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Notice

1. 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.

2. 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.

3. Nolicense, express, implied or otherwise, is granted hereby under any patents, copyrights or other intellectual property rights of Renesas Electronics or
others.

4. 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.

5. 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.

6. 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.

7. 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.

8. 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.

9. 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.

10. 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.

11. 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.

12. 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.

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

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

(Notel) “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:
WWWw.renesas.com www.renesas.com/contact/
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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 I/O 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 LSI, 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 V, (Max.)
and V| (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 V,_(Max.) and V4 (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 LSI 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.



Readers

Purpose

Organization

How to Read This Manual

How to Use This Manual

This manual is intended for user engineers who wish to understand the functions of the
RL78/G1A and design and develop application systems and programs for these devices.
The target products are as follows.

25-pin: R5F10E8x (x = A, C, D, E)
32-pin: R5F10EBx (x = A, C, D, E)
48-pin: R5F10EGx (x = A, C, D, E)
64-pin: R5F10ELx (x = C, D, E)

This manual is intended to give users an understanding of the functions described in the
Organization below.

The RL78/G1A manual is separated into two parts: this manual and the instructions edition
(common to the RL78 Microcontroller).

RL78/G1A RL78 family
User’s Manual User's Manual:
(This Manual) Software
e Pin functions e CPU functions
¢ Internal block functions o Instruction set
e Interrupts e Explanation of each instruction

e Other on-chip peripheral functions

Electrical specifications

It is assumed that the readers of this manual have general knowledge of electrical
engineering, logic circuits, and microcontrollers.
e 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.

e 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.

e To know details of the RL78G1A Microcontroller instructions:
— Refer to the separate document RL78 family User's Manual: Software (R01US0015E).



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 S XXXX
Hexadecimal ---xxxxH
Related Documents The related documents indicated in this publication may include preliminary versions.

However, preliminary versions are not marked as such.

Documents Related to Devices

Document Name Document No.
RL78/G1A User's Manual Hardware This manual
RL78 Family User's Manual: Software RO1US0015E

Documents Related to Flash Memory Programming

Document Name Document No.

PG-FP5 Flash Memory Programmer User's Manual R20UTO008E

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 R51Z2Z0001E

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.




CONTENTS

(04 5 7N o I e T © 1 I 0 1 1
1.1 FRALUIES ... ettt 1
1.2 List of Part NUMDErS .......... s s s 4
1.3 Pin Configuration (TOP VIEW) ......cciiiiiiiicccieiirreiiissccsssssss e s s s ssssssssssss e s essssssssmsnsssssssssssssmsssssesssssnmsnes 6

G TR 22 o1 o T o o [ o £ 0 6
R o[ I o o T [1 o2 T PSP PP 7
B PRC TG T o1 o T o] o [ o £ 8
R I G 7 o[ I o 0T [¥ o1 T O PRSP PRP 10
1.4 Pin IdentifiCation......... .. e 12
1.5 BIOCK DI@QIram ......ccccccceeiiriiiiiiicsssmenessesssss s ssmses s e sssssssssssssn s e s e s sss s samnnssenesassssssnnnnsensssssnnnnennnsnnssnnsnn 13
R TR B2 o1 T o] Yo [ o £ 0N 13
LRSI o[ I o] 0T [¥ o1 T O PRSP PR 14
B TRC T o1 T o] o [ o £ 0 15
ST G 7 o [ I o 0T [¥ o1 T O P PRSP TUPRP 16
1.6 Outline Of FUNCLIONS........o s 17
CHAPTER 2 PIN FUNCTIONS ......coiiiiiiiiicceiinre s sssmsns s s e s sss s sssnn e s s s s ss s s sammnn s e s s sessnssnsnmnssnsansssnnnnnes 19
20 B oo o 8 ¥ T 4T o o N 19
D I 22 o[ I ] o To 18 o3 SRR SR 20
D BV ¥ o[ o I o oo 18 (o1 ¢ UR PRSP 22
F IR I 3 B o o o] oo [¥ o] - T TP PSP R PRSP PPPPP 24
b I S o o I o oo 1§ o1 ¢ PR PRSP 26
2.2 Functions Other than POrt Pins ... sssr e s 29
2.2.1 With functions for @ach ProduCE..............uuiiiiiii i e e e 29
2.2.2 Explanation of FUNCHON ... et e e e e e et e e e e e e e e aeeeas 33
2.3 Pin 1/O Circuits and Recommended Connection of Unused Pins.........ccccccueevimrrccceersncceennnnns 35
2.4 Block Diagrams Of PiNS ... s s s s s 36
CHAPTER 3 CPU ARCHITECTURE ........coi it me e ms s s s s s 47
B R I 1T =T 4T R - o - 47
3.1.1 Internal program MEMOIY SPACE.........ciiiiuuieeiitiee ettt e e ab et e e et et e e ab et e e eate e e s sabe e e e aabeeeanteeeenanees 54
B T B |V [ o =T = TP EUPPR 57
3.1.3 Internal data MEMOTY SPACE ......ccoiiuiiiiiiiiei ettt ettt e e ae e et e e e 59
3.1.4 Special function register (SFR) @r€a..........coiuiiiiiiiiie e e e e e s e e e e enee 60
3.1.5 Extended special function register (2nd SFR: 2nd Special Function Register) area.......................... 60
3.1.6 Data memory addreSSINgG .........ecoiiiiiiiiiiiiiee et e et e e e et e e e et e e e e e e e e e e e e e nnraeeeas 61
3.2 ProcCesSOr REGIStOrS.......ccccciieiriiiiiiisissssneiee e s s isssssssmsne e s e s ssssssssmsse e e e e s ssss s smnsneeesesasssssnnsnnesnssanssssnnnnns 62
020 B 00T o114 o N =Y 1] (== O 62
3.2.2 GENEral-PUIPOSE FEUISIEIS ...ttt ettt et e et e e s e e e ebb e e e et e e e aanes 64
B2 T S = T To I @ T 1] (= SO 65
3.2.4 Special function registers (SFRS) ......cco it 66



3.2.5 Extended special function registers (2nd SFRS).........ccuiiiiiiiiiiiiie e 72

3.3 Instruction Address AddresSing........ccucceeriiiirriiniis i —————— 79
3.3.1 Relative @ddrEeSSIiNg ......couuiiiiiiiiee e 79

3.3.2 Immediate addreSSINg .....ccooiueiiiiiiee e e e e e e e e e e e e e e e e e e nnraeeeas 79

3.3.3 Table INdIreCt AdArESSING .....cocuiiiiiiiiie ittt e e st et e et e 80

3.3.4 Register direCt adareSSINg ... . ..uiiiiiiiiiie et e e e e e e e e e e e e e e e aeeeas 81

3.4 Addressing for Processing Data AddreSSes .....ccccccvviiiccisemrrerninssssssssesesssssssssssssssssesssssssssssssnenes 82
B 20 I g o 1=To =T [ [ =TT oo [P SUPRRS 82

3.4.2 RegISIEr @0ArESSING. .. .ciiuuiiieiitiie ettt e e e e e ba e 82

2 B =Y or = To [0 [y =TS g T PSP UPPRPE 83

3.4.4 Short direCt @dArESSING......ccciiuriiiiiiiie ettt e et e et e et e e 84

B SIS o = To [0 [ 17 o O 85

3.4.6 Register indireCt addreSSiNg .......oooiuiiiiiiiii e 86

B I A = 7= T1=To B To [o | (=TS o o PSPPSR 87

3.4.8 Based iNdeXed addreSSiNg ........ccoiiuiiiiiiii et 91

BT e TS = o] =T [0 14 Y11 oo O 92
CHAPTER 4 PORT FUNCTIONS ... iiiceiirer s sssssmsnr s s s s sss s smsns s e s s s s s s ssmnn e s s s s sas s sannnesenssassnnmnnns 96
L N B oo o A ¥ T o o = 96
4.2 Port Configuration ... s 97
g T o o T T T T OO T PO P U TP UPPRPRPPI 98

A o o R OO PTPUPPTRRPI 98

2.3 POI 2.ttt ettt b e bt e e e b et nr e e s 99

R o o e T TP PRTPPTSRPI 99

2.5 POIT 4.ttt et s n e et st e et e enae e 100

I o o T TSPV UST 100

2.7 PO Bttt ettt Lo h et h ettt a e s n e et sn e st e e 100

R B o o TSRS TR 101

.29 POIt 12 ittt p e bt bttt e e bt ne e 101
e LI o Ty At 1 TSP R PRSP 101
A2 PO A e ettt b ettt ae e b e 102
e o T4 At TSRS 102

4.3 Registers Controlling Port FUNCLION ..........coooi i e 103
4.3.1 Port Mode regiSters (PIMXX) ... uu et e ettt e e e e e ettt e e e e e e s e aaae e e e e e e e eaannsseeeaaaeaaasnneeaaeaaannens 105

4.3.2 POIt FEOISIEIS (PXX) .. utiieieiie e i eeiiie et e e e e e ettt e e e e e sttt e e e e e e seabaaeeeaeeesaasassaeeeaeesaasssssseeeesnsraneeaeeeannnnes 106

4.3.3 Pull-up resistor option registers (PUXX) ......ccciiriieiiiiiie e 107

4.3.4 Port input mode registers (PIMXX) .........ccciuiiiiiei et e e e e e e et e e e e e e e e saneeaaeeannnens 108

4.3.5 Port output mode rediSters (POMXX) .....cocuurieiieieeiiieie et e e nnee s 109

4.3.6 Port mode control registers (PMOCXX).......uuuiiiieiiiiiiiiieiie s eeeie et et e e e e e e st e e e e e e e e senaraeeeaaeesennes 110

4.3.7 A/D port configuration register (ADPC)..........ocuiiiiiiiie ittt 111

4.3.8 Peripheral I/O redirection register (PIOR)..........cooiiiiiiei et e e e rraa e e e e 112

4.3.9 Global digital input disable register (GDIDIS) ........ccciiiiiiiiie e 113
4.3.10 Global analog input disable register (GAIDIS)...........ooiiiiiiiiiiiieie e e e 114

4.4 Port Function Operations ...........ccccueiiiinimisi s s s s sasna s 115
o o I VAY T To IR (o TN 1@ I o Yo AP USSP PURSPPPPRIN 115

4.4.2 Reading from /O POIT ... ..ottt e et e et an 115



4.4.3 Operations ON /O PO ...ttt e e e bt e e r e e e an 115

4.4.4 Handling different potential (1.8 V or 2.5 V) by using EVDD < VDD .......oooiiiiiiiiiiieeeeeeccieeee e 116

4.4.5 Handling different potential (1.8 V or 2.5 V) by using I/O buffers...........cccocoviiiiiiiiieee 116

4.5 Register Settings When Using Alternate Function ..o 118
4.5.1 Basic concept when using alternate fUNCLON.............ooiiiiiiiiii e 118

4.5.2 Register settings for alternate function whose output function is not used ...........ccccccoviviiinenienn. 119

4.5.3 Register setting examples for used port and alternate functions .............cccoooiiiiiiiiiiii e 120

4.6 Cautions When Using Port FUNCLION.......ccco oo 137
4.6.1 Cautions on 1-bit manipulation instruction for port register n (Pn).........ccoocoeiiiiiiiiii e 137

4.6.2 Notes on specifying the pin SEtHNGS ......cooeiiii e 138
CHAPTER 5 CLOCK GENERATOR ......ccoiiicciemrirreinssssssmsre s s ssssssssssmss s s s s ssss s sssmms e s s sssnssssssmssnnssnssnsnnnes 139
5.1 Functions of CIOCK Generator............cccccieiirerierirssrerrsssnresssssssessssssessesssssesssssssesssssnsessassnsesanns 139
5.2 Configuration of CIoCK Generator ... s s e s mnnes 141
5.3 Registers Controlling Clock Generator...........ccccuceceerrrerrerrsssrerrsssseersssseesssssseesssssssessesssneeeens 143
5.3.1 Clock operation mode control register (CIMC) ........oooi i 143

5.3.2 System clock control register (CKC)........ueiii it e e enraeee s 146

5.3.3 Clock operation status control register (CSC) ......c.uiiiiiiiiiiiieeee e 147

5.3.4 Oscillation stabilization time counter status register (OSTC).......ccccviiiiiiiiiiiiiee e 148

5.3.5 Oscillation stabilization time select register (OSTS) .......uviiiiiiiiiiiie e 150

5.3.6 Peripheral enable register 0 (PERO)...........cooiiiiiiiiiie et e e e e e e 152

5.3.7 Subsystem clock supply mode control register (OSMC).........coociiiiiiiiiiiiie e 155

5.3.8 High-speed on-chip oscillator frequency select register (HOCODIV) ........cccvveviiiiiiiiiiieieee e 156

5.3.9 High-speed on-chip oscillator trimming register (HIOTRM) .......ooo i 157

5.4 System CIOCK OSCIllator ..........cccvieeoiiiirererrrcsre e srsser e e e s s s s e essssn e e s sn e e se s ne e e e s mr e e nssmnenenns 158
Lo G B0 =T =1 o PR ST 158

LT I o T =1 (o) OSSPSR 158

5.4.3 High-speed on-Chip OSCIlIATOr ...........viiiiic e 162

5.4.4 Low-speed ON-Chip OSCIIATON ........uuuiii e eeeeeeeeee 162

5.5 Clock Generator Operation ... s 163
LI 007 41 o | 11T 05 oY 165
5.6.1 Example of setting high-speed on-chip 0SCIllator ... 165

5.6.2 Example of setting X1 0SCillation CIOCK..........ccccuiiiiiie e 166

5.6.3 Example of setting XT1 0SCIllation CIOCK..........ccoooiiiiiiiiii e 167

5.6.4 CPU clock status transition diagrami.............coooiiiiiiiiei i 168

5.6.5 Condition before changing CPU clock and processing after changing CPU clock ............cccccoeenes 174

5.6.6 Time required for switchover of CPU clock and system clocK ...........c.cccooiiiiiiiiii i, 176

5.6.7 Conditions before clock oscillation iS StOPPEd .........cooiiiiiiiiiii e 177

5.7 Resonator and Oscillator Constants.........cccccccerirremrrncsrerrrssee s ss e s s se e e sme e eees 178
CHAPTER 6 TIMER ARRAY UNIT ... s s e mmmn s s e mmnnes 183
6.1 Functions of Timer Array Unit........ccccoovmiiiiiiiiminns s s 185
6.1.1 Independent channel operation fUNCON...............oooiiiiiiii e 185

6.1.2 Simultaneous channel operation fFUNCHON ...........ocuiiiiiiii e 186

6.1.3 8-bit timer operation function (channels 1 and 3 ONlY) ........cccooiiiiii e 187

6.1.4 LIN-bus supporting function (channel 7 of unit 0 ONnly)..........coooiiiiiiiiiii e 188



6.2 Configuration of Timer Array Unit .......cccccooiiicciiimiiiiisccccsesrrr s sssssse e smsme s e s e s s snnnns 189

6.2.1 Timer count register MmN (TCRMN) .. ..ooi i e e e e e e e s e e eeneeeenes 194
6.2.2 Timer data register MN (TDRMIN)......ooo ittt eae 196
6.3 Registers Controlling Timer Array Unit..........ccccoiniimminnim s 197
6.3.1 Peripheral enable register 0 (PEROD).........ccoiiiiiiiiiiie et 198
6.3.2 Timer clock select register M (TPSM)......ooo i e e e s e e eaes 199
6.3.3 Timer mode register MN (TIMRMN) ....ooiiiiii e e e e eae 202
6.3.4 Timer status register MmN (TSRMN) ....ooo i e et e e e e e e s e e eeaeeeenes 207
6.3.5 Timer channel enable status register M (TEM)........oooiiiiiiiiie e 208
6.3.6 Timer channel start register M (TSM) ... ...oii i e e snee e s e e e enes 209
6.3.7 Timer channel stop register M (TTM) ...t 210
6.3.8 Timer input select register 0 (TISO) ....cooueeriiiieee e e e st e e e e s snneeeaeeeeeenes 211
6.3.9 Timer output enable register M (TOEM) ... 212
6.3.10 Timer output register M (TOM) ... .eiii e e e e e e e te e e enee e e e smneeeaeeeeeenes 213
6.3.11 Timer output level register M (TOLM)......cooiiiiiiiiiie e 214
6.3.12 Timer output mode register M (TOMM) ........iiiiii e e e e e e e e nneeeenes 215
6.3.13 Input switch control register (ISC)..........uii i 216
6.3.14 Noise filter enable register 1 (NFENT) ... 217
6.3.15 Registers controlling port functions of pins to be used for timer I/O...........cccccciiiiiiie e, 219
6.4 Basic Rules of Timer Array Unit ..ot snsssennns 220
6.4.1 Basic rules of simultaneous channel operation function .............cccciiiii e 220
6.4.2 Basic rules of 8-bit timer operation function (channels 1 and 3 only)..........cccoeoiieiiiiiiiie e 222
6.5 Operation Of COUNTET .........eeciiiiiiiiicccceciirr e cssssr e e s s s s ssssr e e e e s s s s s smn e e e e e e s es s s s smnnneeneennsssnnnnnns 223
6.5.1 CoUNt CIOCK (FTCLK) ...eiiiieiieeiiiiee ettt e et e et e e et e e e s s e e s aneeeeesneeeeeanteeesanneeesnneeeeannneeeanns 223
6.5.2 Start timing Of COUNTET .......ooiiiii e e e 225
6.5.3 OpEeration Of COUNLET .........cooiiiiiii e e e e e e e e e s e e e e e e e e etbe e e e e e e eeanreeeeas 226
6.6 Channel Output (TOMN Pin) CONtrol ............cccoiiiiiiiiiccccecerrr s s e s e mnsn e e e e e se s smmnns 231
6.6.1 TOmN pin output circuit CONfIGUIratioN ...........cuiii i e 231
6.6.2 TOMN PiN OULPUL SEEHING ....eeiiiiiiie e e et e e 232
6.6.3 Cautions on channel output OPEratioN ............ccooiiuiiiiii i 233
6.6.4 Collective manipulation of TOMN Dit..........ooiiiiiiiii e 238
6.6.5 Timer interrupt and TOmn pin output at operation start.............cccccoiiiiiiiiiii e, 239
6.7 Timer Input (TIMN) CONLIOl.......oii e sss e e s e s ssn e e e e ee s s s mnme s e e e eessnnmnnns 240
6.7.1 TImn pin input Circuit CoNfIQUIAtioN ...........c.oiiiiiiii e e s e e e 240
B.7.2 INOISE FIILET ...ttt ettt s et e e st e e ekt e sbe e e e s aab e e e e anbee e e e 240
6.7.3 Cautions on ChanNEl INPUL ............ooiiiiiiiii e e e e e e e e e e earre e e e e e e aaraeeeas 241
6.8 Independent Channel Operation Function of Timer Array Unit........ccccccriiiiccciccrnnniiesccccnnnes 242
6.8.1 Operation as interval timer/square Wave OUIPUL ............ccccuuiiiie i 242
6.8.2 Operation as external @VeNt COUNTET...........ooouiiiiiiiii e 248
6.8.3 Operation as frequency divider (channel 0 of unit 0 ONIY).......coooiiiiiiiiiiie e 253
6.8.4 Operation as input pulse interval MeasureMENt ...........c.oooiiiiiiiiii e 257
6.8.5 Operation as input signal high-/low-level width measurement...............cccccveiiiiiiiiii e 261
6.8.6 Operation as delay COUNTET ........ooiiiiiiiiiii et e e e e e abaeeeeaes 265
6.9 Simultaneous Channel Operation Function of Timer Array Unit ........cccccoiviiiiiniinnnnsinnnnns 270
6.9.1 Operation as one-shot pulse output FUNCHON ...........ooiiiiiiii e 270
6.9.2 Operation as PWM fUNCHON..........oooiiiiiiiiee et ae e e e aara e 277
6.9.3 Operation as multiple PWM output fFUNCHION ........cuoiiiiiiiii e 284



6.10 Cautions When Using Timer Array Unit.........cccccoiiiiiiiiicncmmmniniiisccssssess e s s s ssssss s e s s sesssssnsnes 292

6.10.1 Cautions when using tiMer OULPUL ...........coiiiiiiiiiie et e e s e e seeeeeenes 292
CHAPTER 7 REAL-TIME CLOCK ........cco i cciiimirriiiiisssssnnrrersssssssssssss s s s s ssssssssssnssssssssssssssnnnsssssssssssnnnnns 293
7.1 Functions of Real-time ClIOCK........cccciiiroiirirercrrrrrser e res s e s s s ss e se e s e s me e e e e en e e eennn 293
7.2 Configuration of Real-time ClOCK ..........ccciiiiiiiiinnii s 294
7.3 Registers Controlling Real-time CIOCK.........cccccrirrrririnrsrrrrrseer s resser e e es e e e s 296
7.3.1 Peripheral enable register 0 (PERO).........oooi et 297

7.3.2 Subsystem clock supply mode control register (OSMOC).........ccooiiiiiiiiieeiiiieeee e 298

7.3.3 Real-time clock control register 0 (RTCCO) ......cciiiiiiiiiiiie et 299

7.3.4 Real-time clock control register 1 (RTCCT) ....ccoiiiiiiiee et 300

7.3.5 Second CouNt regiStEr (SEC)......ciiiiiiiiiiiiee ittt et e s nn e e 302

7.3.6 Minute count register (IMIN) ........oooo i e e e e e s e e e e e e s eerae e e e e e e nnrneeeas 302

7.3.7 Hour count register (HOUR) .......oooiiiiiiie ettt e e e 303

7.3.8 Day COUNt reISTEr (DAY ). . .uiiiiiiiiie ettt e e e e e e e e e st e e e e e e e s s etbaaeeeaeessasreeaaeseaansaeeeas 305

7.3.9 Week count register (WEEK).......coouiiiiiie ettt e s 306
7.3.10 Month count register (MONTH) ... e e e e e e e s e e e e e e snrreeeas 307
7.3.11 Year count register (YEAR) ..ottt e e e e et e e e e e e e ee e e e nneeeeean 307
7.3.12 Watch error correction register (SUBCUD)..........coiiiiiiiiiiiiiiie ettt a e 308
7.3.13 Alarm minute register (ALARMWM) ...t e e e e e e e e eeeeeas 309
7.3.14 Alarm hour register (ALARMWHY) .........ooiiiiii et e e e e e e earaeee s 309
7.3.15 Alarm week register (ALARMWW) .. ...ttt e e e et e e e e e eneeeeas 309
7.3.16 Port mode register 3 (PIM3) ......ooio ittt e e e e e e e s e e e e e e e r e e e e anraeaeas 310
7.3.17 POt regiSter 3 (P3) ....eii ittt e e et e e e e e e e 310

7.4 Real-time CloCK OPeration ...........ccccciiiiiiiiiccccseerire s smsne s e e s s s s smne s e e s e s s s s s s smmnn e e e e e sessnnnmnnns 311
7.4.1 Starting operation of real-time ClOCK ...........ooo e 31

7.4.2 Shifting to HALT/STOP mode after starting operation...............ccoooviiiiiiiiiiiiiiiee e 312

7.4.3 Reading/writing real-time ClOCK............oiiiiiiiie e 313

7.4.4 Setting alarm of real-time ClOCK .............uiiiiiiii e e 315

7.4.5 1 Hz output of real-time CIOCK ...........viiiiiieie e 316

7.4.6 Example of watch error correction of real-time ClOCK ............ccoeoiiiiiiiiiiii e 317
CHAPTER 8 12-BIT INTERVAL TIMER.......ii i msmn s mmms s e mn s 322
8.1 Functions of 12-bit Interval TImer........cccccoiiiiiiminis 322
8.2 Configuration of 12-bit Interval Timer .......cccccciiiiini 322
8.3 Registers Controlling 12-bit Interval Timer ... e 323
8.3.1 Peripheral enable register 0 (PEROD).........ccoiiiiieiiiiie et e et e e e seaeeeenes 323

8.3.2 Subsystem clock supply mode control register (OSMC)..........cooiiiiiiiiieiiiiee e 324

8.3.3 Interval timer control register (ITMC) ........oii e e e ee e e e s e e seeeeeenes 325

8.4 12-bit Interval Timer OPeration ..........ccccceiiiicccismemeerir s csssssere e e s ssss s e e e e s s s s s s smnen e e e e s sesssanmnnns 326
8.4.1 12-bit interval timer operation timing............ooo e e 326

8.4.2 Starting counter operation after returning from HALT or STOP mode and then shifting to
[ VAN I o S I 1@ T o 4 o To [T F= 1 o S 327

Index-5



CHAPTER 9 CLOCK OUTPUT/BUZZER OUTPUT CONTROLLER......cccooiiirienieece 328

9.1 Functions of Clock Output/Buzzer Output Controller.........ccccccoeecccieemrimiincccccsmeee e 328
9.2 Configuration of Clock Output/Buzzer Output Controller.............cccooommiiiiiiiciiiirrree s 330
9.3 Registers Controlling Clock Output/Buzzer Output Controller.........ccccccviiccevimemreneeinscccsnnns 330
9.3.1 Clock output select registers N (CKSN).......ciiuiiiiiiiii e e et e e s e e s eeseeee e e 330

9.3.2 Registers controlling port functions of pins to be used for clock or buzzer output ..............ccceeeeee. 332

9.4 Operations of Clock Output/Buzzer Output Controller ...........coooioiiiiiiiccce s 333
9.4.1 Operation @S OUIPUL PIN .....eeiiiiiiiie ittt e e et e e s eeaabaeeeane 333

9.5 Cautions of Clock Output/Buzzer Output Controller............cooiiiniii s 333
CHAPTER 10 WATCHDOG TIMER .......ooi i riireiisisccsmsrrrs s ss s sssmss s s s s ss s sssms e s s ss s s smmmns s s s s nssnsssnnns 334
10.1 Functions of Watchdog Timer..........ccccciiiiiiiiiiiccceerrr s s s s s s ssnn e s e e s ss s mmnn e e e eesnnnnn 334
10.2 Configuration of Watchdog Timer ..........cccciiiimiinnir 335
10.3 Register Controlling Watchdog Timer.......ccccceiiiccccceemiiiin e sssss e e ssmne e e e 336
10.3.1 Watchdog timer enable register (WDTE)........ocoiiiiiiiiie et e e e e 336

10.4 Operation of Watchdog Timer..........cccceiiiiiiicccccecrr e ssnr e s s mnn e e e e e s nnnnn 337
10.4.1 Controlling operation of watchdog timer ............oceiiiiii e 337
10.4.2 Setting overflow time of watchdog tIMer ... 339
10.4.3 Setting window open period of watchdog tIMEr ............ooiiiiiiiie e 340
10.4.4 Setting watchdog timer interval INterrupt ..o 342
CHAPTER 11 A/D CONVERTER .....cooii i ciiriicrerrscsmeessssmr e s sssms e s ssssms e s sss s e s sesssns e s snsamsessnssmsessnssnnesssnnes 343
11.1 FUNCiON Of A/D CONVEIEN......ccoiiiiiiiiiceirrreee s ssssmene e s s sss s ssmsn s e s e s s s s s s smmnn e e e e s sans s snmnnseessnnnsnn 343
11.2 Configuration of A/D CONVEIEN ........ccccoieeceeriecre e s e e s e s s smr e e smn e e s 346
11.3 Registers Used in A/D CONVEIEr ......ccccciciriiiierriness s s s s snne s 348
11.3.1 Peripheral enable register 0 (PEROD)..........coiiiiiiiiiiiiii et e e e e e rae e e e e enees 349
11.3.2 A/D converter mode register 0 (ADMO) .......c.eeiiiiiiiiiiie et 350
11.3.3 A/D converter mode register 1 (ADMT) .....ooii oot e e e e e ean e e e e s eaees 362
11.3.4 A/D converter mode register 2 (ADM2) ........oeiiiiiieiee et 363
11.3.5 12-bit A/D conversion result register (ADCR) ..........ooiiiiiiiiiiiiiiie et e e e e e e 365
11.3.6 8-bit A/D conversion result register (ADCRH) ........coooiiiiiiiiee e 366
11.3.7 Analog input channel specification register (ADS).........ccocciiiiiie e 367
11.3.8 Conversion result comparison upper limit setting register (ADUL) .........ccccoiiiieiiiiiiinniee e 369
11.3.9 Conversion result comparison lower limit setting register (ADLL)..........ccccooviiiiiiiiiieiiiiiiiieeeeee 369
11.3.10 A/D test register (ADTES) .....ooiiiiiiie ittt r e e e e e 370
11.3.11 Registers controlling port function of analog iNPUL PINS ..........ccoeiiiiiiiiiiei e 371

11.4 A/D Converter Conversion Operations ..........ccccviiiimmrininnnisrs s ssanes 372
11.5 Input Voltage and Conversion RESUILS .........cccceirrceimriccecrernccre e e e 374
11.6 A/D Converter Operation Modes............cccciriiiinrininnrr s 375
11.6.1 Software trigger mode (select mode, sequential conversion Mode) ...........cccccveevieeiiiiciiiiiieeeeeees 375
11.6.2 Software trigger mode (select mode, one-shot conversion Mode)..........ccccevvieieiiiiie e 376
11.6.3 Software trigger mode (scan mode, sequential conversion MOde)............coccvvieiieeeiiiciiiiieeeeeeeeenns 377
11.6.4 Software trigger mode (scan mode, one-shot conversion MOde) ...........cccceeviieeiniiiieiniiee e 378
11.6.5 Hardware trigger no-wait mode (select mode, sequential conversion mode) ............ccccvvveeeeeennnns 379

Index-6



11.6.6 Hardware trigger no-wait mode (select mode, one-shot conversion mode)............ccccovveeeeiineennne 380

11.6.7 Hardware trigger no-wait mode (scan mode, sequential conversion mode) ..........ccccooveeeerineennne 381
11.6.8 Hardware trigger no-wait mode (scan mode, one-shot conversion mode) ...........cccccevvieeeeriiieennne 382
11.6.9 Hardware trigger wait mode (select mode, sequential conversion mode) ..........ccccvevieeeeniieennne 383
11.6.10 Hardware trigger wait mode (select mode, one-shot conversion mode)..........ccccccveviieeeiiiieennns 384
11.6.11 Hardware trigger wait mode (scan mode, sequential conversion Mode) ..........cccccvevreeeeriieeene 385
11.6.12 Hardware trigger wait mode (scan mode, one-shot conversion mode)...........cccocceveiiiieeeiiieeenne 386
11.7 A/D Converter Setup FIOWcChart .............. e 387
11.7.1 Setting up SOftware trigger MO .........c.uiiiiiiii e 388
11.7.2 Setting up hardware trigger NO-Wait MOE .............oiiiiiiiii e 389
11.7.3 Setting up hardware trigger Wait MOAE ...........ccoiiiiiiiiiii e 390
11.7.4 Setup when temperature sensor output voltage/internal reference voltage is selected
(example for software trigger mode and one-shot conversion Mode)..........cccocveeeirieiiinieeee e 391
11.7.5 Setting UP tESt MOTE. ... .eiieeeiie e e et e e e e e e st e e e sneee e e eneeeeeanneeeenn 392
11.8 SNOOZE Mode FUNCLION.......cceiiirinin it s s s s e s 393
11.9 How to Read A/D Converter Characteristics Table..........cccocvvmriiiiimniniisceeaee 397
11.10 Cautions for A/D CONVEILEr .......ccccciiiiriniimines i s s s s s ne s 399
CHAPTER 12 SERIAL ARRAY UNIT .....ooiiieiricrerescmr e e ssssmre s sssssse e s s ssme e s s sms e s ssssms e s sessmneesessansenennes 403
12.1 Functions of Serial Array Unit...........ccooiimiiiiiiccccrre e s s e e s 404
12.1.1 Simplified SPI (CSI00, CSI01, CSI10, CSI11, CSI20, CSI21) ...oieiiiiiiieieerieeeee e 404
12.1.2 UART (UARTO 0 UART2) ...ttt ettt ettt et sb et nbe e e nae e e naeenaee et 405
12.1.3 Simplified 12C (11C00, 11C01, IIC10, HCA1, 1IC20, HC2T) ..c.ereeeieeeeeeieieeeeeieiee e 406
12.2 Configuration of Serial Array Unit ........ .o 407
12.2.1 SRIfE TEGISIEN ...ttt ettt et 410
12.2.2 Lower 8/9 bits of the serial data register mn (SDRMN) .......c.cooiiiiiiiiiii e 410
12.3 Registers Controlling Serial Array Unit..........ccccoriiooeiiiiiceie s sse e snanes 412
12.3.1 Peripheral enable register 0 (PERO).........coouiiiiiiiiiiic et 413
12.3.2 Serial clock select register M (SPSM) ......uiiiii i e e e 414
12.3.3 Serial mode register mMn (SMRIMN) ... e e e e e 415
12.3.4 Serial communication operation setting register mn (SCRMN) ..........cccoeeiiiiiiiiiiee e, 416
12.3.5 Higher 7 bits of the serial data register mn (SDRMN) ........cc.ooiiiiiiiii e 419
12.3.6 Serial flag clear trigger register mn (SIRMN)..........ooiiiiiiiiie e 421
12.3.7 Serial status register mn (SSRMN) ... e 422
12.3.8 Serial channel start register M (SSM)........oiiiiiiii et 424
12.3.9 Serial channel stop redister M (STM) ......oi i 425
12.3.10 Serial channel enable status register m (SEm)..........coooiiiiiiiii e 426
12.3.11 Serial output enable register M (SOEM).......ccooiiiiiiiiii e 427
12.3.12 Serial output register M (SOM) ......ccoiiiiiiiii e e e e e e e e e e e eenbeeaeeeannees 428
12.3.13 Serial output level register M (SOLM).......cuuiiiiiiieii e 429
12.3.14 Serial standby control register 0 (SSCO) ......coocuiiiiiiie e 431
12.3.15 Input switch control register (ISC).........uii i e 432
12.3.16 Noise filter enable register O (NFENO).........cooiiimiiiiiie e e e 433
12.3.17 Registers controlling port functions of serial input/output PiNS ...........coooviiiiiiiiii e 434
(P 0T T=Y =i ToT o TS Lo o Q01 Lo o - SRR 435
12.4.1 Stopping the operation DY UNIES ..ot e e e e e e e 435



12.4.2 Stopping the operation by ChanNEIS ............ceoiiiiiiiii e 436
12.5 Operation of Simplified SPI (CSI00, CSI01, CSI10, CSI11, CSI20, CSI21)

COMMUNICALION ...oeeeiiieiiiie i e s a e e s an s e e 437
12.5.1 MaSter tranSMISSION .......oiiiiiiiii ettt e e e e e ettt e e e e e e e e et e e e e e e ntreeeeeeeeannnes 440
12.5.2 MaASTEI FECEPLION ... ..ttt et e ettt e s bt e e e ea bt e e an e e e sabe e e e aabeeeeaae 450
12.5.3 Master transmisSiON/TECEPLION.........coii e e e e e e e e e e e eare e e e e e e eannes 460
12.5.4 SIAVE trANSMISSION .....eiiiiiiieiiie ettt e e a et e e et e e e s be e e e ekt e e e e aatee s sabeeeeaabree e e 470
12.5.5 SlaVE MECEPHON ... ...ttt e e et e e e e e s et a e e e e e e e e aaataeeeeeantrneeeaeeeaannees 480
12.5.6 Slave transSmiSSION/TECEPTION ...ttt e e e e et reeeaae 488
12.5.7 SNOOZE MOE fUNCHON ...ttt e e et e e st e e e e nee e e e enee e e e naeeeeneeeeeanns 498
12.5.8 Calculating transfer CloCK frEQUENCY ..........coiiiiiiiiie e 502
12.5.9 Procedure for processing errors that occurred during Simplified SPI
(CSI00, CSI01, CSI10, CSI11, CSI20, CSI21) communication ...........ccceeeeeeeiiiiiiiieeee e 504
12.6 Operation of UART (UARTO to UART2) Communication.........ccccuuvsmerinismesnnnsssssninssnssssssnnes 505
12.6.1 UART tranSMUSSION....ccoiitiieiiieti ittt ettt et e e et e e et e e e s b bt e e e aab e e e e ent e e e s anneeeean 508
L ST © 7 I =Y o7= o) o o S 518
12.6.3 SNOOZE MOAE fUNCHON ...ttt e et rae e e sbre e eae 525
12.6.4 Calculating baud Fate..........coouiiii et e et e e e enaeeeean 533
12.6.5 Procedure for processing errors that occurred during UART (UARTO to UART2)
foTo) 2 010010 ] 0171 { o] o PSP 537
12.7 LIN Communication Operation ..........cccccccmriiiiiiccsssmerrnnnsssssssssssssessssssssssssssssssssssssssssssssssessnssns 538
L A 1\ = TS 01T T o SO PUPPRN 538
L A I I ToT=T o) (o o I PP P PP OPPPP PPN 541
12.8 Operation of Simplified I2C (1IC00, 1IC01, 1IC10, [IC11, 11IC20, IIC21) Communication......... 547
12.8.1 Address field tranSMISSION.........ccciiuiiiiiiiii et e et 550
12.8.2 Data tranSMISSION .......eeiiiii ittt e e e ettt e e e e e s et e e e e e e e e e naee e e e e s e nbeneeeeeeeaannees 556
12.8.3 Data@ FECEPHON ...ttt ettt ettt e et e e 560
(2R SIS (o] o Jeto)aTo [T o e =Y 0 T=T =1 o] o OSSR 565
12.8.5 Calculating tranSfer Fate ...........ooi i 566
12.8.6 Procedure for processing errors that occurred during simplified 1°C
(11C00, 11ICo1, IC10, 1IC11, IC20, [IC21) cOMMUNICAtION ......ciitiieiiieiiiieie e 568
CHAPTER 13 SERIAL INTERFACE HICA ... escmr e e s e e e sssmr e s s smne s s same e e s mn e s samn e e nnsnns 569
13.1 Functions of Serial Interface HICA. ... s 569
13.2 Configuration of Serial Interface HICA ... e 572
13.3 Registers Controlling Serial Interface lICA...........ccocoriiiincic 575
13.3.1 Peripheral enable register 0 (PEROD)..........coiiiiiiiiiieiiie ettt e e e e e eaarae e e e e enees 575
13.3.2 [ICA control register 00 (IICCTLOO) ......uuviiiiieeeiiteee ettt e et e e 576
13.3.3 [ICA status register 0 (IICS0).......oeiii it e e e e e e e e e e e e e e stbaeeeaeeeannnees 581
13.3.4 1ICA flag register O (IICFD).......uiiiietie ettt ettt ettt sbe et nae e et e e aeeennes 584
13.3.5 [ICA control register 01 (IICCTLOT) ....uuuiiiiiii e e e e e et e e e e e e e eaanae e e e e e nnnnes 586
13.3.6 IICA low-level width setting register 0 (IICWLO).......cccuuiiiiiiiieiiiee e 588
13.3.7 IlICA high-level width setting register 0 (IICWHO)..........coooiiiiiiiee e 588
13.3.8 Port mode register B (PMB) ..........cuuiii ittt 589
13.4 12C BUS MOAE FUNCLIONS .......c.eieeeeeieccrcr e e e s e e ee st se e s e e se s e s sae e e snesne e e e enesaesnesansnnens 590
13.4.1 PN CONFIGUIALION ......eeiiiiiiii ettt e e et e e ete e e s eeeaareeeeean 590



13.4.2 Setting transfer clock by using IICWLO and ICWHO registers............covvieiiiiiiniiiieie e 591

13.5 I2C Bus Definitions and Control Methods .........c.cceceeircireercirccecer e cees s see s e e sessne e e seens 593
R T T S =y ot Lo {111 o 1= RSP UPRRRN 593
T3.5.2 AQAIESSES ...eeeiiieeeiii ettt oottt e e e e e e e bttt e e e e e e e n e e e et e e e e e e e nne et e eee e e e e nneaeeeaaanbrneeeeeeeaanens 594
13.5.3 Transfer direction SPeCIfiCatioN ...........ooouiiiiiiiie e 594
13.5.4 ACKNOWIEAGE (ACK) .ottt ettt e et e e e st e e e e nee e e e aee e e e amteeeeeneeeenneeeeanneeeeanns 595
(BRI ] (o] o I oTe ] o [1 i o] o HU O PP OTPPPTPRN 596
T O o TG =) (o ST 597
13.5.7 Canceling ClOCK SIrEtCR.......co.eiiii e 599
13.5.8 Interrupt request (INTIICAQ) generation timing and clock stretch control .............ccccovviiiienienenne 600
13.5.9 Address match detection Method ..............ooiiiiiii e 601
G T T O I Yy o] o [=1 =T i (o o PO PUPPRRN 601
T T B T o (=T Y (o o I oo o SO UPPRRN 601
G TS T 7 N 4 o] (= o o RSP UPPRRN 602
13.5.13 WaAKEUD FUNCHION ..ottt ettt ettt e i bt e e eate e sabe e e e anbeeeeaae 604
13.5.14 CommuNICAtiON FESEIVALION .........uiiieiiiiie ettt e e e et e e st e e e st e e e e enee e e e enaeeeeeeeeanns 607
R T T ST 7 10 11 1S USSP UPPRRN 611
13.5.16 CommuNICation OPEIatiONS ........coiiiiiiiiiiiee e e e e e e e e e e e e e e e eabeeaeeeeannees 612
13.5.17 Timing of 12C interrupt request (INTIHCAQ) OCCUITENCE .........cceeuiereeieieiieeieeie et 619

13.6 TiMIiNG CRAIS .....ceviiiri 640

CHAPTER 14 MULTIPLIER AND DIVIDER/MULTIPLY-ACCUMULATOR........cccoiiiiccmemrrrresssnnnns 655

14.1 Functions of Multiplier and Divider/Multiply-Accumulator ............cccoorreemriicecnnrccceerreee 655

14.2 Configuration of Multiplier and Divider/Multiply-Accumulator............ccccceriiiicciiienneennnnnns 655
14.2.1 Multiplication/division data register A (MDAH, MDAL).........uoiiiiiiiieie e 657
14.2.2 Multiplication/division data register B (MDBL, MDBH)............cooiiiiiiiiiiae e 658
14.2.3 Multiplication/division data register C (MDCL, MDCH) ......cceiiiiiiiiiiiiiee e 659

14.3 Register Controlling Multiplier and Divider/Multiply-Accumulator .............cccconniiinnrininnnn 661
14.3.1 Multiplication/division control register (MDUC) ...........cccoiiiiiiiiiie e 661

