To our customers,

Old Company Name in Catalogs and Other Documents

On April 1%, 2010, NEC Electronics Corporation merged with Renesas Technology
Corporation, and Renesas Electronics Corporation took over all the business of both
companies. Therefore, although the old company name remains in this document, it is a valid
Renesas Electronics document. We appreciate your understanding.

Renesas Electronics website: http://www.renesas.com

April 1%, 2010
Renesas Electronics Corporation

Issued by: Renesas Electronics Corporation (http://www.renesas.com)

Send any inquiries to http://www.renesas.com/inquiry.

LENESANS



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.
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Keep safety first in your circuit designs!

1. Renesas Technology Corp. puts the maximum effort into making semiconductor products
better and more reliable, but there is always the possibility that trouble may occur with
them. Trouble with semiconductors may lead to personal injury, fire or property damage.
Remember to give due consideration to safety when making your circuit designs, with ap-
propriate measures such as (i) placement of substitutive, auxiliary circuits, (ii) use of non-
flammable material or (i) prevention against any malfunction or mishap.

Notes regarding these materials

1. These materials are intended as a reference to assist our customers in the selection of the
Renesas Technology Corp. product best suited to the customer's application; they do not
convey any license under any intellectual property rights, or any other rights, belonging to
Renesas Technology Corp. or a third party.

2. Renesas Technology Corp. assumes no responsibility for any damage, or infringement of
any third-party's rights, originating in the use of any product data, diagrams, charts, pro-
grams, algorithms, or circuit application examples contained in these materials.

3. All information contained in these materials, including product data, diagrams, charts, pro-
grams and algorithms represents information on products at the time of publication of these
materials, and are subject to change by Renesas Technology Corp. without notice due to
product improvements or other reasons. It is therefore recommended that customers con-
tact Renesas Technology Corp. or an authorized Renesas Technology Corp. product dis-
tributor for the latest product information before purchasing a product listed herein.

The information described here may contain technical inaccuracies or typographical errors.
Renesas Technology Corp. assumes no responsibility for any damage, liability, or other
loss rising from these inaccuracies or errors.

Please also pay attention to information published by Renesas Technology Corp. by vari-
ous means, including the Renesas Technology Corp. Semiconductor home page (http://
www.renesas.com).

4. When using any or all of the information contained in these materials, including product
data, diagrams, charts, programs, and algorithms, please be sure to evaluate all informa-
tion as a total system before making a final decision on the applicability of the information
and products. Renesas Technology Corp. assumes no responsibility for any damage, liabil-
ity or other loss resulting from the information contained herein.

5. Renesas Technology Corp. semiconductors are not designed or manufactured for use in a
device or system that is used under circumstances in which human life is potentially at
stake. Please contact Renesas Technology Corp. or an authorized Renesas Technology
Corp. product distributor when considering the use of a product contained herein for any
specific purposes, such as apparatus or systems for transportation, vehicular, medical,
aerospace, nuclear, or undersea repeater use.

6. The prior written approval of Renesas Technology Corp. is necessary to reprint or repro-
duce in whole or in part these materials.

7. If these products or technologies are subject to the Japanese export control restrictions,
they must be exported under a license from the Japanese government and cannot be im-
ported into a country other than the approved destination.

Any diversion or reexport contrary to the export control laws and regulations of Japan and/
or the country of destination is prohibited.

8. Please contact Renesas Technology Corp. for further details on these materials or the
products contained therein.




How to Use This Manual

1. Introduction

This hardware manual provides detailed information on the R8C/12 Group of microcomputers.
Users are expected to have basic knowledge of electric circuits, logical circuits and microcomputers.

2. Register Diagram

The symbols, and descriptions, used for bit function in each register are shown below.

*1
XXX register N
b7 b6 b5 b4 b3 b2 bl Symbol Address A 5

[T Q ™
T symbol Bit Name Function RW *2
. b1 b0 2
XXXO0 XXX Bit 10: XXX RW r
0 1: XXX
: 1 0: Avoid this setting >
[ XXX1 11: XXX RW
H —_— Nothing is assigned.
"""" (b2) When write, should set to "0". When read, its content is indeterminate.| —— | —*3
b (b3) Reserved Bit Must set to “0" RW *4
—
XXX4 XXX Bit Function varies depending on each RW
operation mode
O XXX5 e
N S XXX6 RW
Erarrnenn s XXx7 XXX Bit 0: Xxx RO
*1
Blank:Set to “0” or “1” according to the application
0: Set to “0”
1: Set to “1”
X: Nothing is assigned
*2
RW: Read and write
RO: Read only
WO: Write only
- Nothing is assigned
*3

*Reserved bit
Reserved hit. Set to specified value.
*4
*Nothing is assigned
Nothing is assigned to the bit concerned. As the bit may be use for future functions,
set to “0” when writing to this bit.
*Do not set to this value
The operation is not guaranteed when a value is set.
«Function varies depending on mode of operation
Bit function varies depending on peripheral function mode.
Refer to respective register for each mode.
*5
Follow the text in each manual for binary and hexadecimal notations.



3.

M16C Family Documents

The following documents were prepared for the M16C family.®

Document

Contents

Short Sheet

Hardware overview

Data Sheet

Hardware overview and electrical characteristics

Hardware Manual

Hardware specifications (pin assignments, memory maps, peripheral
specifications, electrical characteristics, timing charts).
*Refer to the application note for how to use peripheral functions.

Software Manual

Detailed description of assembly instructions and microcomputer
performance of each instruction

Application Note

« Usage and application examples of peripheral functions
« Sample programs

« Introduction to the basic functions in the M16C family

* Programming method with Assembly and C languages

RENESAS TECHNICAL UPDATE

Preliminary report about the specification of a product, a document,
etc.

NOTES:

1. Before using this material, please visit the our website to verify that this is the most updated

document available.
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000D16 | Watchdog timer reset register WDTR | 54 004D1s | Key input interrupt control register KUPIC | 39
000E1s | Watchdog timer start register WDTS 54 004E16 | AD conversion interrupt control register | ADIC 39
000F1s | Watchdog timer control register WDC | 54 004F16

001016 | Address match interrupt register 0 RMADO | 52 005010

001116 005116 | UARTO transmit interrupt control register | SOTIC | 39
001216 005216 | UARTO receive interrupt control register SORIC | 39
001316 005316 | UART1 transmit interrupt control register | S1TIC | 39
001416 | Address match interrupt register 1 RMAD1| 52 005416 ﬁTl receive interrupt control register S1RIC | 39
001516 005516 | INT2 interrupt control register INT2IC | 39
001616 005616 | Timer X interrupt control register TXIC 39
001716 005716 | Timer Y interrupt control register TYIC 39
001816 005816 | Timer Z interrupt control register TZIC 39
001916 005916 | INT1 interrupt control register INT1IC | 39
001A16 00sA1s | INT3 interrupt control register INT3IC | 39
001B16 005B1s | Timer C interrupt control register TCIC 39
001C16 005C16

001D16 005D16 | INTO interrupt control register INTOIC | 39
001E1s | NTO input filter select register INTOF | 46 005E1e

001F16 005F16

002016 006016

002116 006116

002216 006216

002316 006316

002416 006416

002516 006516

002616 006616

002716 006716

002816 006816

002916 006916

002A16 006A16

002B16 006B16

002C16 006C16

002D16 006D16

002E16 006E16

002F16 006F16

003016 007016

003116 007116

003216 007216

003316 007316

003416 007416

003516 007516

003616 007616

003716 007716

003816 007816

003916 007916

003A16 007A16

003B16 007B16

003C16 007C16

003D16 007D16

003E1s 007E16

003F16 007F16

Blank columns are all reserved space. No use is allowed.
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Address Register Symbol | Page
008016 |Timer Y, Z mode register TYZMR | 65/73
oos1is |Prescaler Y register PREY 66
008216 | Timer Y secondary register TYSC 66
008316 |Timer Y primary register TYPR 66
008416 |Timer Y, Z waveform output control register] PUM | 67/75
oo0ss1s |Prescaler Z register PREZ | 74
008616 | Timer Z secondary register TZSC | 74
008716 | Timer Z primary register TZPR | 74
008816

008916

00sA1s | Timer Y, Z output control register TYZOC | 66/74
oosBis | Timer X mode register TXMR | 56
ooscis | Prescaler X register PREX | 57
oosDis | Timer X register register X 57
008E1s | Timer count source setting register TCSS 57
008F16

009016 |Timer C register TC 87
009116

009216

009316

009416

009516

009616 |External input enable register INTEN | 46
009716

009816 |Key input enable register KIEN 50
009916

009A16 | Timer C control register 0 TCCO 87
0o9B1s | Timer C control register 1 TCC1 | 87
oo9cis | Capture register TMO 87
009D16

009E16

009F16

00A016 |UARTO transmit/receive mode register UOMR | 92
00A116 [UARTO bit rate generator UOBRG| 91
00A216 (UARTO transmit buffer register uoTB | 91
00A316

00A416 |UARTO transmit/receive control register 0 | UOCO | 92
00A516 |UARTO transmit/receive control register 1 UOC1 93
00A616 |UARTO receive buffer register UORB | 91
00A716

00A816 |UARTL transmit/receive mode register UIMR | 92
00A916 |UART1 bit rate generator U1BRG| 91
00AA1s [UART1 transmit buffer register uiTB 91
00AB16

00AC16 |UART1 transmit/receive control register 0 | U1CO 92
00AD1s |UART1 transmit/receive control register 1 | U1C1 | 93
00AE1s |[UART1 receive buffer register UIRB | 91
00AF16

008016 (UART transmit/receive control register 2 UCON | 93
00B1l16

00B216

00B316

00B416

00B516

00B616

00B716

00B816

00B916

00BA16

00BB16

00BC16

00BD16

00BE16

00BF16

Blank columns are all reserved space. No use is allowed.
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Address

Register

Symbol

Page

00CO016
00C116

AD register

107

00C216

00C316

00C416

00C516

00C616

00C716

00C816

00C916

00CA16

00CB16

00CCi16

00CD16

00CE16

00CF16

00D016

00D116

00D216

00D316

00D416

AD control register 2

ADCON2

107

00D516

00D616

AD control register 0

ADCONO

106

00D716

AD control register 1

ADCON1

106

00D816

00D916

00DA16

00DB16

00DC16

00DD16

00DE16

00DF16

00EO16

Port PO register

PO

121

00E116

Port P1 register

P1

121

00E216

Port PO direction register

PDO

121

00E316

Port P1 direction register

PD1

121

00E416

00E516

Port P3 register

P3

121

00E616

00E716

Port P3 direction register

PD3

121

00E816

Port P4 register

P4

121

00E916

00EA16

Port P4 direction register

PD4

121

00EB16

00EC16

00ED16

0OEE16

00EF16

00F016

00F 116

00F216

00F316

00F416

00F516

00F616

00F716

00F816

00F916

03FA16

00FB16

00FC16

Pull-up control register 0

PURO

122

00FD16

Pull-up control register 1

PUR1

122

00FE16

Port P1 drive capacity control register

DRR

122

00FF16

ey

01B316

Flash memory control register 4

FMR4

148

01B416

01B516

Flash memory control register 1

FMR1

148

01B616

01B716

Flash memory control register 0

FMRO

147

DFFFFis|

Option function select register

OFS

[ 54|




LENESAS

R8C/12 Group REJ09B0110-0120
SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER Rev.1.20
Jan 27, 2006

1. Overview

This MCU is built using the high-performance silicon gate CMOS process using a R8C Tiny Series CPU
core and is packaged in a 32-pin plastic molded LQFP. This MCU operates using sophisticated instructions
featuring a high level of instruction efficiency. With 1M bytes of address space, it is capable of executing
instructions at high speed.

The data flash ROM (2 KB X 2 blocks) is embedded.

1.1 Applications

Electric household appliance, office equipment, housing equipment (sensor, security), general industrial
equipment, audio, etc.

Rev.1.20 Jan 27, 2006 page 1 of 181
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R8C/12 Group 1. Overview

1.2 Performance Overview
Table 1.1. lists the performance outline of this MCU.

Table 1.1 Performance outline
Item Performance
CPU Number of basic instructions | 89 instructions
Minimum instruction execution time | 62.5 ns (f(XIN) = 16 MHz, Vcc= 3.0to 5.5 V)
100 ns (f(XIN) = 10 MHz, Vcc = 2.7t0 5.5 V)

Operating mode Single-chip

Address space 1M bytes

Memory capacity See Table 1.2 “Product List”
Peripheral Port Input/Output: 22 (including LED drive port), Input: 2
function LED drive port I/O port: 8

Timer Timer X: 8 bits x 1 channel, Timer Y: 8 bits x 1 channel,

Timer Z: 8 bits x 1 channel
(Each timer equipped with 8-bit prescaler)
Timer C: 16 bits x 1 channel

(Input capture circuit)

Serial Interface 1 channel
Clock synchronous, UART
1 channel
UART
A/D converter 10-bit A/D converter: 1 circuit, 8 channels
Watchdog timer 15 bits x 1 (with prescaler)
Reset start function selectable
Interrupt Internal: 9 factors, External: 5 factors,
Software: 4 factors, Priority level: 7 levels
Clock generation circuit 2 circuits

*Main clock generation circuit (Equipped with a built-in
feedback resistor)

*On-chip oscillator

Oscillation stop detection function | Main clock oscillation stop detection function

Electrical Supply voltage Vcc =3.0t0 5.5V (f(XIN) = 16 MHZz)
characteristics Vce =2.710 5.5V (f(XIN) = 10 MHz)
Power consumption Typ.8mA (Vcc = 5.0 V (f(XIN) = 16 MHZz)

Typ.5mA (Vcc = 3.0V, (f(XIN) = 10 MHz)

Typ.35pA (Vcc = 3.0 V, Wait mode, peripheral clock stops)
Typ.0.7pA (Vcc = 3.0 V, Stop mode)

Flash memory | Program/erase supply voltage | Vcc = 2.7 to 5.5 V

Program/erase endurance | 10,000 times (Data flash)

1,000 times (Program ROM)

Operating ambient temperature -20to 85 °C
-40 to 85 °C (D-version)
Package 32-pin plastic mold LQFP
Rev.1.20 Jan 27, 2006 page 2 of 181 :{ENESAS
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R8C/12 Group

1. Overview

1.3 Block Diagram
Figure 1.1. shows this MCU block diagram.

.

I/0

port

Peripheral functions

Timer

Timer X (8 bits)
Timer Y (8 bits)
Timer Z (8 bits)
Timer C (16 bits)

A/D converter
(10 bits O 8 channels)

UART or Clock synchronous
serial /0
(8 bits 0 1 channel)

System clock generator

XIN-XouT
On-chip oscillator

UART
(8 bits 0 1 channel)
R8C/Tiny Series CPU core Memory
ROH | ROL [ SB | )
Watchdog timer R1H | RIL Usp ROM
(15 bits) R2
R3 ISP
INTB RAM®
AQ
[ pc ]
AL PC
FB [ FLG |
Multiplier
NOTES:

1. ROM size depends on MCU type.
2. RAM size depends on MCU type.

Figure 1.1 Block Diagram
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R8C/12 Group 1. Overview

1.4 Product Information
Table 1.2 lists the product information.

Table 1.2 Product Information As of January 2006

Type No. b ROM capacity RAM capacity Package type Remarks
rogram ROM Data flash

R5F21122FP 8K bytes | 2K bytesx2 | 512 bytes PLQPO032GB-A | Flash memory version

R5F21123FP 12K bytes | 2K bytes x 2 768 bytes PLQP0032GB-A

R5F21124FP 16K bytes | 2K bytes x 2 1K bytes PLQP0032GB-A

R5F21122DFP 8K bytes | 2K bytes x 2 512 bytes PLQPO0032GB-A | D version

R5F21123DFP 12K bytes | 2K bytes x 2 768 bytes PLQP0032GB-A

R5F21124DFP 16K bytes | 2K bytes x 2 1K bytes PLQP0032GB-A

TypeNo.R 5 F 21 12 4 D FP

Package type:
FP : PLQP0O032GB-A

Classification:
D: Operating ambient temperature —40 °C to 85 °C
No symbol: Operating ambient temperature —20 °C to 85 °C

ROM capacity:
2 : 8 KBytes.
3:12 KBytes.
4 :16 KBytes.

R8C/12 group

R8C/Tiny series

Memory type:
F: Flash memory version

Renesas MCU

Renesas semiconductors

Figure 1.2 Type No., Memory Size, and Package
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R8C/12 Group

1. Overview

1.5 Pin Assignments
Figure 1.3 shows the pin configuration (top view).

PO0/AN7/TxD11 49

PIN CONFIGURATION (top view)

S| €» PO7/ANo

] > IVcc®)

[5] «» P32/INT2/CNTR1

[S] «» P31/TZout
5] <— AVcc/VRer

[R] €» P30/CNTRo

[=| €— AVss

<4» P33/INT3/TCIN

[~]

PO6/AN1 @ [25]
POs/AN2 €» [Z5]
P04/AN3 @ [27]

MODE —p [Z8]
P03/ANs €»
P02/ANs 4>
PO1/ANc <

R8C/12 Group

<« P45/INTo
[T5] €» P1o/Klo
[17] «» P1u/Ki1
<> PL2/KI2
<> P13/Ki3
[TT] «» P14/TxDo
[10] €» P1s/RxDo
[ 9] @» P16/CLKo

@)

[2][2][3][4][s][e](7][8]
AXERRRE:
zua 2 Z
S Olx & X ©)
S 3 E
£ x £

NOTES:
1. P47 functions only as an input port.

2. When using on-chip debugger, do not use |
P0O0/AN7/TxD11 and P37/TxD10/RxD1.

3. Do not connect IVcc to Vcc.

Package: PLQP0032GB-A (32P6U-A)

igure 1.3 Pin Configuration (Top View)
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P30 to P33, P37,

R8C/12 Group 1. Overview
1.6 Pin Description
Table 1.3 shows the pin description
Table 1.3 Pin description
Signal name Pin name I/O type Function
Power supply Ve, I Apply 2.7 V to 5.5 V to the Vcc pin. Apply 0 V to the
input Vss Vss pin.
IVcc IVcc o This pin is to stabilize internal power supply.
Connect this pin to Vss via a capacitor (0.1 pF).
Do not connect to Vcc.
Analog power AVce, I Power supply input pins for A/D converter. Connect the
supply input AVss AVcec pinto Vee. Connect the AVss pinto Vss. Connect a
capacitor between pins AVcc and AVss.
Reset input RESET I Input “L” on this pin resets the MCU.
CNVss CNVss I Connect this pin to Vss via a resistor.)
MODE MODE I Connect this pin to VVcc via a resistor.
Main clock input | XIN I These pins are provided for the main clock generat-
ing circuit I/0. Connect a ceramic resonator or a crys-
Main clock output | XouT o tal oscillator between the XIN and XouT pins. To use
an externally derived clock, input it to the XIN pin and
leave the XouT pin open.
INT interrupt input | INTO to INT3 I INT interrupt input pins.
Key input interrupt | Klo to KI3 I Key input interrupt pins.
Timer X CNTRo I/O Timer X I/O pin
CNTRoO 6] Timer X output pin
Timer Y CNTR1 I/O Timer Y 1/O pin
Timer Z TZout @] Timer Z output pin
Timer C TCIN I Timer C input pin
Serial interface | CLKo I/O Transfer clock 1/O pin.
RxDo, RxD1 I Serial data input pins.
TxDo, TxD1o, 0] Serial data output pins.
TxD11
Reference voltage | VREF I Reference voltage input pin for A/sD converter. Con-
input nect the VREF pin to Vcc.
A/D converter ANo to AN7 I Analog input pins for A/D converter
I/O port P0o to P07, I/0 These are 8-bit CMOS 1/O ports. Each port has an
Ploto P17, input/output select direction register, allowing each

pin in that port to be directed for input or output indi-

P45 vidually.
Any port set to input can select whether to use a pull-
up resistor or not by program.
P1o to P17 also function as LED drive ports.
Input port P46, P47 I Port for input-only.
NOTES :

1. Referto "19.8 Noise" for the connecting reference resistor value.
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R8C/12 Group

2. Central Processing Unit (CPU)

2. Central Processing Unit (CPU)

Figure 2.1 shows the CPU registers. The CPU has 13 registers. Of these, RO, R1, R2, R3, A0, Al and FB
comprise a register bank. Two sets of register banks are provided.

Data registers()

} Address registers(t)

Frame base registers(l)

Interrupt table register

Program counter

User stack pointer
Interrupt stack pointer
Static base register

Flag register

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

b31 b15 b8b7 b0
P T -
1 R2 ROH(high-order of RO) [ ROL(low-order of R0O)
e T 1
1 R3 R1H(high-order of R1) [ R1L(low-order of R1)
R LA UL IR
R2 I
R3
A0
Al
FB
I
b19 b15 bo
[INTBH | INTBL
The 4-high order bits of INTB are INTBH and
the 16-low bits of INTB are INTBL.
b19 b0
| PC |
b15 b0
USP
ISP
SB
b15 b0
| FLG |
- i
b15_ -7 - b8 b7 bo!
IPL
LL P [T ][ [v[r]o[e[s]|z]p]c]
NOTES:
1. A register bank comprises these registers. Two sets of register banks are provided

Figure 2.1 CPU Register

2.1 Data Registers (RO, R1, R2 and R3)
RO is a 16-bit register for transfer, arithmetic and logic operations. The same applies to R1 to R3. The
RO can be split into high-order bit (ROH) and low-order bit (ROL) to be used separately as 8-bit data
registers. The same applies to R1H and R1L as ROH and ROL. R2 can be combined with RO to be
used as a 32-bit data register (R2R0). The same applies to R3R1 as R2RO0.

Rev.1.20 Jan 27, 2006 page 7 of 181
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R8C/12 Group 2. Central Processing Unit (CPU)

2.2 Address Registers (A0 and Al)
A0 is a 16-bit register for address register indirect addressing and address register relative addressing.
They also are used for transfer, arithmetic and logic operations. The same applies to A1 as A0. A0 can
be combined with AO to be used as a 32-bit address register (A1A0).

2.3 Frame Base Register (FB)

FB is a 16-hit register for FB relative addressing.
2.4 Interrupt Table Register (INTB)

INTB is a 20-bit register indicates the start address of an interrupt vector table.
2.5 Program Counter (PC)

PC, 20 bits wide, indicates the address of an instruction to be executed.
2.6 User Stack Pointer (USP) and Interrupt Stack Pointer (ISP)

The stack pointer (SP), USP and ISP, are 16 bits wide each. 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 is a 11-bit register indicating the CPU state.
2.8.1 Carry Flag (C)
The C flag retains a carry, borrow, or shift-out bit that has occurred in the arithmetic logic unit.
2.8.2 Debug Flag (D)
The D flag is for debug only. Set to “0”".
2.8.3 Zero Flag (2)
The Z flag is set to “1” when an arithmetic operation resulted in 0; otherwise, “0”.
2.8.4 Sign Flag (S)
The S flag is set to “1” when an arithmetic operation resulted in a negative value; otherwise, “0”.
2.8.5 Register Bank Select Flag (B)
The register bank 0 is selected when the B flag is “0”. The register bank 1 is selected when this flag
is set to “1”.
2.8.6 Overflow Flag (O)
The O flag is set to “1” when the operation resulted in an overflow; otherwise, “0”".
2.8.7 Interrupt Enable Flag (1)
The | flag enables a maskable interrupt.
An interrupt is disabled when the | flag is set to “0”, and are enabled when the | flag is set to “1”. The
| flag is set to “0” when an interrupt request is acknowledged.
2.8.8 Stack Pointer Select Flag (U)
ISP is selected when the U flag is set to “0”, USP is selected when the U flag is set to “1".
The U flag is set to “0” when a hardware interrupt request is acknowledged or the INT instruction of
software interrupt numbers 0 to 31 is executed.
2.8.9 Processor Interrupt Priority Level (IPL)
IPL, 3 bits wide, assigns processor interrupt priority levels from level O to level 7.
If a requested interrupt has greater priority than IPL, the interrupt is enabled.
2.8.10 Reserved Bit
When write to this bit, set to “0”. When read, its content is indeterminate.
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3. Memory

Figure 3.1 is a memory map of this MCU. This MCU provides 1-Mbyte address space from addresses
0000016 to FFFFF1s.

The internal ROM (program ROM) is allocated lower addresses beginning with address OFFFF16. For
example, a 16-Kbyte internal ROM is allocated addresses from 0C00016 to OFFFF16.

The fixed interrupt vector table is allocated addresses OFFDC16 to OFFFF16. They store the starting
address of each interrupt routine.

The internal ROM (data flash) is allocated addresses from 0200016 to 02FFF16.

The internal RAM is allocated addresses beginning with address 0040016. For example, a 1-Kbyte inter-
nal RAM is allocated addresses 0040016 to 007FF16. The internal RAM is used not only for storing data,
but for calling subroutines and stacks when interrupt request is acknowledged.

Special function registers (SFR) are allocated addresses 0000016 to 002FF16. The peripheral function
control registers are located them. All addresses, which have nothing allocated within the SFR, are re-
served area and cannot be accessed by users.

3. Memory

0000016
SFR
(See Chapter 4 for details. )|
002FF16
0040016
Internal RAM
0XXXX16
0200016
Internal ROM
1 .
(data flash)) ,/ OFFDC1s £ Undefined instruction
02FFF16 it E Overflow
,/ E BRK instruction
L E Address match
L E Single step E
0YYYYi1e L,/ F Watchdog timersOscillation stop detection J
4 =
Internal ROM L £ (Reserveg)
(program ROM) 4 E (Reserved)
OFFFF16 OFFFF16 E Reset
Expansion area
FFFFF16
NOTES:
1. The data flash block A (2K bytes) and block B (2K bytes) are shown.
2. Blank space are reserved. No access is allowed.
Tvbe name Internal ROM Internal RAM
yp Size Address 0YYYY16 Size Address 0XXXX16
R5F21124FP, R5F21124DFP 16K bytes 0C00016 1K bytes 007FF16
R5F21123FP, R5F21123DFP 12K bytes 0D00016 768 bytes 006FF16
R5F21122FP, R5F21122DFP 8K bytes 0E00016 512 bytes 005FF16
Figure 3.1 Memory Map
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4. Special Function Register (SFR)

SFR(Special Function Register) is the control register of peripheral functions. Tables 4.1 to 4.4 list the SFR
information

Table 4.1 SFR Information(1)®

Address Register Symbol After reset
000016
000116
000216
000316
000416 | Processor mode register 0 PMO XXXX0X002
000516 | Processor mode register 1 PM1 00XXX0X02
000616 | System clock control register 0 CMO 011010002
000716 | System clock control register 1 CM1 001000002
000816
000916 | Address match interrupt enable register AIER XXXXXX002
000A1s | Protect register PRCR 00XXX0002
000B16
ooocis | Oscillation stop detection register OCD 000001002
000D1s | Watchdog timer reset register WDTR XX16
000E16 | Watchdog timer start register WDTS XX16
000F16 | Watchdog timer control register WDC 000111112
001016 | Address match interrupt register 0 RMADO 0016
001116 0016
001216 X016
001316
001416 | Address match interrupt register 1 RMAD1 0016
001516 0016
001616 X016
001716
001816
001916
001A16
001B16
001C16
001D16
001E16 | |NTO input filter select register INTOF XXXXX0002
001F16
002016
002116
002216
002316
002416
002516
002616
002716
002816
002916
002A16
002B16
002C16
002D16
002E16
002F16
003016
003116
003216
003316
003416
003516
003616
003716
003816
003916
003A16
003B16
003C16
003D16
003E16
003F16

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

X : Undefined
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4. Special Function Register (SFR)

Table 4.2 SFR Information(2)(

Address

Register

Symbol

After reset

004016

004118

004216

004316

004416

004516

004616

004716

004816

004916

004A16

004B16

004C16

004D16

Key input interrupt control register

KUPIC

XXXXX0002

004E16

AD conversion interrupt control register

ADIC

XXXXX0002

004F16

005016

005116

UARTO transmit interrupt control register

SOTIC

XXXXX0002

005216

UARTO receive interrupt control register

SORIC

XXXXX0002

005316

UART1 transmit interrupt control register

S1TIC

XXXXX0002

005416

UART1 receive interrupt control register

S1RIC

XXXXX0002

005516

INT2 interrupt control register

INT2IC

XXXXX0002

005616

Timer X interrupt control register

TXIC

XXXXX0002

005716

Timer Y interrupt control register

TYIC

XXXXX0002

005816

Timer Z interrupt control register

TZIC

XXXXX0002

005916

INT1 interrupt control register

INT1IC

XXXXX0002

005A16

INT3 interrupt control register

INT3IC

XXXXX0002

005B16

Timer C interrupt control register

TCIC

XXXXX0002

005C16

005D16

INTO interrupt control register

INTOIC

XX00X0002

005E16

005F16

006016

006116

006216

006316

006416

006516

006616

006716

006816

006916

006A16

006B16

006C16

006D16

006E16

006F16

007016

007116

007216

007316

007418

007516

007616

007718

007816

007916

007A16

007B16

007C16

007D16

007E16

007F16

NOTES :

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

X : Undefined
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4. Special Function Register (SFR)

Table 4.3 SFR Information(3)(®)

Address Register Symbol After reset
008016 | Timer Y, Z mode register TYZMR 0016
oos1is | Prescaler Y register PREY FF16
008216 | Timer Y secondary register TYSC FF16
008316 | Timer Y primary register TYPR FF16
008416 | Timer Y, Z waveform output control register PUM 0016
008516 | Prescaler Z register PREZ FF16
00861 | Timer Z secondary register TZSC FF16
008716 | Timer Z primary register TZPR FF16
008816
008916
008As | Timer Y, Z output control register TYZOC 0016
008B1s | Timer X mode register TXMR 0016
ooscis | Prescaler X register PREX FF16
008D1s | Timer X register TX FE16
008E1s | TIMer count source setting register TCSS 0016
008F16
009015 | Timer C register TC 0016
009116 0016
009216
009316
009416
009516
009616 | External input enable register INTEN 0016
009716
oo9gis | Key input enable register KIEN 0016
009916
009A16 | Timer C control register O TCCO 0016
oo9Bis | Timer C control register 1 TCC1 0016
oogcis | Capture register TMO 0016
009D16 0016
009E16
009F16
00A016 | UARTO transmit/receive mode register UOMR 0016
00A11s | UARTO bit rate register UOBRG XX16
00A216 | UARTO transmit buffer register uoTB XX16
00A316 XX16
00A416 | UARTO transmit/receive control register O UoCo 000010002
00A516 | UARTO transmit/receive control register 1 U0C1 000000102
00A616 | UARTO receive buffer register UORB XX16
00A716 XX16
00A816 | UART1 transmit/receive mode register UIMR 0016
00A916 [ UART1 hit rate generator U1BRG XX16
00AA1s | UART1 transmit buffer register uiTB XX16
00AB16 XX16
00AC16 | UART1 transmit/receive control register 0 Ul1cCo 000010002
00AD16 | UARTL1 transmit/receive control register 1 UlC1l 000000102
00AEs | UARTL receive buffer register U1RB XX16
00AF16 XX16
00B01s | UART transmit/receive control register 2 UCON 0016
00B116
00B216
00B316
00B416
00B516
00B616
00B716
00B816
00B916
00BA16
00BB16
00BC16
00BD1s
00BE16
00BF16

NOTES :

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

X: Undefined
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R8C/12 Group

4. Special Function Register (SFR)

Table 4.4 SFR Information(4)(®)

Address

Register

Symbol

After reset

00C016
00C1l16

AD register

AD

XXXXXXXX2
XXXXXXXX2

00C216

00C316

00C416

00C516

00C616

00C716

00C816

00C916

00CA16

00CB16

00CCis

00CD16

00CE16

00CF16

00D016

00D116

00D216

00D316

00D416

AD control register 2

ADCON2

0016

00D516

00D616

AD control register 0

ADCONO

00000XXX2

00D716

AD control register 1

ADCON1

0016

00D816

00D916

00DA16

00DB16

00DC16

00DD16

00DE16

00DF16

00EO16

Port PO register

PO

XX16

00E116

Port P1 register

XX16

00E216

Port PO direction register

PDO

0016

00E316

Port P1 direction register

PD1

0016

00E416

00ES516

Port P3 register

P3

XX16

00E616

00E716

Port P3 direction register

PD3

0016

00E816

Port P4 register

P4

XX16

00E916

00EA16

Port P4 direction register

PD4

0016

00EB16

00EC16

00ED16

00EE16

00EF16

00FO016

00F116

00F216

00F316

00F416

00F516

00F616

00F716

00F816

00F916

03FA16

00FB16

00FCis

Pull-up control register 0

PURO

00XX00002

00FD16

Pull-up control register 1

PUR1

XXXXXX0X2

00FE16

Port P1 drive capacity control register

DRR

0016

00FF16

D

b))

01B316

Flash memory control register 4

FMR4

010000002

01B416

01B516

Flash memory control register 1

FMR1

1000000X2

01B616

01B716

Flash memory control register 0

FMRO

000000012

OFFFF1s | Option function select register®

OFS

(Note 2)

NOTES :

1. Blank columns, 010016 to 01B216 and 01B816 to 02FF16 are all reserved. No access is allowed.

2. The watchdog timer control bit is assigned. Refer to "Figure11.2 OFS, WDC, WDTR and WDTS registers"

X : Undefined

for the OFS register details
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R8C/12 Group

5. Reset

There are three types of resets: a hardware reset, a software reset, and an watchdog timer reset.

5.1 Hardware Reset
A reset is applied using the RESET pin. When an “L” signal is applied to the RESET pin while
the power supply voltage is within the recommended operating condition, the pins are initial-
ized (see Table 5.1 “Pin Status When RESET Pin Level is 'L"). When the input level at the
RESET pin is released from “L” to “H”, the CPU and SFR are initialized, and the program is
executed starting from the address indicated by the reset vector. Figure 5.1 shows the CPU
register status after reset and figure 5.2 shows the reset sequence. After reset, the on-chip
oscillator clock divided by 8 is automatically selected for the CPU. The internal RAM is not
initialized. If the RESET pin is pulled “L” while writing to the internal RAM, the internal RAM
becomes indeterminate. Figures 5.3 to 5.4 show the reset circuit example. Refer to Chapter 4,
“Special Function Register (SFR)” for the status of SFR after reset.

* When the power supply is stable

(1) Apply an “L” signal to the RESET pin.

(2) Wait for 500 us (1/fRING OO 20).

(3) Apply an “H” signal to the RESET pin.

* Power on

(1) Apply an “L" signal to the RESET pin.

(2) Let the power supply voltage increase until it meets the recommended operating condition.
(3) Wait td(P-R) or more until the internal power supply stabilizes.

(4) Wait for 500 ps (1/frRING O 20).

(5) Apply an “H” signal to the RESET pin.

5. Reset

Table 5.1 Pin Status When RESET Pin Level is “L”

Pin name Status
PO Input port
P1 Input port
P30 to P33, P37 Input port
P45 to P47 Input port

5.2 Software Reset

When the PMO03 bit in the PMO register is set to “1” (microcomputer reset), the microcomputer has its

pins, CPU, and SFR initialized. Then the program is executed starting from the address indicated by
the reset vector. After reset, the on-chip oscillator clock divided by 8 is automatically selected for the

CPU.

5.3 Watchdog Timer Reset

Where the PM12 bit in the PM1 register is “1” (reset when watchdog timer underflows), the microcom-
puter initializes its pins, CPU and SFR if the watchdog timer underflows. Then the program is ex-
ecuted starting from the address indicated by the reset vector. After reset, the on-chip oscillator clock
divided by 8 is automatically selected for the CPU.
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R8C/12 Group 5. Reset

b15 b0
000016 Data register(R0)
000016 | Data register(R1)
000016 I Data register(R2)
000016 I Data register(R3)
000016 | Address register(A0)
000016 I Address register(Al)
| 000016 | Frame base register(FB)
b19 b0
0000016 Interrupt table register(INTB)
Content of addresses OFFFE16 to OFFFC16 Program counter(PC)
b15 b0
000016 User stack pointer(USP)
000016 Interrupt stack pointer(ISP)
000016 Static base register(SB)
b15 b0
| 000016 Flag register(FLG)
b15_ - -~ -7 b8 b7 b0
IR EEE
IPL Ul OB S zZ DZC

Figure 5.1 CPU Register Status After Reset

frRING Hﬂﬂ m
- = More than 20 cycles are needed®
Internal on-chip
oscillation X X
Flash memory activated time CPU clock O 28cycles
(CPU clock O 64 cycles)
o L

CPU clock %

OFFFC16 OFFFE16

Y Y

(Alg':(gr?;l address signal) ‘ \ X X X I X

OFFFD16 Content of reset vector

NOTES:
1. This shows hardware reset

Figure 5.2 Reset Sequence
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R8C/12 Group 5. Reset

Vcc
ov
RESET vcce
I\/\/\’ RESET
g v Equal to or less
T = than 0.2Vcc
un oV o
—b» :«4— More than td(P-R) + 500 ps are
b needed.

Figure 5.3 Example Reset Circuit

5V

Vcc

RESET Vcc

Supply voltage ov
detection circuit

re————=—=- 5V L
\PW\ é RESET P

ov —
—» ! <«— More than td(P-R) + 500 ps
are needed.

________ N Example when Vcc =5V,

Figure 5.4 Example Reset Circuit (Voltage Check Circuit)
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R8C/12 Group

6. Clock Generation Circuit

6. Clock Ge

neration Circuit

The clock generation circuit contains two oscillator circuits as follows:
» Main clock oscillation circuit
» On-chip oscillator (with oscillation stop detection function)

Table 6.1 lists the clock generation circuit specifications. Figure 6.1 shows the clock generation circuit.

Figures 6.2 and 6.3 show the clock-related registers.

Table 6.1 Clock Generation Circuit Specifications

Main clock . .
ltem oscillation circuit On-chip oscillator
Use of clock » CPU clock source « CPU clock source

« Peripheral function clock source
* CPU and peripheral function
clock sources when the
main clock stops oscillating

+ Ceramic resonator
« Crystal oscillator

» Peripheral function clock source

» CPU and peripheral function
clock sources when the main
clock stops oscillating

Pins to connect | XIN, XouT(1) (Note 1)
oscillator
Oscillation starts | Present Present
and stops
Oscillator status | Stopped Oscillating
after reset
Other Externally derived

clock can be input _—
NOTES:

1. Can be used as P46 and P47 when the on-chip oscillator clock is used for CPU clock
while the main clock oscillation circuit is not used.
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R8C/12 Group

6. Clock Generation Circuit

On-chip p
oscillator
clock

> f2
Oscillation Peripheral
stop fe function clock
detection
fgsio
q
f32
b | faz2sio
CM10=1(Stop mode) — S Q d
Divider
— R WCPU clock
RESET \
’ \
Interrupt request level \
judgment output H
s Q X
WAIT instruction R / e
e b C
a 4._| 1/2 I_L_I 1/2 1/2 1/2 1/2
CMO06=!
CM17 to CM16=112
CMO06=1
CM06=0 ~o—d
CM17 to CM16=102
—0
CM06=0 'e)
CM17 to CM16=012
CM06=0
CM02, CM05, CMO6: CMO register bits CM17 to CM16=002
CM10, CM13, CM14, CM16, CM17: CM1 register bits
OCDO, OCD1, OCD2: OCD register bits X .
Details of divider
Oscillation stop detection circuit
Forcible discharge when OCDO(®)
Pulse generation
circuit for clock ch
Main clock edge detection ‘narge, Oscillation stop
and charge, discharge detection interrupt Oscillation st
discharge control cireuit generation circuit sci"ation stop
circuit ocD1® detection,
Watchdog watchdog timer
timer interrupt
interrupt
NOTES: OCD2 bit switch signal
1. Set the same value to the OCD1 bit and OCDO bit. CM14 bit switch signal
Figure 6.1 Clock Generation Circuit
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R8C/12 Group 6. Clock Generation Circuit

System clock control register 0

b7 b6 bS5 b4 b3 b2 bl b0

o o Symbol Address After reset

lo] | Jo]1 | Cwmo 000616 6816
Bit symbol Bit name Function RW
oo — i Setto 0"
oo (b1-b0) Reserved bit RW
CM02 WAIT peripheral function | 0 : Do not stop peripheral function clock in wait mode | gy
A clock stop bit 1 : Stop peripheral function clock in wait mode
] E Reserved bit Setto “1 RW
A R “(ba) Reserved bit Setto “0” RW
___________________ CMO5 Main clock (XiN-XouT)stop | 0 : On RW
b bit(2: 4) 1: Off®
] cMo6 | CPU clock division select |0 : CM16 and CM17 valid RW
: bit 0(5) 1 : Divide-by-8 mode
P ﬁ Reserved bit Set to “0 RW

NOTES:
1. Set the PRCO bit of PRCR register to “1” (write enable) before writing to this register.
2. The CMO5 bit is provided to stop the main clock when the on-chip oscillator mode is selected. This bit cannot be used for detection as to
whether the main clock stopped or not. To stop the main clock, the following setting is required:
(1) Set the OCDO and OCD1 bits in the OCD register to “002” (disable oscillation stop detection function).
(2) Set the OCD2 bit to “1” (select on-chip oscillator clock).
3. Set the CMO5 bit to “1” (main clock stops) and the CM13 bit in the CML1 register to “1” (XIN-XouT pin) when the external clock is input.
4. When the CMO5 bit is set to “1” (main clock stop), P46 and P47 can be used as input ports.
5. When enterina stop mode from hiah or middle speed mode. the CMO06 bit is set to “1” (divide-bv-8 mode).

