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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/G1G and design and develop application systems and programs for these devices.

The target products are as follows.

* 30-pin: R5F11EAX (x = 8, A)
* 32-pin: R5F11EBx (x = 8, A)
* 44-pin: R5F11EFx (x = 8, A)
This manual is intended to give users an understanding of the functions described in the

Organization below.

The RL78/G1G manual is separated into two parts: this manual and the software edition

(common to the RL78 family).

RL78/G1G
RL78 Family
User’s Manual
User’s Manual
Hardware Software
(This Manual)
* Pin functions * CPU functions
« Internal block functions * Instruction set
* Interrupts  Explanation of each instruction

» 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.
* To gain a general understanding of functions:

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

* How to interpret the register format:

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

+ To know details of the RL78/G1G 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............... XXXX
Hexadecimal....... xXxxXH
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/G1G User’'s Manual Hardware This manual
RL78 Family User's Manual Software R0O1US0015E

Documents Related to Flash Memory Programming (User’s Manual)

Document Name Document No.

PG-FP5 Flash Memory Programmer User's Manual —

RL78, 78K, V850, RX100, RX200, RX600 (Except RX64x), R8C, SH R20UT2923E
Common R20UT2922E
Setup Manual R20UT0930E

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 RO01CP0O003E
Semiconductor Package Mount Manual R50ZZ0003E
Semiconductor Reliability Handbook R51ZZ0001E

Caution The related documents listed above are subject to change without notice. Be sure to use the latest
version of each document when designing.

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

EEPROM is a trademark of Renesas Electronics Corporation.

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

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




CONTENTS

1. L 10 I 0 SO 1
1.1 FRALUIES ...ttt ettt b et et b e b et b et e e b et eb e e bt eb e e et sat e bt e bt e be e et et e eneenee 1
1.2 List Of Part NUIMDETS ....ccviuiiiiiiiitiiiriitctetetct ettt ettt st st ettt ebe st b s see e ebeene b 3
1.3 Pin Configuration (TOP VIEW) ...cc.iccieriiiieiiiiiieieeieeieettet ettt ae st eeaebeesbesteessesessaesaeessessessseseessensanssenes 4

1.3.1 30-PIN PIOAUCES .vvieiiieitieeiieitie et esee et e reeete et e esaeeteestbeeseessaeesbeeseessseensseasseanssesssesnsesnseenssesnseenseesssennen 4
1.3.2 32-PIN PIOAUCES ..utieeiiiieiiirtieie ettt tete st et e st e e e et et e et testeeeteseeseessesseesseessenseesaenseessensenseensesseensesseensensenn 5
1.3.3 AA-PIN PIOAUCES ..evvieeieiieiieitietecteete et et e et ete st estesttebesseesseessessaessesseessesseessesseassesseensessesseessenssensenssensenses 6
1.4 Pin TA@NtIICATION ...eiiiiiiiiieiie ettt bttt et e b et ae st ettt e b et enee e 7
1.5 2] (0 Te2 QB -V 2 4 L PSR P 8
1.5.1 B0-PIN PIOAUCES ...vieeieiieiiiitieie st ete it ete sttt et e et e bt et e eseesbesseeseesseessesseessesseessasseesseeseessesseensesseessesseensessens 8
1.5.2 32-PIN PIOAUCES ..vvieeiiiiieeieeiie et et ettt et e ette et e e st eeteebeeesaeestaessbaesseesseansaeseessseesseesssesnsaenssesnseesseessseenen 9
1.5.3 AA-PIN PTOAUCES ..evvieieetieiieiieie et ete et e et este st e steeteesteeseenseese e seessesseessesseensesseessensaensenseensesseansesssensensenn 10
1.6 OULHNE OF FUNCHIONS ....eiuiiiiiiiitiiiieieetee ettt eb etk be et e et b e bbb sbe st e e e 11

2. PIN FUNCTIONS ...ttt ettt e e st e e e e sttt e e e sns e e e e e essaeeeesanssaeeeesanssaensnnneeeas 13

2.1 POTE FUNCHIOMN .ottt ettt a e bt s et e bt et et e s bt eate bt estenbesbeenneas 13
2.1.1 B0-PIN PIOAUCES ...tieuiitieiiietiete ettt ettt ettt ettt esteetess e e ee s st e eeeseenteeseeneeeneenseeneemeesseessenseeneenseens 14
2.1.2 32-PIN PIOAUCES ...vieiiieiieiiiitieie e sttt et et e st e et et et e steestesseessesseessessaessessaessaessesseessasseessessesseessessenssensenns 16
2.1.3 AA-DIN PTOAUCES 1nvviiniiieiieetieiteeitee sttt eteeetteeteestte ettt eteeesseesteesssaesseesseanseanssesssaenseesssaenseenseensseenseenssensses 18

2.2 Functions Other Than Port PINS ........cooiiiiiiiie et s 20
2.2.1 With functions for €ach ProQUCT .........ccveciiiiiiieiieicceeee ettt re e seeessesneas 20
222 Pins for each product (pins other than Port PINS) ........ccceeeieeriierieeiierieeie et 21

23 Connection of UNUSEA PiNS .......coiiiiiiiiiiiieee ettt sttt ettt seeeneesneas 23

3. CPUARCHITECTURE ...ttt ettt e e e e e e et e e e e e e e e e e e s e e st nneeaneeeeaaeeeesaaanneeees 25

3.1 OVETVIEW .ueuinieiteiteitet ettt ettt ettt et b e eb et h e et ettt et ea b eb b ebe e bt eb e bt s bt e b e e b e s b et b e e bt e bt sbe st e b nbe st et ene 25
3.1.1 Internal program MEMOTY SPACE ......c.cceevverrerrereerrieeerteetesseesesseessesseessesssessessaessesssessesseessesssessesssessens 29
3.1.2 LAY BTy (o) g (< USRS SP 32
3.1.3 Internal data MEMOTIY SPACE ....ccvivieriieiierieeieeteetese ettt eet e et e et este st e saeesaesteessenseenseseensesseensesneensensenn 34
3.14 Special function re@ister (SFR) Qr€a ........ccevvivieriiiiieriicierieeeeste ettt se et ae e ssessaebe e ense e 34
3.1.5 Extended special function register (2nd SFR: 2nd Special Function Register) area ...............ccc....... 34
3.1.6 Data MemMOTY adAIESSING ....eecvieieriieierieiieresterteete e te et et et etesseeste st essesseessenseessasseensessesnnesseennensens 35

32 PrOCESSOT REZISIEIS ..uvievieeiieiiiiieeieieeteste et ettt ettt est e et et e eteesse st e besteesseessessesseesseesaessenseessessesssessesssensens 38
3.2.1 (0703113 (o) 5 023 1 1<) ¢SRS 38
322 GENETal-PUIPOSE TEGISTETS ...eeveeuviiieiietieteeeeteetteteseteteeseesteestesseeseesseeseesseeseessesssensesssensesseensesnsensessen 41
323 ES QNd CS TEZISIEIS ..veuvieiieiieiiieiieiecit et st ete st et e et e b e e teessesteessesseessesseessesssessesssesseessesseessensesssessesssensens 43
324 Special function re@isters (SFRS) ....ooouiiiiiiieii et 44
325 Extended special function registers (2nd SFRs: 2nd Special Function Registers) .........c.ccoccevveeennen. 48

33 Instruction Address AAAIESSING .......cciecierieieiieieiteet ettt ettt te e eaeseebesreesbessaesbeeseessessesssessesssensens 55
33.1 REIAtiVe AdAIESSINE ...oveeuieiieiieiieie ettt et ettt ettt et e s et et e st e eet et et e eseeneeseeneesaeeneenneas 55
332 IMMEdiate adArESSING ....c.eeieriieieiieiest ettt ettt sttt et e sesre et et ae b e ene e teseennesneennenneas 55
333 Table INAITect AdAIESSING .....cvievieiieieriieierieete ettt et et testeesteseeebesteesseesaessesssessesesssessesssensens 56
334 Register direct addreSSING .......eeveiuieiiirieieie ettt ettt sttt sae et sttt et et e s et eneeeseeneesaeenneenean 56

34 Addressing for Processing Data AAAIESSES .........coeveiririiirinininesentereeetee ettt 57
34.1 IMPLEd AAATESSING ....ovveeiiiiieiiieiieieee ettt ettt teeseesbeeseesaeesbesseesbesaessesseessesseansesseessesseas 57



342 REGIStEr AdAIESSINEG ...euvieuieniieiieiieieet ettt s b et ettt et e bt et bt e bt saeenbeebeenteas 57

343 DIrECt AAAIESSINE ..eouvevieiieiieieeiieie et este et e et e et et et te e ete e st eseesseeseesseensesseessenseensesseeneansesnsessessnensens 58
344 Short dir€Ct AAAIESSING ....vvevviriieiieiietieieie ettt ettt e et e et e s e eseesseeseessessaesseessesseessensessaesseessensenses 59
345 SFR AAATESSINE ...eveentieiieiieiiet ettt sttt sttt b e et e st eb e bt e st e seeestesbeemtesbeebeenbeeaeeneeeneeneesee 60
34.6 Register indireCt AddIESSING .......eeverueriieiiieiesieeieeeet ettt ettt ete st e te st e seesbesseensesseeneesseensessean 61
34.7 BaSed addrESSING ......vecvieiiiiieiieiieie ettt ettt ettt ettt et s aa e beere e b et aebeeseensesseenaesaeensenreen 62
348 Based indeXed addreSSING .......cccveiiierieeieeiiecie ettt e sre ettt e et e et st e e steeetae et e e saennaeenbeennneennas 65
349 StACK AAAIESSING ..vvevieiieiieietiee ettt ettt e et e e et e st e ese e seeseesseesaesseensesseessenseeneenseeneanseenes 66
PORT FUNGCTIONS ...ttt ettt e sttt e e e sttt e e e s sttt e e e s e nbeeee e e nnsaeeeeanssneeeennnneeas 69

4.1 POTt FUNCLIONS ..ottt ettt ettt be sttt s b se e e ennentene 69
4.2 POTt CONTIGUIATION ...iiviiieiiiiiie ettt ettt et et e e aeete e s teeteesseeesbaesseessbeesssaasseeseesssesnseensseensenseens 69
4.2.1 o0 A RSOSSN 70
422 POTE 1 ettt b e h bbbttt ae et et sh e bt b e ne e entene 73
423 POTE 2 ettt ettt ettt a et a bt bt h et e he e Reehe ket et et enteneeneeaeeaeebeebeasententans 83
4.2.4 o0} 4 RO 85
4.2.5 POTE 4 ettt ettt h bbb e ettt a et eh et be sttt entene 88
4.2.6 POTt S e et et h et b et h et e h e et b et ehe e bt e bt e beebeenneas 91
4.2.7 o) A RSOOSR 94
428 POTE 7 ettt bbb bbb a ettt atea e bt sh et be st et et ene 96
429 o0} 4 OSSO U RO RSOOSRt 98
o L o) o A 1 ST 102
20T POTE T4 ottt et e et a e e bbbt bt et e bt e et eh e bt be et ee e nee 103
4.3 Registers Controlling Port FUNCLION .........ccuiiiiieiiiiieeiieieeceee ettt a e 106
4.3.1 Port mode 1egiSters (PIMXX) ...occuioiiieiieie ettt ettt ettt et see et et st ene et e e enes 109
432 POTt TEZISEEIS (PXX) uviviitieiiiiieiietieie sttt ettt ettt e et e eseesaeeseesaeessesseessessaensaessessenssensenssensenns 110
433 Pull-up resistor option re@iSters (PUXX) ....ccceccieiiierieeiiieiiesieeseesteesteeseesereesteessseeseessaessseessessseenes 111
434 Port input mode registers (PIMXX) ....ccuieieriiierieieie ettt s 112
4.3.5 Port output mode re@isters (POMEXX) ....ccviiierieiiieriiiieieeieieeeeeieeeesseessessesseessesssesseessessesssessaessesseeses 113
4.3.6 Port mode control registers 0, 12, 14 (PIMOCXX) ..vieiieivieeriieiieeiieesieeieesieesveeseesveeseessaeeseesssessesnes 114
437 A/D port configuration register (ADPC) .....ccoooiiiiiiiieeee e 115
4.3.8 Peripheral 1/0 redirection register 1 (PIOR1) .....ccovieiiiiiiieieiiceee et e 116
4.4 POt FUNCLION OPETALIONS ..evvieieieeiieitieeieeitiesteertee sttt eieeettesteessaeesseeteessseeseessseeseessesssessseesseesnseesseesnses 117
441 WIIHNG £0 /O POTL ettt ettt e et ettt e sae st e ent e se e e saeenes 117
442 Reading from I/O POt ...c.vecvieiiiiieieie ettt ettt ettt saeesa e b e seesbeesbe b e esseseeseensenssensenns 117
443 OPETations ON /O POTE ..eeeuviiiiiieiieiieeieeette sttt ettt e ette et estte e bt e baeebe e taessbaeseessseenseesseesseesssesnseees 117
444 Handling different potential (2.5 V, 3 V) by using I/O buffers .........cccccoveeriiiiiiininiieeeeee 118
4.5 Register Setting for Used Port and Alternate FUNCHONS .........ccevieriirieiiieierieeieie e 121
4.6 Cautions When Using Port FUNCHON ......occviiiiiiiiiiiiieceeee ettt et sne e s 128
4.6.1 Cautions on 1-bit manipulation instruction for port register n (Pn) .........ccoooeviiieiiniienineeene, 128
4.6.2 Notes on Specifying the Pinl SELHNES ....c.ccveierierieriiiieie ettt be e eaesaessesseesseessesseesseseens 129
CLOCK GENERATOR ..ottt ittt ettt e e sttt e e e e sat e e e e e sttt e e e e enbbee e e e eannbeeaeesannaeeeeenees 131

5.1 Functions of ClOCK GENEIALOT ........cc.eoueieiiriiriiiiieietet ettt ettt ettt et et be s s 131
5.2 Configuration Of ClOCK GENETALOT ......ccuiiuieuiiiiieierti ettt ettt et seesaeese et eteeneeneeene 133
53 Registers Controlling CloCk GENEIALOL ..........cceeuiriieiieniieierieie st ettt ettt estesteeeesseenee e e e enseseens 135
5.3.1 Clock operation mode control re@ister (CMO) .....ccveviiriiiieiieiesieeiecie ettt seesaesseesesnees 136
532 System clock control re@ister (CKOC) .....ooiiiiiiiiieieieeee et 137
533 Clock operation status control re@iSter (CSC) ....c.iviiririiriiieriirieie sttt nse e 138



53.4 Oscillation stabilization time counter status register (OSTC) .....ccooveviiiiiiiiiniiiee e 139
535 Oscillation stabilization time select reg@ister (OSTS) ...ocveveriererieie et 141
5.3.6 Peripheral enable registers 0, I (PERO, PER1) ....cccccooiiiiiiiieiiiieeeceeee e 143
5.3.7 Operation speed mode control register (OSMO) ......ooveiiiiiiiieiiniee e 146
5.3.8 High-speed on-chip oscillator frequency select register (HOCODIV) ....c.coeeevevirienenieeeieeeeee, 147
5.3.9 High-speed on-chip oscillator trimming register (HIOTRM) .......cccovevviviiiieniieieiieieceeeeeeeeee 148
5.4 SYSEM ClOCK OSCIIALOT ....viiuvieieiieiieitiieie ettt eete ettt et e seae e e e s aeesbeebeessseesseesssesssesnseessseeseenes 149
5.4.1 XTI OSCIIALOT ..c.eteeitetet ettt ettt et et eb e bbbttt b e s bttt e st ebeeb e besbenbeebenbeneens 149
5.4.2 High-speed on-chip 0SCIIALOT ........ccuiiieiiieieiecieie ettt ettt ees e saessesseens 152
543 Low-speed on-Chip OSCIIIALOT .......cccvieiiieiiieiiecie ettt ettt e e be e s treebeesaesbeeseneenseenes 152
5.5 Clock GEnerator OPEIATION ..........cceeeereertieieerieeriesteetesseeseesseessesseassessesssesseessessesssesesssessesssessensessensesnes 153
5.6 CONIOING CLOCK ...iviiiiiieieiicieiectete ettt ettt ettt et s e st e b e ete e s e esaessesssessessaessenseessansaessenseanes 155
5.6.1 Example of setting high-speed on-chip 0SCIlator ........c.cccveiiieiiieriiiieiece e 155
5.6.2 Example of setting X1 0sCillation ClOCK .........cccieviiriiiiiieiecieiecee e 157
5.6.3 CPU clock status transition dia@ram ...........ceecveerierieriiereerieeiesieesesseesesseesesseessessesssessesssessesssessessesses 159
5.6.4 Condition before changing CPU clock and processing after changing CPU clock ...........ccceeueennene. 163
5.6.5 Time required for switchover of CPU clock and main system clock .........cccccoevveviinienincieneeiene, 164
5.6.6 Conditions before clock oscillation is StOPPEd .....c.eecvervieveriiiieriieieieeiee et 164
5.7 Resonator and Oscillator CONSTANTS ........coueerieriiriiriieieie ettt st aees 165
6. TIMER ARRAY UNIT ittt ettt e e e e e e e e e e e e et e e e e eaaaeeeeaa e nnnnnnnnneaeeeas 167
6.1 Functions of TIMer Array UNIE ......ccooieiiiieiiiieeeee ettt ettt see et e e e enennens 169
6.1.1 Independent channel operation fUNCION ..........cceccvevieierieiiiieiece et ees 169
6.1.2 Simultaneous channel operation fUNCLION .........c..ccveeviiriiieiiiieiie et eve e 170
6.1.3 8-bit timer operation function (channels 1 and 3 only) .......cccoccoriiiiiiiiiiiee e, 171
6.2 Configuration of TIMer Array UNIt ......c.cccoevveviiicieniiiieiiieete ettt ae e eaesteessesseessesseessenseess 172
6.2.1 Timer count register MmN (TCRIMN) ...cccooiiiiiiiiiiiiiiierieeeeee ettt s eeseeeseaeebeesaeesee e 176
6.2.2 Timer data register mn (TDRMN) .....ooooiiiiiii e 178
6.3 Registers Controlling Timer Array UNIt .........cccceoviviieriirieriieieiieeesie et sie st sre st seesseesaessesseesaessansnens 179
6.3.1 Peripheral enable register 0 (PERO) ......occuviiiieiieeiiecieeeecee ettt s sbeenveesee e 180
6.3.2 Timer clock select register M (TPSM) .....ccoooiiiiiiei e 181
633 Timer mode register mn (TIMRIMN) ......cccooviiiiiiniiiiiieeieeeee e ese e 184
6.3.4 Timer status register MmN (TSRIMMN) ...c.coociiiiiiiiieiie ettt e saeesae e teesbeesee e 189
6.3.5 Timer channel enable status register m (TEM) ......cccooiiiiiiiiiiieeee e 190
6.3.6 Timer channel start register M (TSIM) ...cc.ivvierieiieieiieeei et b e s ees 191
6.3.7 Timer channel stop reg@ister M (TTIM) ..ccceeiiiiiieiieieceeece e e s e beesaaeeseenes 193
6.3.8 Timer input select re@ister 0 (TIS0) ..oooveruieiiiiee e 194
6.3.9 Timer output enable register M (TOEM) ....coccvevviiiiiiiiieiecieiceeet e 195
6.3.10  Timer output reZiSter M (TOM) ...ccviiiiiiiiieiieeie ettt steesaeebeesabeebeesesessseenseenes 196
6.3.11  Timer output level register M (TOLM) ......coooueiiiiiiieieeee et 197
6.3.12  Timer output mode register M (TOMIM) ......cccecvirieriieieieeierte et ete st ete e seereere b steeeeeseessesaeseees 198
6.3.13  Noise filter enable register I (NFENT) ....ccciiiiiiiiiiieie ettt ettt s va e 199
6.3.14  Port mode registers 0, 1, 3 (PMO, PM1, PM3) ..o 200
6.4 Basic Rules of TImer Array URIE ........cccoviicieriiiieiiiieieeeeteeteete e estesteeaesreessesseessesseessessesssessessnessensaens 201
6.4.1 Basic rules of simultaneous channel operation fUnNCtion .........cccccocceeriierieeiiienee e 201
6.4.2 Basic rules of 8-bit timer operation function (channels 1 and 3 only) .........ccccoovieiiiiiiiiinieeee 203
6.5 Operation TIMING Of COUNTET ......eccvirvieiiiitieieriieie st ete st et ettt e sttt e eteesbeeseesseeseessesseessesssessesssessesssesanes 204
6.5.1 CoUNE CLOCK (FTCLK) 1.uvviiitiieiiieitie et esteesieesteeeteeteeeteeteestteeseessaeesseessseenseesssaenseessseenseessseenseesssensseens 204
6.5.2 Start tiMING OF COUNLET ......eiitiiiiitieiit ettt ettt ettt et se e nee s se e tesaeenteeseeneeneeeneeeeenees 206



