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Notice

1.

13.
14,

Descriptions of circuits, software and other related information in this document are provided only to illustrate the operation of semiconductor products
and application examples. You are fully responsible for the incorporation or any other use of the circuits, software, and information in the design of your
product or system. Renesas Electronics disclaims any and all liability for any losses and damages incurred by you or third parties arising from the use of
these circuits, software, or information.
Renesas Electronics hereby expressly disclaims any warranties against and liability for infringement or any other claims involving 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, including but not limited to, the product data, drawings, charts, programs, algorithms, and application examples.
No license, express, implied or otherwise, is granted hereby under any patents, copyrights or other intellectual property rights of Renesas Electronics or
others.
You shall be responsible for determining what licenses are required from any third parties, and obtaining such licenses for the lawful import, export,
manufacture, sales, utilization, distribution or other disposal of any products incorporating Renesas Electronics products, if required.
You shall not alter, modify, copy, or reverse engineer any Renesas Electronics product, whether in whole or in part. Renesas Electronics disclaims any
and all liability for any losses or damages incurred by you or third parties arising from such alteration, modification, copying or reverse engineering.
Renesas Electronics products are classified according to the following two quality grades: “Standard” and “High Quality”. The intended applications for
each Renesas Electronics product depends on the product’s quality grade, as indicated below.

"Standard": Computers; office equipment; communications equipment; test and measurement equipment; audio and visual equipment; home

electronic appliances; machine tools; personal electronic equipment; industrial robots; etc.
"High Quality": Transportation equipment (automobiles, trains, ships, etc.); traffic control (traffic lights); large-scale communication equipment; key
financial terminal systems; safety control equipment; etc.

Unless expressly designated as a high reliability product or a product for harsh environments in a Renesas Electronics data sheet or other Renesas
Electronics document, Renesas Electronics products are not intended or authorized for use in products or systems that may pose a direct threat to
human life or bodily injury (artificial life support devices or systems; surgical implantations; etc.), or may cause serious property damage (space system;
undersea repeaters; nuclear power control systems; aircraft control systems; key plant systems; military equipment; etc.). Renesas Electronics disclaims
any and all liability for any damages or losses incurred by you or any third parties arising from the use of any Renesas Electronics product that is
inconsistent with any Renesas Electronics data sheet, user's manual or other Renesas Electronics document.
No semiconductor product is absolutely secure. Notwithstanding any security measures or features that may be implemented in Renesas Electronics
hardware or software products, Renesas Electronics shall have absolutely no liability arising out of any vulnerability or security breach, including but not
limited to any unauthorized access to or use of a Renesas Electronics product or a system that uses a Renesas Electronics product. RENESAS
ELECTRONICS DOES NOT WARRANT OR GUARANTEE THAT RENESAS ELECTRONICS PRODUCTS, OR ANY SYSTEMS CREATED USING
RENESAS ELECTRONICS PRODUCTS WILL BE INVULNERABLE OR FREE FROM CORRUPTION, ATTACK, VIRUSES, INTERFERENCE,
HACKING, DATA LOSS OR THEFT, OR OTHER SECURITY INTRUSION (“Vulnerability Issues”). RENESAS ELECTRONICS DISCLAIMS ANY AND
ALL RESPONSIBILITY OR LIABILITY ARISING FROM OR RELATED TO ANY VULNERABILITY ISSUES. FURTHERMORE, TO THE EXTENT
PERMITTED BY APPLICABLE LAW, RENESAS ELECTRONICS DISCLAIMS ANY AND ALL WARRANTIES, EXPRESS OR IMPLIED, WITH
RESPECT TO THIS DOCUMENT AND ANY RELATED OR ACCOMPANYING SOFTWARE OR HARDWARE, INCLUDING BUT NOT LIMITED TO THE
IMPLIED WARRANTIES OF MERCHANTABILITY, OR FITNESS FOR A PARTICULAR PURPOSE.
When using Renesas Electronics products, refer to the latest product information (data sheets, user’'s manuals, application notes, “General Notes for
Handling and Using Semiconductor Devices” in the reliability handbook, etc.), and ensure that usage conditions are within the ranges specified by
Renesas Electronics with respect to maximum ratings, operating power supply voltage range, heat dissipation characteristics, installation, etc. Renesas
Electronics disclaims any and all liability for any malfunctions, failure or accident arising out of the use of Renesas Electronics products outside of such
specified ranges.
Although Renesas Electronics endeavors to improve the quality and reliability of Renesas Electronics products, semiconductor products have specific
characteristics, such as the occurrence of failure at a certain rate and malfunctions under certain use conditions. Unless designated as a high reliability
product or a product for harsh environments in a Renesas Electronics data sheet or other Renesas Electronics document, Renesas Electronics products
are not subject to radiation resistance design. You are responsible for implementing safety measures to guard against the possibility of bodily injury,
injury or damage caused by fire, and/or danger to the public in the event of a failure or malfunction of Renesas Electronics products, 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 and impractical, you are
responsible for evaluating the safety of the final products or systems 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. You are responsible for carefully and sufficiently investigating applicable laws and regulations that regulate the inclusion or use of
controlled substances, including without limitation, the EU RoHS Directive, and using Renesas Electronics products in compliance with all these
applicable laws and regulations. Renesas Electronics disclaims any and all liability for damages or losses occurring as a result of your noncompliance
with applicable laws and regulations.

