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Notice

1.

13.
14.

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

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

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

Unless expressly designated as a high reliability product or a product for harsh environments in a Renesas Electronics data sheet or other Renesas
Electronics document, Renesas Electronics products are not intended or authorized for use in products or systems that may pose a direct threat to
human life or bodily injury (artificial life support devices or systems; surgical implantations; etc.), or may cause serious property damage (space system;
undersea repeaters; nuclear power control systems; aircraft control systems; key plant systems; military equipment; etc.). Renesas Electronics disclaims
any and all liability for any damages or losses incurred by you or any third parties arising from the use of any Renesas Electronics product that is
inconsistent with any Renesas Electronics data sheet, user's manual or other Renesas Electronics document.
No semiconductor product is absolutely secure. Notwithstanding any security measures or features that may be implemented in Renesas Electronics
hardware or software products, Renesas Electronics shall have absolutely no liability arising out of any vulnerability or security breach, including but not
limited to any unauthorized access to or use of a Renesas Electronics product or a system that uses a Renesas Electronics product. RENESAS
ELECTRONICS DOES NOT WARRANT OR GUARANTEE THAT RENESAS ELECTRONICS PRODUCTS, OR ANY SYSTEMS CREATED USING
RENESAS ELECTRONICS PRODUCTS WILL BE INVULNERABLE OR FREE FROM CORRUPTION, ATTACK, VIRUSES, INTERFERENCE,
HACKING, DATA LOSS OR THEFT, OR OTHER SECURITY INTRUSION (“Vulnerability Issues”). RENESAS ELECTRONICS DISCLAIMS ANY AND
ALL RESPONSIBILITY OR LIABILITY ARISING FROM OR RELATED TO ANY VULNERABILITY ISSUES. FURTHERMORE, TO THE EXTENT
PERMITTED BY APPLICABLE LAW, RENESAS ELECTRONICS DISCLAIMS ANY AND ALL WARRANTIES, EXPRESS OR IMPLIED, WITH
RESPECT TO THIS DOCUMENT AND ANY RELATED OR ACCOMPANYING SOFTWARE OR HARDWARE, INCLUDING BUT NOT LIMITED TO THE
IMPLIED WARRANTIES OF MERCHANTABILITY, OR FITNESS FOR A PARTICULAR PURPOSE.
When using Renesas Electronics products, refer to the latest product information (data sheets, user’'s manuals, application notes, “General Notes for
Handling and Using Semiconductor Devices” in the reliability handbook, etc.), and ensure that usage conditions are within the ranges specified by
Renesas Electronics with respect to maximum ratings, operating power supply voltage range, heat dissipation characteristics, installation, etc. Renesas
Electronics disclaims any and all liability for any malfunctions, failure or accident arising out of the use of Renesas Electronics products outside of such
specified ranges.
Although Renesas Electronics endeavors to improve the quality and reliability of Renesas Electronics products, semiconductor products have specific
characteristics, such as the occurrence of failure at a certain rate and malfunctions under certain use conditions. Unless designated as a high reliability
product or a product for harsh environments in a Renesas Electronics data sheet or other Renesas Electronics document, Renesas Electronics products
are not subject to radiation resistance design. You are responsible for implementing safety measures to guard against the possibility of bodily injury,
injury or damage caused by fire, and/or danger to the public in the event of a failure or malfunction of Renesas Electronics products, such as safety
design for hardware and software, including but not limited to redundancy, fire control and malfunction prevention, appropriate treatment for aging
degradation or any other appropriate measures. Because the evaluation of microcomputer software alone is very difficult and impractical, you are
responsible for evaluating the safety of the final products or systems manufactured by you.

. Please contact a Renesas Electronics sales office for details as to environmental matters such as the environmental compatibility of each Renesas

Electronics product. You are responsible for carefully and sufficiently investigating applicable laws and regulations that regulate the inclusion or use of
controlled substances, including without limitation, the EU RoHS Directive, and using Renesas Electronics products in compliance with all these
applicable laws and regulations. Renesas Electronics disclaims any and all liability for damages or losses occurring as a result of your noncompliance
with applicable laws and regulations.

. Renesas Electronics products and technologies shall not be used for or incorporated into any products or systems whose manufacture, use, or sale is

prohibited under any applicable domestic or foreign laws or regulations. You shall comply with any applicable export control laws and regulations
promulgated and administered by the governments of any countries asserting jurisdiction over the parties or transactions.

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

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

This document shall not be reprinted, reproduced or duplicated in any form, in whole or in part, without prior written consent of Renesas Electronics.
Please contact a Renesas Electronics sales office if you have any questions regarding the information contained in this document or Renesas
Electronics products.

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

subsidiaries.

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

(Rev.5.0-1  October 2020)

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

www.renesas.com

www.renesas.com/contact/.
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General Precautions in the Handling of Microprocessing Unit and Microcontroller
Unit Products

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

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

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

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

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

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

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

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

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

evaluation test for the given product.



How to Use This Manual

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

The target products are as follows.

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

Organization below.

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

to the RL78 family).

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

® Other on-chip peripheral functions

® Electrical specifications

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

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

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

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



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

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

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

Decimal ... XXXX

Hexadecimal ... xxxxH

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

Documents preliminary versions are not marked as such.

Documents Related to Devices

Document Name

Document No.

RL78/G15 User's Manual Hardware

RO1UHO959E

RL78 Family User's Manual Software

RO1US0015E

Documents Related to Flash Memory Programming and On-chip Debugging

Document Name

Document No.

PG-FP5 Flash Memory Programmer User’s Manual

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

Renesas Flash Programmer Flash Memory Programming Software User's Manual

Note 2

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

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

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

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

latest version of each document when designing.




Other Documents

Document Name Document No.

Renesas Microcontrollers RL78 Family

R01CP0003E
Semiconductor Package Mount Manual R50ZZ0003E
Semiconductor Reliability Handbook R51ZZ0001E

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

latest version of each document when designing.

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

EEPROM is a trademark of Renesas Electronics Corporation.

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

Caution: This product uses SuperFlash® technology licensed from Silicon Storage Technology, Inc.
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CHAPTER1 OUTLINE

1.1 Features

Low power consumption technology

® Vpp = single power supply voltage of 2.4 to 5.5V
® HALT mode
® STOP mode

RL78 CPU core

® CISC architecture with 3-stage pipeline

® Minimum instruction execution time: Can be changed from high speed (0.0625 ps: @ 16 MHz operation with high-
speed on-chip oscillator) to low speed (1.0 pys: @ 1 MHz operation)

® Address space: 1 MB

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

® On-chip RAM: 1 KB

Code flash memory

® Code flash memory: 4 to 8 KB
® Block size: 1 KB

® Only write after erase is possible
® On-chip debug function

® Self-programming (with no boot swap function/flash shield window function)

Data flash memory

® Data flash memory: 1 KB

® Block size: 512 B

® Unit of rewrites: 32 bits

® Background operation (BGO) is not supported (instructions cannot be executed from the code flash memory while
rewriting the data flash memory)

® Number of rewrites: 1,000,000 times (TYP.)

® V/oltage of rewrites: Vop =2.4t05.5V

RO1UH0959EJ0120 Rev.1.20 RENESAS Page 19 of 765
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RL78/G15 CHAPTER 1 OUTLINE

High-speed on-chip oscillator

® Select from 16 MHz, 8 MHz, 4 MHz, 2 MHz, and 1 MHz

® Frequency accuracy +1.0% (Vopo = 2.4 t0 5.5V, Ta = —20 to +85°C)
(G: Industrial applications, M: Industrial applications)

® Frequency accuracy +1.5% (Voo =2.41t0 5.5V, Ta= -40 to —20°C)
(G: Industrial applications, M: Industrial applications)

® Frequency accuracy +1.5% (Voo = 2.4 t0 5.5V, Ta = +85 to +105°C)
(G: Industrial applications)

® Frequency accuracy +1.5% (Vopo = 2.4 t0 5.5V, Ta = +85 to +125°C)
(M: Industrial applications)

® Frequency accuracy +2.0% (Voo = 2.4 t0 5.5V, Ta = —40 to +85°C)

(A: Consumer applications)

Operating ambient temperature

® Ta= —40 to +85°C (A: Consumer applications)
® Ta= -40to +105°C (G: Industrial applications)
® Ta= —-40 to +125°C (M: Industrial applications)

Power management and reset function

® On-chip selectable power-on-reset (SPOR) circuit (Select reset from 3 levels, stop setting is available)

Serial interface

® Simplified SPI (CSIN°¢"): 1 to 2 channels

® UART: 1 channel

@ Simplified 12C: 1 to 2 channels

® I2C: 1 channel

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.

Timer
® 16-bit timer: 8 channels
® 12-bit interval timer: 1 channel

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

A/D converter

® 8/10-bit resolution A/D converter (Voo = 2.4 to 5.5 V)
® Analog input: 3 to 11 channels
® Internal reference voltage (0.815V (TYP.))

RO1UH0959EJ0120 Rev.1.20 RENESAS Page 20 of 765
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RL78/G15 CHAPTER 1 OUTLINE

Comparator

® 1to 2 channels
® Operation mode: High-speed mode, low-speed mode

® External reference voltage or internal reference voltage can be selected as the reference voltage.

1/0 port

® |/O port: 6 to 18 (N-ch open drain output [withstand voltage of Vbp]: 2 to 9)
® Can be set to N-ch open drain and on-chip pull-up resistor
® External interrupt function: 8 channels

® On-chip clock output/buzzer output controller

Others

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

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

ROM, RAM capacities

Jan 31, 2024

Flash ROM Data flash RAM RL78/G15
8 pins 10 pins 16 pins 20 pins
8 KB 1KB 1 KB R5F12008 R5F12018 R5F 12048 R5F12068
4 KB 1 KB 1 KB R5F12007 R5F12017 R5F12047 R5F12067
RO1UH0959EJ0120 Rev.1.20 RENESAS Page 21 of 765




RL78/G15 CHAPTER 1 OUTLINE

1.2 List of Part Numbers

Figure 1-1. Part Number, Memory Size, and Package of RL78/G15

12

Part No.

|70
|=

A xxxSP#V0

Packaging specifications
#00, #20, #60: Tray (HWQFN)
#10, #70: Tray (LSSOP (10-pin), SSOP, WDFN)
#30: Tray (LSSOP (10-pin), SSOP, WDFN)
Tube (LSSOP (20-pin))N’
#40: Embossed Tape (HWQFN)
#50: Embossed Tape (LSSOP, SSOP, WDFN)

Package type
SP: 10-pin, LSSOP, 0.65-mm pitch
16-pin, SSOP, 0.65-mm pitch
20-pin, LSSOP, 0.65-mm pitch
NA: 16-pin, HWQFN, 0.5-mm pitch
NS: 8-pin, WDFN, 0.65-mm pitch

ROM number (omitted for blank products)

Fields of application
A: Consumer applications, T = —40°C to +85°C
G: Industrial applications, Ta = —-40°C to +105°C
M: Industrial applications, Ta = —-40°C to +125°C

ROM capacity
7: 4KB
8: 8 KB

Pin count
0: 8-pin
1: 10-pin
4: 16-pin
6: 20-pin

RL78/G15 group: 120

Memory type
F: Flash memory

Renesas MCU

Renesas semiconductor product

Note 1. For the 20-pin LSSOP products only, the packaging specification is Tube.

RO1UH0959EJ0120 Rev.1.20 RENESAS Page 22 of 765
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CHAPTER 1 OUTLINE

Table 1-1. List of Ordering Part Numbers

Pin count Package Fields of Ordering Part Number RENESAS Code
Apph:iza:tion Product Name Packaging
Specifications
8 pins 8-pin plastic WDFN A R5F12008ANS, R5F12007ANS #10, #30, PWSNO0008JG-A
(3 x 3 mm, 0.65-mm pitch) G R5F12008GNS, R5F12007GNs | 700, #70
M R5F12008MNS, R5F12007MNS
10 pins | 10-pin plastic LSSOP A R5F12018ASP, R5F12017ASP #10, #30, PLSP0010JA-A
(4.4 x 3.6 mm, 0.65-mm pitch) G R5F12018GSP, R5F12017GSP #50, #70
M R5F12018MSP, R5F12017MSP
16 pins | 16-pin plastic SSOP A R5F12048ASP, R5F12047ASP #10, #30, PRSP0016JC-B
(4.4 x 5.0 mm, 0.65-mm pitch) G R5F12048GSP, R5F12047GSP #50, #70
M R5F12048MSP, R5F12047MSP
16 pins | 16-pin plastic HWQFN A R5F12048ANA, R5F12047ANA #00, #20, PWQNO0016KD-A
(3 x 3 mm, 0.5-mm pitch) G R5F12048GNA, R5F12047GNA | 740, #60
M R5F12048MNA, R5F12047MNA
20 pins | 20-pin plastic LSSOP A R5F12068ASP, R5F12067ASP #30, #50 PLSP0020JB-A
(4.4 x 6.5 mm, 0.65-mm pitch) G R5F12068GSP, R5F12067GSP
M R5F12068MSP, R5F12067MSP
Note 1. For the fields of application, refer to Figure 1-1 Part Number, Memory Size, and Package of RL78/G15.
Caution The ordering part numbers represent the numbers at the time of publication. For the latest ordering

part numbers, refer to the target product page of the Renesas Electronics website.

RO1UHO959EJ0120 Rev.1.20
Jan 31, 2024
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CHAPTER 1 OUTLINE

1.3

1.3.1

8-pin products

Pin Configuration (Top View)

® 8-pin plastic WDFN (3 x 3 mm, 0.65-mm pitch)

P40/TOOLO/PCLBUZ0/VCOUTO/INTP2/(TI01/TO01)
P125/RESET/INTP1/(VCOUTO)

Vss
VDD

NENE

RL78/G15
(Top View)

8

7]
6

5]

P137/INTPO/TIO0
P04/ANI3/IVREFO0/INTP3/TI01/TO01/SCKO00/SCL0O0
P03/TOOLTxD/ANI2/IVCMPO/INTP4/TO00/SO00/TxD0O/SCLAO/(TI00)
P01/TOOLRxD/ANIO/INTP5/TI02/TO02/S100/RxD0/SDAO0/SDAAD

Table 1-2. Multiplexed Functions of 8-pin Products

Pin 110 Analog HMI Timer Communications Interface
No.
> X [ <
. 23 g 5 % 7 g
o > O > © = =
z ey = 5 T 5 g © ] 2
o) I gg 2 S g E g 5 I Tt
(2] 4 2 = Pg-~— = Qo
5| 8 £ &3 < 3 ES = 35 3 E
1 P40 TOOLO - VCOUTO INTP2 (TI01/TO01) — —
PCLBUZ0
2 | P125 RESET — (VCOUTO) INTP1 — — —
3 — Vss — — — — — —
4 — Vop — — — — — —
5 PO1 TOOLRxD ANIO — INTP5 TI02/TO02 SI00/RxDO/ SDAAO
SDA00
6 P03 TOOLTXD ANI2 IVCMPO INTP4 (TI00) SO00/TxDO SCLAO
TO00
7 P04 — ANI3 IVREFO INTP3 TI01/TO01 SCKO00/SCL00 —
8 | P137 — - — INTPO TI00 — —
Remark 1.  For pin identification, see 1.4 Pin Identification.
Remark 2.  Functions in parentheses can be assigned via settings in the peripheral I/O redirection register (PIOR).

Refer to Figure 4-6 Format of Peripheral I/O Redirection Registers 0 to 3 (PIOR0 to PIOR3).

RO1UHO959EJ0120 Rev.1.20

Jan 31, 2024
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CHAPTER 1 OUTLINE

1.3.2 10-pin products

® 10-pin plastic LSSOP (4.4 x 3.6 mm, 0.65-mm pitch)

P40/TOOLO/INTP2/(TI01/TO01)/(PCLBUZ0)
P125/RESET/INTP1/(VCOUTO)
P137/INTPO/TI00

Vss

EENE

RL78/G15
(Top View)

N
o

o[~[e]o]

PO04/ANI3/IVREFO/INTP3/TI01/TO01

PO3/ANI2/INTP4/IVCMPO/TO00/SCLAOQ/(TI00)
P02/PCLBUZO/ANI1/INTP7/VCOUTO0/SCK00/SCLO0/(TI01/TO01)
P01/TOOLRxD/ANIO/INTP5/TI02/TO02/SI00/RxD0/SDAC0/SDAAO

Voo P0OO/TOOLTXD/INTP6/SO00/TxD0
Table 1-3. Multiplexed Functions of 10-pin Products
Pin 110 Analog HMI Timer Communications Interface
No.
> X o <
a 5 B S s s & 7 2
o = > © — = =
2| < 5 £ 8 g 55 s © :
a | B £s 2 g 3 5 E z z5
(2] 1 Q = P~ = Qo
eS| & & < 8 £3 F S &S 3 E
1 P40 TOOLO — — INTP2 (TI01/TO01) — —
(PCLBUZ0)
2 | P125 RESET — (VCOUTO) INTP1 — — —
3 | P137 — — — INTPO TI00 — —
4 — Vss — — — — — —
5 — Voo — — — — — —
6 P00 TOOLTxD — — INTP6 — S000/TxDO0 -
7 PO1 TOOLRXD ANIO — INTP5 TI02/TO02 S100/RxDO/ SDAAO
SDA00
8 P02 PCLBUZO0 ANI VCOoUuTO INTP7 (TI01/TO01) SCK00/SCL00 —
9 P03 — ANI2 IVCMPO INTP4 (TI00) - SCLAO
TO00
10 | PO4 — ANI3 IVREFO INTP3 TI01/TO01 — —
Remark 1.  For pin identification, see 1.4 Pin Identification.
Remark 2.  Functions in parentheses can be assigned via settings in the peripheral I/O redirection register (PIOR).

Refer to Figure 4-6 Format of Peripheral I/O Redirection Registers 0 to 3 (PIOR0 to PIOR3).

RO1UHO959EJ0120 Rev.1.20
Jan 31, 2024
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CHAPTER 1 OUTLINE

1.3.3 16-pin products

® 16-pin plastic SSOP (4.4 x 5.0 mm, 0.65-mm pitch)

P41/TI03/TO03/(INTP4)/(TI02/TO02)
P40/TOOLO/INTP2/(PCLBUZ0)/(TI01/TO01)
P125/RESET/INTP1/(VCOUTO)
P137/INTPO/TI00
P122/X2/EXCLK/TIO5/TO05/(INTP2)
P121/X1/TIO7/TOO7/(INTP3)

s[~[olol~[]~]=

16
15
14
RL78/G15  [13]
(Top View) 112
11

PO7/ANIB/SCKO1/SCLO1/SDAAO/(INTPS5)/(TO03)
PO6/ANI5/S101/SDA01/SCLAO/(PCLBUZO)/(INTP7)/(SCKO0/SCLOO)
PO5/ANI4/TI02/TO02/SO01/(INTP6)/(SCKO0/SCLO0)/(SI00/RXDO/SDACD)
PO4/ANI3/IVREFO/INTP3/TI01/TO01/(SI00/RxDO/SDA00)/(SO00/TXDO)
PO3/ANI2/IVCMPO/INTP4/TO00/(TI00)/(SO00/TXDO)
P02/PCLBUZO/ANI1/VCOUTO/INTP7/SCKO0/SCLOO/(TIO1/TO01)/(SO01)

Vss 10| PO1/TOOLRXD/ANIO/INTPS/SIO0/RXDO/SDAGD/(TI02/TO02)/(S101)/(SDAO1)/(SDAAD)
Voo 9| POO/TOOLTXD/INTP6/SO00/TXDO/(SCKO1/SCLO1)/(SCLAO)
RO1UHO0959EJ0120 Rev.1.20 -zENESAS Page 26 of 765

Jan 31, 2024



RL78/G15 CHAPTER 1 OUTLINE

® 16-pin plastic HWQFN (3 x 3 mm, 0.5-mm pitch)

P06/ANI5/SI01/SDA01/SCLAQ/(PCLBUZO0)/(INTP7)/(SCK00/SCL00)

P40/TOOLO/INTP2/(PCLBUZO0)/(TI01/TO01)
P41/TI03/TO03/(INTP4)/(TI02/T002)
PO7/ANIB/SCKO1/SCLO1/SDAAO/(INTPS5)/(TO03)

16 15[ 14 [ 13
P125/RESET/INTP1/(VCOUTO) | 1 12 | POS/ANI4/TI02/TO02/S001/(INTPE)/(SCKOO/SCLOO)(SIO0/RXDO/SDAQD)
P137/INTPOITIO0 | 2 | RL78/G15 | 11 | PO4/ANI3/IVREFOINTP3/TIONTOO1/(SI00/RXDO/SDAO)/(SO00/TXDO)

P122/X2/EXCLKITIOSTO0S/(INTP2) | 3 | (Top View) | 10 | PO3/ANIZ/IVCMPO/INTP4/TO00/(TI00)/(SO00/TXDO)

P121/X1/TIO7ITOOTAINTP3) | 4 9 | PO2/PCLBUZO/ANI1VCOUTO/INTP7/SCKO0/SCLOO/KTIOTO01)/(S001)

slel7]s

4 8 & &

> > 5 :((

(6] a

2 2

S 5

= <

(&)

)

z 2

o

3 2

: s

SIS

S &

o £

g 3

£ 3

£ 3

28

— X
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2 8
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RL78/G15 CHAPTER 1 OUTLINE

Table 1-4. Multiplexed Functions of 16-pin Products

Pin No. 1/0 Analog HMI Timer Communications Interface
> X 5] <
| 238 5 5 5 % o
o L g 2 © > © ‘.. = = [0}
o g = + E 5 @ 2 g ® @ 8
Q| = s gs 2 o 2 E 5 8 I T £
2|3 o §28 e 5 ge == = 5 &
& S fa) [ < 8] ez £ 5 n 5 n E
1 15 P41 — — (INTP4) TI03/TO03 — —
(TI02/TO02)
2 16 P40 TOOLO — — INTP2 (TI01/TO01) — —
(PCLBUZ0)
3 1 P125 RESET — (VCOUTO) INTP1 — — —
4 2 P137 — — — INTPO TIOO — —
5 3 P122 X2 — — (INTP2) TI05/TO05 — —
EXCLK
6 4 P121 X1 — — (INTP3) TIO7/TO07 — —
7 5 — Vss — — — — — —
8 6 — Vop — — — — — —
9 7 P00 TOOLTxD — — INTP6 — SO00/TxD0 (SCLAO0)
(SCK01/SCLO1)
10 8 PO1 TOOLRXD ANIO — INTP5 (T102/TO02) SI00/RxDO/ (SDAAO0)
SDA00
(S101)/(SDA01)
11 9 P02 PCLBUZO ANI1 VCOUTO INTP7 (TI01/TO01) SCKO00/SCL00 —
(SO01)
12 10 P03 — ANI2 IVCMPO INTP4 (TI00) (SO00/TxD0) —
TOO00
13 11 P04 — ANI3 IVREFO INTP3 TI01/TO01 (S100/RxD0/ —
SDAO00)
(SO00/TxDO0)
14 12 P05 — ANI4 — (INTP6) T102/TO02 SO01 —
(SCKO00/SCLO00)
(S100/RxD0/
SDA00)
15 13 P06 (PCLBUZO0) ANI5 — (INTP7) — SI01/SDA01 SCLAO
(SCKO00/SCL00)
16 14 P07 — ANI6 — (INTP5) (TO03) SCKO01/SCLO1 SDAAOQ

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

Remark 2.  Functions in parentheses can be assigned via settings in the peripheral I/O redirection register (PIOR).
Refer to Figure 4-6 Format of Peripheral I/O Redirection Registers 0 to 3 (PIOR0 to PIOR3).

Remark 3.  For the product in a QFN package, solder the exposed die pad onto a plated area of the PCB that has no
electrical connections.

RO1UH0959EJ0120 Rev.1.20 RENESAS Page 28 of 765
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1.3.4

20-pin products

® 20-pin plastic LSSOP (4.4 x 6.5 mm, 0.65-mm pitch)

P21/ANI9/IVCMP1/(INTP7)/(TO00)

P20/ANI10/IVREF1/(INTP1)/(TI00)/(TI03/TO03)/(SCK01/SCLO1)
P41/VCOUT1/TI03/TO03/(INTP4)/(TI02/TO02)/(SO01)/(SDA01)

P40/TOOLO/INTP2/(PCLBUZ0)/(TI01/TO01)

P125/RESET/INTP1/(VCOUTO)/(VCOUT1)/(SI01)

P137/INTPO/TIO0
P122/X2/EXCLK/TI05/TO05/(INTP2)
P121/X1/TI07/TO07/(INTP3)

Vss

Vop

[e]e[~[o]a]a]e]w]~

o

RL78/G15
(Top View)

20
19
18
17

16

[15]

m
13
12
11

P22/ANIS/TIOB/TO06/(INTP5)/(SDA01)

P23/ANI7/TIO4/TO04/(INTP6)/(SCLO1)
PO7/ANI6/SCK01/SCLO1/SDAAO/(INTP5)/(TO03)
PO6/ANI5/SI01/SDA01/SCLAO/(PCLBUZO)/(INTP7)/(SCK00/SCLOO)
PO5/ANI4/TI02/TO02/SO01/(INTP6)/(SCKO0/SCLO0)/(SI00/RxD0/SDA00)
PO4/ANI3/IVREFO/INTP3/TI01/TO01/(SI00/RxDO/SDA00)/(SO00/TXDO)
PO3/ANI2/IVCMPO/INTP4/TO00/(TI00)/(SO00/TXDO)
P02/PCLBUZO0/ANI1/VCOUTO/INTP7/SCK00/SCLOO/(TIO1/TO01)/(SO01)
PO1/TOOLRXD/ANIO/INTP5/SI00/RxDO/SDA00/(TIO2/TO02)/(SI01)/(SDAO1)/(SDAAD)
POO/TOOLTXD/INTP6/SO00/TXDO/(SCKO1/SCLO1)/(SCLAO)

Table 1-5. Multiplexed Functions of 20-pin Products (1/2)

Pin 110 Analog HMI Timer Communications Interface
No.
=¥ [ = <
s | % &3 2 g g 2
3| 3 3 e 5 5 g5 E s 8
2| z 152 Z e 5 ¢ : £ £5
(=)} 172] Q = - T 2
| & €738 < 3 ES F 5 35 3 E
1 P21 — ANI9 IVCMP1 (INTP7) (TOO00) — —
2 P20 — ANI10 IVREF1 (INTP1) (TI00) (SCK01/SCLO1) —
(TI03/TO03)
3 P41 — — VCOUT1 (INTP4) TIO3/TO03 (SO01)/(SDA01) —
(TI02/TO02)
4 P40 TOOLO — — INTP2 (T101/TO01) — —
(PCLBUZ0)
5 P125 RESET — (VCOUTO) INTP1 — (Slo1) —
(VCOUT1)
6 P137 — — — INTPO TIOO — —
7 P122 X2 — — (INTP2) TI05/TO05 — —
EXCLK
8 P121 X1 — — (INTP3) TI07/TO07 — —
9 Vss — — — — — —
10 Voo — — — — — —
1 P00 TOOLTxD — — INTP6 — SO00/TxDO (SCLAO0)
(SCKO01/SCLO01)
12 PO1 TOOLRXD ANIO — INTP5 (T102/TO02)  |SI00/RxD0O/SDAOO (SDAAOD)
(S101)/(SDAO01)
13 P02 PCLBUZ0O ANI1 VCOUTO INTP7 (TI01/TO01) SCKO00/SCL00 —
(S001)
14 P03 — ANI2 IVCMPO INTP4 (TI00) (SO00/TxDO0) —
TOO00
15 P04 — ANI3 IVREFO INTP3 TI01/TO01 (SI100/RxDO/ —
SDAO00)
(SO00/TxDO0)
16 P05 — ANI4 — (INTP6) TI02/TO02 SO01 —
(SCKO00/SCL00)
(SI100/RxDO/
SDAO00)
17 P06 (PCLBUZO0) ANI5 — (INTP7) — SI01/SDA01 SCLAO
(SCKO00/SCL00)
18 P07 — ANI6 — (INTP5) (TOO03) SCKO01/SCLO01 SDAAOQ
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Table 1-5. Multiplexed Functions of 20-pin Products (2/2)

Pin 110 Analog HMI Timer Communications Interface
No.
> X [ <
[5] —
s | & &3 2 g g 9
3| < = = 5 55 5 5 8
4| Z teg : e 5% ? g g5
=) o g e = 5 = 5 <
Q| @ £ 753 2 8 3 E S &5 & E
19 P23 — ANI7 — (INTP6) TI04/TO04 (SCLO1) —
20 P22 — ANI8 — (INTP5) TI06/TO06 (SDAO01) —

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

Remark 2. Functions in parentheses can be assigned via settings in the peripheral 1/0O redirection register (PIOR).
Refer to Figure 4-6 Format of Peripheral I/O Redirection Registers 0 to 3 (PIOR0 to PIOR3).
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14 Pin Identification

ANIO to ANI10
INTPO to INTP7

P00 to PO7
P20 to P23

P40, P41
P121, P122, P125
P137

PCLBUZ0

EXCLK

X1, X2

IVCMPO, IVCMP1
VCOUTO, VCOUT1
IVREFO, IVREF1

RESET

RxDO

SCKO00, SCKO01

SCLO00, SCL01, SCLAO
SDAO00, SDA01, SDAAO
SI00, SI01

S000, SO01

TI0O to TIO7

TOO00 to TO07

TOOLO

TOOLRxD, TOOLTxD

: Analog Input
: Interrupt Request From Peripherals

:Port0
:Port 2

: Port 4

: Port 12

:Port 13

: Programmable Clock Output/Buzzer Output
: External Clock Input

: Crystal Oscillator (Main System Clock)
: Comparator Input

: Comparator Output

: Comparator Reference Input

: Reset

: Receive Data

: Serial Clock Input/Output

: Serial Clock Output

: Serial Data Input/Output

: Serial Data Input

: Serial Data Output

: Timer Input

: Timer Output

: Data Input/Output for Tool

: Data Input/Output for External Device

TxDO : Transmit Data
Vob : Power Supply
Vss : Ground
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1.5 Block Diagram

1.5.1 8-pin products

TAUO (8ch)
TI00/TO00 +—| PORT 0 K = Pot, P03, Po4
CODE DATA PORT 12 P125
FLASH FLASH
©cho3 4,8 KB 1KB
PORT 13 P137
£0_T0
INTERRUPT BUZZER/CLOCK
ch05
RL78-S2 INTERRUPT
CONTROL C,EI INTPO to INTP5
1KB
g ¢
SAUO (2ch) 8/10-bit
KN ap converter K] anio, ANi2, ANI3
RxD0 — UARTO 3ch
TXDO +—
Clock Generator
SCK00 +— + e— RESET WATCHDOG TIMER
SI100 — CSI00 Reset Generator LOW-SPEED
S000 +— — ON-CHIP
soL00 ] 12-bit INTERBAL OSCILLATOR
S IS
11C00
Low Speed High Speed
SELECTASE] | on-cHip [] on-crip
Reeer | |oscitiaTor| [osciLiaTor
TOOLO —H 15 KHz 1to 16 MHz
TOOLTXD 4—— ON-CHIP DEBUG <:>
TOOLRXD — |
Voo Vss
BCD ADJUSTMENT K —
SCLAO
SDAAD IICAO K>
IVREFO —)
IVCMPO —) COMP <:::>
VCOUTO +——
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1.5.2 10-pin products

TAUO (8ch)
TIO/TO00 +—| PORT 0 ﬂ P00 to P04
GCODE DATA PORT 12 P125
FLASH FLASH
©cho3 4,8 KB 1KB
PORT 13 P137
22
INTERRUPT BUZZER/CLOCK
ch05
RL78-S2 INTERRUPT
RAM KX COgTROL K 8 ]INTPO to INTP7
ch
1KB
g ¢
SAUO (2ch) 8/10-bit
KN ap converTer CZI ANIO to ANI3
RxD0 — UARTO 4ch
TXDO +—
Clock Generator
SCKO00 +—1 <\;> + — RESET WATCHDOG TIMER
SI100 — CSI00 Reset Generator LOW-SPEED
S000 +—H —] ON-CHIP
soL00 ] 12-bit INTERBAL OSCILLATOR
L00 (} <> <> TIMER
1100
Low Speed High Speed
SELECoE|| oncHip [ on-crip
Reser ||osCILLATOR [losciLLaToR
TOOLO — 15 KHz 1to 16 MHz
TOOLTXD 4——] ON-CHIP DEBUG <:>
TOOLRXD —) |
Voo Vss
BCD ADJUSTMENT K —
SCLAO
SOA0 1ICAQ K>
IVREFO —
IVCMPO —) COMP <:::>
VCOUTO +—
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1.5.3

TIOO/TO00 +—

TIO1/TOO01 +—

TI02/TO02 +—]

16-pin products

TAUO (8ch)

ch00

cho1

ch02

PORT 0

PORT 4

PORT 12

K5 P00 to PO7
K 2> Pao, Pat
=)

P121, P122, P125

-_ CODE DATA
FLASH FLASH
<‘1:> PORT 13 P137
T0_T0
I mwrErRrUPT AN BUZZER/CLOCK PCLBUZO
N— controL NV OUTPUT CONTROL
TI05/TO05 ¢— ch05
RL78-52 INTERRUPT
ch06 RAM K—)|  CONTROL K 8 1 INTPO to INTP7
8ch
1 KB
o] it 5
SAUO (2ch) 8/10-bit
KN A converTER K 7] ANI0 to ANIS
RxD0 — UARTO 7ch
TXDO +—
SCK00 — Clock Generator ¢ RESET
—] * WATCHDOG TIMER
500 M o0 Reset Generator Main OSC LOW-SPEED
S000 +— 110 12 MHz —] ON-CHIP
SCKO1 ] <:::> 12Dt INTERBAL OSCILLATOR
SI01 —-H csio1 i} i) i} TIMER
S001 —} X1 X2/EXCLK
Low Speed High Speed
SCLOO +— 1c00 SELECo]| onchp || oncrip
SDAO00 +— RESET OSCILLATOR| |OSCILLATOR
15 KHz 110 16 MHz
SCLO1 ¢
Iicot
o e | I
Voo Vss
TOOLO —)
TOOLTxD 4—— ON-CHIP DEBUG <):(>
TOOLRXD —|
BCD ADJUSTMENT K. >
SCLAO
SDAAO licAo -
IVREFO —]
IVCMPO — coMP K=
VCOUTO ¢——
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1.5.4

TIOO/TO00 —

TIO1/TOO01 —

TI02/TO02 +—]

TIO3/TO03 +—

20-pin products

TAUO (8ch)

ch00

cho1

ch02

ch03

¢

CODE DATA
FLASH FLASH
4,8 KB 1KB

PORT 0

PORT 2

PORT 4

PORT 12

TLyy

P00 to P07

P20 to P23

P40, P41

P121, P122, P125

TI04/TO04 +— ch04 ﬁ U ﬁ U PORT 13 p1s7
BUZZER/CLOCK
TIO5/TO05 ¢— h05 V' INTERRUPT | 1N - PCLBUZO0
° N—] conTrROL NV OUTPUT CONTROL
TI06TO06 choe R K Ibg)Er\JRTFI;%Fl’_T 8 ] INTPO to INTP7
RAM N1 5 ©
ch
1KB
TI07/TO07 ¢— ch07 iﬁ iﬁ
SAUO (2ch)
UARTO A/D CONVERTER <;E| ANIO to ANI10
TXDO KN s
SCK00 +—1 SEeET
S100 —H) CSI00 Clock Generator RESET
S000 +— N WATCHDOG TIMER
Reset Generator Main OSC LOW-SPEED
scKo1 —H| 110 12 MHz —] ON-CHIP
SI101 —) cslot 12-bit INTERBAL OSCILLATOR
S001 i} <> i} TIMER
X1 X2/EXCLK
11C00 Low Speed igh Spee
SDA0O ﬂ—:— oname | on-crip ON-CHIP
Reser || osciLLaToR] fosciLiaTor
SCL01 11co1 15 KHz 1to 16 MHz
SDAOT | |
TOOLO — Voo Vss
TOOLTXD ¢+——{ ON-CHIP DEBUG <):>
TOOLRxD —H
BCD ADJUSTMENT K
SCLAO
SDAAO licao K
IVREFO ——
IVCMPO —) COMPO <:>
VCOUTO ¢—
IVREF1 —
IVCMP1 — COMP1 <:>
VCOUT1 ¢—|
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1.6

Outline of Functions

This outline describes the functions at the time when Peripheral 1/O redirection register (PIOR) is set to 00H.

External main system clocl|
VDD =24t055V

(1/2)
ltem 8-pin 10-pin 16-pin 20-pin
R5F12007 | R5F12008 | R5F12017 | R5F12018 | R5F12047 | R5F12048 | R5F12067 | R5F12068
Code flash memory 4 KB 8 KB 4 KB 8 KB 4 KB 8 KB 4 KB 8 KB
Data flash memory 1 KB
RAM 1 KB
Main system | High-speed system — — X1, X2 (crystal/ceramic) oscillation: 1 to 12 MHz:
clock clock VDD =24t055V

k input (EXCLK): 1 to 16 MHz:

High-speed on-chip
oscillator

1t0 16 MHz (VDD =2.41t05.5V)

Low-speed on-chip oscillator clock

15 kHz (TYP.)

General-purpose registers

(8-bit register x 8) x 4 banks

Minimum instruction execution time

0.0625 ps (16 MHz operation)

Instruction set

Data transfer (8/16 bits)

.
® Adder and subtractor/logical operation (8/16 bits)
® Multiplication (8 bits x 8 bits)
.

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

1/0 port Total

6

8

14

18

CMOS I/0

5

7

13

17

CMOS input

1

Timer 16-bit timer

8 channels

Watchdog timer

1 channel

12-bit interval timer

1 channel

Timer output

3 channels
(PWM outputs: 2)Note !

3 channels
(PWM outputs: 2)Note !

6 channels

(PWM outputs: 4)Note !

8 channels
(PWM outputs: 7)Note !

Clock output/buzzer output

1

Up to 10 MHz (peripheral hardware clock: fuan = 10 MHz operation)

Comparator

1 channel

1 channel

1 channel

2 channels

8/10-bit resolution A/D converter

3 channels

4 channels

7 channels

11 channels

Serial interface

Simplified SPI (CSI): 1 channel/simplified 12C:
1 channel/lUART: 1 channel

Simplified SPI (CSIN?® 2): 2 channels/simplified 1C:
2 channels/UART: 1 channel

Internal reset by watchdog timer

Internal reset by selectable power-on-reset
Internal reset by illegal instruction executionNo 3
Internal reset by data retention lower limit voltage

Internal reset by illegal-memory access

12C bus 1 channel
Number of Internal 8 10 16 19
Vectored External 6 8 8 8
interrupt
sources
Reset Reset by RESET pin

Selectable power-on-reset circuit

Detection voltage

Rising edge (Vsror): 2.25 V/2.68 V/3.02 V/4.45 V/ (MAX.)
Falling edge (Vseor): 2.20 V/2.62 V/2.96 V/4.37 V (MAX.)
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(2/12)
Item 8-pin 10-pin 16-pin 20-pin
R5F12007 | R5F12008 | R5F12017 | R5F12018 | R5F12047 | R5F12048 | R5F12067 | R5F12068

On-chip debug function

Provided

Power supply voltage

Vop=2.41t055V

Operating ambient temperature

Ta=—40 to +85°C (A: Consumer applications), Ta= —40 to +105°C (G: Industrial applications), Ta= -40 to +125°C

(M: Industrial applications)

Note 1.

6.9.3 Operation as multiple PWM output function).

Note 2.

such in this manual.

Note 3.

execution not issued by emulation with the on-chip debug emulator.

The number of outputs varies, depending on the setting of channels in use and the number of the master (see

Although the CSI function is generally called SPI, it is also called CSl in this product, so it is referred to as

The illegal instruction is generated when instruction code FFH is executed. Reset by the illegal instruction
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CHAPTER 2 PIN FUNCTIONS

21 Port Function

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

211 8-pin products

Function Pin Type /0 After Reset Alternate Function Function
Name Release

P01 7-3-2 1/O Analog input | TOOLRxD/ANIO/INTP5/TI02/ | Port 0.
TO02/S100/RxD0/SDAO00/ 3-bit 1/0 port.
SDAAO Input/output can be specified in 1-bit units.

P03 7-9-2 TOOLTxD/ANI2/IVCMPO/ Use of an on-chip pull-up resistor can be
INTP4/TO00/SO00/TxDO0/ specified by a software setting at input port.
SCLAO/(TI00) Output of P01 and P03 can be set to N-ch

P04 ANI3/IVREFO/INTP3/TIO1/ open-drain output (Vpp tolerance).
TO01/SCK00/SCL00 P01, P03, and P04 can be set to analog

inputNote 1.

P40 7-11 1/0 Input port | TOOLO/PCLBUZO/VCOUTO/ | Port 4.

INTP2/(TI01/TO01) 1-bit 1/0 port.

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

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

P125 3-2-1 lfe} Input port | RESET/INTP1/(VCOUTO) Port 12.
1-bit I/O port.

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

P125 is also used for the input pin for external
reset (RESET).

To use the pin for external reset, set the
PORTSELB bit in the option byte (000C1H) to
1.

P137 2-1-2 Input Input port INTPO/TI00 Port 13.
1-bit input only port.

Note 1. Setting digital or analog to each pin can be done in the port mode control register 0 (PMCO) (can be set in 1-
bit units).

Remark Functions in parentheses can be assigned via settings in the peripheral I/O redirection registers 0 to 3
(PIORO to PIOR3). Refer to Figure 4-6 Format of Peripheral I/O Redirection Registers 0 to 3 (PIORO to
PIOR3).
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21.2 10-pin products
Function Pin Type /0 After Reset Alternate Function Function
Name Release
P00 7-1-2 110 Input port | TOOLTXD/INTP6/SO00/TxDO0 | Port 0.
PO1 7-3-2 Analog input | TOOLRXD/ANIO/INTPS5/TI02/ | 5-bit /O port.
TOO02/SI00/RxD0O/SDA00/ Input/output can be specified in 1-bit units.
SDAAO Use of an on-chip pull-up resistor can be
P02 PCLBUZO/ANI1/INTP7/ specified by a software setting at input port.
VCOUTO0/SCK00/SCL00/ Output of P00, P01, and P03 can be set to N-
(TI01/TO01) ch open-drain output (Vpp tolerance).
P03 7:9-2 ANI2/INTP4/IVCMPO/TO00, | POT to P04 can be set to analog input™® .
SCLAO/(TI00)
P04 ANI3/IVREFO/INTP3/TIO1/
TOO1
P40 7-1-1 110 Input port | TOOLO/INTP2/(TI01/TO01)/ | Port 4.
(PCLBUZ0) 1-bit I/O port.
Input/output can be specified in 1-bit units.
Use of an on-chip pull-up resistor can be
specified by a software setting at input port.
P125 3-2-1 110 Input port | RESET/INTP1/(VCOUTO) Port 12.
1-bit 1/O port.
Use of an on-chip pull-up resistor can be
specified by a software setting.
P125 is also used for the input pin for external
reset (RESET).
To use the pin for external reset, set the
PORTSELB bit in the option byte (000C1H) to
1.
P137 2-1-2 Input Input port | INTPO/TIO0 Port 13.
1-bit input only port.
Note 1. Setting digital or analog to each pin can be done in the port mode control register 0 (PMCO) (can be set in 1-
bit units).
Remark Functions in parentheses can be assigned via settings in the peripheral I/O redirection registers 0 to 3

(PIORO to PIOR3). Refer to Figure 4-6 Format of Peripheral /O Redirection Registers 0 to 3 (PIOR0 to

PIOR3).
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21.3 16-pin products

Function Pin Type /0 After Reset Alternate Function Function
Name Release
P00 7-1-2 110 Input port | TOOLTXD/INTP6/SO00/ Port 0.
TxDO0/(SCKO01/SCLO1)/ 8-bit I/0 port.
(SCLAQ) Input/output can be specified in 1-bit units.
PO1 7-3-2 Analog input TOOLRxD/ANIO/INTP5/SI00/ Use of an on_chip pu||_up resistor can be
RxD0/SDA00/(T102/TO02)/ specified by a software setting at input port.
(S101)/(SDA01)/(SDAAO) Output of P00, P01, and P03 to P07 can be
P02 PCLBUZO0/ANI1/VCOUTO/ set to N-ch open-drain output (Vpp tolerance).
INTP7/SCKO00/SCLO0/ P01 to PO7 can be set to analog inputM° ",
(TI01/TO01)/(SO01)
P03 7-9-2 ANI2/IVCMPO/INTP4/TO00/
(T100)/(SO00/TxDO0)
P04 ANI3/IVREFO/INTP3/TIO1/
TOO01/(SI00/RxD0/SDA00Q)/
(SO00/TxDO0)
P05 7-3-2 ANI4/T102/TO02/S0O01/

(INTPB)/(SCK00/SCLOO)/
(SI00/RxD0/SDA00)

P06 ANI5/SI01/SDA01/SCLAO/
(PCLBUZO)/(INTP7)/
(SCK00/SCL00)
P07 ANIB/SCK01/SCLO1/SDAA0/
(INTP5)/(TO03)
P40 7-1-1 110 Input port | TOOLO/INTP2/(PCLBUZ0)/ Port 4.
(TI01/TO01) 2-bit 1/0 port.
P41 TIO3/TOO3/(INTP4)/ Input/output can be specified in 1-bit units.
(T102/TO02) Use of an on-chip pull-up resistor can be
specified by a software setting at input port.
P121 7-2-2 /0 Input port | X1/TI07/TO07/(INTP3) Port 12.
P122 X2/EXCLK/TIO5/TO05/ 3-bit I/0 port.
(INTP2) Use of an on-chip pull-up resistor can be
P125 3.9.1 ﬁ/INTPV(VCOUTO) spzcllz:ezdSby a software setting at P121, P122,
an .

P125 is also used for the input pin for external
reset (RESET).
To use the pin for external reset, set the

PORTSELB bit in the option byte (000C1H) to
1.

P137 2-1-2 Input Input port | INTPO/TIO0 Port 13.
1-bit input only port.

Note 1. Setting digital or analog to each pin can be done in the port mode control register 0 (PMCO) (can be set in 1-
bit units).

Remark Functions in parentheses can be assigned via settings in the peripheral I/O redirection registers 0 to 3
(PIORO to PIORS3). Refer to Figure 4-6 Format of Peripheral I/O Redirection Registers 0 to 3 (PIORO0 to
PIOR3).
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21.4 20-pin products

(1/2)

Function Pin Type 1/0 After Reset Alternate Function Function
Name Release

P00 7-1-2 1/10 Input port | TOOLTXD/INTP6/SO00/ Port 0.
TxDO0/(SCKO01/SCLO1)/ 8-bit I/0 port.
(SCLAO) Input/output can be specified in 1-bit units.

PO1 7-3-2 Analog input TOOLRXD/ANIO/INTP5/SI00/ Use of an on-chip pull-up resistor can be
RxD0/SDA00/(T102/TO02)/ specified by a software setting at input port.
(S101)/(SDAQ1)/(SDAAD) Output of P00, P01, and P03 to P07 can be

P02 PCLBUZO0/ANI1/VCOUTO/ set to N-ch open-drain output (Vpp tolerance).
INTP7/SCKO00/SCLOO/ P01 to P07 can be set to analog inputN°®© .
(TI01/TO01)/(SO01)

P03 7-9-2 ANI2/IVCMPO/INTP4/TO00/
(T100)/(SO00/TxDO)

P04 ANI3/IVREFO/INTP3/TIO01/
TOO01/(SI00/RxD0/SDAQ0)/
(SO00/TxDO0)

P05 7-3-2 ANI4/T102/TO02/S0O01/

(INTP6)/(SCKO0/SCLO0)/
(S100/RxD0/SDA0O)

P06 ANI5/SI101/SDA01/SCLAO/
(PCLBUZO)/(INTP7)/
(SCK00/SCL00)
P07 ANIB/SCK01/SCL01/SDAA0/
(INTP5)/(TO03)
P20 7-9-1 110 Analog input | ANI10/IVREF1/(INTP1)/(TI00) | Port 2.
/(T103/TO03)/(SCKO1/SCLO1) | 4-pit 1/0 port.
P21 ANI9/IVCMP1/(INTP7)/ Input/output can be specified in 1-bit units.
(TOO00) Use of an on-chip pull-up resistor can be
P22 7-3-2 AN|8/T|06/T006/(|NTP5)/ specified by a software Setting at input port.
(SDA01) Output of P22 can be set to N-ch open-drain
P23 7-3-1 ANI7/TIO#TO04/(INTP6)/ output (Voo tolerance).
(SCLO1) P20 to P23 can be set to analog inputN°®© ',
P40 7-1-1 110 Input port | TOOLO/INTP2/(PCLBUZO0)/ Port 4.
(TI01/TO01) 2-bit 1/O port.
P41 7-1-2 VCOUT1/TI03/TO03/(INTP4)/ | Input/output can be specified in 1-bit units.

(T102/TO02)/(SO01)/(SDAO1) | Use of an on-chip pull-up resistor can be
specified by a software setting at input port.

Output of P41 can be set to N-ch open-drain
output (Vpp tolerance).

RO1UH0959EJ0120 Rev.1.20 RENESAS Page 41 of 765
Jan 31, 2024



RL78/G15 CHAPTER 2 PIN FUNCTIONS

(2/12)
Function Pin Type /10 After Reset Alternate Function Function
Name Release
P121 7-2-2 1/O Input port | X1/TI07/TO07/(INTP3) Port 12.
P122 X2/EXCLK/TI05/TO05/ 3-bit I/O port.
(INTP2) Use of an on-chip pull-up resistor can be
P125 3.9.1 FSET/INTPH(VCOUTO)/ spzclljf;ezdSby a software setting at P121, P122,
(VCOUT1)/(SI101) an '
P125 is also used for the input pin for external
reset (RESET).
To use the pin for external reset, set the
PORTSELB bit in the option byte (000C1H) to
1.
P137 2-1-2 Input Input port | INTPO/TIO0 Port 13.
1-bit input only port.

Note 1. Setting digital or analog to each pin can be done in the port mode control registers 0, 2 (PMCO, PMC2) (can
be set in 1-bit units).

Remark Functions in parentheses can be assigned via settings in the peripheral I/O redirection registers 0 to 3

(PIORO to PIORS3). Refer to Figure 4-6 Format of Peripheral I/O Redirection Registers 0 to 3 (PIOR0 to
PIOR3).
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2.2 Functions other than port pins

221 Functions for each product

Function 20-pin 16-pin 10-pin 8-pin Function 20-pin 16-pin 10-pin 8-pin
Name products | products | products | products Name products | products | products | products

ANIO v v v v RxDO v v v v
AN v v v — TxDO v v 4 v
ANI2 v v v v SCL00 v v v v
ANI3 v v v v SDA00 v v v 4
ANI4 v v — — SCLO1 v v — —
ANI5 4 v — — SDAO1 v v — —
ANI6 v v — — SCKO00 v v v v
ANI7 v — — — SI100 v v v v
ANI8 v — — — S000 v v v v
ANI9 v — — — SCKO1 v v — —
ANI10 v — — — SI01 v v — —
IVCMPO v v v v SO01 v v — —
IVREFO 4 v v v SCLAO v v v v
VCOUTO v v v v SDAAO v v v v
IVCMP1 4 — — — TIOO v v v v
IVREF1 v — — — TOO00 v v v v
VCOUT1 v — — — TIO1 v v v v
INTPO v v v v TOO1 v v v v
INTP1 4 v v v TI02 v v v v
INTP2 v v v v TO02 v v v 4
INTP3 4 v v v TIO3 v v — —
INTP4 4 v v v TOO03 v v — —
INTP5 v v v v TI04 v — — —
INTP6 v v v — TO04 v — — —
INTP7 v v v — TIO5 v v — —
PCLBUZ0 v v v v TOO05 v — —
RESET v v v TI06 v — — —
X1 v v — — TO06 v — — —
X2 v v — — TIO7 v — —
EXCLK 4 v — — TO07 v — —
TOOLTxD v 4 v v

TOOLRxD v v v v

TOOLO 4 v v v

Voo v v v v

Vss v v v v
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222 Pins for each product (pins other than port pins)

Function Name 110 Function
ANIO to ANI10 Input A/D converter analog input (see Figure 10-23 Internal Equivalent Circuit of ANIn Pin).
VCOUTO, VCOUT1 Output | Comparator output
IVCMPO, IVCMP1 Input Analog input for the comparator
IVREFO, IVREF1 Input Reference voltage input for the comparator
INTPO to INTP7 Input External interrupt request input pin for which the valid edge (rising edge, falling edge, or both
rising and falling edges) can be specified.
PCLBUZO Output | Clock output/buzzer output
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 Vpp.
RxDO Input Serial data input pin of serial interface UARTO
TxDO Output | Serial data output pin of serial interface UARTO
SCKO00, SCKO01 1/0 Serial clock 1/O pins of serial interfaces CSI00 and CSI01
SI00, SI01 Input Serial data input pins of serial interfaces CSI00 and CSI01
S000, SO01 Output | Serial data output pins of serial interfaces CSI00 and CSI01
SCLO00, SCLO1 Output | Serial clock output pins of serial interface simple I12C (11C00 and [1C01)
SDAO00, SDAO1 /10 Serial data 1/0 pins of serial interface simple 12C (1IC00 and 11C01)
SCLAO 1/0 Clock 1/O pin of serial interface 1ICAQ
SDAAO 1/0 Serial data I/O pin of serial interface [ICAO
TIOO to TIO7 Input The pins for inputting an external count clock/capture trigger to 16-bit timers 00 to 07
TOO00 to TOO7 Output | Timer output pins of 16-bit timers 00 to 07
X1, X2 — Resonator connection for main system clock
EXCLK Input External clock input for main system clock
Voo — Positive power supply
Vss — Ground potential
TOOLO 1/0 Data I/O for flash memory programmer/debugger
TOOLRxD Input UART reception pin for the external device connection used during flash memory programmer
TOOLTxD Output | UART transmission pin for the external device connection used during flash memory programmer

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

Table 2-1. Relationships Between P40/TOOLO and Operation Mode After Reset Release

P40/TOOLO Operating mode
Voo Normal operation mode
ov Flash memory programming mode

For details, see 19.4.2 Flash memory programming mode.

Remark Use bypass capacitors (about 0.1 uF) as noise and latch up countermeasures with relatively thick wires at the
shortest distance to Vop to Vss line.
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2.3 Connection of Unused Pins

Table 2-2 shows the connections of unused pins.

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

Function.
Table 2-2. Connections of Unused Pins
Pin Name I/0 Recommended Connection of Unused Pins
P00 to P07 I/0 Input: Independently connect to Vpp or Vsg via a resistor.
Output: Leave open.
P20 to P23 Input: Independently connect to Vpp or Vsg via a resistor.
Output: Leave open.
P40/TOOLO Input: Independently connect to Vpp via a resistor.
Output: Leave open.
P41 Input: Independently connect to Vpp or Vsg via a resistor.
Output: Leave open.
P121, P122 I/0 Input: Independently connect to Vpp or Vsg via a resistor.
Output: Leave open.
P125/RESET /0 PORTSELB = 0:
Input: Independently connect to Vpp via a resistor.
Output: Leave open.
PORTSELB = 1:
Leave open, or connect to Vpp.
P137 Input Independently connect to Vpp or Vss via a resistor.
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24 Block Diagrams of Pins

Figure 2-1 to Figure 2-9 show the block diagrams of the pins described in 2.1.1 8-pin products to 2.1.4 20-pin

products.

Internal bus

RDport

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

Alternate function

<

@ Pmn

Remark For alternate functions, see 2.1 Port Function.
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RL78/G15
Figure 2-2. Pin Block Diagram for Pin Type 3-2-1
~—"")
WRPU VDD
KL PU register
N (PUmn) W
P-ch
Alternate function
RDport 1
ol
> N |
o
g 0
o)
E WRporT Nd Voo
/L Output latch
N (Pmn)
,D—| E P-ch
WRe ©) pPmn
/L PM register ®O_| N-ch
N (PMmn)
Vss
Alternate function
(SAU)
Alternate function
(other than SAU)
(N
.< .q
RESET < G:
PORTSELB (>c
Remark 1.  For alternate functions, see 2.1 Port Function.
Remark 2. SAU: Serial array unit
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RL78/G15
Figure 2-3. Pin Block Diagram for Pin Type 7-1-1
~"")
WRpy Voo
KL PU register |
N\ (PUmn) & [ P-ch
Alternate function |«
RDport 1 ﬂ'l
2 | 5 |
3 !
3 0
4
= WR
E PORT \ VDD
/L Output latch
N (Pmn)
SIS
WRpw ©) Pmn
/L PM register _Do_l N-ch
N (PMmn)
Vss
Alternate function
(SAU)
Alternate function
(other than SAU)
—

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

Remark 2. SAU: Serial array unit
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RL78/G15
Figure 2-4. Pin Block Diagram for Pin Type 7-1-2
~"")
WRpy Voo
/L PU register |
- (PUmn) 3 o [ P-ch
Alternate function [«
RDporr 1 ﬂ'l
R |
g 1
a 0
E WRporT
c N Voo
i *
c Output latch
- - (Pmn)
—H pr
WRepm @ Pmn
/T PM register _Do_l N-ch
N (PMmn)
WRpom Vss
Yy POM register
N (POMmn)
Alternate function
(SAU)
Alternate function
(other than SAU)
—

Caution The input buffer is enabled even if the type 7-1-2 pin is operating as an output when the N-ch open
drain output mode is selected by the corresponding bit in the port output mode register (POMxx).
This may lead to a through current flowing through the type 7-1-2 pin when the voltage level on this

pin is intermediate.
Remark 1. For alternate functions, see 2.1 Port Function.

Remark 2.  SAU: Serial array unit
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RL78/G15
Figure 2-5. Pin Block Diagram for Pin Type 7-2-2
N~
Clock generator <
CMC
OSCSEL
Alternate w
RDporr function h
1 3>——
D < T © P122/X2/EXCLK/Alternate function
(7}
2 |
Ke] <5>
T cMC Dc
£
Q EXCLK, OSCSEL &
[
- e
N-ch | P-ch
Alternate §
RDport function
L
2 4>——
- | g b a ] @ P121/X1/Alternate function
<6>
—
N~
V
(72}
a WRpy DD
=Lk
© > PU register
el (PUMN) oo b p-cn
Qo
=
- PMmn
—
~""Y <5>
<6>
1 <3>
<4>
<1>
<2>
0
2} WRporT Voo
S N
o]
© /L | Output latch
c N\ (Pmn) D}—l P-ch
2
£ <5>
WRen <6>
1 . mPpaEr
PM register
e (PMmn)
Vss
—
Remark 1.  For alternate functions, see 2.1 Port Function.
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Figure 2-6. Pin Block Diagram for Pin Type 7-3-1
~")
WRey Voo
/L PU register
N (PUmn) i P-ch
WRpmc
/L R PMC register
N (PMCmn)
Alternate function [«
S
—> |
)
> I
— 0
©
c WRporT Nd
2 Moo
£ /L Output latch
N\ (Pmn)
E P-ch
WRew @ Pmn
KL N-ch
PM register
N (PMmn)
Vss
Alternate function
(SAU)
Alternate function
(other than SAU)
_L P-ch
A/D converter
T N-ch
—
Remark 1.  For alternate functions, see 2.1 Port Function.
Remark 2. SAU: Serial array unit
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RL78/G15
Figure 2-7. Pin Block Diagram for Pin Type 7-3-2
~—"")

WRsy Voo
/L R PU register |
N (PUmn) [ P-ch

WRemc
/L PMC register
N (PMCmn)

Alternate function

Output latch
(Pmn)

Internal bus
G—
[¥1 |
T I

@ Pmn

WRpem
N-ch
Y PM register
N\ e (PMmn)
WRPOM VSS
ya .| POM register

(POMmn)

Alternate function
(SAU)

Alternate function
(other than SAU)

_L P<ch
A/D converter v
T N-ch

Caution The input buffer is enabled even if the type 7-3-2 pin is operating as an output when the N-ch open
drain output mode is selected by the corresponding bit in the port output mode register (POMxx).
This may lead to a through current flowing through the type 7-3-2 pin when the voltage level on this

pin is intermediate.
Remark 1. For alternate functions, see 2.1 Port Function.

