRDFCR register

TRDOER1 register

TRDOER?2 register

e

TRDOCR register

i=0orl

Notes:
1. The TRDPSRO register is used to select which pin is assigned.
2. The TRDPSRL1 register is used to select which pin is assigned.

Figure 20.1  Timer RD Block Diagram

Table 20.2  Pin Configuration of Timer RD

Pin Name Assigned Pin /0 Function
TRDIOAO/TRDCLK P20 I/O Function varies according to the mode.
TRDIOBO P2 2 1/O Refer to descriptions of individual modes for
TRDIOCO P2 1 yo |details.
TRDIODO P2_3 I/O
TRDIOAL P2_4 I/O
TRDIOB1 P2_5 I/O
TRDIOC1 P2_6 I/O
TRDIOD1 P2_7 I/O
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20.2 Common Items for Multiple Modes

20.2.1 Count Sources

The count source selection method is the same in all modes. However, fC2 cannot be selected in PWM, reset
synchronous PWM, complementary PWM, or PWM3 mode. The external clock cannot be selected in PWM3
mode.

Table 20.3 Count Source Selection

Count Source Selection
f1, f2, f4, 18, f32 The count source is selected by bits TCK2 to TCKO in the TRDCRI register.
foco4om (1) The FRAOQO bit in the FRAO register is set to 1 (high-speed on-chip oscillator
fOCO-F frequency).

Bits TCK2 to TCKO in the TRDCRI register is set to 110b (fOCO40M).

Bits TCK2 to TCKO in the TRDCRI register is set to 111b (fOCO-F).

fC2 Bits TCK2 to TCKO in the TRDCRIi register is set to 101b (TRDCLKIi input or fC2)
The ITCLKIi bit in the TRDECR register is set to 1 (fC2)

External signal input | The STCLK bit in the TRDFCR register is set to 1 (external clock input enabled).
to TRDCLK pin Bits TCK2 to TCKO in the TRDCRI register are set to 101b

(count source: external clock).

The valid edge is selected by bits CKEG1 to CKEGO in the TRDCRI register.
The PD2_0 bit in the PD2 register is set to 0 (input mode).

i=0orl
Note:
1. The count source fOCO40M can be used with VCC =2.7to 5.5 V.

a TCK2 to TCKO
=000b
0 = 001b
“ =010b
f8 011b O ount source TRDi register
32 = 100b
fOCO40M = 110b
fOCO-F =111b 5
ITCLKi = 1 = 101b
fc2 ——O CKEG1 to CKEGO
STCLK =1 Valid edge
=10—0 O |
TRDCLK/ ITCLKi=0 selected

TRDIOAO O_O\i
STCLK =0

TRDIOAO 1/O or programmable 1/O port

ITCLKO, ITCLK1: Bits in TRDECR register
TCK2 to TCKO, CKEG1 to CKEGO: Bits in TRDCRI register
STCLK: Bit in TRDFCR register

Figure 20.2 Block Diagram of Count Source

Set the pulse width of the external clock which inputsto the TRDCLK pin to 3 cycles or above of the operation
clock of timer RD (refer to Table 20.1 Timer RD Operation Clocks).

When selecting fOCO40M or fOCO-F for the count source, set the FRAQO bit in the FRAOQ register to 1 (high-
speed on-chip oscillator on) before setting bits TCK2 to TCKO in the TRDCRI (i = 0 or 1) register to 110b
(fFOCO40M) or 111b (fOCO-F).
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20.2.2 Buffer Operation

The TRDGRCi (i = 0 or 1) register can be used as the buffer register of the TRDGRAI register, and the
TRDGRDi register can be used as the buffer register of the TRDGRBI register by means of bits BFCi and BFDi

inthe TRDMR register.
» TRDGRAI buffer register: TRDGRCi register
» TRDGRBI buffer register: TRDGRDI register

Buffer operation depends on the mode. Table 20.4 lists the Buffer Operation in Each Mode.