6.5.3 OPETAtION OF COUNLET ..e.uviiiiiiiiiiieiiieieestte et erte ettt e ette e teeseaeeste e ebeebeessaesssaeseessseenseesseeseesssennseens 207
6.6 Channel Output (TOMN Pin) CONIOL ....oocvieuieiieieiieieieeeese ettt se e se s ensesseeneenaeens 212
6.6.1 TOmn pin output circuit CONTIGUIATION .....cveeieeieiiiieieeieieee ettt e s e e enseeseens 212
6.6.2 TOMN PIN OULPUL SETENE ...eeiniitieiiiiieieetete ettt ettt ettt ettt bt et ea et e e naeenee 213
6.6.3 Cautions on channel OULPUL OPETATION .......ceecveeuierieriieiieriieieiteterteeeeete e seeseeesseseessesseenseeseensenseens 214
6.6.4 Collective manipulation of TOMN DIt ........ceccveriiiieriiiiiiiiieiieiet et ees 219
6.6.5 Timer interrupt and TOmn pin output at OPEration SLATT ..........cccueeceerveeririerieeiieeneesieerreeseeesreesseenes 220
6.7 Timer Input (TIMN) CONLIOL .....ocviieiiieiieiieit ettt sttt e e e eseseessessaesesssenseensenseens 221
6.7.1 TImn input Circuit CONTIGUIATION ...ocvieeiiiieeieieiieieete ettt ete et et eeesreesbeseebesbeesseesaesseeseessenssessennns 221
6.7.2 INOISE TIIERT ..ttt b et ettt e ae e s bt e bt st e b e s stenbeeneenteas 221
6.7.3 Cautions on channel iINPUt OPETALION ......c.eeeeruieieriieieriieiesieeteieetteieeeeee st esesseeseseeensesseesensesseenes 222
6.8 Independent Channel Operation Function of Timer Array Unit .........ccocveeverieeienierieneerieseeie e 223
6.8.1 Operation as interval timer/square Wave OULPUL ........ccceeeveerveeerieerieniueenieeesteeseesseesseesseesseessseesseenes 223
6.8.2 Operation as eXternal EVENT COUNTET .......ccuiruierierieriereieriesteetesseetesteeaesseeseesseeseesseensessesssesesneensenseenes 228
6.8.3 Operation as frequency divider (channel 0 of unit 0 ONly) ......ccoecvevircieiiiecierieieeeee e 232
6.8.4 Operation as input pulse interval MEASUTSIMENT ..........eccueerierrieriiierieesieereesreeseesreesseesseesseesseessaenes 236
6.8.5 Operation as input signal high-/low-level width measurement ..............ccccceevevieniecinieneeeeeenee. 240
6.8.6 Operation s dClAY COUNTET ......ciecieriiiciiriieierieeie st etete et et eeerebe et esseeseesseeseesbeesaesseessessesssessenssensennes 244
6.9 Simultaneous Channel Operation Function of Timer Array Unit ..........ccceveviiriierieeiienieeieeee e 248
6.9.1 Operation as one-shot pulse output fUNCLION .........cccceriecieriiiereeieeeee e e 248
6.9.2 Operation a8 PWM fUNCHON ......oociiiiiiiiiiicierieeie ettt eesseseesseseees 255
693 Operation as multiple PWM output fUnction ............ccooceeoiiiiiiiiiiieeeiececee e 262
6.10 Cautions When Using Timer Array Uit ........ccoocerieeiiniriieiesieieeieie et seese e ense e ee e e 270
6.10.1  Cautions When USING tIMET OULPUL ....c.evveeieriiriieiesierierteeteseetesteesesteessesseessesseessesseessesseessesseessessees 270
7. TIMER RU ettt et e e e e e e e e e e e e bttt e e e e e e e e e e e e e e nrnbeeaaaaeeeeaaan 271
7.1 Functions of TIMer R ..ottt st 271
7.2 Configuration of TImMer RJ ......ooiiiiii et s 272
7.3 REZISEEIS .viiuiiitieiieieti ettt ettt e ettt et e et et e e te et e eteeseesaesseeseebeessesseessasseessenseessesseessesseessesssensessnessensaans 273
7.3.1 Peripheral enable register 1 (PERL) ..cccuiiiiiiiiieiiiiececeece ettt sttt s nee e 274
7.3.2 Operation speed mode control register (OSMO) ......ooiiiuieiirieiiri e 275
733 Timer RJ counter register 0 (TRJI0) ....coeciirieiiieieiiciee ettt 276
7.3.4 Timer RJ control register O (TRICRO) .....oovuiiiiieiiiiiecieeiiece ettt seae et esaaeese e 277
7.3.5 Timer RJ I/O control register 0 (TRIIOCO) ......ooeiiiiiiiiiieece et 279
7.3.6 Timer RJ mode register 0 (TRIMRO) ...ccooiiiieiiiieiiceeeceeeee ettt ees 281
7.3.7 Timer RJ event pin select register 0 (TRIISRO) ....cccvieviieriiiiieeieeieeee ettt 282
73.8 Port mode registers 0, 3,4, 5 (PMO, PM3, PM4, PMS5) ..o 283
7.4 OPCTALION ...vvieieniiiiieieeiteteetteste et eteeteebeeseesseestesesstessesssesseessesseessasseassesseessenseaseesseessessaassanseassansenssensenses 284
7.4.1 Reload register and counter reWrite OPETATION .......ccveevueeruieerieeriieeiieseeereesteesaeesseeseeeseesseesseesseeses 284
7.4.2 TIMET INOAE ..evieiieiiieeeet ettt ettt e et e st e et e bt e seve e beesebeessaessseesseessseessaesssaasseesseesssansseesseessseesenns 285
7.4.3 PUISE OULPUE INOAE ..ottt ettt sb e e se e b e e e e sbeesbesseessesseessensenssensenns 286
7.4.4 EVeNnt COUNTET MOGE .....ouiiiiiiiiiieiiee ettt sttt sbe et bt et b eb et et eaeeee 287
7.4.5 Pulse width measurement MOAE ..........ccceeeeiiiiiieiiieiiecie ettt b et esreebeessaeebeeseseenseenes 288
7.4.6 Pulse period measurement MOAE ..........ccevvieierieiieiiieienieie ettt eae e sae et seeteesseesseseens 289
7.4.7 Coordination with event link controller (ELC) .......cccccoiiiiiiiiriiiiiieie ettt 290
7.4.8 Output settings for aCh MOAE .......c.oiuiiiiiieeiee ettt s 290
7.5 NOtes 0N TIMET RJ ..ottt b ettt ettt s et ebe b i 291
7.5.1 Count operation start and StOP CONLIOL .....ccuveeiiiiiiiiiieiieiiieeeete ettt ebeesaeesbeeseaeenseenes 291
7.5.2 Access to flags (bits TEDGF and TUNDF in TRICRO regiSter) .........cceeereenerienienienieeeieeeeeeeenes 291



7.5.3 ACCESS TO COUNLET TEZISTET ..veeuviereierrierieesriesteesteeteeseteeseesseeasseesseessseesseessseassaessessssessseenseesseesssesssessns 291
7.5.4 When changing MOGE ........cceoiiiiiiiiieie ettt et st sre e e s eeetesseesseeseesesseennensesnnas 2901
7.5.5 Procedure for setting pins TRJOO and TRIIOO .........cccocieiiiieciiiieie et 292
7.5.6 When timer RJ 18 DOt USEA .....ooiiiiiiiiiiee e et s 292
7.5.7 When timer RJ operating clock iS StOPPEd ......ccvveiirieiiiriieieiieie e e e 292
7.5.8 Procedure for setting STOP mode (event counter Mode) .........cceeceeeriervireerierieerienieiesreereseeseeseenns 292
7.5.9 Functional restriction in STOP mode (event counter mode only) ......cccccceevvervieeniienieeiiienieeieenieenns 293
7.5.10  When count is forcibly stopped by TSTOP Dit .....ccceevieririieiieiecieieeeee e 293
T B R B ¥ 1 1 5 1 L1 OO U R TRRRUURTRSURI 293
7.5.12  When selecting fIL @S COUNE SOUICE ......ccvierueeruieiiieniieeieentieesteesteesseesseessseesseesssessseesssessseesssesssessseenns 293
8. I L S 294
8.1 Functions of TIMET RD .....ccuiiiiiiiiiiie sttt ettt ettt e et e sta e e beeabaesrbeesaeesseesnsaensaennnas 294
8.2 Configuration of TIMEr RD .......coooiiiiiiiiieiee ettt ettt s ess et e nsesseenes 295
8.3 REGISTETS .uviiiiieiieitie ettt e st e ettt e st e ete e st eesbeesteessbeeseeasseensaeaseeanseesssaenseessseensaensaesnsaenseessseenseenssennses 296
8.3.1 Peripheral enable register 1 (PERL) ...oc.ooiiiiiiee e 297
8.3.2 Timer RD ELC register (TRDELC) .....ooiiiiiieiicieieceeeeteeeet sttt ene s 298
8.3.3 Timer RD start register (TRDSTR) ....oieiiiiiiieiieii ettt ettt te et sbeebeessveeseesee e 299
8.3.4 Timer RD mode register (TRDMR) .....ocouiiiiiiiieeieee e e 300
8.3.5 Timer RD PWM function select register (TRDPMR) ......ocoeiiiiiiinieieiceeeeeee e 301
8.3.6 Timer RD function control register (TRDFCR) .....cccccciiiiiiiiiieiieiieeeeeeeeee et 302
8.3.7 Timer RD output master enable register 1 (TRDOERIT) .....ccoocoiiiiiiiiiieieeee e 304
8.3.8 Timer RD output master enable register 2 (TRDOER2) .......cccccvvciiviiiieniiiieneceeieeeere e 305
8.3.9 Timer RD output control register (TRDOCR) ........ccvevieeiiieiiecieeieeieeieerteeie et 306
8.3.10  Timer RD digital filter function select register i (TRDDFi1) 1=00r 1) ..ccccooeriiinininnieienieeenen, 310
8.3.11  Timer RD control register i (TRDCRI) (1 =0 0 1) ..occieviiiiiiieiieieeeeie et 312
8.3.12  Timer RD I/O control register Ai (TRDIORA1) (1= 007 1) .oeecuiiiiieiieiiieieerie e 317
8.3.13  Timer RD I/O control register Ci (TRDIORC1) (i =001 1) .coocieiiiiiiiiiieeieeeeeeeeee e, 319
8.3.14  Timer RD status register 0 (TRDSRO) .....ccoooviriieiiieieriiiieie sttt ere e sseesaesneenseseees 321
8.3.15  Timer RD status register I (TRDSRI) c...oooiieiiiiieeiecie ettt seaeene e 325
8.3.16  Timer RD interrupt enable register i (TRDIER1D) (1 =001 1) .ooceiiiieiiiieeieeeeeee e, 329
8.3.17  Timer RD PWM function output level control register i (TRDPOCRi) (i=00r1) ...cccceevrrrnnenen. 329
8.3.18  Timer RD counter i (TRD1) (1 =0 OF 1) ueooiiiiieiieeiieieeeee ettt et sve et ae et seaeeneenes 330
8.3.19  Timer RD general registers Ai, Bi, Ci, and Di
(TRDGRAI, TRDGRBIi, TRDGRCi, TRDGRDIi) (1 =0 0T 1) .ceeciitiriiiiiiieieieieeeeeee e 331
8.3.20  Port mode re@ister 1 (PIM1) ...occooiiiiiiiiieiieieie ettt ettt sttt sa et et ebesseeneeseennas 341
8.4 Ttems Common to MUILIPIE MOAES .....ceevviiiiiiiieeiieiie ettt ettt e e e e e beestaesebaessaeennes 342
8.4.1 COUNE SOUICES ...uuvieeeiiiieeiiieeiteeeetteeetteeettee e tee e steeessseeeassseeansseeannseeasseesassaeesnssesansseesnsseesnseeassseennnes 342
8.4.2 BUTTET OPEIALION ...ecviiiiiiiiiieiietieteeit ettt ettt e te e b e te e s e eseesseeseessesseessesssessesseesseseensenseenns 343
8.4.3 SYNCHIONOUS OPETALION ....eeuiiiiieiiieiieeiiecte e estee et etee st esteeere e teessaeebeessbeesseesssesseesseesseesnseesseesnses 346
8.4.4 Pulse Output Forced Cutoff ..........oooiiiii e e 347
8.4.5 Event Input from Event Link Controller (ELC) ......ccccveieviieieriieiene et 350
8.4.6 Event Output to Event Link Controller (ELC) ......cccviioiieiiiiiiieiiesie ettt eae e 350
8.5 TiMeEr RD OPEIATION ...ecuiiiieiieiieiiit ettt ettt ettt ettt st e st e b e e st e tees e eeeneesaeseeneenneeneansens 351
8.5.1 INPUL CAPLULE FUNCLION ..ovviiiiiiieiieiiecii ettt ettt et et e este e e e sreessesseessesseesaesseessensenns 351
8.5.2 OUtput COMPATE TUNCHION ..eiivvieiiiieiieiieeieeiee et et e st e e rte et te st e eteestae e eeeeaaeesbeesssessseesaesssessseesssessennes 356
8.5.3 PWM TUNCHON Lttt ettt ette et e it e et e s b e esbeestb e e teeesseesbaesaeesseessesssaesseesssesnseenes 362
8.54 Reset synchronous PWIM MOAE ......c.cocvivieiiiieniiiieiiceeie ettt se e sse s sesssessesseens 367
8.5.5 Complementary PWIM MOGE .......ccveiciieiiieiiieiieiieciteieeste et ste st eseeeveesteesaeeteessbesssaessnesnsesnseenns 371



8.5.6 PWMB IMNOAE ..ottt e ettt e e e et e e e e eaaa e e e e e seaaeeeessennsareeessennnaaeeeeans 376

8.6 Timer RD INEEITUPL ..o.veeiiiiieiieiieec ettt ettt et st e e e sa et eeseenseesaensesseenaensesnsensesnsensenns 380
8.7 NOtes 0N TIMET RD ..ottt sttt sttt et b bbbt be e 382
8.7.1 SFR T@AA/WITEE ACCESS ...eeuviuientieiieiiiiterte ettt ettt et et et st este bt etesatesbesbe e bt es e enbeebee bt eseesaeeneesbeeneenaean 382
8.7.2 MOAE SWILCHINE ....eeiieiieiieie ettt ettt ettt et et e et e st e st e et e enseeseeseesseensesseenseseensensennsenseanes 383
873 COUNE SOUTCE ..nveerenieeiteiieiteete ettt ettt et sttt s bttt sh et sb e et eb e et ebtenaeebt e bt eatesbeebb e bt ebe et e sbeenteebeeneeenee 383
8.7.4 INPUL CAPLUTE TUNCLION ...eiviieiiieiieiie ettt ettt et s e et e st e eabeesbaessbeeseesssasssasnseesssaenseenes 383
8.7.5 Procedure for setting pins TRDIOAi, TRDIOBi, TRDIOCi, and TRDIODi (i=0or 1) ................. 384
8.7.6 External clock TRIDCLK .....oouiiiiiiieieiieeeiset ettt sttt sttt b s s 384
8.7.7 Reset synchronotus PWIM MOAE .......oocieiiiiiieiieiieeteeeeee ettt te et sveete e s etaesaesnsaesseensee e 384
8.7.8 Complementary PWIM MOAE ......ccooouiiiiriieierieeie sttt ettt s sseensesseeneeseens 385
9. 12-BIT INTERVAL TIMER ...ttt ee e e 389
9.1 Functions of 12-bit Interval TIMET .......ccccceiiiiiirininiiectetee et 389
9.2 Configuration of 12-bit INterVal TIMET .......cccveiiieiiieiieeiieie sttt ettt saeeveestaeebeeteesebeesseesasees 389
9.3 Registers Controlling 12-bit Interval TIMET ..........ccceoiiiiriiierieere et 390
9.3.1 Peripheral enable register 1 (PERL) ...ocoooiiiiiieieeee e 390
9.3.2 Operation speed mode control re@iSter (OSMO) ...cviiivieiiiiiiieieerieee ettt sre et eseaeebe e 391
9.3.3 12-bit interval timer control register (ITMOC) .....coooiiiiiiiiiereee e 392
9.4 12-bit Interval TImMer OPEratiON ..........ccceecerierieriieiieieieeteesteseesteseesesseessesseensesseessesseessessesssessesssensenns 393
94.1 12-bit interval timer OPeration tIMING .......c.ccceereeriiierieeieeeteeste et eseeeteesteesveeseesereesseesseesnsessseesnses 393
9.4.2 Start of count operation and re-enter to HALT/STOP mode after returned from
HALT/STOP MOAE ....eitieiieeeeeieeeeeeettett ettt sttt e st et et eseeseeseeseeseesessensensenseneeneesesn 394
10. CLOCK OUTPUT/BUZZER OUTPUT CONTROLLER ....ooiiiiiiiieieeeeeeeee e 395
10.1 Functions of Clock Output/Buzzer Output CONtroller ..........cccevvveririeriieienieiereeree e 395
10.2 Configuration of Clock Output/Buzzer Output CONtroller .........cocvvevveriveciiriiierieie e 396
10.3 Registers Controlling Clock Output/Buzzer Output Controller ...........ccoooeeieiirieiineriiere e 396
10.3.1  Clock output select registers 1 (CKSN) .....ccuevierieiiieieriieieeieieee e eee s 396
10.3.2  Registers controlling port functions of pins to be used for clock or buzzer output ...........ccoevueneee. 398
10.4 Operations of Clock Output/Buzzer Output Controller ...........occoccivieriiiiniiieiieeeee e 399
10.4.1  Operation as OULPUL DI ....ecveerueeeieierieieeeeeieseeseesseeseesseesesseessenseeseesseessesseessessesssesesssessesseensesssensesnes 399
10.5 Cautions of Clock Output/Buzzer Output COntroller ..........ccoccvevveriiecienieienieieseeie e 399
11, WATCHDOG TIMER ...ttt ettt e e ettt e e e ettt e e e s sttt e ee e e sntaeeaeeeantaeeeesasseeeesannes 400
1.1 Functions of Watchdog TIMET .....c..coouiiiiiiiiiiieieeee ettt st 400
11.2 Configuration of WatChdOg TIMET ........c.ooiuiiiiiiiiiiee ettt s 401
11.3 Register Controlling Watchdog TIMET ........c.ccceeieriiiieriieieiieiete ettt seesae et te e s e eseereessesseesaesensnens 402
11.3.1  Watchdog timer enable register (WDTE) ......ccciiiiiiiieiieieceetee ettt s 402
11.4 Operation of WatChdOg TIMET .........oiuiiiiiieieie ettt e st et sae s e saeeneesneeneenens 403
11.4.1  Controlling operation of WatChdOg tIMET ..........cceevvieieriiiieiiiieie e eee 403
11.4.2  Setting overflow time of WatChdOg tIMET .........cccueeiiiieiieiiieiieeieree et saeeae e 404
11.43  Setting window open period of wWatchdOg tIMET .........c.oecieiiieieiieiiere e 405
11.4.4  Setting watchdog timer interval INTEITUPE ......c.cccveverrieieriieiieiieiere et ete e be st beere s essenseees 407
12, AID CONVERTER ...ttt ettt e e ettt e e e e ettt e e e e e eat e e e e e s antae e e e e snsbeeeeeesnseeeeennnees 408
12.1 FUNCLION Of A/D CONVEITET ...icvvivieiieiieeieiieiesteeeteteetesteeeeesaeestessesssessesssessesssessesssessesseessesssessessesssenseens 408
12.2 Configuration Of A/D CONVETLET ......c.eeruirierieitieieiteete st ete ettt e sttt et ree et etesseeeesteenteeseeseeseenseeneeneeenes 411