Remark 2. SAU: Serial array unit
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RL78/G15
Figure 2-8. Pin Block Diagram for Pin Type 7-9-1
~)
WRey Vob
fL R PU register |
N (PUmn) [ P-ch
WRpmc

9_

PMC register
N4 (PMCmn)

Alternate function

Internal bus
=
Py
3
2
/
<
8

d

/L Output latch
(Pmn)
E P-ch
WRpm
KL N-ch
PM register
N4 (PMmn)

Alternate function
(SAU)

@ Pmn

Alternate function
(other than SAU)

_L P-ch
A/D converter v
T N-ch
~ Comparator input <
Remark 1.  For alternate functions, see 2.1 Port Function.
Remark 2. SAU: Serial array unit
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RL78/G15
Figure 2-9. Pin Block Diagram for Pin Type 7-9-2
~—"")
WRey Voo
/L PU register |
N\ (PUmn) [ P-ch
WRpmc
fL R PMC register
N\ (PMCmn)
Alternate function [«
RDport 1 @
L
~ |
o 1
(2]
3| WReorr N
— VDD
®© e
c fL Output latch
2 N (Pmn)
: e
WRey @ Pmn
N-ch
Y2y PM register
- (PMmn)
WRPOM VSS
2 POM register
N (POMmn)
Alternate function
(SAU)
Alternate function
(other than SAU)
_L_ P-ch
A/D converter v
T N-ch
N Comparator input <
Caution The input buffer is enabled even if the type 7-9-2 pin is operating as an output when the N-ch open
drain output mode is selected by the corresponding bit in the port output mode register (POMxx).
This may lead to a through current flowing through the type 7-9-2 pin when the voltage level on this
pin is intermediate.
Remark 1.  For alternate functions, see 2.1 Port Function.
Remark 2. SAU: Serial array unit
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CHAPTER 3 CPU ARCHITECTURE

3.1 Overview

The CPU core of the RL78 microcontroller is based on the Harvard architecture where instruction fetch buses, address
buses, and data buses are kept separate. In addition, through the adoption of three-stage pipeline control of fetch,
decode, and memory access, the operation efficiency is improved drastically 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/G15 has the RL78-S2 CPU core. Its main features are as follows.

® 3-stage pipeline CISC architecture

® Address space: 1 Mbyte
® Minimum instruction execution time: One clock cycle for one instruction
® General-purpose register: 8-bit registers x 8 x 4 banks
® Types of instruction: 75
® Data allocation: Little endian
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3.2

Memory Space

Products in the RL78/G15 can access a 1-MB address space. Figure 3-1 and Figure 3-2 show the memory maps.

Figure 3-1. Memory Map (R5F120x8 (x = 0, 1, 4, 6))

RENESAS

””””””” FFFFFH / O1FFFH
Special function register (SFR) !
256 bytes i
FFFOOH /
FFEFFH - ,
General-purpose register |
FFEEOH 32 bytes !
FFEDFH !
RAMNote1 1
FFBOOH 1KB ;
FFAFFH | A j
-~ Reserved - /
F9400H /
FO3FFH DF mirror /
F9000H 1KB /
F8FFFH /
Reserved i
F2000H |
FIFFFH !
CF mirror ’,"
6 KB |
1 Program area
FO800H i
FO7FFH ’(
Special function register (2nd SFR) j
2 KB B
FO00OH /
EFFFFH !
Data |
memory |
space i
Reserved f
09400H i
093FFH !
£ Data flash memory L i
T 1KB T !
09000H i
08FFFH |
: it
/ On-chip debug security
i ID setting area
i 000C4H 10 bytes
! 000G3H Option byte area
! 4 bytes
Reserved ,' 006
i CALLT table area
! 64 bytes
| 00080H
! 0007FH
02000H ;’ Vector table area
~ A OTFFFH 128 bytes
Program
memory L Code flash memory A4
space 8 KB
I A y_ __oocoOH{ N 00000H
Note 1. Instructions can be executed from the RAM area excluding the general-purpose register area.
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Figure 3-2. Memory Map (R5F120x7 (x =0, 1, 4, 6))

" OOFFFH

RENESAS

* FFFFFH |
Special function register (SFR) /
256 bytes /
FFFOOH /
FFEFFH - ,
General-purpose register !
FFEEOH 32 bytes i
FFEDFH |
RAMNote1 !
FFBOOH 1KB f
FFAFFH j
P Reserved -~ /
F9400H !
FO3FFH DF mirror /
F9000H 1K8 /
F8FFFH /
Reserved i
F1000H |
FOFFFH ,
CF mirror ’,’
2KB /
1 Program area
FO800H |
FOTFFH |
Special function register (2nd SFR) !
2KB !
FOOOOH /
EFFFFH !
Data |
memory !
space i
Reserved j
09400H i
093FFH /
L Data flash memory L i
T 1KB T |
09000H |
08FFFH |
: 0000DH
/ On-chip debug security
i ID setting area
," 000C4H 10 bytes
," 000G3H Option byte area
| 4 bytes
Reserved | 888&?”
i CALLT table area
| 64 bytes
! 00080H
! 0007FH
01000H ;’ Vector table area
P A OO0FFFH o 128 bytes
rogram
memory L Code flash memory L
space T 4 KB T
I A y _oocoOH{ o0 00000H
Note 1. Instructions can be executed from the RAM area excluding the general-purpose register area.
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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.

O1FFFH

01CO0H

Block 07H

01BFFH

007FFH

00400H

Block 01H

003FFH

00000H

Block 00H

(R5F120x8 (x = 0, 1, 4, 6))

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

Address Value

Block Number

00000H to 003FFH 00H
00400H to 007FFH 01H
00800H to 00BFFH 02H
00COOH to 00OFFFH 03H
01000H to 013FFH 04H
01400H to 017FFH 05H
01800H to 01BFFH 06H
01COOH to 01FFFH 07H

RO1UHO959EJ0120 Rev.1.20
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3.21 Internal program memory space

The internal program memory space stores the program and table data. The RL78/G15 products incorporate internal
ROM (flash memory), as shown below.

Table 3-2. Internal ROM Capacity

Part Number Internal ROM
Structure Capacity
R5F120x8 (x =0, 1, 4, 6) Flash memory 8192 x 8 bits (00000H to 01FFFH)
R5F120x7 (x =0, 1, 4, 6) 4096 x 8 bits (00000H to 00FFFH)
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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. Vector Table

Vector Table Address Interrupt Source 20-pin 16-pin 10-pin 8-pin
00000H RESET, SPOR, WDT, TRAP, IAW v v v v
00004H INTWDTI v v v v
00006H INTPO v v v v
00008H INTP1 v v v v
0000AH INTP2 v v v v
0000CH INTP3 v v v v
0000EH INTP4 v v v v
00010H INTP5 v v v v
00012H INTSTO, INTCSIOO0, INTIICO0 v v v v
00014H INTSRO, INTCSI01, INTIICO1 v v v v
00016H INTSREO v v v v
00018H INTTMO1H v v v v
0001AH INTTMOO v v v v
0001CH INTTMO1 v v v v
0001EH INTAD v v v v
00020H INTP6 v v v —
00022H INTP7 v v v —
00024H INTTMO3H v v v v
00026H INTICAO v v v v
00028H INTTMO2 v v v v
0002AH INTTMO3 v v v v
0002CH INTIT v v v v
0002EH INTTMO04 v v v v
00030H INTTMO5 v v v v
00032H INTTMO6 v v v v
00034H INTTMO7 v v v v
00036H INTCMPO v v v v
00038H INTCMP1 v — — —
0007EH BRK v v v 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 of 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 18 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. For details, see
CHAPTER 20 ON-CHIP DEBUG FUNCTION.
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3.2.2 Mirror area

The RL78/G15 mirrors the code flash area of 00800H to 01FFFH, to FO800H to F1FFFH. It also mirrors the data flash
area of 09000H to 093FFH, to F9000H to F93FFH.

By reading data from FO800H to F1FFFH and F9000H to F93FFH, 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 3.2 Memory Space for the mirror area of each product.
The mirror area can only be read and no instruction can be fetched from this area.

The following shows examples.

Example) R5F120x8 (x =0, 1, 4, 6) (Flash memory: 8 KB, RAM: 1 KB)

FFFFFH
Special function register (SFR)
256 bytes

FFFOOH
FFEFFH General-purpose register
FFEEQH 32 bytes
FFEDFH

RAM
FFBOOH 1KB
FFAFFH | ]

- Reserved =

F9400H
FO3FFH DF mirror For example, 00900H is mirrored to
F9000H 1KB FO900H. Data can therefore be read
F8FFFH 5 . by MOV A, 10900H, instead of MOV

eserve .
F2000H ES, #00H and MOV A, ES:!0900H.
F1FFFH

CF mirror

6 KB
FO800H
FO7FFH

Special function register (2nd SFR)

FO000H

EFFFFH

Reserved
09400H )
093FFHH~ Data flash memory A Mirror

T 1KB T

09000H
08FFFH

Reserved
02000H | _ _ _ _ _ _ o ____
O1FFFH

Code flash memory
0080OH | _ _ _ _ _ _ _ _ o ____
88355: Code flash memory
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3.23 Internal data memory space

The RL78/G15 products incorporate the following RAMs.

Table 3-4. Internal RAM Capacity

Part Number Internal RAM

R5F120x8 (x =0, 1, 4, 6) 1024 x 8 bits (FFBOOH to FFEFFH)

R5F120x7 (x =0, 1, 4, 6)

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

3.24 Special function register (SFR) area

On-chip peripheral hardware special function registers (SFRs) are allocated in the area FFFOOH to FFFFFH (see Table
3-5in 3.3.4 Special function registers (SFRs)).

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

3.25 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 FOO0O0H to FO7FFH (see
Table 3-6 in 3.3.5 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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3.2.6 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/G15, based on operability and other considerations. In particular, special addressing methods designed for the
functions of the special function registers (SFR) and general-purpose registers are available for use. Figure 3-3 shows
correspondence between data memory and addressing.

For details of each addressing, see 3.5 Addressing for Processing Data Addresses.

Figure 3-3. Correspondence Between Data Memory and Addressing

N e A
FFF20H [ _ _ Special function register (SFR) _ | NG
FFFIFH 556 bytes SFR addressing-
FFFOOH Y
FFEFFH | General-purpose register Short direct addressing
FFEEOH 32 bytes Register addressing
FFEDFH[ ..y
FFE20H| _ _ _ _ _ _ ___ RAM _ | N
FFE1FH 1 KB
FFBOOH
FFAFFH

Reserved
F9400H
FO3FFH DF mirror
FO000H 1KB
F8FFFH

Reserved
F2000H
F1FFFH

CF mirror

6 KB

FO800H
FO7FFH

Direct addressing
Special function register (2nd SFR)

2 KB
Register indirect addressing

FOOOOH
EFFFFH
Based addressing
Based indexed addressing
Reserved
09400H
093FFH
A Data flash memory A
T 1 KB T
09000H
08FFFH
Reserved
02000H
O1FFFH
A Code flash memory A
T 8 KB T
ooooOH 0\ A S
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3.3 Processor Registers

The RL78/G15 products incorporate the following processor registers.

3.31 Control registers

The control registers control the program sequence, status, 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 16 lower-order bits of
the program counter. The four higher-order bits of the program counter are cleared to 0000.

Figure 3-4. Format of Program Counter

Symbol 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 3-5. Format of Program Status Word

Symbol 7 6 5 4 3 2 1 0
PSW IE Z RBS1 AC RBSO ISP1 ISPO CY
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(a) Interrupt enable flag (IE)

This flag controls the interrupt request acknowledge operations of the CPU.

When 0, the IE flag is set to the interrupt disabled (DI) state, and all maskable interrupt requests are disabled.
When 1, the IE flag is set to the interrupt enabled (El) state and maskable interrupt request acknowledgment is
controlled with an in-service priority flag (ISP1, ISP0), an interrupt mask flag for various interrupt sources, and a
priority specification flag.

The IE flag is reset (0) upon DI instruction execution or interrupt acknowledgment and is set (1) upon El instruction
execution.

(b) Zero flag (Z2)

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

(c) Register bank select flags (RBS0, RBS1)

These are 2-bit flags to select one of the four register banks.
In these flags, the 2-bit information that indicates the register bank selected by SEL RBn instruction execution is
stored.

(d) Auxiliary carry flag (AC)

If the operation result has a carry from bit 3 or a borrow at bit 3, this flag is set (1). It is reset (0) in all other cases.

(e) In-service priority flags (ISP1, ISP0)

These flags manage the priority of acknowledgeable maskable vectored interrupts. Vectored interrupt requests
specified lower than the value of ISPO and ISP1 flags by the priority specification flag registers (PRnOL, PRnOH,
PRn1L, PRn1H) (see 14.3.3) cannot be acknowledged. Actual vectored interrupt request acknowledgment is
controlled by the interrupt enable flag (IE).

Remark n=0,1

(f) Carry flag (CY)

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

RO1UHO0959EJ0120 Rev.1.20 RENESAS Page 66 of 765
Jan 31, 2024



RL78/G15 CHAPTER 3 CPU ARCHITECTURE

(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 3-6. Format of Stack Pointer

Symbol 15 0

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

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

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 for fetching
instructions or a stack area.
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3.3.2

General-purpose registers

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

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

BC, DE, and HL).

Register banks to be used for instruction execution are set by the CPU control instruction (SEL RBn). Because of the 4-

register bank configuration, an efficient program can be created by switching between a register for normal processing

and a register for interrupt processing for each bank.

Caution It is prohibited to use the general-purpose register (FFEEOH to FFEFFH) space for fetching
instructions or as a stack area.
Figure 3-7. Configuration of General-Purpose Registers
(a) Function name
16-bit processing 8-bit processing
FFEFFH[ [ 71 1
H
Register bank 0 HL
L
FFEF8H 3
‘ D
Register bank 1 DE
E
FFEFOH
B
Register bank 2 BC
C
FFEESH
A
Register bank 3 AX
X
FFEEOH 1 ~_
15 0 7 0
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3.3.3 ES and CS registers

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

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

Figure 3-8. Configuration of ES and CS Registers

Symbol 7 6 5 4 3 2 1 0

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

Cs ‘ 0 ‘ 0 | 0 ‘ 0 ‘ CS3 ‘ CSs2 ‘ CSs1 | 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 3-9. Extension of Data Area Which Can Be Accessed

laddri6  — F [0000H to FFFFH]

ES:laddr16 — |OH to FH| |0000H to FFFFH

””” : I FFFFFH B
Special function register (SFR)
256 bytes
laddr16 - -
. Special function register (2nd SFR)
ES:laddr16 2 Kbytes Data memory space
,,,,, Y FOOOOH
EFFFFH
- Code flash memory -
,,,,,,, 4 ____________00000H I
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3.34 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 assembiler for the 16-bit manipulation instruction operand (sfrp). When specifying an
address, describe an even address.

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

[Symbol]

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

[RIW]

Indicates whether the corresponding SFR can be read or written.

R/W: Read/write enable
R: Read only
W: Write only

[Manipulable bit units]

“v”” indicates the manipulable bit unit (1, 8, or 16). “—” indicates a bit unit for which manipulation is not possible.

[After reset]

Indicates each register status upon reset signal generation.

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

For extended SFRs (2nd SFRs), see 3.3.5 Extended special function registers (2nd SFRs: 2nd Special

Function Registers).

Table 3-5. SFR List (1/2)

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

FFFOOH Port register 0 PO R/W v v — 00H
FFFO2H | Port register 2 P2 R/W v v — 00H
FFFO4H Port register 4 P4 R/W v v — 00H
FFFOCH | Port register 12 P12 R/W 4 v — Undefined
FFFODH | Port register 13 P13 R/W v v — Undefined
FFF10H | Serial data register 00 TXDO0/SIO00 | SDR0OO R/W — v v 0000H
FFF11H — — —
FFF12H | Serial data register 01 RXDO0/SIO01 | SDRO1 R/W — v v 0000H
FFF13H — — —
FFF18H | Timer data register 00 TDROO R/W — — v 0000H
FFF19H
FFF1AH | Timer data register 01 TDRO1L TDRO1 R/W — v 00H
FFF1BH TDRO1H — v 00H
FFF1EH | 10-bit A/D conversion result register ADCR — — v 0000H
FFF1FH | 8-bit A/D conversion result register ADCRH — v — 00H
FFF20H Port mode register 0 PMO R/W v v — FFH
FFF22H | Port mode register 2 PM2 R/W v v — FFH
FFF24H Port mode register 4 PM4 R/W v v — FFH
FFF2CH | Port mode register 12 PM12 R/W v v — FFH
FFF30H | A/D converter mode register 0 ADMO R/W v v — 00H
FFF31H | Analog input channel specification register ADS R/W 4 v — 00H
FFF38H | External interrupt rising edge enable register 0 EGPO R/W v v — 00H
FFF39H | External interrupt falling edge enable register 0 EGNO R/W v v — 00H
FFF50H | IICA shift register 0 IICA0 R/W — v — 00H
FFF51H IICA status register 0 1ICS0 R v v — 00H
FFF52H | IICA flag register O IICFO R/W v v — 00H
FFF60H | Comparator mode setting register COMPMDR R/W v v — 00H
FFF61H | Comparator filter control register COMPFIR R/W v 4 — 00H
FFF62H | Comparator output control register COMPOCR R/W v v — 00H
FFF64H | Timer data register 02 TDRO02 R/W — — v 0000H
FFF65H
FFF66H | Timer data register 03 TDRO3L TDRO03 R/W — v 00H
FFF67H TDRO3H — 00H
FFF68H | Timer data register 04 TDRO04 R/W — — v 0000H
FFF69H
FFF6AH | Timer data register 05 TDRO5 R/W — — v 0000H
FFF6BH
FFF6CH | Timer data register 06 TDRO06 R/W — — v 0000H
FFF6DH
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Table 3-5. SFR List (2/2)

Address Special Function Register (SFR) Name Symbol R/W Manipulable Bit Range After Reset
1-bit 8-bit 16-bit
FFF6EH | Timer data register 07 TDRO7 R/W — — v 0000H
FFF6FH
FFFO0H | Interval timer control register ITMC R/W — — v OFFFH
FFF91H
FFFAOH | Clock operation mode control register CMC R/W — v — 00H
FFFA1H | Clock operation status control register CSC R/W v — 80H
FFFA2H | Oscillation stabilization time counter status register | OSTC R v — 00H
FFFA3H | Oscillation stabilization time select register OSTS R/W — v — 07H
FFFA4H | System clock control register CKC R/W 4 v — 00H
FFFA5H | Clock output select register 0 CKS0 R/W v v — 00H
FFFA8H | Reset control flag register RESF R — v — Undefined
Note 1
FFFABH | Watchdog timer enable register WDTE R/W — v — 1AH/9AH
Note 2
FFFEOH | Interrupt request flag register 0 IFOL IFO R/W v v v 00H
FFFE1H IFOH R/W v v 00H
FFFE2H | Interrupt request flag register 1 IF1L IF1 R/W 4 v v 00H
FFFE3H IF1H R/W v v 00H
FFFE4H | Interrupt mask flag register 0 MKOL MKO R/W v v v FFH
FFFE5H MKOH R/W v v FFH
FFFE6H | Interrupt mask flag register 1 MK1L MK1 R/W v v v FFH
FFFE7H MK1H R/W v v FFH
FFFE8H | Priority specification flag register 00 PROOL PR0OO R/W v v v FFH
FFFEQH PROOH R/W v v FFH
FFFEAH | Priority specification flag register 01 PRO1L PRO1 R/W v v v FFH
FFFEBH PRO1H R/W v v FFH
FFFECH | Priority specification flag register 10 PR10L PR10 R/W v v 4 FFH
FFFEDH PR10H R/W v v FFH
FFFEEH | Priority specification flag register 11 PR11L PR11 R/W v v v FFH
FFFEFH PR11H R/W v v FFH
Note 1. The reset values of the registers vary depending on the reset source as shown below.
Reset Source FSET Input Reset by Reset by Reset by Reset by Reset by data
Execution of WDT lllegal-Memory SPOR retention lower
Register lllegal Instruction Access limit voltage
RESF | TRAP Cleared (0) Set (1) Held Held Cleared (0)

WDTRF Held Set (1) Held

IAWRF Held Set (1)

SPORF Held Set (1)

Note 2. The reset value of the WDTE register is determined by the setting of the option byte.

Remark For extended SFRs (2nd SFRs), see Table 3-6. Extended SFR (2nd SFR) List (1/4).
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3.3.5 Extended special function registers (2nd SFRs: 2nd Special Function
Registers)

Unlike a general-purpose register, each extended SFR (2nd 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 extended SFR type.

Each manipulation bit unit can be specified as follows.

[1-bit manipulation]
Describe as follows for the 1-bit manipulation instruction operand (laddr16.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 (!addr16). This manipulation
can also be specified with an address.

[16-bit manipulation]

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

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

[Symbol]

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

[R/IW]
Indicates whether the corresponding extended SFR can be read or written.

R/W: Read/write enable
R: Read only
W: Write only

[Manipulable bit units]

“v”” indicates the manipulable bit unit (1, 8, or 16). “—” indicates a bit unit for which manipulation is not possible.

[After reset]

Indicates each register status upon reset signal generation.
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Caution Do not access addresses to which extended SFRs (2nd SFRs) are not assigned.
Remark For SFRs in the SFR area, see 3.2.4 Special function register (SFR) area.
Table 3-6. Extended SFR (2nd SFR) List (1/4)
Address Special Function Register (SFR) Name Symbol R/W Manipulable Bit Range After Reset
1-bit 8-bit 16-bit

FO010H | A/D converter mode register 2 ADM2 R/W 4 v — 00H
FO013H | A/D test register ADTES R/W — v — 00H
FOO30H Pull-up resistor option register 0 PUO R/W v v — 00H
FO032H Pull-up resistor option register 2 PU2 R/W 4 4 — 00H
FO034H | Pull-up resistor option register 4 PU4 R/W v v — 01H
FOO3CH | Pull-up resistor option register 12 PU12 R/W 4 v — 00H
FOO4EH | Port input mode register 14 PIM14 R/W v v — 00H
FO050H Port output mode register 0 POMO R/W v v — 00H
FO0052H Port output mode register 2 POM2 R/W 4 4 — 00H
FO054H | Port output mode register 4 POM4 R/W v v — 00H
FO060H Port mode control register 0 PMCO R/W v v — FFH
F0062H | Port mode control register 2 PMC2 R/W v v — FFH
FO070H | Noise filter enable register 0 NFENO R/W 4 v — 00H
FO071H | Noise filter enable register 1 NFEN1 R/W v v — 00H
FO073H | Input switch control register ISC R/W v v — 00H
FO075H Peripheral I/O redirection register 2 PIOR2 R/W — v — 00H
FO077H Peripheral 1/0 redirection register 0 PIORO R/W — v — 00H
FO079H | Peripheral I/O redirection register 1 PIOR1 R/W — v — 00H
FO07CH Peripheral I/O redirection register 3 PIOR3 R/W — v — 00H

FOOAOH | High-speed on-chip oscillator trimming register HIOTRM R/W — v — Undefined
Note 1

FOOA8H | High-speed on-chip oscillator frequency select HOCODIV R/W — v — Undefined
register Note 2
FOOBEH | Flash sequencer frequency setting register FSSET R/W — v — 00H
FOOCOH | Flash programming mode control register FLPMC R/W — v —_ 08H
FOOC1H | Flash sequencer control register FSSQ R/W — v — 00H
FOOC2H Flash address pointer L FLAPL R/W — v — 00H
FOOC3H | Flash address pointer H FLAPH R/W — v — 00H
FOOC4H Flash end address pointer L FLSEDL R/W — v — 00H
FOOC5H | Flash end address pointer H FLSEDH R/W — 4 —_ 00H
FOOC6H | Flash sequencer status register L FSASTL R — v — 00H
FOOC7H | Flash sequence status register H FSASTH R — v — 00H
FOOC8H | Flash write buffer register LL FLWLL R/W — v — 00H
FOOC9H | Flash write buffer register LH FLWLH R/W —_ v — 00H
FOOCAH | Flash write buffer register HL FLWHL R/W — v — 00H
FOOCBH | Flash write buffer register HH FLWHH R/W — v — 00H
FOOFOH | Peripheral enable register 0 PERO R/W v 4 —_ 00H
FOOF3H | Operation speed mode control register OosMC R/W — v — 00H

FOOFEH | BCD adjust result register BCDADJ R — v — Undefined
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Table 3-6. Extended SFR (2nd SFR) List (2/4)

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

FO100H | Serial status register 00 SSROOL SSRO00 R — v v 0000H
FO101H — — —
FO102H | Serial status register 01 SSRO1L SSR01 R — v v 0000H
FO103H — — —
FO108H | Serial flag clear trigger register 00 SIROOL SIR00 R/W — v v 0000H
FO109H — — —
FO10AH | Serial flag clear trigger register 01 SIRO1L SIR01 R/W — v v 0000H
FO10BH — — —
FO110H | Serial mode register 00 SMRO00 R/W — — v 0020H
FO111H
FO112H | Serial mode register 01 SMRO1 R/W — — v 0020H
FO113H
FO0118H | Serial communication operation setting register 00 SCRO00 R/W — — v 0087H
FO119H
FO11AH | Serial communication operation setting register 01 SCRO1 R/W — — v 0087H
FO11BH
FO120H | Serial channel enable status register 0 SEOL SEO R v v v 0000H
FO121H — — —
F0122H | Serial channel start register 0 SSoL SS0 R/W v v v 0000H
FO123H — — —
FO0124H | Serial channel stop register 0 STOL STO R/W v v v 0000H
FO125H — — —
FO0126H | Serial clock select register 0 SPSOL SPS0 R/W — v v 0000H
FO127H — — —
FO0128H | Serial output register 0 SO0 R/W — — v 0303H
FO129H
FO12AH | Serial output enable register 0 SOEOL SOEO R/W v v v 0000H
FO012BH — — —
FO0134H | Serial output level register 0 SOLOL SOLO R/W — v v 0000H
FO135H — — —
FO180H | Timer counter register 00 TCROO R — — v FFFFH
FO181H
FO0182H | Timer counter register 01 TCRO1 R — — v FFFFH
FO183H
FO0184H | Timer counter register 02 TCR02 R — — v FFFFH
FO185H
FO0186H | Timer counter register 03 TCRO03 R — — v FFFFH
FO187H
FO0188H | Timer counter register 04 TCRO4 R — — v FFFFH
FO189H
FO18AH | Timer counter register 05 TCRO5 R — — v FFFFH
F018BH
FO18CH | Timer counter register 06 TCRO06 R — — v FFFFH
FO18DH
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Table 3-6. Extended SFR (2nd SFR) List (3/4)

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

FO18EH | Timer counter register 07 TCRO7 R — — v FFFFH

FO18FH

FO190H | Timer mode register 00 TMROO R/W — — v 0000H

FO191H

FO192H | Timer mode register 01 TMRO1 R/W — — v 0000H

FO193H

FO0194H | Timer mode register 02 TMRO02 R/W — — v 0000H

FO195H

FO0196H | Timer mode register 03 TMRO03 R/W — — v 0000H

FO197H

FO198H | Timer mode register 04 TMR04 R/W — — v 0000H

FO199H

FO19AH | Timer mode register 05 TMRO05 R/W — — v 0000H

FO19BH

FO19CH | Timer mode register 06 TMRO06 R/W — — v 0000H

FO19DH

FO19EH | Timer mode register 07 TMRO7 R/W — — v 0000H

FO19FH

FO1AOH | Timer status register 00 TSROOL TSRO0 R — v v 0000H

FO1A1H — — —

FO1A2H | Timer status register 01 TSRO1L TSRO1 R — v v 0000H

FO1A3H — — —

FO1A4H | Timer status register 02 TSRO2L TSR02 R — v v 0000H

FO1A5H — — —

FO1A6H | Timer status register 03 TSRO3L TSRO3 R — v v 0000H

FO1A7H — — —

FO1A8H | Timer status register 04 TSR04L TSR04 R — v v 0000H

FO1A9H — — —

FO1AAH | Timer status register 05 TSRO5L TSRO05 R — v v 0000H

FO1ABH — — —

FO1ACH | Timer status register 06 TSRO6L TSR06 R — v v 0000H

FO1ADH — — —

FO1AEH | Timer status register 07 TSRO7L TSRO7 R — v v 0000H

FO1AFH — — —

FO1BOH | Timer channel enable status register 0 TEOL TEO R 4 v v 0000H

FO1B1H — — —

FO1B2H | Timer channel start register 0 TSOL TS0 R/W 4 v v 0000H

FO1B3H — — —

FO1B4H | Timer channel stop register 0 TTOL TTO R/W 4 v v 0000H

FO1B5H — — —

FO1B6H | Timer clock select register 0 TPSO R/W — — v 0000H

FO1B7H

FO1B8H | Timer output register 0 TOOL TOO R/W — v v 0000H

FO1B9H — — _
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Table 3-6. Extended SFR (2nd SFR) List (4/4)

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

FO1BAH | Timer output enable register 0 TOEOL TOEO R/W v v v 0000H

FO1BBH — — —

FO1BCH | Timer output level register 0 TOLOL TOLO R/W — v v 0000H

FO1BDH — — —

FO1BEH | Timer output mode register 0 TOMOL TOMO R/W — v v 0000H

FO1BFH — — —

F0230H | IICA control register 00 IICCTLOO R/W v v — 00H

F0231H | IICA control register 01 IICCTLO1 R/W v — 00H

F0232H IICA low-level width setting register 0 IICWLO R/W — v — FFH

FO0233H | IICA high-level width setting register 0 IICWHO R/W — v — FFH

F0234H | Slave address register 0 SVAO R/W — v — 00H
Note 1. The value after a reset is adjusted at the time of shipment.

Note 2.  The value is determined by the FRQSEL2 to FRQSELO settings in option byte 000C2H.

Remark For SFRs in the SFR area, see Table 3-5. SFR List (1/2).
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3.4 Instruction Address Addressing

3.41 Relative addressing

[Function]

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

Figure 3-10. Outline of Relative Addressing

PC Instruction code

t OP-code
CP‘ DISPLACE 8/16 bits
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3.4.2 Immediate addressing

[Function]

Immediate addressing stores immediate data of the instruction word in the program counter, and specifies the program
address to be used as the branch destination.

For immediate addressing, CALL !!laddr20 or BR !!laddr20 is used to specify 20-bit addresses and CALL !addr16 or
BR !addr16 is used to specify 16-bit addresses. 0000 is set to the higher 4 bits when specifying 16-bit addresses.

Figure 3-11. Example of CALL !"addr20/BR !laddr20

PC Instruction code

A
OP-code

Low Addr.

High Addr.

Seg Addr.

Figure 3-12. Example of CALL !addr16/BR !addr16

PC | PCs PCh PCL Instruction code
I OP-code
Low Addr.
0000
High Addr.
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343 Table indirect addressing

[Function]

Table indirect addressing specifies a table address in the CALLT table area (0080H to 00BFH) with the 5-bit immediate
data in the instruction word, stores the contents at that table address and the next address in the program counter (PC)
as 16-bit data, and specifies the program address. Table indirect addressing is applied only for CALLT instructions.

In the RL78 microcontrollers, branching is enabled only to the 64 KB space from 00000H to OFFFFH.

Figure 3-13. Outline of Table Indirect Addressing

OP-code

,—> High Addr.
00000000|10| |0I
|—> Low Addr.
Memory
0000
A
PC | PCs PCy PC.

3.4.4 Register indirect addressing

[Function]

Register indirect addressing stores in the program counter (PC) the contents of a general-purpose register pair
(AX/BC/DE/HL) and CS register of the current register bank specified with the instruction word as 20-bit data, and
specifies the program address. Register indirect addressing can be applied only to the CALL AX, BC, DE, HL, and BR
AX instructions.

Figure 3-14. Outline of Register Indirect Addressing

Instruction code

OP-code

EX |
PC | PCs PCx PCL
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3.5 Addressing for Processing Data Addresses

3.51 Implied addressing

[Function]

Instructions for accessing registers (such as accumulators) that have special functions are directly specified with the
instruction word, without using any register specification field in the instruction word.

[Operand format]

Implied addressing can be applied only to MULU X.

Figure 3-15. Outline of Implied Addressing

Instruction code

Memory (register area)
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3.5.2 Register addressing

[Function]

Register addressing accesses a general-purpose register as an operand. The instruction word of 3-bit long is used to
select an 8-bit register and the instruction word of 2-bit long is used to select a 16-bit register.

[Operand format]

Identifier Description
r X,A,C,B,E,D,L,H
P AX, BC, DE, HL

Figure 3-16. Outline of Register Addressing

Instruction code

Memory
(register bank area)

RO1UHO0959EJ0120 Rev.1.20 RENESAS Page 82 of 765
Jan 31, 2024



RL78/G15 CHAPTER 3 CPU ARCHITECTURE

3.5.3 Direct addressing

[Function]

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

[Operand format]

Identifier Description

laddr16 Label or 16-bit immediate data
(only the space from FOOO0H to FFFFFH is specifiable)

ES:laddr16 Label or 16-bit immediate data
(higher 4-bit addresses are specified by the ES register)

Figure 3-17. Example of laddr16

MOV laddr16, A FFFFFH
<1>

Instruction code

OP-code

Target memory

Low Addr.

]
High Addr. -

<1>

FO000H

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

Memory

Figure 3-18. Example of ES:laddr16

ES: laddr16 FFFFFH
<1> <2> 4

Instruction code

OP-code
Target memory Area from
Low Addr Specifies the add . 2 X0000H to
: ecifies the address in memol
< p R XFFFFH

High Addr. -

X0000H y
i
!
:

Specifies a 64-Kbyte area R

ES

Y
« The ES register <1> specifies a 64-Kbyte area within the 00000H
overall 1-Mbyte space as the four higher-order bits, X, of the

address range.

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

Memory
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3.54 Short direct addressing

[Function]

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

[Operand format]

Identifier Description

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

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

Figure 3-19. Outline of Short Direct Addressing

Instruction code

OP-code

A 4

saddr

saddr

Memory

FFF1FH

FFE20H

Remark SADDR and SADDRP are used to describe the values of addresses FE20H to FF1FH with 16-bit immediate
data (higher 4 bits of actual address are omitted), and the values of addresses FFE20H to FFF1FH with 20-

bit immediate data.

Regardless of whether SADDR or SADDRP is used, addresses within the space from FFE20H to FFF1FH

are specified for the memory.
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3.5.5 SFR addressing

[Function]

SFR addressing directly specifies the target SFR addresses using 8-bit data in the instruction word. This type of
addressing is applied only to the space from FFFOOH to FFFFFH.

[Operand format]

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

Figure 3-20. Outline of SFR Addressing

Instruction code

FFFFFH
OP-code

—,—> SFR I
SFR FFFOOH

Memory
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3.5.6 Register indirect addressing

[Function]

Register indirect addressing specifies the target addresses using the contents of the register pair specified with the
instruction word as an operand address.

[Operand format]

Identifier Description

[DE], [HL]
(only the space from FOOO0H to FFFFFH is specifiable)

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

Figure 3-21. Example of [DE], [HL]

<1> <1>
. Target memory
Instruction code <1> <1> Specifies the address — K
OP-code rp (HL/DE) I [ memory
FOO00H
e Either pair of registers <1> specifies the target location as
an address in the 64-Kbyte area from FOOOOH to FFFFFH.
Memory
Figure 3-22. Example of ES:[DE], ES:[HL]
ES: [DE], ES: [HL] FFFFFH
<1> <2> <1> <2> i
. Target memory Area from
Instruction code <> <2>Speoifies the address in —k X0000H to
memory XFFFFH
OP-code rp (HL/DE) |
X0000H L
A
<1> i <1> Specifies a 64-Kbyte
ES H areal
A
00000H

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

o Either pair of registers <2> and the ES register <1> specify
the target location in the area from X0000H to XFFFFH.

Memory
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3.5.7 Based addressing

[Function]

Based addressing uses the contents of a register pair specified with the instruction word or 16-bit immediate data as the
base address and specifies the target addresses using the result of adding the 8-bit immediate data or 16-bit immediate
data as the offset data to the base address.

[Operand format]

Identifier Description

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

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

— word[BC]
(only the space from FOO0OH to FFFFFH is specifiable)

— ES:[HL + byte], ES:[DE + byte]
(higher 4-bit addresses are specified by the ES register)

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

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

Figure 3-23. Example of [SP + byte]

FFFFFH

Instruction code

<1> Target memory Stack area
\ <2> Offset

4

<2> byte "
<1> Specifies a stack —3

P area |

* SP (stack pointer) <1> indicates the stack as the target.

¢ By indicating an offset from the address (top of the stack)
currently pointed to by the stack pointer, “byte” <2>
indicates the target memory (SP + byte).

FO00OH

Memory
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Figure 3-24. Example of [HL + byte], [DE + byte]

[HL + byte], [DE + byte]
<!> <2> <1> <2>

FFFFFH
Instruction code
OP-code Target memory Target array
\ <2> Offset — 3 of data
<2> byte >
<1> y
o (HUDE) [Rddressofanarray | | oer data in the array
FOO00H
e Either pair of registers <1> specifies the address where the
target array of data starts in the 64-Kbyte area from FOOOOH
to FFFFFH.
*“byte” <2> specifies an offset within the array to the target
location in memory.
Memory
Figure 3-25. Example of word[B], word[C]
word [B],  word [C], FEFFFH
<> <2>  <1> <2>
Array of
Instruction code Target memory word-sized
<2> Offset data
OP-code —bl r (B/C) |—>
<1> Address of aword 4
Low Addr. within an array
High Addr. J FO000H
«“word” <1> specifies the address where the target array of word-
sized data starts in the 64-Kbyte area from FOOOOH to FFFFFH.
 Either register <2> specifies an offset within the array to the
target location in memory.
Memory
Figure 3-26. Example of word[BC]
word [BC] FFFFFH
<> <2>
Array of
Instruction code Target memory wordy-sized
<2> Offset data
OP-code —>| rp (BC) l—»
<1> Address of aword
Low Addr. within an array
<1>
High Addr. J FOOOOH
«“word” <1> specifies the address where the target array of
word-sized data starts in the 64-Kbyte area from FOOOOH to
FFFFFH.
A pair of registers <2> specifies an offset within the array to
the target location in memory.
Memory
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Figure 3-27. Example of ES:[HL + byte], ES:[DE + byte]

ES: [HL + byte], ES: [DE + byte]
< > <1> > <
<1><2> <3 1> <2 3> XFFFFH
Instruction code
OP-code \<2> Target memory Target array
of data
<3> Offset 4
<3> byte <,
<2> Address of 4 Other data in th
rp (HL/DE) an arra er data in the array
X0000H y K0000H
<1> 1<1> Specifies a
ES | 64-Kbyte area |
o The ES register <1> specifies a 64-Kbyte area within the
overall 1-Mbyte space as the four higher-order bits, X, of the Memory
address range.
o Either pair of registers <2> specifies the address where the
target array of data starts in the 64-Kbyte area specified in
the ES register <1>.
*“byte” <3> specifies an offset within the array to the target
location in memory.
Figure 3-28. Example of ES:word[B], ES:word[C]
ES: word [B], ES: word [C],
<1><2><3> <1> <2><3>
1><2><3 ! 2> <3 XFFFFH
Instruction code <3> Array of
Target memory word-sized
- <3> Offset 4 data
OP-code r (B/C) se
Low Addr. <2> Address of aword 4
<2> v within an array
High Addr. - X0000H : X0000H
4 <1> specifies a
H 64-Kbyte area

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

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

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

Memory
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ES: word [BC]

<1> <2> <3>

Instruction code

Figure 3-29. Example of ES:word[BC]

<3>

Target memory

OP-code <3> Offset 4

Low Addr. <2> Address of a word 4
<2> within an array

High Addr. X0000H )

4 <1> specifies a
H 64-Kbyte area

e The ES register <1> specifies a 64-Kbyte area within the overall

1-Mbyte space as the four higher-order bits, X, of the address

range.

¢ “word” <2> specifies the address where the target array of word-
sized data starts in the 64-Kbyte area specified in the ES register

<1>,

¢ A pair of registers <3> specifies an offset within the array to the

target location in memory.

Memory

XFFFFH

Array of
word-sized
data

X0000H
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3.5.8 Based indexed addressing

[Function]

Based indexed addressing uses the contents of a register pair specified with the instruction word as the base address
and specifies the target addresses using the result of adding the contents of the B register or C register similarly
specified with the instruction word as the offset address to the base address.

[Operand format]

Identifier Description

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

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

Figure 3-30. Example of [HL + BJ, [HL + C]

[HL+B], [HL+C]
< 1> <2> <1> <2>

FFFFFH

Target memory Target array

Instruction code
of data

<2> Offset 4
OP-code r (B/C) |—>

1> Address of —4
an array

rp (HL) Other data in the array

FOO000H

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

« Either register <2> specifies an offset within the array to the
target location in memory.

Memory

Figure 3-31. Example of ES:[HL + B], ES:[HL + C]

ES: [HL + B], ES:[HL + C]
<1><2> <3> <1><2> <3>

XFFFFH

Target memory Target array
of data

<3> Offset 4

<3>
Instruction code

<2> Address of 4 ]
an arra Other data in the array

OP-code rp (HL)

X0000H ; X0000H

1<1> Specifies a
i\ 64-Kbyte area

<3> byte

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

o A pair of registers <2> specifies the address where the target
array of data starts in the 64-Kbyte area specified in the ES
register <1>.

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

Memory
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3.5.9 Stack addressing

[Function]

The stack area is indirectly addressed with the stack pointer (SP) values. This addressing is automatically employed
when the PUSH, POP, subroutine call, and return instructions are executed or the register is saved/restored upon

generation of an interrupt request.

Only the internal RAM area can be set as the stack area.

[Description format]

Identifier Description

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

RET

BRK

RETB

(Interrupt request generated)
RETI

Each stack operation saves or restores data as shown in Figure 3-32 to Figure 3-37.

Figure 3-32. Example of PUSH rp

PUSH rp
<1>  <2>
Instruction code 1> IE SP -1 | Higher-order byte of rp Stack
¢ [ Lower-order byte of rp area

FO00OH

o Stack addressing is specified <1>.

o The higher-order and lower-order bytes of the pair of
registers indicated by rp <2> are stored in addresses SP — 1
and SP - 2, respectively.

o The value of SP <3> is decreased by two (if rp is the program
status word (PSW), the value of the PSW is stored in SP — 1 Memory
and 0 is stored in SP - 2).
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Figure 3-33. Example of POP

POP rp
<1> <2>
SP+2 |
Instruction code <1> SP SP+1 " (SP+1) Stack
FOO00OH
o Stack addressing is specified <1>.
e The contents of addresses SP and SP + 1 are stored in the
lower-order and higher-order bytes of the pair of registers
indicated by rp <2>, respectively.

o The value of SP <3> is increased by two (if rp is the program
status word (PSW), the content of address SP + 1 is stored Memory
in the PSW).

Figure 3-34. Example of CALL, CALLT

CALL
<1>

Instruction code <1> SP —

A 4

P-4 < PC15to PC8 area
<3> -
I:SP ¢ < PC7 to PCO
<2>
FO000H
PC
« Stack addressing is specified <1>. The value of the program
counter (PC) changes to indicate the address of the instruction Memory
following the CALL instruction.
¢ The values of PC bits 19 to 16, 15to 8, and 7 to 0 are stored in
addresses SP — 2, SP - 3, and SP - 4, respectively <2>.
o The value of the SP <3> is decreased by 4.
Figure 3-35. Example of RET
RET
<1>
S SP+4
Instruction code <1> P SP +3 (SP+3)
(SP+2) Stack
(SP)
FO000H
o Stack addressing is specified <1>.

« The contents of addresses SP, SP + 1, and SP + 2 are stored in Memory
PC bits 7 to 0, 15 to 8, and 19 to 16, respectively <2>.
o The value of SP <3> is increased by four.
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Figure 3-36. Example of Interrupt, BRK

PSW <2>
Instruction code  <1> IE SP_1 4R ngsv}l;.cm Sk
SP -2 g to ac
<3> -
or P« < PC7 to PCO
Interrupt
<2>
PC FOOOOH
o Stack addressing is specified <1>. In response to a BRK
instruction or acceptance of an interrupt, the value of the program
counter (PC) changes to indicate the address of the next Memory
instruction.
e The values of the PSW, PC bits 19 to 16, 15to 8, and 7 to 0 are
stored in addresses SP — 1, SP -2, SP -3, and SP -4,
respectively <2>.
o The value of the SP <3> is decreased by 4.
Figure 3-37. Example of RETI, RETB
RETI, RETB PSW
<1>
SP+4 8
Instruction code <1> Sp SP+3 | (SP +3)
SP+2 (SP +2) Stack
Il S
FOOOOH
o Stack addressing is specified <1>.
« The contents of addresses SP, SP + 1, SP + 2, and SP + 3 are Memory
stored in PC bits 7 to 0, 15 to 8, 19 to 16, and the PSW,
respectively <2>.
o The value of SP <3> is increased by 4.
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3.6 lllegal Memory Access Detection Function

The IEC60730 checks for the correct operation of the CPU and interrupts.

The illegal memory access detection function generates a reset when the specified illegal access detection space is
accessed.

The illegal access detection space is the range indicated as “NG” in Figure 3-38.

For details on the reset function, refer to CHAPTER 16 RESET FUNCTION.

RO1UHO0959EJ0120 Rev.1.20 RENESAS Page 95 of 765
Jan 31, 2024



CHAPTER 3 CPU ARCHITECTURE

RL78/G15

.,. (0'v1'o=xexozbdee)
(@'v1'o=xxogbdee) 000 g y
H00000 (#0000 Aooeas 4 il a8 fiowsw
L\ oo m_v_mw opoo -+ Aiowow -+ Aiowsw yseyy 8po) w(:“_“_“:o weiboid
loweut usel Hiijoo Y Wwesboid W00z
HO0010
MO
paniasay
panlasay
MO
N 4.0
Hd H44480
H00080 H44480 H00060
— H00060 1 aMi L
£ - T Aowaw yse)} ejeq T
ON T Aowsw yseyy ereq H44560 nwmwmw
HooY60
H44440
Ho000 |
paniasay
ON ON panlssay soeds
aoeds fiowaw
H14943 Kiowaw eleq
H00043 eleq Hi4443
MO H44443 H00004
H44443 H00004
H00004 iz
Y e d
19381681 uonouny [eoadg
SN 5O (44s pug) JeysiBai uonouny [eroadg (44S pug) se1s! i
H44£04 nmmmwu H00804
H00804 aM 9
ae Jouw 49
JoHwr 45 Ha4414
H44404 H00024
H000 14 paniasay
paniesay H44484
ON ON 0 H44484 T H00064
ENID H00064
Jouw 4@ H44€64
Jouw 4@ fadeed HOOV64
HO L EYNELE) -
L ponlosay — = ponesey Ha4v44
T {EELEE] H004d44
Ha4v44 Hoosd a1
Hoog44 w,_dm_ NV H40344
i Had344 foga41 selkq ze Ho3344
H03344 selkq zg J9)sibal asodind-jelausg H44344
Joysibes esodind-lesous |49,y : Ho0 44
MO HO0444
MO salAq 962
ON sa1q 96z (Y44S) JeysiBau uonouny erpadsg
(¥4S) Jo1s16a1 uonouNy [e1oads HA4444 y
y WY
Hd4444 LEEEEE N, S
(uonnoaxa) S pesy

yolay uononsu|

aoedg uonosla ssadoy Alows|y [eba))| "gg-¢ ainbi4

Page 96 of 765

RENESAS

RO1UH0959EJ0120 Rev.1.20

Jan 31, 2024




RL78/G15 CHAPTER 4 PORT FUNCTIONS

CHAPTER 4 PORT FUNCTIONS

4.1 Port Functions

The RL78 microcontrollers are provided with digital I/O ports, which enable variety of control operations.

In addition to the function as digital 1/O ports, these ports have several alternate functions. For details of the alternate
functions, see CHAPTER 2 PIN FUNCTIONS.

4.2 Port Configuration

Ports include the following hardware.

Table 4-1. Port Configuration

Item Configuration

Control registers Port mode registers 0, 2, 4, 12 (PMO, PM2, PM4, PM12)

Port registers 0, 2, 4, 12, 13 (PO, P2, P4, P12, P13)

Pull-up resistor option registers 0, 2, 4, 12 (PUO, PU2, PU4, PU12)
Port output mode registers 0, 2, 4 (POMO, POM2, POM4)

Port mode control registers 0, 2 (PMCO ,PMC2)

Peripheral 1/O redirection registers 0 to 3 (PIORO to PIOR3)

Port ® 8-pin products
Total: 6 (CMOS 1/0: 5 (N-ch open drain output (Vpp tolerance): 2), CMOS input: 1)
® 10-pin products
Total: 8 (CMOS I/0: 7 (N-ch open drain output (Vpp tolerance): 3), CMOS input: 1)
® 16-pin products
Total: 14 (CMOS 1/O: 13 (N-ch open drain output (Vpp tolerance): 7), CMOS input: 1)
® 20-pin products
Total: 18 (CMOS 1/0O: 17 (N-ch open drain output (Vpp tolerance): 9), CMOS input: 1)

On-chip pull-up resistor ® 8-pin products Total: 5
® 10-pin products Total: 7
® 16-pin products Total: 13

® 20-pin products Total: 17
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4.2.1 Port 0

Port 0 is an I/O port with an output latch. Port O can be set to the input mode or output mode in 1-bit units using port
mode register 0 (PMO0). When the P00 to PO7N°® ' pins are used as an input port, use of an on-chip pull-up resistor can
be specified in 1-bit units by pull-up resistor option register 0 (PUOQ).

Output from the P00, P01, and P03 to P07 pins can be specified as N-ch open-drain output (Voo tolerance) in 1-bit units
using port output mode register 0 (POMO).

This port can also be used for serial interface data 1/0 and clock /O, UART transmission and reception for the external
device connection used during flash memory programming, analog input, comparator output, clock/buzzer output, timer
I/0, and external interrupt request input.

Reset signal generation sets P00 to input mode, and sets P01 to P07 to analog input mode.

Note 1. P01, P03, and P04 for 8-pin products; P00 to P04 for 10-pin products; P00 to P07 for 16-pin and 20-pin
products.

4.2.2 Port 2

Port 2 is an 1/O port with an output latch. Port 2 can be set to the input mode or output mode in 1-bit units using port
mode register 2 (PM2). When the P20 to P23N°te ' pins are used as an input port, use of an on-chip pull-up resistor can
be specified in 1-bit units by pull-up resistor option register 2 (PU2).

Output from the P22 pin can be specified as N-ch open-drain output (Voo tolerance) in 1-bit units using port output mode
register 2 (POM2).

This port can also be used for serial interface data 1/0 and clock I/O, analog input, timer 1/0, and external interrupt
request input.

Reset signal generation sets P20 to P23 to analog input mode.

Note 1. For 20-pin products.

4.2.3 Port 4

Port 4 is an /O port with an output latch. Port 4 can be set to the input mode or output mode in 1-bit units using port
mode register 4 (PM4). When the P40 and P41N°¢ 1 pins are used as an input port, use of an on-chip pull-up resistor can
be specified in 1-bit units by pull-up resistor option register 4 (PU4).

Output from the P41 pin can be specified as N-ch open-drain output (Voo tolerance) in 1-bit units using port output mode
register 4 (POM4).

This port can also be used for data I/O for a flash memory programmer/debugger, serial interface data 1/0 and clock I/O,
comparator output, clock/buzzer output, timer 1/0, and external interrupt request input. Reset signal generation sets port
4 to input mode.

Note 1. P40 for 8-pin and 10-pin products; P40 and P41 for 16-pin and 20-pin products
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424 Port 12

Port 12 is an 1/O port with an output latch. Port 12 can be set to the input mode or output mode in 1-bit units using port
mode register 12 (PM12). When the P121Note 1/ p122Note 1 "gand P125 pins are used as an input port, use of an on-chip
pull-up resistor can be specified in 1-bit units by pull-up resistor option register 12 (PU12) (the on-chip pull-up resistor is
always valid for P125 when RESET input is selected (PORTSELB = 1)).

This port can also be used for external interrupt request input, connecting resonator for main system clock, external clock
input for main system clock, reset input, serial interface data input, comparator output, and timer I/O. Reset signal
generation sets port 12 to input mode.

Note 1. For 16-pin and 20-pin products.

Caution Once the power is turned on, P125 functions as the RESET input. The PORTSELB bit of the option
byte (000C1H) defines whether this port operates as P125/INTP1/(VCOUTO0)/(VCOUT1)/(S101) or
RESET. When this pin is set to P125/INTP1/(VCOUTO0)/(VCOUT1)/(S101), do not input the low level to
this pin during a reset by the selectable power-on-reset (SPOR) circuit and during the period from

release from the reset by the SPOR circuit to the start of normal operation. If input of the low level
continues during this period, the chip will remain in the reset state in response to the external reset.
Accordingly, the on-chip pull-up resistor is enabled after power is turned on.

4.2.5 Port 13

P137 is an input-only port. This port can also be used for timer input and external interrupt request input.

RO1UH0959EJ0120 Rev.1.20 RENESAS Page 99 of 765
Jan 31, 2024



RL78/G15

CHAPTER 4 PORT FUNCTIONS

4.3 Registers Controlling Port Function

Port functions are controlled by the following registers.

® Port mode registers 0, 2, 4, 12 (PMO0, PM2, PM4, PM12)

® Portregisters 0, 2, 4, 12, 13 (PO, P2, P4, P12, P13)

e Pull-up resistor option registers 0, 2, 4, 12 (PUO, PU2, PU4, PU12)

e Port output mode registers 0, 2, 4 (POMO, POM2, POM4)

® Port mode control registers 0, 2 (PMCO, PMC2)

e Peripheral I/O redirection registers 0 to 3 (PIORO to PIOR3)

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

each product, see Table 4-2 to Table 4-5. Be sure to set bits that are not mounted to their initial

values.

Table 4-2. Pm, PMn, PUp, POMq, PMCr Registers and the Bits (8-pin Products)

Port Bit name
Pm register PMn register PUp register POMq register PMCr register

PORTO 1 P01 PMO1 PUO1 POMO1 PMCO1

3 P03 PMO03 PUO3 POMO03 PMCO03

4 P04 PMO04 PU04 — PMCO04
PORT4 0 P40 PM40 PU40 — —
PORT12 5 P125 PM125 PU125 — —
PORT13 7 P137 — — — —

Table 4-3. Pm, PMn, PUp, POMq, PMCr Registers and the Bits (10-pin Products)
Port Bit name
Pm register PMn register PUp register POMq register PMCr register

PORTO 0 P00 PMO00O PU0OO POMO00 —

1 P01 PMO1 PUO1 POMO1 PMCO1

2 P02 PMO02 PU02 — PMC02

3 P03 PMO03 PUO3 POMO03 PMCO03

4 P04 PMO04 PU04 — PMCO04
PORT4 0 P40 PM40 PU40 — —
PORT12 5 P125 PM125 PU125 — —
PORT13 7 P137 — — — —
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Table 4-4. Pm, PMn, PUp, POMq, PMCr Registers and the Bits (16-pin Products)

Port Bit name
Pm register PMn register PUp register POMq register PMCr register

PORTO 0 P00 PMO00O PU0OO POMO00 —

1 P01 PMO1 PUO1 POMO1 PMCO1

2 P02 PMO02 PU02 — PMCO02

3 P03 PMO03 PUO3 POMO03 PMCO03

4 P04 PM04 PU04 POMO04 PMCO04

5 P05 PMO05 PU0O5 POMO05 PMCO05

6 P06 PMO06 PU06 POMO06 PMCO06

7 P07 PMO7 PUO7 POMO7 PMCO07
PORT4 0 P40 PM40 PU40 — —

1 P41 PM41 PU41 — —
PORT12 1 P121 PM121 PU121 — —

2 P122 PM122 PU122 — —

5 P125 PM125 PU125 — —
PORT13 7 P137 — — — —
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Table 4-5. Pm, PMn, PUp, POMq, PMCr Registers and the Bits (20-pin Products)

Port Bit name
Pm register PMn register PUp register POMq register PMCr register
PORTO 0 P00 PMO00O PU0OO POMO00 —
1 P01 PMO1 PUO1 POMO1 PMCO1
2 P02 PMO02 PU02 — PMCO02
3 P03 PMO03 PUO3 POMO03 PMCO03
4 P04 PM04 PU04 POMO04 PMCO04
5 P05 PMO05 PU0O5 POMO05 PMCO05
6 P06 PMO06 PU06 POMO06 PMCO06
7 P07 PMO7 PUO7 POMO7 PMCO07
PORT2 0 P20 PM20 PU20 — PMC20
1 P21 PM21 PU21 — PMC21
2 P22 PM22 PU22 POM22 PMC22
3 P23 PM23 PU23 — PMC23
PORT4 0 P40 PM40 PU40 — —
1 P41 PM41 PU41 POM41 —
PORT12 1 P121 PM121 PU121 — —
2 P122 PM122 PU122 — —
5 P125 PM125 PU125 — —
PORT13 7 P137 — — — —

Remark m=0, 2,4, 12,13
n=0,2,4,12
p=0,2,4,12
q=0,2,4
r=0,2

The format of each register is described below.
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4.3.1 Port mode registers 0, 2, 4, 12 (PM0, PM2, PM4, PM12)

These registers specify input or output mode for the port in 1-bit units.
These registers can be set by a 1-bit or 8-bit memory manipulation instruction.
Reset signal generation sets these registers to FFH.

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

Figure 4-1. Format of Port Mode Registers 0, 2, 4, 12 (PMO, PM2, PM4, PM12)

8-pin products

Symbol 7 6 5 4 3 2 1 0 Address After reset R/W
PMO ‘ 1 ‘ 1 | 1 ‘ PM04 | PMO03 ‘ 1 | PMO1 ‘ 1 ‘ FFF20H FFH R/W
PM4 ‘ 1 ‘ 1 | 1 ‘ 1 | 1 ‘ 1 | 1 ‘ PM40 ‘ FFF24H FFH R/W
PM12 ‘ 1 ‘ 1 | PM125 ‘ 1 | 1 ‘ 1 | 1 ‘ 1 ‘ FFF2CH FFH R/W

10-pin products

Symbol 7 6 5 4 3 2 1 0 Address After reset R/W
PMO ‘ 1 ‘ 1 | 1 ‘ PM04 | PMO03 ‘ PMO02 | PMO1 ‘ PMO00 ‘ FFF20H FFH R/W
PM4 ‘ 1 ‘ 1 | 1 ‘ 1 | 1 ‘ 1 | 1 ‘ PM40 ‘ FFF24H FFH R/W
PM12 ‘ 1 ‘ 1 | PM125 ‘ 1 | 1 ‘ 1 | 1 ‘ 1 ‘ FFF2CH FFH R/W

16-pin products

Symbol 7 6 5 4 3 2 1 0 Address After reset R/W
PMO ‘ PMO7 ‘ PMO06 | PMO05 ‘ PM04 | PMO03 ‘ PMO02 | PMO1 ‘ PMO00 ‘ FFF20H FFH R/W
PM4 ‘ 1 ‘ 1 | 1 ‘ 1 | 1 ‘ 1 | PM41 ‘ PM40 ‘ FFF24H FFH R/W
PM12 ‘ 1 ‘ 1 | PM125 ‘ 1 | 1 ‘ PM122 | PM121 ‘ 1 ‘ FFF2CH FFH R/W
20-pin products
Symbol 7 6 5 4 3 2 1 0 Address After reset R/W
PMO ‘ PMO7 ‘ PMO06 | PMO05 ‘ PM04 | PMO03 ‘ PMO02 | PMO1 ‘ PMO00 ‘ FFF20H FFH R/W
PM2 ‘ 1 ‘ 1 | 1 ‘ 1 | PM23 ‘ PM22 | PM21 ‘ PM20 ‘ FFF22H FFH R/W
PM4 ‘ 1 ‘ 1 | 1 ‘ 1 | 1 ‘ 1 | PM41 ‘ PM40 ‘ FFF24H FFH R/W
PM12 ‘ 1 ‘ 1 | PM125 ‘ 1 | 1 ‘ PM122 | PM121 ‘ 1 ‘ FFF2CH FFH R/W
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PMmn

Pmn pin I/O mode selection

0

Output mode (output buffer on)

1

Input mode (output buffer off)

Remark m=0, 2,
n=0to7

4,12

Caution Be sure to set bits that are not mounted to their initial values.
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43.2 Port registers 0, 2, 4, 12, 13 (PO, P2, P4, P12, P13)

These registers set the output latch value of a port.