System clock control register 1(1)

b7 b6 b5 b4 b3 b2 bl bo

| | | | | | 0 | 0 | | Symbol Address After reset
CM1 000716 2016
o0+ 11+ Bit symbol Bit name Function RW
e CM10 All clock stop control 0: Clock on RW
oo bit(4: 6) 1 : All clocks off (stop mode)
(b1) Reserved bit Set to “0” RW
R T T S P (b2) Reserved bit Set to “0” RW
0 : Input port P4e, P47
e CM13 | Port XiN-XouT switch bit(®) | 1 X,ﬁ_ngT pin RW
A CM14 On-chip oscillation stop bit | 0 : On-chip oscillator on RW
1 : On-chip oscillator off(5)
o XIN-XouT drive capacity 0:LOW
[ REREEEDEEEDEEELE CM15 RW
P select bit(? 1:HIGH
I b7 b6
R RRRRLEEEEREEEEED CM16 CPU clock division 0 0 : No division mode RW
: select bit 103 0 1 : Division by 2 mode
H 10 : Division by 4 mode
M17

STTTTTTTTTTTmmmmmmm c 1 1: Division by 16 mode RW
NOTES:

1. Write to this register after setting the PRCO bit of PRCR register to “1” (write enable).

2. When entering stop mode from high or middle speed mode, the CM15 bit is set to “1” (drive capacity high).

3. Effective when the CMO06 bit is “0” (CM16 and CM17 bits enable).

4. If the CM10 bit is “1” (stop mode), the internal feedback resistor becomes ineffective.

5. The CM14 bit can be set to “1” (on-chip oscillator off) if the OCD2 bit=0 (selecting main clock). When the OCD?2 bit is set to “1”

(selecting on-chip oscillator clock), the CM14 bit is set to “0” (on-chip oscillator on). This bit remains unchanged when “1” is written.
. When the CM10 bit is set to “1” (stop mode) or the CMO05 bit in the CMO register to “1” (main clock stops) and the CM13 bit is set to

“1” (XIN-XouT pin), the XOUT (P47) pin is held “H".

When the CM13 bit is set to “0” (input port P46, P47), the P47 is in input state.

o

Figure 6.2 CMO Register and CM1 Register
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R8C/12 Group

Oscillation stop detection register®)

6. Clock Generation Circuit

Symbol Address After reset
|0|0|O|0||| | | oco 000C16 0416
v v v [ Bit symbol Bit name Function RW
A Oscillation sto BIE0
PoLoi b 1 OCDO | getection enable bit 0 0: The function is disabled() RW
A 0 1: Avoid this setting
e ocpi 1 0: Avoid this. set.ting
A 1 1: The function is enabled(?)
Pl 0: Select main clock()
I s oCD2 it(®) RW
A System clock select bit 1: Select on-chip oscillator clock(®
R . . 0: Main clock on
P OoCD3 Clock monitor bit(3. 5) 1- Main clock off RO
L S I B (b7-b4) Reserved bit Set to "0" RW
NOTES:

1. Set the PRCO bit in the PRCR register to “1” (write enable) before rewriting this register.

2. The OCD2 bit is set to “1” (selecting on-chip oscillator clock) automatically if a main clock oscillation stop
is detected while the OCD1 to OCDO bits are set to “112" (oscillation stop detection function disabled). If
the OCD3 bit is set to “1” (main clock stop), the OCD?2 bit remains unchanged when trying to write “0”
(selecting main clock).

3. The OCD3 bit is enabled when the OCD1 to OCDO bits are set to “112” (oscillation stop detection function
enabled).

4. The OCDL1 to OCDO bits must be set to “002” (oscillation stop detection function disabled)before entering
stop mode or on-chip oscillator mode (main clock stops).

5. The OCD3 bit remains set to “0” (main clock on) if the OCD1 to OCDO bits are set to “002".

6. The CM14 bit goes to “0” (on-chip oscillator on) if the OCD2 bit is set to “1” (selecting on-chip oscillator
clock).

7. Refer to Figure 6.6 “switching clock source from on-chip oscillator to main clock” for the switching
procedure when the main clock re-oscillates after detecting an oscillation stop.

Figure 6.3 OCD Register

Rev.1.20 Jan 27, 2006 page 20 of 181

REJ09B0110-0120

RENESAS



R8C/12 Group 6.1 Main Clock

The following describes the clocks generated by the clock generation circuit.
6.1 Main Clock

This clock is supplied by a main clock oscillation circuit. This clock is used as the clock source for the
CPU and peripheral function clocks. The main clock oscillator circuit is configured by connecting a
resonator between the XIN and XouT pins. The main clock oscillator circuit contains a feedback resis-
tor, which is disconnected from the oscillator circuit during stop mode in order to reduce the amount of
power consumed in the chip. The main clock oscillator circuit may also be configured by feeding an
externally generated clock to the XIN pin. Figure 6.4 shows examples of main clock connection circuit.
During reset and after reset, the main clock is turned off.
The main clock starts oscillating when the CMO5 bit in the CMO register is set to “0” (main clock on)
after setting the CM13 bit in the CML1 register to “1” (XIN- XOUT pin).
To use the main clock for the CPU clock, set the OCD2 bit in the OCD register to “0” (selecting main
clock) after the main clock becomes oscillating stably.
The power consumption can be reduced by setting the CMO5 bit in the CMO register to “1” (main clock
off) if the OCD2 hit is set to “1” (selecting on-chip oscillator clock).
Note that if an externally generated clock is fed into the XIN pin, the main clock cannot be turned off by
setting the CMO05 bit to “1”. If necessary, use an external circuit to turn off the clock.
During stop mode, all clocks including the main clock are turned off. Refer to Section 6.3, “Power

Control.”
Microcomputer Microcomputer
(Built-in feedback resistor) (Built-in feedback resistor)
XIN Xout XIN Xout
Open
(Note 1)
Rad

I:I Externally derived clock
= =

NOTES:
1. Insert a damping resistor if required. The resistance will vary depending on the oscillator and the oscillation drive
capacity setting. Use the value recommended by the maker of the oscillator.
When the oscillation drive capacity is set to low, check that oscillation is stable. Also, if the oscillator manufacturer's
data sheet specifies that a feedback resistor be added external to the chip, insert a feedback resistor between XIN
and XouT followina the instruction.

Figure 6.4 Examples of Main Clock Connection Circuit
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R8C/12 Group 6.2 On-chip oscillator Clock

6.2 On-Chip Oscillator Clock
This clock, approximately 125 kHz, is supplied by a on-chip oscillator. This clock is used as the clock
source for the CPU clock, peripheral function clock, fRING, and fRING128.
After reset, the on-chip oscillator clock divided by 8 is selected for the CPU clock.
To use the main clock for the CPU clock, set the OCD2 in the OCD register to “0” (selecting main
clock) after the main clock becomes oscillating stably. If the main clock stops oscillating when the
OCD1 to OCDO bits in the OCD register is “112” (oscillation stop detection function enabled), the on-
chip oscillator automatically starts operating, supplying the necessary clock for the microcomputer.
The frequency of the on-chip oscillator varies depending on the supply voltage and the operation
ambient temperature. The application products must be designed with sufficient margin for the fre-
guency change.
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R8C/12 Group 6.3 CPU Clock and Peripheral Function Clock

6.3 CPU Clock and Peripheral Function Clock

There are two types of clocks: CPU clock to operate the CPU and peripheral function clock to operate the
peripheral functions. Also refer to “Figure 6.1 Clock Generating Circuit”.

6.3.1 CPU Clock
This is an operating clock for the CPU and watchdog timer.
The clock source for the CPU clock can be chosen to be the main clock or on-chip oscillator clock.
The selected clock source can be divided by 1 (undivided), 2, 4, 8 or 16 to produce the CPU clock. Use
the CMO6 bit in the CMO register and the CM17 to CM16 bits in the CML1 register to select the divide-
by-n value.
After reset, the low-speed on-chip oscillator clock divided by 8 provides the CPU clock.
Note that when entering stop mode from high or middle speed mode, the CMO6 bit is set to “1” (divide-
by-8 mode).

6.3.2 Peripheral Function Clock (f1, f2, fs, f32, fAD, f1sI0, f8sio, f32s10)
These are operating clocks for the peripheral functions.
Of these, fi (i=1, 2, 8, 32) is derived from the main clock or on-chip oscillator clock by dividing them by
i. The clock fi is used for timers X, Y, Z and C.
The clock fjsio (j=1, 8, 32) is derived from the main clock or on-chip oscillator clock by dividing them by
j- The clock fjsio is used for serial interface.
The faD clock is produced from the main clock is used for the A/D converter.
When the WAIT instruction is executed after setting the CM02 bit in the CMO register to “1” (peripheral
function clock turned off during wait mode), the clocks fi, fjsio, and faD are turned off.

6.3.3 fRING and fRING128
These are operating clocks for the peripheral functions.
The fRING runs at the same frequency as the on-chip oscillator, and can be used as the source for the
timer Y. The fRING128 is derived from the fRING by dividing it by 128, and can used for Timer C.
When the WAIT instruction is executed, the clocks fRING and fRING128 are not turned off.
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6.4 Power Control

6.4 Power

Control

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

6.4.1 Normal Operation Mode

Normal operation mode is further classified into three modes.

In normal operation mode, because the CPU clock and the peripheral function clocks both are on, the
CPU and the peripheral functions are operating. Power control is exercised by controlling the CPU
clock frequency. The higher the CPU clock frequency, the greater the processing capability. The lower
the CPU clock frequency, the smaller the power consumption in the chip. If the unnecessary oscillator
circuits are turned off, the power consumption is further reduced.

Before the clock sources for the CPU clock can be switched over, the new clock source to which
switched must be oscillating stably. If the new clock source is the main clock, allow a sufficient wait

time in a program until it becomes oscillating stably.
* High-speed Mode
The main clock divided by 1 undivided provides the CPU clock. If the CM14 bit is set to “0” (on-chip
oscillator on), the fRING is used as the count source for timer Y.

* Medium-speed Mode

The main clock divided by 2, 4, 8 or 16 provides the CPU clock. If the CM14 bit is set to “0” (on-chip
oscillator on), the fRING is used as the count source for Timer Y.
» On-Chip Oscillator Mode
The on-chip oscillator clock divided by 1 (undivided), 2, 4, 8 or 16 provides the CPU clock. The on-

chip oscillator clock is also the clock source for the peripheral function clocks.

Table 6.2 Setting Clock Related Bit and Modes

OCD register CML1 register CMO register
Modes OCD2 CM17,CM16 | CM13 | CMO6 | CMO5
High-speed mode 0 002 1 0 0
Medium- | divided by 2 0 012 1 0 0
speed divided by 4 0 102 1 0 0
mode divided by 8 0 — 1 1 0
divided by 16 0 112 1 0 0
On-chip no division 1 002 — 0 Oorl
oscillator  I'givided by 2 1 012 — 0 Oor1
mode divided by 4 1 102 — 0 Oorl
divided by 8 1 S _ 1 Oorl
divided by 16 1 112 — 0 Oorl
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R8C/12 Group 6.4 Power Control

6.4.2 Wait Mode
In wait mode, the CPU clock is turned off, so are the CPU and the watchdog timer because both are
operated by the CPU clock. Because the main clock and on-chip oscillator clock both are on, the
peripheral functions using these clocks keep operating.
 Peripheral Function Clock Stop Function
If the CMO2 bit is “1” (peripheral function clocks turned off during wait mode), the f1, f2, g, f32, fisio,
fasio, f32sio, and fAD clocks are turned off when in wait mode, with the power consumption reduced
that much.
* Entering Wait Mode
The microcomputer is placed into wait mode by executing the WAIT instruction.
¢ Pin Status During Wait Mode
The status before wait mode is retained.
« Exiting Wait Mode
The microcomputer is moved out of wait mode by a hardware reset or peripheral function interrupt.
When using a hardware reset to exit wait mode, set the ILVL2 to ILVLO bits for the peripheral function
interrupts to “0002” (interrupts disabled) before executing the WAIT instruction.
The peripheral function interrupts are affected by the CM02 bit. If CMO02 bit is “0” (peripheral function
clocks not turned off during wait mode), all peripheral function interrupts can be used to exit wait
mode. If CMO02 bit is “1” (peripheral function clocks turned off during wait mode), the peripheral
functions using the peripheral function clocks stop operating, so that only the peripheral functions
clocked by external signals can be used to exit wait mode.
Table 6. 3 lists the interrupts to exit wait mode and the usage conditions.
When using a peripheral function interrupt to exit wait mode, set up the following before executing
the WAIT instruction.
1. In the ILVL2 to ILVLO bits in the interrupt control register, set the interrupt priority level of the
peripheral function interrupt to be used to exit wait mode.
Also, for all of the peripheral function interrupts not used to exit wait mode, set the ILVL2 to ILVLO
bits to “0002” (interrupt disable).
2. Set the | flag to “1".
3. Enable the peripheral function whose interrupt is to be used to exit wait mode.
In this case, when an interrupt request is generated and the CPU clock is thereby turned on, an
interrupt sequence is executed.
The CPU clock turned on when exiting wait mode by a peripheral function interrupt is the same CPU
clock that was on when the WAIT instruction was executed.

Table 6.3 Interrupts to Exit Wait Mode and Usage Conditions
CM02=0 CM02=1

Interrupt

Serial interface interrupt Can be used when operating with internal Can be used when operating with external clock

or external clock
Can be used

Key input interrupt Can be used

A/D conversion interrupt Can be used in one-shot mode — (Do not use)

Timer X interrupt

Can be used in all modes

Can be used in event counter mode

Timer Y interrupt

Can be used in all modes

Can be used when counting inputs from CNTR1 pin
in timer mode

Timer Z interrupt

Can be used in all modes

— (Do not use)

Timer C interrupt

Can be used in all modes

— (Do not use)

INT interrupt Can be used Can be used (INTO and INT3 can be used if there
is no filter.

Voltage detection interrupt Can be used Can be used

Oscillation stop detection Can be used — (Do not use)

interrupt
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R8C/12 Group 6.4 Power Control

6.4.3 Stop Mode

In stop mode, all oscillator circuits are turned off, so are the CPU clock and the peripheral function
clocks. Therefore, the CPU and the peripheral functions clocked by these clocks stop operating. The
least amount of power is consumed in this mode. If the voltage applied to Vcc pin is VRAM or more, the
internal RAM is retained.
However, the peripheral functions clocked by external signals keep operating. The following interrupts
can be used to exit stop mode.

* Key interrupt

« INTO to INT2 interrupts (INTO can be used only when there is no filter.)

 Timer X interrupt (when counting external pulses in event counter mode)

e Timer Y interrupt (when counting inputs from CNTR1 pin in timer mode)

« Serial interface interrupt (when external clock is selected)

* Entering Stop Mode
The microcomputer is placed into stop mode by setting the CM10 bit of CM1 register to “1” (all clocks
turned off). At the same time, the CMO06 bit of CMO register is set to “1” (divide-by-8 mode) and the
CM15 bit of CM10 register is set to “1” (main clock oscillator circuit drive capacity high).
Before entering stop mode, set the OCD1 to OCDO bits to “002” (oscillation stop detection function
disable).
 Pin Status in Stop Mode
The status before wait mode is retained.
However, the XouT(P47) pin is held “H” when the CM13 bit in the CM1 register is set to “1” (XIN-XOUT
pin). The P47(XouT) is in input state when the CM13 bit is set to “0” (input port P46, P47).
* Exiting Stop Mode
The microcomputer is moved out of stop mode by a hardware reset or peripheral function interrupt.
When using a hardware reset to exit stop mode, set the ILVL2 to ILVLO bits for the peripheral function
interrupts to “0002” (interrupts disabled) before setting the CM10 bit to “1”.
When using a peripheral function interrupt to exit stop mode, set up the following before setting the
CM10 bit to “1”.
1. In the ILVL2 to ILVLO bits in the interrupt control register, set the interrupt priority level of the
peripheral function interrupt to be used to exit stop mode.
Also, for all of the peripheral function interrupts not used to exit stop mode, set the ILVL2 to ILVLO
bits to “0002".
2. Set the | flag to “1".
3. Enable the peripheral function whose interrupt is to be used to exit stop mode.
In this case, when an interrupt request is generated and the CPU clock is thereby turned on, an
interrupt sequence is executed.

The main clock divided by 8 of the clock which is used right before stop mode is used for the CPU
clock when exiting stop mode by a peripheral function interrupt.
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Figure 6.5 shows the state transition of power control.

High-speed Mode,
Middle-speed mode
OCD2=0
CMO05=0
CM13=1
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WAIT Instruction CM10=1

Interrupt
(All clocks stop)

Wait Mode Stop Mode

Interrupt

There are five power control modes.
(1) High-speed mode
(2) Middle-speed mode
(3) On-chip oscillator mode
(4) Wait mode
(5) Stop mode

CMO05: Bit in CMO register
CM10, CM13, CM14: Bit in CM1 register
OCD2: Bitin OCD register

Figure 6.5 State Transition of Power Control
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6.5 Oscillation Stop Detection Function
The oscillation stop detection function is such that main clock oscillation circuit stop is detected. The
oscillation stop detection function can be enabled and disabled by the OCD1 to OCDO bits in the OCD
register.
Table 6.4 lists the specifications of the oscillation stop detection function.

Where the main clock corresponds to the CPU clock source and the OCD1 to OCDO bits are “112”

(oscillation stop detection function enabled), the system is placed in the following state if the main clock

comes to a halt:

* The on-chip oscillator starts oscillation, and the on-chip oscillator clock becomes the clock source for
CPU clock and peripheral functions in place of the main clock

* OCD register OCD2 bhit = 1 (selecting on-chip oscillator clock)

» OCD register OCD3 bit =1 (main clock stopped)

* CM1 register CM14 bit = 0 (on-chip oscillator oscillating)

« Oscillation stop detection interrupt request occurs

Table 6.4 Oscillation Stop Detection Function Specifications
Item Specification

Oscillation stop detectable clock and | f(Xin) =2 2 MHz
frequency bandwidth
Enabling condition for oscillation stop | Set OCD1 to OCDO bits to “11.” (oscillation stop detection
detection function function enabled)

Operation at oscillation stop detection | Oscillation stop detection interrupt occurs

6.5.1 How to Use Oscillation Stop Detection Function

» The oscillation stop detection interrupt shares the vector with the watchdog timer interrupt. If the
oscillation stop detection and watchdog timer interrupts both are used, the interrupt factor must be
determined. Table 6.5 shows to determine the interrupt factor with the oscillation stop detection
interrupt and watchdog timer interrupt.

* Where the main clock re-oscillated after oscillation stop, the clock source for the CPU clock and
peripheral functions must be switched to the main clock in the program.

Figure 6.6 shows the procedure for switching the clock source from the on-chip oscillator to the main
clock.

* To enter wait mode while using the oscillation stop detection function, set the CMO02 bit to “0” (periph-
eral function clocks not turned off during wait mode).

« Since the oscillation stop detection function is provided in preparation for main clock stop due to
external factors, set the OCD1 to OCDO hits to “002” (oscillation stop detection function disabled)
where the main clock is stopped or oscillated in the program, that is where the stop mode is selected
or the CMO5 bit is altered.

« This function cannot be used when the main clock frequency is below 2 MHz. Set the OCD1 to OCDO
bits to “002” (oscillation stop detection function disabled).
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Table 6.5 Determination of Interrupt Factor of Oscillation Stop Detection or Watchdog Timer Interrupt)

Generated Interrupt Factor Bit showing interrupt factor
Oscillation stop detection (a) The OCD3 bit in the OCD register = 1
((@)or (b)) (b) The OCD1 to OCDO bits in the OCD register = 112 and the
OCD2bhit=1

C Switch to Main clock )

i

l

Verify OCD3 bit -
1(main clock stop)

O(main clock oscillating)

Determine several times

Determine several times that the main clock is supplied

Set OCD1 to OCDO bits to 002
(oscillation stop detection function disabled

Set OCD2 hitto 0
(selecting main clock)

|
C End )

OCD3 to OCDO bits: Bits in OCD register

Figure 6.6 Switching Clock Source From On-Chip Oscillator to Main Clock
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7. Protection

In the event that a program runs out of control, this function protects the important registers so that they
will not be rewritten easily. Figure 7.1 shows the PRCR register. The following lists the registers protected
by the PRCR register.

 Registers protected by PRCO bit: CM0, CM1, and OCD registers

* Registers protected by PRC1 bit: PMO and PM1 registers

 Registers protected by PRC2 bit: PDO register

Set the PRC2 bit to “1” (write enabled) and then write to any address, and the PRC2 bit will be set to “0”
(write protected). The registers protected by the PRC2 bit should be changed in the next instruction after
setting the PRC2 bit to “1”. Make sure no interrupts will occur between the instruction in which the PRC2
bit is set to “1” and the next instruction. The PRCO to PRC1 bits are not automatically set to “0” by writing
to any address. They can only be set to “0” in a program.

Protect register

b7 b6 b5 b4 b3 b2 bl bo

ol o Symbol Address After reset
| i | i | i | i | O | | | | PRCR 000A16 00XXX0002
Bit symbol Bit name Function RW
PRCO Protect bit O Enable write to CMO, CM1, OCD
registers
RW
0 : Write protected
1 : Write enabled
! Enable write to PMO, PM1
teeneg PRC1 Protect bit 1 registers
0 : Write protected RwW
1 : Write enabled
: Enable write to PDO register
R PRC2 Protect bit 2
0 : Write protected RW
1 : Write enabled?
SIS SRR— (b5-03) Reserved bit When write, must set to "0" RW
] (b7-b6) Reserved bit When read, its content is “0". RO

NOTES:
1. The PRC2 bit is set to “0” by writing to any address after setting it to “1”. Other bits are not set to “0”
by writing to any address, and must therefore be set to “0” in a program.

Figure 7.1 PRCR Register
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8. Processor Mode
8.1 Types of Processor Mode

The processor mode is single-chip mode. Table 8.1 shows the features of the processor mode. Figure 8.1
shows the PMO and PM1 register.

Table 8.1 Features of Processor Mode
Processor mode Access space Pins which are assigned 1/O ports

Single-chip mode SFR, internal RAM, internal ROM All pins are 1/O ports or peripheral
function 1/O pins

Processor mode register 0®

b7 b6 b5 b4 b3 b2 bl bo Symbol Address After reset
PMO 000416 0016
ORI

P i 1 ! [ Bit symbol Bit name Function RW
L P ﬂ — Reserved bit Set to “0”
I (620) R
P e PMO03 Software reset bit Setting this bit to “1” resets the
b microcomputer. When read, its | RW
oo content is “0”.
S S R Nothing is assigned. When write, set to “0”. When read, its

(b7-b4) content is 0. -

NOTES:
1. Set the PRC1 bit in the PRCR register to "1" (write enable) before writing to this register.

Processor mode register 1

b7 b6 bS5 b4 b3 b2 bl bo Symbol Address After reset

| 0 |><|><|><M | 0 | | PM1 000516 0016
o v v Bit symbol Bit name Function RW
Data area access enable | 0 : Disabled
PM10 bit 1: Enabled RW
femees (b1) Reserved bit Set to “0” RW
N PM12 WDT interrupt/reset 0 : Watchdog timer interrupt RW
switch bit(® 1 : Watchdog timer reset(®)
R — Nothing is assigned. When write, set to “0”. When read, its
(b6-b3) content is 0. -
P EEEEEEEEPEEEEEEEEEP (b7) Reserved bit Set to “0” RW
NOTES:

1. Set the PRC1 bit in the PRCR register to "1" (write enable) before writing to this register.
2. PM12 bit is set to “1” by writing a “1” in a program. (Writing a “0” has no effect.)

Figure 8.1 PMO Register and PM1 Register
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9. Bus

During access, the ROM/RAM and the SFR have different bus cycles. Table 9.1 shows bus cycles for
access space.
The ROM/RAM and SFR are connected to the CPU through an 8-bit bus. When accessing in word (16
bits) units, these spaces are accessed twice in 8-bit units. Table 9.2 shows bus cycles in each access

space.

Table 9.1 Bus Cycles for Access Space

Access space

Bus cycle

SFR/Data flash

2 CPU clock cycles

Program ROM/RAM | 1 CPU clock cycles

Table 9.2 Access Unit and Bus Operation

word access

Address X Even X Even+1 X

Data

Space SFR, Data flash Program ROM/RAM
Even address | cpU clock l | l | [ CPU clock | | l L
byt
yie aceess Address X Even X Address
Data Data
Odd address | CPU clock | | | | [ | CPU clock | | |
byte access Address X Odd X Address Odd
Data Data
Even address | CPU clock | | | CPU clock I L L]

AddressX Even X Even+1 X

Data

Odd address
word access

cpuclock [ L[ L[ LI LI

AddressX Odd X Odd+1 X

Data X Data X X DataX

CPU clock | |

—

Address X___odd _ X__odd+1_ X

Data
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10. Interrupt

10.1 Interrupt Overview

10.1.1 Type of Interrupts
Figure 10.1 shows types of interrupts.

L] Undefined instruction (UND instruction)
O Overflow (INTO instruction)
BRK instruction

Software
[] (Non-maskable interrupt)

0 [] INT instruction
H
Interrupt []
H [JWatchdog timer
% _ [Oscillation stop detection
0 %Speual cable i ESingle step(2)
Hardware B (Non-maskable InterrUp'[DAddress match
[
[

Peripheral function(1)
(Maskable interrupt)

NOTES:
1. Peripheral function interrupts are generated by the peripheral functions built in the microcomputer system.
2. Avoid using this interrupt because this is a dedicated interrupt for development support tools only.

Figure 10.1 Interrupts

» Maskable Interrupt: An interrupt which can be enabled (disabled) by the interrupt enable flag (I flag) or
whose interrupt priority can be changed by priority level.
« Non-maskable Interrupt: An interrupt which cannot be enabled (disabled) by the interrupt enable flag
(I flag) or whose interrupt priority cannot be changed by priority level.

Rev.1.20 Jan 27, 2006 page 33 of 181 RENESAS
REJ09B0110-0120



R8C/12 Group 10.1 Interrupt Overview

10.1.2 Software Interrupts
A software interrupt occurs when executing certain instructions. Software interrupts are non-
maskable interrupts.

e Undefined Instruction Interrupt
An undefined instruction interrupt occurs when executing the UND instruction.

« Overflow Interrupt
An overflow interrupt occurs when executing the INTO instruction with the O flag set to “1” (the
operation resulted in an overflow). The following are instructions whose O flag changes by arith-
metic:
ABS, ADC, ADCF, ADD, CMP, DIV, DIVU, DIVX, NEG, RMPA, SBB, SHA, SUB

* BRK Interrupt
A BRK interrupt occurs when executing the BRK instruction.

« INT Instruction Interrupt
An INT instruction interrupt occurs when executing the INT instruction. Software interrupt numbers 0
to 63 can be specified for the INT instruction. Because software interrupt numbers 4 to 31 are as-
signed to peripheral function interrupts, the same interrupt routine as for peripheral function inter-
rupts can be executed by executing the INT instruction.
In software interrupt numbers 0 to 31, the U flag is saved to the stack during instruction execution
and is cleared to “0” (ISP selected) before executing an interrupt sequence. The U flag is restored
from the stack when returning from the interrupt routine. In software interrupt numbers 32 to 63, the
U flag does not change state during instruction execution, and the SP then selected is used.
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10.1.3 Hardware Interrupts

Hardware interrupts are classified into two types — special interrupts and peripheral function inter-

rupts.

(1) Special Interrupts
Special interrupts are non-maskable interrupts.

* Watchdog Timer Interrupt
Generated by the watchdog timer. Once a watchdog timer interrupt is generated, be sure to initialize
the watchdog timer. For details about the watchdog timer, refer to Chapter 11, “Watchdog Timer.”

« Oscillation Stop Detection Interrupt
Generated by the oscillation stop detection function. For details about the oscillation stop detection
function, refer to Chapter 6, “Clock Generation Circuit.”

* Single-step Interrupt
Do not normally use this interrupt because it is provided exclusively for use by development support
tools.

« Address Match Interrupt
An address match interrupt is generated immediately before executing the instruction at the address
indicated by the RMADO to RMAD1 register that corresponds to one of the AIER register's AIERO or
AIERZ1 bit which is "1" (address match interrupt enabled). For details about the address match inter-
rupt, refer to Section 10.4, “Address Match Interrupt.”

(2) Peripheral Function Interrupts
Peripheral function interrupts are maskable interrupts and generated by the microcomputer's internal
functions. The interrupt factors for peripheral function interrupts are listed in Table 10.2.
“Relocatable Vector Tables”. For details about the peripheral functions, refer to the description of
each peripheral function in this manual.
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10.1.4 Interrupts and Interrupt Vector
One interrupt vector consists of 4 bytes. Set the start address of each interrupt routine in the respec-
tive interrupt vectors. When an interrupt request is accepted, the CPU branches to the address set in
the corresponding interrupt vector. Figure 10.2 shows the interrupt vector.

MSB LSB
Vector address (L) Low address
Mid address
0000 High address
Vector address (H) 0000 0000
(Note 1)

NOTES:
1. The OFS register is assigned to the OFFFF16 address. Refer to “Figure11.2 OFS,
WDC, WDTR and WDTS registers” for the OFS register details

Figure 10.2 Interrupt Vector

« Fixed Vector Tables

The fixed vector tables are allocated to the addresses from OFFDC16 to OFFFF16. Table 10.1
lists the fixed vector tables. In the flash memory version of microcomputer, the vector ad-
dresses (H) of fixed vectors are used by the ID code check function. For details, refer to Sec-
tion 17.3, “Functions to Prevent Flash Memory from Rewriting.”

Table 10.1 Fixed Vector Tables

Interrupt factor Vector addresses Remarks Reference
Address (L) to address (H)
Undefined instruction| OFFDC16 to OFFDF16 | Interrupt on UND instruction R8C/Tiny series
Overflow OFFEO16 to OFFE316 Interrupt on INTO instruction software manual

BRK instruction OFFE416 to OFFE716 If the contents of address
OFFE716 is FF1e, program ex-
ecution starts from the address
shown by the vector in the
relocatable vector table.

Address match OFFE816 to OFFEB16 10.4 Address match
interrupt

Single step(1) OFFEC16 to OFFEF16

Watchdog timer, OFFFO016 to OFFF316 11. Watchdog timer,

oscillation stop 6. Clock generation

detection circuit

(Reserved) OFFF416 to OFFF716

(Reserved) OFFF816 to OFFFB16

Reset OFFFC16 to OFFFF16 5. Reset

NOTES:
1. Do not normally use this interrupt because it is provided exclusively for use by development support
tools.
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* Relocatable Vector Tables
The 256 bytes beginning with the start address set in the INTB register comprise a relocatable vector
table area. Table 10.2 lists interrupts and vector tables located in the relocatable vector table.

Table 10.2 Relocatable Vector Tables

Interrupt factor Vector address(®) Software interrupt Reference
Address (L) to address (H) number
BRK instruction(? +0 to +3 (000016 to 000316) 0 R8C/Tiny Series
—  (Reserved) 1to 12 software manual
Key input +52 to +55 (003416 to 003716) 13 10.3 Key input interrupt
A/D Conversion +56 to +59 (003816 to 003B16) 14 14. AID converter
— (Reserved) 15, 16
UARTO transmit +68 to +71 (004416 to 004716) 17
UARTO receive +72 to +75 (004816 to 004B16) 18
UART1 transmit +76 to +79 (004C16 to 004F16) 19 13. Serial interface
UARTL1 receive +80 to +83 (005016 to 005316) 20
INT2 +84 to +87 (005416 to 005716) 21 10.2.3 INT interrupt
Timer X +88 to +91 (005816 to 005B16) 22 12.1 Timer X
Timer Y +92 to +95 (005C16 to 005F16) 23 12.2 Timer Y
Timer Z +96 to +99 (006016 to 006316) 24 12.3 Timer Z
INT1 +100 to +103 (006416 to 006716) 25 10.2.3 INT1 interrupt
INT3 +104 to +107 (006816 to 006B16) 26 10.2.4 INT3 interrupt
Timer C +108 to +111 (006C16 to 006F16) 27 12.4 Timer C
—  (Reserved) 28
INTO +116 to +119 (007416 to 007716) 29 10.2.1 INTO interrupt
—— (Reserved) 30
—  (Reserved) 31
Software interrupt® +128 to +l31t(0008016 to 008316) C:g Sfﬁ%;igylf:ﬂfaﬁ
+252 to +255 (00FC16 to O0FF16) 63

NOTES:
1. Address relative to address in INTB.
2. These interrupts cannot be disabled using the | flag.
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10.1.5 Interrupt Control
The following describes how to enable/disable the maskable interrupts, and how to set the priority in
which order they are accepted. What is explained here does not apply to nonmaskable interrupts.
Use the FLG register’s | flag, IPL, and each interrupt control register's ILVL2 to ILVLO bits to enable/

disable the maskable interrupts. Whether an interrupt is requested is indicated by the IR bit in each
interrupt control register.

Figure 10.3 shows the interrupt control registers.
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b7 b6 b5 b4 b3 b2 bl bo

DO ||

Interrupt control register®

U U

Leccmmccccccema-

b7 b6 b5 b4 b3 b2 bl bO

Symbol Address After reset
KUPIC 004D16 XXXXX0002
ADIC 004E1s XXXXX0002
SOTIC, S1TIC 005116, 005316 XXXXX0002
SORIC, S1RIC 005216, 005416 XXXXX0002
INT2IC 005516 XXXXX0002
TXIC 005616 XXXXX0002
TYIC 005716 XXXXX0002
TZIC 005816 XXXXX0002
INT1IC 005916 XXXXX0002
INT3IC 005A16 XXXXX0002
TCIC 005B16 XXXXX0002
Bit symbol Bit name Function RW
ILVLO Interrupt priority level
select bit b2 b1b0 . ) RW
000: Level O (interrupt disabled)
001: Levell
ILVL1 010: Level2
011: Level3 RW
100: Level4
101: Level5
ILVL2 110: Level6
111: Level7 RW
IR Interrupt request bit 0 : Interrupt not requested )
1: Interrupt requested RW!
J— Nothing is assigned.
When write, set to “0”. When read, its content is indeterminate. e
(b7-b4)
Symbol Address After reset
INTOIC 005D16 XX00X0002
Bit symbol Bit name Function RW
ILVLO Interrupt priority level
select bit b2 100 . . RW
000 : Level O (interrupt disabled)
001:Levell
ILVL1 010:Level 2
011:Level3
100:Level4 RW
101:Level5
ILVL2 110:Level6
111:Level7 RW
IR Interrupt request bit 0: Interrupt not requested 1
1: Interrupt requested RwW®
POL Polarity select bit(3. 4) 0 : Selects falling edge
1: Selects rising edge RW
(b5) Reserved bit Set to “0” RW
T Nothing is assigned.
(b7-b6) When write, set to “0”. When read, its content is indeterminate. -

NOTES:

1. Only "0" can be written to the IR bit. (Do not write "1").
2. To rewrite the interrupt control register, do so at a point that does not generate the interrupt request for that register.
Refer to the paragraph 19.2.6 “Changing Interrupt Control Registers”.
3. If the INTOPL bit in the INTEN register is set to “1” (both edges), set the POL bit to "0 " (selecting falling edge).
4. The IR bit may be set to “1” (interrupt requested) when the POL bit is rewritten. Refer to the paragraph 19.2.5
“Changing Interrupt Factor”.

Figure 10.3 Interrupt Control Registers
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| Flag
The | flag enables or disables the maskable interrupt. Setting the | flag to “1” (enabled) enables the
maskable interrupt. Setting the | flag to “0” (disabled) disables all maskable interrupts.

* IR Bit
The IR bit is set to “1” (interrupt requested) when an interrupt request is generated. Then, when the
interrupt request is accepted and the CPU branches to the corresponding interrupt vector, the IR bit
is cleared to “0” (= interrupt not requested).
The IR bit can be cleared to “0” in a program. Note that do not write “1” to this bit.

«ILVL2 to ILVLO Bits and IPL
Interrupt priority levels can be set using the ILVL2 to ILVLO bits.
Table 10.3 shows the settings of interrupt priority levels and Table 10.4 shows the interrupt priority
levels enabled by the IPL.

The following are conditions under which an interrupt is accepted:
-lflag=1
-IRbit=1
- interrupt priority level > IPL

The | flag, IR bit, ILVL2 to ILVLO bits and IPL are independent of each other. In no case do they affect
one another.

Table 10.4 Interrupt Priority Levels Enabled

Table 10.3 Settings of Interrupt Priority Levels by IPL
. Interrupt priority Priority

ILVL2 to ILVLO bits level order IPL Enabled interrupt priority levels
0002 Level 0 (interrupt disabled) 0002 Interrupt levels 1 and above are enabled
0012 Level 1 Lowest 0012 Interrupt levels 2 and above are enabled
0102 Level 2 0102 Interrupt levels 3 and above are enabled
0112 Level 3 0112 Interrupt levels 4 and above are enabled
1002 Level 4 1002 Interrupt levels 5 and above are enabled
1012 Level 5 1012 Interrupt levels 6 and above are enabled
1102 Level 6 Y 1102 Interrupt levels 7 and above are enabled
1112 Level 7 Highest 1112 All maskable interrupts are disabled
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* Interrupt Sequence
An interrupt sequence — what are performed over a period from the instant an interrupt is accepted
to the instant the interrupt routine is executed — is described here.
If an interrupt occurs during execution of an instruction, the processor determines its priority when
the execution of the instruction is completed, and transfers control to the interrupt sequence from the
next cycle. If an interrupt occurs during execution of either the SMOVB, SMOVF, SSTR or RMPA
instruction, the processor temporarily suspends the instruction being executed, and transfers control
to the interrupt sequence.
The CPU behavior during the interrupt sequence is described below. Figure 10.4 shows time re-
quired for executing the interrupt sequence.

(1) The CPU gets interrupt information (interrupt number and interrupt request priority level) by read-
ing the address 0000016. Then it clears the IR bit for the corresponding interrupt to “0” (interrupt
not requested).

(2) The FLG register immediately before entering the interrupt sequence is saved to the CPU internal
temporary register(l).

(3) The |, D and U flags in the FLG register become as follows:

The | flag is cleared to “0” (interrupts disabled).

The D flag is cleared to “0” (single-step interrupt disabled).

The U flag is cleared to “0” (ISP selected).

However, the U flag does not change state if an INT instruction for software interrupt numbers 32 to
63 is executed.

(4) The CPU's internal temporary register (1) is saved to the stack.

(5) The PC is saved to the stack.

(6) The interrupt priority level of the accepted interrupt is set in the IPL.

(7) The start address of the relevant interrupt routine set in the interrupt vector is stored in the PC.

After the interrupt sequence is completed, the processor resumes executing instructions from the start
address of the interrupt routine.

NOTES:
1. This register cannot be used by user.

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
e [ [ LU U YU UL
Address ;
Address bus 000016 Indeterminate SP-2) SP-1) SP-4 SP-3 }VEC) VEC+1 VEC+2 PC

SP-2 SP-4 VEC
contents contents contents
Interrupt : SP-3 VEC+1 VEC+2
Data bus Xinformat?onX Indeterminate x X‘Xﬂ contents >< >< contents >< contents
SP-1

- contents

RD | ] U ndeterminaie | m L]
- LU

The indeterminate state depends on the instruction queue buffer. A read cycle occurs when the instruction queue buffer is ready
to accept instructions.

Figure 10.4 Time Required for Executing Interrupt Sequence
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« Interrupt Response Time
Figure 10.5 shows the interrupt response time. The interrupt response or interrupt acknowledge time
denotes a time from when an interrupt request is generated till when the first instruction in the inter-
rupt routine is executed. Specifically, it consists of a time from when an interrupt request is gener-
ated till when the instruction then executing is completed (see #a in Figure 10.5) and a time during
which the interrupt sequence is executed (20 cycles, see #b in Figure 10.5).

Interrupt request generated  Interrupt request acknowledged

4} {B — Time
/ /

Instruction in
interrupt routine

Instruction Interrupt sequence

N __—

a 20 cycles (b 4
- (a) - ycles (b)

Interrupt response time

(a) A time from when an interrupt request is generated till when the instruction then
executing is completed. The length of this time varies with the instruction being
executed. The DIVX instruction requires the longest time, which is equal to 30 cycles
(without wait state, the divisor being a register).

(b) 21 cycles for address match and single-step interrupts.

Figure 10.5 Interrupt Response Time

« Variation of IPL when Interrupt Request is Accepted
When a maskable interrupt request is accepted, the interrupt priority level of the accepted interrupt is

set in the IPL.
When a software interrupt or special interrupt request is accepted, one of the interrupt priority levels
listed in Table 10.5 is set in the IPL. Shown in Table 10.5 are the IPL values of software and special

interrupts when they are accepted.

Table 10.5 IPL Level That Is Set to IPL When A Software or Special Interrupt Is Accepted
Interrupt factors Level that is set to IPL

Watchdog timer, oscillation stop detection 7
Not changed

Software, address match, single-step
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R8C/12 Group 10.1 Interrupt Overview

» Saving Registers
In the interrupt sequence, the FLG register and PC are saved to the stack.
At this time, the 4 high-order bits in the PC and the 4 high-order (IPL) and 8 low-order bits in the FLG
register, 16 bits in total, are saved to the stack first. Next, the 16 low-order bits in the PC are saved.
Figure 10.6 shows the stack status before and after an interrupt request is accepted.
The other necessary registers must be saved in a program at the beginning of the interrupt routine.
The PUSHM instruction can save several registers in the register bank being currently used® with a
single instruction.
NOTES:

1. Selectable from registers RO, R1, R2, R3, A0, Al, SB, and FB.

Address Stack Address Stack
MSB LSB MSB LSB
[SP]
m-4 m-4 PCL <« New SP value
m-3 m-3 PCwm
m-2 > m-2 FLGL
m-1 m-1 FLGH PChH
[SP]
m Content of previous stack |«g—— iltjevrilj%et (l))g(f:c&rrz m Content of previous stack
m+ 1| Content of previous stack m+ 1| Content of previous stack
Stack status before interrupt request Stack status after interrupt request
is acknowledged is acknowledged

Figure 10.6 Stack Status Before and After Acceptance of Interrupt Request

The registers are saved in four steps, 8 bits at a time. Figure 10.7 shows the operation of the saving
registers.
NOTES:
1. When any INT instruction in software numbers 32 to 63 has been executed, this is the SP indi-
cated by the U flag. Otherwise, it is the ISP.