14.4 Operations of Multiplier and Divider/Multiply-Accumulator ...........ccccocvvcnniiiicnninsinninnenn, 663
14.4.1 Multiplication (UNSIgNed) OPEratioN ...........coeiiiiiiiiiiiiie e e e e e e e e e e e e e e e 663
14.4.2 Multiplication (SIgNed) OPEratioN ..........cccuiiiiiiiii it e e 664
14.4.3 Multiply-accumulation (Uunsigned) OpPeration ...............ccooeiiiiiiiiie e i e e 665
14.4.4 Multiply-accumulation (Signed) OPEeration ............ccooiiiiiiiiiieiiie e 667
14.4.5 DiVISION OPEIAtION .......eiiiie ittt e e e e e et e e e e e e st e aeeeaeeesesasseeeeessnntsaneeaeeeannnnes 669

CHAPTER 15 DMA CONTROLLER....... .. ssmm s e n e 671

15.1 Functions of DMA CONtroller ... 671

15.2 Configuration of DMA Controller........... s 672
15.2.1 DMA SFR address register N (DSAN) ......ooo it 672
15.2.2 DMA RAM address register N (DRAN) ......ooi ittt e e e e s e e e e e e aaeeenes 673
15.2.3 DMA byte count register N (DBCN) ........uiiiiieie ittt 674

15.3 Registers Controlling DMA Controller ..o 675
15.3.1 DMA mode control register N (DMCN) ......cocuiiiiiiiiii it 675
15.3.2 DMA operation control register N (DRCN).......ccoiuiiiiiiiie et e e e seeeenee 677

15.4 Operation of DMA CONroller........ooiiiicccieirriieirccccseerr s s s ssssse e s e s s s s s s sssnn e e e e s ssss s ssmnnseenensnnn 678



15.4.1 OPEration PrOCEAUIE.........iii ittt e e et e e e bt e e s bt e e e anb et e e est e e e s anneeeean 678

15.4.2 TranSTEI MOGE ... .ei ittt b e e e bt ra e sbe e sre e bt et eeneeennes 679
15.4.3 Termination Of DMA tranSTer ........oouiiiiii e 679
15.5 Example of Setting of DMA Controller ...........cccciniimiiniiine e 680
15.5.1 Simplified SPI (CSI) consecutive tranSmiSSION ..........c..uiiiiiiiiiiiiie e 680
15.5.2 Consecutive capturing of A/D CONVETSION FESUILS .........ooiviiiiriiiiiee e 682
15.5.3 UART consecutive reception + ACK tranSmiSSiON..........ccocuiiiiiiiiiiiiiiceiiec e 684
15.5.4 Holding DMA transfer pending by DWAITN Dit .......cooiiiiiiiiie e 685
15.5.5 Forced termination DY SOfTWAIE ..........oocuiiiiiiiii e 686
15.6 Cautions on Using DMA Controller ..........cccc i sssneees 688
CHAPTER 16 INTERRUPT FUNCTIONS. ... iicceemrrr s sssne s s ss s mnss s e s s s s smmmne e e s nnsnnnnn 691
16.1 Interrupt FUNCHION TYPES . ...t 691
16.2 Interrupt Sources and Configuration ...........cccciiiiniincis e ——— 691
16.3 Registers Controlling Interrupt FUNCLIONS.......cccoo i 697
16.3.1 Interrupt request flag registers (IFOL, IFOH, IF1L, IF1H, IF2L, IF2H). ..., 701
16.3.2 Interrupt mask flag registers (MKOL, MKOH, MK1L, MK1H, MK2L, MK2H) .........ccccooiiiiiiiieeeenins 702
16.3.3 Priority specification flag registers (PROOL, PROOH, PRO1L, PRO1H, PR0O2L, PRO2H,

PR10L, PR10H, PR11L, PR11H, PR12L, PRIZ2H) ....coiiiiiii e 704

16.3.4 External interrupt rising edge enable registers (EGPO, EGP1), external interrupt falling edge
enable registers (EGNO, EGNT) ...t e e e e e e e e e e e enneeas 706
16.3.5 Program status WOrd (PSW) ......ccouiiiiiiiii ettt 708
16.4 Interrupt Servicing OpPerations .........ccccccocieriicecrrrrcsser e e 709
16.4.1 Maskable interrupt request acknowledgment .......... ..o 709
16.4.2 Software interrupt request acknowledgment ..............oooiiiiiiiie e 712
16.4.3 Multiple INterrupt SEIVICING ... ...ttt et e e e e e e e e e e e e e ntbaeeaaeeaannees 712
16.4.4 Interrupt reQUESE NOI ...t e e e e e e e e e et e e e e st areeaeeeannnnes 716
CHAPTER 17 KEY INTERRUPT FUNCTION ........ s mss s mmmn e s e 717
17.1 Functions of Key INterrupt ... iiscccsecre s s s s s e s e s e s s s mns s e e e s se s mmnne e eesnnnnnn 717
17.2 Configuration of Key INterrupt.........cccoiiiimiiiiimirr 718
17.3 Register Controlling Key INnterrupt ... ccsee e ssssse s s ssmse e e e e snnnn 720
17.3.1 Key return control register (KRCTL) .....c.uiiiiiie ettt e et e e e e e eeee e e 720
17.3.2 Key return mode registers 0, 1 (KRMO, KRM1T) .....coiiiiiiiiiiieiiie e 721
17.3.3 Key return flag register (KRF)..........ooi it e e e e e saee e e eeeeeeenee 722
17.3.4 Port mode registers 0 to 2, 7, 12, 15 (PMO to PM2, PM7, PM12, PM15) .....ocoiiiiiiiiieeieeeeee 723
17.3.5 Peripheral I/O redirection register (PIOR)........ccoi i e e enee 724
17.4 Key Interrupt Operation ... scssssse s s s s s e e s mne e e e e s sn s smmnn e e eesnnnnnn 725
17.4.1 When not using the key interrupt flag (KRMD = 0) ......coviiiiiiieiiieee e 725
17.4.2 When using the key interrupt flag (KRMD = 1) .....eiiiiiiiiic e 726
CHAPTER 18 STANDBY FUNCTION ... ciiiiicsrerersmreessssssessssssse e s s same e ssssms e s snsamsesssssmsessnssnsessasnes 729
18.1 Standby FUNCLION ........coviiiir 729
18.2 Registers Controlling Standby FUNCtion ... s 730
18.3 Standby Function Operation ...........ccccviiiimmninimnnir s 730

Index-10



18.3.1 HALT MOAE ...ttt e e e sae e ae e e b e e 730

RS TR TS B ] 4y To T [ OSSR 735

18.3.3 SINOOZE MOGE ...vieiieniieiieeieeeti ettt et iee st esteeseeasseeeeeaeeeseeeseeteeneeanseeneesseeeseeaseenseansenseaneesneenseenns 740
CHAPTER 19 RESET FUNCTION. .....cooi i iiiiscreresssrersssssse s ssssss e s ssssse e sesssms e s essssesssssnsesenssnsessasssneenanen 743
19.1 Timing of Reset Operation ... —————— 745
19.2 States of Operation During Reset Periods..........cccccecerirercerrrsssrerssssre s sssse e e ssssme e e sssmee e sssnnes 747
19.3 Register for Confirming Reset Source..........ccocoiiriiciriniisc e 749
19.3.1 Reset control flag register (RESF)...........uuiiiiiiiie et e e e 749
CHAPTER 20 POWER-ON-RESET CIRCUIT ... rrcsms e mss s mmmn s s 752
20.1 Functions of Power-on-reset CirCuit .........ccccccriimmiiimininmi e 752
20.2 Configuration of Power-on-reset CirCuit..........cccccismmmnnismmmnnimn s 753
20.3 Operation of Power-on-reset CirCUit ...........cccocciimrriiiiscsssmmrrrssrsssssssssss s s s sssssssssssss s s s s sssssssnnnns 753
CHAPTER 21 VOLTAGE DETECTOR. ..o cieircccrerrrcmr e s sssme e s sssssse e s s same e s s ssms e e sssms e s snssmnesssssnnessenses 757
21.1 Functions of Voltage Detector ..........cccccimminiiimmisirsr s 757
21.2 Configuration of Voltage Detector.........cccoiiccciiiriiii e ssee e s sanene e se s annes 758
21.3 Registers Controlling Voltage Detector ...........cccovvimminiimmmnms e 758
21.3.1 Voltage detection register (LVIM) ...t 759

21.3.2 Voltage detection level regisSter (LVIS) .........ooi i seee e eeenes 760

21.4 Operation of Voltage Detector ... rrccssemr e s s e sssne e s e s mnnes 763
21.4.1 When used as reSEt MOGE........cooiiiiiiiiiiiee et e et e e e e e et e e e e e e e et ee e e e nneeeeeas 763

21.4.2 When used as interruPt MOTE .........oiiiiiiiiiiiie et e e bae e eaes 765

21.4.3 When used as interrupt & reSet MOAE ..........cocuiiiiiiii it 767

21.5 Cautions for Voltage Detector...........ccciiiiiiccccciiie e s sssses s e s sssne e e sessssnmnnns 773
CHAPTER 22 SAFETY FUNCTIONS ........oo e icrrrercre e sssre s sssssme e s s ssme e s sme e s ssms e s ssmn e s sessmnnesnnnes 775
22.1 Overview of Safety FUNCHIONS ... e 775
22.2 Registers Used by Safety FUNCHIONS .........cocciiiiere e e e 776
22.3 Operation of Safety FUNCHIONS ... e 776
22.3.1 Flash memory CRC operation function (high-speed CRC).........cccccvieiiiiiiiiiiiee e 776

22.3.1.1 Flash memory CRC control register (CRCOCTL) ......cuuveiiiieeeiiiee e 776

22.3.1.2 Flash memory CRC operation result register (PGCRCL).........ccooiiiiiiiiiiiiiiiiiiiiee e 777

22.3.2 CRC operation function (general-purpose CRC) ........eoiiiuiiieiiiie e eeee e 779

22.3.2.1 CRC input register (CRCIN)..... ... e e e e e e e e e e e e eaeees 779

22.3.2.2 CRC data register (CRCD).......coiitiiiiiiiiie ettt 780

22.3.3 RAM parity error detection FUNCHON ............cuiiiiiiiie e e e e 781

22.3.3.1 RAM parity error control register (RPECTL).......uutiiiiiiiiiiieeeiee e 781

22.3.4 RAM gUAId fUNCHON ...ttt e et e e st e e e st e e e e s e e ennneeesnneeeeaneeeeennes 783

22.3.4.1 Invalid memory access detection control register (IAWCTL)........ocovoiiiniiieeiiiieeeecc e 783

22.3.5 SFR QUArd fUNCHON.......coiiiiieiiiee et e e e e e e e e e e e s et e e e e e e e e s eesntaeeeaeeseannnnnes 784

22.3.5.1 Invalid memory access detection control register (IAWCTL).........coovvveiiieneiiieeereee e 784

22.3.6 Invalid memory access detection fFUNCHION .........c..eiiiiiiiiiiiiie e 785

22.3.6.1 Invalid memory access detection control register (IAWCTL).........coooiiiiiieeiiiiiieiiee e 786

Index-11



22.3.7 Frequency detection FUNCHON ..........oooiiiii e 787

22.3.7.1 Timer input select register 0 (TIS0).......ccuriiiiieiiicie e e e e e e eenes 788

22.3.8 A/D tESE fUNCHION ...t ettt et et e e rte e e e i e e e e aabee e e e 789
22.3.8.1 A/D test register (ADTES) .....cccuuiiiieiiiiiieii et e e e e et e e e e e e s baaeeeaeennneres 791

22.3.8.2 Analog input channel specification register (ADS) ........cooiioiireiiiee e 791
CHAPTER 23 REGULATOR .......cciiriiiiiisssme e s s ss s sssms e s s ss s s ssssms s s s s ss s s s smnmns s e s sessnsssnnnnssnsssnssssnnnnns 794
23.1 RegUuIator OVEIVIBW.........ccciirircririrseeersssnresssssssesessssne s sssssme e essssmnesesssmnesesssnnenesssnneenssssnessssnnnens 794
CHAPTER 24 OPTION BYTE ... iiiiiiiiiicimr i ssms s s s ssmss s s s mms e e e e s s mmme e e mmnnns 795
24.1 Functions of Option BYLeS ..........oocccciiemiiiiiiicissssceres s sssssssmsss s s e sssssssssse s e e s ssssssssssmesssssessssnnsnns 795
24.1.1 User option byte (000COH to 000C2H/010COH t0 010C2H).......eeiuieiieieeee e 795
24.1.2 On-chip debug option byte (000C3H/ 0TOC3H) ......ceiuiiiiieiiie et 796

24.2 Format of User Option Byte .......ccccccmiinimiminsiissr s s s s sssssses 797
24.3 Format of On-chip Debug Option Byte...........cccoermiimiiiiicccsnerrre s sssses e s smssss e ne s ssssssnns 801
24.4 Setting of Option Byte........ccccieiiiiniiiiir i ——————— 802
CHAPTER 25 FLASH MEMORY ... rn s ssssmsns s s s s ssssms s s s s s s s s sssmns e s s ns s s smmms s e s s ssssnnnmnnes 803
25.1 Serial Programming Using Flash Memory Programmer ............cccccccemmmminnscsssseeessnsnsssssssnnes 805
25.1.1 Programming €NVIFONMENT .......coeiiiiiiiiiiiie ettt e ettt e e e e e e sttt e e e e e e s e nbaeeeeeeeesaannneeeeeeannneneeeas 807
25.1.2 CommMUNICALION MOGE......eiiiiiiie ittt ettt ea e e e et e e e es bt e e sne e e e s anbeeeean 807

25.2 Serial Programming Using External Device (that Incorporates UART) ........ccccvcienniininnnnn 808
25.2.1 Programming NVIFONMENT .......ccoiuiiiiiiiiee ittt ettt ettt s e e e e e st e e s aabe e e e snaeeabaeeeane 808
25.2.2 ComMUNICALION MOGE.........uiiiiiieiiiieiie ettt sa et e e et e sere e sareenenes 809

25.3 Connection of Pins on Board..........cccciinimninieriisis s s 810
25.3.1 PAO/TOOLO PNttt ettt et et et et e e et e saeeeeeeaaeemeeem e emeeemeesmeesmeesmeeaaeeneeneeanneeneeeneenneeas 810
PSR T =Y = I o o TSRS 810

D24 TR TR T o T o o 1 - NS 811
PSR I A =T O o) o TSRS 811
PES T TSI =T Lo D2 o L 811
25.3.6 POWET SUPPIY ...ttt ettt ettt e et e e e bt e bt et e e e e e et e et e e e e nab e e e e anbeeeeaae 811

25.4 Serial Programming Method ... 812
25.4.1 Serial programming PrOCEAUIE .........cocuuuieiiiureeeiiieteeettee ettt e e ate e st e e s b et e e et e e e sanbeee s saneeesbaeeeaae 812
25.4.2 Flash memory programming MOGE.........cciu ittt e et e e e e e e e e e e e e e abeeeeeaee e e aeneeeas 813
25.4.3 Selecting commUNICAtION MOAE........coiuuiiiiiiiiie it eae 815
25.4.4 CommuniCation COMMEANTS ......cciviiiiieiiie ittt sttt e b b ne e e 815

25.5 Processing Time for Each Command When PG-FP5 Is in Use (Reference Value)............ 817
25.6 Self-Programming ........cceeeiissmeisssiiss s 818
25.6.1 Self-programming PrOCEAUIE ..........uuii ittt ittt e et e st e e s sabee e abaeeeeaee 819
25.6.2 BOOt SWAP TUNCHON ....ooeiiieecee e e e e e e e e e e e e e e e ebe e e e e e e e e nnsaeeeas 820
25.6.3 Flash shield Window fUNCLION ...........oiiiiiiii e 822

25.7 Security Settings .....ccccviiiiiriiniir i —————————— 823
TR T - = N T T o N 825
25.8.1 Data flash OVEIVIEW ........oiiiiiiiiiit ettt rb et ne e 825
25.8.2 Register controlling data flash MemOrY ..........cooiiiiiiiii e 825

Index-12



25.8.2.1 Data flash control register (DFLCTL) .......ueiiiiiiiiiiie e 825

25.8.3 Procedure for accessing data flash MemMOry ..........oooiiiiiiii e 826
CHAPTER 26 ON-CHIP DEBUG FUNCTION .......coo oot srsmerr s s ssssms s s s s s smnn s e e s s 828
26.1 Connecting E1 On-Chip Debugging Emulator ..............cccocmimiiiiicccnecerrnrenssssssssceses e sesssssnnnes 828
26.2 On-Chip Debug Security ID ........ccccivimminimimiisir s 829
26.3 Securing Of USEr RESOUICES ........cccccvmmiriiiiiiiissssmnereesssssssssssmsssssesssssssssssssssssssassssssmssssssesssssnnnns 829
CHAPTER 27 BCD CORRECTION CIRCUIT .....coicociiriseerersnssmrersssssseesssssneesssssseesessssesssssnsesenssnseseanas 831
27.1 BCD Correction Circuit FUNCHION........ccoiiiiiiccirre e 831
27.2 Registers Used by BCD Correction CirCuit ..........cccccerrremmmnnssmersnssceresssmeesesssmsesssssssessssssces 831
27.2.1 BCD correction result register (BCDADU)..........uuiiiiiieeie et e e 831

27.3 BCD Correction Circuit Operation.........ccccccccccirimiiiinicccssscrrer s ssssrre s ssses e e e s e s s s snnes 832
CHAPTER 28 INSTRUCTION SET....iiiiiiiiiiini s iiicsmse s sssms s s ss s smmms s s s s mmms e s s essnssnn 834
28.1 Conventions Used in Operation LiSt .........c..ccceirimriiiiisccsseceien s sssses e s s s s sssssss s nsssssssssmnens 834
28.1.1 Operand identifiers and specification methods ..., 834

28.1.2 Description of Operation COIUMN .......oouuiiiiiiii e 835

28.1.3 Description of flag operation COIUMN .............iiiiiiii e e e enes 836

28.1.4 PREFIX INSIIUCHION ....eeiiiiiiiiiieiei ettt e e e e ettt e e e e e ettt e e e e e eabeeeaaeeeannsneeeas 836

28.2 OPeration LiSt ... mnnns 837
CHAPTER 29 ELECTRICAL SPECIFICATIONS (TA = —40 to +85°C)...ccccciiiiiiiiicimcmrrre s 854
29.1 Absolute Maximum RatiNgs .........cccccimimiiiiiiicccsecrrrs s s sssssss s e s s s sssse s e e s esssssssssmssnessessnsssnnns 855
29.2 Oscillator CharacteriStiCs.........ouiiiiiieii e 857
29.2.1 X1, XT1 0SGillator CharaCteriStiCS........ccoiiiieeiieeeee e e e e e e e e e eaeeees 857

29.2.2 On-chip oscillator characteriStiCs .............oioiiiiiiiiiiiie e e e 857

29.3 DC CharacteristiCs .........cccceririiriiiiiiririr s s mn e e e e e 858
PAS IR B I o el = = Tor (T ] PSRRI 858

29.3.2 Supply current CharacCteriStICS ...........oiiuiiiiiiiie et e et 863

e I R LY O3 0 4 T 1= T L= =] = 869
29.5 Peripheral Functions Characteristics.........cccuueiiirmiiniiiiiscccecrir e 874
29.5.1 SErial @ITAY UNIt ..eeeeeiiieiiiee et e et e e ettt e s et e e e s st eeeanteeeeaneeeeaanseeeeanseeeenseeeeanneeeeanneeeeann 874

29.5.2 Serial iNterface HCA ... ettt e e e e e ettt e e e e e s e et e e e e e e e easntbeeeaeeeeannnnaes 897

29.6 Analog CharacterisStiCs .......ccuuverrmininimiiiir i 900
29.6.1 A/D converter CharaCteriStiCS........oii e e et e e e e e e e nte e e e e e nneeeeeas 900

29.6.2 Temperature sensor, internal reference voltage output characteristics ...........ccccocceiiiiiiiniiinnns 905

29.6.3 POR CirCUIit CharacCteriStiCS .......coiiiiiiiiiiiiiie e e e e et e e e e e s e e e e e e e nneaeeeas 905

29.6.4 LVD Circuit CharacCteriStiCs ..........ooi it e e e e e s e eeeas 906

29.6.5 Supply voltage rise slope charaCteriStiCs.........cooouuiiiiiiiiiii e 907

29.7 RAM Data Retention CharacteristiCs...........cccooiiiiiiiicciir s 908
29.8 Flash Memory Programming CharacteristiCs.......cccccciviiriirmmmiinniisiccsssecrses s scssssseeeese s ssssanns 908
29.9 Dedicated Flash Memory Programmer Communication (UART)......c..ccccmmnnimmnmnnssnnsnnnsnnens 908
29.10 Timing Specs for Switching Flash Memory Programming Modes...........cccccccvrrrrriicicnnnnns 909

Index-13



CHAPTER 30 ELECTRICAL SPECIFICATIONS

(G: INDUSTRIAL APPLICATIONS TA = —40 to +105°C)..ccccceiiiicccnnecrrrnrrresssnnnes 910

30.1 Absolute Maximum Ratings ........ccccciiiiimiiniiiir s s e 911
30.2 Oscillator CharacteriStiCS.....ccccviiiiiiirmiiiiiiicc i sssre e ss e s e e e e s s s smnnn e e e e e ses s nnmnnns 913
30.2.1 X1, XT1 0SGillator CharaCteriStiCS.......coeieeeeieiieee et e e e e et e e e eaeeees 913
30.2.2 On-chip oscillator CharacCteriStiCS ...........uuiiiiiiiiiiiiie e e e 913

30.3 DC CharacteriStiCSs ........cceiiiiiiiiiiiiiii et r e s e s e e s e e e e e s e e e s eeeeee e e e e e e eesesaerenenenennnns 914
30.3.1 PiN CharaCteriStiCS .......coiueiiiiiiiie ettt et e e et e e b e e e an bt e e e ee e e e snneeeeaneeeeeanes 914
30.3.2 Supply current CharaCteriStiCS .........oii it e e e e e e e e e nneneeeas 919

30.4 AC CharacteriStiCs .......cccccmiiiiiiiiicccniire s s sre e e e s s s s s mnne e e s e e s s s s smnn s e e e e e se s s annneeensansssnnnnnns 925
30.5 Peripheral Functions CharacteristiCs........cccccciniimminiin e 929
30.5.1 Serial @rray UNIt ... ...eeiiiiiiieiiee et e e st e e e e e s et e e e e e e s ea e r e e e e e aar e reaaeeeannraeeeas 929
30.5.2 Serial interface HCA. ... ettt e e e e e ettt e e e e e s e annaeeeeeaaeeeannneeeeaaeeaaannnees 947

30.6 ANalog CharacteriStiCs ..........cccvrreeirrrresrerrrssrerrs e e rsssnr e rs s e e e s e e e e e sn e e eessne e e e s nneenssnnenenns 948
30.6.1 A/D converter CharaCteriStiCS. ... ...oi e ettt e e e e e e e eeeas 948
30.6.2 Temperature sensor, internal reference voltage output characteristics .............ccooeccvievieeiiiiineen. 952
30.6.3 POR CircCuit CharacCteriStiCS ..........oi it e et e e e e e e e e e e e nneeeeeas 952
30.6.4 LVD Circuit CharaCteriStiCs ..........coiiiuuiiiiiii e 953
30.6.5 Supply voltage rise slope characteristiCs............uuiiiiiiiiii e 953

30.7 RAM Data Retention CharacteristiCs..........cccoomiiiiiiiiicisseiiri e ssne e 954
30.8 Flash Memory Programming CharacteristiCs.........ccccuvvmminnimninnimnnn e 954
30.9 Dedicated Flash Memory Programmer Communication (UART).......cccccureemrrrnrceerrnseeeennns 955
30.10 Timing Specs for Switching Flash Memory Programming Modes............ccccunvinriniinnnnnnne 955
CHAPTER 31 PACKAGE DRAWINGS ........ccciiiiiiiiicsscrrersssssssssssssssessssssssssssssssssssssssssnsnssssssssssssnnnes 956
B B0 e B oY1 TN 2 e Yo 11T =TSP 956
31.2 32-PiN ProdUCLS .......cooiiiiiiciir it s s nn s 957
B g0 I T B oY1 TN o o Yo 11T =TSP 960
31.4 64-PiN ProdUCLS ........oooiiiiiiiiie e s s an 964
APPENDIX A REVISION HISTORY ....coiiiiiiicicciemiiiriissssssssmesss e s ssssssssssssss s s sssssssssssssssssessnsssssnnsnsssssssssnn 966
A.1 Major Revisions in This Edition ... 966
A.2 Revision History of Preceding Editions ...........cccoeiiimminniiminsern e 967

Index-14



LENESAS
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Apr 26, 2024

CHAPTER 1 OUTLINE

1.1 Features

Ultra-low power consumption technology
o Vbp = single power supply voltage of 1.6 to 3.6 V which can operate a 1.8 V device at a low voltage
e HALT mode
e STOP mode
e SNOOZE mode

RL78 CPU core
e CISC architecture with 3-stage pipeline
e Minimum instruction execution time: Can be changed from high speed (0.03125 ps: @ 32 MHz operation with high-
speed on-chip oscillator) to ultra-low speed (30.5 ps: @ 32.768 kHz operation with subsystem clock)
e Address space: 1 MB
e General-purpose registers: (8-bit register x 8) x 4 banks
e On-chip RAM: 2 to 4 KB

Code flash memory
e Code flash memory: 16 to 64 KB
e Block size: 1 KB
e Prohibition of block erase and rewriting (security function)
e On-chip debug function
o Self-programming (with boot swap function/flash shield window function)

Data flash memory
o Data flash memory: 4 KB
e Back ground operation (BGO): Instructions can be executed from the program memory while rewriting the data flash
memory.
e Number of rewrites: 1,000,000 times (TYP.)
e Voltage of rewrites: Voo = 1.8t0 3.6 V

High-speed on-chip oscillator
e Select from 32 MHz, 24 MHz, 16 MHz, 12 MHz, 8 MHz, 6 MHz, 4 MHz, 3 MHz, 2 MHz, and 1 MHz
e High accuracy £1.0 % (Voo = 1.8 to 3.6 V, Ta = -20 to +85°C)

Operating ambient temperature
e Ta=-40to +85°C (A: Consumer applications)
e Ta=-40to +105°C (G: Industrial applications)

Power management and reset function
e On-chip power-on-reset (POR) circuit
e On-chip voltage detector (LVD) (Select interrupt and reset from 12 levels)
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RL78/G1A CHAPTER 1 OUTLINE

DMA (Direct Memory Access) controller
e 2 channels
o Number of clocks during transfer between 8/16-bit SFR and internal RAM: 2 clocks

Multiplier and divider/multiply-accumulator
e 16 bits x 16 bits = 32 bits (Unsigned or signed)
e 32 bits + 32 bits = 32 bits (Unsigned)
e 16 bits x 16 bits + 32 bits = 32 bits (Unsigned or signed)

Serial interface
e Simplified SPI (CSIN°"): 2 to 6 channels
o UART/UART (LIN-bus supported): 2 or 3 channels
¢ |2C/Simplified 12C communication: 2 to 7 channels

Timer
e 16-bit timer: 8 channels
e 12-bit interval timer: 1 channel
e Real-time clock: 1 channel (calendar for 99 years, alarm function, and clock correction function)
o Watchdog timer: 1 channel (operable with the dedicated low-speed on-chip oscillator)

A/D converter
o 8/12-bit resolution A/D converter (Vop = 1.6 to 3.6 V)
e Analog input: 13 to 28 channels
¢ Internal reference voltage (1.45 V) and temperature sensorNote2

1/0O port
e |/O port: 19 to 56 (N-ch open drain I/O [withstand voltage of 6 V]: 2 to 4,
N-ch open drain 1/0 [Vbo withstand voltageN°'¢3/EVop withstand voltageNete4]: 6 to 12)
e Can be set to N-ch open drain, TTL input buffer, and on-chip pull-up resistor
o Different potential interface: Can connect to a 1.8/2.5 V device
e On-chip key interrupt function
e On-chip clock output/buzzer output controller

Others
e On-chip BCD (binary-coded decimal) correction circuit

Notes 1. Although the CSI function is generally called SPI, it is also called CSI in this product, so it is referred to as such in this
manual.
2. Can be selected only in HS (high-speed main) mode
Products with 25 to 48 pins
4. Products with 64 pins

(d

Remark The functions mounted depend on the product. See 1.6 Outline of Functions.

RO1UH0305EJ0230 Rev.2.30 R NS 2
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RL78/G1A CHAPTER 1 OUTLINE

O ROM, RAM capacities

Flash ROM Data flash RAM RL78/G1A
25 pins 32 pins 48 pins 64 pins
64 KB 4 KB 4 KB Note R5F10E8E R5F10EBE R5F10EGE R5F10ELE
48 KB 4 KB 3 KB R5F10E8D R5F10EBD R5F10EGD R5F10ELD
32 KB 4 KB 2 KB R5F10E8C R5F10EBC R5F10EGC R5F10ELC
16 KB 4 KB 2 KB R5F10E8A R5F10EBA R5F10EGA -

Note This is about 3 KB when the self-programming function and data flash function are used. (For details, see
CHAPTER 3)

ROTUH0305EJ0230 Rev.2.30 R NS 3
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RL78/G1A CHAPTER 1 OUTLINE

1.2 List of Part Numbers

Figure 1-1. Part Number, Memory Size, and Package of RL78/G1A

Part Number
Ordering Part Number R5F10ELCAxxxFB#00

L Packing
<R> #UO : Tray (HWQFN, VFBGA, WFLGA)
#00, #20, #60 : Tray (HWQFN)
#10, #70 : Tray (LFQFP)
#V0 : Tray (LFQFP)
#WO : Embossed Tape (HWQFN, VFBGA, WFLGA)
#40 : Embossed Tape (HWQFN)
#50 : Embossed Tape (LFQFP)
#X0 : Embossed Tape (LFQFP)
———— Package type:

BG : VFBGA, 0.40 mm pitch
FB : LFQFP, 0.50 mm pitch
LA : WFLGA, 0.50 mm pitch
NA : HWQFN, 0.50 mm pitch

- ROM number (Omitted with blank products)

Classification:
A : Consumer applications : Ta = -40°C to 85°C
G : Industrial applications : Ta =-40°C to 105°C

ROM capacity:
A: 16 KB
C: 32KB
D: 48KB
E : 64 KB

Pin count:
8 : 25-pin
B : 32-pin
G : 48-pin
L : 64-pin

RL78/G1A group

Memory type:
F : Flash memory

Renesas MCU

Renesas semiconductor product

Caution The part number above is valid as of when this manual was issued. For the latest part number, see the
web page of the target product on the Renesas Electronics website.

ROTUH0305EJ0230 Rev.2.30 R NS 4
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RL78/G1A

CHAPTER 1 OUTLINE

Table 1-1. List of Ordering Part Numbers
Fields of Ordering Part Number
Pin count Package Application Packadi RENESAS Code
Note Part Number ackaging
specification
25 pins 25-pin plastic WFLGA A R5F10E8AALA, R5F10E8CALA, #UO, #WO0 PWLGO0025KA-A
(3 x 3 mm, 0.5 mm pitch) R5F10E8DALA, R5F10ES8EALA
G R5F10E8AGLA, R5F10E8CGLA,
R5F10E8DGLA, R5F10ES8EGLA
32 pins 32-pin plastic HWQFN A R5F10EBAANA, R5F10EBCANA, #UO, #WO0 PWQNO0032KB-A
(5 x5 mm, 0.5 mm pitch) R5F10EBDANA, R5F10EBEANA
#00, #20, #40, PWQNO0032KE-A
#60 PWQNO0032KG-A
G R5F10EBAGNA, R5F10EBCGNA, #UO, #WO0 PWQNO0032KB-A
R5F10EBDGNA, R5F10EBEGNA
#00, #20, #40, PWQNO032KE-A
#60 PWQNO0032KG-A
48 pins 48-pin plastic LFQFP A R5F10EGAAFB, R5F10EGCAFB, #V0, #X0, #10, PLQPO0048KF-A
(7 x 7 mm, 0.5 mm pitch) R5F10EGDAFB, R5F10EGEAFB #50, #70
G R5F10EGAGFB, R5F10EGCGFB, #V0, #X0, #10, PLQPO0048KF-A
R5F10EGDGFB, R5F10EGEGFB #50, #70
48-pin plastic HWQFN A R5F10EGAANA, R5F10EGCANA, #UO, #WO0 PWQNO0048KB-A
(7 x 7 mm, 0.5 mm pitch) R5F10EGDANA, R5F10EGEANA
#00, #20, #40, PWQNO0048KE-A
#60
G R5F10EGAGNA, R5F10EGCGNA, #UO, #WO0 PWQNO0048KB-A
R5F10EGDGNA, R5F10EGEGNA
#00, #20, #40, | PWQNOO048KE-A
#60
64 pins 64-pin plastic LFQFP A R5F10ELCAFB, R5F10ELDAFB, #V0, #X0, #10, PLQPO0064KF-A
(10 x 10 mm, 0.5 mm R5F10ELEAFB #50, #70
pitch) G R5F10ELCGFB, R5F10ELDGFB, #V0, #X0, #10, PLQPO0064KF-A
R5F10ELEGFB #50, #70
64-pin plastic VFBGA A R5F10ELCABG, R5F10ELDABG, #UO, #WO0 PVBGO064LA-A
(4 x 4 mm, 0.4 mm pitch) R5F10ELEABG
G R5F10ELCGBG, R5F10ELDGBG,
R5F10ELEGBG
Note For the fields of application, see Figure 1-1 Part Number, Memory Size, and Package of RL78/G1A.
Caution The part number above is valid as of when this manual was issued. For the latest part number, see

the web page of the target product on the Renesas Electronics website.
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RL78/G1A

CHAPTER 1 OUTLINE

1.3 Pin Configuration (Top View)

1.3.1 25-pin products

e 25-pin plastic WFLGA (3 x 3 mm, 0.50 mm pitch)

Top View

Bottom View

N W B~ O

boood?

(ONONONONG
(ONONONONGO
ONONONONG

@OOOOQD

A B\C D E E D C B |A
INDEXMARK INDEXMARK
A B c D E
P40/TOOLO RESET PO3/ANI16/ P23/ANI3/ AVss
5 RxD1/TO00/ (KR3)
(KRT)
P122/X2/ P137/INTPO PO2/ANI17/ P22/ANI2/ AVoo
. | EXCLK TXD1/TI00/ (KR2)
(KRO)
P121/X1 Voo P21/ANI1/ P11/ANI20/ P10/ANI18/
3 AVRerw SI00/SDA00/ SCKO00/SCLO00
RxDO/
TOOLRxD
REGC Vss P30/ANI27/ P51/ANI25/ P50/ANI26/
) SCK11/SCL11/ | SO11/INTP2 SI11/SDA11
INTP3 INTP1
P60/SCLAO P61/SDAAO P31/ANI29/TI03/ | P12/ANI21/ P20/ANIO/
) TO03/PCLBUZO | SO00/TxDO/ AVrerp
/INTP4 TOOLTXD
A B c D E

Caution Connect the REGC pin to Vss via a capacitor (0.47 to 1 uF).

Remarks 1. For pin identification, see 1.4 Pin Identification.

2. Functions in parentheses in the above figure can be assigned via settings in the peripheral I/O redirection
register (PIOR). See Figure 4-8 Format of Peripheral I/O Redirection Register (PIOR).
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RL78/G1A

CHAPTER 1 OUTLINE

1.3.2 32-pin products

e 32-pin plastic HWQFN (5 x 5 mm, 0.5 mm

pitch)

exposed die pad

P24/ ANI4/(KRE) O=—=

P23/ANI3/ (KRE) O]

P22/ ANI2/ (KRB) Q==
P21/ANI/AVkem O

P20/ ANIO/AVkerp Q=]

P03/ ANI16/RxD1/ TOOO/ (KR2) =]
P02/ ANI17/TxD1/TI00/ (KR1) O~—»
P120/ANIY/(KRD) O=—=

«—=0O P51/SO11/INTP2

«<—O P50/ANI26/S111/SDA11/INTP1
«—(O P30/ANI27/SCK11/SCL11/INTP3
~—=( P70/ANI28/KRD

~—=O P31/ANI29/TI03/ TO03/PCLBUZO/INTP4
0O P62

~—0O P61/SDAAD

-—O P60/SCLAO

INDEXMARK

ig &
S ¥
B3 &%
go_l,-\ﬁ
£33k
sERxé s
938382
32099
SHEERS
T
888
PN
STS888S
Z22Z22ZZ2Z2Z
pIILIIILZ
§>Do‘—Nm<rLo
A= N T N N
TTTTTTTT
2423222120191817
25 16
26 | 15
27 | 14
28 1 RIBGIA | 45
29: (Top View) 12
30 , 11
31 N ' 10
2@ T - "9
4123456 78
LOOOOOOO
SRR
SPEXS
FrES Ly
g 5o
a E§
o

Caution Connect the REGC pin to Vss via a capacitor (0.47 to 1 uF).

Remarks 1. For pin identification, see 1.4 Pin Identification.

2. Functions in parentheses in the above figure can be assigned via settings in the peripheral 1/O redirection
register (PIOR). See Figure 4-8 Format of Peripheral I/O Redirection Register (PIOR).
3. ltis recommended to connect an exposed die pad to Vss.
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CHAPTER 1 OUTLINE

1.3.3 48-pin products

e 48-pin plastic LFQFP (7 x 7 mm, 0.5 mm pitch)

P74/S101/SDAO01/INTP8/KR4 O

S
O =
eSS
ZEE
= - a =
SAan §LIJ®aTo
DEE Ssggog
e <I<Isxz=x
D= S-daIBon~
nZz2==z Z2Z2ZZZZ2ZZ
SILL oL L LI LLLL
T AN O OO~ ANMIT WO O© M~
T OO T~ AN ANANNANNANN
[ I T o Y o Y o Y o Y Y Y MY n B a O
36 35 34 33 32 31 30 29 28 27 26 25
P120/ANI19 O=~—={37 24
P41/ANI30/TI07/TO07 O 38 23
P40/TOOLOO 39 22
RESETO—~{40 21
P124/XT2/EXCLKS O——=|41 20
P123/XT1O——={42 RL78/G1A 19
P137/INTPOO——{43 (Top View) 18
P122/X2/EXCLK O——={44 17
P121/X1 O——|45 16
REGCO——{46 15
vsso—Jaz O 14
Voo O——{48 13
12345678 9101112
O0000O0OOO OO
22g8igzesee
JEEEEELELES
287 S8 S8YY
8F 5222833
& £ESe~eg
832y
ES 26
g2 N
222 &g
=z
= z
[ 2
o o

P30/ANI27/SCK11/SCL11/INTP3/RTC1HZ O=—

~—(OAVss

~—=OAVDD

-—(OP150/ANI8
-—(OP10/ANI18/SCK00/SCL00/(KRO)
~—(OP11/ANI20/S100/SDA00/RxD0/TOOLRXD/(KR1)
-—0OP12/ANI21/SO00/TxD0/TOOLTxD/(KR2)
-—OP13/ANI22/S020/TxD2/(KR3)
~—=OP14/ANI23/S120/SDA20/RxD2/(KR4)
~—OP15/ANI24/SCK20/SCL20/PCLBUZ1/(KR5)
-—=OP16/TI01/TO01/INTP5
-—=(OP51/ANI25/SO11/INTP2
~—=(OP50/ANI26/S111/SDA11/INTP1

Caution Connect the REGC pin to Vss via a capacitor (0.47 to 1 uF).

Remarks 1. For pin identification, see 1.4 Pin Identification.

2. Functions in parentheses in the above figure can be assigned via settings in the peripheral I/O redirection
register (PIOR). See Figure 4-8 Format of Peripheral I/O Redirection Register (PIOR).
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CHAPTER 1 OUTLINE

e 48-pin plastic HWQFN (7 x 7 mm, 0.5 mm pitch)

g
<3
O =
a8 8
ZEE
= - a =
ISEaNe) I iNoS O
SEE ZZLEEY
e <<=z
D= S=-daFBon~
nZz2ZZ2 Z22Z2ZZZZ2Z2Z
SLLo LI LLLL
<A OMO - ANMIT W O~
T OO T AN AN ANNANNANN
[ I T o A o Y o Y o Y o Y o MY M B a B
363534 3332313029 28272625
P120/ANI19 O~—»137 24
P41/ANI30/TI07/TO07 O 38 23
P40/TOOLOO 39 22
RESETO—={40 21
P124/XT2/EXCLKS O——=|41 20
P123/XT1O——=42 RL78/G1A 19
P137/INTPOO——={43 (Top View) 18
P122/X2/EXCLK O——{44 17
P121/X1 O——={45 16
REGCO——{46 15
Vss O——47 O 14
Voo O——{48 13
12345678 9101112
O00O0 00O
2288 2R
5322 gLo
[Sia) ===
S 2 353
2E 225
NN~ —
oo
2
=
o

P31/ANI29/TI03/TO03/INTP4 O

P75/SCKO01/SCLO1/INTP9/KR5 O
P74/S101/SDAO01/INTP8/KR4 O

P70/ANI28/SCK21/SCL21/KR0 O

P30/ANI27/SCK11/SCL11/INTP3/RTC1HZ O=—

~—(0OAVss

~—OAVDD

-—(OP150/ANI8
-—=(P10/ANI18/SCK00/SCL00/(KRO)
-—OP11/ANI20/S100/SDA00/RXxD0O/TOOLRxXD/(KR1)
-—0OP12/ANI21/SO00/TxD0/TOOLTxD/(KR2)
~—=0OP13/ANI22/S020/TxD2/(KR3)
~—=OP14/ANI23/S120/SDA20/RxD2/(KR4)
~—OP15/ANI24/SCK20/SCL20/PCLBUZ1/(KR5)
~—OP16/TI01/TO01/INTP5
-—=(OP51/ANI25/SO11/INTP2
~—=(OP50/ANI26/S111/SDA11/INTP1

Caution Connect the REGC pin to Vss via a capacitor (0.47 to 1 uF).

Remarks 1. For pin identification, see 1.4 Pin Identification.

2. Functions in parentheses in the above figure can be assigned via settings in the peripheral I/O redirection
register (PIOR). See Figure 4-8 Format of Peripheral I/O Redirection Register (PIOR).
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CHAPTER 1 OUTLINE

1.3.4 64-pin products

P03/ANI116/S110/SDA10/RXD1/(KR3) O+

Cautions1.

Remarks 1.