. Renesas Electronics products and technologies shall 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. You shall comply with any applicable export control laws and regulations
promulgated and administered by the governments of any countries asserting jurisdiction over the parties or transactions.

. ltis the responsibility of the buyer or distributor of Renesas Electronics products, or any other party who distributes, disposes of, or otherwise sells or

transfers the product to a third party, to notify such third party in advance of the contents and conditions set forth in this document.

This document shall not be reprinted, 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.

(Note1) “Renesas Electronics” as used in this document means Renesas Electronics Corporation and also includes its directly or indirectly controlled

subsidiaries.

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

(Rev.5.0-1  October 2020)

Corporate Headquarters Contact information
TOYOSU FORESIA, 3-2-24 Toyosu, For further information on a product, technology, the most up-to-date
Koto-ku, Tokyo 135-0061, Japan version of a document, or your nearest sales office, please visit:

www.renesas.com

www.renesas.com/contact/.
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Electronics Corporation. All trademarks and registered trademarks
are the property of their respective owners.
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General Precautions in the Handling of Microprocessing Unit and Microcontroller
Unit Products

The following usage notes are applicable to all Microprocessing unit and Microcontroller unit products from Renesas. For detailed usage notes on the
products covered by this document, refer to the relevant sections of the document as well as any technical updates that have been issued for the products.

1. Precaution against Electrostatic Discharge (ESD)
A strong electrical field, when exposed to a CMOS device, can cause destruction of the gate oxide and ultimately degrade the device operation. Steps
must be taken to stop the generation of static electricity as much as possible, and quickly dissipate it when it occurs. Environmental control must be
adequate. When it is dry, a humidifier should be used. This is recommended to avoid using insulators that can easily build up static electricity.
Semiconductor devices must be stored and transported in an anti-static container, static shielding bag or conductive material. All test and measurement
tools including work benches and floors must be grounded. The operator must also be grounded using a wrist strap. Semiconductor devices must not be
touched with bare hands. Similar precautions must be taken for printed circuit boards with mounted semiconductor devices.

2. Processing at power-on
The state of the product is undefined at the time when power is supplied. The states of internal circuits in the LSI are indeterminate and the states of
register settings and pins are undefined at the time when power is supplied. In a finished product where the reset signal is applied to the external reset
pin, the states of pins are not guaranteed from the time when power is supplied until the reset process is completed. In a similar way, the states of pins in
a product that is reset by an on-chip power-on reset function are not guaranteed from the time when power is supplied until the power reaches the level
at which resetting is specified.

3. Input of signal during power-off state
Do not input signals or an 1/0 pull-up power supply while the device is powered off. The current injection that results from input of such a signal or I/O
pull-up power supply may cause malfunction and the abnormal current that passes in the device at this time may cause degradation of internal elements.
Follow the guideline for input signal during power-off state as described in your product documentation.

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

5. Clock signals
After applying a reset, only release the reset line after the operating clock signal becomes stable. When switching the clock signal during program
execution, wait until the target clock signal is stabilized. When the clock signal is generated with an external resonator or from an external oscillator
during a reset, ensure that the reset line is only released after full stabilization of the clock signal. Additionally, when switching to a clock signal produced
with an external resonator or by an external oscillator while program execution is in progress, wait until the target clock signal is stable.

6. Voltage application waveform at input pin
Waveform distortion due to input noise or a reflected wave may cause malfunction. If the input of the CMOS device stays in the area between Vi. (Max.)
and Vix (Min.) due to noise, for example, the device may malfunction. Take care to prevent chattering noise from entering the device when the input level
is fixed, and also in the transition period when the input level passes through the area between Vi (Max.) and Vi1 (Min.).

7. Prohibition of access to reserved addresses
Access to reserved addresses is prohibited. The reserved addresses are provided for possible future expansion of functions. Do not access these
addresses as the correct operation of the LS| is not guaranteed.

8. Differences between products
Before changing from one product to another, for example to a product with a different part number, confirm that the change will not lead to problems.
The characteristics of a microprocessing unit or microcontroller unit products in the same group but having a different part number might differ in terms of
internal memory capacity, layout pattern, and other factors, which can affect the ranges of electrical characteristics, such as characteristic values,
operating margins, immunity to noise, and amount of radiated noise. When changing to a product with a different part number, implement a system-

evaluation test for the given product.



How to Use This Manual

Readers This manual is intended for user engineers who wish to understand the functions of the RL78/G15
and design and develop application systems and programs for these devices.

