LENESAS

-
7
@
ﬁ\I
7
<
Q
S
-
)

RL78/G11

User’s Manual: Hardware

-
@)

16-Bit Single-Chip Microcontrollers

All information contained in these materials, including products and product specifications,
represents information on the product at the time of publication and is subject to change by
Renesas Electronics Corp. without notice. Please review the latest information published by
Renesas Electronics Corp. through various means, including the Renesas Electronics Corp.
website (http://www.renesas.com).

Renesas Electronics
WWWw.renesas.com Rev. 1.10 Dec 2016



10.

11.

12.

Notice

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 of these circuits, software,
and information in the design of your equipment. Renesas Electronics assumes no responsibility for any losses incurred by you
or third parties arising from the use of these circuits, software, or information.

Renesas Electronics has used reasonable care in preparing the information included in this document, but Renesas Electronics
does not warrant that such information is error free. Renesas Electronics assumes no liability whatsoever for any damages
incurred by you resulting from errors in or omissions from the information included herein.

Renesas Electronics does not assume any liability for infringement of patents, copyrights, or other intellectual property rights of
third parties by or arising from the use of Renesas Electronics products or technical information described in this document. No
license, express, implied or otherwise, is granted hereby under any patents, copyrights or other intellectual property rights of
Renesas Electronics or others.

You should not alter, modify, copy, or otherwise misappropriate any Renesas Electronics product, whether in whole or in part.
Renesas Electronics assumes no responsibility for any losses incurred by you or third parties arising from such alteration,
modification, copy or otherwise misappropriation of Renesas Electronics product.

Renesas Electronics products are classified according to the following two quality grades: “Standard” and “High Quality”. The
recommended 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; and industrial robots etc.

“High Quality”: Transportation equipment (automobiles, trains, ships, etc.); traffic control systems; anti-disaster systems; anti-
crime systems; and safety equipment etc.

Renesas Electronics products are neither intended nor 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
damages (nuclear reactor control systems, military equipment etc.). You must check the quality grade of each Renesas
Electronics product before using it in a particular application. You may not use any Renesas Electronics product for any
application for which it is not intended. Renesas Electronics shall not be in any way liable for any damages or losses incurred
by you or third parties arising from the use of any Renesas Electronics product for which the product is not intended by Renesas
Electronics.

You should use the Renesas Electronics products described in this document within the range specified by Renesas Electronics,
especially with respect to the maximum rating, operating supply voltage range, movement power voltage range, heat radiation
characteristics, installation and other product characteristics. Renesas Electronics shall have no liability for malfunctions or
damages arising out of the use of Renesas Electronics products beyond such specified ranges.

Although Renesas Electronics endeavors to improve the quality and reliability of its products, semiconductor products have
specific characteristics such as the occurrence of failure at a certain rate and malfunctions under certain use conditions. Further,
Renesas Electronics products are not subject to radiation resistance design. Please be sure to implement safety measures to
guard them against the possibility of physical injury, and injury or damage caused by fire in the event of the failure of a Renesas
Electronics product, such as safety design for hardware and software including but not limited to redundancy, fire control and
malfunction prevention, appropriate treatment for aging degradation or any other appropriate measures. Because the evaluation
of microcomputer software alone is very difficult, please evaluate the safety of the final products or 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. Please use Renesas Electronics products in compliance with all applicable laws and
regulations that regulate the inclusion or use of controlled substances, including without limitation, the EU RoHS Directive.
Renesas Electronics assumes no liability for damages or losses occurring as a result of your noncompliance with applicable laws
and regulations.

Renesas Electronics products and technology may not be used for or incorporated into any products or systems whose
manufacture, use, or sale is prohibited under any applicable domestic or foreign laws or regulations. You should not use
Renesas Electronics products or technology described in this document for any purpose relating to military applications or use
by the military, including but not limited to the development of weapons of mass destruction. When exporting the Renesas
Electronics products or technology described in this document, you should comply with the applicable export control laws and
regulations and follow the procedures required by such laws and regulations.

It is the responsibility of the buyer or distributor of Renesas Electronics products, who distributes, disposes of, or otherwise
places the product with a third party, to notify such third party in advance of the contents and conditions set forth in this
document, Renesas Electronics assumes no responsibility for any losses incurred by you or third parties as a result of
unauthorized use of Renesas Electronics products.

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

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

(Note 1) “Renesas Electronics” as used in this document means Renesas Electronics Corporation and also includes its majority-

owned subsidiaries.

(Note 2) “Renesas Electronics product(s)” means any product developed or manufactured by or for Renesas Electronics.

(2012.4)




NOTES FOR CMOS DEVICES

(1) 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 VIL
(MAX) and VIH (MIN) due to noise, etc., 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 VIL (MAX) and VIH (MIN).

(2) HANDLING OF UNUSED INPUT PINS: Unconnected CMOS device inputs can be cause of malfunction. If
an input pin is unconnected, it is possible that an internal input level may be generated due to noise, etc.,
causing malfunction. CMOS devices behave differently than Bipolar or NMOS devices. Input levels of
CMOS devices must be fixed high or low by using pull-up or pull-down circuitry. Each unused pin should be
connected to VDD or GND via a resistor if there is a possibility that it will be an output pin. All handling
related to unused pins must be judged separately for each device and according to related specifications
governing the device.

(3) PRECAUTION AGAINST ESD: A strong electric field, when exposed to a MOS device, can cause
destruction of the gate oxide and ultimately degrade the device operation. Steps must be taken to stop
generation of static electricity as much as possible, and quickly dissipate it when it has occurred.
Environmental control must be adequate. When it is dry, a humidifier should be used. It is recommended
to avoid using insulators that 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 should be grounded. The operator should be grounded using a wrist
strap. Semiconductor devices must not be touched with bare hands. Similar precautions need to be taken
for PW boards with mounted semiconductor devices.

(4) STATUS BEFORE INITIALIZATION: Power-on does not necessarily define the initial status of a MOS
device. Immediately after the power source is turned ON, devices with reset functions have not yet been
initialized. Hence, power-on does not guarantee output pin levels, 1/O settings or contents of registers. A
device is not initialized until the reset signal is received. A reset operation must be executed immediately
after power-on for devices with reset functions.

(5) POWER ON/OFF SEQUENCE: In the case of a device that uses different power supplies for the internal
operation and external interface, as a rule, switch on the external power supply after switching on the internal
power supply. When switching the power supply off, as a rule, switch off the external power supply and then
the internal power supply. Use of the reverse power on/off sequences may result in the application of an
overvoltage to the internal elements of the device, causing malfunction and degradation of internal elements
due to the passage of an abnormal current. The correct power on/off sequence must be judged separately
for each device and according to related specifications governing the device.

(6) INPUT OF SIGNAL DURING POWER OFF STATE : Do not input signals or an 1/O pull-up power supply
while the device is not powered. 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. Input of signals during the power off state must be judged
separately for each device and according to related specifications governing the device.




Readers

Purpose

Organization

How to Read This Manual

How to Use This Manual

This manual is intended for user engineers who wish to understand the functions of the
RL78/G11 and design and develop application systems and programs for these devices.

The target products are as follows.

* 20-pin:  R5F1056A
* 24-pin:  R5F1057A
* 25-pin: R5F1058A

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

Organization below.

The RL78/G11 manual is separated into two parts: this manual and the software edition

(common to the RL78 family).

RL78/G11
8/G RL78 Family
User’s Manual
User’s Manual
Hardware Software
(This Manual)
* Pin functions * CPU functions
« Internal block functions * Instruction set
* Interrupts + Explanation of each instruction

 Other on-chip peripheral functions
« Electrical specifications

It is assumed that the readers of this manual have general knowledge of electrical engineering,
logic circuits, and microcontrollers.
* To gain a general understanding of functions:

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

» How to interpret the register format:

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

* To know details of the RL78/G11 Microcontroller instructions:

— Refer to the separate document RL78 Family User's Manual Software (R01US0015E).




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

Active low representations: xxx (overscore over pin and signal name)
Note: Footnote for item marked with Note in the text
Caution: Information requiring particular attention
Remark: Supplementary information
Numerical representations: Binary.....cccccoenee. XXxX OF xxxxB
Decimal............... XXXX
Hexadecimal....... xxxxH
Related Documents The related documents indicated in this publication may include preliminary versions.

However, preliminary versions are not marked as such.

Documents Related to Devices

Document Name Document No.
RL78/G11 User's Manual Hardware This manual
RL78 Family User’'s Manual Software R01US0015E

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

Document Name Document No.

PG-FP5 Flash Memory Programmer User’'s Manual —

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

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



Other Documents

Document Name Document No.
Renesas Microcontrollers RL78 Family RO01CP0O003E
Semiconductor Package Mount Manual R50ZZ0003E
Semiconductor Reliability Handbook R51ZZ0001E

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

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

EEPROM is a trademark of Renesas Electronics Corporation.

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

Caution: This product uses SuperFlash® technology licensed from Silicon Storage Technology, Inc.
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CHAPTER 1 OUTLINE

1.1 Features

Ultra-low power consumption technology
®\Vbp=16Vto55V

@ HALT mode

@ STOP mode

@ SNOOZE mode

RL78 CPU core

@ CISC architecture with 3-stage pipeline

@ Minimum instruction execution time: Can be changed from high speed (0.04167 us: @ 24 MHz operation with
high-speed on-chip oscillator) to ultra-low speed (66.6 us: @ 15 kHz operation with low-speed on-chip oscillator
clock)

@ Multiply/divide/multiply & accumulate instructions are supported.

@ Address space: 1 Mbytes

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

@ On-chip RAM: 1.5 Kbytes

Code flash memory

@ Code flash memory: 16 Kbytes
@ Block size: 1 Kbytes

@ On-chip debug function

@ Self-programming (with boot swap function/flash shield window function)

Data flash memory
@ Data flash memory: 2 Kbytes

@ Back ground operation (BGO): Instructions can be executed from the program memory while rewriting the data
flash memory.

@ Number of rewrites: 1,000,000 times (TYP.)
@ \oltage of rewrites: VbD = 1.8 to 5.5V

High-speed on-chip oscillator
@ Select from 48 MHz, 24 MHz, 16 MHz, 12 MHz, 8 MHz, 6 MHz, 4 MHz, 3 MHz, 2 MHz, and 1 MHz
@ High accuracy: +1.0% (Vob = 1.8 to 5.5 V, Ta = -20 to +85°C)

Middle-speed on-chip oscillator
@ Selectable from 4 MHz, 2 MHz, and 1 MHz.
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Operating ambient temperature
@ TA =-40 to +85°C (A: Consumer applications)
@ TA =-40 to +105°C (G: Industrial applications)

Power management and reset function
@ On-chip power-on-reset (POR) circuit
@ On-chip voltage detector (LVD) (Select interrupt and reset from 14 levels)

Data transfer controller (DTC)
@ Transfer modes: Normal transfer mode, repeat transfer mode, block transfer mode
@ Activation sources: Activated by interrupt sources.

@ Chain transfer function

Event link controller (ELC)

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

Serial interfaces

@ CSI: 4 channels

@ UART: 2 channel

@ 12C/simplified 12C: 4 channels
@ Multimaster I2C: 2 channels

Timers

@ 16-bit timer (TAU): 4 channels
@ TKB: 1 channel

@ 12-bit interval timer: 1 channel
@ 8-bit interval timer: 2 channels
@ Watchdog timer: 1 channel

A/D converter

@ 8/10-bit resolution A/D converter (VbD = 1.6 to 5.5 V)

@ Analog input: 10 to 11 channels

@ Internal reference voltage (1.45 V) and temperature sensor

D/A converter

@ 3/10-bit resolution D/A converter (VDD = 1.6 to 5.5 V)

@ Analog input: 2 channels (channel 1: output to the ANO1 pin, channel 0: output to the comparator)
@ Output voltage: 0 V to Vbb

@ Real-time output function

Comparator
@ 2 channels

@ Operating modes: Comparator high-speed mode, comparator low-speed mode, window mode

PGA
@ 1 channels

RO1UHO0637EJ0110 Rev. 1.10 RENESAS
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1/0 ports

@ /0 port: 17 to 21 (N-ch open drain 1/O [VDD withstand voltage]: 9 to 14)

@ Can be set to N-ch open drain, TTL input buffer, and on-chip pull-up resistor
@ Different potential interface: Can connect to a 1.8/2.5/3.0 V device

@ On-chip key interrupt function

@ On-chip clock output/buzzer output controller
Others

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

@ On-chip data operation circuit

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

O ROM, RAM capacities

Flash RL78/G11

Data flash RAM
ROM 20 pins 24 pins 25 pins
16 KB 2 KB 1.5 KB R5F1056A R5F1057A R5F1058A

Remark The flash library uses RAM in self-programming and rewriting of the data flash memory.
The target products and start address of the RAM areas used by the flash library are shown below.

R5F105xA (x = 6, 7, 8): Start address FFO00H

For the RAM areas used by the flash library, see Self RAM list of Flash Self-Programming Library for RL78 Family
(R20UT2944).

RO1UHO0637EJ0110 Rev. 1.10 RENESAS Page 3 of 1113
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1.2 Ordering Information

Figure 1 - 1 Part Number, Memory Size, and Package of RL78/G11

PartNo. R5F1058AGxxxLA#UQOQ

I— Packaging specification
#30: Tube (LSSOP)
#UO: Tray (HWQFN,WFLGA)
#50: Embossed tape (LSSOP)
#WO0: Embossed tape (HWQFN,WFLGA)

Package type:
SP:LSSOP, 0.65mm pitch
NA:HWQFN, 0.5mm pitch
LA: WFLGA, 0.5mm pitch

ROM number (Omitted for blank products)

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

ROM capacity:
A: 16 KB

Pin count:
6: 20-pin
7: 24-pin
8: 25-pin

RL78/G11

Memory type:
F : Flash memory

Renesas MCU

Renesas semiconductor product

RO1UHO0637EJ0110 Rev. 1.10 RENESAS Page 4 of 1113
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Pi
" Package Ordering Part Number
count
20 pins | 20-pin plastic LSSOP R5F1056AGSP#30,R5F 1056 AASP#30
(4.4 x 6.5 mm, 0.65 mm pitch) R5F1056AGSP#50,R5F 1056 AASP#50
24 pins | 24-pin plastic HWQFN R5F1057AGNA#UO,R5F 1057AANA#UO
(4 x 4 mm, 0.50 mm pitch) R5F1057AGNA#WO0,R5F 1057AANA#WO
25 pins | 25-pin plastic WFLGA R5F1058AGLA#UO,R5F 1058AALA#UO
(3 x 3 mm, 0.50 mm pitch) R5F1058AGLA#WO0,R5F 1058AALA#WO

Caution 1. For the fields of application, refer to Figure 1 - 1 Part Number, Memory Size, and Package of RL78/G11.
Caution 2. 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.

RO1UH0637EJ0110 Rev. 1.10
Dec 28, 2016
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1.3 Pin Configuration (Top View)

1.3.1 20-pin products
* 20-pin plastic LSSOP (4.4 x 6.5 mm, 0.65 mm pitch)

PO1/ANI16/INTP5/SO10/TxD1 O=—={ 1 20 [=—=0 P20/ANIO/AVREFP/IVREF1/(SO10/TXD1)
POO/ANI17/PCLBUZ1/TI03/(VCOUT1)/SI10/RxD1/SDA10/(SDAA1) O=~— 2 O 19 (=—=0 P21/ANI1/AVREFM/IVREFO
P40/TOOL0O/TO03/(PCLBUZ0)/SCK10/SCL10/VCOUTO/VCOUT1/INTFO/(SCLA1) O=—=13 — 18 [=—=0O P22/ANI2/PGAI/IVCMPO
P125/_RESET/INTP9 O=—=14 5‘ ,;E 17 ~—0 P23/ANI3/ANO1/PGAGND
P137/INTPO/_SSI00/(TI03) O=—=15 © &‘ 16 [=—=O P33/ANI18/IVCMP1/(INTP11)
P122/X2/EXCLK/(SI10/RxD1)/(TI02)/INTP1 O=—*1 6 % 5 15 [«—=0O P31/ANI20/KRO/TI01/TO00/INTP4/TKBOO/(RxD0)/SI11/SDA11/SCLAO
P121/X1/(TI0O1)/INTP2 O=—= 7 s 14 [«—=0 P30/ANI21/KR1/TI00/TO01/INTP3/SCK11/SCL11/(TxD0)/PCLBUZ0/TKBO1/SDAAO
REGC O<+—=8 = 13 [=—=0 P56/ANI22/KR2/SCK00/SCL00/SO11/INTP10/(TO03)/(INTFO)/SCLA1
Vgs O=—"9 12 =—=0 P55/KR3/SI00/RxD0/SDA00/TOOLRXD/TI02/TO02/INTP11/(VCOUTO0)/SDAA1
Vpp O=—=110 11 j«=—=0 P54/KR4/SO00/TxD0/TOOLTXD/(TI03)/(TO03)

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

Remark 1. For pin identification, see 1.4 Pin Identification.
Remark 2. Functions in parentheses in the above figure can be assigned via settings in the peripheral I/O redirection register 0 to 3
(PIORO to PIOR3).
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1.3.2  24-pin products
* 24-pin plastic HWQFN (4 x 4 mm, 0.5 mm pitch)

21/KR1/T100/TO01/INTP3/SCK11/SCL11/(TxD0)/PCLBUZ0/TKBO1/(SDAA0)

20/KRO/TI01/TO00/INTP4/TKBOO/(RxDO0)/S111/SDA11/(SCLAO)

18/IVCMP1/(INTP11)/(SCLA1)
19/S011/(INTP10)/(VCOUT1)/(SDAAT)

2/PGAI/IVCMPO
3/ANO1/PGAGND

l=—=0 P23/AN
l«—=0 P33/AN

3 —=0P32AN
l~—=O P31/AN

& [=—=OP30/AN

]
o
S

P21/ANI1/AVREFM/IVREFO O———| 19 2 |+——=0 P56/ANI22/KR2/SCKO00/SCLO0/(SO11)/INTP10/(TO03)/(INTFO)/SCLA1
P20/ANIO/AVREFP/IVREF1/(SO10/TXD1) O=— 20 11 fa—=Q P55/KR3/SI00/RxD0/SDA00/TOOLRXD/TI02/TO02/INTP11/(VCOUTO)/SDAAT
PO1/ANI16/INTP5/SO10/TxD1 O=—={21 RL78/G11 10 la—=(O P54/KR4/SO00/TXDO/TOOLTXD/(TI03)(TO03)/SCLAO
POO/ANI17/PCLBUZ1/TI03/(VCOUT1)/SI10/RXD1/SDA10/(SDAAT) Oe—{ 22 (TOP View) g le o P53/KR5/INTPE/SO01/SDAAD
P40/TOOL0/TO03/(PCLBUZ0)/SCK10/SCL10/VCOUTO/VCOUT1/INTFO/(SCLA1T) Oe—=a1 23 8 |=——=0O P52/KR6/INTP7/S101/SDA01/(RxD0)/(SDAAD)
P125/_RESET/INTP9 O—=] 240 7 l——=0 P51/KR7/INTP8/(TI02)/(TO02)/SCK01/SCLO1/(TXDO)

(TI03) O——= =

P122/X2/EXCLK/(SI10/RxD1)/(TI02)/INTP1 O——= ™

REGC O——— &
Vss O—— o
Voo O——— @

P121/X1/(TI01)/INTP2/(S101) O——

P137/INTP0/_SSI00/(

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

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

Remark 2. It is recommended to connect an exposed die pad to Vss.

Remark 3. Functions in parentheses in the above figure can be assigned via settings in the peripheral I/0O redirection register 0 to 3
(PIORO to PIORS3).
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1.3.3

25-pin products

+ 25-pin plastic WFLGA (3 x 3 mm, 0.5 mm pitch)

Top View Bottom View
O RGO G 5 O O O
OIEOER O GENY 4 O O O OO0
o RETBiGU o 3 O 0O0O0O0
' (Top View) -
IR G GRS 2 O O OO0 O0
:-—*,.C: o Oy 1 O O O
LN L
A cC D E E D C B A
INDEX MARK
A B C D E
P40/TOOLO/TO03/(PC | P125/RESET/INTP9 PO1/ANI16/INTP5/SO1 | P20/ANIO/AVREFP/IV | p21/ANI1/AVREFM/IV
5 LBUZ0)/SCK10/SCL10 0/TxD1 REF1/(SO10/TXD1) REFO 5
/VCOUTO/VCOUT1/IN
TFO/(SCLA1)
P122/X2/EXCLK/(SI10 | P137/INTPO/SSI00/(TI | POO/ANI17/PCLBUZ1/ | P22/ANI2/PGAI/IVCM | P23/ANI3/ANO1/PGA
4 | /RxD1)/(TI02)/INTP1 03) TI03/(vCOUT1)/SI10/ | PO GND 4
RxD1/SDA10/(SDAA1)
P121/X1/(TI01)/INTP2/ | Vbp EVbp P33/ANI18/IVCMP1/(1 | P32/ANI19/SO11/(INT
3 | (Slo1) NTP11)/(SCLA1) P10)/(VCOUT1)/(SDA | 3
A1)
REGC Vss P30/ANI21/KR1/TI00/T | P31/ANI20/KRO/TI01/T | P56/ANI22/KR2/SCKO
2 O01/INTP3/SCK11/SC | O00/INTP4/TKBOO/(R | 0/SCLO0/(SO11)/INTP 9
L11/(TxD0)/PCLBUZO0/ | xD0)/SI11/SDA11/(SC | 10/(TO03)/(INTFO)/SC
TKBO1/(SDAAO) LAO) LA1
P51/KR7/INTP8/(TI02) | P52/KR6/INTP7/S101/ | P53/KR5/INTP6/SO01/ | P54/KR4/SO00/TxD0/ | P55/KR3/SI00/RxD0/S
1 /(TO02)/SCK01/SCLO1 | SDA01/(RxD0)/(SDAA | SDAAO TOOLTXD/(TI03)/(TOO [ DAOO/TOOLRXD/TI02/ 1
/(TxDO) 0) 3)/SCLAO TOO02/INTP11/(VCOUT
0)/SDAA1
A B C D E
Caution  Connect the REGC pin to Vss pin via a capacitor (0.47 to 1 uF).

Remark 1. For pin identification, see 1.4 Pin Identification.
Remark 2. Functions in parentheses in the above figure can be assigned via settings in the peripheral I/O redirection register 0 to 3
(PIORO to PIOR3).
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1.4 Pin Identification

ANIO to ANI3, : Analog input PCLBUZO0, PCLBUZ1 : Programmable clock output/buzzer
ANI16 to ANI22 output
ANO1 : Analog output REGC : Regulator capacitance
AVREFM : A/D converter reference RESET : Reset
potential (- side) input RxD0, RxD1 : Receive data
AVREFP : A/D converter reference SCKO00, SCK01 . Serial clock input/output
potential (+ side) input SCK10, SCK11
EVbbD : Power supply SCLAO, SCLA1 . Serial clock input/output
EXCLK : External clock input SCLO00, SCLO1 : Serial clock output

INTPO to INTP11
INTFO
IVCMPO, IVCMP1

(main system clock)

. External interrupt input
: Interrupt Flag output

: Comparator input

SCL10, SCL11

SDAAQ, SDAA1
SDAO00, SDA01
SDA10, SDA1M1

: Serial data input/output

. Serial data input/output

IVREFO, IVREF1 : Comparator reference input SI100, SI01 : Serial data input

KRO to KR7 : Key return SI10, SI11

PGAI, PGAGND : PGA Input S000, SO01 : Serial data output

P00 to PO1 : Port0 S010, SO11

P20 to P23 : Port 2 SSI00 . Serial interface chip select input

P30 to P33 : Port3 TIOO to TIO3 : Timer input

P40 : Port4 TKBOO, TKBO1 : TMKB output

P51 to P56 : Port5 TOO00 to TO03 : Timer output

P121, P122, P125 : Port 12 TOOLO . Data input/output for tool

P137 : Port 13 TOOLRXD, TOOLTXD : Data input/output for external device
TxDO, TxD1 : Transmit data

VCOUTO, VCOUT1

: Comparator output

VbD : Power supply

Vss : Ground

X1, X2 : Crystal oscillator (main system clock)
RO1UH0637EJ0110 Rev. 1.10 RENESAS Page 9 of 1113
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1.5 Block Diagram

1.5.1 20-pin products

- Port0 KZ"> poo, po1
TIMER ARRAY UNIT 0
(4ch)
EVENT LINK CONTROLLER

TI00 oo K>
TO00 ° - Port 2 KZ> paotopas

TIO1 ch01 @
TO01 =—

Port 3 KZ"> pao, pat, pa3

TI02 — ch02

TO02 +—|

il

TIO3 — 03
1% = : <:> P

Port 5 <I> P54 to P56

8-BIT INTERVAL TIMER 0

ch00 @

g

CODE FLASH: BCD CORRECTION <:> Port 12 <:| P121, 122, 125
16 KB CIRCUIT <:>
ch01 DATA FLASH:
2KB
DATA OPERATION <:>
CIRCUIT (DOC) <:> Port 13
le— p137
TKBOO —
TIMER KB @
TKBO1 —o]
<:> INT <:> |—= TOOLTxD/P54
<:> ON-CHIP DEBUG ~[—— TOOLRXD/P55
|-e—= TOOLO/P40
RL78 CPU CORE
<:> DATA TRANSFER @
CONTROLLER (DTC)
CLOCK OUTPUT/
MULDIV <:> BUZZEROUTPUT | . [CLBUZO
<:> RAM 1.5 KB CONTROLLER = PCLBUZ1

KEY INTERRUPT
SERIAL ARRAY UNITO @ <:> (5] KRO-KR4
(4 ch)

RxD0 —— XTERNAL INTERRUP INTPO-INTPS,
TXDO <—o7, UARTO(LIN) @ <:><ZI INTPS-11
RxD1 —— [+ RESET

TxD1 UARTA

MAIN SYSTEM CLOCK

SCK00 [=|  CGENERATOR 12-BIT INTERVAL
S100 1to 20 MHz “ i
oot csloo CLOCK GENERATOR TIMER

&N +
ANIO-ANI3,
55100 - RESET CIRCUIT t t A &
SCKO1 x1 X2/EXCLK <:> 10-bit /D CONVERTER ANI20-ANI22
slo1 cslo1 (11ch) [——— ANIO/AVrerp
S001 ——— ANI1/AVreru
SCK10
S0 csio
SCK11
si11 csit ol | st | e B
b | |oseiiator [ [ oscucaron | [ osciiaton COMPARATOR (2ch)
som a8 MHz/ || 4MHz || 15 kHz : : VEOUTO
oo licoo Tonis REGULATOR s
SDAQD ~— 16 MHz IVREFO
—= VCOUT1
scLot 11co1 COMPARATOR 1 IVCMP1
SDAOT =— REGC IVREF1
SCL10 -=—
Ic10
SDA10 -=—
SCL11 ——oI, Voo Vs
e EVoo
SDA11 <—] WATCHDOG TIMER <:>
(WDT)

8-bit D/A CONVERTER

(2ch) ——= anoO1
CRC
R 7
o K
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1.5.2 24-pin, 25-pin products

Port 0 ” P00, PO1
TIMER ARRAY UNIT 0 -

i

(4ch)
EVENT LINK CONTROLLER
TIoo C> (ELC)
TO00 ono0 < Port2 K> paotopas
= =
TOO01 <+
Port 3 P30 to P33
e = =
TO02 -—q
TIO3 — 103
TO03 —| ¢ <:> Port 4 le—= p4o

8-BIT INTERVAL TIMER 0

ch00 <:>
CODE FLASH: BCD CORRECTION <:> P121. 122, 125

ot 16 KB CIRCUIT <:> Port 12 K] 122,

Cl

DATA FLASH:
2KB

il

Port 5 @ P51 to P56

DATA OPERATION <:>
CIRCUIT (DOC) <:> Port 13

[ P137

TKBOO —
TIMER KB @
TKBO! ——

<:> INT <:> — TOOLTXD/P54
<:> ON-CHIP DEBUG ~[+—— TOOLRXD/P55

@ |——— TOOLO/P40

<:> DATA TRANSFER <:>
CONTROLLER (DTC)

RL78 CPU CORE

CLOCK OUTPUT/ -
BUZZER OUTPUT PCLBUZO
CONTROLLER _ [—™ PCLBUZ1

MULDIV

]

RAM 1.5 KB

KEY INTERRUPT
SERIAL ARRAY UNITO @ <:> (] KRO-KR7
(4 ch)
UARTO(LIN) @ <:> XTERNA1L2ICI\:‘TERRUP @ INTPO-INTP11

[~ RESET

g

RxDO
TxDO

RxD1

TXD1 UART1

T'T

MAIN SYSTEM CLOCK

SCKo00 [ GENERATOR 12-BIT INTERVAL
S100 1t0 20 MHz “ &
5000 Csloo CLOCK GENERATOR TIMER

== +
55100 <:> RESET CIRCUIT f f <I| ANIO-ANI3,

SCKO1 X1 X2/EXCLK <:> 10-bit AID CONVERTER| ANI16-ANI22
S101 cslo1 (12ch) [——— ANIO/AVrere
S001 ——— ANI1/AVrerm
SCK10
si0 csio
SCK11
st csit poRr/ || onsre [ | oncne | | Mo
b | |oscuiaton || escuinton | [ oscieaton COMPARATOR (2ch)

So1 a8MHz || amHz || 15 kHz <:> VCOUTo
SCLOO ~=—o o0 24 MHz/ REGULATOR VCMPO
SDAQD ~— 16 Mz IVREFO

—— vCouT1
coror neot VREF{
SDAO1 <— REGC IVREF1
SCL10 <-—o|

IIc10
SDA10 <—
SCL11 ——o{ Voo Vss
Ic11 EVoo
SDA11 ~a—] WATCHDOG TIMER C>
(WDT)
8-bit D/A CONVERTER
(2eh) ——— ANO1
SCLAD CRC -
IICAO <:>
SDAAD
SCLA1
IICA1 <:>
SDAA1
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1.6

Outline of Functions

This outline describes the functions at the time when Peripheral 1/O redirection register 0 to 3 (PIORO to PIOR3) are

set to O0H.
(1/2)
20-pin 24-pin 25-pin
Iltem
R5F1056A R5F1057A R5F1058A
Code flash memory (KB) 16 Kbytes
Data flash memory (KB) 2 Kbytes
RAM 1.5 Kbytes

Address space

1 Mbytes

Main system
clock

High-speed system clock (fumx)

X1 (crystal/ceramic) oscillation, external main system clock input (EXCLK)
1t0 20 MHz: Vbb =2.7t0 5.5V, 1to 16 MHz: Vbb=2.4t02.7V,1to 8 MHz: Vbbp =1.8t0 2.4V, 1 to
4 MHz: Vobp=1.6t0 1.8V

High-speed on-chip oscillator
clock (fiH) Max: 24 MHz

Middle-speed on-chip oscillator
clock (fim) Max: 4 MHz

HS (High-speed main) mode: 1 to 24 MHz (Vop = 2.7 to 5.5 V),
1to 16 MHz (Vop = 2.4 t0 5.5 V),
1to 8 MHz (Vpbp =1.8t0 5.5 V),
1to4 MHz (Vop = 1.6t0 5.5 V),

1 MHz (Vop = 1.8 t0 5.5 V)

HS (High-speed main) mode:
LS (Low-speed main) mode:
LV (Low-voltage main) mode:
LP (Low-power main) mode:

General-purpose register

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

Minimum instruction execution time

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

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

Instruction set

« Data transfer (8/16 bits)

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

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

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

1/0 port Total 17 21

CMOS 110 13 17
CMOS input 4

Timer 16-bit timer 4 channels
Watchdog timer 1 channel
Timer KB 1 channel
12-bit interval timer 1 channel
8/16-bit interval timer 2 channels (8 bit)/1 channel (16 bit)
Timer output 6

Caution The flash library uses RAM in self-programming and rewriting of the data flash memory.

The target products and start address of the RAM areas used by the flash library are shown below.

R5F105xA (x = 6, 7, 8): Start address FF900H

For the RAM areas used by the flash library, see Self RAM list of Flash Self-Programming Library for RL78 Family
(R20UT2944).

RO1UH0637EJ0110 Rev. 1.10
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(2/12)
20-pin 24-pin 25-pin
Iltem
R5F1056A R5F1057A R5F1058A
Clock output/buzzer output 2

* 2.44 kHz, 4.88 kHz, 9.76 kHz, 1.25 MHz, 2.5 MHz, 5 MHz, 10 MHz
(Main system clock: fuain = 20 MHz operation)

10-bit resolution A/D | External 10 channels 11 channels
converter Internal 1 channel 1 channel
8-bit D/A converter 2 channels
Comparator (Window Comparator) 2 channels
PGA 1 channel
Data Operation Circuit (DOC) Comparison, addition, and subtraction of 16-bit data
Serial interface [20-pin products]

+ CSlI: 3 channel/UART: 2 channel/simplified 12C: 3 channel

[24-pin, 25-pin products]

+ CSI: 4 channels/UART: 2 channel/simplified 12C: 4 channels

12C bus 2 channels 2 channels 2 channels

Data transfer controller (DTC) 23 sources 24 sources
Event link controller (ELC) Event input: 17 Event input: 18

Event trigger output: 4 Event trigger output: 4
Vectored interrupt Internal 25
sources External 10 13
Key interrupt 5 8
Reset + Reset by RESET pin

« Internal reset by watchdog timer

* Internal reset by power-on-reset

* Internal reset by voltage detector

* Internal reset by illegal instruction execution

* Internal reset by RAM parity error

* Internal reset by illegal-memory access
Power-on-reset circuit * Power-on-reset: 1.51 + 0.04V (Ta = -40 to +85°C)

1.51 £ 0.06V (Ta = +85 to +105°C)
» Power-down-reset: 1.50 £ 0.04 V (Ta = -40 to +85°C)
1.51 £ 0.06V (Ta = +85 to +105°C)
Voltage detector Power on 1.67 V t0 4.06 V (14 stages)
Power down 1.63 V to 3.98 V (14 stages)

On-chip debug function

Provided (Disable to tracing)

Power supply voltage

Vop=1.6t055V

Operating ambient temperature

Ta = -40 to +85°C (Consumer applications)
Ta = -40 to +105°C (Industrial applications)

RO1UH0637EJ0110 Rev. 1.10
Dec 28, 2016
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21

Port Functions

CHAPTER 2 PIN FUNCTIONS

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

shown below.

(1) 20-pin products

Table 2 - 1 Pin 1/O Buffer Power Supplies

Power Supply

Corresponding Pins

VbD

P00, P01, P20 to P23, P30, P31, P33, P40, P54 to P56, P121, P122, P125 and P137

(2) 24-pin products

Power Supply

Corresponding Pins

VbD

P00, P01, P20 to P23, P30 to P33, P40, P51 to P56, P121, P122, P125 and P137

(3) 25-pin products

Power Supply Corresponding Pins
VoD P20 to P23, P121, P122, P125 and P137
EVop P00, P01, P30 to P33, P40, P51 to P56

RO1UH0637EJ0110 Rev. 1.10
Dec 28, 2016
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Set in each port I/O, buffer, pull-up resistor is also valid for alternate functions.

211 20-pin Products
Function ’ . )
Pin Type 110 After Reset Alternate Function Function
Name
P00 8-3-4 110 Analog input | ANI17/PCLBUZ1/TI03/(VCOUT1)/ Port 0.
port SI10/RxD1/SDA10/(SDAA1) 2-bit /0 port.
PO1 734 ANI16/INTP5/SO10/TxD1 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 of P00 to PO1.
Input of P00 can be set to TTL input buffer.
Output of P00 to P01 can be set to N-ch open-drain
output.
P20 4-9-3 110 Analog input | ANIO/AVREFP/IVREF1/(SO10/TXD1) | Port 2.
P21 494 port ANI1/AVREFM/IVREFO 4-bit /O port.
Input/output can be specified in 1-bit units.
p22 4-18-2 ANI2/PGAIIIVCMPO Output of P20 can be set to N-ch open-drain output.
P23 4-8-2 ANI3/ANO1/PGAGND
P30 8-1-4 110 Analog input | ANI21/KR1/TI00/TO01/INTP3/ Port 3.
port SCK11/SCL11/(TxD0)/PCLBUZ0/ 3-bit 1/0 port.
TKBO1/SDAAO Input/output can be specified in 1-bit units.
P31 ANI20/KRO/TI01/TO00/INTP4/ Use of an on—chip.pull—u‘p resistor can be specified
TKBOO/(RXDO/SI11/SDA11/SCLAO by a software setting at input of P30, E31 and P33.
Input of P30 to P31 can be set to TTL input buffer.
P33 7-9-4 ANI18/IVCMP1/(INTP11) Output of P30 and P31 can be set to N-ch open-
drain output.
P40 8-1-4 110 Input port TOOLO0/TO03/(PCLBUZ0)/SCK10/ Port 4.
SCL10/VCOUTO/VCOUT1/INTFO/ 1-bit 1/O port.
(SCLAT1) 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 of P40.
Input of P40 can be set to TTL input buffer.
Output of P40 can be set to N-ch open-drain output.
P54 8-1-4 1/0 Input port KR4/SO00/TxD0/TOOLTXD/(TI03)/ Port 5.
(TOO03) 3-bit 1/0 port.
P55 KR3/SI100/RxD0/SDA00/TOOLRXD/ Input/output canl be specmedlm 1-bit units. -
TI02/TO02/INTP11/(VCOUTO)/SDAA1 Use of an on-ch|p.pull-ulp resistor can be specified
by a software setting at input of P54 to P56.
P56 8-3-4 Analog input | ANI22/KR2/SCK00/SCL00/SO11/ Input of P54 to P56 can be set to TTL input buffer.
port INTP10/(TOO3)/(INTFO)/SCLA1 Output of P54 to P56 can be set to N-ch open-drain
output.
P121 2-2-1 Input Input port X1/(TI01)/INTP2 Port 12.
P122 X2/EXCLK/(SI10/RxD1)/(TI02)INTP1 | S-Pitinput-only port. , -
Use of an on-chip pull-up resistor can be specified
P125 3-1-1 RESET/INTP9 by a software setting at input of P125.
P137 2-1-2 Input Input port INTPO/SSI00/(TI03) Port 13.
1-bit input-only port.
Remark Functions in parentheses in the table can be assigned via settings in the peripheral 1/O redirection register 0 to 3 (PIOR0

to PIOR3).
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21.2  24-pin Products

Functi
unetion Pin Type 110 After Reset Alternate Function Function
Name
P00 8-3-4 110 Analog input | ANI17/PCLBUZ1/TI03/(VCOUT1)/ Port 0.
port SI10/RxD1/SDA10/(SDAA1) 2-bit I/0 port.
PO1 734 ANI16/INTP5/SO10/TxD1 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 of P00 to PO1.
Input of POO can be set to TTL input buffer.
Output of P00 to P01 can be set to N-ch open-drain
output.
P20 4-9-3 110 Analog input | ANIO/AVREFP/IVREF1/(SO10/TXD1) | Port 2.
P21 4-9-4 port ANI1/AVREFM/IVREFO 4-bit I/ port.
Input/output can be specified in 1-bit units.
p22 4-18-2 ANI2/PGAIIIVCMPO Output of P20 can be set to N-ch open-drain output.
P23 4-8-2 ANI3/ANO1/PGAGND
P30 8-1-4 110 Analog input | ANI21/KR1/TI00/TO01/INTP3/ Port 3.
port SCK11/SCL11/(TxD0)/PCLBUZ0/ 4-bit I/O port.
TKBO1/(SDAAQ) Input/output can be specified in 1-bit units.
P31 ANI20/KRO/TI01/TO00/INTP4/ Use of an on—chip.pull—ulp resistor can be specified
TKBOO/(RXDO/SI11/SDA11/(SCLAO) by a software setting at input of P30 to P33.
Input of P30 to P32 can be set to TTL input buffer.
P32 ANI19/SO11/(INTP10)/(VCOUT1)/ Output of P30 to P33 can be set to N-ch open-drain
(SDAAT) output.
P33 7-9-4 ANI18/IVCMP1/(INTP11)/(SCLA1)
P40 8-1-4 1/0 Input port TOOLO/TO03/(PCLBUZ0)/SCK10/ Port 4.
SCL10/VCOUTO/VCOUT1/INTFO/ 1-bit 1/O port.
(SCLA1) 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 of P40.
Input of P40 can be set to TTL input buffer.
Output of P40 can be set to N-ch open-drain output.
P51 8-1-4 110 Input port KR7/INTP8/(TI02)/(TO02)/SCKO01/ Port 5.
SCLO01/(TxDO0) 6-bit /O port.
P52 KR6/INTP7/SI01/SDAO1/(RxDO)/ Input/output can' be specmedlln 1-bit units. -
(SDAAD) Use of an on-chip pull-up resistor can be specified
by a software setting at input of P51 to P56.
P53 KR5/INTP6/SO01/SDAAO Input of P51 to P56 can be set to TTL input buffer.
Output of P51 to P56 can be set to N-ch open-drain
P54 KR4/SO00/TxD0/TOOLTXD/(TI03)/ output
(TO03)/SCLAO '
P55 KR3/SI00/RxD0/SDA00/TOOLRXD/
TI02/TO02/INTP11/(VCOUTO)/SDAA1
P56 8-3-4 Analog input | ANI22/KR2/SCK00/SCL00/(SO11)/
port INTP10/(TOO03)/(INTFO)/SCLA1
P121 2-2-1 Input Input port X1/(TI01)/INTP2/(SI01) Port 12.
P122 X2/EXCLK/(SIO/RxD1)/(TI02)/AINTP1 | 3-Pit input-only port.
Use of an on-chip pull-up resistor can be specified
P125 3-1-1 RESET/INTP9 by a software setting at input of P125.
P137 2-1-2 Input Input port INTPO/SSI00/(TI03) Port 13.
1-bit input-only port.

Remark Functions in parentheses in the table can be assigned via settings in the peripheral 1/O redirection register 0 to 3 (PIOR0
to PIOR3).

RO1UH0637EJ0110 Rev. 1.10 RENESAS Page 16 of 1113
Dec 28, 2016



RL78/G11 CHAPTER 2 PIN FUNCTIONS

213 25-pin Products

Functi
unetion Pin Type 110 After Reset Alternate Function Function
Name
P00 8-3-4 110 Analog input | ANI17/PCLBUZ1/TI03/(VCOUT1)/ Port 0.
port SI10/RxD1/SDA10/(SDAA1) 2-bit I/0 port.
PO1 734 ANI16/INTP5/SO10/TxD1 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 of P00 to PO1.
Input of POO can be set to TTL input buffer.
Output of P00 to P01 can be set to N-ch open-drain
output.
P20 4-9-3 110 Analog input | ANIO/AVREFP/IVREF1/(SO10/TXD1) | Port 2.
P21 4-9-4 port ANI1/AVREFM/IVREFO 4-bit I/ port.
Input/output can be specified in 1-bit units.
p22 4-18-2 ANI2/PGAIIIVCMPO Output of P20 can be set to N-ch open-drain output.
P23 4-8-2 ANI3/ANO1/PGAGND
P30 8-1-4 110 Analog input | ANI21/KR1/TI00/TO01/INTP3/ Port 3.
port SCK11/SCL11/(TxD0)/PCLBUZ0/ 4-bit I/O port.
TKBO1/(SDAAQ) Input/output can be specified in 1-bit units.
P31 ANI20/KRO/TI01/TO00/INTP4/ Use of an on—chip.pull—ulp resistor can be specified
TKBOO/(RXDO/SI11/SDA11/(SCLAO) by a software setting at input of P30 to P33.
Input of P30 to P32 can be set to TTL input buffer.
P32 ANI19/SO11/(INTP10)/(VCOUT1)/ Output of P30 to P33 can be set to N-ch open-drain
(SDAAT) output.
P33 7-9-4 ANI18/IVCMP1/(INTP11)/(SCLA1)
P40 8-1-4 1/0 Input port TOOLO/TO03/(PCLBUZ0)/SCK10/ Port 4.
SCL10/VCOUTO/VCOUT1/INTFO/ 1-bit 1/O port.
(SCLA1) 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 of P40.
Input of P40 can be set to TTL input buffer.
Output of P40 can be set to N-ch open-drain output.
P51 8-1-4 110 Input port KR7/INTP8/(TI02)/(TO02)/SCKO01/ Port 5.
SCLO01/(TxDO0) 6-bit /O port.
P52 KR6/INTP7/SI01/SDAO1/(RxDO)/ Input/output can' be specmedlln 1-bit units. -
(SDAAD) Use of an on-chip pull-up resistor can be specified
by a software setting at input of P51 to P56.
P53 KR5/INTP6/SO01/SDAAO Input of P51 to P56 can be set to TTL input buffer.
Output of P51 to P56 can be set to N-ch open-drain
P54 KR4/SO00/TxD0/TOOLTXD/(TI03)/ output
(TO03)/SCLAO '
P55 KR3/SI00/RxD0/SDA00/TOOLRXD/
TI02/TO02/INTP11/(VCOUTO)/SDAA1
P56 8-3-4 Analog input | ANI22/KR2/SCK00/SCL00/(SO11)/
port INTP10/(TOO03)/(INTFO)/SCLA1
P121 2-2-1 Input Input port X1/(TI01)/INTP2/(SI01) Port 12.
P122 X2/EXCLK/(SIO/RxD1)/(TI02)/AINTP1 | 3-Pit input-only port.
Use of an on-chip pull-up resistor can be specified
P125 3-1-1 RESET/INTP9 by a software setting at input of P125.
P137 2-1-2 Input Input port INTPO/SSI00/(TI03) Port 13.
1-bit input-only port.