Table 20.4  Buffer Operation in Each Mode
Function and Mode Transfer Timing Transfer Register
Input capture function Input capture signal input Transfer content in TRDGRAI
(TRDGRBI) register to buffer register
Output compare function |Compare match with TRDi register Transfer content in buffer register to
PWM mode and TRDGRAI (TRDGRBI) register TRDGRAIi (TRDGRBI) register
Reset synchronous PWM | Compare match withTRDO register Transfer content in buffer register to
mode and TRDGRAO register TRDGRAI (TRDGRBI) register
Complementary PWM » Compare match with TRDO register | Transfer content in buffer register to
mode and TRDGRAQO register registers TRDGRBO, TRDGRAL, and
* TRD1 register underflow TRDGRB1
PWM3 mode Compare match with TRDO register | Transfer content in buffer register to
and TRDGRAO register registers TRDGRAO, TRDGRBO,
TRDGRAL1, and TRDGRB1
i=0orl
TRDIOAI input
(input capture signal) L\
TRDGRCi register TRDGRAI .
(buffer) | register TRDI
TRDIOAI input
TRDi register n-1 X n X n+l
\:\ Transfer
TRDGRAI register m X R n
\‘:\ Transfer
TRDGRC i register A
(buffer) X m
i=0orl
The above applies under the following conditions:
» The BFCi bit in the TRDMR register is set to 1 (the TRDGRCi register is used as the buffer register of
the TRDGRAI register).
* Bits IOA2 to IOAOQ in the TRDIORAI register are set to 100b (input capture at the falling edge).

Figure 20.3 Buffer Operation in Input Capture Function

RO1UHO094EJ0110 Rev.1.10
Oct 04, 2010

RENESAS

Page 326 of 794



R8C/38C Group

20. Timer RD

TRDGRCi register
(buffer)

TRDi register

TRDGRAI register

TRDGRC i register
(buffer)

TRDIOAI output

i=0orl

Compare match signal

TRD.GRA' P Comparator |« TRDi
register
m-1 X m X m+1
]
)
)
1
m n
v
Transfer

The above applies under the following conditions:

* BFCi bit in the TRDMR register is set to 1 (the TRDGRCi register is used as the buffer register
of the TRDGRAI register).

* Bits IOA2 to IOAO in the TRDIORAI register are set to 001b (“L” output by the compare match).

Figure 20.4 Buffer Operation in Output Compare Function

Perform the following for the timer mode (input capture and output compare functions).
When using the TRDGRCi (i = 0 or 1) register as the buffer register of the TRDGRA\ register
* Set the IOC3 hit in the TRDIORCi register to 1 (general register or buffer register).

* Set the I0C2 bit in the TRDIORCi register to the same value as the IOA2 bit in the TRDIORAI register.

When using the TRDGRDi register as the buffer register of the TRDGRBI register
* Set the IOD3 bit in the TRDIORCI register to 1 (general register or buffer register).
* Set the 10D2 bit in the TRDIORCI register to the same value as the IOB2 bit in the TRDIORAI register.

BitsIMFC and IMFD in the TRDSRI register are set to 1 at the input edge of the TRDIOCi pin when also using
registers TRDGRCi and TRDGRDi as the buffer register in the input capture function.
When aso using registers TRDGRCi and TRDGRDI as buffer registers for the output compare function, reset
synchronous PWM mode, complementary PWM mode, and PWM 3 mode, bits IMFC and IMFD in the TRDSRI

register are set to 1 by a compare match with the TRDi register.
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20.2.3 Synchronous Operation

The TRD1 register is synchronized with the TRDO register.

« Synchronous preset
When the SYNC hit in the TRDMR register is set to 1 (Synchronous operation), the data is written to both the
TRDO and TRD1 registers after writing to the TRDi register.