The target products are as follows.

e  8-pin: R5F1200x (x =7, 8) e 16-pin: R5F1204x (x =7, 8)
® 10-pin: R5F1201x (x =7, 8) ® 20-pin: R5F1206x (x =7, 8)
Purpose This manual is intended to give users an understanding of the functions described in the

Organization below.

Organization The RL78/G15 manual is separated into two parts: this manual and the software edition (common

to the RL78 family).

RL78/G15 RL78 Family
User’s Manual User’'s Manual
Hardware Software
® Pin functions ® CPU functions
® Internal block functions ® |nstruction set
® nterrupts ® Explanation of each instruction

® Other on-chip peripheral functions

® Electrical specifications

How to Read It is assumed that the readers of this manual have general knowledge of electrical engineering,
This Manual logic circuits, and microcontrollers.

® To gain a general understanding of functions:
— Read this manual in the order of the CONTENTS. The mark “<R>" shows major revised
points. The revised points can be easily searched by copying an “<R>" in the PDF file
and specifying it in the “Find what:” field.

® How to interpret the register format:
— For a bit number enclosed in angle brackets, the bit name is defined as a reserved word
in the assembler, and is defined as an sfr variable using the #pragma sfr directive in the
compiler.

® To know details of the RL78/G15 Microcontroller instructions:
— Refer to the separate document RL78 Family User’'s Manual: Software (RO1US0015E).



Conventions Data significance: Higher digits on the left and lower digits on the right

Active low representations: xxx (overscore over pin and signal name)

Note: Footnote for item marked with Note in the text
Caution: Information requiring particular attention
Remark: Supplementary information
Numerical representations: Binary ... XXXX OF XXXXB

Decimal ... XXXX

Hexadecimal ... xxxxH

Related The related documents indicated in this publication may include preliminary versions. However,

Documents preliminary versions are not marked as such.

Documents Related to Devices

Document Name

Document No.

RL78/G15 User's Manual Hardware

RO1UHO959E

RL78 Family User's Manual Software

RO1US0015E

Documents Related to Flash Memory Programming and On-chip Debugging

Document Name

Document No.

PG-FP5 Flash Memory Programmer User’s Manual

R RL78, 78K, V850, RX100, RX200, RX600 (Except RX64x), R8C, SH R20UT2923E
Common R20UT2922E
Setup Manual R20UT0930E
PG-FP6 Flash Memory Programmer User's Manual Note 1
E1, E20 Emulator User’'s Manual R20UT0398E
E2 Emulator User’'s Manual R20UT3538E
E2 Lite Emulator User’'s Manual R20UT3240E

Renesas Flash Programmer Flash Memory Programming Software User's Manual

Note 2

Note 1. For the documentation of PG-FP6, see the website below.
https://www.renesas.com/us/en/software-tool/pg-fp6

Note 2. For the documentation of Renesas Flash Programmer, see the website below.

https://www.renesas.com/us/en/software-tool/renesas-flash-programmer-programming-gui

Caution The related documents listed above are subject to change without notice. Be sure to use the

latest version of each document when designing.




Other Documents

Document Name Document No.

Renesas Microcontrollers RL78 Family

R01CP0003E
Semiconductor Package Mount Manual R50ZZ0003E
Semiconductor Reliability Handbook R51ZZ0001E

Caution The related documents listed above are subject to change without notice. Be sure to use the

latest version of each document when designing.

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

EEPROM is a trademark of Renesas Electronics Corporation.

SuperFlash is a registered trademark of Silicon Storage Technology, Inc. in several countries including the United
States and Japan.

Caution: This product uses SuperFlash® technology licensed from Silicon Storage Technology, Inc.




Table of Contents

CHAPTER 1 OUTLINE ...ttt 19
1.1 T 10 ] SRR 19
1.2 List Of Part NUMDEIS ..ottt e e e e e st e e e e nbe e e e e neee e e ennees 22
1.3 Pin Configuration (TOP VIEW).....coceeiiieiii ettt et e e e e e e e e e e e e e e e snbaeeeeaeeeeannnns 24

1.31 e o1 T o] o Yo 11 o2 £ SRR 24
1.3.2 IO o] g T o] oo I8 [ - T 25
1.3.3 LR o] g I o] Lo 11 Ted - T USRS 26
1.34 D24 0o T T o] o o 11 o £ 29
14 L 10 o L= o 1T o T o SRS 31
1.5 [ oTed [q I =T [ = o o R USRS 32
1.5.1 £ R I o] o o 11 o £ 32
1.5.2 L0 o] g I o] o 11 L] - T PRSP 33
1.5.3 ISR o] gl o] oo I8 [y - T, 34
154 b4 0 R o 1o T o] oo [F o] £ 3PP 35
1.6 OULINE Of FUNCHONS ...t e e e e e e e e e e e e e e e e e e eeeaaeeas 36