64-pin plastic LFQFP (10 x 10 mm, 0.5 mm pitch)

P27/ANI7 O~
P26/ANI6/(KR9) O~
P25/ANI5/(KR8) O=—»]
P24/ANI4/(KR7) O—»]
P23/ANI3/(KR6) O=—»]
P22/ANI2/(KR5) O
P21/ANI1/AVReFm O=—n
P20/ANIO/AVRrerp O—n]

P130 O=——
P04/SCK10/SCL10/(KR4) Ora—n|

PO2/ANI17/SO10/TXD1/(KR2) O~——~
PO1/TO00/(KR1) O]
POO/TI00/(KRO) O~

P141/PCLBUZ1/INTP7 O~—~]
P140/PCLBUZO/INTP6 O~—~

o g b
- O ©

52

O

e
14
<
O ~
x N
o
2% g
a o
~02 Y~
SEr T8 -
x8038x =
SEgOxeEs z
o= k==« o~ =
19 s § 9@ 4 a =
oO2Laoaaogdop >
IR x<prbE <L
cs520EE5EBs2£3
N 2353055088 Z2=9
XXX SOoNOXSo T
o200 000c=
£S5S53202209020
VO - rrrr OO - dNOT WO
ZZZZzZ Y aAaANANAN=ANA
<< I ZZZZZZ2LZ22
s s550835<553552¢2
>S><Y YooY C2b B
<«<oooooooO0oO0oOo0on
48 47 46 45 44 43 42 41 40 39 38 37 36 35 34 33

32
31
30
29
28
27
RL78/G1A 2
(Top View) 24 |
23]
22 |
21}
20 ]
19 |
18]

[=——0O P05/TI05/TO05/KR8
[=—0O PO06/TI06/TO06/KR9
~—O P70/ANI28/SCK21/SCL21/KRO
[«—0O P71/SI121/SDA21/KR1
[=—O P72/SO21/KR2

[=—0O P73/SO01/KR3

[=—O P74/SI101/SDAO1/INTP8/KR4
j=—O P75/SCK01/SCLO1/INTP9/KR5
j=—O P76/INTP10/KR6

j«—O P77/INTP11/KR7

j=—O P31/ANI29/T103/TO03/INTP4
[=—O P63

|~—O P62

[=—O P61/SDAA0

[=—O P60/SCLAO

64 17
12345 67 8 910 111213141516
mmvr\opmw—oxx—oggog
— o o J [ o
SicooMSi%EQg2Q>2>¢8
T EEOWOsZXagy W
S IREXXASWs
Q o5 WeEEHgn
- EET Q02X
L s E og

F¥a X N
: & &
= o
<
a

Make EVsso pin the same potential as Vss pin.

2. Make Voo pin the potential that is higher than EVbpo pin.

3. Connect the REGC pin to Vss via a capacitor (0.47 to 1 uF).

For pin identification, see 1.4 Pin Identification.

[+=——=0O P30/ANI27/SCK11/SCL11/INTP3/RTC1HZ

2. When using the microcontroller for an application where the noise generated inside the microcontroller

must be reduced, it is recommended to supply separate powers to the Voo and EVbpo pins and connect

the Vss and EVssOpins to separate ground lines.

3. Functions in parentheses in the above figure can be assigned via settings in the peripheral I/O redirection
register (PIOR). See Figure 4-8 Format of Peripheral I/O Redirection Register (PIOR).
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RL78/G1A CHAPTER 1 OUTLINE

e 64-pin plastic VFBGA (4 x 4 mm, 0.4 mm pitch)

Top View Bottom View
CCCOoOOo 8 00000000
COCCOOOO 7 00000000
SOOOOOO0 6 (OXONOXOXONOXOXO)
wwR.78/G1Arj;v’j 5 O0O0O00000
SN (Top\[ew)rw* 4 O0OO0O00O000
SEONONGEONONGNS 3 (OXONOXOXONOXOXO)
CooCCooo 2 (OXONOXOXONOXOXO)
OO OO OO0 1 OXONONOXOXOXO) OA
A B CDEF GH H G F EDC B A
Index mark
Pin No. Name Pin No. Name Pin No. Name Pin No. Name
A1 PO5/TI05/TO05/KR8 C1 P51/ANI25/SO11 E1 P153/ANI11/(KR8) G1 AVop
/INTP2
A2 P30/ANI27/SCK11 Cc2 P71/S121/SDA21/KR1 |E2 P154/ANI12/(KR9) G2 P25/ANI5/(KR8)
/SCL11/INTP3
/RTC1HZ
A3 P70/ANI28/SCK21 C3 P74/S101/SDA01 E3 P10/ANI18/SCK00 G3 P24/ANI4/(KR7)
/SCL21/KRO /INTP8/KR4 /SCLO0/(KRO)
A4 P75/SCK01/SCLO01 C4 P16/TI01/TOO01/INTP5 |E4 P11/ANI20/SI100 G4 P22/ANI2/(KR5)
/INTP9/KR5 /SDAQO0/RxDO
/TOOLRxD/(KR1)
A5 P77/INTP11/KR7 C5 P15/ANI24/SCK20 E5 PO3/ANI16/SI110 G5 P130
/SCL20/(KR5) /SDA10/RxD1/(KR3)
A6 P61/SDAAO C6 P63 E6 P41/ANI30/TI07/TO07 |G6 P02/ANI17/SO10/TxD1
/(KR2)
A7 P60/SCLAO Cc7 Vss E7 RESET G7 PO00/TI00/(KRO)
A8 EVooo C8 P121/X1 E8 P137/INTPO G8 P124/XT2/EXCLKS
B1 P50/ANI26 /S111 D1 P13/ANI22/S020 F1 P150/ANI8 H1 AVss
/SDA11/INTP1 /TxD2/(KR3)
B2 P72/SO21/KR2 D2 P06/TI06/TO06/KR9 F2 P151/ANI9/(KR6) H2 P27/ANI7
B3 P73/SO01/KR3 D3 P12/ANI21/SO00 F3 P152/ANI10/(KR7) H3 P26/ANI6/(KR9)
/TxDO/TOOLTxD/(KR2)
B4 P76/INTP10/KR6 D4 P14/ANI23/S120/ F4 P21/ANI1/AVRrerm H4 P23/ANI3/(KR6)
SDA20/RxD2/(KR4)
B5 P31/ANI29/TI03/TO03 |D5 P42/T104/TO04 F5 P04/SCK10/SCL10 H5 P20/ANI0/AVrerp
/INTP4 /(KR4)
B6 P62 D6 P40/TOOLO F6 P43 H6 P141/PCLBUZ1/INTP7
B7 Vob D7 REGC F7 P01/TO00/(KR1) H7 P140/PCLBUZ0/INTP6
B8 EVsso D8 P122/X2/EXCLK F8 P123/XT1 H8 P120/ANI19

Cautions 1. Make EVsso pin the same potential as Vss pin.

2. Make Vob pin the potential that is higher than EVboo pin.

3. Connect the REGC pin to Vss via a capacitor (0.47 to 1 uF).
Remarks 1. For pin identification, see 1.4 Pin Identification.

2. When using the microcontroller for an application where the noise generated inside the microcontroller
must be reduced, it is recommended to supply separate powers to the Voo and EVboo pins and connect
the Vss and EVsso pins to separate ground lines.

3. Functions in parentheses in the above figure can be assigned via settings in the peripheral 1/0
redirection register (PIOR). See Figure 4-8 Format of Peripheral I/O Redirection Register (PIOR).
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RL78/G1A

CHAPTER 1 OUTLINE

1.4 Pin Identification

ANIO to ANI12,

ANI16 to ANI30:  Analog input

AVpb: Analog power supply

AVss: Analog ground

AVREFM: A/D converter reference
potential (- side) input

AVREFP: A/D converter reference
potential (+ side) input

EVobo: Power supply for port

EVsso: Ground for port

EXCLK: External clock input (main
system clock)

EXCLKS: External clock input

(subsystem clock)

INTPO to INTP11: Interrupt Request from

PCLBUZO, PCLBUZ1:

REGC:
RESET:
RTC1HZ:

RxDO0 to RxD2:

SCKO00, SCK01, SCK10,
SCK11, SCK20, SCK21:
SCLAO, SCLO00, SCLO01,

SCL10, SCL11, SCL20,

SCL21:

SDAAO, SDA00, SDA01,
SDA10, SDA11, SDA20,
SDA21:

Programmable clock output/buzzer
output

Regulator capacitance

Reset

Real-time clock correction clock

(1 Hz) output

Receive data

Serial clock input/output

Serial clock output

Serial data input/output

External S100, S101, SI10, SI11,
KRO to KR9: Key return S120, Sl21: Serial data input
P00 to P06: Port 0 S000, SO01, SO10,
P10 to P16: Port 1 S0O11, SO20, SO21: Serial data output
P20 to P27: Port 2 TI00, TIO1, TI03 to TIO7: Timer input
P30, P31: Port 3 TOO00, TOO01,
P40 to P43: Port 4 TOO03 to TOO7: Timer output
P50, P51: Port 5 TOOLDO: Data input/output for tool
P60 to P63: Port 6 TOOLRxD, TOOLTxD: Data input/output for external device
P70 to P77: Port 7 TxDO0 to TxD2: Transmit data
P120 to P124: Port 12 Vob: Power supply
P130, P137: Port 13 Vss: Ground
P140, P141: Port 14 X1, X2: Crystal oscillator (main system clock)
P150 to P154: Port 15 XT1, XT2: Crystal oscillator (subsystem clock)
RO1UHO0305EJ0230 Rev.2.30 RENESAS 12
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CHAPTER 1 OUTLINE

1.5 Block Diagram

1.5.1 25-pin products

TIMER ARRAY
UNIT (8ch)

TIOO/PO2 ——~
TO00/P0O3

ch0

TIO3/TO03/P31 ~—=

I

ch

ch2

ch3

chd

ch5

ché

ch7

WINDOW
WATCHDOG
TIMER

LOW-SPEED
ON-CHIP

l

OSCILLATOR

INTERVAL
TIMER

REAL-TIME
| “cox [

=)

-

RL78
CPU
CORE

CODE FLASH MEMORY

DATA FLASH MEMORY

RAM

Voo
AVop

SERIAL
INTERFACE IICAO

BUZZER OUTPUT

CLOCK OUTPUT
CONTROL

!

TOOLRXD/P11,
TOOLTxD/P12

Vss
AVss

SDAAO0/P61
SCLAO0/P60

— PCLBUZO0/P31

-

SERIAL ARRAY
UNITO (4ch)
RXDO/P11 — UARTO
TXDO/P12 ~—
mowres || ue |
TXD1/P02 ~—| UARTL
SCKO00/P10
SI00/P11 Csioo
S000/P12
SCK11/P30
SI11/P50 csiiL
SO11/P51
SCLO0/P10 ~— o0
SDA00/P11 =—
SCL11/P30 =— oL
SDA11/P50 -
DIRECT MEMORY
ACCESS CONTROL
BCD
ADJUSTMENT

g

MULTIPLIER&
DIVIDER,
MULITIPLY-
ACCUMULATOR

<

A/D CONVERTER

“ﬂ P02, P03
<:> P10 to P12
<:> P20 to P23
<:> P30, P31
o ]
<:> P50, P51
“@ P60, P61
<:>P121, P122
o

- [

(KRO/P02, KR1/P03,
KR2/P22, KR3/P23)

ANIO/P20 to
ANI3/P23

ANI16/P03, ANI17/P02,
ANI18/P10, ANI20/P11,
ANI21/P12, ANI25/P51,
ANI26/P50, ANI27/P30,

ANI29/P31
AVRrerp/P20
AVrerm/P21
POWER ON RESET/ PORILVD
VOLTAGE CONTROL
DETECTOR
RESET CONTROL
{—>| on-cHIP DEBUG TOOLO/P40
SYSTEM
CONTROL  [~——RESET
HIGH-SPEED| [+ X1/P121
ON-CHIP
OSCILLATOR X2/EXCLK/P122
VOLTAGE
REGULATOR REGC

INTERRUPT
CONTROL

< INTPO/P137
[+~—— INTP1/P50
[+=—— INTP2/P51

INTP3/P30,
INTP4/P31

Remark Functions in parentheses in the above figure can be assigned via settings in the peripheral 1/O redirection
register (PIOR). See Figure 4-8 Format of Peripheral I/O Redirection Register (PIOR).
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RL78/G1A CHAPTER 1 OUTLINE

1.5.2 32-pin products

TILI\:I’\IIZE ?SFéE{)AY <:> P02, P03
nggjggg — cho <:> P10 to P15
cht <:> P20 to P24

TIO3/TO03/P31 =—1~| ch3

f;

ch:

RxD2/P14 ——~ ch7

«— P70
WINDOW ¢ porri2 ~—P120
WATCHDOG (7> 2] p121,P122
TIMER
T (>  PORT13 |~ pi37
LOW-SPEED
oncrip |- INTERVAL oy KRO/P70
TIMER
OSCILLATOR (KRO/P10 to KR5/P15)
K~ CODE FLASH MEMORY ()| KEYRETURN  K(T(6Y] (kRo/p120, KR1/PO2, KR2/PO3,
T:IEZS — KR3/P22 to KR5/P24)
REAL-TIME CORE 5 ANIO/P20 to
CLOCK DATA FLASH MEMORY ANI4/P24
ANI16/P01, ANI17/P00, ANI18/P10,
SERIAL ARRAY @ <:> A/D CONVERTER ANI19/P120 to ANI24/P15, ANI26/P50,
UNITO (4ch) 2’\\1/I27/;3200, ANI28/P70, ANI29/P31
REFP)
RxDO/P11 — @ AVrern/P21
TXDO/P12 |
POWER ON RESET/
RxD1/P03 —— _ POR/LVD
UART1 RAM VOLTAGE
TXD1/P02 k- DETECTOR CONTROL
SCK00/P10 K2 ‘
SI00/P11 Csl00
S000/P12 RESET CONTROL
Voo, Vss, TOOLRXD/P11,
SCK11/P30 AVoo  AVss TOOLTXD/P12
SI11/P50 csii1
SO11/P51 (| ON-CHIP DEBUG TOOLO/P40
SCLOO/P10 ~— 1000 SERIAL = SDAAO/PE1
SDA00/P11 ~— - INTERFACE IICAQ SYSTEM
[*— SCLAO/PEO CONTROL  |=——RESET
SCL11/P30 «— HIGH-SPEED| +——X1/P121
SDA11/P50 ~— BUZZER OUTPUT ON-CHIP
<:> _________ PCLBUZ0/P31, osciLLaToR| [ X#/EXCLKIP122
PCLBUZ1/P15
CLOCK OUTPUT
CONTROL
Rxb2IPLe (2eh) MULTIPLIER& cRC REGULATOR
X DIVIDER,
TXD2/P13 UART2 K2 moLmeLy-
u ACCUMULATOR RxD2/P14
INTPO/P137
SCK20/P15 - DIRECT MEMORY INTP1/P50,
SI20/P14 CsI20 <:> ACCESS CONTROL <:> II\(I:I)ENRTF;UOFT_T INTP2/P51
S020/P13 INTP3/P30,
INTP4/P31
SCL20/P15 ~— BCD
SDA20/P14 ~— c2o - ADJUSTMENT

Remark Functions in parentheses in the above figure can be assigned via settings in the peripheral 1/O redirection
register (PIOR). See Figure 4-8 Format of Peripheral I/O Redirection Register (PIOR).

RO1UH0305EJ0230 Rev.2.30 R NS 14
Apr 26, 2024 ENES



RL78/G1A

CHAPTER 1 OUTLINE

1.5.3 48-pin products

TIMER ARRAY
UNIT (8ch)
TI00/P02 —— !
TO00/PO3 ~— cho
TI01/TO01/P16 ~—}] cht
ch2
TI03/T003/P31 ~—}] ch3
cha -
ch5
TI07/TO07/P41 =]
ch7
RxD2/P14 ——
WINDOW
WATCHDOG
TIMER
LOW-SPEED
oncH || INTERVAL oo
OSCILLATOR TIMER
\—~ REAL-TIME
RTC1HZ/P30 ~—| CLOCK <> RL78 g‘ CODE FLASH MEMORY
CcPU
SERIAL ARRAY CORE DATA FLASH MEMORY
UNITO (4ch)
RxDO/P11 — @
TXDO/P12 —] UARTO
RxD1/P03 — AT
TXD1/P02 k:]
SCKOO/P10 <)
SI00/P11 Cs100
S000/P12 RAM
SCKO1/P75
SI01/P74 csI01
S001/P73
SCK11/P30 1
SI11/P50 csi1
SO011/P51 Voo, Vss,» TOOLRXD/P11,
AVoo AVss TOOLTXD/P12
sonoomti~ | 1000 ]
SDAOO/P11 ~—| licoo
Sorovpra - Lot |
SDAO1/P74 ~—| licot
SCL11/P30~—]
oA 1Pa0 ~ | Ic11 (o sern I SDAAO/PE1
INTERFACE 1ICAO SCLADPEO
SERIAL ARRAY
UNITT (2ch) BUZZER OUTPUT
D214 - PCLBUZ0/P140,
wopia— | | koo
D13 UART2 CLOGK OUTPUT PCLBUZ1/P15
LINSEL CONTROL
SCK20/P15 MULTIPLIER& .
SI20/P14 csi20 = | DIVICER,
] MULITIPLY-
S020/P13~—
SCKR1IPTO ACCUMULATOR
SI21/P71 csi21 p—
S021/P72=—17 K—>|access CONTROL
sorsopis - "o |
11c20
Soropta | om0 ]
BCD
SCL21/P70~— o1 K ADJUSTMENT
SDA21/P71 ~—|

PORT 0

PORT 1

PORT 2

PORT 3

PORT 4

PORT 5

PORT 6

PORT 7

JEYE U UE

PORT 12

PORT 13

ii
.!

P02, P03

P10 to P16

P20 to P27

P30, P31

P40, P41

P50, P51

P60 to P63

P70 to P75

~—=P120
P121to P124

P130
P137

A/D CONVERTER

<:I| ANIO/P20 to ANI7/P2, ANI8/P150

ANI16/P03, ANI17/P02, ANI18/P147,
<:I| ANI19/P120, ANI20/P11 to ANI24/P15,

ANI25, P51, ANI26/P50, P30/ANI27,

ANI28/P70, ANI29/P31, ANI30/P41

AVrere/P20

(= KEYRETURN

AVrern/P21

KRO/P70 to KR5/P75
(KRO/P10 to KR5/P15)
(KRO/P02, KR1/P03, KR2/P22 to KR5/P25)

POWER ON RESET/
VOLTAGE
DETECTOR

POR/LVD
CONTROL

RESET CONTROL

{_>| ON-CHIP DEBUG [=——=TOOLO/P40

SYSTEM
CONTROL

HIGH-SPEED
ON-CHIP
OSCILLATOR]

RESET
[e—X1/P121
X2/EXCLK/P122
XT1/P123

[+— XT2/EXCLKS/P124

VOLTAGE
REGULATOR

REGC

INTERRUPT
CONTROL

<

RxD2/P14
INTPO/P137

INTP1/P50,
INTP2/P51

INTP3/P30,
INTP4/P31

INTP5/P16

~—— INTP6/P140

INTP8/P74,
INTPY/P75

Remark Functions in parentheses in the above figure can be assigned via settings in the peripheral 1/O redirection
register (PIOR). See Figure 4-8 Format of Peripheral I/O Redirection Register (PIOR).
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RL78/G1A CHAPTER 1 OUTLINE

1.5.4 64-pin products

TIMER ARRAY
PORT 0 K7 >P00 to P06
TI00/POO — =
TOO00/POL ~—| cho <> PorT1 7 >P10t0 P16
TIOL/TO01/P16 ~—~| chl <> PORT 2 8 >P201o P27
ch2
TIO3TO03/P3L ~—= ch3 -
<| PorTa  KZa>paotoras
TIOA/TO04/P42 ~—{= cha -
<> PORT 5 2" >ps0, P51
TIO5/TO05/P05 ~—1 chs
{_) PoRTs K2~ >P60 to P63
TIO6/TO06/P06 ~—1| ché -
TIO7/TO07/P4L =—= o <:> P70 to P77
RxD2/P14 ——=
P120
PORT 12
oon S
WATCHDOG P130
TIMER
! o T
LOW-SPEED
INTERVAL <:>
ON-CHIP  [—= PORT 14 ” P140, P141
OSCILLATOR TIMER -

¥
REAL-TIME - <:> P150 to P154

g

g

RTC1HZIP30 cLock ANIO/P20 to ANI7/P27,
ANIB/P150 to ANI12/P154
SERIAL ARRAY ANIL6/P03, ANI17/P02, ANI18/P10,
UNITO (4ch) ANIL9/P120, ANI20/P11 to ANI24/P15,

RXDO/P11 —] <ZD| AIb CONVERTER ANI25//P51, ANI26/P50, ANI27/P30,

TXDO/P12 ~—| RL78 CODE FLASH MEMORY ANI28/P70ANI29/P31, ANI30/P41
AVrere/P20

Feovpos - | ueer |

cPU
CORE AVrerm/P21
UARTL g‘
TXDL/PO2 ~—| DATA FLASH MEMORY KRO/P70 to KR7/P77, KR8/P05, KR9/POG
K (| KevRETURN  Kiomo)

SCKO00/P10 ~—1~] (KRO/P0O to KR4/P04, KR5/P22 to KR9/P26)
SI00/P11 Csloo (KRO/P10 to KR5/P15, KR6/P151 to KR9/P154)

SO00/P12 ~—

POWER ON RESET/
SCKO1/P75 ~—] @ VOLTAGE POR/LVD
Slo1/P74 csliol DETECTOR CONTROL

S001/P73 =~
SCK10/P04 ~—~

S110/P03 Csl10
S0O10/P02 =

RAM

RESET CONTROL

I“

SCK11/P30 ~—+]

S111/P50 Csl1i1 <—> TOOLO/P40
SO11/P51~—T11 J

Sorooms || "o | RESET
11C00 SYSTEM
SDA00/P11 ~— Voo, Vss, TOOLRXD/P11, il )leE”SD!gl
EVooo, EVsso, TOOLTXD/P12
SCLO1/P75~— . AVoo AVes TIGH-SPEED] [ X2/EXCLK/P122
SDAO1/P74 ~— ON-CHIP XT1/P123
SCL10/P04~— o0 SERIAL SDAAO/P61 OSCILLATOR XT2/EXCLKS/P124
SDA10/P03 ~—] = INTERFACE IICAO SCLAO/PG0
-~ VOLTAGE
S
BUZZER OUTPUT
_________ PCLBUZO0/P140, RXD2/P14
SERIAL ARRAY CLOCK OUTPUT PCLBUZ1/P141 INTPO/P137
UNIT1 (2ch) CONTROL INTPLIPS0,
RxD2/P14 —] INTP2/P51
TXD2/P13 ~— UART2 MULTIPLIER& CRC INTP3/P30,
L (= DIVIDER, INTP4/P31
MULITIPLY- INTERRUPT
SCK20/P15 ~—+] ACCUMULATOR = 'ControL [ rPspie
SI20/P14 — = Csi20 :mgg;gﬂg,
5020/P13 - |+« DIRECT MEMORY
K—/ACCESS CONTROL INTP8/P74,
SCK2L/P70 ~—~] INTPO/P75
SI21/P71 csi21 INTP10/P76
S021/P72~— PN BCD INTP11/P77
SCL20/P15~— N—] ADJUSTMENT
SDA20/P14 ~—

SDA21/P71 ~—

Remark Functions in parentheses in the above figure can be assigned via settings in the peripheral 1/O redirection
register (PIOR). See Figure 4-8 Format of Peripheral I/O Redirection Register (PIOR).

RO1UH0305EJ0230 Rev.2.30 R NS 16
Apr 26, 2024 ENES



RL78/G1A

CHAPTER 1 OUTLINE

1.6 Outline of Functions
(1/2)
Item 25-pin 32-pin 48-pin 64-pin
R5F10E8x R5F10EBx R5F10EGx R5F10ELx
Code flash memory (KB) 16 to 64 16 to 64 16 to 64 32to 64
Data flash memory (KB) 4 4 4 4
RAM (KB) 2 to 4Notet 2 to 4Note 1 2 to 4Notet 2 to 4Notet

Address space

1MB

Main system
clock

High-speed system
clock

X1 (crystal/ceramic) oscillation, external main system clock input (EXCLK)
HS (High-speed main) mode: 1 to 20 MHz (Voo = 2.7 to 3.6 V),

HS (High-speed main) mode: 1 to 16 MHz (Voo = 2.4 to 3.6 V),

LS (Low-speed main) mode: 1 to 8 MHz (Voo = 1.8 to 3.6 V),

LV (Low-voltage main) mode: 1 to 4 MHz (Voo = 1.6 to 3.6 V)

High-speed on-chip
oscillator

HS (High-speed main) mode
HS (High-speed main) mode
LS (Low-speed main) mode

LV (Low-voltage main) mode

:1to 32 MHz (Voo = 2.7 t0 3.6 V),
:1to 16 MHz (Voo =2.4t0 3.6 V),
:1to 8 MHz (Voo = 1.8 t0 3.6 V),
:1to4 MHz (Vop = 1.6 t0 3.6 V)

Subsystem clock

XT1 (crystal) oscillation, external subsystem
clock input (EXCLKS) 32.768 kHz (TYP.)

Low-speed on-chip oscillator

15 kHz (TYP.)

General-purpose register

(8-bit register x 8) x 4 bank

Minimum instruction execution time

0.03125 us (High-speed on-chip oscillator: fit = 32 MHz operation)

0.05 us (High-speed system clock: fux = 20 MHz operation)

30.5 us (Subsystem clock: fsus = 32.768 kHz

operation)

Instruction set

e Data transfer (8/16 bits)

e Adder and subtractor/logical operation (8/16 bits)

Multiplication (8 bits x 8

* Rotate, barrel shift, and bit manipulation (Set, reset, test, and Boolean operation), etc.

bits)

I/0 port Total 19 26 42 56
CMOS 110 14 20 32 46
(N-ch O.D. 1/0 [Voo (N-ch O.D. l/O [Vop (N-ch O.D. 1/0 [Voo (N-ch O.D. I/O [Vop
withstand voltage]: 6) | withstand voltage]: 9) | withstand voltage]: 11) | withstand voltage]: 12)
CMOS input 3 3 5 5
CMOS output - - 1 1
N-ch open-drain 1/0 2 3 4 4
(6 V tolerance)
Timer 16-bit timer 8 channels
Watchdog timer 1 channel
Real-time clock (RTC) 1 channe|Nete 2 1 channel
12-bit interval timer (IT) 1 channel
Timer output 2 channels (PWM outputs: 1Nete3) 4 channels 7 channels
(PWM outputs: 3Nte3) | (PWM outputs: 6 Note3)
RTC output - 1
e 1 Hz (subsystem clock: fsus = 32.768 kHz)
Notes 1. In the case of the 4 KB, this is about 3 KB when the self-programming function and data flash function are
used. (For details, see CHAPTER 3)
2. Only the constant-period interrupt function when the low-speed on-chip oscillator clock (fiL) is selected.
3. The number of PWM outputs varies depending on the setting of channels in use (the number of masters

and slaves). (6.9.3 Operation as multiple PWM output function).
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RL78/G1A

CHAPTER 1 OUTLINE

(2/2)
Item 25-pin 32-pin 48-pin 64-pin
R5F10E8x R5F10EBx R5F10EGx R5F10ELx
Clock output/buzzer output 1 2 2 2

o 2.44 kHz, 4.88 kHz, 9.76 kHz, 1.25 MHz,

e 2.44 kHz, 4.88 kHz, 9.76 kHz, 1.25 MHz,

2.5 MHz, 5 MHz, 10 MHz
(Main system clock: fwan = 20 MHz operation)

2.5 MHz, 5 MHz, 10 MHz
(Main system clock: fuan = 20 MHz operation)

e 256 Hz, 512 Hz, 1.024 kHz, 2.048 kHz,
4.096 kHz, 8.192 kHz, 16.384 kHz, 32.768 kHz
(Subsystem clock: fsus = 32.768 kHz operation)

8/12-bit resolution A/D converter

13 channels 18 channels 24 channels 28 channels

Serial interface

[25-pin products]

o Simplified SPI (CSI): 1 channel/simplified I12C: 1 channel/UART: 1 channel

o Simplified SPI (CSI): 1 channel/simplified I12C: 1 channel/UART: 1 channel

[32-pin products]

o Simplified SPI (CSI): 1 channel/simplified I12C: 1 channel/UART: 1 channel

o Simplified SPI (CSI): 1 channel/simplified I12C: 1 channel/UART: 1 channel

o Simplified SPI (CSI): 1 channel/simplified I12C: 1 channel/UART (UART supporting LIN-bus): 1
channel

[48-pin products]

o Simplified SPI (CSI): 2 channels/simplified 1°C: 2 channels/UART: 1 channel

o Simplified SPI (CSI): 1 channel/simplified I1°C: 1 channel/UART: 1 channel

o Simplified SPI (CSI): 2 channels/simplified I1°C: 2 channels/UART (UART supporting LIN-bus): 1
channel

[64-pin products]

o Simplified SPI (CSI): 2 channels/simplified 1C: 2 channels/UART: 1 channel

o Simplified SPI (CSI): 2 channels/simplified I1°C: 2 channels/UART: 1 channel

o Simplified SPI (CSI): 2 channels/simplified 1°C: 2 channels/UART (UART supporting LIN-bus): 1
channel

I2C bus 1 channel 1 channel 1 channel 1 channel
Multiplier and divider/multiply- ¢ 16 bits x 16 bits = 32 bits (Unsigned or signed)
accumulator ® 32 bits + 32 bits = 32 bits (Unsigned)

* 16 bits x 16 bits + 32 bits = 32 bits (Unsigned or signed)

DMA controller 2 channels
Vectored interrupt| Internal 24 27 27 27
sources External 6 6 10 13
Key interrupt 0 ch (4 ch)Note1 1 ch (6 ch)Nete! 6 ch 10 ch

Reset

e Reset by RESET pin

e Internal reset by watchdog timer

e Internal reset by power-on-reset

¢ Internal reset by voltage detector

o Internal reset by illegal instruction executionNete 2
e Internal reset by RAM parity error

o Internal reset by illegal-memory access

Power-on-reset circuit

» Power-on-reset: 1.51V (TYP.)
» Power-down-reset: 1.50 V (TYP.)

Voltage detector e Risingedge: 1.67 Vto3.14V (12 stages)
e Fallingedge: 1.63Vto3.06V (12 stages)
On-chip debug function Provided

Power supply voltage

Voo =1.6t03.6V

Operating ambient temperature

Ta=-40 to +85°C (A: Consumer application), TA= —40 to +105°C (G: Industrial application)

Notes 1.

Can be used by the Peripheral I/O redirection register (PIOR).

2. The illegal instruction is generated when instruction code FFH is executed.

Reset by the illegal instruction execution not issued by emulation with the in-circuit emulator or on-chip

debug emulator.
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RL78/G1A

CHAPTER 2 PIN FUNCTIONS

2.1 Port Function

CHAPTER 2 PIN FUNCTIONS

Pin 1/O buffer power supplies depend on the product. The relationship between these power supplies and the pins is

shown below.

(1) 25-pin products

Table 2-1. Pin I/O Buffer Power Supplies

Power Supply

Corresponding Pins

Vob

Port pins other than P20 to P23
e RESET, REGC

AVop

e P20 to P23

(2) 32-pin products

Power Supply

Corresponding Pins

Vob

Port pins other than P20 to P24
e RESET, REGC

AVop

e P20 to P24

(3) 48-pin products

Power Supply

Corresponding Pins

Vop

Port pins other than P20 to P27, P150
¢ RESET, REGC

AVop

¢ P20 to P27, P150

(4) 64-pin products

Power Supply

Corresponding Pins

EVboo

Port pins other than P20 to P27, P121 to P124, P137, and P150 to P154

Vop

e P121 to P124, P137
¢ RESET, REGC

AVop

e P20 to P27, and P150 to P154
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RL78/G1A

CHAPTER 2 PIN FUNCTIONS

Set in each port I/O, buffer, pull-up resistor is also valid for alternate functions.

2.1.1 25-pin products

(1/2)
Function Pin I/O After Reset Alternate Function Function
Name Type Release
P02 7-3-2 | 1/0 Analog input port | ANI17/TI00/TxD1/ Port 0.
(KRO) 2-bit 1/0 port.
P03 8-3.2 ANI16/TO00/RxD1/ Input/output can. be specified.in 1-bit units. 3
(KR1) Use of an on-chip pull-up resistor can be specified by a
software setting at input port.
Input of P03 can be set to TTL input buffer.
Output of P02 and P03 can be set to N-ch open-drain
output (Voo tolerance).
Can be set to analog inputN°ete !,
P10 8-3-2 |10 Analog input port | ANI18/SCKO00/SCLQ0 | Port 1.
P11 ANI20/SI00/RxD0/ | 3Pit VO port. o
TOOLRXD/SDAQO Input/output can. be specmed.ln 1-bit units. 3
Use of an on-chip pull-up resistor can be specified by a
P12 7-3-2 ANI21/SO00/TxD0/ software setting at input port.
TOOLTXD Input of P10 and P11 can be set to TTL input buffer.
Output of P10 to P12 can be set to N-ch open-drain
output (Voo tolerance).
Can be set to analog inputN°te 1,
P20 4-3-1 | IO Analog input port | ANIO/AVrerp Port 2.
P21 ANI1/AVreru 4-bit I/O port. o
Input/output can be specified in 1-bit units.
P22 ANI2/(KR2) Can be set to analog inputNete 2,
P23 ANI3/(KR3)
P30 7-3-1 | 1/O0 Analog input port | ANI27/INTP3/ Port 3.
SCK11/SCL11 2-bit I/O port.
Input/output can be specified in 1-bit units.
P31 ANI29/TI03/TO03/ Use of an on-chip pull-up resistor can be specified by a
INTP4/PCLBUZO software setting at input port.
Can be set to analog inputNete !,
P40 7-1-1 | /0 Input port TOOLO Port 4.
1-bit I/O port.
Input/output can be specified.
Use of an on-chip pull-up resistor can be specified by a
software setting at input port.
P50 7-3-2 | 1/0 Analog input port | ANI26/INTP1/SI11/ Port 5.
SDA11 2-bit 1/0 port.
Input/output can be specified in 1-bit units.
Use of an on-chip pull-up resistor can be specified by a
P51 7-3-1 ANI25/INTP2/SO11 software setting at input port.
Output of P50 can be set to N-ch open-drain output
(Voo tolerance).
Can be set to analog inputNete !,
P60 12-1-1 | /O Input port SCLAO Port 6.
Input/output can be specified in 1-bit units.
Output of P60 and P61 can be set to N-ch open-drain
output (6 V tolerance).
Notes 1. Digital or analog for each pin can be selected with the port mode control register x (PMCx) (can be set in 1-

Remark Functions in parentheses in the above figure can be assigned via settings in the peripheral I/O redirection

bit units).
2. Digital or analog for each pin can be selected with the A/D port configuration register (ADPC).

register (PIOR). See Figure 4-8 Format of Peripheral I/O Redirection Register (PIOR).
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CHAPTER 2 PIN FUNCTIONS

RL78/G1A
(2/2)
Function | Pin 1/0 After Reset Alternate Function Function
Name | Type Release
P121 2-2-1 | Input Input port X1 Port 12.
P137 2-1-2 | Input Input port INTPO Port 13.
1-bit input only port.
RESET |2-1-1 | Input - - Input only pin for external reset
When external reset is not used, connect this pin to Voo
directly or via a resistor.
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CHAPTER 2 PIN FUNCTIONS

2.1.2 32-pin products

(1/2)
Function | Pin /0 After Reset Alternate Function Function
Name Type Release
P02 7-3-2 | 1/0 Analog input ANI17/TI00/TxD1/ Port 0.
port (KR1) 2-bit 1/O port.
P03 8-3-2 ANI16/TO00/RxD1/ Input/output can be specified in 1-bit units.
(KR2) Use of an on-chip pull-up resistor can be specified by a
software setting at input port.
Input of P03 can be set to TTL input buffer.
Output of P02 and P03 can be set to N-ch open-drain
output (Voo tolerance).
Can be set to analog inputNte 1,
P10 8-3-2 | /O Analog input | ANI18/SCKO00/ Port 1.
port SCLO00/(KRO) 6-bit 1/0 port.
P11 ANI20/SI100/RxD0/ Input/output can be specified in 1-bit units.
TOOLRXD/SDAQO/ Use of an on-chip pull-up resistor can be specified by a
(KR1) software setting at input port.
Input of P10, P11, P14, and P15 can be set to TTL input
P12 7-3-2 ANI21/SO00/TxD0/ buffer.
TOOLTXD/(KR2) Output of P10 to P15 can be set to N-ch open-drain
P13 ANI22/TxD2/S020/ output (Voo tolerance).
(KR3) Can be set to analog input.
P14 8-3-2 ANI23/RxD2/S120/
SDA20/(KR4)
P15 ANI24/PCLBUZ1/
SCK20/SCL20/(KR5)
P20 4-3-1 [ 1/O Analog input ANIO/AVRerp Port 2.
P21 port ANI1/AVReru 5-bit I/O port.
P22 ANI2/(KR3) Input/output can be specified in 1-bit units.
Can be set to analog inputNot 2,
P23 ANI3/(KR4)
P24 ANI4/(KR5)
P30 7-3-1 [ 1/IO Analog input ANI27/INTP3/ Port 3.
port SCK11/SCL11 2-bit 1/O port.
P31 ANI29/TI03/TO03/ Input/output can be specified in 1-bit units.
INTP4/PCLBUZ0 Use of an on-chip pull-up resistor can be specified by a
software setting at input port.
Can be set to analog inputNete !,
P40 7-1-1 | /O Input port TOOLO Port 4.
1-bit 1/O port.
Input/output can be specified in 1-bit units.
Use of an on-chip pull-up resistor can be specified by a
software setting at input port.
Notes 1. Digital or analog for each pin can be selected with the port mode control register x (PMCx) (can be set in 1-

bit units.

2. Digital or analog for each pin can be selected with the A/D port configuration register (ADPC).

Remark Functions in parentheses in the above figure can be assigned via settings in the peripheral 1/0 redirection

register (PIOR). See Figure 4-8 Format of Peripheral I/O Redirection Register (PIOR).
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CHAPTER 2 PIN FUNCTIONS

2/12)

Function
Name

Pin
Type

110

After Reset
Release

Alternate Function

Function

P50

7-3-2

110

Analog input port

ANI26/INTP1/SI11/
SDA11

P51

7-1-1

Input port

INTP2/SO11

Port 5.

2-bit 1/0 port.

Input/output can be specified in 1-bit units.

Use of an on-chip pull-up resistor can be specified by a
software setting at input port.

Output of P50 can be set to N-ch open-drain output
(Voo tolerance).

P50 can be set to analog inputN°te

P60
P61
P62

12-1-1

110

Input port

SCLAO

SDAAO

Port 6.

3-bit 1/0 port.

Input/output can be specified in 1-bit units.

Output of P60 to P62 can be set to N-ch open-drain
output (6 V tolerance).

P70

7-3-1

110

Analog input port

ANI28/KRO

Port 7.

1-bit I/O port.

Input/output can be specified.

Use of an on-chip pull-up resistor can be specified by a
software setting at input port.

Can be set to analog input Nt

P120

7-3-1

110

Analog input port

ANI19/(KRO)

P121
P122

2-2-1

Input

Input port

X1

X2/EXCLK

Port 12.

1-bit 1/0O port and 2-bit input only port.

P120 can be set to analog input N°te,

For only P120, input/output can be specified.

For only P120, use of an on-chip pull-up resistor can be
specified by a software setting at input port.

P137

2-1-2

Input

Input port

INTPO

Port 13
1bit input only port.

RESET

2-1-1

Input

Input only pin for external reset
When external reset is not used, connect this pin to Voo
directly or via a resistor.

Note Digital or analog for each pin can be selected with the port mode control register x (PMCx) (can be set in 1-bit

units).