Index - 6



123 Registers Controlling A/D CONVETLET .........ccuiriiriiriieiirtieiesieetesteeiesteeteetee e eiee et seesbeseenbeseeesbesneenaeens 413

12.3.1  Peripheral enable register 0 (PERO) .......ccocceiiiiiiiieieiiee et 414
12.3.2  A/D converter mode register 0 (ADMO) ......cccoouieiisiieieeiieieeeete ettt sre e esa st s e eseeseees 415
12.3.3  A/D converter mode re@ister 1 (ADMI) ...cciiviirieiiieeieeiiece ettt et seae e e seaeeae e 424
12.3.4  A/D converter mode re@iSter 2 (ADM2) ......ooeiuiriieiiieieeieieeet ettt sttt ees 425
12.3.5  10-bit A/D conversion result register (ADCR) ......cccoecverieiieieiiieee et ees 428
12.3.6  8-bit A/D conversion result register (ADCRH) ......ccoociieiiiiiiieiieiiceeee et 428
12.3.7  Analog input channel specification register (ADS) ......cccceeieiiiriieririeeree e 429
12.3.8  Conversion result comparison upper limit setting register (ADUL) ......cccoocveviirircierencieiecieieeeenn, 431
12.3.9  Conversion result comparison lower limit setting register (ADLL) .......cccoovvevieeiienieeienieeieeieens 431
12.3.10  A/D test re@ister (ADTES) ..uoioiiieieeet ettt ettt st e ese et e ensenseeees 432
12.3.11 Registers controlling port function of analog INPUL PINS ......ceeveirieriiiieniiiieie et 433
12.4 A/D Converter Conversion OPETAtIONS .........cceeeueerrieriieerieereeeieesieesreesseeseesseesseesssessseesseessseesssessessnses 434
12.5 Input Voltage and Conversion RESUILS ..........ccceriiieiiiiiiiiieeceese et s eeaens 436
12.6 A/D Converter Operation MOUES .........cccevivieriieieriieienieeeesteetestesaesessaessesssessesssessesseessesssessessesssensenes 437
12.6.1  Software trigger mode (select mode, sequential conversion Mode) ..........ccceeeveerierieecieeneeesieeneenns 437
12.6.2  Software trigger mode (select mode, one-shot conversion Mode) ..........cceccvevereerienienieeiereeeieeenes 438
12.6.3  Software trigger mode (scan mode, sequential conversion MOde) ..........cceeveveerrerceerierierieeeesieeneenns 439
12.6.4  Software trigger mode (scan mode, one-shot cONVersion Mode) ........cceecveerveereeriieerieeireeneeeiveenieenns 440
12.6.5 Hardware trigger no-wait mode (select mode, sequential conversion mode) ..........ccoecvereerevervenncnne 441
12.6.6  Hardware trigger no-wait mode (select mode, one-shot conversion mode) ..........cccoceeverveererreennnn. 442
12.6.7  Hardware trigger no-wait mode (scan mode, sequential conversion mode) ..........cccoceeevereerveneencnne 443
12.6.8  Hardware trigger no-wait mode (scan mode, one-shot conversion mode) ............ccoecevverierverieenenne 444
12.6.9  Hardware trigger wait mode (select mode, sequential conversion mode) ..........ccoccevververienerervennenne 445
12.6.10 Hardware trigger wait mode (select mode, one-shot conversion mode) ..........cocceveeveeierieneeienennne 446
12.6.11 Hardware trigger wait mode (scan mode, sequential conversion Mode) ......c..c..cecevereeveveeeerennenn 447
12.6.12 Hardware trigger wait mode (scan mode, one-shot conversion mode) ..........ccccevverrerieecienreecvennenne. 448
12.7 A/D Converter Setup FIOWCRATT .......oooeiiiieiiieee e s 449
12.7.1  Setting up sOftware trig@er MOAE ...........ccerieriirieiirieie ettt beste s e eneenseees 449
12.7.2  Setting up hardware trigger NO-Wait MOUE ..........cccvvveeriirieriiiieierieetereete et sre e se e e esaesseeseens 450
12.7.3  Setting up hardware trigger Wait MOAE .........cceeieiirierie it eee e 451
12.7.4  Setup when temperature sensor output voltage/internal reference voltage is selected
(example for software trigger mode and one-shot conversion mode) .........cccocceverenenenenenieneennens 452
12.7.5  Setting UP tEST MOUE ....vveviieieiieiieieeiieie ettt ettt et et et et et esbeeta e s e steesseeseessesseessesseessensesssensenssensenses 453
12.8 SNOOZE MOAE FUNCLION ..ottt ettt ettt s see et e e e st e e e st et eeneeaeseeeneenneeneas 454
12.9 How to Read A/D Converter Characteristics Table ...........ccccoueviriiiiininiiiineneecceeeeeeeceeeeeee 458
12.10  Cautions fOr A/D COMVETTET ......ccueteuiruirtiriertirtentertetettettete st etestestestes s et et ebeebesbesbestensesteneeseebeebesaestensenee 461
13. COMPARATORS/PROGRAMMABLE GAIN AMPLIFIERS .......ooiiiiiiiiiie e 465
13.1 OVEIVIBW ...ttt sttt ettt ettt et e e s bt et s bt et e s bt et e s bt em b e e bt emteeh e emt e ebe e et e bt e bt e bt e bt ebtemb e bt enteebeenteeneenaeene 465
13.2 REGISEEIS ..ottt ettt ettt ettt ettt e e st e et e es e e ee e bt ee e e bt enteebeeneees e e eeeneeeeeneenteeneenenneens 467
13.2.1  Comparator mode setting register (COMPMDR) .......c.cccoeviirieiiiiieiiiieiectee st 468
13.2.2  Comparator filter control register (COMPFIR) .......c.ccooiiiiiiniiiiieiiieeecie ettt 469
13.2.3  Comparator output control register (COMPOCR) ......c.cccoeiiriiiiriei e 471
13.2.4  Comparator internal reference voltage control register (CVRCTL) ......cccoevviviivieniieieniieieeeiee 473
13.2.5  Comparator internal reference voltage selection register i (CIRVM) .......ccocoviiiiniiiiniiienieieee 474
13.2.6  PGA control re@ister (PGACTL) .....ooiiiieiieeieee ettt 475
13.2.7  6-phase PWM option mode register (OPMR) ........cccoviiiiiiiiiiiieiicieeeeee e 476
13.2.8  6-phase PWM option status re@ister (OPSR) ....cc.cooiiiiiiiiiiiiiciiececeeee et 477



13.2.9  6-phase PWM option Hi-Z start trigger register (OPHS) .......ccccooiiiiiiiniiieeeeeee 478

13.2.10 6-phase PWM option Hi-Z stop trigger register (OPHT) ......ccoocveviirieiiniieeceeeeeeee e 479
13.2.11 Peripheral enable register 1 (PER1) ....c.cccocviiiiiiiiiiiieieceeeeetee ettt eee 480
13.2.12 Registers controlling port functions of analog INPut PINs ........ccceeverieririeniiniereniee e 481
13.3 OPCIALION ...vvieieniiitieiesiteteet e te et eteettesteetteseestessesseessesseenseeseanseeseanseeseansesssensesseensesssensenssansenseansennsensennes 482
13.3.1  Comparator i digital fIlter (1 =0, 1) ...cccoerierieriirie ettt e e reens 484
13.3.2  COMPATALOT T INTETTUPLS .eevvvirrrerrierrrerireeeesteesteessresseesseessseesssesseessessssessseessseessessssessseesssessseesssenssesnes 485
13.3.3  Event signal output to event link controller (ELC) ........ccoecirieiiiriirieiieiectee e e 486
13.3.4  Stopping or supplying comparator CIOCK ..........cccocveieriiriieriieieiieeerte ettt eee 487
13.3.5  Using comparator output to forcibly cut off timer RD output .........cccceeviiiiieriieeiienieeeecie e 487
13.4 PWM OPLION UNIE ..eouiiiiiiiiiinieiieetenteste ettt ettt et ettt et s be et st ae st e st bt ebeebeebe et b e 488
13.4.1  Two-stage overcurrent detection fUNCLION ...........cceevviiieriiiiieiiiieeee e ees 489
13.4.2  Overcurrent/induced current detection fUNCHON ........cooiiieiiriiiiiiiiieeeee e 489
13.4.3  Operation example of overcurrent detection fUNCHON .........ccccveviiriieiiirieerieeeee e 489
13.4.4  SEttiNg PrOCEAULIE ...ceevviiieriieiietieieetieteeteete st etesteestesseeseeseesseeseessesseessesssessesseessesseessensenssensenssensenses 492
13.4.5  Usage Note 0n PWM OPtion UNIt .....c.cccieiiieiiieiieiiieriiesieesieesiesieeseesveesseesaessseessseesseesseesssesssesnes 493
14, SERIAL ARRAY UNIT oottt e et e et e e e e e e e e e e e e s e e eene e e e e eeaaaaeeeeaaaannneneeas 494
14.1 Functions of Serial ATTay UNIE .......ccoocieriiieieiieiieiee ettt sttt e e eae e e e ae s e eseeneens 495
14.1.1  Simplified SPI (CSI00) ...c.oootiiriiriiriiniiietetetete ettt ettt st st a et ettt sbe s st enee 495
14.1.2  UART (UARTO, UARTI) .iteitieiiieieiee ettt sttt eae ettt be s e e se et e s e e eneeneeneeneeneaseee 496
14.1.3  Simplified I2C (IICO0) .....o.oeeeeeieeeeececececeeeececece e e ceeeeaeeceeaeeeae e e e ses s sesesesesesesesetesesesesesesesesesesesenans 497
14.2 Configuration of Serial ATTAY UNIL ......ccecveriieeiiniieieriieiesie et ete e eetesteesaesteessesseessesseessesssessessnessesseens 498
R B 1§ 8 (<74 ] 1< USSPt 501
14.2.2  Lower 8/9 bits of the serial data register mn (SDRMN) .......cccovieiinieiinie e 501
14.3 Registers Controlling Serial Array Uit .........cccoeievvirierieiieiiieee sttt eee e eee e seesaesenessessaessessnens 503
14.3.1  Peripheral enable register 0 (PERO) ......cccccooiieiiiiiiieiieiiecie ettt sae et ve e sieesveenee e 504
14.3.2  Serial clock select register m (SPSM) ...cc.ooiiiiiiiiie e e 505
14.3.3  Serial mode register Mn (SMRIMN) .......cccoociiiiiiiiiiieiiiceeetee et sb e ereens 506
14.3.4  Serial communication operation setting register mn (SCRMN) .......cccccevvviiiiierieniienieeieenee e 507
14.3.5  Higher 7 bits of the serial data register mn (SDRIMN) ......cccoeoiiiiriiiiiiiiieeeeeee e 510
14.3.6  Serial flag clear trigger register mn (SIRIMN) .......cccoviiiiriiiieiiinieecc et 512
14.3.7  Serial status register MmN (SSRIMN) ......cocoiiiiiiiiiieiieieeieee ettt e e seaeebeessaeenseenes 513
14.3.8  Serial channel start regiSter M (SSM) .......ccceiiiieriiieeeee ettt e e e e ens 515
14.3.9  Serial channel stop re@ister M (STM) ....cccocivciiiieieiieiece ettt b et s e eea s ees 516
14.3.10 Serial channel enable status register M (SEM) ....c.cocvieiiiiiiiiiieieciieeeeee e sve e 517
14.3.11 Serial output enable register m (SOEM) .......ccociiiiiiieiiiieeeeee et e 518
14.3.12 Serial output reZiSter M (SOM) ....cceeiiiiieiiriieierie ettt ettt sre b e saeesaesreessesseessesseeseessesssensenses 519
14.3.13  Serial output level register M (SOLIM) .....cccoevieriiiriierie ettt e esteeeeeebeeseaeebeeseaeenseenes 520
14.3.14 Serial standby control register M (SSCM) ......cceeiiiiieiirieeee et 522
14.3.15 Input switch control re@ister (ISC) ....ccviviivieiiiieieeece ettt s b e b e esseereens 523
14.3.16 Noise filter enable register 0 (NFENO) ......ccccooieeiiiiiiieiieiie ettt seeesveesete e et eseveesee e 524
14.3.17 Registers controlling port functions of serial input/oUtPUL PINS .....eceeereieeieriieiereriee e 525
14.4 OPEration StOP MOAE ....occveiuiiiiiiieiiieetecte ettt ettt e et sbe b e ete e seesaesseeseessessaesaseessaseessenseenes 526
14.4.1  Stopping the OPEration DY UNILS .......cccveevieeiiieriieriiienieeiteesieeteestteseteesteessseeseessseeseesssessseesseesssessseenes 526
14.4.2  Stopping the operation by channels ............coccooiiiiiiiiiiie e 527
14.5 Operation of Simplified SPI (CSI00) COMMUNICALION ......ccvervirererireeierreeierieeresseeseseessesseessessaessensnens 528
14.5.1  MaSter trANSIIIISSION ..euviitieiertietietiete et ete st ette bt ette st e et e bt este st e emtesbeeeesbeemaesbeesesbeenseaseenseebeenseeneeneeenee 530
|\ TN ) O (T 1c) 015 (o) OSSPSR 538