Address Stack Sequence in which order
registers are saved
[SP]-5
[SP] -4 PCL ~—(3)
[SP]-3 PCu - (4)
Saved, 8 bits at a time

[SP] -2 FLGL —(1)
[SsP]-1 FLGH PCH la—(2)
[SP]

Finished saving registers

in four operations.

NOTES:
1. [SP] denotes the initial value of the SP when interrupt request is acknowledged.
After registers are saved, the SP content is [SP] minus 4.

Figure 10.7 Operation of Saving Register

Rev.1.20 Jan 27, 2006 page 43 of 181 RENESAS
REJ09B0110-0120
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e Returning from an Interrupt Routine
The FLG register and PC in the state in which they were immediately before entering the interrupt
sequence are restored from the stack by executing the REIT instruction at the end of the interrupt
routine. Thereafter the CPU returns to the program which was being executed before accepting the
interrupt request.
Return the other registers saved by a program within the interrupt routine using the POPM or similar
instruction before executing the REIT instruction.

* Interrupt Priority
If two or more interrupt requests are generated while executing one instruction, the interrupt request
that has the highest priority is accepted.
For maskable interrupts (peripheral functions), any desired priority level can be selected using the
ILVL2 to ILVLO bits. However, if two or more maskable interrupts have the same priority level, their
interrupt priority is resolved by hardware, with the highest priority interrupt accepted.
The watchdog timer and other special interrupts have their priority levels set in hardware. Figure 10.8
shows the Hardware Interrupt Priority.
Software interrupts are not affected by the interrupt priority. If an instruction is executed, control
branches invariably to the interrupt routine.

Reset > WDT/Oscillation stop detection > Peripheral function > Single step > Address match

Figure 10.8 Hardware Interrupt Priority
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10.1 Interrupt Overview

« Interrupt Priority Resolution Circuit

The interrupt priority resolution circuit is used to select the interrupt with the highest priority among

those requested.

Figure 10.9 shows the Interrupts Priority Select Circuit

Priority level of each interrupt

| INT3

| Timer Z

| Timer X

| INTO

| Timer C

| INTL

| Timer Y

| UART1 reception

| UARTO reception

| A/D conversion

| INT2

| UART1 transmission

| UARTO transmission

| Key input interrupt

Highest

A

Priority of peripheral function interrupts
(if priority levels are same)

""""""""""""""""""""" Lowest

| IPL
Interrupt request level
resolution output signal

| | flag Interrupt

| Address match arceg:petztj

| Watchdog timer

| Oscillation stop detection

Figure 10.9 Interrupts Priority Select Circuit
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10.2 INT Interrupt
10.2.1 INTO Interrupt
'INTO interrupt is triggered by an INTO input. When using INTO interrupts, the INTOEN bit in the INTEN
register must be set to “1” (enabling). The edge polarity is selected using the INTOPL bit in the INTEN
register and the POL bit in the INTOIC register.
Inputs can be passed through a digital filter with three different sampling clocks.
The INTO pin is shared with the external trigger input pin of Timer Z.
Figure 10.10 shows the INTEN and INTOF registers.

External input enable register
b7 b6 b5 b4 b3 b2 bl b0
| 0 | 0 | 0 | 0 | 0 | 0 | | | Symbol Address After reset
— T T INTEN 009616 0016
o0 b b1 1| Bitsymbol Bit name Function RW
poroi i b Ll INTOEN  [TNTO input enable bit 0 : Disabled .
oo 1: Enabled
oo o] INTOPL  |INTO input polarity select bit®@ | 0 : One edge
1: Both edges RW
A Reserved bit Set to “0”
-------------- eodemseseeel (7-b2) RW
NOTES:
1. This bit must be set while the INTOSTG bit in the PUM register is set to “0” (one-shot trigger disabled).
2. When setting the INTOPL bit to “1” (selecting both edges), the POL bit in the INTOIC must be set to “0”
(selecting falling edge).
3. The IR bit in the INTOIC register may be set to “1” (interrupt requested) when the INTOPL bit is rewritten.
Refer to the paragraph 19.2.5 “Changing Interrupt Factor” in the Usage Notes Reference Book.
INTO input filter select register
b7 b6 b5 b4 b3 b2 bl bO
VTN NN S
ymbol Address After reset
: INTOF 001E1s XXXXX0002
oo I i | Bitsymbol Bit name Function RW
[ . . . b1 b0
A INTOFO TNTO input filter select bit 0 0 - No filter RW
T A A 0 1: Filter with f1 sampling
e 1 O: Filter with f8 sampling
A INTOF1 1 1: Filter with f32 sampling | RW
Reserved bit Set to “0”
B (02) R
R S SR Nothing is assigned.
(b7-b3) When write, set to “0”. If read, it content is indeterminate.

Figure 10.10 INTEN Register and INTOF Register
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10.2 INT Interrupt

10.2.2 INTO Input Filter

The INTO input has a digital filter which can be sampled by one of three sampling clocks. The sampling
clock is selected using the INTOF1 to INTOFO bits in the INTOF register. The IR bit in the INTOIC
register is set to “1” (interrupt requested) when the sampled input level matches three times. When the

INTOF1 to INTOFO bits are set to “012”, “102”, or
filtered value.

Figure 10.11 shows the INTO input filter configur
INTO input filter.

“112", the P4_5 bit in the P4 register indicates the

ation. Figure 10.12 shows an operation example of

INTOF1 to INTOFO

f1 =012
g =102 o Sampling clock
=112
faa2 —=© INTOEN
Other than
INTOF1 to INTOFO
INTO Digital filter |——>° INTO interrupt
(input level
Port P45 matches 3x) =002 .
direction P4 5 bit
register

INTOFO, INTOF1: Bits in INTOF register
INTOEN: Bit in INTEN register

Figure 10.11 INTO Input Filter

P45 input

Sampling
timing

P4_5in
P4 register

IR bitin
INTOIC register

This is an operation example when the INTOF1 to INTOFO bits in the
INTOF register is set to “012”, “102”, or “112” (passing digital filter).

Set to “0” in program

Figure 10.12 Operation Example of INTO Input Filter
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10.2 INT Interrupt

10.2.3 INT1 Interrupt and INT2 Interrupt
INT1 interrupts are triggered by INT1 inputs. The edge polarity is selected with the ROEDG bit in the
TXMR register. The INT1 pin can be used only when the Timer X is in timer mode because the INT1
pin shares the same pin with the CNTRO pin.
INT2 interrupts are triggered by INT2 inputs. The edge polarity is selected with the R1IEDG bit in the
TYZMR register. The INT2 pin can be used only when the Timer Y is in timer mode because the INT2
pin shares the same pin with the CNTR1 pin. The INT2 pin can be used use with the CNTR1 pin
Figure 10.13 shows the TXMR and TYZMR registers when using INT1 and INT2 interrupts.

Timer X mode register

NOTES:
1. When using INT2 interrupts, must set to timer mode.
2. The IR bitin the INT2IC may be set to “1” (interrupt requested) when the R1IEDG bit is rewritten.

b7 b6 b5 b4 b3 b2 bl bo Symbol Address After reset
|0|0|0|0| | |0|0| TXMR 008B16 0016
: o : Bit symbol Bit name Function RW
H i bl b0
Voo TXMODO | Operation mode 0 0 : Timer mode or pulse period RW
A R A A select bit 0, 1
oo measurement mode()
; P t....] TXMOD1 RW
TNT1/CNTRo polarity | 0 : Rising edge
A ROEDG switching bit(, 2) 1: Falling edge RW
XS Timer X count 0 : Stops counting RW
[ start flag 1 : Starts counting
o ] TXOCNT | Setto "0" in timer mode RW
TXMOD2 Operation mode 0 : Other than pulse period measurement
Vo T select bit 2 mode(3) RwW
: I TXEDG Set to "0" in timer mode RW
e TXUND Set to "0" in timer mode RW
NOTES:
1. The IR bit in the INT1IC may be set to “1” (interrupt requested) when the ROEDG bit is rewritten. Refer to the
paragraph 19.2.5 “Changing Interrupt Factor” in the Usage Notes Reference Book.
2. This bit is used to select the polarity of INT1 interrupt in timer mode.
3. When using INT1 interrupts, should select timer mode.
Timer Y, Z mode register
b7 b6 b5 b4 b3 b2 bl bo Symbol Address After reset
| | | | | | | | 0 | TYZMR 008016 0016
: o ¢+ | Bit symbol Bit name Function RW
Poror o L Tymopo | Timer Y operation | 0 : Timer mode® RW
N mode bit
: Pl TNT2/CNTR1 polarity| 0 : Rising edge
A RIEDG  |qpitching bit@ 1: Falling edge RW
R TYWC Timer Y write Function varies RW
A A control bit depending on the operation mode
A Timer Y count 0 : Stops counting RW
TS start flag 1 : Starts counting
T TzMODO | Timer Z-related bit RW
TZMOD1 RW
R TZWC RW
e Tzs RW

Refer to the paragraph 19.2.5 “Changing Interrupt Factor” in the Usage Notes Reference Book.

Figure 10.13 TXMR Register and TYZMR Register when INT1 and INT2 Interrupt Used
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10.2 INT Interrupt

10.2.4 INT3 Interrupt

INT3 interrupts are triggered by INT3 inputs. The TCCO7 bit in the TCCO register should be se to “0”
(INT3). The INT3 input has a digital filter which can be sampled by one of three sampling clocks. The
sampling clock is selected using the TCC11 to TCC10 bits in the TCC1 register. The IR bit in the
INT3IC register is set to “1” (interrupt requested) when the sampled input level matches three times.
The P3_3 bit in the P3 register indicates the previous value before filtering regardless of values set in
the TCC11 to TCC10 bits.
The INT3 pin is shared with the TCIN pin.

When setting the TCCO7 bit to “1” (fRING128), INT3 interrupts are triggered by fRING128 clock. The IR
bit in the INT3IC register is set to “1” (interrupt requested) every fRING128 clock cycle or every half

fRING128 clock cycle.

Figure 10.14 shows the TCCO and TCCL1 registers.

Timer C control register 0

b7 b6 b5 b4 b3 b2 bl bo Symbol Address After reset
| | 0| 0 | | | | | | TCCO 009A16 0016

; i 0+t | Bitsymbol Bit name Function RW
oo TCCO00 Capture control bit 0 : Capture disabled RW
Poron o 1: Capture enabled
E E E E . b2 bl
I TCCO1 Timer C count source select 00:f1 RW
e bit(t 01:f8
: : P TCC02 10:f32 o . RW
HE 11 : Avoid this setting
HE —_ . b4 b3
A TCCO03 INT3.|nterrupt/c§1pture input 00 : Rising edge RW
e polarity select bit(%. 2) 01 Falling edge
o 10: Both edges
b TCCo4 11 : Avoid this setting RW
R SRR — i Setto 0"
: (06-05) reserved bit et to RW
: INT3 interrupt/capture input 0:INT3
........................... TCCO07

switching bit(1, 2) 1: frRING128 RW
NOTES:

1. Change this bit when TCCOO bit is set to “0” (count stop).

2. The IR bit in the INT3IC may be set to “1” (interrupt requested) when the TCCO03, TCCO04, or TCCO7 bit is rewritten.

Refer to the paragraph 19.2.5 “Changing Interrupt Factor” in the Usage Notes Reference Book.

Timer C control register 1

b7 b6 b5 b4 b3 b2 bl b0 Symbol Address After reset
|0|0|0|O|0|0| | | TCC1 009B16 0016
©o4 o0 o1 ¢ ¢ ¢ Bitsymbol Bit name Function RW
Dol ] TCC10 | INT3 input filter select bit® | &0 No filter RW
! 0 1: Filter with f1 sampling
1 O: Filter with f8 sampling
S TCC11 1 1: Filter with f32 sampling RW
E ; Set to "0"
[T RO AL R SN R Reserved bit
(b7-b2) RW

NOTES:

1. Input is recognized only when the same value from INT3 pin is sampled three times in succession.

Figure 10.14 TCCO Register and TCC1 Register
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10.3 Key Input Interrupt

10.3 Key Input Interrupt
A key input interrupt is generated on an input edge of any of the K1o to K13 pins. Key input interrupts can
be used as a key-on wakeup function to exit wait or stop mode. Kli input can be enabled or disabled
selecting with the KIiEN (i=0 to 3) bit in the KIEN register. The edge polarity can be rising edge or falling
edge selecting with the KIiPL bit in the KIEN register. Note, however, that while input on any Kli pin which
has had the KIiPL bit set to “0” (falling edge) is pulled low, inputs on all other pins of the port are not
detected as interrupts. Similarly, while input on any Kli pin which has had the KIiPL bit set to “1” (rising
edge) is pulled high, inputs on all other pins of the port are not detected as interrupts.

Figure 10.15 shows a block diagram of the key input interrupt.

Pull-up

Ki3

Ki1

“Klo

transistor

| s |

transistor

Pull-up )

Pull-up

)E@

transistor

transistor

& KIOPL=0 |:o|;| )

KI3PL=1

KI2PL=0

KI1PL=1

KIOPL=1

PUO02 bit in PURO register

PD1_3 bitin PD1 register

KI3EN bit
PD1_3 bit

KI2EN bit
PD1_2 bit

KI1EN bit
PD1._1 bit

KIOEN bit
PD1_0 bit

KUPIC register

Interrupt control circuit

KIOEN, KI1EN, KIZ2EN, KI3EN,

KIOPL, KI1PL, KI2PL, KI3PL: Bits in KIEN register
PD1_0, PD1_1, PD1_2, PD1_3: Bits in PD1 register

Key input interrupt
request

Figure 10.15 Key Input Interrupt

NOTES:
1. The IR bit in the KUPIC register may be set to “1” (interrupt requested) when the KIEN register is rewritten.

Key input enable register

b7 b6 b5 b4 b3 b2 bl bO

Symbol Address After reset
KIEN 009816 0016
Bit symbol Bit name Function RW
KIOEN KIO input enable bit 0 : Disabled RW
1: Enabled
KIOPL KIO input polarity select bit 0 : Falling edge RW
1: Rising edges
KI1EN KI1 input enable bit 0 : Disabled
1: Enabled RW
KI1PL KI1 input polarity select bit 0 : Falling edge RW
1: Rising edges
KI2EN KI2 input enable bit 0 : Disabled
1: Enabled RW
KI2PL KI2 input polarity select bit 0 : Falling edge RW
1 : Rising edges
KISEN KI3 input enable bit 0 : Disabled RW
1: Enabled
KI3PL KI3 input polarity select bit 0 : Falling edge
1 : Rising edges RW

Refer to the paragraph 19.2.5 “Changing Interrupt Factor” in the Usage Notes Reference Book.

Figure 10.16 KIEN Register
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10.4 Address Match Interrupt
An address match interrupt is generated immediately before executing the instruction at the address
indicated by the RMADi register (i=0, 1). Set the start address of any instruction in the RMAD:I register.
Use the AIERO and AIERL1 bits in the AIER register to enable or disable the interrupt. Note that the
address match interrupt is unaffected by the | flag and IPL.
The value of the PC that is saved to the stack when an address match interrupt is acknowledged varies
depending on the instruction at the address indicated by the RMAD i register (see the paragraph “register
saving” for the value of the PC). Not appropriate return address is pushed on the stack. There are two
ways to return from the address match interrupt as follows:
» Change the content of the stack and use a REIT instruction.
* Use an instruction such as POP to restore the stack as it was before an interrupt request was acknowl-
edged. And then use a jump instruction.
Table 10.6 lists the value of the PC that is saved to the stack when an address match interrupt is acknowl-
edged.
Figure 10.17 shows the AIER, and RMAD1 to RMADO registers.

Table 10.6 Value of PC Saved to Stack when Address Match Interrupt Acknowledged

Address indicated by RMADI register (i=0,1) PC value saved®)
* 16-bit operation code instruction Address indicated by
« Instruction shown below among 8-bit operation code instructions 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.B:S #IMM8,dest
STNZ.B:S #IMM8,dest STZX.B:S #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 the above Address indicated by
RMAD:i register + 1
NOTES:

1. See the paragraph “saving registers” for the PC value saved.

Table 10.7 Relationship Between Address Match Interrupt Factors and Associated Registers

Address match interrupt factors | Address match interrupt enable bit | Address match interrupt register
Address match interrupt 0 AIERO RMADO
Address match interrupt 1 AIER1 RMAD1
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Address match interrupt enable register
b7 b6 S b4 b3 b2 bl b0 Symbol Address After reset
MM_J_J AIER 000916 XXXXXX002
Bit symbol Bit name Function RW
R R AIERQ |Address match interrupt O | g . |nterrupt disabled RW
S enable bit 1 : Interrupt enabled
AT T R R AIER1 |Address matchinterruptl | 0 : Interrupt disabled RW
enable bit 1: Interrupt enabled
R - Nothing is assigned.
(b7-b2) | When write, set to “0". —
When read, their contents are indeterminate.
Address match interrupt registeri (i= 0, 1)
(b23) (b19) (b16)b15) (08) Symbol Address After reset
o 3 DO b7 DG X RMADO 001216 to 001016 X0000016
| | RMAD1 001616 to 001416 X0000016
E Function Setting range RW
---{ Address setting register for address match interrupt 0000016 to FFFFF16 | RW
LA - Nothing is assigned. When write, set to “0”. .
(b7-b4) When read, its content is indeterminate.

Figure 10.17 AIER Register and RMADO to RMADL1 Registers
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11. Watchdog Timer

The watchdog timer is the function of detecting when the program is out of control. Therefore, we recom-
mend using the watchdog timer to improve reliability of a system. Figure 11.1 shows the watchdog timer
block diagram. The watchdog timer contains a 15-bit counter which counts down the clock derived by
dividing the CPU clock using the prescaler. Whether to generate a watchdog timer interrupt request or
apply a watchdog timer reset as an operation to be performed when the watchdog timer underflows after
reaching the terminal count can be selected using the PM12 bit in the PM1 register. The PM12 bit can
only be set to “1” (reset). Once this bit is set to “1”, it cannot be set to “0” (watchdog timer interrupt) in a
program. Refer to Section 5.3, “Watchdog Timer Reset” for details.

The divide-by-N value for the prescaler can be chosen to be 16 or 128 with the WDC7 bit in the WDC
register. The period of watchdog timer can be calculated as given below. The period of watchdog timer is,
however, subject to an error due to the prescaler.

Prescaler dividing (16 or 128) X Watchdog timer count (32768)

Watchdog timer period = CPU clock

For example, when CPU clock = 16 MHz and the divide-by-N value for the prescaler= 16, the watchdog
timer period is approx. 32.8 ms.

Figure 11.2 shows the OFS, the WDC, the WDTR and the WDTS registers. The watchdog timer opera-
tion after reset can be selected using the WDTON bit in the option function select register (OFFFF1e
address).
« When the WDTON bit is “0” (the watchdog timer is started automatically after reset), the watchdog
timer and the prescaler both start counting automatically after reset.
« When the WDTON bit is “1” (the watchdog timer is inactive after reset), the watchdog timer and the
prescaler both are inactive after reset, so that the watchdog timer is activated to start counting by
writing to the WDTS register.

The WDTON bit can not be changed in a program. When setting the WDTON bit, write “0” into bit O of
OFFFF16 address using a flash writer. The watchdog timer is nitialized by writing to the WDTR register
and the counting continues.

In stop mode and wait mode, the watchdog timer and the prescaler are stopped. Counting is resumed
from the held value when the modes or state are released.

| Prescaler PM12=0
_ Watchdog timer
‘1116 jWoer=0 interrupt request
) Ml \_
: : Watchdog timer o
[10a 1WoC7=1
CPU clock : 1/128 i o 1 OPM12 . >
: Watchdog
"""""""" ! timer Reset
Set to
Write to WDTR register —|ﬁ_\ 7FFF16
Internal O 4>
reset signal |ﬁ)_/

Figure 11.1 Watchdog Timer Block Diagram
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Option function select register®)
b7 b6 b5 b4 b3 b2 bl b0
Symbol Address Before shipment
|1|1|1|1|1|1|1| | OFS OFFFF16 FF16
Bit symbol Bit name Function RW
Watchdog timer | 0: The watchdog timer starts automatically after reset
¢ v oo v 4 WDTON [start select bit . L RW
oo 1: The watchdog timer is inactive after reset
RIS SIS O S S (b7 - bl) Reserved bit Set to “1” RW
NOTES:
1. The OFS register can not be changed in a program. Write using a flash writer.
Watchdog timer control register
b7 b6 b5 b4 b3 b2 bl bo
| | 0 | 0 | | | Symbol Address After reset
—t L WDC 000F16 000111112
i 4+ 4+ a4 4+ a4 | Bitsymbol Bit name Function RW
bbb (b4-b0) High-order bit of watchdog timer RO
bor o tmmmmmmmmmmeeeeeod (b5) Reserved bit Must set to “0” RW
T RRRREEEEEEEEEEEEEE (b6) Reserved bit Must set to “0” RW
] WDC7 Prescaler select bit 0 : Divided by 16 RW
1: Divided by 128
Watchdog timer reset register
b7 ko Symbol Address After reset
WDTR 000D16 Indeterminate
E Function RW
] The watchdog is initialized after a write instruction to this register.
The watchdog timer value is always initialized to “7FFF16” regardless of WO
whatever value is written.
Watchdog timer start register
b7 bo Symbol Address After reset
WDTS 000E16 Indeterminate
Function RW
REEEEEEEEEEEE The watchdog timer starts counting after a write instruction to this register. WO

Figure 11.2 OFS, WDC, WDTR , and WDTS Registers
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12. Timers

The microcomputer has three 8-bit timers and one 16-bit timer. The three 8-bit timers are Timer X, Timer Y,
and Timer Z and each one has an 8-bit prescaler. The 16-bit timer is Timer C and has a capture. All these
timers function independently. The count source for each timer is the operating clock that regulates the
timing of timer operations such as counting and reloading.
Table 12.1 lists functional comparison.

Table 12.1 Functional Comparison

ltem Timer X Timer Y Timer Z Timer C
Configuration 8-bit timer 8-bit timer 8-bit timer 16-bit timer
with 8-bit with 8-bit with 8-bit
prescaler prescaler prescaler
Count Down Down Down Up
Count source of1 of1 of1 of1
of2 ofg f2 ofg
of8 fRING ofg f32
f32 eInput from *Timer Y
CNTR1 pin underflow
Function Timer mode provided provided provided not provided
Pulse output mode provided not provided |not provided |not provided
Event counter mode provided provided(@) not provided |not provided
Pulse width
measurement mode provided not provided |not provided |not provided
Pulse period
measurement mode provided not provided |not provided |not provided
Programmable waveform
generation mode not provided | provided provided not provided
Programmable one-shot
generation mode not provided | not provided |provided not provided
Programmable wait
one-shot generation mode | not provided | not provided |provided not provided
Capture not provided | not provided |not provided |provided
Input pin CNTRo CNTR1 INTo TCIN
Output pin CNTRo
CNTRo CNTR1 TZout not provided
Related interrupt Timer Xint | Timer Y int Timer Z int Timer C int
INTL int INT2 int INTO int INT3 int
Timer stop provided provided provided provided
NOTES:

1. Select the input from the CNTR1 pin as a count source of timer mode.
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12.1 Timer (Timer X)

12.1 Timer X
The Timer X is an 8-bit timer with

an 8-bit prescaler. Figure 12.1 shows the block diagram of Timer X.

Figures 12.2 and 12.3 show the Timer X-related registers.
The Timer X has five operation modes listed as follows:

* Timer mode:
* Pulse output mode:

» Event counter mode:

The timer counts an internal count source.

The timer counts an internal count source and outputs the pulses
whose polarity is inverted at the timer the timer underflows.

The timer counts external pulses.

* Pulse width measurement mode: The timer measures an external pulse's pulse width.
* Pulse period measurement mode:The timer measures an external pulse's period.

TXCK1 to TXCKC
=00z
TXMOD1 to TXMODC

= °
=012 =002 or 01:

Data bus

I ‘ ]

Reload register | | Reload register |

—50
f32 —bj(l)z
f2 —oO

=112

Polarity

=102

U =

| =
—

Counter Counter

T TXS bit

PREX register TX register

|_—> Timer X interrupt

INT1/CNTRo switching [~ < P INTi interrupt
TXMOD1 to TXMODO bits=012 ROEDG =1
Toggle flip-flop  CK [«
~N 9}_ Q CLR
TXOCNT bit ROEDG=0
Ve Write to TX register
CNTRo \\:E TXMOD1 to TXMODO bits=012
Figure 12.1 Timer X Block Diagram
Timer X mode register
b7 b6 b5 b4 b3 b2 bl bo Symbol Address After reset
TXMR 008B16 0016
Bit symbol Bit name Function RW
P bl b0
TXMODO Operathn mode 00 : Timer mode or RW
select bit 0, 1 h
pulse period measurement mode
0 1: Pulse output mode
TXMOD1 1 0 : Event counter mode RW
1 1 : Pulse width measurement mode
TNT1/CNTR . . . .
ROEDG polarégl switghing Function varies with each operation mode RW
bit(®)
TXS Timer X count 0 Stops counting RW
start flag 1 : Starts counting
TXOCNT | P30/CNTRo Function varies with each operation mode RW
select bit
TXMOD2 | Operation mode 0 : Except in pulse period measurement mode
select bit 2 1: Pulse period measurement mode RW
Active edge . ’ ) )
TXEDG .
reception flag Function varies depending on operation mode RW
TXUND Timer X under : : ’ :
flow flag Function varies depending on operation mode RW
NOTES:
1. The IR bit in the INT1IC register may be set to “1” (interrupt requested) when the ROEDG bit is rewritten.
Refer to the paragraph 19.2.5 “Changing Interrupt Factor” in the Usage Notes Reference Book.

Figure 12.2 TXMR Register
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R8C/12 Group 12.1 Timer (Timer X)

Prescaler X Register

b7 bo Symbol Address After reset
PREX 008C16 FF1e
Mode Function Setting range RW
e Timer mode Internal count source is counted

0016 to FF16 RW

Pulse output mode | Internal count source is counted
0016 to FF16 RW

Event counter mode | Externally input pulses are counted 0016 to EF16 RW

Pulse width Pulse width of externally input

measurement mode | pulses is measured 0016 to FF16 RW
(Internal count source is counted)

Pulse period Pulse period of externally input

measurement mode | pulses is measured 0016 to FF16 RW

(Internal count source is counted)

Timer X Register

b7 b0 Symbol Address After reset
TX 008D16 FF16
E Function Setting range RW
Underflow of Prescaler X is counted 0016 to FF16 RW

Timer count source setting register

b7 b6 b5 b4 b3 b2 b1 b0 Symbol Address After reset
| 0 | 0 | | | | | | | TCSS 008E16 0016
Bit symbol Bit name Function RW
TXCKO Timer X count source  [b1bo
A select bit® 00:f1 RW
L 01:fs
R S TXCK1 10:f32
A 11:f RW
L s TYCKO Timer Y count source %3%2 f1 RW
select bit() 01:fs
S R TYCK1 10:frRING RW
11: Selects input from CNTR1 pin
TZCKO Timer Z count source  [P5b4
' ' LI TR — ; . RW
Pl lect bit(1) 00:f
Pl select bi 01 18
o] TZCK1 1 0: Selects Timer Y underflow RW
o 11:f2
_______________________ —_— Reserved bit Must be set to “0”
(b7-b6) RwW
NOTES:
1. Avoid switching a count source, while a counter is in progress. Timer counter must be stopped before switching a count
source.

Figure 12.3 PREX Register, TX Register, and TCSS Register
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R8C/12 Group 12.1 Timer (Timer X)

12.1.1 Timer Mode
In this mode, the timer counts an internally generated count source (See “Table 12.2 Timer Mode
Specifications”). Figure 12.4 shows the TXMR register in timer mode.

Table 12.2 Timer Mode Specifications

Item Specification
Count source f1, f2, fs, f32
Count operation » Down-count
* When the timer underflows, it reloads the reload register contents before continuing
counting
Divide ratio 1/(n+1)(m+1) n: set value of PREX register, m: set value of TX register
Count start condition Write “1” (count start) to TXS bit in TXMR register
Count stop condition Write “0” (count stop) to TXS bit in TXMR register

Interrupt request generation timing| When Timer X underflows [Timer X interruption]
INT1/CNTRo pin function | Programmable 1/O port, or INT1 interrupt input

CNTRo pin function Programmable 1/O port
Read from timer Count value can be read by reading TX register
Same applies to PREX register.
Write to timer Value written to TX register is written to both reload register and counter.

Same applies to PREX register.

Timer X mode register

b7 b6 b5 b4 b3 b2 bl b0 Symbol Address After reset
|0|0|0|0| | |0|0| TXMR 008B16 0016

o Bit symbol Bit name Function RW
A i blbO .
N TXMODO Soeﬁgg?tt')?tnomfde 0 0 : Timer mode or pulse period RW
O ' measurement mode
S TXMOD1 RW
P E P E INT1/CNTRo polarity | 0 : Rising edge

o ROED L . )

P T OEDG switching bit(L. 2) 1: Falling edge RW
P TXS Timer X count 0 : Stops counting RW
e start flag 1 : Starts counting
________________ TXOCNT | Setto "0" in timer mode RW
o TXMOD2 | Operation mode 0 : Other than pulse period measurement mode | gy

"""""""""" select bit 2
R TXEDG | Setto "0" in timer mode RW
e TXUND Set to "0" in timer mode RW

NOTES:

1. The IR bit in the INT1IC register may be set to “1” (interrupt requested) when the ROEDG bit is rewritten.
Refer to the paragraph 19.2.5 “Changing Interrupt Factor” in the Usage Notes Reference Book.

2. This bit is used to select the polarity of INT1 interrupt in timer mode.

Figure 12.4 TXMR Register in Timer Mode
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R8C/12 Group 12.1 Timer (Timer X)

12.1.2 Pulse Output Mode
In this mode, the timer counts an internally generated count source, and outputs from the CNTRO pin
a pulse whose polarity is inverted each time the timer underflows (See “Table 12.3 Pulse Output mode
Specifications”). Figure 12.5 shows TXMR register in pulse output mode.

Table 12.3 Pulse Output Mode Specifications

Item Specification
Count source f1, f2, fs, f32
Count operation * Down-count
* When the timer underflows, it reloads the reload register contents before continuing
counting
Divide ratio 1/(n+1)(m+1) n: set value of PREX register, m: set value of TX register
Count start condition Write “1” (count start) to TXS bit in TXMR register
Count stop condition Write “0” (count stop) to TXS bit in TXMR register
Interrupt request * When Timer X underflows [Timer X interruption]

generation timing
INT1/CNTRo pin function | Pulse output

CNTRo pin function Programmable 1/O port or inverted output of CNTRo

Read from timer Count value can be read by reading TX register.
Same applies to PREX register.

Write to timer Value written to TX register is written to both reload register and counter.
Same applies to PREX register.

Select function « INT1/CNTRo polarity switching function

Polarity level at starting of pulse output can be selected with ROEDG bit(1)
« Inverted pulse output function

Inverted pulse of CNTRO output polarity can be output from the CNTRO pin

(selected by TXOCNT bit)

NOTES:
1. The level of the output pulse becomes the level when the pulse output starts when the TX register is written to.

Timer X mode register

b7 b6 b5 b4 b3 b2 bl bo Symbol Address After reset

| 0 | 0| 0| | | | 0 | 1 | TXMR 008B16 0016
oo i+ | Bit symbol Bit name Function RW
S : b1b0
T TXMODO Operation mode 0 1: Pulse output mode RW
N TXMOD1 select bit 0, 1 RW
ROEDG NT1/CNTRo polarity | 0: CNTRo output starts at "H"
O switching bit(1) 1: CNTRo output starts at "L" RW
Pl ____________ TXS Timer X count 0 : Stops counting RW
start flag 1 : Starts counting
P TXOCNT | P30/CNTRo 0: Port P30 .
R select bit 1: CNTRo output
SR TXMOD2 Set to "0" in pulse output mode RW
R TXEDG Set to "0" in pulse output mode RW
R TXUND Set to "0" in pulse output mode RW

NOTES:
1. The IR bit in the INT1IC register may be set to “1” (interrupt requested) when the ROEDG bit is rewritten.
Refer to the paragraph 19.2.5 “Changing Interrupt Factor” in the Usage Notes Reference Book.

Figure 12.5 TXMR Register in Pulse Output Mode
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R8C/12 Group

12.1 Timer (Timer X)

12.1.3 Event Counter Mode
In this mode, the timer counts an external signal fed to INT1/CNTRo pin (See “Table 12.4 Event
Counter Mode Specifications”). Figure 12.6 shows TXMR register in event counter mode.

Table 12.4 Event Counter Mode Specifications

Item

Specification

Count source

External signals fed to CNTRo pin (Active edge is selected by program)

Count operation

* Down count
* When the timer underflows, it reloads the reload register contents before continuing
counting

Divide ratio

1/(n+1)(m+1) n: set value of PREX register, m: set value of TX register

Count start condition

Write “1” (count start) to TXS bit in TXMR register

Count stop condition

Write “0” (count stop) to TXS bit in TXMR register

Interrupt request
generation timing

* When Timer X underflows [Timer X interrupt]

INT1/CNTRO pin function

Count source input (INT1 interrupt input)

CNTRo pin function

Programmable 1/0O port

Read from timer

Count value can be read by reading TX register
Same applies to PREX register.

Write to timer

Value written to TX register is written to both reload register and counter.
Same applies to PREX register.

Select function

« INT1/CNTRo polarity switching function
Active edge of count source can be selected with ROEDG.

Timer X mode register

b7 b6 b5 b4 b3 b2 bl b0 Symbol Address After reset

|0|0|0|0| | |1|0| TXMR 008B16 0016
A i1 | Bit symbol Bit name Function RW
5 p 11 1 1 L] Txmopo | Operation mode b1b0.
SR select bit 0, 1 1 0: Event counter mode RW
HO TXMOD1 RW
Porod INT1/CNTRo polarity | 0 : Rising edge
- ROEDG T ) . g edg
O switching bit() 1 : Falling edge RW
TXS Timer X count 0 : Stops counting RW
. start flag 1 : Starts counting
________________ TXOCNT Set to "0" in event counter mode RW
T SR TXMOD2 | 56t 16 0" in event counter mode RW
I GLEELEETEEEPPPPPPry TXEDG Set to "0" in event counter mode RW
e TXUND Set to "0" in event counter mode RW

NOTES:

1. The IR bit in the INT1IC register may be set to “1” (interrupt requested) when the ROEDG bit is rewritten.
Refer to the paragraph 19.2.5 “Changing Interrupt Factor” in the Usage Notes Reference Book.

Figure 12.6 TXMR Register in Event Counter Mode
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R8C/12 Group 12.1 Timer (Timer X)

12.1.4 Pulse Width Measurement Mode
In this mode, the timer measures the pulse width of an external signal fed to INT1/CNTRO pin (See
“Table 12.5 Pulse Width Measurement Mode Specifications”). Figure 12.7 shows the TXMR register
in pulse width measurement mode. Figure 12.8 shows an operation example in pulse width measure-
ment mode.

Table 12.5 Pulse Width Measurement Mode Specifications

Item Specification
Count source f1, f2, fs, f32
Count operation * Down-count
« Continuously counts the selected signal only when the measurement pulse is "H" level,
or conversely only "L" level.
* When the timer underflows, it reloads the reload register contents before continuing
counting
Count start condition Write “1” (count start) to TXS bit in TXMR register
Count stop condition Write “0” (count stop) to TXS bit in TXMR register
Interrupt request * When Timer X underflows [Timer X interruption]
generation timing « Rising or falling of CNTRO input (end of measurement period) [INT1 interrupt]
INT1/CNTRO pin function | Measurement pulse input
'CNTROo pin function Programmable 1/O port
Read from timer Count value can be read by reading TX register
Same applies to PREX register.
Write to timer Value written to TX register is written to both reload register and counter.
Same applies to PREX register.
Select function « INT1/CNTRo polarity switching function
“H” or “L” level duration can be selected with ROEDG bit as the input pulse measurement

Timer X mode register

b7 b6 b5 b4 b3 b2 bl b Symbol Address After reset
|0|0|0|0| | |1|1| TXMR 008B16 0016

ior 1 v 1| Bitsymbol Bit name Function RW

P ¢+ 1+ ] TXMODO | Operation mode b1b0

A A se[?ect bit 0, 1 1 1 : Pulse width measurement mode RW
P TXMOD1 RW

A ROEDG TNT1/CNTRo polarity | [CNTRO] _

A switching bit(1) 0 : Measures “H” level width RW

oo [ 1: Measures “L” level width

A [INT1]

Poro 0 : Rising edge

oo 1: Falling edge

: L ____________ TXS Timer X count 0 : Stops counting RW

P start flag 1: Starts counting

P e TXOCNT Set to "0" in pulse width measurement mode RW

(T R TXMOD2 Set to "0" in pulse width measurement mode RW

: LI — TXEDG Set to "0" in pulse width measurement mode RW

] TXUND Set to "0" in pulse width measurement mode RW

NOTES:
1. The IR bit in the INT1IC register may be set to “1” (interrupt requested) when the ROEDG bit is rewritten.
Refer to the paragraph 19.2.5 “Changing Interrupt Factor” in the Usage Notes Reference Book.

Figure 12.7 TXMR Register in Pulse Width Measurement Mode
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R8C/12 Group 12.1 Timer (Timer X)

n = high-level: the contents of TX register, low-level: the contents of PREX register

FFFF1e Count start Underflow

Count stop

Counter contents (hex)

—>

Count restart

000016

-
Time
Set to "1" by program

TXS bitin TXMR ~ “1”
register “Q

-

Measurement pulse “H” ]
(CNTRO pininput) =« »

I

accepted, ior cleared by program

]
'
'
'
'
]
'
'
'
'
'
'
S

Cleared to “0” when interrupt request i
IR bitin INTLIC 1" i i i
uon '

register

Cleared to “0” when interrupt request is accepted, or cleared by program

IR bitin TXIC “1”
register “Q"

Conditions: "H" level width of measurement pulse is measured. (ROEDG=1)

Figure 12.8 Operation Example in Pulse Width Measurement Mode
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R8C/12 Group

12.1 Timer (Timer X)

12.1.5 Pulse Period Measurement Mode
In this mode, the timer measures the pulse period of an external signal fed to INT1/CNTRo pin (See
“Table 12.6 Pulse Period Measurement Mode Specifications”). Figure 12.9 shows the TXMR register
in pulse period measurement mode. Figure 12.10 shows an operation example in pulse period mea-

surement mode.

Table 12.6 Pulse Period Measurement Mode Specifications

Item

Specification

Count source

f1, f2, fs, f32

Count operation

¢ Down-count

« After an active edge of measurement pulse is input, contents in the read-out buffer is
retained in the first underflow of prescaler X. Then the timer X reloads contents in the
reload register in the second underflow of prescaler X and continues counting.

Count start condition

Write “1” (count start) to TXS bit in TXMR register

Count stop condition

Write “0” (count stop) to TXS bit in TXMR register

Interrupt request
generation timing

* When Timer X underflows or reloads [Timer X interrupt]
* Rising or falling of CNTRO input (end of measurement period) [INT1 interrupt]

INT1/CNTRo pin function

Measurement pulse input® (INT1 interrupt input)

CNTRo pin function

Programmable 1/O port

Read from timer

Contents in the read-out buffer can be read by reading TX register. The value retained in
the read-out buffer is released by reading TX register.

Write to timer

Value written to TX register is written to both reload register and counter.
Same applies to PREX register.

Select function

* INT1/CNTRo polarity switching function
Measurement period of input pulse can be selected with ROEDG bit.

NOTES:

1. The period of input pulse must be longer than twice the period of prescaler X. Longer pulse for H width and L width than
the prescaler X period must be input. If shorter pulse than the period is input to the CNTRO pin, the input may be disabled.

Timer X mode register
b7 b6 b5 b4 b3 b2 bl b0 Symbol Address After reset
| | |1|0| | |0|0| TXMR 008B16 0016
: Bit symbol Bit name Function RW
. b1 bo
i TXMODO Oﬁerathn mode 0 0 : Timer mode or pulse period Rw
R TxMOD1 | Selectbit0, 1 measurement mode RW
ROEDG |TNT1/CNTRO [CNTROQ]
""""" polarity 0: Measures a measurement pulse from one
switching bit(® rising edge to the next rising edge
1: Measures a measurement pulse from one
falling edge to the next falling edge RW
............. ]
0 : Rising edge
________________ 1: Falling edge
TXS Timer X count 0 : Stops counting RW
-------------------- start flag 1 : Starts counting
________________________ TXOCNT Set to “0” in pulse period measurement mode RW
TXMOD2 | Operation mode 1 : Pulse period measurement mode RW
--------------------------- select bit 2
Active edge 0 : No active edge
[CA 9
TXEDG judgment flag 1: Active edge found RW
TXUND( | Timer X 0 : No under flow
underflow flag 1 : Under flow found RW
NOTES:
1. The IR bit in the INT1IC register may be set to “1” (interrupt requested) when the ROEDG bit is rewritten.
Refer to the paragraph 19.2.5 “Changing Interrupt Factor” in the Usage Notes Reference Book.
2. This bit is set to “0” by writing “0” in a program. (It remains unchanged even if writing “1")

Figure 12.9 TXMR Register in Pulse Period Measurement Mode
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R8C/12 Group

TXS bit in “1"
TXMR register  «g” :

Contents of :
read-out bufferl oFmX : OE1s @ j

TXEDG bit in “q
TXMR register

TXUND bitin 1" i
TXMR register  «q» ;

IR bit in TXIC wqn
register

IR bitin INT1IC = «1» :
register w0 I—‘

3.