Remark Functions in parentheses in the table can be assigned via settings in the peripheral 1/O redirection register 0 to 3 (PIOR0
to PIOR3).
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CHAPTER 2 PIN FUNCTIONS

2.2 Functions other than port pins

2.21

Functions for each product

(1/3)

Function Name

25-pin 24-pin

20-pin

ANIO

2

2

AN

ANI2

ANI3

ANI16

ANI7

ANI18

2| 2| 2| 2| 2| <

ANI19

ANI20

ANI21

ANI22

IVCMPO

IVCMP1

IVREFO

IVREF1

PGAI

PGAGND

KRO

KR1

KR2

KR3

KR4

<<<<<<<<<<<<<<I

KR5S

KR6

KR7

TIOO

TIO1

TI02

TIO3

TOO00

TOO1

TO02

TOO03

ANO1

VCOUTO

VCOUTO

TKBOO

TKBO1

RXDO

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

44444444444444'
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(213)

Function Name

25-pin

24-pin

20-pin

RXD1

\/

TXDO

TXD1

SCLAO

SCLA1

SCLO00

2 | 2| 2| 2| <

SCLO1

SCL10

SCL1

SDAAO

SDAA1

SDA00

< | 2| 2| <2 <

SDAO1

SDA10

SDA11

SCKO00

< | 2| <

SCKO1

SCK10

SCK11

SI100

< | 2| <

SI01

SI10

S

SO00

< | 2| <

S001

SO10

SO11

SSI00

INTPO

INTP1

INTP2

INTP3

INTP4

INTP5

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

INTP6

INTP7

INTP8

INTP9

INTP10

INTP11

< | 2| 2| 2| 2| 2| 2| 2| 2| 2| 2| 2| 2| 2| 2| 2| 2| 2| 2| 2| 2| 2| 2| 2| < | 2| 2| 2| 22| < | 2| 2| 2| 2| 2| 2| < | 2| <=

< | 2| 2| 2| 2| 2| 2| 2| 2| 2| 2| 2| 2| 2| 2| 2| 2| 2| 2| 2| 2| 2| 2| 2| < | 2| 2| 2| 2| 2| 2| 2| 2| 2| 2| 2| < | 2| <=

< | 2| <
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(3/3)

Function Name

25-pin

24-pin

20-pin

INTFO

2

\/

PCLBUZO

PCLBUZ1

EXCLK

X1

X2

RESET

REGC

VbD

< | 2| 2| 2| 2| 2| 2| <=

< | 2| 2| 2| 2| 2| 2| <=

EVbD

AVREFP

AVREFM

Vss

TOOLRXD

TOOLTXD

TOOLO

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

< | 2| 2| 2| 2| <=

< | 2| 2| 2| < | <=

RO1UH0637EJ0110 Rev. 1.10

Dec 28, 2016

RENESAS

Page 20 of 1113



RL78/G11

CHAPTER 2 PIN FUNCTIONS

2.2.2 Pins for each product (pins other than port pins)
(1/2)
Function Name 110 Function
ANIO to ANI3 Input A/D converter analog input (VDD connection)
ANI16 to ANI22 Input A/D converter analog input (25-pin products: EVDD connection, 24-, 20-pin
products: VDD connection)
IVCMPO, IVCMP1 Input Comparator analog voltage input
IVREFO, IVREF1 Input Comparator reference voltage input
PGAI, PGAGND Input PGA input
KRO to KR7 Input Key interrupt input
TIOO, TI02 Input 16-bit timer input
TIO1, TI03 Input 16-bit timer input (8-bit mode capability)
TOO00, TO02 Output | 16-bit timer output
TOO01, TO03 Output | 16-bit timer output (8-bit mode capability)
ANO1 Output | DAC output
VCOUTO, VCOUT1 Output | Comparator output
TKBOO, TKBO1 Output | TMKB output
RxDO, RXD1 Input Serial data input pins of serial interface UART
TxDO0, TXD1 Output | Serial data output pins of serial interface UART
SCLAO, SCLA1 110 Serial clock /O pins of serial interface IICA
SCLO00, SCL01, SCL10, SCL11 Output | Serial clock output pins of serial interface 1IC
SDAAO, SDAA1 1/0 Serial data I/O pins of serial interface [ICA
SDAO00, SDAO1, SDA10, SDA11 1/0 Serial data I/O pins of serial interface 1IC
SCKO00, SCK01, SCK10, SCK11 I/0 Serial clock output pins of serial interface CSI
SI00, SI01, SI10, SI11 Input Serial data input pins of serial interface CSI
S000, SO01, SO10, SOM Output | Serial data output pins of serial interface CSI
SS100 Input Chip select input pin of serial interface CSI00
INTPO to INTP11 Input External interrupt request input pin
INTFO Output | Interrupt flag output
PCLBUZO0, PCLBUZ1 Output | Clock output/buzzer output
EXCLK Input External clock input for main system clock
X1, X2 — Resonator connection for main system clock
RESET Input This is the active-low system reset input.
REGC — Pin for connecting regulator output stabilization capacitance for internal operation.
Connect this pin to Vss via a capacitor (0.47 to 1 pF).
Also, use a capacitor with good characteristics, since it is used to stabilize internal
voltage.
VbD — Power supply for P20 to P23, P121, P122, P125 and P137 pins (25-pin products)
Power supply for all pins (24-, 20-pin products)
EVbD — Power supply for other than P20 to P23, P121, P122, P125 and P137 pins (25-pin
product)
AVREFP Input A/D converter reference potential (+ side) input
AVREFM Input A/D converter reference potential (- side) input
Vss — Ground potential for all pins
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(2/2)

Function Name 1/0 Function

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

programming

TOOLTxD Output | UART transmission pin for the external device connection used during flash

memory programming

TOOLO 1/0 Data I/O for flash memory programmer/debugger

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

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

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

For details, see 31.4 Programming Method.

Remark Use bypass capacitors (about 0.1 pF) as noise and latch up countermeasures with relatively thick wires at the shortest
distance to EVDD to EVss lines and VDD to Vss lines.
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CHAPTER 2 PIN FUNCTIONS

2.3 Connection of Unused Pins

Table 2 - 3 shows the Connection of Unused Pins.

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

Functions.
Table 2 - 3 Connection of Unused Pins
Pin Name 1/0 Recommended Connection of Unused Pins

P00 to P01 110 Input:  Independently connect to EVDDNete or Vss via a resistor.
Output: Leave open.

P20 to P23 Input:  Independently connect to VDD or Vss via a resistor.
Output: Leave open.

P30 to P33 Input:  Independently connect to EVDDNete or Vss via a resistor.
Output: Leave open.

P40/TOOLO Input:  Independently connect to EVDDNete via a resistor, or leave open.
Output: Leave open.

P51 to P56 Input:  Independently connect to EVDDNote or Vss via a resistor.
Output: Leave open.

P121, P122 Input | Independently connect to VDD or Vss via a resistor.

P125 Input | PORTSELB = 0: Independently connect to VDD or Vss via a resistor.
PORTSELB = 1: Connect to VDD directly or via a resistor.

P137 Input | Independently connect to VDD or Vss via a resistor.

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

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

Note For the products that do not have an EVDD pin, replace EVDD with VVDD.
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CHAPTER 2 PIN FUNCTIONS

24 Pin Block Diagrams

For the pin types listed in 2.1.1 20-pin Products to 2.1.3 25-pin Products, pin block diagrams are shown in Figures 2

Figure 2 - 1 Pin Block Diagram of Pin Type 2-1-2

Alternate
function

@ Pmn

-1to2-11.
~"")
RD
g i
2
g |« <
8
£
L~

S

Remark Refer to 2.1 Port Functions for alternate functions.
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RL78/G11
Figure 2 - 2 Pin Block Diagram of Pin Type 2-2-1
~""
Clock generator <
CMC
OSCSEL
RD Alternate function [«
@ °< p————O) P122/X2/EXCLK/Alternate function
o]
©
c
g CcMC {>¢
£
EXCLK, OSCSEL
Z&
N-ch | P-ch
RD Alternate function |«
°<} :< o © P121/X1/Alternate function
N
Remark Refer to 2.1 Port Functions for alternate functions.
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RL78/G11
Figure 2 - 3 Pin Block Diagram of Pin Type 3-1-1
WRPpu Vop
A\ .| PU register
O (Pumn) _2>0—|
[%2]
2 H
g
8
= | RDrorr Schmitt2
<] e
| Alternate
function
_RESET <« d ®
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RL78/G11
Figure 2 - 4 Pin Block Diagram of Pin Type 4-8-2
WRADPC
0: Digital /0
’L 1: Analog input
5 »(  PMC register
RDPORT
1 d CE
- |
A | L 1
» 0
3| WRPORT “\ VoD
£ /L 0
[0]
< Output latch 4
S (Pmn) ODo—{ P-ch
WRPM @ Pmn
.| PMregister
T (PMmn)
Vss
WRPMS
] & » PMS register ——
L p-ch
A/D converter i
T N-ch
D/A converter output
PGA input <
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RL78/G11
Figure 2 - 5 Pin Block Diagram of Pin Type 4-9-3
)
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0: Digital /0
/L 1: Analog input
o » PMC register
RDPORT
& " CH
. |
+—5 | L
0
WRPORT N VDD
/L Output latch
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Q
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3
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£ .| PMregister
2 T (PMmn) /—/
Vss
WRPMs
A) » PMS register —
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/L »| POM register
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A/D converter i
T N-ch
Comparator input «
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Figure 2 - 6 Pin Block Diagram of Pin Type 4-9-4

WRADPC

0: Digital /0
KL 1: Analog input
PMC register

D J | 1
0
WRPORT VDD
0
Output latch 4
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Figure 2 - 7 Pin Block Diagram of Pin Type 4-18-2

~—")
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0: Digital /0
/L 1: Analog input
o » PMC register
RDPORT
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< \j | 1
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0
Output latch A
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Figure 2 - 8 Pin Block Diagram of Pin Type 7-3-4

~" WRPU EVbD
fl\ .| PU register |
N~ (PUmn) % o i P-ch
WRPMC
fl\ .| PMC register
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Alternate
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Schmitt2
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Alternate
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(other than SAU)
L P-ch
A/D converter
N —|_ N-ch

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

Remark 1. Refer to 2.1 Port Functions for alternate functions.
Remark 2. SAU: Serial array unit
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Figure 2 - 9 Pin Block Diagram of Pin Type 7-9-4

~" WRPU EVbD
fl\ .| PU register |
N~ (PUmn) % o i P-ch
WRPMC
fl\ .| PMC register
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Alternate
function
Schmitt2
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Alternate
function
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Alternate
function
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L P-ch
A/D converter
N T N-ch

Comparator input <

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

Remark 1. Refer to 2.1 Port Functions for alternate functions.
Remark 2. SAU: Serial array unit
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RL78/G11
Figure 2 - 10 Pin Block Diagram of Pin Type 8-1-4
)
WRPU VDD
M PU register
< (PUmn) _c1i>o I bLch
WRPIM
Yany .| PIM register
< " (PIMmn)
Alternate function Schmitt2
RDPORT CMOS
oy J
T
TTL
.ﬂ- 3
WRPORT 3 ]
VDD
_§ (I\ Output latch
T ~ (Pmn)
@ D= e
£ WRPMSs ,_@ Pmn
(l\ . N-ch
5 »| PMS register _Do—{
WRPM Vss
rl\ .| PM register
~ (PMmn)
WRPOM
/I\ POM register
i "l (POMmn)
Alternate function
(SAU)
Alternate function
(other than SAU)
N
Caution 1. A through current may flow through if the pin is in the intermediate potential, because the input buffer is also
turned on when the pin is in N-ch open-drain output mode by port output mode register (POMx).
Caution 2. Because of TTL input buffer structure, if the port input mode register (PIMx) is set in TTL input buffer, a through
current may flow through in the case of high level input. It is recommended to input a low level to prevent a
through current.
Remark 1. Refer to 2.1 Port Functions for alternate functions.
Remark 2. SAU: Serial array unit

RO1UH0637EJ0110 Rev. 1.10

Dec 28, 2016

RENESAS

Page 33 of 1113



RL78/G11

CHAPTER 2 PIN FUNCTIONS

Figure 2 - 11 Pin Block Diagram of Pin Type 8-3-4

EVbD

~7) WReu
Y PU register
~ i (PUmn)
WRPIM
fary | PIMregister
5 d "l (PIMmn)
WRpmC
N | PMC register
N "l (PMCmn)
Alternate
function
RDPORT
WRPORT
[2]
=}
o]
© (l\ .| Output latch
s N (Pmn)
IS
WRPMS
O » PMS register
WRpPM
Y | PM register
A d d (PMmn)
WRPOM
Y .| POM register
1 "l (POMmn)
Alternate
function
(SAU)
Alternate
function
(other than SAU)
A

A/D converter

Schmitt2

L pch

T N-ch

P-ch

Caution 1. A through current may flow through if the pin is in the intermediate potential, because the input buffer is also
turned on when the pin is in N-ch open-drain output mode by port output mode register (POMx).

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

through current.

Remark 1. Refer to 2.1 Port Functions for alternate functions.

Remark 2. SAU: Serial array unit
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CHAPTER 3 CPU ARCHITECTURE

The RL78/G11 is a microcontroller that has the RL78-S3 CPU core.

The CPU core in the RL78-S3 employs the Harvard architecture which has independent instruction fetch bus, address
bus and data bus. In addition, through the adoption of three-stage pipeline control of fetch, decode, and memory access,
the operation efficiency is remarkably improved over the conventional CPU core. The CPU core features high
performance and highly functional instruction processing, and can be suited for use in various applications that require
high speed and highly functional processing.

« 3-stage pipeline CISC architecture

» Address space: 1 Mbyte

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

* Type of instruction: 81

The following multiply/divide instructions are available only in the RL78-S3 CPU core.
MULHU (unsigned 16-bit multiplication)

MULH (signed 16-bit multiplication)

DIVHU (unsigned 16-bit division)

DIVWU (unsigned 32-bit division)

MACHU (unsigned multiplication/accumulation (16 bits x 16 bits) + 32 bits)

MACH (signed multiplication/accumulation (16 bits x 16 bits) + 32 bits)

« Data allocation: Little endian

The RL78/G11 does not support OCD trace function.
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3.1 Memory Space

Products in the RL78/G11 can access a 1 Mbytes address space. Figures 3 - 1 shows the memory map.

Figure 3 - 1 Memory Map

X FFFFFH 03FFFH
Special function register (SFR)
256 bytes
FFFOOH
FFEFFH | General-purpose register
FFEEOH 32 bytes
FFEDFH RAM Notes 1, 2
FF900H 1.5 Kbytes = Program area I~
FF8FFH
pad Reserved ==
F4000H
F3FFFH Mirror
F2000H 8 Kbytes OTFFFH X
FIFFFH
Reserved 010CEH
F1800H 010CDH On-chip debug security
F17FFH Data flash mem ID setting area "3
@ aza}fbytez ory 010C4H 10 bytes
F1000H 010C3H Option byte area "
FOFFFH 010COH 4 bytes
Reserved 010BFH
FO8O0OH CALLT table area Boot cluster 1
FO7FFH ) ) ) 64 bytes
Extended special function register 01080H
(2nd SFR) 0107FH
Data memory 2 Kbytes
space FOOO0OH Vestor tabl
eclor table area
EFFFFH 128 bytes
01000H v
00FFFH 4
o Program area -~
= = 000CEH
000CDH On-chip debug security
Reserved ID setting area N**3
000C4H 10 bytes
000C3H Option byte area "3 Note 4
000COH 4 bytes Boot cluster 0
000BFH CALLT table area
64 bytes
00080H
0007FH
04000H Vector table area
X 128 bytes
Program | O3FFFH | Code flash memory A
memory 16 Kbytes
) sPace L 00000H T T 00000H v
Note 1. Do not allocate the stack area, data buffers, branch destinations in the processing of vectored interrupts, or destinations
or sources for DTC transfer to the area from FFE20H to FFEDFH when performing self-programming or rewriting of the
data flash memory.
Note 2. Instructions can be executed from the RAM area excluding the general-purpose register area.
Note 3. When boot swap is not used: Set the option bytes to 000COH to 000C3H, and the on-chip debug security IDs to 000C4H
to 000CDH.
When boot swap is used: Set the option bytes to 000COH to 000C3H and 010COH to 010C3H, and the on-chip debug
security IDs to 000C4H to 000CDH and 010C4H to 010CDH.
Note 4. Writing boot cluster 0 can be prohibited depending on the setting of security (see 31.7 Security Settings).
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Remark The flash memory is divided into blocks (one block = 1 Kbytes). For the address values and block

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

Memory.

03FFFH
03CO0H

Block OFH

03BFFH

007FFH
00400H

Block 01H

003FFH

00000H

Block 00H

A
1 Kbytes
Y

Correspondence between the address values and block numbers in the flash memory are shown below.

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

Address Value Block Number Address Value Block Number
00000H to 003FFH 00H 02000H to 023FFH 08H
00400H to 007FFH 01H 02400H to 027FFH 09H
00800H to 00BFFH 02H 02800H to 02BFFH 0AH
00COOH to 00OFFFH 03H 02CO00H to 02FFFH 0BH
01000H to 013FFH 04H 03000H to 033FFH OCH
01400H to 017FFH 05H 03400H to 037FFH ODH
01800H to 01BFFH 06H 03800H to 03BFFH OEH
01COOH to 01FFFH 07H 03COO0H to 03FFFH OFH
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3.11 Internal program memory space

The internal program memory space stores the program and table data.
The RL78/G11 products incorporate internal ROM (flash memory) as shown below.

Table 3 - 2 Internal ROM Capacity
Internal ROM

Structure Capacity
Flash memory 16384 x 8 bits (00000H to 03FFFH)

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

(1) Vector table area
The 128-byte area 00000H to 0007FH is reserved as a vector table area. The program start addresses for
branch upon reset or generation of each interrupt request are stored in the vector table area. Furthermore,
the interrupt jump address is a 64 K address of 00000H to OFFFFH, because the vector code is assumed to

be 2 bytes.

Of the 16-bit address, the lower 8 bits are stored at even addresses and the higher 8 bits are stored at odd
addresses.

To use the boot swap function, set a vector table also at 01000H to 0107FH.

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

interrupt source which is not supported.
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Table 3 - 3 Vector Table (1/2)

Ve:(tj(;rrl::Ie Interrupt Source 25-pin 24-pin 20-pin
00000H RESET, POR, LVD, WDT, TRAP, IAW, RPE V 3 \
00004H INTWDTI J y J

INTSRO v v v
00006H INTLVI J 3 J
00008H INTPO v v v
0000AH INTP1 J 3 J
0000CH INTP2 v v v
0000EH INTP3 J 3 J
00010H INTP4 v v v
00012H INTP5 J 3 J
00014H INTP6 N N —
00016H INTSTO d y J

INTCSIO00 J y J

INTIICOO d y J
00018H INTSRO J y J

INTCSI01 d y —

INTIICO1 J v —
0001EH INTSREO d y J
00020H INTTMOO S v <
00022H INTST1 d y J

INTCSI10 S v J

INTIIC10 d y J
00024H INTSR1 S v <

INTCSI11 v v v

INTIIC11 J y J
00026H INTSRE1 v v v
00028H INTIICAO J y J
0002AH INTTMO1H v v v
0002CH INTTMO3H J y J
0002EH INTTMO1 v v v
00030H INTTMO2 J y J
00032H INTTMO3 v v v
00034H INTAD J y J
00036H INTIT v v R
00038H INTKR J y J
0003AH INTP7 J 3 —
0003CH INTP8 J y —
0003EH INTP9 v v R
00040H INTP10 J y J
00042H INTP11 v v v
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Table 3 - 3 Vector Table (2/2)

Ve:(tj(;rrl:;)le Interrupt Source 25-pin 24-pin 20-pin
00044H INTCMPO v v v
00046H INTCMP1 J y J
00048H INTDOC v v v
0004AH INTITOO J y J
0004CH INTITO1 v v v
0004EH INTTMKBO J y J
00050H INTIICA1 v v v
00052H INTFL J y J
00054H INTFO v v v
0007EH BRK J y J
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(2) CALLT instruction table area
The 64-byte area 00080H to O00BFH can store the subroutine entry address of a 2-byte call instruction
(CALLT). Set the subroutine entry address to a value in a range of 00000H to OFFFFH (because an address
code is 2 bytes).
To use the boot swap function, set a CALLT instruction table also at 01080H to 010BFH.

(3) Option byte area
A 4-byte area of 000COH to 000C3H can be used as an option byte area. Set the option byte at 010COH to
010C3H when the boot swap is used. For details, sse CHAPTER 30 OPTION BYTE.

(4) On-chip debug security ID setting area
A 10-byte area of 000C4H to 000CDH and 010C4H to 010CDH can be used as an on-chip debug security
ID setting area. Set the on-chip debug security ID of 10 bytes at 000C4H to 000CDH when the boot swap is
not used and at 000C4H to 000CDH and at 010C4H to 010CDH when the boot swap is used. For details,
see CHAPTER 32 ON-CHIP DEBUG FUNCTION.
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3.1.2 Mirror area

The RL78/G11 mirrors the code flash area of 00000H to OFFFFH, to FOOOOH to FFFFFH (the code flash area to

be mirrored is set by the processor mode control register (PMC)).

By reading data from FOOOOH to FFFFFH, an instruction that does not have the ES register as an operand can
be used, and thus the contents of the code flash can be read with the shorter code. However, the code flash area
is not mirrored to the special function register (SFR), extended special function register (2nd SFR), RAM, data

flash memory, and use prohibited areas.

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

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

The following show examples.

Example FFFFFH

FFFOOH
FFEFFH

FFEEOH
FFEDFH

FF900H
FF8FFH

F4000H
F3FFFH

F2000H
FAFFFH

F1800H
F17FFH

F1000H
FOFFFH

FO800H
FO7FFH

FOO0OH
EFFFFH

03FFFH

02000H
01FFFH

00000H

Special function register (SFR)
256 bytes

General-purpose register
32 bytes

RAM
1.5 Kbytes

Reserved

Mirror
(same data as 02000H to 03FFFH)

Reserved

Data flash memory

Reserved

Extended special function register
(2nd SFR)
2 Kbytes

Mirror

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

Reserved

Code flash memory

The PMC register is described below.
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* Processor mode control register (PMC)
This register sets the flash memory space for mirroring to area from FOOOOH to FFFFFH.
The PMC register can be set by a 1-bit or 8-bit memory manipulation instruction.
Reset signal generation sets this register to 00H.

Figure 3 - 2 Format of Configuration of Processor mode control register (PMC)

Address: FFFFEH After reset: 00H R/W
Symbol 7 6 5 4 3 9 1 <0>
PMC 0 0 0 0 0 0 0 MAA
MAA Selection of flash memory space for mirroring to area from FOOOOH to FFFFFH
0 00000H to OFFFFH is mirrored to FOOOOH to FFFFFH
1 Setting prohibited

Caution 1. Be sure to clear bit 0 (MAA) of this register to 0 (default value).
Caution 2. After setting the PMC register, wait for at least one instruction and access the mirror area.
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3.1.3 Internal data memory space
The RL78/G11 products incorporate the following RAMs.

Table 3 - 4 Internal RAM Capacity
Internal RAM
1536 x 8 bits (FF900H to FFEFFH)

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

The internal RAM is used as stack memory.

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

Caution 2. Do not allocate the stack area, data buffers, branch destinations in the processing of vectored
interrupts, or destinations or sources for DTC transfer to the area from FFE20H to FFEDFH
when performing self-programming or rewriting of the data flash memory.
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3.1.4  Special function register (SFR) area

On-chip peripheral hardware special function registers (SFRs) are allocated in the area FFFOOH to FFFFFH (see
Table 3 - 5 in 3.2.4 Special function registers (SFRs)).

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

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

On-chip peripheral hardware special function registers (2nd SFRs) are allocated in the area FOOO0H to FO7FFH
(see Table 3 - 6 in 3.2.5 Extended special function registers (2nd SFRs: 2nd Special Function Registers)).

Caution 1. Do not access addresses to which extended SFRs are not assigned.

Caution 2. When accessing 8-bit interval timer counter register 0 (TRT0), 8-bit interval timer counter
register 1 (TRT1), DOC control register (DOCR), DOC data input register (DODIR), and DOC
data setting register (DODSR) allocated in FO500H to F0515H of the extended SFR (2nd SFR),
the CPU does not proceed to the next instruction processing but enters the wait state for CPU
processing. For this reason, if this wait state occurs, the number of instruction execution
clocks is increased by the number of wait clocks. The number of wait clocks for access to 8-
bit interval timer counter register 0 (TRTO), 8-bit interval timer counter register 1 (TRT1), DOC
control register (DOCR), DOC data input register (DODIR), and DOC data setting register
(DODSR) is one clock for both writing and reading.

RO1UH0637EJ0110 Rev. 1.10 RENESAS Page 45 of 1113
Dec 28, 2016



RL78/G11 CHAPTER 3 CPU ARCHITECTURE

3.1.6  Data memory addressing

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

Several addressing modes are provided for addressing the memory relevant to the execution of instructions for
the RL78/G11, based on operability and other considerations. For areas containing data memory in particular,
special addressing methods designed for the functions of the special function registers (SFR) and general-
purpose registers are available for use. Figure 3 - 3 shows correspondence between data memory and
addressing. For details of each addressing, see 3.4 Addressing for Processing Data Addresses.

Figure 3 - 3 Correspondence Between Data Memory and Addressing

FFFFFH SF+R ddressi 4
FFF20H | _ Special function register (SFR) | _ """ S
FFF1FH 256 bytes
FFFOOH v
FFEFFH - i 4 i

General-purpose register Register addressing Short dlr_ect
FFEEOH 32 bytes v addressing
FFEDFH
FFE20H | __ o __ RAM ___________
FFE1FH 1.5 Kbytes

Mirror area
Data flash memory
F1000H 2 Kbytes
FOFFFH
0 Reserved

FO800H Direct addressing
FO7FFH

Extended special function register Register indirect addressing

(2nd SFR)
2 Kbytes .
FOO00H Based addressing
EFFFFH Based indexed addressing
= Reserved ot

Code flash memory £

16 Kbytes
00000H v
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3.2 Processor Registers

The RL78/G11 products incorporate the following processor registers.

3.21 Control registers

The control registers control the program sequence, statuses and stack memory. The control registers consist of
a program counter (PC), a program status word (PSW) and a stack pointer (SP).

(1) Program counter (PC)
The program counter is a 20-bit register that holds the address information of the next program to be
executed.
In normal operation, PC is automatically incremented according to the number of bytes of the instruction to
be fetched. When a branch instruction is executed, immediate data and register contents are set.
Reset signal generation sets the reset vector table values at addresses 00000H and 00001H to the program
counter.

Figure 3 - 4 Format of Program Counter

19 0

PC|

(2) Program status word (PSW)
The program status word is an 8-bit register consisting of various flags set/reset by instruction execution.
Program status word contents are stored in the stack area upon vectored interrupt request is acknowledged
or PUSH PSW instruction execution and are restored upon execution of the RETB, RETI and POP PSW
instructions. Reset signal generation sets the PSW register to 06H.

Figure 3 - 5 Format of Program Status Word

7 0
PSW | IE 4 | RBS1 AC RBSO0 ISP1 ISPO CcYy

(a) Interrupt enable flag (IE)
This flag controls the interrupt request acknowledge operations of the CPU.
When 0, the IE flag is set to the interrupt disabled (Dl) state, and all maskable interrupt requests are
disabled.
When 1, the IE flag is set to the interrupt enabled (El) state and interrupt request acknowledgment is
controlled with an in-service priority flag (ISP1, ISPO0), an interrupt mask flag for various interrupt sources,
and a priority specification flag.
The IE flag is reset (0) upon DI instruction execution or interrupt acknowledgment and is set (1) upon El
instruction execution.
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(b) Zero flag (2)
When the operation result is zero, this flag is set (1). It is reset (0) in all other cases.

(c) Register bank select flags (RBS0, RBS1)
These are 2-bit flags to select one of the four register banks.
In these flags, the 2-bit information that indicates the register bank selected by SEL RBn instruction
execution is stored.

(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, ISPQ)
This flag manages the priority of acknowledgeable maskable vectored interrupts. Vectored interrupt
requests specified lower than the value of ISP0O and ISP1 flags by the priority specification flag registers
(PRnOL, PRnOH, PRn1L, PRn1H, PRn2L, PRn2H) (see 22.3.3) can not be acknowledged. Actual request
acknowledgment is controlled by the interrupt enable flag (IE).

Remark n=0,1

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

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

Figure 3 - 6 Format of Stack Pointer

15 0
SP|SP15|SP14|SP13|SP12|SP11 |SP10| SP9 | SP8 | SP7 | SP6 | SP5 | SP4 | SP3 | SP2 | SP1 | 0 |
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In stack addressing through a stack pointer, the SP is decremented ahead of write (save) to the stack
memory and is incremented after read (restore) from the stack memory.

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

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

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

RO1UH0637EJ0110 Rev. 1.10 RENESAS Page 49 of 1113
Dec 28, 2016



RL78/G11 CHAPTER 3 CPU ARCHITECTURE

3.2.2 General-purpose registers

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

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

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

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

Figure 3 - 7 Configuration of General-Purpose Registers

(a) Function name

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

The ES register and CS register are used to specify the higher address for data access and when a branch
instruction is executed (register direct addressing), respectively.
The default value of the ES register after reset is OFH, and that of the CS register is 00H.

Figure 3 - 8 Configuration of ES and CS Registers

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

7 6 5 4 3 2 1 0
CS 0 0 0 0 CS3 CS2 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

laddr16 —F| 0000H - FFFFH

ES:laddr16 40H - FH‘ ‘ 0000H - FFFFH ‘

FFFFFH 1
Special function register
(SFR) 256 bytes
laddr16 -~ ~
ES:laddr16 Extended special function register Data memory space
(2nd SFR) 2 Kbytes
FOOO0OH
EFFFFH
~L Code flash memory L
00000H T Y
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3.24  Special function registers (SFRs)

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

SFRs are allocated to the FFFOOH to FFFFFH area.

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

Each manipulation bit unit can be specified as follows.

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

Tables 3 - 6 to 3 - 8 give lists of the SFRs. The meanings of items in the table are as follows.

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

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

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

Address Special Function Register (SFR) Symbol RW Manipulable Bit Range Aftor Reset
Name 1-bit 8-bit 16-bit

FFFOOH | Port register 0 PO R/W \ \ — 00H

FFFO2H | Port register 2 P2 R/IW v v — 00H

FFFO3H | Port register 3 P3 R/W \ \ — 0OH

FFF04H | Port register 4 P4 R/IW v v — 00H

FFFO5H | Port register 5 P5 R/W \ \ — 0OH

FFFOCH | Port register 12 P12 R v v — Undefined

FFFODH | Port register 13 P13 v v — Undefined

FFF10H | Serial data register 00 TXDO/ | SDR0OO R/W — \ J 0000H

SI000
FFF11H — — —
FFF12H | Serial data register 01 RXDO0O/ | SDRO1 R/IW — \ J 0000H
SI001

FFF13H — — —

FFF18H | Timer data register 00 TDROO R/W — — \ 0000H

FFF19H

FFF1AH | Timer data register 01 TDRO1L |TDRO1 | RW — v v 00H

FFF1BH TDRO1H — v 00H

FFF1EH | 10-bit A/D conversion result register | ADCR R — — \ 0000H

FFF1FH 8-bit A/D conversion result ADCRH R — v — 00H

register

FFF20H | Port mode register 0 PMO RIW \ \ — FFH

FFF22H | Port mode register 2 PM2 R/W v v — FFH

FFF23H | Port mode register 3 PM3 R/W \ \ — FFH

FFF24H | Port mode register 4 PM4 R/W v v — FFH

FFF25H | Port mode register 5 PM5 R/W \ \ — FFH

FFF30H | A/D converter mode register 0 ADMO R/W y v — 00H

FFF31H | Analog input channel specification ADS R/W v v — 00H
register

FFF32H | A/D converter mode register 1 ADM1 R/W y v — 00H

FFF34H | Key return control register KRCTL RIW v v — 00H

FFF35H | Key return flag register KRF R/W — v —_ 00H

FFF37H | Key return mode register 0 KRMO R/W v — O00H

FFF38H | External interrupt rising edge enable | EGPO R/W v v — 00H
register 0

FFF39H | External interrupt falling edge enable | EGNO R/W v v — 00H
register 0

FFF3AH | External interrupt rising edge enable | EGP1 R/W v v — 00H
register 1

FFF3BH | External interrupt falling edge enable | EGN1 R/W v v — 00H
register 1

FFF3CH | D/A conversion value setting register | DACSO R/W — v — 00H
0
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Table 3 - 5 Special Function Register (SFR) List (2/3)

) ) ) Manipulable Bit Range
Address Special Function Register (SFR) Symbol RIW After Reset
Name 1-bit 8-bit 16-bit
FFF3DH | D/A conversion value setting register | DACS1 R/W . J . 00H
1
FFF3EH | D/A converter mode register DAM R/W v v — 00H
FFF44H | Serial data register 02 TXD1/ | SDR02 R/W — J 0000H
SI010 \
FFF45H — — —
FFF46H | Serial data register 03 RXD1/ | SDR03 R/W — 0000H
SIO11 v S
FFF47H — — —
FFF50H | [ICA shift register 0 IICAO R/W — \ — 00H
FFF51H | lICA status register 0 1ICSo R v \ — 00H
FFF52H | lICA flag register 0 IICFO R/W v v — 00H
FFF54H | lICA shift register 1 IICA1 R/W — v — 00H
FFF55H | lICA status register 1 lcs1 R \ \ — 00H
FFF56H | lICA flag register 1 IICF1 R/W v v — 00H
FFF64H | Timer data register 02 TDRO02 R/W — — \ 0000H
FFF65H
FFF66H | Timer data register 03 TDRO3L | TDRO3 R/W — J 00H
FFF67H TDRO3H — v 00H
FFFO0H | 12-bit interval timer control register ITMC R/W — — \ OFFFH
FFF91H
FFFAOH | Clock operation mode control register | CMC R/W — 3 — 00H
FFFA1H | Clock operation status control CsC R/W v v — COH
register
FFFA2H | Oscillation stabilization time counter | OSTC R v v — 00H
status register
FFFA3H | Oscillation stabilization time select OSTS R/W — v — 07H
register
FFFA4H | System clock control register CKC R/W \ y — 00H
FFFA5H | Clock output select register 0 CKS0 R/W v v — 00H
FFFABH | Clock output select register 1 CKS1 R/W \ y — 00H
FFFA7H | Subsystem clock select register CKSEL R/W v v — 00H
FFFASH Reset control flag register RESF R — V — Undefin1ed Note
FFFA9H | Voltage detection register LVIM R/W V — 00H Note 1.
FFFAAH | Voltage detection level register LVIS R/W v — Note 3.
FEFABH Watchdog timer enable register WDTE RIW . N . 1AH/9AH
Note 2.
FFFACH | CRC input register CRCIN R/wW — \ — 00H
FFFDOH | Interrupt request flag register 2L IF2L IF2 R/W v v J O0H
FFFD1H | Interrupt request flag register 2H IF2H RIW v v 00H
FFFD4H | Interrupt mask flag register 2L MK2L MK2 R/W v v J FFH
FFFD5H | Interrupt mask flag register 2H MK2H R/W v v FFH
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Table 3 - 5 Special Function Register (SFR) List (3/3)

Manipulable Bit Range
Address Special Function Register (SFR) Name Symbol R/W 1-bit Bbit 16bit After Reset
FFFD8H | Priority specification flag register 02L |PRO2L |PR02 | R/W v \ J FFH
FFFD9H | Priority specification flag register 02H |PR02H R/W v \ FFH
FFFDCH | Priority specification flag register 12L |PR12L |PR12 | RIW v \ N FFH
FFFDDH | Priority specification flag register 12H |PR12H R/W v \ FFH
FFFEOH |Interrupt request flag register OL IFOL IFO RIW v S J 00H
FFFE1H |Interrupt request flag register OH IFOH R/W v \ 00H
FFFE2H |Interrupt request flag register 1L IF1L IF1 R/W v \/ J OOH
FFFE3H |Interrupt request flag register 1H IF1H R/W v S 00H
FFFE4H |Interrupt mask flag register 0 MKOL |MKO | R/W v \ J FFH
FFFE5H MKOH R/W v \ FFH
FFFE6H |Interrupt mask flag register 1 MKIL |[MK1 | RW v \ J FFH
FFFE7H MK1H R/W v \ FFH
FFFE8H | Priority specification flag register 00 PROOL |PROO | RIW v \/ J FFH
FFFE9H PROOH R/W v J FFH
FFFEAH | Priority specification flag register 01 PRO1L |PRO1 | RIW v \ N FFH
FFFEBH PRO1H R/W v \ FFH
FFFECH | Priority specification flag register 10 PR10L |PR10 | R/W v \ J FFH
FFFEDH PR10H R/W v \ FFH
FFFEEH | Priority specification flag register 11 PR11L |PR11 | R/IW v \ J FFH
FFFEFH PR11H R/W v J FFH
FFFFOH | Multiply and accumulation register (L) | MACRL — —
e R/W v 0000H
FFFF2H |Multiply and accumulation register (H) | MACRH — —
e R/W V 0000H
FFFFEH |Processor mode control register PMC RIW v \/ — 00H
Note 1. These values vary depending on the reset source.
Reset Source RESET Input | Reset by POR Reset by Execution Reset by WDT Reset by RAM Reset by illegal- Reset by LVD
Register of lllegal Instruction parity error memory access
RESF | TRAP Cleared (0) Set (1) Held Held
WDTRF Held Set (1) Held
RPERF Held Set (1) Held
IAWRF Held Set (1)
LVIRF Held Set (1)
LVIM LVISEN Cleared (0) Held
LVIOMSK | Held
LVIF
Note 2. The reset value of the WDTE register is determined by the setting of the option byte.
Note 3. The reset value of the LVIS register is determined by the setting of the option byte.
Remark For extended SFRs (2nd SFRs), see Table 3 - 6 Extended Special Function Register (2nd SFR) List
RO1UH0637EJ0110 Rev. 1.10 RENESAS Page 55 of 1113

Dec 28, 2016



RL78/G11 CHAPTER 3 CPU ARCHITECTURE

3.25 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 SFR type.

Each manipulation bit unit can be specified as follows.

* 1-bit manipulation
Describe as follows for the 1-bit manipulation instruction operand (!addr16.bit)
When the bit name is defined: <Bit name>
When the bit name is not defined: <Register name>, <Bit number> or <Address>, <Bit number>
+ 8-bit manipulation
Describe the symbol defined by the assembler for the 8-bit manipulation instruction operand (!laddr16). This
manipulation can also be specified with an address.
* 16-bit manipulation
Describe the symbol defined by the assembler for the 16-bit manipulation instruction operand (!addr16). When
specifying an address, describe an even address.

Tables 3 - 9 to 3 - 13 give lists of the extended SFRs. The meanings of items in the table are as follows.

» Symbol
This item indicates 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.
* RIW
This item 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
“\” indicates the manipulable bit unit (1, 8, or 16). “—” indicates a bit unit for which manipulation is not possible.
* After reset
This item indicates each register status upon reset signal generation.

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

Remark For SFRs in the SFR area, see 3.2.4 Special function registers (SFRs).
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Table 3 - 6 Extended Special Function Register (2nd SFR) List (1/7)

. . ) Manipulable Bit Range
Address Extended Special Function Register Symbol RIW After Reset
(2nd SFR) Name 1-bit 8-bit 16-bit
FOO10H | A/D converter mode register 2 ADM2 RW \ v — 00H
FO011H | Conversion result comparison upper limit setting ADUL R/W — v — FFH
register
FO0012H | Conversion result comparison lower limit setting ADLL R/W — v — O00OH
register
FO013H | A/D test register ADTES R/W — v — 00H
FO030H | Pull-up resistor option register 0 PUO R/W J \ — O0H
FO033H | Pull-up resistor option register 3 PU3 R/W < v — 00H
F0034H | Pull-up resistor option register 4 PU4 R/W J \ — 01H
FO035H | Pull-up resistor option register 5 PU5 R/W < v — 00H
FOO3CH | Pull-up resistor option register 12 PU12 RIW J \ — O0H
FO040H | Port input mode register 0 PIMO R/W J y — 00H
FO043H | Port input mode register 3 PIM3 R/W J \ — O0H
F0044H | Port input mode register 4 PIM4 R/W \ v — O0H
FO045H | Port input mode register 5 PIM5 R/W J \ — O0H
FOO50H | Port output mode register 0 POMO R/W J y — 00H
F0052H | Port output mode register 2 POM2 R/W J \ — O0H
FO053H | Port output mode register 3 POM3 R/W J y — 00H
F0054H | Port output mode register 4 POM4 R/W J \ — O0H
FO055H | Port output mode register 5 POM5 R/W J y — 00H
FO060H | Port mode control register 0 PMCO R/W N N — FFH
F0062H | Port mode control register 2 PMC2 R/W N N — FFH
F0063H | Port mode control register 3 PMC3 R/W \/ ~ — FFH
F0065H | Port mode control register 5 PMC5 R/W v v — FFH
FO070H | Noise filter enable register 0 NFENO R/W J v — 00H
F0071H | Noise filter enable register 1 NFEN1 R/W \ v — O00H
FO073H | Input switch control register ISC R/W N N — 00H
FO074H | Timer input select register 0 TISO R/W — N — 00H
FO0075H | Peripheral I/O redirection register 2 PIOR2 R/W — N — 00H
FO077H | Peripheral I/O redirection register 0 PIORO R/W — N — 00H
FO0078H | Invalid memory access detection control register IAWCTL R/W — v — O00OH
FO079H | Peripheral I/O redirection register 1 PIOR1 R/W — ~ — 00H
FOO7BH | Port mode select register PMS R/W v v — 00H
FOO07CH | Peripheral I/O redirection register 3 PIOR3 R/W — v — 00H
FOO7DH | Global digital input disable register GDIDIS R/W \ v — 00H
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Table 3 - 6 Extended Special Function Register (2nd SFR) List (2/7)

Address Extended Special Function Register Symbol RIW Manipulable Bit Range After Reset
(2nd SFR) Name 1-bit | 8-bit | 16-bit

FO090H | Data flash control register DFLCTL R/W S v — OOH

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

FOOA8H | High-speed on-chip oscillator frequency select | HOCODIV R/W — v — Undefined

register Note 2

FOOAAH | Flash operating mode select register FLMODE R/W \ v — Undefined
Note 3

FOOABH | Flash operating mode protect register FLMWRP R/W S v — 00H

FOOFOH | Peripheral enable register 0 PERO RIW S v — 00H

FOOF1H | Peripheral reset control register 0 PRRO R/W J v — 00H

FOOF2H | Middle-speed on-chip oscillator frequency select | MOCODIV R/W — v — O00OH

register

FOOF3H | Operation speed mode control register OSMC R/W S v — 00H

FOOF5H | RAM parity error control register RPECTL R/W S v — OOH

FOOF8H | Regulator mode control register PMMC R/W S v — 00H

FOOFAH | Peripheral enable register 1 PER1 R/W S v — OOH

FOOFBH | Peripheral reset control register 1 PRR1 R/W J v — 00H

FOOFCH | Peripheral enable register 2 PER2 R/W S v — OOH

FOOFDH | Peripheral reset control register 2 PRR2 R/W J v — 00H

FOOFEH | BCD correction result register BCDADJ R — v — Undefined

FO100H | Serial status register 00 SSROOL |SSR00 | R — V V 0000H

FO101H — — —

FO102H | Serial status register 01 SSRO1L |SSR01| R — V V 0000H

FO103H — — —

FO104H Serial status register 02 SSR02L | SSR02 R — v v 0000H

FO105H — — —

FO106H Serial status register 03 SSRO3L SSR03 R — v v 0000H

FO107H — — —

FO108H | Serial flag clear trigger register 00 SIROOL |SIR00 | R/W — v v 0000H

FO109H — — —

FO10AH | Serial flag clear trigger register 01 SIRO1L |SIR01 | RIW — v v 0000H

FO10BH — — —

FO10CH | Serial flag clear trigger register 02 SIRO2L |SIR02 | R/IW — v v 0000H

FO10DH — — —

FO10EH | Serial flag clear trigger register 03 SIRO3L |SIR03 | RIW — v v 0000H

FO10FH — — —

FO110H | Serial mode register 00 SMRO00 R/W — — v 0020H

FO111H

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

Note 2.
Note 3.