14.5.3  Master tranSmiSSION/TECEPLION ....ccuvirrvierreerrierieerieeteesteeteessreesseesseesseesseesssessseessseessessssesssessssesssesnes 546
14.5.4  SIAVE rANSIMISSION ..eeutiuirtirtirtinteteiteiteit et et st st ettt bttt eateseebe e bt s bt sbe et e s b e st e st e s et et ebeebeebeebeebenbenee 554
14.5.5  SIAVE TECEPLION ..evvivieiiitieiierieeeieeteerteeteetesteestesteessesseessesseesseessesseeseeseassassesssesseassesseassesenssensenssensenses 562
14.5.6  Slave tranSmiSSION/TECEPLION .....cccuviecvieriieriieriieriieeteesteeteesreesseesseessseesseessseesseessseesseesssesssessssensseses 568
14.5.7  SNOOZE MOde fUNCLION ..c.eruirtiriiiiiiieiiciieiietieiert ettt ettt sttt sttt et ebe et ebe e e benee 576
14.5.8  Calculating transfer CloCk fIEQUENCY ........ccveviirieiiieiiiiieieceei et ereens 580
14.5.9  Procedure for processing errors that occurred during simplified SPI (CSI00)
COTMIMUINICALION .uttititieititieite ettt ee et ettt ettt et e et e e e et e eneesbeemaesbeeatesbeembeebeemteebeenteebeeneesueesaenbeeneens 582
14.6 Clock Synchronous Serial Communication with Slave Select Input Function .......c..cccocevevvcniciennncne. 583
14.6.1  SIAVE rANSIMISSION ...eeutitirtitetiteieitettett et et eet sttt st et e e e st eat e st ebeebe e bt sbeebeebe s b ese et et et eseebeebeebeeseabenee 586
14.6.2  SIAVE TECEPTION ..vvieuiieeeiieiieitiieiteeeiteeteesttesteesteessveesteeessaesseessseeseessseenseessseanseesssesnseenssesssessseesssennseenns 596
14.6.3  Slave tranSmiSSION/TECEPTION .....ccuierueruerierreritesteetesteetesseessesseesesseasesseesesseensesseesesseensesseensesssensenses 603
14.6.4  Calculating transfer ClOCK fIEQUENCY .....c.occieriiiieiiieiiiieieceet ettt s e ere e 613
14.6.5  Procedure for processing errors that occurred during slave select input function
COTMIMUNICALION ..ttt ettt ettt ettt eb et e et e ea b e ebeeneesbeesaesbe e tesbeesbeebeemeeebeenteebeeneesaeenaenbeeneen 615
14.7 Operation of UART (UARTO0, UART1) COMMUNICALION .....eevervrenirreieiieeieieeeieeeeeesiesaeeeseaessesnneneens 616
14.7.1  UART tranSIMISSION ...cueeuietiruiitirtirteteteteitetteteetteteste st testestessestestestebe e bt sbesbesteste st ensenseneeseebeebesaessensenee 618
14.7.2 UART TECEPLION ..vieiieiieeiiesiieeieeitieeteesteesteesteesteessteessseesseessseasseessessssaenseesssessseessseenseesssessseesssenssesnes 627
14.7.3  SNOOZE MOde fUNCLION ..c.eruiriirtiiiiiiiiiciietirtieterteeteste sttt ettt st sttt et ebe et sbesae e enee 634
14.7.4  Calculating Daud TALE .......cceeveeiieieriieieete ettt ettt et e se e st e e e ebeeseesbesssesseessenseeseensenssensenses 642
14.7.5  Procedure for processing errors that occurred during UART (UARTO, UART1)
COMIMUINICALION .uvieutiiiiriestieeteesteeeteeteestreeseesseeasseesssassseessaeasseesssessseasseessseessessssesssessssessseesseessseensessns 646
14.8 Operation of Simplified I2C (IIC00) COMMUNICALION .........cocvveeeereeereeeereeeeeeeereeesseeeseeereseseeseeseneeaenas 647
14.8.1  Address field tranSmiISSION .........cc.eoveieieiiiriitinterten ettt ettt ettt e st e et et et eseebeebeseesaensenee 649
14.8.2  Data traANSIMISSION ..eeveeeuieeeriereieeriesteesseesteeseesseesseessseesseessseasseessssesseesssessseessesssesssessssessssessessssesssesnes 654
14.8.3 DAt TECEPLION ..vevieuiieeieiieiieieeiesteeteteetesteeseesteestesseessesseesseeseensesseensesseensesseensesseensenssensenseansenssansenses 657
14.8.4  Stop cONAItiON GENETALION .....c.eecviiveeieirieeiiriieteeteetesteetesteessesseessesseesseseessesseessessesssessesssessensenssensesses 661
14.8.5  Calculating transfer TALE ..........ccoiiiiiiiiieiiee ettt ettt et se e eesee b ene et e en e neeenes 662
14.8.6  Procedure for processing errors that occurred during simplified I2C (IIC00)
COTMIMUIICALION ..ntiuteutenteiteit ettt ettt et sttt et ettt ebt et e e b e b bt et e b et et eates b estebeebe e bt s bt sbeebe st e st eneenteneeneeneas 665
15.  EVENT LINK CONTROLLER (ELC) ..coiiitiiiiie ettt e snteee e e 666
15.1 FUNCHONS OF ELC ...ttt et st st a et st b bt bbb e 666
15.2 Configuration Of ELC .......ccuooiiiiiieiii ettt sttt te et steesaee s sbeesbeesseesnbeessaenseesssaeseenssenn 666
15.3 Registers Controlling ELC .......oooiiiiiiiiiieeeee ettt ettt ettt et see s e e sneeeennens 667
15.3.1  Event output destination select register n (ELSELRn) (n=1001t0 18) ...cccecverririerieieiieieieerenne 668
15.4 ELC OPETALION ..veiiiiiiiieiieeiiesiteeteestteete et e stteeteesteessbeessaessseessaesssessseesssesnseessseanseenseessseesseesssesnseenseesnses 671
16.  INTERRUPT FUNCTIONS ittt e et e e e e e e e e e e e e e e e e aaaeeeeeaaannnenneees 673
16.1 Interrupt FUNCHION TYPES ..ieiiieieiieiieie ettt ettt sttt ettt s et e e aeesae s e eneesneeneenens 673
16.2 Interrupt Sources and CONFIGUIATION .......ccuevvieieriieiirieie st eie ettt e et eseeesesseesaesseensessnensensnens 673
16.3 Registers Controlling Interrupt FUNCHONS .........cciiieriiiieniiiieriiciese ettt sae e e s ennens 678
16.3.1 Interrupt request flag registers (IFOL, IFOH, IF1L, IF1H, IF2L, IF2H) .....ccoooiiiiiiriieeeeee 680
16.3.2  Interrupt mask flag registers (MKOL, MKOH, MK 1L, MK1H, MK2L, MK2H) .........ccccovvvverrnenne. 682
16.3.3  Priority specification flag registers (PROOL, PROOH, PRO1L, PRO1H, PR02L, PRO2H, PR10L,
PRI10OH, PRIIL, PRITH, PRI2L, PRIZH) ..iooiiiiieiieieceeeeet ettt s 684
16.3.4  External interrupt rising edge enable register (EGPO0), external interrupt falling edge
enable regiSter (EGINO) .....ooiiiiiiiee ettt sttt ettt et e et e e eae e sae e 686
16.3.5  Program status WOrd (PSW) ..ottt s 687

Index - 9



16.4 Interrupt SErvicing OPETALIONS ......c.ccceeeuieiieeieeiieerieerteereesteesee sttt eteesseesseesseesssessseesssesssessseesseesssesnses 688

16.4.1  Maskable interrupt request aCKNOWISdZMENt .........ceecveriieriirieiiiieie et e 688
16.4.2  Software interrupt request aCKNOWISAZMENT .........c.ccvevieriiiieiiieiee e 691
16.4.3  Multiple InteITuPt SEIVICING ....ecveeuieriieiiiriietiete ittt ettt ettt e st et e et et esbesbe e bees et e eseenbeen e eeeenee 691
16.4.4  Interrupt servicing during diviSion INStIUCLION .......ceecuerierierieriirierieeeestesteeeseeeeeeeaeseeseeseeneeeeeeas 695
16.4.5  Interrupt reqUEST NOLA ...oviiuiiiiiieiecieeetee ettt ettt sae b et s e nbeete e s e esaenseees 697

17.  KEY INTERRUPT FUNGCTION ...ttt e e e et e e e e sntae e e e enneeea e e nees 698
17.1 Functions of Key INTETTUPL ....ccvieiiiiiieeiieiiecie ettt ettt et eteestaeeteeseaeeseeseseensaesnseenss 698
17.2 Configuration 0f Key INTETTUPE .....cc.oiuiiiiiiiieiiie ettt eae s 698
17.3 Register Controlling Key INEITUPL .......ccuivieriiieiieieieeieeeeeee ettt et seennens 699
17.3.1  Key return mode re@ister (KRM) ......ccoocviiiiiiiiiiiiieiiiecie ettt et sve e e et essaesbeessaeenseenes 699
17.3.2  Port mode re@iSter 7 (PIM7) ..eeouiiieeieieee ettt ettt sttt et ee s 700

18. STANDBY FUNGCTION ...ttt e e e e e e sttt e e e e e e e e e e e s sa e nteeaeeeeeaaeeesaa s nnsnnsaeeeeens 701
18.1 Standby Function and Configuration .............ccocceecierieiieiienieieseeiee ettt et eeseeeseenseseees 701
18.1.1  Standby fUNCLION ....ccvicieriiiieiiciieie ettt ettt ettt ettt e s te et eetae s e eteesseeseessesseessesssessesseessensenssensennns 701
18.2 Registers Controlling Standby FUNCHION .........cccviiiiiiiiiiiiiieiie ittt 702
18.2.1  Oscillation stabilization time counter status register (OSTC) .....cccovievieririierieeeeeeeeeee e 703
18.2.2  Oscillation stabilization time select register (OSTS) ....ocvveviieieriiiieie et 704
18.3 Standby FUNCHION OPETAtION .....cc.eevuiiiiieiieeeiieiieesie et ete ettt e stteebeestaeeaeesseessbeesseessaesnseesessseessseesseenes 705
18.3.1  HALT MOME ettt ettt ettt ettt s b e bttt et eb et ebesae st enee 705
18.3.2  STOP MOAE ..ottt ettt ettt et et b et b e s b b st et et et et e st eb e ebeebeebeebe e 709
18.3.3  SINOOZE MOGE ...cueeuieuieiietieieitietietetet et et et estette et eses e ssessetesessessesseneaseeseeseeseesessessessanseseeseaneesensenns 714

19, RESET FUNCTION ittt e e e e e e e sttt e e e e e e e e e e se s en e e e e e e aaeeeae e nnsnsrnneeeeeeeas 717
19.1 Timing of RESEt OPEIAtiON .......cc.eiuieiiieieiiieiieie ettt ettt ettt e et et e st e e saeeseene e seeneeeaeenes 719
19.2 Register for Confirming RESEt SOUICE ......c.couiiieriiiieiieieiieiee ettt e et eeseeaeesesseesaesensaens 726
20. POWER-ON-RESET CIRCUIT ..oiiiiiiiie ittt a e s esee e e e e entee e e e e nneeeeeeennees 729
20.1 Functions of POWETr-0n-reSet CITCUIL ........cceevierieriiiieriiiierieeieriestesteeeteteesesteessesseessesseesesssessessnessensaens 729
20.2 Configuration of POWer-0n-reSet CITCULL .........cooueiieieitieierieee ettt ee ettt eee et eee et nee e e 730
20.3 Operation 0f POWEr-0n-TESEt CITCUIL ......c.ccueieiriririiriinienieteiieteeei ettt ettt st sae s 730
21, VOLTAGE DETECTOR ..coiiiitiiiiie ettt ettt ettt e e st e e e s et e e e s e st e e e e e st eeeeeenneeeeeeennees 734
21.1 Functions of VOIta@e DELECIOT ......cvivvieieriieiirieeie st eteettet et ete sttt e steesbeeseeseeseessesseessessaessesssessasssansanes 734
21.2 Configuration 0f VOItage DEIECIOT ......cceecuieiiiiiiiiiieiieeieeree et estte et eseaeebeeseessreeseessaeenseesseenseensseas 735
21.3 Registers Controlling Voltage DEtECtOr .........ceciiriiiieriiiiieie ettt ettt 735
21.3.1  Voltage detection re@ister (LVIM) ......ccoccieiiiiiiniiiieiiiieie ettt ss s a e sse e 736
21.3.2  Voltage detection level register (LVIS) .....ccoioiiiiiiiiieiee ettt e ae e 737
21.4 Operation 0f VolItage DEtECLOT .......c.eiiiiiiiieiieie ettt et ae s s e te e e neeens 740
21.4.1  When used as TESEE IMOME .....eoueiviriiiiiiieiieiei ettt ettt sttt ettt ebe et b b se e e nee 740
21.4.2  When used as INEITUPL NOAE ......eeiuiieiieriiiiieeieeeieeieesteesteesteesaeeteeseressbeesteeesseeseessseesseesseesssasseenes 742
21.4.3  When used as interrupt & reSet MOAE .........eoueiuieiiiriieiieieie ettt see e 744
21.5 Cautions fOr VOItage DEtECLOT .......c.ocieciiriieieiieeiesie ettt ettt ste e steesaesreessesbeessesseeseenseessenseens 750
22, SAFETY FUNGCTIONS ..ottt e e e e e st e e e e e sttt e e e e enbeeaeeesnnteeaeeanneeas 752
22.1 Overview Of Safety FUNCHONS ......cc.iiieiiiiieiicie ettt ettt ettt s ae b e st beeseeseenseesseseens 752

Index - 10



22.2 Registers Used by Safety FUNCHONS ....ccceecciiiiieiiiiiiecieeie ettt ettt et sa e s 753

22.3 Operation of Flash Memory CRC Operation Function (High-speed CRC) .......cccevireieiiiieneiieiens 753
22.3.1  Flash memory CRC control register (CRCOCTL) .....ccvecveriirieniieieiieiene e sre e 754
22.3.2  Flash memory CRC operation result register (PGCRCL) .......ccccooiiiiiinieniiiieneeseeeceeee 754
2 T T © ] 1<) 14 1o 1 i (0 2SSO 755

22.4 CRC Operation Function (General-Purpose CRC) .......ccccivieiiiiieniieiiiiieiesteeeesie e see e seesesenens 756
22.4.1  CRC Iinput 1€iSter (CROCTIIN) .uiiiiiiiiiieitieeiiesiteete et e ete et steeteesteesteesteesveesseessseenseesssesnseesssasnseenes 756
22.42  CRC data re@ister (CRECD) .....cciiiiiiieeieciieie sttt ettt st st sse s e be s e sseeseenseenaenseens 757
22,43 OPETAtION TIOW ..oiiviiiiiiiieiiiieie ettt ettt e st e et ebeeteesbeessesseeseesseessessesseessesssessenseessansaensenseenes 757

22.5 RAM Parity Error Detection FUNCHON ......cccoecvieiiiiiiieiiesic ettt sae e e svaeenveenes 758
22.5.1  RAM parity error control register (RPECTL) .....ccoooveiiieieniieieieieeeeeeee et 758

22.6 RAM GUATA FUNCHON ..ttt ettt sttt sttt ebe bbbt b b e 760
22.6.1 Invalid memory access detection control register (IAWCTL) .....cocvveviieiiieiieeiecieecieeee e 760

22.7 SFR GUATd FUNCLION ..ouiiiiiiiiiitiiiieneet ettt ettt eb et b b e 761
22.7.1  Invalid memory access detection control register (IAWCTL) .....cccoovvvieriiiieniecieieeieeeeee e 761

22.8 Invalid Memory Access Detection FUNCHON .......ccciiiiiiiiieiiiiiieciecie et 762
22.8.1 Invalid memory access detection control register (IAWCTL) ......coovrievirienerieeeeeeeee e 763

229 Frequency Detection FUNCHION .......cccccveviiiieriiiieiieieieetet ettt et se bt essesteesaesseessessessnessensnens 764
22.9.1  Timer input select register 0 (TISO) ...eeeouiiiiieiieie ettt et sae e teesbeeaeesbeessseesee e 765

22,10 A/D TeSt FUNCLIOM ..eouiiiiiiiiiiriieiinieniiteetet ettt sttt sttt ettt et ebe bbbt sttt b et sbesae 766
22.10.1  A/D test re@ister (ADTES) ..c.oiiiiieeieieeeeese ettt ettt s re e baesse s e eseenseesaenseens 768
22.10.2  Analog input channel specification register (ADS) .....cccoeoirieiiiiiie e 769

22.11  Digital Output Signal Level Detection Function for I/O POrIts ........c.ccoceeivininiriiieiiiiiinnncncnenns 770
22.11.1 Port mode select re@iSter (PIMS) .....c.ioiiriiiieieiieieeeeieetest ettt e e be e sbesre e b e saesbeeseesseesnesseens 770

DA T =18 | ] SRR 771

23.1 REGUIALOT OVETVIEW ..viiiiiiiieciieeiie sttt ettt sttt tae st e e beesbe e bt e ssaeeteessseeseessseansaenseenseesnsaenseennsas 771

DS O | I (0 N = 2 I SRR 772

24.1 Functions of OPtion BYLES ........ceciiieiiiiiiieiee ettt ettt see e seesneeneenens 772
24.1.1  User option byte (000COH t0 000C2ZH) ....cceevuieieiieiieieeiieieeeete ettt sseens 772
24.1.2  On-chip debug option byte (Q00C3H) ......cceevririiriiriieieciieieeeeteee ettt et seesaesseees 773

24.2 Format of User Option BYLE .......c.cooieiiiiiiieieiei ettt ettt s ste e eneenaens 774

24.3 Format of On-chip Debug Option BYLE ........cccieiiiiieiiiieienieiese ettt eees 778

24.4 Setting Of OPON BYLE ..ocuviiieiieiicieiicieie ettt et besee e aesteesbesteessesseessessesseessesseensesanes 779

25, FLASH MEMORY ...ttt ettt e e e e ettt e e e e aa e e e e e s nte e e e e e aanteeaeeeansteeaeeentaeeeennnseeas 780

25.1 Serial Programming Using Flash Memory Programmer ...........cccoccveevuieeieeiiienieeiie e e eieeseeeveeseee e 781
25.1.1  Programming ENVIFOMIMENT .........ccceecteruieriereeiereeetienteaseestesseenteeseeseeseensesseensesseensesseensesseensesesneenseenes 782
25.1.2  ComMUNICAtION MOAE ....eovertirtiriiieienieiietietert ettt ettt ettt ettt ettt be b se et e s et et e st et ebeebeebesaeeeenbenee 782

25.2 Serial Programming Using External Device (that Incorporates UART) ......cccocoveeciveiieicieecieiieeieeenn 783
25.2.1  Programming NVIFOMIMENE ..........ceecuerieurrueereeneeeeenseetesueaseenseesseaseensesseensesseeneesseesesseessessensesneessesnes 783
2522 CoOmMMUNICAtION MOAE ....eovirtirtiriiieienietietiet ettt ettt ettt ettt sbesbe s be st et et et et e st et ebeebeebesaeseensenee 784

253 Connection of Pins 0N Board ...........cocioiiiiiiiiiiie et 785
25.3.1  PAO/TOOLO PN .eouieiieiieiietiete ettt ettt ettt et et bessessensessenseseaseeseeseeseeseesessesesseseneaseesesseesensenns 785
2532 RESET PIN oot en s 785
25.3.3  POTEPINS woieiiiiiieeitieiieeteeett e et e et e et et e e tteebeestteesteestseesaeessaessseenseessseasseenseeanseensseenseenssessseenseesssannseenes 787
25.3.4  REGEC PIN c.voniiieieieieeetiett ettt ettt ettt s e eat st se et e bessesses b e sensenteseeneeseeseeseesessesenseneensesseneaneeseesenns 787
25.3.5 X1 AN X2 PINS weorvieieirieiieitieieetieteetteteeteetesteestesseessesseessesseessaaseessesssessesssessesseessesssessessesssensaessenseenes 787

Index - 11



25.3.6  POWET SUPPLY 1uveieiieeiieiie ettt ettt te ettt e et e et e sebeesae et beesbe e saesaseesseessseenseeasseenseensaensneenseesssaenseenes 787

25.4 Programming MEthod .........cc.ooiiiiiiieie ettt ettt et et esae st esesneesennaens 788
25.4.1  Controlling flash MEMOTY ........cceiieciiiiieiiiieieet ettt ettt e s e sbe e e seesaesseessessesaessenseenns 788
25.4.2  Flash memory programming MOAE ...........ccceeoieririiriiierenieteetet ettt st st be et seeenes 789
25.4.3  Selecting coMMUNICAtION MOAE .....eervirvieiieiieiietieieetete st ete e ete st et et eaesseeseessesnaessessaenseeseensenseenes 790
2544 Communication COMMANMS .......cc.eouerteuieuieirtirtirtertententestestetesteatestesesbestesbestestestenseneeneeneebeebeeneeseebeee 791
25.4.5  Description 0Of SIZNAtUIE AAtA ........ceecieeiiiiiiieiieeieerieeee ettt et e see e esteesaeeaeeenaeebaessneesseessseenseenes 792

25.5 SECUITLY SCTINES ...vevveuiieeieiieiiesieeierteetentestestesttessesseeteeseesseeseenseeseassesseensesseansesseensesseansansesseesseensensesnnes 793

25.6 Flash Memory Programming by Self-Programming .............ccccoevveeierieriieienieeieniesiesieeeessesseseeseeseees 795
25.6.1  Flash shield Window fUNCHON .....cc.eeiiiiiiiiiriiiiet ettt s 797