« Synchronous clear
When the SYNC hit in the TRDMR register is set to 1 and bits CCLR2 to CCLRO in the TRDCRI register are
set to 011b (synchronous clear), the TRDO register is set to 0000h at the same time asthe TRD1 register is set
to 0000h.
Also, when the SYNC hit in the TRDMR register is set to 1 and bhits CCLR2 to CCLRO in the TRDCRI
register are set to 011b (synchronous clear), the TRD1 register is set to 0000h at the same time as the TRDO
register is set to 0000h.

TRDIOAQO input | A—\ ) —

Set to 0000h byiinput capture
1

Value in H

TRDO register n writing

Y

N beeemeeolaaao nis set

Value in
TRDL1 register

n p--—---s<--—-—- nis set

Fa
A= A=

Set to 0000h with TRDO register

The above applies under the following conditions:

* The SYNC bit in the TRDMR register is set to 1 (synchronous operation).

* Bits CCLR2 to CCLRO in the TRDCRO register are set to 001b (set the TRDO register to 0000h in input capture).
Bits CCLR2 to CCLRO in the TRDCRL1 register are set to 011b (set the TRD1 register to 0000h synchronizing
with the TRDO register).

* Bits IOA2 to IOAO0 in the TRDIORAO register are set to 100b.

* Bits CMD1 to CMDO in the TRDFCR register are set to 00b. } (Input capture at the rising edge of the TRDIOAO input)
The PWM 3 bit in the TRDFCR register is set to 1.

Figure 20.5 Synchronous Operation
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20.2.4 Pulse Output Forced Cutoff

In the output compare function, PWM mode, reset synchronous PWM mode, complementary PWM mode, and
PWM3 mode, the TRDIQji (i=0or 1,j =A, B, C, or D) output pin can be forcibly set to a programmable 1/0
port by the INTO pin input, and pulse output can be cut off.

The pins used for output in these functions or modes can function as the output pin of timer RD when the
applicable bit in the TRDOERL register is set to 0 (enable timer RD output). When the PTO bit in the
TRDOERR2 register to 1 (pulse output forced cutoff signal input INTO enabled), all bits in the TRDOER1
register are set to 1 (disable timer RD output, the TRDIOji output pin is used as the programmable 1/0 port)
after “L” is applied to the INTO pin. The TRDIOji output pin is set to the programmable I/O port after “L” is
applied to the INTO pin and waiting for 1 to 2 cycles of the timer RD operation clock (refer to Table 20.1
Timer RD Operation Clocks).

Make the following settings to use this function:

* Set the pin status (high impedance, “L” or “H” output) to pulse output forced cutoff by registers P2 and PD2.

+ Set the INTOEN bit in the INTEN register to 1 (INTO input enabled) and the INTOPL bit to O (one edge), and
set the POL hit in the INTOIC register to O (falling edge selected).

* Set the PD4 5 hit in the PD4 register to O (input mode).

* Select the INTO digital filter by bits INTOF1 to INTOFO in the INTF register.

* Set the PTO bit in the TRDOERR2 register to 1 (pulse output forced cutoff signal input INTO enabled).

ThelR bit inthe INTOIC register is set to 1 (interrupt requested) in accordance with the setting of the POL bitin
the INTOIC register and the INTOPL bit in the INTEN register, and achangein the INTO pin input (refer to 11.8
Noteson Interrupts).

For details on interrupts, refer to 11. Interrupts.
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INTO input

EAO bit
EAO bit S !
writing value Q
Timer RD
S output data | TRDIOAO
PTO bit Port P2_0
output data
Port P2_0
input data
EBO bit
EBO bit = !
writing value Q
Timer RD
S output data TRDIOBO
Port P2_2
output data
Port P2_2
input data
ECO bit
ECO bit 2 !
writing value Q
Timer RD
S output data TRDIOCO
Port P2_1
output data
Port P2_1
input data
. EDO bit
EDO bit writing 5
value Q
Timer RD
S output data TRDIODO
Port P2_3
output data
Port P2_3
input data
L EA1 bit
EAL1 bit writing 5
value Q
s Timer RD
output data TRDIOA1
Port P2_4
output data
Port P2_4
input data
EBL1 bi
EB1bitwritng __ > bit
value Q
Timer RD
S output data —O TRDIOB1
Port P2_5
output data
Port P2_5
input data
EC1 bit
EC1 bit = !
writing value Q
s Timer RD
output data TRDIOC1
Port P2_6
output data
Port P2_6
input data
. ED1 bit
ED1 bit D
writing value Q
s Timer RD
output data TRDIOD1