If the data is read in the input mode, the pin level is read. If it is read in the output mode, the output latch value is
readhote 1,

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

Reset signal generation sets the P13 register to the undefined value, and clears the other registers to 00H.

Note 1. When a pin that is set as an analog input pin (PMCxx = 1, PMxx = 1) is read, the value read is always 0
regardless of the input signal level on the pin.
When the data bit for P125 is read while the setting for the P125/RESET/INTP1/(VCOUTO0)/(VCOUT1)/(SI01)
pinis RESET input (PORTSELB = 1), the value read is always 1.

Figure 4-2. Format of Port Registers 0, 2, 4, 12, 13 (PO, P2, P4, P12, P13)

8-pin products

Symbol 7 6 5 4 3 2 1 0 Address After reset R/W
PO ‘ 0 ‘ 0 | 0 ‘ P04 | P03 ‘ 0 | PO1 ‘ 0 ‘ FFFOOH  OOH (output latch) R/W
P4 ‘ 0 ‘ 0 | 0 ‘ 0 | 0 ‘ 0 | 0 ‘ P40 ‘ FFFO4H  OOH (output latch) R/W
P12 ‘ 0 ‘ 0 | P125 ‘ 0 | 0 ‘ 0 | 0 ‘ 0 ‘ FFFOCH  OOH (output latch) R/W
P13 ‘ P137 ‘ 0 | 0 ‘ 0 | 0 ‘ 0 | 0 ‘ 0 ‘ FFFODH Undefined R
10-pin products
Symbol 7 6 5 4 3 2 1 0 Address After reset R/W
PO ‘ 0 ‘ 0 | 0 ‘ P04 | P03 ‘ P02 | PO1 ‘ P00 ‘ FFFOOH  OOH (output latch) R/W
P4 ‘ 0 ‘ 0 | 0 ‘ 0 | 0 ‘ 0 | 0 ‘ P40 ‘ FFFO4H  OOH (output latch) R/W
P12 ‘ 0 ‘ 0 | P125 ‘ 0 | 0 ‘ 0 | 0 ‘ 0 ‘ FFFOCH  OOH (output latch) R/W
P13 ‘ P137 ‘ 0 | 0 ‘ 0 | 0 ‘ 0 | 0 ‘ 0 ‘ FFFODH Undefined R
16-pin products
Symbol 7 6 5 4 3 2 1 0 Address After reset R/W
PO ‘ PO7 ‘ P06 | P05 ‘ P04 | P03 ‘ P02 | PO1 ‘ P00 ‘ FFFOOH  OOH (output latch) R/W
P4 ‘ 0 ‘ 0 | 0 ‘ 0 | 0 ‘ 0 | P41 ‘ P40 ‘ FFFO4H  OOH (output latch) R/W
P12 ‘ 0 ‘ 0 | P125 ‘ 0 | 0 ‘ P122 | P121 ‘ 0 ‘ FFFOCH  OOH (output latch) R/W
P13 ‘ P137 ‘ 0 | 0 ‘ 0 | 0 ‘ 0 | 0 ‘ 0 ‘ FFFODH Undefined R
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20-pin products

Symbol 7 6 5 4 3 2 1 0 Address After reset R/W
PO ‘ P07 ‘ P06 | P05 ‘ P04 | P03 ‘ P02 | PO1 ‘ P00 l FFFOOH  OOH (output latch) R/W
P2 ‘ 0 ‘ 0 | 0 ‘ 0 | P23 ‘ P22 | P21 ‘ P20 ‘ FFFO2H  OOH (output latch) R/W
P4 ‘ 0 ‘ 0 | 0 ‘ 0 | 0 ‘ 0 | P41 ‘ P40 ‘ FFFO4H  OOH (output latch) R/W
P12 ‘ 0 ‘ 0 | P125 ‘ 0 | 0 ‘ P122 | P121 ‘ 0 ‘ FFFOCH  OOH (output latch) R/W
P13 ‘ P137 ‘ 0 | 0 ‘ 0 | 0 ‘ 0 | 0 ‘ 0 ‘ FFFODH Undefined R

Pmn Output data control (in output mode) Input data read (in input mode)
0 Output 0 Input low level
1 Output 1 Input high level

Remark m=0,2,4,12,13
n=0to7

Caution Be sure to set bits that are not mounted to their initial values.
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4.3.3 Pull-up resistor option registers 0, 2, 4, 12 (PUO, PU2, PU4, PU12)

These registers specify whether the on-chip pull-up resistors are to be used or not. On-chip pull-up resistors can be used
in 1-bit units only for the bits that satisfy the following usage conditions for the pins to which the use of an on-chip pull-up
resistor has been specified in these registers.

Usage conditions of the on-chip pull-up resistor:
¢ PMmn = 1 (Input mode)
e PMCmn = 0 (Digital 1/0)

e POMmn = 0 (Normal output mode)

On-chip pull-up resistors cannot be connected to bits set to output mode and bits used as alternate-function output pins
and analog setting (PMC = 1), regardless of the settings of these registers.

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

Reset signal generation sets PU4 to 01H, PU12 to 20H, and clears PUO and PU2 to 00H.

Figure 4-3. Format of Pull-up Resistor Option Registers 0, 2, 4, 12 (PUO, PU2, PU4, PU12)

8-pin products

Symbol 7 6 5 4 3 2 1 0 Address After reset R/W
PUO ‘ 0 ‘ 0 | 0 ‘ PU04 | PU0O3 ‘ 0 | PUO1 ‘ 0 ‘ FOO30H 00H R/W
PU4 ‘ 0 ‘ 0 | 0 ‘ 0 | 0 ‘ 0 | 0 ‘ PU40 ‘ FO0034H 01H R/W
PU12 0 0 PU125 0 0 0 0 0 FOO3CH 20H R/W

Note 1

10-pin products

Symbol 7 6 5 4 3 2 1 0 Address After reset R/W
PUO ‘ 0 ‘ 0 | 0 ‘ PU04 | PU0O3 ‘ PU02 | PUO1 ‘ PU0OO ‘ FOO30H 00H R/W
PU4 ‘ 0 ‘ 0 | 0 ‘ 0 | 0 ‘ 0 | 0 ‘ PU40 ‘ FO0034H 01H R/W
PU12 0 0 PU125 0 0 0 0 0 FOO3CH 20H R/W

Note 1

16-pin products

Symbol 7 6 5 4 3 2 1 0 Address After reset R/W
PUO ‘ PUO7 ‘ PUO6 | PUO5 ‘ PU0O4 | PUO3 ‘ PU02 | PUO1 ‘ PUOO ‘ FOO30H O0H R/W
PU4 ‘ 0 ‘ 0 | 0 ‘ 0 | 0 ‘ 0 | PU41 ‘ PU40 ‘ F0034H 01H R/W
PU12 0 0 PU125 0 0 PU122 PU121 0 FOO3CH 20H R/W

Note 1
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20-pin products

Symbol 7 6 5 4 3 2 1 0 Address After reset R/W
PUO ‘ PUO7 ‘ PUO6 | PUO5 ‘ PUO4 | PUO3 ‘ PUO02 | PUO1 ‘ PUOO ‘ FO030H 00H R/W
PU2 ‘ 0 ‘ 0 | 0 ‘ 0 | PU23 ‘ PU22 | PU21 ‘ PU20 ‘ FO032H 00H R/W
PU4 ‘ 0 ‘ 0 | 0 ‘ 0 | 0 ‘ 0 | PU41 ‘ PU40 ‘ F0034H 01H R/W
PU12 0 0 PU125 0 0 PU122 | PU121 0 FO03CH 20H R/W

Note 1
PUmn Pmn pin on-chip pull-up resistor selection
0 On-chip pull-up resistor not connected
1 On-chip pull-up resistor connected

Note 1. This bit can be only manipulated when the P125/INTP1/(VCOUTO0)/(VCOUT1)/(S101) pin is selected
(PORTSELB = 0) (the on-chip pull-up resistor is always valid (PU125 = 1) when the RESET input
(PORTSELB = 1) is selected).

Remark m=0,2, 4,12
n=0to7

Caution Be sure to set bits that are not mounted to their initial values.
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4.3.4 Port input mode registers 0, 2, 4 (POM0, POM2, POM4)

These registers set CMOS output or N-ch open drain output in 1-bit units.

N-ch open drain output (Voo tolerance) mode can be selected for the SDA00 and SDAO1 pins during simplified I°C
communication with an external device.

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

Reset signal generation clears these registers to 00H.

Caution An on-chip pull-up resistor is not connected to a bit for which N-ch open drain output (Vop tolerance)
mode (POMmn = 1) is set.

Figure 4-4. Format of Port Output Mode Registers 0, 2, 4 (POMO, POM2, POM4)

8-pin products

Symbol 7 6 5 4 3 2 1 0 Address After reset R/W
POMO ‘ 0 ‘ 0 | 0 ‘ 0 | POMO03 ‘ 0 | POMO1 ‘ 0 ‘ FOO050H 00H R/W
10-pin products
Symbol 7 6 5 4 3 2 1 0 Address After reset R/W
POMO ‘ 0 ‘ 0 | 0 ‘ 0 | POMO03 ‘ 0 | POMO1 ‘ POMO00 ‘ FO050H 00H R/W
16-pin products
Symbol 7 6 5 4 3 2 1 0 Address After reset R/W
POMO ‘ POMO7 ‘ POMO06 | POMO05 ‘ POMO04 | POMO03 ‘ 0 | POMO1 ‘ POMO00 ‘ FOO050H 00H R/W
20-pin products
Symbol 7 6 5 4 3 2 1 0 Address After reset R/W
POMO ‘ POMO7 ‘ POMO06 | POMO05 ‘ POMO04 | POMO03 ‘ 0 | POMO1 ‘ POMO00 ‘ FOO050H 00H R/W
POM2 ‘ 0 ‘ 0 | 0 ‘ 0 | 0 ‘ POM22 | 0 ‘ 0 ‘ FO052H 00H R/W
POM4 ‘ 0 ‘ 0 | 0 ‘ 0 | 0 ‘ 0 | POM41 ‘ 0 ‘ FO054H 00H R/W
POMmn POn pin output mode selection
0 Normal output mode
1 N-ch open-drain output (Vpp tolerance) mode
Remark m=0,2,4
n=0to7
Caution Be sure to set bits that are not mounted to their initial values.
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4.3.5 Port mode control registers 0, 2 (PMCO0, PMC2)

These registers set the digital 1/0O/analog input in 1-bit units.
These registers can be set by a 1-bit or 8-bit memory manipulation instruction.

Reset signal generation clears these registers to FFH.

Figure 4-5. Format of Port Mode Control Registers 0, 2 (PMCO0, PMC2)

8-pin products

Symbol 7 6 5 4 3 2 1 0 Address After reset R/W

N

PMCO ‘ 1 ‘ 1 | ‘ PMCO04 | PMCO03 ‘ 1 | PMCO1 ‘ 1 ‘ FO060H FFH R/W

10-pin products

Symbol 7 6 5 4 3 2 1 0 Address After reset R/W

FO060H FFH R/wW

N

PMCO ‘ 1 ‘ 1 | 1 ‘ PMCO04 | PMCO03 ‘ PMCO02 | PMCO1

16-pin products

Symbol 7 6 5 4 3 2 1 0 Address After reset R/W
PMCO ‘ PMCO7 ‘ PMCO06 | PMCO05 ‘ PMC04 | PMCO03 ‘ PMCO02 | PMCO1 ‘ 1 ‘ FO060H FFH R/W
20-pin products
Symbol 7 6 5 4 3 2 1 0 Address After reset R/W
PMCO ‘ PMCO7 ‘ PMCO06 | PMCO05 ‘ PMCO04 | PMCO03 ‘ PMCO02 | PMCO1 ‘ 1 ‘ FO060H FFH R/W
PMC2 ‘ 1 ‘ 1 | 1 ‘ 1 | PMC23 ‘ PMC22 | PMC21 ‘ PMC20 ‘ FO062H FFH R/W
PMCmn POn pin digital I/O/analog input selection

0 Digital 1/0O (alternate function other than analog input)

1 Analog input

Remark m=0,2
n=1to7

Caution 1.  Select input mode by using port mode registers 0, 2 (PMO0, PM2) for the ports which are set by the
PMCO, PMC2 registers as analog input.

Caution 2. Be sure to set bits that are not mounted to their initial values.
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4.3.6 Peripheral I/O redirection registers 0 to 3 (PIOR0 to PIOR3)

These registers are used to specify whether to enable or disable the peripheral 1/0 redirect function.
This function is used to switch ports to which alternate functions are assigned.

Use the PIORO to PIORS registers to assign a port to the function to redirect and enable the function.
In addition, the settings for redirection can be changed only until operation of the function is enabled.
The PIORO to PIORS registers can be set by an 8-bit memory manipulation instruction.

Reset signal generation clears these registers to 00H.

Figure 4-6. Format of Peripheral I/O Redirection Registers 0 to 3 (PIORO to PIOR3)

8-pin products

Symbol 7 6 5 4 3 2 1 0 Address After reset R/W
PIORO ‘ 0 ‘ 0 | 0 ‘ 0 | 0 ‘ PIOR02 | 0 ‘ PIORO0O ‘ FO077H 00H R/W
PIOR3 ‘ 0 ‘ 0 | 0 ‘ 0 | 0 ‘ PIOR32 | 0 ‘ 0 ‘ FOO7CH 00H R/W

10-pin products

Symbol 7 6 5 4 3 2 1 0 Address After reset R/W
PIORO ‘ 0 ‘ 0 | 0 0 | PIOR03 ‘ PIOR02 | 0 ‘ PIOR0OO ‘ FOO077H 00H R/W
PIOR3 ‘ 0 ‘ 0 | 0 ‘ 0 | 0 ‘ PIOR32 | 0 ‘ PIOR30 ‘ FOO7CH 00H R/W
16-pin products
Symbol 7 6 5 4 3 2 1 0 Address After reset R/W
PIORO ‘ 0 ‘ PIOR06 | PIOR05 ‘ PIOR04 | PIOR03 ‘ PIORO02 | 0 ‘ PIOROO ‘ FOO77H 00H R/W
PIOR1 ‘ 0 ‘ 0 | 0 ‘ PIOR14 | 0 ‘ PIOR12 | PIOR11 ‘ PIOR10 ‘ FO079H O00H R/W
PIOR2 ‘ 0 ‘ PIOR26 | 0 ‘ PIOR24 | PIOR23 ‘ PIOR22 | PIOR21 ‘ 0 ‘ FO075H O00H R/W
PIOR3 ‘ 0 ‘ 0 | 0 ‘ PIOR34 | 0 ‘ PIOR32 | PIOR31 ‘ PIOR30 ‘ FO07CH 00H R/W
20-pin products
Symbol 7 6 5 4 3 2 1 0 Address After reset R/W
PIORO ‘ PIOR07 ‘ PIORO06 | PIOR05 ‘ PIOR04 | PIORO03 ‘ PIOR02 | PIORO1 ‘ PIOR00O ‘ FO077H O00H R/W
PIOR1 ‘ 0 ‘ 0 | 0 ‘ PIOR14 | PIOR13 ‘ PIOR12 | PIOR11 ‘ PIOR10 ‘ FO079H O00H R/W
PIOR2 ‘ PIOR27 ‘ PIOR26 | PIOR25 ‘ PIOR24 | PIOR23 ‘ PIOR22 | PIOR21 ‘ PIOR20 ‘ FO0075H 00H R/W
PIOR3 ‘ 0 ‘ 0 | PIOR35 ‘ PIOR34 | PIOR33 ‘ PIOR32 | PIOR31 ‘ PIOR30 ‘ FO07CH 00H R/W
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RL78/G15
8-pin products
Bit Function Setting value
0 1
PIOR02 TI01/TO01 P04 P40
PIOR0O TIOO P137 P03
PIOR32 VCOUTO P40 P125

10-pin products
Bit Function Setting value

0 1

PIOR0O TIOO P137 P03

PIOR32 VCOUTO P02 P125

PIOR30 PCLBUZ0 P02 P40

Bit Function Setting value
00 01 10 11
PIOR03 PIOR02 TI01/TOO01 P04 P40 P02 Setting prohibited
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16-pin products

Bit Function Setting value
0 1
PIOR06 TOO03 P41 P07
PIOR0O TIOO P137 P03
PIOR14 SCLAO P06 P00
SDAAO PO7 PO1
PIOR12 SCKO01/SCLO1 PO7 P00
SI01/SDA01 P06 P01
SO01 P05 P02
PIOR26 INTP6 P00 P05
PIOR24 INTP5 P01 P07
PIOR23 INTP4 P03 P41
PIOR22 INTP3 P04 P121
PIOR21 INTP2 P40 P122
PIOR34 INTP7 P02 P06
PIOR32 VCOUTO P02 P125
Bit Function Setting value
00 01 10 11
PIOR05 PIOR04 TI02/TO02 P05 PO1 P41 Setting prohibited
PIORO3 PIOR02 TI01/TOO01 P04 P40 P02 Setting prohibited
PIOR11 PIOR10 SCKO00/SCL00 P02 P06 P05 Setting prohibited
SI00/RxD0/SDA0O P01 P05 P04 Setting prohibited
SO00/TxDO P00 P04 P03 Setting prohibited
PIOR31 PIOR30 PCLBUZ0 P02 P40 P06 Setting prohibited
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20-pin products

Bit Function Setting value
0 1
PIOR14 SCLAO P06 P00
SDAAO P07 P01
PIOR23 INTP4 P03 P41
PIOR22 INTP3 P04 P121
PIOR21 INTP2 P40 P122
PIOR20 INTP1 P125 P20
PIOR33 VCOUT1 P41 P125
PIOR32 VCOUTO P02 P125
Bit Function Setting value
00 01 10 11
PIOR0O7 PIOR06 TIO3 P41 P41 P20 Setting prohibited
TOO03 P41 P07 P20
PIOR05 PIOR04 TI02/TO02 P05 PO1 P41 Setting prohibited
PIOR0O3 PIOR02 TI01/TOO01 P04 P40 P02 Setting prohibited
PIORO1 PIOR0O TIOO P137 P03 P20 Setting prohibited
TOO00 P03 P03 P21
PIOR13 PIOR12 SCKO01 P07 P00 P20 P07
SCLO1 PO7 P00 P20 P23
SI01 P06 P01 P125 P06
SDAO01 P06 P01 P41 P22
SO01 P05 P02 P41 P05
PIOR11 PIOR10 SCKO00/SCL00 P02 P06 P05 Setting prohibited
SI00/RxD0/SDA0O P01 P05 P04 Setting prohibited
SO00/TxD0 P00 P04 P03 Setting prohibited
PIOR27 PIOR26 INTP6 P00 P05 P23 Setting prohibited
PIOR25 PIOR24 INTP5 P01 PO7 P22 Setting prohibited
PIOR35 PIOR34 INTP7 P02 P06 P21 Setting prohibited
PIOR31 PIOR30 PCLBUZ0 P02 P40 P06 Setting prohibited

Caution Be sure to set bits that are not mounted to their initial values.
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4.4 Port Function Operations

Port operations differ depending on whether the input or output mode is set, as shown below.

4.4.1 Writing to 1/0 port

1) Output mode
A value is written to the output latch by a transfer instruction, and the output latch contents are output from the pin.
Once data is written to the output latch, it is retained until data is written to the output latch again.

The data of the output latch is cleared when a reset signal is generated.

2) Input mode

A value is written to the output latch by a transfer instruction, but since the output buffer is off, the pin status does not
change. Therefore, byte data can be written to the ports used for both input and output.

Once data is written to the output latch, it is retained until data is written to the output latch again.

The data of the output latch is cleared when a reset signal is generated.

442 Reading from 1/O port

1) Output mode

The output latch contents are read by a transfer instruction. The output latch contents do not change.

2) Input mode

The pin status is read by a transfer instruction. The output latch contents do not change.

44.3 Operations on I/O port

1) Output mode

An operation is performed on the output latch contents, and the result is written to the output latch. The output latch
contents are output from the pins.

Once data is written to the output latch, it is retained until data is written to the output latch again.

The data of the output latch is cleared when a reset signal is generated.

2) Input mode

The pin level is read and an operation is performed on its contents. The result of the operation is written to the output
latch, but since the output buffer is off, the pin status does not change. Therefore, byte data can be written to the ports
used for both input and output.

The data of the output latch is cleared when a reset signal is generated.
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4.5 Register Settings When Using Alternate Function

4.5.1 Basic concept when using alternate function

In the beginning, for a pin also assigned to be used for analog input, use the port mode control registers 0, 2 (PMCO,
PMC?2) to specify whether to use the pin for analog input or digital input/output.

Figure 4-7 shows the basic configuration of an output circuit for pins used for digital input/output. The output of the
output latch for the port and the output of the alternate SAU function are input to an AND gate. The output of the AND
gate is input to an OR gate. The output of an alternate function other than SAU (TAU, clock/buzzer output, [ICA, etc.) is
connected to the other input pin of the OR gate. When such kind of pins are used as the port function or an alternate
function, the unused alternate function must not hinder the output of the function to be used. An idea of basic settings for

this kind of case is shown in Table 4-6.

Figure 4-7. Basic Configuration of Output Circuit for Pins

M WRporr v
DD
A Output latch
~ (Pmn) |
)
WReu Pmn/Alternate function
&S »|  PMregister ADO_{ N-ch
] (PMmn)
o
©
c WRpom
o Vss
[
- N 1
N N POM register ot To input circuit
~ (POMmn)
Alternate function Note 2
(SAU)
Alternate function |"*°°
(other than SAU)

Note 1. When there is no POM register, this signal should be considered to be low level (0).
Note 2. When there is no alternate function, this signal should be considered to be high level (1).
Note 3. When there is no alternate function, this signal should be considered to be low level (0).

Remark m: Port number (m =0, 2, 4, 12, 13); n: Bit number (n =0 to 7)
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Table 4-6. Concept of Basic Settings

Output Function of Used Pin Output Settings of Unused Alternate Function
Output Function for Port Output Function for SAU Output Function for other
than SAU

Output function for port — Output: High (1) Output: Low (0)
Output function for SAU High (1) — Output: Low (0)
Output function for other Low (0) don’t care Output:Low (Q)Note !
than SAU

Note 1. Since more than one output function other than SAU may be assigned to a single pin, the output of an

unused alternate function must be set to low level (0). For details on the setting method, see 4.5.2 Register
settings for alternate function whose output function is not used.

4.5.2 Register settings for alternate function whose output function is not used

When the output of an alternate function of the pin is not used, the following settings should be made. Note that when the
peripheral I/O redirection function is the target, the output can be switched to another pin by setting the peripheral I/0
redirection registers 0 to 3 (PIORO to PIOR3). This allows usage of the port function or other alternate function assigned
to the target pin.

(1) SOp =1, TxDq =1 (settings when the serial output (SOp/TxDq) of SAU is not used)

When the serial output (SOp/TxDq) is not used, such as, a case in which only the serial input of SAU is used, set the bit
in serial output enable register 0 (SOEQ) which corresponds to the unused output to 0 (output disabled) and set the
SOO0n bit in serial output register 0 (SO0) to 1 (high). These are the same settings as the initial state.

(2) SCKp =1, SDAr =1, SCLr =1 (settings when channel n in SAU is not used)

When SAU is not used, set bit n (SEOn) in serial channel enable status register 0 (SEO) to 0 (operation stopped state),
set the bit in serial output enable register 0 (SOEQ) which corresponds to the unused output to 0 (output disabled), and
set the SOOn and CKOOn bits in serial output register 0 (SO0) to 1 (high). These are the same settings as the initial
state.

(3) TOON = 0 (settings when the output of channel n in TAU is not used)

When the TOONn output of TAU is not used, set the bit in timer output enable register 0 (TOEQ) which corresponds to the
unused output to 0 (output disabled) and set the bit in timer output register 0 (TOO0) to 0 (low). These are the same
settings as the initial state.

(4) SDAAO =0, SCLAO = 0 (settings when IICA is not used)

When IICA is not used, set the IICEQ bit in IICA control register 00 (ICCTLOO) to O (operation stopped). This is the same
setting as the initial state.
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(5) PCLBUZO0 = 0 (setting when clock/buzzer output is not used)

When the clock/buzzer output is not used, set the PCLOEQO bit in clock output select register 0 (CKSO0) to 0 (output

disabled). This is the same setting as the initial state.

453

Register setting examples for used port and alternate functions

Register setting examples for used port and alternate functions are shown in Table 4-7. The registers used to control

the port functions should be set as shown in Table 4-7. See the following remark for legends used in Table 4-7.

Remark —: Not supported
x: don’t care
PIORr: Peripheral I/O redirection register r (r = 0 to 3)
POMp: Port output mode register p (p =0, 2, 4)
PMCq: Port mode control register q (q = 0, 2)
PMn: Port mode register n (n =0, 2, 4, 12)
Pm: Port output latch (m =0, 2, 4, 12, 13)
Functions in parentheses can be assigned via settings in the peripheral 1/O redirection register 0 to 3 (PIOR0
to PIOR3).
Table 4-7. Setting Examples of Registers and Output Latches When Using Pin Function (1/10)
Pin Used Function PIORr POMp | PMCq |PMn| Pm Alternate Function Output 20- | 16- | 10- | 8-
Name Function 110 SAU Output Function | Other than SAU pin | pin | pin | pin
Name
P00 | POO Input — x — 1 x x x vi|ivi|v]|—
Output — 0 — 0 | on TxD0/SO00 = 1 (SCLAQ) = QNete 1
N-ch open _ ] _ 0 | o1 |(SCKO1/SCLOT) = 1t
drain output
S000 Output PIOR11 =0Nete® | 0 — 0 | 1 |(SCKO1/SCLO1)=1Nte1| (SCLAO)=0Neet | v | v | v | —
PIOR10 = QNete !
TxDO Output PIOR11 =0Nete® | 0/1 — 0 | 1 |(SCKO1/SCLO1)=1Nete®| (SCLAO)=0Neet | v | v | v | —
PIOR10 = QNete !
INTP6 Input PIOR27 = ONete2 | x — 1 x x x vi|iv|v| =
PIOR26 = QNete !
(SCKO1) | Input PIOR13 = ONete2 | x — 1 x x x vi|iv|=—| =
PIOR12 = 1Note !
Output PIOR13 =0Ne2 | 0 — 0o | 1 TxD0/SO00 = 1 (SCLAO)=0
PIOR12 = 1Nete !
(SCLO1) | Output PIOR13 =0Ne2 | 0 — 0o | 1 TxD0/SO00 = 1 (SCLA0)=0 ViV —=]-=
PIOR12 = 1Nete !
(SCLAO) | I/O PIOR14 = 1 1 — oo x x ViV —]-=
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Table 4-7. Setting Examples of Registers and Output Latches When Using Pin Function (2/10)

Pin Used Function PIORr POMp | PMCq |PMn| Pm Alternate Function Output 20- | 16- | 10- | 8-
Name Function /10 SAU Output Function | Other than SAU pin | pin | pin | pin
Name
P01 | PO1 Input — x 0 1 x x x v v v v
Output — 0 0 0 | oM SDAO0O0 =1 (TO02) =0
N-ch open - 1 0 | o [on| (SDAON=TEET 1 (SDARD)= 0]

= (Note 3
drain output SDAA0 =0

ANIO Analog input — x 1 1 x x x
SI00 Input PIOR11 = QNete ! x 0 1 x x x v v v v
PIOR10 = QNete !
RxDO Input PIOR11 = QNete ! x 0 1 x x x v v v v
PIOR10 = QNete !
SDA00 110 PIOR11 = QNete ! 1 0 0 1 (SDA01) = Note ! (TO02)=0 v v v v
PIOR10 = QNete ! (SDAAQ) = QNete !
SDAAQ = QNote 3
INTP5 Input PIOR25 = QNete 2 x 0 1 x x x v v v v
PIOR24 = QNete !
(TI02) Input PIOR05 =0 x 0 1 x x x v v | — | —
PIOR04 = 1
(TO02) Output PIOR05 =0 0 0 0 0 x (SDAAD) =0 v v — | =
PIOR04 = 1
(Slo1) Input PIOR13 = QNete 2 x 0 1 x x x v v | — | —
PIOR12 =1
(SDAO01) 110 PIOR13 = QNete 2 1 0 0 1 SDAOQO0 =1 (TO02) =0 v | —-| =
PIOR12 =1 (SDAAD) =0
(SDAAO0) 110 PIOR14 =1 1 0 0 0 x (TO02) =0 v | - | =
TI02 Input — x 0 1 x x x — | = v v
TO02 Output — 0 0 0 0 x SDAA0 =0 — | — v v
SDAAO 110 — 1 0 0 0 x (TO02)=0 — | — v v
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Table 4-7. Setting Examples of Registers and Output Latches When Using Pin Function (3/10)

Pin Used Function PIORr POMp | PMCq |PMn| Pm Alternate Function Output 20- | 16- | 10- | 8-
Name Function 110 SAU Output Function | Other than SAU pin-| pin | pin-) pin
Name
P02 | P02 Input — — 0 1 x x x v v v —
Output — — 0 0 | on SCKO00/SCL00 = 1 PCLBUZO0 =0
(SO01) = qNote 1 VCOUTO0 =0
(TO01)=0
ANI1 Analog input — — 1 1 x x x v v v —
SCKO00 Input PIOR11 = QNete ! — 0 1 x x x v v v —
PIOR10 = QNete !
Output PIOR11 = QNete ! — 0 0 1 (SO01) = qNete 1 PCLBUZ0 =0
PIOR10 = QNete ! VCOUTO0 =0
(TO01)=0
SCLO00 Output PIOR11 = QNete ! — 0 0 1 (SO01) = qNete 1 PCLBUZO0 =0 v v v —
PIOR10 = QNete ! VCOUTO0 =0
(TO01)=0
PCLBUZO | Output PIOR31 = QNete ! — 0 0 0 x VCOUTO0 =0 v v v —
PIOR30 =0 (TO01)=0
VCOUTO Output PIOR32 =0 — 0 0 0 x PCLBUZO0 =0 v v v —
(TO01)=0
INTP7 Input PIOR35 = QNete 2 — 0 1 x x x v v v —
PIOR34 = QNete !
(TIO1) Input PIORO3 = 1 — 0 1 x x x v v v —
PIOR02 =0
(TOO01) Output PIOR03 = 1 — 0 0 0 x PCLBUZO0 =0 v v v —
PIOR02 =0 VCOUTO0 =0
(S0O01) Output PIOR13 = QNete 2 — 0 0 1 SCKO00/SCL00 = 1 PCLBUZ0 =0 v v — | —
PIOR12 =1 VCOUTO =0
(TO01)=0
P03 | PO3 Input — x 0 1 x x x 4 v v v
Output — 0 0 0 [ on SO00/TxDOQ = qNote4 TO00 =0
= qNote 1 = (Note 3
N-ch open . 1 0 o | o (SO00/TxDO) =1 SCLAO =0
drain output
ANI2 Analog input — x 1 1 x x x
TOO00 Output PIOROQ1 = QNete2 0 0 0 0 x SCLAQ = QNote3 v v 4 v
PIOROQQ = QNete 2
INTP4 Input PIOR23 = QNete ! x 0 1 x x x
IVCMPO Input — x 1 1 x x x
(TI00) Input PIOROQ1 = QNete 2 x 0 1 x x x
PIORO00 = 1
(SO00) Output PIOR11 =1 0 0 0 1 x TO00 =0 v v — | —
PIOR10=0
(TxDO) Output PIOR11 =1 0/1 0 0 1 x TO00 =0 v v — | =
PIOR10=0
SCLAO 110 — 1 0 0 0 x TO00 =0 — | — v v
SO00 Output — 0 0 0 1 x TO00 =0 — | =] —
SCLA0 =0
TxDO Output — 0/1 0 0 1 x TO00 =0 — | =] — v
SCLA0 =0
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Table 4-7. Setting Examples of Registers and Output Latches When Using Pin Function (4/10)

Pin Used Function PIORr POMp | PMCq |PMn| Pm Alternate Function Output 20- | 16- | 10- | 8-
Name Function /10 SAU Output Function | Other than SAU pin-| pin- | pin- | pin
Name
P04 | P04 Input — x 0 1 x x x v v v v
Output — 0 0 0 | 0/1 | (SO00/TxDOQ) = qNete 1 TO01=0
= qNote 1
N-ch open - 1 0 | o |on| (SDADO=T
. SCLO0/SCLOQ = 1Note 4
drain output
ANI3 Analog input — x 1 1 x x x
TIO1 Input PIOR0Q3 = QNete s x 0 1 x x x v v v v
PIOR02 =0
TOO1 Output PIOR0Q3 = QNete s 0 0 0 0 x x v v v v
PIOR02 =0
IVREFO Input — x 1 1 x x x
INTP3 Input PIOR22 = QNete ! x 0 1 x x x v v v v
(S100) Input PIOR11 =1 x 0 1 x x x v v | — | —
PIOR10=0
(RxDO) Input PIOR11 =1 x 0 1 x x x v v | — | —
PIOR10=0
(SDAO00) 110 PIOR11 =1 1 0 0 1 (SO00/TxDO) = 1 TO01=0 v A
PIOR10=0
(SO00) Output PIOR11=0 0 0 0 1 (SDA00) = 1 TO01=0 v VoI — | —
PIOR10 = 1
(TxDO) Output PIOR11=0 0/1 0 0 1 (SDA00) =1 TO01=0 v | —-| =
PIOR10 = 1
SCKO00 Input — x 0 1 x x x — | = | = v
Output — 0 0 0 1 x TO01=0
SCLO00 Output — 0 0 0 1 x TO01=0 — | = | — v
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Table 4-7. Setting Examples of Registers and Output Latches When Using Pin Function (5/10)

Pin Used Function PIORr POMp | PMCq |PMn| Pm Alternate Function Output 20- | 16- | 10- | 8-
Name Function /10 SAU Output Function | Other than SAU pin-| pin- | pin- | pin
Name
P05 | P05 Input — x 0 1 x x x v v N
Output — 0 0 0 | on SO001 =1 TO02=0
N-ch open — 1 o | o |on (SCKSOSL SO%L(_’(? =1
drain output ( )=
ANI4 Analog input — x 1 1 x x x N
TI02 Input PIOR05 =0 x 0 1 x x x v — | =
PIOR04 =0
TO02 Output PIOR05 =0 0 0 0 0 x x v v — | =
PIOR04 =0
SO01 Output PIOR13 = QNete 2 0 0 0 1 (SCKO00/SCL00) = 1 TO02=0 v A
PIOR12=0 (SDA00) = 1
(INTP6) Input PIOR27 = QNote2 x 0 1 x x x v v | — | —
PIOR26 = 1
(SCKO00) Input PIOR11 =1 x 0 1 x x x v v — | =
PIOR10=0
Output PIOR11 =1 0 0 0 1 S001 =1 TO02=0
PIOR10=0 (SDA00) = 1
(SCLO00) Output PIOR11 =1 0 0 0 1 S001 =1 TO02=0 v A e
PIOR10=0 (SDA00) =1
(S100) Input PIOR11=0 x 0 1 x x x v v | -] =
PIOR10 =1
(RxDO0) Input PIOR11=0 x 0 1 x x x v v | — | —
PIOR10 =1
(SDAO00) 110 PIOR11=0 1 0 0 1 S001 =1 TO02=0 v L B
PIOR10 = 1 (SCKO00/SCL00) =1
P06 | PO6 Input — x 0 1 x x x v v — | =
Output — 0 0 0 | on SDA01 =1 SCLA0=0
N-ch open . 1 0 o | o (SCKO00/SCL00) =1 (PCLBUZ0) =0
drain output
ANI5 Analog input — x 1 1 x x x v v — | =
SI01 Input PIOR13 = QNete 2 x 0 1 x x x — | —
PIOR12=0
SDAO1 110 PIOR13 = QNote2 1 0 0 1 (SCKO00/SCL00) =1 SCLA0 =0 v N
PIOR12=0 (PCLBUZ0) =0
SCLAO 110 PIOR14=0 1 0 0 0 x (PCLBUZO)=0 | v | -] =
(INTP7) Input PIOR35 = QNete 2 x 0 1 x x x v N
PIOR34 = 1
(PCLBUZO0) | Output PIOR31 =1 0 0 0 0 x SCLA0 =0 v v — | =
PIOR30 =0
(SCKO00) Input PIOR11=0 x 0 1 x x x v v — | —
PIOR10 = 1
Output PIOR11=0 0 0 0 1 SDAO01 =1 SCLA0 =0
PIOR10 = 1 (PCLBUZO0) =0
(SCLO00) Output PIOR11=0 0 0 0 1 SDAO01 =1 SCLA0 =0 v v — | =
PIOR10 = 1 (PCLBUZO) =0
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Table 4-7. Setting Examples of Registers and Output Latches When Using Pin Function (6/10)

Pin Used Function PIORr POMp | PMCq |PMn| Pm Alternate Function Output 20- | 16- | 10- | 8-
Name Function 110 SAU Output Function | Other than SAU pin-| pin | pin | pin
Name
P07 | PO7 Input — x 0 1 x x x 4 v — | —
Output — 0 0 0 | on SCKO01/SCL01 =1 (TO03)=0
N-ch open — 1 o | o |on SDAAD=0
drain output
ANI6 Analog input — x 1 1 x x x v v — | =
(TO03) Output PIOROQ7 = QNete2 | 0/1 0 0 0 x SDAAO0 =0 v v — | =
PIORO06 = 1
SCKO01 Input PIOR13 = QNete 2 x 0 1 x x x v v | — | —
PIOR12=0
Output PIOR13 = QNete 2 0 0 0 1 x (TO03)=0
PIOR12=0 SDAAO0 =0
SCLO1 Output PIOR13 = QNote2 0 0 0 1 x (TO03) =0 v | = | =
PIOR12=0 SDAAO0 =0
SDAAO 110 PIOR14=0 1 0 0 0 x (TO03) =0 v | -] =
(INTP5) Input PIOR25 = QNete 2 x 0 1 x x x v v — | =
PIOR24 = 1
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Table 4-7. Setting Examples of Registers and Output Latches When Using Pin Function (7/10)

Pin Used Function PIORr POMp | PMCq |PMn| Pm Alternate Function Output 20- | 16- | 10- | 8-
Name Function /10 SAU Output Function | Other than SAU pin-| pin- | pin- | pin
Name
P20 | P20 Input — — 0 1 x x x v — | = =
Output — — 0 0 | on (SCKO01/SCLO1) =1 (TO03)=0 L i I
ANI10 Analog input — — 1 1 x x x V2 [ R
IVREF1 Input — — 1 1 x x x v — | = | =
(INTP1) Input PIOR20 = 1 — 0 1 x x x V2 [ R
(TI00) Input PIORO1 = 1 — 0 1 x x x V|- ==
PIOR00 =0
(TI03) Input PIORO7 = 1 — 0 1 x x x V|- ==
PIOR06 = 0
(TO03) Output PIORO7 = 1 — 0 0 0 x x V2 [ R
PIOR06 = 0
(SCKO01) Input PIOR13 =1 — 0 1 x x x V| = = =
PIOR12=0
Output PIOR13 =1 — 0 0 1 x (TO03)=0
PIOR12=0
(SCLO1) Output PIOR13 =1 — 0 0 1 — (TO03)=0 L i e
PIOR12=0
P21 | P21 Input — — 0 1 x — x v — | = | =
Output — — 0 0 | on — (TO00) =0 A e i
ANI9 Analog input — — 1 1 x —_ x v — | = | =
IVCMP1 Input — — 1 1 x — x V| - = =
(INTP7) Input PIOR35 = 1 — 0 1 x — x V2 [ R
PIOR34 =0
(TOO00) Output PIORO1 =1 — 0 0 0 — x v | = = =
PIOR00 =0
P22 | P22 Input — x 0 1 x x x V| = = =
Output — 0 0 0 | on (SDAO01) =1 TO06 =0
N-ch open — 1 0 0 0/1
drain output
ANI8 Analog input — x 1 1 x x x v — | = | =
(SDAO01) 110 PIOR13 =1 1 0 0 1 x TO06 =0 N i i
PIOR12 =1
TIO6 Input — x 0 1 x x x v — | =] =
TO06 Output — 0 0 0 0 x X v — | — | =
(INTP5) Input PIOR25 = 1 x 0 1 x x x V2 [ R
PIOR24 =0
P23 | P23 Input — — 0 1 x x x v — | = | =
Output — — 0 0 | on (SCLO1) =1 TO04 =0
ANI7 Analog input — — 1 1 x x x v —_ | = | =
(SCLO1) Output PIOR13 =1 — 0 0 1 x TO04 =0 A e i
PIOR12 =1
(INTP6) Input PIOR27 = 1 — 0 1 x x x V|- ==
PIOR26 =0
TIo4 Input — — 0 1 x x x v — | = | =
TO04 Output — — 0 0 0 x x v — | =] =
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Table 4-7. Setting Examples of Registers and Output Latches When Using Pin Function (8/10)

Pin Used Function PIORr POMp | PMCq |PMn| Pm Alternate Function Output 20- | 16- | 10- | 8-
Name Function 110 SAU Output Function | Other than SAU pin-| pin | pin-) pin
Name
P40 | P40 Input — — — 1 x — x v v v 4
Output — — — 0 0/1 — (PCLBUZ0) =0
Note 5
(TO01)=0

PCLBUZO = QNete 4
VCOUT = Qhete 4

(PCLBUZ0) | Output PIOR31 = QN1 | — 0| o — (TO01) =0 vi|iv]|v|—
PIOR30 = 1

(TI01) Input PIOR03 = QNotes | — 1| x — x v iv|v|v
PIOR02 = 1

(TOO01) Output PIOR03 = QNotes | — 0| o — (PCLBUZO)=0 | v | v | v | v
PIOR02 = 1 Note 5

PCLBUZ0 = ONot #
VCOUT = Qhete #

INTP2 Input PIOR21 = QNote ! x — 1 X — x v v v
PCLBUZO | Output — — — Jlolo — (TO01) =0 S U
VCOUT =0
VCOUTO Output PIOR32=0 — — 0 0 — (TOO01)=0 — | = | — v
PCLBUZ0 =0
P41 | P41 Input — x — 1] x x x viliv|—|=
Output — 0 — | o | o1 |(SDA01/SO01) =12 | TOO3=0
N-ch open — 1 — | o |on (T002) =0
) VCOUT1 = QMete2
drain output
TI03 Input PIORQ7 = QNete2 x — 1 x x x v v | — | —
TOO03 Output PIORQ7 = QNete 2 0 — 0 0 x (TO02)=0 v v — | =
PIOR06 = 0 VCOUT1 = QNote 2
(INTP4) | Input PIOR23 = 1 x — 1] x x x viliv|—| =
(T102) Input PIOR05 =1 x — 1 x x x v v — —
PIOR04 =0
(TO02) Output PIORO05 =1 0 — 0 0 x TO03=0 v v — | =
PIOR04 =0 VCOUT1 = QNote 2
VCOUT1 Output PIOR33 =0 0 — 0 0 x TO03=0 v — | = | —
(TO02) =0
(SDA01) 110 PIOR13 =1 1 — 0 1 x TO03=0 4 — — —
PIOR12=0 (TO02)=0
VCOUT1 =0
(S001) Output PIOR13 =1 0 — 0 1 x TO03=0 v — — —
PIOR12=0 (TO02) =0
VCOUT1=0

Note 1. 16-pin and 20-pin products only
Note 2. 20-pin products only

Note 3. 8-pin and 10-pin products only
Note 4. 8-pin products only

Note 5. 10- to 20-pin products only
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Table 4-7. Setting Examples of Registers and Output Latches When Using Pin Function (9/10)

Pin Used Function PIORr POMp | PMCq |PMn| Pm CMC Alternate 20- | 16- | 10- | 8-
Name Function 1o (EXCLK,OSCSEL) Function Output | pin | pin | pin | pin
Name

P121 | P121 Input — — — 1 x 00/10/11 x v | — | =
Output — — — 0 | on 00/10/11 TO07 =0

X1 Input — — — x x 01 x v v — | —

(INTP3) Input PIOR22 = 1 — — 1 x 00/10/11 x v | — | =

TIO7 Input — — — 1 x 00/10/11 x v | - =

TOO07 Output — — — 0 0 00/10/11 x v | — | =

P122 | P122 Input — — — 1 x 00/10 x v v | — | —
Output — — — 0 | on 00/10 TO05=0

X2 Input — — — x x 01 x v v — | —

EXCLK Input — — — x x 11 x v v — | —

(INTP2) Input PIOR21 =1 — — 1 x 00/10 x v | — | =

TIO5 Input — — — 1 x 00/10 x 4 V| — 1| —

TO05 Output — — — 0 0 00/10 x v | — | =

Table 4-7. Setting Examples of Registers and Output Latches When Using Pin Function (10/10)

Pin Used Function PIORr POMp | PMCq | PMn| Pm Notes Alternate 20- | 16- | 10- | 8-
Name Function /o Function Output | pin | pin | pin | pin
Name
P125 | P125 Input — — — 1 x | Optional bytes 000C1H x v 4 4 v
Output — — — 0 | on PORTSELB =0 (VCOUT0) =0
(VCOUT1) = QNote !
INTP1 Input PIOR20 = QNete ! — — 1 x x v
(VCOUTO) | Output PIOR32 =1 — — 0 0 (VCOUT1) = oNete !l v v
(VCOUT1) | Output PIOR33 =1 — — 0 0 (VCOUT0) =0 L i B
(Slo1) Input PIOR13 =1 — — 1 x x L e B
PIOR12=0
RESET Input — — — x x | Optional bytes 000C1H x v v v v
PORTSELB = 1
P137 | P137 Input — — — — x — — v v v
TIOO Input PIOR01 = QNete ! — — — x — —
PIOR00 =0
INTPO Input — — — — | x — — [ A A 4
Note 1. 20-pin products only
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4.6 Cautions When Using Port Function

4.6.1 Cautions on 1-bit manipulation instruction for port register n (Pn)

When a 1-bit manipulation instruction is executed on a port that provides both input and output functions, the output latch
value of an input port that is not subject to manipulation may be written in addition to the targeted bit.

Therefore, it is recommended to rewrite the output latch when switching a port from input mode to output mode.

[Example]

When POO is an output port, P01 to P07 are input ports (the status of all pins is high level), and the output latch value of
port 0 is 00H, if the output of output port POO is changed from low level to high level via a 1-bit manipulation instruction,
the output latch value of port 0 is FFH.

[Explanation]

The targets of writing to and reading from the Pn register of a port whose PMnm bit is 1 are the output latch and pin
status, respectively.

A 1-bit manipulation instruction is executed in the following order in the RL78 microcontroller.

<1> The Pn register is read in 8-bit units.
<2> The targeted one bit is manipulated.

<3> The Pn register is written in 8-bit units.

In step <1>, the output latch value (0) of P00, which is an output port, is read, while the pin status of P01 to P07, which
are input ports, is read. If the pin status of P01 to P07 is high level at this time, the read value is FEH.

The value is changed to FFH by the manipulation in <2>.

FFH is written to the output latch by the manipulation in <3>.

Figure 4-8. Bit Manipulation Instruction (P0O0)

1-bit manipulation
P00 O > instruction (set1 P0.0) P00 O .

Low-level output Lsitexecuted for the P00 High-level output

P01-P0O7 O < : P01-PO7 O <
Pin status: High level Pin status: High level

Port 0 output latch Port 0 output latch
[ofoJoJoJoJoJo]o] ENENEEENEREREREN

1-bit manipulation instruction for the P00 bit

<1> Port register 0 (P0) is read in 8-bit units.
« In the case of P00, an output port, the value of the port output latch (0) is read.
¢ In the case of P01 to P07, input ports, the pin status (1) is read.

<2> Set the P00 bit to 1.

<3> Write the results of <2> to the output latch of port register 0 (P0) in 8-bit units.
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4.6.2 Notes on specifying the pin settings

For an output pin to which multiple alternate functions are assigned, the output of the unused alternate functions must be
set to its initial state so as to prevent conflicting outputs. This also applies to the functions assigned by using the
peripheral I/O redirection register 0 to 3 (PIORO to PIOR3). For details about the alternate output function, see 4.5
Register Settings When Using Alternate Function.

No specific setting is required for input pins because the output of their alternate functions is disabled (the buffer output is
Hi-Z).

Disabling the unused functions, including blocks that are only used for input or do not have I/O, is recommended for
lower power consumption.
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CHAPTER S5 CLOCK GENERATOR

5.1 Functions of Clock Generator

The clock generator generates the clock to be supplied to the CPU and peripheral hardware.

The following three kinds of system clocks and clock oscillators are selectable.

1) Main system clock

<1> X1 oscillator (16-pin and 20-pin products only)
This circuit oscillates a clock of fx = 1 to 12 MHz by connecting a resonator to X1 and X2 pins.
The external main system clock (fex = 1 to 16 MHz) can also be supplied from EXCLK/X2/P122 pin.
Oscillation can be stopped by executing the STOP instruction or setting of the MSTOP bit (bit 7 of the clock
operation status control register (CSC)).

<2> High-speed on-chip oscillator
The frequency at which to oscillate can be selected from among fin = 16/8/4/2/1 MHz (typ.) by using the option byte
(000C2H). After a reset release, the CPU always starts operating with this high-speed on-chip oscillator clock.
Oscillation can be stopped by executing the STOP instruction or setting the HHOSTOP bit (bit O of the CSC
register).
The frequency specified by using an option byte can be changed by using the high-speed on-chip oscillator
frequency select register (HOCODIV). For details about the frequency, see Figure 5-9 Format of High-speed On-
chip Oscillator Frequency Select Register (HOCODIV).

The frequencies that can be specified for the high-speed on-chip oscillator by using the option byte and the high-speed
on-chip oscillator frequency select register (HOCODIV) are shown below.

Power Supply Voltage Oscillation Frequency (MHz)
1 2 4 8 16
24V <Vpps55V v v v v v
Remark v: Can operate, — : Cannot operate

As the main system clock, a high-speed system clock (X1 clock) or high-speed on-chip oscillator clock can be selected
by setting of the MCMO bit (bit 4 of the system clock control register (CKC)).

The external main system clock (fex = 1 to 16 MHz) can also be supplied from EXCLK/X2/P122 pin. An external main
system clock input can be disabled by executing the STOP instruction or setting of the MSTOP bit.
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2) Low-speed on-chip oscillator clock

This circuit oscillates a clock of fiL = 15 kHz (typ.).

The low-speed on-chip oscillator clock cannot be used as the CPU clock.

Only the following peripheral hardware runs on the low-speed on-chip oscillator clock.
e Watchdog timer

e 12-bit Interval timer

This clock operates when bit 4 (WDTON) of the option byte (000COH), bit 4 (WUTMMCKO) of the operation speed mode
control register (OSMC), or both are set to 1.

However, when WDTON = 1, WUTMMCKO = 0, and bit 0 (WDSTBYON) of the option byte (000COH) is 0, oscillation of
the low-speed on-chip oscillator stops if the HALT or STOP instruction is executed.

Remark fx: X1 clock oscillation frequency
fex: External main system clock frequency
fin: High-speed on-chip oscillator clock frequency
fiL: Low-speed on-chip oscillator clock frequency
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5.2 Configuration of Clock Generator

The clock generator includes the following hardware.

Table 5-1. Configuration of Clock Generator

ltem Configuration 8-pin 10-pin 16-pin 20-pin
products | products | products | products

Control registers | Clock operation mode control register (CMC) — — v 4
System clock control register (CKC) — — v v
Clock operation status control register (CSC) — — v v
Oscillation stabilization time counter status register — — v v
(OSTC)
Oscillation stabilization time select register (OSTS) — — v 4
Peripheral enable register 0 (PERO) 4 v v v
Operation speed mode control register (OSMC) v v v v
High-speed on-chip oscillator frequency select v v v v
register (HOCODIV)
High-speed on-chip oscillator trimming register v v v v
(HIOTRM)

Oscillators X1 oscillator — —
High-speed on-chip oscillator
Low-speed on-chip oscillator

Remark v: Provided, —: Not provided
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Remark fx: X1 clock oscillation frequency
fin: High-speed on-chip oscillator clock frequency
fex: External main system clock frequency
fux: High-speed system clock frequency
fwain: Main system clock frequency
fek: CPU/peripheral hardware clock frequency
fiL: Low-speed on-chip oscillator clock frequency

5.3 Registers Controlling Clock Generator

The clock generator is controlled by the following registers depending on the products.

1) 8-pin and 10-pin products
® Peripheral enable register 0 (PERO)
e High-speed on-chip oscillator frequency select register (HOCODIV)
® QOperation speed mode control register (OSMC)

e High-speed on-chip oscillator trimming register (HIOTRM)

2) 16-pin and 20-pin products
e Clock operation mode control register (CMC)
e System clock control register (CKC)
e Clock operation status control register (CSC)
e QOscillation stabilization time counter status register (OSTC)
e QOscillation stabilization time select register (OSTS)
e Peripheral enable register 0 (PERO)
e QOperation speed mode control register (OSMC)
® High-speed on-chip oscillator frequency select register (HOCODIV)
e High-speed on-chip oscillator trimming register (HIOTRM)

Caution Which registers and bits are included depends on the product. Be sure to set registers and bits that
are not mounted in a product to their initial values.
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5.3.1 Clock operation mode control register (CMC)

This register is used to set the operation mode of the X1/P121/TI107/TO07/(INTP3) and
X2/EXCLK/P122/T105/TO05/(INTP2) pins, and to select a gain of the oscillator.

The CMC register can be written only once by an 8-bit memory manipulation instruction after reset release. This register
can be read by an 8-bit memory manipulation instruction.

Reset signal generation clears this register to O0H.

Figure 5-2. Format of Clock Operation Mode Control Register (CMC)

Address: FFFAOH After reset: 00H R/W

Symbol 7 6 5 4 3 2 1 0
CMC EXCLK OSCSEL 0 0 0 0 0 AMPH
EXCLK OSCSEL High-speed system clock X1/P121/T107/TO07/ X2/EXCLK/P122/TI05/
pin operation mode (INTP3) pin TOO05/(INTP2) pin
0 0 I/O port mode 1/0 port
0 1 X1 oscillation mode Crystal/ceramic resonator connection
1 0 I/O port mode 1/0 port
1 1 External clock input mode 1/O port External clock input
AMPH Control of X1 clock oscillation frequency
0 1 MHz < fx < 10 MHz
1 10 MHz < fy < 12 MHz

Caution 1. The CMC register can be written only once after reset release, by an 8-bit memory manipulation
instruction. When using the CMC register with its initial value (00H), be sure to set the register to
00H after a reset ends in order to prevent malfunction due to a program loop. Such a malfunction
becomes unrecoverable when a value other than 00H is mistakenly written.

Caution 2.  After reset release, set the CMC register before X1 oscillation is started as set by the clock
operation status control register (CSC).

Caution 3. Be sure to set the AMPH bit to 1 if the X1 clock oscillation frequency exceeds 10 MHz. Specify the
settings for the AMPH bits while fiu is selected as fcLk after a reset ends (before fcLk is switched to
fux).

Caution 4. Switch the operation mode of the X1 pin and X2 pin only when MSTOP = 1.

Remark fx: X1 clock frequency
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5.3.2 System clock control register (CKC)

This register is used to select a main system clock.
The CKC register can be set by a 1-bit or 8-bit memory manipulation instruction.

Reset signal generation sets this register to 00H.

Figure 5-3. Format of System Clock Control Register (CKC)

Address: FFFA4H  After reset: 00H R/wWhete!

Symbol 7 6 3 2 1 0
CKC 0 0 MCS MCMO 0 0 0 0
MCS Status of Main system clock (fuain)
0 High-speed on-chip oscillator clock (fi)
1 High-speed system clock (fux)
MCMO Main system clock (fuan) operation control
0 Selects the high-speed on-chip oscillator clock (fi) as the main system clock (fuan)
1 Selects the high-speed system clock (fux) as the main system clock (fuain)

Note 1. Bit 5 is read-only.

Caution 1. Be sure to set bit 0 to 3, 6, and 7 to 0.

Caution 2. Do not select the high-speed system clock (fux) as the main system clock (fvain) before the

oscillation stabilization time has elapsed after oscillation of fux is started.

Caution 3. When the main system clock (fwan) is changed, the peripheral hardware clock also changes at the

same time. Only change fuan after stopping all peripheral functions and setting the MCMO bit.
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5.3.3 Clock operation status control register (CSC)

This register is used to control the operations of the high-speed system clock and high-speed on-chip oscillator clock
(except the low-speed on-chip oscillator clock).

The CSC register can be set by a 1-bit or 8-bit memory manipulation instruction.

Reset signal generation sets this register to 80H.

Figure 5-4. Format of Clock Operation Status Control Register (CSC)

Address: FFFA1H After reset: 80H R/W

Symbol 6 5 4 3 2 1 [0]
CsC MSTOP 0 0 0 0 0 0 HIOSTOP
MSTOP High-speed system clock operation control
X1 oscillation mode External clock input mode Input port mode
0 X1 oscillator operating External clock from EXCLK pin is valid Input port
1 X1 oscillator stopped External clock from EXCLK pin is invalid
HIOSTOP High-speed on-chip oscillator clock operation control
0 High-speed on-chip oscillator clock operating
1 High-speed on-chip oscillator clock stopped

Caution 1.  After reset release, set the clock operation mode control register (CMC) before setting the CSC
register.

Caution 2. Switch the operation mode of the X1 pin and X2 pin only when MSTOP = 1.

Caution 3. When setting MSTOP bit to 0, switch the X1 pin and X2 pin to the fx operation mode beforehand.
Setting the MSTOP flag is disabled in the input port mode.

Caution 4. Set the oscillation stabilization time select register (OSTS) before setting the MSTOP bit to 0 after
releasing reset. Note that if the OSTS register is being used with its default settings, the OSTS
register is not required to be set here.

Caution 5. To start X1 oscillation as set by the MSTOP bit, check the oscillation stabilization time of the X1
clock by using the oscillation stabilization time counter status register (OSTC).

Caution 6. When setting MSTOP bit to 1 in the fx operation mode, make sure that MCS in the CKC register is 0
beforehand.

Caution 7.  In the fx operation mode, writing to the MSTOP flag is enabled but the stop control is not
performed.

Caution 8. Do not stop the clock selected for the CPU peripheral hardware clock (fcLk) with the OSC register.

Caution 9. The setting of the flags of the register to stop clock oscillation (invalidate the external clock input)
and the condition before clock oscillation is to be stopped are as Table 5-2. Before stopping the
clock oscillation, check the conditions before the clock oscillation is stopped.
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Table 5-2. Conditions Before Clock Oscillation Is Stopped and Flag Settings

Clock Conditions Before Clock Oscillation Is Stopped Flag Settings of CSC Register

X1 clock CPU/peripheral hardware clock operates with the high-speed | MSTOP = 1
on-chip oscillator clock (MCS = 0).

External main system clock

High-speed on-chip oscillator CPU/peripheral hardware clock operates with the high-speed | HIOSTOP =1
clock system clock (MCS = 1).
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5.34 Oscillation stabilization time counter status register (OSTC)

This register is used to indicate the count status of the X1 clock oscillation stabilization time counter.

The X1 clock oscillation stabilization time can be checked in the following case.

e |f the X1 clock starts oscillation while the high-speed on-chip oscillator clock is being used as the CPU clock.

e |f the STOP mode is entered and then released while the high-speed on-chip oscillator clock is being used as
the CPU clock with the X1 clock oscillating.

The OSTC register can be read by a 1-bit or 8-bit memory manipulation instruction.

When reset signal is generated, the STOP instruction and MSTOP (bit 7 of clock operation status control register (CSC))
= 1 clear the OSTC register to 00H.