CHAPTER 2 PIN FUNCTIONS ...t e e e e e e 38

2.1 Lo o o U1 Voo ) o OO PEER 38
211 e o1 T o] o o 18 o2 {3 PP PPPRP 38
21.2 L0 o] g I o]0 o 11 L] - T PP 39
21.3 ST o1 T o] o Yo 18 o (=SSR 40
21.4 D240 R o1 T o] oo [F o1 =3RRI 41

2.2 Functions other than port pins ... 43
221 Functions for @ach ProdUCT ...........oooiiiii e 43
222 Pins for each product (pins other than port pins) ... 44

2.3 ConNection Of UNUSEA PINS ......ooiiiiiiiie et e e e e e e s e ee e e e e e e s e nnnnneeeeaaeeas 45

24 BIOCK Diagrams Of PiNS.........eiiiiiiiie ittt et ne e e e 46

CHAPTER 3 CPUARCHITECTURE ......ccoiiiiiiiiiieeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee e 55
3.1 OVBIVIBW ..ttt ettt ettt e e e et e e e sa bt e e e e ante e e e e anteeeeeamteeeeeanbeeeeeanteeeesanteeaeeanteeaesanseeaenns 55
3.2 LY gL YA o= Lo Y PP O P ERPRN 56

3.21 Internal program MEMOIY SPACE .....ccueii ittt ee e et e e e e e e e et ee e e e e e e e e snnneeeeeaaeeas 59
3.2.2 YT o] =T (=T PRSP 62
3.2.3 Internal data MemMOrY SPACE .......cooiiiiiiiiie e 63
3.24 Special function register (SFR) @rea..........ccccuviiiiiiieiiiee e 63
3.2.5 Extended special function register (2nd SFR: 2nd Special Function Register) area........... 63
3.2.6 Data Memory addreSSiNg ......ccco i e e eeeea 64
3.3 ProCeSSOr REQISIEIS ... ...t e e e e e e e e e e e e e s et e e eeeeseesnnntaaeeeaaeseaaanes 65

3.3.1 L070] 1 (o] I (=T 1) LT PR 65



3.3.2 GENEral-pUIPOSE FEGISTEIS .. ..eiiiiiiiiie et e e e e s e e e s e e e annaeens 68

3.3.3 ES @Nd CS reQISTEIS .. .uueiiiiiiie et e e e e e e e e e e e e e e e aae s 69
3.34 Special function registers (SFRS) ......oiuiiiiiii e 70
3.35 Extended special function registers (2nd SFRs: 2nd Special Function Registers) ............. 73

3.4 INStruCtion AdAreSS AdArESSING ....ccoiueiiieiiiiei ettt s ab e e e b e e e e 78
3.4.1 Relative addreSSiNg .......uuviiiiiei et a e e e e e e 78
3.4.2 IMmmediate addreSSING........eiii i e e 79
3.4.3 Table iNdireCt addreSSINgG .........ueeeiiiie e e e e e e e ea e e as 80
3.4.4 Register indirect addreSSing ...........uvviiiiiiiiiie e 80

3.5 Addressing for Processing Data ADAreSSES .........cooiiiiiiiiiiiiie ittt e e e enees 81
3.5.1 o] ol T=To JR=To [o | =TT o o PRSP 81
3.5.2 T o5 (=T = To (o [ ST o To I UEPPR P 82
3.5.3 D1 g=Tor A= To (o L =YSTT 1 o T PRSP 83
3.54 Short direCt addreSSING ....ccoiveiie e 84
3.55 T = To (o [ Y= g Vo R RS 85
3.5.6 Register indirect addreSSing ...........uvviiiiiiiii e 86
3.5.7 Based addreSSiNg ........eeeiiiiiiie e e e s ete e e e anreeeeen 87
3.5.8 Based indexed addreSSiNg.........uuuiiiiiieiiiiiiie et 91
3.5.9 STACK @AArESSING.....ce ittt nre e 92

3.6 lllegal Memory Access Detection FUNCHON..........ooo e 95
CHAPTER 4 PORT FUNCTIONS ...t e e e 97
4.1 POt FUNCHONS. ...ttt e e et e e e b e e s ebb e e e e e bee e e e eanes 97
4.2 POrt CoNfIGUIAtION ........eeiee et eb e e e bre e e e 97
4.2.1 o o B R 98
422 & 0TSSR 98
423 o B T PSPPSR 98
424 o & A 1SR 99
425 o & A 1 USRI 99

4.3 Registers Controlling Port FUNCHON .........oooiiiii e 100
4.3.1 Port mode registers 0, 2, 4, 12 (PMO, PM2, PM4, PM12) .....ooiiiiiiiiiiieee e 103
43.2 Port registers 0, 2, 4, 12, 13 (PO, P2, P4, P12, P13) ...oiiiiiiiee e 105
4.3.3 Pull-up resistor option registers 0, 2, 4, 12 (PUO, PU2, PU4, PU12).......cccoiiiiiiiiiee. 107
434 Port input mode registers 0, 2, 4 (POMO, POM2, POMA4).......cccciiiiiiiiei e 109
4.3.5 Port mode control registers 0, 2 (PMCO, PMC2) ......cuuiiiiiiiiieiiee e 110
4.3.6 Peripheral 1/O redirection registers 0 to 3 (PIORO0 to PIOR3)........cccociiiiiiiiiiiiiiieeeiee, 111