PTO: Bitin TRDOER?2 register

Port P2_7
output data

Port P2_7
input data

EAO, EBO, ECO, EDO, EAL, EBL1, EC1, ED1: Bits in TRDOER1 register

Figure 20.6

Pulse Output Forced Cutoff
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20.3

Input Capture Function

The input capture function measures the external signal width and period. The content of the TRDi register
(counter) is transferred to the TRDGR)i register as a trigger of the TRDIQji (i=0or 1,j=A, B, C, or D) pin
external signal (input capture). Since this function is enabled with a combination of the TRDIQji pin and TRDGRji
register, the input capture function, or any other mode or function, can be selected for each individual pin.

The TRDGRAO register can also select fOCQO128 signal as input-capture trigger input.

Figure 20.7 shows a Block Diagram of Input Capture Function, Table 20.5 lists the Input Capture Function
Specifications. Figure 20.8 shows an Operating Example of Input Capture Function.

2.

3.

Only TRDGRAO available

Divided
by 128

Edge

TRDIOA} @ O selection

Edge

TRDIOCi O selection

I0A3 =0

Input capture signal

(Note 1)

TRDGRAI
register

TRDGRCi
register

Edge

TRDIOBi O selection

Input capture signal

Input capture signal

Edge

TRDIODi O selection

(Note 2)

TRDGRBI
register

TRDGRDiI
register

S

i=0orl

Notes:

1. When the BFCi bit in the TRDMR register is set to 1 (the TRDGRCi register is used as the buffer register of

the TRDGRAI register).

When the BFDi bit in the TRDMR register is set to 1 (the TRDGRDi register is used as the buffer register of

the TRDGRBI register).

The trigger input of the TRDGRAO register can select the TRDIOAO pin input or fOC0O128 signal.

Input capture signal

TRDi register

P

Figure 20.7

Block Diagram of Input Capture Function
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Table 20.5 Input Capture Function Specifications

ltem Specification
Count sources f1, 2, f4, 18, 32, fC2, fOCO40M, fOCO-F
External signal input to the TRDCLK pin (valid edge selected by a program)
Count operations Increment
Count period When bits CCLR2 to CCLRO in the TRDCRI register are set to 000b (free-

running operation).
1/fk x 65536 fk: Frequency of count source

Count start condition 1 (count starts) is written to the TSTARTI bit in the TRDSTR register.

Count stop condition 0 (count stops) is written to the TSTARTI bit in the TRDSTR register when
the CSELI bit in the TRDSTR register is set to 1.

Interrupt request « Input capture (valid edge of TRDIOji input or fOCO128 signal edge)

generation timing * TRDi register overflows

TRDIOAO pin function Programmable I/O port, input-capture input, or TRDCLK (external clock)
input

TRDIOBO, TRDIOCO, Programmable I/O port, or input-capture input (selectable by pin)

TRDIODO, TRDIOAL1 to
TRDIODZ1 pin functions

INTO pin function Programmable 1/O port or INTO interrupt input
Read from timer The count value can be read by reading the TRDi register.
Write to timer *When the SYNC bit in the TRDMR register is set to 0 (timer RDO and timer

RD1 operate independently).
Data can be written to the TRDi register.

* When the SYNC bit in the TRDMR register is set to 1 (timer RDO and timer
RD1 operate synchronously).
Data can be written to both the TRDO and TRD1 registers by writing to the
TRDi register.

Selectable functions * Input-capture input pin selection
Either 1 pin or multiple pins among TRDIOAI, TRDIOBI, TRDIOCI, or
TRDIOD..