The value after a reset is a value set in FRQSEL2 to FRQSELO of the option byte (000C2H).
The reset value of the FLMODE register is determined by the setting of the option byte.
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Table 3 - 6 Extended Special Function Register (2nd SFR) List (3/7)

Address Extended Special Function Register Symbol RIW Manipulable Bit Range After Reset
(2nd SFR) Name 1-bit | 8-bit | 16-bit

FO0112H | Serial mode register 01 SMRO01 R/W — — N 0020H
FO113H
FO0114H | Serial mode register 02 SMRO02 R/W — — N 0020H
FO115H
FO116H | Serial mode register 03 SMRO03 R/W — — N 0020H
FO117H
FO0118H | Serial communication operation setting SCRO0 R/W — — N 0087H
F0119H | register 00
FO11AH | Serial communication operation setting SCRO1 R/W — — N 0087H
FO11BH | register 01
FO11CH | Serial communication operation setting SCRO02 R/W — — N 0087H
FO11DH | register 02
FO11EH | Serial communication operation setting SCRO03 R/W — — N 0087H
FO11EH | register 03
F0120H | Serial channel enable status register 0 SEOL SEO R S v N 0000H
FO121H — — —
F0122H | Serial channel start register 0 SSoL SS0 RIW S v N 0000H
F0123H — — —
FO0124H | Serial channel stop register 0 STOL STO R/W S v N 0000H
F0125H — — —
FO0126H | Serial clock select register 0 SPSOL | SPSO R/W — v N 0000H
F0127H — — —
FO0128H | Serial output register 0 SO0 R/W — — N 0303H
FO129H
FO12AH | Serial output enable register 0 SOEOL |SOE0Q R/IW S v N 0000H
FO12BH — — —
FO0134H | Serial output level register 0 SOLOL |SOLO R/W — v N 0000H
F0135H — — —
FO0138H | Serial standby control register 0 SSCOL |SSCO0 R/W — Y 0000H
FO180H | Timer counter register 00 TCROO R — — FFFFH
FO181H
FO0182H | Timer counter register 01 TCRO1 R — — v FFFFH
FO183H
FO0184H | Timer counter register 02 TCRO02 R — — v FFFFH
F0185H
FO0186H | Timer counter register 03 TCRO3 R — — v FFFFH
FO0187H
FO190H | Timer mode register 00 TMRO00 R/W — — v 0000H
FO191H
FO192H | Timer mode register 01 TMRO1 R/W — — v 0000H
FO193H
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Table 3 - 6 Extended Special Function Register (2nd SFR) List (4/7)

Address Extended Special Function Register Symbol R Manipulable Bit Range After Reset
(2nd SFR) Name 1-bit 8-bit 16-bit

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

FO195H

FO196H | Timer mode register 03 TMRO3 R/W — — N 0000H

FO197H

FO1AOH | Timer status register 00 TSROOL | TSRO0 R — v N 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 | TSR03 R — v v 0000H

FO1A7H — — —

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

FO1B1H — — —

FO01B2H | Timer channel start register 0 TSOL TSO R/W \ v v 0000H

FO1B3H — — —

FO01B4H | Timer channel stop register 0 TTOL TTO R/W \ 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 — — —

FO1BAH | Timer output enable register 0 TOEOL |TOEO R/W \ 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 S v — 00H

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

F0233H | lICA high-level width setting register 0 IICWHO R/W — v — FFH

F0234H | Slave address register 0 SVAO R/W — v — 00H

F0238H | IICA control register 10 IICCTL10 R/wW S v — 00H

F0239H | lICA control register 11 IICCTL11 R/W N v — O00OH

FO023AH | IICA low-level width setting register 1 IICWL1 R/W — v — FFH

F023BH | [ICA high-level width setting register 1 IICWH1 R/W — v — FFH

F023CH | Slave address register 1 SVA1 R/W — v — 00H

F0240H | Event output destination select register 00 ELSELROO R/W — v — O00OH

F0241H | Event output destination select register 01 ELSELRO1 R/W — v — 00H

F0242H | Event output destination select register 02 ELSELRO02 R/W — v — O00OH

F0243H | Event output destination select register 03 ELSELRO03 R/W — v — 00H
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Table 3 - 6 Extended Special Function Register (2nd SFR) List (5/7)

Address Extended Special Function Register Symbol RV Manipulable Bit Range After Reset
(2nd SFR) Name 1-bit | 8-bit | 16-bit

F0244H | Event output destination select register 04 ELSELR04 R/W — N — 00H
F0245H | Event output destination select register 05 ELSELRO5 R/W — N — O00OH
F0246H | Event output destination select register 06 ELSELRO06 R/W — N — 00H
F0247H | Event output destination select register 07 ELSELRO7 R/W — N — 00OH
F0248H | Event output destination select register 08 ELSELRO08 R/W — N — 00H
F0249H | Event output destination select register 09 ELSELRO09 R/W — N — 00OH
FO024AH | Event output destination select register 10 ELSELR10 R/W — v — 00H
F024BH | Event output destination select register 11 ELSELR11 R/W — \/ — 00H
F024CH | Event output destination select register 12 ELSELR12 R/W — v — 00H
F024DH | Event output destination select register 13 ELSELR13 R/W — \/ — 00H
FO024EH | Event output destination select register 14 ELSELR14 R/W — v — 00H
FO024FH | Event output destination select register 15 ELSELR15 R/W — \/ — 00H
FO0250H | Event output destination select register 16 ELSELR16 R/W — v — 00H
F0251H | Event output destination select register 17 ELSELR17 R/W — \/ — 00H
FO02D4H | Timer clock select register 2 TPS2 R/W — v — 00H
FO02D5H | Timer clock select register 3 TPS3 R/W — \/ — 00H
FO2EOH | DTC base address register DTCBAR R/W — v — FDH
FO2E8H |DTC activation enable register 0 DTCENO R/W v v — 00H
FO2E9H | DTC activation enable register 1 DTCEN1 R/W v v — 00H
FO2EAH |DTC activation enable register 2 DTCEN2 R/W v v — 00H
FO2FOH | Flash memory CRC control register CRCOCTL R/W v v — 00H
FO2F2H | Flash memory CRC operation result register | PGCRCL R/W — — v 0000H
FO2FAH | CRC data register CRCD R/W — — v 0000H
FO340H | Comparator mode setting register COMPMDR R/W N N — 00H
F0341H | Comparator filter control register COMPFIR R/W v v — 00H
F0342H | Comparator output control register COMPOCR RIW N N — 00H
F0348H | Comparator input select register COMPISEL R/W v v — 00H
FO349H | PGA control register PGACTL R/W N N — 00H
FO0350H | 8-bit interval timer compare register 00 TRTCMPQOO |TRTCM| R/W — v v FFH
FO0351H | 8-bit interval timer compare register 01 TRTCMPO1 |PO R/W — N FFH
F0352H | 8-bit interval timer control register 0 TRTCRO R/W v v — 00H
FO353H | 8-bit interval timer division register 0 TRTMDO R/W — \/ — 00H
FO0400H | 16-bit timer KB compare register 00 TKBCRO R/W — — v 0000H
F0401H
FO0402H | 16-bit timer KB compare register 01 TKBCRO1 R/W — — v 0000H
F0403H
F0404H | 16-bit timer KB compare register 02 TKBCRO02 R/W — — v 0000H
F0405H
F0406H | 16-bit timer KB compare register 03 TKBCRO03 R/W — — v 0000H
F0407H
FO0408H | 16-bit timer KB trigger compare register 0 TKBTGCRO R/W — — v 0000H
F0409H
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Table 3 - 6 Extended Special Function Register (2nd SFR) List (6/7)

Extended Special Function Register Manipulable Bit Range
Address Symbol R/W After Reset
(2nd SFR) Name 1-bit 8-bit | 16-bit
FO40AH | 16-bit timer KB smooth start initial duty TKBSIR00 R/W — — v 0000H
F040BH register 00
FO040CH | 16-bit timer KB smooth start initial duty TKBSIRO01 R/W — — N 0000H
F040DH register 01
FO40EH | 16-bit timer KB dithering count register 00 TKBDNROO R/W — N — 00OH
16-bit timer KB smooth start step width TKBSSR00 R/W — N — 00H
FO40FH )
register 00
FO0410H | 16-bit timer KB dithering count register 01 TKBDNRO1 R/W — N — 00H
FO411H 16-bit timer KB smooth start step width TKBSSRO1 R/W — N — 00H
register 01
FO412H | 16-bit timer KB trigger register 0 TKBTRGO w v v — 00H
F0413H | 16-bit timer KB flag register 0 TKBFLGO R v N — 00H
F0414H | 16-bit timer KB compare 1L & dithering count | TKBCRLDOO R/W — — N 0000H
F0415H register 00
FO0416H | 16-bit timer KB compare 1L & dithering count | TKBCRLDO1 R/W — — N 0000H
F0417H | register 01
FO420H | 16-bit timer counter KBO TKBCNTO R — — N FFH
F0421H
F0422H | 16-bit timer KB operation control register 00 | TKBCTL0OO R/W — — v 0000H
F0423H
F0424H | 16-bit timer KB maximum frequency limit TKBMFRO R/W — — v 0000H
Fo425H | setting register O
F0426H | 16-bit timer KB output control register 00 TKBIOCO00 R/W v N — 00H
F0427H | 16-bit timer KB flag clear trigger register 0 TKBCLRO W \/ v — 00H
F0428H | 16-bit timer KB output control register 01 TKBIOCO1 R/W N N — 00H
FO0429H | 16-bit timer KB operation control register 01 | TKBCTLO01 R/W \/ v — 00H
F0430H | Forced output stop function control register | TKBPACTLOO R/W — — N 0000H
F0431H |00
F0432H | Forced output stop function control register | TKBPACTLO1 R/W — — N 0000H
F0433H |01
Forced output stop function start trigger TKBPAHFS0 w 3 \/ — 00H
F0434H .
register 0
F0435H Forced output stop function stop trigger TKBPAHFTO w \/ v — OOH
register 0
F0436H | Forced output stop function flag register 0 TKBPAFLGO R N N — 00H
F0437H Forced output stop function control register | TKBPACTL02 R/W N N — 00H
02
FO440H | Peripheral function switch register 0 PFSELO R/W v N — 00H
F0441H | External interrupt edge enable register INTPEG R/W \/ v — OOH
F0448H | Interrupt flag enable register INTFE R/W v N — 00H
FO0449H | Interrupt flag output control register 0 INTFOCTLO R/W \/ v — 00H
FO44AH | Interrupt flag output control register 1 INTFOCTL1 R/W v N — 00H
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Table 3 - 6 Extended Special Function Register (2nd SFR) List (7/7)

Address Extended Special Function Register Symbol RV Manipulable Bit Range After Reset
(2nd SFR) Name 1-bit | 8-bit | 16-bit
FO500H | 8-bit interval timer counter register 00 TRTOO0 TRTO R — v v 00H
FO501H | 8-bit interval timer counter register 01 TRTO1 R — N 00H
F0511H | DOC control register DOCR R/W v v — 00H
FO0512H | DOC data input register DODIR R/W — — N 0000H
F0514H | DOC data setting register DODSR R/W — — N 0000H
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3.3 Instruction Address Addressing

3.31 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

OP code

PC
i—|_/ DISPLACE 8/16 bits

3.3.2 Immediate addressing

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

PC

OP code

Low Addr.

High Addr.

Seg Addr.

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

PC | PCs | PCH| PCL |
OP code
0000 Low Addr.
High Addr.
RO1UHO0637EJ0110 Rev. 1.10 RENESAS Page 64 of 1113

Dec 28, 2016



RL78/G11 CHAPTER 3 CPU ARCHITECTURE

3.3.3 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 | |0’—|::
Low Addr.

Table address

Memory
0000
1 l
PC | PCs | PCH | PCL |
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3.3.4 Register direct addressing

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

Figure 3 - 14 Outline of Register Direct Addressing

OP code

Lo J[ » |

PC | PCs | PCH | PCL |
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3.4 Addressing for Processing Data Addresses

3.4.1 Implied addressing

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

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

Figure 3 - 15 Outline of Implied Addressing

OP code —_— A register

Memory (register area)

3.4.2 Register addressing

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

[Operand format]
Identifier Description

r X,A,C,B,E,D,LH

p AX, BC, DE, HL
Figure 3 - 16 Outline of Register Addressing
OP code _— Register

Memory (register bank area)
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3.4.3 Direct addressing

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

[Operand format]

Identifier Description
laddr16 Label or 16-bit immediate data (only the space from FOOOOH 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

<1>

FFFFFH
Instruction code

OP-code
Target memory

Low Addr.
<1

=
High Addr. J FOOO0OH

* A 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:!addr16

ES: laddr16
<1> <2>

FFFFFH

Instruction code
OP-code

Target memory Area from
i XO0000H to
v Addr, } Specifies the

<2 address in memory XFFFFH

High Addr. |

XO0000H
Specifies a
64-Kbyte area

-

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

RO1UH0637EJ0110 Rev. 1.10 RENESAS Page 68 of 1113
Dec 28, 2016



RL78/G11 CHAPTER 3 CPU ARCHITECTURE

3.44  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

OP code

FFFAFH
saddr

saddr

FFE20H

Memory

Remark SADDR and SADDRP are used to describe the values of addresses FE20H to FF1FH with 16-bit
immediate data (higher 4 bits of actual address are omitted), and the values of addresses FFE20H to
FFF1FH with 20-bit immediate data.
Regardless of whether SADDR or SADDRP is used, addresses within the space from FFE20H to
FFF1FH are specified for the memory.
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3.45 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

FFFFFH
OP code SFR
SFR FFFOOH
Memory
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3.4.6 Register indirect addressing

[Function]

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

[Operand format]

Identifier Description

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

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

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

FFFFFH
[DE], [HL]
<1> <1>

<1>
Specifies the address
| in memory

Target memory
Instruction code

<1>
OP-code I—»

rp (HL/DE)

FOOO0OH

« 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]

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

FFFFFH
h

<2> Target memory Area from
Specifies the address X0000H to
<2 in memon XFFFFH
OP-code rp (HL/DE)
X0000H

<1> : <1> Specifies a

| ES I : 64-Kbyte area

A,
« 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 Memory
address range.

Instruction code

ﬁ

4

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

[Function]

Based addressing uses the contents of a register pair specified with the instruction word or 16-bit immediate
data as a base address, and 8-bit immediate data or 16-bit immediate data as offset data. The sum of these
values is used to specify the target address.

[Operand format]

Identifier

Description

[HL + byte], [DE + byte], [SP + byte] (only the space from FOOO0OH to FFFFFH is specifiable)

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

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

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

» SP (stack pointer) <1> indicates the stack as the target.
* By indicating an offset from the address (top of the stack)

Figure 3 - 23 Example of [SP+byte]

Instruction code

<1> Target memory

<2> Offset X

<2> byte

Specifiesa &

<1
K | SpP I stack area

currently pointed to by the stack pointer, “byte” <2> indicates

the target memory (SP + byte). Memory

FFFFFH

Stack
area

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

[HL + byte], [DE + byte]
<1> <2> <1> <2> FFFFFH
Instruction code

OP-code Target memory Target array
j <2> Offset y of data

8 <1> Address of ~ & -
-rp (HL/DE) an array Other data in the array

<2> byte

FOO00H
« 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]
<1> <2> <1><2> FFFFFH
Instruction code Array of

Target memory word-sized

<2>
OP-code i»l r (BIC) |Offs—e‘.“ data

Low Addr.

4
| <1> Address of a word within an array
High Addr. || FOO0OH

« “word” <1> specifies the address where the target array of word-
sized data starts in the 64-Kbyte area from FOO00H 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
Target memory Wordy-sized

<2>
<2> Offset 4
OP-code —>| rp (BC) |—> data
A

Low Addr. [ <1> Address of a word within an aray
High Addr.  |— F0000H

Instruction code

<1

« “word” <1> specifies the address where the target array of
word-sized data starts in the 64-Kbyte area from FOO00H 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 [HL + byte], [DE + byte]]

ES: [HL + byte], ES: [DE + byte]

<1><2> <3> <> <2> <3>
XFFFFH
Instruction code
<2> Target
- Target memo
OP-code 9 ry array of
<3> Offset A data
<3> byte <2> Address of ]
p (HL/DE) an array Other data in the array
X0000H y X0000H
<1> <1>?Speciﬁesa
:64-Kbyte areg
» 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. Memory
« 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 word [B], word [C]
ES: word [B], ES: word [C]
<1> <2> <3><1> <2> <3>
XFFFFH
Instruction code <3> Array of

<3> Target memory word-sized

OP-code Offset y
o= r(BIC) data
Low Addr. —

Address of a word within an array, 1

<2>—
High Addr.  |—

X0000H X0000H
4<1> Specifies a
64-Kbyte area

<1>

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

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>.

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

Figure 3 - 29 Example of word [BC]

ES: word [BC]
<1> <2> <3> XFFFFH
. Array of
Instruction code <3> <3> Target memory word-sized
OP-code /L/> > (BC) Offset [ data
<2 Y
L <0> Low Addr. Address of a word within an array,|
High Addr.  |—! X0000H X0000H
<1> 4.1> Specifies a
| ES I H 64-Kbyte area N
« 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.
« “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.
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3.4.8 Based indexed addressing

[Function]

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

[Operand format]

Identifier

Description

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

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

A pair of registers <1> specifies the address where the target

« Either register <2> specifies an offset within the array to the

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

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

Target memory Zﬁ;gye(t)f

/L,l r (BIC) | <2> Offset [y data
2 <1> Address of an 4
- y Other data in the arra
rp (HL) o . FOOO0OH

Instruction code
OP-code |

array of data starts in the 64-Kbyte area from FOOOOH to
FFFFFH.

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

<3> Target memory Target

5 <3> Offset [y array of
Instruction code r(B/C) <2> Address of data
2> A .
OP-code \<, r an arra Other data in the array
p (HL)
[re(HD) J—enamav Y o000H

<3> byte X0000H “
<1> A Specifies a

<1> ! 64-
| ES I : 64-Kbyte are 4

» 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.

« 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>.

« Either register <3> specifies an offset within the array to
the target location in memory.
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3.49  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.

[Operand format]

Identifier Description

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

RET

BRK

RETB

(Interrupt request generated)
RETI

The data to be saved/restored by each stack operation is shown in Figures 3 - 32 to 3 - 37.

Figure 3 - 32 Example of PUSH rp

PUSH rp
<1> <2>

<t> | SP I >
Instruction code SP-1

Higher-order byte of rp

[ pwer-order byte of rp)

<3> SP-2
OP-code <2> | SP ||=

« Stack addressing is specified <1>.

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

* The value of SP <3> is decreased by two (if rp is the program
status word (PSW), the value of the PSW is stored in SP-1 and 0
is stored in SP- 2).

Memory

Stack area

FOOOOH
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Figure 3 - 33 Example of POP

POP rp
<1> <2>
<1> | Sp I « SP+2
Instruction code SP +1 (SP +1)
SP ) Stack area
OP-code <2> | SP I -+
rp FO000H
+ Stack addressing is specified <1>.
* The contents of addresses SP and SP + 1 are stored in the
lower-order and higher-order bytes of the pair of registers
indicated by rp <2>, respectively. Memory
» The value of SP <3> is increased by two (if rp is the program
status word (PSW), the content of address SP + 1 is stored in
the PSW).
Figure 3 - 34 Example of CALL, CALLT
CALL
<1>
Instruction code <1> SP SP-1 00H
SP-2 2 PC19-PC16 Stack area
OP-code sP-3 [, PC15-PC8
sp | <3>sP4 PC7-PCO
<2>
FO000H
PC
« Stack addressing is specified <1>. The value of the program
counter (PC) changes to indicate the address of the Memory
instruction following the CALL instruction.
* O00H, the values of PC bits 19 to 16, 15t0 8, and 7 to 0 are
stored in addresses SP-1, SP-2, SP-3, and SP-4,
respectively <2>.
* The value of the SP <3> is decreased by 4.
Figure 3 - 35 Example of RET
RET
<1> = SP+4
Instruction code <1> ) SP+3 (SP +3)
SP+2 (SP+2)
- > Stack area
(SP)
FOOOOH
 Stack addressing is specified <1>.
* The contents of addresses SP, SP + 1, and SP + 2 are
stored in PC bits 7 to 0, 15 to 8, and 19 to 16, respectively Memory
<2>.
* The value of SP <3> is increased by four.
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Figure 3 - 36 Example of Interrupt, BRK

<2>
PSW \/\
Instruction code ~ <1> E SP-1 b PSW
SP-2 4 PC19-PC16 Stack area
OP-code sp3 [, PC15-PC8
<3> SP4 N
or SP | PC7-PCO
Interrupt .
<2>
FOOOOH
PC
+ Stack addressing is specified <1>. In response to a BRK
instruction or acceptance of an interrupt, the value of the Memory
program counter (PC) changes to indicate the address of the
next instruction.
* 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>.
+ The value of the SP <3> is decreased by 4.
Figure 3 - 37 Example of RETI, RETB
RETI, RETB
T
) SP+4 (
Instruction code <1> SP+3 (SP+3)
SP+2 (SP+2)
- Stack area
OP-code 35;1 (SP+1)
sp | > (SP)
FOOOOH

-

« Stack addressing is specified <1>.

* The contents of addresses SP, SP +1, SP + 2, and SP + 3 Memory
are stored in PC bits 7 to 0, 15 to 8, 19 to 16, and the PSW,
respectively <2>.

« The value of SP <3> is increased by four.
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CHAPTER 4 PORT FUNCTIONS

4.1 Port Functions

The RL78/G11 microcontrollers are provided with digital 1/0 ports, which enable variety of control operations.
In addition to the function as digital I/O ports, these ports have several alternate functions. For details of the alternate
functions, see CHAPTER 2 PIN FUNCTIONS.
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4.2 Port Configuration

Ports include the following hardware.

Table 4 - 1 Port Configuration

ltem

Configuration

Control registers

Port mode registers (PM0, PM2 to PM5)

Port registers (PO, P2 to P5, P12, P13)

Pull-up resistor option registers (PUO, PU3 to PU5, PU12)
Port input mode registers (PIMO, PIM3, PIM5)

Port output mode registers (POMO, POM2 to POM5)

Port mode control registers (PMCO, PMC2, PMC3, PMC5)
Peripheral I/O redirection registers (PIORO to PIOR3)

Port

* 20-pin products

Total: 17 (CMOS 1/O: 13, CMOS input: 4)
* 24-pin products

Total: 21 (CMOS 1/0: 17, CMOS input: 4)
* 25-pin products

Total: 21 (CMOS 1/0: 17, CMOS input: 4)

Pull-up resistor

* 20-pin products Total: 10
* 24-pin products Total: 14
* 25-pin products Total: 14
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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 (PM0). When the P00 and P01 pins are used as an input port, use of an on-chip pull-up
resistor can be specified in 1-bit units by pull-up resistor option register 0 (PUO).

Input to the P00 pins can be specified through a normal input buffer or a TTL input buffer in 1-bit units using port
input mode register 0 (PIMO).

Output from the P00 and P01 pin can be specified as N-ch open-drain output (VDD toleranceNote 1/EVbp
toleranceNote 2) in 1-bit units using port output mode register 0 (PIMO0).

To use P00 and P01 as digital input/output pins, set them in the digital /O mode by using port mode control
register 0 (PMCO) (can be specified in 1-bit units).

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

Reset signal generation sets port 0 to analog input port.

Note 1. 20, 24-pin products
Note 2.  25-pin products

422 Port2

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

Output from the P20 pin can be specified as N-ch open-drain output (VDD tolerance) in 1-bit units using port
output mode register 0 (POMO).

To use P20 to P23 as digital input/output pins, set them in the digital I/O mode by using port mode control register
2 (PMC2) (can be specified in 1-bit units).

This port can also be used for A/D converter analog input, analog voltage input of comparator, PGA input and
D/A converter output.

Reset signal generation sets port 2 to analog input port.
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423 Port3

Port 3 is an I/O port with an output latch. Port 3 can be set to the input mode or output mode in 1-bit units using
port mode register 3 (PM3). When the P30 to P33 pins are used as an input port, use of an on-chip pull-up
resistor can be specified in 1-bit units by pull-up resistor option register 3 (PU3).

Input to the P30 to P32 pins can be specified through a normal input buffer or a TTL input buffer in 1-bit units
using port input mode register 3 (PIM3).

Output from the P30 to P33 pin can be specified as N-ch open-drain output (VDD toleranceNote 1/EVbD
toleranceNote 2) in 1-bit units using port output mode register 3 (POM3).

To use P30 to P33 as digital input/output pins, set them in the digital I/O mode by using port mode control register
3 (PMC3) (can be specified in 1-bit units).

This port can also be used for analog input of A/D converter, external interrupt request input, key interrupt input,
clock 1/0 and data I/O of serial interface, timer 1/0, buzzer output, comparator output and analog voltage input of
comparator.

Reset signal generation sets port 3 to input port.

Note 1. 20, 24-pin products
Note 2.  25-pin products

424 Port4

Port 4 is an I/O port with an output latch. Port 4 can be set to the input mode or output mode in 1-bit units using
port mode register 4 (PM4). When the P40 pin is 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).

Input to the P40 pin can be specified through a normal input buffer or a TTL input buffer in 1-bit units using port
input mode register 4 (PIM4).

Output from the P40 pin can be specified as N-ch open-drain output (VDD toleranceNete 1/EVDD toleranceNote 2) in
1-bit units using port output mode register 4 (POM4).

This port can also be used for timer output, buzzer output, serial interface clock I/O, comparator output and
interrupt flag output.

Reset signal generation sets port 4 to input port.

Note 1. 20, 24-pin products
Note 2.  25-pin products

425 Portb

Port 5 is an I/O port with an output latch. Port 5 can be set to the input mode or output mode in 1-bit units using
port mode register 5 (PM5). When the P51 to P56 pins are used as an input port, use of an on-chip pull-up
resistor can be specified in 1-bit units by pull-up resistor option register 5 (PU5).

Input to the P51 to P56 pin can be specified through a normal input buffer or a TTL input buffer in 1-bit units using
port input mode register 5 (PIM5).

Output from the P51 to P56 pins can be specified as N-ch open-drain output (VDD toleranceNote 1/EVbD
toleranceNote 2) in 1-bit units using port output mode register 5 (POMS5).

To use P56 as digital input/output pins, set them in the digital /O mode by using port mode control register 5
(PMC5) (can be specified in 1-bit units).

This port can also be used for analog input of A/D converter, external interrupt request input, key interrupt input,
clock 1/0 and data I/O of serial interface, timer I/O, comparator output and interrupt flag output.

Reset signal generation sets port 5 to input port (other than P56) and analog input port (P56).

Note 1. 20, 24-pin products
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Note 2.  25-pin products

42.6 Port12

P121, P122 and P125 are 3-bit input-only port.

Use of an on-chip pull-up resistor can be specified for the P125 pin by using pull-up resistor option register 12
(PU12) (the on-chip pull-up resistor is valid after the RESET pin (PORTSELB = 1) is selected).

This port can also be used for connecting resonator for main system clock, external clock input for main system
clock, external interrupt request input, serial interface data input, and timer input.

Caution After the power is turned on, P125 functions as RESET input. Even if an internal reset signal is
released by power-on-reset (POR), the reset status continues as long as the low level is
output to this pin. To use P125/KR1/S101, select the port function (PORTSELB = 0) by the
option byte (000C1H) and clear all reset sources.

42.7 Port13

P137 is a 1-bit input-only port.
This port can also be used for external interrupt request input, chip select input of serial interface and timer input.

RO1UH0637EJ0110 Rev. 1.10 RENESAS Page 83 of 1113
Dec 28, 2016



RL78/G11 CHAPTER 4 PORT FUNCTIONS

4.3 Registers Controlling Port Function

Port functions are controlled by the following registers.

* Port mode registers (PMxx)

* Port registers (Pxx)

* Pull-up resistor option registers (PUxx)

« Port input mode registers (PIMxx)

* Port output mode registers (POMxx)

* Port mode control registers (PMCxx)

* Peripheral 1/0O redirection register x (PIORO0)

Caution Which registers and bits are included depends on the product. For registers and bits mounted on
each product, see Table 4 - 2. Be sure to set bits that are not mounted to their initial values.

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

Bit Name
Port PMxx Pxx PUxx PIMxx POMXxx PMCxx | 25-pin | 24-pin | 20-pin
register register register register register register
Port0 | 0| PMO0O P00 PUOO PIMOO POMO00 PMC00 y \ V
1 PMO1 P01 PUO1 — POMO1 PMCO1 y \ \
2 — — — — — — — — —
3 — — — — — — — — —
4 — — — — — — — — —
5 J— — — — — — J— I I
6 — J— J— J— J— J— — — —
7 J— — — — — — R J— J—
Port2 | 0| PM20 P20 — — POM20 PMC20 y \ V
1 PM21 P21 — — — PMC21 y \ \
2| PM22 P22 — — — PMC22 x/ \ \
3| PMm23 P23 — — — PMC23 y \ y
4 — — — — — — — — —
5 J— — — — — — J— I I
6 — J— J— J— J— J— — J— J—
7 J— — — — — — J— I I
Port3 | 0| PM30 P30 PU30 PIM30 POM30 PMC30 y \ V
1 PM31 P31 PU31 PIM31 POM31 PMC31 y \ \
2| PM32 P32 PU32 PIM32 POM32 PMC32 y \ —
3| PM33 P33 PU33 — POM33 PMC33 y \ \
4 — — — — — — — — —
5 — — — — — — — — —
6 — — — — — — — — —
7 — — — — — — — — —
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Table 4 - 2 PMxx, Pxx, PUxx, PIMxx, POMxx, PMCxx registers and the bits mounted on each product (2/2)

Bit Name
Port PMxx Pxx PUxx PIMxx POMxx PMCxx | 30-pin | 24-pin | 20-pin
register register register register register register
Port4 | 0| PM40 P40 PU40 PIM40 POM40 — V \ \
1 — — — — — — — — —
2 — — — — — — — — —
3 — — — — — — — — —
4 — — — — — — — — —
5 J— — — — — — J— — —
6 J— J— J— J— — — J— — —
7 J— — — — — — J— J— —
Port 5 0 — — — — — — — — —
1 PM51 P51 PU51 PIM51 POM51 — 3 y —
2| PM52 P52 PU52 PIM52 POM52 — V \ —
3| PM53 P53 PU53 PIM53 POMS53 — y \ —
4| PM54 P54 PU54 PIM54 POM54 — V \ \
5| PM55 P55 PU55 PIM55 POM55 — 3 y v
6| PM56 P56 PU56 PIM56 POM56 PMC56 V \ \
7 — — — — — — — — —
Port12 | 0 — — — — — — — — —
1 — P121 — — — — v v v
2 — P122 — — — _ N N J
3 — — — — — — — — —
4 — — — — — — — — —
5 — P125 PU125 — — — 3 y v
6 — — — — — — — — —
7 — — — — — — — — —
Port13 | 0 — — — — — — — — —
1 — — — — — — — — —
2 — — — — — — — — —
3 — — — — — — — — —
4 — — — — — — — — —
5 — — — — — — — — —
6 — — — — — — — — —
7 — P137 — — — — 3 y v
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4.3.1 Port mode registers (PMxx)

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

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

Reset signal generation sets these registers to FFH.

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

Figure 4 - 1 Format of Port mode register

Symbol 7 6 5 4 3 2 1 0 Address After reset RIW
pmo| 1 [ 1 | 1 | 1 [ 1 | 1 [PMO1][PM00| FFF20H FFH RIW
PM2| 1 [ 1 | 1 | 1 [PM23|PM22[PM21|PM20| FFF22H FFH RIW
P3| 1 | 1 | 1 | 1 [PM33|PM32[PM31|PM30| FFF23H FFH RIW
P4l 1 [ 1 | 1 | 1 [ 1 | 1 [ 1 [PM40| FFF24H FFH RIW
PM5| 1 | PM56 | PM55 | PM54 | PM53 | PM52 [ PM51 | 1| FFF25H FFH RIW

PMmn Pmn pin I/O mode selection (m =0, 2to 5;n = 0 to 6)

0 Output mode (the pin functions as an output port (output buffer on))

1 Input mode (the pin functions as an input port (output buffer off))

Caution Be sure to set bits that are not mounted to their initial values.
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43.2

Port registers (Pxx)

These registers set the output latch value of a port.

If the data is read in the input mode, the pin level is read. If it is read in the output mode, the output latch value is
read Note,
These registers can be set by a 1-bit or 8-bit memory manipulation instruction.

Reset signal generation clears these registers to 00H.

Note When P00, P01, P20 to P23 , P30 to P33, P56 are set to the analog function, if a port is read in input
mode, the read value is always 0, not the pin level.
Figure 4 - 2 Format of Port register
Symbol 7 6 5 4 3 2 1 0 Address After reset R/W
pofl o | o [ o | o | o [ o |PO1]|POO[ FFFOOH 00H (output latch) RIW
P2 o | o | o | o [ P23 [ P22 | P21 | P20 [ FFFO2H 00H (output latch) R/W
P3| 0 | 0 | 0 | 0 | P33 | P32 | P31 | P30 | FFFO3H 00H (output latch) RIW
P4| 0 | 0 | 0 | 0 | 0 | 0 | 0 | P40 | FFFO4H 0O0H (output latch) RIW
Ps| 0 | P56 | P55 | P54 | P53 | P52 | P51 | 0 [ FFFO5H 00H (output latch) R/W
P12| 0 | 0 | P125 | 0 | 0 | P122 | P121 | 0 | FFFOCH Undefined R
P13| P137| 0 | 0 | 0 | 0 | 0 | 0 | 0 | FFFODH Undefined R
m=0,2t05,12,13;n=0to 7
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
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 (PUxx)

These registers specify whether the on-chip pull-up resistors are to be used or not. On-chip pull-up resistors can
be used in 1-bit units only for the bits set to input mode (PMmn = 1 and POMmn = Q) for the pins to which the use
of an on-chip pull-up resistor has been specified in these registers. On-chip pull-up resistors cannot be
connected to bits set to output mode and bits used as alternate-function output pins, regardless of the settings of
these registers. Similarly, on-chip pull-up resistors cannot be connected to the pins used as alternate-function
output pins and the pins set to the analog function.

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

Reset signal generation clears these registers to 00H (Only PU4 is set to 01H).

Caution When a port with PIMn register is used to TTL buffer input from a different potential device,
set PUmn to 0 and pull-up the port to power supply of the different potential device via an

external resistor.

Figure 4 - 3 Format of Pull-up resistor option register

Symbol 7 6 5 4 3 2 1 0 Address After reset R/W
Pu0| 0 | 0 | 0 | 0 | 0 | 0 | PUO1 | PUOO| F0030H 00H RIW
PU3| 0 | 0 | 0 | 0 | PU33 | PU32 | PU31 | PU30 | F0033H 00H RIW
PU4| 0 | 0 | 0 | 0 | 0 | 0 | 0 | PU40 | F0034H 01H RIW
Pu5| 0 | PU56 | PU55 | PU54 | PU53 | PU52 | PU51 | 0 | F0035H 00H RIW

PU13 PU125
0 0 0 0 0 0 0 FO0O3CH 00H RIW
Note
PUmn Pmn pin on-chip pull-up resistor selection (m =0, 3to 5, 12; n = 0 to 6)
0 On-chip pull-up resistor not connected
1 On-chip pull-up resistor connected

Note PU125 can be selected when P125/INTP9 (PORTSELB = 0) is selected.
When the RESET pin (PORTSELB = 1) is selected, the on-chip pull-up resistor is enable.

Caution Be sure to set bits that are not mounted to their initial values.
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434 Port input mode registers (PIMxx)

These registers set the input buffer in 1-bit units.

TTL input buffer can be selected during serial communication with an external device of the different potential.

Port input mode registers can be set by a 1-bit or 8-bit memory manipulation instruction.

Reset signal generation clears these registers to 00H.

Figure 4 - 4 Format of Port input mode register

Symbol 7 6 5 4 3 2 1 0
PMol o [ o | o [ o | o | o [ o [PIMOO|
PM3| 0 | 0 | o | 0 | 0 [|PIM32[PIM31|PIM30|
PM4l 0 [ o | o [ o | o | o [ 0 [PIM4O|

PIM5| 0 |PIM56|PIM55|PIM54|PIM53|PIM52|PIM51| 0 |

Address

FO040H

FO043H

F0044H

FO045H

After reset

00H

00H

00H

00H

R/W

R/W

R/W

R/W

R/W

PIMmn

Pmn pin input buffer selection (m =0, 3to 5;n =0 to 6)

0 Normal input buffer

1 TTL input buffer

Caution Be sure to set bits that are not mounted to their initial values.
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4.3.5 Port output mode registers (POMxx)

These registers set the output mode in 1-bit units.

N-ch open-drain output (VDD toleranceNote 1/EVDD toleranceNote 2) mode can be selected during serial
communication with an external device of the different potential, and for the SDA00, SDA01, SDA10 and SDA11

pins during multi-master 12C and simplified 12C communication with an external device of the same potential.

In addition, POMxx register is set with PUxx register, whether or not to use the on-chip pull-up resistor.

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

Reset signal generation clears these registers to 00H.

Note 1. 20, 24-pin products
Note 2.  25-pin products
Caution An on-chip pull-up resistor is not connected to a bit for which N-ch open drain output (Vbp
tolerance) mode is set.
Figure 4 - 5 Format of Port output mode register
Symbol 7 6 5 4 3 2 1 0 Address After reset R/W
POM0| 0 | 0 | 0 | 0 | 0 | 0 |POMO1 |POMOO| FO050H 00H R/W
POM2| 0 | 0 | 0 | 0 | 0 | 0 | 0 |POM20| F0052H 00H R/W
POM3[ 0 | 0 [ 0 | 0 [POM33[POM32|POM31|POM30[  FO053H O0H R/W
PoM4| o | o | o | o | o | 0 | 0 [POM4O[  FoO54H O0H R/W
POM5| 0 |POM56|POM55|POM54|POM53|POM52|POM51| 0 | F0055H 00H R/W
POMmn Pmn pin output mode selection (m =0, 2to 5; n =0 to 6)
0 Normal output mode
1 N-ch open-drain output (VDD tolerance) mode
Caution  Be sure to set bits that are not mounted to their initial values.
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4.3.6 Port mode control registers (PMCxx)

These registers set pins as digital I/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 - 6 Format of Port mode control register

Symbol 7 6 5 4 3 2 1 0 Address After reset R/W
PMCO| 1 | 1 | 1 | 1 | 1 | 1 |PMCO1 |PMCOO| F0060H FFH RIW
PMC2 | 1 | 1 | 1 | 1 |PM023| PM022|PM021 |PM020| F0062H FFH RIW
PMC3 | 1 | 1 | 1 | 1 |PMC33| PMC32|PMC31 |PMC30| FO063H FFH R/W
PMC5| 1 |PM056| 1 | 1 | 1 | 1 | 1 | 1 | F0065H FFH RIW

PMCmn Pmn pin digital 1/O/analog input selection (m =0, 2, 3, 5; n=0to 3, 6)
0 Digital I/0 (alternate function other than analog input)
1 Analog input

Caution Be sure to set bits that are not mounted to their initial values.
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4.3.7 Peripheral I/O redirection register (PIORXx)

This register is used to specify whether to enable or disable the peripheral I/O redirect function.

This function is used to switch ports to which alternate functions are assigned.

In addition, the settings for redirection can be changed only until operation of the function is enabled.
The PIORX register can be set by an 8-bit memory manipulation instruction.

Reset signal generation sets this register to 00H.

Figure 4 - 7 Format of Peripheral I/O redirection register (PIORXx)

Symbol 7 6 5 4 3 2 1 0 Address After reset R/W
PIORO| 0 |PIOR06|PIOR05|PIORO4|PIOR03|PIOR02|PIOR01|PIOR00| FOO77H 00H R/W
PIOR1 |PIOR17|PIOR16|PIOR15|PIOR14|PIOR13|PIOR12|PIOR11|PIOR10| FO079H 00H R/W
PIOR2| 0 | 0 |PIOR25|PIOR24|PIOR23|PIOR22|PIOR21|PIOR20| F0075H 00H RIW
PIOR3[ 0 | 0 | 0 [ 0 [PIOR33PIOR32PIOR31|PIOR30]  FOO7CH 00H R/W
25-pin 24-pin 20-pin
Bit Function Setting value Setting value Setting value
0 1 0 1 0 1
PIORO06 INTP11 P55 P33 P55 P33 P55 P33
PIORO5 INTP10 P56 P32 P56 P32 P56 Note
PIOR02 VCOUTO P40 P55 P40 P55 P40 P55
PIORO1 PCLBUZ0 P30 P40 P30 P40 P30 P40
PIOR00 INTFO P40 P56 P40 P56 P40 P56
PIOR15 TO02 P55 P51 P55 P51 P55 Note
PIOR10 TIO1 P31 P121 P31 P121 P31 P121
PIOR25 SO11 P32 P56 P32 P56 Note Note
PIOR24 SO10/TxD1 P01 P20 PO1 P20 P01 P20
PIOR23 SI10/RxD1 P00 P122 P00 P122 P00 P122
PIOR22 SI01 P52 P121 P52 P121 Note Note
25-pin 24-pin 20-pin
Bit Functio Bit Setting value Setting value Setting value
" 00 [ 01 | 10 | 11 |00 | 01 |10 | 11 |00 |01 | 10| 11
PIOR04 | PIOR0O3 | VCOUT1 P40 | POO | P32 | Note | P40 | POO | P32 | Note | P40 | POO | Note | Note
PIOR17 | PIOR16 | TO03 P40 | P56 | P54 | Note | P40 | P56 | P54 | Note | P40 | P56 | P54 | Note
PIOR14 | PIOR13 | TI03 P00 | P54 | P137| Note | POO | P54 | P137| Note | POO | P54 | P137 | Note
PIOR12 | PIOR11 | TI02 P55 | P122| P51 | Note | P55 | P122| P51 | Note | P55 | P122| Note | Note
PIOR21 | PIOR20 | RXDO P55 | P31 | P52 | Note | P55 | P31 | P52 | Note | P55 | P31 | Note | Note
TxDO P54 | P30 | P51 | Note | P54 | P30 | P51 | Note | P54 | P30 | Note | Note
PIOR33 | PIOR32 | SCLA1 P56 | P40 | P33 | Note | P56 | P40 | P33 | Note | P56 | P40 | Note | Note
SDAA1 P55 | POO | P32 | Note | P55 | POO | P32 | Note | P55 | POO | Note | Note
PIOR31 | PIOR30 | SCLAO P54 | P31 | P54 | Note | P54 | P31 | P54 | Note | Note | Note | Note | Note
SDAAO P53 | P30 | P52 | Note | P53 | P30 | P52 | Note | Note | Note | Note | Note
Note This area cannot be used. Be set to 0 (default value).
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4.3.8 Global digital input disable register (GDIDIS)

This register is used to prevent through-current flowing to the input buffers of input ports which use EVDD as the
power supply when the EVDD power supply is turned off.

When not all of the 1/O ports using EVDD as the power supply are used, low power consumption can be achieved
by setting the GDIDIS register (setting the GDIDISO bit to 1) to turn off the EVDD power supply.

By setting the GDIDISO bit to 1, input to any input buffer using EVDD as the power supply is prohibited,
preventing through-current from flowing when the EVDD power supply is turned off.

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

Reset signal generation sets this register to O0H.

Remark The GDIDIS register is equipped with 25-pin products.

Figure 4 - 8 Format of Global digital input disable register (GDIDIS)

Address: FOO7DH After reset: 00H R/W
Symbol 7 6 5 4 3 2 1 0
GDIDIS 0 0 0 | 0 | 0 0 0 GDIDISO
GDIDISO Setting of input buffers using EVDD power supply
0 Input to input buffers permitted (default)
1 Input to input buffers prohibited. No through-current flows to the input buffers.

Turn off the EVDD power supply with the following procedure.
1. Prohibit input to input buffers (set GDIDISO = 1).
2. Turn off the EVDD power supply.

Turn on again the EVDD power supply with the following procedure.
1. Turn on the EVDD power supply.
2. Permit input to input buffers (set GDIDISO = 0).

Caution 1. Do not input an input voltage equal to or greater than EVpD to an input port that uses EVDD as
the power supply.

Caution 2. When input to input buffers is prohibited (GDIDIS0 = 1), the value read from the port register
(Pxx) of a port that uses EVDD as the power supply is 1. When 1 is set in the port output mode
register (POMxx) (N-ch open drain output (EVDD tolerance) mode), the value read from the port
register (Pxx) is 0.

Remark Even when input to input buffers is prohibited (GDIDISO = 1), peripheral functions which do not use
port functions having EVDD as the power supply can be used.
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4.4 Port Function Operations

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

441 Writing to 1/0O 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.
Once data is written to the output latch, it is retained until data is written to the output latch again.
The data of the output latch is cleared when a reset signal is generated.

4.4.2 Reading from 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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4.4.4 Handling different potential (1.8 V, 2.5V, 3.0 V) by using I/O buffers

It is possible to connect an external device operating on a different potential (1.8 V, 2.5V, 3.0 V) by switching I/O
buffers with the port input mode register (PIMxx) and port output mode register (POMxx).

When receiving input from an external device with a different potential (1.8 V, 2.5V, 3.0 V), set the port input
mode registers 0, 3-5 (PIMO and PIM3-PIM5) on a bit-by-bit basis to enable normal input (CMOS)/TTL input
buffer switching.

When outputting data to an external device with a different potential (1.8 V, 2.5V, 3.0 V), set the port output mode
registers 0, 2-5 (POMO, POM2-POM5) on a bit-by-bit basis to enable normal output (CMOS)/N-ch open drain
(VoD toleranceNote 1/EVDD toleranceNote 2) switching.

Note 1. 20, 24-pin products
Note 2.  25-pin products

The connection of a serial interface is described in the following.

(1) Setting procedure when using input pins of UARTO0, UART1, CSI00, CSI01, CSI10, and CSI11 functions for
the TTL input buffer

In case of UARTO: P55 (P31, P52)
In case of UART1: P00 (P122)

In case of CSI00: P55

In case of CSIO01: P52 (P121)

In case of CSI10: P00 (P122)

In case of CSI11: P31

Remark Functions in parentheses can be assigned via settings in the peripheral 1/O redirection
register 2 (PIOR2).

<1> Using an external resistor, pull up externally the pin to be used to the power supply of the target
device (on-chip pull-up resistor cannot be used).

<2> Set the corresponding bit of the PIMO, PIM3 PIM5 and PIM12 registers to 1 to switch to the TTL input
buffer. For VIH and VIL, refer to the DC characteristics when the TTL input buffer is selected.

<3> Enable the operation of the serial array unit and set the mode to the UART/CSI mode.
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(2) Setting procedure when using output pins of UARTO, UART1, CSI00, CSI01, CSI10, and CSI11 functions in
N-ch open-drain output mode

In case of UARTO: P54 (P30, P51)
In case of UART1: P01 (P20)

In case of CSI00: P54

In case of CSIO01: P53

In case of CSI10: P01 (P20)

In case of CSI11: P32 (P56)

Remark Functions in parentheses can be assigned via settings in the peripheral 1/O redirection
register 2 (PIOR2).

<1> Using an external resistor, pull up externally the pin to be used to the power supply of the target
device (on-chip pull-up resistor cannot be used).

<2> After reset release, the port mode is the input mode (Hi-2).

<3> Set the output latch of the corresponding port to 1.

<4> Set the corresponding bit of the POM2 register to 1 to set the N-ch open drain output (VDD tolerance)
mode.Set the corresponding bit of the POM0O, POM3 and POMb register to 1 to set the N-ch open
drain output (VDD toleranceNote 1/EVDD toleranceNote 2) mode.

<5> Enable the operation of the serial array unit and set the mode to the UART/CSI mode.

<6> Set the corresponding bit of the PM0, PM2, PM3 and PM5 registers to the output mode. At this time,
the output data is high level, so the pin is in the Hi-Z state.

Note 1. 20, 24-pin products
Note 2.  25-pin products
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(3) Setting procedure when using I/O pins of [IC00, IIC01, 1IC10, and 1IC11 functions with a different potential
(1.8V,2.5V,3.0V)

In case of simplified 11C00: P55, P56
In case of simplified 11C01: P51, P52
In case of simplified 11IC10: P00, P40
In case of simplified 11C01: P30, P31

Remark Functions in parentheses can be assigned via settings in the peripheral 1/O redirection
register 3 (PIOR3).

<1> Using an external resistor, pull up externally the pin to be used to the power supply of the target
device (on-chip pull-up resistor cannot be used).

<2> After reset release, the port mode is the input mode (Hi-Z).

<3> Set the output latch of the corresponding port to 1.

<4> Set the corresponding bit of the POMO, POM3 to POMS5 registers to 1 to set the N-ch open drain
output (VDD toleranceNote 1/EVDD toleranceNote 2) mode.

<6> Set the corresponding bit of the PIMO, PIM3 to PIM5 registers to 1 to switch to the TTL input buffer.
For VIH and VIL, refer to the DC characteristics when the TTL input buffer is selected.

<6> Enable the operation of the serial array unit and set the mode to the simplified 12C mode.