4.4 Port FUNCLON OPEIatioNS.........coiuiiii ettt et e e st e e e s ente e e e e snneeeeeans 115
441 AT 5 e TR (o TN @ o T o SRR 115
442 Reading from 1/O POIt ... 115
443 Operations 0N /O POt ... ettt e e e e e e et e e e e e e e e e e aneeeeeeaeeeaaannes 115

4.5 Register Settings When Using Alternate FUNCHON ... 116

451 Basic concept when using alternate function.............ccccooviii i 116



452 Register settings for alternate function whose output function is not used ...................... 117

453 Register setting examples for used port and alternate functions.............ccccceviiiniicninns 118

4.6 Cautions When Using Port FUNCHON ..........ooiiiiiiiiie e 127
461 Cautions on 1-bit manipulation instruction for port register n (Pn) .......ccccoooiiiiiiiiiinnnne 127
4.6.2 Notes on specifying the pin SEiNGS ......ccovciiiiiiii e 128
CHAPTER 5 CLOCK GENERATOR....ciii e eeeeeeees 129
5.1 FUuNCctions of CIOCK GENEIAON . ..........uiiiiiieie e e 129
5.2 Configuration of CIOCK GENEIator ...........eiiiiiiiie et 131
53 Registers Controlling CIOCK GENErator...........cooiuiiiiiiiiie e 133
5.3.1 Clock operation mode control register (CMC) .........cooviiiieiiiiie e 134
5.3.2 System clock control register (CKC) ... ....ii i 135
5.3.3 Clock operation status control register (CSC) .........oiiiiiiiiiiiiei e 136
534 Oscillation stabilization time counter status register (OSTC) ......ccocveviiiiee i, 138
5.3.5 Oscillation stabilization time select register (OSTS) .......uiviiiiii e 140
5.3.6 Peripheral enable register 0 (PERO) ........oouiiiiiiiiii e 142
5.3.7 Operation speed mode control register (OSMC) ........cccuuiviiiiiire i 144
5.3.8 High-speed on-chip oscillator frequency select register (HOCODIV)........ccccveviiieiiiinnenn. 145
5.3.9 High-speed on-chip oscillator trimming register (HIOTRM).........oooiiiiiiniiee, 146

5.4 System CIOCK OSCIIAtON..........eeiiiiei e e e e e anneee s 147
5.4.1 X1 oscillator (16-pin and 20-pin products ONIY) .......ceeeeiiiiiie i 147
54.2 High-speed on-Chip OSCIlIAtOr...........ooueiii e 150
543 Low-speed on-Chip OSCIlIAtOr ......... ..o 150

5.5 Clock Generator OPEration..............eoiiiiiiiiiiiiie ettt et e et e e e snee e e e anneeens 150
5.6 (070] 1 17| 1 o T 0 [ o 1SRRI 152
5.6.1 Example of setting high-speed on-chip oscillator ..............ccccveiiiiiiiie e, 152
5.6.2 Example of setting X1 oscillation CIOCK ............cocuiiiiiiiiiii e 153
5.6.3 CPU clock status transition didgram ...........ocueeiiiiiiiiii e 154
5.6.4 Condition before changing CPU clock and processing after changing CPU clock............ 157
5.6.5 Time required for switchover of CPU clock and main system clock.............cccccooviiiennne 158
5.6.6 Conditions before clock oscillation is StOPPed ...........ooi i 158

5.7 Resonator and Oscillator CoNSIANtS.........ooueiii i 159
CHAPTER 6  TIMER ARRAY UNIT ..o 160
6.1 Functions of TImer Array UNit...........ooooiiiiiiiii e e e e e e e e e e ae e e e e e e e e nanes 162
6.1.1 Independent channel operation fUNCiON......... ..o 162
6.1.2 Simultaneous channel operation fUNCLON ..............oooiiiiiiii e 165
6.1.3 8-bit timer operation function (channels 1 and 3 only)........occociiiiiiii 167

6.2 Configuration of Timer Array UNit...........oooiiiiiiiiiie e e e e 168
6.2.1 Timer count register MmN (TCRIMN) ....oooiiiiii e 173
6.2.2 Timer data register mn (TDRMN) ... e e 175