« Input-capture input valid edge selection
The rising edge, falling edge, or both the rising and falling edges

 Timing for setting the TRDi register to 0000h
At overflow or input capture

« Buffer operation (refer to 20.2.2 Buffer Operation)

» Synchronous operation (refer to 20.2.3 Synchronous Operation)

« Digital filter
The TRDIQji input is sampled, and when the sampled input level match as
3 times, the level is determined.

« Input-capture trigger selection
fOCO128 can be selected for input-capture trigger input of the TRDGRAO
register.

i=0orl,j=AB,C,orD
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20.3.1 Module Standby Control Register (MSTCR)
Address 0008h

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol | — |MSTTRG | MSTTRC | MSTTRD| MSTIIC | — | — —
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 O. —
bl —
b2 —
b3 MSTIIC [SSU, I2C bus standby bit 0: Active R/W
1: Standby (1)
b4 |MSTTRD |Timer RD standby bit 0: Active R/W
1: Standby (2, 3)
b5 |MSTTRC |Timer RC standby bit 0: Active R/W
1: Standby 4
b6 |MSTTRG|Timer RG standby bit 0: Active R/W
1: Standby ()
b7 — Nothing is assigned. If necessary, set to 0. When read, the content is O. —

Notes:

1. When the MSTIIC bit is set to 1 (standby), any access to the SSU or the 12C bus associated registers (addresses
0193h to 019Dh) is disabled.

2. When the MSTTRD bit is set to 1 (standby), any access to the timer RD associated registers (addresses 0135h
to 015Fh) is disabled.

3. To setthe MSTTRD bit to 1 (standby), set bits TCK2 to TCKO in the TRDCRI (i = 0 or 1) register to 000b (f1).

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 MSTTRG bit is set to 1 (standby), any access to the timer RG associated registers (addresses 0170h
to 017Fh) is disabled.

20.3.2 Timer RD Control Expansion Register (TRDECR)
Address 0135h

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol [ ITCLK1 | — | — | — | ITCLKO | — | — | —
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 O. —
bl —
b2 —
b3 ITCLKO |Timer RDO fC2 select bit 0: TRDCLK input selected R/W
1: fC2 selected (1)
b4 — Nothing is assigned. If necessary, set to 0. When read, the content is O. —
b5 —
b6 —
b7 ITCLK1 |Timer RD1 fC2 select bit 0: TRDCLK input selected R/W
1: fC2 selected (1)
Note:

1. Enabled when in timer mode.
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20.3.3 Timer RD Start Register (TRDSTR) in Input Capture Function
Address 0137h

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol| — | — | — | — | CSEL1 | CSELO |TSTART1|TSTARTO|

After Reset 1 1 1 1 1 1 0 0
Bit Symbol Bit Name Function R/W
b0 TSTARTO | TRDO count start flag 0: Count stops R/W
bl | TSTART1 [ TRD1 count start flag 1: Count starts R/W
b2 CSELO | TRDO count operation select bit Set to 1 in the input capture function. R/W
b3 CSEL1 |TRD1 count operation select bit R/W
b4 — Nothing is assigned. If necessary, set to 0. When read, the content is 1. —
b5 —
b6 —
b7 —

Set the TRDSTR register using the MOV instruction (do not use the bit handling instruction). Refer to 20.10.1
TRDSTR Register of Noteson Timer RD.