<7> Set the corresponding bit of the PM0, PM3 to PM5 registers to the output mode (data I/O is possible
in the output mode). At this time, the output data is high level, so the pin is in the Hi-Z state.

Note 1. 20, 24-pin products
Note 2.  25-pin products
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4.5 Register Settings When Using Alternate Function

4.5.1 Basic concept when using alternate function

In the beginning, for a pin also assigned to be used for analog function, use the port mode control register (PMCxx)
to specify whether to use the pin for analog function or digital input/output.

Figure 4 - 9 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 (Timer, clock/buzzer output,
etc.) is connected to the other input pin of the OR gate. When such kind of pins are used by the port function or an
alternate function, the unused alternate function must not hinder the output of the function to be used. An idea of

basic settings for this kind of case is shown in Table 4 - 3.

Figure 4 - 9 Basic Configuration of Output Circuit for Pins

~"Y
WRPORT
VDD
KL .| Output latch
N (Pmn)
ojo—{ P-ch
q
WRPM Pmn/
Alternate function
.| PMregister N-ch
@ T (PMmn)
o]
g WR
5 POM Vss
£
J\ POM register | Note ! v
~ (POMmn) To input circuit
Alternate function| Note 2
(SAU)
Alternate function| Note 3
(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).
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Table 4 - 3 Concept of Basic Settings

Output Settings of Unused Alternate Function
Output Function of Used Pin

Output Function for Port | Output Function for SAU Output Function for other than SAU
Output function for port — Output is high (1) Output is low (0)
Output function for SAU High (1) — Output is low (0)
Output function for other than SAU Low (0) Output is high (1) Output is low (0) Note
Note Since more than one output function other than SAU may be assigned to a single pin, the output of an unused alternate

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

45.2 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 1/O redirection function is the target, the output can be switched to another pin by setting
peripheral 1/O redirection register 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 m (SOEm) which corresponds to the unused output to 0
(output disabled) and set the SOmn bit in serial output register m (SOm) to 1 (high). These are the same
settings as the initial state.

(2) SCKp =1, SDAr =1, SCLr = 1 (settings when channel n in SAU is not used)
When SAU is not used, set bit n (SEmn) in serial channel enable status register m (SEm) to 0 (operation
stopped state), set the bit in serial output enable register m (SOEm) which corresponds to the unused
output to 0 (output disabled), and set the SOmn and CKOmn bits in serial output register m (SOm) to 1
(high). These are the same settings as the initial state.

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

(4) SDAAnN =0, SCLAN = 0 (setting when IICA is not used)
When IICA is not used, set the IICEn bit in IICA control register n0 (IICCTLnO) to 0 (operation stopped). This
is the same setting as the initial state.

(5) PCLBUZn = 0 (setting when clock/buzzer output is not used)
When the clock/buzzer output is not used, set the PCLOEnN bit in clock output select register n (CKSn) to 0
(output disabled). This is the same setting as the initial state.

(6) TKBOO = 0 (setting when 16-bit timer TMKB is not used)
When 16-bit time TMKB is not used, set TKBTOENO,1 bits of 16-bit timer KB output control registers n1
(TKBIOCn1) to 0 (stop output). This is the same setting as initial state.
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453

Register setting examples for used port and alternate functions

Register setting examples for used port and alternate functions are shown in Tables 4 - 4 to 4 - 10. The registers

used to control the port functions should be set as shown in Tables 4 - 4 to 4 - 10. See the following remark for
legends used in Tables 4 - 4 to 4 - 10.

Remark —: Not supported
X: Don’t care
PIORXx:
POMxx:
PMCxx:
PMxx: Port mode register
Pxx: Port output latch

Port output mode register
Port mode control register

Peripheral I/O redirection register

Functions in parentheses can be assigned via settings in peripheral I/O redirection register 0 to 3
(PIORO to PIOR3).

Table 4 - 4 Setting Examples of Registers When Using P00 to P01 Pin Function

Used Function Alternate Function Output
Pi 25 | 24 | 20
Na'r:e PIORx | POMxx | PMCxx | PMxx | Pxx n | oin | oin
Function o SAUOUtpUL | o - than SAU
Name Function
P00 Input — x 0 1 x x x
Output — 0 0 0 0/ SDA10=1 PCLBUZ1=0 N J N
N ch-OD — 1 0 0 0/ SDA10=1 PCLBUZ1=0
output
ANI7 Analog input — x 1 1 x x x y
PCLBUZ1 | Output — 0 0 0 0 SDA10=1 PCLBUZ1=0/1 V
P00 | Ti03 Input — x 0 1 x x x N
VCOUT1 PIORO[4:
(VCOUT1) | Output OF (? 1[ 3 o 0 0 0 SDA10=1 PCLBUZI=0 | | v | ¥
SI10/RxD1 | Input — x 0 1 x x x N
SDA10 110 — 1 0 0 1 SDA10=0/1 PCLBUZ1=0 V
SDAA1 110 PIOR3[3:2
( ) 0 1[ ! 1 0 0 0 SDA10=1 PCLBUZ1=0 V V V
PO1 Input — x 0 1 x x —
— 1 10/TxD1=1 —
Output 0 0 0 o/ SO10/Tx N J N
N ch-OD — 1 0 0o | o1 | sotomxp1=1 —
PO1 output
ANI16 Input — x 1 1 x x — N
INTP5 Input — x 0 1 x x — N
S0O10/TxD1 | Output — 0/1 0 0 1 SO10/TxD1=0/1 — y
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Table 4 - 5 Setting Examples of Registers When Using P20 to P23 Pin Function

Pin Used Function Alternate Function Output
25 24 20
Nam PIORx | POMxx | PMCxx | PMxx | Pxx pin pin pin
e Funeton Vo SAU Outout Other than SAU
Name Function
P20 Input —_ x 0 1 x _ _ N N N
Output — 0 0 0 0/1 — — v v v
N ch-OD
¢ — 1 0 0 01 — — N N N
output

P20 | ANIO Analog input — x 1 1 x — — N N N
AVREFP Analog input — x 1 1 x — — N N N
IVREF1 Analog input — x 1 1 x — — v v N

S0O10/TxD1 Output PIOR2
( xD1T) | Outpu | O 0 0 1| (S010/mxD1) = 011 — NI IV
P21 Input — — 0 1 x _ _
N I
Output — — 0 0 0/1 —_ —

P21 | ANI1 Analog input — — 1 1 x — — N N N
AVREFM Analog input — — 1 1 x — — N N N
IVREFO Analog input — — 1 1 x — — N N N
P22 Input — — 0 1 x — —

Vv
Output — — 0 0 0/1 — _

P22 | ANI2 Analog input — — 1 1 x — — N N N
PGAI Analog input — — 1 1 x — — N N N
IVCMPO Analog input — — 1 1 x — — N N N
P23 Input — — 0 1 x — —

Vo]
Output — — 0 0 0/1 — —

P23 [ ANI3 Analog input — — 1 1 x — — N N N
ANO1 Analog output — — 1 1 x — — N N N
PGAGND Analog input — — 1 1 x — _ N N N
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Table 4 - 6 Setting Examples of Registers When Using P30 to P33 Pin Function (1/2)

Pin Used Function Alternate Function Output ”5 o4 20
sz F:r:::zn /o PIORx POMxx | PMCxx | PMxx | Pxx S'/_zgncc):i,g;ut Other than SAU | -pin | -pin | pin
P30 | P30 Input — x 0 1 x x x N v v

Output — 0 0 0 0/1 SCK11/ TO01=0
SCLO00= 1 PCLBUZ0 =0
N ch-OD — 1 0 0 0/1 TKBO1=0
output
ANI21 Analog input — x 1 1 x x x
KR1 Input — x 0 1 X x x
TI00 Input — x 0 1 x x x
TOO1 Output — 0 0 0 0 SCK11/ TO01=0/1
SCLO00= 1 PCLBUZ0 =0
TKBO1=0
INTP3 Input — x 0 1 x x x
SCK11 Input — x 0 1 x x x
Output — 0/1 0 0 1 SCK11/ TO01=0
SCL00=0/1 | PCLBUZ0 =0
TKBO1=0
SCL11 Output — 1 0 0 1 SCK11/ TO01=0 v N N
SCL00=0/1 | PCLBUZ0 =0
TKBO1=0
(TxDO) Output PIOR2[1:0] | 0/1 0 0 1 SCK11/ TO01=0 y 3 V
=01 SCLO00= 1 PCLBUZ0 =0
TKBO1=0
PCLBUZO0 | Output — 0 0 0 0 SCK11/ TO01=0 y R y
SCL00=1 | PCLBUZO = 0/1
TKBO1=0
TKBO1 Output — 0 0 0 0 SCK11/ TO01=0 v \/ N
SCLO00= 1 PCLBUZ0 =0
TKBO1=0/1
SDAAO Output — 1 0 0 0 SCK11/ TO01=0 - - V
SCLO00= 1 PCLBUZ0 =0
TKBO1=0
SDAA0=0/1
(SDAAQ) | Output PIOR3[1:0] 1 0 0 0 SCK11/ TO01=0 y R -
=01 Note SCLO00= 1 PCLBUZ0 =0
TKBO1=0
(SDAA0)=0/1
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Table 4 - 6 Setting Examples of Registers When Using P30 to P33 Pin Function (2/2)
Pin Used Function Alternate Function Output
Nam | Function PIORx POMxx | PMCxx | PMxx | Pxx | sAU Output 2? 2‘,‘ 29
e Name 110 Function Other than SAU | -PIn | -pin | -pin
P31 | P31 Input — x 0 1 x x x v v v
Output — 0 0 0 0/1 | SDA1=1 TO00=0
TKBO0=0
N ch-OD — 1 0 0 0/1 | SDA1=1 TO00=0
output TKBO0=0
ANI20 Analog input — x 1 1 x x x ~ N ~
KRO Input —_ x 0 1 x x x N N N
TI01 Input — x 0 1 x x x N N v
TO00 Output — 0 0 0 0 SDA11=1 TO00=0/1 V V V
TKBOO0=0
INTP4 Input — x 0 1 x x x N N N
TKBOO Output — 0 0 0 0 SDA11=1 TO00=0
TKBO0=0/1
(RxDO) Input PIOR2[1:0] x 0 1 x x x V V V
=01
SN Input — x 0 1 x x x
SDA11 110 — 1 0 0 1 | SDA11=0/1 TO00=0
TKBOO0=0
SCLAO 110 — 1 0 0 0 SDA11=1 TO00=0 - - V
TKBOO0=0
SCLA0=0/1
(SCLA0O) |10 PIOR3[1:0] 1 0 0 0 SDA11=1 TO00=0 N v -
=01 Note TKBOO0=0
(SCLA0)=0/1
P32 | P32 Input — x 0 1 x x _ \ \ B
Output — 0 0 0 0/1 SO11=1 —
N ch-OD — 1 0 0 0/1 SO11=1 —
output
ANI19 Analog input — x 1 1 x x — y 3 -
SO11 Output — 0/1 0 0 1 SO11=0/1 — V v -
(INTP10) | Input PIORO[5]= x 0 1 x x — N v -
1 Note
(VCOUT1) | Output PIORO[4:3] 0 0 0 0 SO11=1 (VCOUT1)= J \ -
=10 Note 0/1
(SDAA1) |[I/O PIOR3[3:2] 1 0 0 0 SO11=1 (SDAA1)=0/1 V V -
=10 Note
P33 | P33 Input — x 0 1 x — — V N y
Output — 0 0 0 01 — —
N ch-OD — 1 0 0 0/1 — —
output
ANI18 Analog input — x 1 1 x — — y V
IVCMP1 Analog input — x 1 1 x — —
(INTP11) | Input PIORO[6] = x 0 1 x — —
1
(SCLA1) | Output PIOR3[3:2] 1 0 0 0 — (SCLA1) y 3 -
=10 Note =0/1
Note when the 20-pin product can't used.
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Table 4 - 7 Setting Examples of Registers When Using P40 Pin Function

Used Function Alternate Function Output
Pin 1 netion PIORx | POMxx | PMCxx | PMxx | Pxx SAU 25 | 24 20
Name e} Output | Otherthan SAU | -Pin | -pin | -pin
Name Function
P40 P40 Input — x 0 1 x x x N v N
Output — 0 0 0 0/1 SCK10/ TO03=0
SCL10=1 VCOUT0=0
VCOUT1=0
INTFO=0
N ch-OD — 1 0 0 0/1 SCK10/ TO03=0
output SCL10=1 VCOUT0=0
VCOUT1=0
INTFO=0
TO03 Output — 0 0 0 0 SCK10/ TO03=0/1 J \ J
SCL10=1 VCOUTO0=0
VCOUT1=0
INTFO=0
(PCLBUZ0) | Output PIORO[1] = 0 0 0 0 SCK10/ TO03=0 N N N
1 SCL10=1 VCOUT0=0
VCOUT1=0
INTFO=0
(PCLBUZ0)=0/1
SCK10 Input — x 0 1 x x x
Output — 0/1 0 0 1 SCK10/ TO03=0 J \ J
SCL10=0/1 VCOUTO0=0
VCOUT1=0
INTFO=0
SCL10 Output — 1 0 0 1 SCK10/ TO03=0 N N N
SCL10=0/1 VCOUT0=0
VCOUT1=0
INTFO=0
VCOUTO Output — 0 0 0 0 SCK10/ TO03=0 V xl y
SCL10=1 VCOUTO0=0/1
VCOUT1=0
INTFO=0
VCOUT1 Output — 0 0 0 0 SCK10/ TO03=0 J \ J
SCL10=1 VCOUTO0=0
VCOUT1=0/1
INTFO=0
INTFO Output — 0 0 0 0 SCK10/ TO03=0 y d y
SCL10=1 VCOUT0=0
VCOUT1=0
INTFO=0/1
(SCLA1) 110 PIOR3[3:2] 1 0 0 0 SCK10/ TO03=0 V xl y
=01 SCL10=1 VCOUT0=0
VCOUT1=0
INTFO=0
(SCLA1)=0/1
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Table 4 - 8 Setting Examples of Registers When Using P51 to P56 Pin Function (1/3)

i Used Function Alternate Function Output
N:'r:e Function o PIORX | POMxx | PMCxx | PMx | Pxx | sAUOuput | o -f)?n _f:n -f)(i)n
Name Function
P51 P51 Input — x 0 1 x x _ N N -
Output — 0 0 0 0/1 SCKO01/SCLO1 —
=1
N ch-OD — 1 0 0 0/1 SCKO01/SCLO1 —
output =1
KR7 Input — x 0 1 x x — N N -
INTP8 Input — x 0 1 x x — v v -
(T102) Input PIOR1[2:1] x 0 1 x x — v V -
=10 Note
(TO02) Output PIOR1[5]=1 0 0 0 0 SCKO01/SCLO1 (TO02)=0/1 v v -
Note =1
SCKO01 Input — x 0 1 x x — R v -
Output — 0/1 0 0 1 SCKO01/SCLO1 — v V -
=0/1
SCLO1 Output — 1 0 0 1 SCKO01/SCLO1 — N v -
=0/1
(TxDO) Output PIOR2[1:0] 0 0 0 1 SCKO01/SCLO1 (TxD0)=0/1 il v -
=10 Note =1
P52 P52 Input — x 0 1 x x — R \ -
Output — 0 0 0 0/1 SDA01 =1 — -
N ch-OD — 1 0 0 0/1 SDA01 =1 — -
output
KR6 Input — x 0 1 x x — N N -
INTP7 Input — x 0 1 x x — N v -
SI01 Input — x 0 1 x x — N N -
SDA01 110 — 1 0 0 1 SDAO01 = 0/1 — v v -
(RxDO0) Input PIOR2[1:0] x 0 1 x x — N v -
=10 Note
(SDAAO0) 110 PIOR3[1:0] 1 0 0 0 SDA01 =1 (SDAAO0)= 0/1 v v -
=10 Note
P53 P53 Input — x 0 1 x x x v V -
Output — 0 0 0 0/1 S001 =1 SDAAO =0 -
N ch-OD — 1 0 0 0/1 S001 =1 SDAA0 =0 -
output
KR5 Input — x 0 1 x x x N N -
INTP6 Input — x 0 1 x x x N N -
SO01 Output — 0/1 0 0 1 S001 = 0/1 SDAAO =0 il v -
SDAAO 110 — 1 0 0 0 S001 =1 SDAAO = 0/1 v V -
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Table 4 - 8 Setting Examples of Registers When Using P51 to P56 Pin Function (2/3)

) Used Function Alternate Function Output
Nzlr:e Function /o PIORx POMxx | PMCxx | PMxx | Pxx SAU Ol:Jtput Other than SAU -;2)?n _i?n _‘zj?n
Name Function
P54 P54 Input — x 0 1 x x x N V V
Output — 0 0 0 0/1 S000/ SCLA0=0
TXD0=1
N ch-OD — 1 0 0 0/1 S000/ SCLA0=0
output TXD0=1
KR4 Input — x 0 1 x x x N \/ v
SO00/TXDO | Output — 01 0 0 1 SO00/ SCLA0=0 il v v
TXD0=0/1
(T103) Input PIOR1[4:3] x 0 1 x x x V v V
=01
(TOO03) Output PIOR1[7:6] 0 0 0 0 SO00/ SCLA0=0 N V v
=10 TXD0=1 (T103)=0/1
SCLAO l[e} — 1 0 0 0 SO00/ SCLA0=0/1 il v -
TXD0=1
P55 P55 Input — x 0 1 x x x V v V
Output — 0 0 0 0/1 SDA00=1 TO02=0
SDAA1=0
N ch-OD — 1 0 0 0/1 SDA00=1 TO02=0
output SDAA1=0
KR3 Input — x 0 1 x x x V v V
SI00/RXDO | Input —_ x 0 1 x x x B Y N
SDA00 Output — 1 0 0 1 SDA00=0/1 TO02=0 il v v
SDAA1=0
TI02 Input — x 0 1 x x x V v v
TO02 Output — 0 0 0 0 SDA00=1 TO02=0/1 N V v
SDAA1=0
INTP11 Input — x 0 1 x x x N v J
(VCOUTO0) Output PIORO0[2]=1 0 0 0 0 SDA00=1 TO02=0 v l v
SDAA1=0
(VCOUTO0)=0/1
SDAA1 lfe} — 1 0 0 0 SDA00=1 TO02=0 N V v
SDAA1=0/1
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Table 4 - 8 Setting Examples of Registers When Using P51 to P56 Pin Function (3/3)

) Used Function Alternate Function Output
Nzlr:e Function /o PIORx POMxx | PMCxx | PMxx | Pxx SAU Ol:Jtput Other than SAU -;2)?n _i?n _‘zj?n
Name Function
P56 P56 Input — x 0 1 x x x N v v
Output — 0 0 0 0/1 SCKO00/ SCLA1=0
SCL00=1
N ch-OD — 1 0 0 0/1 SCKO00/ SCLA1=0
output SCL00=1
ANI22 Analog input — x 1 1 x x x N V V
KR2 Input — x 0 1 x x x N V J
SCK00 Input — x 0 1 x x x v v v
Output — 01 0 0 1 SCKO00/ SCLA1=0 N v v
SCL00=0/1
SCL00 Output — 0/1 0 0 1 SCKO00/ SCLA1=0 il v v
SCL00=0/1
SO11 Output — 01 0 0 1 SCKo00/ SCLA1=0 - - v
SCL00=1
SO11=0/1
(SO11) Output PIOR2[5]=1 01 0 0 1 SCKO00/ SCLA1=0 N V -
Note SCL00=1
(SO11)=0/1
INTP10 Input — x 0 1 x x x v V v
(TOO03) Output PIOR1[7:6] 0 0 0 0 SCKO00/ SCLA1=0 v v v
=01 SCL00=1 (TO03)=0/1
(INTFO) Output PIORO0[0]=1 0 0 0 0 SCKO00/ SCLA1=0 N V v
SCL00=1 (INTFO)=0/1
SCLA1 l[e} — 1 0 0 0 SCKO00/ SCLA1=0/1 il v v
SCL00=1
Note when the 20-pin product can't used.
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Table 4 - 9 Setting Examples of Registers When Using P121, P122 and P125 Pin Function

) Used Function
N:'r:e Function " PIORX Pxx Other -;2>i5n —i?n —f)?n
Name
P121 P121 Input — x | EXCLK,0SCSEL=00/10/11 y \ J
X1 — — — | EXCLK,0SCSEL=01 v N V
(TI01) Input PIOR1[0]=1 x EXCLK,0SCSEL=00/10/11 v v v
INTP2 Input — x | EXCLK,0SCSEL=00/10/11 y \ J
(slo1) Input PIOR2[2]=1 x | EXCLK,0SCSEL=00/10/11 J J -
P122 P122 Input — x EXCLK,0SCSEL=00/10 v v v
X2 — — — | EXCLK,0SCSEL=01 y \ J
EXCLK Input — — | EXCLK,0SCSEL=11 y V J
(SI10/RxD1) | Input PIOR2[3]=1 x EXCLK,0SCSEL=00/10 v v v
(TI02) Input PIOR1[2:1]=01 x | EXCLK,0SCSEL=00/10 y \ J
INTP1 Input — x EXCLK,0SCSEL=00/10 v V y
P125 P125 Input — x PORTSELB=0 v v v
RESET — — — | PORTSELB=1 y \ J
INTP9 Input — x | PORTSELB=0 y V J
Table 4 - 10 Setting Examples of Registers When Using P137 Pin Function
) Used Function Alternate Function Output
Nzlr:e Function Vo PIORx | POMxx | PMCxx | PMxx | Pxx SAU Output Other than _‘2; _‘Z)?n _‘2)?n
Name Function SAU
P137 | P137 Input — — — — x — — J y J
INTPO Input — — — — x — — Y R y
_SSI00 Input — — — — x — — V 3 y
(T103) Input PIOR1[4:3] | — — — x — — J y J
=10
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4.6

4.6.1

Cautions When Using Port Function

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 P20 is an output port, P21 to P23 are input ports (all pin statuses are high level), and the port
latch value of port 2 is 00H, if the output of output port P20 is changed from low level to high level via a

1-bit manipulation instruction, the output latch value of port 2 is OFH.
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/G11.

<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 P20, which is an output port, is read, while the pin statuses of

P21 to P23, which are input ports, are read. If the pin statuses of P21 to P23 are high level at this time,

the read value is OEH.

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

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

Figure 4 - 10 1-bit Manipulation Instruction (P20)

P20 @

Low-level output

O -

Pin status: High-level

P21 to P23

Port 2 output latch

[ofofofofofojofo]

1-bit manipulation
instruction (set1 P2.0)
is executed for P20 bit.

>

P21 to P23

Port 2 output latch

P20 O
High-level output

O -

Pin status: High-level

Lofoofofrfrfrfr]

<2> Set the P20 bit to 1.

1-bit manipulation instruction for P20 bit

<1> Port register 2 (P2) is read in 8-bit units.
e In the case of P20, an output port, the value of the port output latch (0) is read.
¢ In the case of P21 to P23, input ports, the pin status (1) is read.

<3> Write the results of <2> to the output latch of port register 2 (P2) in 8-bit units.
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4.6.2 Notes on specifying the pin settings

For an output pin to which multiple functions are assigned, the output of the unused alternate functions must be
set to its initial state so as to prevent conflicting outputs. This also applies to the functions assigned by using the
peripheral 1/O redirection register 0 to 3 (PIORO to PIOR3). For details about the alternate function output, see
4.5 Register Settings When Using Alternate Function.

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

Disabling the unused functions, including blocks that are only used for input or do not have 1/O, is recommended
for lower power consumption.
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CHAPTER 5 OPERATION STATE CONTROL

The operating voltage, operating timing, and operating current of the internal circuit are optimized using flash operation
modes. Select an appropriate flash operation mode according to the supply voltage range and clock frequencies used to
operate the MCU.

The flash operation mode set by the option byte is selected for operation immediately after a reset release. Then, each
mode is selected according to register settings.

5.1 Configuration of Operation State Control

Operation state control is supported by the following hardware.

Table 5 - 1 Configuration of Operation State Control

Iltem Configuration

Option byte + User option byte address: 000C2H

Control registers » Flash operating mode select register (FLMODE)
* Flash operating mode protect register (FLMWRP)
» Regulator mode control register (PMMC)

Figure 5 - 1 Block Diagram of Operation State Control

VoD 1.6V to 5.5V

FLMWRP register FLMODE register L PMMC register
FLMWEN MODE1 MODEO | Regulator MCSEL
Enable/disable Control regulator
FLMODE setting output
Set flash
operation mode
___________________ -~
(AT
: ~. |
|: : |
| [Code flash memory} [ CPU } |
| :
E : |
| [Data flash memory} [ RAM ] [Peripheral functionJ |
i : |
'_---;--;--;--;--;--;o-;--;..;.-;..; __________ J
Option byte (000C2H)
CMODE1 | CMODEO |
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There are the following four flash operation modes.
* HS (high-speed main) mode

* LS (low-speed main) mode

* LV (low-voltage main) mode

* LP (low-power main) mode

The MCU can be operated efficiently by setting these flash operation modes according to MCU operating conditions.
Table 5 - 2 lists the Features of Each Flash Operation Mode.

Table 5 - 2 Features of Each Flash Operation Mode

Flash Operation Mode | Regulator Mode Recommended Operating Range Operatgtr;,% (;“,urrent Description
HS (high-speed main) | Normal setting 27Vto55V |1MHzto24 MHz | 3.2 mA High-speed CPU operation (at 24 MHz
mode only (MCSEL = 0) (during operation at 24 | (max.)) is possible in this mode.
MHz Note 1) Suitable when CPU processing capacity
24Vto55V |1 MHzto 16 MHz is required.
LS (low-speed main) | Normal setting 18Vto55V |1MHzto8 MHz | 1.1 mA The operating current and CPU operation
mode (MCSEL =0) (during operation at 8 | processing (at 8 MHz (max.)) are well-
MHz Note 1) balanced in this mode. To operate the
CPU at 4 to 8 MHz, set regulator mode to
the normal setting. When operating the
CPU at 1 to 4 MHz, the operating current
Low-power 18Vto55V |1MHzto4 MHz |0.58 mA .
consumption (during operation at 4 can be reduced by setting regulat.or
) mode to the low-power consumption
setting MHz Note 2) setting.
(MCSEL = 1)
LP (low-power main) Low-power 18Vto55V | 1MHz 0.124 mA The CPU operates at 1 MHz in this
mode consumption (during operation at 1 | mode.
setting only MHz Note 2) Low operating current is realized at 1
(MCSEL = 1) MHz.
LV (low-voltage main) | Normal setting 1.6Vto55V |1 MHzto4 MHz 1.2 mA Low-voltage operation up to 1.6 V is
mode Note 1 only (during operation at 4 | possible in this mode. To operate the
(MCSEL =0) MHz) CPU at the supply voltage range of 1.6 to
1.8V, select this mode.
Note 1. Operable only with the high-speed on-chip oscillator.

Note 2.

When the middle-speed on-chip oscillator operates.
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5.2 Registers Controlling Operation State Control

Operation state control is controlled by the following registers.
* Flash operating mode select register (FLMODE)
* Flash operating mode protect register (FLMWRP)
» Regulator mode control register (PMMC)

5.21 Flash operating mode select register (FLMODE)

The FLMODE register is an 8-bit register used to control flash operation modes and operation of the code flash
memory.

This register can be set by a 1-bit or 8-bit memory manipulation instruction. Note that the value of this register
cannot be changed when FLMWEN in the flash operation mode protect register (FLWRP) is 0.

Reset generation updates MODE1 and MODEQO with the set value of CMODE1 and CMODEQ  in the option byte
(address: 000C2H).

Figure 5 - 2 Format of Flash operating mode select register (FLMODE)

Address: FOOAAH After reset: 00H/80H/COH Note 1 R/W

Symbol <7> <6> 5 4 1 <0>
FLMODE| MODE1 MODEO | 0 | 0 | 0 CFLSTOP
MODE1 MODEOQO Selection of flash operation mode
0 0 LV (low-voltage main) mode
(Selectable when 1 MHz < fcLk <4 MHz in LS mode.)
0 1 LP (low-power main) mode
(Selectable when 1.8 V < Vbb < 5.5V and fcLk = 1 MHz in LS mode. Note 2)
LS (low-speed main) mode
1 0 (Selectable when 1.8 V <Vbb <5.5V and 1 MHz < fcLk < 8 MHz in HS mode, LP mode,
or LV mode.)
1 1 HS (high-speed main) mode
(Selectable when 2.4 V <Vpp < 5.5V in LS mode.)
CFLSTOP Control of the code flash memory operation
0 Operation is enabled.
1 Operation is disabled.
Note 1. The initial value of the FLMODE register is set to the value of the MODE1 and MODEDQO bits updated with the
set value of the CMODE1 and CMODEDQO bits in the option byte (address: 000C2H).
Note 2. After LP (low-power main) mode is selected, set the MCSEL bit in the regulator mode control register

(PMMC) to 1.

(Cautions are on the next page.)
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Caution 1. The value of the FLMODE register cannot be changed when the FLMWEN bit in the flash operation
mode protect register (FLMWRP) is 0. Also, do not change the value of the FLMODE register when
the MCSEL bit in the regulator mode control register is 1.

When changing the value of the FLMODE register, first set the FLMWEN bit in the FLMERP register to
1 while MCSEL is 0. After the value of the FLMODE register is changed, set the FLMWEN bit to 0.

Caution 2. The MODE1 and MODEO bits cannot be set when the CSS bit in the system clock control register
(CKC) is 1 (low-speed on-chip oscillator (fiL)).

Caution 3. Do not change the value of the MODE1 and MODEQ bits using the DTC.

Caution 4. When changing the flash operation mode, make sure that operation is possible within the voltage
range and operating frequency range in the changed flash operation mode before changing the
mode.

Caution 5. The middle-speed on-chip oscillator cannot be used in LV (low-voltage main) mode. When entering
LV mode, first switch the operating clock to an oscillator other than the middle-speed on-chip
oscillator, and then enter LV mode.

Caution 6. When the flash operation mode is changed by the MODE1 and MODEO bits, the CPU enters a wait
state for the following time until the mode changes. Interrupt requests are held pending during this

wait period.
Table 5 - 3 Flash Operation Mode Change Time

Flash Operation Mode Change Change Time
LS (low-speed main) mode — HS (high-speed main) mode 225 cycles *1
LS (low-speed main) mode — LV (low-voltage main) mode 99 cycles *1. *2
LP (low-power main) mode — LS (low-speed main) mode 10 cycles *1
LS (low-speed main) mode — LP (low-power main) mode 10 cycles *1
LV (low-voltage main) mode — LS (low-speed main) mode 20 cycles *1
HS (high-speed main) mode — LS (low-speed main) mode 30 cycles *1

*1. The cycle of the CPU/peripheral hardware clock (fcLk)
*2. Switching of the mode from LS (low-speed main) mode to LV (low-voltage main) mode must proceed while oscillation
of the high-speed on-chip oscillator is stable.

Caution 7. When rewriting the FLMODE register, insert one or more clock cycles after rewriting the FLMODE
register and before writing to this register. Do not write to the FLMODE register successively.
Caution 8. Do not change the FLMODE register when rewriting the flash memory.
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5.2.2 Flash operating mode protect register (FLMWRP)

The FLMWRP register is an 8-bit register used to control access to the flash operation mode select register.
This register can be set by a 1-bit or 8-bit memory manipulation instruction.
Reset generation sets this register to 00H.

Figure 5 - 3 Format of Flash operating mode protect register (FLMWRP)

Address: FOOABH After reset: 00H R/W
Symbol 7 6 5 4 3 2 1 <0>
FLMWRP 0 0 0 0 0 0 | 0 | FLMWEN
FLMWEN Control of flash operation mode select register (FLMODE)
0 Rewriting the FLMODE register is disabled
1 Rewriting the FLMODE register is enabled

5.2.3 Regulator mode control register (PMMC)

The PMMC register is an 8-bit register used to control the mode of the on-chip regulator.
This register can be set by a 1-bit or 8-bit memory manipulation instruction.
Reset generation sets this register to 00H.

Figure 5 - 4 Format of Regulator mode control register (PMMC)

Address: FOOF8H After reset: 00H R/W
Symbol 7 <6> 5 4 3 2 1 0
PMMC 0 MCSEL 0 0 0 0 0 0
MCSEL Control of regulator mode
0 Normal setting
1 Low-power consumption setting

Caution 1. Do not change the flash operation mode select register (FLMODE) when MCSEL is 1.
Caution 2. Do not set MCSEL to 1 in HS (high-speed main) mode and LV (low-voltage main) mode.
Caution 3. In LS (low-speed main) mode, transition to the STOP mode is prohibited when MCSEL is 1.
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5.3 Initial Setting of Flash Operation Modes

The option byte (000C2H) is used to set the initial state of flash operation mode and the high-speed on-chip
oscillator after a reset is released.

Set an appropriate flash operation mode according to the VDD voltage and the high-speed on-chip oscillator
frequency at a reset release.

When a reset is released, the value of CMODE1 and CMODEDO is updated in MODE1 and MODEDO in the flash
operation mode select register (FLMODE) and the value of FRQSEL4 to FRQSELDO is updated in the high-speed on-
chip oscillator frequency select register (HIODIV).

Figure 5 - 5 Format of User option byte (000C2H)

Address: 000C2H

Symbol 7 6 5 4 3 2 1 0

CMODE1 CMODEO 1 FRQSEL4 FRQSEL3 FRQSEL2 FRQSEL1 FRQSELO

Setting of flash operation mode

CMODE1 CMODEO Operating )
Frequency Range Operating Voltage Range

0 0 LV (low-voltage main) mode | 1 to 4 MHz 161055V
1 0 LS (low-speed main) mode |1 to 8 MHz 1.8t05.5V
) ] HS (high-speed main) mode | 1 to 16 MHz 24t055V

1to 24 MHz 27t055V
Other than above Setting prohibited

Frequency of the high-speed on-chip
FRQSEL4 FRQSEL3 FRQSEL2 FRQSEL1 FRQSELO oscillator clock
froco fiH
1 0 0 0 0 48 MHz 24 MHz
0 0 0 0 0 24 MHz 24 MHz
0 1 0 0 1 16 MHz 16 MHz
0 0 0 0 1 12 MHz 12 MHz
0 1 0 1 0 8 MHz 8 MHz
0 0 0 1 0 6 MHz 6 MHz
0 1 0 1 1 4 MHz 4 MHz
0 0 0 1 1 3 MHz 3 MHz
0 1 1 0 0 2 MHz 2 MHz
0 1 1 0 1 1 MHz 1 MHz
Other than above Setting prohibited
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54 Transitions between Flash Operation Modes

HS (high-speed main) mode, LS (low-speed main) mode, or LV (low-voltage main) mode can be selected as the

flash operation mode immediately after a reset release, by setting CMODE1 and CMODEQO in the option byte
(000C2H). The value of CMODE1 and CMODEQO is updated in the MODE1 and MODEQ bits in the flash operation
mode select register (FLMODE). After that, the flash operation mode can be changed by changing the value of the
FLMODE register during CPU operation.

Figure 5 - 6 State Transitions between Flash Operation Modes

Option byte (000C2H)

CMODE1 =1, CMODEO =1
--------------------------------------------
Option byte (000C2H)

CMODE1 =1, CMODEO = 0

Option byte (000C2H)
CMODE1 = 0, CMODEQ = 0 ‘~\\

LS (low-speed main) mode ﬁ

(A) MODEQ = 0 ™5

HS (high-speed main) mode

FLMODE register | PMMC register
[MODE1 = 1{MODEO = 1] MCSEL =0
Operating conditions: Voo =2.4 V to 5.5 VN
feik = 1 MHz to 24 MHz

Reference operating current: 3.8 mA (24 MHz \**?)

1 SS
1 S~o FLMODE register | PMMC register
1 MODE1 = 1]MODEO = 0| MCSEL = 0/1 (8) MODEO = 1
: N . MCSEL = 0 (normal setting)
1 Operating conditions: Vop=1.8Vto 5.5V
1 feik = 1 MHz to 8 MHz
: Reference operating current: 1.3 mA (8 MHz "***?)
1 + MCSEL = 1 (low-power consumption setting) "****
: (C) MODE1 =0 Note 6 Operating conditions: Voo =1.8Vto 5.5V
1 feik = 1 MHz to 4 MHz
: Reference operating current: 0.68 mA (4 MHzN**?)
M (D) MODE1 = 1
LV (low-voltage main) mode (E) MODE1 =0, (F) MODE1 =1,
[ FLMODE register_[PMMGC register] MODEO = 1, MODEO = 0,
[MODET = 0]MODEO = 0] MCSEL=0 | MCSEL =1 MCSEL =0
Operating conditions: Voo =1.6Vto 5.5V
foik = 1 MHz to 4 MHz LP (low-power main) mode
Reference operating current: 1.3 mA (4 MHz **2) MOELE’\Q%E,\;ZQ;E‘ZL T P:‘\:’\égéfg:‘s:er
Operating conditions: Voo =1.8V to 5.5V
fek = 1 MHz
Reference operating current: 0.134 mA (1 MHz "*?)
Note 1. The operating frequency and operating voltage range are as follows.
1 MHz <fcLk <16 MHz (2.4 V <VDD <5.5 V)
1 MHz <fclk <24 MHz (2.7 V <Vbb < 5.5 V)
Note 2. Current when the high-speed on-chip oscillator operates.
Note 3. Current when the middle-speed on-chip oscillator operates.
Note 4. Transitions between flash operation modes or transition to the STOP mode cannot be made when MCSEL = 1 (low-

power consumption setting). When changing the flash operation mode or making transition to the STOP mode, be sure to
set MCSEL = 0 (normal setting) before changing the mode.
Note 5. When CMODE1 and CMODEO of the option byte (000C2H) are set to 1, operation is not guaranteed if a reset is
generated while the operating voltage is 2.4 V or lower after entry to the LS (low-speed main) mode.
Note 6. When CMODE1 and CMODEO of the option byte (000C2H) are set to 1 and O respectively, operation is not guaranteed if
a reset is generated while the operating voltage is 1.8 V or lower after entry to the LV (low-voltage main) mode.

Caution  When a reset is applied while the MCU operates, operation always starts in the flash operation mode set by the
option byte after a reset release. Therefore, make sure that operation does not start outside the operating
voltage range when a reset is released by setting the LVD detection voltage to at least the operating voltage
range of the flash operation mode set in the option byte.
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5.5 Details of Flash Operation Modes

5.5.1 Details of HS (high-speed main) mode

HS (high-speed main) mode is suitable for applications that require CPU high-speed processing.

HS mode can be operated immediately after a reset release. Also, this mode can be entered from LS (low-speed
main) mode. When entering HS mode, make sure that the supply voltage is 2.4 V < VDD < 5.5V in LS mode and
the operating frequency is 1 MHz < fcLK < 8 MHz.

Operating in HS mode is suitable when the power supply voltage and operating frequency meet any of the
following conditions.

» The power supply voltage is 2.4 V < VDD < 5.5 V and the operating frequency is 1 MHz < fcLk < 16 MH

» The power supply voltage is 2.7 V < VDD < 5.5 V and the operating frequency is 1 MHz < fcLk < 24 MHz

When 8 MHz or lower is used for operation, another mode can be used as the suitable flash operation mode.

Figure 5 - 7 Operating Range in HS Mode
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x
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16V 1.8V 24V 27V N 55V
Supply voltage (Vob)
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5.5.2  Details of LS (low-speed main) mode

LS (low-speed main) mode supports both CPU processing capacity and operating voltage performance, suitable
for applications that require low-power consumption at 1 to 8 MHz.

LS mode can be operated immediately after a reset release. Also, this mode can be entered from HS (high-
speed main) mode, LV (low-voltage main) mode, or LP (low-power main) mode. When entering from HS mode to
LS mode, make sure that the operating frequency is 1 MHz < fcLk < 8 MHz.

In LS mode, low-power consumption can be set by the MCSEL bit in the regulator mode control register
(PMMC). When setting low-power consumption, set the MCSEL bit to 1 while the operating frequency is 1 MHz <
fcLk <4 MHz.

The suitable operating range in LS mode is when the supply voltage is 1.8 V < VDD < 5.5 V and the operating
frequency is 4 MHz < fcLk < 8 MHz if MCSEL = 0, and when the supply voltage is 1.8 V < VbD < 5.5 V and the
operating frequency is 1 MHz < fcLk < 4 MHz if MCSEL = 1.

Figure 5 - 8 Operating Range in LS Mode (MCSEL = 0)
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Figure 5 - 9 Operating Range in LS Mode (MCSEL = 1)
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Caution  When entering another flash operation mode, make sure that MCSEL = 0.
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5.5.3 Details of LP (low-power main) mode

LP (low-power main) mode can be use to operate the CPU on low power at a 1-MHz frequency.

LP mode can be entered from LS (low-speed main) mode. When entering from LS mode to LP mode, make sure
the operating frequency is fcLk = 1 MHz. After the mode is entered, set the MCSEL bit in the regulator mode
control register to 1.

The suitable operating range in LP mode is when the supply voltage is 1.8 V < VbD < 5.5 V and the operating
frequency is 1 MHz.

Figure 5 - 10 Operating Range in LP Mode

24 MHz,

16 MHz|

CPU/peripheral hardware clock (fcik)

8 MHz| . o
: Operating range when LP mode is suitable
4 MHz| : Operating range when another mode is suitable
1 MHz]
{( >
16V 18V 24V 27V N 55V

Supply voltage (Vop)

Caution  When entering LS (low-speed main) mode, make sure that MCSEL = 0.
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5.5.4 Details on LV (low-voltage main) mode

LV (low-voltage main) mode is suitable for applications that require operation at 1.8 V or lower.
LV mode can be operated immediately after a reset release. Also, this mode can be entered from LS (low-speed
main) mode. When entering from LS mode to LV mode, make sure that the operating frequency is 1 MHz < fcLk

<4 MHz.
The suitable operating range in LV mode is when the supply voltage is 1.6 V < VDD < 1.8 V. When a supply
voltage of 1.8 V < VDD < 5.5 V is used for operation, another mode can be used as the suitable flash operation

mode.

Figure 5 - 11 Operating Range in LV Mode
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Caution The middle-speed on-chip oscillator cannot be used in LV (low-voltage main) mode. When entering LV mode,
first switch the operating clock to an oscillator other than the middle-speed on-chip oscillator, and then enter LV

mode.
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CHAPTER 6 CLOCK GENERATOR

6.1 Functions of Clock Generator

The clock generator generates the clock to be supplied to the CPU and peripheral hardware.
The following three kinds of system clocks and clock oscillators are selectable.

(1) Main system clock

<1> X1 oscillator
This circuit oscillates a clock of fx = 1 to 20 MHz by connecting a resonator to X1 pin and X2 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 of the high-speed on-chip oscillator (fHOCO) can be selected from among 48, 24, 16,
12, 8,6, 4, 3,2, and 1 MHz (TYP.) by using the option byte (000C2H).
If fHOCO is 48 MHz, fiH is 24 MHz. If fHOCO is no greater than 24 MHz, fIH is generated by using
fHocoO without change instead of by frequency-dividing it. 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 of the HIOSTOP 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 6 - 12
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.

Oscillation Frequency (MHz)
Power Supply Voltage

1 2 3 4 6 8 12 16 24 48
27V<Vob<55V N N N v S N N v \
24V<Vop<55V v \ N v \/ N v v — —
1.8V<Vp<55V d N N v \/ d — — — —
16V<Vop<55V v S V v — — — — — _
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<3> Middle-speed on-chip oscillator
The frequency at which to oscillate can be selected from among fim = 4, 2, 1 MHz (TYP.) by setting of
the MOCODIV bit (bits 0, 1 of the MOCODIV register). Oscillation can be stopped by executing the
STOP instruction or clearing of the MIOEN bit (bit 1 of the CSC register).

An external main system clock (fex = 1 to 20 MHz) can also be supplied from the EXCLK/X2/P122
pin. An external main system clock input can be disabled by executing the STOP instruction or
setting of the MSTOP bit.

As the main system clock, a high-speed system clock (X1 clock or external main system clock) or a
main on-chip oscillator clock (high-speed on-chip oscillator clock or middle-speed on-chip oscillator
clock) can be selected by setting of the MCMO and MCM1 bits (bits 4 and 0 of the system clock
control register (CKC)).

However, note that the usable frequency range of the main system clock differs depending on the
Vob power supply voltage setting. The operating voltage of the flash memory must be set by using
the CMODEO and CMODE1 bits of the option byte (000C2H) (see CHAPTER 30 OPTION BYTE).
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(2) Subsystem clock

<1> Low-speed on-chip oscillator
This circuit oscillates a clock of fiL = 15 kHz (TYP.).

Low-speed on-chip oscillator operates when following one or more bits are 1, bit 4 (WDTON) of
option byte (000COH), bit 4 (WUTMMCKO) of operation speed mode control register (OSMC), bit 0
(SELLOSC) of subsystem clock select register (CKSEL).

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

Remark fx: X1 clock oscillation frequency
fiH: High-speed on-chip oscillator clock frequency (24 MHz max.)
fim: Middle-speed on-chip oscillator clock frequency
fEX: External main system clock frequency
fiL: Low-speed on-chip oscillator frequency
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6.2 Configuration of Clock Generator

The clock generator includes the following hardware.

Table 6 - 1 Configuration of Clock Generator

ltem Configuration

Control registers Clock operation mode control register (CMC)

System clock control register (CKC)

Clock operation status control register (CSC)

Oscillation stabilization time counter status register (OSTC)
Oscillation stabilization time select register (OSTS)

Peripheral enable registers 0, 1, 2 (PERO, PER1, PER2)

Operation speed mode control register (OSMC)

High-speed on-chip oscillator frequency select register (HOCODIV)
High-speed on-chip oscillator trimming register (HIOTRM)
Subsystem clock select register (CKSEL)

Middle-speed on-chip oscillator frequency select register (MOCODIV)
Frequency measurement clock select register (FMCKS)

Oscillators X1 oscillator
High-speed on-chip oscillator
Middle-speed on-chip oscillator

Low-speed on-chip oscillator
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Figure 6 - 1 Block Diagram of Clock Generator

S Internal bus S

Option byte (000C2H) Clock operation mode System clock control

FRQSELO to FRQSEL3 control register (CMC)

register (CKC)

High-speed on-chip oscillator

----------------- ol
(24 MHz (TYP.)): : (48 MHz (TYP”.‘)):

_______ [ S —

" 1
8 MHz (TYP.)) ::(16 MHz (TYP.)): ‘

——————

Main system clock

source selection
M fioco

"W _ Option byte
5 (000C2H) FRQSEL4
3
o}
@ _ fuan
S = CPU clock
8 2 and peripheral | fou
3 % hardware CPU and each peripheral function
@ | e CloCk SOUrCE
Middle-speed on-chip oscillator fim selection Option byte (000C2H) FRQSEL4
4 MHz (TYP.) 2 MHz (TYP.)
1 MHz (TYP.) fin
12 I} "
3 Timer KB
2
High-speed system 3
X1/P121 clock oscillator —J
rrm————— .- fux -  Clock output/buzzer output
| Crystal/ceramic L fx
X2/EXCLK/ 1 _ oscillation H
P122 Foo=—===l)
H External input g fex
[l clock 1
......... .
Low-speed on-chip
oscillator
-------- ) fio fsus

-
! (15 kHz (TYP.)