Remark Functions in parentheses in the above figure can be assigned via settings in the peripheral 1/O redirection
register (PIOR). See Figure 4-8 Format of Peripheral I/O Redirection Register (PIOR).
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2.1.3 48-pin products

(1/2)
Function | Pin /0 After Reset Alternate Function Function
Name Type Release
P02 7-3-2 | /O Analog input port | ANI17/TI00/TxD1/ Port 0.
(KRO) 2-bit 1/0 port.
P03 8-3-2 ANI16TO00/RxD1/ Input/output can be specified in 1-bit units.
(KR1) Use of an on-chip pull-up resistor can be specified by a
software setting at input port.
Input of P03 can be set to TTL input buffer.
Output of P02 and P03 can be set to N-ch open-drain
output (Voo tolerance).
Can be set to analog inputNete !,
P10 8-3-2 | /O Analog input port | ANI18/SCKO00/ Port 1.
SCLO0/(KRO) 7-bit I/O port.
P11 ANI20/SI00/RxD0/ Input/output can be specified in 1-bit units.
TOOLRXD/SDAQO/ Use of an on-chip pull-up resistor can be specified by a
(KR1) software setting at input port.
Input of P10, P11, and P14 to P16 can be setto TTL
P12 7-3-2 ANI21/SO00/TxD0/ )
TOOLTXD/(KR2 input buffer.
xDA( ) Output of P10 to P15 can be set to N-ch open-drain
P13 ANI22/TxD2/SO20/ | output (Voo tolerance).
(KR3) P10 to P15 can be set to analog inputNoe ",
P14 8-3-2 ANI23/RxD2/S120/
SDA20/(KR4)
P15 ANI24/PCLBUZ1/
SCK20/SCL20/(KR5)
P16 8-1-1 Input port TIO1/TOO1/INTP5
P20 4-3-1 | /O Analog input port | ANIO/AVrerp Port 2.
P21 ANI1/AVresy 8-bit I/ port.
P22 ANIZ/(KR2 Input/output can be specified in 1-bit units.
(KR2) Can be set to analog inputNete2,
P23 ANI3/(KR3)
P24 ANI4/(KR4)
P25 ANI5/(KR5)
P26 ANI6
P27 ANI7
P30 7-3-1 | 1/O Analog input port | ANI27/INTP3/ Port 3.
RTC1HZ/SCK11/ 2-bit I/O port.
SCL11 Input/output can be specified in 1-bit units.
P31 ANI29/TI03/TO03/ Use of an on-chip pull-up resistor can be specified by a
INTP4 software setting at input port.
Can be set to analog inputN°ete !,
Notes 1. Digital or analog for each pin can be selected with the port mode control register x (PMCx) (can be set in 1-

Remark Functions in parentheses in the above figure can be assigned via settings in the peripheral I/O redirection

bit units).
2. Digital or analog for each pin can be selected with the A/D port configuration register (ADPC).

register (PIOR). See Figure 4-8 Format of Peripheral I/O Redirection Register (PIOR).
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(2/2)
Function Pin I/0 After Reset Alternate Function Function
Name Type Release
P40 7-1-1 1/0 Input port TOOLO Port 4.
P41 7-3-1 Analog input port | ANI30/TIO7/TO07 | 2-Dit /O port.
Input/output can be specified in 1-bit units.
Use of an on-chip pull-up resistor can be specified by a
software setting at input port.
P41 can be set to analog inputN°ete !,
P50 7-3-2 |10 Analog input port | ANI26/INTP1/S111/ Port 5.
SDA11 2-bit 1/0 port.
P51 7-3-1 ANI25/INTP2/S0O11 Input/output can be specified in 1-bit units.
Use of an on-chip pull-up resistor can be specified by a
software setting at input port.
Output of P50 can be set to N-ch open-drain output
(Voo tolerance).
Can be set to analog inputNete !,
P60 12-1-1 | /O Input port SCLAO Port 6.
P61 SDAAO 4-bit I/O port.
P62 _ Input/output can be specified in 1-bit units.
N-ch open-drain output (6 V tolerance).
P63 -
P70 7-3-1 |10 Analog input port | ANI28/KR0/SCK21/ | Port 7.
SCL21 6-bit /O port.
P71 7-1-2 Input port KR1/SI21/SDA21 Input/output can be specified in 1-bit units.
Use of an on-chip pull-up resistor can be specified by a
P72 7-1-1 KR2/S021 . .
software setting at input port.
P73 KR3/S001 Output of P71 and P74 can be set to N-ch open-drain
P74 7-1-2 KR4/INTP8/S101/ output (Voo tolerance).
SDAO1 P70 can be set to analog inputNete 1.
P75 7-1-1 KR5/INTP9/SCKO01/
SCLO1
P120 7-3-1 110 Analog input port | ANI19 Port 12.
P121 2-2-1 | Input | Input port X1 1-bit I/O port and 4-bit input only port.
For only P120, input/output can be specified.
P122 X2/EXCLK .
For only P120, use of an on-chip pull-up resistor can be
P123 XT1 specified by a software setting at input port.
P124 XT2/EXCLKS P120 can be set to analog inputNete .
P130 1-1-1 Output | Output port - Port 13.
P137 2-1-2 Input Input port INTPO 1-bit output port and 1-bit input only port.
P140 7-1-1 /0 Input port PCLBUZO/INTP6 Port 14.
1-bit I/O port.
Input/output can be specified.
Use of an on-chip pull-up resistor can be specified by a
software setting at input port.
P150 4-3-1 Analog input port | ANI18 Port 15
1-bit 1/0 port.
Input/output can be specified.
Can be set to analog inputN°te2,
RESET | 2-1-1 Input - - Input only pin for external reset
When external reset is not used, connect this pin to Voo
directly or via a resistor.
Notes 1. Digital or analog for each pin can be selected with the port mode control register x (PMCx) (can be set in 1-
bit units).
2. Digital or analog for each pin can be selected with the A/D port configuration register (ADPC).
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2.1.4 64-pin products

(1/3)
Function | Pin /0 After Reset Alternate Function Function
Name Type Release
P00 8-1-1 | 1/O Input port TI00/(KRO) Port 0.
PO1 TOO00/(KR1) 7-bit /O port.
- Input/output can be specified in 1-bit units.
P02 7-3-2 Analog input port | ANI17/SO10/TxD1/ Use of an on-chip pull-up resistor can be specified by a
(KR2) software setting at input port.
P03 8-3-2 ANI16/S110/RxD1/ Input of P00, P01, P03, and P04 can be set to TTL input
SDA10/(KR3) buffer.
P04 8-1-2 Input port SCK10/SCL1 0/(KR4) Output of P02 to P04 can be set to N-ch open-drain
P05 7-1-1 TI05/TO05/KRS output (Voo tolerance).
o P02 and P03 can be set to analog inputNte .
P06 TI06/TO06/KR9
P10 8-3-2 | /O Analog input port | ANI18/SCKO00/ Port 1.
SCLO0/(KRO) 7-bit 1/0 port.
P11 ANI20/SI00/RxDO/ Input/output can be specified in 1-bit units.
TOOLRXD/SDAQO/ Use of an on-chip pull-up resistor can be specified by a
software setting at input port.
(KR1)
Input of P10, P11, and P14 to P16 can be setto TTL
P12 7-3-2 ANI21/SO00/TxD0/ input buffer.
TOOL TxD/(KR2) Output of P10 to P15 can be set to N-ch open-drain
P13 ANI22/TxD2/S0O20/ output (Voo tolerance).
(KR3) P10 to P15 can be set to analog inputN°ete !,
P14 8-3-2 ANI23/RxD2/S120/
SDA20/(KR4)
P15 ANI24/SCK20/
SCL20/(KR5)
P16 8-1-1 Input port TI01/TOO01/INTP5
P20 4-3-1 | 1/O Analog input port | ANIO/AVRerp Port 2.
8-bit I/O port.
P21
ANIT/AVReru Input/output can be specified in 1-bit units.
P22 ANI2/(KR5) Can be set to analog inputete 2.
P23 ANI3/(KR6)
P24 ANI4/(KR7)
P25 ANI5/(KR8)
P26 ANI6/(KR9)
P27 ANI7
P30 7-3-2 | 1/0 Analog input port | ANI27/INTP3/ Port 3.
RTC1HZ/SCK11/ 2-bit 1/0 port.
SCL11 Input/output can be specified in 1-bit units.
P31 ANI29/TI03/TO03/ Use of an on-chip pull-up resistor can be specified by a
INTP4 software setting at input port.
Can be set to analog inputNete !,

Notes 1. Digital or analog for each pin can be selected with the port mode control register x (PMCx) (can be set in 1-
bit units).
2. Digital or analog for each pin can be selected with the A/D port configuration register (ADPC).

Remark Functions in parentheses in the above figure can be assigned via settings in the peripheral 1/O redirection
register (PIOR). See Figure 4-8 Format of Peripheral I/O Redirection Register (PIOR).
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(2/3)
Function Pin /10 After Reset Alternate Function Function
Name Type Release
P40 7-1-1 I/0 Input port TOOLO Port 4.
P41 7-3-1 Analog input port | ANI30/8TI07/TO07 | 4-bit I/O port.
P42 7-1-1 Input port TI04/TO04 Input/output can be specified in 1-bit units.
b3 Use of an on-chip pull-up resistor can be specified by a
B software setting at input port.
P41 can be set to analog inputN°te,
P50 7-3-2 I/0 Analog input port | ANI26/INTP1/SI11/ | Port 5.
SDAT1 2-bit 1/0 port.
P51 7-3-1 ANI25/INTP2/SO11 | Input/output can be specified in 1-bit units.
Use of an on-chip pull-up resistor can be specified by a
software setting at input port.
Output of P50 can be set to N-ch open-drain output (Voo
tolerance).
Can be set to analog inputN°te,
P60 12-1-1 | 11O Input port SCLAO Port 6.
P61 SDAAO 4-bit I/O port.
P62 _ Input/output can be specified in 1-bit units.
N-ch open-drain output (6 V tolerance).
P63 -
P70 7-3-1 I/0 Analog input port | ANI28/KR0/SCK21/ | Port 7.
SCL21 8-bit I/O port.
P71 7-1-2 Input port KR1/SI121/SDA21 Input/output can be specified in 1-bit units.
Use of an on-chip pull-up resistor can be specified by a
P72 7-1-1 KR2/S021 . .
software setting at input port.
P73 KR3/S001 Output of P71 and P74 can be set to N-ch open-drain
P74 7-1-2 KR4/INTP8/SI101/ output (Voo tolerance).
SDAO1 P70 can be set to analog inputNete.
P75 7-1-1 KR5/INTP9/SCKO1/
SCLO1
P76 KR6/INTP10
P77 KR7/INTP11
P120 7-3-1 1/0 Analog input port | ANI19 Port 12.
P121 2-2-1 | Input Input port X1 1-bit I/O port and 4-bit input only port.
For only P120, input/output can be specified.
P122 X2/EXCLK Y PETORTDY can be spaciied
For only P120, use of an on-chip pull-up resistor can be
P123 XT1 specified by a software setting at input port.
P124 XT2/EXCLKS P120 can be set to analog inputNete,
P130 1-1-1 Output | Output port - Port 13.
P137 2-1-2 Input Input port INTPO 1-bit output port and 1-bit input only port.
P140 7-1-1 I/0 Input port PCLBUZO/INTP6 Port 14.
P141 PCLBUZ1/INTP7 | 2-bit /O port
Input/output can be specified in 1-bit units.
Use of an on-chip pull-up resistor can be specified by a
software setting at input port.

Note Digital or analog for each pin can be

units).

selected with the port mode control register x (PMCx) (can be set in 1-bit
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(3/3)
Function Pin /10 After Reset Alternate Function Function
Name Type Release
P150 4-3-1 I/0 Analog input port | ANI8 Port 15.
P152 ANIO/(KR7 Input/output can be specified in 1-bit units.
( ) Can be set to analog inputN°te,
P153 ANI11/(KR8)
P154 ANI12/(KR9)
RESET | 2-1-1 Input - - Input only pin for external reset
When external reset is not used, connect this pin to Voo
directly or via a resistor.

Note Digital or analog for each pin can be selected with the A/D port configuration register (ADPC).

Remark Functions in parentheses in the above figure can be assigned via settings in the peripheral 1/0 redirection
register (PIOR). See Figure 4-8 Format of Peripheral I/O Redirection Register (PIOR).
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2.2 Functions Other than Port Pins

2.2.1 With functions for each product

(1/4)

Function
Name

64-pin | 48-pin | 32-pin

25-pin

ANIO

AN

ANI2

ANI3

P P -

ANI4

P [ - I =

ANIS

ANIG

ANI7

ANI8

P N - - - e -

ANI9

ANI10

ANI11

ANI12

ANI16

ANI7

ANI18

< |2 <211

ANI19

ANI20

ANI21

< | <2 |1

ANI22

ANI23

ANI24

2|22 |2 ||| =<|=|=2]=2]1

ANI25

ANI26

ANI27

< [ 2| <211

ANI28

ANI29

2 2|2 | <11

< ||

ANI30

INTPO

INTP1

INTP2

INTP3

INTP4

< |2 |2 =2]=<]1

< |2 |2 |=2]=<]1

INTPS

INTPG

P I IR [ - I ) I [ I - - I [ [ - [ i - ) s |

INTP7

INTP8

INTP9

< | <11
|

INTP10

INTP11

P A R - = - = I - - I = - I [ - [ I - [ I (- ) I = - (= - I [ N ) [ I = = I [ e
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(2/4)

Function
Name

64-pin

48-pin

32-pin

25-pin

KRO

o)

KR1

)

)

KR2

o)

)

KR3

)

)

KR4

o)

KR5S

< |2 |2 | || =

o)

KR6

KR7

KR8

KR9

PCLBUZO

PCLBUZ1

REGC

< | < | <

RTC1HZ

RESET

RxDO

RxD1

< | < | <

RxD2

SCKO00

< |2 || =

SCKO1

< ||| |=<|=<

SCK10

SCK11

SCK20

< | <

SCK21

SCLAO

SCLO00

< | <

SCLO1

< | |2 | = | =

SCL10

SCL11

SCL20

< | <

SCL21

SDAAO

SDA00

< | <

< | <

SDAO1

< | |2 | [ | =

SDA10

SDA11

SDA20

< | <

SDA21

P [P - - - - [ (- A I - A [ [ - - I (i [ - (A [ (- - (- P () [ - (e (= [ [ - ) (- [

< | <2 | <

Remark The checked function is available only when the bit corresponding to the function in the peripheral 1/O

redirection register (PIOR) is set to 1.
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(3/4)

Function 64-pin | 48-pin | 32-pin | 25-pin
Name

S100
SI01
SI10
Si11
SI20
Si21
S0O00
SO01
S0O10
SO11
S020
S021
TIO1
TIO3
TI04
TIOS
TIO6
TIO7
TO00
TOO1
TOO03
TO04
TOO05
TOO06
TOO7
TxDO

< | <
|
|

< |2 | | = | =
|
|

< |2 ||| =
|
|

< |2 | 2| =

< | <

TxD1

TxD2

X1

X2
EXCLK
EXCLKS
TIOO

XT1

XT2

< | < | =

P [P B - - [ [ A I I I I I A ) - - S I I I A I P I I R N

P P I I I I -
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(4/4)

Function
Name

64-pin | 48-pin | 32-pin

25-pin

Vob

EVooo

AVop

AVRerp

AVRerMm

Vss

2|2 | 2| <
2 |2 | 2| <

< |2 |2 | =

EVsso

AVss

TOOLRxD

TOOLTxD

TOOLO

P P N - - I I .

2 |2 |2 | <
< |2 | 2| <

< | 2| 2| =

RO1UHO305EJ0230 Rev.2.30
Apr 26, 2024

RRENESAS

32



RL78/G1A

CHAPTER 2 PIN FUNCTIONS

2.2.2 Explanation of function

(1/2)
Function Name I/10 Function
ANIO to ANI12, ANI16 to ANI30 Input A/D converter analog input (see Figure 11-44 Analog Input Pin Connection)
INTPO to INTP11 Input External interrupt request input
The valid edge can be specified : Rising edge, falling edge, or both rising and
falling edges)
KRO to KR9 Input Key interrupt input
PCLBUZ0, PCLBUZ1 Output Clock output/buzzer output
REGC - Pin for connecting regulator output stabilization capacitance for internal operation.
Connect this pin to Vss via a capacitor (0.47 to 1 uF).
Also, use a capacitor with good characteristics, since it is used to stabilize internal
voltage.
RTC1HZ Output | Real-time clock correction clock (1 Hz) output
RESET Input This is the active-low system reset input pin.
When the external reset is not used, connect this pin directly or via a resistor to Voo.
RxDO0 to RxD2 Input Serial data input pins of serial interface UARTO, UART1, and UART2
TxDO to TxD2 Output | Serial data output pins of serial interface UARTO0, UART1, and UART2
SCKO00, SCKO01, SCK10, SCK11, I/0 Serial clock 1/0O pins of serial interface CSI00, CSI01, CSI10, CSI11, CSI20, and
SCK20, SCK21 CSl21
SCLO00, SCL01, SCL10, SCL11, Output | Serial clock output pins of serial interface 11C00, 11C01, 1IC10, IIC11, 1IC20, and
SCL20, SCL21 lIc21
SDAO00, SDA01, SDA10, SDA11, 110 Serial data I/O pins of serial interface 11C00, [IC01, IIC10, 1IC11, 1IC20, and 11C21
SDA20, SDA21
SI100, SlI01, SI10, SI11, SI20, SI21 Input Serial data input pins of serial interface CSI00, CSI01, CSI10, CSI11, CSI20, and
CSl21
S000, SO01, SO10, SO11, SO20, Output | Serial data output pins of serial interface CSI00, CSI01, CSI10, CSI11, CSI20, and
S021 CSl21
SCLAO 1/0 Serial clock I/O pins of serial interface 1ICAQ
SDAAO I/0 Serial data 1/0O pins of serial interface ICAQ
TIOO, TI01, TIO3 to TIO7 Input The pins for inputting an external count clock/capture trigger to 16-bit timers 00, 01,
and 03 to 07
TOO00, TO01, TO03 to TO07 OQutput | Timer output pins of 16-bit timers 00, 01, and 03 to 07
X1, X2 - Resonator connection for main system clock
EXCLK Input External clock input for main system clock
XT1, XT2 - Resonator connection for subsystem clock
EXCLKS Input External clock input for subsystem clock
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(2/2)

Function Name

110

Function

Vop

<25-pin, 32-pin 48-pin>
Positive power supply for port pin other than P20 to P27, P150 and RESET,
REGC pin.

<64-pin >
Positive power supply for P121 to P124, P137 and RESET, REGC pin.

EVooo

Positive power supply for ports (other than P20 to P27, P121 to P124, P137,
P150 to P154)

AVop

Positive power supply for P20 to P27, P150 to P154, and A/D converter

AVRerp

Input

A/D converter reference potential (+ side) input

AVRerm

Input

A/D converter reference potential (- side) input
Make AVrerm pin the same potential as AVss and Vss pin.

Vss

<25-pin, 32-pin, 48-pin>
Ground potential for port pin other than P20 to P27, P150 and RESET, REGC
pin.

<64-pin>
Ground potential for P121 to P124, P137 and RESET, REGC pin.

EVsso

Ground potential for ports (other than P20 to P27, P121 to P124, P137, P150 to
P154)
Make EVsso pin the same potential as Vss pin.

AVss

Ground potential for A/D converter, P20 to P27, and P150 to P154. Use this pin
with the same potential as EVsso, and Vss.

TOOLRxD

Input

UART reception pin for the external device connection used during flash memory
programming

TOOLTxD

Output

UART transmission pin for the external device connection used during flash
memory programming

TOOLO

110

Data I/O for flash memory programmer/debugger

Caution After reset release, the relationships between P40/TOOLO and the operating mode are as follows.

Table 2-2. Relationships Between P40/TOOLO and Operation Mode After Reset Release

P40/TOOLO

Operating Mode

EVooo

Normal operation mode

ov

Flash memory programming mode

For details, see 25.4 Serial Programming Method.

Remark Use bypass capacitors (about 0.1 ¢F) as noise and latch up countermeasures with relatively thick wires at

the shortest distance to Vo to Vss, EVbbpo to EVsso lines.
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2.3 Pin I/O Circuits and Recommended Connection of Unused Pins

Table 2-3 shows the connections of unused pins.

Remark The pins mounted depend on the product. See 1.3 Pin Configuration (Top View) and 2.1 Port Function.

Table 2-3. Connection of Unused Pins

Pin Name 110 Recommended Connection of Unused Pins
P00 to P06 1/0 Input:  Independently connect to EVooo or EVsso via a resistor.
P10 to P16 Output: Leave open.
P20 to P27 Input:  Independently connect to AVoop or AVss via a resistor.

Output: Leave open.

P30, P31 Input:  Independently connect to EVooo or EVsso via a resistor.
Output: Leave open.

P40/TOOLO Input:  Independently connect to EVooo or leave open.
Output: Leave open.
P41 to P43 Input:  Independently connect to EVooo or EVsso via a resistor.
P50, P51 Output: Leave open.
P60 to P63 Input:  Independently connect to EVooo or EVsso via a resistor.

Output: Set the port’s output latch to 0 and leave the pins open, or set the port’s
output latch to 1 and independently connect the pins to EVooo or EVsso via
a resistor.

P70 to P77 Input:  Independently connect to EVooo or EVsso via a resistor.
Output: Leave open.

P120 Input:  Independently connect to EVooo or EVsso via a resistor.
Output: Leave open.

P121 to P124 Input Independently connect to Vob or Vss via a resistor.

P130 Output Leave open.

P137 Input Independently connect to Voo or Vss via a resistor.

P140, P141 1/0 Input:  Independently connect to EVooo or EVsso via a resistor.
Output: Leave open.

P150 to P154 Input:  Independently connect to AVop or AVss via a resistor.
Output: Leave open.

RESET Input Connect directly or via a resistor to Voo.

REGC - Connect to Vss via capacitor (0.47 to 1 uF).

Remark With products not provided with an EVooo, or EVsso pin, replace EVooo with Vb, or replace EVsso with Vss.
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RL78/G1A CHAPTER 2 PIN FUNCTIONS

2.4 Block Diagrams of Pins

Figures 2-1 to 2-13 show the block diagrams of the pins described in 2.1.1 25-pin products to 2.1.4 64-pin products.

Figure 2-1. Pin Block Diagram for Pin Type 1-1-1

N~
RD
3l
2 <
f ~ EVop
®
% WRPORT
I= /L _| P-ch
Output latch {>o—< =)
~ (Prn) ! m
_| N-ch
L_
EVss
Figure 2-2. Pin Block Diagram for Pin Type 2-1-1
RESET + o<} o@} O RESET
Figure 2-3. Pin Block Diagram for Pin Type 2-1-2
N~
Alternate
function

(%)

>

- RD

©

c

5l

= D o<} o@} © Pmn

L

Remark For alternate functions, see 2.1 Port Function.
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Clock generator <

Figure 2-4. Pin Block Diagram for Pin Type 2-2-1

CMC

OSCSEL/
OSCSELS

Alternate
function

Internal bus

RD

CMC
EXCLK, OSCSEL/

EXCLKS, OSCSELS

Alternate

function

| (]
{>c
-

N-ch| P-ch

A

<z

O

O

Remark For alternate functions, see 2.1 Port Function.

P122/X2/EXCLK/Alternate function
P124/XT2/EXCLKS/Alternate function

P121/X1/Alternate function
P123/XT1/Alternate function
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CHAPTER 2 PIN FUNCTIONS

RL78/G1A
Figure 2-5. Pin Block Diagram for Pin Type 4-3-1
~"
WRappc 0: Analog input
/L ADPC 1: Digital I/O
O ADPC3 to ADPCO
RD
1 (
I —
ol | L
-
- 0
c—g WRPORT ~ VoD
:G__J, /L Output latch
o (Pmn) oDo—| P-ch
WRpPM Pmn
N-ch
KL PM register D—«»—ADo-l ¢
~ (PMmn)
Vss
L P-ch
A A/D converter
T N-ch
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RL78/G1A
Figure 2-6. Pin Block Diagram for Pin Type 7-1-1
~7  WRpu EVobp
/L | PU register
~ 1 (PUmn) | o I P-ch
Alternate |,
function
RD f
5 fL | |
_O < N |
(_U L
c 0
D WRport AN
£ EVobp
/L Output latch
T T DDy
P-ch
WRpPM ,_@ Pmn
/L | PM register —Do_| N-ch
~ 7| (PMmn)
EVss
Alternate function
(SAU)
Alternate function|
(other than SAU
N

Remarks 1. For alternate functions, see 2.1 Port Function.
2. SAU: Serial array unit
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RL78/G1A
Figure 2-7. Pin Block Diagram for Pin Type 7-1-2
~" WRru EVop
/L | PU register |
S (PUmn) —_2':)3 | P-ch
Alternate |,
function
RD
KL 1 @—0
« I
2 —O—<|
a
© 0
S| WRrort N
Q9 EVbp
£ /L Output latch
~ (Pmn) i )ﬁ > , oo
a )o—| -C
WRpPM ,_@ Pmn
A | PMregister _Do—| N-ch
~ (PMmn)
WRpPom
EVss
M| POM register
~ (POMmn)
Alternate function
(SAU)
Alternate function
(other than SAU)
N

Caution A through current may flow through if the pin is in the intermediate potential, because the input buffer
is also turned on when the pin is in N-ch open-drain output mode by port output mode register

(POMX).

Remarks 1. For alternate functions, see 2.1 Port Function.

2. SAU: Serial array unit
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Remarks 1.

Figure 2-8. Pin Block Diagram for Pin Type 7-3-1

EVop

WRPpu
/L | PU register
Coow

(PUmn) _OI'DJ I P-ch

WRpMc

/L PMC register
~ (PMCmn)

Alternate
function

A

WRPORT

N
EVop

Internal bus

Output latch
e D>
P-ch

>—© Pmn

&
WRpM
&

>

PM register
(PMmn)

Alternate function

(SAU)

Alternate function
(other than SAU)

N

L P-ch

A/D converter
T N-ch

For alternate functions, see 2.1 Port Function.

2. SAU: Serial array unit
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Figure 2-9. Pin Block Diagram for Pin Type 7-3-2

N WRpu EVob
/L PU register |
= (PUmn) q} I Peeh
WRpPMC
/L PMC register
~ (PMCmn)
Alternate <
function
RD
L (P,
)
S
o
© 0
S| WRporr N
9 EVobp
= /L Output latch
O lem DD
:Do—' P-ch
WRewm O Pmn
O PM register N-ch
WRPoM (PMmn)
EVss
M| POM register
~ (POMmn)
Alternate function
(SAU)
Alternate function
(other than SAU)
L P-ch
A/D converter
T N-ch
Y

Caution A through current may flow through if the pin is in the intermediate potential, because the input
buffer is also turned on when the pin is in N-ch open-drain output mode by port output mode register

(POMXx).

Remarks 1. For alternate functions, see 2.1 Port Function.
2. SAU: Serial array unit
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RL78/G1A
Figure 2-10. Pin Block Diagram for Pin Type 8-1-1
N )
WRPpu EVoo
A .| PU register
L eumn) [Tk |[> P-ch
WRPIM
M PIM register
~ (PIMmn)
Alternate |
function [°
RD
) 1
S
= P
o8 D =4 |
c
3 0
£ | WRrorr N
EVoo
/L Output latch
S D>
'{ op Pen
WRpPM ,_@ Pmn
/L PM register _Do—| N-ch
~ (PMmn)
EVss
Alternate function
(SAU)
Alternate function
(other than SAU)
Y
Caution Because of TTL input buffer structure, if the port input mode register (PIMx) is set in TTL input buffer,

a through current may flow through in the case of high level input. It is recommended to input a low

level to prevent a through current.

Remarks 1. For alternate functions, see 2.1 Port Function.

2. SAU: Serial array unit
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RL78/G1A
Figure 2-11. Pin Block Diagram for Pin Type 8-1-2
N )
WRPpu EVoo
.| PUreqister
O (PUmn) ——E':) I P-ch
WRPIM
N PMC register
~ (PMCmn)
Alternate |,
function
CMOS
RD o )
1T
* (L I TTL
N L |
®© 0
S | WReorr
_,g EVbp
— Output latch
S N e oy S
WRpPM "@ Pmn
A | PMregister _Do—| N-ch
~ (PMmn)
WRPpomMm
EVss
1 | POM register
~ (POMmn)
Alternate function
(SAU)
Alternate function
(other than SAU)
Y
Cautions 1. A through current may flow through if the pin is in the intermediate potential, because the input
buffer is also turned on when the pin is in N-ch open-drain output mode by port output mode
register (POMx).

2. Because of TTL input buffer structure, if the port input mode register (PIMx) is set in TTL input
buffer, a through current may flow through in the case of high level input. It is recommended to
input a low level to prevent a through current.

Remarks 1. For alternate functions, see 2.1 Port Function.
2. SAU: Serial array unit
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Figure 2-12. Pin Block Diagram for Pin Type 8-3-2

EVop

@ |- Peon

WRPu
~ A | PU register
—
(PUmn)
WRpPIM
M PIM register
~ (PMCmn)
WRpmc
/L PMC register
~ (PMCmn)
Alternate |,
n function
>
o
T RD
c
P
£ N\

WRPORT

Output latch

(Pmn)
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»—@ Pmn

(PMmn)

,|POM register

(POMmnN)

Alternate function

(SAU)

Alternate function
(other than SAU)

A/D converter

L P-ch

T N-ch

Cautions 1. A through current may flow through if the pin is in the intermediate potential, because the input

register (POMx).

buffer is also turned on when the pin is in N-ch open-drain output mode by port output mode

2. Because of TTL input buffer structure, if the port input mode register (PIMx) is set in TTL input

Remarks 1.
2.

buffer, a through current may flow through in the case of high level input. It is recommended to

input a low level to prevent a through current.

For alternate functions, see 2.1 Port Function.

SAU: Serial array unit
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Figure 2-13. Pin Block Diagram for Pin Type 12-1-1

~") Alternate
function
RD
« I
Y | L
WRPORT 0
N
DN
2 a Output latch O Pmn
T (Pmn) N
-ch
=
2 WRpPM 57
c
- EV
/L | PM register >
~ 1 (PMmn)
Alternate function
(SAU)
Alternate function
(other than SAU)
L

Caution A through current may flow through if the pin is in the intermediate potential, because the input

buffer is turned on when the pin is in output mode.

Remarks 1. For alternate functions, see 2.1 Port Function.

2. SAU: Serial array unit
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CHAPTER 3 CPU ARCHITECTURE

3.1 Memory Space

Products in the RL78/G1A can access a 1 MB address space. Figures 3-1 to 3-4 show the memory maps.
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Figure 3-1. Memory Map (R5F10ExA (x = 8, B, G))

FFFFFH 03FFFH
Special function register (SFR)
256 bytes
FFFOOH
FFEFFH General-purpose register
FFEEQH 32 bytes
FFEDFH RAMNetes 1.2 1 1
FFT00H 2KB T Program area =
FFG6FFH
= Reserved =
FA4000H
F3FFFH i
'\g”;g 01FFFH
F2000H
F1FFFH Data flash memory giggg:
4 KB On-chip debug security
F1000H : Note 3
ID setting area
FOFFFH
Reserved 010C4H 10 bytes
FO800H 010C3H Option byte area°te3
FOTFFH 010COH 4 bytes
Special function register (2nd SFR) 010BFH Boot cluster 1
2 KB CALLT table area
Data memory 64 bytes
space FOOOOH 01080H
EFFFFH 0107FH
Vector table area
128 bytes
01000H
00FFFH
=~ Reserved -~ Pt Program area Pt
000CEH
000CDH On-chip debug security
ID setting area™°te?
000C4H 10 bytes
000C3H Option byte area>'®? Boot cluster ONete 4
000COH 4 bytes
000BFH
CALLT table area
64 bytes
00080H
0007FH
Vector table area
ggggg: 128 bytes
Program ot Code flash memory o
memory 16 KB
Space 00000H~r 1“ 00000H
Notes 1. During self programming and data flash rewriting, the stack, data buffer, and RAM addresses used as

Caution

branch destinations for vectored interrupts or as sources or destinations of DMA transfers must not be
allocated to the area between addresses FFE20H and FFEDFH.

Instructions can be executed from the RAM area excluding the general-purpose register area.

When boot swap is not used: Set the option bytes to 000COH to 000C3H, and the on-chip debug security
IDs to 000C4H to 000CDH.

Set the option bytes to 000COH to 000C3H and 010COH to 010C3H, and the
on-chip debug security IDs to 000C4H to 000CDH and 010C4H to 010CDH.
Writing boot cluster 0 can be prohibited depending on the setting of security (see 25.7 Security Setting).

When boot swap is used:

While RAM parity error resets are enabled (RPERDIS = 0), be sure to initialize RAM areas where data
access is to proceed and the RAM area + 10 bytes when instructions are fetched from RAM areas,
respectively. Reset signal generation sets RAM parity error resets to enabled (RPERDIS = 0). For details,
see 22.3.3 RAM parity error detection function.
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Figure 3-2. Memory Map (R5F10ExC (x = 8, B, G, L))

FFFFFH OTFFFH
Special function register (SFR)
256 bytes
FFFOOH
FFEFFH | General-purpose register
FFEEOH 32 bytes
FFEDFH
Notes 1, 2
RA'\ZA KB 4~ Program area 4~
FF700H
FF6FF
= Reserved 0=
F8000H
F7FFFH Vi
=~ ZXEE -~ 01FFFH
F2000H
FLFFFH Data flash memory 010CEH
F1000H 4 KB 010CDH On-chip debug security
FOFFFH ID setting areah*'®?
F0800H Reserved 010C4H 10 bytes
FOTFFH 010C3H Option byte area’ote?
010COH 4 bytes
Special function register (2nd SFR) 010BFH Boot cluster 1
2KB CALLT table area
D 64 bytes
oaae Y Fo000H 01080H Y
EFFFFH 0107FH
Vector table area
128 bytes
01000H
00FFFH
ot Reserved et
=0 Program area =
000CEH
000CDH On-chip debug security
ID setting area™°te?
000C4H 10bytes
000C3H Option byte area™>'¢? Boot cluster ONote 4
000COH 4 bytes
000BFH
CALLT table area
64 bytes
00080H
0007FH
g ? g 2 g : Vector table area
Program Code flash memory 128 bytes
memory -~ 32KB <
space
00000H 00000H
Notes 1. During self programming and data flash rewriting, the stack, data buffer, and RAM addresses used as

Caution

branch destinations for vectored interrupts or as sources or destinations of DMA transfers must not be
allocated to the area between addresses FFE20H and FFEDFH.

Instructions can be executed from the RAM area excluding the general-purpose register area.

When boot swap is not used: Set the option bytes to 000COH to 000C3H, and the on-chip debug security
IDs to 000C4H to 000CDH.

Set the option bytes to 000COH to 000C3H and 010COH to 010C3H, and the
on-chip debug security IDs to 000C4H to 000CDH and 010C4H to 010CDH.
Writing boot cluster O can be prohibited depending on the setting of security (see 25.7 Security Setting).

When boot swap is used:

While RAM parity error resets are enabled (RPERDIS = 0), be sure to initialize RAM areas where data
access is to proceed and the RAM area + 10 bytes when instructions are fetched from RAM areas,
respectively. Reset signal generation sets RAM parity error resets to enabled (RPERDIS = 0). For details,
see 22.3.3 RAM parity error detection function.
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Figure 3-3. Memory Map (R5F10ExD (x = 8, B, G, L))

FFFFFH 0BFFFH
Special function register (SFR)
256 bytes
FFFOOH
FFEFFH [ General-purpose register
FEEEOH 32 bytes
FFEDFH RAMNOtes 1.2 i .
3 KB T Program area T
FF300H
FF2FFH
= Reserved =
FCOO0O0H
FBFFFH ) R
L Zﬂ(l)rflgé - 0LFFFH
F2000H
FLIFFFH Data flash memory 0L0CEH
F1000H 4 KB 010CDH On-chip debug security
FOFFFH ID setting area™°t?
C 0500k Reserved 010C4H 10 bytes
FOTEFH 010C3H Option byte area'°t®?
010COH 4 bytes
Special function register (2nd SFR) 010BFH Boot cluster 1
2 KB CALLT table area
Data memor 64 bytes
space g F0000H 01080H Y
EFFFFH 0107FH
Vector table area
128 bytes
01000H
ot Reserved ot 00FFFH
- Program area +
000CEH
000CDH On-chip debug security
ID setting area™°te3
000C4H 10 bytes
000C3H Option byte area™*'¢® Boot cluster gNote 4
000COH 4 bytes
000BFH
CALLT table area
64 bytes
00080H
0007FH
0C000H
0BFFFH
Vector table area
Program 1 Code flash memory 1 128 bytes
memory 0~ 48 KB T~
space
Y 00000H 00000H

Notes 1. During self programming and data flash rewriting, the stack, data buffer, and RAM addresses used as
branch destinations for vectored interrupts or as sources or destinations of DMA transfers must not be
allocated to the area between addresses FFE20H and FFEDFH. Also, use of the area FF300H to FF309H
is prohibited, because this area is used for each library.

2. |Instructions can be executed from the RAM area excluding the general-purpose register area.
3. When boot swap is not used: Set the option bytes to 000COH to 000C3H, and the on-chip debug security
IDs to 000C4H to 000CDH.
When boot swap is used: Set the option bytes to 000COH to 000C3H and 010COH to 010C3H, and the
on-chip debug security IDs to 000C4H to 000CDH and 010C4H to 010CDH.
4. Writing boot cluster 0 can be prohibited depending on the setting of security (see 25.7 Security Setting).

Caution While RAM parity error resets are enabled (RPERDIS = 0), be sure to initialize RAM areas where data
access is to proceed and the RAM area + 10 bytes when instructions are fetched from RAM areas,
respectively. Reset signal generation sets RAM parity error resets to enabled (RPERDIS = 0). For details,
see 22.3.3 RAM parity error detection function.
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Figure 3-4. Memory Map (R5F10ExE (x = 8, B, G, L))

FFFFFH OFFFFH
Special function register (SFR)
256 bytes
FFFOOH
FFEFFH [ General-purpose register
FFEEOH 32 bytes
FFEDFH
RAMNOes 1.2 T Program area T
4 KB
FEFOOH
FEEFFH
-~ Mirror -~
5175 KB 01FFFH
F2000H
FLFFFH Data flash memory 010CEH
F1000H 4 KB 010CDH On-chip debug security
FOFFFH ID setting area™o¢®
£0800H Reserved 010C4H 10 bytes
FOTFFH 010C3H Option byte area°® 3
. ! ' 010COH 4 bytes
Special function register (2nd SFR) 010BFH Boot cluster 1
2KB CALLT table area
64 bytes
Ll /
Data memory 0107FH
space
Vector table area
128 bytes
01000H
00FFFH
o Reserved - ~ Program area o+~
000CEH
000CDH On-chip debug security
ID setting area™°te?
000C4H 10 bytes
000C3H Option byte area™°t¢? Boot cluster Note 4
000COH 4 bytes
000BFH
CALLT table area
00080H 64 bytes
10000H
TFH
OFFFFH 000
Program Vector table area
A Code flash memory |
memory -~ =~ 128 bytes
space 64 KB
00000H 00000H
Notes 1. During self programming and data flash rewriting, the stack, data buffer, and RAM addresses used as

branch destinations for vectored interrupts or as sources or destinations of DMA transfers must not be
allocated to the area between addresses FFE20H and FFEDFH. Also, use of the area FEFOOH to FF309H
is prohibited, because this area is used for each library.

2. |Instructions can be executed from the RAM area excluding the general-purpose register area.
3. When boot swap is not used: Set the option bytes to 000COH to 000C3H, and the on-chip debug security
IDs to 000C4H to 000CDH.
When boot swap is used: Set the option bytes to 000COH to 000C3H and 010COH to 010C3H, and the
on-chip debug security IDs to 000C4H to 000CDH and 010C4H to 010CDH.
4. Writing boot cluster 0 can be prohibited depending on the setting of security (see 25.7 Security Setting).
Caution While RAM parity error resets are enabled (RPERDIS = 0), be sure to initialize RAM areas where data
access is to proceed and the RAM area + 10 bytes when instructions are fetched from RAM areas,
respectively. Reset signal generation sets RAM parity error resets to enabled (RPERDIS = 0). For details,
see 22.3.3 RAM parity error detection function.
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Remark The flash memory is divided into blocks (one block = 1 KB). For the address values and block

numbers, see Table 3-1 Correspondence Between Address Values and Block Numbers in Flash

Memory.

OFFFFH
0FCOOH

Block 3FH

OFBFFH

007FFH
00400H

Block 01H

003FFH

Block O0OH

00000H

1KB

(RS5F10EXE (x =8, B, G, L))
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Correspondence between the address values and block numbers in the flash memory are shown below.

Table 3-1. Correspondence Between Address Values and Block Numbers in Flash Memory

Address Value Block Number Address Value Block Number
00000H to 003FFH 00H 08000H to 083FFH 20H
00400H to 007FFH 01H 08400H to 087FFH 21H
00800H to 00BFFH 02H 08800H to 08BFFH 22H
00COOH to 00FFFH 03H 08COOH to 08FFFH 23H
01000H to 013FFH 04H 09000H to 093FFH 24H
01400H to 017FFH 05H 09400H to 097FFH 25H
01800H to 01BFFH 06H 09800H to 09BFFH 26H
01COOH to 01FFFH 07H 09CO00H to 09FFFH 27H
02000H to 023FFH 08H 0AOO0O0H to 0OA3FFH 28H
02400H to 027FFH 09H 0A400H to OA7FFH 29H
02800H to 02BFFH OAH 0A800H to OABFFH 2AH
02COO0H to 02FFFH OBH OACOOH to OAFFFH | 2BH
03000H to 033FFH O0CH 0BO0OH to OB3FFH 2CH
03400H to 037FFH ODH 0B400H to OB7FFH 2DH
03800H to 03BFFH OEH 0B800OH to 0BBFFH 2EH
03COO0H to 03FFFH OFH 0BCOOH to OBFFFH | 2FH
04000H to 043FFH 10H 0CO00H to 0C3FFH 30H
04400H to 047FFH 11H 0C400H to 0C7FFH 31H
04800H to 04BFFH 12H 0C800H to OCBFFH | 32H
04COO0H to 04FFFH 13H 0CCOOH to OCFFFH | 33H
05000H to 053FFH 14H 0DOO0OH to OD3FFH 34H
05400H to 057FFH 15H 0D400H to OD7FFH 35H
05800H to 05BFFH 16H 0D80O0OH to ODBFFH | 36H
05CO0H to 05FFFH 17H ODCOOH to ODFFFH | 37H
06000H to 063FFH 18H OEOO0OH to OE3FFH 38H
06400H to 067FFH 19H 0E400H to OE7FFH 39H
06800H to 06BFFH 1AH OE8O00H to OEBFFH 3AH
06COO0H to 06FFFH 1BH OECOOH to OEFFFH | 3BH
07000H to 073FFH 1CH OFO000H to OF3FFH 3CH
07400H to 077FFH 1DH O0F400H to OF7FFH 3DH
07800H to 07BFFH 1EH O0F800H to OFBFFH 3EH
07COO0H to 07FFFH 1FH OFCOOH to OFFFFH 3FH

Remark R5F10ExA (x=8,B,G): Block numbers 00H to OFH

R5F10ExC (x=8,B, G,L): Block numbers 00H to 1FH
R5F10ExD (x = 8,B, G, L): Block numbers O0H to 2FH
R5F10EXE (x = 8,B, G,L): Block numbers 00H to 3FH
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3.1.1 Internal program memory space
The internal program memory space stores the program and table data. The RL78/G1A products incorporate internal
ROM (flash memory), as shown below.

Table 3-2. Internal ROM Capacity

Part Number Internal ROM
Structure Capacity
R5F10EXA (x = 8, B, G) Flash memory 16384 x 8 bits (00000H to 03FFFH)
R5F10ExC (x =8, B, G, L) 32768 x 8 bits (00000H to 07FFFH)
R5F10ExD (x =8, B, G, L) 49152 x 8 bits (00000H to O0BFFFH)
R5F10ExXE (x =8, B, G, L) 65536 x 8 bits (00000H to OFFFFH)

The internal program memory space is divided into the following areas.