Underflow signal
of prescaler X B

! Setto 1" b'y program

Starts counting
CNTRO pin T A
input : 5
uq ; : . . ‘
' ' Timer X ' Timer X Timer X
! ! (reloads ! reloads /reloads
o | | OE: o 0116] 0016] OF16] OE
contents 1€
H ! 7) E
Retained :

Retained

KTimet.l X read Timer X read

3)
@ (©)) ©)

“q?

! A
K Cleared to "0" by progrd {
4

(6)

Cleared to "0" by program &)

[ ] [ ]

\Cleared to “0” when inte'rrupt request is accepted, or cleared by program j

“qn

\ Cleared to “0” when interrupt request is accepted, or cleared by program

Conditions: A period from one rising edge to the next rising edge of measurement pulse is measured (ROEDG=0)

with TX register initial value=0F16.

NOTES:
1.
2.

The contents of the read-out buffer can be read when the TX register is read in pulse period measurement mode.

After an active edge of measurement pulse is input, the TXEDG bit in the TXMR register is set to "1" (active edge found)
when the prescaler X underflows for the second time.

The TX register should be read before the next active edge is input after the TXEDG bit is set to "1" (active edge found).
The contents in the read-out buffer is retained until the TX register is read. If the TX register is not read before the next

active edge is input, the measured result of the previous period is retained.

. When set to "0" by program, use a MOV instruction to write "0" to the TXEDG in the TXMR register. At the same time,

write "1" to the TXUND bit.

. When set to "0" by program, use a MOV instruction to write "0" to the TXUND in the TXMR register. At the same time,

write "1" to the TXEDG bit.

. The TXUND and TXEDG bits are both set to "1" if the timer underflows and reloads on an active edge simultaneously. In

this case, the validity of the TXUND bit should be determined by the contents of the read-out buffer.

. If the CNTRO active edge is input, when the prescaler X underflow signal is "H" level, its count value is the one of the

read buffer. If "L" level, the following count value is the one of the read buffer.

Figure 12.10 Operation Example in Pulse Period Measurement Mode
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R8C/12 Group 12.2 Timer (TimerY)

12.2 Timer Y
Timer Y is an 8-hit timer with an 8-bit prescaler and has two reload registers-Timer Y Primary and Timer
Y Secondary. Figure 12.11 shows a block diagram of Timer Y. Figures 12.12 to 12.14 show the TYZMR,
PREY, TYSC, TYPR, TYZOC, PUM, and YCSS registers.
The Timer Y has two operation modes as follows:
 Timer mode: The timer counts an internal count source.
» Programmable waveform generation mode: The timer outputs pulses of a given width successively.

N Data bus S

1 ,J TYSC register ll
TYCK1 to TY_(E)IS(Z) [ Reload register | | || _Reload register | [ Reload register |
f1 -
fg ;0120 Jl
=10:
112

fRING ~102 Counter | Counter P Timer Y interrupt
= PREY register TYPR register
TYs=1
P INT2 interrupt
Polarity
switching
TYOPL=1
TYMODO=1  TYOCNT=0 ©—Q Toggle flip-flop
CKig—
INT2/CNTR1 O 0 CLR
O——P3_2 hitin P3 register TYOPL=0
TYOCNT=1 r‘ Write to TYZMR register
\:E TYMODO bit=1
Figure 12.11 Timer Y Block Diagram
Timer Y, Z mode register
b7 b6 b5 b4 b3 b2 bl b0 Symbol Address After reset
| | | | | | | | | TYZMR 008016 0016
oo i 1| Bit symbol Bit name Function RW
por o1 1 1 1 L) TymMopo | TimerY operation |0 : Timer mode RW
. mode bit 1 : Programmable waveform generation mode
A RIEDG | INT2/CNTR1 polarity | O : Rising edge
S switching bit() 1: Falling edge RW
L TYWC Timer Y write Function varies depending on the operation RW
A control bit mode
Timer Y count 0 : Stops counting
T TYS start flag 1: Starts counting RW
P 550a
oo TzMoDO | Timer Z operation | 0 0 : Timer mode RW
P11 emeeeeeeeeeeeens mode bit 0 1 : Programmable waveform generation mode
1 0 : Programmable one-shot generation mode
oo TZMOD1 11 : Programmable wait one-shot generation RW
P STy mode
TZWC Timer Z write Function varies depending on the operation RW
R T control bit mode
; Timer Z count 0 : Stops counting
H TZ .
"""""""""""""" S start flag 1 : Starts counting RW
NOTES:
1. The IR bit in the INT2IC register may be set to “1” (interrupt requested) when the R1EDG bit is rewritten.
Refer to the paragraph 19.2.5 “Changing Interrupt Factor” in the Usage Notes Reference Book.

Figure 12.12 TYZMR Register
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R8C/12 Group 12.2 Timer (Timer Y)

Prescaler Y register

b7 b0 Symbol Address After reset
| PREY 008116 FF16
Mode Function Setting range RW
i_ _______________ Timer mode Internal count source or CNTR1
input is counted 0016 to FF16 RwW
Programmable [ |nternal count source is counted
waveform generation 0016 to FF16 RW
mode

Timer Y secondary register

b7 b0 Symbol Address After reset
TYSC 008216 FF16

Mode Function Setting range RW

. Timer mode Disabled
Programmable [ Underflow of Prescaler Y is
waveform generation| o4 nted(1) 0016 to FF16 \WOQR)
mode

NOTES:

1. The values of TYPR register and TYSC register are reloaded to the counter alternately for counting.
2. The count value can be read out by reading the TYPR register even when the secondary period is being
counted.

Timer Y primary register

b7 bo Symbol Address After reset
| TYPR 008316 FFi6

Mode Function Setting range RW

L] Timer mode tlgjiriglgw of Prescaler Y is 0016 to FF16 RW
Programmable | ynderflow of Prescaler Y is
waveform generation| .o \nted(1) 0016 to FF16 RW
mode

NOTES:

1. The values of TYPR register and TYSC register are reloaded to the counter alternately for counting.

Timer Y, Z output control register®

b7 b6 b5 b4 b3 b2 bl bo Symbol Address After reset

|><|><|><|><|><| | | | TYZOC 008A16 0016
I T A A Bit symbol Bit name Function RW
R R N R I 7o) Timer Z one-shot 0 : Stops one-shot RW
oo start bit() 1 : Starts one-shot

Timer Y programmable

bbbt TYoeNT ; 0 : Outputs programmable waveform
A waveform generation : h RW
S output switching bt 1 : Outputs the value of P32 port register
REREEE TZOCNT xgz;jrgrggg?a?gsle 0 : Outputs programmable waveform RW
A 1 : Outputs the value of P31 port register

A output switching bit(?)

LI S S S Nothing is assigned.

(b7-b3) When write, set to "0". When read, its content is "0".

NOTES:

1. This bit is set to "0" when the output of one-shot waveform is completed. The TZOS bit should be set to "0" if the
one-shot waveform output is terminated by setting the TZS bit in the TYZMR to "0" during the waveform output.

2. This bit is enabled only when operating in programmable waveform generation mode.

3. If executing an instruction which changes this register when the TZOS bit is “1” (during the count), the TZOS is
automatically set to “0” when the count completes while the instruction is executed. If this causes some problems,
execute an instruction which changes this register when the TZOS bit is “0” (one shot stop).

Figure 12.13 PREY Register, TYSC Register, TYPR Register, and TYZOC Register

Rev.1.20 Jan 27, 2006 page 66 of 181 RENESAS
REJ09B0110-0120



R8C/12 Group 12.2 Timer (TimerY)

Timer Y, Z waveform output control register

b7 b6 bS b4 b3 b2 bl bO Symbol Address After reset

| | | | | o| 0 | 0 | 0 | PUM 008416 0016
Bit symbol Bit name Function RW
T T Reserved bit “o”
oo (b3-b0) Must set to “O RW
. TYOPL E{Eﬁr Y output level Function varies depending on the operation mode | gy
S TZOPL Timer Z output level Function varies depending on the operation mode
latch RW
INTO pin one-shot trigger| 0 :TNTO pin one-shot trigger invalid
R CRAREECELTELTER INOSTG | control bit(2 1 TN'TO pin one-shot trigger valid RW
! (Timer 2)
' TNTO pi -shot tri i .
L L L P R L R INOSEG pin one-shot trigger 0 : Edge trigger at falling edge

polarity select bit(1)

(Timer 2) 1 : Edge trigger at rising edge RW

NOTES:

1. The INOSEG bit is valid only when the INTOPL bit in the INTEN register is "0" (one-edge).

2. The INOSGT bit must be set to "1" after the INTOEN bit in the INTEN register and the INOSEG bit in the PUM register
are set.

Timer count source setting register

b7 b6 b5 b4 b3 b2 bl b0 Symbol Address After reset
| 0 | 0 | | | | | | | TCSS 008E16 0016
Bit symbol Bit name Function RwW
1 TXCKO Timer X count source  |b1b0
I A select bit(1) 00:f1 RW
oo 01:fs
N TXCK1 10:f32
. 11:f2 ™
P : 0302
s TYCKO T|r|ner \g c(i))unt source | 5q. g RW
E E E select bit! 01:fs
[ B TYCK1 10:frRING RW
11 : Selects input from CNTR1 pin
________________ TZCKO Timer Z count source (504
' select bit®) 00:f1 RW
' 01:fs
o TZCK1 1 0: Selects Timer Y underflow RW
11:f2
___________________________ N Reserved bit Must be set to “0”
(b7-b6) RW
NOTES:
1. Avoid switching a count source, while a counter is in progress. Timer counter must be stopped before switching a count
source.
Figure 12.14 PUM Register and TCSS Register
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12.2.1 Timer Mode
In this mode, the timer counts an internally generated count source (see “Table 12.7 Timer Mode
Specifications”). An external signal input to the CNTR1 pin can be counted. The TYSC register is
unused in timer mode. Figure 12.15 shows the TYZMR and PUM registers in timer mode.

Table 12.7 Timer Mode Specifications

Item Specification
Count source f1, f8, fRING, external signal fed to CNTR1 pin
Count operation * Down-count

* When the timer underflows, it reloads the reload register contents before continuing
counting (When the Timer Y underflows, the contents of the Timer Y primary reload
register is reloaded.)

Divide ratio 1/(n+1)(m+1) n: set value in PREY register, m: set value in TYPR register
Count start condition Write “1” (count start) to TYS bit in TYZMR register

Count stop condition Write “0” (count stop) to TYS bit in TYZMR register

Interrupt request * When Timer Y underflows [Timer Y interrupt]

generation timing

INT2/CNTR1 pin function | Programmable 1/O port, count source input or INT2 interrupt input

* When the TYCK1 to TYCKO bits in the TCSS register are set to “00b”, “01b” or “10b”
(Timer Y count source is f1, f8 or fRING), programmable 1/O port or INT2 interrupt input

* When the TYCK1 to TYCKO bits are set to “11b” (Timer Y count source is CNTR1
input), count source input (INT2 interrupt input)

Read from timer Count value can be read out by reading TYPR register.
Same applies to PREY register.
Write to timer(1) Value written to TYPR register is written to both reload register and counter or written to

only reload register. Selected by program.

Same applies to PREY register.

Select function « Event counter function
When setting TYCK1 to TYCKO bits to “112", an external signal fed to CNTR1 pin is
counted.

« INT2/CNTR1 switching bit
Active edge of count source is selected by R1IEDG bit.

NOTES:
1. The IR bit in the TYIC register is set to "1" (interrupt requested) if you write to the TYPR or PREY register while both
of the following conditions are met.
Conditions:
* TYWC bit in TYZMR register is "0" (write to reload register and counter simultaneously)
* TYS bhit is "1" (count start)
To write to the TYPR or PREY register in the above state, disable interrupts before writing.
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NOTES:
1. The IR bit in the INT2IC register may be set to “1” (interrupt requested) when the R1EDG bit is rewritten.

Refer to the paragraph 19.2.5 “Changing Interrupt Factor” in the Usage Notes Reference Book.

2. When TYS bit=1 (starts counting), the value set in the TYWC bit is valid. If TYWC bit=0, the timer Y count value is
written to both reload register and counter. If TYWC bit=1, the timer Y count value is written to the reload register

EEENED

Timer Y, Z mode register
b7 b6 b5 b4 b3 b2 bl b0

Symbol Address After reset
TYZMR 008016 0016
Bit symbol Bit name Function RW
TYMODO Timer Y operation 0 : Timer mode RW
mode bit
TNT2/CNTR1 polarity| 0 : Rising edge
RIEDG switching bit(®) 1 : Falling edge RW
Timer Y write 0 : Write to reload register and counter
TYWC irol bit@ simultaneously RW
controf bi 1 : Write to reload register
Timer Y count 0 : Stops counting
s start flag 1 : Starts counting RW
TZMODO Timer Z-related bit RW
TZMOD1 RW
TZWC RW
TZS RW

only.

When TYS bit=0 (stops counting), the timer Y count value is written to both reload register and counter regardless

of how the TYWC bit is set.

EEEE

Timer Y, Z waveform output control register

b7 b6 b5 b4 b3 b2 bl b0

| P —

Symbol Address After reset
PUM 008416 0016
Bit symbol Bit name Function RW
Reserved bit “0”
(b3-b0) Must set to “O RW
TYOPL Timer Y output level Invalid in timer mode
latch RW
TZOPL Timer Z-related bits
RW
INOSTG RW
INOSEG RW

Figure 12.15 TYZMR Register and PUM Register in Timer Mode
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12.2.2 Programmable Waveform Generation Mode
In this mode, an signal output from the TYouUT pin is inverted each time the counter underflows, while
the values in the TYPR register and TYSC register are counted alternately (see “Table 12.8 Program-
mable Waveform Generation Mode Specifications”). A counting starts by counting the set value in the
TYPR register. Figure 12.16 shows the TYZMR register in programmable waveform generation mode.
Figure 12.17 shows the operation example.

Table 12.8 Programmable Waveform Generation Mode Specifications

ltem Specification
Count source f1, fs, fRING
Count operation * Down count

» When the timer underflows, it reloads the contents of primary reload register and sec-
ondary reload register alternately before continuing counting.

Output waveform width Primary period  : (n+1)(m+1)/fi
and period Secondary period : (n+1)(p+1)/fi
Period S (n+1){(m+1)+(p+1)Mfi

n: set value in PREY register, m: set value in TYPR register, p: set value in TYSC register
fi : Count source frequency

Count start condition Write “1” (count start) to TYS bit in TYZMR register

Count stop condition Write “0” (count stop) to TYS bit in TYZMR register

Interrupt request generation timing| In half of count source, after timer Y underflows during secondary period (at the same
time as the CNTR, output change) [Timer Y interrupt]

INT2/CNTRu1 pin functions | Pulse output

Use timer mode when using this pin as a programmable 1/O port.

Read from timer Count value can be read out by reading TYPR register.
Same applies to PREY register(1).

Write to timer Value written to TYPR register is written to only reload register.
Same applies to TYSC register and PREY register(@).

Select function * Output level latch select function

The output level during primary and secondary periods is selected by the TYOPL bit.
» Programmable waveform generation output switching function

When the TYOCNT bit in the TYZOC register is set to “0”, the output from TYouT is

inverted synchronously when Timer Y underflows during the secondary period. And

when set to “1”, a value in the P3_2 bit is output from TYouT synchronously when Timer

Y underflows during the secondary period®).

NOTES:
1. Even when counting the secondary period, read out the TYPR register.
2. The set value in the TYPR register and TYSC register are made effective by writing a value to the TYPR register. The
written values are reflected to the waveform output from the next primary period after writing to the TYPR register.
3. The TYOCNTHbit is enabled in the following timings
« When count starts
* When Timer Y interrupt request is generated
Therefore, pulse is output from the next primary period depending on the setting value of the TYOCNT bit
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Timer Y, Z mode register
b7 b6 b5 b4 b3 b2 bl b0 Symbol Address After reset
| | | | | | 1 | | 1 | TYZMR 008016 0016
oo i+ | Bit symbol Bit name Function RW
i~ TYMODO Timer Y operation |1 : Programmable waveform generation mode RW
T mode bit
_____ INT2/CNTR1 polarity| Disabled in programmable waveform
oo R1EDG switching bit(. 3) generation mode RW
R R I R EEEEEEEE TYWC Timer Y write Set to “1” in programmable waveform generation| g\
A control bit mode(2).
e TYS Timer Y count 0 : Stops counting RW
Vo start flag 1 : Starts counting
oL TZMODO Timer Z-related bit RW
TZMOD1 RW
R TZWC RW
B GRGEOETEELECRELEY TZS RW
NOTES:
1. The IR bit in the INT2IC register may be set to “1” (interrupt requested) when the R1EDG bit is rewritten.
Refer to the paragraph 19.2.5 “Changing Interrupt Factor” in the Usage Notes Reference Book.
2. When TYS bhit= 1 (starts counting), the timer Y count value is written to the reload register only.
When TYS bit=0 (stops counting), the timer Y count value is written to both reload register and counter.
3. The INT2 interrupt request is not generated when the TYMODO bit is set to “1” (programmable waveform
generation mode).
Timer Y, Z waveform output control register
b7 b6 bS b4 b3 b2 bl b0 Symbol Address After reset
| | | | 0| o| 0| 0| PUM 008416 0016
i1 01 1 [ Bitsymbol Bit name Function RW
i é i i L TR (b3-b0) Reserved bit Must set to “0” RW
R TYOPL Timer Y output level 0 : Outputs "H" for primary period
T latch Outputs "L" for secondary period RW
Outputs "L" when the timer is stopped
v 1: Outputs "L" for primary period
N Outputs "H" for secondary period
Voo Outputs "H" when the timer is stopped
R ittt TZOPL Timer Z-related bits RW
i bbby INOSTG RW
R RRRELEEEELELERS INOSEG RWI

Figure 12.16 TYZMR Register and PUM Register in Programmable Waveform Generation Mode
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Set to "1" by program

TYS bitin TYZMR
register «g»

Count starts

T 1 nnnn

Prescaler Y
underflow signal

] T
Timer Y Timer Y | |
secondary primary | |
reloads reloads : :
I 1 1
A v I

Contents of Timer Y

0116 X 0016 X 0216 X 0116 X 0016 X: 0116 X 0016 x 0216

Set to "0" when interrupt request is
accepted, or set by program

I
I
I
|
|
|
|
|
I
|
i
i
|
]
|
I
i
T
I
I
I
I
I
I
I
|
I
I
I
I
I
I
|
T
I
t
I
I
I
I
I
I
I
]
I
I
I

i |
: |
| |
uqn 4 !
IR bitin TYIC "1 ; ;
register | [ |
0 !
Set to "0" by program ' | |
npn A ! 3 3
TYOPL bit in PUM i | |
register ' | l
gister . | ‘ : :
- : % s
' Waveform output Waveform output Waveform output 1
| started inverted inverted .
\ \ Y \ 1
CNTR1 pin output
L
Primary period Secondary period Primary period

< > < > < >

Conditions: PREY=0116, TYPR=0116, TYSC=0216
TYZOC register TYOCNT bit =0

Figure 12.17 Timer Y Operation Example in Programmable Waveform Generation Mode
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12.3 Timer Z
Timer Z is an 8-bit timer with an 8-bit prescaler and has two reload registers-Timer Z Primary and Timer
Z Secondary. Figure 12.18 shows a block diagram of Timer Z. Figures 12.19 to 12.21 show the TYZMR,
PREZ, TZSC, TZPR, TYZOC, PUM, and TCSS registers.
Timer Z has the following four operation modes.
 Timer mode: The timer counts an internal count source or Timer Y underflow.
» Programmable waveform generation mode: The timer outputs pulses of a given width successively.
« Programmable one-shot generation mode: The timer outputs one-shot pulse.
» Programmable wait one-shot generation mode: The timer outputs delayed one-shot pulse.

S Data bus g
ll JJ TZSC register d J
TZCK1 to TZCKO [ Reload register ] 1] Reload register | Reload register |

=002

fl—

fa =012

“imer Y underflow =102 Counter H Counter >—>Timer Z interrupt

=112 PREZ register TZPR register

fo ———0

TZMOD1 to TZMOD0=102, 112

TZOS
— . » NTO interrupt
J— Digital Input polarity selected to be| Polar
INTO filter one edge or both edges olarity O
J select
T
INTOPL INOSEG
INTOEN
TZMOD1 to TZMOD0=012, 102, 112 TZOPL=1 Q
TZOCNT=0 Toggle flip-flop K ‘
TZout —
O—— P3_1bitin P3 register TZOPL=0 Q CLR

\. TZMOD1 to TZMODO hits=012, 102, 112

TZOCNT=1 . .
\F Write to TYZMR register

Figure 12.18 Timer Z Block Diagram

Timer Y, Z mode register
b7 b6 b5 b4 b3 b2 bl bO Symbol Address After reset
TYZMR 008016 0016
Bit symbol Bit name Function RW
TYMODO | Timer Y operation 0 : Timer mode
mode bit 1: Programmable waveform generation mode RW
R1EDG TNT2/CNTR1 polarity | 0 : Rising edge RW
switching bit() 1: Falling edge
TYWC Timer Y write Function varies depending on the operation RW
control bit mode
Timer Y count 0 : Stops counting
TYS start flag 1 : Starts counting RwW
X X b5 b4
TZMODO Timer Z operation 0 0 : Timer mode RW
mode bit 0 1 : Programmable waveform generation mode
1 0 : Programmable one-shot generation mode
TZMOD1 11 : Programmable wait one-shot generation RW
mode
Timer Z write Function varies depending on the operation
Tzwe control bit mode RW
Timer Z count 0 : Stops counting
TZ5 start flag 1 : Starts counting RW
NOTES:
1. The IR bit in the INT2IC register may be set to “1” (interrupt requested) when the R1EDG bit is rewritten.
Refer to the paragraph 19.2.5 “Changing Interrupt Factor” in the Usage Notes Reference Book.

Figure 12.19 TYZMR Register
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Prescaler Z register

b7

Timer Z Secondary register

b7

NOTES:

bo Symbol Address After reset
PREZ 008516 FF16
Mode Function Setting range RW

Timer mode Internal count source or Timer Y

underflow is counted 0016 to FF16 | RW
Programmable Internal count source or Timer Y
waveform underflow is counted 0016 to FF16 RW
generation mode
Programmable Internal count source or Timer Y
one-shot underflow is counted 0016 to FF16 RW
generation mode
Programmable wait | Internal count source or Timer Y
one-shot generation | underflow is counted 0016 to FF16 RW
mode

b0 Symbol Address After reset
TZSC 008616 FF16
Mode Function Setting range RW

Timer mode Invalid
Programmable Underflow of
waveform Prescaler Z is counted®) 0016 to FF16 WO(2)
generation mode
Programmable Invalid
one-shot
generation mode
Programmable wait | Underflow of Prescaler Z is
one-shot generation | counted 0016 to FF16 WO

mode

(One-shot width is counted)

1. Each value in the TZPR register and TZSC register is reloaded to the counter alternately for counting.
2. The count value can be read out by reading the TZSC register even when the secondary period is being

counted.

Timer Z Primary register

b7 bo Symbol Address After reset
TZPR 008716 FF1e
Mode Function Setting range RW
Timer mode Underflow of Prescaler Z is
counted 0016 to FF16 RW
' Programmable Underflow of
------ waveform Prescaler Z is counted® 0016 to FF16 RW
generation mode
Programmable Underflow of Prescaler Z is
one-shot counted 0016 to FF16 RW
generation mode (One-shot width is counted)
Programmable wait | Underflow of Prescaler Z is
one-shot generation | counted 0016 to FF16 RW
mode (Wait period is counted)
NOTES:
1. Each value in the TZPR register and TZSC register is reloaded to the counter alternately for counting.
Timer Y, Z output control register®
b7 b6 bS b4 b3 b2 bl b0 Symbol Address After reset
TYZOC 008A16 0016
Bit symbol Bit name Function RW
TZ0S Timer Z one-shot 0 : Stops one-shot RW
start bit(®) 1: Starts one-shot
Timer Y programmable
TYOCNT Wavefomq ggneralion 2 8”:’)”}[5 mogralmmafbé%wavﬁform " RW
output switching bit(2) + Outputs the value of P32 port register
Timer Z programmable
TEONT |waverom gonraton |8 Stz pesrnmanie nevtorn, |
output switching bit(?) - Outp p 9
Nothing is assigned.
(b7-b3) When write, set to "0". When read, its content is "0". —

NOTES:
1. This bit is set to "0" when the output of one-shot waveform is completed. The TZOS bit should be set to "0" if the
one-shot waveform output is terminated by setting the TZS bit in the TYZMR to "0" during the waveform output.
2. This bit is enabled only when operating in programmable waveform generation mode.
3. If executing an instruction which changes this register when the TZOS bit is “1” (during the count), the TZOS is
automatically set to “0” when the count completes while the instruction is executed. If this causes some problems,
execute an instruction which changes this register when the TZOS bit is “0” (one shot stop).

Figure 12.20 PREZ Register, TZSC Register, TZPR Register, and TYZOC Register
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b7 b6 b5

Timer Y, Z waveform output control register

b7 b6 bS b4 b3 b2 bl b0 Symbol Address After reset
| | | | | o| o| 0 | 0 PUM 008416 0016
Bit symbol Bit name Function RW
Reserved bit “o"
oo (b3-b0) Must set to “0 RW
oo TYOPL ITaitTﬁr Y output level Function varies depending on the operation mode | gy
R R TZOPL Timer Z output level Function varies depending on the operation mode
E E latch RW
INTO pin one-shot trigger| 0 :TNTO pin one-shot trigger invalid
iy INOSTG | control bit@ i 1 :TNTO pin one-shot trigger valid RW
H (Timer 2)
: TNTO pi -shot tri
E REEELEEELEEEELEEELD INOSEG 0 pin one-s -otltrlgger 0 : Edge trigger at falling edge
polarity select bit(1) 1 Edae tri t risi q RW
(Timer 2) : Edge trigger at rising edge
NOTES:

1. The INOSEG bit is valid only when the INTOPL bit in the INTEN register is "0" (one-edge).

2. The INOSGT bit must be set to "1" after the INTOEN bit in the INTEN register and the INOSEG bit in the PUM register

are set.

Timer count source setting register

b4 b3 b2 bl b0

] o]

Symbol Address After reset
| TCSS 008E16 0016
Bit symbol Bit name Function RW
TXCKO Timer X count source  [b1b0
select bit(® 00:f1 RW
01:fs
TXCK1 10:f32
11:f2 RW
. b3 b2
TYCKO T|r|ner \t: (Egunt source | ng - RW
select bit 01:fs
TYCK1 10: frRING RW
11 : Selects input from CNTR1 pin
TZCKO Timer Z count source (0594
i+(1) 00:f1 RW
select bit 01 fo
TZCK1 1 0: Selects Timer Y underflow RW
11:f2
_ Reserved bit Must be set to “0”
(b7-b6) RW

NOTES:

1. Avoid switching a count source, while a counter is in progress. Timer counter must be stopped before switching a count

source.

Figure 12.21 PUM Register and TCSS Register
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12.3.1 Timer Mode
In this mode, the timer counts an internally generated count source or Timer Y underflow (see “Table
12.9 Timer Mode Specifications”). The Timer Z secondary is unused in timer mode. Figure 12.22
shows the TYZMR register and PUM register in timer mode.

Table 12.9 Timer Mode Specifications

Item

Specification

Count source

f1, f2, fs, Timer Y underflow

Count operation

* Down-count

* When the timer underflows, it reloads the reload register contents before continuing
counting (When the Timer Z underflows, the contents of the Timer Z primary reload
register is reloaded.)

Divide ratio

1/(n+1)(m+1) n: set value in PREZ register, m: set value in TZPR register

Count start condition

Write “1” (count start) to TZS bit in TYZMR register

Count stop condition

Write “0” (count stop) to TZS bit in TYZMR register

Interrupt request
generation timing

* When Timer Z underflows [Timer Z interrupt]

TZour pin function

Programmable 1/O port

INTO pin function

Programmable 1/O port, or INTO interrupt input

Read from timer

Count value can be read out by reading TZPR register.
Same applies to PREZ register.

Write to timer(1)

Value written to TZPR register is written to both reload register and counter or written to
reload register only. Selected by program.
Same applies to PREZ register.

NOTES:

1. The IR bit in the TZIC register is set to "1" (interrupt requested) if you write to the TZPR or PREZ register while both
of the following conditions are met.

<Conditions>

* TZWC bit in TYZMR register is set to "0" (write to reload register and counter simultaneously)
* TZS bit in TYZMR register is set to "1" (count start)
To write to the TZPR or PREZ register in the above state, disable interrupts before the writing.
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NOTES:
1. When TZS bit=1 (starts counting), the value set in the TZWC bit is valid. If TZWC bit=0, the timer Z count value is
written to both reload register and counter. If TZWC bit=1, the timer Z count value is written to the reload register

Timer Y, Z mode register

b7 b6 b5 b4 b3 b2 bl bo Symbol Address After reset

| | | 0 | 0 | | | | | TYZMR 008016 0016
: o i1 | Bit symbol Bit name Function RW
to4 1 or i 1 1 1 TYMODO | Timer Y-related bit RW
P R1EDG
R RW
T S S TYWC RW
A TYS RW
oo b5 ba
oo TZMODO Timer Z operation | 0 0 : Timer mode RW
P TTTTmmmTeeT mode bit
TZMOD1 RW
Timer Z write 0 : Write to reload register and counter
SEERELLLEEEEEALERRE Tzwe control bit(1) 1 : Write to reload register only RW
] Timer Z count 0 : Stops counting

128 start flag 1 : Starts counting RW

only.

When TZS bit=0 (stops counting), the timer Z count value is written to both reload register and counter regardless of

how the TZWC bit is set.

ofofo] Jofofo]o]

Timer Y, Z waveform output control register

b7 b6 b5 b4 b3 b2 bl b0

[y —

Symbol Address After reset
PUM 008416 0016
Bit symbol Bit name Function RW
Reserved bit “Q”

(b3-b0) Must set to “0 RW
TYOPL Timer Y-related bit RW
TZOPL Timer Z output level Must set to “0” in timer mode

latch RW
INTO pin one-shot Must set to “0” in timer mode
INOSTG trigger control bit RW
INOSEG INTO pin one-shot trigger| Must set to “0” in timer mode
polarity select bit RW

Figure 12.22 TYZMR Register and PUM Register in Timer Mode
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12.3.2 Programmable Waveform Generation Mode
In this mode, an signal output from the TZouT pin is inverted each time the counter underflows, while
the values in the TZPR register and TZSC register are counted alternately (see “Table 12.10 Program-
mable Waveform Generation Mode Specifications”). A counting starts by counting the value set in the
TZPR register. Figure 12.23 shows TYZMR and PUM registers in this mode. The Timer Z operates in
the same way as the Timer Y in this mode. See Figure 12.17 (Timer Y operation example in program-
mable waveform generation mode ).

Table 12.10 Programmable Waveform Generation Mode Specifications

Item Specification
Count source f1, f2, fs, Timer Y underflow
Count operation » Down-count

» When the timer underflows, it reloads the contents of primary reload register and sec-
ondary reload register alternately before continuing counting.

Output waveform width Primary period  : (n+1)(m+1)/fi
and period Secondary period : (n+1)(p+1)/fi
Period D (n+1){(m+1)+(p+1)}Hfi

fi : Count source frequency

n: Set value in PREZ register, m: Set value in TZPR register, p: Set value in TZSC register
Count start condition Write “1” (count start) to the TZS bit in the TYZMR register

Count stop condition Write “0” (count stop) to the TZS bit in the TYZMR register

Interrupt request generation timing| In half of count source, after timer Z underflows during secondary period (at the same
time as the TZout output change) [Timer Z interrupt]

TZourt pin function Pulse output
Use timer mode when using this pin as a programmable 1/O port.
INTO pin functions Programmable 1/O port, or INTO interrupt input
Read from timer Count value can be read out by reading TZPR register.
Same applies to PREZ register(®.
Write to timer Value written to TZPR register is written to reload register only.
Same applies to TZSC register and PREZ register(®).
Select function  Output level latch select function

The output level during primary and secondary periods is selected by the TZOPL bit.
» Programmable waveform generation output switching function

The output from TZour is inverted synchronously when Timer Z underflows by setting

the TZOCNT bit in the TYZOC register to “0”. A value in the P3_1 bit is output from the

TZouT by setting to “1"G),

NOTES:

1. Even when counting the secondary period, read out the TZPR register.

2. The set value in the TZPR register and TZSC register are made effective by writing a value to the TZPR register. The
set values are reflected to the waveform output beginning with the next primary period after writing to the Timer Z
primary register.

3. The TZOCNTDbit is enabled in the following timings
* When count starts
« When Timer Z interrupt request is generated
Therefore, pulse is output from the next primary period depending on the setting value of the TZOCNT bit.
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Timer Y, Z mode register
b7 b6 b5 b4 b3 b2 bl b0 Symbol Address After reset
| | 1 | 0| 1 | | | | | TYZMR 008016 0016
¢or oo+ 1+ 1| Bitsymbol Bit name Function RW
: “1 TYMODO | Timer Y-related bit RW
Pl R1EDG
[ RW
N TYwc RW
A TYS RW
A ' _ b5 b
A TzMoDo | Timer Z operation | ¢ 1 : Programmable waveform generation mode | RW
o mode bit
b L ___________________ TZMOD1 RW
N Timer Z write Set to "1" in programmable waveform generation
Pt oo Tzwe control bit mode(®) RW
' Timer Z count 0 : Stops counting
--------------------------- TZ !
S start flag 1 : Starts counting RW
NOTES:
1. When TZS bit=1(starts counting), the timer Y count vaue is written to the reload register only.
When TZS bit=0(stops counting), the timer Y count value is written to both reload register and counter.
Timer Y, Z waveform output control register
b7 b6 b5 b4 b3 b2 bl b0 Symbol Address After reset
|o|0| | |o|0|0|0| PUM 008416 0016
: Bit symbol Bit name Function RW
S N Reserved bit “qr
(b3-b0) Must set to “0 RW
 RRRROEEEEEE, TYOPL Timer Y-related bit RW
o] TZOPL Timer Z output level 0 : Outputs "H" for primary period
o latch Outputs "L" for secondary period
HE Outputs "L" when the timer is stopped RW
P 1 : Outputs "L" for primary period
Outputs "H" for secondary period
b Outputs "H" when the timer is stopped
D] INOSTG | INTO pin one-shot Must set to “0" in programmable waveform
: trigger control bit generation mode RW
UUUUURUURS INOSEG INTO pin one-shot Must set to “0” in programmable waveform
trigger polarity select bit| generation mode RW

Figure 12.23 TYZMR Register and PUM Register in Programmable Waveform Generation Mode
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R8C/12 Group 12.3 Timer (Timer Z)

12.3.3 Programmable One-shot Generation Mode
In this mode, upon program command or external trigger input (input to the INTO pin), the microcom-
puter outputs the one-shot pulse from the TZouT pin (see “Table 12.11 Programmable One-shot
Generation Mode Specifications”). When a trigger occurs, the timer starts operating from the point
only once for a given period equal to the set value in the TZPR register. The TZSC is unused in this
mode. Figure 12.24 shows the TYZMR register and PUM register in this mode. Figure 12.25 shows
an operation example in this mode.

Table 12.11 Programmable One-shot Generation Mode Specifications

Item Specification
Count source f1, f2, f8, Timer Y underflow
Count operation « Downcounts set value in TZPR register
* When the timer underflows, it reloads the contents of reload register before completing
counting.
* When a count stops, the timer reloads the contents of the reload register before it stops.
Divide ratio (n+1)(m+1)/fi
n: set value in PREZ register, m: set value in TZPR register
Count start condition « Set TZOS bit in TYZOC register to “1” (start one-shot)()
« Input active trigger to INTO pin(@
Count stop condition * When reloading is completed after count value was set to "0016"

* When TZS bit in TYZMR register is set to “0” (stop counting)

* When TZOS bit in TYZOC register is set to “0” (stop one-shot)

Interrupt request generation timing| In half cycles of count source, after the timer underflows (at the same time as the TZout
output ends) [Timer Z interrupt]

TZour pin function Pulse output
Use timer mode when using this pin as a programmable I/O port.
INTO pin function Programmable I/O port, external interrupt input pin, or external trigger input pin

« When the INOSTG bit in the PUM register is set to “0” (INTO one-shot trigger disabled)
Programmable 1/0 port or INTO interrupt input

» When the INOSTG bit in the PUM register is set to “1” (INTO one-shot trigger enabled)
external trigger (INTO interrupt input)

Read from timer Count value can be read out by reading TZPR register.
Same applies to PREZ register.

Write to timer Value written to TZPR register is written to reload register only().
Same applies to PREZ register.

Select function  Output level latch select function

Output level for one-shot pulse waveform is selected by TZOPL bit.

« INTO pin one-shot trigger control function and polarity select function
Trigger input from INTO pin can be set to active or inactive by INOSTG bit. Also, an
active trigger's polarity can be selected by INOSEG bit.

NOTES:

1. The TZS bit in the TYZMR register must be set to "1" (start counting).

2. The TZS bit must be set to "1" (start counting), the INTOEN bit in the INTEN register to "1" (enabling INTO input), and
the INOSTG bit in the PUM register to "1" (enabling INTO one-shot trigger).
Although the trigger input during counting cannot be acknowledged, the INTO interrupt request is generated.

3. The set values are reflected beginning with the next one-shot pulse after writing to the TZPR register.
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R8C/12 Group 12.3 Timer (Timer Z)

Timer Y, Z mode register

b7 b6 b5 b4 b3 b2 bl bO Symbol Address After reset

| | 1| 1| 0 | | | | | TYZMR 008016 0016

oo i1 | Bit symbol Bit name Function RW
i i i i i i "] TYMODO | Timer Y-related bit RW
S R1EDG
[ RW
R TYwc RW
A S TYS RW
A : —
[ TzmoDo | Timer Z operation | 1 g : programmable one-shot generation mode | RW
o mode bit
Pl TzZMOD1 RW
Timer Z write Set to "1" in programmable one-shot generation
P Tzwe control bit mode(®) RW
: Timer Z count 0 : Stops counting
--------------------------- TZ !
NOTES: S start flag 1 : Starts counting RW
1. When the TZS bit is set to “1"(count starts), the count value is written to the reload register only.
When the TZS bit is set to “0”(count stops), the count value is written to both the reload register and counter.
Timer Y, Z waveform output control register
b7 b6 b5 b4 b3 b2 bl bO Symbol Address After reset
| | | | | o| 0 | 0 |o | PUM 008416 0016

: | [ Bit symbol Bit name Function RW

S R N Reserved bit Must set to “0”

N (b3-b0) ’ R

SAGRRREEEEEEEL TYOPL Timer Y-related bit RW

o] TZOPL Timer Z output level 0 : Outputs "H" level one-shot pulse.

N latch Outputs "L" when the timer is stopped.

P 1: Outputs "L" level one-shot pulse RW

N Outputs "H" when the timer is stopped.

b ] INosTG | INTO pin'oge—shot trigger | o - TNTO pin one-shot trigger disabled RW

; control bit(?) 1 :'INTO pin one-shot trigger enabled(

INOSEG | INTO pin one-shot trigger | 0 : Edge trigger at falling edge RW

Trmmmmmmmmmmmsmmmmmmsmemn oo polarity select bit(®) 1 : Edge trigger at rising edge

NOTES:

1. The INOSEG bhit is valid only when the INTOPL bit in the INTEN register is set to "0" (one-edge).

2. The INOSGT bit must be set to “1” after the INTOEN bit in the INTEN register and the INOSEG bit in the PUM register are set.
When setting the INOSTG bit to "1" (INTO pin one-shot trigger enabled), the INTOFO and INTOF1 bits in the INTOF register
must be set.

The INOSTG bit must be set to “0” (INTO pin one-shot trigger disabled) after the TZS bit in the TYZMR register is set to “0”
(count stop).

Figure 12.24 TYZMR Register and PUM Register in Programmable One-shot Generation Mode
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wpn
“qp

TZS bitin
TYZMR register

Set to “1” by program

/

Set to “1” by program

TZOS bitin “1”

TYZOC register -0

Count source

Prescaler Z
underflow signal

“a

Set to “0” when count

completes Setto “1" by INTo pin

input trigger

/

R

|
|
|
|
|
l
|
|
T
|
|
|
|
|
|
I
1
'
|
|
L
[

ﬂ

'
|
|
|
|
|
|
|
|
|
|
|
T

s |

Setto “1” by pr(:)gram

aq
INTo pin input
“q
Count Timerz  Count 'Il .
starts primary ~ starts imer
! reload ! primary
v ; v reload
Contents of Timer Z 0116 X 0016 X 0116 X 0016 X: 0116
E i Set to “0” when interrupt request 3
! ' is acknowledged or by program \
IRbitin 1" :
TZIC register wor |

TZOPL bitin
PUM register w0
g

TZourt pin output
wp

|
Waveform
output starts

v

Waveform

tout Wavéform
outpu output starts
completes i
! I
! I
V v

The above applies to the following conditions;

PREZ=0116, TZPR=0116

A
Waveform
output

completes

TZOPL bit in PUM register=0, INOSTG bit= 1(INTO one-shot trigger enabled)
INOSEG bit= 1(rising edge trigger)

Figure 12.25 Operation Example in Programmable One-shot Generation Mode
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R8C/12 Group 12.3 Timer (Timer Z)

12.3.4 Programmable Wait One-shot Generation Mode

In this mode, upon program or external trigger input (input to the TNTO pin), the microcomputer outputs
the one-shot pulse from the TZourT pin after waiting for a given length of time (see “Table 12.12
Programmable Wait One-shot Generation Mode Specifications”). When a trigger occurs, from this
point, the timer starts outputting pulses only once for a given length of time equal to the set value in the
TZSC register after waiting for a given length of time equal to the set value in the TZPR register.
Figure 12.26 shows the TYZMR and PUM registers in this mode. Figure 12.27 shows an operation
example in this mode.