6.3 Registers Controlling Timer Array UNit........c..ooi i e e e snreee e 177



6.4

6.5

6.6

6.7

6.8

6.9

6.3.1 Peripheral enable register 0 (PEROD) ........cccuiiiiiiiiie e 178

6.3.2 Timer clock select register m (TPSM)......uviiiiiii e 179
6.3.3 Timer mode register mn (TMRMN).....oooiiiiii e 183
6.3.4 Timer status register MN (TSRMN)......coiiiiii e e 189
6.3.5 Timer channel enable status register m (TEM)........cccooveiiiiiiiiieeee e 190
6.3.6 Timer channel start register m (TSM) ......oooiiiii e 191
6.3.7 Timer channel stop register M (TTM).......ooii i 193
6.3.8 Timer output enable register M (TOEM) ....cooii i 194
6.3.9 Timer output register M (TOM) ... 195
6.3.10  Timer output level register M (TOLM) ......c.uiiiiiiiiie e e e e sneeeeeens 196
6.3.11  Timer output mode register m (TOMM) ........ooiiiiiiiiiie e 197
6.3.12  Input switch control register (ISC).........coiii e 198
6.3.13 Noise filter enable registers 1 (NFENT) ......oooiiiiii i 199
6.3.14  Registers controlling port functions of pins to be used for timer /O.............ccccccoeeivnnnnn. 201

Basic Rules of Timer Array UNit ........cc.eiiiiiiiee ettt ee e e e e st e e e e snte e e e s sneeeeeenns 202
6.4.1 Basic rules of simultaneous channel operation function..............ccccooiiiinii e, 202
6.4.2 Basic rules of 8-bit timer operation function (channels 1 and 3 only)........ccccccovevieviinen.. 204

(O 01=T =1 (o] Wo N ©1o T8 ] o | (=1 SR 205
6.5.1 L0710 )l et (o Tod [Q (i YT RSP 205
6.5.2 Start timing Of COUNTET ......ooo e e 207
6.5.3 Operation Of COUNTET ..........uuiiiiiie e e et e e e e e e 208

Channel Output (TOMN PiN) CONEIOL........cooiiiiiiiii e 213
6.6.1 TOmN pin output circuit CoNfigUration .............coooiiiiiiiiiii e 213
6.6.2 TOMN PIiN OUIPUL SEHING....coi i 215
6.6.3 Cautions on channel output OPeration .............cc.uveiiiiiiiiiiiiie e 216
6.6.4 Collective manipulation of TOMN Dit...........cooiiiiiiiiiiie e 222
6.6.5 Timer interrupt and TOmn pin output at count operation start...............ccccooiiiiiiiiine 224

Timer INPUt (TIMN) CONIOL .. ..eeiiiiiieee e e e e e e e e e e e st e e e e e e e e aenrneeees 225
6.7.1 TImn input circuit CoNfIQUIation ............oociiiiiii e e 225
6.7.2 [N Lo LT 11 T TR 225
6.7.3 Cautions on channel input OPeration ... 226

Independent Channel Operation Function of Timer Array Unit............ccoccciiiiiiiieiiiiiiiieeee e 227
6.8.1 Operation as interval timer/square wave OUIPUL .............cccueiiiiiiiiiiiiiie e, 227
6.8.2 Operation as external @VEeNt COUNTET............coocuiiiiiiii e e e e 233
6.8.3 Operation as frequency divider (channels 0 and 3 0Nly) ..o 238
6.8.4 Operation as input pulse interval measurement ..............cccocceeeiiiiiiiiiiiec e, 245
6.8.5 Operation as input signal high-/low-level width measurement .................ccoeciiiiiieneiinnns 250
6.8.6 Operation as delay COUNTET ... i s e 255

Simultaneous Channel Operation Function of Timer Array Unit ..........ccccccooiiiiiiiiiie e, 260
6.9.1 Operation as one-shot pulse output fUNCHON .............oooiiiiiiiiiii e, 260
6.9.2 Operation @as PWM fUNCLON .........oooiiiiiiiiie et e e e e e e e 270

6.9.3 Operation as multiple PWM output fUNCLION ..........cooiiiiiiiiie e 279



6.9.4 Operation as two-channel input with one-shot pulse output function ................................ 290

6.10 Cautions When Using Timer Array UnNit...........oooiiiiiiiiiic e 299
6.10.1  Cautions when using timer OUIPUL............ccuiiiiiiiii e 299
CHAPTER 7  12-BIT INTERVAL TIMER ... 300
71 Functions of 12-bit Interval TIMEr ........cooo e e 300
7.2 Configuration of 12-bit Interval TIMer ... 300
7.3 Registers Controlling 12-bit Interval TIMer ...........ooiiiiiii e e 301
7.3.1 Peripheral enable register 0 (PERO) ........oouiiiiiiiiiei e 301
7.3.2 Operation speed mode control register (OSMC) ........ccuuiiiiiiiiiii e 302
7.3.3 Interval timer control register (ITMC) .........oiii e eaee e 303
7.4 12-bit Interval Timer OpPeration..........o e e e e e e e e 304
7.4.1 12-bit interval timer operation timMiNg...........ooiiiiii e 304