(1) Vector table area
The 128-byte area 00000H to 0007FH is reserved as a vector table area. The program start addresses for branch
upon reset or generation of each interrupt request are stored in the vector table area. Furthermore, the interrupt jump
address is a 64 K address of 00000H to OFFFFH, because the vector code is assumed to be 2 bytes.
Of the 16-bit address, the lower 8 bits are stored at even addresses and the higher 8 bits are stored at odd addresses.
To use the boot swap function, set a vector table also at 01000H to 0107FH.
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Table 3-3. Vector Table (1/2)

Vector Table Address Interrupt Source & |8 &
ERERERE
00000H RESET, POR, LVD, WDT, N[NNI Y
TRAP, IAW, RPE
00004H INTWDTI/INTSRO N[N N
00006H INTLVI U RV BV Y
00008H INTPO NN N Y
0000AH INTP1 N[N N
0000CH INTP2 N[N N Y
0000EH INTP3 N[N N Y
00010H INTP4 U RV BV Y
00012H INTP5 S VA R
00014H INTST2/INTCSI20/INTIIC20 | ¥ | ¥ [V | -
00016H INTSR2/INTCSI21/INTIIC21 | N | ¥ |Note1| —
00018H INTSRE2 SR RV VA
0001AH INTDMAO N[N N Y
0001CH INTDMA1 S R R I
0001EH INTSTO/INTCSIOO/INTIICOO | ¥ | v [N | ¥
00020H INTSRO/INTCSIO1/INTICO1 | v | v [Note2[Note2
00022H INTSREQ U RV BV Y
INTTMO1H N[N N Y
00024H INTST1/INTCSIO/INTIIC10 | V  [Note3 [Note 3 [Note 3
00026H INTSRY/INTCSHA/NTIC1T | N [ v [V | ¥
00028H INTSRE1 NN N Y
INTTMO3H S R R I
0002AH INTIICAO N[N N Y
0002CH INTTMOO NN N Y
0002EH INTTMO1 NN [N A
00030H INTTMO2 N[NNI Y
00032H INTTMO3 N[N N
00034H INTAD U RV BV Y
00036H INTRTC NN N Y
00038H INTIT N[N N
0003AH INTKR Vo[ N |V |Noted
Notes 1. INTSR2 only.
2. INTSRO only.
3. INTSR1 only.

4. When setting the peripheral 1/O redirection register (PIOR).
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Table 3-3. Vector Table (2/2)

Vector Table Address Interrupt Source & |8 &
ER R

00042H INTTMO4 U VA VA N
00044H INTTMO5 VN[V
00046H INTTMO6 U VA VA N
00048H INTTMO7 NN [N A
0004AH INTP6 NN - -
0004CH INTP7 Nl-1-1-
0004EH INTP8 NN = -
00050H INTP9 v - | -
00052H INTP10 Nl-1-1-
00054H INTP11 Nf--|-
0005EH INTMD U VA VA N
00062H INTFL NN [N A
0007EH BRK NN [N A

(2) CALLT instruction table area
The 64-byte area 00080H to 000BFH can store the subroutine entry address of a 2-byte call instruction (CALLT). Set
the subroutine entry address to a value in a range of 00000H to OFFFFH (because an address code is of 2 bytes).
To use the boot swap function, set a CALLT instruction table also at 01080H to 010BFH.

(3) Option byte area
A 4-byte area of 000COH to 000C3H can be used as an option byte area. Set the option byte at 010COH to 010C3H
when the boot swap is used. For details, see CHAPTER 24 OPTION BYTE.

(4) On-chip debug security ID setting area
A 10-byte area of 000C4H to 000CDH and 010C4H to 010CDH can be used as an on-chip debug security ID setting
area. Set the on-chip debug security ID of 10 bytes at 000C4H to 000CDH when the boot swap is not used and at
000C4H to 000CDH and 010C4H to 010CDH when the boot swap is used. For details, see CHAPTER 26 ON-CHIP
DEBUG FUNCTION.
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3.1.2 Mirror area

The RL78/G1A mirrors the code flash area of 00000H to OFFFFH, to FOO0O0H to FFFFFH. The products with 96 KB or
more flash memory mirror the code flash area of 00000H to OFFFFH or 10000H to 1FFFFH, to FOOOOH to FFFFFH (the
code flash area to be mirrored is set by the processor mode control register (PMC)).

By reading data from FOOOOH to FFFFFH, an instruction that does not have the ES register as an operand can be used,
and thus the contents of the code flash can be read with the shorter code. However, the code flash area is not mirrored to
the SFR, extended SFR, RAM, and use prohibited areas.

See 3.1 Memory Space for the mirror area of each product.

The mirror area can only be read and no instruction can be fetched from this area.

The following show examples.

Example R5F10ExE (x =8, B, G, L) (Flash memory: 64 KB, RAM: 4 KB)

FFFFFH
Special-function register (SFR)
256 bytes
FFFOOH
FFEFFH General-purpose register
FFEEOH 32 bytes
FFEDFH RAM )
4 KB For example, 0E789H is mirrored to
Egggg: FE789H. Data can therefore be read
by MOV A, |IE789H, instead of MOV
Mirror ES, #00H and MOV A, ES:IE789H.
(same data as 02000H to OEEFFH)
F2000H
F1FFFH
Data flash memory
F1000H
FOFFFH
Reserved
FO800H
FO7FFH
Special-function register (2nd SFR)
2 KB
FOO0OH
EFFFFH
Mirror
Reserved
10000H
OFFFFH
Code flash memory
OEFOOH|_ _ _ ___ _ _ ________1
OEEFFH
Code flash memory
02000H|'=—ee————]
O1FFFH Code flash memory
00000H
The PMC register is described below.
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¢ Processor mode control register (PMC)
This register sets the flash memory space for mirroring to area from FOOOOH to FFFFFH.
The PMC register can be set by a 1-bit or 8-bit memory manipulation instruction.
Reset signal generation sets this register to 00H.

Figure 3-5. Format of Processor Mode Control Register (PMC)

Address: FFFFEH After reset: 00H R/W
Symbol 7 6 5 4 3 2 1 <0>
PMC | 0 | 0 | 0 | 0 | 0 | 0 | 0 | MAA |

MAA Selection of flash memory space for mirroring to area from FOOOOH to FFFFFH

0 00000H to OFFFFH is mirrored to FOOOOH to FFFFFH

1 Setting is prohibited

Cautions 1. Be sure to clear bit 0 (MAA) of this register to 0 (default value).
2. After setting the PMC register, wait for at least one instruction and access the mirror area.
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3.1.3 Internal data memory space
The RL78/G1A products incorporate the following RAMs.

Table 3-4. Internal RAM Capacity

Part Number Internal RAM
R5F10EXA (x = 8, B, G) 2048 x 8 bits (FF700H to FFEFFH)
R5F10EXC (x =8, B, G, L)
R5F10ExD (x =8, B, G, L) 3072 x 8 bits (FF300H to FFEFFH)
R5F10EXE (x =8, B, G, L) 4096 x 8 bits (FEFOOH to FFEFFH)

The internal RAM can be used as a data area and a program area where instructions are fetched (it is prohibited to use
the general-purpose register area for fetching instructions). Four general-purpose register banks consisting of eight 8-bit
registers per bank are assigned to the 32-byte area of FFEEOH to FFEFFH of the internal RAM area.

The internal RAM is used as stack memory.

Cautions 1. It is prohibited to use the general-purpose register (FFEEOH to FFEFFH) space for fetching
instructions or as a stack area.

2. During self programming and data flash rewriting, the stack, data buffer, and RAM addresses
used as branch destinations for vectored interrupts or as sources or destinations of DMA
transfers must not be allocated to the area between addresses FFE20H and FFEDFH.

3. During self programming and data flash rewriting, the RAM area in the products below is
prohibited. Because this area is used for each library.

R5F10ExD (x =8, B, G, L): FF300H to FF309H
R5F10ExE (x=8,B, G,L): FEFOOH to FF309H
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3.1.4 Special function register (SFR) area
On-chip peripheral hardware special function registers (SFRs) are allocated in the area FFFOOH to FFFFFH (see Table
3-5in 3.2.4 Special function registers (SFRs)).

Caution Do not access addresses to which SFRs are not assigned.

3.1.5 Extended special function register (2nd SFR: 2nd Special Function Register) area

On-chip peripheral hardware special function registers (2nd SFRs) are allocated in the area FOOO0OH to FO7FFH (see
Table 3-6 in 3.2.5 Extended Special function registers (2nd SFRs: 2nd Special Function Registers)).

SFRs other than those in the SFR area (FFFOOH to FFFFFH) are allocated to this area. An instruction that accesses
the extended SFR area, however, is 1 byte longer than an instruction that accesses the SFR area.

Caution Do not access addresses to which extended SFRs are not assigned.
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3.1.6 Data memory addressing

Addressing refers to the method of specifying the address of the instruction to be executed next or the address of the
register or memory relevant to the execution of instructions.

Several addressing modes are provided for addressing the memory relevant to the execution of instructions for the
RL78/G1A, based on operability and other considerations. In particular, special addressing methods designed for the
functions of the special function registers (SFR) and general-purpose registers are available for use. Figure 3-6 shows
correspondence between data memory and addressing. For details of each addressing, see 3.4 Addressing for
Processing Data Addresses.

Figure 3-6. Correspondence Between Data Memory and Addressing

FFFFFH
FFF20H | __ Special function register (SFR) | SFRaddressing . .
FFF1FH 256 bytes T
FFFOOH _
FFEFFH General-purpose register 4 Redister addressi Sgg” direct
egister addressin addressin

FFEEOH 32 bytes veoo o °
FFEDFH l
FFE20H | F RAM ..
FFE1FH 2to 4 KB

B Mirror area A
F2000H
FIFFFH Data flash memory

4 KB
F1000H
FOFFFH
Reserved
FO800H
FO7FFH
Special function register (2nd SFR) Direct addressing
2 KB
Register indirect addressing
FO000H
EFFFFH Based addressing
Based indexed addressing
Reserved
L Code flash memory L
B 16 to 64 KB B
00000H
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3.2 Processor Registers

The RL78/G1A products incorporate the following processor registers.

3.2.1 Control registers

The control registers control the program sequence, statuses and stack memory. The control registers consist of a

program counter (PC), a program status word (PSW) and a stack pointer (SP).

(1)

(2

Program counter (PC)

The program counter is a 20-bit register that holds the address information of the next program to be executed.

In normal operation, PC is automatically incremented according to the number of bytes of the instruction to be fetched.
When a branch instruction is executed, immediate data and register contents are set.

Reset signal generation sets the reset vector table values at addresses 00000H and 00001H to the 16 lower-order
bits of the program counter. The four higher-order bits of the program counter are cleared to 0000.

Figure 3-7. Format of Program Counter

19 0

PC

Program status word (PSW)

The program status word is an 8-bit register consisting of various flags set/reset by instruction execution.

Program status word contents are stored in the stack area upon vectored interrupt request is acknowledged or PUSH
PSW instruction execution and are restored upon execution of the RETB, RETI and POP PSW instructions. Reset
signal generation sets the PSW register to 06H.

Figure 3-8. Format of Program Status Word

PSW IE z RBS1| AC |RBSO| ISP1 | ISPO | CY

(a) Interrupt enable flag (IE)
This flag controls the interrupt request acknowledge operations of the CPU.
When 0, the IE flag is set to the interrupt disabled (DI) state, and all maskable interrupt requests are disabled.
When 1, the IE flag is set to the interrupt enabled (El) state and maskable interrupt request acknowledgment is
controlled with an in-service priority flag (ISP1, ISP0), an interrupt mask flag for various interrupt sources, and a
priority specification flag.
The IE flag is reset (0) upon DI instruction execution or interrupt acknowledgment and is set (1) upon EIl
instruction execution.

(b) Zero flag (Z2)
When the operation or comparison result is zero or equal, this flag is set (1). It is reset (0) in all other cases.

(c) Register bank select flags (RBS0, RBS1)
These are 2-bit flags to select one of the four register banks.
In these flags, the 2-bit information that indicates the register bank selected by SEL RBn instruction execution is
stored.
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(d) Auxiliary carry flag (AC)
If the operation result has a carry from bit 3 or a borrow at bit 3, this flag is set (1). It is reset (0) in all other cases.

(e) In-service priority flags (ISP1, ISP0)
This flag manages the priority of acknowledgeable maskable vectored interrupts. Vectored interrupt requests
specified lower than the value of ISPO and ISP1 flags by the priority specification flag registers (PRnOL, PRnOH,
PRn1L, PRn1H, PRn2L, PRn2H) (see 16.3.3) can not be acknowledged. Actual vectored interrupt request
acknowledgment is controlled by the interrupt enable flag (IE).

Remark n=0,1

(f) Carry flag (CY)
This flag stores overflow and underflow upon add/subtract instruction execution. It stores the shift-out value upon
rotate instruction execution and functions as a bit accumulator during bit operation instruction execution.

(3) Stack pointer (SP)
This is a 16-bit register to hold the start address of the memory stack area. Only the internal RAM area can be set as
the stack area.

Figure 3-9. Format of Stack Pointer

15 0

SP |SP15|SP14|SP13|SP12|SP11|SP10| SP9 |SP8 |SP7 |SP6 |SP5 [SP4 |SP3|SP2|SP1| 0

In stack addressing through a stack pointer, the SP is decremented ahead of write (save) to the stack memory and is
incremented after read (restore) from the stack memory.

Cautions 1. Since reset signal generation makes the SP contents undefined, be sure to initialize the SP
before using the stack.

2. It is prohibited to use the general-purpose register (FFEEOH to FFEFFH) space for fetching
instruction or a stack area.

3. Do not allocate RAM addresses which are used as a stack area, a data buffer, a branch
destination of vector interrupt processing, and a DMA transfer destination/transfer source to the
area FFE20H to FFEDFH when performing self-programming and rewriting the data flash memory.

4. Use of the RAM areas of the following products is prohibited when performing self-programming
and rewriting the data flash memory, because these areas are used for each library.

R5F10ExA (x = 8, B, G): FFE20H to FFEDFH
R5F10ExC (x =8, B, G, L): FFE20H to FFEDFH
R5F10ExD (x = 8, B, G, L): FFE20H to FFEDFH, FF300H to FF309H
R5F10ExE (x =8, B, G, L): FFE20H to FFEDFH, FEFOOH to FF309H
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3.2.2 General-purpose registers

General-purpose registers are mapped at particular addresses (FFEEOH to FFEFFH) of the data memory. The general-
purpose registers consists of 4 banks, each bank consisting of eight 8-bit registers (X, A, C, B, E, D, L, and H).

Each register can be used as an 8-bit register, and two 8-bit registers can also be used in a pair as a 16-bit register (AX,
BC, DE, and HL).

Register banks to be used for instruction execution are set by the CPU control instruction (SEL RBn). Because of the 4-
register bank configuration, an efficient program can be created by switching between a register for normal processing and
a register for interrupt processing for each bank.

Caution It is prohibited to use the general-purpose register (FFEEOH to FFEFFH) space for fetching
instructions or as a stack area.

Figure 3-10. Configuration of General-Purpose Registers

(a) Function name

16-bit processing 8-bit processing
FFEFFH
H
Register bank 0 HL
L
FFEF8H
D
Register bank 1 DE
E
FFEFOH
B
Register bank 2 BC
C
FFEE8H
A
Register bank 3 AX
X
FFEEOH
15 0 7 0
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3.2.3 ES and CS registers

The ES register and CS register are used to specify the higher address for data access and when a branch instruction
is executed (register direct addressing), respectively.

The default value of the ES register after reset is OFH, and that of the CS register is 00H.

Figure 3-11. Configuration of ES and CS Registers

7 6 5 4 3 2 1 0
ES 0 0 0 0 ES3 ES2 ES1 ESO

7 6 5 4 3 2 1 0
Cs 0 0 0 0 CS3 | CS2 | Cs1 | CSsO

Though the data area which can be accessed with 16-bit addresses is the 64 KB from FOOOOH to FFFFFH, using the
ES register as well extends this to the 1 MB from 00000H to FFFFFH.

Figure 3-12. Extension of Data Area Which Can Be Accessed

laddr16 — F |0000H - FFFFH

ES:laddr16 {OH - FH‘ ‘OOOOH - FFFFH ‘

}  FFFFFH ]
Special function register
(SFR) 256 bytes
laddr16 =+ =
. Special function register
ES:laddr16 (2nd SFR) 2 Kbytes Data memory space
y FOOOOH
EFFFFH
~L Code flash memory I~
OOOOOHT T Y
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3.2.4 Special function registers (SFRs)

Unlike a general-purpose register, each SFR has a special function.

SFRs are allocated to the FFFOOH to FFFFFH area.

SFRs can be manipulated like general-purpose registers, using operation, transfer, and bit manipulation instructions.
The manipulable bit units, 1, 8, and 16, depend on the SFR type.

Each manipulation bit unit can be specified as follows.

e 1-bit manipulation
Describe as follows for the 1-bit manipulation instruction operand (sfr.bit).
When the bit name is defined: <Bit name>
When the bit name is not defined: <Register name>.<Bit number> or <Address>.<Bit number>
e 8-bit manipulation
Describe the symbol defined by the assembler for the 8-bit manipulation instruction operand (sfr). This manipulation
can also be specified with an address.
e 16-bit manipulation
Describe the symbol defined by the assembler for the 16-bit manipulation instruction operand (sfrp). When
specifying an address, describe an even address.

Table 3-5 gives a list of the SFRs. The meanings of items in the table are as follows.

e Symbol
Symbol indicating the address of a special function register. It is a reserved word in the assembler, and is defined
as an sfr variable using the #pragma sfr directive in the compiler. When using the assembler, debugger, and
simulator, symbols can be written as an instruction operand.
L[] R/W
Indicates whether the corresponding SFR can be read or written.
R/W: Read/write enable
R: Read only
W: Write only
e Manipulable bit units
“y” indicates the manipulable bit unit (1, 8, or 16). “~” indicates a bit unit for which manipulation is not possible.
o After reset
Indicates each register status upon reset signal generation.

Caution Do not access addresses to which extended SFRs are not assigned.

Remark For extended SFRs (2nd SFRs), see 3.2.5 Extended special function registers (2nd SFRs: 2nd Special
Function Registers).
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Table 3-5. SFR List (1/5)

Address | Special Function Register (SFR) Name Symbol R/W | Manipulable Bit Range | After Reset
1-bit | 8-bit | 16-bit
FFFOOH | Port register 0 PO RW | J - 00H
FFFO1H | Port register 1 P1 RW | N - 00H
FFFO2H | Port register 2 P2 R/W V V - 00H
FFFO3H | Port register 3 P3 RW | J - 00H
FFFO4H | Port register 4 P4 R/W v ~ _ 00H
FFFO5H | Port register 5 P5 R/W V V - 00H
FFFO6H | Port register 6 P6 RW | J - 00H
FFFO7H | Port register 7 P7 RW /| J - 00H
FFFOCH | Port register 12 P12 RW | v - Undefined
FFFODH | Port register 13 P13 RW | 3 - Undefined
FFFOEH | Port register 14 P14 RW | J - 00H
FFFOFH | Port register 15 P15 RW | \/ - 00H
FFF10H | Serial data register 00 TXDO/ | SDROO|RW | - N N 0000H
SI000
FFF11H - - _
FFF12H | Serial data register 01 RXDO/ |SDRO1|RW | - V V 0000H
SI001
FFF13H - - -
FFF18H | Timer data register 00 TDROO RW| - - v 0000H
FFF19H
FFF1AH | Timer data register 01 TDROIL| TDRO1|RW | - V V 00H
FFF1BH TDRO1H - y 00H
FFF1EH | 12-bit A/D conversion result ADCR R - - v 0000H
register
FFF1FH 8-bit A/D conversion ADCRH R - \ - 00H
result register
FFF20H | Port mode register 0 PMO RW | J - FFH
FFF21H | Port mode register 1 PM1 RW | J - FFH
FFF22H | Port mode register 2 PM2 RW | v - FFH
FFF23H | Port mode register 3 PM3 RW | J - FFH
FFF24H | Port mode register 4 PM4 RW | J - FFH
FFF25H | Port mode register 5 PM5 RW | N - FFH
FFF26H | Port mode register 6 PM6 RW | v - FFH
FFF27H | Port mode register 7 PM7 RW /| J - FFH
FFF2CH | Port mode register 12 PM12 RW | R - FFH
FFF2EH | Port mode register 14 PM14 RW | 3 - FFH
FFF2FH | Port mode register 15 PM15 RW /| J - FFH
FFF30H | A/D converter mode register 0 | ADMO RW | \ - 00H
FFF31H | Analog input channel ADS RW| v - 00H
specification register
FFF32H | A/D converter mode register 1 | ADM1 RW /| V - 00H
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Table 3-5. SFR List (2/5)

Address | Special Function Register (SFR) Name Symbol R/W | Manipulable Bit Range | After Reset
1-bit | 8-bit | 16-bit
FFF34H | Key return control register KRCTL RW| N - 00H
FFF35H | Key return flag register KRF RW| J - 00H
FFF36H | Key return mode control register 1 | KRM1 RW| N - 00H
FFF37H | Key return mode control register 0 | KRMO RW| v - 00H
FFF38H | External interrupt rising edge EGPO RW| J - 00H
enable register 0
FFF39H | External interrupt falling edge | EGNO RW| v - 00H
enable register 0
FFF3AH | External interrupt rising edge EGP1 RW| J - 00H
enable register 1
FFF3BH | External interrupt falling edge | EGN1 RW| \/ - 00H
enable register 1
FFF44H | Serial data register 02 TXD1/ |SDRO2|R/W | - J J 0000H
SI010
FFF45H - - -
FFF46H | Serial data register 03 RXD1/ |SDRO3| R/W - \ \ 0000H
SIO11
FFF47H - - -
FFF48H | Serial data register 10 TXD2/ |SDR10| R/W - Y Y 0000H
SI1020
FFF49H - - -
FFF4AH | Serial data register 11 RXD2/ |SDR11| RIW - \ \ 0000H
SI1021
FFF4BH - - -
FFF50H | IICA shift register 0 IICAO RW| - \/ - 00H
FFF51H | IICA status register 0 1ICS0 R J J - 00H
FFF52H | IICA flag register 0 lICFO RW| A v - O0H
FFF64H | Timer data register 02 TDRO02 R/W - - \ 0000H
FFF65H
FFF66H | Timer data register 03 TDRO3L |TDRO3|R/W | - J J 00H
FFF67H TDRO3H - N 00H
FFF68H | Timer data register 04 TDRO04 R/W - - \ 0000H
FFF69H
FFF6AH | Timer data register 05 TDRO5 R/W - - \ 0000H
FFF6BH
FFF6CH | Timer data register 06 TDRO6 R/wW - - \/ 0000H
FFF6DH
FFFGEH | Timer data register 07 TDRO7 R/W - - v 0000H
FFF6FH
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Table 3-5. SFR List (3/5)

Address | Special Function Register (SFR) Name Symbol R/W | Manipulable Bit Range | After Reset
1-bit | 8-bit | 16-bit
FFFO0H | Interval timer control register ITMC R/W - - v OFFFH
FFF91H
FFF92H | Second count register SEC R/W - 3 - 00H
FFFO3H | Minute count register MIN R/wW - \/ - 00H
FFF94H | Hour count register HOUR R/W - \ - 12HNete
FFFO5H | Week count register WEEK R/W - \/ - 00H
FFF96H | Day count register DAY R/W - J - 01H
FFFO7H | Month count register MONTH R/W - \/ - 01H
FFF98H | Year count register YEAR R/W - J - 00H
FFF99H | Watch error correction register | SUBCUD R/W - R - 00H
FFF9AH | Alarm minute register ALARMWM R/W - J - 00H
FFF9BH | Alarm hour register ALARMWH R/W - R - 12H
FFFIOCH | Alarm week register ALARMWW R/W - \ - 00H
FFFODH | Real-time clock control register 0 | RTCCO R/W N N - 00H
FFF9EH | Real-time clock control register 1 | RTCC1 RW | \ - 00H
FFFAOH | Clock operation mode control CMC R/W - \ - 00H
register
FFFA1H | Clock operation status control | CSC RW | v - COH
register
FFFA2H | Oscillation stabilization time OSTC R \ \ - 00H
counter status register
FFFA3H | Oscillation stabilization time OSTS R/W - N - 07H
select register
FFFA4H | System clock control register CKC RW | \ - 00H
FFFA5H | Clock output select register 0 CKS0 RW | \/ - 00H
FFFABH | Clock output select register 1 CKS1 RW /| J - 00H

Note The value of this register is 00H if the AMPM bit (bit 3 of real-time clock control register 0 (RTCCO)) is set to 1
after reset.
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Table 3-5. SFR List (4/5)

Address | Special Function Register (SFR) Name Symbol R/W | Manipulable Bit Range | After Reset
1-bit | 8-bit | 16-bit
FFFA8H | Reset control flag register RESF R - R — | Undefined Note !
FFFA9H | Voltage detection register LVIM RW | \ - QQHNote 1
FFFAAH| Voltage detection level register | LVIS R/W R R —  |00H/01H/81HNete1
FFFABH| Watchdog timer enable register | WDTE R/W - v - 1AH/9AHNete 2
FFFACH| CRC input register CRCIN R/W - J - 00H
FFFBOH | DMA SFR address register 0 DSAO0 R/W - v - 00H
FFFB1H | DMA SFR address register 1 DSA1 R/W - \ - 00H
FFFB2H | DMA RAM address register 0 DRAOL| DRAO| RIW - \/ \/ 00H
FFFB3H DRAOH R/W - J 00H
FFFB4H | DMA RAM address register 1 DRA1L| DRA1| RIW - \/ \/ 00H
FFFB5SH DRA1TH R/W - J 00H
FFFB6H | DMA byte count register 0 DBCOL| DBCO| RW | - v v 00H
FFFB7H DBCOH R/W - J 00H
FFFB8H | DMA byte count register 1 DBC1L| DBC1| R/W - v v O00H
FFFBOH DBC1H R/W - J 00H
FFFBAH| DMA mode control register 0 DMCO RW| v - 00H
FFFBBH| DMA mode control register 1 DMC1 RW| J - 00H
FFFBCH| DMA operation control register 0 | DRCO R/W v v - O00H
FFFBDH| DMA operation control register 1 | DRC1 RW| J - 00H
Notes 1. The reset values of the registers vary depending on the reset source as shown below.
Reset Source | RESET Input Reset by Reset by Reset by Reset by Reset by Reset by
POR Execution of WDT RAM parity illegal- LVD
Register IIIega‘I error memory
Instruction access
RESF | TRAP Cleared (0) Set (1) Held Held
WDTRF Held Set (1) Held
RPERF Held Set (1) Held
IAWRF Held Set (1)
LVIRF Held Set (1)
LVIM LVISEN Cleared (0) Held
LVIOMSK Held
LVIF
LVIS Cleared (00H/01H/81H)

2. The reset value of the WDTE register is determined by the setting of the option byte.
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Table 3-5. SFR List (5/5)

Address | Special Function Register (SFR) Name Symbol R/W | Manipulable Bit Range | After Reset
1-bit | 8-bit | 16-bit
FFFDOH | Interrupt request flag register 2 | IF2L | IF2 RW| v v OOH
FFFD1H IF2H RW | J 00H
FFFD4H | Interrupt mask flag register 2 MK2L [ MK2 |RW | v v FFH
FFFD5H MK2H RW /| J FFH
FFFD8H | Priority specification flag PRO2L| PRO2 |[RW | R R FFH
FFFDYH | register 02 PRO2H RW | N FFH
FFFDCH]| Priority specification flag PR12L| PR12 [RW | \ \ FFH
FFFDDH| register 12 PR12H RW | N FFH
FFFEOH | Interrupt request flag register 0 | IFOL | IFO RW | \ \ 00H
FFFE1H IFOH RW | v O00H
FFFE2H | Interrupt request flag register 1 | IF1L | IF1 RW | \ \ 00H
FFFE3H IF1H RW | v O00H
FFFE4H | Interrupt mask flag register 0 MKOL | MKO |[RW | \ \ FFH
FFFE5H MKOH RW /| v FFH
FFFE6H | Interrupt mask flag register 1 MKIL | MK1 |[RW | \ \ FFH
FFFE7H MK1H RW /| v FFH
FFFESH | Priority specification flag PROOL| PROO |[RW | \ \ FFH
FFFEQH | register 00 PROOH RW | N FFH
FFFEAH | Priority specification flag PRO1L| PRO1 |[RW | \ \ FFH
FFFEBH | register 01 PRO1H RW | N FFH
FFFECH| Priority specification flag PR10L| PR10 |[RW | \ \ FFH
FFFEDH| register 10 PR10H RW | N FFH
FFFEEH | Priority specification flag PR11L| PR11 |[RW | \ \ FFH
FFFEFH | register 11 PR11H RW | N FFH
FFFFOH | Multiplication/division data MDAL R/W - - N 0000H
FFFF1H | register A (L)
FFFF2H | Multiplication/division data MDAH RW| - - J 0000H
FFFF3H | register A (H)
FFFF4H | Multiplication/division data MDBH R/W - - J 0000H
FFFF5H | register B (H)
FFFF6H | Multiplication/division data MDBL RW | - - \/ 0000H
FFFF7H | register B (L)
FFFFEH | Processor mode control PMC RW | J - 00H
register
Remark For extended SFRs (2nd SFRs), see Table 3-6 Extended SFR (2nd SFR) List.
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3.2.5 Extended special function registers (2nd SFRs)

Unlike a general-purpose register, each extended SFR (2" SFR) has a special function.
Extended SFRs are allocated to the FOOOOH to FO7FFH area. SFRs other than those in the SFR area (FFFOOH to
FFFFFH) are allocated to this area. An instruction that accesses the extended SFR area, however, is 1 byte longer than

an instruction that accesses the SFR area.
Extended SFRs can be manipulated like general-purpose registers, using operation, transfer, and bit manipulation

instructions. The manipulable bit units, 1, 8, and 16, depend on the SFR type.

Each manipulation bit unit can be specified as follows.

1-bit manipulation

Describe as follows for the 1-bit manipulation instruction operand (!addr16.bit)

When the bit name is defined: <Bit name>

When the bit name is not defined: <Register name>.<Bit number> or <Address>.<Bit number>

8-bit manipulation

Describe the symbol defined by the assembler for the 8-bit manipulation instruction operand (laddr16). This
manipulation can also be specified with an address.

16-bit manipulation

Describe the symbol defined by the assembler for the 16-bit manipulation instruction operand (laddr16). When
specifying an address, describe an even address.

Table 3-6 gives a list of the extended SFRs. The meanings of items in the table are as follows.

Symbol
Symbol indicating the address of an extended SFR. It is a reserved word in the assembler, and is defined as an sfr
variable using the #pragma sfr directive in the compiler. When using the assembler, debugger, and simulator,
symbols can be written as an instruction operand.

R/W

Indicates whether the corresponding extended SFR can be read or written.

R/W: Read/write enable

R:  Read only

W:  Write only

Manipulable bit units

“y” indicates the manipulable bit unit (1, 8, or 16).

indicates a bit unit for which manipulation is not possible.
After reset
Indicates each register status upon reset signal generation.

Caution Do not access addresses to which extended SFRs (2"¢ SFRs) are not assigned.

Remark For SFRs in the SFR area, see 3.2.4 Special function registers (SFRs).
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Table 3-6. Extended SFR (2nd SFR) List (1/6)

Address | Special Function Register (SFR) Name Symbol R/W | Manipulable Bit Range | After Reset
1-bit | 8-bit | 16-bit
FO010H | A/D converter mode register 2 | ADM2 RW | v - 00H
FO0011H | Conversion result comparison | ADUL R/W - \ - FFH
upper limit setting register
FO0012H | Conversion result comparison ADLL R/W - S - 00H
lower limit setting register
FO013H | A/D test register ADTES R/wW - J - 00H
FO030H | Pull-up resistor option register 0 | PUO RW | J - 0OH
FO031H | Pull-up resistor option register 1 | PU1 RW | S - 00H
FO033H | Pull-up resistor option register 3 | PU3 RW | J - 00H
F0034H | Pull-up resistor option register 4 | PU4 RW | J - 01H
FO035H | Pull-up resistor option register 5 | PU5 RW | S - 00H
FO037H | Pull-up resistor option register 7 | PU7 RW | \ - 00H
FOO3CH | Pull-up resistor option register 12 | PU12 RW | J - 00H
FOO3EH | Pull-up resistor option register 14 | PU14 RW | J - 0OH
FO040H | Port input mode register 0 PIMO RW | J - 00H
FO041H | Port input mode register 1 PIM1 RW | J - 00H
FOO50H | Port output mode register 0 POMO RW | S - 00H
F0051H | Port output mode register 1 POM1 RW | J - 00H
FO055H | Port output mode register 5 POM5 R/W J \ - 00H
FO057H | Port output mode register 7 POM7 RW| v - 00H
FO060H | Port mode control register 0 PMCO RW | J - FFH
FO061H | Port mode control register 1 PMC1 R/wW J \ - FFH
F0063H | Port mode control register 3 PMC3 RW | J - FFH
F0064H | Port mode control register 4 PMC4 RW | J - FFH
FO065H | Port mode control register 5 PMC5 RW | J - FFH
FO067H | Port mode control register 7 PMC7 R/wW J \ - FFH
FOO6CH | Port mode control register 12 | PMC12 RW | J - FFH
FO070H | Noise filter enable register 0 NFENO R/W S S - 00H
FO071H | Noise filter enable register 1 NFEN1 RW | \ - 00H
FOO073H | Input switch control register ISC RW | \ - 00H
FO074H | Timer input select register 0 TISO RW | - \ - 00H
FO076H | A/D port configuration register | ADPC R/W - \ - 00H
FO077H | Peripheral I/O redirection PIOR R/W - J - 00H
register
FO078H | Invalid memory access IAWCTL R/W - \ - 00H
detection control register
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Table 3-6. Extended SFR (2nd SFR) List (2/6)

Address | Special Function Register (SFR) Name Symbol R/W | Manipulable Bit Range | After Reset
1-bit | 8-bit | 16-bit

FO07CH | Global analog input disable GAIDIS R/W S S - 00H
register

FOO7DH | Global digital input disable GDIDIS R/W J J - 00H
register

FOO90H | Data flash control register DFLCTL RW| \ - 00H

FOOAOH | High-speed on-chip oscillator HIOTRM R/W - S - UndefinedNote !
trimming register

FOOA8H | High-speed on-chip oscillator HOCODIV R/W - S - UndefinedNote 2
frequency select register

FOOEOH | Multiplication/division data MDCL R/W - - S 0000H
register C (L)

FOOE2H | Multiplication/division data MDCH R/W - - N 0000H
register C (H)

FOOE8H | Multiplication/division control MDUC R/W \/ \/ - 00H
register

FOOFOH | Peripheral enable register 0 PERO RW| \ - 00H

FOOF3H | Subsystem clock supply mode | OSMC R/W - \ - 00H
control register

FOOF5H | RAM parity error control register | RPECTL RW | \ - 00H

FOOFEH | BCD adjust result register BCDADJ R - \ - Undefined

FO100H | Serial status register 00 SSROOL | SSR0O0| R - \ \ 0000H

FO101H - - -

FO102H | Serial status register 01 SSRO1L| SSR01| R - S S 0000H

FO103H - - -

F0104H | Serial status register 02 SSR02L| SSR02| R - J J 0000H

FO105H - - -

FO0106H | Serial status register 03 SSRO3L| SSR03| R - S S 0000H

FO107H - - -

FO108H | Serial flag clear trigger register | SIROOL|{ SIR00 | R/W - S S 0000H

FO109H | 00 - - -

FO10AH | Serial flag clear trigger register | SIRO1L| SIR01 | R/'W - \ \ 0000H

Fo10BH | 01 - - -

FO10CH | Serial flag clear trigger register | SIR02L|{ SIR02 | R/W - \ \ 0000H

FO10DH | 02 - - -

FO10EH | Serial flag clear trigger register | SIR03L| SIR03 | RIW | - S S 0000H

FO10FH | 03 - - -

Notes 1. The value after a reset is adjusted at the time of shipment.

2. The value after a reset is a value set in FRQSEL2 to FRQSELO of the option byte (000C2H).
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Table 3-6. Extended SFR (2nd SFR) List (3/6)

Address | Special Function Register (SFR) Name Symbol R/W | Manipulable Bit Range | After Reset
1-bit | 8-bit | 16-bit

FO110H | Serial mode register 00 SMRO00 R/W - - S 0020H
FO111H
FO112H | Serial mode register 01 SMRO01 R/W - - \ 0020H
FO113H
FO0114H | Serial mode register 02 SMRO02 R/W - - \ 0020H
FO115H
FO116H | Serial mode register 03 SMRO03 R/W - - \ 0020H
FO117H
FO0118H | Serial communication operation | SCR0O0 R/W - - \ 0087H
FO119H | setting register 00
FO11AH | Serial communication operation | SCR01 R/W - - N 0087H
FO11BH | setting register 01
FO11CH | Serial communication operation | SCR02 R/W - - S 0087H
FO11DH | setting register 02
FO11EH | Serial communication operation | SCR03 R/W - - \/ 0087H
FO11FH | setting register 03
F0120H | Serial channel enable status SEOL | SEO R J J J 0000H
F0121H | register 0 _ _ _
F0122H | Serial channel start register 0 | SSOL {SS0 |RW | \ \ 0000H
FO0123H - - -
FO124H | Serial channel stop register 0 | STOL [STO |RW| S S 0000H
F0125H - - -
FO126H | Serial clock select register 0 SPSOL| SPSO | R/W - \ \ 0000H
F0127H - - -
FO0128H | Serial output register 0 SO0 R/W - - N OFOFH
FO129H
FO12AH | Serial output enable register 0 | SOEOL| SOE0 |RW | S S 0000H
FO12BH - - -
FO0134H | Serial output level register 0 SOLOL| SOLO | R/'W - \ \ 0000H
FO0135H - - -
FO138H | Serial standby control register 0 | SSCOL| SSCO | R'W | - \ \ 0000H
FO0140H | Serial status register 10 SSR10L| SSR10| R - \ \ 0000H
FO141H - - -
FO0142H | Serial status register 11 SSR11L| SSR11| R - S S 0000H
FO0143H - - _
FO148H | Serial flag clear trigger register |SIR10L| SIR10 | R/W - \ \ 0000H
Fo149H | 10 _ - -
FO14AH | Serial flag clear trigger register |SIR11L| SIR11 | R/'W - \/ \/ 0000H
Fo14BH | 11 - - -
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Table 3-6. Extended SFR (2nd SFR) List (4/6)

Address | Special Function Register (SFR) Name Symbol R/W | Manipulable Bit Range | After Reset
1-bit | 8-bit | 16-bit

FO0150H | Serial mode register 10 SMR10 R/W - - S 0020H
FO151H
FO152H | Serial mode register 11 SMR11 R/W - - \ 0020H
FO153H
FO158H | Serial communication operation | SCR10 R/W - - \ 0087H
FO159H | setting register 10
FO15AH | Serial communication operation | SCR11 R/W - - S 0087H
FO15BH | setting register 11
FO160H | Serial channel enable status SE1L | SE1 R \ \ \ 0000H
FO161H | register 1 _ _ _
F0162H | Serial channel start register 1 | SS1L | SS1 |RW | J J 0000H
FO163H - - -
FO164H | Serial channel stop register 1 STIL |ST1 |RW| S S 0000H
FO165H - - -
FO0166H | Serial clock select register 1 SPS1L| SPS1 | R'W - S S 0000H
FO167H - - -
FO0168H | Serial output register 1 SO1 R/W - - \ 0303H
FO169H
FO16AH | Serial output enable register 1 | SOE1L| SOE1 |R/W | < \ \ 0000H
FO16BH - - -
F0174H | Serial output level register 1 SOL1L| SOL1 |RW | - J J 0000H
FO175H - - -
FO180H | Timer counter register 00 TCROO R - - \ FFFFH
FO181H
FO0182H | Timer counter register 01 TCRO1 R - - N FFFFH
FO183H
FO0184H | Timer counter register 02 TCRO02 R - - \ FFFFH
FO0185H
FO0186H | Timer counter register 03 TCRO03 R - - \ FFFFH
FO187H
FO0188H | Timer counter register 04 TCR04 R - - \ FFFFH
FO189H
FO18AH | Timer counter register 05 TCRO5 R - - \ FFFFH
FO18BH
FO18CH | Timer counter register 06 TCRO06 R - - S FFFFH
FO18DH
FO18EH | Timer counter register 07 TCRO7 R - - \ FFFFH
FO18FH
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Table 3-6. Extended SFR (2nd SFR) List (5/6)

Address | Special Function Register (SFR) Name Symbol R/W | Manipulable Bit Range | After Reset
1-bit | 8-bit | 16-bit

FO190H | Timer mode register 00 TMROO R/W - - S 0000H

FO191H

FO192H | Timer mode register 01 TMRO1 R/W - - \ 0000H

FO193H

FO0194H | Timer mode register 02 TMRO02 R/W - - \ 0000H

FO195H

FO0196H | Timer mode register 03 TMRO3 R/W - - \ 0000H

FO197H

FO0198H | Timer mode register 04 TMRO04 R/W - - \ 0000H

FO199H

FO19AH | Timer mode register 05 TMRO5 R/W - - S 0000H

FO19BH

FO19CH | Timer mode register 06 TMRO06 R/W - - \ 0000H

FO19DH

FO19EH | Timer mode register 07 TMRO7 R/W - - S 0000H

FO19FH

FO1AOH | Timer status register 00 TSROOL| TSR0O0O| R - \ \ 0000H

FO1A1H - - -

FO1A2H | Timer status register 01 TSRO1L| TSR01| R - \ \ 0000H

FO1A3H - - -

FO1A4H | Timer status register 02 TSRO2L| TSR02| R - \ \ 0000H

FO1A5H - - -

FO1A6H | Timer status register 03 TSRO3L| TSR03| R - \ \ 0000H

FO1A7H - - -

FO1A8H | Timer status register 04 TSRO4L| TSR04| R - N N 0000H

FO1A9H - - -

FO1AAH | Timer status register 05 TSRO5L| TSR05| R - J J 0000H

FO1ABH - - -

FO1ACH | Timer status register 06 TSRO6L| TSR06| R - \ \ 0000H

FO1ADH - - -

FO1AEH | Timer status register 07 TSRO7L| TSRO7| R - \ \ 0000H

FO1AFH - - -
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Table 3-6. Extended SFR (2nd SFR) List (6/6)

Address | Special Function Register (SFR) Name Symbol R/W | Manipulable Bit Range | After Reset
1-bit | 8-bit | 16-bit

FO1BOH | Timer channel enable status TEOL | TEO R J J J 0000H

FO1B1H | register 0 _ _ _

FO1B2H | Timer channel start register 0 | TSOL [ TS0 |RW | \ \ 0000H

FO1B3H - - -

FO1B4H | Timer channel stop register 0 TTOL | TTO R/W \ \ \ 0000H

FO1B5H - - -

FO1B6H | Timer clock select register 0 TPSO R/W - - \ 0000H

FO1B7H

F01B8H | Timer output register 0 TOOL |TOO |RW| - \ \ 0000H

FO1B9H - - -

FO1BAH | Timer output enable register 0 | TOEOL| TOEO |RW | < S S 0000H

FO1BBH - - -

FO1BCH | Timer output level register 0 TOLOL| TOLO | RIW - \ \ 0000H

FO1BDH - - -

FO1BEH | Timer output mode register 0  [TOMOL | TOMO | R/'W - S S 0000H

FO1BFH - - -

F0230H | IICA control register 00 IICCTLO0| R/W J J - 00H | FO230H

F0231H | IICA control register 01 IICCTLO1| R/W J J - 00H | F0231H

F0232H | IICA low-level width setting IICWLO | R/W - \ - FFH | F0232H
register 0

F0233H | IICA high-level width setting ICWHO | R/W - \ - FFH | FO233H
register 0

F0234H | Slave address register 0 SVAO | R/W - \ - 00H | FO234H

FO2FOH | Flash memory CRC control CRCO | R/W \ \ - 00H | FO2FOH
register CTL

FO2F2H | Flash memory CRC operation PGCR| R/W - - \/ 0000H | FO2F2H
result register CL

FO2FAH | CRC data register CRCD| R/W - - J 0000H | FO2FAH

Remark For SFRs in the SFR area, see Table 3-5 SFR List.
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3.3 Instruction Address Addressing
3.3.1 Relative addressing

[Function]
Relative addressing stores in the program counter (PC) the result of adding a displacement value included in the
instruction word (signed complement data: —128 to +127 or —32768 to +32767) to the program counter (PC)’s value
(the start address of the next instruction), and specifies the program address to be used as the branch destination.
Relative addressing is applied only to branch instructions.