L
1
a

> Watchdog timer

Clock output/buzzer output
12-bit interval timer
8-bit interval timer

High-speed on-chip
oscillator trimming register|

(HIOTRM)
Operation speed mode [High-speed on-chip osqllator Middle-speed on-chip oscillator
. frequency select register frequency select register
control register (OSMC) (HOCODIV) (MOCODIV)

! Il

Internal bus S

Note Two times frequency for TMKB.
Remark fx: X1 clock oscillation frequency
fiH: High-speed on-chip oscillator clock frequency (24 MHz max.)
fim: Middle-speed on-chip oscillator clock frequency (4 MHz max.)
fEX: External main system clock frequency
fmx: High-speed system clock frequency
fMAIN:  Main system clock frequency
X XT1 clock oscillation frequency
fsus: Subsystem clock frequency
fcLk: CPU/peripheral hardware clock frequency
fiL: Low-speed on-chip oscillator clock frequency

foco:  Main on-chip oscillator clock frequency (fiH or fim)
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6.3 Registers Controlling Clock Generator

The following registers are used to control the clock generator.

* Clock operation mode control register (CMC)

» System clock control register (CKC)

* Clock operation status control register (CSC)

+ Oscillation stabilization time counter status register (OSTC)

* Oscillation stabilization time select register (OSTS)

* Peripheral enable registers 0, 1, 2 (PERO, PER1, PER2)

* Operation speed mode control register (OSMC)

* High-speed on-chip oscillator frequency select register (HOCODIV)
* High-speed on-chip oscillator trimming register (HIOTRM)

» Subsystem clock select register (CKSEL)

» Middle-speed on-chip oscillator frequency select register (MOCODIV)

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.

6.3.1 Clock operation mode control register (CMC)

This register is used to set the operation mode of the X1/P121, X2/EXCLK/P122 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 O0OH.
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Figure 6 - 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
High-speed system clock . )
EXCLK OSCSEL ) ) X1/P121 pin X2/EXCLK/P122 pin
pin operation mode
0 0 Input port mode Input port
0 1 X1 oscillation mode Crystal/ceramic resonator connection
1 0 Input port mode Input port
1 1 External clock input mode Input port External clock input
AMPH Control of X1 clock oscillation frequency
0 1 MHz < fx < 10 MHz
1 10 MHz < fx < 20 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.

Caution 4. Specify the settings for the AMPH bit while fiH is selected as fcLk after a reset ends (before fcLk is
switched to fmx).

Caution 5. Although the maximum system clock frequency is 24 MHz, the maximum frequency of the X1
oscillator is 20 MHz.

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

This register is used to select a CPU/peripheral hardware clock and a main system clock.
The CKC register can be set by a 1-bit or 8-bit memory manipulation instruction.
Reset signal generation sets this register to 00H.

Figure 6 - 3 Format of System clock control register (CKC)

Address: FFFA4H After reset: 00H R/wnNote 1
Symbol <7> <6> <5> <4> 3 2 <1> <0>
CKC CLS CssNote2 | MCS | MCMO Note2 0 | 0 | MCS1 | MCM1 Note2
CLS Status of CPU/peripheral hardware clock (fcLk)
0 Main system clock (fMAIN)
1 Subsystem clock (fsus)
CSS Note 2 Selection of CPU/peripheral hardware clock (fcLk)
0 Main system clock (fMAIN)
1 Subsystem clock (fsus)
MCS Status of Main system clock (fmAIN)
0 Main on-chip oscillator clock (foco)
1 High-speed system clock (fux)
MCMQ Note 2 Main system clock (fmaIN) operation control
0 Selects the main on-chip oscillator clock (foco) as the main system clock (fMAIN)
1 Selects the high-speed system clock (fmx) as the main system clock (fmAIN)
MCS1 Status of Main on-chip oscillator clock (foco)
0 High-speed on-chip oscillator clock
1 Middle-speed on-chip oscillator clock
MCM1 Note 2 Main on-chip oscillator clock (foco) operation control
0 High-speed on-chip oscillator clock
1 Middle-speed on-chip oscillator clock

Note 1. Bits 7, 5, and 1 are read-only.
Note 2. Changing the value of the MCMO and MCM1 bits is prohibited while the CSS bit is set to 1.

Caution 1. Be sure to set bits 2 and 3 of the CKC register to 0.

Caution 2. The clock set by the CSS bit is supplied to the CPU and peripheral hardware. If the CPU clock is
changed, therefore, the clock supplied to peripheral hardware (except the real-time clock 2, 12-bit
interval timer, clock output/buzzer output, 8-bit interval timer, frequency measurement circuit, and
watchdog timer) is also changed at the same time. Consequently, stop each peripheral function when
changing the CPU/peripheral hardware clock.

Remark  fiH: High-speed on-chip oscillator clock frequency (24 MHz max.)
fmx: High-speed system clock frequency
fMAIN: Main system clock frequency
fsus: Subsystem clock frequency
foco: Main on-chip oscillator clock frequency (fiH or fim)
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6.3.3  Clock operation status control register (CSC)

This register is used to control the operations of the high-speed system clock, high-speed on-chip oscillator
clock, and middle-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 COH.

Figure 6 - 4 Format of Clock operation status control register (CSC)

Address: FFFA1H After reset: COH R/W

Symbol <7> 6 5 4 3 2 <1> <0>
CSsC MSTOP 1 0 0 0 0 MIOEN HIOSTOP
High-speed system clock operation control
MSTOP
X1 oscillation mode External clock input mode Input port mode
0 X1 oscillator operating External clock from EXCLK pin is | Input port
valid
1 X1 oscillator stopped External clock from EXCLK pin is
invalid
MIOEN Middle-speed on-chip oscillator clock operation control
0 Middle-speed on-chip oscillator stopped
1 Middle-speed on-chip oscillator operating
HIOSTOP High-speed on-chip oscillator clock operation control
0 High-speed on-chip oscillator operating
1 High-speed on-chip oscillator stopped

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

Caution 2. Set the oscillation stabilization time select register (OSTS) before setting the MSTOP bit to 0 after
releasing reset. Note that if the OSTS register is being used with its default settings, the OSTS
register is not required to be set here.

Caution 3. To start X1 oscillation as set by the MSTOP bit, check the oscillation stabilization time of the X1 clock
by using the oscillation stabilization time counter status register (OSTC).

Caution 4. Do not stop the clock selected for the CPU peripheral hardware clock (fcLk) with the OSC register.

Caution 5. 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 6 - 2.

When stopping the clock, confirm the condition before stopping clock.
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Table 6 - 2 Stopping Clock Method

Condition Before Stopping Clock
Clock o PPIng Setting of CSC Register Flags
(Invalidating External Clock Input)
X1 clock CPU and peripheral hardware clocks operate with a clock MSTOP =1
External main system clock other than the high-speed system clock.
(CLS=0and MCS =0, or CLS = 1)
High-speed on-chip oscillator CPU and peripheral hardware clocks operate with a clock HIOSTOP =1
clock other than the high-speed on-chip oscillator clock (CLS =0
and MCS =1, orCLS=1)or CLS =0, MCS =0, and MCS1 =1

6.3.4  Oscillation stabilization time counter status register (OSTC)

This is the register that indicates the count status of the X1 clock oscillation stabilization time counter.
The X1 clock oscillation stabilization time can be checked in the following case,

« 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.

The OSTC register can be read by a 1-bit or 8-bit memory manipulation instruction.
The generation of reset signal, 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
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Address: FFFA2H

Symbol

OSTC

Figure 6 - 5 Format of Oscillation stabilization time counter status register (OSTC)

After reset: 00H R

7 6 5 4 3 2 1 0

MosTsIMosTe MOST | MOST | MOST | MOST | MOST | MOST

10 1 13 15 17 18

MOST | MOST | MOST | MOST | MOST | MOST | MOST | MOST Oscillation stabilization time status
8 9 10 1" 13 15 17 18 fx = 10 MHz fx = 20 MHz
0 0 0 0 0 0 0 0 28/fx max. 25.6 pus max. 12.8 us max.
1 0 0 0 0 0 0 0 28/fx min. 25.6 us min. 12.8 pus min.
1 1 0 0 0 0 0 0 29/fx min. 51.2 ps min. 25.6 ps min.
1 1 1 0 0 0 0 0 210/fx min. 102 ps min. 51.2 us min.
1 1 1 1 0 0 0 0 21/fx min. 204 ps min. 102 ps min.
1 1 1 1 1 0 0 0 213/fx min. 819 us min. 409 ps min.
1 1 1 1 1 1 0 0 215/fx min. 3.27 ms min. 1.63 ms min.
1 1 1 1 1 1 1 0 217/fx min. 13.1 ms min. 6.55 ms min.
1 1 1 1 1 1 1 1 218/fx min. 26.2 ms min. 13.1 ms min.

Caution 1. After the above time has elapsed, the bits are set to 1 in order from the MOST8 bit and remain 1.
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.
(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.)

Caution 3. The X1 clock oscillation stabilization wait time does not include the time until clock oscillation starts

Remark

(“a” below).

X1 pin voltage l

STOP mode release

waveform

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

This register is used to select the X1 clock oscillation stabilization wait time.

When the X1 clock is made to oscillate by clearing the MSTOP bit to start the X1 oscillation circuit operating,
actual operation is automatically delayed for the time set in the OSTS register.

When switching the CPU clock from the high-speed on-chip oscillator clock to the X1 clock, and when using the
high-speed on-chip oscillator clock for switching the X1 clock from the oscillating state to STOP mode, use the
oscillation stabilization time counter status register (OSTC) to confirm that the desired oscillation stabilization
time has elapsed after release from the STOP mode. That is, use the OSTC register to check that the oscillation
stabilization time corresponding to its setting has been reached.

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

Reset signal generation sets the OSTS register to 07H.
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Figure 6 - 6 Format of Oscillation stabilization time select register (OSTS)

Address: FFFA3H After reset: 07H R/W
Symbol 7 6 5 4 3 2 1 0
OSTS 0 0 0 0 0 OSTS2 OSTS1 OSTSO0
Oscillation stabilization time selection
OSTS2 OSTS1 OSTS0
fx =10 MHz fx =20 MHz
0 0 0 28/fx 25.6 pus 12.8 us
0 0 1 29/fx 512 ps 25.6 us
0 1 0 210/£x 102 ps 51.2 us
0 1 1 211/fx 204 ps 102 us
1 0 0 213/fx 819 us 409 pus
1 0 1 215/fx 3.27 ms 1.63 ms
1 1 0 217/fx 13.1 ms 6.55 ms
1 1 1 218/fx 26.2ms 13.1ms

Caution 1. Change the setting of the OSTS register before setting the MSTOP bit of the clock operation status

control register (CSC) to 0.

Caution 2. The oscillation stabilization time counter counts up to the oscillation stabilization time set by the

OSTS register.

In the following cases, set the oscillation stabilization time of the OSTS register to the value greater

than the count value which is to be checked by the OSTC register after the oscillation starts.

« 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.)

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

STOP mode release

X1 pin voltage l
waveform  -----

Remark  fx: X1 clock oscillation frequency
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6.3.6  Subsystem clock select register (CKSEL)

The CKSEL register is used to select low-speed on-chip oscillator clock as the subsystem clock.

The CKSEL register can be set by a 1-bit or 8-bit memory manipulation instruction.
Reset signal generation sets this register to 00H.

Figure 6 - 7 Format of Subsystem clock select register (CKSEL)

Address: FFFA7H After reset: 00H R/W
Symbol 7 6 5 4 3 2 1 <0>
CKSEL 0 0 0 0 0 0 0 SELLOSC
SELLOSC Selection of low-speed on-chip oscillator clock
0 Do not select low-speed on-chip oscillator clock
1 Select low-speed on-chip oscillator clock

Caution When changing SELLOSC, be sure to set CSS to 0 (fmaiN selected) and change the value of SELLOSC

while CLS is 0.
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6.3.7 Peripheral enable registers 0, 1, 2 (PERO, PER1, PER2)

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

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

» A/D converter

* D/A converter

* PGAO

« Serial array unit 0

« lICAO, 1

* Timer KBO

* Timer array unit 0

» Comparator

+DTC

* 12-bit interval timer

* Frequency measurement circuit
+ Data operation circuit (DOC)

The PERO, PER1, and PER?2 registers can be set by a 1-bit or 8-bit memory manipulation instruction.
Reset signal generation clears these registers to 00H.
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Figure 6 - 8 Format of Peripheral enable register 0 (PERO)

Address: FOOFOH After reset: 00H R/W
Symbol 7 <6> <5> <4> 3 <2> 1 <0>
PERO 0 IICA1EN ADCEN IICAOEN 0 SAUOEN 0 TAUOEN
IICA1EN Control of IICA1 input clock supply
0 Stops input clock supply.
« SFR used by IICA1 cannot be written. The read value is OH. However, the SFR is not initialized. Note 1
1 Enables input clock supply.
* SFR used by IICA1 can be read and written.
ADCEN Control of A/D converter input clock supply

Stops input clock supply.
0 * SFR used by the A/D converter cannot be written. The read value is OH. However, the SFR is not
initialized. Note 2

Enables input clock supply.
» SFR used by the A/D converter can be read and written.

IICAOEN Control of IICAQ input clock supply
0 Stops input clock supply.
 SFR used by IICAO cannot be written. The read value is OH. However, the SFR is not initialized. Note 3
1 Enables input clock supply.
* SFR used by IICAQ can be read and written.
SAUOEN Control of serial array unit 0 input clock supply

Stops input clock supply.
0 * SFR used by the serial array unit 0 cannot be written. The read value is OH. However, the SFR is not
initialized. Note 4

Enables input clock supply.
» SFR used by the serial array unit O can be read and written.

TAUOEN Control of timer array unit 0 input clock supply

Stops input clock supply.
0 * SFR used by the timer array unit 0 cannot be written. The read value is OH. However, the SFR is not
initialized. Note 5

Enables input clock supply.
» SFR used by timer array unit 0 can be read and written.

Note 1. To initialize IICA1EN and the SFR used by IICA1EN, use bit 6 (ICA1RES) of PRRO.

Note 2. To initialize the A/D converter and the SFR used by the A/D converter, use bit 5 (ADCRES) of PRRO.
Note 3. To initialize IICAOEN and the SFR used by IICAQOEN, use bit 4 (IICAORES) of PRRO.

Note 4. To initialize serial array unit 0 and the SFR used by serial array unit 0, use bit 2 (SAUORES) of PRRO.
Note 5. To initialize timer array unit 0 and the SFR used by timer array unit 0, use bit 0 (TAUORES) of PRRO.

Caution 1. Be sure to clear the following bits to 0.
Bits 1, 3,and 7

Caution 2. Do not change the target bit in the PERO register while operation of each peripheral function is
enabled. Change the setting specified by PERO while operation of each peripheral function assigned
to PERO is stopped (except for RTCWEN).
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Address: FOOFAH

Symbol <7>

Figure 6 - 9 Format of Peripheral enable register 1 (PER1)

After reset: 00H R/W
6 <5> 4 <3> <2> 1 0
PER1 DACEN 0 CMPEN 0 DTCEN PGAOEN 0 0

DACEN

Control of D/A converter input clock supply

Stops input clock supply.
» SFR used by the D/A converter cannot be written. The read value is OH. However, the SFR is not
initialized. Note 1

Enables input clock supply.
» SFR used by D/A converter can be read and written.

CMPEN

Control of comparator input clock supply

Stops input clock supply.
» SFR used by the comparator cannot be written. The read value is OH. However, the SFR is not
initialized. Note 2

Enables input clock supply.
» SFR used by comparator can be read and written.

DTCEN

Control of DTC input clock supply

Stops input clock supply.
* DTC cannot run.

Enables input clock supply.
* DTC can run.

PGAOEN

Control of comparator input clock supply

Stops input clock supply.

» SFR used by the PGA cannot be written. The read value is OH. However, the SFR is not initialized. Note
3

Enables input clock supply.
» SFR used by comparator can be read and written.

Note 1.

To initialize DACEN and the SFR used by DACEN, use bit 17 (DACRES) of PRRO.

Note 2. To initialize the comparator and the SFR used by the comparator, use bit 5 (CMPRES) of PRR1.

Note 3. To initialize PGAOEN and the SFR used by PGAOEN, use bit 12 (PGAORES) of PRRO.

Caution 1. Be sure to clear the following bits to 0.
Bits 0, 1, 4, and 6

Caution 2. Do not change the target bit in the PER1 register while operation of each peripheral function is
enabled. Change the setting specified by PER1 while operation of each peripheral function assigned
to PER1 is stopped.
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Figure 6 - 10 Format of Peripheral enable register 2 (PER2)

Address: FOOFCH After reset: 00H R/W
Symbol <7> 6 <5> 4 3 2 1 <0>
PER2| TMKAEN 0 DOCEN 0 0 0 0 TKBOEN
TMKAEN Control of 12-bit interval timer input clock supply

Stops input clock supply.
0 » SFR used by the 12-bit interval timer cannot be written. The read value is OH. However, the SFR is not
initialized. Note 1

Enables input clock supply.
» SFR used by the 12-bit interval timer can be read and written.

DOCEN Control of data operation circuit input clock supply

Stops input clock supply.
0 » SFR used by the data operation circuit cannot be written. The read value is OH. However, the SFR is
not initialized. Note 2

Enables input clock supply.
» SFR used by data operation circuit can be read and written.

TKBOEN Control of timer KBO input clock supply

Stops input clock supply.
0 » SFR used by the timer KBO cannot be written. The read value is OH. However, the SFR is not
initialized. Note 3

Enables input clock supply.
» SFR used by timer KBO can be read and written.

Note 1. To initialize the 12-bit interval timer and the SFR used by the 12-bit interval timer, use bit 27 (TMKARES) of
PRR2.

Note 2. To initialize the data operation circuit and the SFR used by the data operation circuit, use bit 25 (DOCRES) of
PRR2.

Note 3. To initialize TKBOEN and the SFR used by TKBOEN, use bit 20 (TKBORES) of PRRO.

Caution 1. Be sure to clear the following bits to 0.
Bits 1to 4,6

Caution 2. Do not change the target bit in the PER2 register while operation of each peripheral function is
enabled. Change the setting specified by PER2 while operation of each peripheral function assigned
to PER2 is stopped.
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6.3.8  Operation speed mode control register (OSMC)

This register is used to reduce power consumption by stopping unnecessary clock functions.

The OSMC register can be used to select the operation clock of 12-bit interval timer, 8-bit interval timer, and
clock output/buzzer output controller.

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

Reset input sets this register to undefined.

Figure 6 - 11 Format of Operation speed mode control register (OSMC)

Address: FOOF3H After reset: Undefined R/W Note 1
Symbol 7 6 5 <4> 3 2 1 0
OosMC 0 0 0 WUTMMCKO X X 0 0
i i _bit i imerNote 2 8_pit i i
WUTMMCKO Selection of operation clock for 12-bit interval timer , 8-bit interval timer, and clock output/buzzer
output controller
0 Do not select low-speed on-chip oscillator clock
1 Select low-speed on-chip oscillator clock

Note 1. Be sure to set bits 0to 3, 5to 7 to 0.
Note 2. Operation clock of 12-bit interval timer is selected by clock select register 3 (TPS3) and OSMC.WUTMMCKO
(see 8.3.4 Clock select register 3 (TPS3).
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6.3.9

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

The frequency of the high-speed on-chip oscillator which is set by an option byte (000C2H) can be changed by
using high-speed on-chip oscillator frequency select register (HOCODIV). However, the selectable frequency
depends on the FRQSEL4, FRQSELS bit of the option byte (000C2H).
The HOCODIV register can be set by an 8-bit memory manipulation instruction.
Reset signal generation clears this register to the value set by FRQSEL2 to FRQSELO of the option byte
(000C2H).

Figure 6 - 12 Format of High-speed on-chip oscillator frequency select register (HOCODIV)

Address: FOOA8H

Symbol

HOCODIV

After reset: the value set by FRQSEL2 to FRQSELO of the option byte (000C2H) R/W
7 6 5 4 3 2 1 0
0 0 0 0 0 HOCODIV2 | HOCODIV1 | HOCODIVO
Selection of high-speed on-chip oscillator clock frequency
HOCODIV2 | HOCODIV1 HOCODIVO FRQSEL4 =0 FRQSEL4 = 1
FRQSEL3 =0 FRQSEL3 =1 FRQSEL3 =0 FRQSEL3 =1
fin = 24 MHz Setting prohibited | fin = 24 MHz Setting prohibited
0 0 0
fHoco = 48 MHz
0 0 1 fin=12 MHz fiH =16 MHz fiH =12 MHz fiH =16 MHz
fHoco = 24 MHz fHoco = 32 MHz
0 1 0 fiH =6 MHz fiH = 8 MHz fiH =6 MHz fiH = 8 MHz
fHoco = 12 MHz fHoco = 16 MHz
0 1 1 fin =3 MHz fiH = 4 MHz fiH =3 MHz fiH = 4 MHz
fHoco = 6 MHz fHoco = 8 MHz
Setting prohibited | fiH =2 MHz Setting prohibited | fiH =2 MHz
1 0 0
fHoco = 4 MHz
Setting prohibited | fiH = 1 MHz Setting prohibited | fin = 1 MHz
1 0 1
fHoco = 2 MHz
Other than above Setting prohibited

Caution 1. Set the HOCODIV register within the operable voltage range of the flash operation mode set in the
option byte (000C2H) before and after the frequency change.

Option Byte (000C2H) Value , Operating Operating Voltage
Flash Operation Mode
CMODE(1 CMODEOQ Frequency Range Range

0 0 LV (low-voltage main) mode 1to 4 MHz 1.6t05.5V
1 0 LS (low-speed main) mode 1to0 8 MHz 1.8t05.5V
1 1 HS (high-speed main) mode 1to 16 MHz 24t055V

1to 24 MHz 27t055V

Setting prohibited Other than above

Caution 2. Set the HOCODIV register with the high-speed on-chip oscillator clock (fiH) selected as the
CPU/peripheral hardware clock (fcLk).
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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6.3.10 High-speed on-chip oscillator trimming register (HIOTRM)

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

With self-measurement of the high-speed on-chip oscillator frequency via a timer using high-accuracy external
clock input, 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 VpD pin voltage change after accuracy
adjustment. When the temperature and Vbp voltage change, accuracy adjustment must be

executed regularly or before the frequency accuracy is required.

Figure 6 - 13 Format of High-speed on-chip oscillator trimming register (HIOTRM)

Address: FOOAOH After reset: Note R/W
Symbol 7 6 5 4 3 2 1 0
HIOTRM 0 0 HIOTRM5 HIOTRM4 HIOTRM3 HIOTRM2 HIOTRMA1 HIOTRMO
High-speed on-chip
HIOTRM5 HIOTRM4 HIOTRM3 HIOTRM2 HIOTRMA1 HIOTRMO )
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 The value after reset is the value adjusted at shipment.

Remark 1. The HIOTRM register can be used to adjust the high-speed on-chip oscillator clock to an accuracy within
about 0.05%.

Remark 2. For the usage example of the HIOTRM register, see the application note for RL78 MCU Series High-speed
On-chip Oscillator (HOCO) Clock Frequency Correction (R01AN0464).
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6.3.11 Middle-speed on-chip oscillator frequency select register (MOCODIV)

The MOCODIV register is used to select the division ratio of the middle-speed on-chip oscillator.
The MOCODIV register can be set by an 8-bit memory manipulation instruction.
Reset signal generation clears this register to 00H.

Figure 6 - 14 Format of Middle-speed on-chip oscillator frequency select register (MOCODIV)

Address: FOOF2H After reset: 00H R/W
Symbol <7> 6 5 <4> <3> 2 1 0
MOCODIV 0 0 0 0 0 0 MOCODIV1 | MOCODIVO
MOCODIV1 | MOCODIVO Selection of middle-speed on-chip oscillator clock frequency
0 0 4 MHz
0 1 2 MHz
1 0 1 MHz
Other than above Setting prohibited
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6.4 System Clock Oscillator

6.4.1 X1 oscillator

The X1 oscillator oscillates with a crystal resonator or ceramic resonator (1 to 20 MHz) connected to the X1 and
X2 pins.

An external clock can also be input. In this case, input the clock signal to the EXCLK pin.

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

* Crystal or ceramic oscillation: EXCLK, OSCSEL =0, 1

* External clock input: EXCLK, OSCSEL =1, 1

When the X1 oscillator is not used, set the input port mode (EXCLK, OSCSEL = 0, 0).

When the pins are not used as input port pins, either, see Table 2 - 3 Connection of Unused Pins.

Figure 6 - 15 shows an example of the external circuit of the X1 oscillator.

Figure 6 - 15 Example of External Circuit of X1 Oscillator

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

H Vss
i+— }T X1
]
LT
L. T |
i__| | X2 External clock———— = EXCLK

Crystal resonator
or
ceramic resonator

Caution  When using the X1 oscillator, wire as follows in the area enclosed by the broken lines in the

Figures 6 - 15 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 6 - 16 shows examples of incorrect resonator connection.

Figure 6 - 16 Examples of Incorrect Resonator Connection (1/2)

(a) Too long wiring (b) Crossed signal line

PORT
V/ss X1 X2 Vss X1 X2
NG
0 . 0
i NG
it
7 ua

(c) The X1 and X2 signal line wires cross. (d) A power supply/GND pattern exists under the X1 and X2 wires.

W

Vss X1 X2

Vss X1 X2

I
~ L. T v
\

)]
((

Power supply/GND pattern

7
Do not place a power supply/GND pattern under the wiring section (section indicated by a broken line in the figure) of the

Note
X1 and X2 pins and the resonators in a multi-layer board or double-sided board.
Do not configure a layout that will cause capacitance elements and affect the oscillation characteristics.
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Figure 6 - 16 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)

VbD

Pmn
Vss X1

g [N
1|

,7 A TB TC
e 7-7-{ High current

(g) Signals are fetched

High current

Vs

Ih——
T

T
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6.4.2 High-speed on-chip oscillator

The high-speed on-chip oscillator is incorporated in the RL78/G11. The frequency can be selected from among
24, 16, 12, 8, 6, 4, 3, 2, or 1 MHz by using the option byte (000C2H). Oscillation can be controlled by bit 0
(HIOSTOP) of the clock operation status control register (CSC).

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

6.4.3 Middle-speed on-chip oscillator

The middle-speed on-chip oscillator is incorporated in the RL78/G11. Oscillation can be controlled by bit 1
(MIOEN) of the clock operation status control register (CSC).

6.4.4 Low-speed on-chip oscillator

The low-speed on-chip oscillator is incorporated in the RL78/G11.

<R> The low-speed on-chip oscillator runs while the watchdog timer is operating or when the setting of either or both
of the following bits is 1: bit 4 (WUTMMCKQO) in the subsystem clock supply mode control register (OSMC) or bit
0 (SELLOSC) in the subsystem clock select register (CKSEL).
The low-speed on-chip oscillator is stopped when the watchdog timer is stopped and both WUTMMCKO and
SELLOSC are set to 0.
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6.5 Clock Generator Operation

The clock generator generates the following clocks and controls the operation modes of the CPU, such as standby
mode (see Figure 6 - 1).

* Main system clock  fMAIN
* High-speed system clock  fmx
X1 clock fx
External main system clock fex
+ High-speed on-chip oscillator clock fiH
» Middle-speed on-chip oscillator clock fim

» Subsystem clock fsus
* Low-speed on-chip oscillator clock fiL

» CPU/peripheral hardware clock fcLk

The CPU starts operation when the high-speed on-chip oscillator starts outputting after a reset release in the
RL78/G11.
When the power supply voltage is turned on, the clock generator operation is shown in Figure 6 - 17.
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Figure 6 - 17 Clock Generator Operation When Power Supply Voltage Is Turned On

10 ps or
more

I

Lower limit of the operating
voltage range

Power supply voltage (Vbb)

]
VPOR :
1
oV H
)V <1>
Power-on-reset
RESET pin I

1
H 1
i Reset processing| Switched by software
i [ time Note3 | <3> ﬂ»
CPU clock | V4 High-speed on-chip X High-speed
0 N\ oscillator clock f system clock
1<2>

1

]

High-speed on-chip i
oscillator clock (fiH) H
re—————i :

High-speed system clock H
(fmx) <4>
(when X1 oscillation

selected) } h
! X1 clock oscillation '

b stabilization time N2

Starting X1 oscillation  <4>
is specified by software.

<1> When the power is turned on, an internal reset signal is generated by the power-on-reset (POR) circuit.
Note that the reset state is maintained after a reset by the voltage detection circuit or an external reset until the voltage reaches
the range of operating voltage described in 35.4 AC Characteristics (the above figure is an example when the external reset
is in use).

<2> When the reset is released, 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 a reset
processing have been performed after reset release.

<4> Set the start of oscillation of the X1 clock via software (see 6.6.2 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 set switching via software
(see 6.6.2 Example of setting X1 oscillation clock).

Note 1. The internal 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 the reset processing time, see CHAPTER 26 POWER-ON-RESET CIRCUIT.

Caution It is not necessary to wait for the oscillation stabilization time when an external clock input from the EXCLK pin
is used.
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6.6

6.6.1

Controlling Clock

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 from 48, 24, 16, 12, 8, 6,
4,3, 2, and 1 MHz by using FRQSELO to FRQSEL4 of the option byte (000C2H). In addition, Oscillation can be
changed by the high-speed on-chip oscillator frequency select register (HOCODIV).

[Option byte setting]

Address: 000C2H

Option
byte
(000C2H)

7 6 5 4 3 2 1 0
CMODE1 CMODEO FRQSEL3 FRQSEL2 FRQSEL1 FRQSELO
0/1 0/1 1 1 0/1 0/1 0/1 0/1

CMODE1 CMODEO Setting of flash operation mode
0 0 LV (low-voltage main) mode Vob=1.6Vt055V@ 1 MHz to 4 MHz
1 0 LS (low-speed main) mode Vob=1.8Vt055V@ 1 MHz to 8 MHz

1

1

HS (high-speed main) mode

Vob=24Vt055V@ 1 MHzto 16 MHz
Vob=27Vt0o 55V @ 1 MHz to 24 MHz

Other than above

Setting prohibited

Frequency of the high-speed on-chip
FRQSEL4 FRQSEL3 FRQSEL2 FRQSEL1 FRQSELO oscillator
froco fiH
1 0 0 0 0 48 MHz 24 MHz
0 0 0 0 0 24 MHz 24 MHz
0 1 0 0 1 16 MHz 16 MHz
0 0 0 0 1 12 MHz 12 MHz
0 1 0 1 0 8 MHz 8 MHz
0 0 0 1 0 6 MHz 6 MHz
0 1 0 1 1 4 MHz 4 MHz
0 0 0 1 1 3 MHz 3 MHz
0 1 1 0 0 2 MHz 2 MHz
0 1 1 0 1 1 MHz 1 MHz
Other than above Setting prohibited
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[High-speed on-chip oscillator frequency select register (HOCODIV) setting]

Address: FOOA8H

Symbol

HOCODIV

7 6 5 4 3 2 1 0
0 0 0 0 0 HOCODIV2 | HOCODIV1 | HOCODIVO
Selection of high-speed on-chip oscillator clock frequency
HOCODIV2 | HOCODIV1 HOCODIVO0 FRQSEL4 =0 FRQSEL4 = 1
FRQSEL3 =0 FRQSEL3 =1 FRQSEL3 =0 FRQSEL3 = 1
0 0 0 fin = 24 MHz Setting prohibited | fin = 24 MHz Setting prohibited
frHoco = 48 MHz
0 0 1 fin =12 MHz fin =16 MHz fin =12 MHz Setting prohibited
fHoco = 24 MHz
0 1 0 fih =6 MHz fin =8 MHz fiH =6 MHz Setting prohibited
fHoco = 12 MHz
0 1 1 fih =3 MHz fin =4 MHz fin =3 MHz Setting prohibited
fHoco = 6 MHz
1 0 0 Setting prohibited | fiH =2 MHz Setting prohibited | Setting prohibited
1 0 1 Setting prohibited | fiH = 1 MHz Setting prohibited | Setting prohibited

Other than above

Setting prohibited
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6.6.2

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 oscillation 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 oscillation
clock to fcLK 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 the fx is equal to or more than 10 MHz, in
such cases set (1) the AMPH bit, to operate the X1 oscillator.

7 6 5 4 3 2 1 0
cMC EXCLK OSCSEL EXCLKS OSCSELS AMPH
0 1 0 0 0 0 0 0/1

<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 102 us is set based on a 10 MHz resonator.

7 6 5 4 3 2 1 0
OSTS2 OSTSH1 OSTSO0
T
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
cSC MSTOP MIOEN HIOSTOP
0 1 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 102 us is set based on a 10 MHz

resonator.
7 6 5 4 3 2 1 0
0STC MOSTS8 MOST9 MOST10 MOST11 MOST13 MOST15 MOST17 MOST18
1 1 1 0 0 0 0 0

<5> Use the MCMO bit of the CKC register to specify the X1 oscillation clock as the CPU/peripheral hardware clock.

7 6 5 4 3 2 1 0
cLs Ccss MCS MCMO MCS1 MCM1
CKC
0 0 0 1 0 0 0 0
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6.6.3 CPU clock status transition diagram

Figure 6 - 18 shows the CPU clock status transition diagram of this product.

Figure 6 - 18 CPU Clock Status Transition Diagram

A Vop > Lower limit of the operating voltage range

) (release from the reset state triggered by the LVD circuit or an external reset)

CPU:
High-speed on-chip
oscillator HALT

(G)

CPU:

High-speed on-chip

CPU: oscillator STOP
Operating with <

high-speed on-chip

oscillator

------- CPU:
High-speed on-chip
oscillator SNOOZE
CPU:
Low-speed on-chip
()

oscillator HALT

. CPU:
(L) Oper(;:r?é with " Olperaling with "
_______ » X1/EXCLK input iddle-speed on-chip

oscillator

CPU:
X1/EXCLK input
HALT
CPU:
X1/EXCLK input
STOP

CPU:
Middle-speed on-chip
oscillator SNOOZE

)

\
CPU:
Middle-speed on-chip
oscillator STOP

«----+ : CPU operation mode state transitions

<+—» : CPU clock state transitions
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Table 6 - 3 show transition of the CPU clock and examples of setting the SFR registers.

Table 6 - 3 CPU Clock Transition and SFR Register Setting Examples (1/4)

(1) CPU operating with high-speed on-chip oscillator clock (B) after reset release (A)
Target state transition: (A) — (B)

Clock After Change SFR Register Setting

High-speed on-chip oscillator clock SFR registers do not have to be set (default status after reset release).

(2) Changing to high-speed on-chip oscillator clock operation (B)
Target state transition: (C) — (B), (D) — (B), (E) — (B)

(Setting sequence of SFR registers)

v

Setting Flag of SFR Register | CSC Register Waiting for CKC Register
Clock After Chang@ HIOSTOP Oscillation csSs MCMO MCMH
Stabilization
High-speed on-chip oscillator clock 0 65 us 0 0 0
N _
~"

Unnecessary if the CPU is
operating with the high-speed on-
chip oscillator clock

(3) Changing to middle-speed on-chip oscillator clock operation (C)
Target state transition: (B) —» (C), (D) — (C), (E) —» (C)

v

(Setting sequence of SFR registers)

Setting Flag of SFR Register | CSC Register Waiting for CKC Register
Clock After Change MIOEN Oscillation css MCMO MCMH1
Stabilization
Middle-speed on-chip oscillator clock 1 4 us 0 0 1
N /
~

Unnecessary if the CPU is
operating with the middle-speed
on-chip oscillator clock

Remark (A)to (N)in Table 6 - 3 correspond to (A) to (N) in Figure 6 - 18.
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Table 6 - 3 CPU Clock Transition and SFR Register Setting Examples (2/4)

(4) Changing the CPU to high-speed system clock operation (D)
Target state transition: (B) —» (D), (C) — (D), (E) —» (D)

(Setting sequence of SFR registers)

v

Setting Flag of SFR Register CMC Register Note 1 OSTS CSsC OSTC CKC
Register | Register | Register Register
Clock After Change EXCLK | OSCSEL | AMPH MSTOP CSS | MCMO
Changing to X1 clock: 1 MHz < fx < 10 MHz 0 1 0 Note 2 0 Must be 0 1
checked
Changing to X1 clock: 10 MHz < fx <20 0 1 1 Note 2 0 Must be 0 1
MHz checked
Changing to external main clock 1 1 x Note 2 0 Need not 0 1
be
checked
~ ~

Unnecessary if these

registers are already set

Unnecessary if the CPU is

operating with the high-speed

system clock

Note 1. The clock operation mode control register (CMC) can be changed only once after reset release. This setting is not
necessary if it has already been set.
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 35

ELECTRICAL SPECIFICATIONS (TA = -40 to +85°C)).

Remark (A)to (N)in Table 6 - 3 correspond to (A) to (N) in Figure 6 - 18.

Table 6 - 3 CPU Clock Transition and SFR Register Setting Examples (3/4)

(5) Changing to low-speed on-chip oscillator clock operation (E)

Target state transition: (B) — (E), (C) — (E), (D) —» (E)

(Setting sequence of SFR registers)

v

Remark 1. x: don’t care

if the CPU is operating with
the low-speed on-chip
oscillator clock

Remark 2. (A) to (N) in Table 6 - 3 correspond to (A) to (N) in Figure 6 - 18.

Setting Flag of SFR Register CKSEL Oscillation accuracy CKC Register
Clock After Change SELLOSC stabilization time css
Changing to low-speed on-chip oscillator 1 210 ps 1
T -
N
Unnecessary
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Table 6 - 3 CPU Clock Transition and SFR Register Setting Examples (4/4)

(6) Changing from CPU operation mode (B), (C), (D), and (E) to HALT mode (F), (I), (L) and (N)
Target state transition: (B) — (F), (C) — (1), (D) - (L), (E) = (N)

Mode After Change Setting
HALT mode Executing HALT instruction

(7) Changing from CPU operation mode (B), (C), and (D) to STOP mode (G), (J), and (M)
Target state transition: (B) — (G), (C) - (J), (D) —» (M)

(Setting sequence)
Mode After Change Setting

STOP mode Stopping peripheral Sets the OSTS register Executing STOP
functions that cannot instruction
operate in STOP mode

v

N _/
'

Settings are unnecessary if the CPU does not enter STOP mode
while it is operating with the high-speed system clock

(8) Changing from STOP mode (G) and (J), to SNOOZE mode (H) and (K)

For details about the setting for switching from the STOP mode to the SNOOZE mode, see 16.8 SNOOZE Mode
Function, 13.5.7 SNOOZE mode function, and 13.7.3 SNOOZE mode function.

Remark (A)to (N)in Table 6 - 3 correspond to (A) to (N) in Figure 6 - 18.
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6.6.4 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 6 - 4 Changing CPU Clock (1/2)

CPU Clock
Condition Before Change Processing After Change
Before Change After Change
High-speed on-chip | Middle-speed on-chip Oscillation of middle-speed on-chip oscillator | Operating current can be reduced
oscillator clock oscillator clock by stopping high-speed on-chip
X1 clock Stabilization of X1 oscillation oscillator (HIOSTOP = 1).

*+ OSCSEL =1, EXCLK =0, MSTOP =0
« After elapse of oscillation stabilization time

External main system Enabling input of external clock from the
clock EXCLK pin
*+ OSCSEL =1, EXCLK = 1, MSTOP =0

Low-speed on-chip Selection of low-speed on-chip oscillator

oscillator clock *« SELLOSC =1
Middle-speed High-speed on-chip Oscillation of high-speed on-chip oscillator Operating current can be reduced
on-chip oscillator oscillator clock * HIOSTOP =0 by stopping middle-speed on-chip
clock X1 clock Stabilization of X1 oscillation oscillator (MIOEN = 0).

* OSCSEL = 1, EXCLK =0, MSTOP =0
« After elapse of oscillation stabilization time

External main system Enabling input of external clock from the
clock EXCLK pin
*+ OSCSEL =1, EXCLK = 1, MSTOP =0

Low-speed on-chip Selection of low-speed on-chip oscillator
oscillator clock *« SELLOSC =1
X1 clock High-speed on-chip Enabling oscillation of high-speed on-chip X1 oscillation can be stopped
oscillator clock oscillator (MSTOP =1).
* HIOSTOP =0

« After elapse of oscillation stabilization time

Middle-speed on-chip Oscillation of middle-speed on-chip oscillator

oscillator clock * MIOEN =1
External main system Transition not possible —
clock
Low-speed on-chip Selection of low-speed on-chip oscillator X1 oscillation can be stopped
oscillator clock *« SELLOSC =1 (MSTOP = 1).
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Table 6 - 4 Changing CPU Clock (2/2)

CPU Clock

Before Change After Change

Condition Before Change

Processing After Change

External main
system clock

High-speed on-chip
oscillator clock

Enabling oscillation of high-speed on-chip
oscillator
* HIOSTOP =0

« After elapse of oscillation stabilization time

External main system clock input
can be disabled (MSTOP = 1).

Middle-speed on-chip
oscillator clock

Oscillation of middle-speed on-chip oscillator

* MIOEN =1

X1 clock

Transition not possible

Low-speed on-chip
oscillator clock

Selection of low-speed on-chip oscillator
* SELLOSC =1

External main system clock input
can be disabled (MSTOP = 1).

Low-speed on-chip
oscillator clock

High-speed on-chip
oscillator clock

Oscillation of high-speed on-chip oscillatol
and selection of high-speed on-chip
oscillator clock as main system clock

* HIOSTOP =0, MCS =0, MCS1 =0

r External subsystem clock input can
be disabled (XTSTOP = 1).

Middle-speed on-chip
oscillator clock

Oscillation of middle-speed on-chip oscillator

and selection of middle-speed on-chip
oscillator clock
* MIOEN =1, MCS =0, MCS1 =1

X1 clock

Stabilization of X1 oscillation and selection
high-speed system clock as main system
clock

* OSCSEL =1, EXCLK =0, MSTOP =0

« After elapse of oscillation stabilization time

* MCS =1

of

External main system
clock

Enabling input of external clock from the
EXCLK pin and selection of high-speed

system clock as main system clock

* OSCSEL =1, EXCLK =1, MSTOP =0
*MCS =1

Low-speed on-chip
oscillator clock

Transition not possible
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6.6.5

Time required for switchover of CPU clock and main system clock

By setting bits 0, 4, 6 (MCMO0, MCM1,CSS) of the system clock control register (CKC), the CPU clock can be
switched (between the main system clock and the subsystem clock), main system clock can be switched
(between the on-chip oscillator clock and the high-speed system clock), and on-chip oscillator clock can be
switched (between the high-speed on-chip oscillator clock and the middle-speed on-chip oscillator clock).

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 Tables 6 - 5 to 6 - 8).
Whether the CPU is operating on the main system clock or the subsystem clock can be ascertained using bit 7
(CLS) of the CKC register. Whether the main system clock is operating on the high-speed system clock or main
on-chip oscillator clock can be ascertained using bit 5 (MCS) of the CKC register. Whether the main on-chip
oscillator clock is operating on the high-speed on-chip oscillator clock or middle-speed on-chip oscillator clock
can be ascertained using bit 1 (MCS1) of the CKC register.

When the CPU clock is switched, the peripheral hardware clock is also switched.

Table 6 - 5 Maximum Time Required for Main System Clock Switchover

Clock A Switching directions Clock B Remark
foco 4> fmx See Table 6 - 6
fiH <4+—r fmx See Table 6 -7
fmAIN 4> fsus See Table 6 - 8
Table 6 - 6 Maximum Number of Clocks Required for foco < fim
Set Value Before Switchover Set Value After Switchover
MCM1 MCM1
0 1
(fmaiN = foco) (fmAIN = fmx)
0 fmx > foco 2 clocks
(fwain = foco) fmx < foco 2 focolfux clocks
1 fmx > foco 2 fmx/foco clocks
(fMAIN = fux) fmx < foco 2 clocks

Table 6 - 7 Maximum Number of Clocks Required for fiH <> fim

Set Value Before Switchover

Set Value After Switchover

MCM1 MCM1
0 1
(fMAIN = fiH) (fMAIN = fim)

0 fim > fiH 2 clocks
(fmAIN = fiH) fim < fiH 1 + fin/fim clock

1 fim > fiH 2 fim/fiH clocks
(fmAIN = fiH) fim < fiH 2 clocks
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Table 6 - 8 Maximum Number of Clocks Required for fmaIN <> fsus

Set Value Before Switchover Set Value After Switchover
CSSs CSSs
0 1
(fcLk = fmAIN) (fcLk = fsuB)
0

1 + 2 fmMAIN/fsuB clock
(feLk = fMAIN)

1
(fcLk = fsuB)

3 clock

Remark 1. The number of clocks listed in Tables 6 - 6 to 6 - 8 is the number of CPU clocks before switchover.
Remark 2. Calculate the number of clocks in Tables 6 - 6 to 6 - 8 by rounding up the number after the decimal position.
Example  When switching the main system clock from the high-speed on-chip oscillator clock (8 MHz) to the high-
speed system clock (@ oscillation with fiH = 8 MHz, fmx =10 MHZz)
1+ fin/fx=1+8/10=1+0.8 =1.8 - 2 clocks
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6.6.6 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.

When stopping the clock, confirm the conditions before clock oscillation is stopped.

Table 6 - 9 Conditions Before the Clock Oscillation Is Stopped and Flag Settings

Clock

Conditions Before Clock Oscillation Is Stopped
(External Clock Input Disabled)

Flag Settings of SFR Register

High-speed on-chip oscillator clock

MCS1=1,MCS=10rCLS =1
(The CPU is operating on a clock other than the high-
speed on-chip oscillator clock.)