20.3.4 Timer RD Mode Register (TRDMR) in Input Capture Function
Address 0138h

Bit b7 b6 b5 b4 b3 b2 b1l b0
Symbol| BFD1 | BFC1 | BFDO | BFCO | — | — | — | SYNC |
After Reset 0 0 0 0 1 1 1 0
Bit Symbol Bit Name Function R/W
b0 SYNC | Timer RD synchronous bit 0: Registers TRDO and TRD1 operate R/W
independently
1: Registers TRDO and TRD1 operate
synchronously
bl — Nothing is assigned. If necessary, set to 0. When read, the content is 1. —
b2 —
b3 —
b4 BFCO |TRDGRCO register function select bit | 0: General register R/W
1: Buffer register of TRDGRAO register
b5 BFDO | TRDGRDO register function select bit | 0: General register R/W
1: Buffer register of TRDGRBO register
b6 BFC1 |TRDGRCI register function select bit 0: General register R/W
1: Buffer register of TRDGRAL1 register
b7 BFD1 | TRDGRDL1 register function select bit | 0: General register R/W
1: Buffer register of TRDGRBL1 register
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20.3.5 Timer RD PWM Mode Register (TRDPMR) in Input Capture Function
Address 0139h

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbo|| — | PWMD1 | PWMC1 | PWMB1 | — | PWMDO | PWMCO | PWMBO |
After Reset 1 0 0 0 1 0 0 0
Bit Symbol Bit Name Function R/W
b0 PWMBO | PWM mode of TRDIOBO select bit Set to O (timer mode) in the input capture function. | R/W
bl PWMCO | PWM mode of TRDIOCO select bit R/W
b2 PWMDO | PWM mode of TRDIODO select bit R/W
b3 — Nothing is assigned. If necessary, set to 0. When read, the content is 1. —
b4 PWMB1 | PWM mode of TRDIOB1 select bit Set to O (timer mode) in the input capture function. | R/W
b5 PWMC1 | PWM mode of TRDIOC1 select bit R/W
b6 PWMD1 | PWM mode of TRDIOD1 select bit R/W
b7 — Nothing is assigned. If necessary, set to 0. When read, the content is 1. —

20.3.6 Timer RD Function Control Register (TRDFCR) in Input Capture Function
Address 013Ah

Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol| PWM3 | STCLK | ADEG |ADTRG| OoLS1 | OLS0 | CMD1 | CMDO |
After Reset 1 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 CMDO | Combination mode select bit (1) Set to 00b (timer mode, PWM mode, or PWM3 | R/W
bl CMD1 mode) in the input capture function. R/W

b2 OLSO | Normal-phase output level select bit This bit is disabled in the input capture function. | R/W
(in reset synchronous PWM mode or
complementary PWM mode)
b3 OLS1 |Counter-phase output level select bit R/W
(in reset synchronous PWM mode or
complementary PWM mode)

b4 ADTRG | A/D trigger enable bit R/W
(in complementary PWM mode)
b5 ADEG | A/D trigger edge select bit R/W
(in complementary PWM mode)
b6 STCLK | External clock input select bit 0: External clock input disabled R/W
1: External clock input enabled
b7 PWM3 | PWM3 mode select bit (2) Set this bit to 1 (other than PWM3 mode) in the | R/W
input capture function.
Notes:
1. Set bits CMD1 to CMDO when both the TSTARTO and TSTART1 bits in the TRDSTR register are set to 0 (count
stops).
2. When bits CMD1 to CMDO are set to 00b (timer mode, PWM mode, or PWM3 mode), the setting of the PWM3 bit
is enabled.
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20.3.7 Timer RD Digital Filter Function Select Register i (TRDDFi) (i =0 or 1) in
Input Capture Function
Address 013Eh (TRDDFO), 013Fh (TRDDF1)
Bit b7 b6 b5 b4 b3 b2 b1l b0
Symbol [ DFCK1 | DFCKO | — | — | DFD DFC DFB DFA
After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 DFA |TRDIOA pin digital filter function select |0: Function is not used R/W
bit 1: Function is used
bl DFB |TRDIOB pin digital filter function select R/W
bit
b2 DFC |TRDIOC pin digital filter function select R/W
bit
b3 DFD |TRDIOD pin digital filter function select R/W
bit
b4 — Nothing is assigned. If necessary, set to 0. When read, the content is O. —
b5 —
b6 DFCKO |Clock select bits for digital filter function bébg' (32 R/W
b7 DFCK1 01 18 R/W
10:f1
1 1: Count source (clock selected by bits TCK2
to TCKO in the TRDCRI register)
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20.3.8 Timer RD Control Register i (TRDCRI) (i=0or 1) in Input Capture Function
Address 0140h (TRDCRO), 0150h (TRDCR1)