742 Start of count operation and re-enter to HALT/STOP mode after returned from
HALT/STOP MOGE ...ttt ettt st e s e st esmeeemteeneeeneeneeeas 305
CHAPTER 8 CLOCK OUTPUT/BUZZER OUTPUT CONTROLLER .......ccccceiiiiiees 306
8.1 Functions of Clock Output/Buzzer Output CONtroller .............oocviiiiiii i 306
8.2 Configuration of Clock Output/Buzzer Output Controller..............oocciiiiiieee i, 307
8.3 Registers Controlling Clock Output/Buzzer Output Controller............ccccoiiiiiiiiiiiiiiiee e 307
8.3.1 Clock output select register 0 (CKS0)....oiiii it 308
8.3.2 Registers controlling port functions of clock output/buzzer output pin..........ccccceeeevnnnnnen. 309
8.4 Operations of Clock Output/Buzzer Output Controller ..............coooviciiiiiie i 310
8.4.1 Operation @s OUEPUL PIN........eeiiiie et e e e e e e e e e e ee e e e e e e e e ennes 310
CHAPTER 9 WATCHDOG TIMER ...cooiiiiiiiiieeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee e 311
9.1 Functions of WatChdog TimMer.........oooiii i e e e e e e e e e e e eanes 311
9.2 Configuration of Watchdog TimEr..........eeiiiiiiiiieee e a e e 312
9.3 Register Controlling Watchdog TimMer.........coo i a e 313
9.3.1 Watchdog timer enable register (WDTE)........ooiiiiiiiiie e 313
9.4 Operation of Watchdog TIMET .........ooiiiiiiii e 314
9.4.1 Controlling operation of watchdog timer ... 314
9.4.2 Setting time of watchdog timer........ ..o 315
CHAPTER 10 A/D CONVERTER ... 316
10.1  FUNCLION Of A/D CONVEIET ..ottt ettt ettt ettt sa e s bt e e be e e smbe e e sneeesnneeens 316
10.2  Configuration Of A/D CONVEIMET ........uiiiiiiiie ettt et e e e e ee e e e ennte e e e ennee e e e ennteeeeennees 318
10.3 Registers Controlling A/D CONVEIET .........uiiiiiiiiieieiiee e eeiee e ettt e et a e e stee e e s seeee e e sneeeeseneeeeeannees 320
10.3.1  Peripheral enable register 0 (PERO) ........cocuuiiiiiiiiiii e 321
10.3.2  A/D converter mode register 0 (ADMO) ........ooiiiiiiiiieiiiiie e e e 322
10.3.3  A/D converter mode register 2 (ADM2) ........cooiiiiiiiiiieiec et 326

10.3.4  10-bit A/D conversion result register (ADCR) ........ccooiiiiiiiiiii e 327