HIOSTOP = 1

Middle-speed on-chip oscillator clock

MCS1=0,MCS=10orCLS=1
(The CPU is operating on a clock other than the middle-
speed on-chip oscillator clock.)

MIOCEN =0

X1 clock

External main system clock

MCS =0o0r CLS =1
(The CPU is operating on a clock other than the high-
speed system clock.)

MSTOP = 1

Low-speed on-chip oscillator clock

CLs=0
(The CPU is operating on a clock other than the Low-

speed on-chip oscillator clock.)

SELLOSC =0
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6.7 Resonator and Oscillator Constants

For the resonators for which operation has been verified and their oscillator constants, see the target product page
on the Renesas Web site.

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 6 - 19 Example of X1 oscillation External Circuit

|Vss X1 X2 |
Rd
0

C1E C2]-

7T
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CHAPTER 7 TIMER ARRAY UNIT

The number of timer array unit channels is shown below.

Channel 20, 24, 25 pin

Channel 0

Channel 1

Channel 2

\/
\/
\/
\/

Channel 3

The timer array unit has four 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

4 )

channel 0 16-bit timers

|
channel 1 /

channel 2

channel 3

- J

For details about each function, see the table below.

Independent channel operation function Simultaneous channel operation function

* Interval timer (— refer to 7.8.1) * One-shot pulse output (— refer to 7.9.1)
« Square wave output (— refer to 7.8.1) « Two-channel input with one-shot pulse output function
» External event counter (— refer to 7.8.2) (— refer to 7.9.2)
* Divider Note (_ refer to 7.8.3) « PWM output (— refer to 7.9.3)
* Input pulse interval measurement (— refer to 7.8.4) * Multiple PWM output (— refer to 7.9.4)
* Measurement of high-/low-level width of input signal

(— refer to 7.8.5)
* Delay counter (— refer to 7.8.6)

Note Only channel 0 of unit 0.
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It is possible to use the 16-bit 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:

* Interval timer (upper or lower 8-bit timer)/square wave output (lower 8-bit timer only)
« External event counter (lower 8-bit timer only)
* Delay counter (lower 8-bit timer only)
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71 Functions of Timer Array Unit

Timer array unit has the following functions.

711 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.

Compare operation Interrupt signal

Channel n (INTTMmn) —”—ﬂ—

Operation clock

(2) Square wave output
A toggle operation is performed each time INTTMmn interrupt is generated and a square wave with a duty
factor of 50% is output from a timer output pin (TOmn).

Operation clock Compare operation Timer output _|_|_,_|_
Channel n (TOmn)

(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.

Timer input | Compare operation | Interrupt signal

Channel n (INTTMmn) —”—”—

_! Y (Timn)
Edge detection

(4) Divider function (channel 0 only)
A clock input from a timer input pin (TI00) is divided and output from an output pin (TOmO).

Timer input |Compare operation| © Timer output

O—
JUUUL ooy Chanel 0 qoooy _ [ | L

(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.

_f ¢ % Timerinput Capture operation
Edge detection (Timn) Channel n m -

Start Capture
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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.

_ 1 y__ Timerinput . Capture operation _?_'?_

Edge detection  (TImn) Channel n P

Start Capture

(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 — Timer input | Compare operation | Interrupt signal

! x_ (Timn) Channel n (INTTMmn)

Edge detection |
Start

Remark 1. m: Unit number (m = 0), n: Channel number (n = 0 to 3)
Remark 2. The presence or absence of timer I/O pins of channel 0 to 3 depends on the product. See Table 7 - 2 Timer Count
Register mn (TCRmn) Read Value in Various Operation Modes for details.

7.1.2 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.
Edge detection (Timn) Channel n (master) /—‘ Interrupt signal (INTTMmn)
~ ?;FF:]U‘ Pulse width
imi
s G
(TOmp) o g
Channel p (slave) ) i Sut Reset
E(Master) (Slave)
Start
(Master)
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(2) Two-channel input with one-shot pulse output function (16-pin products only)
.Two channels are used as a set to generate any one-shot pulse by setting or resetting the timer output pin
(TOO03) at a valid edge of the timer input pin (TI0On, TI03) input.

Compare operation
Timer input ( m Interrupt request signal

(Timn) Channel n (master) (INTTMmn)
Output
timin

4 |Compare operationl ) g_m
Timer input © Timer output : | :
(TImp) \__Channel p (slave) (TOmp) ' Set Reset
{(INTTMmn)(TImp edge detection)
Start

(TImn edge detection)

Caution For details about the rules of simultaneous channel operation function, see 7.4.1 Basic rules of simultaneous
channel operation function.

Remark  m: Unit number (m = 0), n: Channel number (n =0, 2),
p: Slave channel number (p = 3)

(3) 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.

|Compare operation|

Operation clock
Channel n (master)
/

—‘ Interrupt signal (INTTMmn)

|Compare operation|

1) | puily
©T|mer output

(TOmp) | |
J {Duty
1
]

Period

Channel p (slave)

(4) Multiple PWM (Pulse Width Modulation) output
By extending the PWM function and using one master channel and two or more slave channels, up to three
types of PWM signals that have a specific period and a specified duty factor can be generated.

M Interrupt signal (INTTMmn)
Operation clock

Channel n (master)

Channel p (slave) (TOmp) ! i

Compare operation| Timer output_l_‘_l—l

)

|

Channel g (slave) (TOma) '

Compare operation| Timer output_l—l__l—l

|

]
1
Duty H
U
1

Period

Caution For details about the rules of simultaneous channel operation function, see 7.4.1 Basic rules of simultaneous
channel operation function.

Remark  m: Unit number (m = 0), n: Channel number (n = 0 to 3),
p, g: Slave channel number (n<p <q<3)

RO1UH0637EJ0110 Rev. 1.10 RENESAS Page 167 of 1113
Dec 28, 2016



RL78/G11 CHAPTER 7 TIMER ARRAY UNIT

7.1.3  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 7.4.2 Basic rules of 8-bit timer operation function (channels 1 and 3 only).
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7.2 Configuration of Timer Array Unit

Timer array unit includes the following hardware.

Table 7 - 1 Configuration of Timer Array Unit

Item Configuration
Timer/counter Timer count register mn (TCRmn)
Register Timer data register mn (TDRmn)
Timer input TI00 to TIO3 Note 1

Timer output

TOO00 to TOO03 Note 1 output controller

Control registers

<Registers of unit setting block>

* Peripheral enable register 0 (PERO)

» Peripheral reset control register 0 (PRRO)
» 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 input select register 0 (TISO)

» 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)

* Noise filter enable register 1 (NFEN1)

* Port mode control register (PMCxx) Note 2
+ Port mode register (PMxx) Note 2

* Port register (Pxx) Note 2

Note 1. The presence or absence of timer I/O pins of channel 0 to 3 depends on the product. See Table 7 - 2 Timer Count

Register mn (TCRmn) Read Value in Various Operation Modes for details.

Note 2. 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 Register Settings When Using Alternate Function.

Remark  m: Unit number (m = 0), n: Channel number (n = 0 to 3)

The timer array unit has four input and output pins (TI00 to TI03 and TOQ0 to TO03).
When timer input and timer output are shared by the same pin, either only timer input or only timer output can be

used.

Tables 7 - 1 and 7 - 2 show the block diagrams of the timer array unit.
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RL78/G11
Figure 7 - 1 Entire Configuration of Timer Array Unit 0
Timer clock select register 0 (TPS0)
PRS031[PRS030[PRS021|PRS020|PRS013|PRS012{PRS011[PRS010|PRS003[PRS002|PRS001|PRS000)
Timer input select
register 0 (TISO) [ | [ | [ 1 1 | [ )| | |
TIS04 [ TIS02| TIS01 | TIS00 2 2 4 4
L |
fcLk > Prescaler
foLk/2®, foki2%,  fouki2", foiki2?, , T
foLk/2™2, foLk/2' foL/2®, foLk/2° fcLk/2” - feLk/2
N
Peripheral Selector " Selector
enable | TAUOEN
(PERO) Selector -~
CKO03 CK02 CKO01 CKO00
Y
Event input . / \—>©TOOO
from ELC il s [ >
] — ™ INTTMOO
TI00 © > g \ Channel 0 / (Timer interrupt)
i ¢ l / \—>©T001
[ 2 > — INTTMO1
L= _|¢ > > INTTMO1H
5 Channel 1 /
fim ———— ‘g
©
TIO1 @—» 0 ® > / \
. »> —»©T002
Event input TI02 ©— > INTTMO2
from ELC \ Channel 2 /
=/ \
»> —»©@TO003
TI03 © > Channel 3 INTTMO3
VCOUT1 @ > I
VCOUTO @ > INTTMO3H
RxD0 © > \ /
Remark fiL: Low-speed on-chip oscillator clock frequency
fim: Middle-speed on-chip oscillator clock frequency
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Figure 7 - 2 Internal Block Diagram of Channel 0 of Timer Array Unit 0

Timer input select
register 0 (TIS0)

f . A
Cckoo| g - % e Output controll
—1 > S (e controller » utput controller
235 23
CKo1| g2 S Mode
L »| G S 33 selection
q y Ll a (&)
8 ;:I
L Interrupt controller — INTTMOO (Timer interrupt)
A
Y
Event input 5 Y =S *
from ELC 5 Noise Edge &5 | Timer counter register 00 (TCR00) | .
2 filter detection 20 Timer status
TIoo 2 : [ > M register 00 (TSR00)
[} l Timer data register 00 (TDROO) |—>|OVF00|
Overflow!
|
l l [
T ] [ i ] [ ] [ T 1 ]
TNFENOO |CKSOO1 |CKSOOO|CCSOO| 0 |STSOO4STSOO1|STSOO(1CISOO1 |CISOOO| MD003| MD002| MDO01 | MD000|
Noise filter Qhannel 0 Timer mode register 00 (TMR00)
enable register 1
(NFENT1)
v

Interrupt signal to slave channel

Figure 7 - 3 Internal Block Diagram of Channel 1 of Timer Array Unit 0

Timer input select
register 0 (TIS0)

ﬂ

Interrupt signal from master channel

\

&OO

=t (5 f Timer F———

= CKg £ < MoK > § < controller Output controller
25 T >

— org2 't‘%é E% Mode
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=4 © |

— : 4: Interrupt controller H—»INTTMM (Timer interrupt)
A

Timer counter register 01 (TCR01) |

{T_{L ‘ Timer status register
> 01 (TSRO1

> ( )

| Timer data register 01 (TDRO1) m\ﬂ OVFO1 |

E—
8-bit timer
controller

7
selection
TNFENO1 ] ‘

Noise filter

[
N

A

Noise Edge
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A

Trigger
selection

fim
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Event input
from ELC

Selector

» INTTMO1TH (Timer interrupt)

Interrupt controller

ena?ﬁ;gﬁlif;ef 1 |CKSO1 1 |CKSO1O|CCSO1|S%|€|T|STSO12}STSO11}STSO140ISO11|CISO1O| MDO13|MDO12|MDO11|MDO10|
\Channel 1 Timer mode register 01 (TMR01) /
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Figure 7 - 4 Internal Block Diagram of Channel 2 of Timer Array Unit 0

Interrupt signal from master channel

/ % fucx » S Timer \
- CKO£ 2 < K % controller Output controller .
= oS k=K
CKO1| £ 8 33 Mode Out
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—It > §$ © selection
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controller Overflowt
TNFENO2 ] |
[ ] [ ] [ T T ]
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\
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Figure 7 - 5 Internal Block Diagram of Channel 3 of Timer Array Unit 0
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7.21 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 7.3.4 Timer mode register mn (TMRmn)).

Figure 7 - 6 Format of Timer count register mn (TCRmn)

Address: FO180H, FO181H (TCR00) to FO186H, FO187H (TCR03) After reset: FFFFH R
FO181H (TCROO) FO180H (TCROO)
N A
IS Yl I

15 14 13 12 1" 10 9 8 7 6 5 4 3 2 1 0

oref [ | [ [ [ [ [ [ [P [ [ | ]

Remark  m: Unit number (m = 0), n: Channel number (n = 0 to 3)
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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 TAUORES bit of peripheral reset control register 0 (PRRO) 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.

* When the start trigger is input in the capture mode

» 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.

The TCRmn register read value differs as follows according to operation mode changes and the operating status.

Table 7 - 2 Timer Count Register mn (TCRmn) Read Value in Various Operation Modes

Timer count register mn (TCRmn) Read Value Note
. Value if the Value if the
Value if the o . i d val h it
Operation Mode Count Mode operation mode was peration was operation mode was | Value when waiting
chanaed after restarted after count | changed after count for a start trigger
9 operation paused operation paused after one count
releasing reset
(TTmn=1) (TTmn =1)
Interval timer mode | Count down FFFFH Value if stop Undefined —
Capture mode Count up 0000H Value if stop Undefined —
Event counter Count down FFFFH Value if stop Undefined —
mode
One-count mode Count down FFFFH Value if stop Undefined FFFFH
Capture & one- Count up 0000H Value if stop Undefined Capture value of
count mode TDRmn register + 1
Note 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 3)
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7.2.2  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 SPLIT 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 7 - 7 Format of Timer data register mn (TDRmn) (n = 0, 2)

Address: FFF18H, FFF19H (TDR00), FFF64H, FFF65H (TDR02) After reset: 0000H RIW
FFF19H (TDROO) FFF18H (TDROO)
N N~
I N I

15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0

oreof | [ [ [ [ [ [ [ [ [ P [ [ [ |
Figure 7 - 8 Format of Timer data register mn (TDRmn) (n =1, 3)
Address: FFF1AH, FFF1BH (TDRO01), FFF66H, FFF67H (TDRO3) After reset: 0000H R/wW
FFF1BH (TDRO1H) FFF1AH (TDRO1L)
s - N - I
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
oren| | | [ [ [ [ [ [ [ [ [ [ [ [ [ |

(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.

(ii) 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 (n = 0 to 3)
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7.3 Registers Controlling Timer Array Unit

Timer array unit is controlled by the following registers.

* Peripheral enable register 0 (PERO)

* Peripheral reset control register 0 (PRRO)
* 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 input select register 0 (TIS0)

« Timer output enable register m (TOEm)

* Timer output register m (TOm)

* Timer output level register m (TOLm)

* Timer output mode register m (TOMm)

* Noise filter enable register 1 (NFEN1)

* 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 = 0 to 3)

RO1UH0637EJ0110 Rev. 1.10 RENESAS Page 176 of 1113
Dec 28, 2016



RL78/G11 CHAPTER 7 TIMER ARRAY UNIT

7.31 Peripheral enable register 0 (PERO)

This registers 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 0 is used, be sure to set bit 0 (TAUOEN) of this register to 1.

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

Reset signal generation clears this register to O0OH.

Figure 7 - 9 Format of Peripheral enable register 0 (PERO)

Address: FOOFOH After reset: 00H R/W
Symbol 7 <6> <5> <4> 3 <2> 1 <0>
PERO 0 IICA1EN ADCEN IICAQEN 0 SAUOEN 0 TAUOEN
TAUOEN Control of timer array 0 unit input clock
0 Stops supply of input clock.

» SFR used by the timer array unit 0 cannot be written.

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
set to 1. If TAUmEN = 0, writing to the control registers of the timer array unit is ignored (except for
timer input select register 0 (TIS0), noise filter enable register 1 (NFEN1), port mode control register 3
(PMC3), port mode registers 3 to5 (PM3 to PM5) and port registers 3 to 5 and 12 (P3 to P5 and P12)).
 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 and 7
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7.3.2 Peripheral reset control register 0 (PRRO)

This register is used for individual reset control of each peripheral hardware.

This MCU controls reset and reset release of each peripheral hardware supported by the PRRO register.
To reset timer array unit 0, be sure to set bit 0 (TAUORES) to 1.

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

Reset signal generation clears this register to O0OH.

Figure 7 - 10 Format of Peripheral reset control register 0 (PRR0)

Address: FOOF1H After reset: 00H R/W
Symbol 7 <6> <5> <4> 3 <2> 1 <0>
PRRO 0 IICATRES ADCRES IICAORES 0 SAUORES 0 TAUORES
TAUORES Reset control of timer array unit 0
0 Timer array unit reset release
1 Timer array unit reset state
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7.3.3  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 CKm1 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
CKma3 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 PRSmO0 to PRSmO3 bits can be rewritten (n = 0 to 3):
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 3):
All channels for which CKm2 is selected as the operation clock (CKSmn1, CKSmnO0 = 0, 1) are stopped (TEmn
=0).

If the PRSm20 and PRSm21 bits can be rewritten (n = 1, 3):
All channels for which CKm1 is selected as the operation clock (CKSmn1, CKSmnO0 = 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.

RO1UH0637EJ0110 Rev. 1.10 RENESAS Page 179 of 1113
Dec 28, 2016



RL78/G11

CHAPTER 7 TIMER ARRAY UNIT

Symbol

TPSm

Figure 7 - 11 Format of Timer clock select register m (TPSm) (1/2)

Address: FO1B6H, FO1B7H (TPSO0) After reset: 0000H R/W
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
0 0 PRSm|{PRSm 0 0 PRSm|PRSmM|PRSmM|PRSmM|PRSmM|PRSm|PRSM|PRSmM|PRSmM|PRSmM
31 30 21 20 13 12 11 10 03 02 01 00
Selection of operation clock (CKmk) Note (k = 0, 1)
PRS | PRS | PRS | PRS
mk3 | mk2 | mk1 | mko foLk = fclk = fck = fck = foLk =
2 MHz 5 MHz 10 MHz 20 MHz 24 MHz
0 0 0 0 foLk 2 MHz 5 MHz 10 MHz 20 MHz 24 MHz
0 0 0 1 fcuk/2 1 MHz 2.5 MHz 5 MHz 10 MHz 12 MHz
0 0 1 0 fcLk/22 500 kHz 1.25 MHz 2.5 MHz 5 MHz 6 MHz
0 0 1 1 fcLk/23 250 kHz 625 kHz 1.25 MHz 2.5 MHz 3 MHz
0 1 0 0 foLk/24 125 kHz 313 kHz 625 kHz 1.25 MHz 1.5 MHz
0 1 0 1 foLk/25 62.5 kHz 156 kHz 313 kHz 625 kHz 750 kHz
0 1 1 0 fcLk/26 31.3 kHz 78.1 kHz 156 kHz 313 kHz 375 kHz
0 1 1 1 foLk/27 15.6 kHz 39.1 kHz 78.1 kHz 156 kHz 187.5 kHz
1 0 0 0 fcLk/28 7.81 kHz 19.5 kHz 39.1 kHz 78.1 kHz 93.8 kHz
1 0 0 1 fcLk/29 3.91 kHz 9.77 kHz 19.5 kHz 39.1 kHz 46.9 kHz
1 0 1 0 fcLk/210 1.95 kHz 4.88 kHz 9.77 kHz 19.5 kHz 23.4 kHz
1 0 1 1 foLk/211 977 Hz 2.44 kHz 4.88 kHz 9.77 kHz 11.7 kHz
1 1 0 0 fcLk/212 488 Hz 1.22 kHz 2.44 kHz 4.88 kHz 5.86 kHz
1 1 0 1 foLk/213 244 Hz 610 Hz 1.22 kHz 2.44 kHz 2.93 kHz
1 1 1 0 focLk/214 122 Hz 305 Hz 610 Hz 1.22 kHz 1.46 kHz
1 1 1 1 fcLk/215 61.0 Hz 153 Hz 305 Hz 610 Hz 732 Hz
Note When changing the clock selected for fcLk (by changing the system clock control register (CKC) value), stop
timer array unit (TTm = 000FH).
The timer array unit must also be stopped if the operating clock (fmck) or the valid edge of the signal input
from the TImn pin is selected.
Caution 1. Be sure to clear bits 15, 14, 11, 10 to “0”.
Caution 2. If fcLk (undivided) is selected as the operation clock (CKmk) and TDRnm is set to 0000H (n=0, m =0
to 3), interrupt requests output from timer array units cannot be used.
Remark 1. fcLk: CPU/peripheral hardware clock frequency
Remark 2. Waveform of the clock to be selected in the TPSm register which becomes high level for one period of fcLk

from its rising edge (m = 1 to 15). For details, see 7.5.1 Count clock (fTCLK) .
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Figure 7 - 11 Format of Timer clock select register m (TPSm) (2/2)

Address: FO1B6H, FO1B7H (TPSO0) After reset: 0000H R/W
Symbol 15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
Psm| o 0 PRSm|PRSm 0 0 PRSmM|PRSmM|PRSm|PRSmM|PRSm|PRSmM|PRSmM|PRSmM|PRSm|PRSm
31 30 21 20 13 12 11 10 03 02 01 00
Selection of operation clock (CKm2) Note
PRS | PRS
m21 | m20 foLk = foLk = fck = foLk = foLk =
2 MHz 5 MHz 10 MHz 20 MHz 24 MHz
0 0 foLk/2 1 MHz 2.5 MHz 5 MHz 10 MHz 12 MHz
0 1 fcLk/22 500 kHz 1.25 MHz 2.5 MHz 5 MHz 6 MHz
1 0 foLk/24 125 kHz 313 kHz 625 kHz 1.25 MHz 1.5 MHz
1 1 fcLk/26 31.3 kHz 78.1 kHz 156.2 kHz 313 kHz 375 kHz
Selection of operation clock (CKm3) Note
PRS | PRS
m31 | m30 foLk = foLk = fck = foLk = foLk =
2 MHz 5 MHz 10 MHz 20 MHz 24 MHz
0 0 fcLk/28 7.81 kHz 19.5 kHz 39.1 kHz 78.1 kHz 93.8 kHz
0 1 fcLk/210 1.95 kHz 4.88 kHz 9.77 kHz 19.5 kHz 23.4 kHz
1 0 fcLk/212 488 Hz 1.22 kHz 2.44 kHz 4.88 kHz 5.86 kHz
1 1 foLk/214 122 Hz 305 Hz 610 Hz 1.22 kHz 1.46 kHz
Note When changing the clock selected for fcLk (by changing the system clock control register (CKC) value), stop
timer array unit (TTm = 000FH).
The timer array unit must also be stopped if the operating clock (fuck) or the valid edge of the signal input
from the TImn pin is selected.
Caution Be sure to clear bits 15, 14, 11, 10 to “0”.

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 7 - 3 can be achieved by using the interval timer function.

Table 7 - 3 Interval Times Available for Operation Clock CKSm2 or CKSm3

Clock

Interval time Note (fcLk = 20 MHz)

16 us

160 s

1.6 ms

16 ms

CKm2

fcLk/2

foLk/22

foLk/24

fcLk/26

< | 2| 2| <

CKm3

foLk/28

fcLk/210

\/
\/
\/
\/

foLk/212

foLk/214

2 | 2| 2| <

Note

The margin is within 5%.

Remark 1. fcLk: CPU/peripheral hardware clock frequency

Remark 2. For details of a signal of fcLk/2" selected with the TPSm register, see 7.5.1 Count clock (fTCLK) .
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7.3.4 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 7.8 Independent Channel Operation Function of Timer Array Unit and 7.9
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: MASTERmN bit (n = 2)
TMRm1, TMRm3: SPLITmn bit (n =1, 3)
TMRmO: Fixed to 0
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Figure 7 - 12 Format of Timer mode register mn (TMRmn) (1/4)

Address: FO190H, FO191H (TMRO00) to FO196H, FO197H (TMRO03) After reset: 0000H R/W

Symbol 15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0

TMRmn |CKSm|CKSm 0 CCSm| MAST |STSm|STSm|STSm |CISmn|CISmn 0 0 MDmn{MDmn{MDmn{MDmn
(n=2) nm n0 n ERmn | n2 n1 n0 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|STSm|STSm|STSm |CISmn|CISmn 0 0 MDmn{MDmn{MDmn{MDmn

(n=1,3) n1 n0 n mn n2 n1 n0 1 0 3 2 1 0

Symbol 15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0

TMRmn [CKSm|CKSm 0 CCSm| 0 [STSm|STSm|STSm |CISmn|CISmn 0 0 MDmn|MDmn|MDmn{MDmn
(n=0)| n1 n0 n Note n2 n1 n0 1 0 3 2 1 0
CKS | CKS
Selection of operation clock (fMck) of channel n
mn1 | mnO
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 (fMck) is used by the edge detector. A count clock (frcLk) 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 (frcLk) of channel n

0 Operation clock (fmck) specified by the CKSmn0 and CKSmn1 bits

Valid edge of input signal input from the TImn pin
In channels 0 and 1, valid edge of input signal selected by TISO

Count clock (frcLk) is used for the timer/counter, output controller, and interrupt controller.

Note Bit 11 is fixed at 0 of read only, write is ignored.

Caution 1. Be sure to clear bits 13, 5, and 4 to “0”.

Caution 2. The timer array unit must be stopped (TTm = 00FFH) if the clock selected for fcLk is changed (by
changing the value of the system clock control register (CKC)), even if the operating clock specified
by using the CKSmn0 and CKSmn1 bits (fmck) or the valid edge of the signal input from the Timn pin
is selected as the count clock (frcLk).

Remark  m: Unit number (m = 0), n: Channel number (n = 0 to 3)
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Figure 7 - 12 Format of Timer mode register mn (TMRmn) (2/4)

Address: FO190H, FO191H (TMRO0O) to FO196H, FO197H (TMRO03) 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 |STSm|STSm|STSm |CISmn|CISmn 0 0 MDmn{MDmn{MDmn{MDmn
(n=2) n n0 n ERmn | n2 n1 n0 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|STSm|STSm|STSm |CISmn|CISmn 0 0 MDmn{MDmn{MDmn{MDmn
(n=1,3) n1 n0 n mn n2 n1 n0 1 0 3 2 1 0

Symbol 15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0

TMRmn |CKSm|CKSm CCSm| 0 [STSm|STSm|STSm|CISmn|CISmn MDmn{MDmn{MDmn{MDmn
(n=0)] n1 n0 n Note n2 n1 n0 1 0 3 2 1 0

(Bit 11 of TMRmn (n = 2))

Selection between using channel n independently or
simultaneously with another channel (as a slave or master)

MASTERmnN

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 can be set as a master channel (MASTERmN = 1).

Be sure to use channel 0 is fixed to 0 (regardless of the bit setting, channel 0 operates as master, because it is the
highest channel).

Clear the MASTERmN bit to 0 for a channel that is used with the independent channel operation function.

(Bit 11 of TMRmn (n = 1, 3))

SPLITmn Selection of 8 or 16-bit timer operation for channels 1 and 3

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.

STS | STS | STS

Setting of start trigger or capture trigger of channel n
mn2 | mn1 | mn0

0 0 | Only software trigger start is valid (other trigger sources are unselected).

0
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 | INTTMmn of the master channel is used as a start trigger, and the valid edge of the TImp pin input
of the slave channel is used as a end trigger (capture trigger).

Other than above | Setting prohibited

Note Bit 11 is fixed at O of read only, write is ignored.

Remark  m: Unit number (m = 0), n: Channel number (n = 0 to 3)
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Figure 7 - 12 Format of Timer mode register mn (TMRmn) (3/4)

Address: FO190H, FO191H (TMRO0O0) to FO196H, FO197H (TMRO03) 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 |STSm|STSm|STSm |CISmn|CISmn 0 0 MDmn{MDmn{MDmn{MDmn
(n=2) nm n0 n ERmn | n2 n1 n0 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|STSm|STSm|STSm |CISmn|CISmn 0 0 MDmn{MDmn{MDmn{MDmn
(n=1,3) n1 n0 n mn n2 n1 n0 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 [STSm|STSm|STSm|CISmn|CISmn 0 0 MDmn{MDmn{MDmn{MDmn
(n=0)| n1 n0 n Note n2 n1 n0 1 0 3 2 1 0
CIS | CIS

Selection of TImn pin input valid edge
mn1 | mnO

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

CISmnO bits to 10B.

If both the edges are specified when the value of the STSmn2 to STSmnO bits is other than 010B, set the CISmn1 to

Note Bit 11 is fixed at 0 of read only, write is ignored.

Remark  m: Unit number (m = 0), n: Channel number (n = 0 to 3)
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Symbol

TMRmn
(n=2)

Symbol

TMRmn
(n=1,3)

Symbol

TMRmn
(n=0)

Figure 7 - 12 Format of Timer mode register mn (TMRmn) (4/4)

Address: FO190H, FO191H (TMRO00) to FO196H, FO197H (TMRO03) After reset: 0000H R/W
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
CKSm|CKSm 0 CCSm| MAST |STSm |STSm |STSm |CISmn|CISmn 0 0 MDmn|{MDmn|{MDmn|MDmn
n1 n0 n ERmn | n2 n1 n0 1 0 3 2 1 0
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
CKSm|CKSm 0 CCSm|SPLIT|STSm |STSm |STSm|CISmn|CISmn 0 0 MDmn|MDmn|MDmn{MDmn
n1 n0 n mn n2 n1 n0 1 0 3 2 1 0
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
CKSm|CKSm 0 CCSm| 0 [STSm|STSm|STSm |CISmn|CISmn 0 0 MDmn|MDmn|MDmn{MDmn
n1 n0 n Note n2 n1 n0 1 0 3 2 1 0
MD | MD} MD Operation mode of channel n Corresponding function Count operation of TCR
mn3 | mn2 | mn1
0 0 0 [Interval timer mode Interval timer / Square wave output / Counting down
Divider function / PWM output (master)
0 1 0 |Capture mode Input pulse interval measurement Counting up
1 Event counter mode External event counter Counting down
0 0 | One-count mode Delay counter / One-shot pulse output / | Counting down
PWM output (slave)
1 1 0 |Capture & one-count mode Measurement of high-/low-level width of | Counting up
input signal
Other than | Setting prohibited
above

The operation of each mode varies depending on MDmnO bit (see table below).

Operation mode

MDm
(Value set by the MDmn3 to MDmn1 bits 0 Setting of starting counting and interrupt
(see table above)) n
« Interval timer mode (0, 0, 0) 0 | Timer interrupt is not generated when counting is started

« Capture mode (0, 1, 0)

(timer output does not change, either).

(timer output also changes).

Timer interrupt is generated when counting is started

 Event counter mode (0, 1, 1)

Timer interrupt is not generated when counting is started
(timer output does not change, either).

+ One-count mode Note 2 (1, 0, 0)

Start trigger is invalid during counting operation.

At that time, interrupt is not generated.

Start trigger is valid during counting operation Note 3,
At that time, interrupt is not generated.

 Capture & one-count mode (1, 1, 0) 0

Timer interrupt is not generated when counting is started
(timer output does not change, either).

Start trigger is invalid during counting operation.

At that time, interrupt is not generated.

In one-count mode, interrupt output (INTTMmn) when starting a count operation and TOmn output are not

If the start trigger (TSmn = 1) is issued during operation, the counter is initialized, and recounting is started

Note 1. Bit 11 is fixed at 0 of read only, write is ignored.
Note 2.
controlled.
Note 3.
(does not occur the interrupt request).
Remark  m: Unit number (m = 0), n: Channel number (n = 0 to 3)
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7.3.5 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 7 - 4 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 set with an 8-bit memory manipulation instruction with TSRmnL.

Reset signal generation clears this register to 0000H.

Figure 7 - 13 Format of Timer status register mn (TSRmn)

Address: FO1AOH, FO1A1H (TSRO00) to FO1A6H, FO1A7H (TSR03) After reset: 0000H R
Symbol 15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
TSRmnl 0 | 0 | 0 | 0 | 0 | 0 | 0 | 0 | 0 | 0 | 0 | 0 | 0 | 0 | 0 | OVF |

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 = 0 to 3)

Table 7 - 4 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
* Interval timer mode clear

» Event counter mode o
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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7.3.6  Timer channel enable status register m (TEm)

The TEm register is used to enable or stop the timer operation of each channel.

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 7 - 14 Format of Timer channel enable status register m (TEm)

Address: FO1BOH, FO1B1H (TEO) After reset: 0000H R

Symbol 15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0

TEHmM TEHmM
TEm| O 0 0 0 3 0 1 0 0 0 0 0 |TEm3|TEm2|TEm1|TEmO
TEH Indication of whether operation of the higher 8-bit timer is enabled or stopped when channel 3 is in the 8-bit
m3 timer mode

0 | Operation is stopped.

1 Operation is enabled.

TEH Indication of whether operation of the higher 8-bit timer is enabled or stopped when channel 1 is in the 8-bit
m1 timer mode

0 | Operation is stopped.

1 | Operation is enabled.

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 = 0 to 3)
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7.3.7  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, TSHm1, TSHmM3 bits are immediately cleared when operation is enabled (TEmn, TEHm1,
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 7 - 15 Format of Timer channel start register m (TSm)

Address: FO1B2H, FO1B3H (TS0) After reset: 0000H R/W
Symbol 15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
TSH TSH
TSm0 | o | o | o | oo 1 ™ o | o | o] o | o |TSm3|Tsm2|Tsm1|TSmo
TSH ) ) . ) L . L
m3 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 TEHmS3 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 7 - 5 in 7.5.2 Start timing of counter).

TSH

m1 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 TEHm1 bit is set to 1 and the count operation becomes enabled.
The TCRm1 register count operation start in the interval timer mode in the count operation enabled state (see
Table 7 - 5 in 7.5.2 Start timing of counter).

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 7 - 5 in 7.5.2 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.

(Cautions and Remarks are listed on the next page.)
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Caution 1. Be sure to clear bits 15 to 12, 10, 8 to 4 to “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 (TNFENmn = 1): Four cycles of the operation clock (fmck)
When the Timn pin noise filter is disabled (TNFENmn = 0): Two cycles of the operation clock (fmck)

Remark 1. When the TSm register is read, 0 is always read.
Remark 2. m: Unit number (m = 0), n: Channel number (n = 0 to 3)
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7.3.8  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,
TEHm1, 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 7 - 16 Format of Timer channel stop register m (TTm)

Address: FO1B4H, FO1B5H (TTO0) After reset: 0000H R/W

Symbol 15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0

TTHm TTHm
TTm| O 0 0 0 3 0 1 0 0 0 0 0 |TTm3|TTm2|TTm1|TTmO
TTH ! i . - o -
m3 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.

TTH

mi 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 TEHmM1 bit is cleared to 0 and the count operation is stopped.

Operation stop trigger of channel n

0 | TEmn bit is cleared to 0 and the count operation is stopped.

Operation is stopped (stop trigger is generated).
1 | This bit is the trigger to stop operation of the lower 8-bit timer for TTm1 and TTm3 when channel 1 or 3 is in the
8-bit timer mode.

Caution  Be sure to clear bits 15 to 12, 10, 8 to 4 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 = 0 to 3)

RO1UH0637EJ0110 Rev. 1.10 RENESAS Page 191 of 1113
Dec 28, 2016



RL78/G11

CHAPTER 7 TIMER ARRAY UNIT

7.3.9 Timer input select register 0 (TISO0)

The TISO register is used to select the channels 0 and 1 timer input.
The TISO register can be set by an 8-bit memory manipulation instruction.
Reset signal generation clears this register to 00H.

Figure 7 - 17 Format of Timer input select register 0 (TIS0)

Address: FO074H After reset: 00H R/W
Symbol 7 6 5 4 3 2 1 0
TISO 0 TIS06 TIS05 TIS04 | 0 | TIS02 TISO1 TIS00

TIS06 TIS05 Selection of timer input used with channel 3
0 0 Input signal of timer input pin (T103)
0 1 VCOUT1 output signal of comparator 1 Note 1
1 0 VCOUTO output signal of comparator 0 Note 2
1 1 Setting prohibited

TIS04 Selection of timer input used with channel 0
0 Input signal of timer input pin (TI100)
1 Event input signal from ELC

TIS02 TISO01 TIS00 Selection of timer input used with channel 1
0 0 0 Input signal of timer input pin (T101)
0 0 1 Event input signal from ELC
0 1 0 Input signal of timer input pin (T101)
0 1 1 Middle-speed on-chip oscillator clock (fim)
1 0 0 Low-speed on-chip oscillator clock (fiL)

Other than above Setting prohibited
Note 1. The VCOUT1 signal cannot be output to the external pin.
Note 2. The VCOUTO signal cannot be output to the external pin.

Caution 1. The widths at high and low level of the timer input to be selected must both be at least 1/fMmck + 10 ns.

When fmcK is selected for the fiL (CSS in CKS register = 1), the TIS02 bit cannot be set to 1.

Caution 2. When selecting an event input signal from the ELC using timer input select register 0 (TIS0), select

fcLk using timer clock select register 0 (TPS0).
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7.3.10 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 7 - 18 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
TOEm|TOEm|TOEm|TOE
ToEm| 0 | o | o | o | 0o | o | oo | o] 0] o]l o m|ToEm ] e
3 2 1 0
TOE ) .
mn Timer output enable/disable of channel n
0 | Timer output is disabled.

Timer operation is not applied to the TOmn bit and the output is fixed.

Writing to the TOmn bit is enabled and the level set in the TOmn bit is output from the TOmn pin.

Timer output is enabled.
Timer operation is applied to the TOmn bit and an output waveform is generated.
Writing to the TOmn bit is ignored.

Caution Be sure to clear bits 15 to 4 to “0”.

Remark  m: Unit number (m = 0), n: Channel number (n = 0 to 3)
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7.3.11  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 oh 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 TI00, TO0O, TI01/TO01, TI02/TO02, TIO3/TO03 pins 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 7 - 19 Format of Timer output register m (TOm)

Address: FO1B8H, FO1B9H (TOO0) After reset: 0000H R/W

Symbol 15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0

TOm|0|0|0|0|0|0|0|0|0|0|O|0|TOm3|TOm2|T0m1|TOm0|

TOm .
Timer output of channel n

0 | Timer output value is 0.

1 Timer output value is 1.

Caution  Be sure to clear bits 15 to 4 to “0”.

Remark  m: Unit number (m = 0), n: Channel number (n =0 to 3)
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7.3.12 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 Slave channel output mode (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 7 - 20 Format of Timer output level register m (TOLm)

Address: FO1BCH, FO1BDH (TOLO) After reset: 0000H R/W

Symbol 15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0

TOLm|TOLm | TOLm
TOLm| O 0 0 0 0 0 0 0 0 0 0 0 0

TOL

mn 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 15 to 4, 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 3)
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7.3.13 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, or
multiple PWM 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 7 - 21 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
TOMm|TOMm[TOM
ToMm| o | o | o | o | o | o | o] o | o | o] o] o my I FEMm) g
3 | 2 | 1
TOM

mn Control of timer output mode of channel n

0 | Master channel output mode (to produce toggle output by timer interrupt request signal (INTTMmn))

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 (INTTMOp) of the slave channel)

Caution Be sure to clear bits 15 to 4, and 0 to “0”.

Remark  m: Unit number (m = 0)
n: Channel number
n=0to 3 (n =0, 2 for master channel)
p: Slave channel number
n=0,p=1,2,3
n=2,p=3
(For details of the relation between the master channel and slave channel, refer to 7.4.1 Basic rules of
simultaneous channel operation function.)
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7.3.14 Input switch control register (ISC)

The ISC1 bit controls the TIO3 pin input in channel 3 of the timer array unit.
The ISC register can be set by a 1-bit or 8-bit memory manipulation instruction.
Reset signal generation clears the ISC register to 00H.

Figure 7 - 22 Format of Input switch control register (ISC)

Address: FO073H After reset: 00H R/W
Symbol <7> 6 5 4 3 2 1 0
ISC SSIE00 0 0 0 0 0 ISC1 ISCO
ISC1 Setting of the TI03 pin input in channel 3 of the timer array unit
0 Signal specified in the TIS06 and TIS05 bits in the TISO register Note
1 RXDO pin input signal
Note See Figure 7 - 17 Format of Timer input select register 0 (TIS0).

Caution  Be sure to clear bits 6 to 2 to 0.
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7.3.15 Noise filter enable register 1 (NFEN1)

The NFEN1 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 operating clock (fMck) for the target channel, whether the signal

keeps the same value for two clock cycles is detected.

When the noise filter is OFF, only synchronization is performed with the operation clock of target channel (fMck)

Note_

The NFEN1 register can be set by a 1-bit or 8-bit memory manipulation instruction.

Reset signal generation clears this register to 00H.

Note For details, see 7.5.1 (2) When valid edge of input signal via the TImn pin is selected (CCSmn =

1), 7.5.2 Start timing of counter, and 7.7 Timer Input (TImn) Control.

Figure 7 - 23 Format of Noise filter enable register 1 (NFEN1)

Address: FO071H After reset: 00H R/W
Symbol 7 6 5 4 3 2 1 0
NFEN1 0 0 0 0 TNFENO3 TNFENO02 TNFENO1 TNFENOO
TNFENO3 Enable/disable using noise filter of TIO3 pin or RxDO pin input signal
0 Noise filter OFF
1 Noise filter ON
TNFENO2 Enable/disable using noise filter of TI02 pin input signal
0 Noise filter OFF
1 Noise filter ON
TNFENO1 Enable/disable using noise filter of TIO1 pin input signal
0 Noise filter OFF
1 Noise filter ON
TNFENOO Enable/disable using noise filter of TIOO pin input signal
0 Noise filter OFF
1 Noise filter ON

Remark The presence or absence of timer I/O pins of channel 0 to 3 depends on the product.

RO1UH0637EJ0110 Rev. 1.10

Dec 28, 2016

RENESAS

Page 198 of 1113



RL78/G11 CHAPTER 7 TIMER ARRAY UNIT

7.3.16 Registers controlling port functions of pins to be used for timer 1/0

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 (PMxx), 4.3.2 Port registers (Pxx), and 4.3.6 Port mode
control registers (PMCxx).

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 Register Settings When Using Alternate Function.

When using the ports (such as P30/TO01) 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 P30/TO01 for timer output
Set the PMC30 bit of port mode control register 3 to 0.
Set the PM30 bit of port mode register 3 to 0.
Set the P30 bit of port register 3 to 0.

When using the ports (such as P30/T100) 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 P30/TI00 for timer input
Set the PMC30 bit of port mode control register 3 to 0.
Set the PM30 bit of port mode register 3 to 1.
Set the P30 bit of port register 3 to 0 or 1.
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7.4 Basic Rules of Timer Array Unit

741 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 0, 2) 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 O is set as a master channel, channel 1 or those that follow (channels 1, 2, 3) 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 2 are set as master channels, channels 1 can be set as the slave channel of master
channel 0. Channel 3 cannot be set as the slave channel of master channel 0.

(6) The operating 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 with lower channel numbers.

(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 operating clocks of
master channels and slave channels have to be synchronized.

(14) Timer mode register m0 (TMRmO) 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 7.4.1 Basic rules of simultaneous channel operation function do not apply to the

channel groups.

Remark m: Unit number (m = 0), n: Channel number (n = 0 to 3)

/

Example 1
TAUO
CKO00 |-————————————————i
: | Channel 0: Master | |
I :/
: | Channel 1: Slave | |
. }
CKO1 mem—m————————————— -
::_ L/
| | Channel 2: Master |
i |
: | Channel 3: Slave | |
" ________ }
Example 2
TAUO
CKOO | fm————— e ————
::_ |
| | Channel 0: Master | :
[ e
CKO1 I Channel 1: Independent channel | |
| | operation function :
' |
: | Channel 2: Slave | |
- ______. )
CK00 Channel 3: Independent channel
operation function

/

Channel group 1
(Simultaneous channel operation
function)

Channel group 2
(Simultaneous channel operation
function)

* The operating clock of channel group
1 may be different from that of
channel group 2.

Channel group 1
(Simultaneous channel operation
function)

* A channel that operates
independent channel operation
function may be between a master
and a slave of channel group 1.
Furthermore, the operating clock
may be set separately
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7.4.2 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) The 8-bit timer operation function applies only to channels 1 and 3.

(2) When using 8-bit timers, set the SPLIT bit of timer mode register mn (TMRmn) to 1.

(3) The higher 8 bits can be operated as the interval timer function.

(4) 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).

(5) The operation clock of the higher 8 bits is selected according to the CKSmn1 and CKSmnO bits of the lower-
bit TMRmn register.

(6) For the higher 8 bits, the TSHM1/TSHmM3 bit is manipulated to start channel operation and the
TTHmM1/TTHm3 bit is manipulated to stop channel operation. The channel status can be checked using the
TEHmM1/TEHmM3 bit.

(7) 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
« External event counter function
* Delay count function

(8) 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.

(9) During 16-bit operation, manipulating the TSHm1, TSHm3, TTHm1, and TTHm3 bits is invalid. The TSm1,
TSm3, TTm1, and TTm3 bits are manipulated to operate channels 1 and 3. The TEHmM3 and TEHm1 bits
are not changed.

(10) 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)
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7.5 Operation of Counter

7.51 Count clock (fTCLK)

The count clock (fTcLK) of the timer array unit can be selected between following by CCSmn bit of timer mode
register mn (TMRmn).

* Operation clock (fvck) specified by the CKSmn0 and CKSmn1 bits
+ Valid edge of input signal input from the TImn pin

Because the timer array unit is designed to operate in synchronization with fCLK, the timings of the count clock
(frcLk) are shown below.

(1) When operation clock (fMck) specified by the CKSmn0 and CKSmn1 bits is selected (CCSmn = 0)
The count clock (frcik) is between fcik to fork /215 by setting of timer clock select register m (TPSm). When
a divided fcik 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 fCcLK. But, this is described as “counting at rising edge of the count
clock”, as a matter of convenience.

Figure 7 - 24 Timing of fcLK and count clock (fTcLk) (When CCSmn = 0)
LS I I I A I A 6 I I
otz [ L L L[ L L L[ LT L

fouk/4 [ 1 [ ] [ ] [ ] [
A A A A A A
fcLk/8
A A A A
froLk feLk/16
( = fmck= CKmn) . 4 4

Remark 1. A : Rising edge of the count clock
A : Synchronization, increment/decrement of counter
Remark 2. fcLk: 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 (fTcLK) becomes the signal that detects valid edge of input signal via the TImn pin and
synchronizes next rising fuck. The count clock (frcLk) is delayed for 1 to 2 period of fmMck 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 fcLK from rising edge of the count
clock, because of synchronization with fcLK. But, this is described as “counting at valid edge of input signal
via the TImn pin”, as a matter of convenience.

Figure 7 - 25 Timing of fcLk and count clock (frcLk) (When CCSmn = 1, noise filter unused)

fok

fuck [1 [ I_|_()( (()_I_\ [ [

TSmn (Write) A

<1>Q

TEmn

TImn input

Sampling wave

Edge detection Edge detection

((

AA ) AA

Rising edge detection
signal (frcLk)

<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 fmck.
<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. fcik: CPU/peripheral hardware clock
fmck: 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, and the delay counter, and the one-shot pulse output are the same as that shown in Figure 7 - 25.
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7.5.2  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
7-5.