Table 12.12 Programmable Wait One-shot Generation Mode Specifications

Item Specification
Count source f1, f2, fs, Timer Y underflow
Count operation » Downcounts set value in Timer Z primary

* When a counting of TZPR register underflows, the timer reloads the contents of TZSC
register before continuing counting.

* When a counting of TZSC register underflows, the timer reloads the contents of TZPR
register before completing counting.

* When a count stops, the timer reloads the contents of the reload register before it stops.

Wait time (n+1)(m+1)/fi n: set value in PREZ register, m: set value in TZPR register
One-shot pulse output time | (n+1)(p+21)/fi n : set value in PREZ, p: set value in TZSC register
Count start condition * Set TZOS bit in TYZOC register to “1” (start one-shot)()
« Input active trigger to INTO pin(®
Count stop condition * When reloading is completed after count value at counting TZSC register was set to
"0016"

*« When TZS bit in TYZMR register is set to “0” (stop counting)

*« When TZOS bit in TYZOC register is set to “0” (stop one-shot)

Interrupt request generation timing | In half cycles of count source, after count value at counting TZSC register is set "0016"
(at the same time as the TZout output change) [Timer Z interrupt]

TZour pin function Pulse output
Use timer mode when using this pin as a programmable /O port.
INTO pin function Programmable 1/O port, INTO interrupt input or external trigger input

» When the INOSTG bit in the PUM register is set to “0” (INTO one-shot trigger disabled)
Programmable 1/O port or INTO interrupt input

» When the INOSTG bit in the PUM register is set to “1” (INTO one-shot trigger enabled)
external trigger (INTO interrupt input)

Read from timer Count value can be read out by reading TZPR register.
Same applies to PREZ register.

Write to timer Value written to TZPR register and PREZ register are written to reload register only().
Same applies to TZSC register.

Select function « Output level latch select function

Output level for one-shot pulse waveform is selected by TZOPL bit.

« INTO pin one-shot trigger control function and polarity select function
Trigger input from INTO pin can be set to active or inactive by INOSTG bit. Also, an
active trigger's polarity can be selected by INOSEG bit.

NOTES:

1. The TZS bit in the TYZMR register must be set to "1" (start counting).

2. The TZS bit must be set to "1" (start counting), the INTOEN bit in the INTEN register to "1" (enabling INTO input), and
the INOSTG bit in the PUM register to "1" (enabling INTO one-shot trigger).
Although the trigger input during counting cannot be acknowledged, the INTO interrupt request is generated.

3. The set values are reflected beginning with the next one-shot pulse after writing to the TZPR register.
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Timer Y, Z mode register
b7 b6 b5 b4 b3 b2 bl bo Symbol Address After reset
| | 1 | 1| 1 | | TYZMR 008016 0016
A Bit symbol Bit name Function RW
S TYMODO | Timer Y-related bit RW
S R1EDG
I RW
DL e TYWC RW
N TYS RW
Pl , — [woa
N TzmoDo | Timer Z operation | 1 1 : Programmable wait one-shot generation RW
A mode bit mode
Pl TZMOD1 RW
Timer Z write Must set to "1" in programmable wait one-shot
H TZWC . .
v Ty control bit generation mode(d) RW
: Timer Z count 0 : Stops counting
--------------------------- TZS ’ RW
start fla :
NOTES: g 1 : Starts counting
1. When TZS bit=1(starts counting), the timer Z count value is written to the reload register only.
When TZS bit=0(stops counting), the timer Z count value is written to both reload register and counter.
Timer Y, Z waveform output control register
b7 b6 bS b4 b3 b2 bl bo Symbol Address After reset
| | | | | 0 | oo | 0 | PUM 008416 0016
Bit symbol Bit name Function RW
Reserved bit M ‘0"
(b3-b0) ust set to “0 RW
 SREEEEEEEE TYOPL Timer Y-related bit RW
.................. TZOPL Timer Z output level 0 : Outputs "H" level one-shot pulse.
HE latch Outputs "L" when the timer is stopped.
1: Outputs "L" level one-shot pulse RW
HE Outputs "H" when the timer is stopped.
R TR INOSTG | INTO pin one-shot trigger | o . TNTO pin one-shot trigger disabled RW
control bit(?) 1 :'INTO pin one-shot trigger enabled(®
INOSEG | INTO pin one-shot trigger | 0 : Edge trigger at falling edge RW
"""""""""""""" polarity select bit(1) 1 : Edge trigger at rising edge
NOTES:
1. The INOSEG bit is valid only when the INTOPL bit in the INTEN register is set to "0" (one-edge).
2. The INOSGT bit must be set to “1” after the INTOEN bit in the INTEN register and the INOSEG bit in the PUM register are
set.
When setting the INOSTG bit to "1" (INTO pin one-shot trigger enabled), the INTOFO and INTOF1 bits in the INTOF register
must be set.
The INOSTG bit must be set to “0” (INTO pin one-shot trigger disabled) after the TZS bit in the TYZMR register is set to “0”
(count stop).

Figure 12.26 TYZMR Register and PUM Register in Programmable Wait One-shot Generation Mode
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TZS bit in
TYZMR register

TZOS bitin
TYZOC register

Count source

Prescaler Z
underflow signal

INTo input pin

Contents of Timer Z

IR bit in
TZIC register

TZOPL bit in
PUM register

TZout pin output

Set to “1” by program

/

wqn
“qr
wqn W G TS i Set to “0” when count
S_et to “1” by program or “1” by INTo pin input completes
trigger
wpn
“qr i :
“qr |—| P ' I
Count Timer Z Timer Z
starts secondary primary
reload reload
vy Y :
0116 X 0016 X 0216 X 0116 X 0016 X: 0116
3 3 Set to “0” when intérrupt request
! I is acknowledged or by program
wpn 3 i
uon !

Set to “0” by prbgram

“Qg ‘ ‘ . :
! Wait starts Waveform Waveform
| : output starts output
| ! ! completes

e !  / \

\J

w

The above applies to the following conditions;
PREZ=0116, TZPR=0116, TZSC=0216 o
TZOPL bit in PUM register=0, INOSTG bit=1(INTO one-shot trigger enabled)
INOSEG bit=1(rising edge trigger)

Figure 12.27 Operation Example in Programmable Wait One-shot Generation Mode
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R8C/12 Group 12.4 Timer (Timer C)

12.4 Timer C
Timer C is a 16-bit free-running timer. Figure 12.28 shows a block diagram of Timer C. The Timer C uses
an edge input to TCIN pin or the fRING128 clock as trigger to latch the timer count value and generates an
interrupt request. The TCIN input has a digital filter and this prevents an error caused by noise or so on
from occurring. Table 12.13 shows Timer C specifications. Figure 12.29 shows TC, TMO0, TCCO, and
TCC1 registers. Figure 12.30 shows an operation example of Timer C.

Data bus
1 1]
Upper 8 bits | Lower 8 bits
TMO register
PN
TCCO02 to TCCO1
=002
" =012 Upper 8bits | Lower 8 bits
fe =102 Counter »  Timer C interrupt
faa———0
TCC1lto TC_ClO TC register -
=002 Transfer signal
TNT3/TCIN o Digital TCCO7=0
Other than 002 |__filter Edge detection » INT3 interrupt

T 7=1
TCC11lto TCC10 cco
=11 o .
f2 —=22% Sampling TCCO01, TCC02, TCCO7: Bits in TCCO register
clock TCC10, TCC11: Bits in TCC1 register

fRING128

Figure 12.28 Timer C Block Diagram

Table 12.13 Timer C Specifications

Item Specification
Count source f1, fs, f32
Count operation » Count up

* Transfer value in TC register to TMO register at active edge of measurement pulse
* Value in TC register is set to “000016” when a counting stops

Count start condition TCCOO bit in TCCO register is set to “1” (capture enabled)
Count stop condition TCCO0O bit in TCCO register is set to “0” (capture disabled)
Interrupt request « When active edge of measurement pulse is input [INT3 interrupt]
generation timing * When Time C underflows [Timer C interrupt]
INT3/TCIN pin function Programmable 1/O or measurement pulse input
Counter value reset timing |When TCCO0O bit in TCCO register is set to “0” (capture disabled)
Read from timer()  Counter value can be read out by reading TC register.

« Counter value at measurement pulse active edge input can be read out by reading TMO

register.

Write to timer Write to TC register and TMO register is disabled
Select function « INT3/TCIN switching function

Measurement pulse active edge is selected by TCCO03 to TCCO04 bits
* Digital filter function

Digital filter sampling frequency is selected by TCC11 to TCC10 bits
* Trigger select function

TCIN input or fRING128 is selected by TCCO7 bit.

NOTES:
1. TC register and TMO register must be read in 16-bit units.
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Timer C register
b15
(b7 ) (lt):%)m b0 Symbol Address After reset
TC 009116-009016 000016
Function RW
— Internal count source is counted RO
"0000,4" can be read out by reading when TCCOO bit = 0 (stops counting)
Count value can be read out by reading when TCCOO bit = 1 (start counting)
Capture register
(b15) (b8)
b7 b0 b7 b0 Symbol Address After reset
T™MO 009D16-009C16 000016
Function RW
femm o When active edge of measurement pulse is input, the counter value of RO
Timer C is stored
Timer C control register 0
b7 b6 b5 b4 b3 b2 bl bo Symbol Address After reset
| | 0 | 0 | | | | | | TCCO 009A16 0016
: P i 1| Bit symbol Bit name Function RW
Pk TCCO00 Timer C count start bit 0 : Count stop RW
1: Count start
T , )
A TCCO1 Timer C count source select 00:f1 RW
A bit(®) 01:f8
A 10:f32
R T 2 RW
R ceo 11 : Avoid this setting
. = b4 b3
I TCCo3 | INT3interruptand 00: Rising edge RW
o ] capture input polarity select 01 . Falling edge
A bit(L. 2) .
o 10 : Both edges
R Tcco4 11 : Avoid this setting RW
T S — i Set o "0"
: (b6-b5) reserved bit et to RW
. TNT3 interrupt and 0:TNT3
Ay TCCO7 :
capture input switching bit(X:2) | 1 : frinG128 RW
NOTES:
1. Change this bit when TCCOO bit is set to “0” (count stop).
2. The IR bit in the INT3IC may be set to “1” (interrupt requested) when the TCCO03, TCCO04, or TCCO7 bit is rewritten.
Refer to the paragraph 19.2.5 “Changing Interrupt Factor” in the Usage Notes Reference Book.
Timer C control register 1
b7 b6 b5 b4 b3 b2 bl b0 Symbol Address After reset
|0|0|0|0|0|0| | | TCC1 009B16 0016
: oo i 1| Bit symbol Bit name Function RW
N N B (o5 o) INT3 input filter select bit(® t())lboo - No filter RW
0 1: Filter with f1 sampling
1 0: Filter with f8 sampling
N I Tccll 1 1: Filter with f32 sampling RW
: ; ; Setto "0"
P tooa . Reserved bit
(b7-b2) RwW
NOTES:
1. Input is recognized only when the same value from INT3 pin is sampled three times in succession.

Figure 12.29 TC Register, TMO Register, TCCO Register, and TCC1 Register
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o Overflow

=
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2 Count start reess

c ' 1
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& i «— Measurement value 2 !

o ' : '

= ' . i

[} i ! | i

= 1 1 1

S ' .- ' Measure-

8 : ' «— Measuiement value 1 - ment
| ] ! ' value 3 !
: i ' po-e- ;

000016 ' -
| ; : ! Time
wan : ! Setto"0"b
+ Set to "1" by program | program 4

TCCOO bit in TCCO “1”
register O—I

The delay caused

A

by digital filter i |
— - ! ! ;
Measurement pulse “H” - ' : :
(TCIN pin input) « » |_i ' |_| ; . |—| : .
A ETransmit ' Transmit ' Transmit
‘| 1(Measurement (Measurement (Measurerhent
ivalue 1) [ value 2) ! value 3)
Transmit timing from ' / !
Timer C counter to |_| |—| l—l
TMO register ' | ' :
Indeterminate 'Indeterminate
TMO register - ---—- - < X Measurement value 2 X ) RREEREES
Measurement ! MeaSurement
' valuel | ! i value 3

Set to “0” when interrupt request is accepted, or set by pr'ogram

]

IR bit in INT3IC “1”
register «Q”

Set to “0” when interrupt
request is accepted, or set by

/program

IR bitin TCIC “1” ]
register «g”

Conditions: TCCO register TCC04 to TCCO03 bits=012 (capture input polarity is set for falling edge),
TCCO07=0 (INT3/TCIN input as capture input trigger)

Figure 12.30 Operation Example of Timer C
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13. Serial Interface

Serial interface is configured with two channels: UARTO to UART1. UARTO and UART1 each have an
exclusive timer to generate a transfer clock, so they operate independently of each other.

Figure 13.1 shows a block diagram of UARTI (i=0, 1). Figure 13.2 shows a block diagram of the UARTI
transmit/receive.

UARTO has two modes: clock synchronous serial /O mode, and clock asynchronous serial I/O mode (UART
mode).

UART1 has only one mode, clock asynchronous serial /O mode (UART mode).

Figures 13.3 to 13.5 show the UARTI-related registers.

Main clock or on-chip oscillator cloek » fisio
1/8 fasio

14 fa2sio
(UARTO)

rx0o(O) ———Q ™00

UART reception o Receive

o Reception clock
Clock synchronous controw
type

CLK1 to CLK0=002
Transmit/

!
1510 —=—0 I
fesio —23 Intemal - YoBRG register E receive
f =102 UART transmission . Transmit unit
32SI10. 0o 1/(n0+1) ' — lock
L ransmission control] cloc
—O Clock synchronous circuit
External type E
Clock synchronous type
(when internal clock is selected)
Q CKDIR=0
o
Clock synchronous type CKDIR=1
Clock synchronous type f
(when iztemal clock)i,spselected) (when external clock is selected)
CLK
CLKO( )_ polarity
reversing \I
circuit
(UARTl) TXDI1EN
Rt O > TxD10

UART reception Reception

v1s Reception control circuit Transmit/ TXD1SEL=1
CLK1 to CLK0=002 U1BRG control circuit reneive TxD11

fisio — - !
fasi0 =012 Internal register = vARTs - unit TXD1SEL=0
=] ransmission .
fa2sio =102 | | Transmission
Yo & Transmission control circuit
control circuit
To P00

Figure 13.1 UARTI (i=0, 1) Block Diagram
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Clock
synchronous
type

UART (7 bits)
UART (8 bits)

UART (7 bits) UARTI receive register

Clock
synchronous type

UART (8 bits)
UART (9 bits)

wgr —

UART (8 bits)

Clock i=0, 1
synchronous typ SP: Stop bit
PAR: Parity bit

NOTES:

1. Clock synchronous type is provide in UARTO only.

H H H H H H H H H Ui
0:0:0:0:0:0 0§D8| |D7§D6§D5§D4§D3§D2§D1§Do|
‘ | | MSBJ/LSB conversion circuit |
Data bus high-order bits
Data bus low-order bits
[ MSBILSB conversion circuit |
~> 4 4
[Ds | | D7iDsiDsiDaiDsiDaiDiiDo|UT8regter
UART (8 bits)
UART (9 bits)
. Clock
PRYE=1 UART (9 bits) | synchronous
PAR type
2P eabled UART
L L
SP
UART (7 bits) UART (7 bits) UARTI transmit register

RB register

TxDi

Figure 13.2 UARTIi Transmit/Receive Unit
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UARTI transmit buffer registerc. 2 (i=0, 1)

(b15) (©8) Symbol Address After reset
b7 b0 b7 b0 uoTB 00A316-00A216 Indeterminate

|><|><|><|><|><|><|><| | | ulTB 00AB16-00AA16 Indeterminate
: : : Bit .
; ; ; symbol Function RW
N S (b8-b0) | Transmit data WO
b15-b9 Nothing is assigned. _
""""""""""""""""""" (b15-09)| \yhen write, set to “0”. When read, its content is indeterminate.

NOTES:
1. When transfer data length is 9-bit long, write high-byte first then low-byte.
2. Use MOV instruction to write to this register.

UARTI receive buffer register® (i=0, 1)

(b15) (b8) Symbol Address After reset
Ll Bo b7 L0 UORB  00A7:6-00A61s Indeterminate
| U1RB 00AF16-00AE16 Indeterminate
Bit . .
symbol Bit name Function RW
(b7-b0) E— Receive data (D7 to Do) RO
(E) — Receive data (Ds) RO

— Nothing is assigned.
(b11-b9)| When write, set to “0”. When read, its content is indeterminate.

OER |Overrun error flag@ 0 : No overrun error
1 : Overrun error found RO

FER | Framing error flag(® 0 : No framing error RO
1 : Framing error found

PER | Parity error flag® 0:No _parity error RO
1 : Parity error found

SUM | Error sum flag(® 0 : No error RO
1 : Error found

NOTES:

1. Read out the UiRB register in 16-bit unit.

2. All of the SUM, PER, FER and OER bits are set to “0” (no error) when the SMD2 to SMDO bits in the UIMR register are set to “0002” (serial interface
disabled) or the RE bit in the UiC1 register is set to “0” (reception disabled). The SUM bit is set to “0” (no error) when all of the PER, FER and OER
bits are set to “0” (no error).

The PER and FER bits are set to “0” even when the higher byte of the UiRB register is read.

UARTI bit rate registerc.2.3) (i=0, 1)

b7 b0 Symbol Address After reset
UOBRG 00A1l1e Indeterminate
| U1BRG 00A916 Indeterminate
: Function Setting range RW

Assuming that set value = n, UIBRG divides the count source

byn+1 0016 to FF1e wo

NOTES:
1. Write to this register while serial interface is neither transmitting nor receiving.

2. Use MOV instruction to write to this register.

3. After setting the CLKO to CLK1 bits of the UiCO register, write to the UiBRG register.

Figure 13.3 UOTB and U1TB Registers, UORB and U1RB Registers, and UOBRG and U1BRG Registers
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b7 b6 bS5 b4 b3 b2 bl b0

UARTI transmit/receive mode register (i=0, 1)

0 Symbol Address After reset
| | | | | | | | | UOMR 00AO16 0016
[ UIMR 00A816 0016
O Bit name Function
Poiob bt | symbol RwW
Porop 11t 1 il SMDO |serial interface mode 02 b b0
oo e select bit@ 0 0 0 : Serial interface disabled RW
00 1: Clock synchronous serial I/O mode
. SMD1 100 : UART mode transfer data 7 bits long
101 : UART mode transfer data 8 bits long RW
[ 11 0: UART mode transfer data 9 bits long
e SMD2 Must not be set except above
oo RW
A S S CKDIR [Internal/external clock 0 : Internal clock RW
select bit(3® 1 : External clock(l)
P e STPS |stop bit length select bit |0 : 1 Stop bit
o P 9 1: 2 stop hits RW
] PRY |Odd/even parity select bit | Effective when PRYE =1
v 0 : Odd parity RW
HE 1: Even parity
R — PRYE |Parity enable bit 0 : Parity disabled RW
i 1 : Parity enabled
et eeeemeenneeennnan] ——— [Reserved bit Set to “0”
o) RW
NOTES:
1. Must set the P1_6 bit in the PD1 register to “0” (input).
2. For the ULMR register, the SMD2 to SMDO bits must not be set except the followings: “0002”, “1002", “1012", or “1102".
3. Must set the CKDIR bit to “0” (internal clock) in UART1.
UARTI transmit/receive control register 0 (i=0, 1)
b7 b6 b5 b4 b3 b2 bl bo
0 Symbol Address After reset
| | | D<| | | | | UoCo 00A416 0816
[ Ul1cCo 00AC16 0816
Bit Bit name Function RW
bl i ] symbol
R A b0
i1 4 14 i1t CLKD | BRG countsource 00 : fisio is selected RW
- select bit() 01:fssio is selected
T A A R o N 10: fazsio is selected RW
. 11 : Avoid this setting
s —— | Reserved bit Set to “0”
oo (b2) RW
___________ TXEPT | Transmit register empty | O : Data present in transmit register (during transmission)
[ flag 1: No data present in transmit register RO
oo (transmission completed)
— | Nothing is assigned.
- (b4) When write, set to “0”. When read, its content is indeterminate. _
R NCH | Data output select bit 0 : TxDi pin is a pin of CMOS output RW
HE 1 : TxDi pin is a pin of N-channel open-drain output
CKPOL | CLK polarity select bit 0: Transmit data is output at falling edge of transfer clock
N and receive data is input at rising edge RW
: 1: Transmit data is output at rising edge of transfer clock
H and receive data is input at falling edge
_________________________ UFORM |Transfer format select bit | 0 : LSB first RW
1: MSB first

NOTES:

1. If the BRG count source is switched, set the UIBRG register again.

Figure 13.4 UOMR and U1MR Registers and UOCO and U1CO Registers
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UARTI transmit/receive control register 1 (i=0, 1)
b7 b6 bS5 b4 b3 b2 bl b0 Symbol Address After reset

ML_LJ voc1 00A516 0216
UlC1 00AD16 0216

Bit
symbol

Bit name Function RW

: Transmission disabled
: Transmission enabled

TE Transmit enable bit RW

TI Transmit buffer
------ empty flag

RE Receive enable bit(1)

: Data present in UiTB register RO
: No data present in UiTB register

: Reception disabled RW
: Reception enabled

: No data present in UiRB register
: Data present in UiRB register

] RI Receive complete flag(®

RPO|PFRPO| RPO| RO

RO

— Nothing is assigned.
(b7-b4) | When write, set “0”. When read, its content is “0".

NOTES:
1. As for the UART1, set the TXD1EN bit in the UCON register before setting this bit to reception enabled.
2. The RI bit is set to "0" when the higher byte of the UiRB register is read.

UART transmit/receive control register 2

b7 b6 b5 b4 b3 b2 bl b
|>7q 6| 5| (:| (j| 2| 1| 0| Symbol Address After reset

UCON 00BO016 0016

Bit

i Function
symbol Bit name RW

UOIRS | UARTO transmit 0 : Transmit buffer empty (Tl = 1)
interrupt cause select bit | 1 : Transmission completed (TXEPT = 1) RW

[ ——

U1IRS | UARTL1 transmit 0 : Transmit buffer empty (Tl = 1)
interrupt cause select bit | 1 : Transmission completed (TXEPT = 1) RW

o] UORRM | UARTO continuous 0 : Continuous receive mode disabled RW
receive mode enable bit | 1 : Continuous receive mode enable

bt (ba-b3) | Reserved bit Must set to “0” RW

TXD1SEL | Port TxD11 switching bit(@)| 0 : /O port POo
v TTTTTm e 1:TxD11 RW

L] TXD1EN | TxD10/RxD1 select bit(1. 2)| 0 : RxD1
1:TxD1o RW

___________________________ — Nothing is assigned.
(b7) When write, set “0”. When read, its content is “0”.
NOTES:
1. For P37, select “0” (RxDz) for data receive, and “1” (TxDz10) for data transfer.
Set the PD3_7 bit in the PD3 register to “0” (input mode) when receiving.
2. Do not set the TXD1SEL and TXD1EN bits to “1” at the same time since they function independently.

Figure 13.5 UOC1 and U1C1 Registers and UCON Register
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13.1 Clock Synchronous Serial I/O Mode

The clock synchronous serial I/O mode uses a transfer clock to transmit and receive data. This mode can
be selected with UARTO. Table 13.1 lists the specifications of the clock synchronous serial I/O mode.
Table 13.2 lists the registers used in clock synchronous serial I/O mode and the register values set.

Table 13.1 Clock Synchronous Serial I/O Mode Specifications

Item Specification
Transfer data format « Transfer data length: 8 bits
Transfer clock * CKDIR bit in UOMR register is set to “0” (internal clock): fi/(2(n+1))

fi=f1si0, f8slo, f32s10 n=setting value in UIBRG register: 0016 to FF16
* CKDIR bit is set to “1” (external clock ): input from CLKO pin
Transmission start condition | * Before transmission can start, the following requirements must be met(®)
— TE bit in UOC1 register is set to “1” (transmission enabled)
— Tl bit in UOC1 register is set to “0” (data present in UOTB register)
Reception start condition « Before reception can start, the following requirements must be met(®)
— RE bit in UOCL1 register is set to “1” (reception enabled)
— TE bit in UOC1 register is set to “1” (transmission enabled)
— Tl bit in UOC1 register is set to “0” (data present in the UOTB register)
Interrupt request * For transmission, one of the following conditions can be selected
generation timing - UOIRS bit is set to “0” (transmit buffer empty): when transferring data from
UOTB register to UARTO transmit register (at start of transmission)
- UOIRS bit is set to “1” (transfer completed): when serial interface finished sending
data from UARTI transmit register
 For reception
When transferring data from the UARTO receive register to the UORB register (at
completion of reception)
Error detection « Overrun error(®
This error occurs if serial interface started receiving the next data before reading the
UORB register and received the 7th bit of the next data
Select function « CLK polarity selection
Transfer data 1/0O can be chosen to occur synchronously with the rising or
the falling edge of the transfer clock
* LSB first, MSB first selection
Whether to start sending/receiving data beginning with bit 0 or beginning with bit 7
can be selected
 Continuous receive mode selection
Reception is enabled immediately by reading the UORB register

NOTES:

1. When an external clock is selected, the conditions must be met while if the UOCO register 0 CKPOL bit
= 0 (transmit data output at the falling edge and the receive data taken in at the rising edge of the
transfer clock), the external clock is in the high state; if the CKPOL bit in the UOCO register is set to “1”
(transmit data output at the rising edge and the receive data taken in at the falling edge of the transfer
clock), the external clock is in the low state.

2. If an overrun error occurs, the value of UORB register will be indeterminate. The IR bit of SORIC register
does not change.
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Table 13. 2 Registers to Be Used and Settings in Clock Synchronous Serial /O Mode

Register Bit Function
uoTB Oto7 Set transmission data
UORB Oto7 Reception data can be read
OER Overrun error flag
UOBRG Oto7 Set a bit rate
UOMR SMD2 to SMDO Set to “0012"
CKDIR Select the internal clock or external clock
uoco CLK1 to CLKO Select the count source for the UOBRG register
TXEPT Transmit register empty flag
NCH Select TxDO pin output mode
CKPOL Select the transfer clock polarity
UFORM Select the LSB first or MSB first
uoC1 TE Set this bit to “1” to enable transmission/reception
TI Transmit buffer empty flag
RE Set this bit to “1” to enable reception
RI Reception complete flag
UCON UOIRS Select the source of UARTO transmit interrupt
UORRM Set this bit to “1” to use continuous receive mode
TXDISEL Set to “0”
TXDIEN Set to “0”
NOTES:

1. Not all register bits are described above. Set those bits to “0” when writing to the registers in clock
synchronous serial /0 mode.

Table 13.3 lists the functions of the I/O pins during clock synchronous serial I/O mode. Note that for a
period from when the UARTO operation mode is selected to when transfer starts, the TxDO pin outputs an
“H". (If the NCH bit is set to “1"(N-channel open-drain output), this pin is in a high-impedance state.)

Table 13.3 Pin Functions

Pin name Function Method of selection
;r;(lD(; Serial data output (Outputs dummy data when performing reception only)
4

RxDo Serial data input PD1 register PD1_5 bit=0

(P15) (P15 can be used as an input port when performing transmission only)

CLKo Transfer clock output UOMR register CKDIR bit=0

(Ple) [~ TToTooo e S Sttt

; UOMR register CKDIR bit=1

Transfer clock input PD1 register PD1_6 bit=0
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» Example of transmit timing (when internal clock is selected)
Tc

Transfer clock |||||||||||||||||||||||||||||||||||| ||||||| | | ||

ot egster [ | R |

TE bit Write data to UOTB register
UOC1 register <1~
Tl bit 0

Transferred from UOTB register to UARTO transmit register

TCLK
Stopped pulsing because the TE bit = 0
CLKo

POEEREERREREERE DREEEERE

UOCO register «1» ;

TXEPTbit ., l H I_] l_

SOTIC register «;» f ' :

IR bit I—l I_l
g \ /

Set to “0” when interrupt request is accepted, or set by a program

Tc=TCLK=2(n+ 1) /fi
fi: frequency of UOBRG count source (f1SI0, f8SIO, f32SI0)
n: value set to UOBRG register

The above timing diagram applies to the case where the register bits are set as follows:
* UOMR register CKDIR bit = 0 (internal clock)
« UOCO register CKPOL bit = 0 (transmit data output at the falling edge and receive data taken in at the rising edge of the transfer clock)
* UOIRS bit = 0 (an interrupt request occurs when the transmit buffer becomes empty):

« Example of receive timing (when external clock is selected)

ug
UOC1 register I
RE bit 0" .

1

agn
UOC1 register I . )
TE bit 0" Write dummy data to UOTB register

) 1"
UOC1 register C|>‘
TI bit “Q

Transferred from UOTB register to UARTO transmit register

CLKo
Receive data is taken in
RxDO0
Transferred from UARTO receive register Read out from UORB register
UOCT1 register “1” to UORB register\(
RI bit “0"

SORIC register 1 |
IR bit “0”
v
Set to “0” when interrupt request is accepted, or set by a program

The above timing diagram applies to the case where the register bits are set as follows:
* UOMR register CKDIR bit = 1 (external clock)
« UOCO register CKPOL bit = 0 (transmit data output at the falling edge and receive
data taken in at the rising edge of the transfer clock)

Make sure the following conditions are met when input to the CLKO pin before receiving data is high:
* UOCL1 register TE bit = 1 (transmit enabled)
* UOC1 register RE bit = 1 (receive enabled)
« Write dummy data to the UOTB register

fEXT: frequency of external clock

Figure 13.6 Transmit and Receive Operation
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13.1.1 Polarity Select Function
Figure 13.7 shows the polarity of the transfer clock. Use the CKPOL bit in the UOCO register to select
the transfer clock polarity.

(1) When the UOCO register CKPOL bit = 0 (transmit data output at the falling
edge and the receive data taken in at the rising edge of the transfer clock)

cwoo [y AL LI L)

|
TXDO XDO}(DlXDz/)XmeXDsXDeXm
RXDO X po X b1 X D2 X D3 X Da X D5 X Ds X D7

(2) When the UOCO register CKPOL bit = 1 (transmit data output at the rising
edge and the receive data taken in at the falling edge of the transfer clock)

TXDO XDol?ff Dl><Dl2/)><D3><D4><D5><D6><D7

RXDO X Do X b1 X D2 X D3 X Da X D5 X Ds X D7
NOTES:

1. When not transferring, the CLKO pin outputs a high signal.
2. When not transferring, the CLKO pin outputs a low signal.

Figure 13.7 Transfer Clock Polarity

13.1.2 LSB First/MSB First Select Function
Figure 13.8 shows the transfer format. Use the UFORM bit in the UOCO register to select the transfer

format.

(1) When UOCO register UFORM bit = 0 (LSB first)

CLKo eSS RN
TXDO X Do X b1 X D2 X D3 X pa X D5 X D6 X D7
RXDO X po X p1 X p2 X 03 X pa X D5 X ps X D7

(2) When UOCO register UFORM bit = 1 (MSB first)

o L] LT LT L
TXDO X b7 X ps X D5 X pa X D3 X D2 X D1 X DO
RXDO X b7 X D6 X Ds X Da X D3 X D2 X D1 X Do

NOTES:
1. This applies to the case where the CKPOL bit in the UOCO register
is set to “0” (transmit data output at the falling edge and the receive
data taken in at the rising edge of the transfer clock).

Figure 13.8 Transfer Format
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13.1.3 Continuous Receive Mode
Continuous receive mode is held by setting setting the UORRM bit in the UCON register to “1” (en-
ables continuous receive mode). In this mode, reading the UORB register sets the Tl bit in the UOC1
register to “0”(data in the UOTB register). When the UORRM bit is set to “1”, do not write dummy data

to tge UOTB register in a program.
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13.2 Clock Asynchronous Serial I/O (UART) Mode
The UART mode allows transmitting and receiving data after setting the desired bit rate and transfer data
format. Tables 13.4 lists the specifications of the UART mode. Table 13.5 lists the registers and settings

for UART mode.

Table 13.4 UART Mode Specifications

Item

Specification

Transfer data format

 Character bit (transfer data): selectable from 7, 8 or 9 bits
« Start bit: 1 bit

« Parity bit: selectable from odd, even, or none

« Stop bit: selectable from 1 or 2 bits

Transfer clock

* UIMR(i=0, 1) register CKDIR bit = 0 (internal clock) : fj/(16(n+1))
fi=f1s10, f8sio, f32si0 n=setting value in UIBRG register: 0016 to FF16
* CKDIR bit = “1” (external clock) : fEXT/(16(n+1))
fEXT: input from CLKi pin n=setting value in UIBRG register: 0016 to FF16

Transmission start condition

« Before transmission can start, the following requirements must be met
— TE bit in UiC1 register= 1 (transmission enabled)
— Tl bit in UiC1 register = 0 (data present in UiTB register)

Reception start condition

« Before reception can start, the following requirements must be met
— RE bit in UiC1 register= 1 (reception enabled)
— Start bit detection

Interrupt request
generation timing

* For transmission, one of the following conditions can be selected

— UiIRS bit = 0 (transmit buffer empty): when transferring data from UiTB register to
UARTI transmit register (at start of transmission)

- UiIRS bit =1 (transfer completed): when serial interface finished sending data from
UARTI transmit register

* For reception
When transferring data from UARTI receive register to UiRB register (at completion
of reception)

Error detection

« Overrun error(t)
This error occurs if serial interfaces started receiving the next data before reading
UiRB register and received the bit one before the last stop bit of the next data

» Framing error
This error occurs when the number of stop bits set is not detected

* Parity error
This error occurs when if parity is enabled, the number of 1's in parity and character
bits does not match the number of 1's set

* Error sum flag
This flag is set (= 1) when any of the overrun, framing, and parity errors is encountered

Select function

» TxD10, RxD1 selection (UART)

P37 pin can be used as RxD1 pin or TxD10 pin in UART1. Select by a program.
» TxD11 pin selection (UART1)

POo pin can be used as TxD11 pin in UART1 or port POo. Select by a program.

NOTES:
1. If an overrun error occurs, the value of UORB register will be indeterminate. The IR bit in the SORIC register does
not change.
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Table 13.5 Registers to Be Used and Settings in UART Mode
Register Bit Function
UiTB Oto8 Set transmission data()
UiRB 0to 8 Reception data can be read®
OER,FER,PER,SUM| Error flag
UIBRG Oto7 Set a bit rate
UIMR SMD2 to SMDO Set these bits to ‘1002’ when transfer data is 7 bits long
Set these bits to ‘1012’ when transfer data is 8 bits long
Set these bits to ‘1102’ when transfer data is 9 bits long
CKDIR Select the internal clock or external clock(®)
STPS Select the stop bit
PRY, PRYE Select whether parity is included and whether odd or even
uico CLKO, CLK1 Select the count source for the UiBRG register
TXEPT Transmit register empty flag
NCH Select TxDi pin output mode
CKPOL Set to “0”
UFORM LSB first or MSB first can be selected when transfer data is 8 bits long. Set this
bit to “0” when transfer data is 7 or 9 bits long.
UiC1 TE Set this bit to “1” to enable transmission
TI Transmit buffer empty flag
RE Set this bit to “1” to enable reception
RI Reception complete flag
UCON UOIRS, U1IRS Select the source of UARTO/UART1 transmit interrupt
UORRM Set to “0”
TXD1SEL Select output pin for UART1 transfer data
TXD1EN Select TxD10 or RxD1 to be used
NOTES:

1. The bits used for transmit/receive data are as follows: Bit O to bit 6 when transfer data is 7 bits long; bit O
to bit 7 when transfer data is 8 bits long; bit O to bit 8 when transfer data is 9 bits long.
2. An external clock can be selected in UARTO only.

Table 13.6 lists the functions of the input/output pins during UART mode. Note that for a period from when
the UARTI operation mode is selected to when transfer starts, the TxDi pin outputs an “H”". (If the NCH bit
is set to “1”"(N-channel open-drain output), this pin is in a high-impedance state.)

Table 13.6 1/0O Pin Functions in UART Mode

Pin name Function Method of selection
TxDo (P14) Serial data output (Cannot be used as a port when performing reception only)
RxDo (P15) Serial data input PD1 register PD1_5 bit=0
(Can be used as an input port when performing transmission only)
CLKo (P1s) Programmable I/O port UOMR register CKDIR bit=0
Transfer clock input UOMR register CKDIR bit=1
PD1 register PD1 6 bit=0
TxD10/RxD1 Serial data output TXD1EN=1
(P37) [Tt oooSooooooooosoooosooooos
Serial data input TXD1EN=0, PD3 register PD3_7 bit=0
TxD11 (POo) Serial data output Serial data output, TXD1SEL=1
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« Example of transmit timing when transfer data is 8 bits long (parity enabled, one stop bit)

Tc

Transfer clock ||||||||||||||||||||||ﬂllllllllllllll||||| ||||||||
UiC1 register *1* : | Ii
TE bit . Write data to UiTB register

UiC1 register “1" X
R I I

Transferred from UiTB register to UARTI transmit register

L

[ StopAed pulsing
Start Parity Stop because the TE bit
bit bit _ bit =4Q

o XXX ) AKX XXX eXoX ) 2

UiCO register «q» ———
TXEPT bit

%Ttl)g register z _l _l
N ol

Set to “0” when interrupt request is accepted, or set by a program

The above timing diagram applies to the case where the register bits Tc=16 (n+1)/fjor16 (n+ 1)/ fext

are set as follows: fi: frequency of UIBRG count source (f1SI0, f8sIO, f32S10)
» UIMR register PRYE bit = 1 (parity enabled) fEXT: frequency of UIBRG count source (external clock)
* UIMR register STPS bit = 0 (1 stop bit) n: value set to UiIBRG

* UiIRS bit = 1 (an interrupt request occurs when transmit completed): . g 1

« Example of transmit timing when transfer data is 9 bits long (parity disabled, two stop bits)
Tc

o
rensercos | [T U UU UL

UiC1 register ‘1" J | |-
TE bit g — Write data to UiTB register
UiC1 register “1” 5 jf/
TI bit
“or
Transferred from UiTB register to UARTI
Start Stop Stop transmit register
bit bit  bit

S EROEEREE \ AR

UiCO register “1" =]
TXEPT bit

|SRIRbI|(t: register 2 “_
™ s

Set to “0” when interrupt request is accepted, or set by a program

The above timing diagram applies to the case where the register Tc=16 (n+1)/fjor 16 (n + 1)/ fexT
bits are set as follows: fi: frequency of UIBRG count source (f1S10, f8sI0, f32S10)

* UIMR register PRYE bit = 0 (parity disabled) fEXT: frequency of UiIBRG count source (external clock)
* UIMR register STPS bit = 1 (2 stop bits) n: value set to UIBRG

« UiIRS bit = 0 (an interrupt request occurs when transmit buffer 01
becomes empty) o

Figure 13.9 Transmit Operation
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« Example of receive timing when transfer data is 8 bits long (parity disabled, one stop bit)

PRSI AMAAAAANTAARARATTNAALRARAAARTN.  ANNAAARARRARAAATAARA

UiC1 register “2T—— e
RE bit o

. - Stop bit
RxO! A Do XD: DY |

Sampled “L”
Receive data taken in

Reception triggered when transfer clock  Transferred from UARTI receive

UiCl1 register is generated by falling edge of start bit register to UiRB register \h
RI bit 0 ‘

SiRIC register “1” l |
IR bit “r—-—m - /

Set to “0” when interrupt request is accepted, or set by a program

Transfer clock

=

The above timing diagram applies to the case where the register bits are set as follows:
* UIMR register PRYE bit = 0 (parity disabled)
* UIMR register STPS bit = 0 (1 stop bit)

i=0,1

Figure 13.10 Receive Operation

13.2.1 TxD10/RxD1 Select Function (UART1)
P37 can be used as TxD10 output pin or RxD1 input pin by selecting with the TXD1EN bit in the UCON
register. P37 is used as TxD10 output pin if the TXD1EN bit is set to “1” (TxD10) and used as RxD1
input pin if set to “0” (RxD1).

13.2.2 TxD11 Select Function (UART1)
POo can be used as TxD11 output pin or a port by selecting with the TXD1SEL bit in the UCON register.
PQOo is used as TxD11 output pin if the TXD1SEL bit is set to “1” (TxD11) and used as an /O port if set
to “0” (P0o).
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13.2.3 Bit Rate
Divided-by-16 of frequency by the UiBRG (i=0 to 1) register in UART mode is a bit rate.

<UART Mode>
* When selecting internal clock .
Setting value to the UIBRG register = 3 -1

Bit Rate (0 16
fj : Count source frequency of the UIBRG register (f1S10, f8SI0 and f32S10)
« When selecting external clock (EXT
Setting value to the UiBRG register= —— -1
Bit Rate [J 16

fEXT : Count source frequency of the UIBRG register (external clock)

Figure 13.11 Calculation Formula of UiBRG (i=0 to 1) Register Setting Value

Table 13.7 Bit Rate Setting Example in UART Mode

Bit Rate BRG System Clock = 16MHz System Clock = 8MHz

(bps) Count Source | BRG Setting Value | Actual Time(bps)| Error(%) | BRG Setting Value | Actual Time(bps)| Error(%)
1200 f8 103 (6716) 1201.92 0.16 51 (3316) 1201.92 0.16
2400 f8 51 (3316) 2403.85 0.16 25 (1916) 2403.85 0.16
4800 f8 25 (1916) 4807.69 0.16 12 (0Czis) 4807.69 0.16
9600 fl 103 (6716) 9615.38 0.16 51 (3316) 9615.38 0.16
14400 fl 68 (4416) | 14492.75 0.64 34 (2216) | 14285.71 -0.79
19200 fl 51 (3316) | 19230.77 0.16 25 (1916) | 19230.77 0.16
28800 fl 34 (2216) | 28571.43 -0.79 16 (1016) | 29411.76 2.12
31250 fl 31 (1F16) | 31250.00 0.00 15 (OF1e6) | 31250.00 0.00
38400 fl 25 (1916) | 38461.54 0.16 12 (0Czie) | 38461.54 0.16
51200 fl 19 (1316) | 50000.00 -2.34 9 (0916) | 50000.00 -2.34
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14. A/D Converter

The A/D converter consists of one 10-bit successive approximation A/D converter circuit with a capacitive
coupling amplifier. The analog inputs share the pins with POo to PO7. Therefore, when using these pins,
make sure the corresponding port direction bits are set to “0” (input mode).