Remark The oscillation stabilization time counter starts counting in the following cases.

* When oscillation of the X1 clock starts (EXCLK, OSCSEL =0, 1 - MSTOP = 0)
* When the STOP mode is released

Figure 5-5. Format of Oscillation Stabilization Time Counter Status Register (OSTC)

Address: FFFA2H After reset: 00H R
Symbol 7 6 5 4 3 2 1 0

OSTC ‘ MOST8 ‘ MOST9 |MOST10‘MOST11 |MOST13‘MOST15|MOST17‘MOST18‘

MOST8 | MOST9 | MOST10 | MOST11 | MOST13 | MOST15 | MOST17 | MOST18 Oscillation stabilization time status

fx = 10 MHz fx =16 MHz

0 0 0 0 0 0 0 0 (28 + 16)/fx | 27.2 uys max. | 17.0 ys max.
max.

1 0 0 0 0 0 0 0 (28 +16)/fx | 27.2 us min. | 17.0 ys min.
min.

1 1 0 0 0 0 0 0 (2° +16)/fx | 52.8 us min. | 33.0 ps min.
min.

1 1 1 0 0 0 0 0 (210 +16)/fx | 104 ps min. 65.0 ps min.
min.

1 1 1 1 0 0 0 0 (2" +16)/fx | 206 ps min. 129 ps min.
min.

1 1 1 1 1 0 0 0 (213 +16)/fx | 820 us min. | 513 s min.
min.

1 1 1 1 1 1 0 0 (2" +16)/fx | 3.27 ms min. | 2.05 ms min.
min.

1 1 1 1 1 1 1 0 (2" +16)/fx | 13.1 ms min. | 8.19 ms min.
min.

1 1 1 1 1 1 1 1 (2'® + 16)/fx | 26.2 ms min. | 16.4 ms min.
min.

Caution 1.  After the above time has elapsed, the bits are set to 1 in order from the MOST8 bit and remain 1.
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Caution 2. The oscillation stabilization time counter counts up to the oscillation stabilization time set by the
oscillation stabilization time select register (OSTS).
In the following cases, set the oscillation stabilization time of the OSTS register to the value greater
than the count value which is to be checked by the OSTC register.

¢ If the X1 clock starts oscillation while the high-speed on-chip oscillator clock is being used as
the CPU clock.

¢ If the STOP mode is entered and then released while the high-speed on-chip oscillator clock is
being used as the CPU clock with the X1 clock oscillating.

Caution 3. The X1 clock oscillation stabilization time does not include the time until clock oscillation starts
(“a” below).

STOP mode release

X1 pin
voltage
waveform

Remark fx: X1 clock oscillation frequency
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5.3.5 Oscillation stabilization time select register (OSTS)

This register is used to select the X1 clock oscillation stabilization time at releasing of the STOP mode.

When the X1 clock is selected as the CPU clock, the operation automatically waits for the time set using the OSTS
register after the STOP mode is released. When switching the CPU clock from the high-speed on-chip oscillator clock to
the X1 clock, and when the STOP mode is entered and then released while the high-speed on-chip oscillator clock is
being used as the CPU clock with the X1 clock oscillating, use the oscillation stabilization time counter status register
(OSTC) to confirm that the oscillation stabilization time has elapsed.

Use the OSTC register to check that the oscillation stabilization time corresponding to its setting has been reached.
The OSTS register can be set by an 8-bit memory manipulation instruction.

Reset signal generation sets the OSTS register to 07H.

Figure 5-6. Format of Oscillation Stabilization Time Select Register (OSTS)

Address: FFFA3H After reset: 07TH R/W

Symbol 7 6 5 4 3 2 1 0
OSTS 0 0 0 0 0 OSTS2 OSTS1 OSTS0
0OSTS2 OSTS1 OSTSO Oscillation stabilization time selection
fx =10 MHz fx =16 MHz
0 0 0 (28 + 16)/fx 27.2 us 17.0 ys
0 0 1 (2° + 16)/fx 52.8 us 33.0 us
0 1 0 (2'° + 16)/fx 104 s 65.0 us
0 1 1 (2" + 16)/fx 206 ps 129 ps
1 0 0 (2% + 16)/fx 820 ps 513 ps
1 0 1 (25 + 16)/fx 3.27ms 2.05ms
1 1 0 (27 + 16)/fx 13.1 ms 8.19 ms
1 1 1 (2'8 + 16)/fx 26.2ms 16.4 ms

Caution 1. To set the STOP mode when the X1 clock is used as the CPU clock, set the OSTS register before
executing the STOP instruction.

Caution 2. Change the setting of the OSTS register before setting the MSTOP bit of the clock operation status
control register (CSC) to 0.

Caution 3. Do not change the value of the OSTS register during the X1 clock oscillation stabilization time.

Caution 4. The oscillation stabilization time counter counts up to the oscillation stabilization time set by the
OSTS register.
In the following cases, set the oscillation stabilization time of the OSTS register to the value greater
than the count value which is to be checked by the OSTC register after the oscillation starts.

* If the X1 clock starts oscillation while the high-speed on-chip oscillator clock is being used as
the CPU clock.

¢ If the STOP mode is entered and then released while the high-speed on-chip oscillator clock is
being used as the CPU clock with the X1 clock oscillating (note, therefore, that only the status up
to the oscillation stabilization time set by the OSTS register is set to the OSTC register after the
STOP mode is released).
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Caution 5. The X1 clock oscillation stabilization time does not include the time until clock oscillation starts
(“a” below).

STOP mode release

X1 pin
voltage
waveform

Remark fx: X1 clock oscillation frequency
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5.3.6 Peripheral enable register 0 (PERO)

This register is used to enable or disable supplying the clock to the peripheral hardware. Clock supply to the hardware
that is not used is also stopped so as to decrease the power consumption and noise.

To use the peripheral functions below, which are controlled by this register, set (1) the bit corresponding to each function
before specifying the initial settings of the peripheral functions.

® 12-bit Interval timer

e A/D converter

e Comparator

e |ICA Serial interface IICA
e Serial array unit

e Timer array unit

The PERO register can be set by a 1-bit or 8-bit memory manipulation instruction.

Reset signal generation clears these registers to 00H.

Figure 5-7. Format of Peripheral Enable Register 0 (PEROQ) (1/2)

Address: FOOFOH  After reset: 00H R/W

Symbol [6] 3 1 ]
PERO TMKAENMNete ' | CMPENNete ! ADCEN IICAQENNote 1 0 SAUOEN 0 TAUOEN
TMKAEN Control of 12-bit interval timer input clock supply
0 Stops input clock supply.

® SFR used by the 12-bit interval timer cannot be written.

® The 12-bit interval timer is in the reset status.

1 Enables input clock supply.

® SFR used by the 12-bit interval timer can be read and written.

CMPEN Control of comparator input clock supply

0 Stops input clock supply.
® SFR used by the comparator cannot be written.

® The comparator is in the reset status.

1 Enables input clock supply.

® SFR used by the comparator can be read and written.

ADCEN Control of A/D converter input clock supply

0 Stops input clock supply.
® SFR used by the A/D converter cannot be written.

® The A/D converter is in the reset status.

1 Enables input clock supply.

® SFR used by the A/D converter can be read and written.
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Figure 5-7. Format of Peripheral Enable Register 0 (PERO) (2/2)

Address: FOOFOH After reset: 00H R/W

Symbol [6] 3 1 [
PERO ‘TMKAENN‘J“E1 CMPENNote 1 | ADCEN ‘HCAOENNO“’1

0 ‘ SAUOEN ‘ 0 | TAUOEN ‘

IICAOEN Control of serial interface IICA input clock supply

0 Stops input clock supply.
® SFR used by the serial interface [ICA cannot be written.

® The serial interface IICA is in the reset status.

1 Enables input clock supply.

® SFR used by the serial interface IICA can be read and written.

SAUOEN Control of serial array unit input clock supply

0 Stops input clock supply.
® SFR used by the serial array unit cannot be written.

® The serial array unit is in the reset status.

1 Enables input clock supply.

® SFR used by the serial array unit can be read and written.

TAUOEN Control of timer array unit input clock supply

0 Stops input clock supply.
® SFR used by the timer array unit cannot be written.

® The timer array unit is in the reset status.

1 Enables input clock supply.

® SFR used by the timer array unit can be read and written.

Note 1. 16-pin and 20-pin products only.
Caution 1. Be sure to clear bits 1 and 3 to 0.

Caution 2. Be sure to clear the following bits to 0.
8-pin and 10-pin products: bits 1, 3,4, 6, 7
16-pin and 20-pin products: bits 1, 3
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5.3.7 Operation speed mode control register (OSMC)

This register is used to control supply of the operation clock for the 12-bit interval timer. When operating the 12-bit
interval timer, set WUTMMCKO = 1 beforehand and do not set WUTMMCKO = 0 until the timer is stopped.

The OSMC register can be set by an 8-bit memory manipulation instruction.

Reset signal generation clears this register to 00H.

Figure 5-8. Format of Operation Speed Mode Control Register (OSMC)

Address: FOOF3H After reset: 00H R/W

Symbol 7 6 5 4 3 2 0
OosMC 0 0 0 WUTMMCKO 0 0 0
WUTMMCKO Supply of the operation clock for 12-bit interval timer
0 Stops Clock supply
1 Low-speed on-chip oscillator clock (f.) supply
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5.3.8 High-speed on-chip oscillator frequency select register (HOCODIV)

This register is used to change the frequency of the high-speed on-chip oscillator which is set by an option byte

(000C2H).

The HOCODIV register can be set by an 8-bit memory manipulation instruction.

Reset signal generation clears this register to the value set by FRQSEL2 to FRQSELDO of the option byte (000C2H).

Figure 5-9. Format of High-speed On-chip Oscillator Frequency Select Register (HOCODIV)

Address: FOOA8H After reset: the value set by FRQSEL2 to FRQSELO of the option byte (000C2H) R/W

Symbol 7 6 5 4 3 2 1 0
HOCODIV 0 0 0 0 0 HOCODIV2 | HOCODIV1 | HOCODIVO
HOCODIV2 | HOCODIV1 | HOCODIVO High-speed on-chip oscillator clock frequency selection
0 0 1 16 MHz
0 1 0 8 MHz
0 1 1 4 MHz
1 0 0 2 MHz
1 0 1 1 MHz
Other than above Setting prohibited

Caution 1. Set the HOCODIV register with the high-speed on-chip oscillator clock (fi1) selected as the

CPU/peripheral hardware clock (fcLk).

Caution 2.  After the frequency is changed with the HOCODIV register, the frequency is switched after the

following transition time has elapsed.

¢ Operation for up to three clocks at the pre-change frequency

* CPU/peripheral hardware clock wait at the post-change frequency for up to three clocks
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5.3.9

This register is used to adjust the accuracy of the high-speed on-chip oscillator.

High-speed on-chip oscillator trimming register (HIOTRM)

With self-measurement of the high-speed on-chip oscillator frequency via a timer using high-accuracy external clock

input (timer array unit), and so on, the accuracy can be adjusted.

The HIOTRM register can be set by an 8-bit memory manipulation instruction.

Caution

The frequency will vary if the temperature and Voo pin voltage change after accuracy adjustment.

When the temperature and Vpp voltage change, accuracy adjustment must be executed regularly or

before the frequency accuracy is required.

Figure 5-10. Format of High-Speed On-Chip Oscillator Trimming Register (HIOTRM)

Address: FOOAOH  After reset: undefined™'®' R/W
Symbol 7 6 5 4 3 2 1 0
HIOTRM 0 0 HIOTRM5 HIOTRM4 HIOTRM3 HIOTRM2 HIOTRM1 HIOTRMO
HIOTRM5 HIOTRM4 HIOTRM3 HIOTRM2 HIOTRM1 HIOTRMO High-speed on-chip
oscillator
0 0 0 0 0 0 Minimum speed
0 0 0 0 0 1 A
0 0 0 0 1 0
0 0 0 0 1 1
0 0 0 1 0 0
1 1 1 1 1 0 v
1 1 1 1 1 1 Maximum speed
Note 1. The value after reset is the value adjusted at shipment.

Remark The HIOTRM register holds a six-bit value used to adjust the high-speed on-chip oscillator with an increment
of 1 corresponding to an increase of frequency by about 0.05%.

RO1UHO959EJ0120 Rev.1.20

Jan 31, 2024

RENESAS

Page 146 of 765




RL78/G15 CHAPTER 5 CLOCK GENERATOR

5.4 System Clock Oscillator

5.4.1 X1 oscillator (16-pin and 20-pin products only)

The X1 oscillator oscillates with a crystal resonator or ceramic resonator (1 to 12 MHz) connected to the X1 pin and X2
pin. An external clock can also be input. In this case, input the clock signal to the EXCLK pin.

To use the X1 oscillator, set bits 7 and 6 (EXCLK, OSCSEL) of the clock operation mode control register (CMC) as
follows.

e (Crystal or ceramic oscillation: EXCLK, OSCSEL =0, 1
e External clock input: EXCLK, OSCSEL =1, 1

When the X1 oscillator is not used, set the input port mode (EXCLK, OSCSEL = 0, 0).
When the pins are not used as input port pins, either, see Table 2-2 Connections of Unused Pins.

Figure 5-11 shows an example of the external circuit of the X1 oscillator.

Figure 5-11. Example of External Circuit of X1 Oscillator

(a) Crystal or ceramic oscillation (b) External clock input

| X1

Y

EXCLK

X2 External clock

Crystal resonator
or
ceramic resonator

Caution When using the X1 oscillator, wire as follows in the area enclosed by the broken lines in Figure 5-11
to avoid an adverse effect from wiring capacitance.

* Keep the wiring length as short as possible.

* Do not cross the wiring with the other signal lines. Do not route the wiring near a signal line
through which a high fluctuating current flows.

¢ Always make the ground point of the oscillator capacitor the same potential as Vss. Do not ground
the capacitor to a ground pattern through which a high current flows.

* Do not fetch signals from the oscillator.
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Figure 5-12 shows examples of incorrect resonator connection.

Figure 5-12. Examples of Incorrect Resonator Connection (1/2)

(a) Too long wiring (b) Crossed signal line
PORT
Vss X1 X2 Vss X1 X2
NG
[T
I:I ' I I:II
NG
NG
))
((
777 77
(c) The X1 and X2 signal line wires cross. (d) A power supply/GND pattern exists under the X1 and
X2 wires.
Vss X1 X2
Vss X1 X2 7 -

ANy

Power supply/GND
pattern

Note 1. Do not place a power supply/GND pattern under the wiring section (section indicated by a broken line in the
figure) of the X1 pin and X2 pin and the resonators in a multi-layer board or double-sided board.
Do not configure a layout that will cause capacitance elements and affect the oscillation characteristics.
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Figure 5-12. Examples of Incorrect Resonator Connection (2/2)

(e) Wiring near high alternating current (f) Current flowing through ground line of oscillator

(potential at points A, B, and C fluctuates)

Pmn

Vss X1 X2

I

r i T T

7—7—1 High current

High current

(g) Signals are fetched

{0
9
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5.4.2 High-speed on-chip oscillator

The high-speed on-chip oscillator is incorporated. The frequency can be selected from among 16, 8, 4, 2, or 1 MHz by
using the option byte (000C2H). Oscillation can be controlled by bit 0 (HIOSTOP) of the clock operation status control
register (CSC).

The high-speed on-chip oscillator automatically starts oscillating after reset release.

5.4.3 Low-speed on-chip oscillator

The low-speed on-chip oscillator is incorporated.

The low-speed on-chip oscillator clock is used only as the watchdog timer and 12-bit interval timer clock. The low-speed
on-chip oscillator clock cannot be used as the CPU clock.

The low-speed on-chip oscillator runs while the watchdog timer is operating or when bit 4 (WUTMMCKO) in the operation
speed mode control register (OSMC) is set to 1.

The low-speed on-chip oscillator is stopped when the watchdog timer is stopped and WUTMMCKO is set to 0.

5.5 Clock Generator Operation

The clock generator generates the following clocks and controls the operation modes of the CPU, such as standby mode
(see Figure 5-1).

e Main system clock (fwain)

— High-speed system clockNte 1 (fux)
X1 clockNete T (fy)
External main system clockNete ' (fgx)

— High-speed on-chip oscillator clock (fir)
® | ow-speed on-chip oscillator clock (fiL)

e CPU/peripheral hardware clock (fcLk)

The CPU starts operation when the high-speed on-chip oscillator starts outputting after a reset release.

When the power supply voltage is turned on, the clock generator operation is shown in Figure 5-13.

Note 1. 16-pin and 20-pin products only.
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Internal reset signal

Figure 5-13. Clock Generator Operation When Power Supply Voltage Is Turned On

Power supply

voltage (Voo) SPOR reset

release voltage

—

<1>

SPOR reset Switched by

processing™*®? <> <5 Software
>

A

CPU clock High-speed on-chip oscillator clock X High-speed system clock

<2>

High-speed on-chip |
oscillator clock (fin) i

Note 1

High-speed system }
clock (fux) (when X1 <4>
oscillation selected)

X1 clock oscillation stabilization :
T timeNote 2

Starting X1 oscillation is
specified by software.

<1> When the power is turned on, an internal reset signal is generated by the selectable power-on-reset (SPOR)
circuit.
<2> When the power supply voltage exceeds detection voltage of the SPOR circuit, the reset is released and the
high-speed on-chip oscillator automatically starts oscillation.
<3> The CPU starts operation on the high-speed on-chip oscillator clock after waiting for the voltage to stabilize and
an SPOR reset processing have been performed after reset release.
<4> Set the start of oscillation of the X1 clock via software (see 5.6.2 Example of setting X1 oscillation clock).
<5> When switching the CPU clock to the X1 clock, wait for the clock oscillation to stabilize, and then switch the
clock via software.
Note 1. The reset processing time includes the oscillation accuracy stabilization time of the high-speed on-chip
oscillator clock.
Note 2. When releasing a reset, confirm the oscillation stabilization time for the X1 clock using the oscillation
stabilization time counter status register (OSTC).
Note 3. For SPOR reset processing time, see CHAPTER 17 SELECTABLE POWER-ON-RESET CIRCUIT.
Caution When an external clock input from the EXCLK pin is in use, oscillation stabilization time is
unnecessary.
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5.6 Controlling Clock

5.6.1 Example of setting high-speed on-chip oscillator

After a reset release, the CPU/peripheral hardware clock (fcLk) always starts operating with the high-speed on-chip
oscillator clock. The frequency of the high-speed on-chip oscillator can be selected by using FRQSELO to FRQSEL2 of
the option byte (000C2H). This frequency can be changed with the high-speed on-chip oscillator frequency select
register (HOCODIV).

[Option byte setting]

Address: 000C2H

Option byte 7 6 5 4 3 2 1 0
(000C2H) 1 1 1 1 1 FRQSEL2 | FRQSEL1 | FRQSELO
FRQSEL2 FRQSEL1 FRQSELO Frequency of the high-speed on-chip oscillator
0 0 1 16 MHz
0 1 0 8 MHz
0 1 1 4 MHz
1 0 0 2 MHz
1 0 1 1 MHz
Other than above Setting prohibited

[High-speed on-chip oscillator frequency select register (HOCODIV) setting]

Address: FOOA8H

7 6 5 4 3 2 1 0
0 0 0 0 0 HOCODIV 2 | HOCODIV 1 | HOCODIV 0
HOCODIV 2 | HOCODIV 1 | HOCODIV 0 Selected frequency

0 0 1 16 MHz

0 1 0 8 MHz

0 1 1 4 MHz

1 0 0 2 MHz

1 0 1 1 MHz

Other than above Setting prohibited

Caution 1. Set the HOCODIV register within the operable voltage range before and after the frequency change.

Caution 2. Set the HOCODIV register with the high-speed on-chip oscillator clock (fin) selected as the
CPU/peripheral hardware clock (fcik).

Caution 3.  After the frequency is changed with the HOCODIV register, the frequency is switched after the
following transition time has elapsed.

* Operation for up to three clocks at the pre-change frequency
* CPU/peripheral hardware clock wait at the post-change frequency for up to three clocks
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5.6.2 Example of setting X1 oscillation clock

After a reset release, the CPU/peripheral hardware clock (fcLk) always starts operating with the high-speed on-chip
oscillator clock. To subsequently change the clock to the X1 clock, set the oscillator and start oscillation by using the
oscillation stabilization time select register (OSTS), clock operation mode control register (CMC), and clock operation
status control register (CSC) and wait for oscillation to stabilize by using the oscillation stabilization time counter status
register (OSTC). After the oscillation stabilizes, set the X1 clock to fcik by using the system clock control register (CKC).

[Register settings] Set the register in the order of <1> to <5> below.

<1> Set (1) the OSCSEL bit of the CMC register, except for the cases where fx > 10 MHz, in such cases set (1) the
AMPH bit, to operate the X1 oscillator.

7 6 5 4 3 2 1 0
EXCLK OSCSEL AMPH
CMC
0 1 0 0 0 0 0 01

AMPH bit: Set this bit to 0 if the X1 clock is 10 MHz or less.

<2> Using the OSTS register, select the oscillation stabilization time of the X1 oscillator at releasing of the STOP
mode.
Example: Setting values when a wait of at least 104 ps is set based on a 10 MHz resonator.
7 6 5 4 3 2 1 0
OSTS2 OSTSH1 OSTSO0
OSTS
0 0 0 0 0 0 1 0
<3> Clear (0) the MSTOP bit of the CSC register to start oscillating the X1 oscillator.
7 6 5 4 3 2 1 0
MSTOP HIOSTOP
CSC
0 0 0 0 0 0 0 0

<4> Use the OSTC register to wait for oscillation of the X1 oscillator to stabilize.

Example: Wait until the bits reach the following values when a wait of at least 104 ps is set based on a 10 MHz

resonator.

7 6 5 4 3 2 1 0

osTC MOST8 MOST9 MOST10 MOST11 MOST13 MOST15 MOST17 MOST18
1 1 1 0 0 0 0 0

<6> Use the MCMO bit of the CKC register to specify the X1 clock as the CPU/peripheral hardware clock.

7 6 5 4 3 2 1 0

CKC MCS MCMO
0 0 0 1 0 0 0 0
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5.6.3 CPU clock status transition diagram

Figure 5-14 shows the CPU clock status transition diagram of this product.

Figure 5-14. CPU Clock Status Transition Diagram

Vpp being greater than the detection voltage for the SPOR circuit and release
from the reset state due to any reset source.

High-speed on-chip oscillator: Woken up

X1 oscillation/EXCLK input: Stops (input port mode)"**® '

High-speed on-chip oscillator: Operating
X1 oscillation/EXCLK input: Selectable

by CPUM® ! CPU: Operating high-speed

on-chip oscillator

CPU: High-speed on-chip
oscillator
— STOP

High-speed on-chip oscillator: Stops
X1 oscillation/EXCLK input: Stops™®*®"

CPU: High-speed on-chip
oscillator
— HALT

High-speed on-chip oscillator: Operating

y X1 oscillation/EXCLK input: Oscillatable

(B)Note 1

CPU: Operating
with X1 oscillation or
EXCLK input

(F )Note 1

High-speed on-chip oscillator: Selectable by CPU
X1 oscillation/EXCLK input: Operating CPU: X1 oscillation/
EXCLK input

— STOP

(D)Note 1
High-speed on-chip oscillator: Stops

X1 oscillation/EXCLK input: Stops

CPU: X1 oscillation/
EXCLK input
— HALT

High-speed on-chip oscillator: Oscillatable
X1 oscillation/EXCLK input: Operating

Note 1. 16-pin and 20-pin products only.
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Table 5-3 shows transition of the CPU clock and examples of setting the SFR registers.

Table 5-3. CPU Clock Transition and SFR Register Setting Examples for 16-Pin and 20-Pin Products (1/2)

(1)  CPU clock changing from high-speed on-chip oscillator clock (A) to high-speed system clock (B) (The CPU

operates with the high-speed on-chip oscillator clock immediately after a reset release (A).)

(Setting sequence of SFR registers)

v

Setting Flag of SFR Register CMC RegisterNo ! OSTS CsC OSTC CKC
Register Register Register Register

Status Transition EXCLK | OSCSEL | AMPH MSTOP MCMO
(A) > (B) 0 1 0 Note 2 0 Must be 1

(X1 clock: 1 MHz < fx < 10 MHz) checked

(A)—(B) 0 1 1 Note 2 0 Must be 1
(X1 clock: 10 MHz < fyx < 12 MHz) checked

(A) —> (B) 1 1 x Note 2 0 Must be 1
(External main system clock) checked

Note 1. The clock operation mode control register (CMC) can be written only once by an 8-bit memory manipulation
instruction after reset release.

Note 2. Set the oscillation stabilization time as follows.

Desired the oscillation stabilization time counter status register (OSTC) oscillation stabilization time <
Oscillation stabilization time set by the oscillation stabilization time select register (OSTS)

Caution Set the clock after the supply voltage has reached the operable voltage of the clock to be set (see
CHAPTER 23 ELECTRICAL SPECIFICATIONS (Ta = -40 to +85°C) and CHAPTER 24 ELECTRICAL
SPECIFICATIONS) (Ta = —40 to +105°C, Ta = —40 to +125°C).

Remark 1. x: Don’t care

Remark 2. (A)to (F) in Table 5-3 correspond to (A) to (F) in Figure 5-14.
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Table 5-3. CPU Clock Transition and SFR Register Setting Examples for 16-Pin and 20-Pin Products (2/2)

(2) CPU clock changing from high-speed system clock (B) to high-speed on-chip oscillator clock (A)

v

(Setting sequence of SFR registers)

Setting Flag of SFR Register CSC Register Oscillation accuracy stabilization time CKC Register
HIOSTOP MCMO
Status Transition
(B) > (A) 0 27 s (typ.) 0
J
Y

Unnecessary if the CPU is operating with the high-speed
on-chip oscillator clock

(8) HALT mode (C) set while CPU is operating with high-speed on-chip oscillator clock (A)
HALT mode (D) set while CPU is operating with high-speed system clock (B)

Status Transition Setting
(A)— (C) Executing HALT instruction
(B) > (D)

(4) STOP mode (E) set while CPU is operating with high-speed on-chip oscillator clock (A)
STOP mode (F) set while CPU is operating with high-speed system clock (B)

v

(Setting sequence of SFR registers)

Status Transition Setting
(A) — (E) Stopping peripheral — Executing STOP
(B)— (F) In X1 oscillation functions that cannot Sets the OSTS register instruction
operate in STOP
External clock mode —

Remark (A)to (F) in Table 5-3 correspond to (A) to (F) in Figure 5-14.
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5.6.4

Condition before changing CPU clock and processing after changing CPU
clock

Condition before changing the CPU clock and processing after changing the CPU clock are shown below.

Table 5-4. Changing CPU Clock

oscillator clock

CPU Clock Condition Before Change Processing After Change
Before Change After Change
High-speed on-chip X1 clock Stabilization of X1 oscillation The operating current can be reduced by

® OSCSEL =1, EXCLK =0, MSTOP =0

® After elapse of oscillation stabilization
time

External main system
clock

An external clock input from the EXCLK
pin must be enabled.

® OSCSEL =1, EXCLK =1, MSTOP =0

stopping the high-speed on-chip oscillator
(HIOSTOP = 1) after checking that the
CPU clock is changed.

X1 clock

High-speed on-chip
oscillator clock

Enabling oscillation of high-speed on-chip
oscillator
® HIOSTOP =0

® After elapse of oscillation accuracy
stabilization time

X1 oscillation can be stopped (MSTOP =
1) after checking that the CPU clock is
changed.

External main system
clock

Change is not possible

External main system
clock

High-speed on-chip
oscillator clock

Enabling oscillation of high-speed on-chip
oscillator
® HIOSTOP =0

® After elapse of oscillation accuracy
stabilization time

External main system clock input can be
disabled (MSTOP = 1) after checking that
the CPU clock is changed.

X1 clock

Change is not possible
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5.6.5

Time required for switchover of CPU clock and main system clock

The main system clock can be switched between the high-speed on-chip oscillator clock and the high-speed system
clock by specifying bit 4 (MCMO) of the system clock control register (CKC).

The actual switchover operation is not performed immediately after rewriting to the CKC register; operation continues on
the pre-switchover clock for several clocks (see Table 5-5).

Whether the main system clock is operating on the high-speed system clock or high-speed on-chip oscillator clock can
be ascertained using bit 5 (MCS) of the CKC register.

When the CPU clock is switched, the peripheral hardware is also switched.

Table 5-5. Maximum Number of Clocks Required for Main System Clock Switchover (fin <> fmx)

Set Value Before Switchover Set Value After Switchover
MCMO MCMO
0 1
(fman = fin) (fwain = fux)
0 fux 2 fin — 1 + fin/fux
(fuuan = fir) fu < fin — 2fiu/fux clock
1 fux = fin 2fx/fin clock —
(fwain = fux) fux < fin 1 + fux/fiu —

Remark 1. Number of CPU clocks before switchover.
Remark 2. Calculate the number of clocks by rounding to the nearest whole number.
Example) When switching the main system clock from the high-speed system clock to the high-speed on-
chip oscillator clock (@ oscillation with fix = 8 MHz selected, fux = 10 MHz)
2fux/fin = 2 (10/8) = 2.5 — 3 clocks
5.6.6 Conditions before clock oscillation is stopped

The following lists the register flag settings for stopping the clock oscillation (disabling external clock input) and
conditions before the clock oscillation is stopped. Before stopping the clock oscillation, check the conditions before the
clock oscillation is stopped.

Table 5-6. Conditions Before the Clock Oscillation Is Stopped and Flag Settings

Clock Conditions Before Clock Oscillation Is Stopped Flag Settings of SFR Register
High-speed on-chip oscillator MCS =1 HIOSTOP =1
clock (The CPU is operating on the high-speed system clock.)
X1 clock MCS =0 MSTOP =1

(The CPU is operating on the high-speed on-chip oscillator clock.)

External main system clock
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5.7 Resonator and Oscillator Constants

For the resonators for which the operation is verified and their oscillator constants, refer to the target product page of the
Renesas Electronics website.

Caution 1. The constants for these oscillator circuits are reference values based on specific environments set
up for evaluation by the manufacturers. For actual applications, request evaluation by the
manufacturer of the oscillator circuit mounted on a board.

Furthermore, if you are switching from a different product to this microcontroller, and whenever
you change the board, again request evaluation by the manufacturer of the oscillator circuit
mounted on the new board.

Caution 2. The oscillation voltage and oscillation frequency only indicate the oscillator characteristic. Use the
RL78 microcontroller so that the internal operation conditions are within the specifications of the
DC and AC characteristics.

Figure 5-15. External Oscillation Circuit Example

Vss X1 X2
Reg |
c;1E 02]_5
T
Remark 16-pin and 20-pin products only.
RO1UH0959EJ0120 Rev.1.20 RENESAS Page 159 of 765

Jan 31, 2024



RL78/G15 CHAPTER 6 TIMER ARRAY UNIT

CHAPTER 6 TIMER ARRAY UNIT

Units Channels 20, 16, 10, 8-pin

Unit 0 Channel 0 v

Channel 1

Channel 2

Channel 3

Channel 4

Channel 5

Channel 6

AN IR N R N I N B N AN R

Channel 7

Caution 1. The presence or absence of timer 1/O pins depends on the product. See Table 6-2 Timer I/O Pins
provided in Each Product for details.

Caution 2.  Most of the following descriptions in this chapter use the 20-pin products as an example.

The timer array unit has eight 16-bit timers.

Each 16-bit timer is called a channel and can be used as an independent timer. In addition, two or more “channels” can
be used to create a high-accuracy timer.

TIMER ARRAY UNIT

[ | channel 0 | \ 16-bit timers
| channel 1 |/

| channel 2 |

| channel 6 |

channel 7
_ .
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For details about each function, see the table below.

Independent channel operation function Simultaneous channel operation function
® |nterval timer (— refer to 6.8.1 Operation as interval ® One-shot pulse output (— refer to 6.9.1 Operation as one-
timer/square wave output.) shot pulse output function.)
® Square wave output (— refer to 6.8.1 Operation as interval ® PWM output (— refer to 6.9.2 Operation as PWM function.)
timer/square wave output.) ® Multiple PWM output (— refer to 6.9.3 Operation as multiple
® External event counter (— refer to 6.8.2 Operation as PWM output function.)
external event counter.) ® Two-channel input with one-shot pulse output function (— refer
® Divider\®! (— refer to 6.8.3 Operation as frequency divider t0 6.9.4 Operation as two-channel input with one-shot
(channels 0 and 3 only).) pulse output function.)

® |nput pulse interval measurement (— refer to 6.8.4 Operation
as input pulse interval measurement.)

® Measurement of high-/low-level width of input signal (— refer
to 6.8.5 Operation as input signal high-/low-level width
measurement.)

® Delay counter (— refer to 6.8.6 Operation as delay counter.)

Note 1. Channels 0 and 3 only.

It is possible to use the 16-hit timer of channels 1 and 3 as two 8-bit timers (higher and lower). The functions that can use
channels 1 and 3 as 8-bit timers are as follows:

® |nterval timer (upper or lower 8-bit timer)/square wave output (lower 8-bit timer only)
e External event counter (lower 8-bit timer only)

e Delay counter (lower 8-bit timer only)

Interlinked operation of channel 1 with the serial array unit operating as UARTO can be obtained by setting the ISC
register. The input pulse interval measurement mode can then be used to measure the width at the baud rate of the other
party in communications and make the required adjustments in response.
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6.1  Functions of Timer Array Unit

Timer array unit has the following functions.

6.1.1 Independent channel operation function

By operating a channel independently, it can be used for the following purposes without being affected by the operation
mode of other channels.

1) Interval timer

Each timer of a unit can be used as a reference timer that generates an interrupt (INTTMmn) at fixed intervals.

Operation clock Interrupt signal
Channel n (INTTMmn)

Remark 1.  m: Unit number (m = 0), n: Channel number (n =0 to 7)

Remark 2.  The presence or absence of timer 1/0 pins of channel 0 to 7 depends on the product. See Table 6-2
Timer 1/O Pins provided in Each Product for details.

2) Square wave output

A toggle operation is performed each time an INTTMmn interrupt is generated and a square wave with a duty factor of
50% is output from a timer output pin (TOmn).

Operation clock Timer output
Channel n (TOmn)

Remark 1.  m: Unit number (m = 0), n: Channel number (n =0 to 7)

Remark 2.  The presence or absence of timer 1/0O pins of channel 0 to 7 depends on the product. See Table 6-2
Timer 1/O Pins provided in Each Product for details.
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3) External event counter

Each timer of a unit can be used as an event counter that generates an interrupt when the number of the valid edges of a
signal input to the timer input pin (TImn) has reached a specific value.

f [compere aperaton 1
. ' TlmerTIInput Compare operation Interrupt signal
Edge detection ~ (TIMN) Channel n (INTTMmn)

Remark 1.  m: Unit number (m = 0), n: Channel number (n =0 to 7)

Remark 2.  The presence or absence of timer 1/O pins of channel 0 to 7 depends on the product. See Table 6-2
Timer 1/O Pins provided in Each Product for details.

4) Divider function (channels 0 and 3 only)

A clock input from a timer input pin (TIOn) is divided and output from an output pin (TOON).

(TIOn) TOO _|_|_|_|_
Channel n ( ")

Remark 1.  n: Channel number (n =0, 3)

Remark 2.  The presence or absence of timer 1/0O pins of channels 0 and 3 depends on the product. See Table 6-2
Timer 1/O Pins provided in Each Product for details.

5) Input pulse interval measurement

Counting is started by the valid edge of a pulse signal input to a timer input pin (TImn). The count value of the timer is
captured at the valid edge of the next pulse. In this way, the interval of the input pulse can be measured.

_ 1 i__i 1 Timerinput Capture operation |
Channel n

Edge detection (TI mn)

Start Capture

Remark 1.  m: Unit number (m = 0), n: Channel number (n =0 to 7)

Remark 2.  The presence or absence of timer 1/0O pins of channel 0 to 7 depends on the product. See Table 6-2
Timer 1/O Pins provided in Each Product for details.
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6) Measurement of high-/low-level width of input signal

Counting is started by a single edge of the signal input to the timer input pin (TImn), and the count value is captured at
the other edge. In this way, the high-level or low-level width of the input signal can be measured.

4 ' Timer input Capture operation ; L
Channel n

Edge detectlon (Timn)

Start  Capture

Remark 1.  m: Unit number (m = 0), n: Channel number (n =0 to 7)

Remark 2.  The presence or absence of timer 1/O pins of channel 0 to 7 depends on the product. See Table 6-2
Timer 1/O Pins provided in Each Product for details.

7) Delay counter

Counting is started at the valid edge of the signal input to the timer input pin (TImn), and an interrupt is generated after
any delay period.

f [compers corton H
A v Tlme(l’_rllr:gﬁ)t Compare operation Interrupt signal
Channel n (INTTMmn) ;

Edge detection

Start

Remark 1.  m: Unit number (m = 0), n: Channel number (n =0to 7)

Remark 2.  The presence or absence of timer 1/O pins of channel 0 to 7 depends on the product. See Table 6-2
Timer 1/O Pins provided in Each Product for details.
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6.1.2 Simultaneous channel operation function

By using the combination of a master channel (a reference timer mainly controlling the cycle) and slave channels (timers
operating according to the master channel), channels can be used for the following purposes.

1) One-shot pulse output

Two channels are used as a set to generate a one-shot pulse with a specified output timing and a specified pulse width.

—_— TImn
Edge detectlon ( ) Channel n (master) /_‘ (INTTMmn)
Output Pulse width
timing
i Sét Réset
Channelp(slave) (TOmp) I (Master) (Slave)
Start
(Master)

Caution For details about the rules of simultaneous channel operation function, see 6.4.1 Basic rules of
simultaneous channel operation function.

Remark  m: Unit number (m = 0), n: Channel number (n=0to 7)
p: Slave channel number (n<p <7)

2) PWM (Pulse Width Modulation) output

Two channels are used as a set to generate a pulse with a specified period and a specified duty factor.

s 3
\_Channel n (master) j_‘ (INTTMmn)
” Yoo 1T
\_Channel p (slave) ) (TOmp) | Duty |

‘ Period ‘

Caution For details about the rules of simultaneous channel operation function, see 6.4.1 Basic rules of
simultaneous channel operation function.

Remark  m: Unit number (m = 0), n: Channel number (n=0to 7)
p: Slave channel number (n<p <7)
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3) Multiple PWM (Pulse Width Modulation) output

By extending the PWM function and using one master channel and two or more slave channels, up to seven types of
PWM signals that have a specific period and a specified duty factor can be generated.

e p
\_Channel n (master) /_‘ (INTTMmn)

( Lo 1N

\ Channel p (slave) Y, (TOmp) | Duty 3

—

. ‘ Period ‘

> |

Channel q (slave) (TOmQq) | Duty ;

Period

Caution For details about the rules of simultaneous channel operation function, see 6.4.1 Basic rules of
simultaneous channel operation function.

Remark  m: Unit number (m = 0), n: Channel number (n =0to 7)
p. g: Slave channel number (n<p<q=<7)

4) Two-channel input with one-shot pulse output function

Two channels are used as a set to generate any one-shot pulse by setting or resetting the timer output pin (TO03) at a
valid edge of the timer input pin (TIOn, TI03) input.

4 )
Tlmer_lrr:gut ©—> Interrupt request signal
(T10n) (INTTMOn)
\Channel n (master) /
Output
timing
e ) S
Timer input —>© Timer output Sﬁt RE )
| € esel
(T103) \ Channel 3 (slave) J (TO03) | (INTTMOn) (103 edge detection)

Start
(TIOn edge detection)

Caution There are several rules for using the simultaneous channel operation function.
For details, see 6.4.1 Basic rules of simultaneous channel operation function.

Remark n: Channel number (n =0, 2)
p: Slave channel number (p = 3)
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6.1.3 8-bit timer operation function (channels 1 and 3 only)

The 8-bit timer operation function makes it possible to use a 16-bit timer channel in a configuration consisting of two 8-bit

timer channels. This function can only be used for channels 1 and 3.

Caution There are several rules for using 8-bit timer operation function.
For details, see 6.4.2 Basic rules of 8-bit timer operation function (channels 1 and 3 only).
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6.2

Configuration of Timer Array Unit

Timer array unit includes the following hardware.

Table 6-1. Configuration of Timer Array Unit

Item

Configuration

Timer/counter

Timer count register mn (TCRmn)

Register

Timer data register mn (TDRmn)

Timer input

TIOO to TIQ7Nete?

Timer output

TOO00 to TOO7N° 1 output controller

Control registers

<Registers of unit setting block>

Peripheral enable register 0 (PERO)

Timer clock select register m (TPSm)

Timer channel enable status register m (TEm)
Timer channel start register m (TSm)

Timer channel stop register m (TTm)

Timer output enable register m (TOEm)
Timer output register m (TOm)

Timer output level register m (TOLm)

Timer output mode register m (TOMm)

<Registers of each channel>

Timer mode register mn (TMRmn)
Timer status register mn (TSRmn)
Input switch control register (ISC)
Noise filter enable registers 1 (NFENL1)
Port mode control register (PMCxx)Net 2
Port mode register (PMxx)Not 2

Port register (Pxx)No2

Note 1.

I/O Pins provided in Each Product.

Note 2.

The presence or absence of timer 1/O pins of channel 0 to 7 depends on the product. See Table 6-2 Timer

The Port mode control register (PMCxx), port mode registers (PMxx) and port registers (Pxx) to be set differ

depending on the product. For details, see 4.5.3 Register setting examples for used port and alternate

functions.

Remark

m: Unit number (m = 0), n: Channel number (n =0 to 7)
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The presence or absence of timer 1/O pins in each timer array unit channel depends on the product.

Table 6-2. Timer I/O Pins provided in Each Product

Timer array unit channels 1/0 Pins of Each Product
20-pin 16-pin 10-pin 8-pin
Unit 0 Channel 0 P21/(TO00) P137/T100
P20/(T100) P03/TO00/(TI00)
P137/T100
P03/TO00/(TI00)
Channel 1 P40/(TI01/TO01) P40/(TI01/TO01)
P02/(T101/TO01) P04/T101/TO01
P04/T101/TO01
Channel 2 P41/(T102/TO02) P01/T102/TO02
P01/(TI02/TO02)
P05/T102/TO02
Channel 3 P41/T103/TO03 P41/T103/TO03 — —
P07/(TO03) P0O7/(TO03)
P20/(T103/TO03)
Channel 4 P23/T104/TO04 — — —
Channel 5 P122/TI05/TO05 —
Channel 6 P22/T106/TO06 — —
Channel 7 P121/T107/TO07 —

Remark 1.  When timer input and timer output are shared by the same pin, either only timer input or only timer output
can be used.

Remark 2. —: There is no timer I/O pin, but the channel is available. (However, the channel can only be used as an
interval timer.)
x: The channel is not available.

Remark 3.  Pins in the parentheses indicate an alternate port when setting the peripheral I/O redirection register 0 to 3
(PIORO to PIOR3). For details, see 4.3.6 Peripheral I/O redirection registers 0 to 3 (PIORO to PIOR3).
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Figure 6-1 shows the block diagrams of the timer array unit.

Figure 6-1. Entire Block Diagram of Timer Array Unit

Timer clock select register 0 (TPSO0)

PRS [ PRS | PRS | PRS [ PRS | PRS | PRS | PRS [ PRS | PRS | PRS | PRS
031 | 030 | 021 | 020 | 013 | 012 | 011 | 010 | 003 | 002 | 0O1 | 00O
[ I [ I [ 1l .1 I [ J I
2 2 4 4
fek » Prescaler

| | for/2*, forl2?, 5 s
forkl28, fokl2, forkl2?, fonl2® fewk/2” - fek/2

for/2'?, foud2™

Peripheral enable Selector | | Selector
register 0 (PERO) TAUOEN
CKO03 CKO02 cKo1 CK0O
4 N\
> —»© TO00
TI00©@—{ — INTTMOO
\_ Channel 0 ) (Timer interrupt)
N\
—»© TO01
— INTTMO1
— INTTMO1H
Channel 1 )
4 N\
€ —>»® T002
TI02©@— — INTTMO02
\_ Channel 2 )
4 N\
—»© TO03
— INTTMO3
— INTTMO3H
TI03@—\_ Channel 3 )
4 N\
> —>»© TO04
TI04©— — INTTM04
\_ Channel 4 )
4 N\
€ —® TO05
TI05s @ — INTTMO5
\_ Channel 5 )
( I
> —>»© TO06
Input switch control >
register (ISC) TI06 ©— — INTTM06
Channel 6
\ %
4 N\
> —»© T007
TI01 © S TIO7 ©—| — INTTMO7
3 \_ Channel 7 )
[
RXDO@— o
(Serial input pin)
RO1UH0959EJ0120 Rev.1.20 RENESAS Page 170 of 765

Jan 31, 2024



RL78/G15 CHAPTER 6 TIMER ARRAY UNIT

Figure 6-2. Internal Block Diagram of Channels 0, 2, 4, 6 of Timer Array Unit

Input signal from the master channel™*®*

— ckoo Jf= « ) \
s gk _’g fuck é 5 fro Timer controller » Ompﬁt
. CcKoL % 23 controller
— 3 £s ’
\ R Mode
\ T > selection » Interrupt
,Ege_| A > controller » INTTMON
TIOn © | jetection| . (Timer interrupt)
@ .2 q
I— %=
A ?§ —
Eo
> @ | Timer counter register On (TCROn) |
{ Timer status register
447_@ 0n (TSRON)
A 4 | Timer data register On (TDROn) OVF
Slave/master overflow| 9"
controller N
]
MAS
CKSONn1|CKSONnO| CCSOn [ TERON |STSON2| STSON1|STSON0| CISON1 | CISONO [ MDON3 | MDON2 | MDON1 | MDONO
Note 2
KChannel n Timer mode register On (TMRON) /
v

Input signal to the slave channel

Note 1. Channels 2, 4, and 6 only
Note 2. n=2,4,6only

Remark n=0,2,4,6

Figure 6-3. Internal Block Diagram of Channel 1 of Timer Array Unit

Input signal from the master channel

) CK00
CKOL S < Timer controller > Output
! fuck » S S frowe controller © 700N
K
) CK02 £ g —p
@
\] = 8 . Hode
: PxXx;
T > selection > Interrupt (Px)
R ge R » controller > INTTMON
TIon © 5 P jetection| o (Timer interrupt)
RXDO © 3 7} o] § — 1
8 g8
» =9 —>| Timer counter register On (TCROn) |
Timer status register
T a{T_{L On (TSRON)
ISC
- | Timer data register On (TDROn) OVF
Input switch overflow| o0
control
register 8-bit timer
(ISC) controller Interrupt >
> e controller » INTTMONH
selontion (Timer interrupt)
CKSONn1|CKSOn0| CCSOn S';t” STSON2|STSON1{STSONO [ CISON1 [ CISONO | MDON3 | MDON2 | MDON1 | MDONO

\Channel n Timer mode register On (TMROn) j

Remark n=1
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Figure 6-4. Internal Block Diagram of Channel 3 of Timer Array Unit

Input signal from the master channel

» INTTMOn
(Timer interrupt)

» INTTMOnH
(Timer interrupt)

» INTTMOn
(Timer interrupt)

) CKOO \
v c x ]
_N CKO1 ‘_%%é fuck R é 5 [ Timer controller > cg:ﬁgﬁte,
S8 3
— e —
@
— :O_ 8° Mode
A T > selection » Interrupt
A controller
,4_| — >
Tion © p| Edoe >
detection| 5 s
39 4
3 83—
=)
> @ —>| Timer counter register On (TCROn)
{ Timer status register
:TT_{L On (TSRON)
| Timer data register On (TDRON) %VF
Overflow| n
E— |
8-bit timer
controller Interrupt
Mode controller
[
CKSOn1{CKSOno| CCSOn sgth STSO0n2[ STSON1{STSONO [ CISON1 | CISONO | MDON3 | MDON2 | MDON1 | MDONO
\Channel n Timer mode register On (TMRON)
Remark n=3
Figure 6-5. Internal Block Diagram of Channel n (n =5, 7) of Timer Array Unit
Input signal from the master channel
CK00
— e o « ) \
{ o
.g%_”g fuck R K 5 frow Timer controller Output
| cko1 828 S g > controller
— 5 ﬂ % ©
Y s Mode
\ _L > selection Interrupt
,__l A > controller
Tion © p| Edoe N
" |detection| v 55
g2 [
A ?E —
(=3}
P @ | Timer counter register On (TCRON)
t Timer status register
447_{L on (TSRON)
| Timer data register On (TDROn) OOVF
Overflow| n
I ,—'—:
CKSON1|CKS0n0| CCSOn |STS0N2| STSON1|STS0N0| CISON1 | CISONO | MDON3 [ MDON2 | MDON1 | MDONO
KChannel n Timer mode register On (TMROn) /
Remark n=5,7
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6.2.1 Timer count register mn (TCRmn)
The TCRmn register is a 16-bit read-only register and is used to count clocks.

The value of this counter is incremented or decremented in synchronization with the rising edge of a count clock.

Whether the counter is incremented or decremented depends on the operation mode that is selected by the MDmn3 to
MDmnO bits of timer mode register mn (TMRmn) (refer to 6.3.3 Timer mode register mn (TMRmn)).

Figure 6-6. Format of Timer Count Register mn (TCRmn)

Address: FO180H, FO181H (TCR00) to FO18EH, FO18FH (TCR07), FO1COH, FO1C1H (TCR10) to FO1CEH, FO1CFH (TCR17)
After reset: FFFFH R

FO181H (TCROO) FO180H (TCROO)
A A

Symbol 15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
e e -

Remark  m: Unit number (m = 0), n: Channel number (n =0to 7)

The count value can be read by reading timer count register mn (TCRmn).
The count value is set to FFFFH in the following cases.
® When the reset signal is generated
® When the TAUMEN bit of peripheral enable register 0 (PERO) is cleared
® When counting of the slave channel has been completed in the PWM output mode
® When counting of the slave channel has been completed in the delay count mode
® When counting of the master/slave channel has been completed in the one-shot pulse output mode

® When counting of the slave channel has been completed in the multiple PWM output mode

The count value is cleared to 0000H in the following cases.
e When the start trigger is input in the capture mode

e When capturing has been completed in the capture mode

Caution The count value is not captured to timer data register mn (TDRmn) even when the TCRmn register is
read.
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The TCRmn register read value differs as follows according to operation mode changes and the operating status.

Table 6-3. Timer Count Register mn (TCRmn) Read Value in Various Operation Modes

Operation Mode Count Mode Timer count register mn (TCRmn) Read ValueN°©®
Value if the Value if the Value if the Value when waiting
operation mode Operation was operation mode for a start trigger
was changed after restarted after was changed after after one count
releasing reset count operation count operation

paused (TTmn = 1) | paused (TTmn = 1)

Interval timer mode Count down FFFFH Value if stop Undefined —
Capture mode Count up 0000H Value if stop Undefined —

Event counter mode Count down FFFFH Value if stop Undefined —
One-count mode Count down FFFFH Value if stop Undefined FFFFH
Capture & one-count Count up 0000H Value if stop Undefined Capture value of
mode TDRmn register + 1

Note 1. This indicates the value read from the TCRmn register when channel n has stopped operating as a timer
(TEmn = 0) and has been enabled to operate as a counter (TSmn = 1). The read value is held in the TCRmn
register until the count operation starts.

Remark  m: Unit number (m = 0), n: Channel number (n =0 to 7)
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6.2.2 Timer data register mn (TDRmn)

This is a 16-bit register from which a capture function and a compare function can be selected. The capture or compare
function can be switched by selecting an operation mode by using the MDmn3 to MDmnO bits of timer mode register mn
(TMRmn).

The value of the TDRmn register can be changed at any time.
This register can be read or written in 16-bit units.

In addition, for the TDRm1 and TDRm3 registers, while in the 8-bit timer mode (when the SPLITm1, SPLITm3 bits of
timer mode registers m1 and m3 (TMRm1, TMRm3) are 1), it is possible to read and write the data in 8-bit units, with
TDRm1H and TDRm3H used as the higher 8 bits, and TDRm1L and TDRm3L used as the lower 8 bits.

Reset signal generation clears this register to 0000H.

Figure 6-7. Format of Timer Data Register mn (TDRmn) (n=0, 2, 4t0 7)

Address: FFF18H, FFF19H (TDRO00), FFF64H, FFF65H (TDR02), FFF68H, FFF69H (TDR04) to FFF6EH, FFF6FH (TDRO7)
After reset: 0000H R/W

FFF19H (TDROO) FFF18H (TDROO)
A A

Symbol 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

. N I

Figure 6-8. Format of Timer Data Register mn (TDRmn) (n = 1, 3)

Address: FFF1AH, FFF1BH (TDRO1), FFF66H, FFF67H (TDR0O3) After reset: 0000H R/W

FFF1BH (TDROZ1H) FFF1AH (TDRO1L)
A A

Symbol 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

. I I

(i) When timer data register mn (TDRmn) is used as compare register

Counting down is started from the value set to the TDRmn register. When the count value reaches 0000H, an interrupt
signal (INTTMmn) is generated. The TDRmn register holds its value until it is rewritten.

Caution The TDRmn register does not perform a capture operation even if a capture trigger is input, when it is
set to the compare function.
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(i) When timer data register mn (TDRmn) is used as capture register
The count value of timer count register mn (TCRmn) is captured to the TDRmn register when the capture trigger is input.

A valid edge of the TImn pin can be selected as the capture trigger. This selection is made by timer mode register mn
(TMRmn).

Remark  m: Unit number (m = 0), n: Channel number (h = 0to 7)
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6.3  Registers Controlling Timer Array Unit
Timer array unit is controlled by the following registers.

® Peripheral enable register 0 (PERO)

e Timer clock select register m (TPSm)

e Timer mode register mn (TMRmn)

e Timer status register mn (TSRmn)

e Timer channel enable status register m (TEm)
e Timer channel start register m (TSm)

® Timer channel stop register m (TTm)

e Timer output enable register m (TOEm)
e Timer output register m (TOm)

e Timer output level register m (TOLm)

e Timer output mode register m (TOMm)
® |nput switch control register (ISC)

® Noise filter enable registers 1 (NFEN1)
e Port mode control register (PMCxx)

® Port mode register (PMxx)

® Port register (Pxx)

Caution  Which registers and bits are included depends on the product. Be sure to set bits that are not
mounted to their initial values.

Remark  m: Unit number (m = 0), n: Channel number (n = 0to 7)
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6.3.1 Peripheral enable register 0 (PERO)

This register is used to enable or disable supplying the clock to the peripheral hardware. Clock supply to a hardware
macro that is not used is stopped in order to reduce the power consumption and noise.

When the timer array unit O is used, be sure to set bit 0 (TAUOEN) of this register to 1.
The PERO register can be set by a 1-bit or 8-bit memory manipulation instruction.

Reset signal generation clears this register to O0H.

Figure 6-9. Format of Peripheral Enable Register 0 (PERO)

Address: FOOFOH  After reset: 00H R/W

Symbol 6] [o]
PERO TMKAEN CMPEN ADCEN IICAOEN 0 SAUOEN 0 TAUOEN
TAUOEN Control of timer array unit O input clock
0 Stops supply of input clock.

® SFR used by the timer array unit O cannot be written.

® The timer array unit 0 is in the reset status.

1 Supplies input clock.
® SFR used by the timer array unit O can be read/written.

Caution 1. When setting the timer array unit, be sure to set the following registers first while the TAUMEN bit
is setto 1. If TAUmMEN = 0, the values of the registers which control the timer array unit are cleared
to their initial values and writing to them is ignored (except for input switch control register (ISC),
noise filter enable register 1 (NFEN1), port mode control register 0, 2 (PMCO, PMC2), port mode
register 0, 2, 4, 12 (PMO, PM2, PM4, PM12), and port register 0, 2, 4, 12, 13 (PO, P2, P4, P12, P13)).

* Timer clock select register m (TPSm)

* Timer mode register mn (TMRmn)

* Timer status register mn (TSRmn)

* Timer channel enable status register m (TEm)
* Timer channel start register m (TSm)

* Timer channel stop register m (TTm)

* Timer output enable register m (TOEm)

* Timer output register m (TOm)

* Timer output level register m (TOLm)

* Timer output mode register m (TOMm)

Caution 2.  Be sure to clear the following bits to 0.
Bits 1, 3
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6.3.2 Timer clock select register m (TPSm)

The TPSm register is a 16-bit register that is used to select two types or four types of operation clocks (CKmO, CKm1,
CKm2, CKm3) that are commonly supplied to each channel. CKmO is selected by using bits 3 to 0 of the TPSm register,
and CKml1 is selected by using bits 7 to 4 of the TPSm register. In addition, only for channels 1 and 3, CKm2 and CKm3
can be also selected. CKm2 is selected by using bits 9 and 8 of the TPSm register, and CKm3 is selected by using bits
13 and 12 of the TPSm register.

Rewriting of the TPSm register during timer operation is possible only in the following cases.

If the PRSmO00 to PRSmO3 bits can be rewritten (n = 0 to 7):

All channels for which CKmO is selected as the operation clock (CKSmn1, CKSmnO0 = 0, 0) are stopped
(TEmn = 0).

If the PRSm10 to PRSm13 bits can be rewritten (n =0 to 7):

All channels for which CKm1 is selected as the operation clock (CKSmn1, CKSmn0 = 0, 1) are stopped
(TEmn = 0).

If the PRSm20 and PRSm21 bits can be rewritten (n = 1, 3):

All channels for which CKm2 is selected as the operation clock (CKSmn1, CKSmnO = 1, 0) are stopped
(TEmn = 0).

If the PRSm30 and PRSm31 bits can be rewritten (n = 1, 3):

All channels for which CKm3 is selected as the operation clock (CKSmn1, CKSmnO0 = 1, 1) are stopped
(TEmn = 0).

The TPSm register can be set by a 16-bit memory manipulation instruction.

Reset signal generation clears this register to 0000H.
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Figure 6-10. Format of Timer Clock Select register m (TPSm) (1/2)

Address: FO1B6H, FO1B7H (TPS0) After reset: 0000H R/W

Symbol
TPSmM

Note 1.

Caution 1.

Caution 2.

Remark 1.

Remark 2.

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
0 0 PRSmM|PRSmM 0 0 PRSM|PRSM|PRSM |PRSmM|PRSmM |PRSmM|PRSmM|PRSM|PRSmM|PRSmM
31 30 21 20 13 12 11 10 03 02 01 00
PRSmMk3 | PRSmk2 | PRSmk1 | PRSmkO Selection of operation clock (CKmk)N°*®? (k = 0, 1)
fewk (MH2)

1 2 4 8 16
0 0 0 0 ferk 1 MHz 2 MHz 4 MHz 8 MHz 16 MHz
0 0 0 1 ferkl/2 500 kHz 1 MHz 2 MHz 4 MHz 8 MHz
0 0 1 0 fork/2? 250 kHz 500 kHz 1 MHz 2 MHz 4 MHz
0 0 1 1 for/2® 125 kHz 250 kHz 500 MHz 1 MHz 2 MHz
0 1 0 0 fok/24 62.5 kHz 125 kHz 250kHz 500 kHz 1 MHz
0 1 0 1 fork/2° 31.3 kHz 62.5 kHz 125kHz 250 kHz 500 kHz
0 1 1 0 fork/28 15.6 kHz 31.3 kHz 62.5 kHz 125 kHz 250 kHz
0 1 1 1 fek/2” 7.81 kHz 15.6 kHz 31.3 kHz 62.5 kHz 125 kHz
1 0 0 0 fork/28 3.91 kHz 7.81 kHz 15.6 kHz 31.3 kHz 62.5 kHz
1 0 0 1 fork/2° 1.95 kHz 3.91 kHz 7.81 kHz 15.6 kHz 31.3 kHz
1 0 1 0 fok/21° 977 Hz 1.95 kHz 3.91 kHz 7.81 kHz 15.6 kHz
1 0 1 1 fou/2t 488 Hz 977 Hz 1.95 kHz 3.91 kHz 7.81 kHz
1 1 0 0 foLk/21? 244 Hz 488 Hz 977 Hz 1.95 kHz 3.91 kHz
1 1 0 1 fok/213 122 Hz 244 Hz 488 kHz 977 Hz 1.95 kHz
1 1 1 0 fowk/2* 61 Hz 122 Hz 244 Hz 488 Hz 977 Hz
1 1 1 1 fok/21® 30.5Hz 61 Hz 122 Hz 244 Hz 488 Hz

When changing the clock selected for fcik (by changing the system clock control register (CKC) value), stop
timer array unit (TTm = 00FFH).