25.7 Processing Time for Each Command When PG-FPS5 Is in Use (Reference Value) ..........ccccoeeveveuennene 797

26.  ON-CHIP DEBUG FUNCTION ..ottt ettt ettt e e e st e e et e e e e e nnnae e e e e enneeas 798

26.1 Connecting E1 On-chip Debugging EMUIator ............coceviiieiiiiieiieieeeee e 798

26.2 On-chip Debug SECUITLY D .....oooviiiiieiieeieee ettt see et e st eebeestaessbeesseessseesnessseenses 799

26.3 Securing of USEr RESOUICES .......oiiiiiiiieieiieee ettt sttt sttt ettt et et eseeneeseeeneeenean 799

27. BCD CORRECTION CIRCUIT ..ottt ee ettt e e e e e e e s st e e e e e e e e e e e aensnnnnenneeeeees 801

27.1 BCD Correction Circuit FUNCHON .....cc.oociiiriirieniiieieiiiecetesese ettt 801

27.2 Registers Used by BCD Correction CITCUIL .........ccveeieruirierueiieniesseteeeeesiesssessesseessesseessesssessessaessensaens 801

27.3 BCD Correction Circuit OPETAtION .......c.cecveievirrieeriierieerieesreetteseeeteesssessseessseesseesseesssessseessseesssesssesses 802

28.  INSTRUGCTION SET ...eiiiiiiiiiiiiiie et er e ee e e e e e e s s e eeae e e e e eeaaaeeesaa s nnsnteeareeeaaaeeessaaaannnseeneaens 804

28.1 Conventions Used in Operation LiSt .........cccoeoeiiiioiiiieeeieeeiec et 805
28.1.1  Operand identifiers and specification MEthods ..........ccceecveriieiirieciinicieeee e 805
28.1.2  Description of Operation COIUMM .........cccieiiierieriieeiieeieette e et e steeeteesteesreesaeesaeebaessaesnseessseenseenes 806
28.1.3  Description of flag operation COIUMI ..........ccoiiiiiiiieiiiiee e 807
28.1.4  PREFIX INSEIUCTION ..eoutitiitiitiitietiiteteteiieit ettt etttk ettt ettt bbbt sttt b e e et et et ebeebeebesaeseenbenee 807

28.2 OPETALION LIST 1.uveeuiieiiieiiieeiieeiteete et este ettt ee st e st e stbeebeesaessbeeseeesseessaessseensaessseanseenseesssasnseessseenseenseenn 808

29. ELECTRICAL SPECIFICATIONS ...ttt e e e e e e e e e e e e ee e e e eeaaaeens 826

29.1 Pins Mounted According t0 PrOQUCT .........oooiiiiiiiiiiee et 826
29.1.1  POTt fUNCHIONS .eetitiiiieiteitcieettete sttt ettt sttt et et e be bt bt s ae ettt ebeebe e bt eneebeebe e 826
29.1.2  NON-POTt TUNCHIONS ..vieviiiiiiieiieiieitieterteetesteetesteetessestessessaesseesseseessesseessesseessessesssessesseessensasssenseeses 826

29.2 Absolute Maximum RatINGS .......c.cooeiiiiiiieieiieiieee ettt ettt e sae st eneesbeeneeaens 827

293 OSCI1AtOT CRATACLETISTICS .veuveuveuteuieiieiietietente sttt ettt ettt ettt et ettt ettt et sbe bt s b sttt eaeeaeeae e enes 829
29.3.1 X1 0SCIllator ChATACLETISTICS ....eevertertirtiietiieiieiieiteicet ettt sttt ettt et ebe st e bt beeae b b e 829
29.3.2  On-chip 0Scillator CharaCteriStiCs ........cevierierieieiieieste ettt ettt sttt nee e ene 829

29.4 DC CRATACLETISLICS ...euvenveuteiieieeieetertestent ettt ettt ettt ettt b b sttt e et eae e bt sbesae et e s be st et ebeebeebeebeebebeee 830
29.4.1  Pin ChATACIETISTICS ..evirteuieuieiieiietirtiitiet ettt ettt ettt bt st st e et e et e st e bt e bt ebeebe s b e st e b et et ebe et e ebesaeseenbenee 830
29.4.2  Supply current ChAraCteriSTICS ......c.eruieriereeeriertestierteeteete et ee st et et eeeeseeenee et et e steeseesbe e eesseeneeseenseseeenes 835

29.5 AC CRATACLETISICS .veuveueeuteiieueeieetentestert ettt et ettt ettt ettt st et e be st et et et et ebe e bt sbe st e et e st e st et ebeebeebeebeebebeee 838
20.5.1  BaSIC OPCIATION ..icvvevvieuieiieiieieetiesteetteteestessesseesseestesesstessesssessaessesseessessesssessesssessesssessessesssensasssenseeses 838

29.6 Peripheral Functions CharaCteriStICS .........ccerierieriiriieiieieieeieste ettt ettt e e eaee e seesneeeennens 844
20.6.1  SEIIAl AITAY UNIE ..eeueertieieiieieeieeieete et et ete e et e st etessesseesseeseenseessanseeseenseensensesseensesseensensenssensennsenseenns 844

29.7 ANALOZ CRATACLETISTICS ..vievievieviesiieeiestietesteetesteettesteesaeseeseeseeseessesssesseessessesssessenssessesseessessesssessesssensanns 868
29.7.1  A/D cONVEIter CRATACLETISTICS ...vieueeeeeuierieeeieteeieerte et et et e et et et e e seeenee et eeeseeeseesseenaesseeneenseeneeneeens 868
29.7.2  Temperature SeNSOI CHATACIETISTICS ....ecvvevirureierrieierteetesteeeeteesteseeseeseesesseeseessesnsessesssensenseensenseenes 872
20.7.3  COMPATALOT ..eeveerereeiieriieetierteeteesteesteesseesteeesseenseessseesseessseeseensseenseesssessseessaesnsessseesssesseessessssesnseesns 872

Index - 12



29.7.4  Programmable gain amplifier .........cccoocieiiiiiiiiiiieiee e e 873

29.7.5  POR CirCUIt ChATACIETISTICS ..uvervieuretieierreerietesteetesteetenteesesseessesseesesseessesseessesseessessaensesseensesssensesses 873
29.7.6  LVD CircCuit ChAaraCtEIISTICS .....eeruiruirtirieteiirtirtirtertesteteste et e et e e eteebe sttt ebe st st e b et e e eseebeebeeneebeebeee 874
29.7.7  Power supply voltage rising slope characteristiCs ..........ceocevieririeniriiniiieieceee e 875
29.8 RAM Data Retention CharaCteriStiCS ........cererierririierierieiieiesteeiestesetesseseessesseesesseessesseessesseesesssensenes 876
29.9 Flash Memory Programming CRATACLEIISTICS ........ccvervirieruerieriiiresieeetereeeesseeseesseessesseesessesssessesssensenes 876
29.10  Dedicated Flash Memory Programmer Communication (UART) ......cccecveviiiriienieniiceeee e 876
29.11  Timing for Switching Flash Memory Programming Modes ...........ccecerieriiriieriirienie e 877
30. PACKAGE DRAWINGS ...ttt et e ettt e e e et e e e s e ettt e e e s nteteeaeansaeeaeeannnneens 878
30.1 30-PIN PIOAUCES ...ttt ettt ettt bbbt ettt b e bt sbesbe b b neeeen 878
30.2 R 01 (0 Ta L Lo OSSPSR 879
30.3 AA-PIN PLOUCES ...ttt ettt ettt st ettt e e e bt et e e st et e eseebeeseenbeeneenseensenseennenneens 880
APPENDIX A REVISION HISTORY ...eetiiiiiiie ettt e e st et e e e e e e e e s s ennnsaeaeeeaaaaeeeseasnnnnsnsanneeees 881
Al Major Revisions in This EdItION .......cccceiieeiiiiiiiiiet ettt s sesnaens 881
A2 Revision History of Preceding EdItIONS .........cccooiivieriiiiiniiiieieciestcee ettt see e se e e s ennens 882

Index - 13



LENESAS

RL78/G1G RO1UH0499EJ0140
RENESAS MCU Rev. 1.40
Apr 26, 2024

CHAPTER 1 OUTLINE

1.1 Features

Ultra-low power consumption technology

@ VDD = single power supply voltage of 2.7 to 5.5 V
@ HALT mode

@ STOP mode

@ SNOOZE mode

RL78 CPU core
@ CISC architecture with 3-stage pipeline

@ Minimum instruction execution time: Can be changed from high-speed (0.04167 ps: @ 24 MHz operation with
high-speed on-chip oscillator) to low-speed (1.0 ys: @1 MHz operation with high-speed on-chip oscillator)

@ Multiply/divide/multiply & accumulate instructions are supported.
@ Address space: 1 MB

@ General-purpose registers: (8-bit register x 8) x 4 banks

@ On-chip RAM: 1.5 KB

Code flash memory

@ Code flash memory: 8 to 16 KB

@ Block size: 1 KB

@ Prohibition of block erase and rewriting (security function)
@ On-chip debug function

@ Self-programming (flash shield window function)

High-speed on-chip oscillator
@ Select from 48 MHz, 24 MHz, 16 MHz, 12 MHz, 8 MHz, 4 MHz, and 1 MHz
@ High accuracy: +2.0%

Operating ambient temperature
@ TA=-40to +85°C

Power management and reset function
@ On-chip power-on-reset (POR) circuit
@ On-chip voltage detector (LVD) (Select interrupt and reset from 6 levels)

Event link controller (ELC)

@ Event signals of 18 to 19 types can be linked to the specified peripheral function.

RO1UHO0499EJ0140 Rev. 1.40 T{ENESAS Page 1 of 887
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RL78/G1G CHAPTER 1 OUTLINE

Serial interfaces

@ Simplified SPI (CSINote 1): 1 channel
@ UART: 2 channels

@ Simplified 12C: 1 channel

Timer

@ 16-bit timer: 7 channels
(Timer Array Unit (TAU): 4 channels, Timer RJ: 1 channel, Timer RD: 2 channels)

@ 12-bit interval timer: 1 channel

@ Watchdog timer: 1 channel (operable with the dedicated low-speed on-chip oscillator)

A/D converter
@ 3/10-bit resolution A/D converter (VbD = 2.7 to 5.5 V)
@ Analog input: 8 to 12 channels

@ Internal reference voltage (1.45 V) and temperature sensorNote 2

Comparator
@ 2 channels

@ The voltage from a dedicated 8-bit DAC (resolution of 256 with VDD/AVREFP or VSS/AVREFM as the internally
generated reference voltage) can be selected as the reference voltage.

Programmable gain amplifier

1/O port

@ /0 port: 26 to 40

@ Can be set to N-ch open drain, TTL input buffer, and on-chip pull-up resistor
@ Different potential interface: Can connect to a 2.5/3 V device

@ On-chip key interrupt function

@ On-chip clock output/buzzer output controller

Others

@ On-chip BCD (binary-coded decimal) correction circuit

Note 1.  Although the CSI function is generally called SPI, it is also called CSl in this product, so it is referred to as
such in this manual.

Note 2.  Selectable only in HS (high-speed main) mode.

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

O ROM, RAM capacities

Flash ROM RAM 30 pins 32 pins 44 pins
16 KB 1.5 KB Note R5F11EAAASP R5F11EBAAFP R5F11EFAAFP
8 KB R5F11EA8ASP R5F11EB8SAFP R5F11EF8AFP
Note This is 630 bytes when the self-programming function is used. (For details, sse CHAPTER 3 CPU ARCHITECTURE).
RO1UHO0499EJ0140 Rev. 1.40 -IENESAS Page 2 of 887
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CHAPTER 1 OUTLINE

1.2

List of Part Numbers

Figure 1 - 1 Part Number, Memory Size, and Package of RL78/G1G

PartNo. R5 F11E AAAXXXSP#30

[

Type of packing
#10, #30, #70 Tray (LSSOP, LQFP)
#50: Embossed tape (LSSOP, LQFP)

Package type
SP: 0.65-mm pitch LSSOP
FP: 0.80-mm pitch LQFP

ROM code number if the product has been
pre-programmed before shipment
(Omitted for blank products)

Field of application
A: Consumer applications, operating ambient
temperature: -40°C t0 +85°C

ROM capacity
8: 8 KB

Number of pins:
A: 30-pin
B: 32-pin
F:44-pin

RL78/G1G group

Memory type:
F: Flash memory

Renesas MCU

Renesas semiconductor product

Table 1 - 1 Orderable Part Numbers

Pin Count

Package

Part Number

44 pins

44-pin plastic LQFP (10 X 10 mm)

R5F11EFAAFP#10, RSF11EFAAFP#30,
R5F11EFAAFP#50, RSF11EFAAFP#70

R5F11EF8AFP#10, RSF11EF8AFP#30,
R5F11EF8AFP#50, RSF11EF8AFP#70

32 pins

32-pin plastic LQFP (7 x 7 mm)

R5F11EBAAFP#10, R5F11EBAAFP#30,
R5F11EBAAFP#50, R5F11EBAAFP#70

R5F11EB8AFP#10, RSF11EB8AFP#30,
R5F11EB8AFP#50, R5F 11EB8AFP#70

30 pins

30-pin plastic LSSOP (7.62 mm (300))

R5F11EAAASP#10, R5F11EAAASP#30,
R5F11EAAASP#50, R5F11EAAASP#70

R5F11EA8ASP#10, R5F11EA8ASP#30,
R5F11EA8ASP#50, R5F11EA8ASP#70

RO1UH0499EJ0140 Rev. 1.40

Apr 26, 2024
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CHAPTER 1 OUTLINE

1.3

1.3.1 30-pin products

Pin Configuration (Top View)

* 30-pin plastic LSSOP (7.62 mm (300), 0.65 mm pitch)

P20/ANIO/AVREFP O-a—ni
P01/ANI16/TO00/RxD1/PGAI/(TRJIO0) O=—nl
P00/ANI17/T100/TxD1/CMPOP/(TRJOO) O

P120/ANI19/CMP1P Q-+
P40/TOOLO O

RESET O—~

P137/INTP0O O—~

P122/X2/EXCLK O——~
P121/X1 O

REGC O—

Vss O———

Vop O——

P60 O=—n

P61 O=—

P31/TI03/TO03/INTP4/PCLBUZ0/SSI00/(TRJIO0) O

1
2
3
4
5 =~
6 S~
7 'c;
8 <\
9  ©
10 e
11 5@
12
13
14

O

[=—=0O P21/ANI1/AVREFM

=0 P22/ANI2

=0 P23/ANI3

[*—0O P147/ANI18

[+~—=CO P10/TRDIOD1

[*=—=O P11/TRDIOC1

[*=—=O P12/TRDIOB1

[*=—O P13/TRDIOA1

[*<—0O P14/TRDIODO

[=—=O P15/PCLBUZ1/TRDIOBO

[=—=0 P16/T101/TO01/INTP5/TRDIOCO
[~—=O P17/T102/TO02/TRDIOAO/TRDCLK
[*—=O P51/INTP2/SO00/TxDO/TOOLTXD
[*—=O P50/INTP1/SI00/RxD0/TOOLRxXD/SDA00/(TRJOO)
[+=—=O P30/INTP3/SCK00/SCL00/TRJOO

Caution

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

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

Remark 2. The functions in parentheses shown in the above figure can be assigned by setting peripheral 1/0 redirection register 1

(PIOR1).

RO1UH0499EJ0140 Rev. 1.40
Apr 26, 2024
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CHAPTER 1 OUTLINE

1.3.2 32-pin products

* 32-pin plastic LQFP (7 x 7 mm, 0.8 mm pitch)

OD1
0oC1
OB1
OA1
ODO0

6/T101/TO01INTP5/TRDIO CO
7/T102/TO02/TRDIOAO/TRDCLK

5/PCLBUZ1/TRDIOBO

1/TRD!I
2/TRD

- - - - - -

P

~—O P

O P

O P
[~—>O P14/TRD
~—O P
[«—O P
[«—O P

P147/ANI18 O=—

P23/ANI3 O=—

P22/ANI2 O=—

P21/ANI1 /AV REFM O~=—

P20/ANI0/AV REFP O~=—1
P01/ANI16/TO00/RxD1/PGAI/TRJIO0 O=—
PO0/ANI17/TI00/TxD1/CMPOP/(TRJOO) O=—"
P120/ANI19/CMP1P O=—»|

25
26
27
28
29
30
31
32

242322212

o

1

©
-
[ee]
-
g

RL78/G1G
(Top View)

©)

16
15
14
13
12

10

©

+—=O P51/INTP2/SO00/TxD0/TOOLTXD

<=——=0O P50/INTP1/SI00/RxD0/TOOLRXD/SDA00/(TRJOO)
<—=O P30/INTP3/SCK00/SCL00/TRJOO

l«—=0O P70

<O P31/TI103/TO03/INTP4/PCLBUZ0/(TRJIO0)
O P62/SSI00

=0 P61

~—0O P60

P40/TOOLO O——>{ =
RESET O—— ™
P137/INTP0 O——» w
P121/ X1 O— o»n
REGC O0— o

Vss O—— N

Voo O—— @

P 122/X2/EXCLK O—— &

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

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

Remark 2. The functions in parentheses shown in the above figure can be assigned by setting peripheral 1/0 redirection register 1

(PIOR1).

RO1UH0499EJ0140 Rev. 1.40
Apr 26, 2024
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CHAPTER 1 OUTLINE

1.3.3 44-pin products

* 44-pin plastic LQFP (10 x 10 mm, 0.8 mm pitch)

@ =—=0 P147/ANI18
B+—0 P146

OD1
OC1
OB1
OA1
ODO

N ——0 P17/T102/TO02/TRDIOAO0/TRDCLK
8 f—=0O P51/INTP2/SO00/TxD0/TOOLTXD

5 —0O P15/PCLBUZ1/TRDIOBO
N p—=0O P16/TI01/TO01/INTP5/TRDIOCO

K p—=0O P10/TRD
S——=0 P11/TRD
N +———0O P12/TRD
» f—0O P13/TRD
N ——0O P14/TRD

P27/AN17 Q~—f

P26/AN16 O—=—

P25/ANI5 Q-—=

P24/AN14 Q~—l

P23/ANI3 O=—

P22/ANI2 Q=—

P21/ANI1/AVREFM Q~—+

P20/ANI0/AVREFP Q=—n]
P01/TO00/RxD1/PGAI/ANI16/TRJIO0 Q~=—]
P0O0/TI00/TXD1/CMPOP/ANI17/(TRJO0) Q~—+
P120/ANI19/CMP1P Q=—=i

34
35
36
37
38
39
40
41
42

44

O

[l

RL78/G1G
(Top View)

Il

N
o
-
-

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

P41/(TRJIO0) Om—n] =
P40/TOOLO O—+|n

O—|w
P124 O—|»
P123 O—| o
P137/INTP0 O——| o
P122/X2/EXCLK Q—|~
P121/X1 Q——|®
REGC O——«©

Vss O———

Voo O——

RESET

Remark 1. For pin identification, see 1.4 Pin Identification.
Remark 2. The functions in parentheses shown in the above figure can be assigned by setting peripheral 1/0 redirection register 1

(PIOR1).