When not using the A/D converter, set the VCUT bit to “0” (Vref unconnected), so that no current will flow
from the VREF pin into the resistor ladder, helping to reduce the power consumption of the chip.

The result of A/D conversion is stored in the AD register.

Table 14.1 shows the performance of the A/D converter. Figure 14.1 shows a block diagram of the A/D
converter, and Figures 14.2 and 14.3 show the A/D converter-related registers.

Table 14.1 Performance of A/D converter
Iltem Performance

Method of A/D conversion |Successive approximation (capacitive coupling ampilifier)
Analog input voltage® |0V to Vref

Operating clock @ab(?) AVcc =5V fap, divide-by-2 of faD, divide-by-4 of fAD
AvVcc = 3V divide-by-2 of faD, divide-by-4 of faD
Resolution 8-bit or 10-bit (selectable)

Integral nonlinearity error |AVcc = Vref =5V

* 8-bit resolution +2L.SB

* 10-bit resolution +3LSB

AVcc = Vref = 3.3V
* 8-bit resolution +2L.SB
 10-bit resolution +5LSB
Operating modes One-shot mode and repeat mode(®
Analog input pins 8 pins (ANo to AN7)
AID conversion start condition |ADST bit in ADCONO register is set to “1” (A/D conversion starts)
Conversion speed per pin |* Without sample and hold function
8-bit resolution: 49 @aD cycles, 10-bit resolution: 59 @aD cycles
« With sample and hold function
8-bit resolution: 28 @aD cycles, 10-bit resolution: 33 @aD cycles

NOTES:
1. Does not depend on use of sample and hold function.
2. The frequency of @AD must be 10 MHz or less.
When AVcc is less than 4.2V, gaD must be faD/2 or less by dividing fAD.
Without sample and hold function, the @aD frequency should be 250 kHz or more.
With the sample and hold function, the @ab frequency should be 1 MHz or more.
3. In repeat mode, only 8-bit mode can be used.
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14. A/D Converter

CKS1=1
O
CKS0=1 /O—> (pAD
fAD ———— 1/2 1/2 cksi=0 A/D conversion rate
CKS0=0 selection
@)
\
AVss O-O O— .
VCuT=1 Resistor ladder
VREF O———
VCUT=0 ‘ A ‘
LTI f
-
Successive conversion register
ADCONO
_ vy
AD register ‘\4
Vcom
Decoder
i —
& Data bus 5
VIN Comparator
PO7/ANO () CH2,CH1,CH0=0002 5o
POS/ANL O CH2,CH1.CHO=0012 S~ |
POS/AN2 () CH2,CH1,CHO=0102 5~ [
PO4/ANz O CH2,CH1,CHO=0112 S~
coong o
PO2/ANS () (:szcm]cm:no2
PO1/ANs O R e
POO/AN7 O CH2,CH1,CH0=111> 50
CHO to CH2: Bits in ADCONO register

Figure 14.1 A/D Converter Block Diagram
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14. A/D Converter

AD control register 0@
b7 b6 b5 b4 b3 b2 bl bo Symbol Address After reset
| | | 0 | 0 | | | | | ADCONO 00D616 00000XXX2
Bit symbol Bit name Function RW
: P . . b2 b1 b0
A CHO Analog input pin select 000 : ANo is selected RW
bit(2) 00 1:AN1is selected
or o e 010:AN2is selected
T T CH1 011:AN3is selected RW
O 100: AN4is selected
A 101:ANsis selected
T CH2 110:ANs is selected RW
111:AN7is selected
P AD operation mode select | 0 : One-shot mode
P ey MD bit 0) 1 : Repeat mode RW
—_— Reserved bit Set to “0”
A (b4) RW
[ —_— Reserved bit Set to “0”
I (b5) RwW
D leeeemeeceeceeees ADST A/D conversion startflag | 0 A/D conversion disabled RW
: 1: A/D conversion started
; Frequency select bit 0(3) 0 : faD/4 is selected
"""""""""""""" CKS0 1:faD/2 is selected RW
NOTES:
1. If the ADCON register is rewritten during A/D conversion, the conversion result is indeterminate.
2. When changing A/D operation mode, set analog input pin again.
3. This bit is valid when the CKS1 bit in the ADCONL1 register is set to “0”".
AD control register 1@
b7 b6 bS b4 b3 b2 bl b0 Symbol Address After reset
oo | | [o]o]o| ADcon: 00D716 0016
A i | Bit symbol Bit name Function RW
Lo : —_— Reserved bit Set to “0”
pb o T (k2o RW
A 8/10-bit mode select | 0 : 8-bit mode
AR BITS | pi@ 1: 10-bit mode RW
P ________________ CKS1 Frequency select 0 : CKSO bit in ADCONO register is valid RW
o bit 1) 1:faDis selected
___________________ Vref connect bit@) 0 : Vref not connected
veut 1: Vref connected RW
o _— Reserved bit Set to “0”
--------------------------- (b6-b7) RW
NOTES:
1. If the ADCONL register is rewritten during A/D conversion, the conversion result is indeterminate.
2. In repeat mode, the BITS bit must be set to “0” (8-bit mode).
3. The @aDp frequency must be 10 MHz or less.
4. If the VCUT bit is reset from “0” (Vref unconnected) to “1” (Vref connected), wait for 1 us or more before starting A/D
conversion.

Figure 14.2 ADCONO Register and ADCON1 Register
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R8C/12 Group 14. A/D Converter

AD control register 2

(b3-b1)

b7 b6 b5 b4 b3 b2 bl bo Symbol Address After reset
ADCON2 00D416 0016
FO00<CIICIN
P | Bit symbol Bit name Function RW
A AD conversion method 0 : Without sample and hold
SMP select bit 1 : With sample and hold RW
SRR S T Reserved bit Set to “0” RW

___________________________ e Nothing is assigned.
(b7-b4) | When write, write “0”. When read, its content is “0".

NOTES:
1. If the ADCONB2 register is rewritten during A/D conversion, the conversion result is indeterminate.

. Symbol Address After reset
AD register AD 00C116-00C016 Indeterminate

(b15) (b8)

b7 b0 b7 b0
A E Function
e . i+ | When BITS bit in ADCON1 When BITS bit in ADCON1 RW
i | register is set to “1" (10-bit register is set to “0” (8-bit
- ' i | mode) mode)
S A ' | 8 low-order bits of A/ID A/D conversion result RO
~7] conversion result
___________________ 2 high-order bits of A/D When read, its content is RO
- conversion result indeterminate.

CO S O O S SRR Nothing is assigned.
When write, set to “0”. When read, its content is “0".

Figure 14.3 ADCON2 Register and AD Register

Rev.1.20 Jan 27, 2006 page 107 of 181 RENESAS
REJ09B0110-0120



R8C/12 Group

14.1 One-shot Mode

14.1 One-shot Mode

In one-shot mode, the input voltage on one selected pin is A/D converted once. Table 14.2 lists the
specifications of one-shot mode. Figure 14.4 shows the ADCONO and ADCONL1 registers in one-shot

mode.

Table 14.2 One-shot Mode Specifications

Item Specification
Function Input voltage on one pin selected by CH2 to CHO bits is A/D converted once.
Start condition Set ADST bit to “1”
Stop condition « Completion of A/D conversion (ADST bit is set to “0”)
* Set ADST bit to “0”
Interrupt request generation timing| End of A/D conversion
Input pin One of ANo to AN7, as selected
Reading of result of A/D converter| Read AD register
AD control register 0w
b7 b6 b5 b4 b3 b2 bl bO Symbol Address After reset
| | | 0 | 0| 0| | | | ADCONO 00D616 00000XXX2
: Bit symbol Bit name Function RW
A A b2bipo
: - CHo Analog input pin select bit2 [ 0 0 0 : ANo is selected RW
[ 00 1:ANz1is selected
[ 010:AN2is selected
T CH1 011:ANsis selected RW
I 100: AN4is selected
H 101:ANsis selected
A S S S CH2 110:ANsis selected RW
oo 111:AN71is selected
S MD gltD(z?peration mode select | 0 : One-shot mode W
R S— = Reserved bit Setto *0” RW
e 5N Reserved bit Set to “0” RW
L ______________________ ADST A/D conversion start flag | 0 : A/D conversion disabled RW
: 1 : A/D conversion started
i_ Frequency select bit 0 0 : faD/4 is selected
"""""""""""""" CKSO 1:fap/2 is selected RW
NOTES:
1. If the ADCONO register is rewritten during A/D conversion, the conversion result is indeterminate.
2. When changing A/D operation mode, set analog input pin again.
3. This bit is valid when the CKS1 bit in the ADCONL1 register is set to “0”.
AD control register 1@
b7 b6 b5 b4 b3 b2 bl bo Symbol Address After reset
[ofo]1] | [o[o[o] ADconi 00D716 0016
: Bit symbol Bit name Function RW
: o (bTbO) Reserved bit Set to “0” RW
P b 8/10-bit mode select 0 : 8-bit mode
Pl BITS | it 1 10-bit mode RW
: 5 _______________ CKS1 Frequency select 0 : CKSO bit in ADCONO register is valid RW
HE bit 1 1:fap is selected
: S vCcuT | Vref connect bit(3) 1: Vref connected RW
i — |R d bit “gr
___________________________ ©607) eserved bi Set to “0 RW
NOTES:
1. If the ADCONL register is rewritten during A/D conversion, the conversion result is indeterminate.
2. The @ap frequency must be 10 MHz or less.
3. If the VCUT bit is reset from “0” (Vref unconnected) to “1” (Vref connected), wait for 1 ps or more before starting A/D
conversion.

Figure 14.4 ADCONO Register and ADCONL1 Registers in One-shot Mode
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R8C/12 Group 14.2 Repeat Mode

14.2 Repeat Mode
In repeat mode, the input voltage on one selected pin is A/D converted repeatedly. Table 14.3 lists the
specifications of repeat mode. Figure 14.5 shows the ADCONO and ADCONL1 registers in repeat

mode.
Table 14.3 Repeat Mode Specifications
Item Specification
Function Input voltage on one pin selected by CH2 to CHO bits is A/sD converted repeat-
edly
Start condition Set ADST bit to “1”
Stop condition Set ADST bit to “0”
Interrupt request generation timing | None generated
Input pin One of ANo to AN7, as selected
Reading of result of AID converter | Read AD register
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14.2 Repeat Mode

AD control register 0w
b7 b6 b5 b4 b3 b2 bl b0 Symbol Address After reset
| | | 0 | 0 | 1 | | | | ADCONO 00D616 00000XXX2
Bit symbol Bit name Function RW
A A . . b211 b0
[ CHO Analog input pin select 000 : ANo is selected RW
e bit(2) 00 1:AN1is selected
010:AN2is selected
T R S CH1 011:ANsis selected RW
100: AN4is selected
[ 101:ANsis selected
T T N S CH2 110:ANsis selected RW
111:AN7is selected
.. ___________ MD AD operation mode select |1 : Repeat mode RW
A bit(2)
—_— Reserved bit Set to “0”
Voo T (b4) RW
o] —_— Reserved bit Set to “0”
b (b5) RW
[ ADST AID conversion startflag | 0 : A/D conversion disabled RW
H 1: A/D conversion started
L Frequency select bit 03 | 0 : faD/4 is selected
""""""""""""" CKSO 1:fAD/2 is selected RW
NOTES:
1. If the ADCONO register is rewritten during A/D conversion, the conversion result is indeterminate.
2. When changing A/D operation mode, set analog input pin again.
3. This bit is valid when the CKS1 bit in the ADCONL1 register is set to “0".
AD control register 1@
b7 b6 bS5 b4 b3 b2 bl b0 Symbol Address After reset
[ofo]1] [ofofo[o]  ADcon: 00D716 0016
oo | Bit symbol Bit name Function RW
e _ Reserved bit Set to “0”
Db DD T k200 RW
R S BITS 8_/lO—bit mode select 0 : 8-bit mode RW
A bit2)
e CKs1 | Frequency select 0 : CKSO0 bit in ADCONO register is valid RW
HE bit 1) 1:faD is selected
s vcuT | Vref connect bit®) 1: Vref connected W
JRE— Reserved bit Set to “0”
--------------------------- (b6-b7) RW
NOTES:
1. If the ADCONL register is rewritten during A/D conversion, the conversion result is indeterminate.
2. In repeat mode, the BITS bit must be set to “0” (8-bit mode).
3. The @ap frequency must be 10 MHz or less.
4. If the VCUT bit is reset from “0” (Vref unconnected) to “1” (Vref connected), wait for 1 pus or more before starting A/D
conversion.

Figure 14.5 ADCONO Register and ADCON1 Register in Repeat Mode
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14.3 Sample & Hold/14.4 A/D conversion cycles

14.3 Sample and Hold
If the SMP bit in the ADCONZ2 register is set to “1” (with sample-and-hold), the conversion speed per
pin is increased to 28 @AD cycles for 8-bit resolution or 33 @AD cycles for 10-bit resolution. Sample-
and-hold is effective in all operation modes. Select whether or not to use the sample-and-hold function

before starting A/D conversion.

When performing the A/D conversion, charge the comparator capacitor inside the microcomputer.
Figure 14.6 shows the A/D conversion timing diagram.

Sample & Hold Conversion time at the 1st bit at the 2nd bit
disabled
Sampling time Comparison Sampling ime | Comparison | samplingtime | Comparison
4@AD cycle time 2.5() AD cycle time 2.5( AD cycle time
1 * Repeat until conversion ends
b e e e o e e e e = e = o e = e e e e e e o e e e
Sample & Hold . . . . K
enabled Conversion time at the 1st bit );t the 2nd li
Sampling time Comparison |Comparison | Comparison
49 AD cycle time time time

' * Repeat until conversion ends

Figure 14.6 A/D Conversion Timing Diagram

14.4 A/D conversion cycles

Figure 14.7 shows the A/D conversion cycles.

Conversion time Conversion time at the End process
at the 1st bit 2nd bit and the follows
¢ >
. Conversion | Sampling |Comparison| Sampling [Comparison
A/D conversion mode time time time time time End process
Without sample & hold 8 bits 49 @ AD 4 AD 2.0 pAD 25 @AD 2.5 @AD 8.0 pAD
Without sample & hold | 10 bits 59 @ AD 4 AD 2.0 pAD 25 @AD 25 @AD 8.0 pAD
With sample & hold 8 bits 28 @ AD 4 @AD 25 @AD 0.0 pAD 2.5 @AD 4.0 pAD
With sample & hold 10 bits 33 @AD 4 @AD 25 @AD 0.0 pAD 25 @AD 4.0 pAD
Figure 14.7 A/D Conversion Cycles
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14.5 Internal Equivalent Circuit of Analog Input
Figure 14.8 shows the internal equivalent circuit of analog input.

Vcc
Vcc Vss
Parasitic FA-da AVcc
diode 1 ON resist | ON resistor
|apprr§f|52ck)£2' Wiring resistor 2PProX. 0.6kQ ic= ;pTarox_l ng: 7
ANO — | approx. 0.2kQ i - =
: 1. pp —o/o Analog mputvoltage: H I>,§Mp . :
. I SWL : Sw2 VIN ! ON resistor |
Parasitic I | | I approx. 5kQ | 1
; | I
E > | LR
| A |\control signal | SW3 |
Vss | ;ﬁggﬁé’stype i ladder-type | Sw4 .
A wiring resistors | T T LT L~~~
i=10 : (i = 10) (i= 1%) Chopper-type
10N resistor ! Avss  amplifier
1approx. 2kQ IWiring resistor
| lapprox. 0.2kQ
ANi — -0~ ot S
SW1 |!
I
i’ LI
m A/D successive
. Reference control conversion register
A/D control register 0 signal
Vref
VREF O— L lo—0 C . X
Resistor SW2 . omparison voltage
ladder ON resistor v
| approx. 0.6kQ ]
AVss O—0— o+ A/D conversion
interrupt request

Comparison reference voltage (Vref) generator

Samplin .
ping Comparison SW1 conducts only on the ports selected for analog input.
. Connectto© SW2 and SW3 are open when A/D conversion is not in progress;
Control signal their status varies as shown by the waveforms in the diagrams on the left.
for SW2
Connect o @/ SW4 conducts only when A/D conversion is not in progress.
ConnecttoO
Control signal |_
for SW3
Connect to @

Warning: Use only as a standard for designing this data.
Mass production may cause some changes in device characteristics.

Figure 14.8 Internal Equivalent Circuit to Analog Input

Rev.1.20 Jan 27, 2006 page 112 of 181 RENESAS
REJ09B0110-0120



R8C/12 Group 14.6 Inflow Current Bypass Circuit

14.6 Inflow Current Bypass Circuit
Figure 14.9 shows the configuration of the inflow current bypass circuit, figure 14.10 shows the ex-
ample of an inflow current bypass circuit where Vcc or more is applied.

i pi
Fixed to GND level

Unselected channel O D 4 D
T ON Ilj7 T

e——To the internal logic

> of the A/D Converter
ON External input ON
L latched into L
Selected channel () [] . [}
T OFF IS7 T

Figure 14.9 Configuration of the Inflow Current Bypass Circuit

Vcc or more
Leakage current
generated
OFF Leakage current  OFF
Unselect;e.ci channel @ generated N
\ ON| T
Unaffected °,
\
by leakage ¥ &——To the internal logic
> of the A/D Converter
. Selected channel 3'_\1 a’_\l
Sensor input ~ = _ =
R T

OFF|57

Figure 14.10 Example of an Inflow Current Bypass Circuit where Vcc or More is Applied
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14.7 Output Impedance of Sensor under A/D Conversion
To carry out A/D conversion properly, charging the internal capacitor C shown in Figure 14.11 has to
be completed within a specified period of time. T (sampling time) as the specified time. Let output
impedance of sensor equivalent circuit be RO, microcomputer’s internal resistance be R, precision
(error) of the A/D converter be X, and the A/D converter’s resolution be Y (Y is 1024 in the 10-bit mode,
and 256 in the 8-bit mode).

! t

VCis generally VC=VIN {1 —e C(RO+R) }

X X
Andwhent=T, VC=VIN--——VIN=VIN(1-—/]—)

Y Y

1 T

e C(RO+R) = L

Y

1

- — T= |nl

C (RO +R) Y
T
Hence, RO=— —R

C-Ini

Y

Figure 14.11 shows analog input pin and external sensor equivalent circuit. When the difference
between VIN and VC becomes 0.1 LSB, we find impedance RO when voltage between pins VC
changes from 0 to VIN — (0.1/1024) VIN in time T. (0.1/1024) means that A/D precision drop due to
insufficient capacitor charge is held to 0.1 LSB at time of A/D conversion in the 10-bit mode. Actual
error however is the value of absolute precision added to 0.1 LSB. When f(XIN) = 10 MHz, T =0.25 us
in the A/D conversion mode with sample & hold. Output impedance RO for sufficiently charging capaci-
tor C within time T is determined as follows.

T=025ps,R=28kQ,C=15pF, X=0.1,and Y = 1024 . Hence,

0.25X10-¢
RO = - -28X10®%73X10°

0.1
6.0 X102« In
1024

Thus, the allowable output impedance of the sensor circuit capable of thoroughly driving the A/D
converter turns out to be approximately 7.3 kQ.
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Microcomputer

...............................

Sensor equivalent
circuit

RO | R (2.8 kQ)

:
2

NOTE:
1. The capacity of the terminal is assumed to be 4.5 pF.

Figure 14.11 Analog Input Pin and External Sensor Equivalent Circuit

Rev.1.20 Jan 27, 2006 page 115 of 181 RENESAS
REJ09B0110-0120



R8C/12 Group 15. Programmable 1/O Ports

15. Programmable I/O Ports
15. 1 Description

The programmable input/output ports (hereafter referred to as “I/O ports”) consist of 22 lines PO, P1, P30
to P33, P37, and P4s. Each port can be set for input or output every line by using a direction register, and
can also be chosen to be or not be pulled high every 4 lines. The port P1 allows the drive capacity of its N-
channel output transistor to be set as necessary. The port P1 can be used as LED drive port if the drive
capacity is set to “HIGH".

P46 and P47 can be used as an input only port if the main clock oscillation circuit is not used.

Figures 15.1 to 15.4 show the 1/O ports. Figure 15.5 shows the I/O pins.

Each pin functions as an I/O port or a peripheral function input/output.

For details on how to set peripheral functions, refer to each functional description in this manual. If any pin
is used as a peripheral function input, set the direction bit for that pin to “0” (input mode). Any pin used as
an output pin for peripheral functions is directed for output no matter how the corresponding direction bit
is set.

15.1.1 Port Pi Direction Register (PDi Register, i =0, 1, 3, 4)
Figure 15.7 shows the PDi register.
This register selects whether the I/O port is to be used for input or output. The bits in this register
correspond one for one to each port.

15.1.2 Port Pi Register (Pi Register, i = 0 to 4)
Figure 15.8 shows the Pi register.
Data I/0 to and from external devices are accomplished by reading and writing to the Pi register. The
Pi register consists of a port latch to hold the output data and a circuit to read the pin status. For ports
set for input mode, the input level of the pin can be read by reading the corresponding Pi register, and
data can be written to the port latch by writing to the Pi register.
For ports set for output mode, the port latch can be read by reading the corresponding Pi register, and
data can be written to the port latch by writing to the Pi register. The data written to the port latch is
output from the pin. The bits in the Pi register correspond one for one to each port.

15.1.3 Pull-up Control Register 0, Pull-up Control Register 1 (PURO and PUR1 Registers)
Figure 15.9 shows the PURO and PURL registers.
The PURO and PURL1 register bits can be used to select whether or not to pull the corresponding port
high in 4 bit units. The port chosen to be pulled high has a pull-up resistor connected to it when the
direction bit is set for input mode.

15.1.4 Port P1 Drive Capacity Control Register (DRR Register)
Figure 15.9 shows the DRR register.
The DRR register is used to control the drive capacity of the port P1 N-channel output transistor. The
bits in this register correspond one for one to each port.
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P00 to PO7 Pull-up selection
Direction
| {>° D o

register

Data bus —0—{ Port latch y
p : ple}
_‘ E %(Note 1)
/

/\
e
™
C
P
O

TLTl

A/D input

Ploto P13, P15 Pull-up selection —L
Direction
| register {>O—D -

A
Dﬁ
L
i
L

Data bus —e—| Port latch ° . ®)
[ =
(Note 1)

= v
’—O Select

drive

J capacity
Input to respective peripheral functions é}

1&7 ZL—J

Pla Pull-up selection —L
Direction D
[ register -

1
<t—r -E % i
Output : f
Data bus —4—{ Port lach] o ‘. .10
L]—« Al
E %
(Note 1)
\IT 777 777
N Select
drive
capacity

NOTES:
1. —«—symbolizes a parasitic diode.
Make sure the input voltage on each pin will not exceed Vcc.

Figure 15.1 Programmable 1/O Ports (1)
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Pile6, P17 Pull-up selection —L
Direction )
| register {>° -

wyn
< ) IE x
Data bus —e— Port latch Ompm_& f Py - O
.

l,l—" - A
E (Note 1)

N
’_O Select
| drive
J @ capacity

Input to respective peripheral functions

P30, P31 Pull-up selection

Direction L
[ | reqister {>°
i —E L

N
Output : F
Data bus —e—{ Port latch ‘g\o O
p
P 4 >—LD B
(Note 1)

~
I

~

ﬁ’

NOTES:
1. —«—symbolizes a parasitic diode.
Make sure the input voltage on each pin will not exceed Vcc.

Figure 15.2 Programmable I/O Ports (2)
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15. Programmable 1/O Ports

P32, P37

Data bus —

Input to respective peripheral functions

P33 Pull-up selection
Direction —\‘D;i
[ ] register
< Bl
Data bus ——{Port fatch | O
Tﬁ
\I _] (Note 1)
777 /
- ~CF
~
Input to respective peripheral functions o— szﬁgfl o
P4s Pull-up selection
| Direction —DCLD—
register
< Ao-h -
Data bus ——{ Port atch o
5 %>—LI>—|
N (Note 1)
—

}/I
N —
. . . Digital
Input to respective peripheral functions O Tilter

Lo

Direction

Pull-up selection ﬁ

register

—<

Output f
_ccak\c

._{ Port latch

(Note 1)

—

N

NOTES:

1. —¢«—symbolizes a parasitic diode.
Make sure the input voltage on each pin will not exceed Vcc.

Figure 15.3 Programmable I/O Ports (3)
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P46/XIN A

Data bus ‘ O

(Note 3)

NN g

(Note 2)

Clocked inverter® \ / §
/

P47/XouT

Data bus

<

SH G G
O

NOTES:
1. When CM05=1, CM10=1, or CM13=0, the clocked inverter is cutoff.
2. When CM10=1 or CM13=0, the feedback resistor is unconnected.
3. —i«—— symbolizes a parasitic diode.

Make sure the input voltage on each pin will not exceed Vcc.

Figure 15.4 Programmable I/O Port (4)

(Note 1)

MODE ?
MODE signal input \@‘ i @)

CNVss

(Note 1)

CNVss signal input \/{} i O

(Note 1)

RESET ?
RESET signal input \@‘ i O

1. - e symbolizes a parasitic diode.
Make sure the input voltage on each pin will not exceed Vcc.

Figure 15.5 1/O Pins
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R8C/12 Group 15. Programmable 1/O Ports

Port Pi direction register (i=0, 1, 3, 4)®.2.3)

Symbol Address After reset
PDO 00EZ216 0016
b7 b6 b5 b4 b3 b2 bl bo PDl 00E316 0016
| | | | | | | | | PD3 00E716 0016
A PD4 O0OEA16 0016
oo [ Bit symbol Bit name Function RW
A A o PDi_0 Port Pio direction bit RW
N S PDi_1 Port Pi1 direction bit 0: Input mode ) RW
. i B _ (Functions as an input port)
o e PDi_2 Port Pi2 direction bit 1 : Output mode RwW
T T S PDi_3 Port Pi3 direction bit (Functions as an output port) [RW
A O — PDi_4 Port Pia direction bit RW
T PDi_5 Port Pis direction bit RW
JERSLITIEEEERETLEEELEEEEEE PDi_6 Port Pie direction bit RwW
N — PDi_7 Port Pi7 direction bit RW

NOTES:

1. The PDO register must be written to by the next instruction after setting the PRC2 bit in the PRCR
register to “1” (write enabled).

2. Bits PD3_4 to PD3_6 in the PD3 register are unavailable on this MCU. If it is necessary to set bits
PD3_4to PD3_6, set to “0” (input mode). When read, the content is indeterminate.

3. Bits PD4_0 to PD4_4, PD4_6 and PD4_7 in the PD4 register are unavailable on this MCU. Ifitis
necessary to set bits PD4_0to PD4_4, PD4 6 and PD4_7, set to “0” (input mode). When read,
the content is indeterminate.

Figure 15.6 PDO Register, PD1 Register, PD3 Register, and PD4 Register

Port Pi register (i=0, 1, 3, 4)@.2
Symbol Address After reset

7 b6 b5 b4 b3 b2 bl bo PO OOEO16 Indeterm_inate

P1 00E1l16 Indeterminate

| | | | | | | | | P3 00E516 Indeterminate

P4 00E816 Indeterminate
i | Bit symbol Bit name Function RW
[ Pi_0 Port Pio bit The pin level on any I/O port whichis | RW

. : - set for input mode can be read b
P pit Port Pi1 bit reading tﬁe corresponding bit in t¥1is RW
R Pi_2 Port Pi2 bit register. RW
] Pi 3 Port Piz bit The pin level on any I/O port whichis Ry
: — — set for output mode can be controlled
e ARt Pi_4 Port Pi4 bit by writing to the corresponding bitin | RW
R S Pi_5 Port Pis bit this register RW
S Pl 6 Port Pie bit 9k tevel | RW
R Pi_7 Port Pi7 bit ((=0,1,34) RW
NOTES:
1. Bits P3_4 to P3_6 in the P3 register are unavailable on this MCU. If it is necessary to set bits P3_4 to
P3_6, setto “0” (“L” level). When read, the content is indeterminate.
2. Bits P4_0to P4_4 in the P4 register are unavailable on this MCU. If it is necessary to set bits P4_0 to
P4_4, setto “0” (“L” level). When read, the content is indeterminate.

Figure 15.7 PO Register, P1 Register, P3 Register, and P4 Register
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R8C/12 Group 15. Programmable 1/O Ports

Pull-up control register 0

b7 b6 b5 b4 b3 b2 bl bo

Symbol Address After reset
| | l><l><| | | | | PURO OOFC16 00XX00002
Bit symbol Bit name Function RW
E E E E E E E -1 PUOO P0o to P03 pull-up(®) 0 : Not pulled high RW
. PUO1 P04 to P07 pull-up® 1 : Pulled high(1) RW
e PU02 P10 to P13 pull-up(®) RW
T S T DR PUO3 P14 to P17 pull-up(®) RW
T T Nothing is assigned.
I (b5-b4) When write, set to “0”. When read, its content is indeterminate. | —
P temmmmmemsm oo PU06 P30 to P33 pull-up(?) 0 : Not pulled high RW
] PUO7 P37 pull-up@) 1: Pulled high() RW
NOTES:

1. The pin for which this bit is “1” (pulled high) and the direction bit is “0” (input mode) is pulled high.

Pull-up control register 1

b7 b6 b5 b4 b3 b2 bl bo

RW

1 : Pulled up®

Symbol Address After reset
SOOI Foms o Soosia:
oo | Bit symbol Bit name Function RW
T Nothing is assigned.
A (b0) When write, set to “0”. When read, its content is indeterminate. |~
[ A R PU11 P4s pull-up(®) 0 : Not pulled up

_________ Nothing is assigned.
(b7-b2) When write, set to “0”. When read, its content is indeterminate.

NOTES:
1. The P4s pin for which the PU11 bit is “1” (pulled high) and the PD4_5 bit is “0” (input mode) is pulled high.

Port P1 drive capacity control register

b7 b6 b5 b4 b3 b2 bl bo

Symbol Address After reset
| | | | | | | | | DRR OOFE16 0016

o0 v | Bit symbol Bit name Function RW
b+t r -1DRRO P1o drive capacity Set P1 N-channel output transistor | RW
T T T . DRR1 P11 drive capacity drive capacity RW
S DRR2 P12 drive capacity 0:LOW RW
I - - 1:HIGH
T DRR3 P13 drive capacity RW
A DRR4 P14 drive capacity RW
R DRR5 P15 drive capacity RW
_______________________ DRR6 P16 drive capacity RW

DRR7 P17 drive capacity RW

Figure 15.8 PURO Register, PUR1 Register, and DRR Register
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R8C/12 Group 15. Programmable 1/O Ports

15.2 Port setting
Table 15.1 to Table 15.23 list the port setting.

Table 15.1 Port POo/AN7/TxD11 Setting

Register | PDO | PURO ADCONO UCON | UIMR |U1CO
] SMD2, Function
Bit PDO_0| PUOO | CH2, CH1, CHO |TXD1SEL NCH
' ' SMDO
X 002
0 0 XXX 0 XX X Input port (not pulled up)
X 002
0 1 XXX 0 XX X Input port (pulled up)
X 002
0 0 1112 0 XX X A/D input (AN7)
Setting value X 002
1 X XXX 0 XX X Output port
1X
X X XXX 1 X1 0 TxD11
1X
X 0 XXX 1 X1 1 TxD11, N-channel open output
X:“0" or “1”
Table 15.2 Port PO1/ANs Setting
Register PDO | PURO ADCONO )
Bit  |PDO_1| PUQD CH2, CH1, CHO Function
0 0 XXX Input port (not pulled up)
. 0 1 XXX Input port (pulled up)
Setting value [ 0 1102 A/D input (AN6)
1 X XXX Output port
X: 0" or “1”
Table 15.3 Port PO2/ANs Setting
Register | PDO | PURO ADCONO .
Bit  |PDO_2| PU0D CH2, CH1, CHO Function
0 0 XXX Input port (not pulled up)
. 0 1 XXX Input port (pulled up)
Setting value 0 1012 A/D input (ANs)
1 X XXX Output port
X:“0" or “1”
Table 15.4 Port PO3/AN4 Setting
Register PDO | PURO ADCONO )
Bit  |PDO_3| PUQD CH2, CH1, CHO Function
0 0 XXX Input port (not pulled up)
. 0 1 XXX Input port (pulled up)
Setting value [ 0 1002 A/D input (ANa)
1 X XXX Output port
X: 0" or “1”
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Table 15.5 Port PO4/AN3 Setting

Register PDO |PURO ADCONO ]
Bit  |PDO_4| PUOL | CH2, CHL, CHO Function
0 0 XXX Input port (not pulled up)
. 0 1 XXX Input port (pulled up)
Setting value 3 0 0112 A/D input (AN3)
1 X XXX Output port
X:“0" or “1”
Table 15.6 Port POs/AN2 setting
Register | PDO | PURO ADCONO .
Bit  |PDO_5| PUOL | CH2, CH1, CHO Function
0 0 XXX Input port (not pulled up)
. 0 1 XXX Input port (pulled up)
Setting value =4 0 0102 A/D input (AN2)
1 X XXX Output port
X:“0" or “1”
Table 15.7 Port PO6/AN1 Setting
Register PDO |PURO ADCONO ]
Bit  |PDO_6| PUOL | CH2, CHL, CHO Function
0 0 XXX Input port (not pulled up)
. 0 1 XXX Input port (pulled up)
Setting value 3 0 0012 A/D input (AN1)
1 X XXX Output port
X:“0"or “1”
Table 15.8 Port PO7/ANo Setting
Register | PDO | PURO ADCONO .
Bit  |PDO_7| PUOL | CH2, CH1, CHO Function
0 0 XXX Input port (not pulled up)
. 0 1 XXX Input port (pulled up)
Setting value =4 0 0002 A/D input (ANo)
1 X XXX Output port
X:“0" or “1”
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Table 15.9 Port P1o/Klo Setting
Register PD1 | PURO| DRR | KIEN P1

Bit  |PDL 0| PUO2 | DRRO |KIOEN| P1_0 Function
0 0 X X X Input port (not pulled up)
Input port (pulled up)
Setting value Klo input

Output port
Output port (High drive)

RlrR|lo|o
X| X| ok
RO X| X
X[ X[~ X
X | X[ X| X

X: 0" or “1”

Table 15.10 Port P11/Kl1 Setting
Register PD1 | PURO| DRR | KIEN P1

Bit  |PDL 1| PUO2 | DRR1 |KILEN| P1 1 Function
0 0 X X X Input port (not pulled up)
Input port (pulled up)
Setting value KI1 input

Output port
Output port (High drive)

X| X|ofr
RO X]| X
X| X| | X
X | X | X| X

R|RO| O

X: 0" or “1”

Table 15.11 Port P12/KI2 Setting
Register PD1 | PURO | DRR | KIEN P1

Bit  |PDL 2| PUO2 |DRR2 |KI2EN| P1_2 Function
0 0 X X X Input port (not pulled up)
. 0 1 X X X Input port (pulled up)
Setting value 0 0 X 1 X Kz input
1 X 0 X X Output port
1 X 1 X X Output port (High drive)
X: “0” or “1”
Table 15.12 Port P13/KI3 Setting
Register PD1 |PURO| DRR | KIEN )
Bit  |PDL_3| PUO2 | DRR3 |KI3EN Function
0 0 X X Input port (not pulled up)
0 1 X X Input port (pulled up)
Setting value| O 0 X 1 | Ki3input
1 X 0 X Output port
1 X 1 X Output port (High drive)
X:“0" or “1”
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Table 15.13 Port P14/TxDo Setting

Register | PD1 |PURO| DRR UOMR uoco ]
Bit  |PDI1_4| PUO3 | DRR4 | SMD2, SMDO | NCH Function
0 0 X 002 X Input port (not pulled up)
0 1 X 002 X Input port (pulled up)
1 X 0 002 X Output port
1 X 1 002 X Output port (High drive)
X1
X X 0 1X 0 TxDo output, CMOS output
Setting value X1
X X 1 1X 0 TxDo output, CMOS output (High drive)
X1
X X 0 1X 1 TxDo output, N-channel open output
X1
X X 1 1X 1 | TxDo output, N-channel open output (High drive)
X:“0" or “1”
Table 15.14 Port P15/RxDo Setting
Register | PD1 |PURO | DRR )
Bit  |PDI1_5| PUO3 | DRR5 Function
0 0 X Input port (not pulled up)
0 1 X Input port (pulled up)
Settingvalue| O 0 X RxDo input
1 X 0 Output port
1 X 1 Output port (High drive)
X:“0" or “1”
Table 15.15 Port P16/CLKo Setting
Register | PD1 |PURO | DRR UOMR )
Bit  |PDI1_6| PUO3 | DRR6 | SMD2, SMDO, CKDIR Function
0 0 X Other than 0102 Input port (not pulled up)
0 1 X Other than 0102 Input port (pulled up)
0 0 X XX1 CLKao (external clock) input
Setting value| 1 X 0 Other than 0102 Output port
1 X 1 Other than 0102 Output port (High drive)
X X 0 0102 CLKo (internal clock) output
X X 1 0102 CLKo (internal clock) output (High drive)
X:“0" or “1”
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Table 15.16 Port P17/INT1/CNTRo Setting

Register PD1 |PURO| DRR TXMR )
Bit  |PDL_7| PUO3 | DRR5| TXMOD1, TXMODO Function
0 0 X Other than 012 Input port (not pulled up)
0 1 X Other than 012 Input port (pulled up)
0 0 X Other than 012 CNTRO/INT1 input
Setting value| 1 X 0 Other than 012 Output port

1 X 1 Other than 012 Output port (High drive)
X X 0 012 CNTRo output
X X 1 012 CNTRo (High drive)

X: 0" or “1”

Table 15.17 Port P30/CNTRo Setting

Register | PD3 |PURO| TXMR | P3
Bit PD3_0| PU06 |TXOCNT| P3_0

0 0 0 X Input port (not pulled up)

Function

. 0 1 0 X Input port (pulled up)
Setting value 1 X 0 X Output port
X X 1 X CNTRo output
X:“0" or “1”
Table 15.18 Port P31/TZouT Setting
Register PD3 | PURO TYZMR TYZOC | P3 )
Bit  |PD3_1| PU06 | TZMOD1, TZMODO | TZOCNT | P3_1 Function
002 X
0 0 012 1 X Input port (not pulled up)
002 X
. 0 1 012 1 X Input port (pulled up)
Setting value 002 X
1 X 012 1 X Output port
1X X
X X 012 0 X TZouT output

X: “0” or “1"

Table 15.19 Port P32/INT2/CNTR1 Setting

Register PD3 |PURO| TYZMR | TYZOC P3 )
Bit  |PD3_2| PUO6 | TYMODL|TZOCNT| P3_2 Function

0 0 0 1 X Input port (not pulled up)
0 1 0 1 X Input port (pulled up)

Setting value| 0O 0 0 1 X | CNTRY/INT2 input
1 X 0 1 X Output port
X X 1 0 X CNTR1 output

X: “0” or “1”
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Table 15.20 Port P33/INT3/TCIN Setting

Register | PD3 | PURO )
Bit  |PD3_3| PU0G Function
0 0 Input port (not pulled up)
. 0 1 Input port (pulled up)
Setting value 3 0 | TCININTS input
1 X Output port
X:“0" or “1”
Table 15.21 Port P37/TxD10/RXD1 Setting
Register | PD3 |PURO | UCON UIMR uico )
Bit  |PD3_7| PUO7 | TXD1EN| SMD2, SMDO | NCH Function
0 0 X 002 X Input port (not pulled up)
0 1 X 002 X Input port (pulled up)
1X
. 0 0 0 X1 RxD1
Setling value 1 X X 002 X Output port
1X
X X 1 X1 0 TxDo output, CMOS output
1X
X X 1 X1 1 TxD10 output, N-channel open output
X:“0" or “1”
Table 15.22 Port P45/INTo Setting
Register | PD4 |PURL | INTEN )
Bit  |PD4_5| PULL |INTOEN Function
0 0 0 Input port (not pulled up)
. 0 1 0 Input port (pulled up)
Setting value 0 0 1 INTO input
1 X X Output port
X:“0" or “1”
Table 15.23 Port XIN/P46, XOUT/P47 Setting
Register | CM1 | CM1 | CMO Circuit specification
) Oscillation | Feedback Function
Bit CM13 | CM10 | CMO05 .
buffer resistance
1 1 1 OFF OFF XIN-XouT oscillatoin stop
External input to XIN pin, “H” output from
. 1 0 1 OFF ON XOUT pin
Setting value 1 0 1 OFF ON XIN-XouT oscillatoin stop
1 0 0 ON ON XIN-XouT oscillatoin
0 X X OFF OFF Input port
X:“0" or “1”
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15.3 Unassigned Pin Handling
Table 15.24 lists the handling of unassigned pins.

Table 15.24 Unassigned Pin Handling

Pin name Connection
Ports PO. P1. P30 to *After setting for input mode, connect every pin to Vss via a resistor(pull-down)
P33 P37, P4,5 or connect every pin to Vcc via a resistor(pull-up)
Y +Set to output mode and leave these pins open(l. 2)
Ports P4e, P47 Connect to Vcc via resistor (pull-up)(
Avcc, VREF Connect to Vcc
AVss Connect to Vss
NOTES:

1. When these ports are set for output mode and left open, they remain input mode until they are set for
output mode by a program. The voltage level of these pins may be unstable and the power supply
current may increase for the time the ports remain input mode.