Be sure to clear bits 15, 14, 11, 10to “0”.

If fcuk (undivided) is selected as the operation clock (CKmk) and TDRnm is set to 0000H (m =0, n =
0to 7), interrupt requests output from timer array units cannot be used.

fek: CPU/peripheral hardware clock frequency

Waveform of the clock to be selected in the TPSO register which becomes high level for one period of fcLk

from its rising edge. For details, see 6.5.1 Count clock (fTCLK).
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Figure 6-10. Format of Timer Clock Select register m (TPSm) (2/2)

Address: FO1B6H, FO1B7H (TPS0) After reset: 0000H R/W

Symbol 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
TPSmM 0 0 PRSmM|PRSmM 0 0 PRSM|PRSM|PRSM |PRSmM|PRSmM |PRSmM|PRSmM|PRSM|PRSmM|PRSmM
31 30 21 20 13 12 11 10 03 02 01 00
PRSm21 | PRSm20 Selection of operation clock (CKm2)Note1
fek (MHZ)
1 2 4 8 16
0 0 fek/2 500 kHz 1 MHz 2 MHz 4 MHz 8 MHz
0 1 foLk/2? 250 kHz 500 kHz 1 MHz 2 MHz 4 MHz
1 0 fok/2* 62.5 kHz 125 kHz 250 kHz 500 kHz 1 MHz
1 1 for/2° 15.6 kHz 31.3 kHz 62.5 kHz 125 kHz 250 kHz
PRSm31 | PRSm30 Selection of operation clock (CKm3)Noet
fek (MHZ)
1 2 4 8 16
0 0 forw/2® 3.91 kHz 7.81 kHz 15.6 kHz 31.3 kHz 62.5 kHz
0 1 fok/21° 977 Hz 1.95 kHz 3.91 kHz 7.81 kHz 15.6 kHz
1 0 fok/21? 244 Hz 488 Hz 977 Hz 1.95 kHz 3.91 kHz
1 1 fowk/2* 61 Hz 122 Hz 244 Hz 488 Hz 977 Hz

Note 1. When changing the clock selected for fcik (by changing the system clock control register (CKC) value), stop
timer array unit (TTm = 00FFH).
The timer array unit must also be stopped if the operation clock (fuck) or the valid edge of the signal input
from the TImn pin is selected.

Caution Be sureto clear bits 15, 14, 11, 10to “0".
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By using channels 1 and 3 in the 8-bit timer mode and specifying CKm2 or CKm3 as the operation clock, the interval
times shown in Table 6-4 can be achieved by using the interval timer function.

Table 6-4. Interval Times Available for Operation clock CKSm2 or CKSm3

Clock Interval timeN°t ! (fo,« = 16 MHZz)

10 ps 100 ps 1ms 10 ms

CKm2 fCLKIZ

fewd2?

fow/2*

SSIIENE NN RN

foLk/2°

AIRNIAN
|
|

CKm3 fCLKIZB

fowk/2¥° — _

AN ERNE RN

fCLK/ 212 — —

ANEERNEERN

fok/2™ — —

Note 1. The margin is within 5%.
Remark 1.  fck: CPU/peripheral hardware clock frequency

Remark 2.  For details of a signal of fcLk/2! selected with the TPSm register, see 6.5.1 Count clock (fTCLK).
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6.3.3 Timer mode register mn (TMRmn)

The TMRmn register sets an operation mode of channel n. This register is used to select the operation clock (fmck),
select the count clock, select the master/slave, select the 16 or 8-bit timer (only for channels 1 and 3), specify the start
trigger and capture trigger, select the valid edge of the timer input, and specify the operation mode (interval, capture,
event counter, one-count, or capture and one-count).

Rewriting the TMRmn register is prohibited when the register is in operation (when TEmn = 1). However, bits 7 and 6
(CISmn1, CISmn0) can be rewritten even while the register is operating with some functions (when TEmn = 1) (for
details, see 6.8 Independent Channel Operation Function of Timer Array Unit and 6.9 Simultaneous Channel
Operation Function of Timer Array Unit).

The TMRmn register can be set by a 16-bit memory manipulation instruction.

Reset signal generation clears this register to 0000H.

Caution The bits mounted depend on the channels in the bit 11 of TMRmn register.
TMRm2, TMRm4, TMRm6: MASTERmn bit (n = 2, 4, 6)
TMRm1, TMRm3: SPLITmn bit (n =1, 3)
TMRmMO, TMRmM5, TMRm7: Fixed to O
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Figure 6-11. Format of Timer Mode Register mn (TMRmn) (1/5)

Address: FO190H, FO191H (TMRO0O0) to FO19EH, FO19FH (TMROQ7) After reset: 0000H R/W

Symbol 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
TMRmn |[CKSm|CKSm| 0 |CCSm|MAST [STSmnSTSmn|STSmMn|CISmn(CISmn| O 0 (MDmn|{MDmn|MDmn|MDmn
(n=2,4,6)] nl n0 n ERmn 2 1 0 1 0 3 2 1 0
Symbol 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
TMRmn [CKSm|CKSm| 0 [CCSm|SPLIT|STSmnSTSMNSTSmMn|CISmn|{CISmn| O 0 |MDmn|MDmn|{MDmn|MDmn
(n=1,3) nl n0 n mn 2 1 0 1 0 3 2 1 0
Symbol 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
TMRmn |CKSm|CKSm| 0 |CCSm| Q"t! [STSmn|[STSMnSTSmn|CISmn|CISmn| 0 0 (MDmn|{MDmn|MDmn|MDmn
(n=0,5,7) nl n0 n 2 1 0 1 0 3 2 1 0
CKSmn | CKSmn Selection of operation clock (fuck) of channel
1 0
0 0 Operation clock CKmO set by timer clock select register m (TPSm)
0 1 Operation clock CKm2 set by timer clock select register m (TPSm)
1 0 Operation clock CKm1 set by timer clock select register m (TPSm)
1 1 Operation clock CKm3 set by timer clock select register m (TPSm)
Operation clock (fuck) is used by the edge detector. A count clock (frck) and a sampling clock are generated depending
on the setting of the CCSmn bit.
The operation clocks CKm2 and CKm3 can only be selected for channels 1 and 3.
CCSmn Selection of count clock (frc.k) of channel n
0 Operation clock (fuck) specified by the CKSmn0 and CKSmn1 bits
1 Valid edge of input signal input from the TImn pin
® |n channel 1, valid edge of input signal selected by ISC
Count clock (frcik) is used for the counter, output controller, and interrupt controller.

Note 1. Bit 11 is a read-only bit and fixed to 0. Writing to this bit is ignored.
Caution 1. Be sure to clear bits 13,5, and 4 to O.

Caution 2. The timer array unit must be stopped (TTm = 00FFH) if the clock selected for fck is changed (by
changing the value of the system clock control register (CKC)), even if the operation clock (fmck)
specified by using the CKSmn0 and CKSmn1 bits or the valid edge of the signal input from the
TImn pin is selected as the count clock (frcuk).

Remark  m: Unit number (m = 0), n: Channel number (n=0to 7)
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Figure 6-11. Format of Timer Mode Register mn (TMRmn) (2/5)

Address: FO190H, FO191H (TMRO0O0) to FO19EH, FO19FH (TMROQ7) After reset: 0000H R/W

Symbol 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
TMRmn |CKSm|CKSm 0 CCSm|MAST [STSmnSTSMnSTSmMn|CISmn|CISmn 0 0 MDmn|MDmn|MDmn |MDmn
(n=2,4,6)] nl n0 n ERmn 2 1 0 1 0 3 2 1 0
Symbol 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
TMRmn |CKSm|CKSm 0 CCSm| SPLIT [STSMnSTSMn|STSmn|CISmn|CISmn| 0 0 MDmn |MDmn |MDmn [MDmn
(n=1,3) nl n0 n mn 2 1 0 1 0 3 2 1 0
Symbol 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
TMRmn |CKSm|CKSm 0 CCSm| oMol [STSmNn|STSMN|STSMn|CISmn|{CISmn 0 0 MDmn|MDmn|MDmn |MDmn
(n=0,5,7) nl n0 n 2 1 0 1 0 3 2 1 0

(Bit 11 of TMRmn (n = 2, 4, 6))

MASTE | Selection between using channel n independently or simultaneously with another channel (as a slave or master)
Rmn
0 Operates in independent channel operation function or as slave channel in simultaneous channel operation
function.
1 Operates as master channel in simultaneous channel operation function.

Only the channel 2, 4, 6 can be set as a master channel (MASTERmnN = 1).

Be sure to use channel 0, 5, 7 are fixed to O (Regardless of the bit setting, channel 0 operates as master, because it is the
highest channel).

Clear the MASTERmMN bit to 0 for a channel that is used with the independent channel operation function.

(Bit 11 of TMRmn (n = 1, 3))

SPLITm Selection of 8 or 16-bit timer operation for channels 1 and 3
n
0 Operates as 16-bit timer.
(Operates in independent channel operation function or as slave channel in simultaneous channel operation
function.)
1 Operates as 8-bit timer.
STSmn | STSmn | STSmn Setting of start trigger or capture trigger of channel n

2 1 0

0 0 0 Only software trigger start is valid (other trigger sources are unselected).

0 0 1 Valid edge of the TImn pin input is used as both the start trigger and capture trigger.

0 1 0 Both the edges of the TImn pin input are used as a start trigger and a capture trigger.

1 0 0 Interrupt signal of the master channel is used (when the channel is used as a slave

channel with the simultaneous channel operation function).
1 1 0 When the channel is used as a slave channel in two-channel input with one-shot pulse
output function:
The interrupt request signal of the master channel (INTTMON) is used as the start
trigger.
A valid edge of the TI03 pin input of the slave channel is used as the end trigger.
Other than above Setting prohibited
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Note 1. Bit 11 is a read-only bit and fixed to 0. Writing to this bit is ignored.

Remark  m: Unit number (m = 0), n: Channel number (n =0to 7)

Figure 6-11. Format of Timer Mode Register mn (TMRmn) (3/5)

Address: FO190H, FO191H (TMRO0O0) to FO19EH, FO19FH (TMROQ7) After reset: 0000H R/W

Symbol 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
TMRmn |[CKSm|CKSm| 0 |CCSm|MAST [STSmnSTSmn|STSmMn|CISmn(CISmn| O 0 (MDmn|{MDmn|MDmn|MDmn
(n=2,4,6)] nl n0 n ERmn 2 1 0 1 0 3 2 1 0
Symbol 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
TMRmn [CKSm|CKSm| 0 [CCSm|SPLIT|STSmnSTSMNSTSmMn|CISmn|{CISmn| 0 0 |MDmn|MDmn|{MDmn|MDmn
(n=1,3) nl n0 n mn 2 1 0 1 0 3 2 1 0
Symbol 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
TMRmn |CKSm|CKSm| 0 |CCSm| 0"t?! [STSmn|STSmnSTSmn|CISmn|CISmn| 0 0 (MDmn|{MDmn|MDmn|MDmn
(n=0,5,7) nl n0 n 2 1 0 1 0 3 2 1 0
CISmnl | CISmnO Selection of TImn pin input valid edge
0 0 Falling edge
0 1 Rising edge
1 0 Both edges (when low-level width is measured)
Start trigger: Falling edge, Capture trigger: Rising edge
1 1 Both edges (when high-level width is measured)
Start trigger: Rising edge, Capture trigger: Falling edge
If both the edges are specified when the value of the STSmn2 to STSmnO bits is other than 010B, set the CISmn1 to
CISmnO bits to 10B.

Note 1. Bit 11 is a read-only bit and fixed to 0. Writing to this bit is ignored.

Remark  m: Unit number (m = 0), n: Channel number (n = 0to 7)

RO1UHO0959EJ0120 Rev.1.20 RENESAS Page 186 of 765
Jan 31, 2024



RL78/G15 CHAPTER 6 TIMER ARRAY UNIT

Figure 6-11. Format of Timer Mode Register mn (TMRmn) (4/5)

Address: FO190H, FO191H (TMRO0O0) to FO19EH, FO19FH (TMROQ7) After reset: 0000H R/W

Symbol 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
TMRmn |CKSm|CKSm 0 CCSm|MAST [STSmMnSTSMnSTSmMn|CISmn|CISmn| 0 0 MDmn|MDmn|MDmn |MDmn
(n=2,4,6)] nl n0 n ERmn 2 1 0 1 0 3 2 1 0
Symbol 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
TMRmn |CKSm|CKSm 0 |CCSm|SPLIT [STSMn[STSMnSTSmMn|CISmn|CISmn| 0 0 MDmn |MDmn |MDmn [MDmn
(n=1,3) nl n0 n mn 2 1 0 1 0 3 2 1 0
Symbol 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
TMRmn |CKSm|CKSm 0 CCSm| oMo [STSmNn|STSMN|STSMn|CISmn|{CISmn| 0 0 MDmn|MDmn|MDmn |MDmn
(n=0,5,7) nl n0 n 2 1 0 1 0 3 2 1 0
MDmn3 | MDmn2 | MDmnl | Setting of operation mode of Corresponding function Corresponding
channel n function
0 0 0 Interval timer mode Interval timer/ Down count

Square wave output/
Divider function/
PWM output (master)

0 1 0 Capture mode Input pulse interval Up count
measurement/

Two-channel input with one-shot
pulse output function (slave)

0 1 1 Event counter mode External event counter Down count

1 0 0 One-count mode Delay counter/ Down count
One-shot pulse output/
Two-channel input with one-shot
pulse output function (master)
PWM output (slave)

1 1 0 Capture & one-count mode Measurement of high-/low-level | Up count
width of input signal

Other than above Setting prohibited

The operation of each mode varies depending on MDmnO bit (see the table below).

Note 1. Bit 11 is a read-only bit and fixed to 0. Writing to this bit is ignored.

Remark  m: Unit number (m = 0), n: Channel number (n=0to 7)

RO1UHO0959EJ0120 Rev.1.20 RENESAS Page 187 of 765
Jan 31, 2024



RL78/G15 CHAPTER 6 TIMER ARRAY UNIT

Figure 6-11. Format of Timer Mode Register mn (TMRmn) (5/5)

Address: FO190H, FO191H (TMRO0O0) to FO19EH, FO19FH (TMROQ7) After reset: 0000H R/W

Symbol 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
TMRmn |CKSm|CKSm 0 CCSm|MAST [STSmMnSTSMnSTSmMn|CISmn|CISmn| 0 0 MDmn|MDmn|MDmn |MDmn

(n=2,4,6)] nl n0 n ERmn 2 1 0 1 0 3 2 1 0
Symbol 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
TMRmn |CKSm|CKSm 0 |CCSm|SPLIT [STSMn[STSMnSTSmMn|CISmn|CISmn| 0 0 MDmn |MDmn |MDmn [MDmn
(n=1,3) nl n0 n mn 2 1 0 1 0 3 2 1 0
Symbol 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
TMRmn |CKSm|CKSm 0 CCSm| oMo [STSmNn|STSMN|STSMn|CISmn|{CISmn| 0 0 MDmn|MDmn|MDmn |MDmn

(n=0,5,7) nl n0 n 2 1 0 1 0 3 2 1 0

Operation mode MDmnO Setting of starting counting and interrupt

(Value set by the MDmn3 to MDmn1 bits
(see the table above))

® |nterval timer mode 0 Timer interrupt is not generated when counting is started
(0,0,0) (timer output does not change, either).

® Capture mode 1 Timer interrupt is generated when counting is started
(0,1,0 (timer output also changes).

® Event counter mode 0 Timer interrupt is not generated when counting is started
0,1,1) (timer output does not change, either).

® One-count modeN®2(1, 0, 0) 0 Start trigger is invalid during counting operation.

At that time, interrupt is not generated.

1 Start trigger is valid during counting operation™°®© 3,
At that time, interrupt is not generated.

® Capture & one-count mode 0 Timer interrupt is not generated when counting is started
1,1,0) (timer output does not change, either).

Start trigger is invalid during counting operation.

At that time interrupt is not generated.

Other than above Setting prohibited

Note 1. Bit 11 is a read-only bit and fixed to 0. Writing to this bit is ignored.

Note 2. In one-count mode, interrupt output (INTTMmn) when starting a count operation and TOmn output are not
controlled.
Note 3. If the start trigger (TSmn = 1) is issued during operation, the counter is initialized, and recounting is started

(does not occur the interrupt request).

Remark  m: Unit number (m = 0), n: Channel number (n =0to 7)

RO1UHO0959EJ0120 Rev.1.20 RENESAS Page 188 of 765
Jan 31, 2024



RL78/G15 CHAPTER 6 TIMER ARRAY UNIT

6.3.4 Timer status register mn (TSRmn)

The TSRmn register indicates the overflow status of the counter of channel n.

The TSRmn register is valid only in the capture mode (MDmn3 to MDmn1 = 010B) and capture & one-count mode
(MDmn3 to MDmn1 = 110B). See Table 6-5 for the operation of the OVF bit in each operation mode and set/clear
conditions.

The TSRmn register can be read by a 16-bit memory manipulation instruction.
The lower 8 bits of the TSRmn register can be read with an 8-bit memory manipulation instruction with TSRmnL.

Reset signal generation clears this register to 0000H.

Figure 6-12. Format of Timer Status Register mn (TSRmn)

Address: FO1AOH, FO1A1H (TSRO00) to FO1AEH, FO1AFH (TSR07) After reset: 0000H R

Symbol 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
rsrmn [ 0 [0 J o] o o] o o o o o] o ]o]o]o] o or]
OVF Counter overflow status of channel n
0 Overflow does not occur.
1 Overflow occurs.
When OVF = 1, this flag is cleared (OVF = 0) when the next value is captured without overflow.

Remark  m: Unit number (m = 0), n: Channel number (n =0to 7)

Table 6-5. OVF Bit Operation and Set/Clear Conditions in Each Operation Mode

Timer operation mode OVF bit Set/clear conditions
® Capture mode clear When no overflow has occurred upon capturing
¢ Capture & one-count mode set When an overflow has occurred upon capturing
® |nterval timer mode clear —
® Event counter mode set (Use prohibited)
® One-count mode

Remark The OVF bit does not change immediately after the counter has overflowed, but changes upon the
subsequent capture.
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6.3.5 Timer channel enable status register m (TEm)

The TEm register is used to display whether the timer operation of each channel is enabled or stopped.

Each bit of the TEm register corresponds to each bit of the timer channel start register m (TSm) and the timer channel
stop register m (TTm). When a bit of the TSm register is set to 1, the corresponding bit of this register is set to 1. When a
bit of the TTm register is set to 1, the corresponding bit of this register is cleared to 0.

The TEm register can be read by a 16-bit memory manipulation instruction.

The lower 8 bits of the TEm register can be set with a 1-bit or 8-bit memory manipulation instruction with TEmL.

Reset signal generation clears this register to 0000H.

Figure 6-13. Format of Timer Channel Enable Status register m (TEm)

Address: FO1BOH, FO1B1H (TEO) After reset: 0000H R

Symbol 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
TEm 0 0 0 0O |TEHm|{ O |TEHm| O TEm7 | TEm6 | TEm5 | TEm4 | TEm3 | TEm2 | TEm1 | TEmMO
3 1
TEHmM3 Indication of whether operation of the higher 8-bit timer is enabled or stopped when channel 3 is in the 8-bit
timer mode
0 Operation is stopped.
1 Operation is enabled.
TEHmM1 Indication of whether operation of the higher 8-bit timer is enabled or stopped when channel 1 is in the 8-bit
timer mode
0 Operation is stopped.
1 Operation is enabled.
TEmn Indication of operation enable/stop status of channel n
0 Operation is stopped.
1 Operation is enabled.
This bit displays whether operation of the lower 8-bit timer for TEm1 and TEm3 is enabled or stopped when channel 1 or 3
is in the 8-bit timer mode.

Remark  m: Unit number (m = 0), n: Channel number (n =0to 7)
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6.3.6 Timer channel start register m (TSm)
The TSm register is a trigger register that is used to initialize timer count register mn (TCRmn) and start the counting
operation of each channel.

When a bit of this register is set to 1, the corresponding bit of timer channel enable status register m (TEm) is set to 1.
The TSmn, TSHmM1, TSHmM3 bits are immediately cleared when operation is enabled (TEmn, TEHmM1, TEHmM3 = 1),
because they are trigger bits.

The TSm register can be set by a 16-bit memory manipulation instruction.
The lower 8 bits of the TSm register can be set with a 1-bit or 8-bit memory manipulation instruction with TSmL.

Reset signal generation clears this register to 0000H.

Figure 6-14. Format of Timer Channel Start register m (TSm)

Address: FO1B2H, FO1B3H (TS0) After reset: 0000H R/W

Symbol 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
TSm 0 0 0 0 TSHmM 0 TSHmM 0 TSM7 | TSmM6 | TSM5 [ TSm4 | TSm3 | TSm2 | TSm1 | TSmO
3 1

TSHmM3 | Trigger to enable operation (start operation) of the higher 8-bit timer when channel 3 is in the 8-bit timer mode

0 No trigger operation

1 The TEHm3 bit is set to 1 and the count operation becomes enabled.
The TCRm3 register count operation start in the interval timer mode in the count operation enabled state (see
Table 6-6 in 6.5.2 Start timing of counter).

TSHm1 | Trigger to enable operation (start operation) of the higher 8-bit timer when channel 1 is in the 8-bit timer mode

0 No trigger operation

1 The TEHmL1 bit is set to 1 and the count operation becomes enabled.

The TCRmL1 register count operation start in the interval timer mode in the count operation enabled state (see
Table 6-6 in 6.5.2 Start timing of counter).

TSmn Operation enable (start) trigger of channel n
0 No trigger operation
1 The TEmn bit is set to 1 and the count operation becomes enabled.

The TCRmn register count operation start in the count operation enabled state varies depending on each
operation mode (see Table 6-6 in 6.5.2 Start timing of counter).

This bit is the trigger to enable operation (start operation) of the lower 8-bit timer for TSm1 and TSm3 when
channel 1 or 3 is in the 8-bit timer mode.

(Notes and Remarks are listed on the next page.)
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Caution 1. Be sureto clear bits 15to 12, 10, and 8to 0.

Caution 2. When switching from a function that does not use TImn pin input to one that does, the following
wait period is required from when timer mode register mn (TMRmn) is set until the TSmn (TSHm1,
TSHmM3) bit is set to 1.
When the Timn pin noise filter is enabled (TNFENnm = 1):
Four cycles of the operation clock (fuck)
When the TImn pin noise filter is disabled (TNFENnm = 0):
Two cycles of the operation clock (fmck)

Remark 1.  When the TSm register is read, O is always read.

Remark 2. m: Unit number (m = 0), n: Channel number (n =0 to 7)
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6.3.7 Timer channel stop register m (TTm)

The TTm register is a trigger register that is used to stop the counting operation of each channel.

When a bit of this register is set to 1, the corresponding bit of timer channel enable status register m (TEm) is cleared to
0. The TTmn, TTHmM1, TTHmM3 bits are immediately cleared when operation is stopped (TEmn, TEHmM1, TEHmM3 = 0),
because they are trigger bits.

The TTm register can be set by a 16-bit memory manipulation instruction.

The lower 8 bits of the TTm register can be set with a 1-bit or 8-bit memory manipulation instruction with TTmL.

Reset signal generation clears this register to 0000H.

Figure 6-15. Format of Timer Channel Stop register m (TTm)

Address: FO1B4H, FO1B5H (TTO) After reset: 0000H R/W

Symbol 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
TTm ‘ 0 ‘ 0 ‘ 0 | 0 ‘TTHmS‘ 0 ‘TTHml‘ 0 | TTm7 ‘ TTm6 ‘ TTm5 ‘ TTm4 ‘ TTm3 ‘ TTm2 ‘ TTml | TTmO ‘
TTHmM3 Trigger to stop operation of the higher 8-bit timer when channel 3 is in the 8-bit timer mode
0 No trigger operation
1 TEHmM3 bit is cleared to 0 and the count operation is stopped.
TTHmM1 Trigger to stop operation of the higher 8-bit timer when channel 1 is in the 8-bit timer mode
0 No trigger operation
1 TEHmML1 bit is cleared to 0 and the count operation is stopped.
TTmn Operation stop trigger of channel n
0 No trigger operation
1 TEmn bit is cleared to 0 and the count operation is stopped.
The TTm1 and TTm3 bits respectively trigger stoppage of operation of the lower 8-bit timers in channels 1 and 3
when these channels are in the 8-bit timer mode.

Caution Be sure to clear bits 15 to 12, 10, and 8 of the TTm register to 0.

Remark 1. When the TTm register is read, 0 is always read.

Remark 2. m: Unit number (m = 0), n: Channel number (n =0to 7)
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6.3.8 Timer output enable register m (TOEm)

The TOEm register is used to enable or disable timer output of each channel.

Channel n for which timer output has been enabled becomes unable to rewrite the value of the TOmn bit of timer output
register m (TOm) described later by software, and the value reflecting the setting of the timer output function through the
count operation is output from the timer output pin (TOmn).

The TOEm register can be set by a 16-bit memory manipulation instruction.

The lower 8 bits of the TOEm register can be set with a 1-bit or 8-bit memory manipulation instruction with TOEmL.

Reset signal generation clears this register to 0000H.

Figure 6-16. Format of Timer Output Enable register m (TOEm)

Address: FO1BAH, FO1BBH (TOEOQ) After reset: 0000H R/W

Symbol 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
TOEmM 0 0 0 0 0 0 0 0 TOEmM | TOEmM | TOEmM | TOEmM|TOEmM | TOEmM | TOEm | TOEm
7 6 5 4 3 2 1 0
TOEmn Timer output enable/disable of channel n
0 Disable output of timer.

Without reflecting on TOmn bit timer operation, to fixed the output.
Writing to the TOmn bit is enabled and the level set in the TOmn bit is output from the TOmn pin.

1 Enable output of timer.
Reflected in the TOmn bit timer operation, to generate the output waveform.

Writing to the TOmn bit is disabled (writing is ignored).

Caution Be sure to clear bits 15to 8to 0.

Remark  m: Unit number (m = 0), n: Channel number (n =0to 7)
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6.3.9 Timer output register m (TOm)

The TOm register is a buffer register of timer output of each channel.
The value of each bit in this register is output from the timer output pin (TOmn) of each channel.

The TOmn bit on this register can be rewritten by software only when timer output is disabled (TOEmn = 0). When timer
output is enabled (TOEmn = 1), rewriting this register by software is ignored, and the value is changed only by the timer
operation.

To use the TOOn alternate pin as a port function pin, set the corresponding TOmn bit to “0”".
The TOm register can be set by a 16-bit memory manipulation instruction.
The lower 8 bits of the TOm register can be set with an 8-bit memory manipulation instruction with TOmL.

Reset signal generation clears this register to 0000H.

Figure 6-17. Format of Timer Output register m (TOm)

Address: FO1B8H, FO1B9H (TO0) After reset: 0000H R/W

Symbol 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
TOmM ‘ 0 ‘ 0 ‘ 0 | 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0 |TOm7 ‘ TOmM6 ‘ TOm5 ‘ TOm4 ‘ TOm3 ‘ TOm2 ‘ TOm1 | TOmMO ‘
TOmn Timer output of channel n
0 Timer output value is “0”.
1 Timer output value is “1”.

Caution Be sure to clear bits 15to 8to 0.

Remark  m: Unit number (m = 0), n: Channel number (n=0to 7)
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6.3.10 Timer output level register m (TOLm)

The TOLm register is a register that controls the timer output level of each channel.

The setting of the inverted output of channel n by this register is reflected at the timing of set or reset of the timer output
signal while the timer output is enabled (TOEmn = 1) in the simultaneous channel operation function (TOMmn = 1). In the
master channel output mode (TOMmn = 0), this register setting is invalid.

The TOLm register can be set by a 16-bit memory manipulation instruction.
The lower 8 bits of the TOLm register can be set with an 8-bit memory manipulation instruction with TOLmL.

Reset signal generation clears this register to 0000H.

Figure 6-18. Format of Timer Output Level register m (TOLm)

Address: FO1BCH, FO1BDH (TOLO) After reset: 0000H R/W

Symbol 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
TOLm ‘ 0 ‘ 0 ‘ 0 | 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0 |TOLm7‘TOLm6‘TOLm5‘TOLm4‘TOLm3‘TOLm2‘TOLm1| 0 ‘
TOLmn Control of timer output level of channel n

0 Positive logic output (active-high)

1 Negative logic output (active-low)

Caution Be sure to clear bits 15to 8, and 0 to 0.

Remark 1.  If the value of this register is rewritten during timer operation, the timer output logic is inverted when the
timer output signal changes next, instead of immediately after the register value is rewritten.

Remark 2. m: Unit number (m = 0), n: Channel number (n =0 to 7)
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6.3.11 Timer output mode register m (TOMm)

The TOMm register is used to control the timer output mode of each channel.

When a channel is used for the independent channel operation function, set the corresponding bit of the channel to be
used to 0.

When a channel is used for the simultaneous channel operation function (PWM output, one-shot pulse output, multiple
PWM output, or two-channel input with one-shot pulse output), set the corresponding bit of the master channel to 0 and
the corresponding bit of the slave channel to 1.

The setting of each channel n by this register is reflected at the timing when the timer output signal is set or reset while
the timer output is enabled (TOEmn = 1).

The TOMm register can be set by a 16-bit memory manipulation instruction.
The lower 8 bits of the TOMm register can be set with an 8-bit memory manipulation instruction with TOMmL.

Reset signal generation clears this register to 0000H.

Figure 6-19. Format of Timer Output Mode register m (TOMm)

Address: FO1BEH, FO1BFH (TOMO) After reset: 0000H R/W

Symbol 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
TOMmM 0 0 0 0 0 0 0 0 |TOMm|TOMmM|TOMmM|TOMmM|TOMm|TOMmM|{TOMm| O
7 6 5 4 3 2 1
TOMmnN Control of timer output mode of channel n
0 Master channel output mode (to produce toggle output by timer interrupt request signal (INTTMmn))
1 Slave channel output mode
(output is set by the timer interrupt request signal (INTTMmn) of the master channel, and reset by the timer
interrupt request signal (INTTMmp) of the slave channel)

Caution Be sure to clear bits 15to 8, and 0 to 0.

Remark  m: Unit number (m = 0)
n: Channel number
n=0to7 (n=0, 2, 4, 6 for master channel)
p: Slave channel number
n<ps7
(For details of the relation between the master channel and slave channel, refer to 6.4.1 Basic rules of
simultaneous channel operation function.)
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6.3.12 Input switch control register (ISC)

The ISC register is used to implement UARTO baud rate correction by using channel 1 in association with the serial array

unit.
When the ISC1 bit is set to 1, the input signal of the serial data input (RxDO) pin is selected as a timer input.
The ISC register can be set by a 1-bit or 8-bit memory manipulation instruction.

Reset signal generation clears this register to O0H.

Figure 6-20. Format of Input Switch Control Register (ISC)

Address: FOO73H  After reset: 00H R/W

Symbol 7 6 5 4 3 2 1 0
ISC 0 0 0 0 0 0 ISC1 ISCO
ISC1 Switching channel 1 input of timer array unit
0 Uses the input signal of the TIO1 pin as a timer input (normal operation).
1 Uses the input signal of the RxDO pin as a timer input (detects the wakeup signal and measures the

pulse width for baud rate correction).

ISCO Switching external interrupt (INTPO) input
0 Uses the input signal of the INTPO pin as an external interrupt (normal operation).
1 Uses the input signal of the RxDO pin as an external interrupt (wakeup signal detection).

Caution Be sureto clear bits 7to 2to 0.
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6.3.13 Noise filter enable registers 1 (NFEN1)

The NFENL1 register is used to set whether the noise filter can be used for the timer input signal to each channel.
Enable the noise filter by setting the corresponding bits to 1 on the pins in need of noise removal.

When the noise filter is enabled, after synchronization with the operation clock (fuck) for the target channel, whether the
signal keeps the same value for two clock cycles is detected. When the noise filter is disabled, the input signal is only
synchronized with the operation clock (fuck) for the target channelNote 2,

The NFENL1 register can be set by a 1-bit or 8-bit memory manipulation instruction.

Reset signal generation clears this register to 00H.

Note 1. For details, see 6.5.1(2) When valid edge of input signal via the TImn pin is selected (CCSmn = 1), 6.5.2
Start timing of counter, and 6.7 Timer Input (TImn) Control.

Figure 6-21. Format of Noise Filter Enable Registers 1 (NFEN1) (1/2)

Address: FOO71H After reset: 0OH R/W
Symbol 7 6 5 4 3 2 1 0

NFEN1 TNFENO7 TNFENO6 TNFENO5 TNFENO4 TNFENO3 TNFENO2 TNFENO1 TNFENOO

TNFENO7 Enable/disable using noise filter of TIO7 pin
0 Noise filter OFF
1 Noise filter ON

TNFENO6 Enable/disable using noise filter of TIO6 pin
0 Noise filter OFF
1 Noise filter ON

TNFENO5 Enable/disable using noise filter of TIO5 pin
0 Noise filter OFF
1 Noise filter ON

TNFENO4 Enable/disable using noise filter of TI04 pin
0 Noise filter OFF
1 Noise filter ON

TNFENO3 Enable/disable using noise filter of TIO3 pin
0 Noise filter OFF
1 Noise filter ON

Remark The presence or absence of timer 1/O pins of channel 0 to 7 depends on the product. See Table 6-2 Timer
I/O Pins provided in Each Product.
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Figure 6-21. Format of Noise Filter Enable Registers 1 (NFENL1) (2/2)

Address: FOO71H After reset: 0OH R/W
Symbol 7 6 5 4 3 2 1 0

NFEN1 TNFENO7 TNFENO6 TNFENO5 TNFENO4 TNFENO3 TNFENO2 TNFENO1 TNFENOO

TNFENO2 Enable/disable using noise filter of TIO2 pin
0 Noise filter OFF
1 Noise filter ON
TNFENO1 Enable/disable using noise filter of TIO1 pinNete?
0 Noise filter OFF
1 Noise filter ON
TNFENOO Enable/disable using noise filter of TIOO pin
0 Noise filter OFF
1 Noise filter ON

Note 1. The applicable pin can be switched by setting the ISC1 bit of the ISC register.
ISC1 = 0: Whether or not to use the noise filter of the TIO1 pin can be selected.
ISC1 = 1: Whether or not to use the noise filter of the RxDO pin can be selected.

Remark The presence or absence of timer 1/O pins of channel 0 to 7 depends on the product. See Table 6-2 Timer
I/O Pins provided in Each Product.
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6.3.14 Registers controlling port functions of pins to be used for timer /O

Using port pins for the timer array unit functions requires setting of the registers that control the port functions multiplexed
on the target pins (port mode register (PMxx), port register (Pxx), and port mode control register (PMCxx)). For details,
see 4.3.1 Port mode registers 0, 2, 4, 12 (PMO, PM2, PM4, PM12), 4.3.2 Port registers 0, 2, 4, 12, 13 (PO, P2, P4,
P12, P13), and 4.3.5 Port mode control registers 0, 2 (PMCO, PMC2).

The port mode register (PMxx), port register (Pxx), and port mode control register (PMCxx) to be set depend on the
product. For details, see 4.5.3 Register setting examples for used port and alternate functions.

When using the ports (such as P0O3/TOQ0) to be shared with the timer output pin for timer output, set the port mode
control register (PMCxx) bit, port mode register (PMxx) bit and port register (Pxx) bit corresponding to each port to 0.

Example) When using P03/TOO0O for timer output
Set the PMCO03 bit of port mode control register O to O.
Set the PMO3 bit of port mode register 0 to O.

Set the P03 bit of port register 0 to 0.

When using the ports (such as P04/T101) to be shared with the timer input pin for timer input, set the port mode register
(PMxx) bit corresponding to each port to 1. And set the port mode control register (PMCxx) bit corresponding to each
port to 0. At this time, the port register (Pxx) bit may be 0 or 1.

Example) When using P04/T101 for timer input
Set the PMCO04 bit of port mode control register 0 to 0.
Set the PM04 bit of port mode register 0 to 1.

Set the P04 bit of port register 0 to 0 or 1.
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6.4 Basic Rules of Timer Array Unit

6.4.1 Basic rules of simultaneous channel operation function

When simultaneously using multiple channels, namely, a combination of a master channel (a reference timer mainly
counting the cycle) and slave channels (timers operating according to the master channel), the following rules apply.

(1) Only an even channel (channel O, 2, 4, etc.) can be set as a master channel.

(2)  Any channel, except channel 0, can be set as a slave channel.

(3) The slave channel must be lower than the master channel.

Example) If channel 2 is set as a master channel,
channel 3 or those that follow (channels 3, 4, 5, etc.) can be set as a slave channel.

(4)  Two or more slave channels can be set for one master channel.

(5)  When two or more master channels are to be used, slave channels with a master channel between them may not
be set.

Example) If channels 0 and 4 are set as master channels,
channels 1 to 3 can be set as the slave channels of master channel 0.
channels 5 to 7 cannot be set as the slave channels of master channel 0.

(6) The operation clock for a slave channel in combination with a master channel must be the same as that of the
master channel. The CKSmn0, CKSmn1 bits (bit 15, 14 of timer mode register mn (TMRmn)) of the slave channel
that operates in combination with the master channel must be the same value as that of the master channel.

(7) A master channel can transmit INTTMmn (interrupt), start software trigger, and count clock to the lower channels.

(8) A slave channel can use INTTMmn (interrupt), a start software trigger, or the count clock of the master channel as
a source clock, but cannot transmit its own INTTMmn (interrupt), start software trigger, or count clock to channels
to the lower channels.

(9) A master channel cannot use INTTMmn (interrupt), a start software trigger, or the count clock from the other
higher master channel as a source clock.

(10) To simultaneously start channels that operate in combination, the channel start trigger bit (TSmn) of the channels
in combination must be set at the same time.

(11) During the counting operation, a TSmn bit of a master channel or TSmn bits of all channels which are operating
simultaneously can be set. It cannot be applied to TSmn bits of slave channels alone.

(12) To stop the channels in combination simultaneously, the channel stop trigger bit (TTmn) of the channels in
combination must be set at the same time.

(13) CKm2/CKm3 cannot be selected while channels are operating simultaneously, because the operation clocks of
master channels and slave channels have to be synchronized.

(14) Timer mode register m0 (TMRmMO) has no master bit (it is fixed as “0"). However, as channel 0 is the highest
channel, it can be used as a master channel during simultaneous operation.
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The rules of the simultaneous channel operation function are applied in a channel group (a master channel and slave

channels forming one simultaneous channel operation function).

If two or more channel groups that do not operate in combination are specified, the basic rules of the simultaneous

channel operation function in 6.4.1 Basic rules of simultaneous channel operation function do not apply to the channel

groups.

Remark

Example)

m: Unit number (m = 0), n: Channel number (n = 0to 7)

1
1
EEm— | Channel 0: Master
i
1
H | Channel 1: Slave
i
1
' | Channel 2: Slave
‘\\ ____________________________
Channel 3: Independent channel
operation function
I// ____________________________
CKO1 1
EE— | Channel 4: Master
1
1
CKO00 ! ) Channel 5: Independent channel
! operation function
1
1
, | Channel 6: Slave
\\\ _____________________________
Channel 7: Independent channel
operation function

Channel group 1
(Simultaneous channel operation function)

Channel group 2
(Simultaneous channel operation function)

* The operation clock of channel group 1 may be
different from that of channel group 2.

* A channel that operates independent channel
operation function may be between channel
group 1 and channel group 2.

* A channel that operates independent channel
operation function may be between a master
and a slave of channel group 2. Furthermore,
the operation clock may be set separately.
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6.4.2 Basic rules of 8-bit timer operation function (channels 1 and 3 only)

The 8-bit timer operation function makes it possible to use a 16-bit timer channel in a configuration consisting of two 8-bit

timer channels.

This function can only be used for channels 1 and 3, and there are several rules for using it.

The basic rules for this function are as follows:

1)
)
@)
(4)

(%)

(6)

(@)

®

©

(10)

The 8-bit timer operation function applies only to channels 1 and 3.
When using 8-bit timers, set the SPLITmn bit of timer mode register mn (TMRmn) to 1.
The higher 8 bits can be operated as the interval timer function.

At the start of operation, the higher 8 bits output INTTMm1H/INTTMm3H (an interrupt) (which is the same
operation performed when MDmnO is set to 1).

The operation clock of the higher 8 bits is selected according to the CKSmn1 and CKSmnO bits of the lower-bit
TMRmn register.

For the higher 8 bits, the TSHM1/TSHm3 bit is manipulated to start channel operation and the TTHm1/TTHmM3 bit
is manipulated to stop channel operation. The channel status can be checked using the TEHmM1/TEHmM3 bit.

The lower 8 bits operate according to the TMRmn register settings. The following three functions support operation
of the lower 8 bits:

* Interval timer function/Square Wave Output Function

 External event counter function

* Delay count function

For the lower 8 bits, the TSm1/TSm3 bit is manipulated to start channel operation and the TTm1/TTm3 bit is
manipulated to stop channel operation. The channel status can be checked using the TEm1/TEm3 bit.

During 16-bit operation, manipulating the TSHm1, TSHmM3, TTHmM1, and TTHmM3 bits is invalid. The TSm1/TSm3
and TTm1/TTm3 bits are manipulated to operate channels 1 and 3. The TEHmM3 and TEHm1 bits are not changed.

For the 8-bit timer function, the simultaneous operation functions (one-shot pulse, PWM, and multiple PWM)
cannot be used.

Remark  m: Unit number (m = 0), n: Channel number (n =1, 3)

RO1UHO0959EJ0120 Rev.1.20 RENESAS Page 204 of 765
Jan 31, 2024



RL78/G15 CHAPTER 6 TIMER ARRAY UNIT

6.5 Operation of Counter

6.5.1 Count clock (frcrk)

The count clock (frcik) of the timer array unit can be selected between the following by CCSmn bit of timer mode register
mn (TMRmn).

e QOperation clock (fuck) specified by the CKSmn0 and CKSmn1 bits

e Valid edge of input signal input from the TImn pin

Because the timer array unit is designed to operate in synchronization with fcrk, the timings of the count clock (frcik) are
shown below.

(1) When operation clock (fuck) specified by the CKSmn0 and CKSmn1 bits is selected (CCSmn = 0)

The count clock (frcik) is between fcik to fek/21° by setting of timer clock select register m (TPSm). When a divided fcix
is selected, however, the clock selected in TPSmn register, but a signal which becomes high level for one period of fcik
from its rising edge. When a fcik is selected, fixed to high level.

Counting of timer count register mn (TCRmn) delayed by one period of fcLk from rising edge of the count clock, because
of synchronization with fcik. But, this is described as “counting at rising edge of the count clock”, as a matter of
convenience.

Figure 6-22. Timing of fcik and count clock (frcik) (When CCSmn = 0)

[ few2 [T 1T LT LT 1@ 1T 1T 1711
A A A A A A A A AN A A A A A A A A A
feLw/4 [ 1 [ ] [ [ 1 [
A A A A A A A A
f fek/8
TCLK A A A A
(= fmek = CKmn)
fCLK/16
. A A

Remark 1.  A: Rising edge of the count clock
A Synchronization, increment/decrement of counter

Remark 2. fek: CPU/peripheral hardware clock
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(2) When valid edge of input signal via the TImn pin is selected (CCSmn = 1)

The count clock (frck) becomes the signal that detects valid edge of input signal via the TImn pin and synchronizes next
rising fuck. The count clock (frcwk) is delayed for 1 to 2 period of fuck from the input signal via the TImn pin (when a noise
filter is used, the delay becomes 3 to 4 clock).

Counting of timer count register mn (TCRmn) delayed by one period of fcik from rising edge of the count clock, because
of synchronization with fck. But, this is described as “counting at valid edge of input signal via the TImn pin”, as a matter

of convenience.

Figure 6-23. Timing of fcik and count clock (frcik) (When CCSmn = 1, noise filter unused)

fCLK

e Sy H y NS B R
TSmn (Write) |_|\

<1> }

TEmn

i (
TImn input | \<2> ) \

Sampling wave

Edge detection Edge detection

Rising edge |
detection signal ( |_|
(frew) A A V7 A A

<1> Setting TSmn bit to 1 enables the timer to be started and to become wait state for valid edge of input signal via

the TImn pin.
<2> The rise of input signal via the TImn pin is sampled by fuck.

<3> The edge is detected by the rising of the sampled signal and the detection signal (count clock) is output.

Remark 1.  A: Rising edge of the count clock
A : Synchronization, increment/decrement of counter

Remark 2.  fck: CPU/peripheral hardware clock
fuck: Operation clock of channel n

Remark 3.  The waveform of the input signal via TImn pin of the input pulse interval measurement, the measurement
of high/low width of input signal, the delay counter, and the one-shot pulse output are the same.
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6.5.2 Start timing of counter

Timer count register mn (TCRmn) becomes enabled to operation by setting of TSmn bit of timer channel start register m
(TSm).

Operations from count operation enabled state to timer count register mn (TCRmn) count start is shown in Table 6-6.

Table 6-6. Operations from Count Operation Enabled State to Timer count Register mn (TCRmn) Count Start

Timer operation mode Operation when TSmn = 1 is set

Interval timer mode No operation is carried out from start trigger detection (TSmn=1) until count clock generation.
The first count clock loads the value of the TDRmn register to the TCRmn register and the
subsequent count clock performs count down operation (see 6.5.3(1) Operation of interval
timer mode).

Event counter mode Writing 1 to the TSmn bit loads the value of the TDRmn register to the TCRmn register.

If detect edge of TImn input. The subsequent count clock performs count down operation (see
6.5.3(2) Operation of event counter mode).

Capture mode No operation is carried out from start trigger detection (TSmn=1) until count clock generation.

The first count clock loads 0000H to the TCRmn register and the subsequent count clock performs
count up operation (see 6.5.3(3) Operation of capture mode (input pulse interval
measurement)).

One-count mode The waiting-for-start-trigger state is entered by writing 1 to the TSmn bit while the timer is stopped
(TEmn = 0).

No operation is carried out from start trigger detection until count clock generation.

The first count clock loads the value of the TDRmn register to the TCRmn register and the
subsequent count clock performs count down operation (see 6.5.3(4) One-count mode
operation).

Capture & one-count mode The waiting-for-start-trigger state is entered by writing 1 to the TSmn bit while the timer is stopped
(TEmn = 0).

No operation is carried out from start trigger detection until count clock generation.

The first count clock loads 0000H to the TCRmn register and the subsequent count clock performs
count up operation (see 6.5.3(5) Operation of capture & one-count mode (high-level width
measurement)).
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6.5.3 Operation of counter

Here, the counter operation in each mode is explained.

(1) Operation of interval timer mode

<1> Operation is enabled (TEmn = 1) by writing 1 to the TSmn bit. Timer count register mn (TCRmn) holds the initial
value until count clock generation.

<2> A start trigger is generated at the first count clock (fuck) after operation is enabled.
<3> When the MDmnO bit is set to 1, INTTMmn is generated by the start trigger.

<4> By the first count clock after the operation enable, the value of timer data register mn (TDRmn) is loaded to the
TCRmn register and counting starts in the interval timer mode.

<5> When the TCRmn register counts down and its count value is 0000H, INTTMmn is generated at the next count
clock (fuck) and the value of timer data register mn (TDRmn) is loaded to the TCRmn register and counting
keeps on.

Figure 6-24. Operation Timing (In Interval Timer Mode)

hees 7 A1 [ J —— [ [ [1

(fTCLK)

TSmn (Write) \

<1>

TEmn

D) <2> | ‘ ‘ ‘ |
Start trigger
detection signal / ‘ T 1 1 1 T
TCRmn Initial valu% X m X m-1 i """" X 0001 X 0000::5 X m
[ f\ | | | | E\
TDRmN <3>\ -fi?/<4> | ! m | | )'/
\ 1 1 % =
INTTMmn ST T M

When MDmnO = 1 setting

Caution In the first cycle operation of count clock after writing the TSmn bit, an error at a maximum of one
clock is generated since count start delays until count clock has been generated. When the
information on count start timing is necessary, an interrupt can be generated at count start by setting
MDmnO = 1.

Remark fumck, the start trigger detection signal, and INTTMmn become active between one clock in synchronization
with fcik.
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(2) Operation of event counter mode

<1> Timer count register mn (TCRmn) holds its initial value while operation is stopped (TEmn = 0).
<2> Operation is enabled (TEmn = 1) by writing 1 to the TSmn bit.

<3> As soon as 1 has been written to the TSmn bit and 1 has been set to the TEmn bit, the value of timer data
register mn (TDRmn) is loaded to the TCRmn register to start counting.

<4> After that, the TCRmn register value is counted down according to the count clock of the valid edge of the TImn
input.

Figure 6-25. Operation Timing (In Event Counter Mode)

fuck | [ ] [ ] [ I [ ] [ 1
TSmn (Write) |_|\

<1>

TEmn
| <2>|

(

! !

| |

. I ) 1

TImn input | ! !
/ Edge detection i Edge detection i

((
)]

Count clock

| <4>

<1> i) <3> |
Initial 3
TCRmn value X\ m X m-1 X m-2

<3> | |

Start trigger
detection signal

TDRmn m

Remark Figure 6-25 shows the timing when the noise filter is not used. By making the noise filter on-state, the edge
detection becomes 2 fuck cycles (it sums up to 3 to 4 cycles) later than the normal cycle of TImn input. The
error per one period occurs be the asynchronous between the period of the TImn input and that of the count
clock (fmck).
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(3) Operation of capture mode (input pulse interval measurement)

<1> Operation is enabled (TEmn = 1) by writing 1 to the TSmn bit.
<2> Timer count register mn (TCRmn) holds the initial value until count clock generation.

<3> A start trigger is generated at the first count clock (fuck) after operation is enabled. And the value of 0000H is
loaded to the TCRmn register and counting starts in the capture mode (When the MDmnO bit is set to 1,
INTTMmn is generated by the start trigger).

<4> On detection of the valid edge of the TImn input, the value of the TCRmn register is captured to timer data
register mn (TDRmn) and an INTTMmn interrupt is generated. However, this capture value is nomeaning. The
TCRmn register keeps on counting from 0000H.

<5> On next detection of the valid edge of the TImn input, the value of the TCRmn register is captured to the TDRmn
register and an INTTMmn interrupt is generated.

Figure 6-26. Operation Timing (In Capture Mode: Input Pulse Interval Measurement)

o | (RN R A ) E
TSmn (Write) |_k

TEmn | ‘
Note 1 |
<3> ‘: i d ()()
Timn input | | | | |—$ |
K i Edge detection 3 Edge detection

Start trigger
detection signal |_L)

TCRmn Initial valu

Rising edge l
: | N | | |
| <4>1 | | <5> | >

0000 X 0001

0000 X

1

TDRmnN 0001t X m

INTTMmn i |_| B

When MDmnO = 1 setting

Note 1. If a clock has been input to TImn (the trigger exists) when capturing starts, counting starts when a trigger is
detected, even if no edge is detected. Therefore, the first captured value (<4>) does not determine a pulse
interval (in the above figure, 0001 just indicates two clock cycles but does not determine the pulse interval)
and so the user can ignore it.

Caution In the first cycle operation of count clock after writing the TSmn bit, an error at a maximum of one
clock is generated since count start delays until count clock has been generated. When the
information on count start timing is necessary, an interrupt can be generated at count start by setting
MDmnO = 1.
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Remark Figure 6-26 shows the timing when the noise filter is not used. By making the noise filter on-state, the edge
detection becomes 2 fuck cycles (it sums up to 3 to 4 cycles) later than the normal cycle of TImn input. The
error per one period occurs be the asynchronous between the period of the TImn input and that of the count
clock (fwck).

(4) One-count mode operation

<1> Operation is enabled (TEmn = 1) by writing 1 to the TSmn bit.
<2> Timer count register mn (TCRmn) holds the initial value until start trigger generation.
<3> Rising edge of the TImn input is detected.

<4> On start trigger detection, the value of timer data register m (TDRmn) is loaded to the TCRmn register and count
starts.

<5> When the TCRmn register counts down and its count value is 0000H, the interrupt request signal (INTTMmn) is
generated and the value of the TCRmn register becomes FFFFH and counting stops.

Figure 6-27. Operation Timing (In One-count Mode)

b L TL L T Tl T T
TSmn (Write) |_L

<1> )
TEmn
: (« : : :
TImn input <3>
3 Edge detection
Rising edge ¥
| )T
<4> >
Start trigger

detection signal

TCRmn

<2> %
Initial value X m X X 0001 X 0000 XFFFF

B

INTTMmn

Start trigger input wait status

Remark Figure 6-27 shows the timing when the noise filter is not used. By making the noise filter on-state, the edge
detection becomes 2 fuck cycles (it sums up to 3 to 4 cycles) later than the normal cycle of TImn input. The
error per one period occurs be the asynchronous between the period of the TImn input and that of the count
clock (fmck).
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(5) Operation of capture & one-count mode (high-level width measurement)
<1> Operation is enabled (TEmn = 1) by writing 1 to the TSmn bit of timer channel start register m (TSm).
<2> Timer count register mn (TCRmn) holds the initial value until start trigger generation.
<3> Rising edge of the TImn input is detected.
<4> On start trigger detection, the value of 0000H is loaded to the TCRmn register and count starts.

<5> On detection of the falling edge of the TImn input, the value of the TCRmn register is captured to timer data
register mn (TDRmn) and an INTTMmn interrupt is generated.
Figure 6-28. Operation Timing (In Capture & One-count Mode: High-level Width Measurement)
fMCK
oy | [ ] [ ] [ ] [ ] [ ] [ ]
TSmn (Write) |\

<> 1) | |
TEmnN | 3
TImn input <3> | |
Edge detection § § EdN
el ! ! ge detection
Rising edge ‘ | [« | : —
<4>! 1 1 |
. ! | | | 5
Falling edge > | " 1 | <5> }
Start trigger m ‘ ‘ ‘ ‘ )
detection signal ; ] 3 3 1
g | ») T | /
TCRmn Initial value X 0000 X X m-1 X m KX m+1
| ] | \\
TDRmn . 0000 X m
INTTMmn | |_|

Remark Figure 6-28 shows the timing when the noise filter is not used. By making the noise filter on-state, the edge
detection becomes 2 fmck cycles (it sums up to 3 to 4 cycles) later than the normal cycle of TImn input. The
error per one period occurs be the asynchronous between the period of the TImn input and that of the count
clock (fmck).
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6.6 Channel Output (TOmn pin) Control

6.6.1 TOmnN pin output circuit configuration

Figure 6-29. Output Circuit Configuration

<5>
TOmn register
Interrupt signal of the master channel
(INTTMmn) =
2 Set
e —
Interrupt signal of the slave channel R é [ TOmn pin
(INTTMmp) D—v Reset/toggle
.|
<1>
<2>
<3>
<4>
TOLmn
TOMmn
Internal bus
TOEmn TOmn write signal

The following describes the TOmn pin output circuit.

<1> When TOMmn = 0 (master channel output mode), the set value of timer output level register m (TOLm) is
ignored and only INTTMmp (slave channel timer interrupt) is transmitted to timer output register m (TOm).

<2> When TOMmn = 1 (slave channel output mode), both INTTMmn (master channel timer interrupt) and INTTMmp
(slave channel timer interrupt) are transmitted to the TOm register.
At this time, the TOLm register becomes valid and the signals are controlled as follows:
When TOLmn = 0: Positive logic output (INTTMmn — set, INTTMmp — reset)
When TOLmn = 1: Negative logic output (INTTMmn — reset, INTTMmp — set)

When INTTMmn and INTTMmp are simultaneously generated, (0% output of PWM), INTTMmp (reset signal)
takes priority, and INTTMmn (set signal) is masked.

<3> While timer output is enabled (TOEmn = 1), INTTMmn (master channel timer interrupt) and INTTMmp (slave
channel timer interrupt) are transmitted to the TOm register. Writing to the TOm register (TOmn write signal)
becomes invalid.
When TOEmn = 1, the TOmn pin output never changes with signals other than interrupt signals.
To initialize the TOmn pin output level, it is necessary to set timer operation is stopped (TOEmn = 0) and to write
a value to the TOm register.

<4> While timer output is disabled (TOEmn = 0), writing to the TOmn bit to the target channel (TOmn write signal)
becomes valid. When timer output is disabled (TOEmn = 0), neither INTTMmn (master channel timer interrupt)
nor INTTMmp (slave channel timer interrupt) is transmitted to the TOm register.

<5> The TOm register can always be read, and the TOmn pin output level can be checked.
(Remark is listed on the next page.)
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Remark  m: Unit number (m = 0)
n: Channel number
n=0to7 (n=0, 2, 4, 6 for master channel)
p: Slave channel number
n<ps7
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6.6.2 TOmn pin output setting

The following figure shows the procedure and status transition of the TOmn output pin from initial setting to timer
operation start.

Figure 6-30. Status Transition from Timer Output Setting to Operation Start

TCRmn '
(Counter) Undefined value (FFFFH afterresety | | =~
i i Hi-Z E—
Timer alternate-functionpin — - — — — — - — — — —"— — — — — — — — — — !

Timer output signal

TOmnN

TOEmMn
<Write operation enabled period to TOmnX Write operation disabled period to TOmn >
A K A A A
<1> <2> <3> <4>, <5> <6>
Set TOMmn Set TOmn Set TOEmn Setthe portto  Timer operation
Set TOLmn output mode start

<1> The operation mode of timer output is set.
e TOMmn bit (0: Master channel output mode, 1: Slave channel output mode)

e TOLmn hit (O: Positive logic output, 1: Negative logic output)
<2> The timer output signal is set to the initial status by setting timer output register m (TOm).
<3> The timer output operation is enabled by writing 1 to the TOEmn bit (writing to the TOm register is disabled).

<4> The port is set to digital I/O by port mode control register (PMCxx) (see 6.3.14 Registers controlling port
functions of pins to be used for timer 1/O).

<5> The port I/O setting is set to output (see 6.3.14 Registers controlling port functions of pins to be used for
timer 1/0O).

<6> The timer operation is enabled (TSmn = 1).

Remark  m: Unit number (m = 0), n: Channel number (n =0 to 7)
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6.6.3 Cautions on channel output operation

(1) Changing values set in the registers TOm, TOEm, and TOLm during timer operation

Since the timer operations (operations of timer count register mn (TCRmn) and timer data register mn (TDRmn)) are
independent of the TOmn output circuit and changing the values set in timer output register m (TOm), timer output
enable register m (TOEm), and timer output level register m (TOLm) does not affect the timer operation, the values can
be changed during timer operation. To output an expected waveform from the TOmn pin by timer operation, however, set
the TOm, TOEm, TOLm, and TOMm registers to the values stated in the register setting example of each operation
shown in 6.7 Timer Input (TImn) Control and 6.8 Independent Channel Operation Function of Timer Array Unit.

When the values set to the TOEm, and TOLm registers (but not the TOm register) are changed close to the occurrence
of the timer interrupt (INTTMmn) of each channel, the waveform output to the TOmn pin might differ depending on
whether the values are changed immediately before or immediately after the timer interrupt (INTTMmn) occurs.

Remark  m: Unit number (m = 0), n: Channel number (n =0 to 7)
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(2) Default level of TOmn pin and output level after timer operation start

The change in the output level of the TOmn pin when timer output register m (TOm) is written while timer output is
disabled (TOEmn = 0), the initial level is changed, and then timer output is enabled (TOEmn = 1) before port output is
enabled, is shown below.

(@) When operation starts with master channel output mode (TOMmn = 0) setting

The setting of timer output level register m (TOLm) is invalid when master channel output mode (TOMmn = 0). When the
timer operation starts after setting the default level, the toggle signal is generated and the output level of the TOmn pin is
reversed.