Figure 3-13. Outline of Relative Addressing

PC Instruction code

OP code

)
t"‘/ DISPLACE | 8/16 bits

3.3.2 Immediate addressing

[Function]
Immediate addressing stores immediate data of the instruction word in the program counter, and specifies the
program address to be used as the branch destination.
For immediate addressing, CALL !'addr20 or BR !'addr20 is used to specify 20-bit addresses and CALL !addr16 or
BR laddr16 is used to specify 16-bit addresses. 0000 is set to the higher 4 bits when specifying 16-bit addresses.

Figure 3-14. Example of CALL !'addr20/BR !'addr20

Instruction code

PC

OP code

Low Addr.

High Addr.

Seg Addr.

Figure 3-15. Example of CALL !addr16/BR !addr16

PC pCs | pcw | pCL Instruction code
OP code
0000 Low Addr.
High Addr.
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3.3.3 Table indirect addressing

[Function]
Table indirect addressing specifies a table address in the CALLT table area (0080H to O0BFH) with the 5-bit
immediate data in the instruction word, stores the contents at that table address and the next address in the program
counter (PC) as 16-bit data, and specifies the program address. Table indirect addressing is applied only for CALLT
instructions.
In the RL78 microcontrollers, branching is enabled only to the 64 KB space from 00000H to OFFFFH.

Figure 3-16. Outline of Table Indirect Addressing

OP code
igh Addr. |
™ Hig
00000000 |10 0
L Low Addr.
Table address
Memory
0000
PC PCs PCH PCL
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3.3.4 Register direct addressing

[Function]
Register direct addressing stores in the program counter (PC) the contents of a general-purpose register pair

(AX/BC/DE/HL) and CS register of the current register bank specified with the instruction word as 20-bit data, and
specifies the program address. Register direct addressing can be applied only to the CALL AX, BC, DE, HL, and BR

AX instructions.

Figure 3-17. Outline of Register Direct Addressing

Instruction code

OP code
(&) p
PC PCs PCh PCL
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3.4 Addressing for Processing Data Addresses
3.4.1 Implied addressing
[Function]
Instructions for accessing registers (such as accumulators) that have special functions are directly specified with the

instruction word, without using any register specification field in the instruction word.

[Operand format]
Implied addressing can be applied only to MULU X.

Figure 3-18. Outline of Implied Addressing

Instruction code

OP code A register

Memory (register area)
3.4.2 Register addressing
[Function]
Register addressing accesses a general-purpose register as an operand. The instruction word of 3-bit long is used

to select an 8-bit register and the instruction word of 2-bit long is used to select a 16-bit register.

[Operand format]

Identifier Description
r X,A C,B,ED,LH
p AX, BC, DE, HL

Figure 3-19. Outline of Register Addressing

OP code Register

Memory (register bank area)
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3.4.3 Direct addressing

[Function]

Direct addressing uses immediate data in the instruction word as an operand address to directly specify the target

address.

[Operand format]

Identifier Description
laddr16 Label or 16-bit immediate data (only the space from FOOO0H to FFFFFH is specifiable)
ES:laddr16 | Label or 16-bit immediate data (higher 4-bit addresses are specified by the ES register)

Figure 3-20. Example of !addr16

MOV

laddr16, A

<1>

Instruction code

OP-code

Target memory

Low Addr.
<1

High Addr.

* A 16-bit address <1> in the 64 KB area from
FOOOOH to FFFFFH specifies the target location
(for use in access to the 2nd SFRs etc.).

Figure 3-21. Example of ES:laddr16

ES: laddr16

Memory

<1> <2>

Instruction code

Target memory

OP-code
Specifies the [
5 Low Addr. address in memory
High Addr. _X0000H ¥
Specifies a
64 KB area
ES >

* The ES register <1> specifies a 64 KB area within the
overall 1-Mbyte space as the four higher-order bits, X, of
the address range.

e A 16-bit address <2> in the area from X0000H to XFFFFH
and the ES register <1> specify the target location;
this is used for access to fixed data other than
that in mirrored areas.

Memory

FFEFFH

FOO00H

FFFFFH
A

Area from
XO0000H to
XFFFFH

v
00000H
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3.4.4 Short direct addressing

[Function]

Short direct addressing directly specifies the target addresses using 8-bit data in the instruction word. This type of
addressing is applied only to the space from FFE20H to FFF1FH.

[Operand format]

Identifier Description

SADDR Label, FFE20H to FFF1FH immediate data, or OFE20H to OFF1FH immediate data
(only the space from FFE20H to FFF1FH is specifiable)

SADDRP Label, FFE20H to FFF1FH immediate data, or OFE20H to OFF1FH immediate data (even address only)
(only the space from FFE20H to FFF1FH is specifiable)

Figure 3-22. Outline of Short Direct Addressing

Instruction code

OP code

________ FFF1FH
saddr saddr
________ FFE20H

Memory

Remark SADDR and SADDRP are used to describe the values of addresses FE20H to FF1FH with 16-bit immediate
data (higher 4 bits of actual address are omitted), and the values of addresses FFE20H to FFF1FH with 20-
bit immediate data.
Regardless of whether SADDR or SADDRP is used, addresses within the space from FFE20H to FFF1FH
are specified for the memory.
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3.4.5 SFR addressing

[Function]

SFR addressing directly specifies the target SFR addresses using 8-bit data in the instruction word. This type of

addressing is applied only to the space from FFFOOH to FFFFFH.

[Operand format]

Identifier Description
SFR SFR name
SFRP 16-bit-manipulatable SFR name (even address)

Figure 3-23. Outline of SFR Addressing

Instruction code

OP code

SFR

—,—> SFR

Memory

FFEFFH

FFFOOH
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3.4.6 Register indirect addressing

[Function]

Register indirect addressing directly specifies the target addresses using the contents of the register pair specified

with the instruction word as an operand address.

[Operand format]

Identifier Description
- [DE], [HL] (only the space from FOOOOH to FFFFFH is specifiable)
- ES:[DE], ES:[HL] (higher 4-bit addresses are specified by the ES register)
Figure 3-24. Example of [DE], [HL]
FFFFFH
[DE], [HL]
<1> <1>
Target memory
Instruction code __ <1> s pecifies the ¥
OP-code rp(HL/DE) address in memory |
FOOOOH
® Either pair of registers <1> specifies the target
location as an address in the 64 KB area from
FOOOOH to FFFFFH.
Memory
Figure 3-25. Example of ES:[DE], ES:[HL]
ES: [DE], ES: [HL]
<1> <2> <1> <2> FFFFFH
A
Target memo Area from
Instruction code <2> gpecifies the yy g i X0000H to
<2> address in memory XFFFFH
OP-code rp(HL/DE) >
_X0000H Y
A e
<1> : <1> Specifies a
ES H 64 KB area R
v
e The ES register <1> specifies a 64 KB area within the 00000H

overall 1 MB space as the four higher-order bits, X, of

Memory

the address range.
e Either pair of registers <2> and the ES register <1> specify
the target location in the area from X0000H to XFFFFH.
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3.4.7 Based addressing

[Function]

Based addressing uses the contents of a register pair specified with the instruction word or 16-bit immediate data as

a base address, and 8-bit immediate data or 16-bit immediate data as offset data. The sum of these values is used

to specify the target address.

[Operand format]

Identifier

Description

[HL + byte], [DE + byte], [SP + byte] (only the space from FOO00H to FFFFFH is specifiable)

word[B], word[C] (only the space from FOOOOH to FFFFFH is specifiable)

word[BC] (only the space from FOOOOH to FFFFFH is specifiable)

ES:[HL + byte], ES:[DE + byte] (higher 4-bit addresses are specified by t

he ES register)

ES:word[B], ES:word[C] (higher 4-bit addresses are specified by the ES register)

ES:word[BC] (higher 4-bit addresses are specified by the ES register)

Instruction code

Figure 3-26. Example of [SP+byte]

<1>

<2> Target memory

<2> byte

Offset

¢ SP (stack pointer) <1> indicates the stack as the

target.

* By indicating an offset from the address (top of the

A AN

Specifies a
<1> stack area
SP

stack) currently pointed to by the stack pointer, Memory
“byte” <2> indicates the target memory (SP + byte).

FFFFFH
A

Stack area

v

FOOOOH
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Figure 3-27. Example of [HL + byte], [DE + byte]

[HL + byte],  [DE + byte]

<1>  <2> <1> <2> FFFFFH
Instruction code 1
OP-code Target memory Target
j <2>  Offset . array
<2> byte > of data
<1> Address of 7'y
an array Other data in
rp(HL/DE) the array F‘(')OOOH
® Either pair of registers <1> specifies the address
where the target array of data starts in the 64 KB
area from FOOOOH to FFFFFH.
e “byte” <2> specifies an offset within the array to
the target location in memory. M
emory
Figure 3-28. Example of word[B], word[C]
word [B], word [C]
<> <2> <> <2> FFFFFH
. T. t Array of
Instruction code arget memory word-sized
<2> <2>  Offset —% dat
OP-code — rBC) b——— ata
Address of a word }
Low Addr. <1> within an array >
High Addr. FO000H
o ‘word” <1> specifies the address where the target
array of word-sized data starts in the 64 KB area
from FOOOOH to FFFFFH.
e Either register <2> specifies an offset within the

array to the target location in memory. Memory

RO1UHO305EJ0230 Rev.2.30 R NS
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Figure 3-29. Example of word[BC]

word  [BC] FFFFFH
<1> <2>
Instruction code <2> Target memory Array of
<2> Offset . word-sized
OP-code *l p(BC) data
Address of aword
[ 4 Low Addr. ] <1>  within an array
HighAddr.  |— FOO0OH
e “word” <1> specifies the address where the target
array of word-sized data starts in the 64 KB area
from FOOOOH to FFFFFH.
® A pair of registers <2> specifies an offset within Y
the array to the target location in memory. emory
Figure 3-30. Example of ES:[HL + byte], ES:[DE + byte]
ES: [HL + byte], ES: [DE + byte]
<1> <2> <3> <1> <2> <3>
XFFFFH
Instruction code
<2>
OP-code <3> Target memory Target
Offset 7 array
f dat
<3> byte <2> Address of , ordata
an array Other data in
rp(HL/DE) > the array
_§OOOOH 1 X0000H
<1> i Specifies a
<1>§ 64 KB area
ES : >
e The ES register <1> specifies a 64 KB
area within the overall 1 MB space as

the four higher-order bits, X, of the address range. Memory
* Either pair of registers <2> specifies the address

where the target array of data starts in the 64 KB

area specified in the ES register <1>.
e “byte” <3> specifies an offset within the array to the

target location in memory.
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Figure 3-31. Example of ES:word[B], ES:word[C]

ES: word [B], ES: word [C]

<1> <2> <3> <> <2> <3>

Instruction code

OP-code

Low Addr.

7

<3>

<3>
Offset

XFFFFH

Target memory

Array of
word-sized

—{ 1(B/C)

data

h

<
Address of a word within an array |

L]

o
High Addr.

X0000H X0000H

T Specifies a
H <1>64 KB area
ES : >

<1>

e The ES register <1> specifies a 64 KB area within the overall
1-Mbyte space as the four higher-order bits, X, of the address range.

e ‘“word” <2> specifies the address where the target array of word-sizeddata
starts in the 64 KB area specified in the ES register <1>.

® Either register <3> specifies an offset within the array tothe target location
in memory.

Memory

Figure 3-32. Example of ES:word[BC]

ES: word [BC]

<1> <2> <3>

XFFFFH

Array of
word-sized
data

Instruction code

OP-code

<3> Target memory

/13 Offset ¥

rp(BC)
<2> 7'y
Address of a word within an array _

X0000H

=
i <1> Specifies a
64 KB area

Low Addr.
'<2>—

X0000H

High Addr.

<1>

ES

e The ES register <1> specifies a 64 KB area within the
overall 1 MB space as the four higher-order bits, X, of
the address range.

® “word” <2> specifies the address where the target array of
word-sized data starts in the 64 KB area specified in the
ES register <1>.

® A pair of registers <3> specifies an offset within the array
to the target location in memory.

Memory
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3.4.8 Based indexed addressing

[Function]

Based indexed addressing uses the contents of a register pair specified with the instruction word as the base
address, and the content of the B register or C register similarly specified with the instruction word as offset address.
The sum of these values is used to specify the target address.

[Operand format]

Identifier Description

- [HL+B], [HL+C] (only the space from FOOOOH to FFFFFH is specifiable)

- ES:[HL+B], ES:[HL+C] (higher 4-bit addresses are specified by the ES register)

Figure 3-33. Example of [HL+B], [HL+C]

[HL+B], [HL+C]

<1 1> <2> <1 1> <2> FFFFFH
r' N
. Target
Instruction code Target memory array
<2> Offset ¥ of data
OP-code = r(B/C) >
A
<1> Aadr?;i?: of Other data in
y the arra v
rp(HL) ] - FOOOOH

® A pair of registers <1> specifies the address where the target
array of data starts in the 64 KB area from FOOOOH to
FFFFFH.

® FEither register <2> specifies an offset within the array to the
target location in memory

Memory

Figure 3-34. Example of ES:[HL+B], ES:[HL+C]

ES: [HL+B], ES:[HL+C]

<> <2> <3> <> <2> <3>

XFFFFH

<3> <3> Target memory Target

= array
Instruction code r(B/C) Offset of data

<2> Address of
<2 the array
OP-code [ rp(HL)

4 Other data in

the array

<3> byte _X0000H % X0000H
Specifies a

<1> <1> 64 KB area
ES

e The ES register <1> specifies a 64 KB area within the overall
1 MB space as the four higher-order bits, X, of the address range. Memory
o A pair of registers <2> specifies the address where the target
array of data starts in the 64 KB area specified in the ES
register <1>.
¢ Either register <3> specifies an offset within the array to the
target location in memory.
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3.4.9 Stack addressing

[Function]
The stack area is indirectly addressed with the stack pointer (SP) values. This addressing is automatically employed
when the PUSH, POP, subroutine call, and return instructions are executed or the register is saved/restored upon
generation of an interrupt request.
Only the internal RAM area can be set as the stack area.

[Description format]

Identifier Description

- PUSH PSW AX/BC/DE/HL
POP PSW AX/BC/DE/HL
CALL/CALLT

RET

BRK

RETB
(Interrupt request generated)

RETI

Each stack operation saves or restores data as shown in Figures 3-35 to 3-40.

Figure 3-35. Example of PUSH rp

PUSH rp
<1> <2>
<1> SP T
Instruction code /\/ SP—1 | Higher-order byte of rp
<3> SpP -2 A ,Lower-order byte of rp Stack area
OP-code g SP/M
rp FOOOOH
e Stack addressing is specified <1>.
e The higher-order and lower-order bytes of the pair of registers
indicated by rp <2> are stored in addresses SP — 1 and SP - 2,
respectively.

® The value of SP <3> is decreased by two (if rp is the program
status word (PSW), the value of the PSW is stored in SP — 1 and Memory
0 is stored in SP — 2).
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Figure 3-36. Example of POP

POP rp
<1>  <2>
<t SP|° 3?2 Stack
Instruction code +1 (SP+1) tac
/\/ SP (SP) area
OP-code <2> ASP/\/
FO00OH
P
* Stack addressing is specified <1>.
¢ The contents of addresses SP and SP + 1 are stored in the
lower-order and higher-order bytes of the pair of registers
indicated by rp <2>, respectively. Memory
e The value of SP <3> is increased by two (if rp is the program
status word (PSW), the content of address SP + 1 is stored in
the PSW).
Figure 3-37. Example of CALL, CALLT
CALL
<1> A
Instruction code <1> SP SP-1 00H Stack

R e B SP-2 PC19—PC16

SP-3 A« _Pc15-PC8
sp |s3>SP-4 PC7—PCO

2y

<2>

FOOOOH
PC

e Stack addressing is specified <1>. The value of the program
counter (PC) changes to indicate the address of the instruction Memory
following the CALL instruction.

* 00H, the values of PC bits 19 to 16, 15 to 8, and 7 to 0 are stored
in addresses SP — 1, SP — 2, SP — 3, and SP — 4, respectively <2>.

¢ The value of the SP <3> is decreased by 4.
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» Stack addressing is specified <1>.

RET

<1>

Instruction code

Figure 3-38. Example of RET

<1>

OP-code

\

* The contents of addresses SP, SP + 1, and SP + 2 are stored
in PC bits 7 to 0, 15 to 8, and 19 to 16, respectively <2>.
e The value of SP <3> is increased by four.

Instruction code

OP-code

or

Interrupt

e Stack addressing is specified <1>. In response to a BRK
instruction or acceptance of an interrupt, the value of the

<1>

SP+4
SP SP+3 (SP+3)
SP+2 (SP+2) Stack
SP+1 (SP+1) area
P - (SP)
//\\/ '
<2> FOOOOH
PC
Memory
Figure 3-39. Example of Interrupt, BRK
PSW <2>
\/\ \
SP SP -1 b PSW Stack
SP-2 |, PC19-PC16 area
SP-3 1. PC15-PC8
SP <3>SP -4 PC7-PCO
4
<2> FO000H
PC
Memory

program counter (PC) changes to indicate the address of

the next instruction.
e The values of the PSW, PC bits 19 to 16, 15to0 8, and 7 to

0 are stored in addresses SP -1, SP -2, SP -3, and

SP — 4, respectively <2>.

e The value of the SP <3> is decreased by 4.

R0O1UH0305EJ0230 Rev.2.30

Apr 26, 2024

RRENESAS

94



RL78/G1A CHAPTER 3 CPU ARCHITECTURE

Figure 3-40. Example of RETI, RETB

RETI, RETB
<1> PSW D
\ A
o SP+4 (
Instruction code <1> SP+3 (SP+3)
L~ SP+2 (SP+2) Stack
OP-code SP+1 (SP+1) area
P |2 s~ (SP)
///\V\/ '
<2> FOOOOH
PC
e Stack addressing is specified <1>.
¢ The contents of addresses SP, SP + 1, SP + 2, and SP + 3 are Memory
stored in PC bits 7 to 0, 15 to 8, 19 to 16, and the PSW, respectively

<2>.
e The value of SP <3> is increased by four.

ROTUH0305EJ0230 Rev.2.30 R NS 95
Apr 26, 2024 ENES



RL78/G1A CHAPTER 4 PORT FUNCTIONS

CHAPTER 4 PORT FUNCTIONS

4.1 Port Functions

The RL78/G1A microcontrollers are provided with digital I/0 ports, which enable variety of control operations.
In addition to the function as digital I/O ports, these ports have several alternate functions. For details of the alternate
functions, see CHAPTER 2 PIN FUNCTIONS.
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4.2 Port Configuration

Ports include the following hardware.

Table 4-1. Port Configuration

Item

Configuration

Control registers

Port mode registers (PMO to PM7, PM12, PM14, PM15)

Port registers (PO to P7, P12 to P15)

Pull-up resistor option registers (PUO, PU1, PU3 to PU5, PU7, PU12, PU14)
Port input mode registers (PIMO, PIM1)

Port output mode registers (POMO, POM1, POM5, POM7)

Port mode control registers (PMCO, PMC1, PMC3 to PMC5, PMC7, PMC12)
A/D port configuration register (ADPC)

Peripheral I/O redirection register (PIOR)

Global digital input disable register (GDIDIS)

Global analog input disable register (GAIDIS)

Port

e 25-pin products
Total: 19 (CMOS 1/O: 14 (N-ch open drain I/O [Voo tolerance]: 6), CMOS input: 3, N-ch
open drain 1/O [6-V tolerance]: 2)

e 32-pin products
Total: 26 (CMOS 1/0O: 20 (N-ch open drain I/O [Voo tolerance]: 9), CMOS input: 3, N-ch
open drain 1/O[6-V tolerance]: 3)

® 48-pin products
Total: 42 (CMOS 1/0O: 32 (N-ch open drain I/O [Voo tolerance]: 11), CMOS input: 5, CMOS
output: 1, N-ch open drain I/O[6-V tolerance]: 4)

e 64-pin products
Total: 56 (CMOS 1/O: 46 (N-ch open drain I/O [Voo tolerance]: 12), CMOS input: 5, CMOS
output: 1, N-ch open drain I/O[6-V tolerance]: 4)

Pull-up resistor e 25-pin products Total: 10
® 32-pin products Total: 15
® 48-pin products Total: 23
® 64-pin products Total: 33
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421 Port0
Port 0 is an I/O port with an output latch. Port 0 can be set to the input mode or output mode in 1-bit units using port
mode register 0 (PM0). When the P00 to P06 pins are used as an input port, use of an on-chip pull-up resistor can be
specified in 1-bit units by pull-up resistor option register 0 (PUO).
Input to the P00, P01, PO3 and P04 pins can be specified through a normal input buffer or a TTL input buffer in 1-bit
units using port input mode register 0 (PIMO).
Output from the P02 to P04 pins can be specified as N-ch open-drain output (Voo toleranceN°te //EVop toleranceNete 2) in
1-bit units using port output mode register 0 (POMO).
The P02 and P03 pins can be specified as digital input/output or analog input in 1-bit units, using port mode control
register 0 (PMCO).
This port can also be used for timer 1/O, A/D converter analog input, serial interface data 1/O, clock 1/0, and key
interrupt input.
When reset signal is generated, the following configuration will be set.
- P00, P01 and P04 to P06 pins -+ Input mode
- P02 and P03 pins --- Analog input

Notes 1. For 25- to 48-pin products
2. For 64-pin products

4.2.2 Port1
Port 1 is an 1/O port with an output latch. Port 1 can be set to the input mode or output mode in 1-bit units using port
mode register 1 (PM1). When the P10 to P16 pins are used as an input port, use of an on-chip pull-up resistor can be
specified in 1-bit units by pull-up resistor option register 1 (PU1).
Input to the P10, P11, and P14 to P16 pins can be specified through a normal input buffer or a TTL input buffer in 1-bit
units using port input mode register 1 (PIM1).
Output from the P10 to P15 pins can be specified as N-ch open-drain output (Vob toleranceN°te 1/EVob toleranceNote 2) in
1-bit units using port output mode register 1 (POM1).
The P10 to P15 pins can be specified as digital input/output or analog input in 1-bit units, using port mode control
register 1 (PMC1).
This port can also be used for A/D converter analog input, serial interface data I/O, clock 1/O, programming UART I/O,
timer 1/0, and external interrupt request input.
When reset signal is generated, the following configuration will be set.
- P10 to P15 pins -+ Analog input
- P16 pin -+ Input mode

Notes 1. For 25- to 48-pin products
2. For 64-pin products
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4.2.3 Port 2

Port 2 is an I/O port with an output latch. Port 2 can be set to the input mode or output mode in 1-bit units using port
mode register 2 (PM2).

This port can also be used for A/D converter analog input and reference voltage input (+ side and — side).

To use P20/ANIO to P27/ANI7 as digital I/O pins, set them in the digital I/O mode by using the A/D port configuration
register (ADPC). Use these pins starting from the upper bit.

To use P20/ANIO to P27/ANI7 as analog input pins, set them in the analog input mode by using the A/D port
configuration register (ADPC) and in the input mode by using the PM2 register. Use these pins starting from the lower bit.

Table 4-2. Setting Functions of P20/ANIO to P27/ANI7 Pins

ADPC Register PM2 Register ADS Register P20/ANIO to P27/ANI7 Pins
Digital /0 selection Input mode - Digital input
Output mode - Digital output
Analog input selection Input mode Selects ANI. Analog input (to be converted)
Does not select ANI. Analog input (not to be converted)
Output mode Selects ANI. Setting prohibited
Does not select ANI.

All P20/ANIO to P27/ANI7 are set in the analog input mode when the reset signal is generated.

4.2.4 Port3
Port 3 is an 1/O port with an output latch. Port 3 can be set to the input mode or output mode in 1-bit units using port

mode register 3 (PM3). When the P30, P31 pins are used as an input port, use of an on-chip pull-up resistor can be
specified in 1-bit units by pull-up resistor option register 3 (PU3).

The P30 and P31 pins can be specified as digital input/output or analog input in 1-bit units, using port mode control
register 3 (PMC3).

This port can also be used for A/D converter analog input, external interrupt request input, real-time clock correction
clock output, serial interface data 1/0O, clock I/O, and timer 1/O.

Reset signal generation sets P30, P31 to analog input.
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4.2.5 Port4

Port 4 is an I/O port with an output latch. Port 4 can be set to the input mode or output mode in 1-bit units using port
mode register 4 (PM4). When the P41 to P43 pins are used as an input port, use of an on-chip pull-up resistor can be
specified in 1-bit units by pull-up resistor option register 4 (PU4).

The P41 pin can be specified as digital input/output or analog input, using port mode control register 4 (PMC4).

This port can also be used for A/D converter analog input, timer 1/0, data I/O for a flash memory programmer/debugger.

Reset signal generation sets port 4 to input mode.

4.2.6 Port5

Port 5 is an 1/0O port with an output latch. Port 5 can be set to the input mode or output mode in 1-bit units using port
mode register 5 (PM5). When the P50, P51 pins are used as an input port, use of an on-chip pull-up resistor can be
specified in 1-bit units by pull-up resistor option register 5 (PU5).

Output from the P50 pin can be set as N-ch open-drain output (Voo toleranceN°t 1/EVpp toleranceN°t 2) in 1-bit units
using port output mode register 5 (POMS5).

The P50 and 51 pins can be specified as digital input/output or analog input in 1-bit units, using port mode control
register 5 (PMC5).

This port can also be used for A/D converter analog input, external interrupt request input, serial interface data 1/0.

Reset signal generation sets port 5 to input mode.

Notes 1. For 25- to 48-pin products
2. For 64-pin products

4.2.7 Port6

Port 6 is an 1/0O port with an output latch. Port 6 can be set to the input mode or output mode in 1-bit units using port
mode register 6 (PMB6).

The output of the P60 to P63 pins is N-ch open-drain output (6 V tolerance).

This port can also be used for serial interface data I/O and clock I/O.

Reset signal generation sets port 6 to input mode.
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4.2.8 Port7

Port 7 is an 1/O port with an output latch. Port 7 can be set to the input mode or output mode in 1-bit units using port
mode register 7 (PM7). When used as an input port, use of an on-chip pull-up resistor can be specified in 1-bit units by
pull-up resistor option register 7 (PU7).

Output from the P71 and P74 pins can be specified as N-ch open-drain output (Vob toleranceN°te 1/EVob toleranceNote 2)
in 1-bit units using port output mode register 7 (POM7).

The P70 pin can be specified as digital input/output or analog input, using port mode control register 7 (PMC?7).

This port can also be used for A/D converter analog input, key interrupt input, serial interface data 1/O, clock 1/O, and
external interrupt request input.

Reset signal generation sets port 7 to input mode.

Notes 1. For 25- to 48-pin products
2. For 64-pin products

4.2.9 Port12

P120 is an /O port with an output latch. Port 12 can be set to the input mode or output mode in 1-bit units using port
mode register 12 (PM12). When used as an input port, use of an on-chip pull-up resistor can be specified by pull-up
resistor option register 12 (PU12).

P121 to P124 are 4-bit input only ports.

The P120 pin can be specified as digital input/output or analog input, using port mode control register 12 (PMC12).

This port can also be used for A/D converter analog input, connecting resonator for main system clock, connecting
resonator for subsystem clock, external clock input for main system clock, and external clock input for subsystem clock.

Reset signal generation sets P120 to analog input, and sets P121 to P124 to input mode.

4.2.10 Port 13
P130 is a 1-bit output-only port with an output latch. P137 is a 1-bit input-only port.
P130 is fixed an output port, and P137 is fixed an input ports.
This port can also be used for external interrupt request input.

Remark When reset is effected, P130 outputs a low level. If P130 is set to output a high level before reset is effected,
the output signal of P130 can be dummy-output as the CPU reset signal.

Reset signal

P130

!

Set by software
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4.2.11 Port 14

Port 14 is an I/O port with an output latch. Port 14 can be set to the input mode or output mode in 1-bit units using port
mode register 14 (PM14). When the P140, P141 pins are used as an input port, use of an on-chip pull-up resistor can be
specified in 1-bit units by pull-up resistor option register 14 (PU14).

This port can also be used for clock/buzzer output, and external interrupt request input,

Reset signal generation sets P140, P141 to input mode.

4.2.12 Port 15

Port 15 is an 1/O port with an output latch. Port 15 can be set to the input mode or output mode in 1-bit units using port
mode register 15 (PM15).

This port can also be used for A/D converter analog input.

To use P150/ANI8 to P154/ANI12 as digital input pins, set them in the digital /O mode by using the A/D port
configuration register (ADPC) and in the input mode by using the PM15 register. Use these pins starting from the upper
bit.

To use 150/ANI8 to P154/ANI12 as digital output pins, set them in the digital /O mode by using the A/D port
configuration register (ADPC) and in the output mode by using the PM15 register. Use these pins starting from the upper
bit.

To use 150/ANI8 to P154/ANI12 as analog input pins, set them in the analog input mode by using the A/D port
configuration register (ADPC) and in the input mode by using the PM15 register. Use these pins starting from the lower bit.

Table 4-3. Setting Functions of P150/ANI8 to P154/ANI12 Pins

ADPC Register PM15 Register ADS Register P150/ANI8 to P154/ANI12 Pins
Digital I/0 selection Input mode - Digital input
Output mode - Digital output
Analog input selection Input mode Selects ANI. Analog input (to be converted)
Does not select ANI. Analog input (not to be converted)
Output mode Selects ANI. Setting prohibited
Does not select ANL.

All P150/ANI8 to P154/ANI12 are set in the analog input mode when the reset signal is generated.
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4.3 Registers Controlling Port Function
Port functions are controlled by the following registers.

o Port mode registers (PMxx)

e Port registers (Pxx)

e Pull-up resistor option registers (PUxx)

e Port input mode registers (PIMxx)

e Port output mode registers (POMxx)

e Port mode control registers (PMCxx)

e A/D port configuration register (ADPC)

o Peripheral I/O redirection register (PIOR)

e Global digital input disable register (GDIDIS)
e Global analog input disable register (GAIDIS)

Caution Which registers and bits are included depends on the product. For registers and bits mounted on

each product, see Table 4-4 Be sure to set bits that are not mounted to their initial values.

Table 4-4. PMxx, Pxx, PUxx, PIMxx, POMxx, PMCxx registers and the bits mounted on each product (1/2)

Port Bit Name 64-pin 48-pin 32-pin 25-pin
PMxx Pxx PUxx PIMxx POMXxx PMCxx
Register | Register | Register | Register | Register | Register

Port 0 0 | PMOO P00 PUOO PIMOO - - V - - -
1 PMO01 P01 PUO1 PIMO1 - - S - - -
2 | PM02 P02 PUO02 - POMO02 | PMC02 y y y y
3 | PM03 P03 PUO3 PIMO3 | POMO3 | PMCO3 J y V \
4 | PMO4 P04 PUO04 PIM04 | POMO4 - y - - -
5 | PMO5 P05 PUO5 - - - y - - -
6 | PMO06 P06 PU06 - - - V - - -

Port 1 0 | PM10 P10 PU10 PIM10 | POM10 | PMC10 y \ y \
1 PM11 P11 PU11 PIM11 | POM11 | PMC11 V y V y
2 | PM12 P12 PU12 - POM12 | PMC12 v 3 \/ y
3 | PM13 P13 PU13 - POM13 | PMC13 y y y -
4 | PM14 P14 PU14 PIM14 | POM14 | PMC14 J y V -
5 | PM15 P15 PU15 PIM15 | POM15 | PMC15 y \ y -
6 | PM16 P16 PU16 PIM16 - - y y - -

Port 2 0 | PM20 P20 - - - - V \/ \/ y
1 PM21 P21 - - - - y \ y \
2 | PM22 P22 - - - - V y V \
3 | PM23 P23 - - - - V \/ \/ y
4 | PM24 P24 - - - - y y y -
5 | PM25 P25 - - - - V y - -
6 | PM26 P26 - - - - y \ - -
7 | Pm27 P27 - - - - y y - -

Remark +: Mounted, —: Not mounted
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Table 4-4. PMxx, Pxx, PUxx, PIMxx, POMxx, PMCxx registers and the bits mounted on each product (2/2)

Port Bit Name 64-pin 48-pin 32-pin 25-pin
PMxx Pxx PUxx PIMxx POMxx PMCxx
Register | Register | Register | Register | Register | Register
Port 3 0 | PM30 P30 PU30 - - PMC30 y \ y y
1 PM31 P31 PU31 - - PMC31 V y V y
Port 4 0 | PM40 P40 PU40 - - - v v v v
1 PM41 P41 PU41 - - PMC41 S y - -
2 | PM42 P42 PU42 - - - y - - -
3 | PM43 P43 PU43 - - - \/ - - -
Port 5 0 | PM50 P50 PU50 - POM50 | PMC50 y y y y
1 PM51 P51 PU51 - - PMC51 N v N v
Port 6 0 | PM60 P60 - - - - y y V y
1 PM61 P61 - - - - y y y \
2 | PMm62 P62 - - - _ N N N _
3 | PM63 P63 - - - - y \ - -
Port 7 0 | PM70 P70 PU70 - - PMC70 S y S -
1 PM71 P71 PU71 - POM71 - y y - -
2 | PM72 P72 PU72 - - - \/ 3 - -
3 | PM73 P73 PU73 - - - J y - -
4 | PM74 P74 PU74 - POM74 - y \ - -
5 | PM75 P75 PU75 - - - v v - -
6 | PM76 P76 PU76 - - - y - - -
7 | PM77 P77 PU77 - - - N - _ _
Port 12 0 | PM120 P120 PU120 - - PMC120 y J y -
1 - P121 - - - - V N \/ y
2 - P122 - - - - y J y \
3 - P123 - - - - J v - -
4 - P124 - - - - y J - -
Port 13 0 - P130 - - - - y J - -
7 - P137 - - - - V N \/ y
Port 14 0 | PM140 | P140 | PU140 - - - y J - -
1| PM141 P141 PU141 - - - V - - -
Port 15 - | PM150 | P150 - - - - S v - -
- | PM151 P151 - - - - y - - -
- | PM152 P152 - - - - V - - -
- | PM153 | P153 - - - - y - - -
- | PM154 | P154 - - - - V - - -
Remark +: Mounted, — Not mounted
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4.3.1 Port mode registers (PMxx)

These registers specify input or output mode for the port in 1-bit units.

These registers can be set by a 1-bit or 8-bit memory manipulation instruction.

Reset signal generation sets these registers to FFH.

When port pins are used as alternate-function pins, set the port mode register by referencing 4.5 Register Settings

When Using Alternate Function.

Figure 4-1. Format of Port Mode Register

Symbol 7 6 5 4 3 2 1 0 Address  After reset R/W
PMO | 1 ’ PMO06 ‘ PMO05 | PMO04 PMO03 PMO02 | PMO1 ‘ PM00 | FFF20H FFH R/W
PM1 | 1 ‘ PM16 ‘ PM15 | PM14 PM13 PM12 | PM11 ‘ PM10 | FFF21H FFH R/W
PM2 | PM27 ‘ PM26 ‘ PM25 | PM24 PM23 PM22 | PM21 ‘ PM20 | FFF22H FFH R/W
PM3 | 1 ‘ 1 ‘ 1 | 1 1 1 | PM31 ‘ PM30 | FFF23H FFH R/W
PM4 | 1 ‘ 1 ‘ 1 | 1 PM43 PM42 | PM41 ‘ PM40 | FFF24H FFH R/W
PM5 | 1 ‘ 1 ‘ 1 | 1 1 1 | PM51 ‘ PM50 | FFF25H FFH R/W
PM6 | 1 ‘ 1 ‘ 1 | 1 PM63 PM62 | PM61 ‘ PM60 | FFF26H FFH R/W
PM7 | PM77 ‘ PM76 ‘ PM75 | PM74 PM73 PM72 | PM71 ‘ PM70 | FFF27H FFH R/W
PM12 | 1 ‘ 1 ‘ 1 | 1 1 1 | 1 ‘ PM120 | FFF2CH FFH R/W
PM14 | 1 ‘ 1 ‘ 1 | 1 1 1 | PM141 ‘ PM140 | FFF2EH FFH R/W
PM15 | 1 ‘ 1 ‘ 1 | PM154 ‘ PM153 ‘ PM152 | PM151 ‘ PM150 | FFF2FH FFH R/W
PMmn Pmn pin /0O mode selection

(m=0t07,12,14,15;n=0to 7)

0 Output mode (output buffer on)

1 Input mode (output buffer off)

Caution

Be sure to set bits that are not mounted to their initial values.
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4.3.2 Port registers (Pxx)

These registers set the output latch value of a port.

If the data is read in the input mode, the pin level is read. If it is read in the output mode, the output latch value is
readNote,

These registers can be set by a 1-bit or 8-bit memory manipulation instruction.

Reset signal generation clears these registers to 00H.

Note If P02, P03, P10 to P15, P20 to P27, P30, P31, P41, P50, P51, P70, P120, and P150 to P154 are set up as
analog inputs of the A/D converter, when a port is read while in the input mode, 0 is always returned, not the pin

level.
Figure 4-2. Format of Port Register
Symbol 7 6 5 4 3 2 1 0 Address After reset R/W
PO | 0 | P06 | P05 | P04 | P03 | P02 | PO1 | P00 | FFFOOH OOH (output latch) R/W
P1 | 0 | P16 ‘ P15 ‘ P14 | P13 ‘ P12 ‘ P11 ‘ P10 | FFFO1H  OOH (output latch) R/W
P2 | P27 | P26 ‘ P25 ‘ P24 | P23 ‘ P22 ‘ P21 ‘ P20 | FFFO2H OOH (output latch) R/W
P3 | 0 | 0 ‘ 0 ‘ 0 | 0 ‘ 0 ‘ P31 ‘ P30 | FFFO3H OOH (output latch) R/W
P4 | 0 | 0 ‘ 0 ‘ 0 | P43 ‘ P42 ‘ P41 ‘ P40 | FFFO4H OOH (output latch) R/W
P5 | 0 | 0 ‘ 0 ‘ 0 | 0 ‘ 0 ‘ P51 ‘ P50 | FFFO5H OOH (output latch) R/W
P6 | 0 | 0 ‘ 0 ‘ 0 | P63 ‘ P62 ‘ P61 ‘ P60 | FFFO6H  OOH (output latch) R/W
P7 | P77 | P76 ‘ P75 ‘ P74 | P73 ‘ P72 ‘ P71 ‘ P70 | FFFO7H  OOH (output latch) R/W
P12 | 0 | 0 ‘ 0 ‘ P124 | P123 ‘ P122 ‘ P121 ‘ P120 | FFFOCH Undefined R/WNete !
P13 | P137 | 0 ‘ 0 ‘ 0 | 0 ‘ 0 ‘ 0 ‘ P130 | FFFODH Note 2 R/WNete t
P14 | 0 | 0 ‘ 0 ‘ 0 | 0 ‘ 0 ‘ P141 ‘ P140 | FFFOEH OOH (output latch) R/W
P15 | 0 | 0 ‘ 0 ‘ P154 | P153 ‘ P152 ‘ P151 ‘ P150 | FFFOFH OOH (output latch) R/W
Pmn Output data control (in output mode) Input data read (in input mode)
0 Output 0 Input low level
1 Output 1 Input high level

Notes 1. P121 to P124, and P137 are read-only.
2. P137: Undefined
P130: 0 (output latch)

Caution Be sure to set bits that are not mounted to their initial values.

Remark m=0to7,12to15,n=0to 7
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4.3.3 Pull-up resistor option registers (PUxx)

These registers specify whether the on-chip pull-up resistors are to be used or not. On-chip pull-up resistors can be
used in 1-bit units only for the bits set to both normal output mode (POMmn = 0) and input mode (PMmn = 1) for the pins
to which the use of an on-chip pull-up resistor has been specified in these registers. On-chip pull-up resistors cannot be
connected to bits set to output mode and bits used as alternate-function output pins and analog setting (PMC = 1, ADPC =
1), regardless of the settings of these registers.

These registers can be set by a 1-bit or 8-bit memory manipulation instruction.

Reset signal generation clears these registers to 00H (Only PU4 is set to 01H).

Caution When a port with the PIMn register is input from different potential device to the TTL buffer, pull up to
the power supply of the different potential device via an external resistor by setting PUmn = 0.

Figure 4-3. Format of Pull-up Resistor Option Register

Symbol 7 6 5 4 3 2 1 0 Address  After reset R/W
PUO | 0 | PU06 ‘ PU0O5 ‘ PU04 | PUO3 ‘ PU02 ‘ PUO1 ‘ PU0OO | FOO30H 00H R/W
PU1 | 0 | PU16 ‘ PU15 ‘ PU14 | PU13 ‘ PU12 ‘ PU11 ‘ PU10 | FOO031H 00H R/IW
PU3 | 0 | 0 ‘ 0 ‘ 0 | 0 ‘ 0 ‘ PU31 ‘ PU30 | FOO33H 00H R/W
PU4 | 0 | 0 ‘ 0 ‘ 0 | PU43 ‘ PU42 ‘ PU41 ‘ PU40 | FO034H 01H R/W
PU5 | 0 | 0 ‘ 0 ‘ 0 | 0 ‘ 0 ‘ PU51 ‘ PU50 | FO035H 00H R/W
PU7 | PU77 | PU76 ‘ PU75 ‘ PU74 | PU73 ‘ PU72 ‘ PU71 ‘ PU70 | FO037H 00H R/W
PU12 | 0 | 0 ‘ 0 ‘ 0 | 0 ‘ 0 ‘ 0 ‘ PU120 | FOO3CH 00H R/W
PU14 | 0 | 0 ‘ 0 ‘ 0 | 0 ‘ 0 ‘ PU141 ‘ PU140 | FOO3EH 00H R/W

PUmn Pmn pin on-chip pull-up resistor selection

(m=0,1,3t05,7,12,14;n=0t0 7)

0 On-chip pull-up resistor not connected

1 On-chip pull-up resistor connected

Caution Be sure to set bits that are not mounted to their initial values.
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4.3.4 Port input mode registers (PIMxx)
These registers set the input buffer in 1-bit units.