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

2. Connect these unassigned pins to the microcomputer using the shortest wire length (within 2 cm)
possible.

Microcomputer

Port PO, P1, (Input mode)
P30 to P33, P37, P45

(|an'It mode)
(Output mode)

Port P46, P47

AVCC/VREF
AVss
777
Figure 15.9 Unassigned Pin Handling
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R8C/12 Group

16. Electrical Characteristics

16. Electrical Characteristics

Table 16.1 Absolute Maximum Ratings

Symbol Parameter Condition Rated value Unit
Vce Supply voltage Vce=AVcce -0.310 6.5 \4
AVcc Analog supply voltage Vcec=AVcce -0.3t06.5 \
Vi Input voltage -0.3 to Vcc+0.3 \Y
Vo Output voltage -0.3to Vcc+0.3 \%
Pd Power dissipation Topr=25 ‘c 300 mw
Topr Operating ambient temperature -20t0 85 / -40t0 85 (D version)| C
Tstg Storage temperature 65 to 150 °

Table 16.2 Recommended Operating Conditions
Conditions : Standard i

Symbol Parameter Vi Typ. Max. Unit
Vcc Supply voltage 2.7 5.5 \%
AVcc Analog supply voltage Vce®) \V2
Vss Supply voltage 0 \%
AVss Analog supply voltage 0 \%
ViH "H" input voltage 0.8Vce Vce \
ViL "L" input voltage 0 0.2Vcec \

1 0H (sum) "H" peak all Sum of all pins' IOH 60.0 mA
output currents  (peak)
10H (peak) "H" peak output current -10.0 mA
10H (avg) "H" average output current -5.0 mA
loL (sum) "L" peak all Sum of all pins' IOL
output currents  (peak) 60 mA
1oL (peak) "L" peak output Except Ploto P17 10 mA
current Ploto P17 Drive ability HIGH 30 mA
Drive ability LOW 10 mA
loL (avg) "L“tavterage . Except P1o to P17 - 5 mA
outputcurrent  p44 45 p17 Drive ability HIGH 15 mA
Drive ability LOW 5 mA
£ (XIN) Main clock input oscillation frequency | 3:0V < Vce 5.5V 0 16 MHz
2.7V <Vcec <3.0V 0 10 MHz
NOTES:

1. Vcc = AVece = 2.7 to 5.5V at Topr = -20 to 85 °C / -40 to 85 °C, unless otherwise specified.
2. The typical values when average output current is 100ms.

3. Hold Vcc=

AVcc.
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Table 16.3 A/D Conversion Characteristics

. . Standard .
Symbol Parameter Measuring condition Min. | Typ. | Max. Unit
- Resolution Vref =VcC 10 Bit
_ Absolute 10 bit mode @AD=10 MHz, Vref=Vcc=5.0V +3 | LSB
accuracy -
8 bit mode @AD=10 MHz, Vref=Vcc=5.0V 12 LSB
10 bit mode @gAD=10 MHz, Vref=Vcc=3.3V(3) 5 | LSB
8 bit mode @AD=10 MHz, Vref=Vcc=3.3V(3) 2 LSB
RLapper | Ladder resistance VREF=VCC 10 40 kQ
tconv Conversion time 10 bit mode | 9AD=10 MHz, Vref=Vcc=5.0V 3.3 Hs
8 bit mode | 2AD=10 MHz, Vref=Vcc=5.0V 2.8 HS
VREF Reference voltage Vec®@) \
Via Analog input voltage 0 Vret \Y
— |A/D operating Without sample & hold 0.25 10 | MHz
clock frequency®| ith sample & hold 1.0 10 | MHz

NOTES:

1. Vcc=AVcc=2.7 to 5.5V at Topr = -20 to 85 °C / -40 to 85 °C, unless otherwise specified.

2. If fap exceeds 10 MHz, divide the fap and hold A/D operating clock frequency (8Ap) 10 MHz or below.

3. If the AVcc is less than 4.2V, divide the fap and hold A/D operating clock frequency (JAD) fab/2 or below.
4. Hold Vcc=Vref.

PO ' O

-

P2

P3

P4

Figure 16.1 Port PO to P4 measurement circuit
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Table 16.4 Flash Memory (Program ROM) Electrical Characteristics

Symbol Parameter Measuring condition - Standard Unit
Min. Typ. Max

- Program/Erase endurance(?) 1,0000)| — — times
- Byte program time - 50 - us
- Block erase time —_— 0.4 —_ S

td(SR-ES) | Time delay from Suspend Request until Erase Suspend —_— — 8 ms
- Erase Suspend Request Interval 10 — — ms
- Program, Erase Voltage 2.7 —_ 55 \%
- Read Voltage 2.7 — 55 \Y
- Program, Erase Temperature 0 — 60 °C
- Data hold time(?) Am!oient temperature = 20 _ _ year

55°C
NOTES:

1. Vcc=AVcce=2.7 to 5.5V at Topr = 0 to 60 °C, unless otherwise specified.

2. Definition of Program/Erase

The endurance of Program/Erase shows a time for each block.

If the program/erase number is “n” (n = 1,000, 10,000), “n” times erase can be performed for each block.

For example, if performing one-byte write to the distinct addresses on Block A of 2K-byte block 2048 times and then
erasing that block, the number of Program/Erase cycles is one time.

However, performing multiple writes to the same address before an erase operation is prohibited (overwriting prohibited).

3. Numbers of Program/Erase cycles for which all electrical characteristics is guaranteed.

4. To reduce the number of Program/Erase cycles, a block erase should ideally be performed after writing in series as many
distinct addresses (only one time each) as possible. If programming a set of 16 bytes, write up to 128 sets and then erase
them one time. This will result in ideally reducing the number of Program/Erase cycles. Additionally, averaging the number
of Program/Erase cycles for Block A and B will be more effective. It is important to track the total number of block erases
and restrict the number.

5. If error occurs during block erase, attempt to execute the clear status register command, then the block erase command
at least three times until the erase error disappears.

6. Customers desiring Program/Erase failure rate information should contact their Renesas technical support representative.

7. The data hold time includes time that the power supply is off or the clock is not supplied.
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Table 16.5 Flash Memory (Data flash Block A, Block B) Electrical Characteristics(®

Symbol Parameter Measuring condition . Standard Unit
Min. Typ. Max
- Program/Erase endurance(® 1000003 — — | times
Byte program time(program/erase endurance I s
- <1000 times) 50 400 | M
_ Byte program time(program/erase endurance - 65 - Hs
>1000 times)
_ Block erase time(program/erase endurance -
<1000 times) 0.2 9 s
Block erase time(program/erase endurance _ 0.3 _ s
- >1000 times) '
td(SR-ES) | Time delay from Suspend Request until Erase Suspend —_ —_— 8 ms
- Erase Suspend Request Interval 10 — — ms
— Program, Erase Voltage 2.7 — 55 \
- Read Voltage 2.7 — 5.5 \%
- Program/Erase Temperature -20(-40)®) — 85 °C
_ Data hold time(©) Ambient temperature = 20 _ . year
55°C
NOTES:

1. Referenced to Vcc=AVcc=2.7 to 5.5V at Topr = -20 to 85 °C / -40 to 85 °C unless otherwise specified.

2. Definition of Program/Erase

The endurance of Program/Erase shows a time for each block.

If the program/erase number is “n” (n = 1,000, 10,000), “n” times erase can be performed for each block.

For example, if performing one-byte write to the distinct addresses on Block A of 2K-byte block 2048 times and then
erasing that block, the number of Program/Erase cycles is one time.

However, performing multiple writes to the same address before an erase operation is prohibited (overwriting prohibited).

3. Numbers of Program/Erase cycles for which all electrical characteristics is guaranteed.

4. Table 16.5 applies for Block A or B when the Program/Erase cycles are more than 1000. The byte program time up to
1000 cycles are the same as that of the program area (see Table 5.4).

5. To reduce the number of Program/Erase cycles, a block erase should ideally be performed after writing in series as many
distinct addresses (only one time each) as possible. If programming a set of 16 bytes, write up to 128 sets and then erase
them one time. This will result in ideally reducing the number of Program/Erase cycles. Additionally, averaging the number
of Program/Erase cycles for Block A and B will be more effective. It is important to track the total number of block erases
and restrict the number.

6. If error occurs during block erase, attempt to execute the clear status register command, then the block erase command

at least three times until the erase error disappears.

. Customers desiring Program/Erase failure rate information should contact their Renesas technical support representa-tive.

. -40 °C for D version.

9. The data hold time includes time that the power supply is off or the clock is not supplied.

o ~

Erase-suspend request
(interrupt request)

FMR46

td(SR-ES)

Y

Figure 16.2 Time delay from Suspend Request until Erase Suspend

Table 16.6 Power Circuit Timing Characteristics

Symbol Parameter Measuring condition ) Standard ‘Unit
Min. Typ. Max.
td(P-R) | Time for internal power supply stabilization during powering-on(2 1 2000 Hs
tdR-S) | STOP release time(®) 150 HS
NOTES:

1. The measuring condition is Vcc=AVcc=2.7 to 5.5 V and Topr=25 °C.
2. This shows the waiting time until the internal power supply generating circuit is stabilized during powering-on.
3. This shows the time until BCLK starts from the interrupt acknowledgement to cancel stop mode.
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R8C/12 Group 16. Electrical Characteristics

Table 16.7 Electrical Characteristics (1) [Vcc=5V]

; - Standard
Symbol Parameter Measuring condition - Unit
Min. Typ. Max.
"H" output voltage Except Xout loH=-5mA Vce-2.0 Vcce \%
VoH loH=-200pA Vce-0.3 Vce \
Xout Drive capacity HIGH loH=-1 mA Vce-2.0 Vee \%
Drive capacity LOW  loH=-500pA Vce-2.0 Vee \Y
"L" output voltage Except P10to P17, loL=5 mA 2.0 Vv
VoL Xout JoL= 200 PA 0.45 v
P10 to P17 Drive capacity HIGH lot=15 mA 2.0 v
Drive capacity LOW loL=5mA 2.0 \Y
Drive capacity LOW loL= 200 pA 0.45 \%
XouT Drive capacity HIGH |oL= 1 mA 2.0 \
Drive capacity LOW  |oL=500 pA 2.0 \%
VT+-VT- Hysteresis INTO, INT1, INT2, INT3, Klo, Kl1, 0.2 1.0 \%
KI2, KI3, CNTRo, CNTR1, TCIN,
RxDO, RxD1, P45
RESET 0.2 2.2 v
IiH VI=5V 5.0 HA
I "L" input current VI=0V -5.0 HA
RpuLLUP | Pull-up resistance ViI=0V 30 50 167 kQ
RixIN Feedback resistance XIN 1.0 MQ
fRING-S Low-speed on-chip oscillator frequency 40 125 250 kHz
VRAM RAM retention voltage At stop mode 2.0 \%
NOTES:
1. Referenced to Vcc=AVcc=4.2to 5.5V at Topr =-20 to 85 °C / -40 to 85 °C, f(XIN)=20MHz unless otherwise specified.
Table 16.8 Electrical Characteristics (2) [Vcc=5V]
Symbol Parameter Measuring condition . Standard Unit
Min. Typ. Max.
iy XiN=16 MHz (square wave)
High-speed On-chip oscillator on=125 kHz 8 14 mA
mode No division
XIN=10 MHz (square wave)
On-chip oscillator on=125 kHz 5 mA
No division
. XiN=16 MHz (square wave)
Medium-speed On-chip oscillator on=125 kHz 3 mA
mode Division by 8
P I t —
lcc (\?(\:I;e:rasglgg égkj,r)ren XiN=10 MHz (square wave)
i B} On-chip oscillator on=125 kHz 2 mA
In single-chip mode, the output Division by 8
pins are open and other pins - Main clock off
are Vss On-_chlp On-chip oscillator on=125 kHz 470 900 HA
oscillator mode | piision by 8
Wait mode I\C/I)am ':Iock O’flj 1 125 kH
n-chip oscillator on= z
When a WAIT instruction is executed(l) 40 80 A
Peripheral clock operation
Wait mode Main clock off
On-chip oscillator on=125 kHz
When a WAIT instruction is executed(®) 38 76 A
Peripheral clock off
Stop mode Main clock off, Topr = 25 °C
On-chip oscillator off
CM10="1" 0.8 3.0 A
Peripheral clock off
NOTES:

1. Timer Y is operated with timer mode.
2. Referenced to Vcc = AVcc = 4.2 to 5.5V at Topr = -20 to 85 °C / -40 to 85 °C, f(XIN)=20MHz unless otherwise specified.
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Timing requirements (Unless otherwise noted: Vcc =5V, Vss =0V at Topr = 25 °C) [Vcc=5V]

Table 16.9 XIN input

Symbol Parameter Standard Unit
Min. Max.
tc(XIN) XIN input cycle time 62.5 — ns
twH(XIN) XIN input HIGH pulse width 30 — ns
twWL(XIN) XIN input LOW pulse width 30 - ns
Table 16.10 CNTRO input, CNTR1 input, INT2 input
Symbol Parameter Standard Unit
Min. Max.
tC(CNTRO) CNTRO input cycle time 100 - ns
twH(CNTRO) | CNTRO input HIGH pulse width 40 — ns
tWL(CNTRO) | CNTRO input LOW pulse width 40 — ns
Table 16.11 TCIN input, INT3 input
Symbol Parameter Standard Unit
Min. Max.
tc(TCIN) TCIN input cycle time 400() — ns
twH(TCIN) TCIN input HIGH pulse width 2002 - ns
twL(TCIN) TCIN input LOW pulse width 200 - ns

NOTES:

1. When using the Timer C capture function, adjust the cycle time above ( 1/ Timer C count source

frequency x 3).

2. When using the Timer C capture function, adjust the pulse width above ( 1/ Timer C count source

frequency x 1.5).

Table 16.12 Serial Interface

Symbol Parameter Standard Unit
Min. Max.
tc(cK) CLKi input cycle time 200 — ns
tw(CKH) CLKi input HIGH pulse width 100 - ns
tw(cKL) CLKi input LOW pulse width 100 - ns
td(c-Q) TxDi output delay time - 80 ns
th(c-Q) TxDi hold time 0 — ns
tsu(D-C) RxDi input setup time 35 - ns
th(c-D) RxDi input hold time 90 - ns
Table 16.13 External interrupt INTO input
Symbol Parameter Standard Unit
Min. Max.
tw(INH) INTO input HIGH pulse width 250 — ns
tw(INL) INTO input LOW pulse width 2501 - ns
NOTES:

1. When selecting the digital filter by the INTO input filter select bit, use the INTO input HIGH pulse width
to the greater value,either ( 1/ digital filter clock frequency x 3) or the minimum value of standard.

2. When selecting the digital filter by the INTO input filter select bit, use the INTO input LOW pusle width
to the greater value,either ( 1/ digital filter clock frequency x 3) or the minimum value of standard.

Rev.1.20 Jan 27, 2006 page 135 of 181

RENESAS
REJ09B0110-0120



R8C/12 Group

16. Electrical Characteristics

P te(CNTRO) N
tWH(CNTRO)
CNTRO input
< tWL(CNTRO) N
P te(TCIny N
TWH(TCIN)
TCIN input \
l« twL(TCIN) N
P te(xiNy |
TWH(XIN)
XIN input \
. tWL(XIN) R
P te(ck) N
tw(ckH)
CLKi
P twi(ckL) N
) 4 thic-Q)
TxDi >< ><
| tdcq) N tsu(b-c) thc.0)
RxDi F *
tw(NL)
INTi
. tW(NH) N
< >
Figure 16.3 Vcc=5V timing diagram
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Table 16.14 Electrical Characteristics (3) [Vcc=3V]

Symbol Parameter Measuring condition - Standard Unit
Min. Typ. Max.
"H" output voltage Except Xout loH=-1mA Vce-0.5 Vce \
VoH Xout Drive capacity HIGH lon=-0.1 mA Vce-0.5 Vee \Y
Drive capacity LOW  loH=-50 pA Vce-0.5 Vce Vi
“L" output voltage Except P10 to P17, lot=1 mA 05 v
Xout
VoL P10 to P17 Drive capacity HIGH loL=2 mA 0.5 \%
Drive capacity LOW loL= 1 mA 0.5 Vv
XouT Drive capacity HIGH loL= 0.1 mA 0.5 vV
Drive capacity LOW  10L=50 pA 0.5 Vv
Vr+VT- | Hysteresis INTo, INT1, INT2, INT3, Klo, K1, 0.2 0.8 \Y
KI2, KI3, CNTR0, CNTR1, TCIN,
RxDo, RxD1, P45
RESET 0.2 1.8 \%
IiH "H" input current VI=3V 4.0 PA
I “L" input current VI=0V -4.0 HA
RpuLLUP | Pull-up resistance Vi=0V 66 160 500 kQ
RIXIN Feedback resistance XIN 3.0 MQ
fRING On-chip oscillator frequency 40 125 250 kHz
VRAM RAM retention voltage At stop mode 2.0 \

NOTES:
1. Referenced to Vcc=AVcc=2.7 to 3.3V at Topr = -20 to 85 °C / -40 to 85 °C, f(XIN)=10MHz unless otherwise specified.
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Table 16.15 Electrical Characteristics (4) [Vcc=3V]

Symbol Parameter Measuring condition ) Standard
Min. Typ. Max.

Unit

High-speed XiN=16 MHz (square wave)
mgde P On-chip oscillator on=125 kHz 7 12 mA
No division

XiN=10 MHz (square wave)
On-chip oscillator on=125 kHz 5 mA
No division

XiIN=16 MHz (square wave)
On-chip oscillator on=125 kHz 25 mA
Division by 8

Medium-speed

mode

Power supply current

(Vcc1=2.7 to 3.3V) Xin=10 MHz (square wave)
. . On-chip oscillator on=125 kHz 1.6 mA

In single-chip mode, the output Division by 8

pins are open and other pins -

are Vss On-chip Main clock off

oscillator mode Ohfchip oscillator on=125 kHz 420 800 A
Division by 8

lcc

i Main clock off
Wait mode On-chip oscillator on=125 kHz

When a WAIT instruction is executed(®)
Peripheral clock operation

37 74 HA

Main clock off

On-chip oscillator on=125 kHz
When a WAIT instruction is executed®) 35 70 HA
Peripheral clock off

Wait mode

Main clock off, Topr = 25°C
Stop mode On-chip oscillator off
CM10="1"
Peripheral clock off

0.7 3.0 HA

NOTES:
1. Timer Y is operated with timer mode.
2. Referenced to Vcc=AVcc=2.7 to 3.3V at Topr = -20 to 85 °C / -40 to 85 °C, f(XIN)=10MHz unless otherwise specified.
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Timing requirements (Unless otherwise noted: Vcc =3V, Vss =0V at Topr = 25 °C) [Vcc=3V]

Table 16.16 XIN input

Symbol Parameter Standard Unit
Min. Max.
tc(XIN) XIN input cycle time 100 — ns
twH(XIN) XIN input HIGH pulse width 40 — ns
twWL(XIN) XIN input LOW pulse width 40 - ns
Table 16.17 CNTRO input, CNTR1 input, INT2 input
Symbol Parameter Standard Unit
Min. Max.
tC(CNTRO) CNTRO input cycle time 300 - ns
tWH(CNTRO) | CNTRO input HIGH pulse width 120 - ns
tWL(CNTRO) | CNTRO input LOW pulse width 120 - ns
Table 16.18 TCIN input, INT3 input
Symbol Parameter Standard Unit
Min. Max.
tc(TCIN) TCIN input cycle time 1200M — ns
twH(TCIN) TCIN input HIGH pulse width 6002 - ns
twL(TCIN) TCIN input LOW pulse width 600 - ns
NOTES:

1. When using the Timer C capture function, adjust the cycle time above ( 1/ Timer C count source
frequency x 3).

2. When using the Timer C capture function, adjust the pulse width above ( 1/ Timer C count source
frequency x 1.5).

Table 16.19 Serial Interface

Symbol Parameter Standard Unit
Min. Max.
tc(ckK) CLKi input cycle time 300 — ns
tw(CKH) CLKi input HIGH pulse width 150 - ns
tw(CKL) CLKi input LOW pulse width 150 — ns
td(c-Q) TxDi output delay time - 160 ns
th(c-Q) TxDi hold time 0 - ns
tsu(D-C) RxDi input setup time 55 - ns
th(c-D) RxDi input hold time 90 - ns
Table 16.20 External interrupt INTO input
Symbol Parameter Standard Unit
Min. Max.
tW(INH) INTO input HIGH pulse width 380 — ns
tw(INL) INTO input LOW pulse width 3802 - ns
NOTES:

1. When selecting the digital filter by the INTO input filter select bit, use the INTO input HIGH pulse width
to the greater value,either ( 1/ digital filter clock frequency x 3) or the minimum value of standard.

2. When selecting the digital filter by the INTO input filter select bit, use the INTO input LOW pusle width
to the greater value,either ( 1/ digital filter clock frequency x 3) or the minimum value of standard.
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Figure 16.4 Vcc=3V timing diagram
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17. Flash

Memory Version

17.1 Overview

The flash memory version has two modes—CPU rewrite and standard serial I/O—in which its flash
memory can be operated on.
Table 17.1 outlines the performance of flash memory version (see “Table 1.1 Performance” for the items
not listed on Table 17.1).

Table 17.1 Flash Memory Version Performance

Item

Specification

Flash memory operating mode

2 modes (CPU rewrite and standard serial 1/0)

Erase block

See “Figure 17.1. Flash Memory Block Diagram”

Method for program

In units of byte

Method for erasure

Block erase

Program, erase control method

Program and erase controlled by software command

Protect method

Protect for Block 0 and 1 by FMRO2 bit in FMRO register

Protect for Block 0 by FMR16 bit and Block 1 by FMR16 bit

Number of commands 5 commands
Number of program (Block0 and 1 (program ROM)| 1,000 times
and erasure®

BlockA and B (data flash) 10,000 times

ROM code protection

Standard serial /0 mode is supported.

NOTES:

1. Definition of program/erase times
The program/erase times are defined to be per-block erase times. When the program/erase times are n
times (n=1,000 or 10,000 times), to erase n times per block is possible. For example, if performing one-
byte write to the distinct addresses on the Block A of 2K-byte block 2,048 times and then erasing that
block, the number of the program/erase cycles is one time. if rewriting more than 1,000 times, run the
program until the vacant areas are all used to reduce the substantial rewrite times and then erase. Avoid
rewriting only particular blocks and rewrite to average the program and erase times to each block. Also
keep the erase times as inrformation and set up the limit times.

Table 17.2 Flash Memory Rewrite Modes

Flash memory CPU rewrite mode Standard serial /O mode
rewrite mode
Function User ROM area is rewritten by executing | User ROM area is rewritten by using a
software commands from the CPU. dedicated serial programmer.
EWO0 mode: Can be rewritten in any area Standard serial /0O mode 1
other than the flash memory : Clock synchronous serial 1/0
EW1 mode: Can be rewritten in the flash Standard serial 1/O mode 2
memory : UART
Areas which |User ROM area User ROM area
can be rewritten
Operation Single chip mode Boot mode
mode
ROM None Serial programmer
programmer
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17.2 Memory Map
The ROM in the flash memory version is separated between a user ROM area and a boot ROM area
(reserved area). Figure 17.1 shows the block diagram of flash memory.
The user ROM area has the 2K-byte Block A and the 2K-byte Block B (data flash), in addition to an area
(program ROM) which stores the microcomputer operation program.
The user ROM area is divided into several blocks. The user ROM area can be rewritten in CPU rewrite
and standard serial I/O modes.
When rewriting the Block 0 and Block 1 in CPU rewrite mode, set the FMRO2 bit in the FMRO register to
“1” (rewrite enabled), and when setting the FMR15 bit in the FMR1 register to “0” (rewrite enabled), the
Block 0 is rewritable. When setting the FMR16 bit to “0” (rewrite enabled), the Block 1 is rewritable. Also
when setting the PM10 bit in the PM1 register to “1"(enabled), the Block A and Block B are usable.
The rewrite program for standard serial I/O mode is stored in the boot ROM area before shipment.
The boot ROM area and the user ROM area share the same address, but have an another memory.

16 Kbytes ROM Product 12 Kbytes ROM Product 8 Kbytes ROM Product
0200016 Block A : 2 Kbytes 0200018 Block A : 2 Kbytes 0200018 Block A : 2 Kbytes
Data flash
02FFF16 Block B : 2 Kbytes 02FFF16 Block B : 2 Kbytes 02FFF16 Block B : 2 Kbytes
0C00016
Block 1 : 8 Kbytes(®) 0D00016 ' ' Program ROM
Block 1 : 4 Kbytes(®)
ODFFF16 ODFFF16 '
0E00016 0E00016 0E00016 0E00016
Block 0 : 8 Kbytes® Block 0 : 8 Kbytes® Block 0 : 8 Kbytes(® 8 Kbytes
OFFFF16 OFFFF16 OFFFF16 OFFFF16
User ROM area User ROM area User ROM area Boot ROM area
(reserved area)®
NOTES:

1. When setting the FMRO02 bit in the FMRO register to “1” (rewrite enabled) and the FMR15 bit in the FMR1 register to “0” (rewrite enabled), the Block 0
is rewritable. When setting the FMR16 bit to “0” (rewrite enabled), the Block 1 is rewritable (only for CPU rewrite mode).
2. This area is to store the boot program provided by Renesas Technology.

Figure 17.1 Flash Memory Block Diagram
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17.3 Functions To Prevent Flash Memory from Rewriting
To prevent the flash memory from being read or rewritten easily, standard serial input/output mode has
an ID code check function.

17.3.1 ID Code Check Function
Use this function in standard serial input/output mode. Unless the flash memory is blank, the ID codes
sent from the programmer and the ID codes written in the flash memory are compared to see if they
match. If the ID codes do not match, the commands sent from the programmer are not accepted. The
ID code consists of 8-bit data, the areas of which, beginning with the first byte, are 00FFDF1s,
0OFFE316, 00FFEB16, OOFFEF16, 00FFF316, 00FFF716, and O0OFFFB16. Prepare a program in which
the ID codes are preset at these addresses and write it in the flash memory.

Address =~~~ o~
O0OFFDF16 to OOFFDC16 |ID1 Undefined instruction vector
OOFFE316 to 00FFEO16 |ID2 Overflow vector
OOFFE716 to OOFFE416 BRK instruction vector

OOFFEB16 to 00OFFES816 |ID3 ' Address match vector

OOFFEF16 to OOFFEC16 |ID4 Single step vector

ID5 1Oscillation stop detection/watchdog
‘timer vector/voltage detection

O00OFFF316 to OOFFFO016

00OFFF716 to 00OFFF416 |ID6 (Reserved)

OOFFFB16 to 00FFF816 [ID7 ! (Reserved)

OOFFFF16 to 00FFFC16 | (Note 1) | Reset vector

— _/
—~—

4 bytes
NOTES:

1. The OFS register is assigned to the 00FFFF16
address. Refer to "Figurell.2 OFS, WDC, WDTR
and WDTS registers for the OFS register details.

Figure 17.2 Address for ID Code Stored
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17.4 CPU Rewrite Mode
In CPU rewrite mode, the user ROM area can be rewritten by executing software commands from the
CPU. Therefore, the user ROM area can be rewritten directly while the microcomputer is mounted on-
board without having to use a ROM programmer, etc. Make sure the Program and the Block Erase
commands are executed only on each block in the user ROM area.
For interrupts requested during an erase operation in CPU rewrite mode, the R8C/10 flash module offers
an “erase-suspend’ feature which allow the erase operation to be suspended, and access made avail-
able to the flash.
During CPU rewrite mode, the user ROM area be operated on in either Erase Write 0 (EWQ0) mode or
Erase Write 1 (EW1) mode. Table 17.3 lists the differences between Erase Write 0 (EWO0) and Erase
Write 1 (EW1) modes.

Table 17.3 EWO0 Mode and EW1 Mode

Item EWO0 mode EW1 mode
Operation mode Single chip mode Single chip mode
Areas in which a User ROM area User ROM area

rewrite control
program can be located

Areas in which a Must be transferred to any area other | Can be executed directly in the user

rewrite control than the flash memory (e.g., RAM) ROM area

program can be executed before being executed

Areas which can be User ROM area User ROM area

rewritten However, this does not include the
block in which a rewrite control program
exists(1)

Software command None * Program, Block Erase command

limitations Cannot be executed on any block in

which a rewrite control program exists
* Read Status Register command
Cannot be executed

Modes after Program or | Read Status Register mode Read Array mode

Erase

CPU status during Auto | Operating Hold state (I/O ports retain the state in
Write and Auto Erase which they were before the command

was executed)

Flash memory status * Read the FMRO register FMROO, Read the FMRO register FMROO,
detection FMRO06, and FMRO7 bits in a FMRO06, and FMROQ7 bits in a program
program

» Execute the Read Status Register
command to read the status
register SR7, SR5, and SR4.

Conditions for Set the FMR40 and FMR41 bits in When an interrupt which is set for
transferring to the FMRA4 register to “1” by program. |enabled occurs while the FMR40 bit in
erase-suspend the FMRA4 register is set to “1”.
CPU Clock 5MHz or below No restriction to the following
(clock frequency to be used)
NOTES:
1. Block 1 and Block 0 are enabled for rewrite by setting the FMRO02 bit in the FMRO register to “1” (rewrite
enabled).
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17.4.1 EW0 Mode
The microcomputer is placed in CPU rewrite mode by setting the FMROL1 bit in the FMRO register to “1”
(CPU rewrite mode enabled), ready to accept commands. In this case, because the FMR1 register's
FMR11 bit = 0, EW0 mode is selected.
Use software commands to control program and erase operations. Read the FMRO register or status
register to check the status of program or erase operation at completion.
When moving to an erase-suspend during auto-erase, set the FMR40 bit to “1” (erase-suspend en-
abled) and the FMR41 bit to “1” (erase-suspend requested). Make sure that the FMR46 bit is set to “1”
(enables reading) before accessing the user ROM space. The auto-erase operation resumes by set-
ting the FMR41 bit to “0” (erase restart).

17.4.2 EW1 Mode
EW1 mode is selected by setting FMR11 bit to “1” (EW1 mode) after setting the FMRO1 bit to “1” (CPU
rewrite mode enabled).
Read the FMRO register to check the status of program or erase operation at completion. Avoid ex-
ecuting software commands of Read Status register in EW1 mode.
To enable the erase-suspend function, the Block Erase command should be executed after setting the
FMRA40 bit to “1” (erase-suspend enabled). An interrupt to request an erase-suspend must be in en-
abled state. After passing td(SR-ES) since the block erase command is executed, an interrupt request
can be acknowledged.
The FMR41 bit is automatically set to “1” (erase-suspend requested) if the auto-erase operation is
halted by an interrupt request. If the erase operation is not completed (FMROO bit is “0”) when the
interrupt routine is ended, the Block Erase command should be executed again by setting the FMR41
bit to “0” (erase restart).
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Figure 17.3 shows the FMRO register. Figure 17.4 shows the FMR1 and FMR4 registers.

* FMROO Bit
This bit indicates the operating status of the flash memory. The bit is “0” during programming, eras-
ing, or erase-suspend mode; otherwise, the bit is “1”.

* FMRO1 Bit
The microcomputer is made ready to accept commands by setting the FMRO1 bit to “1” (CPU rewrite
mode).

« FMRO2 Bit
The Blockl and Block0 do not accept the Program and Block Erase commands if the FMRO2 bit is
set to “0” (rewrite disabled).
The Block0 and Block1 are controlled rewriting in the FMR15 and FMR16 bits if the FMRO2 bit is set
to “1” (rewrite enabled).

« FMSTP Bit
This bit is provided for initializing the flash memory control circuits, as well as for reducing the amount
of current consumed in the flash memory. The flash memory is disabled against access by setting
the FMSTP bit to “1”. Therefore, the FMSTP bit must be written to by a program in other than the
flash memory.
In the following cases, set the FMSTP bit to “1":
* When flash memory access resulted in an error while erasing or programming in EW0 mode

(FMROO bit not reset to “1” (ready))

* When entering on-chip oscillator mode (main clock stop).
Figure 17.7 shows a flow chart to be followed before and after entering on-chip oscillator mode (main
clock stop).
Note that when going to stop or wait mode while the CPU rewrite mode is disabled, the FMRO
register does not need to be set because the power for the flash memory is automatically turned off
and is turned back on again after returning from stop or wait mode.

* FMRO6 Bit
This is a read-only bit indicating the status of auto program operation. The bit is set to “1” when a
program error occurs; otherwise, it is cleared to “0”. For details, refer to the description of “17.4.5 Full
Status Check”.

* FMRO7 Bit
This is a read-only bit indicating the status of auto erase operation. The bit is set to “1” when an erase
error occurs; otherwise, it is set to “0”. For details, refer to the description of "17.4.5 Full status
check".

* FMR11 Bit
Setting this bit to “1” (EW1 mode) places the microcomputer in EW1 mode.

* FMR15 Bit
When the FMRO02 bit is set to “1” (rewrite enabled) and the FMR15 bit is set to “0” (rewrite enabled),
the BlockO accepts the program command and block erase command.

* FMR16 Bit
When the FMRO2 bit is set to “1” (rewrite enabled) and the FMR16 bit is set to “0” (rewrite enabled),
the Block1 accepts the program command and block erase command.
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* FMR40 bit
The erase-suspend function is enabled by setting the FMR40 bit to “1” (valid).

* FMR41 bit
In EWO0 mode, the flash module goes to erase-suspend mode when the FMR41 bit is set to
“1”. In EW1 mode, the FMRA41 bit is automatically set to “1” (erase-suspend requested) when
an enabled interrupt occurred, and then the flash module goes to erase-suspend mode.
The auto-erase operation restarts when the FMRA41 bit is set to “0” (erase restart).

* FMR46 bit
The FMRA46 bit is set to “0"(disables reading) during auto-erase execution and set to “1”(en-
ables reading) during erase-suspend mode. Do not access to the flash memory when this bit
is set to “0”.

Flash memory control register O

b7 b6 b5 b4 b3 b2 bl b0 Symbol Address After reset

| | | 0 |o | | | | | FMRO 01B716 000000012
A T symbol Bit name Function RW
Pt 1 i 1 1 | FMROO | RY/BY status flag 0: Busy (being written or erased) RO
- 1: Ready
_ FMRO1 CPU rewrite mode select 0: Disable CPU rewrite mode
N bit(1. 6) 1: Enable CPU rewrite mode RW
A FMRO2 | Block0 and 1 rewrite enable | 0: Rewrite disabled
bit(2. 6. 7) 1: Rewrite enabled RW
Flash memory sto 0: Enable flash memory operation
oo T FMSTP bit(3. 5, 6) v stop 1: Stops flash memory operation RW
- (placed in low power mode,
flash memory initialized)
T S — (b5-b4) | Reserved bit Setto *0” RW
R S FMRO6 | Program status flag®) 0: Terminated normally
1: Terminated in error RO
] FMRO7 Erase status flag® 25 $erm!n3~teg normally RO

: t
NOTES: erminated in error

1. To set this bit to “1”, write “0” and then “1” in succession. Make sure no interrupts will occur before
writing “1” after writing “0”.
Set the microcomputer in read array mode before writing to this bit.
2. To set this bit to “1”, write “0” and then “1" in succession when the FMRO1 bit = 1. Make sure no
interrupts will occur before writing “1” after writing “0”.
. Write to this bit from a program in other than the flash memory.
. This flag is set to “0” by executing the Clear Status command.
. Effective when the FMRO1 bit = 1 (CPU rewrite mode). If the FMRO1 bit = 0, although the FMSTP bit
can be set to “1” by writing “1”, the flash memaory is neither placed in low power mode nor initialized.
. Use the bit process instruction to set the FMR0O1, FMR0O2 and FMSTP bits (Refer to “R8C/Tiny Series
Sofware Manual’”.
7. When setting the FMROL1 bit to “0” (disable CPU rewrite mode), the FMRO02 bit is set to “0” (rewrite
disabled).

(2] g~ w

Figure 17.3 FMRO Register
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R8C/12 Group 17.4 CPU Rewrite Mode

Flash memory control register 1

b7 b6 b5 b4 b3 b2 bl bo Symbol Address After reset

| 1| | | 0 | 0 | 0 | | | FMR1 01B516 1000000X2
©o0 1 r i b 1| Bitsymbol Bit name Function RW
[ R L (b_O) Reserved bit When read, its content is RO
e indeterminate.
oo b L] FMR11 | EW1 mode select bit(. 2) 0: EW0 mode RW
A 1: EW1 mode
P it (b4-b2) Reserved bit Setto “0 RW

Ul eiceioai. FMR15 BlockO rewrite disable bit(2 3) : Rewrite enabled RW

: Rewrite disabled

O FMR16 | Blockl rewrite disable bit(2 3) : Rewrite enabled RW

: Rewrite disabled

PO rO

r

S (b_7) Reserved bit Set to “1” RW
NOTES:
1. To set this bit to “1”, write “0” and then “1” (CPU rewrite mode enabled) in succession when the FMRO1
bit = 1. Make sure no interrupts will occur before writing “1” after writing “0”.
2. This bit is set to “0” by setting the FMRO1 bit to “0” (CPU rewrite mode disabled).
3. When the FMRO1 bit is “1” (CPU rewrite mode enabled), the FMR15 and FMR16 bits are rewritable.
To set this bit to “0”, write “1” and then “0” in succession.
To set this bit to “1”, write “1”".

Flash memory control register 4

b7 b6 bS b4 b3 b2 bl bo Symbol Address After reset

|o | |o |o |0 |0 | | | FMR4 01B316 010000002
b b | Bitsymbol Bit name Function RW
. EMR40 Erase-suspend function 0: Invalid RW
R enable bit(t) 1: valid
bbb b L] FMR41 Erase-suspend request bit(? | 0: Erase restart
oo e e 1: Erase-suspend request RW
R S (bEZ) Reserved bit Setto “0” RO
S Read status flag 0: Disable reading
! FMR46 1: Enable reading RO
R RICITLITLRILREY (b7) Reserved bit Set to “0” RW

NOTES:

1. To set this bit to “1”, write “0” and then “1” in succession. Make sure no interrupts will occur before
writing “1” after writing “0”.

2. This bit is valid only when the FMRA40 bit is set to “1” (valid) and can only be written before ending an
erase after issuing an erase command. Other than this period, this bit is set to “0".
In EW0 mode, this bit can be set to “0” and “1” by program.
In EW1 mode, this bit is automatically set to “1” if a maskable interrupt occurs during an erase operation
while the FMRA40 bit is set to “1”. This bit can not be set to “1” by program. (Can be set to “0".)

Figure 17.4 FMR1 and FMR4
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Figures 17.5 shows the timing on suspend operation.

Erase Erase Erase Erase
Starts Suspends Starts Ends

| |During Erase| |During Erase| |

FMRO0O _| Ii
FMR46 _l—l |—|7

Check that the FMROO bit is Check the status,
set to “0”, and that the erase and that the program
operation has not ended. ends normally.

Figure 17.5 Timing on Suspend Operation

Figures 17.6 and 17.7 show the setting and resetting of EW0 mode and EW1 mode, respectively.

EWO0 mode operation procedure

- -Rewrite control program - {- - - - - .ol .

Set the FMROL1 bit by writing “0” and then “1”
(CPU rewrite mode enabled)®

l

Set CMO and CM1 registers(1) . Execute software commands

} l

Transfer a CPU rewrite mode based rewrite control Execute the Read Array command®)
program to any area other than the flash memory

Jump to the rewrite control program which has been Write “0” to the FMROL1 bit

transferred to any area other than the flash memory ' (CPU rewrite mode disabled)
(The subsequent processing is executed by the '
rewrite control program in any area other than the l

flash memory)

Jump to a specified address in the flash memory

NOTES: T

1. Select 5 MHz or less for CPU clock using the CMO06 bit in the CMO register and the CM17 to CM16 bits in the CM1 register.

2. To set the FMROL1 bit to “1”, write “0” and then “1” in succession. Make sure no interrupts will occur before writing “1” after writing “0”.
Write to the FMRO1 bit from a program in other than the flash memory.

3. Disables the CPU rewrite mode after executing the Read Array command.

Figure 17.6 Setting and Resetting of EW0 Mode

EW1 mode operation procedure
Program in ROM

|

Set the FMROL1 bit by writing “0” and then “1” (CPU rewrite
mode enabled)®
Set the FMR11 bit by writing “0” and then “1” (EW1 mode)

)

Execute software commands

NOTES:
l 1. To set the FMRO1 bit to “1”,

- - write “0” and then “1” in
Write “0” to the FMRO1 bit

h ) succession. Make sure no
(CPU rewrite mode disabled) interrupts will occur before

l writing “1" after writing “0".

Figure 17.7 Setting and Resetting of EW1 Mode
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On-chip oscillator mode l
l .- (main clock stop) program

Transfer on-chip oscillator mode (main clock . Set the FMRO1 bit by writing “0” and then “1”
stop)program to any area other the flash memory ! (CPU rewrite mode enabled)

Jump to on-chip oscillator mode (main clock stop) . | SetFMSTP bitto “1”

program which has been transferred to any area (flash memory stopped. Low power state)(%)
other the flash memory.

(The subsequent processing is executed by a ! l
program in any area other than the flash memory.)

Switch the clock source for CPU clock.
Turn XIN off

Process of on-chip oscillator mode (main
clock stop)

Turn main clock on -» wait until oscillation stabilizes
-» switch the clock source for CPU clock(?

|

Set the FMSTP bit to “0” (flash memory operation)

l

Write “0” to the FMRO1 bit
(CPU rewrite mode disabled)

l

Wait until the flash memory circuit stabilizes
(15 us)®

Jump to a specified address in the flash memory

N1 11 =5

1. Set the FMROL1 bit to “1” (CPU rewrite mode) before setting the FMSTP bit to “1” .

2. Before the clock source for CPU clock can be changed, the clock to which to be changed must be stable.
3. Insert a 15 ps wait time in a program. Avoid accessing to the flash memory during this wait time.