Figure 6-31. TOmn Pin Output Status at Toggle Output (TOMmn = 0)

TOEmn

Hi-Z | Default [ Tomnbit=0 7
_____ 1& (Default status: Low)
} ; 1 1 i | TOLmn bit=0
i | ! | | | (Active high)
_____ ‘ TOmN bit= 1
| (Default status: High) |
TOmN . | | | |
(Output) i | | | | TOmn bit=0 1
""" ‘ (Default status: Low)
! ! ! ! ! ! TOLmn bit=1
i i ; ; ; ; (Active low)
_____ I TOmn bit=1
| | (Default status: High) |
A
Port
Zg)t;jlte ij. A A A A A Bold: Active level
Toggle Toggle Toggle Toggle Toggle
Remark 1.  Toggle: Reverse TOmn pin output status
Remark 2.  m: Unit number (m = 0), n: Channel number (n =0 to 7)
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(b) When operation starts with slave channel output mode (TOMmp = 1) setting (PWM output))

When slave channel output mode (TOMmp = 1), the active level is determined by timer output level register m (TOLm)
setting.

Figure 6-32. TOmp Pin Output Status at PWM Output (TOMmp = 1)

TOEmp

Active Active Active
Hi-Z | Default ‘ ‘ ‘ TOmp bit=0 1
- —| status | ‘ | (Default status: Low)
1 ! i ; i i TOLmp bit=0
3 ; ! 1 1 1 (Active high)
— i TOmp bit=1
i | | ‘ (Default status: High)
TOmp b, i ‘
(Output TOmp bit =0 1
- (Default status: Low)
i TOLmp bit=1
| | | | | | (Active low)
_ ‘ I ‘ TOmp bit = 1
| ‘ ‘ ‘ (Default status: High)_J
A | | | | |
Pot | | | | |
tput i A A \ \ \
enabied A A A A
Set Reset Set Reset Set
Remark 1.  Set: The output signal of the TOmp pin changes from inactive level to active level.
Reset: The output signal of the TOmp pin changes from active level to inactive level.
Remark 2. m: Unit number (m = 0), p: Channel number (p =1 to 7)
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(3) Operation of TOmn pin in slave channel output mode (TOMmn = 1)

(@ When timer output level register m (TOLm) setting has been changed during timer operation

When the TOLm register setting has been changed during timer operation, the setting becomes valid at the generation
timing of the TOmn pin change condition. Rewriting the TOLm register does not change the output level of the TOmn pin.

The operation when TOMmn is set to 1 and the value of the TOLm register is changed while the timer is operating
(TEmn = 1) is shown below.

Figure 6-33. Operation when TOLm Register Has Been Changed Contents during Timer Operation

TOLm

i Active i i Active i Active i i Active i

TOON (Output)

Set Reset Set Reset Set Reset Set Reset

Remark 1.  Set: The output signal of the TOmn pin changes from inactive level to active level.
Reset: The output signal of the TOmn pin changes from active level to inactive level.

Remark 2. m: Unit number (m = 0), n: Channel number (n =0 to 7)

(b) Set/reset timing

To realize 0%/100% output at PWM output, the TOmn pin/TOmMnN bit set timing at master channel timer interrupt
(INTTMmn) generation is delayed by 1 count clock by the slave channel.

If the set condition and reset condition are generated at the same time, a higher priority is given to the latter.
Figure 6-34 shows the set/reset operating status where the master/slave channels are set as follows.

Master channel: TOEmn =1, TOMmn =0, TOLmn =0
Slave channel: TOEmp =1, TOMmp =1, TOLmp =0
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Figure 6-34. Set/Reset Timing Operating Status

(1) Basic operation timing
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(Remarks are listed on the next page.)
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Remark 1.  Internal reset signal: TOmn pin reset/toggle signal
Internal set signal: TOmn pin set signal

Remark 2. m: Unit number (m = 0)
n: Channel number
n=0to7 (n=0, 2, 4, 6 for master channel)
p: Slave channel number
n<ps7
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6.6.4 Collective manipulation of TOmn bit

In timer output register m (TOm), the setting bits (TOmn) for all the channels are located in one register in the same way
as timer channel start register m (TSm). Therefore, the TOmn bit of all the channels can be manipulated collectively.
Only the desired bits can also be manipulated by enabling writing only to the TOmn bits (TOEmn = 0) that correspond to
the relevant bits of the channel used to perform output (TOmn).

Figure 6-35. Example of TOOn Bit Collective Manipulation

Before writing

TOO 0 0 0 0 0 0 0 0 |TOO07 | TOO6 | TOOS | TOO4 | TOO3 | TOO2 | TOO1 | TOOO
0 0 1 0 0 0 1 0

TOEO 0 0 0 0 0 0 0 0 |TOEO07|TOE06|TOEO5|TOE04|TOE03|TOEO2|TOEOL|TOEOD
0 0 1 0 1 1 1 1

Data to be written

lololofofolofo]o

S N N I S
erTeEYTYTTLTTY

TOO 0 0 0 0 0 0 0 0 TOO07 | TOO6 | TOO5 | TO04 | TOO3 | TOO2 | TOO1 | TOOO
1 1 1 0 0 0 1 0

Writing is done only to the TOmn bit with TOEmn = 0, and writing to the TOmn bit with TOEmn = 1 is ignored.

TOmn (channel output) to which TOEmn = 1 is set is not affected by the write operation. Even if the write operation is
done to the TOmn bit, it is ignored and the output change by timer operation is normally done.
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Figure 6-36. TOON Pin Status by Collective Manipulation of TOOn Bit

Two or more TOON output can be
changed simultaneously

TOO7

Output does not change
when the value does not
change

TOO06

TOO05 e
TO04
—

L
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TOO02

1003 | |

TO01 |
TOO00
A A
Before writing Writing to
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Remark  m: Unit number (m = 0), n: Channel number (n =0to 7)
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6.6.5 Timer interrupt and TOmn pin output at count operation start

In the interval timer mode or capture mode, the MDmnO bit in timer mode register mn (TMRmn) sets whether or not to
generate a timer interrupt at count start.

When MDmnO is set to 1, the count operation start timing can be known by the timer interrupt (INTTMmn) generation.
In the other operation modes, neither timer interrupt at count operation start nor TOmn output is controlled.

Figure 6-37 shows operation examples when the interval timer mode (TOEmn =1, TOMmn = 0) is set.

Figure 6-37. Operation examples of timer interrupt at count operation start and TOmn output

(&) When MDmnO is setto 1

TCRmMn \l\l\

TEmn

INTTMmn ﬂ M M

TOmn 1‘ ; |

A
Count operation start

(b) When MDmnO is setto 0

TCRmMn \l\l\

TEmn
INTTMmn [ [
TOmn i |

A

Count operation start

When MDmnO is set to 1, a timer interrupt (INTTMmn) is output at count operation start, and TOmn performs a toggle
operation.

When MDmnO is set to 0, a timer interrupt (INTTMmn) is not output at count operation start, and TOmn does not change
either. After counting one cycle, INTTMmn is output and TOmn performs a toggle operation.

Remark  m: Unit number (m = 0), n: Channel number (n=01to 7)
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6.7  Timer Input (TImn) Control

6.7.1 TImn input circuit configuration

A signal is input from a timer input pin, goes through a noise filter and an edge detector, and is sent to a timer controller.
Enable the noise filter for the pin in need of noise removal. The following shows the configuration of the input circuit.

Figure 6-38. Input Circuit Configuration

CCSmn

Interrupt signal from master channel —

A 4

fMCK

fTCLK

Count clock
selection

Timer controller

Edge
detection

TImn pin — Noise filter [—

Trigger
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4

}

TNFENmMn CISmn1, STSmn2 to
CISmn0O STSmnO

6.7.2 Noise filter

When the noise filter is disabled, the input signal is only synchronized with the operation clock (fuck) for channel n. When
the noise filter is enabled, after synchronization with the operation clock (fuck) for channel n, whether the signal keeps
the same value for two clock cycles is detected. The following shows differences in waveforms output from the noise filter
between when the noise filter is enabled and disabled.

Figure 6-39. Sampling Waveforms through TImn Input Pin with Noise Filter Enabled and Disabled

Timn pin |

Noise filter disabled |

Noise filter enabled §

********* Operation clock (fvck)
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6.7.3 Cautions on channel input operation

When a timer input pin is set as unused, the operation clock is not supplied to the noise filter. Therefore, after settings
are made to use the timer input pin, the following wait time is necessary before a trigger is specified to enable operation
of the channel corresponding to the timer input pin.

1) Noise filter is disabled

When bits 12 (CCSmn), 9 (STSmn1), and 8 (STSmnO) in the timer mode register mn (TMRmn) are 0 and then one of
them is set to 1, wait for at least two cycles of the operation clock (fuck), and then set the operation enable trigger bit in
the timer channel start register (TSm).

2) Noise filter is enabled

When bits 12 (CCSmn), 9 (STSmn1), and 8 (STSmnO) in the timer mode register mn (TMRmn) are all 0 and then one of
them is set to 1, wait for at least four cycles of the operation clock (fuck), and then set the operation enable trigger bit in
the timer channel start register (TSm).
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6.8 Independent Channel Operation Function of Timer Array Unit
6.8.1 Operation as interval timer/square wave output

(1) Interval timer

The timer array unit can be used as a reference timer that generates INTTMmn (timer interrupt) at fixed intervals.

The interrupt generation period can be calculated by the following expression.

Generation period of INTTMmn (timer interrupt) = Period of count clock X (Set value of TDRmn + 1)

(2) Operation as square wave output

TOmn performs a toggle operation as soon as INTTMmn has been generated, and outputs a square wave with a duty
factor of 50%.

The period and frequency for outputting a square wave from TOmn can be calculated by the following expressions.

Period of square wave output from TOmn = Period of count clock x (Set value of TDRmn + 1) X 2

Frequency of square wave output from TOmn = Frequency of count clock/{(Set value of TDRmn + 1) X 2}

Timer count register mn (TCRmn) operates as a down counter in the interval timer mode.

The TCRmn register loads the value of timer data register mn (TDRmn) at the first count clock after the channel start
trigger bit (TSmn, TSHmM1, TSHmM3) of timer channel start register m (TSm) is set to 1. If the MDmnO bit of timer mode
register mn (TMRmn) is 0 at this time, INTTMmn is not output and TOmn is not toggled. If the MDmnO bit of the TMRmn
register is 1, INTTMmn is output and TOmn is toggled.

After that, the TCRmn register count down in synchronization with the count clock.

When TCRmn = 0000H, INTTMmn is output and TOmn is toggled at the next count clock. At the same time, the TCRmn
register loads the value of the TDRmn register again. After that, the same operation is repeated.

The TDRmn register can be rewritten at any time. The new value of the TDRmn register becomes valid from the next
period.

Remark  m: Unit number (m = 0), n: Channel number (n = 0to 7)
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Figure 6-40. Block Diagram of Operation as Interval Timer/Square Wave Output

c
i)
. — 9
Operation clock CKml 2
Note 1 0 > Timer counter register mn | Output .
CKmO ———— é _ (TCRmnN) | controller © TOmn pin
6 A
A 4
56
L= Timer data register mn Interrupt Interrupt signal
» B »> —>
TSmn -g’% (TDRmn) controller (INTTMmn)
12}

Note 1. When channels 1 and 3, the clock can be selected from CKm0, CKm1, CKm2 and CKm3.

Figure 6-41. Example of Basic Timing of Operation as Interval Timer/Square Wave Output (MDmMnO = 1)

TSmn

TEmn

TCRmMn

TDRmMn b
TOmn
INTTMmn
Tar1 0 ar1 0 ar1 bl b1l be1l
Remark 1.  m: Unit number (m = 0), n: Channel number (n =0to 7)
Remark 2.  TSmn: Bit n of timer channel start register m (TSm)
TEmn: Bit n of timer channel enable status register m (TEm)
TCRmn: Timer count register mn (TCRmn)
TDRmn: Timer data register mn (TDRmn)
TOmn: TOmn pin output signal
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Figure 6-42. Example of Set Contents of Registers During Operation as Interval Timer/Square Wave Output (1/2)

(@) Timer mode register mn (TMRmn)

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
TMRmn |CKSm|CKSm CCSm| M/S |STSmn|STSMn|STSMn|CISmn|CISmn MDmn |MDmn |MDmn [MDmn

nl n0 n Note 1 2 1 0 1 0 3 2 1 0

1/0 1/0 0 0 0/1 0 0 0 0 0 0 0 0 0 0 1/0

L] L L

Operation mode of channel n

000B: Interval timer

Setting of operation when
counting is started

0: Neither generates INTTMmn
nor inverts timer output when
counting is started.

1: Generates INTTMmn and
inverts timer output when
counting is started.

Selection of TImn pin input edge
00B: Sets 00 because these are not used.

Start trigger selection

000B: Selects only software start.

Setting of MASTERmMN bit (channels 2, 4, 6)
0: Independent channel operation

Setting of SPLITmn bit (channels 1, 3)

0: 16-bit timer mode

1: 8-bit timer mode

Count clock selection
0: Selects operation clock (fuck)-

Operation clock (fuck) selection

00B: Selects CKmO as operation clock of channel n.

10B: Selects CKm1 as operation clock of channel n.

01B: Selects CKm2 as operation clock of channels 1, 3 (This can only be selected channels 1 and 3).

11B: Selects CKm3 as operation clock of channels 1, 3 (This can only be selected channels 1 and 3).

Note 1. TMRmM2, TMRm4, TMRm6: MASTERmMN bit
TMRm1, TMRm3: SPLITmn bit
TMRmMO, TMRmM5, TMRm7: Fixed to O

Remark  m: Unit number (m = 0), n: Channel number (n = 0to 7)

RO1UHO0959EJ0120 Rev.1.20 RENESAS Page 229 of 765
Jan 31, 2024



RL78/G15

CHAPTER 6 TIMER ARRAY UNIT

Figure 6-42. Example of Set Contents of Registers During Operation as Interval Timer/Square Wave Output (2/2)

(b) Timer output register m (TOm)

TOm

Bit n

TOmnN

1/0

0: Outputs 0 from TOmn.
1: Outputs 1 from TOmn.

(c) Timer output enable register m (TOEm)

TOEm

Bitn

TOEm
n

1/0

0: Stops the TOmn output operation by counting operation.

1: Enables the TOmn output operation by counting operation.

(d) Timer output level register m (TOLm)

TOLm

Bit n

TOLmMnN,

0

0: Cleared to 0 when TOMmn = 0 (master channel output mode).

(e) Timer output mode register m (TOMm)

Bitn
TOMm |TOMm 0: Sets master channel output mode.
n
0
Remark  m: Unit number (m = 0), n: Channel number (n =0to 7)
RO1UHO0959EJ0120 Rev.1.20 RENESAS Page 230 of 765

Jan 31, 2024



RL78/G15

CHAPTER 6 TIMER ARRAY UNIT

Figure 6-43. Operation Procedure of Interval Timer/Square Wave Output Function (1/2)

Software Operation

Hardware Status

The TOEmn bit is cleared to 0 and value is setto —p
the TOmn bit.

TAU Power-off status
default (Clock supply is stopped and writing to each register
setting is disabled.)
Sets the TAUmMEN bit of peripheral enable register 0
(PERO) to 1. P Power-on status. Each channel stops operating.
(Clock supply is started and writing to each register is
enabled.)
Sets timer clock select register m (TPSm).
Determines clock frequencies of CKmO0 to CKm3.
Channel | Sets timer mode register mn (TMRmn) (determines Channel stops operating.
default operation mode of channel). (Clock is supplied and some power is consumed.)
setting Sets interval (period) value to timer data register mn
(TDRmn).
To use the TOmn output The TOmn pin goes into Hi-Z output state.
Clears the TOMmn bit of timer output mode
register m (TOMm) to O (master channel output
mode).
Clears the TOLmn bit to 0.
Sets the TOmn bit and determines default level of | The TOmn default setting level is output when the port
the TOmn output. mode register is in the output mode and the port
register is 0.
Sets the TOEmn bit to 1 and enables operation of —® TOmn does not change because channel stops
TOmnN. operating.
Clears the port register and port mode register to
0. The TOmn pin outputs the TOmn set level.
—| Operation | (Sets the TOEmn bit to 1 only if using TOmn output
start and resuming operation.)
Sets the TSmn (TSHmM1, TSHmM3) bitto 1. ———p TEmn (TEHM1, TEHmM3) = 1, and count operation
The TSmn (TSHmM1, TSHmM3) bit automatically starts.
returns to O because it is a trigger bit. Value of the TDRmn register is loaded to timer
count register mn (TCRmn). INTTMmn is
generated and TOmn performs toggle operation if
the MDmnO bit of the TMRmn register is 1.
?é During Set values of the TMRmn register, TOMmn, and Counter (TCRmn) counts down. When count value
§ operation | TOLmn bits cannot be changed. reaches 0000H, the value of the TDRmn register is
@ Set value of the TDRmn register can be changed. loaded to the TCRmn register again and the count
.5 The TCRmn register can always be read. operation is continued. By detecting TCRmn = 0000H,
© . ) INTTMmn is generated and TOmn performs toggle
3 The TSRmn register is not used. operation.
© Set values of the TOm and TOEm registers can be .
After that, the above operation is repeated.
changed.
Operation | The TTmn (TTHm1, TTHm3) bit is set to 1. ———» TEmn (TEHmM1, TEHmM3), and count operation stops.
stop The TTmn (TTHm1, TTHM3) bit automatically The TCRmn register holds count value and stops.
returns to O because it is a trigger bit. The TOmn output is not initialized but holds
current status.

t The TOmn pin outputs the TOmn bit set level.

(Remark is listed on the next page.)
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Figure 6-43. Operation Procedure of Interval Timer/Square Wave Output Function (2/2)

Software Operation Hardware Status

TAU stop | To hold the TOmn pin output level
Clears the TOmn bit to 0 after the value to be held
is set to the port register. P+ The TOmn pin output level is held by port function.

When holding the TOmn pin output level is not
necessary

Setting not required.

The TAUMEN bit of the PERO register is cleared —» Power-off status

to 0. All circuits are initialized and SFR of each channel

is also initialized.

(The TOmn bit is cleared to 0 and the TOmn pin is
set to port mode.)

Remark  m: Unit number (m = 0), n: Channel number (n = 0to 7)
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6.8.2 Operation as external event counter

The timer array unit can be used as an external event counter that counts the number of times the valid input edge
(external event) is detected in the TImn pin. When a specified count value is reached, the event counter generates an
interrupt. The specified number of counts can be calculated by the following expression.

Specified number of counts = Set value of TDRmn + 1

Timer count register mn (TCRmn) operates as a down counter in the event counter mode.

The TCRmn register loads the value of timer data register mn (TDRmn) by setting any channel start trigger bit (TSmn) of
timer channel start register m (TSm) to 1.

The TCRmn register counts down each time the valid input edge of the TImn pin has been detected. When TCRmn =
0000H, the TCRmn register loads the value of the TDRmn register again, and outputs INTTMmn.

After that, the above operation is repeated.

An irregular waveform that depends on external events is output from the TOmn pin. Stop the output by setting the
TOEmMmnN bit of timer output enable register m (TOEm) to O.

The TDRmn register can be rewritten at any time. The new value of the TDRmn register becomes valid during the next
count period.

Figure 6-44. Block Diagram of Operation as External Event Counter

TNFENmn
l c
=l
©
. s Edge %
Timn pin @] Noise filter —»f detection > ° » Timer counter register mn
g —» (TCRmn)

(S}

56

o= Timer data register mn Interrupt Interrupt signal
J o >
TSmn E’% (TDRmnN) controller (INTTMmn)
2]

Remark  m: Unit number (m = 0), n: Channel number (n=0to 7)
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Figure 6-45. Example of Basic Timing of Operation as External Event Counter

TSmn H ! ! !

TEmn

LA S ¥ I

|3 3
2 2 2 2
TCRmMn 1 1 1 1
000OH | | ] o\ ] 0 ____ o Y
TDRmn 0003H X 0002H
INTTMmn
4 events i 4 events o 3 events

Remark 1.  m: Unit number (m = 0), n: Channel number (n =0 to 7)

Remark 2.  TSmn: Bit n of timer channel start register m (TSm)
TEmn: Bit n of timer channel enable status register m (TEm)
TImn: TImn pin input signal
TCRmn: Timer count register mn (TCRmn)
TDRmn: Timer data register mn (TDRmn)
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Figure 6-46. Example of Set Contents of Registers in External Event Counter Mode (1/2)

(a) Timer mode register mn (TMRmn)

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
TMRmn |CKSm|CKSm CCSm| M/S [STSmn|STSMn[STSmn|CISmn|CISmn MDmn [MDmn |[MDmn|MDmn

nl n0 n Note 1 2 1 0 1 0 3 2 1 0

1/0 1/0 0 1 0/1 0 0 0 1/0 1/0 0 0 0 1 1 0

L | L L

Operation mode of channel n

011B: Event count mode

Setting of operation when
counting is started
0: Neither generates
INTTMmn nor inverts
timer output when
counting is started.

Selection of TImn pin input edge
00B: Detects falling edge.

01B: Detects rising edge.

10B: Detects both edges.

11B: Setting prohibited

Start trigger selection

000B: Selects only software start.

Setting of MASTERmMN bit (channels 2, 4, 6)
0: Independent channel operation

Setting of SPLITmn bit (channels 1, 3)

0: 16-bit timer mode

1: 8-bit timer mode

Count clock selection

1: Selects the TImn pin input valid edge.

Operation clock (fuck) selection

00B: Selects CKmO as operation clock of channel n.

10B: Selects CKm1 as operation clock of channel n.

01B: Selects CKm2 as operation clock of channels 1, 3 (This can only be selected channels 1 and 3).

11B: Selects CKm3 as operation clock of channels 1, 3 (This can only be selected channels 1 and 3).

Note 1. TMRmM2, TMRmM4, TMRmM6: MASTERmMN bit
TMRm1, TMRmM3: SPLITmn bit
TMRmMO, TMRm5, TMRm7: Fixed to O

Remark  m: Unit number (m = 0), n: Channel number (n = 0to 7)
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Figure 6-46. Example of Set Contents of Registers in External Event Counter Mode (2/2)

(b) Timer output register m (TOm)

Bit n

TOm TOmn 0: Outputs 0 from TOmn.
0

(c) Timer output enable register m (TOEm)

Bitn

TOEm |TOEm 0: Stops the TOmn output operation by counting operation.
n

0

(d) Timer output level register m (TOLm)

Bit n

TOLm |[TOLmn 0: Cleared to 0 when TOMmn = 0 (master channel output mode).
0

(e) Timer output mode register m (TOMm)

Bit n

TOMm |TOMm 0: Sets master channel output mode.
n

0

Remark  m: Unit number (m = 0), n: Channel number (n =0to 7)
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Figure 6-47. Operation Procedure When External Event Counter Function Is Used

Software Operation

Hardware Status

TAU
default
setting

Power-off status

(Clock supply is stopped and writing to each register
is disabled.)

Sets the TAUMEN bit of peripheral enable register 0
(PERO) to 1

Power-on status. Each channel stops operating.

(Clock supply is started and writing to each register is
enabled.)

Sets timer clock select register m (TPSm).

Determines clock frequencies of CKm0 to CKm3.

Channel
default
setting

Sets the corresponding bit of the noise filter enable
register 1 (NFEN1) to 0 (off) or 1 (on).

Sets timer mode register mn (TMRmn) (determines
operation mode of channel).

Sets number of counts to timer data register mn
(TDRmn).

Clears the TOEmn bit of timer output enable register
m (TOEm) to 0.

Channel stops operating.

(Clock is supplied and some power is consumed.)

—p Operation

start

Sets the TSmn bit to 1.

The TSmn bit automatically returns to O because it
is a trigger bit.

TEmn = 1, and count operation starts.
Value of the TDRmn register is loaded to timer
count register mn (TCRmn) and detection of the
TImn pin input edge is awaited.

During
operation

Operation is resumed.

Set value of the TDRmn register can be changed.
The TCRmn register can always be read.
The TSRmn register is not used.

Set values of the TMRmn register, TOMmn, TOLmn,
TOmn, and TOEmn bits cannot be changed.

Counter (TCRmn) counts down each time input edge
of the TImn pin has been detected. When count value
reaches 0000H, the value of the TDRmn register is
loaded to the TCRmn register again, and the count
operation is continued. By detecting TCRmn = 0000H,
the INTTMmn output is generated.

After that, the above operation is repeated.

Operation
stop

The TTmn bit is set to 1.

The TTmn bit automatically returns to 0 because it
is a trigger bit.

TEmn = 0, and count operation stops.

The TCRmn register holds count value and stops.

TAU stop

The TAUMEN bit of the PERQO register is cleared —»
to 0.

Power-off status

All circuits are initialized and SFR of each channel
is also initialized.

Remark

m: Unit number (m = 0), n: Channel number (n = 0 to 7)
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6.8.3 Operation as frequency divider (channels 0 and 3 only)

The timer array unit can be used as a frequency divider that divides a clock input to the TIOn pin and outputs the result
from the TOON pin.

The divided clock frequency output from TOON can be calculated by the following expression.

e When rising edge/falling edge is selected:

Divided clock frequency = Input clock frequency/{(Set value of TDROn + 1) x 2}

® When both edges are selected:

Divided clock frequency =~ Input clock frequency/(Set value of TDROn + 1)

Timer count register On (TCRON) operates as a down counter in the interval timer mode.

After the channel start trigger bit (TSOn) of timer channel start register 0 (TSO0) is set to 1, the TCROn register loads the
value of timer data register On (TDROn) when the TIOn valid edge is detected. If the MDONO bit of timer mode register On
(TMRON) is 0 at this time, INTTMOn is not output and TOOn is not toggled. If the MDONO bit of timer mode register On
(TMRON) is 1, INTTMOn is output and TOOn is toggled.

After that, the TCROnN register counts down at the valid edge of the TIOn pin. When TCROn = 0000H, it toggles TOOn. At
the same time, the TCRON register loads the value of the TDROnN register again, and continues counting.

If detection of both the edges of the TIOn pin is selected, the duty factor error of the input clock affects the divided clock
period of the TOON output.

The period of the TOON output clock includes a sampling error of one period of the operation clock.

Clock period of TOOn output = Ideal TOOn output clock period + Operation clock period (error)

The TDROnN register can be rewritten at any time. The new value of the TDROn register becomes valid during the next
count period.

Remark n: Channel number (n =0, 3)
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Figure 6-48. Block Diagram of Operation as Frequency Divider

TNFENON
|
. L Edge % . .
TIon pin (©—>| Noise filter [—»| ; ) > Timer counter register On Output .
detection é . (TCRON) controller _’© TOON pin
O /T
3 é Timer data register On
TSOn =¥ (TDRON)
-8
Remark n: Channel number (n =0, 3)
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Figure 6-49. Example of Basic Timing of Operation as Frequency Divider (MDONO = 1)

Tson ]

TEON

oo ([T U T U U UL L

2 2 2
TCRON 1 1 1 1 1 1 1
TDRON P 0002H ; X | 0001H w
TOON
INTTMON
‘«—Divided by 6——» ‘«—Divided by 4—

Remark 1.  n: Channel number (n =0, 3)

Remark 2. TSOn: Bit n of timer channel start register 0 (TSO0)
TEON: Bit n of timer channel enable status register 0 (TEO)
TIOn: TION pin input signal
TCRON: Timer count register On (TCRON)
TDRON: Timer data register On (TDRON)
TOON: TOON pin output signal
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Figure 6-50. Example of Set Contents of Registers During Operation as Frequency Divider (1/2)

(a) Timer mode register On (TMRON)

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
TMROn |CKSOn|CKSOn CCSOn| SNete? |STSON|STSON|{STSON|CISON1{CISONO MDON3|MDON2(MDON1(MDONO
1 0 2 1 0
1/0 0 0 1 0 0 0 0 1/0 1/0 0 0 0 0 0 1/0

L L] L]

Operation mode of channel n

000B: Interval timer

Setting of operation when
counting is started

0: Neither generates INTTMON
nor inverts timer output when
counting is started.

1: Generates INTTMOn and
inverts timer output when
counting is started.

Selection of TIOn pin input edge
00B: Detects falling edge.

01B: Detects rising edge.

10B: Detects both edges.

11B: Setting prohibited

Start trigger selection

000B: Selects only software start.

Setting of SPLITOnN bit (channel 3)
0: 16-bit timer mode

Count clock selection

1: Selects the TIOn pin input valid edge.

Operation clock (fuck) selection
00B: Selects CKO0O as operation clock of channel n.

10B: Selects CKO1 as operation clock of channel n.

Note 1. Channel 3 only

Remark n: Channel number (n =0, 3)
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Figure 6-50. Example of Set Contents of Registers During Operation as Frequency Divider (2/2)

(b) Timer output register 0 (TOO)

TOO

Bit n

TOON

1/0

0: Outputs 0 from TOON.
1: Outputs 1 from TOON.

(c) Timer output enable register 0 (TOEO)

TOEO

Bitn

TOEON

1/0

0: Stops the TOON output operation by counting operation.

1: Enables the TOON output operation by counting operation.

(d) Timer output level register 0 (TOLO)

TOLO

Bit n

TOLONn
0

0: Cleared to 0 when master channel output mode (TOMOn = 0)

(e) Timer output mode register 0 (TOMO)

Bitn
TOMO [TOMON 0: Sets master channel output mode.
0
Remark n: Channel number (n =0, 3)
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Figure 6-51. Operation Procedure When Frequency Divider Function Is Used (1/2)

Software Operation Hardware Status
TAU Power-off status
default (Clock supply is stopped and writing to each register
setting is disabled.)

Sets the TAUOEN bit of peripheral enable register 0
(PERO) to 1. B Power-on status. Each channel stops operating.

(Clock supply is started and writing to each register is
enabled.)

Sets timer clock select register 0 (TPSO0).

Determines clock frequencies of CK0O to CKO03.

Channel | Sets the corresponding bit of the noise filter enable Channel stops operating.

default register 1 (NFEN1) to O (off) or 1 (on). (Clock is supplied and some power is consumed.)
setting Sets timer mode register On (TMRON) (determines
operation mode of channel and selects the detection
edge).

Sets interval (period) value to timer data register On
(TDRON).

Clears the TOMOn bit of timer output mode register 0 | The TOOnN pin goes into Hi-Z output state.
(TOMO) to O (master channel output mode).

Clears the TOLOnN bit to 0.

Sets the TOON bit and determines default level of the
TOON output. »The TOON default setting level is output when the port
mode register is in output mode and the port register
is 0.

Sets the TOEON bit to 1 and enables operation of — TOON does not change because channel stops
TOON. operating.

Clears the port register and port mode register to 0. —irThe TOON pin outputs the TOON set level.

Remark n: Channel number (n =0, 3)
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Figure 6-51. Operation Procedure When Frequency Divider Function Is Used (2/2)

Software Operation Hardware Status

—»| Operation | Sets the TOEOn bit to 1 (only when operation is

start resumed).
Sets the TSOn bit to 1. » TEONn = 1, and count operation starts.
The TSOn bit automatically returns to 0 because it Value of the TDRON register is loaded to timer
is a trigger bit. count register On (TCRON). INTTMOn is generated
and TOOnN performs toggle operation if the MDOnO
bit of the TMRON register is 1.
During Set value of the TDRON register can be changed. Counter (TCROnN) counts down. When count value
operation | The TCRON register can always be read. reaches 0000H, the value of the TDROnN register is

loaded to the TCRON register again, and the count
operation is continued. By detecting TCROn = 0000H,

The TSROn register is not used.

g Set values of the TOO and TOEO registers can be .

g INTTMOn is generated and TOOn performs toggle

5 changed. .

) operation.

o Set values of the TMROn register, TOMOn, and .

k%) . After that, the above operation is repeated.

c TOLON bits cannot be changed.

9

© Operation | The TTOn bit is set to 1. P TEON = 0, and count operation stops.

[

8 stop The TTOn bit automatically returns to 0 because it The TCROnN register holds count value and stops.

is a trigger bit. The TOON output is not initialized but holds current

status.

The TOEON bit is cleared to 0 and value is set to the
TOON bit. » The TOON pin outputs the TOON set level.

TAU stop | To hold the TOOnN pin output level

Clears the TOON bit to 0 after the value to be held
— is set to the port register. p The TOON pin output level is held by port function.

When holding the TOOnN pin output level is not
necessary

Setting not required.

The TAUOEN bit of the PERO register is cleared to 0. | Power-off status
All circuits are initialized and SFR of each channel
is also initialized.

(The TOON bit is cleared to 0 and the TOON pin is
set to port mode)

Remark n: Channel number (n =0, 3)
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6.8.4 Operation as input pulse interval measurement

The count value can be captured on detection of a valid edge of TImn pin input and the interval of the pulse input to TImn
pin can be measured. In addition, the count value can be captured by setting TSmn to 1 by software during the period of
TEmn = 1.

For the UARTO baud rate correction, set bit 1 (ISC1) of the input switch control register (ISC) to 1.

In the following descriptions, read TIOn as RXDO0. When the ISC1 bit is set to 1, the input signal of the serial data input
(RXDO) pin is selected as a timer input (TI01). The width at the baud rate (transfer rate) of the other party in
communications can be measured by using the input pulse interval measurement mode with the input edge signal of the
start bit as a trigger.

The input pulse interval can be calculated by the following expression.

TImn input pulse interval = Period of count clock X ((10000H X TSRmn: OVF) + (Capture value of TDRmn + 1))

Caution The TImn pin input is sampled using the operation clock selected with the CKSmn bit of timer mode
register mn (TMRmn), so an error of one cycle of the operation clock occurs.

Timer count register mn (TCRmn) operates as an up counter in the capture mode.

When the channel start trigger bit (TSmn) of timer channel start register m (TSm) is set to 1, the TCRmn register counts
up from 0000H in synchronization with the count clock.

When the TImn pin input valid edge is detected, the count value of the TCRmn register is transferred (captured) to timer
data register mn (TDRmn) and, at the same time, the TCRmn register is cleared to 0000H, and the INTTMmn is output. If
the counter overflows at this time, the OVF bit of timer status register mn (TSRmn) is set to 1. If the counter does not
overflow, the OVF bit is cleared. After that, the above operation is repeated.

As soon as the count value has been captured to the TDRmn register, the OVF bit of the TSRmn register is updated
depending on whether the counter overflows during the measurement period. Therefore, the overflow status of the
captured value can be checked.

If the counter reaches a full count for two or more periods, it is judged to be an overflow occurrence, and the OVF bit of
the TSRmn register is set to 1. However, a normal interval value cannot be measured for the OVF bit, if two or more
overflows occur.

Set the STSmn2 to STSMNO bits of the TMRmn register to 001B to use the valid edges of TImn as a start trigger and a
capture trigger.
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Figure 6-52. Block Diagram of Operation as Input Pulse Interval Measurement

c
2
. '3
Operation clock | CKM1 ks
Note 1 n » Timer counter register mn
CKmO ———» % —» (TCRmn)
o
TNFENmMn
Timn pin ©—>| Noise filter —» Edge » . S . ' _
detection o Timer data register mn Interrupt Interrupt signal
=% —>
=k (TDRmn) controller (INTTMmn)
12

TSmn ——

Note 1. When channels 1 and 3, the clock can be selected from CKmO0, CKm1, CKm2 and CKm3.

Remark  m: Unit number (m = 0), n: Channel number (n=0to 7)

Figure 6-53. Example of Basic Timing of Operation as Input Pulse Interval Measurement (MDmnO = 0)

TSmn

TEmn

Timn

TCRmn 0000H

TDRmn 0000H a b c d

INTTMmn

OVF

Remark 1.  m: Unit number (m = 0), n: Channel number (n =0 to 7)

Remark 2.  TSmn: Bit n of timer channel start register m (TSm)
TEmn: Bit n of timer channel enable status register m (TEm)
TImn: TImn pin input signal
TCRmn: Timer count register mn (TCRmn)
TDRmn: Timer data register mn (TDRmn)
OVF: Bit O of timer status register mn (TSRmn)

RO1UHO0959EJ0120 Rev.1.20 RENESAS Page 246 of 765
Jan 31, 2024



RL78/G15 CHAPTER 6 TIMER ARRAY UNIT

Figure 6-54. Example of Set Contents of Registers to Measure Input Pulse Interval (1/2)

(@) Timer mode register mn (TMRmn)

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
TMRmn |CKSm|CKSm CCSm| M/S [STSmn|STSMn[STSmn|CISmn|CISmn MDmn [MDmn |[MDmn|MDmn

nl n0 n Note 1 2 1 0 1 0 3 2 1 0

1/0 0 0 0 0 0 0 1 1/0 1/0 0 0 0 1 0 1/0

L | L L

Operation mode of channel n
010B: Capture mode

Setting of operation when
counting is started

0: Does not generate
INTTMmn when counting is
started.

1: Generates INTTMmn
when counting is started.

Selection of TImn pin input edge
00B: Detects falling edge.

01B: Detects rising edge.

10B: Detects both edges.

11B: Setting prohibited

Capture trigger selection

001B: Selects the TImn pin input valid edge.

Setting of MASTERmMN bit (channels 2, 4, 6)
0: Independent channel operation

Setting of SPLITmn bit (channels 1, 3)

0: 16-bit timer mode

Count clock selection

0: Selects operation clock (fuck)-

Operation clock (fuck) selection

00B: Selects CKmO as operation clock of channel n.

10B: Selects CKm1 as operation clock of channel n.

01B: Selects CKm2 as operation clock of channels 1, 3 (This can only be selected channels 1 and 3).

11B: Selects CKm3 as operation clock of channels 1, 3 (This can only be selected channels 1 and 3).

Note 1. TMRmM2, TMRmM4, TMRmM6: MASTERmMN bit
TMRm1, TMRmM3: SPLITmn bit
TMRmMO, TMRm5, TMRm7: Fixed to O

Remark  m: Unit number (m = 0), n: Channel number (n = 0to 7)
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Figure 6-54. Example of Set Contents of Registers to Measure Input Pulse Interval (2/2)

(b) Timer output register m (TOm)

Bit n

TOm TOmn 0: Outputs 0 from TOmn.
0

(c) Timer output enable register m (TOEm)

Bitn

TOEm |TOEm 0: Stops TOmn output operation by counting operation.
n

0

(d) Timer output level register m (TOLm)

Bit n

TOLm |[TOLmn 0: Cleared to 0 when TOMmn = 0 (master channel output mode).
0

(e) Timer output mode register m (TOMm)

Bit n

TOMm |TOMm 0: Sets master channel output mode.
n

0

Remark  m: Unit number (m = 0), n: Channel number (n =0to 7)
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Figure 6-55. Operation Procedure When Input Pulse Interval Measurement Function Is Used

Software Operation

Hardware Status

TAU
default
setting

Power-off status

(Clock supply is stopped and writing to each register
is disabled.)

Sets the TAUMEN bit of peripheral enable register m

to 1.

B Power-on status. Each channel stops operating.

(Clock supply is started and writing to each register is
enabled.)

Sets timer clock select register m (TPSm).

Determines clock frequencies of CKm0 to CKm3.

Channel
default
setting

Sets the corresponding bit of the noise filter enable
register 1 (NFEN1) to 0 (off) or 1 (on).

Sets timer mode register mn (TMRmn) (determines
operation mode of channel).

Channel stops operating.

(Clock is supplied and some power is consumed.)

— Operation

start

Sets the TSmn bit to 1.

The TSmn bit automatically returns to O because it
is a trigger bit.

P TEmn = 1, and count operation starts.

Timer count register mn (TCRmn) is cleared to
0000H. When the MDmnO bit of the TMRmn
register is 1, INTTMmn is generated.

During
operation

Operation is resumed.

Set values of only the CISmn1 and CISmnO bits of the
TMRmn register can be changed.

The TDRmn register can always be read.
The TCRmn register can always be read.
The TSRmn register can always be read.

Set values of the TOMmn, TOLmn, TOmn, and
TOEmn bits cannot be changed.

Counter (TCRmn) counts up from 0000H. When the
valid edge of the TImn pin input is detected or the
TSmn bit is set to 1, the count value is transferred
(captured) to timer data register mn (TDRmn). At the
same time, the TCRmn register is cleared to 0000H,
and the INTTMmn signal is generated.

If an overflow occurs at this time, the OVF bit of timer
status register mn (TSRmn) is set; if an overflow does
not occur, the OVF bit is cleared.

After that, the above operation is repeated.

Operation
stop

The TTmn bit is set to 1.

The TTmn bit automatically returns to 0 because it
is a trigger bit.

P TEmn = 0, and count operation stops.
The TCRmn register holds count value and stops.
The OVF bit of the TSRmn register is also held.

TAU stop

The TAUMEN bit of the PERO register is cleared —®Power-off status

to 0.

All circuits are initialized and SFR of each channel
is also initialized.

Remark

m: Unit number (m = 0), n: Channel number (n = 0 to 7)
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6.8.5 Operation as input signal high-/low-level width measurement

By starting counting at one edge of the TImn pin input and capturing the number of counts at another edge, the signal
width (high-level width/low-level width) of TImn can be measured. The signal width of TImn can be calculated by the
following expression.

Signal width of TImn input = Period of count clock x ((10000H x TSRmn: OVF) + (Capture value of TDRmn + 1))

Caution The TImn pin input is sampled using the operation clock selected with the CKSmn bit of timer mode
register mn (TMRmn), so an error of one cycle of the operation clock occurs.

Timer count register mn (TCRmn) operates as an up counter in the capture & one-count mode.

When the channel start trigger bit (TSmn) of timer channel start register m (TSm) is set to 1, the TEmn bit is set to 1 and
the TImn pin start edge detection wait status is set.

When the TImn pin input start edge (rising edge of the TImn pin input when the high-level width is to be measured) is
detected, the counter counts up from 0000H in synchronization with the count clock. When the valid capture edge (falling
edge of the TImn pin input when the high-level width is to be measured) is detected later, the count value is transferred
to timer data register mn (TDRmn) and, at the same time, INTTMmn is output. If the counter overflows at this time, the
OVF bit of timer status register mn (TSRmn) is set to 1. If the counter does not overflow, the OVF bit is cleared. The
TCRmn register stops at the value “value transferred to the TDRmn register + 1", and the TImn pin start edge detection
wait status is set. After that, the above operation is repeated.

As soon as the count value has been captured to the TDRmn register, the OVF bit of the TSRmn register is updated
depending on whether the counter overflows during the measurement period. Therefore, the overflow status of the
captured value can be checked.

If the counter reaches a full count for two or more periods, it is judged to be an overflow occurrence, and the OVF bit of
the TSRmn register is set to 1. However, a normal interval value cannot be measured for the OVF bit, if two or more
overflows occur.

Whether the high-level width or low-level width of the TImn pin is to be measured can be selected by using the CISmn1
and CISmnO bits of the TMRmn register.

Because this function is used to measure the signal width of the TImn pin input, the TSmn bit cannot be set to 1 while the
TEmn bit is 1.

CISmn1, CISmn0O of TMRmn register = 10B: Low-level width is measured.

CISmn1, CISmn0 of TMRmn register = 11B: High-level width is measured.
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Figure 6-56. Block Diagram of Operation as Input Signal High-/Low-Level Width Measurement

c
2
) —  » ©
Operation clock CKm1 :
Note 1 4 > Timer counter register mn
CKmQ ———» § N (TCRmn)
o
TNFENmn >
l .
. o Edge = Timer data register mn Interrupt Interrupt signal
Timn pin ©) Noise filter detection e f_:”% (TDRmn) controller (INTTMmn)
12

Note 1. For channels 1 and 3, the clock can be selected from CKm0, CKm1, CKm2 and CKm3.

Figure 6-57. Example of Basic Timing of Operation as Input Signal High-/Low-Level Width Measurement

TSmn
TEmn i i i P
Timn ‘ |_|
T R R B i i
a
b
TCRmN  goooH CT
TDRmn 0000H a b c
INTTMmn
OVF
Remark 1.  m: Unit number (m = 0), n: Channel number (n =0 to 7)
Remark 2.  TSmn: Bit n of timer channel start register m (TSm)
TEmn: Bit n of timer channel enable status register m (TEm)
TImn: TImn pin input signal
TCRmn: Timer count register mn (TCRmn)
TDRmn: Timer data register mn (TDRmn)
OVF: Bit O of timer status register mn (TSRmn)
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Figure 6-58. Example of Set Contents of Registers to Measure Input Signal High-/Low-Level Width (1/2)

(@) Timer mode register mn (TMRmn)

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
TMRmn |CKSm|CKSm CCSn0| M/S |STSMn[STSMNSTSmn|CISmn|CISmn MDmn [MDmn |[MDmn|MDmn

nl n0 Note 1 2 1 0 1 0 3 2 1 0

1/0 0 0 0 0 0 1 0 1 1/0 0 0 1 1 0 0

L | L L

Operation mode of channel n

110B: Capture & one-count

Setting of operation when
counting is started

0: Does not generate
INTTMmn when counting is
started.

Selection of TImn pin input edge
10B: Both edges (to measure low-level width)

11B: Both edges (to measure high-level width)

Start trigger selection

010B: Selects the TImn pin input valid edge.

Setting of MASTERmMN bit (channels 2, 4, 6)
0: Independent channel operation

Setting of SPLITmn bit (channels 1, 3)

0: 16-bit timer mode

Count clock selection

0: Selects operation clock (fuck)-

Operation clock (fuck) selection

00B: Selects CKmO as operation clock of channel n.

10B: Selects CKm1 as operation clock of channel n.

01B: Selects CKm2 as operation clock of channels 1, 3 (This can only be selected channels 1 and 3).

11B: Selects CKm3 as operation clock of channels 1, 3 (This can only be selected channels 1 and 3).

Note 1. TMRmM2, TMRmM4, TMRmM6: MASTERmMN bit
TMRm1, TMRmM3: SPLITmn bit
TMRmMO, TMRm5, TMRm7: Fixed to O

Remark  m: Unit number (m = 0), n: Channel number (n = 0to 7)
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Figure 6-58. Example of Set Contents of Registers to Measure Input Signal High-/Low-Level Width (2/2)

(b) Timer output register m (TOm)

Bit n

TOm TOmn 0: Outputs 0 from TOmn.
0

(c) Timer output enable register m (TOEm)

Bitn

TOEm |TOEm 0: Stops TOmn output operation by counting operation.
n

0

(d) Timer output level register m (TOLm)

Bit n

TOLm |[TOLmn 0: Cleared to 0 when TOMmn = 0 (master channel output mode).
0

(e) Timer output mode register m (TOMm)

Bit n

TOMm |TOMm 0: Sets master channel output mode.
n

0

Remark  m: Unit number (m = 0), n: Channel number (n =0to 7)
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Figure 6-59. Operation Procedure When Input Signal High-/Low-Level Width Measurement Function Is Used

Software Operation

Hardware Status

TAU
default
setting

Power-off status

(Clock supply is stopped and writing to each register
is disabled.)

Sets the TAUMEN bit of peripheral enable register 0
(PERO) to 1

Power-on status. Each channel stops operating.

(Clock supply is started and writing to each register is
enabled.)

Sets timer clock select register m (TPSm).

Determines clock frequencies of CKm0 to CKm3.

Channel
default
setting

Sets the corresponding bit of the noise filter enable
register 1 (NFEN1) to 0 (off) or 1 (on).

Sets timer mode register mn (TMRmn) (determines
operation mode of channel).

Clears the TOEmn bit to 0 and stops operation of
TOmn.

Channel stops operating.

(Clock is supplied and some power is consumed.)

Operation
start

Sets the TSmn bit to 1.

The TSmn bit automatically returns to 0 because it
is a trigger bit.

TEmn = 1, and the TImn pin start edge detection wait
status is set.

Detects the TImn pin input count start valid edge.

Clears timer count register mn (TCRmn) to 0000H
and starts counting up.

During
operation

Operation is resumed.

The TDRmn register can always be read.
The TCRmn register can always be read.
The TSRmn register can always be read.

Set values of the TMRmn register, TOMmn, TOLmn,
TOmn, and TOEmn bits cannot be changed.

When the TImn pin start edge is detected, the counter
(TCRmn) counts up from O000H. If a capture edge of
the TImn pin is detected, the count value is
transferred to timer data register mn (TDRmn) and
INTTMmn is generated.

If an overflow occurs at this time, the OVF bit of timer
status register mn (TSRmn) is set; if an overflow does
not occur, the OVF bit is cleared. The TCRmn register
stops the count operation until the next TImn pin start
edge is detected.

After that, the above operation is repeated.

Operation
stop

The TTmn bit is set to 1.

The TTmn bit automatically returns to 0 because it
is a trigger bit.

TEmn = 0, and count operation stops.
The TCRmn register holds count value and stops.
The OVF bit of the TSRmn register is also held.

TAU stop

The TAUMEN bit of the PERO register is cleared —»
to 0.

t Power-off status

All circuits are initialized and SFR of each channel

is also initialized.

Remark

m: Unit number (m = 0), n: Channel number (n = 0 to 7)
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6.8.6 Operation as delay counter

It is possible to start counting down when the valid edge of the TImn pin input is detected (an external event), and then
generate INTTMmn (a timer interrupt) after any specified interval.

It is also possible to start counting down and generate INTTMmn (a timer interrupt) at any interval by setting TSmn to 1
by software while TEmn = 1.

The interrupt generation period can be calculated by the following expression.

Generation period of INTTMmn (timer interrupt) = Period of count clock X (Set value of TDRmn + 1)

Timer count register mn (TCRmn) operates as a down counter in the one-count mode.

When the channel start trigger bit (TSmn, TSHm1, TSHm3) of timer channel start register m (TSm) is set to 1, the TEmn,
TEHmM1, TEHmM3 bits are set to 1 and the TImn pin input valid edge detection wait status is set.

Timer count register mn (TCRmn) starts operating upon TImn pin input valid edge detection and loads the value of timer
data register mn (TDRmn). The TCRmn register counts down from the value of the TDRmn register it has loaded, in
synchronization with the count clock. When TCRmn = 0000H, it outputs INTTMmn and stops counting until the next TImn
pin input valid edge is detected.

The TDRmn register can be rewritten at any time. The new value of the TDRmn register becomes valid from the next

period.
Figure 6-60. Block Diagram of Operation as Delay Counter
c
S
[ —— O
Operation clock CKm1 2
Note 1 4] > Timer counter register mn
CKmQ ———— § _ (TCRmn)
[$)
TNFENmn TSmn >
© 9 ] . » .
&= Timer data register mn Interrupt Interrupt signal
l g% (TDRmnN) | controller (INTTMmn)
. e | Edge )
TImn pin (©Q—»| Noise filter > detection 1

Note 1. For channels 1 and 3, the clock can be selected from CKm0, CKm1, CKm2 and CKm3.

Remark  m: Unit number (m = 0), n: Channel number (n=0to 7)
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Figure 6-61. Example of Basic Timing of Operation as Delay Counter

TSmn __ﬂ

TEmn __J

TIimn H ﬂ

TCRmMn

TDRmMn

INTTMmn

A
A4
A
v

a+1 b+1

Remark 1.  m: Unit number (m = 0), n: Channel number (n =0 to 7)

Remark 2.  TSmn: Bit n of timer channel start register m (TSm)
TEmn: Bit n of timer channel enable status register m (TEm)
TImn: TImn pin input signal
TCRmn: Timer count register mn (TCRmn)
TDRmn: Timer data register mn (TDRmn)
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Figure 6-62. Example of Set Contents of Registers to Delay Counter (1/2)

(@) Timer mode register mn (TMRmn)

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
TMRmn |CKSm|CKSm CCSm| M/S [STSmn|STSMn[STSmn|CISmn|CISmn MDmn [MDmn |[MDmn|MDmn

nl n0 n Note 1 2 1 0 1 0 3 2 1 0

1/0 1/0 0 0 0/1 0 0 1 1/0 1/0 0 0 1 0 0 1/0

L | L L

Operation mode of channel n

100B: One-count mode

Start trigger during operation
0: Trigger input is invalid.
1: Trigger input is valid.

Selection of TImn pin input edge
00B: Detects falling edge.

01B: Detects rising edge.

10B: Detects both edges.

11B: Setting prohibited

Start trigger selection

001B: Selects the TImn pin input valid edge.

Setting of MASTERmMN bit (channels 2, 4, 6)
0: Independent channel operation

Setting of SPLITmn bit (channels 1, 3)

0: 16-bit timer mode

1: 8-bit timer mode

Count clock selection
0: Selects operation clock (fuck)-

Operation clock (fuck) selection

00B: Selects CKmO as operation clock of channel n.

10B: Selects CKm1 as operation clock of channel n.

01B: Selects CKm2 as operation clock of channels 1, 3 (This can only be selected channels 1 and 3).

11B: Selects CKm3 as operation clock of channels 1, 3 (This can only be selected channels 1 and 3).

Note 1. TMRmM2, TMRm4, TMRm6: MASTERmMN bit
TMRm1, TMRm3: SPLITmn bit
TMRmMO, TMRm5, TMRm7: Fixed to O

Remark  m: Unit number (m = 0), n: Channel number (n = 0to 7)
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Figure 6-62. Example of Set Contents of Registers to Delay Counter (2/2)

(b) Timer output register m (TOm)

Bit n

TOm TOmn 0: Outputs 0 from TOmn.
0

(c) Timer output enable register m (TOEm)

Bitn

TOEm |TOEm 0: Stops TOmn output operation by counting operation.
n

0

(d) Timer output level register m (TOLm)

Bit n

TOLm |[TOLmn 0: Cleared to 0 when TOMmn = 0 (master channel output mode).
0

(e) Timer output mode register m (TOMm)

Bit n

TOMm |TOMm 0: Sets master channel output mode.
n

0

Remark  m: Unit number (m = 0), n: Channel number (n =0to 7)
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Figure 6-63. Operation Procedure When Delay Counter Function Is Used

Software Operation Hardware Status
TAU Power-off status
default (Clock supply is stopped and writing to each register
setting is disabled.)

Sets the TAUMEN bit of peripheral enable register 0
(PERO) to 1. »Power-on status. Each channel stops operating.

(Clock supply is started and writing to each register is

enabled.)
Sets timer clock select register m (TPSm).
Determines clock frequencies of CKm0 to CKm3.
Channel | Sets the corresponding bit of the noise filter enable Channel stops operating.
default register 1 (NFEN1) to O (off) or 1 (on). (Clock is supplied and some power is consumed.)
setting Sets timer mode register mn (TMRmn) (determines
operation mode of channel).
INTTMmn output delay is set to timer data register mn
(TDRmn).
Clears the TOEmn bit to 0 and stops operation of
TOmN.
—¥| Operation | Sets the TSmn bit to 1. »TEmn = 1, and the start trigger detection (the valid
start The TSmn bit automatically returns to 0 because it | €dge of the Timn pin input is detected or the TSmn bit
is a trigger bit. is set to 1) wait status is set.

The counter starts counting down by the next start

trigger detection.

-]

(]

§ ® Detects the TImn pin input valid edge. ——®Value of the TDRmn register is loaded to the timer

4 ® Sets the TSmn bit to 1 by the software. count register mn (TCRmn).

@

s During Set value of the TDRmn register can be changed. The counter (TCRmn) counts down. When the count
B operation | The TCRmn register can always be read. value of TCRmn reaches 0000H, the INTTMmn output
[<}]

o

(e}

is generated, and the count operation stops until the
next start trigger detection (the valid edge of the TImn
pin input is detected or the TSmn bit is set to 1).

The TSRmn register is not used.

Operation | The TTmn bit is set to 1. TEmn = 0, and count operation stops.

— | stop The TTmn bit automatically returns to 0 because it The TCRmn register holds count value and stops.
is a trigger bit.

TAU stop | The TAUMEN bit of the PERO register is cleared —® Power-off status

to 0. All circuits are initialized and SFR of each channel

is also initialized.

Remark  m: Unit number (m = 0), n: Channel number (n=0to 7)
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6.9 Simultaneous Channel Operation Function of Timer Array Unit

6.9.1 Operation as one-shot pulse output function

By using two channels as a set, a one-shot pulse having any delay pulse width can be generated from the signal input to
the TImn pin.

The delay time and pulse width can be calculated by the following expressions.

Delay time = {Set value of TDRmn (master) + 2} x Count clock period

Pulse width = {Set value of TDRmp (slave)} x Count clock period

The master channel operates in the one-count mode and counts the delays. Timer count register mn (TCRmn) of the
master channel starts operating upon start trigger detection and loads the value of timer data register mn (TDRmn). The
TCRmn register counts down from the value of the TDRmn register it has loaded, in synchronization with the count clock.
When TCRmn = 0000H, it outputs INTTMmn and stops counting until the next start trigger is detected.

The slave channel operates in the one-count mode and counts the pulse width. The TCRmp register of the slave channel
starts operation using INTTMmn of the master channel as a start trigger, and loads the value of the TDRmp register. The
TCRmp register counts down from the value of The TDRmp register it has loaded, in synchronization with the count
clock. When count value = 0000H, it outputs INTTMmp and stops counting until the next start trigger (INTTMmn of the
master channel) is detected. The output level of TOmp becomes active one count clock after generation of INTTMmn
from the master channel, and inactive when TCRmp = 0000H.

Instead of using the TImn pin input, a one-shot pulse can also be output using the software operation (TSmn = 1) as a
start trigger.

Caution The timing of loading of timer data register mn (TDRmn) of the master channel is different from that of
the TDRmp register of the slave channel. If the TDRmn and TDRmp registers are rewritten during
operation, therefore, an illegal waveform is output. Rewrite the TDRmn register after INTTMmn is
generated and the TDRmp register after INTTMmp is generated.

Remark  m: Unit number (m = 0), n: Master channel number (n =0, 2, 4, 6)
p: Slave channel number (n<p <7)
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Figure 6-64. Block Diagram of Operation as One-Shot Pulse Output Function

Master channel
(one-count mode)

c
2
CKml ———» §
Operation clock 8 > Timer counter register mn
CKMO ————— ¥ —» (TCRmn)
3}
TNFENmn TSmn ——| = 5 : : )
l o5 Timer data register mn | Interrupt Interrupt signal
2 > —>
£e (TDRmn) controller (INTTMmn)
. e Edge | o
Timn pin ©—»] Noise filter —»f detection >
Slave channel
(one-count mode)
c
K]
CKm1 > 8 v
Operation clock 8 > Timer counter regi
gister mp R Output .
CKmO > g _ (TCRmp) controller © TOmp pin
3}
56
s Timer data register mp Interrupt Interrupt signal
(=]
28 TDR q troll >
Ee (TDRmp) controller (INTTMmp)

Remark  m: Unit number (m = 0), n: Master channel number (n =0, 2, 4, 6)
p: Slave channel number (n<p <7)

RO1UHO0959EJ0120 Rev.1.20 RENESAS Page 261 of 765
Jan 31, 2024



RL78/G15 CHAPTER 6 TIMER ARRAY UNIT

Figure 6-65. Example of Basic Timing of Operation as One-Shot Pulse Output Function

Timn

Master FFFFH

channe
TCRmn

TDRmn a

TOmMnN

| INTTMmn I

TSmp _ﬂ

Temp | | \

FFFFH

Slave TCRmp

channe

TDRmp

TOmp

INTTMmp

Remark 1.  m: Unit number (m = 0), n: Master channel number (n =0, 2, 4, 6)
p: Slave channel number (n<p <7)

Remark 2.  TSmn, TSmp: Bit n, p of timer channel start register m (TSm)
TEmn, TEmp: Bit n, p of timer channel enable status register m (TEm)
TImn, TImp: TImn and TImp pins input signal
TCRmn, TCRmp: Timer count registers mn, mp (TCRmn, TCRmp)
TDRmn, TDRmp: Timer data registers mn, mp (TDRmn, TDRmp)
TOmn, TOmMp: TOmMn and TOmp pins output signal

RO1UHO0959EJ0120 Rev.1.20 RENESAS Page 262 of 765
Jan 31, 2024



RL78/G15 CHAPTER 6 TIMER ARRAY UNIT

Figure 6-66. Example of Set Contents of Registers When One-Shot Pulse Output Function Is Used
(Master Channel) (1/2)

(@) Timer mode register mn (TMRmn)

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
TMRmn |CKSm|CKSm CCSm|MAST [STSMn|[STSMn|STSmn|CISmn|CISmn MDmn |MDmn |MDmn |[MDmn
nl n0 n ERmMn 2 1 0 1 0 3 2 1 0
Note 1
1/0 0 0 0 1 0 0 1 1/0 1/0 0 0 1 0 0 0

[ | L] L]

Operation mode of channel n

100B: One-count mode

Start trigger during operation

0: Trigger input is invalid.