TTL input buffer can be selected during serial communication with an external device of the different potential.

Port input mode registers can be set by a 1-bit or 8-bit memory manipulation instruction.
Reset signal generation clears these registers to 00H.

Figure 4-4. Format of Port Input Mode Register

Symbol 7 6 5 4 3 2 1 0 Address  After reset R/W

PIMO | 0 | 0 ‘ 0 ‘ PIM04 | PIMO3 ‘ 0 ‘ PIMO1 ‘ PIMOO | F0040H 00H R/W

PIM1 | 0 | PIM16 ‘ PIM15 ‘ PIM14 | 0 ‘ 0 ‘ PIM11 ‘ PIM10 | F0041H 00H R/W
PIMmn Pmn pin input buffer selection

(m=0,1;n=0,1,3to6)

0 Normal input buffer

1 TTL input buffer

Caution Be sure to set bits that are not mounted to their initial values.
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4.3.5 Port output mode registers (POMxx)

These registers set the output mode in 1-bit units.

N-ch open drain output (Vob toleranceN°te 1/EVop toleranceN°t® 2) mode can be selected during serial communication
with an external device of the different potential, and for the SDA00, SDA01, SDA10, SDA11, SDA20, and SDA21 pins
during simplified I°C communication with an external device of the same potential.

In addition, POMxx register is set with PUxx register, whether or not to use the on-chip pull-up resistor.

These registers can be set by a 1-bit or 8-bit memory manipulation instruction.

Reset signal generation clears these registers to 00H.

Caution An on-chip pull-up resistor is not connected to a bit for which N-ch open drain output (Vop

toleranceN°te //EVop toleranceN°*¢ 2) mode (POMmn = 1) is set.

Figure 4-5. Format of Port Input Mode Register

Symbol 7 6 5 4 3 2 1 0 Address  After reset R/W
POMO | 0 | 0 ‘ 0 ‘ POMO04 | POMO03 ‘ POMO02 ‘ 0 ‘ 0 | FOO050H 00H R/W
POM1 | 0 | 0 ‘ POM15 ‘ POM14 | POM13 ‘ POM12 ‘ POM11 ‘ POM10| FOO051H 00H R/W
POM5 | 0 | 0 ‘ 0 ‘ 0 | 0 ‘ 0 ‘ 0 ‘ POM50 | FO055H 00H R/W
POM7 | 0 | 0 ‘ 0 ‘ POM74 | 0 ‘ 0 ‘ POM71 ‘ 0 | FO057H 00H R/W
POMmn Pmn pin output mode selection
(m=0,1,57;n=0to5)
0 Normal output mode
1 N-ch open-drain output (VDD toleranceN°t® '/EVpD toleranceN°* 2) mode

Notes 1. For 25- to 48-pin products
2. For 64-pin products

Caution Be sure to set bits that are not mounted to their initial values.
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4.3.6 Port mode control registers (PMCxx)

These registers set the digital I/0/analog input in 1-bit units.

Port mode control registers can be set by a 1-bit or 8-bit memory manipulation instruction.

Reset signal generation clears these registers to FFH.

3 2 1

1

| PMCO03 ‘ PMCO02 ‘ 1

1 ‘ PMC15 ‘ PMC14 | PMC13 ‘ PMC12 ‘ PMC11 ‘ PMC10|

T Towes [owes]
T Tewen ] o]
T Towes [owes]
T T Tewen]
T T e

Figure 4-6. Format of Port Mode Control Register

Address
FO060H

FO061H

FO063H

F0064H

FO065H

FO067H

FO06CH

After reset

FFH

FFH

FFH

FFH

FFH

FFH

FFH

R/W
R/W

R/W

R/W

R/W

R/W

R/W

R/W

Pmn pin digital I/O/analog input selection
(m=0,1,3t05,7,12;n=0t0 5)

Digital I/O (alternate function other than analog input)

Analog input

Symbol 7
pco |
et |3
PMC3 | 1
PMC4 | 1
PMCS | 1
ovcr [
etz [
PMCmn
0
1
Cautions 1.
2,
3.

specification register (ADS).

Be sure to set bits that are not mounted to their initial values.

Select input mode by using port mode registers 0, 1, 3 to 5, 7, 12 (PM0, PM1, PM3 to PM5, PM7,
PM12) for the ports which are set by the PMCxx register as analog input.
Do not set the pin set by the PMCxx register as digital /O by the analog input channel
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4.3.7 AID port configuration register (ADPC)

This register switches the P20/ANIO to P27/ANI7, and P150/ANI8 to P154/ANI12 pins to digital 1/0 of port or analog
input of A/D converter.

The ADPC register can be set by an 8-bit memory manipulation instruction.

Reset signal generation sets this register to O0H.

Figure 4-7. Format of A/D Port Configuration Register (ADPC)

Address: FOO76H  After reset: 00H R/W

Symbol 7 6 5 4 3 2 1 0
ADPC 0 0 0 0 ADPC3 ‘ ADPC2 ‘ ADPC1 ‘ ADPCO
Analog input (A)/digital 1/0 (D) switching

Slelg|B| B g 2 e B E E E R E R R E
2|2|2|:|g|£|e|es|s|2|2|2|2|2|2]|¢z2]|:%
<§( g <Z—( z § < < < < < < < Z

0|0 0| O A A A A A A A A A A A A A
0|0 0 1 D D D D D D D D D D D D D
0|0 1 0 D D D D D D D D D D D D A
0|0 1 1 D D D D D D D D D D D A A
0 1 0| o0 D D D D D D D D D D A A A
0 1 0 1 D D D D D D D D D A A A A
0 1 1 0 D D D D D D D D A A A A A
0 1 1 1 D D D D D D D A A A A A A
1 0 0|0 D D D D D D A A A A A A A
1 0 0 1 D D D D D A A A A A A A A
1 0 1 0 D D D D A A A A A A A A A
1 0 1 1 D D D A A A A A A A A A A
1 1 0|0 D D A A A A A A A A A A A
1 1 0 1 D A A A A A A A A A A A A
1 1 1 0 A A A A A A A A A A A A A
1 1 1 1 A A A A A A A A A A A A A

Cautions 1. Set the port to analog input by ADPC register to the input mode by using port mode registers 2,
15 (PM2, PM15).
2. Do not set the pin set by the ADPC register as digital /O by the analog input channel
specification register (ADS).
3. When using AVrerr and AVrerm, set ANIO and ANI1 to analog input and set the port mode
register to the input mode.
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4.3.8 Peripheral I/O redirection register (PIOR)

This register is used to specify whether to enable or disable the peripheral I/O redirect function.

This function is used to switch ports to which alternate functions are assigned.

Use the PIOR register to assign a port to the function to redirect and enable the function.

In addition, can be changed the settings for redirection until its function enable operation. The PIOR register can be set

by an 8-bit memory manipulation instruction.

Reset signal generation sets this register to O0OH.

Figure 4-8. Format of Peripheral I/0O Redirection Register (PIOR)

Address: FOO77H  After reset: 0OH R/W

Symbol 7 1 0
PIOR 0 PIOR1 PIORO

Alternate 64-pin 48-pin 32-pin 25-pin

function Setting value of Setting value of Setting value of Setting value of
PIOR1, PIORO PIOR1, PIORO PIOR1, PIORO PIOR1, PIORO

o,0(01}|10}1,1}00|01]|10]|1,1}|00)|01]|10]1,1]00]01]|10]|11

KRO P70 | Setting [ POO | P10 | P70 | Seting | PO2 | P10 | P70 | Seing | P120 | P10 - Seting | P02 | Seting

KR1 p71_|Pohbited ™ po1 T P11 | P71 |Pohibed o3 | p1q — | prohibied g2 | P14 — | prohibited [~ 553 | prohibited

KR2 P72 P02 | P12 | P72 P22 | P12 - P03 | P12 - P22

KR3 P73 P03 | P13 | P73 P23 | P13 - P22 | P13 - P23

KR4 P74 P04 | P14 | P74 P24 | P14 - P23 | P14 - -

KR5 P75 P22 | P15 | P75 P25 | P15 - P24 | P15 - -

KR6 P76 P23 | P151 - - - - - - - -

KR7 P77 P24 | P152| - - - - - - - -

KR8 P05 P25 | P153| - - - - - - - -

KR9 P06 P26 | P154 | - - - - - - - -

Remark -: These functions are not available for use.
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4.3.9 Global digital input disable register (GDIDIS)

This register is used to prevent through-current flowing to the input buffers of input ports which use EVopo as the power
supply when the EVbpo power supply is turned off.

When not all of the I/O ports using EVpoo as the power supply are used, low power consumption can be achieved by
setting the GDIDIS register (to 1) to turn off the EVooo power supply.

By setting the GDIDISO bit to 1, input to any input buffer using EVooo as the power supply is prohibited, preventing
through-current from flowing when the EVbpo power supply is turned off.

The GDIDIS register can be set by a 1-bit or 8-bit memory manipulation instruction.

Reset signal generation sets this register to O0OH.

Remark GDIDIS register is equipped with 64-pin products.
Figure 4-9. Format of Global Digital Input Disable Register (GDIDIS)

Address: FOO7DH After reset: 00H R/W

Symbol 7 6 5 4 3 2 1 0
GDIDIS | 0 | 0 | 0 | 0 | 0 | 0 | 0 | GDIDISO |
GDIDISO Setting of input buffers using EVooo power supply
0 Input to input buffers permitted (default)
1 Input to input buffers prohibited. No through-current flows to the input buffers.

Turn off the EVooo power supply with the following procedure.
<1> Prohibit input to input buffers (set GDIDISO = 1).
<2> Turn off the EVbpo power supply.

Turn on again the EVobo power supply with the following procedure.
<1> Turn on the EVbpo power supply.
<2> Permit input to input buffers (set GDIDISO = 0).

Cautions 1. Do not input an input voltage equal to or greater than EVbooo to an input port that uses EVoo as the
power supply.
2. When input to input buffers is prohibited (GDIDISO0 = 1), the value read from the port register (Pxx)
of a port that uses EVopo as the power supply is 1. When 1 is set in the port output mode register
(POMxx) (N-ch open drain output (EVboo tolerance)), the value read from the port register (Pxx) is
0.

Remark Even when input to input buffers is prohibited (GDIDISO = 1), peripheral functions which do not use port
functions having EVboo as the power supply can be used.
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4.3.10 Global analog input disable register (GAIDIS)
This register is used to prevent through-current flowing from the input buffers of input ports which use AVop as the

power supply when the AVbb power supply is turned off.
When not all of the I/O ports using AVop as the power supply are used, low power consumption can be achieved by

setting the GAIDIS register (to 1) to turn off the AVop power supply.

By setting the GAIDISO bit to 1, input to any input buffer using AVop as the power supply is prohibited, preventing
through-current from flowing when the AVbb power supply is turned off.

When using the GAIDIS register, set the GAIDISO bit to 1 while the AVop voltage is 1.6 V or higher, and then reduce
the AVop voltage to 0 V.

Set GAIDISO to 0 after applying power to AVop.

The GAIDIS register can be set by a 1-bit or 8-bit memory manipulation instruction.

Reset signal generation sets this register to O0OH.

Figure 4-10. Format of Global Analog Input Disable Register (GAIDIS)

Address: FOO7CH After reset: 00H R/W

Symbol 7 6 5 4 3 2 1 0
GAIDIS | 0 | 0 | 0 | 0 | 0 | 0 | 0 | GAIDISO |
GAIDISO Setting of input buffers using AVoo power supply
0 Input to input buffers permitted (default)
1 Input to input buffers prohibited. No through-current flows to the input buffers.

Turn off the AVop power supply with the following procedure.
<1> Prohibit input to input buffers (set GAIDISO = 1).
<2> Turn off the AVbp power supply.

Turn on again the AVob power supply with the following procedure.
<1> Turn on the AVbpb power supply.
<2> Permit input to input buffers (set GAIDISO = 0).

Cautions 1. Do not input an input voltage equal to or greater than AVob to an input port that uses AVop as the

power supply.
2. When input to input buffers is prohibited (GAIDISO = 1), the value read from the port register (Pxx)

of a port that uses AVpp as the power supply is 1.

Remark Even when input to input buffers is prohibited (GAIDISO = 1), peripheral functions which do not use port
functions having EVob as the power supply can be used.
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4.4 Port Function Operations

Port operations differ depending on whether the input or output mode is set, as shown below.

4.4.1 Writing to 1/O port

(1) Output mode
A value is written to the output latch by a transfer instruction, and the output latch contents are output from the pin.
Once data is written to the output latch, it is retained until data is written to the output latch again.
The data of the output latch is cleared when a reset signal is generated.

(2) Input mode
A value is written to the output latch by a transfer instruction, but since the output buffer is off, the pin status does not
change. Therefore, byte data can be written to the ports used for both input and output.
Once data is written to the output latch, it is retained until data is written to the output latch again.
The data of the output latch is cleared when a reset signal is generated.

4.4.2 Reading from /O port

(1) Output mode
The output latch contents are read by a transfer instruction. The output latch contents do not change.

(2) Input mode
The pin status is read by a transfer instruction. The output latch contents do not change.

4.4.3 Operations on /O port

(1) Output mode
An operation is performed on the output latch contents, and the result is written to the output latch. The output latch
contents are output from the pins.
Once data is written to the output latch, it is retained until data is written to the output latch again.
The data of the output latch is cleared when a reset signal is generated.

(2) Input mode
The pin level is read and an operation is performed on its contents. The result of the operation is written to the output
latch, but since the output buffer is off, the pin status does not change. Therefore, byte data can be written to the
ports used for both input and output.
The data of the output latch is cleared when a reset signal is generated.
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4.4.4 Handling different potential (1.8 V or 2.5 V) by using EVop < Vop
When connecting an external device operating on a different potential (1.8 V or 2.5 V), it is possible to connect the
I/O pins of general ports by changing EVopo to accord with the power supply of the connected device.

4.4.5 Handling different potential (1.8 V or 2.5 V) by using I/O buffers

It is possible to connect an external device operating on a different potential (1.8 V or 2.5 V) by switching I/O buffers
with the port input mode register (PIMxx) and port output mode register (POMxx).

When receiving input from an external device with a different potential (1.8 V or 2.5 V), set the port input mode registers
0 and 1 (PIMO and PIM1) on a bit-by-bit basis to enable normal input (CMOS)/TTL input buffer switching.

When outputting data to an external device with a different potential (1.8 V or 2.5 V), set the port output mode registers
0, 1, and 7 (POMO, POM1, and POM7) on a bit-by-bit basis to enable normal output (CMOS)/N-ch open drain (Vob
toleranceN°te 1/EVop toleranceNete 2) switching.

Following, describes the connection of a serial interface.

Notes 1. For 25- to 48-pin products
2. For 64-pin products

(1) Setting procedure when using input ports of UARTO to UART2, CSI00, CSI10, and CSI20 functions for the TTL
input buffer

In case of UARTO: P11
In case of UART1: P03
In case of UART2: P14
In case of CSI00: P10, P11
In case of CSI10: P03, P04
In case of CSI20: P14, P15

<1> Using an external resistor, pull up externally the input pin to be used to the power supply of the target
device (on-chip pull-up resistor cannot be used).

<2> Set the corresponding bit of the PIMO and PIM1 registers to 1 to switch to the TTL input buffer. For ViH
and Vi, refer to the DC characteristics when the TTL input buffer is selected.

<3> Enable the operation of the serial array unit and set the mode to the UART/Simplified SPI (CSI)N°t¢ mode.

Note Although the CSI function is generally called SPI, it is also called CSI in this product, so it is referred to as such
in this manual.
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(2) Setting procedure when using output ports of UARTO0 to UART2, CSI00, CSI10, and CSI20 functions in N-ch
open-drain output mode

<1>

<2>
<3>

<4>

<5>

<6>

In case of UARTO: P12
In case of UART1: P02
In case of UART2: P13
In case of CSI00: P10, P12
In case of CSI10: P02, P04
In case of CSI20: P13, P15

Using an external resistor, pull up externally the output pin to be used to the power supply of the target
device (on-chip pull-up resistor cannot be used).

After reset release, the port mode is the input mode (Hi-2).

Set the output latch of the corresponding port to 1.

Set the corresponding bit of the POMO and POM1 registers to 1 to set the N-ch open drain output (Vop
toleranceN°t® 1/EVop toleranceN°te 2) mode.

Enable the operation of the serial array unit and set the mode to the UART/Simplified SPI (CSI) mode.
Set the output mode by manipulating the PMO and PM1 registers. At this time, the output data is high
level, so the pin is in the Hi-Z state.

Notes 1. For 25- to 48-pin products

2. For 64-pin products

(3) Setting procedure when using 1/O ports of [ICQ0, 11C10, and [IC20 functions with a different potential (1.8 V or 2.5 V)

<1>

<2>

<3>

<4>

<5>

<6>

<7>

In case of [IC00: P10, P11
In case of IC10: P03, P04
In case of IIC20: P14, P15

Using an external resistor, pull up externally the input pin to be used to the power supply of the target
device (on-chip pull-up resistor cannot be used).

After reset release, the port mode is the input mode (Hi-Z).

Set the output latch of the corresponding port to 1.

Set the corresponding bit of the POMO and POM1 registers to 1 to set the N-ch open drain output (Voo
toleranceN°te 1/EVop toleranceN°te 2) mode.

Set the corresponding bit of the PIMO and PIM1 registers to 1 to switch to the TTL input buffer. For VIH
and VL, refer to the DC characteristics when the TTL input buffer is selected.

Enable the operation of the serial array unit and set the mode to the simplified I°C mode.

Set the corresponding bit of the PM0 and PM1 registers to the output mode (data I/O is possible in the
output mode). At this time, the output data is high level, so the pin is in the Hi-Z state.

Notes 1. For 25- to 48-pin products

2. For 64-pin products
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4.5 Register Settings When Using Alternate Function

4.5.1 Basic concept when using alternate function
In the beginning, for a pin also assigned to be used for analog input, use the ADPC register or port mode control

register (PMCxx) to specify whether to use the pin for analog input or digital input/output.

Figure 4-11 shows the basic configuration of an output circuit for pins used for digital input/output. The output of the
output latch for the port and the output of the alternate SAU function are input to an AND gate. The output of the AND
gate is input to an OR gate. The output of an alternate function other than SAU (TAU, RTC, clock/buzzer output, IICA,
etc.) is connected to the other input pin of the OR gate. When such kind of pins are used by the port function or an
alternate function, the unused alternate function must not hinder the output of the function to be used. An idea of basic

settings for this kind of case is shown in Table 4-5.

Figure 4-11. Basic Configuration of Output Circuit for Pins

WRPORT
EVobo/Vop
fL Output latch
)
(Pmn) W
DS
WRPM Pmn/
Alternate function
_ 1 .| PMregister Do—' N-ch
=1 ~ 7 (PMmn)
g WRPOM
L EVss/Vss
g1 A | POMregister | Note1
5 >
(POMmn)
To input circuit
Alternate Note 2
function (SAU)
Alternate function| Note 3
(other than SAU)
_—

Notes 1. When there is no POM register, this signal should be considered to be low level (0).
2. When there is no alternate function, this signal should be considered to be high level (1).
3.  When there is no alternate function, this signal should be considered to be low level (0).

Remark m: Port number (m =0to 7, 12 to 15); n: Bit number (n =0 to 7)
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Table 4-5. Concept of Basic Settings

Output Settings of Unused Alternate Function
Output Function of Used Pin Output Function for Port Output Function for SAU Output Function for other than SAU
Output function for port - Output is high (1) Output is low (0)
Output function for SAU High (1) - Output is low (0)
Output function for other than Low (0) QOutput is high (1) Output is low (0)Nte
SAU

Note Since more than one output function other than SAU may be assigned to a single pin, the output of an unused
alternate function must be set to low level (0). For details on the setting method, see 4.5.2 Register settings
for alternate function whose output function is not used.

4.5.2 Register settings for alternate function whose output function is not used

When the output of an alternate function of the pin is not used, the following settings should be made. Note that when
the peripheral /O redirection function is the target, the output can be switched to another pin by setting the peripheral 1/0
redirection register (PIOR). This allows usage of the port function or other alternate function assigned to the target pin.

(1) SOp =1, TxDq = 1 (settings when the serial output (SOp/TxDq) of SAU is not used)
When the serial output (SOp/TxDq) is not used, such as, a case in which only the serial input of SAU is used, set the
bit in serial output enable register m (SOEm) which corresponds to the unused output to 0 (output disabled) and set
the SOmn bit in serial output register m (SOm) to 1 (high). These are the same settings as the initial state.

(2) SCKp =1, SDAr =1, SCLr = 1 (settings when channel n in SAU is not used)
When SAU is not used, set bit n (SEmn) in serial channel enable status register m (SEm) to 0 (operation stopped
state), set the bit in serial output enable register m (SOEm) which corresponds to the unused output to 0 (output
disabled), and set the SOmn and CKOmn bits in serial output register m (SOm) to 1 (high). These are the same
settings as the initial state.

(3) TOmn = 0 (settings when the output of channel n in TAU is not used)
When the TOmn output of TAU is not used, set the bit in timer output enable register 0 (TOEQ) which corresponds to
the unused output to 0 (output disabled) and set the bit in timer output register 0 (TOO) to O (low). These are the
same settings as the initial state.

(4) SDAAnN =0, SCLAN = 0 (setting when IICA is not used)
When IICA is not used, set the IICEn bit in IICA control register n0 (ICCTLnO) to 0 (operation stopped). This is the
same setting as the initial state.

(5) PCLBUZn = 0 (setting when clock/buzzer output is not used)
When the clock/buzzer output is not used, set the PCLOER bit in clock output select register n (CKSn) to 0 (output
disabled). This is the same setting as the initial state.
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4.5.3 Register setting examples for used port and alternate functions
Register setting examples for used port and alternate functions are shown in Table 4-6. The registers used to control
the port functions should be set as shown in Table 4-6. See the following remark for legends used in Table 4-6.

Remark -: Not supported
X: don’t care
PIORx: Peripheral I/O redirection register
POMxx: Port output mode register
PMCxx: Port mode control register
PMxx:  Port mode register
Pxx: Port output latch
Functions in parentheses can be assigned via settings in the peripheral 1/O redirection register (PIOR).
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Table 4-6. Setting Examples of Registers and Output Latches When Using Alternate Function (1/17)

Pin Name Used Function PIOR POMXxx PMCxx | PMxx | Pxx | Alternate Function Output |25-pin|32-pin|48-pin|64-pin
Function Name 110 SAU Output | Other than
Function SAU
P00 P00 Input - - - 1 X - -
x x x V
Output - - - 0 0/1 - -
TI0O Input x - - 1 x - - x x x N
(KRO) Input 02HNote 1 - - 1 x - - x x x N
PO1 PO1 Input - - - 1 X - X
X X X \/
Output - - - 0 0/1 - TO00=0
TO00 Output X - - 0 0 - X x X X y
(KR1) Input Q2HNote 1 - - 1 x - x x x x y
P02 P02 Input - - 0 1 X X -
Output - 0 0 0 0/ — N N J J
N-ch open - ] 0 0 o1 | s010= 1Neter -
drain output
ANI17 Analog input X X 1 1 X X - y d y y
TxD1 Output X 0/1 0 0 1 x - v v v v
TIO0 Input X X 0 1 X X - y d y X
S010 Output x 0/1 0 0 1 x - x x x Y
(KRO) Input 02HNote 2 X 0 1 X X - V X N X
(KR1) Input Q2HNote 3 X 0 1 x X - x v x x
(KR2) Input Q2HNote 1 X 0 1 x x - x x x y
Notes 1. 64-pin products only
2. 25-and 48-pin products only
3. 32-pin products only
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Table 4-6. Setting Examples of Registers and Output Latches When Using Alternate Function (2/17)

Pin Name Used Function PIOR POMxx | PMCxx | PMxx | Pxx | Alternate Function Output [25-pin|32-pin|48-pin|64-pin
Function 110 SAU Output | Other than
Name Function SAU
P03 P03 Input - - 0 1 X - X
Output SDA10 = 1Note
- 0 0 0 0/ - 3
y \ \ Y
TOOQ = QNete4
N-ch open
) - 1 0 0 0/1 - X
drain output
ANI16 Analog input X X 1 1 X - X \ \ \ y
S0 Input X X 0 1 X - x x x x \
RxD1 Input X X 0 1 x - X V V \ V
SDA10 110 X 1 0 0 1 - x X X x N
TO00 Output X 0/1 0 0 1 - X \ \ \ X
(KR1) Input 02HNete4 x 0 1 x - x N x N x
(KR2) Input 02HNote 2 X 0 1 X - x x \ X X
(KR3) Input 02HNete3 x 0 1 x - x x x x N
P04 P04 Input - - - 1 X X -
Output - 0 - 0 01
SCK10=1, x | ox o |ox A
N-ch open _ ; _ 0 o SCL10 =1
drain output
SCK10 Input X X - 1 X x - X X X v
Output X 01 - 0 1 X - X X X R
SCL10 Output X oM - 0 1 x - X X X v
(KR4) Input 02HNete3 X - 1 X X - X X X R
P05 P05 Input - - - 1 X - X
X X X \/
Output - - - 0 0/1 - TO05=0
TIO5 Input X - - 1 X - X X X X R
TO05 Output X - - 0 1 - x X X X v
KR8 Input QOHNote3 - - 1 X - X X X X R
P06 P06 Input - - - 1 X - X
X X X \l
Output - - - 0 0/1 - TO06 =0
TI06 Input X - - 1 X - X X X X R
TOO06 Output X - - 0 1 - x X X X v
KR9 Input QOHNote3 - - 1 X - X X X X R
Notes 1. 25- and 48-pin products only
2. 32-pin products only
3. 64-pin products only
4. 25-to 48-pin products only
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Table 4-6. Setting Examples of Registers and Output Latches When Using Alternate Function (3/17)

Pin Name Used Function PIOR POMXxx PMCxx | PMxx | Pxx Alternate Function Output |25-pin|32-pin|48-pin|64-pin
Function 110 SAU Output | Other than
Name Function SAU
P10 P10 Input - x - 1 X X -
Output 0 0 o SCKO00 =1,
SCL00 = 1 V d v v
N-ch open
i - 1 - 0 01 X -
drain output
ANI18 Analog input X X 1 1 X X - \ d y y
SCK00 Input x x 0 1 X x - v \ y y
Output X oM 0 0 1 X - v v N N
SCL00 Output x 0/ 0 0 1 x - \ v v R
(KRO) Input 03HNete x 0 1 x x - x v V V
P11 P11 Input - X - 1 x - -
Output - 0 - 0 01
i VN
N-ch open - SDA00 =0
. - 1 - 0 0N
drain output
ANI20 Analog input x x 1 1 x - x \ v R R
SI00 Input X X 0 1 X - X v R V V
SDA00 110 x 1 0 0 1 - x y v V V
RxDO Input X X 0 1 x - x N Y v v
TOOLRXD Input X X 0 1 X - X \ R y V
(KR1) Input 03HNote x 0 1 x - x x v R R
P12 P12 Input - X - 1 X X X
Output S000=1, | TOOLTxD
- 0 - 0 01
TxDO = 1 =0 y d V V
N-ch open
. - 1 - 0 01 X X
drain output
ANI21 Analog input X X 1 1 X X X \ d y y
SO00 Output TOOLTxD
P x 0N 0 0 1 x o V d v v
TxDO Output TOOLTxD
P % o 0 0 1 x Co VN v
TOOLTxD Output S000 =1,
P x 0N 0 0 1 x V N v v
TxDO =1
(KR2) Input 03HNote x 0 1 x x x x v R R
Note 32-to 64-pin products only
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Table 4-6. Setting Examples of Registers and Output Latches When Using Alternate Function (4/17)

Pin Name Used Function PIOR POMXxx PMCxx | PMxx | Pxx Alternate Function Output |25-pin|32-pin|48-pin|64-pin
Function 110 SAU Output | Other than
Name Function SAU
P13 P13 Input - X - 1 X X -
Output 0 0 o S020=1
TxD2 =1 x d \ N
N-ch open
) - 1 - 0 01 X -
drain output
ANI22 Analog input X X 1 1 X x - x d y y
S020 Output x 01 0 0 1 x - x y N y
TxD2 Output x 01 0 0 1 x - x v V V
(KR3) Input 03HNete x 0 1 x x - x v R R
P14 P14 Input - X - 1 X - X
Output - 0 - 0 0N
P S I T
N-ch open - SDA20=0
) - 1 - 0 0/1
drain output
ANI23 Analog input x X 1 1 X - X X R V V
SI20 Input x x 0 1 x - x x v R R
SDA20 110 X 1 0 0 1 - x x \ V V
RxD2 Input X X 0 1 X - X X R y y
(KR4) Input 03HMNete x 0 1 x - x x 3 y y
Note 32-to 64-pin products only
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Table 4-6. Setting Examples of Registers and Output Latches When Using Alternate Function (5/17)

Pin Name Used Function PIOR POMxx | PMCxx | PMxx | Pxx Alternate Function Output | 25-pin |32-pin|48-pin|64-pin
Function Name 110 SAU Output Other than
Function SAU
P15 P15 Input - X - 1 X X X
Output - 0 - 0 0N
SCk20=1Met | polBuz1 | x | Y | N |
N-ch open _ 1 _ 0 o1 SCL20 = {Note1 = (Note2
drain output
ANI24 Analog input X X 1 1 X x X x y y y
SCK20 Input X X 0 1 X X X X v v v
Output PCLBUZ1
P x o 0 0 1 x x | NN
= ONoteZ
SCL20 Output PCLBUZ1
P x 01 0 0 1 x x N \ N
= ONoteZ
PCLBUZ1 Output SCK20 = 1Notet
x 0 0 0 0 X x y V X
SCL20 = 1Note
(KR5) Input 03HNote 1 x 0 1 X X x X y y y
P16 P16 Input - X - 1 X - X
x X v R
Output - 0 - 0 01 - TOO01 = QNete3
TIO1 Input X - - 1 x - x x x R R
TOO01 Output X - - 0 0 - X X x V N
INTP5 Input X - - 1 X - X x x y V
Notes 1. 32- to 64-pin products only
2. 32- and 48-pin products only
3. 48- and 64-pin products only
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Table 4-6. Setting Examples of Registers and Output Latches When Using Alternate Function (6/17)

Pin Name Used Function ADPC ADM2 PIOR PMxx | Pxx | 25-pin | 32-pin | 48-pin | 64-pin
Function 110
Name
P20 P20 Input ADPC = 01H x - 1 X
v y V V
Output ADPC = 01H x - 0 on
ANIO Analog input 00x0xx0x,
gine ADPC = 00H/02H to OFH x 1 x \ y J \
10x0xx0x
AVkrerp Reference voltage | ADPC = 00H/02H to OFH | 01x0xx0x X 1 X V y y \
P21 P21 Input ADPC = 01H/02H x - 1 x
v V y y
Output ADPC = 01H/02H x - 0 0/1
ANI1 Analog input ADPC = 00H/03H to OFH | xx00xx0x x 1 x v R y y
AVreru Reference voltage | ADPC = 00H/03H to OFH | xx10xx0x x 1 x v R y \
P22 P22 Input ADPC = 01H to 03H x - 1 x
v y y y
Output ADPC = 01H to 03H x - 0 on
ANI2 Analog input ADPC = 00H/04H to OFH X X 1 X R V y \
(KR2) Input ADPC = 01H to 03H x Q2HNote 1 1 x v x y x
(KR3) Input ADPC = 01H to 03H X (02HNote 2 1 x x R x x
(KR5) Input ADPC = 01H to 03H x 02HNote 3 1 x X x x N
P23 P23 Input ADPC = 01H to 04H x - 1 x
v V y y
Output ADPC = 01H to 04H x - 0 oM
ANI3 Analog input ADPC = 00H/05H to OFH x x 1 x v v y \
(KR3) Input ADPC = 01H to 04H x Q2HNote 1 1 x \ X J x
(KR4) Input ADPC = 01H to 04H x 02HNote 2 1 x X V x X
(KR8) Input ADPC = 01H to 04H X 02HNote 3 1 X x x x \
Notes 1. 25- and 48-pin products only
2. 32-pin products only
3. 64-pin products only
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Table 4-6. Setting Examples of Registers and Output Latches When Using Alternate Function (7/17)

Pin Name Used Function ADPC ADM2 PIOR PMxx | Pxx | 25-pin | 32-pin | 48-pin | 64-pin
Function 110
Name
P24 P24 Input ADPC = 01H to 05H X - 1 X
x v v R
Output ADPC = 01H to 05H X - 0 01
ANI4 Analog input ADPC = 00H/06H to OFH x x 1 x x \ v R
(KR4) Input ADPC = 01H to 05H x 02HNote 1 1 x x x N x
(KR5) Input ADPC = 01H to 05H X 2HNote 2 1 X X \ X X
(KR7) Input ADPC = 01H to 05H X Q2HNote 3 1 X X X X N
P25 P25 Input ADPC = 01H to 06H X - 1 X
X x v V
Output ADPC = 01H to 06H X - 0 0/
ANI5 Analog input ADPC = 00H/07H to OFH x x 1 x x x N N
(KR5) Input ADPC = 01H to 06H X (Q2HNote 1 1 X X X v X
(KR8) Input ADPC = 01H to 06H X Q2HNote 3 1 X X X X N
P26 P26 Input ADPC =01H to 07H X - 1 X
X x v V
Output ADPC =01H to 07H X - 0 0/
ANI6 Analog input ADPC = 00H/08H to OFH x x 1 x x x N N
(KR9) Input ADPC =01H to 07H X Q2HNote 3 1 X X X X R
P27 P27 Input ADPC = 01H to 08H X - 1 X
x X v R
Output ADPC = 01H to 08H X - 0 01
ANI7 Analog input ADPC = 00H/09H to OFH X X 1 X X X v R
Notes 1. 48-pin products only
2. 32-pin products only
3. 64-pin products only
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Table 4-6. Setting Examples of Registers and Output Latches When Using Alternate Function (8/17)

Pin Name Used Function PIOR POMxx | PMCxx | PMxx | Pxx Alternate Function Output 25-pin | 32-pin |48-pin |64-pin
Function 110 SAU Output | Other than SAU
Name Function
P30 P30 Input - - - 1 X X X
Output - - - o |on| = prenegen | [ VY
SCL11=1
ANI27 Analog input x - 1 1 x x x V R V R
SCK11 Input x - 0 1 X X X y y Y d
Output x - 0 0 1 x RTC1HZ = Qetet | J v v
SCL11 Output x - 0 0 1 X RTC1HZ = QNete? |+ V y R
INTP3 Input x - 0 1 x x x Y R y v
RTC1HZ Output y - 0 0 0 SCK11=1, y y y J J
SCL11=1
P31 P31 Input - - - 1 X - x
Output TO03 =0, N N N J
- - - 0 | on - PLCBUZO = QNete
2
ANI29 Analog input x - 1 1 x - x y V y R
TIO3 Input x - 0 1 X - x Y R Y v
TOO03 Output X - 0 0 0 - X y V y R
PCLBUZO  |Output x - 0 0 0 - x J J x x
INTP4 Input x - 0 1 x - x V y J y
Notes 1. 48- and 64-pin products only
2. 25- and 32-pin products only
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Table 4-6. Setting Examples of Registers and Output Latches When Using Alternate Function (9/17)

Pin Name Used Function PIOR POMxx |PMCxx | PMxx Pxx Alternate Function Output 25-pin | 32-pin | 48-pin | 64-pin
Function 110 SAU Output Other than
Name Function SAU
P40 P40 Input - - - 1 X - -
VN
Output - - - 0 0/1 - TOOLO =1
TOOLO 110 x - - X x - x R V J y
P41 P41 Input - - - 1 X - X
X X y R
Output - - - 0 0/1 - TO07 =0
ANI30 Analog input x - 1 1 X - X X X y V
TI07 Input X - 0 1 x - x x x Y v
TOO07 Output X - 0 0 0 - x x x N v
P42 P42 Input - - - 1 X - X
X X X R
Output - - - 0 0/1 - TO04=0
TIo4 Input x - - 1 x - X X X X R
TO04 Output X - - 0 0 - x x x x v
P43 P43 Input - - - 1 X - -
x X X v
Output - - - 0 0N - -
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Table 4-6. Setting Examples of Registers and Output Latches When Using Alternate Function (10/17)

Pin Name Used Function PIOR POMxx [PMCxx| PMxx | Pxx Alternate Function Output 25-pin | 32-pin | 48-pin | 64-pin
Function 110 SAU Output Other than
Name Function SAU
P50 P50 Input - - - 1 X X X
Output - 0 - 0 011
P S IV A
N-ch open - SDA11= 0
) - 1 - 0 01
drain output
ANI26 Analog input X X 1 1 x - X y y J y
SI11 Input X X 0 1 X - X \ \ v v
SDA11 110 x 1 0 0 1 - x V V v V
INTP1 Input x x 0 1 x - x y y \ R
P51 P51 Input - - - 1 X X -
Vv
Output - - - 0 01 SO11 =1 -
ANI25 Analog input x - 1 1 x x - y x \ R
SO11 Output X - 0 0 1 X - y y v N
INTP2 Input x - 0 1 x x - Y Y \ v
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Table 4-6. Setting Examples of Registers and Output Latches When Using Alternate Function (11/17)

Pin Name Used Function PIOR POMxx |PMCxx| PMxx | Pxx Alternate Function Output 25-pin | 32-pin | 48-pin | 64-pin
Function 110 SAU Output Other than
Name Function SAU
P60 P60 Input - - - 1 X - X
N-ch open N N N N
drain output - - - 0 01 - SCLA0O=0
(6-V tolerance)
SCLAO 110 X - - 0 0 - X v y y y
P61 P61 Input - - - 1 X - X
N-ch open J N N N
drain output - - - 0 0N - SDAAO0 =0
(6-V tolerance)
SDAAO 110 X - - 0 0 - X v y y y
P62 P62 Input - - - 1 X - -
N-ch open « N N N
drain output - - - 0 on - -

(6-V tolerance)

P63 P63 Input - - - 1 X - -
N-ch open x x y N
drain output - - - 0 01 - -

(6-V tolerance)
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Table 4-6. Setting Examples of Registers and Output Latches When Using Alternate Function (12/17)

Pin Name Used Function PIOR POMxx |PMCxx| PMxx Pxx Alternate Function Output 25-pin | 32-pin | 48-pin | 64-pin
Function 110 SAU Output Other than
Name Function SAU
P70 P70 Input - - 0 1 X X -
Output SCK21 = Nete2 x v v v
- - 0 0 01 -
SCL21 = 1Note 2
ANI28 Analog input x - 1 1 x x - x \ v y
SCK21 Input X - 0 1 X X - X X \/ y
Output x - 0 0 1 x - x X v \
SCL21 Output X - 0 0 1 X - X X v N
KRO Input QQHNote 1 - 0 1 X X - X v v N
P71 P71 Input - - - 1 X - -
Output - 0 - 0 0N
P x | x| N
N-ch open - SDA21=0
, - 1 - 0 on
drain output
Si21 Input x X - 1 X - X X X R y
SDA21 110 X 1 - 0 1 - X X X v N
KR1 Input QQHNote 2 X - 1 X - X X X R y
P72 P72 Input - - - 1 X X -
X X Y y
Output - - - 0 01 S021=1 -
S021 Output x - - 0 1 X - X X R V
KR2 Input QQHNote 2 - - 1 x x - x X v y
P73 P73 Input - - - 1 X X -
X X v Y
Output - - - 0 0N SO01 =1 -
S001 Output x - - 0 1 x - x X v \
KR3 Input QQHNote 2 - - 1 x X - X X R y
Notes 1. 32- to 64-pin products only
2. 48- and 64-pin products only
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Table 4-6. Setting Examples of Registers and Output Latches When Using Alternate Function (13/17)

Pin Name Used Function PIOR POMxx | PMCxx | PMxx Pxx Alternate Function Output |25-pin|32-pin [48-pin |64-pin
Function 110 SAU Output | Other than
Name Function SAU
P74 P74 Input - - - 1 X - X
Output - 0 - 0 01
P X X R Y
N-ch open - SDA01 =0
) - 1 - 0 0/1
drain output
Slo1 Input - X - 1 X - X X x y y
SDAO01 110 - 1 - 0 1 - X X X R y
INTP8 Input X X - 1 X - X X X N N
KR4 Input QQHNote 1 x - 1 x - x x x R y
P75 P75 Input - - - 1 X X -
Output SCKO1 =1, x x v v
- - - 0 0N -
SCLO1 =
SCKO01 Input X - - 1 x X - X X v \
Output X - - 0 1 X - X X N N
SCLO1 Output X - - 0 1 x - x x R Y
INTP9 Input x - - 1 x X - X X V y
KR5 Input OOHNote 1 - - 1 x x - x x N N
P76 P76 Input - - - 1 X - -
X X x Y
Output - - - 0 0N - -
INTP10 Input X - - 1 x - - x x x Y
KR6 Input QQHNote 2 - - 1 x - - x x x y
P77 P77 Input - - - 1 X - -
X X X y
Output - - - 0 on - -
INTP11 Input X - - 1 X - - X x x y
KR7 Input QQHNote 2 - - 1 x - - x x x Y
Notes 1. 48- and 64-pin products only
2. 64-pin products only
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Table 4-6. Setting Examples of Registers and Output Latches When Using Alternate Function (14/17)

Pin Name Used Function PIOR POMxx | PMCxx | PMxx Pxx Alternate Function Output | 25-pin | 32-pin | 48-pin (64-pin
Function 110 SAU Output | Other than
Name Function SAU
P120 P120 Input - 0 1 X - -
x N V
Output - 0 0 011 - -
ANI19 Analog input - 1 1 X - - x \ y
(KRO) Input 02HNote 0 1 x - - x N x
Note 32-pin products only
Table 4-6. Setting Examples of Registers and Output Latches When Using Alternate Function (15/17)
Pin Name Used Function CMC Pxx 25-pin | 32-pin | 48-pin | 64-pin
Function /0 (EXCLK,OSCSEL, EXCLKS, OSCSELS)
Name
P121 P121 Input 00x/10 xx/11 xx X y d J y
X1 - 01 xx - v v v v
P122 P122 Input 00 xx/10 xx x y V \ y
X2 - 01 xx - v v l v
EXCLK Input 11 xx - N v v N
P123 P123 Input xx 00/xx 10/xx11 X X X \ y
XT1 - xx 01 - X x \/ V
P124 P123 Input xx 00/xx 10 x x x v v
XT2 - xx 01 - x x l v
EXCLKS Input xx 11 - x x v \
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Table 4-6. Setting Examples of Registers and Output Latches When Using Alternate Function (16/17)

Pin Name Used Function PIOR POMxx | PMCxx | PMxx | Pxx | Alternate Function Output |25-pin|32-pin |48-pin [64-pin
Function 110 SAU Output | Other than
Name Function SAU
P130 P130 Output - - - - oM - - X X v R
P137 P137 Input - - - - X - - d y J d
INTPO Input x - - - X - - y N v v
P140 P140 Input - - - 1 X - X
Output PCLBUZO | X x v v
- - - 0 01 -
=0
PCLBUZ0 Output X - - 0 0 - X X X v v
INTP6 Input X - - 1 X - X X x \ \/
P141 P141 Input - - - 1 X - X
Output PCLBUZA x x x v
- - - 0 0/1 -
=0
PCLBUZ1 Output x - - 0 0 - X x x X v
INTP7 Input x - - 1 X - X X X X R
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Table 4-6. Setting Examples of Registers and Output Latches When Using Alternate Function (17/17)

Pin Name Used Function ADPC PIOR PMxx Pxx 25-pin | 32-pin | 48-pin | 64-pin
Function 110
Name

P150 P150 Input ADPC = 01H to 09H - 1 X
X x \ R

Output ADPC =01H to 09H - 0 01
ANI8 Analog input ADPC = 00H/0AH to OFH X 1 X X X \ R

P151 P151 Input ADPC = 01H to 0AH - 1 X
X X X V

Output ADPC = 01H to 0AH - 0 01
ANI9 Analog input ADPC = 00H/0BH to OFH X 1 X X X X V
(KR6) Input ADPC = 01H to 0AH 03HNote 1 X X X X R

P152 P152 Input ADPC = 01H to 0BH - 1 X
X X x R

Output ADPC = 01H to 0BH - 0 0/1
ANI10 Analog input ADPC = 00H/0CH to OFH X 1 X X X X R
(KR7) Input ADPC = 01H to 0BH (Q3HNote 1 X X X X V

P153 P153 Input ADPC = 01H to OCH - 1 X
X X X V

Output ADPC =01H to OCH - 0 0/1
ANI11 Analog input ADPC = 00H/0DH to OFH X 1 X X X X y
(KR8) Input ADPC =01H to OCH 03HNete 1 X X X X R

P154 P154 Input ADPC = 01H to ODH - 1 X
X X X R

Output ADPC = 01H to ODH - 0 0/1
ANI12 Analog input ADPC = 00H/0EH/OFH X 1 X X X X R
(KR9) Input ADPC = 01H to ODH Q3HNote 1 X X X X y

Note 64-pin products only
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4.6 Cautions When Using Port Function

4.6.1 Cautions on 1-bit manipulation instruction for port register n (Pn)
When a 1-bit manipulation instruction is executed on a port that provides both input and output functions, the output
latch value of an input port that is not subject to manipulation may be written in addition to the targeted bit.