Table 7 - 5 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 7.5.3 (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 7.5.3 (2) Operation of event counter mode).

« Capture mode 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 7.5.3 (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 7.5.3 (4) Operation of one-

count mode).

« 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 7.5.3 (5) Operation of capture & one-count mode
(high-level width measurement)).
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7.5.3  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 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 and the
value of timer data register mn (TDRmn) is loaded to the TCRmn register and counting keeps on.

Figure 7 - 26 Operation Timing (In Interval Timer Mode)
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( ! ! IR ! !
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<1> J \: : : : : :
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Start trigger | i i i i i
detection signal | i E E E E
| | i i i i

TCRmn initial value[ X" m X m-1 -¢- X 0001 X 0000{] X m

TDRmn <3> [V <4>

~—
=]
=

|
1}
1\
=
]
1
1
N/
A
(4]
v

INTTMmn ¢

.......

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 MDmnO0 = 1.

Remark  fmck, the start trigger detection signal, and INTTMmn become active between one clock in synchronization with fcLk.
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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 7 - 27 Operation Timing (In Event Counter Mode)
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Remark Figure 7 - 27 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 (fumck).
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(38) 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 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 INTTMmn is generated. However, this capture value is no meaning.
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
timer data register mn (TDRmn) and INTTMmn is generated.

Figure 7 - 28 Operation Timing (In Capture Mode: Input Pulse Interval Measurement)

fmck
(fro) | N [] 1 ( ] [
) i ) ) i i
] : : : :
TSmn (Write) N i , i i
<> 1) H i H H
y : : : :
T T T T
TEmn | | Nete , : ! !
——t—>!
</ ! L ! !
TImn input : | ! )] ' :
E 1 i Edge detection
1 i ! : : 1
Rising edge ! ! Vo ! !
\ i . b)) i <551
Start trigger H H ! ! ! ! :
detection signal || \ E ! E E E :
> ¥ 47 b b
| 1 1 1 1
TCRmn Initial value j 0000 ):( 0001 {)l}( 0000 %(jt).( m-1 X m {* 0000
]
! \ !
TDRmn \ ! X 0001 °® X m
INTTMmn b M M
==~ I []
When MDmnO =1
Note 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 MDmnO0 = 1.

Remark Figure 7 - 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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(4) Operation of one-count mode

<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 mn (TDRmn) is loaded to the TCRmn
register and count starts.

<5> When the TCRmn register counts down and its count value is 0000H, INTTMmn is generated and the
value of the TCRmn register becomes FFFFH and counting stops.

Figure 7 - 29 Operation Timing (In One-count Mode)
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Remark  Figure 7 - 29 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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(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 INTTMmn is generated.

Figure 7 - 30 Operation Timing (In Capture & One-count Mode: High-level Width Measurement)
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Remark Figure 7 - 30 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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7.6 Channel Output (TOmn pin) Control

7.6.1 TOmn pin output circuit configuration

Figure 7 - 31 Output Circuit Configuration

<5>
TOmN register
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€ :
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<1>
<2>
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TOMmN Internal bus

TOEmMn 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 INTTMOp (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
INTTMOp (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: Forward operation (INTTMmn — set, INTTMOp — reset)
When TOLmn = 1: Reverse operation (INTTMmn — reset, INTTMOp — set)

When INTTMmn and INTTMOp are simultaneously generated, (0% output of PWM), INTTMOp (reset
signal) takes priority, and INTTMmn (set signal) is masked.

<3> While timer output is enabled (TOEmn = 1), INTTMmn (master channel timer interrupt) and INTTMOp
(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 INTTMOp (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 m: Unit number (m = 0)
n: Channel number
n =0to 3 (n =0, 2 for master channel)
p: Slave channel number

n=0:p=1,2,3
n=2:p=3
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7.6.2 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 7 - 32 Status Transition from Timer Output Setting to Operation Start

TCRmn Undefined value (FFFFH after reset) ‘ ’\

(Counter)

Timer alternate-function pin - - - - - - - - ————————

Timer output signal g
TOmn

TOEmn \

|

< Write operation enabled period to TOmn x Write operation disabled period to TOmn >
] 1 T
| | |
AN A A A
<1>Set TOMmn <2> Set TOmn <3> Set TOEmn <4>, <5> Set the port <5>Timer operation start
Set TOLmn to output

mode

<1> The operation mode of timer output is set.
* TOMmn bit (0: Master channel output mode, 1: Slave channel output mode)
» TOLmn bit (0: 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 7.3.16 Registers controlling
port functions of pins to be used for timer 1/0).

<5> The port I/O setting is set to output (see 7.3.16 Registers controlling port functions of pins to be
used for timer 1/O).

<6> The timer operation is enabled (TSmn = 1).

Remark m: Unit number (m = 0), n: Channel number (n =0 to 3)
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7.6.3 Cautions on Channel Output Operation

(1) Changing values set in the registers TOm, TOEm, TOLm, and TOMm 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 by 7.8 and 7.9.

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 3)
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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.

(a) 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 7 - 33 TOmn Pin Output Status at Toggle Output (TOMmn = 0)

TOEmn

¢ Hi-Z | Initial
— — —{ status

TOmn
(Output)

\ A
Port output is enabled

Toggle

A
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A A
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Remark 1. Toggle: Reverse TOmn pin output status
Remark 2. m: Unit number (m = 0), n: Channel number (n = 0 to 3)
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(Initial status: low)
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(Initial status: high) )
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(b)

TOEmn

TOmp
(Output)

|

When operation starts with slave channel output mode (TOMmn = 1) setting (PWM output))
When slave channel output mode (TOMmn = 1), the active level is determined by timer output level

register m (TOLm) setting.

e

\

Figure 7 - 34 TOmn Pin Output Status at PWM Output (TOMmn = 1)

Active Active
Hi-z: Initial
— status
A
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A A
Reset A Reset

Remark 1. Set:
Reset:

Set
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Active

TOmp bit= 0
(Initial status: low)

TOmp bit =1
(Initial status: high)
7

TOmp bit= 0
(Initial status: low)

TOmp bit =1

(Initial status: high) )

The output signal of the TOmp pin changes from inactive level to active level.

Remark 2. m: Unit number (m = 0), n: Channel number (p = 1 to 3)

The output signal of the TOmp pin changes from active level to inactive level.

TOLmp bit=0
(Active high)

TOLmp bit=1
(Active low)
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(3) Operation of TOmn pin in slave channel output mode (TOMmn = 1)
(a) 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

TOLm
Active Active Active
TOOm (output)
A A A
A Reset A Reset Reset
Set Set Set
Set: The output signal of the TOmn pin changes from inactive level to active level.

Remark 1.

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 7 - 35 Operation when TOLm Register Has Been Changed during Timer Operation

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 3)

(b)

Set/reset timing

Active

Set

Reset

To realize 0%/100% output at PWM output, the TOmn pin/TOmn 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 7 - 36 shows the set/reset operating statuses 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 7 - 36 Set/Reset Timing Operating Statuses
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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=0to 3 (n =0, 2 for master channel)
p: Slave channel number
n=0:p=1,2,3
n=2:p=3

Reset has priority.
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7.6.4 Collective manipulation of TOmn bit

In timer output register m (TOm), the setting bits 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 7 - 37 Example of TOOn Bit Collective Manipulation

Before writing

TOO03 | TO02 | TOO01 | TO0O
TOO| O 0 0 0 0 0 0 0 0 0 0 0

TOEO3|TOE02|TOE01|TOEOO
0 0 0 1

TOEO| © 0 0 0 0 0 0 0 0 0 0 0

Data to be written
|oJofofJoJoJofofJoJoJofo

[oJoJt [ ]1]
After writing % % % %

TOO03 | TO02 | TO01 | TOOO
0 1 1 0

TOO| O 0 0 0 0 0 0 0 0 0 0 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.

Figure 7 - 38 TOON Pin Statuses by Collective Manipulation of TOOn Bit

Two or more TOOn output can
be changed simultaneously

Output does not change
| . when value does not
! ! change
TOO03 : .”]\‘
| i ]
TO02 i VI Writing to the TOON bit is
; 7 ?g// ignored when TOEON
TOO1 | ' ~§- =1
|
1 1
TOO00 ! b
T T
1

A A
Before writing Writing to the TOOn bit

Caution  While timer output is enabled (TOEmn = 1), even if the output by timer interrupt of each timer (INTTMmn)
contends with writing to the TOmn bit, output is normally done to the TOmn pin.

Remark  m: Unit number (m = 0), n: Channel number (n = 0 to 3)
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7.6.5 Timer Interrupt and TOmn Pin Output at 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 modes, neither timer interrupt at count operation start nor TOmn output is controlled.

Figure 7 - 39 shows operation examples when the interval timer mode (TOEmn =1, TOMmn = 0) is set.

Figure 7 - 39 Operation examples of timer interrupt at count operation start and TOmn output

(a) When MDmnO is set to 1

TCRmn
1
TEmn |
l/: ™
INTTMmn {10 M M
[ H
1 ] 1
Vo
TOmn v /' |

-

4
—_———
\
~

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.

(b) When MDmnO is set to 0

TCRmn
1
TEmn |
: /”‘\‘
INTTMmn | TN M
| ] H
| 1 i
| -
TOmn : ‘\ | I'
i
1
]

A
Count operation start

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 = 0 to 3)
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7.7 Timer Input (TImn) Control

7.71 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 7 - 40 Input Circuit Configuration
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TImn pin ———|

Trigger
selection

f

TNFENmn CISmn1, STSmn2 to
CISmn0 STSmn0

7.7.2 Noise filter

When the noise filter is disabled, the input signal is only synchronized with the operating clock (fMck) for channel
n. When the noise filter is enabled, after synchronization with the operating clock (fmck) 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 7 - 41 Sampling Waveforms through TImn Input Pin with Noise Filter Enabled and Disabled

e LAILL |

(/‘\,\ > X

Noise filter disabled -

(\} \b —

Noise filter enabled

Operating clock (fmck)

Caution The input waveforms to the TImn pin are shown to explain the operation when the noise filter is enabled or
disabled. When actually inputting waveforms, input them according to the TImn input high-level and low-level
widths listed in 35.4 AC Characteristics.
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7.7.3 Cautions on channel input operation

When a timer input pin is set as unused, the operating 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 operating clock (fMck), 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 operating clock (fuck), and then set the
operation enable trigger bit in the timer channel start register (TSm).
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7.8 Independent Channel Operation Function of Timer Array Unit

7.8.1 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, TSHm1, TSHm3) 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 = 0 to 3)
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Figure 7 - 42 Block Diagram of Operation as Interval Timer/Square Wave Output

c
K]
_ o [CKMT ————»1 8
Operation clock 3 > Timer counter | Output )
CKmO ————» § register mn (TCRmn) ™ controller " @©TOmn pin
&) I
c
Rl
g | A
g Timer data _| Interrupt Interrupt signal
TSmn g register mn (TDRmn) | controller (INTTMmn)
3
=
Note When channels 1 and 3, the clock can be selected from CKm0, CKm1, CKm2 and CKm3.

Figure 7 - 43 Example of Basic Timing of Operation as Interval Timer/Square Wave Output (MDmnO0 = 1)

TSmn
TEmn
TCRmn
0000H
TDRmn a X b
TOmn |
INTTMmn -l
“a+1 | a+1  a+1 b+1b+1b+1
Remark 1. m: Unit number (m = 0), n: Channel number (n = 0 to 3)
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: TOmnN pin output signal
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Figure 7 - 44 Example of Set Contents of Registers During Operation as Interval Timer/Square Wave Output

(a) Timer mode register mn (TMRmn)

15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0

CKSmn1 | CKSmn0 CCSmn |M/S Note|STSmn2[STSmn1|STSmnO0| CISmn1 | CISmn0 MDmn3 | MDmn2 | MDmn1 | MDmn0
1/0 1/0 0 0 0/1 0 0 0 0 0 0 0 0 0 0 1/0

L] L] L1

Operation mode of
channel n
000B: Interval timer

TMRmn

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 00B because these are not used.

Start trigger selection
000B: Selects only software start.

Setting of MASTERmN bit (channel 2)

0: Independent channel operation function.
Setting of SPLITmn bit (channels 1, 3)

0: 16-bit timer mode

1: 8-bit timer mode

Count clock selection
0: Selects operation clock (fmck).

Operation clock (fmck) selection
00B: Selects CKmO0 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 using channels 1 and 3 in the 8-bit timer mode).
11B: Selects CKm3 as operation clock of channels 1, 3 (This can only be selected using channels 1 and 3 in the 8-bit timer mode).

(b) Timer output register m (TOm)

Bitn
TOmn 0: Outputs 0 from TOmn.
TOom|~ o 1: Outputs 1 from TOmN.

(c) Timer output enable register m (TOEm)

Bitn
TOEmn 0: Stops the TOmn output operation by counting operation.
TOEm 1/0 1: Enables the TOmn output operation by counting operation.

(d) Timer output level register m (TOLm)
Bitn
TOLmn 0: Cleared to 0 when TOMmn = 0 (master channel output mode)
0

TOLm

(e) Timer output mode register m (TOMm)

Bit n
TOMmn 0: Sets master channel output mode.
TOMm
0
Note TMRm2: MASTERmMnN bit
TMRm1, TMRm3: SPLITmn bit
TMRmO: Fixed to 0
Remark  m: Unit number (m = 0), n: Channel number (n = 0 to 3)
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Figure 7 - 45 Operation Procedure of Interval Timer/Square Wave Output Function (1/2)
Software Operation Hardware Status
TAU Input clock supply for timer array unit m is stopped
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. Input clock supply for timer array unit m is supplied
(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.
defaut | operation mode of channel). (Clock is supplied and some power is consumed.)
seting | 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 0 (master channel output mode).
Clears the TOLmn bit to 0.
Sets the TOmn bit and determines default level of the
TOmnN output. p The TOmn default setting level is output when the port
mode register is in the output mode and the port register
is 0.
Sets the TOEmn bit to 1 and enables operation of
TOmn. » TOmn does not change because channel stops
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 and
start resuming operation.).
Sets the TSmn (TSHm1, TSHmM3) bit to 1. ———— % TEmn (TEHmM1, TEHmM3) = 1, and count operation
The TSmn (TSHm1, TSHmM3) bit automatically returns | starts.
to 0 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
S the TMRmn register is 1.
g During Set value of the TDRmn register can be changed. Counter (TCRmn) counts down. When count value
§ operation | The TCRmn register can always be read. reaches 0000H, the value of the TDRmn register is
Z The TSRmn register is not used. loaded to the TCRmn register again and the count
IS Set values of the TOm and TOEm registers can be operation is continued. By detecting TCRmn = 0000H,
g changed. INTTMmn is generated and TOmn performs toggle
8‘ Set values of the TMRmn register, TOMmn, and TOLmn | operation.
bits cannot be changed. After that, the above operation is repeated.
|| Operation | The TTmn (TTHm1, TTHmM3) bit is set to 1. ————————& TEmn (TEHmM1, TEHmM3), and count operation stops.
stop The TTmn (TTHm1, TTHm3) bit automatically returns The TCRmn register holds count value and stops.

to 0 because it is a trigger bit.

TOmMnN bit.

The TOEmn bit is cleared to 0 and value is set to the —% The TOmn pin outputs the TOmn bit set level.

The TOmn output is not initialized but holds current
status.

(Remark is listed on the next page.)
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Figure 7 - 45 Operation Procedure of Interval Timer/Square Wave Output Function (2/2)

Software Operation Hardware Status

TAU To hold the TOmn pin output level
stop Clears the TOmn bit to 0 after the value to
be held is set to the port register. —————————————— 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 to 0. — Input clock supply for timer array unit m is stopped

To initialize all circuits, set the TAUORES bit ————— Al circuits are initialized and SFR of each channel is

in the PRRO register to 1. 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 = 0 to 3)
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7.8.2 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, TSHmM1, TSHmM3) 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 TOEmn bit of timer output enable register m (TOEm) to 0.

The TDRmn register can be rewritten at any time. The new value of the TDRmn register becomes valid during
the next count period.

Figure 7 - 46 Block Diagram of Operation as External Event Counter

TNFENxx

Noise Edge

Timn pin @—» filter detection

Timer counter
register mn (TCRmn)

i

Timer data Interrupt Interrupt signal
register mn (TDRmn) controller (INTTMmn)

vy

TSmn———»

Trigger selection||Clock selection

Remark  m: Unit number (m = 0), n: Channel number (n = 0 to 3)
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Figure 7 - 47 Example of Basic Timing of Operation as External Event Counter

TSmn

TEmn

TCRmn

0000H ! 0 ! 0 ! 0 L
TDRmn 0003H X 0002H
INTTMmn

- .

4 events 4 events 3 events

\
'
A
'

Remark 1. m: Unit number (m = 0), n: Channel number (n = 0 to 3)
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 7 - 48 Example of Set Contents of Registers in External Event Counter Mode

(a) Timer mode register mn (TMRmn)

15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
T™MRMN CKSmn1 | CKSmn0 CCSmn |\W/S Note| STSmn2 | STSmn1 | STSmn0 | CISmn1 | CISmn0 MDmn3 |MDmn2|{MDmn1|MDmn0
1/0 1/0 0 1 0/1 0 0 0 1/0 1/0 0 0 0 1 1 0

L] L] L1

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 MASTERmN bit (channel 2)

0: Independent channel operation function.
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 (fmck) selection
00B: Selects CKmO0 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 using channels 1 and 3 in the 8-bit timer mode).
11B: Selects CKm3 as operation clock of channels 1, 3 (This can only be selected using channels 1 and 3 in the 8-bit timer mode).

(b) Timer output register m (TOm)
Bitn

TOmn 0: Outputs 0 from TOmn
0

TOm

(c) Timer output enable register m (TOEm)
Bitn

TOEmn 0: Stops the TOmn output operation by counting operation.
0

TOEm

(d) Timer output level register m (TOLm)
Bitn

TOLmn 0: Cleared to 0 when TOMmn = 0 (master channel output mode).
0

TOLm

(e) Timer output mode register m (TOMm)

Bit n
TOMmn 0: Sets master channel output mode.
TOMm
0
Note TMRm2: MASTERmMnN bit
TMRm1, TMRm3 SPLITmn bit
TMRmO: Fixed to 0
Remark  m: Unit number (m = 0), n: Channel number (n = 0 to 3)
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Figure 7 - 49 Operation Procedure When External Event Counter Function Is Used

Software Operation Hardware Status
TAU Input clock supply for timer array unit m is stopped
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. Input clock supply for timer array unit m is supplied.
Each channel stops operating.
(Clock supply is started and writing to each register is
enabled.)
_S:at; ti_m;r_clc_)cE s_el_ecz rt_ag_ist_er_m_(fP_Sé)._ ________________________________
Determines clock frequencies of CKmO0 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.)
seting | 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.
— ) Operation | Sets the TSmn bit to 1. » TEmn = 1, and count operation starts.
start The TSmn bit automatically returns to 0 because it is Value of the TDRmn register is loaded to timer count
a trigger bit. register mn (TCRmn) and detection of the TImn pin
input edge is awaited.
B During | Set value of the TDRmn register can be changed. Counter (TCRmn) counts down each time input edge of
% operation | The TCRmn register can always be read. the TImn pin has been detected. When count value
g The TSRmn register is not used. reaches 0000H, the value of the TDRmn register is
s Set values of the TMRmn register, TOMmn, TOLmn, loaded to the TCRmn register again, and the count
"(E TOmnN, and TOEmn bits cannot be changed. operation is continued. By detecting TCRmn = 0000H,
2 the INTTMmn output is generated.
© After that, the above operation is repeated.
L1 Operation | The TTmn bit is set to 1. » TEmn = 0, and count operation stops.
stop The TTmn bit automatically returns to 0 because it is The TCRmn register holds count value and stops.
a trigger bit.
TAU The TAUmMEN bit of the PERO register is cleared to 0. — Input clock supply for timer array unit m is stopped
stop To initialize all circuits, set the TAUORES bit —————® All circuits are initialized and SFR of each channel is
in the PRRO register to 1. also initialized.

Remark  m: Unit number (m = 0), n: Channel number (n = 0 to 3)
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7.8.3 Operation as frequency divider

The timer array unit can be used as a frequency divider that divides a clock input to the TImn pin and outputs the
result from the TOmn pin.
The divided clock frequency output from TOmn can be calculated by the following expression.

» When rising edge/falling edge is selected:

Divided clock frequency = Input clock frequency/{(Set value of TDRmn + 1) x 2}
* When both edges are selected:

Divided clock frequency = Input clock frequency/(Set value of TDRmn + 1)

Timer count register mn (TCRmn) operates as a down counter in the interval timer mode.

After the channel start trigger bit (TSmn) of timer channel start register 0 (TSO0) is set to 1, the TCRmn register
loads the value of timer data register mn (TDRmn) when the TImn valid edge is detected.

If the MDmnNO 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 timer mode register mn (TMRmn) is 1, INTTMmn is output and TOmn is toggled.
After that, the TCRmn register counts down at the valid edge of the TImn pin. When TCRmn = 0000H, it toggles
TOmn. At the same time, the TCRmn register loads the value of the TDRmn register again, and continues
counting.

If detection of both the edges of the TImn pin is selected, the duty factor error of the input clock affects the
divided clock period of the TOmn output.

The period of the TOmn output clock includes a sampling error of one period of the operation clock.

Clock period of TOmn output = Ideal TOmn output clock period + Operation clock period (error)

The TDRmn register can be rewritten at any time. The new value of the TDRmn register becomes valid during
the next count period.

Figure 7 - 50 Block Diagram of Operation as Frequency Divider

TNFENmMn
c
kel
8
. Noise Edge |3 o -
Timn pin @—> fiter [ " |detection| | @ g Timer counter | Output | © TOmn pin
§ —» register mn (TCRmn) controller
[8) /T
c >
K]
8
° Timer data
TSmn————»| © register mn (TDRmn)
S
2
£
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Figure 7 - 51 Example of Basic Timing of Operation as Frequency Divider (MDmn0 = 1)

TSmn

TEmn

men U U U T U U UL

2
TCRmMnN 1 1 1 1 1 1 1
0000H 0 0 0 0 0 0 0
H

TDRmn 0002 X 0001H
TOmn
INTTMmn
r— Divided — Divided»
by 6 by 4

Remark TSmn: Bit n of timer channel start register 0 (TSO0)
TEmn: Bit n of timer channel enable status register 0 (TEOQ)
Timn:  TImn pin input signal
TCRmn: Timer count register mn (TCRmn)
TDRmn: Timer data register mn (TDRmn)
TOmn: TOmN pin output signal

RO1UH0637EJ0110 Rev. 1.10 RENESAS Page 232 of 1113
Dec 28, 2016



RL78/G11 CHAPTER 7 TIMER ARRAY UNIT

Figure 7 - 52 Example of Set Contents of Registers During Operation as Frequency Divider

(a) Timer mode register mn (TMRmn)

15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
T™MRmn CKSmn1 | CKSmn0 CCSmn STSmn2|STSmNn1{STSmn0| CISmn1 | CISmn0 MDmn3 | MDmn2 | MDmn1 | MDmn0
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 0
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: Detects falling edge.
01B: Detects rising edge.
10B: Detects both edges.
11B: Setting prohibited

Start trigger selection
000B: Selects only software start.

Count clock selection
1: Selects the TImn pin input valid edge.

Operation clock (fmck) selection
00B: Selects CKmO as operation clock of channel 0.
10B: Selects CKm1 as operation clock of channel 0.

(b) Timer output register 0 (TOO)

Bit 0
TOmn 0: Outputs 0 from TOmn.
TOO0 0 1: Outputs 1 from TOmn.

(c) Timer output enable register 0 (TOEO)

Bitn
TOEmn 0: Stops the TO0O0 output operation by counting operation.
TOEO 0 1: Enables the TO00 output operation by counting operation.

(d) Timer output level register 0 (TOLO)
Bit 0
TOLmn 0: Cleared to 0 when master channel output mode (TOMmn = 0)
0

(e) Timer output mode register 0 (TOMO)

Bit 0
TOMmn 0: Sets master channel output mode.
TOMO 0
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Figure 7 - 53 Operation Procedure When Frequency Divider Function Is Used
Software Operation Hardware Status
TAU Input clock supply for timer array unit O is stopped
default (Clock supply is stopped and writing to each register is
setting disabled.)
Sets the TAUOEN bit of peripheral enable register0 | ]
(PERO) to 1. Input clock supply for timer array unit O is supplied. Each
channel stops operating.
(Clock supply is started and writing to each register is
enabled.)
|Sets timer clock select register 0 (TPS0). |~~~ T T T oo m o
Determines clock frequencies of CK0O0 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 mn (TMRmn) (determines
operation mode of channel and selects the detection
edge).
Sets interval (period) value to timer data register mn
(TDRmn).
Clears the TOMmn bit of timer output mode register 0 ~ [The TOmn pin goes into Hi-Z output state.
(TOMO) to 0 (master channel output mode).
Clears the TOLmn bit to 0.
Sets the TOmn bit and determines default level of the
TOmn output. The TOmn default setting level is output when the port mode
register is in output mode and the port register is 0.
Sets the TOEmn bit to 1 and enables operation of TOmn.—»TOmn does not change because channel stops
operating.
Clears the port register and port mode register to 0. —The TOmn pin outputs the TOmn set level.
5 Operation |Sets the TOEmn bit to 1 (only when operation is
start resumed). TEmn = 1, and count operation starts.
Sets the TSmn bit to 1. Value of the TDRmn register is loaded to timer count
The TSmn bit automatically returns to 0 because itisa | register mn (TCRmn). INTTMmn is generated and
trigger bit. TOmn performs toggle operation if the MDmnO bit of
) the TMRmn register is 1.
B During Set value of the TDRmn register can be changed. Counter (TCRmn) counts down. When count value
% operation |The TCRmn register can always be read. reaches 0000H, the value of the TDRmn register is
g The TSRmn register is not used. loaded to the TCRmn register again, and the count
5 Set values of the TO0 and TOEO registers can be operation is continued. By detecting TCRmn = 0000H,
"@ changed. INTTMmn is generated and TOmn performs toggle
2 Set values of the TMRmn register, TOMmn, and TOLmn |operation.
© bits cannot be changed. After that, the above operation is repeated.
Operation |The TTmn bit is set to 1. TEmn = 0, and count operation stops.
stop The TTmn bit automatically returns to 0 because itisa| The TCRmn register holds count value and stops.
trigger bit. The TOmn output is not initialized but holds current
o ___|sats____________________.
L The TOEmn bit is cleared to 0 and value is set to the TOmn bit—mThe TOmn pin outputs the TOmn set level.
TAU To hold the TOmn pin output level
stop Clears the TOmn bit to 0 after the value to be held is
set to the port register. The TOmn pin output level is held by port function.
When holding the TOmn pin output level is not necessary
Setting not required.
| The TAUOEN bit of the PERO register is cleared to 0. —®Input clock supply for timer array unit 0 is stopped |
To initialize all circuits, set the TAUORES bit ——®All circuits are initialized and SFR of each channel is also
in the PRRO register to 1. initialized.
(The TOmn bit is cleared to 0 and the TOmn pin is set to
port mode).
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7.8.4 Operation as input pulse interval measurement

The count value can be captured at the TImn valid edge and the interval of the pulse input to TImn can be
measured. In addition, the count value can be captured by using software operation (TSmn = 1) as a capture
trigger while the TEmn bit is set to 1.

The 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 operating clock selected with the CKSmn bit of timer
mode register mn (TMRmn), so an error of up to one operating clock cycle 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.

Figure 7 - 54 Block Diagram of Operation as Input Pulse Interval Measurement

c
2
k3]
) Note | CKMT ————— | ©
Operation clock o - Timer counter
CKmQ ——— | % register mn (TCRmn)
]
TNFENxx O
c
Noise Edge 2
Timnpin©Q —» .. - ) — 3
Pin© filter detection % Timer data Interrupt Interrupt signal
5 register mn (TDRmn) controller (INTTMmn)
TSmn ——»| ©
2
=
Note When 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 = 0 to 3)
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Figure 7 - 55 Example of Basic Timing of Operation as Input Pulse Interval Measurement (MDmnO = 0)

TSmn

TEmn

Timn ﬂ

FFFFH b

TERmn OOOOHM
.y , Y

TDRmn _0000HX  a b c d
INTTMmn I
OVF

Remark 1. m: Unit number (m = 0), n: Channel number (n = 0 to 3)
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 0 of timer status register mn (TSRmn)
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Figure 7 - 56 Example of Set Contents of Registers to Measure Input Pulse Interval

(a) Timer mode register mn (TMRmn)

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
T™MRMN CKSmn1 | CKSmn0 CCSmn |M/S Note| STSmn2 | STSmn1 | STSmn0 |CISmn1| CISmn0 MDmn3 | MDmn2 | MDmn1 | MDmn0
1/0 0 0 0 0 0 0 1 1/0 1/0 0 0 0 1 0 1/0

L] L] L1

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 MASTERmN bit (channel 2)

0: Independent channel operation function.
Setting of SPLITmn bit (channels 1, 3)

0: 16-bit timer mode

Count clock selection
0: Selects operation clock (fmck).

Operation clock (fmck) selection
00B: Selects CKmO0 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).

(b) Timer output register m (TOm)
Bitn

TOmn 0: Outputs 0 from TOmn.
0

TOm

(c) Timer output enable register m (TOEm)
Bitn

TOEmn 0: Stops TOmn output operation by counting operation.
0

TOEm

(d) Timer output level register m (TOLm)
Bitn
TOLmn 0: Cleared to 0 when master channel output mode (TOMmn = 0)
0

TOLm

(e) Timer output mode register m (TOMm)

Bit n
TOMmn 0: Sets master channel output mode.
TOMm
0
Note TMRm2: MASTERmMN bit
TMRm1, TMRm3: SPLITmn bit
TMRmO: Fixed to 0

Remark  m: Unit number (m = 0), n: Channel number (n = 0 to 3)
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Figure 7 - 57 Operation Procedure When Input Pulse Interval Measurement Function Is Used

Software Operation Hardware Status
TAU Input clock supply for timer array unit m is stopped
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. Input clock supply for timer array unit m is supplied.
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.)
seting | Sets timer mode register mn (TMRmn) (determines
— operation mode of channel).

Operation | Sets TSmn bit to 1. » TEmn = 1, and count operation starts.
start The TSmn bit automatically returns to 0 because it is a Timer count register mn (TCRmn) is cleared to

trigger bit. 0000H.

When the MDmnO bit of the TMRmn register is 1,
INTTMmn is generated.

During | Set values of only the CISmn1 and CISmnO bits of the | Counter (TCRmn) counts up from 0000H. When the

g operation | TMRmn register can be changed. valid edge of the TImn pin input is detected or the TSmn
% The TDRmn register can always be read. bit is set to 1, the count value is transferred (captured) to
g The TCRmn register can always be read. timer data register mn (TDRmn). At the same time, the
5 The TSRmn register can always be read. TCRmn register is cleared to 0000H, and the INTTMmn
"§ Set values of the TOMmn, TOLmn, TOmn, and TOEmn | signal is generated.

§_ bits cannot be changed. 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 | The TTmn bit is set to 1. » TEmn = 0, and count operation stops.
L—1 stop The TTmn bit automatically returns to 0 because it is The TCRmn register holds count value and stops.
a trigger bit. The OVF bit of the TSRmn register is also held.

TAU The TAUMEN bit of the PERO register is cleared to 0. — Input clock supply for timer array unit m is stopped
stop To initialize all circuits, set the TAUORES bit ————— Al circuits are initialized and SFR of each channel is
in the PRRO register to 1. also initialized.

Remark  m: Unit number (m = 0), n: Channel number (n = 0 to 3)
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7.8.5 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 TIlmn pin input is sampled using the operating clock selected with the CKSmn bit of timer
mode register mn (TMRmn), so an error equivalent to one 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 + 17, 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, CISmn0 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 7 - 58 Block Diagram of Operation as Input Signal High-/Low-Level Width Measurement

CKml —»
Operation clock "°*®
CKmQ ——

> Timer counter
register mn (TCRmn)

Trigger selection | |Clock selection

TNFENxx
. Noise Edge _ Timer data Interrupt
Timn pin @ filter detection o register mn (TDRmn) controller
Note For channels 1 and 3, the clock can be selected from CKm0, CKm1, CKm2 and CKm3.

Interrupt signal
(INTTMmn)

Figure 7 - 59 Example of Basic Timing of Operation as Input Signal High-/Low-Level Width Measurement

TSmn

TEmn

Timn

TCRmn

TDRmn

INTTMmn

FFFFH

0000H

0000H a

OVF

Remark 1. m: Unit number (m = 0), n: Channel number (n = 0 to 3)

Bit n of timer channel start register m (TSm)

Bit n of timer channel enable status register m (TEm)
TImn pin input signal
TCRmn: Timer count register mn (TCRmn)
TDRmn: Timer data register mn (TDRmn)

Bit O of timer status register mn (TSRmn)

Remark 2. TSmn:
TEmn:
Timn:

OVF:
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Figure 7 - 60 Example of Set Contents of Registers to Measure Input Signal High-/Low-Level Width

(a) Timer mode register mn (TMRmn)

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
T™MRmn CKSmn1 | CKSmn0 CCSmn |M/S Note| STSmn2 | STSmn1 | STSmn0 | CISmn1 | CISmn0 MDmn3 | MDmn2 | MDmn1 | MDmn0
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 MASTERmN bit (channel 2)

0: Independent channel operation function.
Setting of SPLITmn bit (channels 1, 3)

0: 16-bit timer mode

Count clock selection
0: Selects operation clock (fmck).

Operation clock (fmck) 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).

(b) Timer output register m (TOm)
Bit n

TOmn 0: Outputs 0 from TOmn.
0

TOm

(c) Timer output enable register m (TOEm)
Bitn

TOEmn 0: Stops the TOmn output operation by counting operation.
0

TOEm

(d) Timer output level register m (TOLm)
Bitn
TOLmn 0: Cleared to 0 when master channel output mode (TOMmn = 0)
0

TOLm

(e) Timer output mode register m (TOMm)

Bitn
TOMmn 0: Sets master channel output mode.
TOMm
0
Note TMRm2: MASTERmMN bit
TMRm1, TMRm3: SPLITmn bit
TMRmO: Fixed to 0
Remark  m: Unit number (m = 0), n: Channel number (n = 0 to 3)
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Figure 7 - 61 Operation Procedure When Input Signal High-/Low-Level Width Measurement Function Is Used

Software Operation Hardware Status
TAU Input clock supply for timer array unit m is stopped
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. Input clock supply for timer array unit m is supplied.
Each channel stops operating.

(Clock supply is started and writing to each register is

enabled.)
_S:atg ti_m;r_clc;cE s_eI:ecI r_eg_ist;r_m_(fP_Sn_w)._ ________________________________
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.)
seting | Sets timer mode register mn (TMRmn) (determines
operation mode of channel).
Clears the TOEmn bit to 0 and stops operation of TOmn.
Operation | Sets the TSmn bit to 1. » TEmn = 1, and the TImn pin start edge detection wait
—p| start The TSmn bit automatically returns to O because it is | status is set.

a trigger bit.

Detects the TImn pin input count start valid edge. — Clears timer count register mn (TCRmn) to 0000H and
starts counting up.

. During Set value of the TDRmn register can be changed. When the TImn pin start edge is detected, the counter
E operation | The TCRmn register can always be read. (TCRmn) counts up from 0000H. If a capture edge of the
2 The TSRmn register is not used. TImn pin is detected, the count value is transferred to
g Set values of the TMRmn register, TOMmn, TOLmn, timer data register mn (TDRmn) and INTTMmn is
.é TOmn, and TOEmn bits cannot be changed. generated.
© If an overflow occurs at this time, the OVF bit of timer
g. 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.

Operation | The TTmn bit is set to 1. TEmn = 0, and count operation stops.
— stop The TTmn bit automatically returns to O because it is The TCRmn register holds count value and stops.
a trigger bit. The OVF bit of the TSRmn register is also held.

TAU The TAUMEN bit of the PERQO register is cleared to 0. :Ilnput clock supply for timer array unit m is stopped
stop To initialize all circuits, set the TAUORES bit All circuits are initialized and SFR of each channel is
in the PRRO register to 1. also initialized.

Remark  m: Unit number (m = 0), n: Channel number (n =0 to 3)
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7.8.6  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 can also generate INTTMmn (timer interrupt) at any interval by making a software set TSmn = 1 and the count
down start during the period of 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, TEHm3 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 7 - 62 Block Diagram of Operation as Delay Counter

CKml ——»
Operation clock "°*® [

C
Ee]
©
<@
3 > Timer counter |
CKm0 ——— | x register mn (TCRmn)
o
[8) /T
C
S
TNFENxx TSmn >
© Timer data » Interrupt | Interrupt signal
: o i TDRmn) »| controller (INTTMmn)
) Noise _ | Edge | @ register mn ( >

Timn pin @ filter " |detection| | _§
|_

Note For using 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 = 0 to 3)
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Remark 1.
Remark 2.

Figure 7 - 63 Example of Basic Timing of Operation as Delay Counter

TSmn J-|

TEmn J

Timn

FFFFH
TCRmn
0000H

TDRmn a X b

INTTMmn

A
\ 4
A

m: Unit number (m = 0), n: Channel number (n = 0 to 3)
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)

b+1

\ 4
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Figure 7 - 64 Example of Set Contents of Registers to Delay Counter

(a) Timer mode register mn (TMRmn)

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
T™MRMN CKSmn1 | CKSmn0 CCSmn |M/S Note| STSmn2 | STSmn1 | STSmn0 | CISmn1 | CISmn0 MDmn3 | MDmn2 | MDmn1 | MDmn0
1/0 1/0 0 0 0/1 0 0 1 1/0 1/0 0 0 1 0 0 1/0

L] L] L1

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 MASTERmN bit (channel 2)

0: Independent channel operation function.
Setting of SPLITmn bit (channels 1, 3)

0: 16-bit timer mode

1: 8-bit timer mode

Count clock selection
0: Selects operation clock (fmck).

Operation clock (fmck) selection
00B: Selects CKmO0 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 using channels 1 and 3 in the 8-bit timer mode).
11B: Selects CKm3 as operation clock of channels 1, 3 (This can only be selected using channels 1 and 3 in the 8-bit timer mode).

(b) Timer output register m (TOm)
Bitn

TOmn 0: Outputs 0 from TOmn.
0

TOm

(c) Timer output enable register m (TOEm)
Bit n
TOEmn 0: Stops the TOmn output operation by counting operation.
0

TOEm

(d) Timer output level register m (TOLm)
Bitn

TOLmn 0: Cleared to 0 when master channel output mode (TOMmn = 0)
0

TOLm

(e) Timer output mode register m (TOMm)

Bitn
TOMmn 0: Sets master channel output mode.
TOMm
0
Note TMRm2: MASTERmMN bit
TMRm1, TMRm3: SPLITmn bit
TMRmO: Fixed to 0
Remark  m: Unit number (m = 0), n: Channel number (n = 0 to 3)
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Figure 7 - 65 Operation Procedure When Delay Counter Function Is Used

Software Operation Hardware Status
TAU Input clock supply for timer array unit m is stopped
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. Input clock supply for timer array unit m is supplied.
Each channel stops operating.

(Clock supply is started and writing to each register is

enabled.)
Sets timer clock select r_eg_ist;r_m_(fP_Sn_w)._ ________________________________
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.)
seting | 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 edge
—»| start The TSmn bit automatically returns to 0 because it is | of the TImn pin input is detected or the TSmn bit is set to
a trigger bit. 1) wait status is set.
The counter starts counting down by the next start Value of the TDRmn register is loaded to the timer count
trigger detection. register mn (TCRmn).
« Detects the TImn pin input valid edge.
'8 » Sets the TSmn bit to 1 by the software. ——
IS
7 During Set value of the TDRmn register can be changed. The counter (TCRmn) counts down. When the count
g operation | The TCRmn register can always be read. value of TCRmn reaches 0000H, the INTTMmn output
'é The TSRmn register is not used. is generated, and the count operation stops until the
"§ next start trigger detection (the valid edge of the TImn
g_ pin input is detected or the TSmn bit is set to 1).
Operation | The TTmn bit is set to 1. TEmn = 0, and count operation stops.
— stop The TTmn bit automatically returns to O because it is The TCRmn register holds count value and stops.
a trigger bit.

TAU The TAUMEN bit of the PERQO register is cleared to 0. jlnput clock supply for timer array unit m is stopped
stop To initialize all circuits, set the TAUORES bit All circuits are initialized and SFR of each channel is
in the PRRO register to 1. also initialized.

Remark  m: Unit number (m = 0), n: Channel number (n =0 to 3)
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7.9 Simultaneous Channel Operation Function of Timer Array Unit

7.91 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 value. 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 Since the timing for loading of the TDRmn register of the master channel will be different from
that for loading of the TDRmp register of the slave channel, writing to the TDRmn or TDRmp
register while counting is in progress may lead to contention that causes an illegal waveform
to be output. Only write new values to the TDRmn register after INTTMmn has been generated
and to the TDRmp register after INTTMmp has been generated.

Remark m: Unit number (m = 0), n: Channel number (n =0, 2)
p: Slave channel number (n=0:p=1,2,3,n=2:p=23)
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Figure 7 - 66 Block Diagram of Operation as One-Shot Pulse Output Function

Master channel
(one-count mode)

CKm1 ——
Operation clock
CKmQ ———

Timer counter
register mn (TCRmn)

Trigger selection| [Clock selection

Interrupt signal
(INTTMmn)

— © TOmp pin

Interrupt signal

" (INTTMmp)

TNFENmn TSmn )
Timer data Interrupt
- register mn (TDRmn) | controller
. Noise Edge
Timn pin @ filter detection| |
Slave channel
(one-count mode) =
i)
. CKm1 > 3 Y
Operation clock 3 Timer counter Output

CKmO > § register mp (TCRmp) controller
o
c
i)
©

2 i Interrupt

2 _ Timer data

5 register mp (TDRmp) controller
S
=

Remark

m: Unit number (m = 0), n: Channel number (n = 0, 2)

p: Slave channel number (n=0:p=1,2,3,n=2:p=3)
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Figure 7 - 67 Example of Basic Timing of Operation as One-Shot Pulse Output Function

TSmn _ﬂ

TEmn J

Timn

Master FFFFH
channel TCRmn
0000H

TDRmn a

TOmn

INTTMmn

TSmp _ﬂ

TEmp
FFFFH B
TCRmp
Slave 0000H
channel
TDRmp b
TOmp
INTTMmp

Remark 1. m: Unit number (m = 0), n: Channel number (n = 0, 2)
p: Slave channel number (n=0:p=1,2,3,n=2: p=3)

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, TOmp:  TOmn and TOmp pins output signal
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Figure 7 - 68 Example of Set Contents of Registers
When One-Shot Pulse Output Function Is Used (Master Channel)

(a) Timer mode register mn (TMRmn)

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
MAS
T™MRMN CKSmn1 | CKSmn0 CCSmn | TERmn | STSmn2 | STSmn1 | STSmn0 | CISmn1 | CISmn0 MDmn3 | MDmn2 | MDmn1 | MDmn0
1/0 0 0 0 Note 0 0 1 1/0 1/0 0 0 1 0 0 0
1

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.

Start trigger selection
001B: Selects the TImn pin input valid edge. Note 2

Setting of the MASTERmn bit (channel 2)
1: Master channel.

Count clock selection
0: Selects operation clock (fmck).

Operation clock (fmck) selection
00B: Selects CKmO0 as operation clock of channels n.
10B: Selects CKm1 as operation clock of channels n.

(b) Timer output register m (TOm)
Bit n

TOmn 0: Outputs 0 from TOmn.
0

TOm

(c) Timer output enable register m (TOEm)
Bitn

TOEmn 0: Stops the TOmn output operation by counting operation.
0

TOEm

(d) Timer output level register m (TOLm)
Bitn
TOLmn 0: Cleared to 0 when master channel output mode (TOMmn = 0)
0

TOLm

(e) Timer output mode register m (TOMm)

Bitn
TOMmn 0: Sets master channel output mode.
TOMm

0

Note 1. TMRm2: MASTERmnN =1

TMRmO: Fixed to 0
Note 2. A software operation (TSmn = 1) can be used as a start trigger, instead of using the TImn pin input.
Remark  m: Unit number (m = 0), n: Channel number (n =0, 2)
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Figure 7 - 69 Example of Set Contents of Registers
When One-Shot Pulse Output Function Is Used (Slave Channel)
(a) Timer mode register mp (TMRmp)
15 14 13 12 11 10 9 8 7 6 4 3 2 1 0
T™Rm CKSmp1 | CKSmp0 CCSmp [M/S Note| STSmp2 | STSmp1 | STSmpO | CISmp1 | CISmp0 MDmp3 | MDmp2 | MDmp1 | MDmpO
P 1/0 0 0 0 0 1 0 0 0 0 0 1 0 0 0
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 MASTERmN bit (channel 2)
0: Slave channel
Setting of SPLITmp bit (channels 1, 3)
0: 16-bit timer mode
Count clock selection
0: Selects operation clock (fmck).
Operation clock (fmck) selection
00B: Selects CKmO0 as operation clock of channel p.
10B: Selects CKm1 as operation clock of channel p.
* Make the same setting as master channel.
(b) Timer output register m (TOm)
Bit p
TOmp 0: Outputs 0 from TOmp.
TOm 1/0 1: Outputs 1 from TOmp.
(c) Timer output enable register m (TOEm)
Bit p
TOEmp 0: Stops the TOmp output operation by counting operation.
TOEm 1/0 1: Enables the TOmp output operation by counting operation.
(d) Timer output level register m (TOLm)
Bit p
TOLmp 0: Positive logic output (active-high)
TOLm 1/0 1: Negative logic output (active-low)
(e) Timer output mode register m (TOMm)
Bit p
TOMmp 1: Sets the slave channel output mode.
TOMm 1
Note TMRm2: MASTERmp bit
TMRm1, TMRm3: SPLITmp bit
Remark  m: Unit number (m = 0), n: Channel number (n =0, 2)
p: Slave channel number (n=0:p=1,2,3,n=2:p=3)
R0O1UH0637EJ0110 Rev. 1.10 -IENESAS Page 251 of 1113



RL78/G11 CHAPTER 7 TIMER ARRAY UNIT

Figure 7 - 70 Operation Procedure of One-Shot Pulse Output Function (1/2)

Software Operation Hardware Status
TAU Input clock supply for timer array unit m is stopped
default (Clock supply is stopped and writing to each register
setting is disabled.)