10.3.5  8-bit A/D conversion result register (ADCRH) .........cocoiiiiiiiiiiieiiee e 328
10.3.6  Analog input channel specification register (ADS).........cccceveeiiiiciiiiiiee e 329
10.3.7  A/D test register (ADTES) .....cooi e 330
10.3.8 Registers controlling port function of analog iNput PiNS .........cccocviiiiiii e, 330
10.4  A/D Converter Conversion OPerations .........oooouueeiiiiio et e e e e e eeeaee s 331
10.5 Input Voltage and Conversion RESUILS ..o 333
10.6  A/D Converter Operation MOAES ..........oooviiiiiiiiiiiiee e 335
10.7  A/D Converter Setup FIOWChArt........ ... e e e 336
10.7.1  Setting up ANIO to ANIT0 for A/D CONVEISION ......cceieiiiiiiiiee e e e et e e e e e e e e 336
10.7.2  Setting up the internal reference voltage for A/D CONVErsion .........ccccceeeveicvieiereeeeeicceeeeen, 337
10.8 How to Read A/D Converter Characteristics Table .............cccoiiiiiiiiiiiie e 338
< Tt B =TT ] [V (oo P PPPR R RR 338
10.8.2  OVEIAII BITON ...ttt ettt sa e e bt e s an e e s b e e e nneeenaneeeas 338
(O T T @ U =1 o1 (= 111 =5 o ) SRS 339
10.8.4  ZEIO-SCAIE ©ITON ... ittt e ettt e e e e e e e ettt e e e e e e e e e absteeeeaeeeeannenneeas 339
10.8.5  FUIFSCAIE EITON ...ttt s b e e anr e naneeaa 339
10.8.6  INtegral lINEAIItY ©ITOF .....coo ittt e e e e snneee s 339
10.8.7  Differential IN@AritY ©ITOF.........coi i e e e e e snneee s 340
10.8.8  CONVEISION LIME .. .eiiiiiieiiie ettt e bt e e ser e e ane e e naneeeas 341
10.8.9  SamPliNG tIME ....ceeiiiee et e ettt e e st e e e e e e snneee s 341
10.9  NOES ON AJD CONVEIET ...ttt ettt e e as e sb e et e esar e e aneeenareena 342
10.9.1  Operating current in STOP MOGE .........oiiiiiiiiiieiiiiie et e e seeee e e snnaee s 342
10.9.2 Input voltage on ANIO t0 ANITO PINS....ccciiiiiiieiiee e e 342
10.9.3  Conflicting OPEratioNns ...........ooiiiiiiii e 342
10.9.4  NOISE COUNTEIMEASUIES ....ooiiiiiiieiiie ettt e e ettt e e e e e e et e e e e e e e e e aaebaeeeeeeeeeaannenneeas 342
10.9.5  Analog iNPUt (ANIN) PINS ..eeeiiiiieiieeee e e e e e s e e e e e e s re e e e e e e e sanrnneees 343
10.9.6  Input impedance of analog input (ANIN) PINS.........coiiiiiiiiii e 344
10.9.7  Interrupt request flag (ADIF) ....ooeeiiiiieee e 344
10.9.8 Conversion results just after A/D conversion start............cccccooovciiiiiiee e 344
10.9.9  A/D conversion result register (ADCR, ADCRH) read operation...........cccccccceeviieerennnnenn. 344
10.9.10 Internal equivalent CIrCUIt ... 345
10.9.11  Starting the A/D CONVEIET ...t e e e e e e e e e e e e enanee s 345
CHAPTER 11 COMPARATOR ...t e e e e e eeenees 346
11.1 Comparator FUNCLONS ...ttt e e e e e e e e e e e e e e er e e e e e e e e annneeneaaaeeas 346
11.2  Comparator CoNfIGUIAtioN ..........cooiiiiiiii e 347
11.3  Registers Controlling the Comparator .............c.eei e 349
11.3.1  Peripheral Enable Register 0 (PERD) ........c..uiiiiiiiiiiie e 350
11.3.2 Comparator Mode Setting Register (COMPMDR).........cooiiiiiiiiiiii e 351
11.3.3  Comparator Filter Control Register (COMPFIR)........cc.ooiiiiiiiiiiiie e 353
11.3.4  Comparator Output Control Register (COMPOCR).........cocuiiiiiiiiiieiiieee e 355
11.3.5 Registers Controlling Port Functions of Comparator /O Pins ...........cccccciiieiiniiieiininen, 356



11.4  Comparator n Operation (N =0, 1) ..o e e e e e e e e e e s e e nnnraaeaaaeeas 357

11.4.1  Comparator n Digital Filter Operation (N =0, 1)....coiiiiiiiiiiiieeeee e 358
11.4.2 Comparator n Interrupt Operation (N =0, 1) c..eiiiiiiiiiie e 358
11.4.3  Comparator N OUPUL (N = 0, 1) e 358
11.5 Comparator Setting FIOWChAMS ............oooiiiiiiii e 359
11.5.1  Enabling Comparator Operation (in the Case of CMPO) ..........cccccceeviiiiiiiiiiei e, 360
11.5.2 Disabling Comparator Operation (in the Case of CMPO).............cccceveveiiiiciiiiieee e, 361
CHAPTER 12 SERIAL ARRAY UNIT ..o e e e 362
12,1 Functions of Serial Array UNit............oooiiiii e 363
12.1.1  Simplified SPI (CSI00, CSI0T) ....eiiiiieie ettt ee e ee e e seee e s e e s eeeesneeesneeens 363
12.1.2  UART (UARTO) ittt ettt ettt e et e et e smte e e mse e e seeeemteeaaneeeaneeeanseeeanseeanneeans 364
12.1.3  Simplified I2C (IIC00, IICOT) . .ciiieieuieteeiiete ettt sttt see e e e eeneeneas 365
12.2  Configuration of Serial Array URNit..........ooueiiiiiii e 366
L2 TS 1 =T | ) (Y ST SPS 368
12.2.2  Lower 8 or 9 bits of the serial data register mn (SDRMN).........cccccoiiiiiiiiee, 369
12.3 Registers to Control the Serial Array UNit...........oooiiiiiiii e 371
12.3.1  Peripheral enable register 0 (PEROD) .........ccuiiiiiiiiie et e e 372
12.3.2  Serial clock select register m (SPSM)......oouiiiiii e 373
12.3.3  Serial mode register mn (SMRMN) .....ooiiiiiii e 374
12.3.4  Serial communication operation setting register mn (SCRMN).........ccccccviviiiiiiiiierenneenn, 376
12.3.5 Serial data register mn (SDRMN).......cuuiiiiiiii e 379
12.3.6  Serial flag clear trigger register mn (SIRMN) ....cooiiiiiiiii e 381
12.3.7  Serial status register mn (SSRMN) .......ooiiiiiii e 382
12.3.8  Serial channel start register M (SSM) .......ocuuiiiiii e 384
12.3.9  Serial channel stop register M (STM) ..o 385
12.3.