Selection of TImn pin input edge
00B: Detects falling edge.

01B: Detects rising edge.

10B: Detects both edges.

11B: Setting prohibited

Start trigger selection
001B: Selects the TImn pin input valid edge.

Setting of MASTERmMN bit (channels 2, 4, 6)
1: Master channel.

Count clock selection

0: Selects operation clock (fuck)-

Operation clock (fuck) selection
00B: Selects CKmO as operation clock of channel n.

10B: Selects CKm1 as operation clock of channel n.

Note 1. TMRmM2, TMRmM4, TMRm6: MASTERmMn =1
TMRmMO: Fixed to O

Remark  m: Unit number (m = 0), n: Master channel number (n =0, 2, 4, 6)
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Figure 6-66. Example of Set Contents of Registers When One-Shot Pulse Output Function Is Used
(Master Channel) (2/2)

(b) Timer output register m (TOm)

Bit n

TOm TOmnN 0: Outputs 0 from TOmn.
0

(c) Timer output enable register m (TOEm)

Bitn

TOEm |TOEm 0: Stops TOmn output operation by counting operation.
n

0

(d) Timer output level register m (TOLm)

Bit n

TOLm [TOLmn 0: Cleared to 0 when TOMmn = 0 (master channel output mode).
0

(e) Timer output mode register m (TOMm)

Bitn

TOMm |TOMm 0: Sets master channel output mode.
n

0

Remark  m: Unit number (m = 0), n: Master channel number (n =0, 2, 4, 6)
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Figure 6-67. xample of Set Contents of Registers When One-Shot Pulse Output Function Is Used (Slave Channel) (1/2)

(@) Timer mode register mp (TMRmp)

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
TMRmp [CKSm|CKSm CCSm| M/S |STSmp|STSMp|STSmp|CISmp|CISmp MDmp [MDmp [MDmp |MDmp

pl pO p Note 1 2 1 0 1 0 3 2 1 0

1/0 0 0 0 0 1 0 0 0 0 0 0 1 0 0 0

L | L L

Operation mode of channel p

100B: One-count mode

Start trigger during operation
0: Trigger input is invalid.

Selection of TImp pin input edge

00B: Sets 00B because these are not used.

Start trigger selection
100B: Selects INTTMmn of master channel.

Setting of MASTERmp bit (channels 2, 4, 6)
0: Slave channel

Setting of SPLITmp bit (channels 1, 3)

0: 16-bit timer mode

Count clock selection

0: Selects operation clock (fuck)-

Operation clock (fuck) selection
00B: Selects CKmO as operation clock of channel p.
10B: Selects CKm1 as operation clock of channel p.

* Make the same setting as master channel.

Note 1. TMRmM2, TMRm4, TMRmM6: MASTERmMN bit
TMRm1, TMRm3: SPLITmp bit
TMRmM5, TMRmM7: Fixed to O

Remark  m: Unit number (m = 0), n: Master channel number (n =0, 2, 4, 6)
p: Slave channel number (n<p <7)
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Figure 6-67. Example of Set Contents of Registers When One-Shot Pulse Output Function Is Used
(Slave Channel) (2/2)

(b) Timer output register m (TOm)

Bit p
TOm TOmp 0: Outputs 0 from TOmp.
1/0 1: Outputs 1 from TOmp.

(c) Timer output enable register m (TOEm)

Bit p
TOEm |TOEm 0: Stops the TOmp output operation by counting operation.
p 1: Enables the TOmp output operation by counting operation.
1/0

(d) Timer output level register m (TOLm)

Bit p
TOLm [TOLmp 0: Positive logic output (active-high)
1/0 1: Negative logic output (active-low)

(e) Timer output mode register m (TOMm)

Bit p

TOMm |TOMm 1: Sets the slave channel output mode.
p
1

Remark  m: Unit number (m = 0), n: Master channel number (n =0, 2, 4, 6)
p: Slave channel number (n<p <7)
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Figure 6-68. Operation Procedure of One-Shot Pulse Output Function (1/3)

Software Operation Hardware Status
TAU Power-off status
default (Clock supply is stopped and writing to each register
setting is disabled.)
Sets the TAUMEN bit of peripheral enable register 0
(PERO) to 1. P+ Power-on status. Each channel stops operating.
(Clock supply is started and writing to each register is
enabled.)
Sets timer clock select register m (TPSm).
Determines clock frequencies of CKm0 and CKm1.
Channel | Sets the corresponding bit of the noise filter enable Channel stops operating.
default register 1 (NFEN1) to 1. (Clock is supplied and some power is consumed.)
setting Sets timer mode register mn, mp (TMRmn, TMRmp)
of two channels to be used (determines operation
mode of channels).
An output delay is set to timer data register mn
(TDRmn) of the master channel, and a pulse width is
set to the TDRmp register of the slave channel.
Sets slave channel. The TOmp pin goes into Hi-Z output state.
The TOMmp bit of timer output mode register m
(TOMm) is set to 1 (slave channel output mode).
Sets the TOLmp bit.
Sets the TOmp bit and determines default level of
the TOmp output. PrThe TOmp default setting level is output when the port
mode register is in output mode and the port register
is 0.
Sets the TOEmp bit to 1 and enables operation of
TOmp. TOmp does not change because channel stops
Clears the port register and port mode register to | operating.
0. The TOmp pin outputs the TOmp set level.

Remark  m: Unit number (m = 0), n: Master channel number (n =0, 2, 4, 6)
p: Slave channel number (n<p <7)
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Figure 6-68. Operation Procedure of One-Shot Pulse Output Function (2/3)

Software Operation Hardware Status

—»| Operation | Sets the TOEmp bit (slave) to 1 (only when operation
start is resumed).

The TSmn (master) and TSmp (slave) bits of timer
channel start register m (TSm) are set to 1 at the

same time. The TEmn and TEmp bits are set to 1 and the master
The TSmn and TSmp bits automatically return to 0 | channel enters the start trigger detection (the valid
because they are trigger bits. edge of the TImn pin input is detected or the TSmn bit

of the master channel is set to 1) wait status.

Counter stops operating.

Count operation of the master channel is started by
start trigger detection of the master channel.

® Detects the TImn pin input valid edge. Master channel starts counting.
'OO_; ® Sets the TSmn bit of the master channel to 1 by
% softwareN°e?,
a;j During Set values of only the CISmn1 and CISmnO bits of the | Master channel loads the value of the TDRmn register
S operation | TMRmn register can be changed. to timer count register mn (TCRmn) by the start
© Set values of the TMRmp, TDRmn, TDRmp registers, | trigger detection (the valid edge of the Timn pin input
éi TOMmn, TOMmp, TOLmn, and TOLmp bits cannot be | is detected or the TSmn bit of the master channel is
changed. set to 1), and the counter starts counting down.
The TCRmn and TCRmp registers can always be When the count value reaches TCRmn = 0000H, the
read. INTTMmn output is generated, and the count

The TSRmn and TSRmp registers are not used operation stops until the next start trigger detection.

The slave channel, triggered by INTTMmn of the
master channel, loads the value of the TDRmp
register to the TCRmp register, and the counter starts
counting down. The output level of TOmp becomes
active one count clock after generation of INTTMmn
output from the master channel. It becomes inactive
— when TCRmp = 0000H, and the counting operation is
stopped.

Set values of the TOm and TOEm registers by slave
channel can be changed.

After that, the above operation is repeated.

Operation | The TTmn (master) and TTmp (slave) bits are set to 1

stop at the same time. TEmn, TEmp = 0, and count operation stops.
The TTmn and TTmp bits automatically return to O The TCRmn and TCRmp registers hold count
because they are trigger bits. value and stop.

The TOmp output is not initialized but holds
current status.

The TOEmp bit of slave channel is cleared to 0 and
value is set to the TOmp bit. The TOmp pin outputs the TOmp set level.

Note 1. Do not set the TSmn bit of the slave channel to 1.

Remark  m: Unit number (m = 0), n: Master channel number (n =0, 2, 4, 6)
p: Slave channel number (n<p <7)
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Figure 6-68. Operation Procedure of One-Shot Pulse Output Function (3/3)

Software Operation Hardware Status

TAU stop | To hold the TOmp pin output level
Clears the TOmp bit to 0 after the value to be held
is set to the port register. P+ The TOmp pin output level is held by port function.

When holding the TOmp pin output level is not
necessary

Setting not required.

The TAUMEN bit of the PERO register is cleared —®Power-off status

to 0. All circuits are initialized and SFR of each channel

is also initialized.
(The TOmp bit is cleared to 0 and the TOmp pin is
set to port mode)

Remark  m: Unit number (m = 0), n: Master channel number (n =0, 2, 4, 6)
p: Slave channel number (n<p <7)
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6.9.2 Operation as PWM function

Two channels can be used as a set to generate a pulse of any period and duty factor.

The period and duty factor of the output pulse can be calculated by the following expressions.

Pulse period = {Set value of TDRmn (master) + 1} X Count clock period
Duty factor[%] = {Set value of TDRmp (slave)}/{Set value of TDRmn (master) + 1} x 100
0% output: Set value of TDRmp (slave) = 0000H

100% output: Set value of TDRmp (slave) > {Set value of TDRmn (master) + 1}

Remark The duty factor exceeds 100% if the set value of TDRmp (slave) > (set value of TDRmn (master) + 1), it
summarizes to 100% output.

The master channel operates in the interval timer mode. If the channel start trigger bit (TSmn) of timer channel start
register m (TSm) is set to 1, an interrupt (INTTMmn) is output, the value set to timer data register mn (TDRmn) is loaded
to timer count register mn (TCRmn), and the counter counts down in synchronization with the count clock. When the
counter reaches 0000H, INTTMmn is output, the value of the TDRmn register is loaded again to the TCRmn register, and
the counter counts down. This operation is repeated until the channel stop trigger bit (TTmn) of timer channel stop
register m (TTm) is set to 1.

If two channels are used to output a PWM waveform, the period until the master channel counts down to 0000H is the
PWM output (TOmp) cycle.

The slave channel operates in one-count mode. By using INTTMmn from the master channel as a start trigger, the
TCRmp register loads the value of the TDRmp register and the counter counts down to 0000H. When the counter
reaches 0000H, it outputs INTTMmp and waits until the next start trigger (INTTMmn from the master channel) is
generated.

If two channels are used to output a PWM waveform, the period until the slave channel counts down to 0000H is the
PWM output (TOmp) duty.

PWM output (TOmp) goes to the active level one clock after the master channel generates INTTMmn and goes to the
inactive level when the TCRmp register of the slave channel becomes 0000H.

Caution To rewrite both timer data register mn (TDRmn) of the master channel and the TDRmp register of the
slave channel, a write access is necessary two times. The timing at which the values of the TDRmn
and TDRmp registers are loaded to the TCRmn and TCRmp registers is upon occurrence of INTTMmn
of the master channel. Thus, when rewriting is performed split before and after occurrence of
INTTMmn of the master channel, the TOmp pin cannot output the expected waveform. To rewrite both
the TDRmn register of the master and the TDRmp register of the slave, therefore, be sure to rewrite
both the registers immediately after INTTMmn is generated from the master channel.

Remark  m: Unit number (m = 0), n: Master channel number (n =0, 2, 4, 6)
p: Slave channel number (n<p <7)
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Figure 6-69. Block Diagram of Operation as PWM Function

Master channel
(interval timer mode)

c
2
CKml ——— §
Operation clock & »| Timer counter register mn
CKMO ————» § N (TCRmn)
[$)
5.6
TS R 8,.3 Timer data register mn | Interrupt Interrupt signal
mn 20 (TDRmn) | controller (INTTMmn)
-8
Slave channel
(one-count mode)
o
K]
CKm1l " 3 v
Operation clock 3 » Timer counter regi NG)
gister mp N Output .
CKmO > é N (TCRmp) controller TOmp pin
[$)
56
8= Timer data register mp Interrupt Interrupt signal
(=2
2 % (TDRmp) controller (INTTMmp)

Remark  m: Unit number (m = 0), n: Master channel number (n =0, 2, 4, 6)
p: Slave channel number (n<p <7)
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Figure 6-70. Example of Basic Timing of Operation as PWM Function

TSmn H

TEmn

FFFFH

Master TCRmn
channel | =S4

TDRmn

TOmnN

\INTTan

TSmp j

TEmp J

Slave TCRmp

channel

TDRmp c X d

TOmp

INTTMmp

Remark 1.  m: Unit number (m = 0), n: Master channel number (n =0, 2, 4, 6)
p: Slave channel number (n<p=<7)

Remark 2.  TSmn, TSmp: Bit n, p of timer channel start register m (TSm)
TEmn, TEmp: Bit n, p of timer channel enable status register m (TEm)
TCRmn, TCRmp: Timer count registers mn, mp (TCRmn, TCRmp)
TDRmn, TDRmp: Timer data registers mn, mp (TDRmn, TDRmp)
TOmn, TOmp: TOMn and TOmp pins output signal
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Figure 6-71. Example of Set Contents of Registers When PWM Function (Master Channel) Is Used (1/2)

(@) Timer mode register mn (TMRmn)

15 14 13 12 11 10 9 8 7 6 4 3 2 1 0
TMRmn |CKSm|CKSm CCSm|MAST [STSmn|[STSmMn|STSmn|CISmn|CISmn MDmn [MDmn |[MDmn|MDmn
nl n0 n ERmn 2 1 0 1 0 3 2 1 0
Note 1
1/0 0 0 0 1 0 0 0 0 0 0 0 0 0 1

|

Start trigger selection

Operation mode of channel n

000B: Interval timer

Setting of operation when
counting is started

1: Generates INTTMmn
when counting is started.

Selection of TImn pin input edge

00B: Sets 00B because these are not used.

000B: Selects only software start.

Setting of MASTERmnN bit (channels 2, 4, 6)

1: Master channel.

Count clock selection

0: Selects operation clock (fuck)-

Operation clock (fuck) selection

00B: Selects CKmO as operation clock of channel n.

10B: Selects CKm1 as operation clock of channel n.

Note 1. TMRm2, TMRm4, TMRm6: MASTERmn =1

TMRmO: Fixed to 0

Remark  m: Unit number (m = 0), n: Master channel number (n =0, 2, 4, 6)
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Figure 6-71. Example of Set Contents of Registers When PWM Function (Master Channel) Is Used (2/2)

(b) Timer output register m (TOm)

TOm

Bit n

TOmnN
0

0: Outputs 0 from TOmn.

(c) Timer output enable register m (TOEm)

TOEm

Bitn

TOEm
n

0

0: Stops TOmn output operation by counting operation.

(d) Timer output level register m (TOLm)

TOLm

Bit n

TOLmMnN,
0

0: Cleared to 0 when TOMmn = 0 (master channel output mode).

(e) Timer output mode register m (TOMm)

Bitn
TOMm |TOMm 0: Sets master channel output mode.
n
0
Remark  m: Unit number (m = 0), n: Master channel number (n =0, 2, 4, 6)
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Figure 6-72. Example of Set Contents of Registers When PWM Function (Slave Channel) Is Used (1/2)

(a) Timer mode register mp (TMRmp)

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
TMRmp [CKSm|CKSm CCSm| M/S |STSmp|STSMp|STSmp|CISmp|CISmp MDmp [MDmp [MDmp |MDmp

pl pO p Note 1 2 1 0 1 0 3 2 1 0

1/0 0 0 0 0 1 0 0 0 0 0 0 1 0 0 1

L | L L

Operation mode of channel p

100B: One-count mode

Start trigger during operation
1: Trigger input is valid.

Selection of TImp pin input edge

00B: Sets 00B because these are not used.

Start trigger selection
100B: Selects INTTMmn of master channel.

Setting of MASTERmp bit (channels 2, 4, 6)
0: Slave channel

Setting of SPLITmp bit (channels 1, 3)

0: 16-bit timer mode

Count clock selection

0: Selects operation clock (fuck)-

Operation clock (fuck) selection
00B: Selects CKmO as operation clock of channel p.
10B: Selects CKm1 as operation clock of channel p.

* Make the same setting as master channel.

Note 1. TMRmM2, TMRm4, TMRmM6: MASTERmMN bit
TMRm1, TMRm3: SPLITmp bit
TMRmM5, TMRmM7: Fixed to O

Remark  m: Unit number (m = 0), n: Master channel number (n =0, 2, 4, 6)
p: Slave channel number (n<p <7)
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Figure 6-72. Example of Set Contents of Registers When PWM Function (Slave Channel) Is Used (2/2)

(b) Timer output register m (TOm)

Bit p
TOm TOmp 0: Outputs 0 from TOmp.
1/0 1: Outputs 1 from TOmp.

(c) Timer output enable register m (TOEm)

Bit p
TOEm |TOEm 0: Stops the TOmp output operation by counting operation.
p 1: Enables the TOmp output operation by counting operation.
1/0

(d) Timer output level register m (TOLm)

Bit p
TOLm [TOLmp 0: Positive logic output (active-high)
1/0 1: Negative logic output (active-low)

(e) Timer output mode register m (TOMm)

Bit p

TOMm |TOMm 1: Sets the slave channel output mode.
p
1

Remark  m: Unit number (m = 0), n: Master channel number (n =0, 2, 4, 6)
p: Slave channel number (n<p <7)
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Figure 6-73. Operation Procedure When PWM Function Is Used (1/2)

Software Operation Hardware Status
TAU Power-off status
default (Clock supply is stopped and writing to each register
setting is disabled.)

Sets the TAUMEN bit of peripheral enable register 0
(PERO) to 1. »Power-on status. Each channel stops operating.

(Clock supply is started and writing to each register is
enabled.)

Sets timer clock select register m (TPSm).

Determines clock frequencies of CKm0 and CKm1.

Channel | Sets timer mode register mn, mp (TMRmn, TMRmp) | Channel stops operating.

default of two channels to be used (determines operation (Clock is supplied and some power is consumed.)
setting mode of channels).

An interval (period) value is set to timer data register
mn (TDRmn) of the master channel, and a duty factor
is set to the TDRmp register of the slave channel.

Sets slave channel. The TOmp pin goes into Hi-Z output state.

The TOMmp bit of timer output mode register m
(TOMm) is set to 1 (slave channel output mode).

Sets the TOLmp bit.

Sets the TOmp bit and determines default level of
the TOmp output. The TOmp default setting level is output when the port
mode register is in output mode and the port register
is 0.

Sets the TOEmp bit to 1 and enables operation of
TOmp. TOmp does not change because channel stops

Clears the port register and port mode register to | operating.
0. irThe TOmp pin outputs the TOmp set level.

(Remark is listed on the next page.)
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Figure 6-73. Operation Procedure When PWM Function Is Used (2/2)

Software Operation Hardware Status

—»| Operation | Sets the TOEmp bit (slave) to 1 (only when operation
start is resumed).

The TSmn (master) and TSmp (slave) bits of timer
channel start register m (TSm) are set to 1 at the

same time. TEmn=1, TEmp=1
The TSmn and TSmp bits automatically return to O When the master channel starts counting,
because they are trigger bits. INTTMmn is generated. Triggered by this interrupt,
the slave channel also starts counting.
During Set values of the TMRmn and TMRmp registers, Master channel loads the value of the TDRmn register
operation | TOMmn, TOMmp, TOLmn, and TOLmp bits cannot be | to timer count register mn (TCRmn), and the counter
changed. starts counting down. When the count value reaches

Set values of the TDRmn and TDRmp registers can | TCRmn = 0000H, INTTMmn output is generated. At

be changed after INTTMmn of the master channel is | the same time, the value of the TDRmn register is
generated. loaded to the TCRmn register, and the counter starts

The TCRmn and TCRmp registers can always be counting down again.

read. At the slave channel, the value of the TDRmp register
is loaded to the TCRmp register, triggered by
INTTMmn of the master channel, and the counter
starts counting down. The output level of TOmp
becomes active one count clock after generation of
the INTTMmn output from the master channel. It
becomes inactive when TCRmp = 0000H, and the
counting operation is stopped.

The TSRmn and TSRmp registers are not used.

Operation is resumed.

After that, the above operation is repeated.

Operation | The TTmn (master) and TTmp (slave) bits are set to 1

stop at the same time. »TEmn, TEmp = 0, and count operation stops.
The TTmn and TTmp bits automatically return to 0 The TCRmn and TCRmp registers hold count
because they are trigger bits. value and stop.

The TOmp output is not initialized but holds
current status.

The TOEmp bit of slave channel is cleared to 0 and
— value is set to the TOmp bit. The TOmp pin outputs the TOmp set level.

TAU stop | To hold the TOmp pin output level

Clears the TOmp bit to 0 after the value to be held
is set to the port register. The TOmp pin output level is held by port function.

When holding the TOmp pin output level is not
necessary

Setting not required.

The TAUmEN bit of the PERO register is cleared —®Power-off status

to 0. All circuits are initialized and SFR of each channel
is also initialized.

(The TOmp bit is cleared to 0 and the TOmp pin is
set to port mode)

Remark  m: Unit number (m = 0), n: Master channel number (n =0, 2, 4, 6)
p: Slave channel number (n<p <7)
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6.9.3 Operation as multiple PWM output function

By extending the PWM function and using multiple slave channels, many PWM waveforms with different duty values can
be output.

For example, when using two slave channels, the period and duty factor of an output pulse can be calculated by the
following expressions.

Pulse period = {Set value of TDRmn (master) + 1} X Count clock period
Duty factor 1[%] = {Set value of TDRmp (slave 1)}/{Set value of TDRmn (master) + 1} x 100

Duty factor 2[%] = {Set value of TDRmq (slave 2)}/{Set value of TDRmn (master) + 1} x 100

Remark  Although the duty factor exceeds 100% if the set value of TDRmp (slave 1) > {set value of TDRmn (master) +
1} or if the {set value of TDRmq (slave 2)} > {set value of TDRmn (master) + 1}, it is summarized into 100%
output.

Timer count register mn (TCRmn) of the master channel operates in the interval timer mode and counts the periods.

The TCRmp register of the slave channel 1 operates in one-count mode, counts the duty factor, and outputs a PWM
waveform from the TOmp pin. The TCRmp register loads the value of timer data register mp (TDRmp), using INTTMmn
of the master channel as a start trigger, and starts counting down. When TCRmp = 0000H, TCRmp outputs INTTMmp
and stops counting until the next start trigger (INTTMmn of the master channel) has been input. The output level of
TOmp becomes active one count clock after generation of INTTMmn from the master channel, and inactive when
TCRmp = 0000H.

In the same way as the TCRmp register of the slave channel 1, the TCRmq register of the slave channel 2 operates in
one-count mode, counts the duty factor, and outputs a PWM waveform from the TOmq pin. The TCRmq register loads
the value of the TDRmgq register, using INTTMmn of the master channel as a start trigger, and starts counting down.
When TCRmq = 0000H, the TCRmq register outputs INTTMmq and stops counting until the next start trigger (INTTMmn
of the master channel) has been input. The output level of TOmg becomes active one count clock after generation of
INTTMmn from the master channel, and inactive when TCRmq = 0000H.

When channel 0 is used as the master channel as above, up to seven types of PWM signals can be output at the same
time.

Caution To rewrite both timer data register mn (TDRmn) of the master channel and the TDRmp register of the
slave channel 1, write access is necessary at least twice. Since the values of the TDRmn and TDRmp
registers are loaded to the TCRmn and TCRmp registers after INTTMmn is generated from the master
channel, if rewriting is performed separately before and after generation of INTTMmn from the master
channel, the TOmp pin cannot output the expected waveform. To rewrite both the TDRmn register of
the master and the TDRmp register of the slave, be sure to rewrite both the registers immediately
after INTTMmn is generated from the master channel (This applies also to the TDRmq register of the
slave channel 2).

Remark  m: Unit number (m = 0), n: Master channel number (n =0, 2, 4)
p: Slave channel number, g: Slave channel number
n<p<q<s<7(Wherep and g are integers greater than n)
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Figure 6-74. Block Diagram of Operation as Multiple PWM Output Function (Output Two Types of PWMs)

Master channel
(interval timer mode)

c
i)
CKml —— ¢ §
Operation clock § > Timer counter register mn
CKmO ——— S —> (TCRmn)
O
. c
TS S -% Timer data register mn Interrupt Interrupt signal
mn 120 (TDRmn) "1 controller (INTTMmn)
Fg
Slave channel 1
(one-count mode)
c
i)
CKml » 8 v
Operation clock 8 > Timer counter register mp Output .
CKmoO " S N (TCRmp) | controller © TOmp pin
(8}
« £
. ‘é% Timer data register mp Interrupt Interrupt signal
= % (TDRmp) controller (INTTMmp)
Slave channel 2
(one-count mode)
c
g
CKm1l » 8 v
Operation clock b »| Timer counter register mq Output .
CKmO > § I (TCRmq) "l controller C TOmgq pin
© =7
« £
%% Timer data register mq Output Interrupt signal
= Q
= 3 (TDRmQq) controller (INTTMmQ)
Remark  m: Unit number (m = 0), n: Master channel number (n =0, 2, 4)
p: Slave channel number, g: Slave channel number
n<p<gq=s7(Wherepand g are integers greater than n)
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Figure 6-75. Example of Basic Timing of Operation as Multiple PWM Output Function (Output Two Types of PWMs)

TSmn

TEmn

Master TCRmMn
channel

TDRmnN

TOmnN

k}NTTan

TSmp

TEmMp

TCRmp
Slave
channel 1

TDRmp ¢ X d

TOmp

INTTMmp

A
v
A
A4
A
A 4

a+1 h a+1 b+1

TSmq

TEmMq

TCRMQ oooon (\\| AN BN 1.\l
Slave
channel 2

TDRmq e X f

TOmq

INTTMmq

A
v
A
A4
A
A4

a+1l a+1 b+1

(Remarks are listed on the next page.)
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Remark 1.

Remark 2.

m: Unit number (m = 0), n: Master channel number (n =0, 2, 4)
p: Slave channel number, g: Slave channel number
n<p<q<s<7(Wherepand g are integers greater than n)

TSmn, TSmp, TSmq: Bit n, p, g of timer channel start register m (TSm)

TEmn, TEmp, TEmQ: Bit n, p, g of timer channel enable status register m (TEm)
TCRmn, TCRmp, TCRmq: Timer count registers mn, mp, mg (TCRmn, TCRmp, TCRmQ)
TDRmn, TDRmp, TDRmQ: Timer data registers mn, mp, mg (TDRmn, TDRmp, TDRmaq)
TOmn, TOmp, TOMQg: TOmn, TOmp, and TOmMq pins output signal
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Figure 6-76. Example of Set Contents of Registers When Multiple PWM Output Function (Master Channel) Is Used (1/2)

(@) Timer mode register mn (TMRmn)

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
TMRmn |CKSm|CKSm CCSm|MAST [STSmn|[STSmMn|STSmn|CISmn|CISmn MDmn [MDmn |[MDmn|MDmn
nl n0 n ERmn 2 1 0 1 0 3 2 1 0
Note 1
1/0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 1

|

Start trigger selection

Operation mode of channel n

000B: Interval timer

Setting of operation when
counting is started

1: Generates INTTMmn
when counting is started.

Selection of TImn pin input edge

00B: Sets 00B because these are not used.

000B: Selects only software start.

Setting of MASTERmnN bit (channels 2, 4, 6)

1: Master channel.

Count clock selection

0: Selects operation clock (fuck)-

Operation clock (fuck) selection

00B: Selects CKmO as operation clock of channel n.

10B: Selects CKm1 as operation clock of channel n.

Note 1. TMRm2, TMRm4, TMRm6: MASTERmn =1

TMRmO: Fixed to 0

Remark  m: Unit number (m = 0), n: Master channel number (n =0, 2, 4)
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Figure 6-76. Example of Set Contents of Registers When Multiple PWM Output Function (Master Channel) Is Used (2/2)

(b) Timer output register m (TOm)

Bit n

TOm TOmn 0: Outputs 0 from TOmn.
0

(c) Timer output enable register m (TOEm)

Bitn

TOEm |TOEm 0: Stops TOmn output operation by counting operation.
n

0

(d) Timer output level register m (TOLm)

Bit n

TOLm |[TOLmn 0: Cleared to 0 when TOMmn = 0 (master channel output mode).
0

(e) Timer output mode register m (TOMm)

Bit n

TOMm |TOMm 0: Sets master channel output mode.
n

0

Remark  m: Unit number (m = 0), n: Master channel number (n =0, 2, 4)
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Figure 6-77. Example of Set Contents of Registers When Multiple PWM Output Function (Slave Channel) Is Used
(Output Two Types of PWMs) (1/2)

(a) Timer mode register mp, mg (TMRmp, TMRmq)

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
TMRmp [CKSm|CKSm CCSm| M/S |STSmp|STSmp|STSmp|CISmp|CISmp MDmp [MDmp |MDmp |MDmp
pl pO p Note 1 2 1 0 1 0 3 2 1 0
1/0 0 0 0 0 1 0 0 0 0 0 0 1 0 0 1
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
TMRmg |CKSm|CKSm CCSm| M/S |STSmg|STSmQg[STSmq|CISmq|CISmq MDmq |MDmq|MDmgq|MDmq
gl qo q Note 1 2 1 0 1 0 3 2 1 0
1/0 0 0 0 0 1 0 0 0 0 0 0 1 0 0 1

L | L L

Operation mode of channel p, q

100B: One-count mode

Start trigger during operation
1: Trigger input is valid.

Selection of TImp and TImg pins input edge

00B: Sets 00B because these are not used.

Start trigger selection
100B: Selects INTTMmn of master channel.

Setting of MASTERmp and MASTERmMQ bits (channels 2, 4, 6)
0: Slave channel

Setting of SPLITmp and SPLITmq bits (channels 1, 3)

0: 16-bit timer mode

Count clock selection

0: Selects operation clock (fuck)-

Operation clock (fuck) selection
00B: Selects CKmO as operation clock of channel p, g.
10B: Selects CKm1 as operation clock of channel p, g.

* Make the same setting as master channel.

Note 1. TMRmM2, TMRm4, TMRm6: MASTERmMp, MASTERmMq bit
TMRm1, TMRm3: SPLITmp, SPLITmq bit
TMRmM5, TMRmM7: Fixed to O

Remark  m: Unit number (m = 0), n: Master channel number (n =0, 2, 4)
p: Slave channel number, g: Slave channel number
n<p<q<s<7(Wherepand g are integers greater than n)
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Figure 6-77. Example of Set Contents of Registers When Multiple PWM Output Function (Slave Channel) Is Used
(Output Two Types of PWMs) (2/2)

(b) Timer output register m (TOm)

Bit q Bit p
TOm TOmq | TOmp 0: Outputs 0 from TOmp or TOmMQq.
1/0 1/0 1: Outputs 1 from TOmp or TOmQ.

(c) Timer output enable register m (TOEm)

Bitq Bit p
TOEm |TOEm|TOEm 0: Stops the TOmp or TOmMq output operation by counting operation.
q p 1: Enables the TOmp or TOmq output operation by counting operation.
1/0 1/0

(d) Timer output level register m (TOLm)

Bit q Bit p
TOLm [TOLmg[TOLmp 0: Positive logic output (active-high)
1/0 1/0 1: Negative logic output (active-low)

(e) Timer output mode register m (TOMm)

Bit q Bit p
TOMm |TOMm|TOMm 1: Sets the slave channel output mode.
q p
1 1

Remark  m: Unit number (m = 0), n: Master channel number (n =0, 2, 4)
p: Slave channel number, g: Slave channel number
n<p<q<s<7(Wherepand g are integers greater than n)

RO1UHO0959EJ0120 Rev.1.20 RENESAS Page 286 of 765
Jan 31, 2024



RL78/G15 CHAPTER 6 TIMER ARRAY UNIT

Figure 6-78. Operation Procedure When Multiple PWM Output Function Is Used (Output Two Types of PWMs) (1/3)

Software Operation Hardware Status
TAU Power-off status
default (Clock supply is stopped and writing to each register
setting is disabled.)

Sets the TAUMEN bit of peripheral enable register 0
(PERO) to 1. Power-on status. Each channel stops operating.

(Clock supply is started and writing to each register is
enabled.)

Sets timer clock select register m (TPSm).

Determines clock frequencies of CKm0 and CKm1.

Channel | Sets timer mode registers mn, mp, mg (TMRmn, Channel stops operating.

default TMRmp, TMRmq) of each channel to be used (Clock is supplied and some power is consumed.)
setting (determines operation mode of channels).

An interval (period) value is set to timer data register
mn (TDRmn) of the master channel, and a duty factor
is set to the TDRmp and TDRmq registers of the slave
channels.

Sets slave channel. The TOmp and TOmgq pins go into Hi-Z output state.

The TOMmp and TOMmgq bits of timer output
mode register m (TOMm) are set to 1 (slave
channel output mode).

Sets the TOLmp and TOLmq bits.

Sets the TOmp and TOmq bits and determines
default level of the TOmp and TOmq outputs. ——The TOmp and TOmq default setting levels are output
when the port mode register is in output mode and the
port register is 0.

Sets the TOEmp and TOEmq bits to 1 and enables
operation of TOmp and TOmgq. ———» TOmp and TOmq do not change because channels
stop operating.

Clears the port register and port mode register to
0. The TOmp and TOmgq pins output the TOmp and
TOmq set levels.

Remark  m: Unit number (m = 0), n: Master channel number (n =0, 2, 4)
p: Slave channel number, q: Slave channel number
n<p<q<s<7(Wherepand g are a consecutive integer greater than n)
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Figure 6-78. Operation Procedure When Multiple PWM Output Function Is Used (Output Two Types of PWMs) (2/3)

Software Operation

Hardware Status

—»| Operation

start

(Sets the TOEmp and TOEmq (slave) bits to 1 only
when resuming operation.)

The TSmn bit (master), and TSmp and TSmq (slave)
bits of timer channel start register m (TSm) are set to
1 at the same time.

The TSmn, TSmp, and TSmq bits automatically
return to 0 because they are trigger bits.

TEmn=1, TEmp, TEmq=1
When the master channel starts counting,
INTTMmn is generated. Triggered by this interrupt,
the slave channel also starts counting.

During
operation

Operation is resumed.

Set values of the TMRmn, TMRmp, TMRm(q registers,
TOMmn, TOMmp, TOMmg, TOLmn, TOLmp, and
TOLmq bits cannot be changed.

Set values of the TDRmn, TDRmp, and TDRmq
registers can be changed after INTTMmn of the
master channel is generated.

The TCRmn, TCRmp, and TCRmq registers can
always be read.

The TSRmn, TSRmp, and TSRmq registers are not
used.

Master channel loads the value of the TDRmn register
to timer count register mn (TCRmn), and the counter
starts counting down. When the count value reaches
TCRmn = 0000H, INTTMmn output is generated. At
the same time, the value of the TDRmn register is
loaded to the TCRmn register, and the counter starts
counting down again.

At the slave channel 1, the values of the TDRmp
register are transferred to the TCRmp register,
triggered by INTTMmn of the master channel, and the
counter starts counting down. The output levels of
TOmp become active one count clock after generation
of the INTTMmn output from the master channel. It
becomes inactive when TCRmp = 0000H, and the
counting operation is stopped.

At the slave channel 2, the values of the TDRmq
register are transferred to TCRmq register, triggered
by INTTMmn of the master channel, and the counter
starts counting down. The output levels of TOmq
become active one count clock after generation of the
INTTMmn output from the master channel. It becomes
inactive when TCRmq = 0000H, and the counting
operation is stopped. After that, the above operation is
repeated.

Operation
stop

The TTmn (master), TTmp, and TTmq (slave) bits are

set to 1 at the same time.

The TTmn, TTmp, and TTmq bits automatically
return to 0 because they are trigger bits.

TEmn, TEmp, TEmq = 0, and count operation stops.
The TCRmn, TCRmp, and TCRmq registers hold
count value and stop.

The TOmp and TOmq output are not initialized but
hold current status.

The TOEmp and TOEmq bits of slave channels are
cleared to 0 and value is set to the TOmp and TOmq

bits.

The TOmp and TOmgq pins output the TOmp and
TOmq set levels.

Remark

p: Slave channel number, q: Slave channel number

m: Unit number (m = 0), n: Master channel number (n =0, 2, 4)

n<p<q<s<7(Wherepand g are a consecutive integer greater than n)
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Figure 6-78. Operation Procedure When Multiple PWM Output Function Is Used (Output Two Types of PWMs) (3/3)

Software Operation

Hardware Status

TAU stop

To hold the TOmp and TOmq pin output levels

Clears the TOmp, TOmq bits to O after the value to
be held is set to the port register. ——

When holding the TOmp and TOmq pin output levels
are not necessary

Setting not required.

+ The TOmp and TOmq pin output levels are held by
port function.

The TAUMEN bit of the PERO register is cleared —Power-off status

to 0.

All circuits are initialized and SFR of each channel
is also initialized.

(The TOmp and TOmgq bits are cleared to 0 and

the TOmp and TOmq pins are set to port mode.)

Remark

p: Slave channel number, q: Slave channel number

m: Unit number (m = 0), n: Master channel number (n =0, 2, 4)

n<p<q=7(Where pand g are a consecutive integer greater than n)
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6.9.4 Operation as two-channel input with one-shot pulse output function

By using signal input to two pins (T10n and TI0p), a one-shot pulse having any delay pulse width can be generated.

The delay (output delay time) and one-shot pulse width can be calculated by the following expressions.

Delay time = {Set value of TDROn (master) + 2} X count clock period
One — shot pulse active — level width =

count clock period x ((10000H + TSROp: OVF) + (capture value of TDROp (slave) + 1)

Caution The TIOn and TIOp pin inputs are each sampled using the operation clock (fuck) selected with the
CKSOn1 bit of the timer mode register On (TMROnN), so an error of one cycle of the operation clock
(fmck) per pin occurs.

The master channel should be operated in the one-count mode to start counting the delays (output delay time) upon
detection of a valid edge of the master channel TIOn pin input used as the start trigger. Upon detection of a start trigger
(valid edge of TIOn pin input), the master channel loads the value of timer data register On (TDROnN) to the timer count
register On (TCRON), and performs counting down in synchronization with the count clock (frcLk). When TCROn = 0000H,
the master channel outputs INTTMOn and outputs the active level from the TOOp pin. It stops counting until the next start
trigger is detected.

The slave channel should be operated in the capture mode to set the one-shot pulse to the inactive level upon detection
of a valid edge of the slave channel TIOp pin input used as the end trigger.

Upon detection of an end trigger (valid edge of TIOp pin input), the slave channel transfers (captures) the count value of
the TCROp register to the TDROp register, and clears it to 0000H. Simultaneously, the slave channel outputs INTTMOp
and the inactive level from the TOOp pin. Here, if the counter overflow has occurred, the OVF bit in the timer status
register Op (TSROp) is set; if not, the OVF bit is cleared. After this, the same steps are repeated.

When the count value is captured to the TDROp register, the OVF bit in the TSROp register is updated depending on the
overflow status during the active level period, which allows the overflow status of the captured value to be checked.

If the counter reaches a full count for two or more periods, it is judged to be an overflow occurrence, and the OVF bit of
the TSROp register is set to 1. However, a normal interval value cannot be measured for the OVF bit, if two or more
overflows occur.

Instead of using the TIOn pin input, the software operation (TSOn = 1) can be used as a start trigger for the master
channel startup detection.

Remark n: Master channel number (n =0, 2), p: Slave channel number (p = 3)
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Figure 6-79. Block Diagram of Operation for Two-channel Input with One-shot Pulse Output Function

Master channel
(one-count mode)

s
CKOl — > 8
Operation clock & *| Timer counter register On
CKOO ———— E ] (TCRON)
O
T »
Son 8,-% Timer data register On | Interrupt Interrupt signal
E’% (TDRON) "] controller (INTTMOn)
. s Edge 7]
TI0n pin ©@—+| Noise filter (— | =9 >
TNFENON
Slave channel
(capture mode)
S
CKO01 » g v
Operation clock & > Timer counter register Op Output .
CK00 > _é — ) (TCROp) "1 controller C TOOp pin
o
M c
8,-% Timer data register Op | Interrupt Interrupt signal
E’% (TDROPp) "| controller (INTTMOp)
. o Edge »
TI0p pin ©—»| Noise filter —» detection >
TNFENOp
Remark n: Master channel number (n =0, 2)
p: Slave channel number (p = 3)
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Figure 6-80. Example of Basic Timing of Operation for Two-channel Input with One-shot Pulse Output Function

TSOn _ﬂ
TEOn J

TIOn

FFFFH
Master

channel TCRON

TDRON a

TOON

INTTMOn

Tsop |

- / )

TIOp

Slave TCROp b
channel 0000H

TDROp 0000H b

R

TOOp

INTTMOp

a+2 b+1 a+2 b+1

Remark 1.  n: Master channel number (n =0, 2)
p: Slave channel number (p = 3)

Remark 2.  TSOn, TSOp: Bit n, p of timer channel start register 0 (TS0)
TEONn, TEOp: Bit n, p of timer channel enable status register 0 (TEO)
TIOn, TIOp: TIOn and TIOp pins input signal
TCRON, TCROp: Timer count registers On, Op (TCROn, TCROp)
TDRON, TDROp: Timer data registers On, Op (TDROn, TDROp)
TOON, TOOp: TOON and TOOp pins output signal
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Figure 6-81. Example of Set Contents of Registers for Two-channel Input with One-shot Pulse Output Function

(Master Channel) (1/2)

(@) Timer mode register On (TMRONH, TMROnNL)

TMROnH TMRONL
A A
r A4 N
7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0
TMROn |CKSOn CCSOn| MNete 1 |STSON|STSON|STSON|CISON1/CISONO MDONn3|MDOn2|MDONn1{MDONO
1 2 1 0
1/0 0 0 0 1 0 0 1 0 0 0 0 1 0 0 0

L L]

Operation mode of channel n

100B: One-count mode

Start trigger during operation
0: Trigger input is invalid.

Selection of TIOn pin input edge
00B: Detects falling edge.

Start trigger selection
001B: Selects the TIOn pin input valid edge.N°2

Setting of MASTERON bit (Channel 2)

1: Master channel.

Count clock selection

0: Selects operation clock (fuck)-

Operation clock (fuck) selection
0: Selects CKOO as operation clock of channel n.

1: Selects CKO1 as operation clock of channel n.

Note 1. TMRO02: MASTERO2 bit
TMROO: 0 fixed

Note 2. A software operation (TSOn = 1) can be used as a start trigger, instead of using the TIOn pin input.

Remark n: Master channel number (n = 0, 2)
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Figure 6-81. Example of Set Contents of Registers for Two-channel Input with One-shot Pulse Output Function

(Master Channel) (2/2)

(b) Timer output register 0 (TOO)

Bit n

TOO TOON 0: Outputs 0 from TOON.
0

(c) Timer output enable register 0 (TOEO)

Bitn

TOEO |TOEONn 0: Stops the TOON output operation by counting operation.
0

(d) Timer output level register 0 (TOLO)

Bitn

TOLO |TOLOn 0: Setting is invalid because master channel output mode is set (TOMOn = 0).
0

(e) Timer output mode register 0 (TOMO)

Bit n

TOMO [TOMON 0: Sets master channel output mode.
0

Remark n: Master channel number (n =0, 2)

RO1UHO0959EJ0120 Rev.1.20 RENESAS Page 294 of 765
Jan 31, 2024



RL78/G15 CHAPTER 6 TIMER ARRAY UNIT

Figure 6-82. Example of Set Contents of Registers for Two-channel Input with One-shot Pulse Output Function

(Slave Channel) (1/2)

(&) Timer mode register Op (TMROpH, TMROpL)

TMROpH TMROpL
A A
14 N N\
7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0
TMROp |CKSOp CCSOp| S |STSOp|STSOp|STSOp|CISOP1{CISOPO: MDOp3|MDOp2(MDOp1|MDOpO
1 2 1 0
/0 | 0 0 0 0 1 1 0 0 0 0 0 0 1 0 0

L L

Operation mode of channel p
010B: Capture mode

Setting of operation when
counting is started

0: Does not generate INTTMOp
when counting is started.

Selection of TIOp pin input edge
00B: Detects falling edge.

Trigger selection

110B: Selects INTTMOnN of master channel as the start trigger and selects TIOp pin
input valid edge of slave channel as the end trigger (capture trigger).

Setting of SPLITOp bit (Channel 3)
0: 16-bit timer mode

Count clock selection

0: Selects operation clock (fuck)-

Operation clock (fuck) selection
0: Selects CKOO as operation clock of channel p.
1: Selects CKO1 as operation clock of channel p.

* Make the same setting as master channel.

Remark n: Master channel number (n =0, 2)
p: Slave channel number (p = 3)
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Figure 6-82. Example of Set Contents of Registers for Two-channel Input with One-shot Pulse Output Function

(Slave Channel) (2/2)

(b) Timer output register 0 (TOO)

Bit p
TOO TOOp 0: Outputs 0 from TOOp.
1/0 1: Outputs 1 from TOOp.

(c) Timer output enable register 0 (TOEO)

Bit p
TOEO |TOEOp 0: Stops the TOOp output operation by counting operation (the level set in the TOOp bit is output from the
10 TOOp pin).
1: Enables the TOOp output operation by counting operation (output from the TOOp pin is toggled).

(d) Timer output level register 0 (TOLO)

Bit p
TOLO |TOLOp 0: Positive logic output (active-high)
1/0 1: Negative logic output (active-low)

(e) Timer output mode register 0 (TOMO)

Bit p

TOMO [TOMOp 1: Sets the slave channel output mode.
1

Remark p: Slave channel number (p = 3)
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Figure 6-83. Operation Procedure of Two-channel Input with One-shot Pulse Output Function (1/2)

Software Operation Hardware Status
TAU Power-off status
default (Clock supply is stopped and writing to SFR of the
setting TAU is disabled.)

Sets the TAUOEN bit of peripheral enable registers 0
(PERO) to 1 (when the TAUOEN bit is 0, read/write
operation is disabled). P Power-on status. Each channel stops operating.
(Clock supply is started and writing to SFR of the TAU
is enabled.)

Sets timer clock select register 0 (TPSO0).

Determines operation clock (CK00 and CKO01) for
each channel.

Channel | Sets noise filter enable register 1 (NFEN1). Channel stops operating.
default Sets timer mode register On, p (TMROn, TMROp)
setting (determines operation mode for each channel and

selects the detection edge).

Sets master channel The TOOp pin goes into Hi-Z state.
Sets delay (output delay time) to timer data (The port mode register is set to input mode.)
register On (TDRON) (for the access procedure to
the TDROnH and TDRONL registers, see 6.2.2
Timer data register mn (TDRmn).Clears the
target bit of timer output mode register 0 (TOMO)
to 0 (master channel output mode).
Clears the target bit of the TOLO register to 0.
Clears the target bit of the timer output enable
register 0 (TOEO) to O.

Sets slave channel.
Sets the target bit of timer output mode register 0
(TOMO) to 1 (slave channel output mode).
Sets the target bit of the TOLO register.
Sets the TOOp bit and determines default level of
the TOOp output.

Sets the TOEOp bit to 1 and enables operation of - TOOp does not change because channel stops
TOOp. operating (The TOOp pin is not affected even if the
TOOp bit is modified).

Clears the port register and port mode register to 0

(output mode is set). The level set in the TOOp bit is output from the TOOp
Tpin.
Remark n: Master channel number (n =0, 2)
p: Slave channel number (p = 3)
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Figure 6-83. Operation Procedure of Two-channel Input with One-shot Pulse Output Function (2/2)

Software Operation

Hardware Status

—»| Operation

start

Sets the TOEOp bit of the slave channel to 1 to enable
TOOp operation (only when operation is resumed).
Sets the target bits of the TSO register (master and
slave) to 1 at the same time.

The target bits of the TS0 register automatically
return to 0 because they are trigger bits.

The target bits of the TEO register are set to 1 and the
master channel enters the TIOn pin input valid edge
detection wait status.

Count operation starts on detection of the next start

triggers:
® The TIOn pin input valid edge is detected.
® The TSOn bit is set to 1 by software.

Value of the TDRON register is loaded to the timer
count register On (TCRON) of the master channel, and
count down operation starts.

During
operation

Operation is resumed.

Changes master channel setting.
The TCROnN register can always be read (for the
access procedure to the TCROnH and TCROnL
registers, see 6.2.1 Timer count register mn
(TCRmn)).
The set values of only the CISOn1 and CISOnO bits
of the TMRON register can be changed.
The set values in the target bits of the TDROn,
TOO, TOEO, TOMO, and TOLO registers cannot be
changed.

Changes slave channel setting.
The TDROp register can always be read.
The TCROp register can always be read.
The TSROp register can always be read.
The set values of only the CISOp1 and CISOpO bits
of the TMROp register can be changed.
The set values in the target bits of the TOOp,
TOEOp, TOMO, and TOLO registers cannot be
changed.

The master channel counter (TCROnN) performs count
down operation. When the count value reaches
TCRON = 0000H, INTTMOn is generated, and the
counter stops at TCROn = FFFFH until the next start
trigger is detected (the TIOn pin input valid edge is
detected or TSOn bit is set to 1).

The slave channel, triggered by INTTMOn of the
master channel, clears the timer counter register Op
(TCROp) to 0000H. The counter (TCROp) starts
counting up from 0000H, and when the TIOn pin input
valid edge is detected, the count value is transferred
to the timer data register Op (TDROp) (capture) and
the TCROp register is cleared to 0000H. At this time,
INTTMOp is generated, which sets the TOOp output
level to inactive.

After that, the above operation is repeated.

Operation
stop

Sets the target bits of the TTO register (master and
slave) to 1 at the same time.

The target bits of the TTO register automatically
return to O because they are trigger bits.

The target bits of the TEO register are cleared to 0,
and count operation stops.
The TCROn and TCROp registers hold count value
and stop.
The TOOp output is not initialized but holds current
status.

Clears the TOEOp bit of slave channel to 0 and sets a
value to the TOOp bit.

The level set in the TOOp bit is output from the TOOp
pin.

TAU stop

To hold the TOOp pin output level

Clears the TOOp bit to 0 after the value to be held
(output latch) is set to the port register. —————»

The TOOp pin output level is held by port function.

Clears the TAUOEN bit of the PERO register to 0. —»

Power-off status

(Clock supply is stopped and SFR of the TAU is
initialized.)

Remark

n: Master channel number (n =0, 2)

p: Slave channel number (p = 3)
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6.10 Cautions When Using Timer Array Unit

6.10.1 Cautions when using timer output

Depending on the product, a timer output and other alternate functions may be assigned to some pins. In such case, the
outputs of the other alternate functions must be set to their initial states.

For details, see 4.5 Register Settings When Using Alternate Function.
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CHAPTER 7 12-BIT INTERVAL TIMER

71 Functions of 12-bit Interval Timer

An interrupt request signal (INTIT) is generated at any previously specified time interval. It can be utilized as the trigger
for waking up from STOP mode and HALT mode.

7.2  Configuration of 12-bit Interval Timer

The 12-bit interval timer includes the following hardware.

Table 7-1. Configuration of 12-bit Interval Timer

ltem Configuration

Counter 12-bit counter

Control registers Peripheral enable register 0 (PERO)

Operation speed mode control register (OSMC)

Interval timer control register (ITMC)

Figure 7-1. Block Diagram of 12-bit Interval Timer

Clear

Count clock L

fiL Count operation q
control circuit

12-bit counter

‘ ‘ Interrupt request
V4 D_ signal (INTIT)

Match

WUTMM
CKO

Operation speed mode ontrol . .
register (OSMC) iE Interval timer control register (ITMC)

8 Internal bus 2

RINTE ITMCMP11 to ITMCMPO
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7.3 Registers Controlling 12-bit Interval Timer

The 12-bit interval timer is controlled by the following registers.
® Peripheral enable register 0 (PERO)

® Operation speed mode control register (OSMC)

® |nterval timer control register (ITMC)

7.3.1 Peripheral enable register 0 (PERO)

This register is used to enable or disable supplying the clock to the peripheral hardware. Clock supply to the hardware

that is not used is also stopped so as to decrease the power consumption and noise.
When using the 12-bit interval timer, be sure to set bit 7 (TMKAEN) to 1 at first.
The PERO register can be set by a 1-bit or 8-bit memory manipulation instruction.

Reset signal generation clears this register to 00H.

Figure 7-2. Format of Peripheral Enable Register 0 (PERO)

Address: FOOFOH  After reset: 00H R/W

Symbol [6] 3 ]
PERO TMKAEN CMPEN ADCEN IICAOEN 0 SAUOEN TAUOEN
TMKAEN Control of 12-bit interval timer input clock supply
0 Stops input clock supply.

® SFR used by the 12-bit interval timer cannot be written.

® The 12-bit interval timer is in the reset status.

1 Enables input clock supply.

® SFR used by the 12-bit interval timer can be read and written.

Caution 1. Set the WUTMMCKO bit of the OSMC register to 1 to determine the clock source for counting before

supplying an input clock signal to the 12-bit interval timer (TMKAEN = 1).

Caution 2. When setting the 12-bit interval timer, be sure to first set the TMKAEN bit to 1 and then set the

following register, while oscillation of the count clock is stable.

If TMKAEN = 0, writing to the 12-bit interval timer is ignored, and all read values are default values

(except for the operation speed mode control register (OSMC)).
¢ Interval timer control register (ITMC)

Caution 3. Be sure to clear bits 1 and 3 to 0.
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7.3.2 Operation speed mode control register (OSMC)

The WUTMMCKO bit can be used to control supply of the 12-bit interval timer count clock.

Set the WUTMMCKO bit to 1 before operating the 12-bit interval timer. Do not clear the WUTMMCKO bit to 0 before
counter operation has stopped.

The OSMC register can be set by an 8-bit memory manipulation instruction.

Reset signal generation clears this register to O0H.

Figure 7-3. Format of Operation Speed Mode Control Register (OSMC)

Address: FOOF3H After reset: 00H R/W

Symbol 7 6 5 4 3 2 0
OSMC 0 0 0 WUTMMCKO 0 0 0
WUTMMCKO Supply of the count clock for 12-bit interval timer
0 Clock supply stop.
1 Low-speed on-chip oscillator clock (f.) supply
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7.3.3 Interval timer control register (ITMC)

This register is used to set up the starting and stopping of the 12-bit interval timer operation and to specify the timer
compare value.

The ITMC register can be set by a 16-bit memory manipulation instruction.

Reset signal generation sets this register to OFFFH.

Figure 7-4. Format of Interval Timer Control Register (ITMC)

Address: FFFO0H After reset: OFFFH R/W

Symbol 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
e [RiNTEl o 0 0 ITCMP|ITCMP|ITCMP|ITCMP|ITCMP (ITCMP|ITCMP [ITCMP|ITCMP [ITCMP|ITCMP|ITCMP
11 10 9 8 7 6 5 4 3 2 1 0
RINTE 12-bit interval timer operation control
0 Count operation stopped (count clear)
1 Count operation started
ITCMP11 to ITCMPO Specification of the 12-bit interval timer compare value
001H These bits generate an interrupt at the fixed cycle (count clock cycles x (ITCMP setting +
1)).
FFFH
000H Setting prohibited
Example interrupt cycles when 001H or FFFH is specified for ITCMP11 to ITCMPO
® |ITCMP11 to ITCMPO = 001H, count clock: when f_ = 15 kHz
1/15 [kHz] x (1 + 1) = 0.1333 [ms] = 133.3 [us]
® |TCMP11 to ITCMPO = FFFH, count clock: when fi_. = 15 kHz
1/15 [kHz] x (4095 + 1) = 273 [ms]

Caution 1. Set the TMKAMK flag to 1 to disable processing of the INTIT interrupt before stopping the counter
(by clearing the RINTE bit to 0). Clear the TMKAIF flag to 0 to enable INTIT interrupt processing
before restarting counter operation (by setting the RINTE bit to 1).

Caution 2. The value read from the RINTE bit is applied one count clock cycle after setting the RINTE bit to 1.

Caution 3. When setting the RINTE bit after returned from standby mode and entering standby mode again,
confirm that the written value of the RINTE bit is reflected, or wait that more than one clock of the
count clock has elapsed after returned from standby mode. Then enter standby mode.

Caution 4. Only change the setting of the ITCMP11 to ITCMPO bits when the counting operation is stopped
(RINTE = 0). However, it is possible to change the settings of the ITCMP11 to ITCMPO bits at the
same time as when changing the setting of the RINTE bit from 0 to 1 or 1 to 0.
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7.4  12-bit Interval Timer Operation

7.41 12-bit interval timer operation timing

The count value specified for the ITCMP11 to ITCMPO bits is used as an interval to operate a 12-bit interval timer that
repeatedly generates interrupt requests (INTIT).

When the RINTE bit is set to 1, the 12-bit counter starts counting.

When the 12-bit counter value matches the value specified for the ITCMP11 to ITCMPO bits, the 12-bit counter value is
cleared to 0, counting continues, and an interrupt request signal (INTIT) is generated at the same time.

The basic operation of the 12-bit interval timer is shown in Figure 7-5.

Figure 7-5. 12-bit Interval Timer Operation Timing
(ITCMP11 to ITCMPO = OFFH, count clock: fi. = 15 kHz)

Count clock wmmmmﬂmm

RINTE _I i | |
Counting starts at the rising edge of the first cycle of }
the count clock S|gnal after the RINTE bit is set to 1. i

! !
OFFH — e —mmmm e m o — — ‘——————-}———————41— ————————————— ‘
‘ ‘

12-bit counter

000H

The 12-bit counter is cleared
asynchronously with the count clock
signal when the RINTE bit is cleared to 0.

ITCMP11t0 ITCMPO | | OFFH

INTIT i | ! |‘|
! (( (( 1 ! [ !

Period (17.06 ms)
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7.4.2 Start of count operation and re-enter to HALT/STOP mode after returned
from HALT/STOP mode

When setting the RINTE bit after returned from HALT or STOP mode and entering HALT or STOP mode again, write 1 to

the RINTE bit, and confirm the written value of the RINTE bit is reflected or wait for at least one cycle of the count clock.
Then, enter HALT or STOP mode.

e After setting RINTE to 1, confirm by polling that the RINTE bit has become 1, and then enter HALT or STOP mode
(see Example 1 in Figure 7-6).

e After setting RINTE to 1, wait for at least one cycle of the count clock and then enter HALT or STOP mode (see
Example 2 in Figure 7-6).

Figure 7-6. Procedure of entering to HALT or STOP mode after setting RINTE to 1

Example 1 Example 2
;T/ i\\r/
Return from HALT mode Return from HALT mode
Return from STOP mode Return from STOP mode
I
RINTE =1 Count operation is started. RINTE =1

At least one cycle of the
count clock after returned

from HALT or STOP mode
No RINTE = 12 Confirm count operation is Wait for at least one cycle of
- started. the count clock

Yes

\

HALT instruction executed Enter HALT or HALT instruction executed Enter HALT or
STOP instruction executed STOP mode STOP instruction executed STOP mode
:i; i£i
RO1UHO0959EJ0120 Rev.1.20 RENESAS Page 305 of 765

Jan 31, 2024



RL78/G15 CHAPTER 8 CLOCK OUTPUT/BUZZER OUTPUT CONTROLLER

CHAPTER 8 CLOCK OUTPUT/BUZZER OUTPUT
CONTROLLER

8.1 Functions of Clock Output/Buzzer Output Controller

The clock output controller is intended for clock output for supply to peripheral ICs. Buzzer output is a function to output a

square wave of buzzer frequency.
One pin can be used to output a clock or buzzer sound.
The PCLBUZO0 pin outputs a clock selected by clock output select register 0 (CKSO0).

Figure 8-1 shows a block diagram of the clock output/buzzer output controller.