1]

I

P50/INTP1/S100/RxD0/TOOLRxD/SDA00/(TRJOO)
P30/INTP3/SCK00/SCLO0/TRJOO

P70/KRO

P71/KR1

P72/KR2

P73/KR3
P31/T103/TO03/INTP4/PCLBUZ0/(TRJIO0)

P63

P62/SS100

P61

P60

RO1UH0499EJ0140 Rev. 1.40
Apr 26, 2024
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1.4 Pin Identification

ANIO to ANI7, ANI16 to ANI19:
AVREFM:

AVREFP:

EXCLK:

INTPO to INTP5:

KRO to KR3:

P00, PO1:

P10 to P17:

P20 to P27:

P30, P31:

P40, P41:

P50, P51:

P60 to P63:

P70 to P73:

P120 to P124:

P137:

P146, P147:
PCLBUZ0, PCLBUZ1:
REGC:

RESET:

RxDO, RxD1:

SCKO0:

SCLO0O:

SDAO0O:

SI100:

S0O00:

SSI00:

TIOO to TIO3:

TOO00 to TO03, TRJOO:
TOOLO:

TOOLRXD, TOOLTxD:
TRDCLK:

TRDIOAO, TRDIOBO, TRDIOCO, TRDIODO,:
TRDIOA1, TRDIOB1, TRDIOC1, TRDIOD1,

TRJIOO

TxDO, TxD1:
CMPOP, CMP1P:
PGAI:

VDD:

Vss:

X1, X2:

Analog input

A/D converter reference potential (- side) input

A/D converter reference potential (+ side) input

External clock input (main system clock)
External interrupt input

Key Return

Port 0

Port 1

Port 2

Port 3

Port 4

Port 5

Port 6

Port 7

Port 12

Port 13

Port 14

Programmable clock output/buzzer output
Regulator capacitance

Reset

Receive data

Serial clock input/output

Serial clock output

Serial data input/output

Serial data input

Serial data output

Serial interface chip select input
Timer input

Timer output

Data input/output for tool

Data input/output for external device
Timer external input clock

Timer input/output

Transmit data
Comparator input
PGA input

Power supply
Ground

Crystal oscillator (main system clock)

RO1UH0499EJ0140 Rev. 1.40
Apr 26, 2024
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CHAPTER 1 OUTLINE

1.5 Block Diagram

1.5.1 30-pin products

TIMER ARRAY
UNIT (4ch)
oo g
TIO1/TO01/P16 —— ch1
TI02/TO02/P17 ~=— ch2
e < I

TIMER RD (2ch)
TRDIOAO/TRDCLK/P17
TRDIOBO/P15, TRDIOCO/P16,
TRDIODO/P14

TRDIOA1/P13 toTRDIOD1/P10 2 »

WINDOW
———=  watcHDOG
LOW-SPEED TIMER
ON-CHIP
OSCILLATOR
12- BIT INTERVAL
— TIMER
SERIAL ARRAY
UNITO (4ch)
RxDO/P50 —|
TXDO/P51 =—] UARTO
RxD1/P01 —|
TXD1/P00 =—] UART1
SCK00/P30
5100/P50 — =]
S000/P51 a—] csioo
SSI00/P31 — =
SCLO0/P30 =—1
SDAQO/P50 =— licoo

[«— TRJIOO0/P0O1

Ko TIMERRJ

— TRJOO/P30

RL78 CPU CORE

MULTIPLIER &
DIVIDER,
MULTIPLY-

CODE FLASH MEMORY

ACCUMULATOR

Voo Vss  TOOLRxD/P50,

TOOLTXD/P51
BUZZER OUTPUT
¢> ___________ PCLBUZO/P31,
CLOCK OUTPUT PCLBUZ1/P15
CONTROL

EVENT LINK

K~ CONTROLLER
BCD

K~ ADJUSTMENT

10-bit A/D
CONVERTER

0

ST
““ P10 to P17
““ P20 to P23
S
ST

ST ST
A Jez
-c. :2?, P122
o ]

o

K21 ANI0/P20 to ANIZ/P23

ANI16/P01, ANI17/PQ0,
ANI18/P147, ANI19/P120

K| PwM OPTION UNIT

AVrere/P20
AVrern/P21
POWER ON RESET/ PORILVD
VOLTAGE CONTROL
DETECTOR
() RESET CONTROL
K ON-CHIP DEBUG TOOLO/P40
SYSTEM
CONTROL le—— RESET
HIGH-SPEED | |—— x1/p121
ON-CHIP
OSCILLATOR| |e—— X2/EXCLK/P122
VOLTAGE
REGULATOR REGC
le—— INTPO/P137
INTP1/P50,
@ INTERRUPT <Z| INTP2/P51
CONTROL INTP3/P30,
<Z| INTP4/P31
le—— INTP5/P16
CMP (2ch)
PGA —— PGAIIPO1

RO1UH0499EJ0140 Rev. 1.40
Apr 26, 2024
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RL78/G1G CHAPTER 1 OUTLINE

1.5.2 32-pin products

TIMER ARRAY
PORT P00, PO1
TI00/P00 —| ho
TOO00/PO1=—ri - PORT 1 K 8 > P10to P17
TIO1/TO01/P16 =— chi
<:> - PORT 2 K 2> P20to P23
TI02/TO02/P17 ~— ch2
K> PORT 3 K 2> P30, P31
TIO3/TO03/P31 ~—T 3
RxDO/P50 —
- PORT 4 P40
TIMER RD (2ch) K> PORT 5 K 2> P50, P51
TRDIOAO/TRDCLK/P17
TRDIOBO/P15, TRDIOCO/P16,
TRDIODO/P14 K> PORT 6 K 3> P60 to P62
TRDIOA1/P13 toTRDIOD1/P10 M TIMER RJ TRJICO/PO1
— TRJOO/P30 - PORT 7 P70
WINDOW P120
———  WATCHDOG K> PORT 12
LOW-SPEED TIMER CZ Pi21, P12
ON-CHIP
OSCILLATOR - PORT 13
12- BIT INTERVAL P137
L— TIMER C>
- PORT 14 P147
K1 ANI0/P20 to ANIZ/P23
10-bit A/D ANI16/P01, ANI17/PO0,
SERIAL ARRAY C> CONVERTER ANI18/P147, ANI19/P120
UNITO (4ch) RL78 CPU CORE AVrers/P20
AVrern/P21
RxD0/P50 — UARTO MULTIPLIER &
TXDO/P51 a—] DIVIDER, CODE FLASH MEMORY
MULTIPLY-
RxD1/P01 ——
ACCUMULATOR
TXD1/P00 =— UARTI
SCKO0/P30 O
SI100/P50 ——=1 c>
Cs100
SO00/P51 <— POWER ON RESET/ PORILVD
55100/P62 — 1+ O VOLTAGE CONTROL
DETECTOR
SCLOO/P30 =— 1c00
SDAQO/P50 <— ‘
RAM
{ _ | RESET CONTROL
K > ON-CHIP DEBUG TOOLO/P40
| SYSTEM
CONTROL  |e—— RESET
Voo Vss  TOOLRxD/P50,
TOOLTXD/P51 HIGH-SPEED| |— x1/p121
ON-CHIP
OSCILLATOR| [=—— X2/EXCLK/P122
BUZZER OUTPUT
e PCLBUZO/P31, VOLTAGE REGGC
CLOCK OUTPUT PCLBUZ1/P15 REGULATOR
CONTROL
EVENT LINK [ INTPO/P137
K~ CONTROLLER
<II INTP1/P50,
C> INTERRUPT INTP2/P51
BCD CONTROL INTP3/P30,
(~] AbJUSTMENT <Z| INTP4/P31
e INTP5/P16
CMP (2ch)
K= — CMP1P/P120
PGA —— PGAIIPO1
K > PWM OPTION UNIT
RO1UHO0499EJ0140 Rev. 1.40 .ZENESAS Page 9 of 887
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1.5.3 44-pin products

TIMER ARRAY
PORT P00, PO1
TI00/P00 —|
TO00/PO1<—o cho K PORT 1 KB P10to P17
TIO1/TO01/P16 =— chi
<:> - PORT 2 K 8> P20to P27
TI02/TO02/P17 ~=— ch2
- PORT 3 K2 > P30, P31
TIO3/TO03/P31 ~—T 3
RxDO/P50 —
X K~ PORT 4 2> P40, P41
TIMER RD (2ch) K> PORT 5 K 2> P50, P51
TRDIOAO/TRDCLK/P17
TRDIOBO/P15, TRDIOCO/P16,
TRDIODO/P14 K> PORT 6 K 2> P60 to P63
TRDIOA1/P13 toTRDIOD1/P10 M TIMER RJ TRJICO/PO1
|——» TRJOO/P30 - PORT7 K Z ) P70to P73
WINDOW P120
——— warcrnos K2 K PORT 12 (T P121to P124
LOW-SPEED TIMER
ON-CHIP
OSCILLATOR 12 BIT INTERVAL - PORT 13 pra7
L— TIMER C>
- PORT 14 (T > P146, P147
ANIO/P20 to
ANI7/P27
10-bit A/D ANI16/P01, ANI17/PO0,
SERIAL ARRAY <:> CONVERTER ANI18/P147, ANI19/P120
UNITO (4ch) RL78 CPU CORE AVrers/P20
AVrern/P21
?xgg; E:? — UARTO MULTIPLIER &
X - DIVIDER, CODE FLASH MEMORY KRO/P70 to
RxD1/P0T — MULTIPLY- | KEYRETURN KT wraprs
UART1 ACCUMULATOR
TXD1/P00 =—1
SCKO0/P30 O
SI100/P50 ——=1 csi00 <:>
SO00/P51 <— POWER ON RESET/ PORILVD
55100/P62 — 1+ O VOLTAGE CONTROL
DETECTOR
SCLOO/P30 =— 1c00
SDAQO/P50 <— ‘
RAM
{ _ | RESET CONTROL
K > ON-CHIP DEBUG TOOLO/P40
| SYSTEM
CONTROL  |e—— RESET
Voo Vss  TOOLRxD/P50,
TOOLTXD/P51 HIGH-SPEED| |— x1/p121
ON-CHIP
OSCILLATOR| [=—— X2/EXCLK/P122
BUZZER OUTPUT
<:> ___________ PCLBUZO/P31, VOLTAGE
CLOCK OUTPUT PCLBUZ1/P15 REGULATOR REGC
CONTROL
- EVENT LINK [ INTPO/P137
CONTROLLER INTP1/PS0.
<:> INTERRUPT <Z| INTP2/P51
BCD CONTROL INTP3/P30,
(~] AbJUSTMENT CZI INTP4/P31
e INTP5/P16
CMP (2ch)
- — CMP1P/P120
PGA —— PGAIPO1
K > PWM OPTION UNIT
RO1UHO0499EJ0140 Rev. 1.40 .ZENESAS Page 10 of 887
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RL78/G1G

CHAPTER 1 OUTLINE

1.6 Outline of Functions
[30-pin, 32-pin, 44-pin products (code flash memory 8 KB to 16 KB)]

Caution The above outline of the functions applies when peripheral 1/O redirection register 1 (PIOR1) is
set to 00H.
(1/2)
30-pin 32-pin 44-pin
Item R5F11EA8ASP, R5F11EB8AFP, R5F11EF8AFP,
R5F11EAAASP R5F11EBAAFP R5F11EFAAFP
Code flash memory (KB) 810 16
RAM (KB) 15

Address space

1MB

Main system
clock

High-speed system
clock

X1 (crystal/ceramic) oscillation, external main system clock input (EXCLK)
LS (low-speed main) mode: 1 to 8 MHz (VDD = 2.7 to 5.5 V),
HS (high-speed main) mode: 1 to 20 MHz (VDD = 2.7 to 5.5 V)

High-speed on-chip
oscillator clock (fiH)

LS (low-speed main) mode: 1 to 8 MHz (VDD = 2.7 to 5.5 V)
HS (high-speed main) mode: 1 to 24 MHz (VDD = 2.7 to 5.5 V)

Low-speed on-chip oscillator clock

15 kHz (TYP.): VDD =2.7t0 5.5V

General-purpose register

8 bits x 32 registers (8 bits x 8 registers x 4 banks)

time

Minimum instruction execution

0.04167 ps (High-speed on-chip oscillator clock: fiH = 24 MHz operation)

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

Instruction set

+ Data transfer (8/16 bits)

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

» Multiplication (8 bits x 8 bits, 16 bits x 16 bits), Division (16 bits + 16 bits, 32 bits + 32 bits)
» Multiplication and Accumulation (16 bits x 16 bits + 32 bits)

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

1/O port Total 26 28 40
CMOS I/0 23 25 35
CMOS input 3 3 5
CMOS output —
N-ch open-drain I/O .
(6 V tolerance)
Timer 16-bit timer 7 channels
(TAU: 4 channels, Timer RJ: 1 channel, Timer RD: 2 channels)
Watchdog timer 1 channel
12-bit interval timer | 1 channel
Timer output Timer outputs: 14 channels
PWM outputs: 9 channels
Caution  Since a library is used when rewriting the flash memory using the user program, flash ROM and RAM areas are

used. Refer to the RL78 Family Flash Self-Programming Library Type01 User’s Manual before using these
products.

RO1UH0499EJ0140 Rev. 1.40

Apr 26, 2024
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RL78/G1G CHAPTER 1 OUTLINE

(2/12)
30-pin 32-pin 44-pin
Item R5F11EABASP, R5F11EBSAFP, R5F11EF8AFP,
R5F11EAAASP R5F11EBAAFP R5F11EFAAFP
Clock output/buzzer output 2

* 2.44 kHz, 4.88 kHz, 9.77 kHz, 1.25 MHz, 2.5 MHz, 5 MHz, 10 MHz
(Main system clock: fMaIN = 20 MHz operation)

8/10-bit resolution A/D converter | 8 channels 12 channels
Comparator 2 channels
PGA 1 channel
Serial interface « Simplified SPI (CSI): 1 channel/lUARTO: 1 channel/simplified 12C: 1 channel
* UART1: 1 channel
Event link controller (ELC) Event input: 18 Event input: 19
Event trigger output: 6 Event trigger output: 6
Vectored Internal 20
interrupt
External 6 7
sources
Key interrupt — 4
Reset « Reset by RESET pin

* Internal reset by watchdog timer

* Internal reset by power-on-reset

* Internal reset by voltage detector

« Internal reset by illegal instruction execution Note
* Internal reset by RAM parity error

* Internal reset by illegal-memory access

Power-on-reset circuit » Power-on-reset: 1.51 £0.03 V
» Power-down-reset:  1.50 £0.03 V

Voltage detector 2.75V to0 4.06 V (6 stages)

On-chip debug function Provided

Power supply voltage Vbb=2.7t05.5V

Operating ambient temperature Ta=-40to +85°C

Note The illegal instruction is generated when instruction code FFH is executed.
Reset by the illegal instruction execution is not issued by emulation with the in-circuit emulator or on-chip debug
emulator.
RO1UHO0499EJ0140 Rev. 1.40 -IENESAS Page 12 of 887
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CHAPTER 2 PIN FUNCTIONS

2.1 Port Function

CHAPTER 2 PIN FUNCTIONS

Pin 1/0 buffers are powered by a single power supply in all products.

The input and output, buffer, and pull-up resistor settings for each port are also valid for the alternate function.

30-pin, 32-pin, 44-pin products

Table 2 - 1 Pin 1/O Buffer Power Supplies

Power Supply

Corresponding Pins

VbD

All pins

RO1UH0499EJ0140 Rev. 1.40

Apr 26, 2024

RRENESAS Page 13 of 887
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CHAPTER 2 PIN FUNCTIONS

211 30-pin products
(1/2)
Function ) )
/0 Function After Reset | Alternate Function
Name
P00 I/0 Port 0. Analoginput | ANI17/TI00/TxD1/
2-bit 1/0 port. port CMPOP/(TRJOO)
P01 Input of PO1 can be setto TTL input buffer. ANI16/TO00/RxD1/
Output of POO can be set to N-ch open-drain output (VDD tolerance). PGAI/(TRJIO0)
P00 and P01 can be set to analog input.
Input/output can be specified in 1-bit units.
Use of an on-chip pull-up resistor can be specified by a software
setting.
P10 1/0 Port 1. Input port TRDIOD1
P11 8-bit 1/O port. TRDIOC1
Input of P10 and P15 to P17 can be set to TTL input buffer.
P12 . TRDIOBH1
Output of P10, P15, and P17 can be set to N-ch open-drain output
P13 (VoD tolerance). TRDIOA1
P14 Input/output can be specified in 1-bit units. TRDIODO
P15 Use of an on-chip pull-up resistor can be specified by a software PCLBUZ1/TRDIOBO
setting.
P16 9 TI01/TOO1/INTPS/
TRDIOCO
P17 TI102/TO02/
TRDIOAO/TRDCLK
P20 110 Port 2. Analoginput | ANIO/AVREFP
P21 4-bit I/O port. port ANI1/AVREFM
Input/output can be specified in 1-bit units.
P22 ANI2
P23 ANI3
P30 I/0 Port 3. Input port INTP3/SCKO00/
2-bit I/O port. SCLO0/TRJOO
P31 Input of P30 and P31 can be setto TTL input buffer. TI03/TO03/INTP4/
Output of P30 can be set to N-ch open-drain output (VDD tolerance). PCLBUZ0/SSI00/
Input/output can be specified in 1-bit units. (TRJIOO)
Use of an on-chip pull-up resistor can be specified by a software
setting.
P40 I/0 Port 4. Input port TOOLO
1-bit 1/0 port.
Input/output can be specified.
Use of an on-chip pull-up resistor can be specified by a software
setting.
Remark The functions in parentheses shown in the above figure can be assigned by setting peripheral 1/0 redirection register 1

(PIOR1).
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RL78/G1G CHAPTER 2 PIN FUNCTIONS
(2/2)
Function . .
/10 Function After Reset | Alternate Function
Name

P50 I/0 Port 5. Input port INTP1/SI00/RxDO0/
2-bit I/O port. TOOLRxXD/SDAQO/
Input of P50 can be set to TTL input buffer. (TRJOO)

P51 Output of P50 and P51 can be set to N-ch open drain output (Vbb INTP2/SO00/TxDO/
tolerance). TOOLTxD
Input/output can be specified in 1-bit units.
Use of an on-chip pull-up resistor can be specified by a software
setting.

P60 I/0 Port 6. Input port —
Input/output can be specified in 1-bit units.

P120 I/0 Port 12. Analoginput | ANI19/CMP1P
1-bit I/O port and 2-bit input port. port

P121 Input P120 can be set to analog input. Input port X1
For only P120, input/output can be specified in 1-bit units.

P122 ) ) " X2/EXCLK
For only P120, use of an on-chip pull-up resistor can be specified by a
software setting.

P137 Input Port 13. Input port INTPO
1-bit input port.

P147 110 Port 14. Analoginput | ANI18
1-bit I/O port. port
P147 can be set to analog input.
Input/output can be specified.
Use of an on-chip pull-up resistor can be specified by a software
setting.