4. Ensure 10 ps until setting “0” (flash memory operates) after setting the FMSTP bit to “1” (flash memory stops).

Figure 17.8 Process to Reduce Power Consumption in On-Chip Oscillator Mode (Main Clock Stop)
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17.4 CPU Rewrite Mode

17.4.3 Software Commands

Software commands are described below. The command code and data must be read and written in

8-bit units.

Table 17.4 Software Commands

First bus cycle Second bus cycle
Command Mode Address (D7D gt?_-)o) Mode Address (D? ;aotaDO)
Read array Write X FFie
Read status register Write X 7016 Read X SRD
Clear status register Write X 5016
Program Write WA 4016 Write WA WD
Block erase Write X 2016 Write BA D016

SRD: Status register data (D7 to Do)

WA: Write address (Make sure the address value specified in the the first bus cycle is the same address
as the write address specified in the second bus cycle.)

WD: Write data (8 bits)

BA: Given block address

X: Any address in the user ROM area

* Read Array Command
This command reads the flash memory.
Writing ‘FF16’ in the first bus cycle places the microcomputer in read array mode. Enter the read
address in the next or subsequent bus cycles, and the content of the specified address can be read
in 8-bit units.
Because the microcomputer remains in read array mode until another command is written, the con-
tents of multiple addresses can be read in succession.

* Read Status Register Command
This command reads the status register.
Write ‘7016’ in the first bus cycle, and the status register can be read in the second bus cycle. (Refer
to Section 17.4.4, “Status Register.”) When reading the status register too, specify an address in the
user ROM area.
Avoid executing this command in EW1 mode.

* Clear Status Register Command
This command sets the status register to “0".
Write ‘5016’ in the first bus cycle, and the FMR06 to FMRO7 bits in the FMRO register and SR4 to SR5
in the status register will be set to “0”.
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e Program
This command writes data to the flash memory in one byte units.
Write ‘4016’ in the first bus cycle and write data to the write address in the second bus cycle, and an
auto program operation (data program and verify) will start. Make sure the address value specified in
the first bus cycle is the same address as the write address specified in the second bus cycle.
Check the FMROO bit in the FMRO register to see if auto programming has finished. The FMROO bit
is “0” during auto programming and set to “1” when auto programming is completed.
Check the FMRO06 bit in the FMRO register after auto programming has finished, and the result of
auto programming can be known. (Refer to Section 17.4.5, “Full Status Check.”)
Writing over already programmed addresses is inhibited.
When the FMRO2 bit in the FMRO register is set to “0” (rewrite disabled), or the FMRO02 bit is set to “1”
(rewrite enabled) and the FMR15 bit in the FMR1 register is set to “1” (rewrite disabled), the program
command on the BlockO is not accepted. When the FMR16 bit is set to “1” (rewrite disabled), the
program command on the Blockl is not accepted.
When the FMRO2 bit in the FMRO register is set to “0” (rewrite disabled), the Program command on
the Block0 and Blockl is not accepted.
In EW1 mode, do not execute this command on any address at which the rewrite control program is
located.
In EW0 mode, the microcomputer goes to read status register mode at the same time auto program-
ming starts, making it possible to read the status register. The status register bit 7 (SR7) is set to “0”
at the same time auto programming starts, and set back to “1” when auto programming finishes. In
this case, the microcomputer remains in read status register mode until a read array command is
written next. The result of auto programming can be known by reading the status register after auto
programming has finished.

[ Start j
v

Write the command code ‘4016’ to
the write address

v

Write data to the write address

YES

Full status check

v

Program
completed
Figure 17.9 Program Flow Chart
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* Block Erase
Write ‘2016’ in the first bus cycle and write ‘D016’ to the given address of a block in the second bus
cycle, and an auto erase operation (erase and verify) will start.
Check the FMROO bit in the FMRO register to see if auto erasing has finished.
The FMROO bit is “0” during auto erasing and set to “1” when auto erasing is completed.
Check the FMRO7 bit in the FMRO register after auto erasing has finished, and the result of auto
erasing can be known. (Refer to Section 17.4.5, “Full Status Check.”)
When the FMRO02 bit in the FMRO register is set to “0” (rewrite disabled), the Block Erase command
on the BlockO and Block1 is not accepted.
Figure 17.10 shows an example of a block erase flowchart when the erase-suspend function is not
used. Figure 17.11 shows an example of a block erase flowchart when the erase-suspend function is
used.
In EW1 mode, do not execute this command on any address at which the rewrite control program is
located.
In EWO0 mode, the microcomputer goes to read status register mode at the same time auto erasing
starts, making it possible to read the status register. The status register bit 7 (SR7) is cleared to “0” at
the same time auto erasing starts, and set back to “1” when auto erasing finishes. In this case, the
microcomputer remains in read status register mode until the Read Array command is written next.

[ Start ]

v

Write the command code ‘2016’

v
Write ‘D016’ to the given block
address
NO
YES

Full status check

v

[ Block erase completed ]

Figure 17.10 Block Erase Flow Chart (When Not Using Erase-suspend Function)
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<EWO0 Mode>
[ Start J [ Interrupt(1. 2) J
v v
FMR40=1 FMR40=1
v

Write the command code ‘2016’

Write ‘D016’ to the
any block address

YES

Access to flash memory
NO ¢

FMR41=0
YES J

Full status check
REIT

v

[ Block erase completed ]

<EW1 Mode>
[ Start j [ Interrupt(2) J
) v
FMR40=1 Access to flash memory
v v
Write the command code ‘2016’ [ REIT ]
v
Write ‘D016’ to the
any block address

FMR41=0
NO
YES

Full status check

v

[ Block erase completed ]

NOTES:
1. In EWO0 mode, interrupt vector table for an interrupt used should be located in the RAM space.
2. td(SR-ES) is needed after an interrupt requst is generated before being acknowledged.

The interrupt to enter an erase-suspend should be in interrupt enabled status.

Figure 17.11 Block Erase Command (When Using Erase-suspend Function)
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17.4.4 Status Register
The status register indicates the operating status of the flash memory and whether an erase or pro-
gramming operation terminated normally or in error. The status of the status register can be known by
reading the FMR00, FMRO06, and FMRO7 bits in the FMRO register.
Table 17.5 lists the status register.
In EWO0 mode, the status register can be read in the following cases:
(1) When a given address in the user ROM area is read after writing the Read Status Register com-
mand
(2) When a given address in the user ROM area is read after executing the Program or Block Erase
command but before executing the Read Array command.

» Sequence Status (SR7 and FMROO0 Bits )
The sequence status indicates the operating status of the flash memory. SR7 = 0 (busy) during auto

programming and auto erase, and is set to “1” (ready) at the same time the operation finishes.

* Erase Status (SR5 and FMRO7 Bits)
Refer to Section 17.4.5, “Full Status Check.”

* Program Status (SR4 and FMRO06 Bits)
Refer to Section 17.4.5, “Full Status Check.”

Table 17.5 Status Register

Status FMRO Contents Value
register register Status name after
bit bit "0" 1 reset
SR7 (D7) FMROO Sequencer status Busy Ready 1
SR6 (Ds) — Reserved - - e
SR5 (Ds) FMRO7 Erase status Terminated normally | Terminated in error 0
SR4 (D4) FMRO6 Program status Terminated normally | Terminated in error 0
SR3 (D3) —_— Reserved - - —_—
SR2 (D2) —_— Reserved - - o
SR1 (D1) — Reserved - - E—
SRO (Do) E— Reserved - - —

« D7 to Do: Indicates the data bus which is read out when the Read Status Register command is executed.
» The FMRO7 bit (SR5) and FMRO06 bit (SR4) are set to “0” by executing the Clear Status Register com-

mand.
* When the FMRO7 bit (SR5) or FMRO06 bit (SR4) = 1, the Program and Block Erase commands are not
accepted.
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17.4.5 Full Status Check
When an error occurs, the FMR06 to FMRO7 bits in the FMRO register are set to “1”, indicating occur-
rence of each specific error. Therefore, execution results can be verified by checking these status bits
(full status check). Table 17.6 lists errors and FMRO register status. Figure 17.12 shows a full status
check flowchart and the action to be taken when each error occurs.

Table 17.6 Errors and FMRO Register Status

FRMOO register
(status register)

status

FMRO7
(SR5)

FMRO6
(SR4)

Error

Error occurrence condition

1

1

Command
sequence error

* When any command is not written correctly

* When invalid data was written other than those that can be writ-
ten in the second bus cycle of the Block Erase command (i.e.,
other than “D016” or “FF16")(1)

*When executing the program command or block erase command
while rewriting is disabled using the FMRO02 bit in the FMRO regis-
ter, the FMR15 or FMR16 bit in the FMRL1 register.

* When inputting and erasing the address in which the Flash
memory is not allocated during the erase command input.

* When executing to erase the block which disables rewriting dur-
ing the erase command input.

* When inputting and writing the address in which the Flash
memory is not allocated during the write command input.

* When executing to write the block which disables rewriting during
the write command input.

Erase error

* When the Block Erase command was executed but not automati-
cally erased correctly

Program error

» When the Program command was executed but not automatically
programmed correctly.

NOTES:

1. Writing ‘FF16’ in the second bus cycle of these commands places the microcomputer in read array
mode, and the command code written in the first bus cycle is nullified.
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17.4

CPU Rewrite Mode

( Full status check j

FMRO06 =1
and
FMR07=1?

Yes

Command sequence error

Erase error

FMRO06=07? yes Program error

No

v

[Full status check completed}

NOTES:
1. To rewrite to the address where the program error occurs,

the address after the block erase command is executed.

Command sequence error

v

Execute the clear status register command
(set these status flags to 0)

v

Check if command is properly input

v

[ Re-execute the command J

Erase error

v

Execute the clear status register command
(set these status flags to 0)

Y

Erase command
re-execution times
< 3 times?

Yes

( Re-execute block erase command j

Program error

v

Execute the clear status register command
(set these status flags to 0)

v

Specify the other address besides the
write address where the error occurs for
the program address @

v

( Re-execute program command j

check if the full status check is complete normally and write to

Block targeting for
erasure
cannot be used

Figure 17.12 Full Status Check and Handling Procedure for Each Error
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17.5 Standard Serial /0 Mode

In standard serial /O mode, the user ROM area can be rewritten while the microcomputer is mounted on-
board by using a serial programmer suitable for this microcomputer. Standard serial I/O mode has stan-
dard serial /0 mode 1 of the clock synchronous serial and standard serial /0 mode 2 of the clock
asynchronous serial. Refer to "Appendix 2 Connecting Examples for Serial Writer and On-chip Debug-
ging Emulator".For more information about serial programmers, contact the manufacturer of your serial
programmer. For details on how to use, refer to the user's manual included with your serial programmer.
Table 17.7 lists pin functions (flash memory standard serial I/O mode). Figures 17.13 to 17.15 show pin
connections for standard serial /O mode.

17.5.1 ID Code Check Function
This function determines whether the ID codes sent from the serial programmer and those written in
the flash memory match (refer to Section 17.3, “Functions to Prevent Flash Memory from Rewriting”).
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Table 17.7 Pin Functions (Flash Memory Standard Serial /0O Mode)

Pin Name 110 Description
. Apply the voltage guaranteed for Program and Erase to Vcc pin and

Vce,Vss Power input OV to Vss pin.

IVce IVce Connect capacitor (0.1 pF) to Vss.

RESET Reset input | Reset input pin.

) ) Connect a ceramic resonator or crystal oscillator between XIN and

P46/XIN P4e input/Clock input I XOUT pins in standard serial /0 mode 2. When using the main clock in
standard serial I/O mode 1, connect a ceramic resonator or crystal oscillator

P47/XouT P47 input/Clock output /O | between XIN and XOUT pins. When not using the main clock in standard
serial /0O mode 1, connect this pin to Vcc via a resistor(pull-up).

Avcc, AVss Analog power supply input | Connect AVss to Vss and AVcc to Vcc, respectively.

VREF Reference voltage input | Enter the reference voltage for AD from this pin.

P01 to PO7 Input port PO | Input "H" or "L" level signal or open.

Ploto P17 Input port P1 | Input "H" or "L" level signal or open.

P30 to P33 Input port P3 | Input "H" or "L" level signal or open.

P45 Input port P4 | Input "H" or "L" level signal or open.

POo TxD output O | Serial data output pin

MODE | MODE | yo | Standard serial /O mode 1: connect to flash programmer
Standard serial I/0O mode 2: Input "L".

CNVss CNVss I/O | Standard serial I/O mode 1: connect to flash programmer
Standard serial /O mode 2: Input "L".

P37 RxD input | Serial data input pin
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P4]s] P2l P2 ol e Fe] R

R8C/12

O

HHM4EMTM ® <::::>

EIEIEIEIEIEIEIE

[EEREHEEE
gg

OO0

_
Connect
oscillator
circuit(1)
Mode Setting
Signal Value a g
Voltage from & ||| NOTES: I L
CNVss progrgmmer o 1. No need to connect an oscillation circuit
MODE Voltage from when operating with on-chip oscillator clock.
programmer
RxD Voltage from *
programmer g
RESET Vss -->Vce 5

Package: PLQP0032GB-A (32P6U-A)

Figure 17.13 Pin Connections for Standard Serial /O Mode
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« Example of Circuit Application in the Standard Serial I/O Mode
Figures 17.14 and 17.15 show examples of circuit application in standard serial I/O mode 1 and
mode 2, respectively. Refer to the serial programmer manual of your programmer to handle pins
controlled by the programmer.

Microcomputer

MODE MODE
1/0
(" CNVssinput } 7)}\/\/\; | CNVss

Data output TxD
( Data input ) | RxD

Reset input RESET

User reset
signal

(1) Control pins and external circuitry will vary according to programmer.
For more information, see the programmer manual.

(2) In this example, modes are switched between single-chip mode and
standard serial /0 mode by connecting a programmer.

(3) When operating with on-chip oscillator clock, connecting the oscillation
circuit is not necessary. Refer to "Appendix figure 2.1 Connecting
Examples with USB Flash Writer (M3A-0665)".

Figure 17.14 Circuit Application in Standard Serial I/O Mode 1

Microcomputer

CNVss

Data output TxD

( Data input } -1 RxD

MODE

Neobwed Y

(2) In this example, modes are switched between single-chip mode and standard
serial /0O mode by controlling the MODE input with a switch.

(2) Connecting the oscillation is necessary. Set the main clock frequency 1MHz
to 20 MHz. Refer to "Appendix 2.2 Connecting examples with M16C Flash
Starter (M3A-0806)".

Figure 17.15 Circuit Application in Standard Serial /0 Mode 2
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18. On-chip debugger

The microcomputer has functions to execute the on-chip debugger. Refer to "Appendix 2 Connecting
examples for serial writer and on-chip debugging emulator”. Refer to the respective on-chip debugger
manual for the details of the on-chip debugger. Next, here are some explanations for the respective
functions. Debugging the user system which uses these functions is not available. When using the on-
chip debugger, design the system without using these functions in advance. Additionally, the on-chip
debugger uses the address "0C00016 to 0C7FF16 of the flash memory, thus avoid using for the user
system.

18.1 Address match interrupt
The interrupt request is generated right before the arbitrary address instruction is executed. The
debugger break function uses the address match interrupt. Refer to "10.4 Address match interrupt” for
the details of the address match interrupt. Also, avoid setting the address match interrupt (the registers of
AIER, RMADO, RMAD1 and the fixed vector tables) with using the user system when using the on-chip
debugger.

18.2 Single step interrupt
The interrupt request is generated every time one instruction is executed. The debugger single step
function uses the single step interrupt. The other interrupt is not generated when using the single step
interrupt. The single step interrupt is only for the developed support tool.

18.3 UART1
The UARTL is used for the communication with the debugger (or the personal computer). Refer to "13.
Serial Interface"” for the details of UART1. Also, avoid using the UART1 and the functions (POo/AN7 and
P37) which share the UART1 pins.

18.4 BRK instruction
The BRK interrupt request is generated. Refer to "10.1 Interrupt overview" and "R8C/Tiny series soft-
ware manual". Also, avoid using the BRK instruction with using the user system when using the on-chip
debugger.
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19. Usage Notes

19.1 Stop Mode and Wait Mode

19.1.1 Stop Mode
When entering stop mode, set the CM10 bit to “1” (stop mode) after setting the FMRO1 bit to “0” (CPU
rewrite mode disabled). The instruction queue pre-reads 4 bytes from the instruction which sets the
CM10 bit in the CML1 register to “1” (stop mode) and the program stops. Insert at least 4 NOP instruc-
tions after inserting the JMP.B instruction immediately after the instruction which sets the CM10 bit to
“1”.
Use the next program to enter stop mode.

» Program of entering stop mode
BCLR 1, FMRO ; CPU rewrite mode disabled
BSET 0, PRCR ; Protect exited
BSET 0,CM1 ; Stop mode
JMP.B LABEL_001
LABEL_001:
NOP
NOP
NOP
NOP

19.1.2 Wait Mode

When entering wait mode, execute the WAIT instruction after setting the FMRO1 bit to “0” (CPU re-
write mode disabled). The instruction queue pre-reads 4 bytes from the WAIT instruction and the
program stops. Insert at least 4 NOP instructions after the WAIT instruction.

Also, the value in the specific internal RAM area may be rewritten when exiting wait mode if writing to
the interna RAM area before executing the WAIT instruction and entering wait mode. The area for a
maximum of 3 bytes is rewirtten from the following address of the internal RAM in which the writing is
performed before the WAIT instruction. If this causes a problem, avoid by inserting the JMP.B instruc-
tion between the writing instruction to the internal RAM area and WAIT instruction as shown in the
following program example.

* Example to execute WAIT instruction
Program Example MOV.B #055h,0601h ; Write to internal RAM area
JMP.B LABEL_001
LABEL_001 :
FSET I ; Interrupt enabled
BCLR 1,FMRO ; CPU rewrite mode disabled
WAIT ; Wait mode
NOP
NOP
NOP
NOP
When accessing any area other than the internal RAM area between the writing instruction to the
internal RAM area and execution of the WAIT instruction, this situation will not occur.
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19.2 Interrupt
19.2.1 Reading Address 0000016

Do not read the address 0000016 by a program. When a maskable interrupt request is acknowledged,
the CPU reads interrupt information (interrupt number and interrupt request level) from 0000016 in the
interrupt sequence. At this time, the acknowledged interrupt IR bit is set to “0".

If the address 0000016 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 a problem that the interrupt is canceled, or
an unexpected interrupt is generated.

19.2.2 SP Setting
Set any value in the SP before an interrupt is acknowledged. The SP is set to “000016” after reset.
Therefore, if an interrupt is acknowledged before setting any value in the SP, the program may run out
of control.

19.2.3 External Interrupt and Key Input Interrupt
Either an “L” level or an "H” level of at least 250ns width is necessary for the signal input to the INTo to
INT3 pins and Klo to KI3 pins regardless of the CPU clock.

19.2.4 Watchdog Timer Interrupt
Reset the watchdog timer after a watchdog timer interrupt is generated.
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19.2.5 Changing Interrupt Factor

The IR bit in the interrupt control register may be set to “1” (interrupt requested) when the interrupt
factor is changed. When using an interrupt, set the IR bit to “0” (interrupt not request) after changing
the interrupt factor. In addition, the changes of interrupt factors include all elements that change the
interrupt factors assigned to individual software interrupt numbers, polarities, and timing. Therefore,
when a mode change of the peripheral functions involves interrupt factors, edge polarities, and timing,
set the IR bit to “0” (interrupt not requested) after the change. Refer to each peripheral function for the
interrupts caused by the peripheral functions.

Figure 19.1 shows an Example of Procedure for Changing Interrupt Factor.

C Interrupt factor change )

Disable Interrupt(2. 3)

Change interrupt factor (including mode of
peripheral functions)

Set IR bit to “0” (interrupt not requested) using
MOV instruction(®)

Enable interrupt(2. 3)

C Change completed )

« IR bit: The interrupt control register bit of an interrupt whose
factor is changed

NOTES:

1. Execute the above setting individually. Do not execute two
or more settings at once (by one instruction).

2. Use the | flag for the INTi (i=0 to 3) interrupt.
To prevent interrupt requests from being generated when
using peripheral function interrupts other than the INTi
interrupt factor. In this case, use the | flag when all
maskable interrupts can be disabled. When all maskable
interrupts cannot be disabled, use the ILVLO to ILVL2 bits
of the interrupt whose factor is changed.

3. Refer to “19.2.6 Changing Interrupt Control Register” for the
instructions to be used and their usage notes.

Figure 19.1 Example of Procedure for Changing Interrupt Factor
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19.2.6 Changing Interrupt Control Register
(1) Each interrupt control register can only be changed while interrupt requests corresponding to that
register are not generated. If interrupt requests may be generated, disable the interrupts before
changing the interrupt control register.

(2) When changing any interrupt control register after disabling interrupts, be careful with the instruc-
tion to be used.

When Changing Any Bit Other Than IR Bit
If an interrupt request corresponding to that register is generated while executing the instruction, the
IR bit may not be set to “1” (interrupt requested), and the interrupt request may be ignored. If this
causes a problem, use the following instructions to change the register.
Instructions to use: AND, OR, BCLR, BSET

When Changing IR Bit
If the IR bit is set to “0” (interrupt not requested), it may not be set to “0” depending on the instruction
used. Use the MOV instruction to set the IR bit to “0".

(3) When disabling interrupts using the | flag, set the | flag according to the following sample pro-
grams. Refer to (2) for the change of interrupt control registers in the sample programs.

Sample programs 1 to 3 are preventing the | flag from being set to “1” (interrupt enabled) before writing
to the interrupt control registers for reasons of the internal bus or the instruction queue buffer.

Example 1: Use NOP instructions to prevent | flag being set to “1”
before interrupt control register is changed

INT_SWITCH1:
FCLR | ; Disable interrupts
AND.B #00H, 0056H ; Set TXIC register to “0016”
NOP
NOP
FSET | ; Enable interrupts
Example 2: Use dummy read to have FSET instruction wait
INT_SWITCH2:
FCLR | ; Disable interrupts

AND.B #00H, 0056H ; Set TXIC register to “0016"
MOV.W MEM, RO ; Dummy read

FSET | ; Enable interrupts
Example 3: Use POPC instruction to change | flag
INT_SWITCH3:
PUSHC FLG
FCLR | ; Disable interrupts
AND.B #00H, 0056H ; Set TXIC register to “0016”
POPC FLG ; Enable interrupts
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19.3 Clock Generation Circuit
19.3.1 Oscillation Stop Detection Function
Since the oscillation stop detection function cannot be used if the main clock frequency is below
2MHz, set the OCD1 to OCDO bits to “002” (oscillation stop detection function disabled).

19.3.2 Oscillation Circuit Constants
Ask the maker of the oscillator to specify the best oscillation circuit constants on your system.
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19.4 Timers
19.4.1 Timers X, Y and Z
(1) Timers X, Y and Z stop counting after reset. Therefore, a value must be set to these timers and
prescalers before starting counting.

(2) Even if the prescalers and timers are read out simultaneously in 16-bit units, these registers are
read byte-by-byte in the microcomputer. Consequently, the timer value may be updated during the
period these two registers are being read.

19.4.2 Timer X
(1) Do not rewrite the TXMODO to TXMODZ1 bits, the TXMOD2 bit and TXS bit simultaneously.

(2) In pulse period measurement mode, the TXEDG bit and TXUND bit in the TXMR register can be
set to “0” by writing “0” to these bits in a program. However, these bits remain unchanged when “1”
is written. To set one flag to “0” in a program, write "1" to the other flag by using the MOV instruction.
(This prevents any unintended changes of flag.)

Example (when setting TXEDG bit to “0"):
MOV.B #10XXXXXXB,008BH

(3) When changing to pulse period measurement mode from other mode, the contents of the TXEDG bit
and TXUND bit are indeterminate. Write "0" to the TXEDG bit and TXUND bit before starting counting.

(4) The prescaler X underflow which is generated for the first time after the count start may cause that
the TXEDG bit is set to “1”. When using the pulse period measurement mode, leave more than
two periods of the prescaler X right after count starts and set the TXEDG bit to “0”".

19.4.3 Timer Y
(1) Do not rewrite the TYMODO and TYS bits simultaneously.

19.4.4 Timer Z
(1) Do not rewrite the TZMODO to TZMOD1 bits and the TZS bit simultaneously.

(2) In programmable one-shot generation mode and programmable wait one-shot generation mode,
when setting the TZS bit in the TC register to “0” (stops counting) or setting the TZOS bit in the
TZOC register to “0” (stops one-shot), the timer reloads the value of reload register and stops.
Therefore, the timer count value should be read out in programmable one-shot generation mode
and programmable wait one-shot generation mode before the timer stops.

19.4.5 Timer C
(1) Access the TC, TMO and TM1 registers in 16-bit units.
This prevents the timer value from being updated between the low-order byte and high-order byte
are being read.

Example (when Timer C is read):
MOV.W 0090H,RO ; Read out timer C
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19.5 Serial Interface
(1) When reading data from the UiRB (i=0,1) register even in the clock asynchronous serial /O mode or
in the clock synchronous serial I/O mode. Be sure to read data in 16-bit unit. When the high-byte of
the UiIRB register is read, the PER and FER bits of the UiRB register and the RI bit of the UiC1
register are set to "0".

Example (when reading receive buffer register):
MOV.W 00A6H, RO ; Read the UORB register

(2) When writing data to the UiTB register in the clock asynchronous serial I/O mode with 9-bit transfer
data length, data should be written high-byte first then low-byte in 8-bit unit.

Example (when reading transmit buffer register):

MOV.B #XXH, 00A3H ; Write the high-byte of UOTB register
MOV.B #XXH, 00A2H ; Write the low-byte of UOTB register
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19.6 A/D Converter
(1) When writing to each bit but except bit 6 in the ADCONO register, each bit in the ADCONL register, or
the SMP bit in the ADCONZ2 register, A/D conversion must be stopped (before a trigger occurs).
When the VCUT bit in the ADCONL1 register is changed from “0” (VREF not connected) to “1” (VREF
connected), wait at least 1 ps before starting A/D conversion.

(2) When changing AD operation mode, select an analog input pin again.

(3) In one-shot mode, A/D conversion must be completed before reading the AD register. The IR bit in
the ADIC register or the ADST bit in the ADCONO register can indicates whether the A/D conversion
is completed or not.

(4) In repeat mode, the undivided main clock must be used for the CPU clock.

(5) If A/D conversion is forcibly terminated while in progress by setting the ADST bit in the ADCONO
register to “0” (A/D conversion halted), the conversion result of the A/D converter is indeterminate. If

the ADST bit is set to “0” in a program, ignore the value of AD register.

(6) A 0.1 pF capacitor should be connected between the AVcc/VREF pin and AVss pin.
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19.7 Flash Memory Version
19.7.1 CPU Rewrite Mode
e Operation Speed
Before entering CPU rewrite mode (EWO0 mode), select 5MHz or below for the CPU clock using the
CMO06 bit in the CMO register and the CM16 to CM17 bits in the CM1 register. This usage note is not
needed for EW1 mode.

e Instructions Diabled Against Use
The following instructions cannot be used in EW0 mode because the flash memory internal data is
referenced: UND, INTO and BRK instructions.

e How to Access
Write “0” to the corresponding bits before writing “1” when setting the FMRO1, FMR02, and FMR11
bits to "1". Do not generate an interrupt between writing “0” and “1”.

e Rewriting User ROM Area

In EWO0 mode, if the power supply voltage drops while rewriting any block in which the rewrite control
program is stored, the flash memory may not be able to be rewritten because the rewrite control
program cannot be rewritten correctly. In this case, use stnadard serial I/O mode.

e Reset Flash Memory
Since the CPU stops and cannot return when setting the FMSTP bit in the FMRO register to “1” (flash
memory stops) during erase suspend in EW1 mode, do not set the FMSTP bit to “1”.

e Entering Stop Mode or Wait Mode
Do not enter stop mode or wait mode during erase-suspend.
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e Interrupt
Table 19.1 list the Interrupt in EWO0 Mode and Table 19.2 lists the Interrupt in EW1 Mode.

Table 19.1 Interrupt in EW0 Mode

Mode Status When maskable When watchdog timer, oscillation stop detection, and
interrupt request is voltage detection interrupt request are acknowledged
acknowledged
EWO During auto- | Any interrupt can be | Once an interrupt request is acknowledged, the auto-
matic erasing | used by allocating a | programming or auto-erasing is forcibly stoped and
vector to RAM resets the flash memory. An interrupt process starts

after the fixed period and the flash memory restarts.
Since the block during the auto-erasing or the address
during the auto-programming is forcibly stopped, the
normal value may not be read. Execute the auto-eras-
ing again and ensure the auto-erasing is completed
normally.

Since the watchdog timer does not stop during the
command operation, the interrupt request may be
generated. Reset the watchdogi timer regularly.

Automatic
writing

NOTES:
1. Do not use the address match interrupt while the command is executed because the vector of the
address match interrupt is allocated on ROM.
2. Do not use the non-maskable interrupt while Block 0 is automatically erased because the fixed bector is
allocated Block 0.
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Table 19.2 Interrupt in EW1 Mode

Mode

Status

When maskable interrupt
request is acknowledged

When watchdog timer, oscillation stop detection and

voltage detection interrupt request area acknowledged

EW1

During auto-
matic erasing
(erase-sus-
pend func-
tion is en-
abled)

During auto-
matic erasing
(erase-sus-
pend func-
tion is dis-
abled)

The auto-erasing is sus-
pended and the interrupt pro-
cess is executed. The auto-
erasing can be restarted by
setting the FMR41 bit in the
FMR4 register to “0” (erase
restart) after the interrupt
process completes

Auto pro-
gramming

The auto-erasing has a prior-
ity and the interrupt request
acknowledgement is waited.
The interrupt process is ex-
ecuted after the auto-erasing
completes

The auto-programming has a
priority and the interrupt re-
guest acknowledgement is
waited. The interrupt process
is executed after the auto-
programming completes

Once an interrupt request is acknowledged,
the auto-programming or auto-erasing is forc-
ibly stopped and resets the flash memory. An
interrupt process starts after the fixed period
and the flash memory restarts. Since the block
during the auto-erasing or the address during
the auto-programming is forcibly stopped, the
normal value may not be read. Execute the
auto-erasing again and ensure the auto-eras-
ing is competed normally. Since the watchdog
timer does not stop during the command op-
eration, the interrupt request may be gener-
ated. Reset the watchdog timer regularly using
the erase-suspend function.

NOTES:

1. Do not use the address match interrupt while the command is executed because the vector of the
address match interrupt is allocated on ROM.
2. Do not use the non-maskable interrupt while Block 0 is automatically erased because the fixed bector is
allocated Block 0.
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19.8 Noise
(1) Bypass Capacitor between Vcc and Vss Pins
Insert a bypass capacitor (at least 0.1 uF) between Vcc and Vss pins as the countermeasures against
noise and latch-up. The connecting wires must be the shortest and widest possible.

(2) Port Control Registers Data Read Error
During severe noise testing, mainly power supply system noise, and introduction of external noise, the
data of port related registers may changed. As a firmware countermeasure, it is recommended to
periodically reset the port registers, port direction registers and pull-up control registers. However, you
should fully examine before introducing the reset routine as conflicts may be created between this
reset routine and interrupt routines (i. e. ports are switched during interrupts).

(3) CNVss Pin Wiring
In order to improve the pin tolerance to noise, insert a pull down resistance (about 5 kQ) between
CNVss and Vss, and placed as close as possible to the CNVss pin.
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20. Usage notes for on-chip debugger

When using the on-chip debugger to develop the R8C/12 group program and debug,
pay the following attention.

(1) Do not use P0o/AN7/TxD11 pin and P37/TxD1o/RXxD1 pin.

(2) When write in the PD3 register (00E71s address), set bit 7 to "0".

(3) Do not access the related serial interface 1 register.

(4) Do not use from OC0001s address to OC7FF1s address because the on-chip debugger uses these
addresses.

(5) Do not set the address match interrupt (the registers of AIER, RMADO, RMAD1 and the fixed
vector tables) in a user system.

(6) Do not use the BRK instruction in a user system.

(7) Do not set the b5 to “0” by a user program since the on-chip debugger uses after setting the b5 in
the FMRO register to “1”

(8) The stack pointer with up to 8 bytes is used during the user program break. Therefore, save space
of 8 bytes for the stack area.

Connecting and using the on-chip debugger has some peculiar restrictions. Refer to each on-chip
debugger manual for on-chip debugger details.
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Appendix 1. Package Dimensions
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Appendix 2. Connecting examples for serial writer and on-chip debugging emulator
Appendix figure. 2.1 shows connecting examples with USB Flash Writer and appendix figure 2.2
shows connecting examples with M16C Flash Starter.

R8C/12
=D

\\ © O 77
8 7
O O O O

REYET Vss ~_

O O |: Connect

4 O O 3 CNvss oscillator

RxD O O 1 Vee circuit®
MODE 2

A

USB Flash Writer
(M3A-0665)

RxD

User reset signal
NOTES:
1. No need to connect an oscillation circuit when operating with
on-chip oscillator clock.

Appendix figure 2.1 Connecting examples with USB Flash Writer (M3A-0665)

o

Vss

10
—O O
D 7 a
o O (OR@)
Vss v
O O|: Connet
4 O 0O oscillator
RxD| 1 circuit®
O O—n,
cc
A
M16C Flash Starter 9 g
(M3A-0806) & i

with the on-chip oscillator clock.

; NOTES:
7J7_ 1. Need to connect the oscillator circuit, even when operating

Appendix figure 2.2 Connecting examples with M16C Flash Starter (M3A-0806)
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Appendix figure 2.3 shows connecting examples with emulator E7.

mmm%m%mm

R8C/12

EIEEREEEE
é

[29]

=]

o
I

mmp4seTm Ve

13 %
O Oreser
11
_O O RxD (g 7L
—O O
N
o) OEMODE Connect
5 oscillator
—O O . circuit(®)
—O O
O O—+ *
CNVss
A
Emulator E7 e User reset signal
(HS0007TCUO1H) .
NOTES:

1. No need to connect an oscillation circuit when operating with on-chip oscillator clock.

Appendix figure 2.3 Connecting examples with emulator E7 (HSO007TCUO1H )
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Appendix 3. Example of Oscillation Evaluation Circuit
Appendix Figure 3.1 shows the Example of Oscillation Evaluation Circuit.

EZEZE%EH

R8C/12 Group

O

[Tl 4lTs]TelT AATe] ‘__<::::>

EIBIERERIER]
é

ki [BIBIRIR & 1R

O
N

Connect
oscillation
circuit

RESET

AW

NOTES:
1. Set a program before evaluating.

Appendix figure 3.1 Example of Oscillation Evaluation Circuit
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Register Index

A PD3 119

AD 107 PD4 119

ADCONO 106, 108, 110 PMO 31

ADCON1 106, 108, 110 PM1 31

ADCON2 107 PRCR 30

ADIC 39 PREX 57

AIER 52 PREY 66
PREZ 74

C PUM 67, 69, 71, 75, 77, 79, 81, 84

CMO 19 PURO 120

CM1 19 PUR1 120

D R

DRR 120 RMADO 52
RMAD1 52

F
S

FMRO 145

FMR1 146 SORIC 39

FMR4 146 SOTIC 39
S1RIC 39

! SI1TIC 39

INTOF 46 T

INTOIC 39

INT1IC 39 TC 87

INT2IC 39 TCCO 49, 87

INT3IC 39 TCC1 49, 87

INTEN 46 TCIC 39
TCSS 57, 67, 75

K TMO 87

KIEN 50 TX 57

KUPIC 39 TXIC 39
TXMR 48, 56, 58, 59, 60, 61, 63

= TYIC 39

OCD 20 TYPR 66

OFS 54 TYSC 66
TYZMR 48, 65, 69, 71, 73, 77, 79, 81, 84

P TYZOC 66, 74

PO 119 TZIC 39

P1 119

P3 119

P4 119

PDO 119

PD1 119
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TZPR 74
TZSC 74

U

UOBRG 91
uoco 92
UuoCl 93
UOMR 92
UORB 91
uoTB 91
UlBRG 91
Uuico 92
UiCl 93
UIMR 92
UlRB 91
UilTB 91
UCON 93

w

WDC 54
WDTR 54
WDTS 54
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Table 6.1 Clock Generation Circuit Specifications NOTES: 2 deleted
20 Figure 6.3 OCD Register NOTES: 3 partly deleted
22 6.2 On-Chip Oscillator Clock;
“The application products ... to accommodate the frequency range.” -
“The application products ... for the frequency change.” revised
24 Table 6.2 Setting Clock Related Bit and Modes CM13 added
28 6.5.1 How to Use Oscillation Stop Detection Function:
“This function cannot ... is below 2 MHz.” added
32 Table 9.1 Bus Cycles for Access Space, Table 9.2 Access Unit and Bus Operation;
“SFR” - “SFR, Data flash”,
ROM/RAM” - “Program ROM/RAM" revised
37 Table 10.2 Relocatable Vector Tables; “A/D” - “A/D Conversion” revised
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Page Summary
1.20 [Jan.27.2006 45 Figure 10.9 Interrupts Priority Select Circuit NOTES: 1 deleted
56 Figure 12.1 Timer X Block Diagram; “Peripheral data bus” - “Data bus” revised
73 Figure 12.18 Timer Z Block Diagram; “Peripheral data bus” - “Data bus” revised
91 Figure 13.3 UOTB to U1TB Registers, UORB and U1RB Registers, and UOBRG
and U1BRG Registers;
UARTI transmit buffer register (i=0, 1) revised
UARTI bit rate register (i=0, 1); NOTES: 3 added
92 Figure 13.4 UOMR to ULIMR Registers and UOCO and U1CO Registers;
UARTI transmit/receive control register 0 (i=0, 1); NOTES: 1 added
93 Figure 13.5 UOC1 and U1C1 Registers and UCON Register;
UART transmit/receive control register 2; NOTES: 2 added
100 Table 13.5 Registers to Be Used and Settings in UART Mode;
UiBRG: “-" - “0to 7" revised
105 Figure 14.1 A/D Converter Block Diagram “Vref” - “Vcom” revised
114 14.7 Output Impedance of Sensor under A/D Conversion added
117 Figure 15.1 Programmable I/O Ports (1); NOTES: 1 added
118 Figure 15.2 Programmable I/O Ports (2); NOTES: 1 added
119 Figure 15.3 Programmable I/O Ports (3); NOTES: 1 added
120 Figure 15.4 Programmable I/O Ports (4); NOTES: 3 added
128 Table 15.20 Port P33/INT3/TCIN Setting; Bit: “PD3_1" - “PD3_3”
Table 15.22 Port P4s/INTo Setting; Bit: “PD3_3" - “PD4_5"
Table 15.23 Port Xin/P4s, XouTt/P47 Setting;
Setting value: External input to Xin pin, “H” output from Xout pin;
CM1: “1" 5 “0", CMO: “0” - “1”, Feedback resistance: “OFF” - “ON”"
130 Table 16.2 Recommended Operating Conditions; NOTES: 1, 2, 3 revised
131 Table 16.3 A/D Conversion Characteristics;
“A/D operation clock frequency” — “A/D operating clock frequency” revised
NOTES: 1, 2, 3, 4 revised
132 Table 16.4 Flash Memory (Program ROM) Electrical Characteristics;
“Data retention duration” - “Data hold time” revised
“Topr” - “Ambient temperature”
NOTES: 1 to 7 added
Measuring condition of byte program time and block erase time deleted
133 Table 16.5 Flash Memory (Data flash Block A, Block B) Electrical characteristics
“Data retention duration” - “Data hold time” revised
“Topr” - “Ambient temperature”
NOTES: 1, 3 revised, NOTES: 9 added
Measuring condition of byte program time and block erase time deleted
134 Table 16.7 Electrical Characteristics (1) [Vcc=5V];
“Plo to P17 Except Xout” — “Except Plo to P17, Xout” revised
Table 16.8 Electrical Characteristics (2) [Vcc=5V]
NOTES: 1, 2 revised
Measuring condition Stop mode: “Topr= 25°C” added
137 Table 16.14 Electrical Characteristics (3) [Vcc=3V]
“Ploto P17 Except Xout” - “Except Plo to P17, Xout” revised
138 Table 16.15 Electrical Characteristics (4) [Vcc=3V]
NOTES: 1, 2 revised
Measuring condition Stop mode: “Topr= 25°C” added
142 17.2 Memory Map;

“The user ROM ... Block B, in...area which ...” -
“The user ROM ... Block B (data flash), in...area (program ROM) which ...” revised
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1.20 |Jan.27.2006 Figure 17.1 Flash Memory Block Diagram revised

147 Figure 17.3 FMRO Register; NOTES: 7 added

148 Figure 17.4 FMR1 and FMR4;
Flash memory control register 4 NOTES: 2 “Other than this period, this bit is set to
“0"." revised

154 Figure 17.11 Block Erase Command (When Using Erase-suspend Function);
“Write ‘D016’ to the uppermost block address” —
“Write ‘D016’ to the any block address” revised

157 Figure 17.12 Full Status Check and Handling Procedure for Each Error revised

159 Table 17.7 Pin Functions (Flash Memory Standard Serial I/O Mode);
RESET: revised

163 19.1.1 Stop Mode
“Use the next program to enter stop mode.” added
“s Example of entering stop mode” - “e Program of entering stop mode”
“Program Example” deleted

167 19.3.1 Oscillation Stop Detection Function
“Since the oscillation stop ... is 2 MHz or below, ...” -
“Since the oscillation stop ... is below 2 MHz, ...” revised

177 Appendix figure 2.2 Connecting examples with M16C Flash Starter (M3A-0806);

NOTES: 1 revised
Pulled up added
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