Therefore, it is recommended to rewrite the output latch when switching a port from input mode to output mode.

<Example>

Explanation:

When P10 is an output port, P11 to P16 are input ports (all pin statuses are high level), and the port
latch value of port 1 is 00H, if the output of output port P10 is changed from low level to high level via a
1-bit manipulation instruction, the output latch value of port 1 is FFH.

The targets of writing to and reading from the Pn register of a port whose PMnm bit is 1 are the output
latch and pin status, respectively.

A 1-bit manipulation instruction is executed in the following order in the RL78/G1A.

<1> The Pn register is read in 8-bit units.
<2> The targeted one bit is manipulated.
<3> The Pn register is written in 8-bit units.

In step <1>, the output latch value (0) of P10, which is an output port, is read, while the pin statuses of
P11 to P16, which are input ports, are read. If the pin statuses of P11 to P16 are high level at this time,
the read value is FEH.

The value is changed to FFH by the manipulation in <2>.

FFH is written to the output latch by the manipulation in <3>.

Figure 4-12. Bit Manipulation Instruction (P10)

P10

P11 to P16

1-bit manipulation

instruction P10
@ (setl P1.0) @

is executed for P10 High-level output

Low-level output

Port 1 output latch Port 1 output latch

@ tlm::> P11 to P16 @

Pin status: High-level Pin status: High-level

[ofofofofofofo]o] [ofafafeafafa]s]

1-bit manipulation instruction for P10 bit

<1> Port register 1 (P1) is read in 8-bit units.
¢ In the case of P10, an output port, the value of the port output latch (0) is read.
¢ In the case of P11 to P16, input ports, the pin status (1) is read.

<2> Set the P10 bit to 1.

<3> Write the results of <2> to the output latch of port register 1 (P1)
in 8-bit units.
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4.6.2 Notes on specifying the pin settings

For an output pin to which multiple functions are assigned, the output of the unused alternate functions must be set to
its initial state so as to prevent conflicting outputs. This also applies to the functions assigned by using the peripheral 1/0
redirection register (PIOR). For details about the alternate function output, see 4.5 Register Settings When Using
Alternate Function.

No specific setting is required for input pins because the output of their alternate functions is disabled (the buffer output
is Hi-Z).

Disabling the unused functions, including blocks that are only used for input or do not have 1/O, is recommended for

lower power consumption.
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CHAPTER 5 CLOCK GENERATOR

The presence or absence of connecting resonator pin for main system clock, connecting resonator pin for subsystem
clock, external clock input pin for main system clock, and external clock input pin for subsystem clock, depends on the
product.

Output pin 25, 32-pin 48, 64-pin
X1, X2 pins N N
EXCLK pin N N
XT1, XT2 pins - N
EXCLKS pin - N

5.1 Functions of Clock Generator

The clock generator generates the clock to be supplied to the CPU and peripheral hardware.
The following three kinds of system clocks and clock oscillators are selectable.

(1) Main system clock

<1> X1 oscillator
This circuit oscillates a clock of fx = 1 to 20 MHz by connecting a resonator to X1 and X2 pins.
Oscillation can be stopped by executing the STOP instruction or setting of the MSTOP bit (bit 7 of the clock
operation status control register (CSC)).

<2> High-speed on-chip oscillator
The frequency at which to oscillate can be selected from among fiH = 32, 24, 16, 12, 8, 6, 4, 3, 2, or 1 MHz
(typ.) by using the option byte (000C2H). After a reset release, the CPU always starts operating with this
high-speed on-chip oscillator clock. Oscillation can be stopped by executing the STOP instruction or setting
the HIOSTOP bit (bit 0 of the CSC register).
The frequency specified by using an option byte can be changed by using the high-speed on-chip oscillator
frequency select register (HOCODIV). For details about the frequency, see Figure 5-9 Format of High-speed
On-chip Oscillator Frequency Select Register (HOCODIV).
The frequencies that can be specified for the high-speed on-chip oscillator by using the option byte and the
high-speed on-chip oscillator frequency select register (HOCODIV) are shown below.

Power Supply Voltage Flash Operation Mode Oscillation Frequency (MHz)

1 2 3 4 6 8 12 16 24 32
27V<Voo<3.6V HS (high-speed main) mode v v V y V y y V
24V<Vop<3.6V v v N v v v v N - -
1.8V<Vop<36V LS (low-speed main) mode v v N v N v - - - -
1.6V<Von<3.6V LV (low-voltage main) mode y y y \/ - - - - - -

An external main system clock (fex = 1 to 20 MHz) can also be supplied from the EXCLK/X2/P122 pin. An external
main system clock input can be disabled by executing the STOP instruction or setting of the MSTOP bit.

As the main system clock, a high-speed system clock (X1 clock or external main system clock) or high-speed on-
chip oscillator clock can be selected by setting of the MCMO bit (bit 4 of the system clock control register (CKC)).
However, note that the usable frequency range of the main system clock differs depending on the setting of the
power supply voltage (Vob). The operating voltage of the flash memory must be set by using the CMODEO and
CMODE?1 bits of the option byte (000C2H) (see CHAPTER 24 OPTION BYTE).
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(2) Subsystem clock
e XT1 clock oscillator
This circuit oscillates a clock of fxr = 32.768 kHz by connecting a 32.768 kHz resonator to XT1 and XT2 pins.
Oscillation can be stopped by setting the XTSTOP bit (bit 6 of the clock operation status control register (CSC)).

An external subsystem clock (fexs = 32.768 KHz) can also be supplied from the EXCLKS/XT2/P124 pin. An
external subsystem clock input can be disabled by the setting of the XTSTOP bit.

(3) Low-speed on-chip oscillator clock (Low-speed on-chip oscillator)
This circuit oscillates a clock of fiL = 15 kHz (TYP.).
The low-speed on-chip oscillator clock cannot be used as the CPU clock.
Only the following peripheral hardware runs on the low-speed on-chip oscillator clock.

* Watchdog timer
o Real-time clock
e 12-bit interval timer

This clock operates when bit 4 (WDTON) of the option byte (000COH), bit 4 (WUTMMCKO) of the subsystem
clock supply mode control register (OSMC), or both are set to 1.

However, when WDTON = 1, WUTMMCKO = 0, and bit 0 (WDSTBYON) of the option byte (000COH) is O,
oscillation of the low-speed on-chip oscillator stops if the HALT or STOP instruction is executed.

Caution The low-speed on-chip oscillator clock (fiL) can only be selected as the real-time clock count
clock when the fixed-cycle interrupt function is used.

Remark fx: X1 clock oscillation frequency
fin:  High-speed on-chip oscillator clock frequency
fex:  External main system clock frequency
fxt:  XT1 clock oscillation frequency
fexs: External subsystem clock frequency
fi:  Low-speed on-chip oscillator clock frequency
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5.2 Configuration of Clock Generator
The clock generator includes the following hardware.

Table 5-1. Configuration of Clock Generator

ltem Configuration

Control registers Clock operation mode control register (CMC)

System clock control register (CKC)

Clock operation status control register (CSC)

Oscillation stabilization time counter status register (OSTC)
Oscillation stabilization time select register (OSTS)

Peripheral enable register 0 (PERO)

Subsystem clock supply mode control register (OSMC)
High-speed on-chip oscillator frequency select register (HOCODIV)
High-speed on-chip oscillator trimming register (HIOTRM)

Oscillators X1 oscillator

XT1 oscillator

High-speed on-chip oscillator
Low-speed on-chip oscillator
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Remark fx:
fiH:
fex:
fumx:
fmAIN:
fxT:
fexs:
fsus:
feik:
fiL:

X1 clock oscillation frequency

High-speed on-chip oscillator clock frequency
External main system clock frequency
High-speed system clock frequency

Main system clock frequency

XT1 clock oscillation frequency

External subsystem clock frequency
Subsystem clock frequency

CPU/peripheral hardware clock frequency
Low-speed on-chip oscillator clock frequency

5.3 Registers Controlling Clock Generator

The following nine registers are used to control the clock generator.

o Clock operation mode control register (CMC)

e System clock control register (CKC)

o Clock operation status control register (CSC)

¢ Oscillation stabilization time counter status register (OSTC)

o Oscillation stabilization time select register (OSTS)

o Peripheral enable register 0 (PERO)

e Subsystem clock supply mode control register (OSMC)
o High-speed on-chip oscillator frequency select register (HOCODIV)
e High-speed on-chip oscillator trimming register (HHOTRM)

Caution Which registers and bits are included depends on the product. Be sure to set registers and bits that

are not mounted in a product to their initial values.

5.3.1 Clock operation mode control register (CMC)
This register is used to set the operation mode of the X1/P121, X2/EXCLK/P122, XT1/P123, and XT2/EXCLKS/P124
pins, and to select a gain of the oscillator.

The CMC register can be written only once by an 8-bit memory manipulation instruction after reset release. This

register can be read by an 8-bit memory manipulation instruction.

Reset signal generation clears this register to 00H.
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Figure 5-2. Format of Clock Operation Mode Control Register (CMC)

Address: FFFAOH After reset: 00H R/W

Symbol
CMC

7 6 5 4 3 2 1 0
EXCLK OSCSEL EXCLKS | OSCSELS 0 AMPHS1 ’ AMPHSO ’ AMPH
EXCLK OSCSEL | High-speed system clock X1/P121 pin X2/EXCLK/P122 pin

pin operation mode

0 0 Input port mode Input port

0 1 X1 oscillation mode Crystal/ceramic resonator connection

1 0 Input port mode Input port

1 1 External clock input mode | Input port External clock input
EXCLKS | OSCSELS Subsystem clock pin XT1/P123 pin XT2/EXCLKS/P124 pin

operation mode

0 0 Input port mode Input port

0 1 XT1 oscillation mode Crystal resonator connection

1 0 Input port mode Input port

1 1 External clock input mode | Input port External clock input

AMPHS1 AMPHSO XT1 oscillator oscillation mode selection

0 0 Low power consumption oscillation (default)

0 1 Normal oscillation

1 0 Ultra-low power consumption oscillation

1 1 Setting prohibited
AMPH Control of X1 clock oscillation frequency

0 1 MHz < fx < 10 MHz

1 10 MHz < fx <20 MHz

Cautions 1. The CMC register can be written only once after reset release, by an 8-bit memory

manipulation instruction. When using the CMC register with its initial value (00H), be
sure to set the register to 00H after a reset ends in order to prevent malfunction due
to a program loop. Such a malfunction becomes unrecoverable when a value other
than 00H is mistakenly written.

After reset release, set the CMC register before X1 or XT1 oscillation is started as set
by the clock operation status control register (CSC).

Be sure to set the AMPH bit to 1 if the X1 clock oscillation frequency exceeds 10 MHz.
Specify the settings for the AMPH, AMPHS1, and AMPHSO0 bits while fiH is selected as
fck after a reset ends (before fcik is switched to fux or fsus).

Oscillation stabilization time of fxr, counting on the software.

Although the maximum system clock frequency is 32 MHz, the maximum frequency
of the X1 oscillator is 20 MHz.

(Cautions and Remark are given on the next page.)
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Cautions 7. The XT1 oscillator is a circuit with low amplification in order to achieve low-power

consumption. Note the following points when designing the circuit.

Pins and circuit boards include parasitic capacitance. Therefore, perform
oscillation evaluation using a circuit board to be actually used and confirm that
there are no problems.

Before using the ultra-low power consumption oscillation (AMPHS1, AMPHSO0 = 1, 0)
as the mode of the XT1 oscillator, evaluate the resonators described in 5.7
Resonator and Oscillator Constants.

Make the wiring between the XT1 and XT2 pins and the resonators as short as
possible, and minimize the parasitic capacitance and wiring resistance. Note
this particularly when the ultra-low power consumption oscillation (AMPHS1,
AMPHSO0 = 1, 0) is selected.

Configure the circuit of the circuit board, using material with little wiring
resistance.

Place a ground pattern that has the same potential as Vss as much as possible
near the XT1 oscillator.

Be sure that the signal lines between the XT1 and XT2 pins, and the resonators
do not cross with the other signal lines. Do not route the wiring near a signal
line through which a high fluctuating current flows.

The impedance between the XT1 and XT2 pins may drop and oscillation may be
disturbed due to moisture absorption of the circuit board in a high-humidity
environment or dew condensation on the board. When using the circuit board in
such an environment, take measures to damp-proof the circuit board, such as by
coating.

When coating the circuit board, use material that does not cause capacitance or
leakage between the XT1 and XT2 pins.

Remark fx: X1 clock frequency
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5.3.2 System clock control register (CKC)

This register is used to select a CPU/peripheral hardware clock and a main system clock.

The CKC register can be set by a 1-bit or 8-bit memory manipulation instruction.

Reset signal generation sets this register to 00H.

Figure 5-3. Format of System Clock Control Register (CKC)

Address: FFFA4H  After reset: 00H  R/Whete!

Symbol <7> <6> <5> <4> 3 2 1 0
CKC CLS CSss MCS MCMO 0 0 0 0
CLS Status of CPU/peripheral hardware clock (fcik)
0 Main system clock (fvain)
1 Subsystem clock (fsus)
CSS Selection of CPU/peripheral hardware clock (fcik)
0 Main system clock (fvain)
1 Note2 Subsystem clock (fsus)
MCS Status of Main system clock (fwain)
0 High-speed on-chip oscillator clock (fiH)
1 High-speed system clock (fux)
MCMQ Note 2 Main system clock (fuan) operation control
0 Selects the high-speed on-chip oscillator clock (fiH) as the main system clock (fuain)
1 Selects the high-speed system clock (fux) as the main system clock (fwain)

Notes 1. Bits 7 and 5 are read-only.
2. Changing the value of the MCMO bit is prohibited while the CSS bit is set to 1.

Cautions 1.
2.

Remark fiH:

fmx:

Be sure to set bit 3 to 0 to 0.

The clock set by the CSS bit is supplied to the CPU and peripheral hardware. If the
CPU clock is changed, therefore, the clock supplied to peripheral hardware (except
the real-time clock, 12-bit interval timer, clock output/buzzer output, and watchdog
timer) is also changed at the same time. Consequently, stop each peripheral
function when changing the CPU/peripheral hardware clock.

If the subsystem clock is used as the peripheral hardware clock, the operations of
the A/D converter and IICA are not guaranteed. For the operating characteristics of
the peripheral hardware, refer to the chapters describing the various peripheral
hardware as well as CHAPTER 29 ELECTRICAL SPECIFICATIONS (TA = -40 to
+85°C), CHAPTER 30 ELECTRICAL SPECIFICATIONS (G: INDUSTRIAL
APPLICATIONS TA=-40 to + 105°C).

High-speed on-chip oscillator clock frequency
High-speed system clock frequency

fmain:  Main system clock frequency

fsus

: Subsystem clock frequency
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5.3.3 Clock operation status control register (CSC)

This register is used to control the operations of the high-speed system clock, high-speed on-chip oscillator clock, and
subsystem clock (except the low-speed on-chip oscillator clock).

The CSC register can be set by a 1-bit or 8-bit memory manipulation instruction.

Reset signal generation sets this register to COH.

Figure 5-4. Format of Clock Operation Status Control Register (CSC)

Address: FFFA1TH Afterreset: COH R/W

Symbol <7> <6> 5 4 3 2 1 <0>
CsC MSTOP XTSTOP 0 0 0 0 ‘ 0 ‘ HIOSTOP
MSTOP High-speed system clock operation control
X1 oscillation mode External clock input mode Input port mode
0 X1 oscillator operating External clock from EXCLK Input port
pin is valid
1 X1 oscillator stopped External clock from EXCLK
pin is invalid
XTSTOP Subsystem clock operation control
XT1 oscillation mode External clock input mode Input port mode
0 XT1 oscillator operating External clock from EXCLKS | Input port
pin is valid
1 XT1 oscillator stopped External clock from EXCLKS
pin is invalid
HIOSTOP High-speed on-chip oscillator clock operation control
0 High-speed on-chip oscillator operating
1 High-speed on-chip oscillator stopped

Cautions 1. After reset release, set the clock operation mode control register (CMC) before
setting the CSC register.

2. Set the oscillation stabilization time select register (OSTS) before setting the MSTOP
bit to 0 after releasing reset. Note that if the OSTS register is being used with its
default settings, the OSTS register is not required to be set here.

3. To start X1 oscillation as set by the MSTOP bit, check the oscillation stabilization
time of the X1 clock by using the oscillation stabilization time counter status register
(OSTC).

4. When starting XT1 oscillation by setting the XTSTOP bit, wait for oscillation of the
subsystem clock to stabilize by setting a wait time using software.

5. Do not stop the clock selected for the CPU peripheral hardware clock (fcLk) with the
OSC register.

6. The setting of the flags of the register to stop clock oscillation (invalidate the
external clock input) and the condition before clock oscillation is to be stopped are
as Table 5-2.

Before stopping the clock oscillation, check the conditions before the clock
oscillation is stopped.
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Table 5-2. Stopping Clock Method

Clock Condition Before Stopping Clock Setting of CSC
(Invalidating External Clock Input) Register Flags
X1 clock CPU and peripheral hardware clocks operate with a clock MSTOP =1
External main system other than the high-speed system clock.
clock (CLS=0and MCS =0, 0or CLS = 1)
XT1 clock CPU and peripheral hardware clocks operate with a clock XTSTOP =1
External subsystem other than the subsystem clock.
clock (CLS=0)
High-speed on-chip CPU and peripheral hardware clocks operate with a clock HIOSTOP =1
oscillator clock other than the high-speed on-chip oscillator clock.
(CLS=0and MCS=1,0orCLS =1)

5.3.4 Oscillation stabilization time counter status register (OSTC)
This is the register that indicates the count status of the X1 clock oscillation stabilization time counter.
The X1 clock oscillation stabilization time can be checked in the following case,

o If the X1 clock starts oscillation while the high-speed on-chip oscillator clock or subsystem clock is being used as
the CPU clock.

¢ If the STOP mode is entered and then released while the high-speed on-chip oscillator clock is being used as the
CPU clock with the X1 clock oscillating.

The OSTC register can be read by a 1-bit or 8-bit memory manipulation instruction.
When reset signal is generated, the STOP instruction and MSTOP (bit 7 of clock operation status control register
(CSC)) = 1 clear the OSTC register to 00H.

Remark The oscillation stabilization time counter starts counting in the following cases.
¢ When oscillation of the X1 clock starts (EXCLK, OSCSEL =0, 1 - MSTOP = 0)
e When the STOP mode is released
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Address: FFFA2H Afterreset: 00H R

Symbol
OSTC

7

6

5

4

3

2

MOST
8

MOST
9

MOST
10

MOST
11

MOST
13

MOST
15

MOST
17

MOST
18

Figure 5-5. Format of Oscillation Stabilization Time Counter Status Register (OSTC)

MOST

MOST

MOST

-
o

MOST

MOST
13

MOST
15

MOST

MOST
18

Oscillation stabilization time status

fx =10 MHz

fx =20 MHz

28/fx max.

25.6 us max.

12.8 us max.

28/fx min.

25.6 us min.

12.8 us min.

2%/fx min.

51.2 us min.

25.6 s min.

2'%fx min.

102 us min.

51.2 us min.

o |o|o |o

2"1/fx min.

204 s min.

102 us min.

N

oO|lo|jo|o |o

2"3/fx min.

819 us min.

409 ys min.

N

2'%/fx min.

3.27 ms min.

1.63 ms min.

oO|lo|lo|lo|o|o |o©

2'7/fx min.

13.1 ms min.

6.55 ms min.

aAalalalalalalala|lo

Aalalalalala|la|lo|lo

Aalalala|la|la|lo|lo|o

Aalalala|ln|lOo|lo|lo|o

-~ | lOlO|j|O|O|O|O |O

N

2"8/fx min.

26.2 ms min.

13.1 ms min.

Cautions 1.

After the above time has elapsed, the bits are set to 1 in order from the MOSTS8 bit

and remain 1.
The oscillation stabilization time counter counts up to the oscillation stabilization

time set by the oscillation stabilization time select register (OSTS).

In the following cases, set the oscillation stabilization time of the OSTS register to
the value greater than the count value which is to be checked by the OSTC register.

o If the X1 clock starts oscillation while the high-speed on-chip oscillator clock or
subsystem clock is being used as the CPU clock.
o If the STOP mode is entered and then released while the high-speed on-chip

oscillator clock is being used as the CPU clock with the X1 clock oscillating.

(Note, therefore, that only the status up to the oscillation stabilization time set by

the OSTS register is set to the OSTC register after the STOP mode is released.)

The X1 clock oscillation stabilization wait time does not include the time until clock

oscillation starts (“a” below).

STOP mode release

X1 pin voltage

waveform

Remark fx: X1 clock oscillation frequency
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5.3.5 Oscillation stabilization time select register (OSTS)

This register is used to select the X1 clock oscillation stabilization wait time.

When the X1 clock is made to oscillate by clearing the MSTOP bit to start the X1 oscillation circuit operating, actual
operation is automatically delayed for the time set in the OSTS register.

When switching the CPU clock from the high-speed on-chip oscillator clock or the subsystem clock to the X1 clock, and
when using the high-speed on-chip oscillator clock for switching the X1 clock from the oscillating state to STOP mode, use
the oscillation stabilization time counter status register (OSTC) to confirm that the desired oscillation stabilization time has
elapsed after release from the STOP mode. That is, use the OSTC register to check that the oscillation stabilization time
corresponding to its setting has been reached

The OSTS register can be set by an 8-bit memory manipulation instruction.

Reset signal generation sets the OSTS register to 07H.
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Figure 5-6. Format of Oscillation Stabilization Time Select Register (OSTS)

Address: FFFA3H  After reset: 07H R/W

Symbol 7 6 5 4 3 2 1 0
OSTS 0 0 0 0 0 0sTS2 | 0sTst | 0STSo
OSTS2 OSTSH1 OSTSO0 Oscillation stabilization time selection
fx =10 MHz fx = 20 MHz
0 0 0 28/f 25.6 s 12.8 us
0 0 1 2%fx 51.2 s 25.6 us
0 1 0 210/ 102 us 51.2 us
0 1 1 211/ 204 us 102 us
1 0 0 2"3/fx 819 us 409 us
1 0 1 2'5/fx 3.27 ms 1.63 ms
1 1 0 2'7/fx 13.1ms 6.55 ms
1 1 1 2"8/fx 26.2 ms 13.1 ms

Cautions 1. Change the setting of the OSTS register before setting the MSTOP bit of the clock
operation status control register (CSC) to 0.
2. The oscillation stabilization time counter counts up to the oscillation stabilization
time set by the OSTS register.
In the following cases, set the oscillation stabilization time of the OSTS register to
the value greater than the count value which is to be checked by the OSTC register
after the oscillation starts.

o If the X1 clock starts oscillation while the high-speed on-chip oscillator clock or
subsystem clock is being used as the CPU clock.

o If the STOP mode is entered and then released while the high-speed on-chip
oscillator clock is being used as the CPU clock with the X1 clock oscillating. (Note,
therefore, that only the status up to the oscillation stabilization time set by the
OSTS register is set to the OSTC register after the STOP mode is released.)

3. The X1 clock oscillation stabilization wait time does not include the time until clock
oscillation starts (“a” below).

STOP mode release

X1 pinvoltage | l
waveform

Remark fx: X1 clock oscillation frequency
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5.3.6 Peripheral enable register 0 (PERO)
These registers are used to enable or disable supplying the clock to the peripheral hardware. Clock supply to the
hardware that is not used is also stopped so as to decrease the power consumption and noise.
To use the peripheral functions below, which are controlled by this register, set (1) the bit corresponding to each
function before specifying the initial settings of the peripheral functions.
e Real-time clock, 12-bit interval timer
¢ A/D converter
Serial interface [ICAO
e Serial array unit 1

e Serial array unit 0
e Timer array unit 0

The PERO register can be set by a 1-bit or 8-bit memory manipulation instruction.
Reset signal generation clears these registers to O0H.

Figure 5-7. Format of Peripheral Enable Register 0 (PERO) (1/3)

Address: FOOFOH  After reset: 00H R/W

Symbol <7> 6 <5> <4> <3> <2> 1 <0>
PERO RTCEN 0 ADCEN IICAOEN SAU1EN SAUOEN 0 TAUOEN
RTCEN Control of real-time clock (RTC) and 12-bit interval timer input clock supply
0 Stops input clock supply.

o SFR used by the real-time clock (RTC) and 12-bit interval timer cannot be written.
e The real-time clock (RTC) and 12-bit interval timer are in the reset status.

1 Enables input clock supply.
e SFR used by the real-time clock (RTC) and 12-bit interval timer can be read and written.

Caution Be sure to clear the following bits to 0.
25-pin products: bits 1, 3, 6
32, 48, 64-pin products: bits 1, 6
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Figure 5-7. Format of Peripheral Enable Register 0 (PERO) (2/3)

Address: FOOFOH  After reset: 00H R/W

Symbol <7> 6 <5> <4> <3> <2> 1 <0>
PERO RTCEN 0 ADCEN IICAOEN SAU1EN SAUOEN 0 TAUOEN
ADCEN Control of A/D converter input clock supply
0 Stops input clock supply.
e SFR used by the A/D converter cannot be written.
e The A/D converter is in the reset status.
1 Enables input clock supply.
e SFR used by the A/D converter can be read and written.
IICAOEN Control of serial interface 1ICAO input clock supply
0 Stops input clock supply.
e SFR used by the serial interface IICAO cannot be written.
e The serial interface IICAO is in the reset status.
1 Enables input clock supply.
e SFR used by the serial interface IICAQ can be read and written.
SAU1EN Control of serial array unit 1 input clock supply
0 Stops input clock supply.
e SFR used by the serial array unit 1 cannot be written.
e The serial array unit 1 is in the reset status.
1 Enables input clock supply.
o SFR used by the serial array unit 1 can be read and written.

Caution Be sure to clear the following bits to 0.
25-pin products: bits 1, 3, 6
32, 48, 64-pin products: bits 1, 6
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Figure 5-7. Format of Peripheral Enable Register 0 (PERO) (3/3)

Address: FOOFOH  After reset: 00H R/W

Symbol <7> 6 <5> <4> <3> <2> 1 <0>
PERO RTCEN 0 ADCEN IICAOEN SAU1EN SAUOEN 0 TAUOEN
SAUOEN Control of serial array unit 0 input clock supply
0 Stops input clock supply.
e SFR used by the serial array unit 0 cannot be written.
e The serial array unit O is in the reset status.
1 Enables input clock supply.
e SFR used by the serial array unit O can be read and written.
TAUOEN Control of timer array unit O input clock supply
0 Stops input clock supply.
e SFR used by timer array unit 0 cannot be written.
e Timer array unit O is in the reset status.
1 Enables input clock supply.
o SFR used by timer array unit 0 can be read and written.

Caution Be sure to clear the following bits to 0.

25-pin products: bits 1, 3, 6
32, 48, 64-pin products: bits 1, 6
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5.3.7 Subsystem clock supply mode control register (OSMC)
This register is used to reduce power consumption by stopping unnecessary clock functions.
If the RTCLPC bit is set to 1, power consumption can be reduced, because clock supply to the peripheral functions,
except the real-time clock and 12-bit interval timer, is stopped in STOP mode or HALT mode while subsystem clock is

selected as CPU clock.

In addition, the OSMC register can be used to select the count clock of the real-time clock and 12-bit interval timer.

The OSMC register can be set by an 8-bit memory manipulation instruction.

Reset signal generation clears this register to 00H.

Figure 5-8. Format of Subsystem Clock Supply Mode Control Register (OSMC)

Address: FOOF3H After reset: 00H R/W

Symbol 7 6 5 4 3 2 1 0
OosMC RTCLPC 0 0 WUTMMCKO 0 0 0 0
RTCLPC Setting in STOP mode or HALT mode while subsystem clock is selected as CPU clock
0 Enables supply of subsystem clock to peripheral functions
(See Tables 18-1, 18-2, and 18-3 for peripheral functions whose operations are enabled.)
1 Stops supply of subsystem clock to peripheral functions other than real-time clock and 12-bit
interval timer.
WUTMMCKO Selection of count clock for real-time clock and 12-bit interval timer.
0 Subsystem clock (fsus)
1 Low-speed on-chip oscillator clock (fiL)
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5.3.8 High-speed on-chip oscillator frequency select register (HOCODIV)

The frequency of the high-speed on-chip oscillator which is set by an option byte (000C2H) can be changed by using
high-speed on-chip oscillator frequency select register (HOCODIV). However, the selectable frequency depends on the
FRQSELS3 bit of the option byte (000C2H).

The HOCODIV register can be set by an 8-bit memory manipulation instruction.

Reset signal generation clears this register to the value set by FRQSEL2 to FRQSELO of the option byte (000C2H).

Figure 5-9. Format of High-speed On-chip Oscillator Frequency Select Register (HOCODIV)

Address: FOOA8H  After reset: the value set by FRQSEL2 to FRQSELO of the option byte (000C2H) R/W

Symbol 7 6 5 4 3 2 1 0
HOCODIV 0 0 0 0 0 HOCODIV2 | HOCODIV1 | HOCODIVO
Hocobiva | Hocopivi | HocopIvo High-Speed On-Chip Oscillator Clock Frequency
FRQSELS3 Bitis 0 FRQSELS3 Bit is 1
0 0 0 24 MHz 32 MHz
0 0 1 12 MHz 16 MHz
0 1 0 6 MHz 8 MHz
0 1 1 3 MHz 4 MHz
1 0 0 Setting prohibited 2 MHz
1 0 1 Setting prohibited 1 MHz
Other than aboves Setting prohibited

Cautions 1. When changing the frequency by using the HOCODIV register, specify a
frequency in the voltage range corresponding to the flash operating mode
specified in the option byte (000C2H).

Option Byte (000C2H)
Operatin Operating Voltage
Value Flash Operation Mode P 9 P 9 9
Frequency Range Range
CMODE1 CMODEO

0 0 LV (low-voltage main) mode 1to 4 MHz 161036V

1 0 LS (low-speed main) mode 1to 8 MHz 1.8t03.6V

1 1 HS (high-speed main) mode 1to 16 MHz 24036V
1to 32 MHz 27t036V

2. Change the HOCODIV register value while the high-speed on-chip oscillator clock
(fiv) is selected as the CPU/peripheral hardware clock (fcLk).
3. After the frequency is changed using the HOCODIV register, the new frequency is
applied after the period below has elapsed.
- Operation for up to three clocks at the pre-change frequency
- CPU/peripheral hardware clock wait at the post-change frequency for up to three
clocks
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5.3.9 High-speed on-chip oscillator trimming register (HIOTRM)

This register is used to adjust the accuracy of the high-speed on-chip oscillator.

With self-measurement of the high-speed on-chip oscillator frequency via a timer using high-accuracy external clock
input (timer array unit), and so on, the accuracy can be adjusted.

The HIOTRM register can be set by an 8-bit memory manipulation instruction.

Caution The frequency will vary if the temperature and Vop pin voltage change after accuracy adjustment.
When the temperature and Voo voltage change, accuracy adjustment must be executed regularly or
before the frequency accuracy is required.

Figure 5-10. Format of High-Speed On-Chip Oscillator Trimming Register (HIHOTRM)

Address: FOOAOH After reset: UndefinedV°t® R/W

Symbol 7 6 5 4 3 2 1 0
HIOTRM 0 0 HIOTRM5 | HIOTRM4 | HIOTRM3 | HIOTRM2 | HIOTRM1 | HIOTRMO
HIOTRM5 | HIOTRM4 | HIOTRM3 | HIOTRM2 | HIOTRM1 | HIOTRMO High-speed on-chip
oscillator
0 0 0 0 0 0 Minimum speed
0 0 0 0 0 1 A
0 0 0 0 1 0
0 0 0 0 1 1
0 0 0 1 0 0
o
o
B
1 1 1 1 1 0 v
1 1 1 1 1 1 Maximum speed

Note The value after reset is the value adjusted at shipment.

Remarks 1. The HIOTRM register holds a six-bit value used to adjust the high-speed on-chip oscillator
with an increment of 1 corresponding to an increase of frequency by about 0.05%.
2. For the usage example of the HIOTRM register, see the application note for RL78 MCU
series High-speed On-chip Oscillator (HOCO) Clock Frequency Correction (RO1AN0464).
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5.4 System Clock Oscillator

5.4.1 X1 oscillator

The X1 oscillator oscillates with a crystal resonator or ceramic resonator (1 to 20 MHz) connected to the X1 and X2
pins.

An external clock can also be input. In this case, input the clock signal to the EXCLK pin.

To use the X1 oscillator, set bits 7 and 6 (EXCLK, OSCSEL) of the clock operation mode control register (CMC) as
follows.

o Crystal or ceramic oscillation: EXCLK, OSCSEL =0, 1

e External clock input: EXCLK, OSCSEL =1, 1

When the X1 oscillator is not used, set the input port mode (EXCLK, OSCSEL = 0, 0).

When the pins are not used as input port pins, either, see Table 2-3 Connection of Unused Pins (64-pin products).

Figure 5-11 shows an example of the external circuit of the X1 oscillator.

Figure 5-11. Example of External Circuit of X1 Oscillator

(a) Crystal or ceramic oscillation (b) External clock

Vss

i-—||?x1

X2 External clock ——— | EXCLK

Crystal resonator
or
ceramic resonator

Cautions are listed on the next page.

5.4.2 XT1 oscillator

The XT1 oscillator oscillates with a crystal resonator (32.768 kHz (TYP.)) connected to the XT1 and XT2 pins.

To use the XT1 oscillator, set bit 4 (OSCSELS) of the clock operation mode control register (CMC) to 1.

An external clock can also be input. In this case, input the clock signal to the EXCLKS pin.

To use the XT1 oscillator, set bits 5 and 4 (EXCLKS, OSCSELS) of the clock operation mode control register (CMC) as
follows.

o Crystal or ceramic oscillation: EXCLKS, OSCSELS =0, 1

e External clock input: EXCLKS, OSCSELS =1, 1

When the XT1 oscillator is not used, set the input port mode (EXCLKS, OSCSELS = 0, 0).

When the pins are not used as input port pins, either, see Table 2-3 Connection of Unused Pins (64-pin products).

Figure 5-12 shows an example of the external circuit of the XT1 oscillator.
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Figure 5-12. Example of External Circuit of XT1 Oscillator

(a) Crystal oscillation (b) External clock

Vss

1

1

S
! 32.768

i kHz
1
—_—
! —| #\/\/\ﬁ XT2 External clock EXCLKS

Caution When using the X1 oscillator and XT1 oscillator, wire as follows in the area enclosed by the broken
lines in the Figures 5-11 and 5-12 to avoid an adverse effect from wiring capacitance.

o Keep the wiring length as short as possible.

o Do not cross the wiring with the other signal lines. Do not route the wiring near a signal line
through which a high fluctuating current flows.

o Always make the ground point of the oscillator capacitor the same potential as Vss. Do not
ground the capacitor to a ground pattern through which a high current flows.

¢ Do not fetch signals from the oscillator.

The XT1 oscillator is a circuit with low amplification in order to achieve low-power consumption.

Note the following points when designing the circuit.

e Pins and circuit boards include parasitic capacitance. Therefore, perform oscillation evaluation
using a circuit board to be actually used and confirm that there are no problems.

e Before using the ultra-low power consumption oscillation (AMPHS1, AMPHSO = 1, 0) as the mode
of the XT1 oscillator, evaluate the resonators described in 5.7 Resonator and Oscillator Constants.

e Make the wiring between the XT1 and XT2 pins and the resonators as short as possible, and
minimize the parasitic capacitance and wiring resistance. Note this particularly when the ultra-low
power consumption oscillation (AMPHS1, AMPHSO = 1, 0) is selected.

e Configure the circuit of the circuit board, using material with little wiring resistance.

e Place a ground pattern that has the same potential as Vss as much as possible near the XT1
oscillator.

o Be sure that the signal lines between the XT1 and XT2 pins, and the resonators do not cross with
the other signal lines. Do not route the wiring near a signal line through which a high fluctuating
current flows.

e The impedance between the XT1 and XT2 pins may drop and oscillation may be disturbed due to
moisture absorption of the circuit board in a high-humidity environment or dew condensation on
the board. When using the circuit board in such an environment, take measures to damp-proof
the circuit board, such as by coating.

o When coating the circuit board, use material that does not cause capacitance or leakage between
the XT1 and XT2 pins.
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Figure 5-13 shows examples of incorrect resonator connection.

Figure 5-13. Examples of Incorrect Resonator Connection (1/2)

(a) Too long wiring (b) Crossed signal line
PORT |—
Vss X1 X2 Vss X1 X2
NG
NG
dl T NG
)
((
7 s
(c) The X1 and X2 signal line wires cross. (d) A power supply/GND pattern exists

under the X1 and X2 wires.

Vss X1 X2

Vss X1 X2

Power supply/GND pattern

Note Do not place a power supply/GND pattern under the wiring section (section indicated by a broken line in the
figure) of the X1 and X2 pins and the resonators in a multi-layer board or double-sided board.
Do not configure a layout that will cause capacitance elements and affect the oscillation characteristics.

Remark When using the subsystem clock, replace X1 and X2 with XT1 and XT2, respectively. Also, insert resistors
in series on the XT2 side.
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Figure 5-13. Examples of Incorrect Resonator Connection (2/2)

(e) Wiring near high alternating current (f) Current flowing through ground line of oscillator

(potential at points A, B, and C fluctuates)
Vbo

Pmn

Vs X2

P I:l Ii r— Vs X2
L —_

W PDP
e

S
A . B TC
High current
7 771 M

High current

(g) Signals are fetched

Vs X2

Vo
TN

Q[

Caution When X2 and XT1 are wired in parallel, the crosstalk noise of X2 may increase with XT1, resulting in
malfunctioning.

Remark When using the subsystem clock, replace X1 and X2 with XT1 and XT2, respectively. Also, insert resistors
in series on the XT2 side.
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5.4.3 High-speed on-chip oscillator

The high-speed on-chip oscillator is incorporated in the RL78/G1A. The frequency can be selected from among 32, 24,
16, 12, 8, 6, 4, 3, 2, or 1 MHz by using the option byte (000C2H). Oscillation can be controlled by bit 0 (HIOSTOP) of the
clock operation status control register (CSC). The high-speed on-chip oscillator automatically starts oscillating after reset

release.

5.4.4 Low-speed on-chip oscillator

The low-speed on-chip oscillator is incorporated in the RL78/G1A.

The low-speed on-chip oscillator clock is used only as the watchdog timer, real-time clock, and 12-bit interval timer
clock. The low-speed on-chip oscillator clock cannot be used as the CPU clock.

This clock operates when bit 4 (WDTON) of the option byte (000COH), bit 4 (WUTMMCKO) of the subsystem clock
supply mode control register (OSMC), or both are set to 1.

Unless the watchdog timer is stopped and WUTMMCKO is a value other than zero, oscillation of the low-speed on-chip
oscillator continues. Note that only when the watchdog timer is operating and the WUTMMCKQO bit is 0, oscillation of the
low-speed on-chip oscillator will s