Remark The functions in parentheses shown in the above figure can be assigned by setting peripheral 1/O redirection register 1

(PIOR1).
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CHAPTER 2 PIN FUNCTIONS

21.2 32-pin products
(1/2)
Function ) )
/0 Function After Reset | Alternate Function
Name
P00 I/0 Port 0. Analoginput | ANI17/CMPOP/TI00/
2-bit 1/0 port. port TxD1/(TRJOO)
P01 Input of PO1 can be set to TTL input buffer. ANI16/PGAI/TO00/
Output of POO can be set to N-ch open-drain output (VDD tolerance). RxD1/TRJIO0
P00 and P01 can be set to analog input.
Input/output can be specified in 1-bit units.
Use of an on-chip pull-up resistor can be specified by a software
setting.
P10 I/0 Port 1. Input port TRDIOD1
P11 8-bit 1/O port. TRDIOC1
Input of P10 and P15 to P17 can be set to TTL input buffer.
P12 ) TRDIOBH1
Output of P10, P15, and P17 can be set to N-ch open-drain output
P13 (VoD tolerance). TRDIOA1
P14 Input/output can be specified in 1-bit units. TRDIODO
P15 Use of an on-chip pull-up resistor can be specified by a software PCLBUZ1/TRDIOBO
tting.
P16 Seting TI01/TO01/INTP5/
TRDIOCO
P17 TI102/TO02/
TRDIOAO/TRDCLK
P20 110 Port 2. Analoginput | ANIO/AVREFP
P21 4-bit I/O port. port ANI1/AVREFM
Input/output can be specified in 1-bit units.
P22 ANI2
P23 ANI3
P30 I/0 Port 3. Input port INTP3/SCKO00/
2-bit I/O port. SCLO0/TRJOO
P31 Input of P30 and P31 can be setto TTL input buffer. TI03/TO03/INTP4/
Output of P30 can be set to N-ch open-drain output (VDD tolerance). PCLBUZ0/(TRJIO0)
Input/output can be specified in 1-bit units.
Use of an on-chip pull-up resistor can be specified by a software
setting.
P40 I/0 Port 4. Input port TOOLO
1-bit 1/0 port.
Input/output can be specified.
Use of an on-chip pull-up resistor can be specified by a software
setting.
Remark The functions in parentheses shown in the above figure can be assigned by setting peripheral 1/0 redirection register 1

(PIOR1).
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CHAPTER 2 PIN FUNCTIONS

(2/12)
Function . .
/10 Function After Reset | Alternate Function
Name
P50 I/0 Port 5. Input port INTP1/SI00/RxDO0/
2-bit I/O port. TOOLRxD/SDAQO/
Input of P50 can be set to TTL input buffer. (TRJOO)
P51 Output of P50 and P51 can be set to N-ch open-drain output (Vbb INTP2/SO00/TxDO/
tolerance). TOOLTxD
Input/output can be specified in 1-bit units.
Use of an on-chip pull-up resistor can be specified by a software
setting.
P60 1/0 Port 6. Input port —
P61 3-bit 110 por‘t. _
Input/output can be specified in 1-bit units.
P62 SSI00
P70 I/O Port 7. Input port —
1-bit 1/0 port.
Input/output can be specified.
Use of an on-chip pull-up resistor can be specified by a software
setting.
P120 I/0 Port 12. Analoginput | ANI19/CMP1P
1-bit I/O port and 2-bit input port. port
P121 Input P120 can be set to analog input. Input port X1
For only P120, input/output can be specified in 1-bit units.
P122 ) ) . X2/EXCLK
For only P120, use of an on-chip pull-up resistor can be specified by a
software setting.
P137 Input Port 13. Input port INTPO
1-bit input port.
P147 I/0 Port 14. Analoginput | ANI18
1-bit I/O port. port
P147 can be set to analog input.
Input/output can be specified.
Use of an on-chip pull-up resistor can be specified by a software
setting.

Remark

The functions in parentheses shown in the above figure can be assigned by setting peripheral I/O redirection register 1

(PIOR1).
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213 44-pin products
(1/2)
Function ) )
/0 Function After Reset | Alternate Function
Name
P00 I/0 Port 0. Analoginput | ANI17/CMPOP/TI00/
2-bit 1/0 port. port TxD1/(TRJOO)
P01 Input of PO1 can be setto TTL input buffer. ANI16/PGAI/TO00/
Output of POO can be set to N-ch open-drain output (VDD tolerance). RxD1/TRJIO0
P00 and P01 can be set to analog input.
Input/output can be specified in 1-bit units.
Use of an on-chip pull-up resistor can be specified by a software
setting.
P10 I/0 Port 1. Input port TRDIOD1
P11 8-bit 1/O port. TRDIOC1
Input of P10 and P15 to P17 can be set to TTL input buffer.
P12 ) TRDIOBH1
Output of P10, P15, and P17 can be set to N-ch open-drain output
P13 (VoD tolerance). TRDIOA1
P14 Input/output can be specified in 1-bit units. TRDIODO
P15 Use of an on-chip pull-up resistor can be specified by a software PCLBUZ1/TRDIOBO
tting.
P16 Seting TI01/TO01/INTP5/
TRDIOCO
P17 TI102/TO02/
TRDIOAO/TRDCLK
P20 110 Port 2. Analoginput | ANIO/AVREFP
P21 8-bit 1/O port. port ANI1/AVREFM
Input/output can be specified in 1-bit units.
P22 ANI2
P23 ANI3
P24 ANI4
P25 ANI5
P26 ANI6
P27 ANI7
P30 I/0 Port 3. Input port INTP3/SCKO00/
2-bit I/O port. SCLO0/TRJOO
P31 Input of P30 and P31 can be setto TTL input buffer. TI03/TO03/INTP4/
Output of P30 can be set to N-ch open-drain output (VDD tolerance). PCLBUZ0/(TRJIO0)
Input/output can be specified in 1-bit units.
Use of an on-chip pull-up resistor can be specified by a software
setting.
P40 I/0 Port 4. Input port TOOLO
P41 2-bit /O port. N (TRJIOO)
Input/output can be specified.
Input/output can be specified in 1-bit units.
Use of an on-chip pull-up resistor can be specified by a software
setting.
Remark The functions in parentheses shown in the above figure can be assigned by setting peripheral 1/0 redirection register 1

(PIOR1).
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(212)
Function . .
/10 Function After Reset | Alternate Function
Name
P50 I/0 Port 5. Input port INTP1/SI00/RxDO0/
2-bit I/O port. TOOLRxD/SDAQO/
Input of P50 can be set to TTL input buffer. (TRJOO)
P51 Output of P50 and P51 can be set to N-ch open-drain output (Vbb INTP2/SO00/TxDO/
tolerance). TOOLTxD
Input/output can be specified in 1-bit units.
Use of an on-chip pull-up resistor can be specified by a software
setting.
P60 1/0 Port 6. Input port —
Input/output can be specified in 1-bit units.
P62 SSI00
P63 —
P70 I/0 Port 7. Input port KRO
P71 4-bit I/0 port. KR1
Input/output can be specified.
P72 . L KR2
Input/output can be specified in 1-bit units.
P73 Use of an on-chip pull-up resistor can be specified by a software KR3
setting.
P120 I/0 Port 12. Analoginput | ANI19/CMP1P
1-bit I/O port and 4-bit input-only port. port
P121 Input P120 can be set to analog input. Input port X1
For only P120 input/output can be specified in 1-bit units.
P122 . . . X2/EXCLK
For only P120 use of an on-chip pull-up resistor can be specified by a
P123 software setting. -
P124 —
P137 Input Port 13. Input port INTPO
1-bit input port.
P146 I/0 Port 14. Analog input —
2-bit 1/0 port. port
P147 can be set to analog input.
Input/output can be specified in 1-bit units.
Use of an on-chip pull-up resistor can be specified by a software
P147 setting. ANI18
Remark  The functions in parentheses shown in the above figure can be assigned by setting peripheral 1/0 redirection register 1

(PIOR1).
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2.2 Functions Other Than Port Pins

221 With functions for each product
Function Name 44-pin 32-pin 30-pin Function Name 44-pin 32-pin 30-pin

ANIO J J y TIOO J J y
ANI1 v \ v TIO v J V
ANI2 J J y TIO2 J J y
ANI3 v \ v TIO3 y J V
ANI4 R — — TO00 R \ v
ANI5 J — — TOO1 J J y
ANI6 R — — TO02 R \ v
ANI7 J — — TOO03 J J y
ANI16 N \ v TRJIOO R \ v
ANI7 J J y TRJOO J J y
ANI18 N \ v TRDCLK R \ v
ANI19 J J y TRDIOAO J J y
CMPOP \ J V TRDIOBO \ v S
CMP1P J J y TRDIOCO J J y
PGAI \ J V TRDIODO \ v S
INTPO J J y TRDIOA1 J J y
INTP1 \ J V TRDIOB1 \ v S
INTP2 J J y TRDIOCH J J y
INTP3 \ J V TRDIOD1 \ v S
INTP4 J J y TxDO J J y
INTP5 N \ v TxD1 R \ V
KRO J — — X1 J J y
KR1 R — — X2 \ v \/
KR2 J — — EXCLK J J y
KR3 \ — — VDD R v v
PCLBUZ0 J J y AVREFP J J y
PCLBUZ1 R \ v AVREFM R v v
REGC J J y Vss J J y
RESET \ J V TOOLRxD Y J V
RxDO J J y TOOLTxD v J y
RxD1 v \ v TOOLO N J V
SCK00 J J y

SCL00 y J y

SDA00 J J y

SI00 y J y

S000 J J y

3S100 v J V
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2.2.2

Pins for each product (pins other than port pins)

Function Name 110 Function

ANIO to ANI7, ANI16 to ANI19 Input A/D converter analog input (see Figure 12 - 46 Analog Input Pin Connection)

CMPOP, CMP1P Input Comparator input

PGAI Input PGA input

INTPO to INTP5 Input External interrupt request input pin for which the valid edge (rising edge, falling
edge, or both rising and falling edges) can be specified.

KRO to KR3 Input Key interrupt input

PCLBUZO0, 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 yF).
Also, use a capacitor with good characteristics, since it is used to stabilize internal
voltage.

RESET Input This is the active-low system reset input pin.
When the external reset pin is not used, connect this pin directly or via a resistor to
VDD.

RxDO0, RxD1 Input Serial data input pins of serial interface UARTO and UART1

TxDO, TxD1 Output | Serial data output pins of serial interface UARTO and UART1

SCKO00 1/0 Serial clock I/O pins of serial interface CSI00

SCL00 Output | Serial clock output pins of serial interface 11C00

SDA00 1/0 Serial data 1/O pins of serial interface 11C00

SI00 Input Serial data input pins of serial interface CSI00

SSI100 Input | Chip select input pin of serial interface CSI00

S000 Output | Serial data output pins of serial interface CSI00

TI0O to TIO3 Input The pins for inputting an external count clock/capture trigger to 16-bit timers 00 to
03

TOO0O0 to TO03 Output | Timer output pins of 16-bit timers 00 to 03

TRJIOO 1/0 Timer RJ input/output

TRJOO Output | Timer RJ output

TRDCLK Input Timer RD external clock input

TRDIOAO, TRDIOBO, TRDIOCO, /0 Timer RD input/output

TRDIODO, TRDIOA1, TRDIOB1,

TRDIOC1, TRDIOD1

X1, X2 — Resonator connection for main system clock

EXCLK Input External clock input for main system clock

VbD — Positive power supply for all pins

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

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

Vss — Ground potential for all pins

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 1/O for flash memory programmer/debugger
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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
VbD Normal operation mode
oV Flash memory programming mode

For details, see 25.4 Programming Method.

Remark Use bypass capacitors (about 0.1 yF) as noise and latch up countermeasures with relatively thick wires at the shortest
distance to VDD to Vss lines.
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2.3

Connection of Unused Pins

Tables 2 - 3 and 2 - 4 show the Connection of Unused Pins.

Table 2 - 3 Connection of Unused Pins (44-pin Products) (1/2)

Pin Name

110

Recommended Connection of Unused Pins

POO/ANI17/TI00/TXD1/
CMPOP/(TRJOO)

PO1/ANI16/TO00/RxD1/
PGAI/TRJIOO0

P10/TRDIOD1

P11/TRDIOC1

P12/TRDIOB1

P13/TRDIOA1

P14/TRDIODO

P15/PCLBUZ1/TRDIOBO

P16/T101/TO01/INTP5/
TRDIOCO

P17/T102/TO02/TRDIOAO/
TRDCLK

P20/ANIO/AVREFP

P21/ANI1/AVREFM

P22/ANI2

P23/ANI3

P24/ANI4

P25/ANI5

P26/ANI6

P27/ANI7

P30/INTP3/SCKO00/SCL00/
TRJOO

P31/TI03/TOO03/INTP4/
PCLBUZO0/(TRJIOO0)

P40/TOOLO

P41/(TRJIO0)

P50/INTP1/SI00/RxD0/
TOOLRXD/SDA00/(TRJOO)

P51/INTP2/SO00/TxD0/
TOOLTxD

P60

P61

P62/SSI100

P63

P70/KRO

P71/KR1

P72/KR2

P73/KR3

110

Input:  Independently connect to VDD or Vss via a resistor.
Output: Leave open.

Input:  Independently connect to VDD via a resistor, or leave open.
Output: Leave open.

Input:  Independently connect to VDD or Vss via a resistor.
Output: Leave open.

Input:  Independently connect to VDD or Vss via a resistor.
Output: Leave open.

Input:  Independently connect to VDD or Vss via a resistor.
Output: Leave open.

Input:  Independently connect to VDD or Vss via a resistor.
Output: Leave open.

RO1UH0499EJ0140 Rev. 1.40
Apr 26, 2024

RRENESAS Page 23 of 887



RL78/G1G

CHAPTER 2 PIN FUNCTIONS

Table 2 - 4 Connection of Unused Pins (44-pin Products) (2/2)

Pin Name 110 Recommended Connection of Unused Pins
P120/ANI19 1/0 Input:  Independently connect to VVbb or Vss via a resistor.
Output: Leave open.

P121/X1 Input | Independently connect to VDD or Vss via a resistor.
P122/X2/EXCLK

P123

P124

P137/INTPO Independently connect to VDD or Vss via a resistor.

P146 110 Input:  Independently connect to VDD or Vss via a resistor.
P147/ANI18 Output: Leave open.

RESET Input | Connect to VoD directly or via a resistor.

REGC — Connect to Vss via a capacitor (0.47 to 1 pF: target).
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CHAPTER 3 CPU ARCHITECTURE

3.1 Overview

The CPU core in the RL78 microcontroller employs the Harvard architecture which has independent instruction fetch
bus, address bus and data bus. In addition, through the adoption of three-stage pipeline control of fetch, decode,and
memory access, the operation efficiency is remarkably improved over the conventional CPU core. The CPU core
features high performance and highly functional instruction processing, and can be suited for use in various
applications that require high speed and highly functional processing.

The RL78/G1G integrates the RL78-S3 core that has the following features.

« 3-stage pipeline CISC architecture

* Address space: 1 Mbyte

» Minimum instruction execution time : One instruction per clock cycle
» General-purpose registers: Eight 8-bit registers

* Type of instruction: 81

+ Data allocation: Little endian

 Multiply/divide and multiply/accumulate instructions: Supported

RO1UH0499EJ0140 Rev. 1.40 RENESAS Page 25 of 887
Apr 26, 2024



RL78/G1G CHAPTER 3 CPU ARCHITECTURE
Figure 3 - 1 Memory Map (R5F11EA8, R5F11EB8, R5F11EF8)
f FFFFFH 01FFFH
Special function register (SFR)
256 bytes
FFFOOH
FFEFFH | General-purpose register
FEEEOH 32 bytes
FFEDFH RAM Notes 1, 2
FF900H 1.5KB
FF8FFH
= Reserved =
FO800H = Program area =
FO7FFH
Extended special function register
(2nd SFR)
FOOO00OH 2KB
EFFFFH
Data memory
space
= Reserved = 000CEH
000CDH On-chip debug security
ID setting area "°*
000C4H 10 bytes
000C3H Option byte area "**°?
000COH 4 bytes
000BFH CALLT table area
64 bytes
00080H
0007FH
02000H Vector table area
X 128 bytes
Program 01FFFH-., Code flash memory L
memory 8 KB
v  Space 4 00000H T 00000H
Note 1. Do not allocate RAM addresses which are used as a stack area, a data buffer, a branch destination of vector interrupt
processing to the area FFE20H to FFEFFH and FF900H to FFC80H when performing self-programming.
Note 2. Instructions can be executed from the RAM area excluding the general-purpose register area.
Note 3. Set the option bytes to 000COH to 000C3H, and the on-chip debug security IDs to 000C4H to 000CDH.
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 22.5 RAM Parity
Error Detection Function.

RO1UH0499EJ0140 Rev. 1.40
Apr 26, 2024

RRENESAS

Page 26 of 887



RL78/G1G CHAPTER 3 CPU ARCHITECTURE
Figure 3 - 2 Memory Map (R5F11EAA, R5F11EBA, R5F11EFA)
¥ FFFFFH 03FFFH
Special function register (SFR)
256 bytes
FFFOOH
FFEFFH | General-purpose register
FEEEOH 32 bytes
FFEDFH RAM Notes 1, 2
FF900H 1.5 KB
FF8FFH
Reserved
F4000H
F3FFFH
Mirror
FOEOOH
FODFFH Reserved = =
FOBOOH = Program area =
FO7FFH
Extended special function register
(2nd SFR)
2 KB
FOOO00OH
EFFFFH
Data memory
space
Reserved 000CEH
000CDH On-chip debug security
ID setting area "°*
000C4H 10 bytes
000C3H Option byte area N3
000COH 4 bytes
000BFH CALLT table area
64 bytes
00080H
0007FH
04000H Vector table area
A 128 bytes
Frir:ng'r:zT 03FFFH-., Code flash memory L
y 16KB
v space ¢ 00000H 00000H
Note 1. Do not allocate RAM addresses which are used as a stack area, a data buffer, a branch destination of vector interrupt
processing to the area FFE20H to FFEFFH and FF900H to FFC80H when performing self-programming.
Note 2. Instructions can be executed from the RAM area excluding the general-purpose register area.
Note 3. Set the option bytes to 000COH to 000C3H, and the on-chip debug security IDs to 000C4H to 000CDH.
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 22.5 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.

03FFFH

03CO00H
03BFFH

Block OFH

007FFH
Block 01H
00400H

003FFH A
Block 00H 1KB

00000H Y

(R5F11EXA (x = A, B, F))

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 02000H to 023FFH 08H
00400H to 007FFH 01H 02400H to 027FFH 09H
00800H to 00BFFH 02H 02800H to 02BFFH 0AH
00COOH to 00FFFH 03H 02COO0H to 02FFFH 0BH
01000H to 013FFH 04H 03000H to 033FFH OCH
01400H to 017FFH 05H 03400H to 037FFH ODH
01800H to 01BFFH 06H 03800H to 03BFFH OEH
01COOH to 01FFFH 07H 03COO0H to 03FFFH OFH
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311 Internal program memory space

The internal program memory space stores the program and table data.
The RL78/G1G products incorporate internal ROM (flash memory), as shown below.