Bit b7 b6 b5 b4 b3 b2 b1l b0
Symbol| CCLR2 | CCLR1 | CCLRO | CKEG1 | CKEGO | TCK2 | TCK1 | TCKO |
After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 TCKO |Count source select bit b(z) b(l) lg (1 R/W
b1 TCK1 001 2 RIW
b2 TCK2 010 4 R/W
011:f8
100:f32

10 1: TRDCLK input (1) or fC2 ()
11 0: fOCO40M
11 1:fOCO-F (5

b3 | CKEGO |External clock edge select bit (3  [p4b3 . RIW
b4 CKEGL 0 0: Count at the rising edge RIW

0 1: Count at the falling edge
1 0: Count at both edges
1 1: Do not set.

b5 | CCLRO |TRDi counter clear select bit b7DEDS e clear (f . . R/W
b6 CCLRL 0 0 0: Disable clear (free-running operation) RIW

0 0 1: Clear by input capture in the TRDGRAI register
b7 CCLR2 0 1 0: Clear by input capture in the TRDGRBI register RIW
0 1 1: Synchronous clear (clear simultaneously with
other timer RDi counter) (4)

10 0: Do not set.

1 0 1: Clear by input capture in the TRDGRCi register
11 0: Clear by input capture in the TRDGRDi register
11 1: Do not set.

Notes:

1. Enabled when the ITCLKi bit in the TRDECR register is set to 0 (TRDCLK input) and the STCLK bit in the
TRDFCR register is 1 (external clock input enabled).

2. Enabled when the ITCLK:i bit in the TRDECR register is set to 1 (fC2) in timer mode.

3. Enabled when bits TCK2 to TCKO are set to 101b (TRDCLK input or fC2), the ITCLK:i bit in the TRDECR is set to
0 (TRDCLK input), and the STCLK bit in the TRDFCR register is set to 1 (external clock input enabled).

4. This setting is enabled when the SYNC bit in the TRDMR register is set to 1 (registers TRDO and TRD1 operate
synchronously).

5. To select fOCO-F, set it to the clock frequency higher than the CPU clock frequency.
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20.3.9 Timer RD I/O Control Register Ai (TRDIORAI) (i =0 or 1) in Input Capture

Function
Address 0141h (TRDIORAO), 0151h (TRDIORAL)
Bit b7 b6 b5 b4 b3 b2 bl b0
Symbol[ — | 10B2 | I10B1 | I10BO | IOA3 I0A2 I0A1 I0A0
After Reset 1 0 0 0 1 0 0 0
Bit Symbol Bit Name Function R/W
b0 IOAO | TRDGRA control bit b1 b0 . R/W
b1 OAT 00: I_n[_)ut capture to the TRDGRA. register at the RIW
rising edge
0 1: Input capture to the TRDGRAI register at the
falling edge
1 0: Input capture to the TRDGRAI register at both
edges
1 1: Do not set.
b2 IOA2 | TRDGRA mode select bit (1) Set to 1 (input capture) in the input capture function. R/W
b3 IOA3 | Input capture input switch bit 3.4 | 0: fOCO128 Signal R/W
1: TRDIOAO pin input
b4 IOBO | TRDGRB control bit b5 b4 . R/W
b5 OB1 00: I_nput capture to the TRDGRBI register at the RIW
rising edge
0 1: Input capture to the TRDGRBI register at the
falling edge
1 0: Input capture to the TRDGRBI register at both
edges
1 1: Do not set.
b6 IOB2 | TRDGRB mode select bit (2) Set to 1 (input capture) in the input capture function. R/W
b7 — Nothing is assigned. If necessary, set to 0. When read, the content is 1. —

Notes:

1. To select 1 (the TRDGRC i register is used as a buffer register of the TRDGRAI register) for this bit by the BFCi
bit in the TRDMR register, set the IOC2 bit in the TRDIORCi register to the same value as the IOA2 bit in the
TRDIORAI register.