Figure 8-1. Block Diagram of Clock Output/Buzzer Output Controller

fvan ——> Prescaler

5 3

fuan/2"" 1o fyuan/2"

fuam 10 fuan/2* N

Selector

Clock/
> P0O2/ANI1/VCOUTO/SCKO0/SCLOO/PCLBUZO/
buzzer controller ’:’ k’ © INTP7/(TI01/TO01)/(SO01)

PCLOEO Output latch
P02

PM02

| I

PCLOEO| CCS02 | CCS01 [ CCS00

@ Clock output select register 0 (CKS0)

S Internal bus S

Caution 1.  For output frequencies available from the PCLBUZ0 pin, refer to 23.4 AC Characteristics and 24.4

AC Characteristics.

Remark The clock output/buzzer output pins in the above diagram are those when PIOR31 = 0 and PIOR30 =0 in 16-
pin and 20-pin products and when PIOR30 = 0 in 10-pin products.
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8.2 Configuration of Clock Output/Buzzer Output Controller

The clock output/buzzer output controller includes the following hardware.

Table 8-1. Configuration of Clock Output/Buzzer Output Controller

Item Configuration

Control registers Clock output select register 0 (CKS0)

Port mode registers 0, 4 (PMO, PM4)

Port registers 0, 4 (PO, P4)

Port mode control register 0 (PMCO)
Peripheral I/O redirection register 3 (PIOR3)

8.3 Registers Controlling Clock Output/Buzzer Output Controller

The following registers are used to control the clock output/buzzer output controller.
e Clock output select register 0 (CKSO0)
® Port mode registers 0, 4 (PMO, PM4)
e Port mode control register 0 (PMCO)
e Peripheral I/O redirection register 3 (PIOR3)
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8.3.1

Clock output select register 0 (CKSO0)

This register enables or disables output from the pin for clock output or buzzer frequency output (PCLBUZ0) and sets the

output clock.

The CKSO register is set by a 1-bit or 8-bit memory manipulation instruction.

Reset signal generation clears this register to 00H.

Figure 8-2. Format of Clock Output Select Register 0 (CKSO0)

Address: FFFA5H  After reset: 00H R/W

Symbol 6 5 3 2 1 0
CKSO0 PCLOEO 0 0 0 CCS02 CCSO01 CCS00
PCLOEO PCLBUZO pin output enable/disable specification
0 Output disable (default)
1 Output enable
CCS02 CCSO01 CCS00 PCLBUZO0 pin output clock selection
fMAIN (MHZ)
1 5 8 10 16
0 0 0 fuain 1 MHz 5 MHzNee ' | 8 MHZzN°®" | 10 MHz Setting
Note 1 prohibited
Note 1
0 0 1 fuvain/2 500 kHz 2.5 MHz 4 MHz 5 MHZzNoe T | 8 MHZNoe !
0 1 0 fuan/22 250 kHz 1.25MHz |2 MHz 2.5 MHz 4 MHz
0 1 1 fuan/23 125 kHz 625 kHz 1 MHz 1.25 MHz 2 MHz
1 0 0 fuan/24 62.5 kHz 312.5kHz |500 kHz 625 kHz 1 MHz
1 0 1 fuan/2"! 488 Hz 2.44 kHz 3.91 kHz 4.88 kHz 7.81 kHz
1 1 0 fuan/2'? 244 Hz 1.22 kHz 1.95 kHz 2.44 kHz 3.91 kHz
1 1 1 fman/2'® 122 Hz 610 Hz 977 Hz 1.22 kHz 1.95 kHz
Note 1. The available output clock varies depending on the operating voltage range. For detail, refer to 23.4 AC
Characteristics and 24.4 AC Characteristics.
Caution 1. Change the output clock after disabling the PCLBUZ0 pin output (PCLOEO = 0).
Caution 2. To shift to STOP mode, execute the STOP instruction after at least 1.5 clock cycles of the PCLBUZ0
pin output clock have elapsed following disabling of the PCLBUZO0 pin output (PCLOEO = 0).
Remark fuwain: Main system clock frequency
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8.3.2 Registers controlling port functions of clock output/buzzer output pin

Using the port pin for the clock output/buzzer output controller requires setting of the registers that control the port
function multiplexed on the clock output/buzzer output pin (PCLBUZO0 pin): (port mode registers 0, 4 (PM0O, PM4), port
registers 0, 4 (PO, P4), port mode control register 0 (PMCO), peripheral I/O redirection register 3 (PIOR3)).

For details on the registers that control the port functions, see 4.3.1 Port mode registers 0, 2, 4, 12 (PM0, PM2, PM4,
PM12), 4.3.2 Port registers 0, 2, 4, 12, 13 (PO, P2, P4, P12, P13), 4.3.5 Port mode control registers 0, 2 (PMCO,
PMC2), and 4.3.6 Peripheral I/O redirection registers 0 to 3 (PIORO to PIOR3).

When you intend to use the PCLBUZO pin, set the corresponding bits in the port mode register (PM0) and port mode
control register 0 (PMCO) to 0 and the corresponding bits in the port register (P0) and port output mode register (POMO)
to 0.

For details, see 4.5.3 Register setting examples for used port and alternate functions.

The table below lists the clock output/buzzer output pins set by the PIORS register.

® 16- and 20-Pin Products

PIOR31 PIOR30 Clock Output/Buzzer Output Pin
0 0 P02 (initial value)
0 1 P40
1 0 P06

® 10-Pin Products

PIOR30 Clock Output/Buzzer Output Pin
0 P02 (initial value)
1 P40

©® 8-Pin Products

Clock Output/Buzzer Output Pin

Fixed to pin P40
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8.4  Operations of Clock Output/Buzzer Output Controller

One pin can be used to output a clock or buzzer sound.

The PCLBUZO pin outputs a clock/buzzer selected by clock output select register 0 (CKSO0).

8.4.1 Operation as output pin

The PCLBUZO pin is output as the following procedure.

1. Set the corresponding bits in the port mode register (PM0O/PM4), port register (P0/P4), and port mode control
register 0 (PMCO) for the port pin on which the PCLBUZO function is multiplexed to 0.

2. Select the output frequency with bits 0 to 2 (CCS00 to CCS02) of the clock output select register (CKSO0) for the
PCLBUZO pin (output is disabled).

3. Set bit 7 (PCLOEO) of the CKSO register to 1 to enable clock/buzzer output.

Remark The controller used for clock output starts or stops clock output one clock after enabling or disabling of clock
output (by the PCLOE bit) is switched. At this time, pulses with a narrow width are not output.
Figure 8-3 shows enabling or stopping of output by the PCLOEDO bit and the timing of clock output.

Figure 8-3. Timing of Clock Output from PCLBUZO0 Pin

PCLOEO

1 clock elapsed

Clock output

Narrow pulses are
not output

Remark If STOP mode is entered within 1.5 clock cycles of the PCLBUZ0 pin output clock after disabling the
PCLBUZ0 pin output (PCLOEO = 0), the width of the PCLBUZO0 pin output pulse becomes shorter. In
such cases, only execute the STOP instruction after at least 1.5 clock cycles of the PCLBUZ0 pin
output clock have elapsed following disabling of the PCLBUZO0 pin output.
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CHAPTER9 WATCHDOG TIMER

9.1 Functions of Watchdog Timer

The counting operation of the watchdog timer is set by the user option byte (000COH).
The watchdog timer operates on the low-speed on-chip oscillator clock.

The watchdog timer is used to detect an inadvertent program loop. If a program loop is detected, an internal reset signal
is generated.

Program loop is detected in the following cases.
e |f the watchdog timer counter overflows
® If a 1-bit manipulation instruction is executed on the watchdog timer enable register (WDTE)

e |f data other than “ACH” is written to the WDTE register

When a reset occurs due to the watchdog timer, bit 4 (WDTRF) of the reset control flag register (RESF) is set to 1. For
details of the RESF register, see CHAPTER 16 RESET FUNCTION.

When 75% of the overflow time is reached, an interval interrupt is generated.
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9.2 Configuration of Watchdog Timer

The watchdog timer includes the following hardware.

Table 9-1. Configuration of Watchdog Timer

ltem

Configuration

Control register

Watchdog timer enable register (WDTE)

How the counter operation is controlled and the overflow time are set by the option byte.

Table 9-2. Setting of Option Bytes and Watchdog Timer

Setting of Watchdog Timer

Option Byte (000COH)

Controlling counter operation of watchdog timer

Bit 4 (WDTON)

Overflow time of watchdog tim

er

Bits 3 to 1 (WDCS2 to WDCSO0)

Controlling counter operation of watchdog timer (in HALT/STOP mode)

Bit 0 (WDSTBYON)

Remark For the option byte, see CHAPTER 18 OPTION BYTE.

WDCS2 to WDCSO of option byte

Figure 9-1. Block Diagram of Watchdog Timer

(000COH)

Clock Input

fip ————
controller

17-bit

—»|
counter

(251 )/fito (2"-1)/f

i

Interval time controller Interval interrupt request signal
(2"fiL x 0.75) (INTWDTI)

A

Overflow signal

Selector

Reset
output | Internal reset signal
controller

WDTON of option byte (000COH) —p»

Watchdog timer enable register :>
(WDTE)

Write detector to

il

WDTE except ACH
2 Internal bus 2
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9.3 Register Controlling Watchdog Timer

The watchdog timer is controlled by the watchdog timer enable register (WDTE).

9.31 Watchdog timer enable register (WDTE)

Writing “ACH” to the WDTE register clears the watchdog timer counter and starts counting again.
This register can be set by an 8-bit memory manipulation instruction.

Reset signal generation sets this register to 1AH or 9AHNo® 1,

Figure 9-2. Format of Watchdog Timer Enable Register (WDTE)

Address: FFFABH  After reset: 1AH/9AHN"® 1 R/W

Symbol 7 6 5 4 3 2 1 0
WDTE
WDTON Bit Setting Value WDTE Register Reset Value
0 (watchdog timer count operation disabled) 1AH
1 (watchdog timer count operation enabled) 9AH

Note 1. The WDTE register reset value differs depending on the WDTON bit setting value of the option byte
(O00COH). To operate the watchdog timer, set the WDTON bit to 1.

Caution 1.  If a value other than “ACH?” is written to the WDTE register, an internal reset signal is generated.

Caution 2. If a 1-bit memory manipulation instruction is executed for the WDTE register, an internal reset
signal is generated.

Caution 3. The value read from the WDTE register is 1AH/9AH (this differs from the written value (ACH)).
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9.4 Operation of Watchdog Timer

9.4.1 Controlling operation of watchdog timer

<1> When the watchdog timer is used, its operation is specified by the option byte (000COH).

e Enable counting operation of the watchdog timer by setting bit 4 (WDTON) of the option byte (000COH) to 1 (the
counter starts operating after a reset release) (for details, see CHAPTER 18 OPTION BYTE).

WDTON Watchdog Timer Counter
0 Counter operation disabled (counting stopped after reset)
1 Counter operation enabled (counting started after reset)

e Set an overflow time by using bits 3 to 1 (WDCS2 to WDCSO0) of the option byte (000COH) (for details, see 9.4.2
Setting time of watchdog timer and CHAPTER 18 OPTION BYTE).

<2> After a reset release, the watchdog timer starts counting.

<3> By writing “ACH” to the watchdog timer enable register (WDTE) after the watchdog timer starts counting and
before the overflow time set by the option byte, the watchdog timer is cleared and starts counting again.

<4> If the overflow time expires without “ACH” written to the WDTE register, an internal reset signal is generated.
An internal reset signal is also generated in the following cases.

® If a 1-bit manipulation instruction is executed on the WDTE register

e |f data other than “ACH” is written to the WDTE register

Caution 1.  If the watchdog timer is cleared by writing “ACH” to the WDTE register, the actual overflow time
may become shorter than the overflow time set by the option byte by up to one clock cycle of fi..

Caution 2. Clearing the watchdog timer is effective immediately before the counter value overflows.

Caution 3. The operation of the watchdog timer in the HALT and STOP modes differs as follows depending on
the set value of bit 0 (WDSTBYON) of the option byte (000COH).
WDSTBYON = 0: Watchdog timer operation stops.
WDSTBYON = 1: Watchdog timer operation continues.

If WDSTBYON = 0, the watchdog timer resumes counting after the HALT or STOP mode is released.
At this time, the counter is cleared to 0 and counting starts.

When operating with the X1 clockN°te ! after releasing the STOP mode, the CPU starts operating
after the oscillation stabilization time has elapsed. Therefore, if the period between the STOP mode
release and the watchdog timer overflow is short, an overflow occurs during the oscillation
stabilization time, causing a reset. Accordingly, set the overflow time in consideration of the
oscillation stabilization time when operating with the X1 clock after the STOP mode release by an
interval interrupt and the watchdog timer is to be cleared.

Caution 4. Setting WDTON = 0 and WDSTBYON = 1 is prohibited.

Note 1. 16-pin and 20-pin products only
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9.4.2 Setting time of watchdog timer

Set the overflow time and interval interrupt time of the watchdog timer by using bits 3 to 1 (WDCS2 to WDCSO0) of the

option byte (000COH).

If an overflow occurs, an internal reset signal is generated. The present count is cleared and the watchdog timer starts
counting again by writing “ACH” to the watchdog timer enable register (WDTE) before the overflow time. When 75% of

the overflow time is reached, an interval interrupt is generated.

The following overflow time and interval interrupt time can be set.

Table 9-3. Setting of Overflow Time and Interval Interrupt Time

WDCS2 WDCSH1 WDCSO0 Overflow Time of Watchdog Timer Interval Interrupt Time of Watchdog Timer

(fiL = 17.25 kHz (MAX.)) (fi. = 17.25 kHz (MAX.))

0 0 0 (26 -1)/fiL (3.65 ms) 2%/ x 0.75 (2.78 ms)

0 0 1 (2" =1)/fiL (7.36 ms) 27ffi.x 0.75 (5.56 ms)

0 1 0 (28 =1)/fiL (14.7 ms) 2%/fiLx 0.75 (11.1 ms)

0 1 1 (2° =1)/fiL (29.6 ms) 2%fiLx 0.75 (22.2 ms)

1 0 0 (2" =1)/fiL (118 ms) 2""/fix 0.75 (89.0 ms)

1 0 1 (23 =1)/fiL (474 ms) 2/fL x 0.75 (356 ms)

1 1 0 (2 =1)/fiL (949 ms) 2'%/fy x 0.75 (712 ms)

1 1 1 (2" =1)/fiL (3799 ms) 2'8/fy x 0.75 (2849 ms)

Caution 1. When operating with the X1 clockN°te ! after releasing the STOP mode, the CPU starts operating

Caution 2.

Caution 3.

after the oscillation stabilization time has elapsed.

Therefore, if the period between the STOP mode release and the watchdog timer overflow is short,
an overflow occurs during the oscillation stabilization time, causing a reset.

Consequently, set the overflow time in consideration of the oscillation stabilization time when
operating with the X1 clockN°te ! after the STOP mode release by an interval interrupt and the
watchdog timer is to be cleared.

The watchdog timer continues counting even after INTWDTI is generated (until ACH is written to
the watchdog timer enable register (WDTE)). If ACH is not written to the WDTE register before the
overflow time, an internal reset signal is generated.

The watchdog timer always generates an interval interrupt when the specified time is reached
unless this is specifically disabled. If the interval interrupt from the watchdog timer is not to be
used, be sure to disable the interrupt by setting the WDTIMK bit to 1.

Remark fi.: Low-speed on-chip oscillator clock frequency

Note 1. 16-pin and 20-pin products only
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The number of analog input channels of the A/D converter differs depending on the product.

@ 8-pin products: 3 channels (ANIO, ANI2, ANI3), internal reference voltageN°® ' (0.815 V (typ.))
@® 10-pin products: 4 channels (ANIO to ANI3), internal reference voltageN° ' (0.815 V (typ.))

@® 16-pin products: 7 channels (ANIO to ANI6), internal reference voltageN° ' (0.815 V (typ.))

® 20-pin products: 11 channels (ANIO to ANI10), internal reference voltageN°¢ ' (0.815 V (typ.))

Note 1. The internal reference voltage cannot be used for the A/D converter and the comparator simultaneously.
When the internal reference voltage is selected as the target of conversion by the A/D converter, do not set
the internal reference voltage as the reference voltage of the comparator.

10.1 Function of A/D Converter

The A/D converter is used to convert analog input signals into digital values, and is configured to control up to 11
channels of A/D converter analog inputs. 10-bit or 8-bit resolution can also be selected by using the ADTYP bit of A/D
converter mode register 2 (ADM2).

The A/D converter has the following function.

B 10-bit/8-bit resolution A/D conversion

Following the selection of one analog input channel from among ANIO to ANI10, software initiates A/D conversion with
10-bit or 8-bit resolution. An A/D conversion end interrupt request signal (INTAD) is generated on completion of A/D
conversion.

The range of operating voltage for the A/D converter is from 2.4 V to 5.5 V.
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10.2 Configuration of A/D Converter

The A/D converter includes the following hardware.

1) ANIO to ANI1QNote !

These are the analog input pins of the 11 channels of the A/D converter. They input analog signals to be converted into
digital signals. Pins other than the one selected as the analog input pin can be used as I/O port pins.

In addition to the voltages on analog input pins from ANIO to ANI10, the internal reference voltage (0.815 (typ.)) can be
selected as the target of conversion by the A/D converter.

Note 1. ANIO, ANI2, ANI3 for 8-pin products; ANIO to ANI3 for 10-pin products; ANIO to ANI6 for 16-pin products

2) Sample & hold circuit

The sample & hold circuit samples each of the analog input voltages sequentially sent from the input circuit, and sends
them to the A/D voltage comparator. This circuit also holds the sampled analog input voltage during A/D conversion.

3) A/D voltage comparator

The A/D voltage comparator compares the voltage generated from the voltage tap of the comparison voltage generator
with the analog input voltage. If the analog input voltage is found to be greater than the reference voltage (1/2 Vop) as a
result of the comparison, the most significant bit (MSB) of the successive approximation register (SAR) is set. If the
analog input voltage is less than the reference voltage (1/2 Vpbp), the MSB bit of the SAR is reset.

After that, bit 8 of the SAR register is automatically set, and the next comparison is made. The voltage tap of the
comparison voltage generator is selected by the value of bit 9, to which the result has been already set.

Bit 9 = 0: (1/4 Vop)
Bit 9 = 1: (3/4 Vop)

The voltage tap of the comparison voltage generator and the analog input voltage are compared and bit 8 of the SAR
register is manipulated according to the result of the comparison.

Analog input voltage = Voltage tap of comparison voltage generator: Bit 8 = 1

Analog input voltage < Voltage tap of comparison voltage generator: Bit 8 = 0

Comparison is continued like this to bit 0 of the SAR register.

When performing A/D conversion at a resolution of 8 bits, the comparison continues until bit 2 of the SAR register.

4) Comparison voltage generator

The comparison voltage generator generates the comparison voltage input from an analog input pin.
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5) Successive approximation register (SAR)

The SAR register is used to set voltage tap data whose values from the comparison voltage generator match the voltage
values of the analog input pins, one bit at a time starting from the most significant bit (MSB).

If data is set in the SAR register all the way to the least significant bit (LSB) (end of A/D conversion), the contents of the
SAR register (conversion results) are held in the A/D conversion result register (ADCR). When all the specified A/D
conversion operations have ended, an A/D conversion end interrupt request signal (INTAD) is generated.

6) 10-bit A/D conversion result register (ADCR)

Each time A/D conversion is completed, the conversion result is loaded from the successive approximation register and
the ten higher-order bits of the A/D conversion result are held in this register (the six lower-order bits are fixed to 0).

7) 8-bit A/D conversion result register (ADCRH)

Each time A/D conversion is completed, the conversion result is loaded from the successive approximation register and
the eight higher-order bits of the A/D conversion result are held in this register.

8) Controller

This circuit controls the conversion time of an analog input signal that is to be converted into a digital signal, as well as
starting and stopping of the conversion operation. When A/D conversion has been completed, this controller generates
an A/D conversion end interrupt request signal (INTAD).
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10.3 Registers Controlling A/D Converter
The A/D converter is controlled by the following registers.

® Peripheral enable register 0 (PERO)

e A/D converter mode register 0 (ADMO)

e A/D converter mode register 2 (ADM2)

® 10-bit A/D conversion result register (ADCR)

e 8-bit A/D conversion result register (ADCRH)

® Analog input channel specification register (ADS)
e A/D test register (ADTES)

® Port mode registers 0, 2 (PMO0, PM2)

® Port mode control registers 0, 2 (PMCO, PMC2)
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10.3.1  Peripheral enable register 0 (PERO)

The PERO register is used to enable or disable the supply of a clock signal to various on-chip peripheral modules. Clock
supply to an on-chip peripheral module that is not to be used can be stopped to decrease power consumption and noise.

If the A/D converter is to be used, be sure to set bit 5 (ADCEN) of this register to 1.
The PERO register can be set by a 1-bit or 8-bit memory manipulation instruction.

Reset signal generation clears this register to O0H.

Figure 10-2. Format of Peripheral Enable Register 0 (PERO)

Address: FOOFOH  After reset: 00H R/W

Symbol [6] 3 1 [
PERO TMKAEN CMPEN ADCEN IICAOEN 0 SAUOEN 0 TAUOEN
ADCEN Control of A/D converter input clock supply
0 Stops supply of an input clock.

® The SFRs used by the A/D converter cannot be written.

® The A/D converter is in the reset state.

1 Enables supply of an input clock.

® The SFRs used by the A/D converter can be read/written.

Caution 1. When setting the A/D converter, make sure that ADCEN = 1 before setting the following registers. If
ADCEN = 0, the values of the A/D converter control registers are cleared to their initial values and
writing to them is ignored (except for port mode registers 0 and 2 (PM0, PM2) and port mode
control registers 0 and 2 (PMCO0, PMC2)).

¢ A/D converter mode register 0 (ADMO)

¢ A/D converter mode register 2 (ADM2)

* 10-bit A/D conversion result register (ADCR)

* 8-bit A/D conversion result register (ADCRH)

¢ Analog input channel specification register (ADS)
* A/D test register (ADTES)

Caution 2. Be sure to clear bits 1 and 3 to 0.
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10.3.2

A/D converter mode register 0 (ADMO)

This register sets the time for converting analog input to digital data, and starts and stops conversion operation.

The ADMO register can be set by a 1-bit or 8-bit memory manipulation instruction.

Reset signal generation clears this register to 00H.

Figure 10-3. Format of A/D Converter Mode Register 0 (ADMO)

Address: FFF30H After reset: 00H R/W

Symbol 6 5 4 3 2 1 [0]
ADMO ADCS 0 0 FRNte ! FRQNete ! 0 L\V/QNote ! ADCE
ADCS A/D conversion operation control
0 Stops conversion operation (conversion stopped/standby state)
1 Enables conversion operation (conversion operation state)
<Clear conditions>
® (is written to ADCS.
® The bit is automatically cleared to 0 when A/D conversion ends.
<Set condition>
® 1 is written to ADCS when ADCE = 1.
ADCE A/D voltage comparator operation controlN°t® 2
0 Stops A/D voltage comparator operation
1 Enables A/D voltage comparator operation
Note 1. For details of the FR1, FRO, and LVO bits and A/D conversion, see Table 10-2 10-Bit Resolution A/D
Conversion Time Selection or Table 10-3 8-Bit Resolution A/D Conversion Time Selection.
Note 2. The operation of the A/D voltage comparator is controlled by the ADCS and ADCE bits, and it takes 0.125 ps
from the start of operation for the operation to stabilize. Therefore, when the ADCS bit is set to 1 after 0.125
Js or more have elapsed from the time ADCE bit is set to 1, the conversion result at that time has priority over
the first conversion result. If the ADCS bit is set to 1 to perform A/D conversion without waiting for at least
0.125 ps, ignore data of the conversion.

Caution 1.  Only rewrite the FR1, FRO, and LVO0 bits while in the conversion standby state (ADCS = 0, ADCE =
1) or conversion is stopped (ADCS = 0, ADCE = 0). Rewriting the values of the FR1, FRO0, and LVO
bits, and ADCS bits by an 8-bit manipulation instruction at the same time is prohibited.

Caution 2. Setting ADCS =1 and ADCE = 0 is prohibited. When 1 is written to the ADCS bit while conversion is
stopped (ADCE = 0, ADCS = 0), the ADCS bit is not set to 1.

Caution 3. Do not change the ADCS and ADCE bits from 0 to 1 at the same time by using an 8-bit
manipulation instruction. Be sure to follow the procedure described in 10.7 A/D Converter Setup
Flowchart.

Caution 4. Be sure to clear bits 2, 5, and 6 to 0.

Caution 5. Setting the ADCS bit to 1 again during conversion (ADCS = 1) is prohibited. When re-conversion by
the same channel is required, stop the conversion operation once (ADCS = 0), and then restart A/D
conversion (ADCS = 1).
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Table 10-1. Settings of ADCS and ADCE Bits

ADCS ADCE A/D Conversion Operation
0 0 Conversion stopped state
0 1 Conversion standby state
1 0 Setting prohibited
1 1 Conversion-in-progress state

Figure 10-4. Timing Chart when A/D Voltage Comparator Is Used

< A/D voltage comparator: operation enabled >

ADCE

A/D voltage comparator /

««——Conversion standby"°* e Conversion_ . oo ersion standby—»fconversmn—
| operation | stopped
ADCS
A 3
Writing 1 to « Writing 0 to ADCS
ADCS « Clearing the flag on completion of A/D conversion
Note 1. It requires at least 0.125 ps to stabilize the internal circuit until the A/D conversion operation is started (ADCS

= 1) after the operation of the A/D voltage comparator is enabled (ADCE = 1). If the ADCS bit is set to 1
without waiting for at least 0.125 ps, ignore data of the first conversion.
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Table 10-2. 10-Bit Resolution A/D Conversion Time Selection

A/D Converter Mode Conversion Number of Conversion Conversion Time Selection (us)
Register 0 (ADMO) Clock Conversion Time
FR1 FRO LVO Clocks fo = fo = fo = fok = fok =
poisi2 1 MHz 4 MHz 8 MHz 10 MHz 16 MHz
0 0 0 fok/8 23 fap 184/fck Setting Setting 23.0 18.4 115
(number of prohibited | prohibited
0 1 fo/4 | sampling clocks: | 9o/t 23.0 115 9.2 5.75
9f
1 0 foul2 o) 46/fex 11.5 575 Setting | Setting
1 1 fou 23k 23.0 575 | Setting |Prohibited | prohibited
prohibited
0 0 Note 1 fok/8 17 fap 136/fcik Setting Setting 17.0 13.6 8.5
(number of prohibited | prohibited
0 1 fo/4 | sampling clocks: | gg/f, 17.0 8.5 6.8 4.25
3f
1 0 foul2 o) 34/fo 8.5 4.25 Setting | Setting
1 1 fou 17/ 17.0 425 | Setting |Prohibited | prohibited
prohibited

Note 1. Setting is prohibited when 2.4 V < Vpp < 2.7 V. Can be selected when 2.7 V< Vpp < 5.5 V.

Note 2. When the internal reference voltage is selected as the target of conversion by the A/D converter, be sure to
clear the LVO bit to 0.

Table 10-3. 8-Bit Resolution A/D Conversion Time Selection

A/D Converter Mode Conversion Number of Conversion Conversion Time Selection (us)
Register 0 (ADMO) Clock Conversion Time
FR1 FRO LVO Sl fok = fok = fok = fok = fok =
e 1 MHz 4 MHz 8 MHz 10 MHz 16 MHz
0 0 0 fox/8 21 fap 168/fcLk Setting Setting 21.0 16.8 10.5
(number of prohibited | prohibited
0 1 fox/4 | sampling clocks: | g4/t 21.0 105 8.4 5.25
91,
1 0 ") o) 42/fex 10.5 525 Setting | Setting
1 1 fou 21/ 21.0 525 | Setting |Pronibited | prohibited
prohibited
0 0 {Note 1 fox/8 15 fap 120/fcLk Setting Setting 15.0 12.0 7.5
(number of prohibited | prohibited
0 1 fox/4 | sampling clocks: | 6o/t 15.0 75 6.0 3.75
3f
1 0 ) o) 30/ex 75 375 Setting | Setting
1 1 foux 15/fcx 150 | Setting | Setting |Prohibited | prohibited
prohibited | prohibited

Note 1. Setting is prohibited when 2.4 V < Vpp < 2.7 V. Can be selected when 2.7 V< Vpp <5.5V.

Note 2. When the internal reference voltage is selected as the target of conversion by the A/D converter, be sure to
clear the LVO bit to 0.

Caution 1. The A/D conversion time must also be within the range of the conversion time (tconv) indicated in
23.6.1 A/D converter characteristics or 24.6.1 A/D converter characteristics.
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Caution 2.

Caution 3.

Caution 4.

When the internal reference voltage is selected as the target of conversion by the A/D converter,
the internal reference voltage cannot be used as the reference voltage of the comparator.

Only rewrite the FR1, FRO, and LVO0 bits while in the conversion standby state (ADCS = 0, ADCE =
1) or conversion is stopped (ADCS = 0, ADCE = 0). Rewriting the values of the FR1, FRO, and LV0
bits, and ADCS bits by an 8-bit manipulation instruction at the same time is prohibited.

The above conversion time does not include clock frequency errors. Select the conversion time,
taking clock frequency errors into consideration.

Remark fcik: CPU/peripheral hardware clock frequency

Figure 10-5. A/D Converter Sampling and A/D Conversion Timing

ADCS « 1

N

ADCS

Sampling timing

INTAD § § |_|

i
< > >ie

. ! . . | .
Sampling | Successive conversion i Conversion standby state
|

I (( I
< ) >
Conversion time
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10.3.3 A/D converter mode register 2 (ADM2)

This register is used to set the resolution of the A/D converter.

The ADM2 register can be set by a 1-bit or 8-bit memory manipulation instruction.

Reset signal generation clears this register to 00H.

Figure 10-6. Format of A/D Converter Mode Register 2 (ADM2)

Address: FOO10H  After reset: 0O0H R/W

Symbol 7 6 4 3 2 [0
ADM2 0 0 0 0 0 ADTYP
ADTYP Selection of the A/D conversion resolution
0 10-bit resolution

8-bit resolution

Caution Only rewrite the value of the ADM2 register while conversion is stopped (ADCS = 0, ADCE = 0).
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10.3.4 10-bit A/D conversion result register (ADCR)

This is a 16-bit register which holds the result of A/D conversion. The six lower-order bits are fixed to 0. Each time A/D

conversion ends, the conversion result is loaded from the successive approximation register (SAR). The eight higher-

order bits of the conversion result are stored in FFF1FH and the two lower-order bits are stored in the two higher-order

bits of FFF1EH.

The ADCR register can be read by a 16-bit memory manipulation instruction.

Reset signal generation clears this register to 0000H.

Figure 10-7. Storing of the A/D Conversion Result in the Case of 10-bit Resolution

Address: FFF1FH, FFF1EH After reset: 0000H R

FFF1FH FFF1EH
A A
4 AY4 N\
Symbol 15 14 13 12 11 10 9 8 7 6 4 3 2 1 0
ADCR |ADCR|ADCR |ADCR|ADCR|ADCR |ADCR| ADCR [ADCR |ADCR|ADCR 0 0 0 0 0
9 8 7 6 5 4 3 2 1 0

Caution 1. When writing to A/D converter mode register 0 (ADMO) and the analog input channel specification
register (ADS), the contents of the ADCR/ADCRH register may become undefined. After conversion
ends, read the conversion result before writing to the ADMO0 and ADS registers. Using timing other
than the above may cause an incorrect conversion result to be read.

Caution 2. When the ADCR register is read while 8-bit resolution A/D conversion is selected (when the ADTYP
bit of A/D converter mode register 2 (ADM2) is 1), 0 is read from the two lower-order bits (ADCR1,
ADCRO). Note that, when the ADCR register is read before completion of A/D conversion while 8-bit

resolution A/D conversion is selected, 0 may not be read from the two lower-order bits (ADCR1,
ADCRO).
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10.3.5 8-bit A/D conversion result register (ADCRH)

This is an 8-bit register which holds the result of A/D conversion. When A/D conversion ends, the conversion result is

loaded from the successive approximation register (SAR). In the case of 10-bit resolution, the eight higher-order bits are
stored.

The ADCRH register can be read by an 8-bit memory manipulation instruction.

Reset signal generation clears this register to O0H.

Figure 10-8. Format of 8-bit A/D Conversion Result Register (ADCRH)

Address: FFF1FH After reset: 0OOH R
Symbol 7 6 5 4 3 2 1 0

ADCRH ADCR9 ADCRS8 ADCR?7 ADCRG6 ADCR5 ADCR4 ADCR3 ADCR2

Caution When writing to A/D converter mode register 0 (ADMO) and the analog input channel specification
register (ADS), the contents of the ADCR/ADCRH registers may become undefined. After conversion
ends, read the conversion result before writing to the ADMO0 and ADS registers. Using timing other
than the above may cause an incorrect conversion result to be read.
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10.3.6 Analog input channel specification register (ADS)

This register specifies the input channel of the analog voltage to be A/D converted.
The ADS register can be set by a 1-bit or 8-bit memory manipulation instruction.

Reset signal generation clears this register to 00H.

Figure 10-9. Format of Analog Input Channel Specification Register (ADS)

Address: FFF31H  After reset: 00H R/W

Symbol 7 6 5 4 3 2 1 0
ADS 0 0 0 0 ADS3 ADS2 ADS1 ADSO
ADS3 ADS2 ADS1 ADSO Target of A/D conversion Analog input pin
0 0 0 0 ANIO PO1/ANIO pin
0 0 0 1 ANI1 P02/ANI1 pin
0 0 1 0 ANI2 PO3/ANI2 pin
0 0 1 1 ANI3 PO04/ANI3 pin
0 1 0 0 ANI4 PO5/ANI4 pin
0 1 0 1 ANI5 PO6/ANI5 pin
0 1 1 0 ANI6 PO7/ANI6 pin
0 1 1 1 ANI7 P23/ANI7 pin
1 0 0 0 ANI8 P22/ANI8 pin
1 0 0 1 ANI9 P21/ANI9 pin
1 0 1 0 ANI10 P20/ANI10 pin
1 1 0 1 Internal reference voltage —
(0.815 V (typ.))"°"
Other than the above Setting prohibited
Note 1. When the internal reference voltage is selected as the target of conversion by the A/D converter, be sure to

clear the LVO bit in A/D converter mode register 0 (ADMO) to 0.

Caution 1.  Only rewrite the ADS register while in the conversion standby state (ADCS = 0, ADCE = 1) or
conversion is stopped (ADCS = 0, ADCE = 0).

Caution 2. For the ports which are used as analog input ports, select input mode with port mode registers 0
and 2 (PMO0, PM2) and analog input with port mode control registers 0 and 2 (PMC0, PMC2). Do not
use the ADS register to set the pins which are set as digital I/O with port mode control registers
(PMCO, PMC2).

Caution 3. The internal reference voltage cannot be used for the A/D converter and the comparator
simultaneously. When the internal reference voltage is selected as the target of conversion by the
A/D converter (ADS3 to ADS0 = 1101B), it cannot be set as the reference voltage of the comparator.

Caution 4. Be sure to clear bits 4to 7 to 0.
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10.3.7 A/D test register (ADTES)

This register is used to select Vss as the analog input to be A/D converted. When the internal reference voltage (0.815 V
(typ.)) is selected as the target of A/D conversion, the sampling capacitor must be discharged before A/D conversion of
this voltage proceeds. Perform A/D conversion once by setting the ADTES1 bit of the ADTES register to 1.

The ADTES register can be set by an 8-bit memory manipulation instruction.

Reset signal generation clears this register to O0H.

Figure 10-10. Format of A/D Test Register (ADTES)

Address: FO013H After reset: 00H R/W

Symbol 7 6 5 4 3 2 1 0
ADTES 0 0 0 0 0 0 ADTESH1 0
ADTES1 Selection of target of A/D conversion
0 ANIx/internal reference voltage (0.815 V (typ.))

(This is specified using the analog input channel specification register (ADS).)

1 Vss (discharging the sampling capacitor)

Caution When A/D converting the internal reference voltage (0.815 V (typ.)), follow the procedure described in
10.7.2 Setting up the internal reference voltage for A/D conversion to discharge the sampling
capacitor once.

Remark Be sure to clear bits 0 and 2 to 7 to 0.

10.3.8 Registers controlling port function of analog input pins

Set up the registers for controlling the functions of the ports shared with the analog input pins of the A/D converter (port
mode registers 0 and 2 (PMO, PM2) and port mode control registers 0 and 2 (PMCO0, PMC2)). For details, see 4.3.1 Port
mode registers 0, 2, 4, 12 (PM0, PM2, PM4, PM12) and 4.3.5 Port mode control registers 0, 2 (PMC0, PMC2).

For an example of settings when used as the analog input pins of the A/D converter, see 4.5.3 Register setting
examples for used port and alternate functions.

When using the ANIO to ANI10 pins as analog input of the A/D converter, set the corresponding bits in port mode
registers 0 and 2 (PMO, PM2) and port mode control register 0 and 2 (PMCO, PMC2) to 1.
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10.4 A/D Converter Conversion Operations

The A/D converter conversion operations are described below.

<1> The voltage input to the selected analog input channel is sampled by the sample & hold circuit.

<2> When sampling has been done for a certain time, the sample & hold circuit is placed in the hold state and the
sampled voltage is held until the A/D conversion operation ends.

<3> Bit 9 of the successive approximation register (SAR) is set. The series resistor string voltage tap is set to (1/2) Voo
by the tap selector.

<4> The voltage difference between the series resistor string voltage tap and sampled voltage is compared by the
voltage comparator. If the analog input is greater than (1/2) Voo, the MSB bit of the SAR register remains set. If
the analog input is smaller than (1/2) Vob, the MSB bit is reset.

<5> Next, bit 8 of the SAR register is automatically set to 1, and the operation proceeds to the next comparison. The
series resistor string voltage tap is selected according to the preset value of bit 9, as described below.
Bit 9 = 1: (3/4) Vobp
Bit 9 = 0: (1/4) Vbp
The voltage tap and sampled voltage are compared and bit 8 of the SAR register is manipulated as follows.
Sampled voltage = Voltage tap: Bit 8 = 1
Sampled voltage < Voltage tap: Bit8 =0

<6> Comparison is continued in this way up to bit 0 of the SAR register.

<7> Upon completion of the comparison of 10 bits, an effective digital result value remains in the SAR register, and
the result value is transferred to the A/D conversion result register (ADCR, ADCRH) and then latched.
At the same time, the A/D conversion end interrupt request (INTAD) is generated.
After A/D conversion ends, the ADCS bit is automatically cleared to 0, and the system enters the A/D conversion
standby state.

Remark Two types of the A/D conversion result registers are available.

* ADCR register (16 bits): Store 10-bit A/D conversion value
* ADCRH register (8 bits): Store 8-bit A/D conversion value
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Figure 10-11. Conversion Operation of A/D Converter (Software Trigger Mode)

Writing 1 to ADCS

\
ADCS
|
by Conversion time >
i Sampling time 3
A/D converter Conversion samolin A/D conversion Conversion
operation standby ping standby
| |
| i
N Conversion
SAR. _ dmefned X X X X X X X X X X X
result
' |
ADCR, ADCRH X Conversion

INTAD |_|

A/D conversion is performed once when the bit 7 (ADCS) of A/D converter mode register 0 (ADMO) is set to 1 by

software. The ADCS bit is automatically cleared to 0 after A/D conversion ends.

Reset signal generation clears the A/D conversion result register (ADCR, ADCRH) to 0000H or O0H.

RO1UHO0959EJ0120 Rev.1.20 RENESAS Page 332 of 765
Jan 31, 2024



RL78/G15 CHAPTER 10 A/D CONVERTER

10.5 Input Voltage and Conversion Results

The relationship between the analog input voltage input to the analog input (ANIO to ANI10, internal reference voltage)
and the theoretical A/D conversion result (stored in the 10-bit A/D conversion result register (ADCR)) is shown by the

following expression.

v
SAR = INT(Jﬂﬁx1024+05)
VD D

ADCR = SAR X 64

or

Vbp
1024

ADCR
(03X

<V ADCR 0.5
1024 = Van < ( +0.5) x
where, INT (): Function which returns integer part of value in parentheses
VaiN: Analog input voltage
ADCR: A/D conversion result register (ADCR) value

SAR:  Successive approximation register
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R 10 A/D CONVERTER

Figure 10-12 shows the relationship between the analog input voltage and the A/D conversion result.

Figure 10-12. Relationship between Analog Input Voltage and A/D Conversion Result

SAR ADCR
D747 <) A A R I N N B FFCOH
1022—F+—+———+———+— - FF80H
707 N A . | FF40H
A/D conversion :
result | |
5 - | 00COH
/) N I T S A R S 0080H
1 f—, L 0040H
O — 0000H
11 3 2 5 3 2043 1022 2045 1023 2047 1
2048 1024 2048 1024 2048 1024 2048 1024 2048 1024 2048

Input voltage/Vpp
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10.6 A/D Converter Operation Modes

The operation of the A/D converter is described below. In addition, the setting procedure is described in 10.7 A/D

Converter Setup Flowchart.

<1>

<2>

<3>

<4>

<5>

<6>

While conversion is stopped, the ADCE bit of A/D converter mode register 0 (ADMO) is set to 1, and the system
enters the conversion standby state.

After software counts the stabilization wait time (0.125 ps), the ADCS bit of the ADMO register is set to 1 to
perform A/D conversion of the analog input specified by the analog input channel specification register (ADS).

When A/D conversion ends, the conversion result is stored in the A/D conversion result register (ADCR, ADCRH),
and the A/D conversion end interrupt request signal (INTAD) is generated.

After A/D conversion ends, the ADCS bit is automatically cleared to 0, and the system enters the conversion
standby state.

When ADCS is cleared to 0 during conversion operation, the current A/D conversion is interrupted, and the
system enters the conversion standby state.

When ADCE is cleared to 0 while in the conversion standby state, the A/D converter enters the stop state.
Setting ADCS = 1 and ADCE = 0 is prohibited. Setting ADCS to 1 while conversion is stopped (ADCS = 0, ADCE
= 0) is ignored and A/D conversion does not start.

Figure 10-13. Example of Operation Timing

<1> ADCE is set to 1 <6> ADCE is set to 0

! J
ADCE 4 !—

! <2>ADCS is set to 1 while in  <4>ADCS is automatically cleared <2> <5> ADCS is cleared to 0 !
The trigger is not i the conversion standby i to 0 after conversion ends i i during A/D conversion The trigger is not
acknowledged state operation acknowledged
I ]

ADCS +— | h
i 1 1 ¢ ADS i rewritten (from ANIO to ANI1) i |

Data 1
(ANI1)

I | i
<3> End of A/D conversion i | Conversion is

' ' interrupted
| : N

A/D conversion Conver- Data 0 ) Data 1 )
status  StoP statey by (ANIO) Conversion standby (ANIT) Conversion standby ~ [Stop state

Data 0

ADS (ANIO)

Data 0

ADCR, ADCRH (ANIO)

INTAD |_|
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10.7 A/D Converter Setup Flowchart

The A/D converter setup flowchart is described below.

10.7.1  Setting up ANIO to ANI10 for A/D conversion

Figure 10-14. Setting up ANIO to ANI10 for A/D Conversion

( Start of setup )
The ADCEN bit of the PERO register is set (1), and a clock is supplied

Set the PERO register to the A/D converter.

A

The ports (ANIO to ANI10) to be A/D converted are set to analog input.

Set the PMCx and PMx registers o .
o Set the bits in the PMCx and PMx registers to 1.

The conversion time and each mode of the A/D converter are set.
o Set the ADMO register

« Set the ADM2 register o A/D converter mode register 0 (ADMO)
« Set the ADS register FR1, FRO and LVO bits: Select the A/D conversion time.
(The order of setting is irrelevant.) o A/D converter mode register 2 (ADM2)

ADTYP bit: Select 10-bit or 8-bit resolution.

« Analog input channel specification register (ADS)
ADS3, ADS2, ADS1, and ADSO bits: Select ANIO to ANI10N"®" as
the target of A/D conversion.
y

Set the ADCE bit

The operation of the A/D voltage comparator is started.

e The ADCE bit of the ADMO register is set (1), and the system enters
the conversion standby state.

A

o o Count the stabilization wait time (0.125 ps) by software.
Count the A/D voltage stabilization wait time

A

. After counting of the stabilization wait time ends, the ADCS bit of
Set the ADCS bit the ADMO register is set (1) and A/D conversion starts.

A

A/D conversion operation

A

A/D conversion ends and the conversion results are stored in

End of A/D conversion ) the ADCR and ADCRH registers.
The conversion results are st_ored in At the same time, the A/D conversion end interrupt request signal
the ADCR and ADCRH registers (INTAD) is generated, and the ADCS bit of the ADMO register is

automatically cleared (0) (conversion standby state).

End

Note 1. ANIO, ANI2, ANI3 for 8-pin products,
ANIO to ANI3 for 10-pin products,
ANIO to ANIG6 for 16-pin products
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10.7.2  Setting up the internal reference voltage for A/D conversion

Figure 10-15. Setting up Internal Reference Voltage for A/D Conversion

‘ Start of setup )

A 4

. The ADCEN bit of the PERO register is set (1), and a clock is supplied
Set the PERO register to the A/D converter.

A 4

The conversion time and each mode of the A/D converter are set.
Set the ADM2 register o A/D converter mode register 0 (ADMO)

: Set the ADS regigter The LVO bit is set to 0. FR1 and FRO bits: Select the A/D conversion time.
(The order of setting is irrelevant.) e A/D converter mode register 2 (ADM2)

ADTYP bit: Select 10-bit or 8-bit resolution.

o Analog input channel specification register (ADS)
Set the ADS3, ADS2, ADS1, and ADSO bits = 1101B. Select the internal
reference voltage (0.815 V (typ.)) as the target of A/D conversion.

e Set the ADMO register

A 4

. Select Vss as the target of A/D conversion to perform conversion with
Set the ADTES register discharge of the sampling capacitor.

e The ADTES1 bit of the ADTES register is set (1).

A 4

Set the ADCE bit

The operation of the A/D voltage comparator is started.

e The ADCE bit of the ADMO register is set (1), and the system enters
the conversion standby state.

A 4

. o o Count the stabilization wait time (0.125 ps) by software.
Count the A/D voltage stabilization wait time
Set the ADCS bit After counting of the stabilization wait time ends, the ADCS bit of the
) etine I ADMO register is set (1) and discharging the sampling capacitor starts.
First A/D Start of discharging 9 M ging 9
conversion
End of A/D At the same time, the A/D conversion end interrupt request signal
conversion (INTAD) is generated, and the ADCS bit of the ADMO register is
automatically cleared (0) (conversion standby state).
v
} ] After discharging ends, the target of A/D conversion is changed to the
Set the ADTES register internal reference voltage (0.815 V (typ.)).
e The ADTES1 bit of the ADTES register is cleared (0).
Second A 4 . . . .
and ) The ADCS bit of the ADMO register is set (1) and A/D conversion starts.
b " Set the ADCS bit
subsequen < Start of A/D conversion
rounds
of A/ID
conversion v
) A/D conversion ends and the conversion results are stored in the
End of A/D conversion ) ADCR and ADCRH registers.
The conversion results are st‘ored in At the same time, the A/D conversion end interrupt request signal
the ADCR and ADCRH registers (INTAD) is generated, and the ADCS bit of the ADMO register is
- automatically cleared (0) (conversion standby state).
A 4
End
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10.8 How to Read A/D Converter Characteristics Table

Here, special terms unique to the A/D converter are explained.

10.8.1 Resolution

This is the minimum analog input voltage that can be identified. That is, the percentage of the analog input voltage per bit
of digital output is called 1LSB (Least Significant Bit). The percentage of 1LSB relative to the full scale is expressed
by %FSR (Full Scale Range).

1LSB is as follows when the resolution is 10 bits.
1LSB = 1/2'9=1/1024
=0.098%FSR

The accuracy is determined by overall error, regardless of the resolution.

10.8.2 Overall error

This shows the maximum error value between the actual measurement value and the theoretical value.

Zero-scale error, full-scale error, integral linearity error, and differential linearity errors that are combinations of these
express the overall error.

Note that the quantization error is not included in the overall error in the characteristics table.
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10.8.3 Quantization error
When analog values are converted to digital values, a £1/2LSB error naturally occurs. In an A/D converter, an analog
input voltage in a range of £1/2LSB is converted to the same digital code, so a quantization error cannot be avoided.

Note that the quantization error is not included in the overall error, zero-scale error, full-scale error, integral linearity error,
and differential linearity error in the characteristics table.

Figure 10-16. Overall Error Figure 10-17. Quantization Error
1 ...... 1 1 ...... 1
Ideal line
3 5
=3 a /
=] 5 y
o L 3 L ,
°c =z s = ,
s T s ,
2 g
a Overall error a ‘ [\
& Quantization
1/2LSB —»
s V error
"> < 1/2LSB
P X
O ...... O O ...... O () ()
0 Voo 0 Vob
Analog input Analog input

10.8.4 Zero-scale error

This shows the difference between the actual measurement value of the analog input voltage and the theoretical value
(1/2LSB) when the digital output changes from 0......000 to 0......001. If the actual measurement value is greater than the
theoretical value, it shows the difference between the actual measurement value of the analog input voltage and the
theoretical value (3/2LSB) when the digital output changes from O...... 001toO...... 010.

10.8.5 Full-scale error

This shows the difference between the actual measurement value of the analog input voltage and the theoretical value
(Full-scale — 3/2LSB) when the digital output changes from 1...... 110to 1...... 111.

10.8.6 Integral linearity error

This shows the degree to which the conversion characteristics deviate from the ideal linear relationship. It expresses the
maximum value of the difference between the actual measurement value and the ideal straight line when the zero-scale
error and full-scale error are 0.

RO1UHO0959EJ0120 Rev.1.20 RENESAS Page 339 of 765
Jan 31, 2024



RL78/G15 CHAPTER 10 A/D CONVERTER

10.8.7 Differential linearity error

While the ideal width of code output is 1LSB, this indicates the difference between the actual measurement value and the

ideal value.
Figure 10-18. Zero-Scale Error Figure 10-19. Full-Scale Error
111,J, 7
/l
- %
//
_________ —_—
Ideal line ! Full-scale error
_ i —
z ! z
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] 9] 1 | 1
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s} a H | !
1 ! 1
001 |- 101 - (G- —---- Idealline !
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L iy !
| 1,2 |
000 ! 000 (¢ | | |
0 1‘ v I ‘2 v 3‘ v %\T o 1021, 1022, 1023, v
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Analog input (V) Analog input (V)
Figure 10-20. Integral Linearity Error Figure 10-21. Differential Linearity Error
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10.8.8 Conversion time

This expresses the time from the start of sampling to when the digital output is obtained.

The sampling time is included in the conversion time in the characteristics table.

10.8.9 Sampling time

This is the time the analog switch is turned on for the analog voltage to be sampled by the sample & hold circuit.

F—Sampling time—————»

< Conversion time >
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10.9 Notes on A/D Converter

10.9.1 Operating current in STOP mode

Shift to STOP mode after stopping the A/D converter (by setting bit 7 (ADCS) of A/D converter mode register 0 (ADMO)
to 0). The operating current can be reduced by setting bit 0 (ADCE) of the ADMO register to 0 at the same time.

10.9.2 Input voltage on ANIO to ANI10 pins

Observe the rated range of the ANIO to ANI10 pins input voltage. If a voltage exceeding Voo or a voltage lower than Vss
(even in the range of absolute maximum ratings) is input to an analog input channel, the converted value of that channel
becomes undefined. In addition, the converted values of the other channels may also be affected.

10.9.3 Conflicting operations

(1)  If writing to the A/D conversion result register (ADCR, ADCRH) at the end of conversion and reading of the ADCR
or ADCRH register by software operation are in contention, the latter is given priority.
After the read operation, the new conversion result is written to the ADCR or ADCRH register.

(2)  If writing to the ADCR or ADCRH register at the end of conversion and writing to A/D converter mode register 0
(ADMO) are in contention, the latter is given priority. Writing to the ADCR or ADCRH register is not performed, nor
is the A/D conversion end interrupt signal (INTAD) generated.

10.9.4 Noise countermeasures

To maintain the 10-bit resolution, attention must be paid to noise on Vop and the ANIO to ANI10 pins.

(1)  Connect a capacitor with a low equivalent resistance and a good frequency response to the power supply.

(2) The higher the output impedance of the analog input source, the greater the influence. To reduce noise, we
recommend connecting C externally as shown in Figure 10-22.

(3) Do not switch other pins during conversion.

(4) The accuracy is improved if the HALT mode is set immediately after the start of conversion.
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Figure 10-22. Analog Input Pin Connection

If there is a possibility that noise equal to or higher than Vpp or
equal to or lower than Vss may enter, clamp with a diode with a
small Vg value (0.3 V or lower).

Reference .
voltage input O / Veo

* ANIO to ANI10

C=10pF to 0.1 yF x_

10.9.5 Analog input (ANIn) pins

(1) The analog input pins (ANIO to ANI10N°te ) are also used as input port pins (P01 to PO7N°t 2 and P20 to P23Note 2),
When A/D conversion is performed with any of the ANIO to ANI10 pins selected, do not change output values to
alternate port P01 to PO7No' 2 and P20 to P23Nete 2 while conversion is in progress; otherwise the conversion
accuracy may be degraded.

(2) If a pin adjacent to a pin that is being A/D converted is used as a digital /O port pin, the A/D conversion result
might differ from the expected value due to a coupling noise. Be sure to prevent such a pulse from being input or
output.

Note 1. ANIO, ANI2, ANI3 for 8-pin products,
ANIO to ANI3 for 10-pin products,
ANIO to ANI6 for 16-pin products

Note 2. P01, P03, P04 for 8-pin products,
P01 to P04 for 10-pin products,
P01 to P07 for 16-pin products
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10.9.6 Input impedance of analog input (ANIn) pins

This A/D converter charges a sampling capacitor for sampling during sampling time.

Therefore, only a leakage current flows when sampling is not in progress, and a current that charges the capacitor flows
during sampling. Consequently, the input impedance fluctuates depending on whether sampling is in progress, and on
the other states.

To make sure that sampling is effective, however, keep the output impedance of the analog input source at no greater
than 1 kQ. If the output impedance is high, we recommend connecting a capacitor of about 0.1 yF between the ANIO to
ANI10Nete ! pins and the ground (see Figure 10-22).

Note 1. ANIO, ANI2, ANI3 for 8-pin products,
ANIO to ANI3 for 10-pin products,
ANIO to ANIG6 for 16-pin products

10.9.7 Interrupt request flag (ADIF)

The interrupt request flag (ADIF) is not cleared even if the analog input channel specification register (ADS) is changed.
When A/D conversion is to be stopped and then resumed, clear the ADIF flag before resuming the A/D conversion.

10.9.8 Conversion results just after A/D conversion start

The first A/D conversion value immediately after A/D conversion starts may not fall within the rating range if the ADCS bit
is set to 1 within 0.125 ps after the ADCE bit was set to 1. Take measures such as polling the A/D conversion end
interrupt request signal (INTAD) and removing the first conversion result.

10.9.9 A/D conversion result register (ADCR, ADCRH) read operation

When a write operation is performed to A/D converter mode register 0 (ADMO0), the analog input channel specification
register (ADS), and port mode control register (PMCx), the contents of the ADCR and ADCRH registers may become
undefined and a correct conversion result may not be read. After conversion ends, read the conversion result before
writing to the ADMO, ADS, or PMCx register.
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10.9.10 Internal equivalent circuit

The equivalent circuit of the analog input block is shown below.

Figure 10-23. Internal Equivalent Circuit of ANIn Pin

R1

— M —

ANIn

C1 C2

e e

Table 10-4. Resistance and Capacitance Values of Equivalent Circuit

Voo Pin R1 (kQ) C1 (pF) C2 (oF)
24V<Vp<55V ANIO to ANI1QNete 40 8 17
24V<sVp <27V ANIO to ANI1QNete ! 200

Note 1. ANIO, ANI2, ANI3 for 8-pin products,
ANIO to ANI3 for 10-pin products,
ANIO to ANI6 for 16-pin products

Remark The resistance and capacitance values are not guaranteed values.

10.9.11 Starting the A/D converter

Start the A/D converter after the Vpp voltage stabilizes.
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CHAPTER 11 COMPARATOR

Caution 16-, 10-, and 8-pin products have only one comparator channel. 20-pin products have two comparator
channels. This chapter mainly describes the comparator in the case of 20-pin products.

11.1  Comparator Functions

The comparator has the following functions.

e The comparator response speed can be selected.
High-speed mode: Decreased response delay time, with increased power consumption.
Low-speed mode: Increased response delay time, with decreased power consumption.

e The comparator reference voltage is selectable as the externally input reference voltage or the internal reference
voltageNoe 1 (0.815 V (typ.)).

® The integrated digital filter for noise elimination allows selecting the noise elimination width.
® The inverted/non-inverted comparator output can be output from the VCOUTn pin.

e Aninterrupt (INTCMPn) can be generated upon detection of the effective edge of the comparator output signal.

Note 1. The internal reference voltage cannot be used for the A/D converter and comparator simultaneously. When
the internal reference voltage is selected as the reference voltage of the comparator, do not select the
internal reference voltage as the target for conversion by the A/D converter.

Remark n=0,1
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11.2 Comparator Configuration

The comparator consists of the following hardware:

1) IVCMPn Pin
The comparator analog input pin. An analog signal to be compared by the comparator is input to this pin.

Remark n=0,1

2) IVREFn Pin

An input pin to supply the reference voltage externally. The reference voltage of the comparator and analog input that is
input to the IVCMPn pin are compared.

In addition to the voltage supplied to the IVREFn pin externally, the internal reference voltage (0.815 V (typ.)) can be
selected for the comparator reference voltage.

For details on setting the comparator reference voltage, see 11.3.2 Comparator Mode Setting Register (COMPMDR).

Remark n=0,1

3) VCOUTn Pin

A pin to output the comparator comparison results. The inverted/non-inverted comparator output can be output from the
VCOUTn pin.

For use of the VCOUTNn pin as a comparator output, see 11.4.3 Comparator n Output (n =0, 1).

Remark n=0,1
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Figure 11-1 shows the block diagram of the comparator.

Figure 11-1. Block Diagram of the Comparator

CnMON | CnVRF | cnENB | Comparator mode setting register |CnEDG | CnEPO |CnFCK1 |CnFCKO| Comparator filter control register
x (COMPMDR) (COMPFIR)

2

A
fouc g Samplini
feu/8 3 (:I?Jckpl 9
fork/32 2]

Digital filter
(match 3
times)

Both-edge
l detection I
Single-edge

detection

Selector

IVCMPn @, ;l

IVREFn ©)-»

E
Selector

[~ INTCMPn

Internal reference (comparator detection n interrupt)

voltage
(0.815V (typ.))

Selector [

Selector

VCOUTn

1/0 control

| Comparator output control register

SPDMD | CnOP | CnOE CnlE (COMPOCR)

Remark n=0,1
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11.3 Registers Controlling the Comparator

The following lists the registers to control the comparator.

® Peripheral enable register 0 (PERO)

e Comparator mode setting register (COMPMDR)
e Comparator filter control register (COMPFIR)

e Comparator output control register (COMPOCR)
e Port mode control register 0 (PMCO)

® Port mode register 0 (PMO)

e Port register 0 (P0)

e Port mode control register 2 (PMC2)

® Port mode register 2 (PM2)

® Port register 2 (P2)
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11.3.1  Peripheral Enable Register 0 (PERO)

This register enables or disables clock supply to each peripheral hardware macro. Clock supply to a hardware macro that
is not used is stopped in order to reduce the power consumption and noise.

When the comparator is used, be sure to set bit 6 (CMPEN) of this register to 1.
The PERO register can be set by a 1-bit or 8-bit memory manipulation instruction.

Reset signal generation clears this register to O0H.

Figure 11-2. Format of Peripheral Enable Register 0 (PERO)

Address: FOOFOH  After reset: 00H R/W

Symbol [6] 3 1 [
PERO TMKAEN CMPEN ADCEN IICAOEN 0 SAUOEN 0 TAUOEN
CMPEN Control of comparator input clock
0 Stops input clock supply.

® SFR used by the comparator cannot be written.

® The comparator is in the reset status.

1 Supplies input clock.

® SFR use