Table 3 - 2 Internal ROM Capacity

Internal ROM
Part Number
Structure Capacity
R5F11EA8, R5F11EB8, R5F11EF8 Flash memory 8192 x 8 bits (00000H to 01FFFH)
R5F11EAA, R5F11EBA, R5F11EFA 16384 x 8 bits (00000H to 03FFFH)

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.
Table 3 - 3 list the vector table. “\” indicates an interrupt source which is supported. “—” indicates an

interrupt source which is not supported.
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Table 3 - 3 Vector Table

Vector Table Address Interrupt Source 44-pin 32-pin 30-pin
00000H RESET, POR, LVD, WDT, TRAP, IAW, RPE J J y
00004H INTWDTI v S v
00006H INTLVI J J y
00008H INTPO y J y
0000AH INTP1 J J y
0000CH INTP2 v S v
0000EH INTP3 J J y
00010H INTP4 J J y
00012H INTP5 R J \/
0001EH INTSTO/INTCSIO0/INTIICO0 J J y
00020H INTSRO R J \/
00022H INTSREO J J y

INTTMO1H R J \/
00024H INTST1 J J y
00026H INTSR1 R J \/
00028H INTSRE1 J J y

INTTMO3H R J \/
0002CH INTTMOO J J y
0002EH INTTMO1 R J \/
00030H INTTMO2 J J y
00032H INTTMO3 R J \/
00034H INTAD J J y
00038H INTIT R J \/
0003AH INTKR J — —
00040H INTTRJO R J 3
00052H INTCMPO J J y
00054H INTCMP1 R J 3
00056H INTTRDO J J y
00058H INTTRD1 R J 3
00062H INTFL \ J \/
0007EH BRK v S V
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(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 2 bytes).

(3) Option byte area
A 4-byte area of 000COH to 000C3H can be used as an option byte area. For details, see CHAPTER 24
OPTION BYTE.

(4) On-chip debug security ID setting area
A 10-byte area of 000C4H to 000CDH 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. For details, sese CHAPTER 26 ON-CHIP
DEBUG FUNCTION.
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3.1.2 Mirror area

The R5F11EBAAFP mirror the code flash area of 00000H to 03FFFH, to FOOOOH to FFFFFH.

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 Overview 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 R5F11EBAAFP (Flash memory: 16 KB, RAM: 1.5 KB)

FFFFFH

FFFOOH
FFEFFH

FFEEOH
FFEDFH

FF900H
FF8FFH
F4000H
F3FFFH

FOEOOH
FODFFH

FO800H
FO7FFH

FOOOOH
EFFFFH

04000H
03FFFH

00EQOH
00CFFH
00000H

Special-function register (SFR)

256 bytes

General-purpose register
32 bytes

RAM
1.5 KB

Reserved

Mirror

(same data as 00EOOH to 03FFFH)

Reserved

Extended special function register

(2nd SFR)
2KB

Reserved

Mirror

For example, 03789H is mirrored to
F3789H. Data can therefore be read
by MOV A, 13789H, instead of MOV
ES, #00H and MOV A, ES:!3789H.

Code flash memory

Code flash memory

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 - 3 Format of Configuration 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 03FFFH is mirrored to FOOOOH to FFFFFH
1 Setting prohibited

Caution 1. Be sure to clear bit 0 (MAA) of this register to 0 (default value).
Caution 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/G1G products incorporate the following RAMs.

Table 3 - 4 Internal RAM Capacity
Part Number Internal RAM

R5F11EA8, R5F11EB8, R5F11EF8 1536 x 8 bits (FF900H to FFEFFH)
R5F11EAA, R5F11EBA, R5F11EFA

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.

Caution 1.1t is prohibited to use the general-purpose register (FFEEOH to FFEFFH) space for fetching
instructions or as a stack area.

Caution 2. When self-programming, do not allocate the stack used for the library and the RAM address
used for the data buffer to the FFE20H to FFEFFH of the RAM area. For more details, refer to
the RL78 Family Flash Self-Programming Library Type01 User’s Manual.

Caution 3. Since the FF900H to FFC80H area of the internal RAM area is used for the self-programming
library, this area cannot be used.

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
Tables 3 - 5to 3 - 7 in 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 FOOO0H to FO7FFH
(see Tables 3 - 8 to 3 - 13 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/G1G, based on operability and other considerations. For areas containing data memory in particular,
special addressing methods designed for the functions of the special function registers (SFR) and general-
purpose registers are available for use. Figures 3 - 4 and 3 - 5 show correspondence between data memory and
addressing. For details of each addressing, see 3.4 Addressing for Processing Data Addresses.
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Figure 3 - 4 Correspondence between Data Memory and Addressing (R5F11EA8, R5F11EB8, R5F11EF8)

FFFFFH £ _ [
FFF20H | _ Special function register (SFR) _ | STR2ddressing
FFF1FH 256 bytes
FFFOOH 3
FFEFFH - i 1 i
General-purpose register Register addressing Short dlrlect
FFEEOH 32 bytes v addressing
FFEDFH
FFE20H | _________} RAMM™®
FFE1FH 1.5KB
FF900H
FF8FFH
Reserved
F2000H
F1FFFH
Reserved
FOEOOH
FODFFH
Reserved
FO800H
FO7FFH

Extended special function register

2nd SFR ’ .
( e ) Direct addressing
FOOO0OH Register indirect addressing
EFFFFH
Based addressing
Based indexed addressing
Reserved
02000H
01FFFH L Code flash memory )
8 KB
00000H \ 4

Note Use of the area FFE20H to FFEFFH and FF900H to FFC80H is prohibited when using the self-programming function,
because this area is used for self-programming library.
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Figure 3 - 5 Correspondence between Data Memory and Addressing (R5F11EAA, R5F11EBA, R5F11EFA)

FFFFFH £ _ [
FFF20H | _ Special function register (SFR) _ | STR2ddressing
FFF1FH 256 bytes
FFFOOH 3
FFEFFH - i 1 i
General-purpose register Register addressing Short dlrlect
FFEEOH 32 bytes v addressing
FFEDFH .
te
FFE20H | _________1 RAM ™ .
FFE1FH 1.5KB
FF900H
FF8FFH
Reserved
F4000H
F3FFFH
Mirror
FOEOOH
FODFFH
Reserved
FO800H
FO7FFH

Extended special function register

2nd SFR ’ .
( e ) Direct addressing
FOOO0OH Register indirect addressing
EFFFFH
Based addressing
Based indexed addressing
Reserved
04000H
03FFFH L Code flash memory )
16 KB
00000H \ 4

Note Use of the area FFE20H to FFEFFH and FF900H to FFC80H is prohibited when using the self-programming function,
because this area is used for self-programming library.
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3.2 Processor Registers

The RL78/G1G products incorporate the following processor registers.

3.21 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) 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 program
counter.

Figure 3 - 6 Format of Program Counter

19 0

PC|

(2) 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 - 7 Format of Program Status Word

7 0
PSW | IE z | RBS1 AC RBSO ISP1 ISPO CcYy

(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 interrupt request acknowledgment is
controlled with an in-service priority flag (ISP1, ISPO0), 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 El
instruction execution.

(b) Zero flag (2)
When the operation result is zero, 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, ISPO)
This flag manages the priority of acknowledgeable maskable vectored interrupts. Vectored interrupt
requests specified lower than the value of ISP0 and ISP1 flags by the priority specification flag registers
(PRnOL, PRnOH, PRn1L, PRn1H, PRn2L, PRn2H) (see 16.3.3) can not be acknowledged. Actual 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 - 8 Format of Stack Pointer

15 0
SP|SP15|SP14|SP13|SP12|SP11 |SP10| SP9 | SP8 | SP7 | SP6 | SP5 | SP4 | SP3 | SP2 | SP1 | 0 |
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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.

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

Caution 2. It is prohibited to use the general-purpose register (FFEEOH to FFEFFH) space as a stack
area.

Caution 3. When self-programming, do not allocate the stack used for the library and the RAM
address used for the data buffer to the FFE20H to FFEFFH of the RAM area. For more
details, refer to the RL78 Family Flash Self-Programming Library Type01 User’s Manual.

Caution 4. Since the FF900H to FFC80H area of the internal RAM area is used for the self-
programming library, this area cannot be used.

Figure 3 - 9 Data to Be Saved to Stack Memory

PUSH rp instruction PUSH PSW instruction
SP ¢« SP-2 SP ¢« SP-2
T T
SP - 2 | Register pair lower SP-2 00H
T T
SP - 1 |Register pair higher SP -1 PSW
0 0
SP > SP >
CALL, CALLT instructions Interrupt, BRK instruction
(4-byte stack) (4-byte stack)
SP ¢« SP-4 SP ¢« SP-4
T T
SP-4 PC7 to PCO SP-4 PC7 to PCO
T T
SP-3 PC15 to PC8 SP-3 PC15 to PC8
0 0
SP-2 PC19 to PC16 SP-2 PC19 to PC16
T T
SP-1 00H SP-1 PSW
T T
SP - SP >
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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 interrupts for each bank.

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

Caution 2. When self-programming, do not allocate the stack used for the library and the RAM address
used for the data buffer to the FFE20H to FFEFFH of the RAM area. For more details, refer to
the RL78 Family Flash Self-Programming Library Type01 User’s Manual.

Caution 3. Since the FF900H to FFC80H area of the internal RAM area is used for the self-programming
library, this area cannot be used.
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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
FFEESH
A
Register bank 3 AX
X
FFEEOH
15 7 0
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3.23 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 | CS0

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

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

laddr16 —F| 0000H - FFFFH

ES:laddr16 a‘OH - FH‘ ‘ 0000H - FFFFH ‘

FFFFFH 1
Special function register
(SFR) 256 bytes
laddr16 -~ ot
ES:laddr16 Extended special function register Data memory space
(2nd SFR) 2 Kbytes
FOOOOH
EFFFFH
~L Code flash memory L
00000!—:[ Y

RO1UH0499EJ0140 Rev. 1.40 RENESAS Page 43 of 887
Apr 26, 2024



RL78/G1G CHAPTER 3 CPU ARCHITECTURE

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.

* 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>
+ 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.
* 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.

Tables 3 - 5 to 3 - 7 give lists of the SFRs. The meanings of items in the table are as follows.

» Symbol
This item indicates 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.
* RIW
This item indicates whether the corresponding 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
This item indicates each register status upon reset signal generation.

Caution Do not access addresses to which 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 Special Function Register (SFR) List (1/3)

Address Special Function Register (SFR) Symbol RW Manipulable Bit Range After Roset
Name 1-bit 8-bit 16-bit
FFFOOH | Port register 0 PO R/W v v — 00H
FFFO1H | Port register 1 P1 RIW \ y — 00H
FFFO2H | Port register 2 P2 R/W v v — 00H
FFFO3H | Port register 3 P3 RIW \ y — 00H
FFFO4H | Port register 4 P4 R/W v v — 00H
FFFO5H | Port register 5 P5 RIW \ y — 00H
FFFO6H | Port register 6 P6 RIW y \ — 00H
FFFO7H | Port register 7 P7 RIW v v — 00H
FFFOCH | Port register 12 P12 R/W v v — Undefined
FFFODH | Port register 13 P13 R/W \ \ — Undefined
FFFOEH | Port register 14 P14 R/W y y — 00H
FFF10H | Serial data register 00 TXDO/ |SDRO0 | RW — \ J 0000H
SI1000
FFF11H — — _
FFF12H | Serial data register 01 RXDO/ |SDRO1 | RW — \ J 0000H
S1001
FFF13H — — _
FFF18H | Timer data register 00 TDROO R/W — — \ 0000H
FFF19H
FFF1AH | Timer data register 01 TDRO1L |TDRO1 | R/W — J O0H
FFF1BH TDRO1H — \ 00H
FFF1EH | 10-bit A/D conversion result register | ADCR R — — \ 0000H
FFF1FH 8-bit A/D conversion result ADCRH R — v — 00H
register
FFF20H | Port mode register 0 PMO R/W \ \ — FFH
FFF21H | Port mode register 1 PM1 R/W \ \ — FFH
FFF22H | Port mode register 2 PM2 R/W \ \ — FFH
FFF23H | Port mode register 3 PM3 R/W \ \ — FFH
FFF24H | Port mode register 4 PM4 R/W ~ N _ FFH
FFF25H | Port mode register 5 PM5 R/W y \ - FFH
FFF26H | Port mode register 6 PM6 R/W v v — FFH
FFF27H | Port mode register 7 PM7 R/W \ \ - FFH
FFF2CH | Port mode register 12 PM12 R/W v v — FFH
FFF2EH | Port mode register 14 PM14 R/W \ \ — FFH
FFF30H | A/D converter mode register 0 ADMO R/wW \/ v — 00H
FFF31H | Analog input channel specification ADS R/W v v — 00H
register
FFF32H | A/D converter mode register 1 ADM1 R/W v v — 00H
FFF37H | Key return mode register KRM RIW v v — 00H
FFF38H | External interrupt rising edge enable | EGPO R/W v \ — 00H
register 0
FFF39H | External interrupt falling edge enable | EGNO R/W v v — 00H
register 0
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Table 3 - 6 Special Function Register (SFR) List (2/3)

Address Special Function Register (SFR) Symbol RW Manipulable Bit Range After Reset
Name 1-bit 8-bit 16-bit
FFF44H | Serial data register 02 TXD1/ |SDR02 | R/W — v R 0000H
SI010
FFF45H — — —
FFF46H | Serial data register 03 RXD1/ |SDR03 | RW — \ R 0000H
SIO11
FFF47H — — _
FFF58H | Timer RD general register CO TRDGRCO R/W — — N FFFFH Note
FFF59H
FFF5AH | Timer RD general register DO TRDGRDO R/W — — \ FFFFH Note
FFF5BH
FFF5CH | Timer RD general register C1 TRDGRCH1 R/W — — \ FFFFH Note
FFF5DH
FFF5EH | Timer RD general register D1 TRDGRD1 R/W — — \ FFFFH Note
FFF5FH
FFF64H | Timer data register 02 TDRO02 R/W — — \ 0000H
FFF65H
FFF66H | Timer data register 03 TDRO3L | TDRO3 R/W — v v 00H
FFF67H TDRO3H — \ 00H
FFFO0H | 12-bit interval timer control register ITMC R/W — — \ OFFFH
FFF91H
FFFAOH | Clock operation mode control register | CMC R/W — v — 00H
FEFA1H Clo.ck operation status control CSC RIW v v N COH
register
FFFAZH St:fﬂlsa::;sst:bilization time counter | OSTC R v v — 00H
FEFA3H Os;illation stabilization time select OSTS R/W — v — 07H
register
FFFA4H | System clock control register CKC R/W v v — 00H
FFFA5H | Clock output select register 0 CKS0 R/W v v — 00H
FFFABH | Clock output select register 1 CKS1 R/W y y — 00H

Note

The timer RD SFRs are undefined when FRQSEL4 = 1 in the user option byte (000C2H) and TRDOEN = 0 in the PER1

register. If it is necessary to read the initial value, set fcLk to fir and TRDOEN = 1 before reading.
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Table 3 - 7 Special Function Register (SFR) List (3/3)

Manipulable Bit Range
Address | Special Function Register (SFR) Name Symbol R/W After Reset
1-bit 8-bit 16-bit
FFEASH Reset control flag register RESF R — v — Undefined
Note 1
FFFA9H | Voltage detection register LVIM R/W v v — OO0H Note 2
FEEAAH Voltage detection level register LVIS R/W v v — 00H/01H/81H
Note 3
FFFABH Watchdog timer enable register WDTE RIW — \ — 9AH/1AH
Note 4
FFFACH | CRC input register CRCIN R/W — v — 00H
FFFDOH | Interrupt request flag register 2L IF2L IF2 R/W v v R OO0H
FFFD1H | Interrupt request flag register 2H IF2H IF2 R/W v v 00H
FFFD4H | Interrupt mask flag register 2L MK2L | MK2 R/W v v v FFH
FFFD5H | Interrupt mask flag register 2H MK2H | MK2 RIW v v FFH
FFFD8H | Priority specification flag register 02L | PRO2L | PR0O2 R/W v v R FFH
FFFD9H | Priority specification flag register 02H | PRO2H | PR02 R/W v v FFH
FFFDCH | Priority specification flag register 12L | PR12L | PR12 R/W v v R FFH
FFFDDH | Priority specification flag register 12H | PR12H | PR12 R/W v v FFH
FFFEOH | Interrupt request flag register OL IFOL IFO R/W v v v 00H
FFFE1H | Interrupt request flag register OH IFOH R/W v v 00H
FFFE2H | Interrupt request flag register 1L IF1L IF1 R/W v v R OO0H
FFFE3H | Interrupt request flag register 1H IF1H R/W v v 00H
FFFE4H | Interrupt mask flag register OL MKOL | MKO R/W v v v FFH
FFFE5H | Interrupt mask flag register OH MKOH R/W v v FFH
FFFEGH | Interrupt mask flag register 1L MK1L | MK1 R/W v v v FFH
FFFE7H | Interrupt mask flag register 1H MK1H R/W v v FFH
FFFE8H | Priority specification flag register 00L | PROOL | PROO R/W v v R FFH
FFFE9QH | Priority specification flag register 00H | PROOH R/W v v FFH
FFFEAH | Priority specification flag register 01L | PRO1L | PRO1 R/W v v v FFH
FFFEBH | Priority specification flag register 01H | PRO1H R/W v v FFH
FFFECH | Priority specification flag register 10L | PR10L | PR10 R/W v v v FFH
FFFEDH | Priority specification flag register 10H | PR10H R/W v v FFH
FFFEEH | Priority specification flag register 11L | PR11L | PR11 R/W v v v FFH
FFFEFH | Priority specification flag register 11H | PR11H R/W v v FFH
FFFFOH | Multiply and accumulation register (L) | MACRL R/W — — v 0000H
FFFF1H
FFFF2H | Multiply and accumulation register (H) | MACRH R/W — — v 0000H
FFFF3H
FFFFEH | Processor mode control register PMC R/W v v — 00H
Note 1. The reset value of the RESF register varies depending on the reset source.
Note 2. The reset value of the LVIM register varies depending on the reset source.
Note 3. The reset value of the LVIS register varies depending on the reset source and the setting of the option byte.
Note 4. The reset value of the WDTE register is determined by the setting of the option byte.
Remark For extended SFRs (2nd SFRs), see Tables 3 - 8 to 3 - 13 Extended Special Function Register (2nd SFR) List.
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3.25 Extended special function registers (2nd SFRs: 2nd Special Function
Registers)

Unlike a general-purpose register, each extended SFR (2"d 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>.<Bi