2. To select 1 (the TRDGRDi register is used as a buffer register of the TRDGRBI register) for this bit by the BFDi
bit in the TRDMR register, set the I0D2 bit in the TRDIORC I register to the same value as the I0B2 bit in the
TRDIORAI register.

3. The IOA3 bit is enabled in the TRDIORAQO register only. Set to the IOA3 bit in TRDIORAL to 1.

4. The IOAS3 bit is enabled when the IOA2 bit is set to 1 (input capture function).
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20.3.10 Timer RD I/O Control Register Ci (TRDIORCI) (i =0 or 1) in Input Capture

Function
Address 0142h (TRDIORCO), 0152h (TRDIORC1)
Bit b7 b6 b5 b4 b3 b2 b1l b0
Symbol [ 10D3 | 10D2 | 10D1 | 10D0 | 10C3 I0C2 I0C1 10CO
After Reset 1 0 0 0 1 0 0 0
Bit Symbol Bit Name Function R/W
b0 IOCO |[TRDGRC control bit b1 b0 . R/W
b1 OCT 00: Ipput capture to the TRDGRCi register at the RIW
rising edge
0 1: Input capture to the TRDGRCi register at the
falling edge
1 0: Input capture to the TRDGRCi register at both
edges
1 1: Do not set.
b2 IOC2 |TRDGRC mode select bit (1) Set to 1 (input capture) in the input capture R/W
function.
b3 IOC3 |TRDGRC register function select bit |Set to 1 (general register or buffer register) in the | R/W
input capture function.
b4 IODO |[TRDGRD control bit b5 b4 . R/W
b5 ODL 00: Ipput capture to the TRDGRDi register at the RIW
rising edge
0 1: Input capture to the TRDGRDi register at the
falling edge
1 0: Input capture to the TRDGRDi register at both
edges
1 1: Do not set.
b6 IOD2 |TRDGRD mode select bit (2) Set to 1 (input capture) in the input capture R/W
function.
b7 IOD3 |TRDGRD register function select bit |Set to 1 (general register or buffer register) in the | R/W
input capture function.

Notes:

1. To select 1 (the TRDGRC i register is used as a buffer register of the TRDGRAI register) for this bit by the BFCi
bit in the TRDMR register, set the IOC2 bit in the TRDIORCI register to the same value as the I0A2 bit in the
TRDIORAI: register.

2. To select 1 (the TRDGRDi register is used as a buffer register of the TRDGRBI register) for this bit by the BFDi
bit in the TRDMR register, set the 10D2 bit in the TRDIORC i register to the same value as the I0B2 bit in the
TRDIORAI register.
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20.3.11 Timer RD Status Register i (TRDSRI) (i=0 or 1) in Input Capture Function
Address 0143h (TRDSRO), 0153h (TRDSR1)

Bit b7 b6 b5 b4 b3 b2 bl bo
Symbol | — | — | UDF | OVF | IMFD | IMFC | IMFB | IMFA |
After Reset 1 1 1 0 0 0 0 0 TRDSRO register
After Reset 1 1 0 0 0 0 0 0 TRDSR1 register
Bit Symbol Bit Name Function R/W
b0 IMFA | Input capture/compare match flag A |[Source for setting this bit to O] R/W

Write 0 after read. (2)
[Source for setting this bit to 1].
TRDSRO register:
fOCO128 signal edge when the IOA3 bit in the
TRDIORAQO register is set to 0 (fOC0O128 signal).
TRDIOAO pin input edge when the IOA3 bit in the
TRDIORAQO register is set to 1 (TRDIOAO input). (3)
TRDSRL1 register:
Input edge of TRDIOA1 pin. (3
bl IMFB | Inp