Sets the TAUMEN bit of peripheral enable registers 0
(PERO) to 1. Input clock supply for timer array unit m is supplied.
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 | registers 1 (NFEN1) to 1. (Clock is supplied and some power is consumed.)
seting | 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. » The TOmp default setting level is output when the port
mode register is in output mode and the port register is

Sets the TOEmp bit to 1 and enables operation of 0.

TOmp. » TOmp does not change because channel stops

operating.

Clears the port register and port mode register to 0. —brThe TOmp pin outputs the TOmp set level.

(Note and Remark are listed on the next page.)
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Figure 7 - 70 Operation Procedure of One-Shot Pulse Output Function (2/2)

Software Operation Hardware Status
—p{ Operation | Sets the TOEmp bit (slave) to 1 (only when operation is
start 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
channel enters the start trigger detection (the valid edge
of the TImn pin input is detected or the TSmn bit of the
The TSmn and TSmp bits automatically return to 0 master channel is set to 1) wait status.
because they are trigger bits. Counter stops operating.
(Count operation of the master channel is started by start |Master channel starts counting.” =~~~ ~ ]
trigger detection of the master channel.
* Detects the TImn pin input valid edge.
+ Sets the TSmn bit of the master channel to 1 by
software Note,
During | Set values of only the CISmn1 and CISmn0 bits of the |Master channel loads the value of the TDRmn register to
. operation | TMRmn register can be changed. timer count register mn (TCRmn) by the start trigger
E Set values of the TMRmp, TDRmn, TDRmp registers, detection (the valid edge of the TImn pin input is
2 TOMmn, TOMmp, TOLmn, and TOLmp bits cannot be  |detected or the TSmn bit of the master channel is set to
g changed. 1), and the counter starts counting down.
s The TCRmn and TCRmp registers can always be read. |When the count value reaches TCRmn = 0000H, the
"§ The TSRmn and TSRmp registers are not used. INTTMmn output is generated, and the counter stops
3 Set values of the TOm and TOEm registers by slave until the next valid edge is input to the TImn pin.
© channel can be changed. 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 from the master
channel. It becomes inactive when TCRmp = 0000H,
and the counting operation is stopped.
After that, the above operation is repeated.
Operation | The TTmn (master) and TTmp (slave) bits are set to 1 at
stop the same time. »TEmn, TEmp = 0, and count operation stops.
The TTmn (master) and TTmp (slave) bits are set to 1 The TCRmn and TCRmp registers hold count value
at the same time. and stop.
The TOmp output is not initialized but holds current
status.
] ‘The TOEmp bit of slave channelis clearedto0and ~ |~~~ ~~ "~~~ "~~~ 7771
value is set to the TOmp bit. » The TOmp pin outputs the TOmp set level.
TAU To hold the TOmp pin output level
stop 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 PERD register is cleared to 0. —»input clock supply for timer array unit m is stopped ~ |
To initialize all circuits, set the TAUORES bit ————All circuits are initialized and SFR of each channel is also
in the PRRO register to 1. initialized.
(The TOmp bit is cleared to 0 and the TOmp pin is set to
port mode.)
Note Do not set the TSmn bit of the slave channel to 1.
Remark  m: Unit number (m = 0), n: Channel number (n = 0, 2)

p: Slave channel number (n=0:p=1,2,3,n=2:p=3)
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7.9.2 Two-channel input with one-shot pulse output function

TBy using signal input to two pins (TImn and TImp), a one-shot pulse having any delay pulse width can be
generated.

Delay time = {Set value of TDRmn (master) + 2} count clock period
One-shot pulse active-level width =
count clock period ((10000H + TSRmp:OVF) + (capture value of TDRmp (slave) + 1)

Caution The Timn and TImp pin inputs are each sampled using the operating clock (fuck) selected with
the CKSmn1 bit of the timer mode register (TMRmn), so an error of one cycle of the operating
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 TImn pin input used as the start trigger. Upon detection of a
start trigger (valid edge of TImn pin input), the master channel loads the value of timer data register mn (TDRmn)
to the timer count register mn (TCRmn), and performs counting down in synchronization with the count clock
(fTCLK).When TCRmn = 0000H, the master channel outputs INTTMmn and outputs the active level from the
TOmp 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 TImn pin input, or timer input signal selected by the TISO register
used as the end trigger. Upon detection of an end trigger (valid edge of TImp pin input), the slave channel
transfers (captures) the count value of the TCRmp register to the TDRmp register, and clears it to 0000H.
Simultaneously, the slave channel outputs INTTMmp and the inactive level from the TOmp pin. Here, if the
counter overflow has occurred, the OVF bit in the timer status register mn (TSRmp) is set; if not, the OVF bit is
cleared. After this, the same steps are repeated.

When the count value is captured to the TDRmp register, the OVF bit in the TSRmp 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 TSRmp 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 TImn pin input, the software operation (TSmn = 1) can be used as a start trigger for the
master channel.

Remark m: Unit number (m = 0)
n: Channel number (n =0, 2)
p: Slave channel number (p = 3)
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Figure 7 - 71 Block Diagram of Operation for Two-channel Input with One-shot Pulse Output Function

Master channel
(one-count mode)

CKm1 ———
Operation clock
CKmQ —————

Timer counter
register mn (TCRmn)

Trigger selection| [Clock selection

Interrupt signal
(INTTMmn)

— © TOmp pin

Interrupt signal
(INTTMmp)

TNFENmn TSmn
Timer data _| Interrupt
. Noise Edge register mn (TDRmn) "| controller
Timn pin @ —* e detection|
Slave channel
(one-count mode) =
Ee]
_ CKm1 > 8 Y
Operation clock 2 Timer counter Output
CKmO0 > 5 register mp (TCRmp) controller
o
TISO o
c
o
e
TNFENmp 3
T Timer data _| Interrupt
5 register mp (TDRmp) | controller
Timp pin Noise Edge . 2
5 ™ filter detection| | =
veouTt Ve | & e
vcouTto e | 2
RxDO Note N
Note Only in channel 3.

Remark

m: Unit number (m = 0)

n: Channel number (n =0, 2)
p: Slave channel number (p = 3)
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Figure 7 - 72 Example of Basic Timing of Operation for Two-channel Input with One-shot Pulse Output Function

Master
channel

Slave
channel

Remark 1. m: Unit number (m = 0)

TSmn J-l

TEmn __|

Timn

FFFFH

TCRmn
0000H

TDRmn

TOmn

INTTMmn

TSmp J-l

TEmp _|

~_] | —

Timp

FFFFH

TCRmp
0000H

TDRmp

0000H

TOmp

[

INTTMmp

n: Channel number (n =0, 2)
p: Slave channel number (p = 3)

Remark 2. TSmn, TSmp:
TEmn, TEmp:

a+2

b+1

Bit n, p of timer channel start register m (TSm)
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

a+2

b+1
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Figure 7 - 73 Example of Set Contents of Registers for Two-channel Input with One-shot Pulse Output Function
(Master Channel)

(a) Timer mode register mn (TMRmn)

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
MAS
T™MRMN CKSmn1 | CKSmn0 CCSmn | TERmn | STSmn2 | STSmn1 | STSmn0 | CISmn1 | CISmn0 MDmn3 | MDmn2 | MDmn1 | MDmn0
1/0 0 0 0 Note 1 0 0 0 0 0 0 0 1 0 0 0
1

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.

Start trigger selection
011B: Selects the TImn pin input valid edge. Note 2

Setting of the MASTERmn bit (channel 2)
1: Master channel.

Count clock selection
0: Selects operation clock (fmck).

Operation clock (fmck) selection
0: Selects CKmO as operation clock of channel n.
1: Selects CKm1 as operation clock of channel n.

(b) Timer output register m (TOm)
Bitn

TOmn 0: Outputs 0 from TOmn.
0

TOm

(c) Timer output enable register m (TOEm)
Bit n

TOEmn 0: Stops the TOmn output operation by counting operation.
0

(d) Timer output level register m (TOLm)
Bitn

TOLmn 0: Setting is invalid because master channel output mode is set (TOMmn = 0).0)
0

TOLm

(e) Timer output mode register m (TOMm)
Bitn

TOMmn 0: Sets master channel output mode.
0

TOMm

Note 1. TMRm2: MASTERmnN =1
TMRmO: Fixed to 0

Note 2. A software operation (TSmn = 1) can be used as a start trigger, instead of using the TImn pin input.

Remark  m: Unit number (m = 0),
n: Channel number (n =0, 2)
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Figure 7 - 74 Example of Set Contents of Registers for Two-channel Input with One-shot Pulse Output Function
(Slave Channel)

(a) Timer mode register mp (TMRmp)

15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
T™Rm CKSmp1 | CKSmp0 CCSmp| M/S | STSmp2 | STSmp1 | STSmp0 | CISmp1 | CISmp0 MDmp3 | MDmp2 | MDmp1 | MDmpO
P 1/0 0 0 0 0 1 1 0 0 0 0 0 0 1 0 0

L] L] L]

Operation mode of channel p
010B:Capture mode

Setting of operation when
counting is started
0: Does not generate
INTTMmn when counting
is started.

Selection of TImp pin input edge
00B: Sets 00B because these are not used.

Trigger selection
110B: Selects INTTMmn of master channel as the start trigger and selects TImp pin
input valid edge of slave channel as the end trigger (capture trigger).

Setting of SPLITmp bit (Channel 3)
0: 16-bit timer

Count clock selection
0: Selects operation clock (fMCK).

Operating clock (fMCK) selection
0: Selects CKmO as operating clock of channel p.
1: Selects CKm1 as operating clock of channel p.
* Make the same setting as master channel.

(b) Timer output register m (TOm)

Bit p
TOmp 0: Outputs 0 from TOmp.
TOm 1/0 1: Outputs 1 from TOmp.

(c) Timer output enable register m (TOEm)

Bit p
TOEmp 0: Stops the TOmp output operation by counting operation. (the level set in the TOmp bit is output from the TOmp pin).
TOEm 1/0 1: Enables the TOmp output operation by counting operation. (output from the TOOp pin is toggled).

(d) Timer output level register m (TOLm)

Bit p
TOLmp 0: Positive logic output (active-high)
TOLm 1/0 1: Negative logic output (active-low)

(e) Timer output mode register m (TOMm)
Bit p
TOMmp 1: Sets the slave channel output mode.

TOMm
1
Remark  m: Unit number (m = 0)
n: Channel number (n =0, 2)
p: Slave channel number (p = 3)
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Figure 7 - 75 Procedure for Two-channel Input with One-shot Pulse Output Function (1/2))

Software Operation

Hardware Status

TAU
default
setting

Sets the TAUOEN bit of peripheral enable registers 0
(PERO) to 1 (when the TAUMEN bit is 0, read/write

operation is disabled).

Sets timer clock select register m (TPSm).
Determines operating clock (CKOO and CKO01) for each
channel.

Power-off status
(Clock supply is stopped and writing to SFR of the
TAU is disabled.)

Power-on status. Each channel stops operating.
(Clock supply is started and writing to SFR of the TAU
is enabled.)

Channel
default
setting

Sets noise filter enable register 1 (NFEN1).

Sets timer mode register mn, p (TMRmn, TMRmp)
(determines operation mode for each channel and
selects the detection edge).

Sets master channel
Sets delay (output delay time) to timer data register
mn (TDRmn) (for the access procedure to the
TDRmnH and TDRmnL registers, see 7.2.2 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 TOmO register to 0.

Clears the target bit of the timer output enable register
0 (TOEm) to O.

Sets slave channel.

Sets the target bit of timer output mode register m
(TOMm) to 1 (slave channel output mode).
Sets the target bit of the TOLm register.
Sets the TOmp bit and determines default level of the
TOmp output.
Sets the TOEmp bit to 1 and enables operation of—p
TOmp.
Clears the port register and port mode register to 0.
(output mode is set)

\4

Channel stops operating.

The TOmp pin goes into Hi-Z state.
(The port mode register is set to input mode.)

TOmp does not change because channel stops
operating.

(The TOmp pin is not affected even if the TOOp bit is
modified).

The level set in the TOmp bit is output from the TOmp
pin.

Remark

m: Unit number (m = 0),

n: Channel number (n =0, 2)
p: Slave channel number (p = 3)
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Figure 7 - 75 Procedure for Two-channel Input with One-shot Pulse Output Function (2/2)

Software Operation Hardware Status

—» Operation | Sets the TOEmp bit of the slave channel to 1 to enable
start TOmp operation (only when operation is resumed).
Sets the target bits of the TSm register (master and
slave) to 1 at the same time. The target bits of the TEm register are set to 1 and the
The target bits of the TSm register automatically return | master channel enters the TImn pin input valid edge
to 0 because they are trigger bits. detection wait status.

Count operation starts on detection of the next start —p

v

triggers: Value of the TDRmn register is loaded to the timer count
- The TImn pin input valid edge is detected. register mn (TCRmn) of the master channel, and count
- The TSmn bit is set to 1 by software. down operation starts.
During Changes master channel setting. The master channel counter (TCRmn) performs count
operation The TCRmn register can always be read (for the down operation. When the count value reaches TCRmn
access procedure to the TCRmnH and TCRmnL =0000H, INTTMmn is generated, and the counter stops
registers, see 7.2.1 Timer count register mn at TCRmn = FFFFH until the next start trigger is
(TCRmn)). detected (the TImn pin input valid edge is detected or

The set values of only the CISmn1 and CISOnm bits | TSmn bit is set to 1).

el

§ of the TMRmn register can be changed.

g The set values in the target bits of the TDRmn, TOm, | The slave channel, triggered by INTTMmn of the master

k2 TOEm, TOMm, and TOLm registers cannot be channel, clears the timer counter register mp (TCRmp)

é changed. to 0000H. The counter (TCRmp) starts counting up from

g Changes slave channel setting. 0000H, and when the TImn pin input valid edge is

8’ The TDRmp register can always be read. detected, the count value is transferred to the timer data
The TCRmp register can always be read. register mp (TDRmp) (capture) and TCRmp register is
The TSRmp register can always be read. cleared to 0000H. At this time, INTTMmn is generated,
The set values of only the CISmp1 and CISmp0 bits | which sets the TOmp output level to inactive
of the TMRmp register can be changed. After that, the above operation is repeated.

The set values in the target bits of the TOmp, TOEmp,
TOMm, and TOLm registers can be changed.

Operation | Sets the target bits of the TTO register (master and

stop slave) to 1 at the same time. »| The target bits of the TEm register are cleared to 0, and
- The target bits of the TTO register automatically return to | count operation stops.
0 because they are trigger bits. The TCRmn and TCRmp registers hold count value and
stop.

The TOmp output is not initialized but holds current
status..

Clears the TOEmp bit of slave channel to 0 and sets a | The level set in the TOmp bit is output from the TOmp
value to the TOmp bit. pin.

TAU To hold the TOmp pin output level
stop Clears the TOmp bit to 0 after the value to
be held (output latch) is set to the port register. —| The TOmp pin output level is held by port function.

Clears the TAUMEN bit of the PERO register to 0. —® Power-off status
Clock supply is stopped and SFR of the TAU is

initialized.
Remark  m: Unit number (m = 0)
n: Channel number (n =0, 2)
p: Slave channel number (p = 3)
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7.9.3 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: Channel number (n =0, 2)
p: Slave channel number (n=0:p=1,2,3,n=2:p=3)
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Master channel

(Interval timer mode)

Slave channel
(One-count mode)

Operation clock [

Figure 7 - 76 Block Diagram of Operation as PWM Function

CKm1 ————
Operation clock
CKmQ ———»

TSmMN ——»

CKm1
CKmO

Timer counter
register mn (TCRmn)

Trigger selection| |Clock selection

register mp (TDRmp)

Timer data Interrupt
register mn (TDRmn) "| controller
[
Re]
> § A
3 Timer counter Output
1l register mp (TCRmp) controller
o
O
c
9
©
o Timer data Interrupt
[}
2 controller
S
£
|_

Remark  m: Unit number (m = 0), n: Channel number (n =0, 2)
p: Slave channel number (n=0:p=1,2,3,n=2:p=3)

Interrupt signal
(INTTMmn)

—» @ TOmp pin

Interrupt signal
(INTTMmp)
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Figure 7 - 77 Example of Basic Timing of Operation as PWM Function

Master
channe

Slave
channe

TSmn

TEmn

FFFFH

TCRmn
0000H

TDRmn

TOmn

INTTMmn

TSmp_ﬂ

TEmp_J

FFFFH
TCRmp
0000H

TDRmp

TOmp

INTTMmp

Y

\

4
A

Remark 1. m: Unit number (m = 0), n: Channel number (n = 0, 2)
p: Slave channel number (n=0:p=1,2,3,n=2:p=3)

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

Q; A
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RL78/G11
Figure 7 - 78 Example of Set Contents of Registers When PWM Function (Master Channel) Is Used

Timer mode register mn (TMRmn)

(a)
15 14 13 12 11 10

MAS

CKSmn1 | CKSmn0 CCSmn | TERmn | STSmn2
TMRmn

1/0 0 0 0 Note 0 0

MDmn3 | MDmn2 | MDmn1 | MDmn0

STSmn1 | STSmn0 { CISmn1|CISmn0
0 0 0 0

0 0 0 0

L] |
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.

Start trigger selection
000B: Selects only software start.

Setting of the MASTERmMN bit (channel 2)
1: Master channel.

Count clock selection
0: Selects operation clock (fmck).

Operation clock (fmck) selection
00B: Selects CKmO0 as operation clock of channel n.
10B: Selects CKm1 as operation clock of channel n.

(b) Timer output register m (TOm)
Bit n

TOom TOom n

0: Outputs 0 from TOmn.

Timer output enable register m (TOEm)

(c)
Bitn
TOEmn
0

Timer output level register m (TOLm)

0: Stops the TOmn output operation by counting operation.

TOEm

(d)
Bitn

TOLmn
TOLm 0

0: Cleared to 0 when master channel output mode (TOMmn = 0)

Timer output mode register m (TOMm)

(e)
Bit n

TOM
TOMm Om”

0: Sets master channel output mode.

TMRm2: MASTERmnN = 1

Note
TMRmO: Fixed to 0

Remark  m: Unit number (m = 0), n: Channel number (n = 0, 2)
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Figure 7 - 79 Example of Set Contents of Registers When PWM Function (Slave Channel) Is Used

(a) Timer mode register mp (TMRmp)

13 12 1 10 9 8 7 6

CCSmp |M/S Note| STSmp2 | STSmp1 | STSmpO | CISmp1 | CISmp0
0 1 0 0 0 0

MDmp3 | MDmp2 | MDmp1 | MDmp0
0 1 0 0 1

Start trigger selection

Setting of MASTERmN bit (channel 2)
0: Slave channel

Setting of SPLITmp bit (channels 1, 3)
0: 16-bit timer mode

Count clock selection
0: Selects operation clock (fmck).

clock (fuck) selection

lects CKmO as operation clock of channel p.
lects CKm1 as operation clock of channel p.
the same setting as master channel.

utput register m (TOm)

TOmp 0: Outputs 0 from TOmp.

1: Outputs 1 from TOmp.

(c) Timer output enable register m (TOEm)

0: Stops the TOmp output operation by counting operation.
1: Enables the TOmp output operation by counting operation.

(d) Timer output level register m (TOLm)

0: Positive logic output (active-high)
1: Negative logic output (active-low)

output mode register m (TOMm)

1: Sets the slave channel output mode.

TMRm2: MASTERmp bit
TMRm1, TMRm3: SPLITmp bit

m: Unit number (m = 0), n: Channel number (n =0, 2)
p: Slave channel number (n=0:p=1,2,3,n=2:p=3)

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.

100B: Selects INTTMmn of master channel.

15 14
CKSmp1 | CKSmp0
TMRmp
1/0 0
Operation
00B: Se
10B: Se
* Make
(b) Timer o
Bit p
TOm
1/0
Bit p
TOEmp
TOE
™ 10
Bit p
TOL
TOLm|
1/0
(e) Timer
Bit p
TOM
TOMm O1mp
Note
Remark
RO1UHO0637EJ0110

Dec 28, 2016

Rev. 1.10 RENESAS

Page 265 of 1113



RL78/G11 CHAPTER 7 TIMER ARRAY UNIT

Figure 7 - 80 Operation Procedure When PWM Function Is Used (1/2)

Software Operation Hardware Status
TAU Input clock supply for timer array unit m is stopped
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. Input clock supply for timer array unit m is supplied.
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 (TMRmn, TMRmp) of | Channel stops operating.

default | two channels to be used (determines operation mode of | (Clock is supplied and some power is consumed.)
seing | 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

Sets the TOEmp bit to 1 and enables operation of 0.

TOmp. » TOmp does not change because channel stops

operating.

Clears the port register and port mode register to 0. —brThe TOmp pin outputs the TOmp set level.

(Remark is listed on the next page.)
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Figure 7 - 80 Operation Procedure When PWM Function Is Used (2/2)
Software Operation Hardware Status
—» Operation | Sets the TOEmp bit (slave) to 1 (only when operation is
start resumed).
The TSmn (master) and TSmp (slave) bits of timer
channel start register m (TSm) are set to 1 at the same | TEmn =1, TEmp =1
time. » When the master channel starts counting, INTTMmn
The TSmn and TSmp bits automatically return to 0 is generated. Triggered by this interrupt, the slave
because they are trigger bits. channel also starts counting.
During | Set values of the TMRmn and TMRmp registers, The counter of the master channel loads the TDRmn
operation | TOMmn, TOMmp, TOLmn, and TOLmp bits cannot be | register value to timer count register mn (TCRmn), and
changed. counts down. When the count value reaches TCRmn =
Set values of the TDRmn and TDRmp registers can be | 0000H, INTTMmn output is generated. At the same
changed after INTTMmn of the master channel is time, the value of the TDRmn register is loaded to the
35 generated. TCRmn register, and the counter starts counting down
8 The TCRmn and TCRmp registers can always be read. | again.
§ The TSRmn and TSRmp registers are not used. At the slave channel, the value of the TDRmp register is
E loaded to the TCRmp register, triggered by INTTMmn of
_5 the master channel, and the counter starts counting
g 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.
After that, the above operation is repeated.
Operation | The TTmn (master) and TTmp (slave) bits are set to 1 at
stop 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 value
because they are trigger bits. 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 To hold the TOmp pin output level
stop Clears the TOmp bit to 0 after the value to be held — The TOmp pin output level is held by port function.
is set to the port register.
When holding the TOmp pin output level is not
necessary
Setting not required.
The TAUMEN bit of the PERO register is cleared to 0. — Input clock supply for timer array unit m is stopped
To initialize all circuits, set the TAUORES bit ————¢ All circuits are initialized and SFR of each channel is
in the PRRO register to 1. 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: Channel number (n = 0, 2)

p: Slave channel number (n=0:p=1,2,3,n=2:p=23)
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7.9.4 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 TDRmq 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 TOmq 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 three 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: Channel number (n = 0)
p: Slave channel number 1, g: Slave channel number 2
n <p <q<3(Where p and q are integers greater than n)
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Figure 7 - 81 Block Diagram of Operation as Multiple PWM Output Function (output two types of PWMs)

Master channel
(interval timer mode)

Operation clock [

Slave channel 1
(one-count mode)

Operation clock [

Slave channel 2
(one-count mode)

Operation clock [

Remark

CKm1 —— |

CKm0 ——

Timer counter
register mn (TCRmn)

TSmn ———»

Trigger selection||Clock selection

Timer data
register mn (TDRmn)

Interrupt

| controller

CKm1

\

CKmO

A

Interrupt signal
(INTTMmn)

— © TOmp pin

Interrupt signal

— (INTTMmp)

CKm1

CKmO

— @ TOmq pin

register mq (TDRmq)

™| controller

Interrupt signal
> (INTTMmq)

m: Unit number (m = 0), n: Channel number (n = 0)

p: Slave channel number 1, g: Slave channel number 2

n <p <q<3(Where p and q are integers greater than n)

[

el

©

<

o Timer counter Output
> —foj register mp (TCRmp) controller

&)

c

el

8
. Timer data Interrupt
" 5 register mp (TDRmp) controller

D

2

=

c

il
.l 3 Y

3 Timer counter Output
> —é register mq (TCRmq) controller

o

c

§e]

8

© Timer data Interrupt

@

D

2

'_
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Figure 7 - 82 Example of Basic Timing of Operation as Multiple PWM Output Function (Output two types of PWMs)

TSmn

TEmn

FFFFH

TCRmn
Master 0000H N
channel / / / /

TDRmn a X b

TOmn

INTTMmn I

TSmp

TEmp

=
TCRmp

Slave 0000H
channel 1

TDRmp c X d

TOmp ] L

INTTMmp

A
/
A
\ 4
A
A4

a+1 a+1 b+ 1

TSmq

TEmq

FFFFH

TCRMQ  o000H
Slave / /

channel 2 TDRmq o X

TOmq

INTTMmq

A
\
A
Y
A
Y

(Remarks are listed on the next page.)
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Remark 1. m: Unit number (m = 0), n: Channel number (n = 0)
p: Slave channel number 1, g: Slave channel number 2
n < p <q <3 (Where p and q are integers greater than n)

Remark 2. TSmn, TSmp, TSmgq: Bit n, p, q of timer channel start register m (TSm)
TEmn, TEmp, TEmq: Bit n, p, q of timer channel enable status register m (TEm)
TCRmn, TCRmp, TCRmgq: Timer count registers mn, mp, mg (TCRmn, TCRmp, TCRmq)
TDRmn, TDRmp, TDRmgq: Timer data registers mn, mp, mq (TDRmn, TDRmp, TDRmq)
TOmn, TOmp, TOmMq: TOmn, TOmp, and TOmq pins output signal
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Figure 7 - 83 Example of Set Contents of Registers
When Multiple PWM Output Function (Master Channel) Is Used

(a) Timer mode register mn (TMRmn)

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
MAS
T™MRMN CKSmn1 | CKSmn0 CCSmn | TERmn | STSmn2 | STSmn1 | STSmn0 | CISmn1 | CISmn0 MDmn3 | MDmn2 | MDmn1 | MDmn0
1/0 0 0 0 Note 0 0 0 0 0 0 0 0 0 0 1
1

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.

Start trigger selection
000B: Selects only software start.

Setting of MASTERmN bit (channel 2)
1: Master channel.

Count clock selection
0: Selects operation clock (fmck).

Operation clock (fmck) selection
00B: Selects CKmO0 as operation clock of channel n.
10B: Selects CKm1 as operation clock of channel n.

(b) Timer output register m (TOm)
Bitn

TOmn 0: Outputs 0 from TOmn.
0

TOm

(c) Timer output enable register m (TOEm)
Bit n

TOEmn 0: Stops the TOmn output operation by counting operation.
0

TOEm

(d) Timer output level register m (TOLm)
Bitn
TOLmn 0: Cleared to 0 when master channel output mode (TOMmn = 0)
0

TOLm

(e) Timer output mode register m (TOMm)

Bit n
TOMmn 0: Sets master channel output mode.
TOMm 0
Note TMRm2: MASTERmN = 1
TMRmO: Fixed to 0
Remark  m: Unit number (m = 0), n: Channel number (n = 0)
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Figure 7 - 84 Example of Set Contents of Registers
When Multiple PWM Output Function (Slave Channel) Is Used (output two types of PWMs)

(a) Timer mode register mp, mq (TMRmp, TMRmq)

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

T™MRm CKSmp1 | CKSmp0 CCSmp |M/S Note| STSmp2 | STSmp1 | STSmpO | CISmp1 | CISmp0 MDmp3 | MDmp2 | MDmp1 | MDmp0
P 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

T™Rm CKSmq1 | CKSmq0 CCSmq |M/S Note| STSmq2 | STSmq? | STSmq0 | CISmq1 | CISmq0 MDmg3 { MDmg2 | MDmq1 | MDmq0
g 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 TImq 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 (channel 2)
0: Slave channel

Setting of SPLITmp and SPLITmq bits (channels 1, 3)
0: 16-bit timer mode.

Count clock selection
0: Selects operation clock (fmck).

Operation clock (fuck) selection
00B: Selects CKmO as operation clock of channel p, q.
10B: Selects CKm1 as operation clock of channel p, q.
* Make the same setting as master channel.

(b) Timer output register m (TOm)

Bit q Bit p
TOmqg | TOmp 0: Outputs 0 from TOmp or TOmq.
TOm 1/0 1/0 1: Outputs 1 from TOmp or TOmMq.

(c) Timer output enable register m (TOEm)

Bit q Bit p
TOEmq | TOEmp 0: Stops the TOmp or TOmq output operation by counting operation.
TOEm 1/0 1/0 1: Enables the TOmp or TOmq output operation by counting operation.

(d) Timer output level register m (TOLm)

Bit g Bit p
TOLmq | TOLmp 0: Positive logic output (active-high)
TOLm 1/0 1/0 1: Negative logic output (active-low)

(e) Timer output mode register m (TOMm)
Bit q Bit p

TOMmgq | TOMmp 1: Sets the slave channel output mode.
1 1

TOMm

Note TMRm2: MASTERmp, MASTERmQq bit
TMRm1, TMRm3: SPLITmp, SPLITmq bit

Remark  m: Unit number (m = 0), n: Channel number (n = 0)
p: Slave channel number 1, g: Slave channel number 2
n <p <q <3 (Where p and q are integers greater than n)
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Figure 7 - 85 Operation Procedure When Multiple PWM Output Function Is Used (output two types of PWMs) (1/2)

Software Operation

Hardware Status

TAU
default
setting

Sets the TAUMEN bit of peripheral enable register 0
(PERO) to 1.

Sets timer clock select register m (TPSm).
Determines clock frequencies of CKm0 and CKm1.

Input clock supply for timer array unit m is stopped
(Clock supply is stopped and writing to each register
is disabled.)

Input clock supply for timer array unit m is supplied.
Each channel stops operating.
(Clock supply is started and writing to each register is
enabled.)

Channel
default
setting

Sets timer mode registers mn, mp, mqg (TMRmn,
TMRmp, TMRmq) of each channel to be used
(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 TDRmgq registers of the slave
channels.

Sets slave channels.
The TOMmp and TOMmgq bits of timer output mode
register m (TOMm) are set to 1 (slave channel output
mode).
Clears the TOLmp and TOLmgq bits to 0.
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

Sets the TOEmp and TOEmq bits to 1 and enables
operation of TOmp and TOmgq.

» TOmp and TOmq do not change because channels stop

Channel stops operating.
(Clock is supplied and some power is consumed.)

The TOmp and TOmq pins go into Hi-Z output state.

when the port mode register is in output mode and the
port register is 0.

operating.
Clears the port register and port mode register to 0. =% The TOmp and TOmgq pins output the TOmp and TOmq
set levels.
(Remark is listed on the next page.)
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Figure 7 - 85 Operation Procedure When Multiple PWM Output Function Is Used (output two types of PWMs) (2/2)

Software Operation Hardware Status
— Operation | (Sets the TOEmp and TOEm(q (slave) bits to 1 only
start 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. » TEmn =1, TEmp, TEmq =1
The TSmn, TSmp, and TSmq bits automatically return to When the master channel starts counting, INTTMmn
0 because they are trigger bits. is generated. Triggered by this interrupt, the slave
channel also starts counting.
During Set values of the TMRmn, TMRmp, TMRmq registers, | The counter of the master channel loads the TDRmn register
operation | TOMmn, TOMmp, TOMmg, TOLmn, TOLmp, and value to timer count register mn (TCRmn) and counts down.
TOLmgq bits cannot be changed. When the count value reaches TCRmn = 0000H, INTTMmn
Set values of the TDRmn, TDRmp, and TDRmq output is generated. At the same time, the value of the TDRmn
registers can be changed after INTTMmn of the master | register is loaded to the TCRmn register, and the counter
channel is generated. starts counting down again.
The TCRmn, TCRmp, and TCRmq registers can always | At the slave channel 1, the values of the TDRmp register are
be read. transferred to the TCRmp register, triggered by INTTMmn of
'8 The TSRmn, TSRmp, and TSRmq registers are not the master channel, and the counter starts counting down. The
% used. output levels of TOmp become active one count clock after
2 generation of the INTTMmn output from the master channel. It
2 becomes inactive when TCRmp = 0000H, and the counting
'% operation is stopped.
g_ At the slave channel 2, the values of the TDRmq register are
o 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 | The TTmn bit (master), TTmp, and TTmq (slave) bits
stop are set to 1 at the same time. » TEmn, TEmp, TEmq = 0, and count operation stops.
The TTmn, TTmp, and TTmq bits automatically return The TCRmn, TCRmp, and TCRmq registers hold
to 0 because they are trigger bits. count value and stop.
The TOmp and TOmq output are not initialized but
hold current status.
-Tﬂe_TaETm; aT’ld_TaE_ma t;ts_of_ slgv; c_ha_nn:els_ aFe Ele_ar_ed_to ___________________________
0 and value is set to the TOmp and TOmq bits. —— » The TOmp and TOmq pins output the TOmp and TOmq
L set levels.
TAU To hold the TOmp and TOmq pin output levels
stop Clears the TOmp and TOmq bits to 0 after
the value to be held is set to the port register. ——» The TOmp and TOmq pin output levels are held by port
When holding the TOmp and TOmgq pin output levels function.
are not necessary
Setting not required
The TAUMEN bit of the PERO register is cleared to 0. — Input clock supply for timer array unit m is stopped
To initialize all circuits, set the TAUORES bit —————® Al circuits are initialized and SFR of each channel is
in the PRRO register to 1. also initialized.
(The TOmp and TOmq bits are cleared to 0 and the
TOmp and TOmq pins are set to port mode.)
Remark  m: Unit number (m = 0), n: Channel number (n = 0)

p: Slave channel number, g: Slave channel number
n <p <q<3(Where p and q are integer greater than n)
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7.10 Cautions When Using Timer Array Unit

7.10.1 Cautions When Using Timer output

Depends on products, a pin is assigned a timer output and other alternate functions. In this case, outputs of the
other alternate functions must be set in initial status.
For details, see 4.5 Register Settings When Using Alternate Function.
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CHAPTER 8 12-BIT INTERVAL TIMER

8.1 Functions of 12-bit Interval Timer

An interrupt (INTIT) is generated at any previously specified time interval. It can be utilized for wakeup from STOP

mode and triggering an A/D converter's SNOOZE mode.

8.2 Configuration of 12-bit Interval Timer

The 12-bit interval timer includes the following hardware.

Table 8 - 1 Configuration of 12-bit Interval Timer

ltem Configuration

Counter 12-bit counter

Control registers Peripheral enable register 2 (PER2)

Peripheral reset control register 2 (PRR2)

Operation speed mode control register (OSMC)

Clock select register 3 (TPS3)

12-bit interval timer control register (ITMC)

Figure 8 - 1 Block Diagram of 12-bit Interval Timer

Timer clock select
register 3 (TPS3)

TPS302 | TPS301 | TPS300

|_4 Clear

33 0. 5
™ fcLk/2"-fcLk/2 Count ‘

foLK —s Prescaler :> S | clock i
Count operation 12-bit counter

control circuit
fiL

(0]

Select

ﬂ Match signal

Y -

Interrupt request
(INTIT)

WUTMM
CKO RINTE ITMCMP11 to ITMCMPO
Operation speed mode 12-bit interval timer control
control register(OSMC) register (ITMC)
2 Internal bus 8
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8.3 Registers Controlling 12-bit Interval Timer

The 12-bit interval timer is controlled by the following registers.

* Peripheral enable register 2 (PER2)

* Peripheral reset control register 2 (PRR2)

* Operation speed mode control register (OSMC)
* Clock select register 3 (TPS3)

* 12-bit interval timer control register (ITMC)

8.3.1 Peripheral enable register 2 (PER2)

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 12-bit interval timer is used, be sure to set bit 7 (TMKAEN) of this register to 1.

The PER2 register can be set by a 1-bit or 8-bit memory manipulation instruction.

Reset signal generation clears this register to O0OH.

Figure 8 - 2 Format of Peripheral enable register 2 (PER2)

Address: FOOFCH After reset: 00H R/W
Symbol <7> 6 <5> 4 3 2 1 <0>
PER2| TMKAEN 0 DOCEN 0 0 0 0 TKBOEN
TMKAEN Control of 12-bit interval timer input clock supply

Stops input clock supply.
0 » SFR used by the 12-bit interval timer cannot be written. The read value is OH. However, the SFR is not
initialized. Note

Enables input clock supply.
» SFR used by the 12-bit interval timer can be read and written.

Note To initialize the 12-bit interval timer and the SFR used by the 12-bit interval timer, use bit 7 (TMKARES) of
PRR2.

Caution 1. Be sure to clear the following bits to 0.
Bits 0 to 4

Caution 2. Do not change the target bit in the PER2 register while operation of each peripheral function is
enabled. Change the setting specified by PER2 while operation of each peripheral function assigned
to PER2 is stopped (except for FMCEN).
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8.3.2  Peripheral reset control register 2 (PRR2)

This register is used for individual reset control of each peripheral hardware.

This MCU controls reset and reset release of each peripheral hardware supported by the PRR2 register.
To reset the 12-bit interval timer, be sure to set bit 7 (TMKARES) to 1.

The PRR2 register can be set by a 1-bit or 8-bit memory manipulation instruction.

Reset signal generation clears this register to O0OH.

Figure 8 - 3 Format of Peripheral reset control register 2 (PRR2)

Address: FOOFDH After reset: 00H R/W
Symbol <7> 6 <5> 4 3 2 1 <0>
PRR2| TMKARES 0 DOCRES 0 0 0 0 TKBORES
TMKARES Reset control of 12-bit interval timer
0 12-bit interval timer reset release
1 12-bit interval timer reset state

8.3.3  Operation speed mode control register (OSMC)

The WUTMMCKO bit can be used to select the 12-bit interval timer operation clock.
The OSMC register can be set by an 8-bit memory manipulation instruction.
Reset input sets this register to undefined.

Figure 8 - 4 Format of operation speed mode control register (OSMC)

Address: FOOF3H After reset: Undefined R/W Note 1

Symbol 7 6 5 <4> 3 2 1 0
OsSMC 0 0 0 WUTMMCKO X X 0 0
i i _bit i i Note 2 8_pit i i
WUTMMCKO Selection of operation clock for 12-bit interval timer , 8-bit interval timer,
and clock output/buzzer output controller
0 Low-speed on-chip oscillator clock is not selected.
1 Low-speed on-chip oscillator clock is selected.

Note 1. Be sure to set bits 0 to 3, 5, and 6 to 0.
Note 2. The operating clock for the 12-bit interval timer can be selected by the clock select register 3 (TPS3) and
OSMC.WUTMMCKO (see 8.3.4 Clock select register 3 (TPS3)).
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8.3.4  Clock select register 3 (TPS3)

This register is an 8-bit register to select the count clock.
The value of this register can be changed while the 12-bit interval timer is stopped.

The TPS3 register can be set by an 8-bit memory manipulation instruction.
Reset signal generation clears this register to O0OH.

Figure 8 - 5 Format of Clock select register 3 (TPS3)

Address: FO2D5H After reset: 00H R/W
Symbol 7 6 5 4 3 2 1 0
TPS3 0 0 0 0 0 TPS302 TPS301 TPS300
s | 1ps | TPs Selection of count clock Note 1
302 | 301 300 foLk = foLk = foLk = foLk = foLk =
2 MHz 5 MHz 10 MHz 20 MHz 24 MHz
0 0 0 |[fiLNote2 15 MHz
0 0 1 |fek 2 MHz 5 MHz 10 MHz 20 MHz 24 MHz
0 1 0 |fck/2 1 MHz 2.5 MHz 5 MHz 10 MHz 12 MHz
0 1 1 |fok/22 500 kHz 1.25 MHz 2.5 MHz 5 MHz 6 MHz
1 0 0 |fok/23 250 kHz 625 MHz 1.25 MHz 2.5 MHz 3 MHz
1 0 1 | fok/24 125 kHz 313 kHz 625 kHz 1.25 Mhz 1.5 MHz
1 1 0 |foek/25 62.5 kHz 156 kHz 313 kHz 625 kHz 750 kHz
Other than above | Setting prohibted

Note 1.
Note 2.

Caution

Stop the 12-bit interval timer (by setting RINTE to 0) before changing the count clock.
fiLis selected when OSMC.WUTMMCKO is 1 (when OSMC.WUTMMCKO is 0, the clock is not supplied).

Be sure to clear bits 7 to 3 to 0.
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8.3.5

This register is used to set up the starting and stopping of the 12-bit interval timer operation and to specify the

12-bit interval timer control register (ITMC)

timer compare value.

The ITMC register can be set by a 16-bit memory manipulation instruction.

Reset signal generation clears this register to OFFFH.

Address: FFFO0H

Symbol

ITMC

Figure 8 - 6 Format of 12-bit interval timer control register (ITMC)

After reset: OFFFH R/W

15 14 13 12 11to0
RINTE 0 0 | 0 | ITCMP11 to ITCMPO
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 a fixed-cycle interrupt (count clock cycles x (ITCMP setting + 1)).
L]
L]
L]
FFFH
000H Setting prohibit

Example interrupt cycles when 001H or FFFH is specified for ITCMP11 to ITCMPO

* ITCMP11 to ITCMPO = 001H, count clock: when fsus = 15 kHz
1/15 [kHZ] x (1 + 1) =2 0.133 [ms] = 13.3 [us]
* ITCMP11 to ITCMPO = FFFH, count clock: when fsus = 15 kHz

1/15 [kHz] x (4095 + 1) = 273 [ms]

Caution 1. Before changing the RINTE bit from 1 to 0, use the interrupt mask flag register to disable the INTIT
interrupt servicing. When the operation starts (from 0 to 1) again, clear the ITIF flag, and then enable

Caution 2.
Caution 3.

Caution 4.

the interrupt servicing.

The value read from the RINTE bit is applied one count clock cycle after setting the RINTE bit.

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.
Only change the setting of the ITCMP11 to ITCMPO bits when RINTE = 0.

However, it is possible to change the settings of the ITCMP11 to ITCMPO bits at the same time as

when changing RINTE from 0 to 1 or 1 to 0.
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8.4 12-bit Interval Timer Operation

8.4.1 12-bit interval timer operation timing

The count value specified for the ITCMP11 to ITCMPO bits is used as an interval to operate an 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 as follows.

Figure 8 - 7 12-bit Interval Timer Operation Timing (ITCMP11 to ITCMPO = OFFH, count clock: fiL = 15 kHz)

Count clock _]

RINTE

12-bit counter

000H

ITCMP11 to ITCMPO

INTIT

pipipipteNe e NN N i iy Ny e N Wi Ny

Y

Counting starts at the rising edge of the first cycle of
the count clock signal after the RINTE bit is set to 1.

OFFH

The 12-bit counter is cleared
asynchronously with the count
clock signal when the RINTE bit is
cleared to 0

OFFH

(( ((
)T

I

Period (17.1 ms)

»
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8.4.2  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.

* 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 8 - 8).

« 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 8 - 8).

Figure 8 - 8 Procedure of entering to HALT or STOP mode after setting RINTE to 1

Example 1 Example 2
Return from HALT mode Return from HALT mode
Return from STOP mode Return from STOP mode
| RINTE =1 | Count operation is started. | RINTE =1 |

At least one cycle of the

count clock after returned
) : from HALT or STOP
Confirm count operation Wait for at least one cycle |
No is started. of the count clock
Yes l

HALT instruction executed| Enter HALT or HALT instruction executed Enter HALT or
STOP instruction executed| STOP mode STOP instruction executed| STOP mode

¢

N
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CHAPTER 9 8-BIT INTERVAL TIMER

The 8-bit interval timer has two 8-bit timers (channel 0 and channel 1) which operate independently. The two timers can
be connected to operate as a 16-bit timer.

9.1 Overview

The 8-bit interval timer is an 8-bit timer that operates using the fiL clock that is asynchronous with the CPU.
Table 9 - 1 lists the 8-Bit Interval Timer Specifications and Figure 9 - 1 shows the 8-Bit Interval Timer Block Diagram.

Table 9 - 1 8-Bit Interval Timer Specifications

ltem Description

Count source « fiL, fiL/2, fiL/4, fil/8, fiL/16, fiL/32, fiL/64, fiL/128
(operating clock)

Operating mode + 8-bit counter mode
Channel 0 and channel 1 operate independently as an 8-bit counter
* 16-bit counter mode
Channel 0 and channel 1 are connected to operate as a 16-bit counter

Interrupt » Qutput when the counter matches the compare value
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Figure 9 - 1 8-Bit Interval Timer Block Diagram

Channel 0 | Data bus |
@ N
| Channel 0
| Compare register (8-bit) | » Interrupt signal
(INTITnO)
TSTARTNO ﬁ Clear
L L Counter source [ Count ister (8-bit) =Y
L, fiL/m ounter register (8-bi
L~ | l_
Channel 1 | Data bus |
N
TSTARTN1 @ Channel 1.
Counter source - — Interrupt signal
| Compare register (8-bit) » (INTITn1)
fiL, fi/m I/ |
Clear
TCSMDn ﬁ A 4
Counter register (8-bit)
TCKnO [2:0] . : o
TCKn1 [2:0] Division register (8-bit)

TSTARTNI (i =0, 1), TCSMDn, TCLKENRN: Bits in TRTCRn register
TCKni [2:0]: Bit in TRTMDn register

Remark m=2,4,8, 16, 32, 64, 128

n=0
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9.2 /0 Pins

The 8-bit interval timer does not have an 1/O pin.

9.3 Registers

Table 9 - 2 lists the 8-Bit Interval Timer Register Configuration.

Table 9 - 2 Registers

Register Name

Symbol

8-bit interval timer counter register 00

TRT0Q Note 1

8-bit interval timer counter register 01

TRTO1 Note 1

8-bit interval timer counter register 0

TRTO Note 2

8-bit interval timer compare register 00

TRTCMPOQQ Note 1

8-bit interval timer compare register 01

TRTCMPQ1 Note 1

8-bit interval timer compare register 0

TRTCMPQ Note 2

8-bit interval timer control register 0

TRTCRO

8-bit interval timer division register 0

TRTMDO

Note 1. Can be accessed only when the TCSMDn bit in the TRTCRn register = 0.
Note 2. Can be accessed only when the TCSMDn bit in the TRTCRn register = 1.

Remark n=0
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9.31 8-bit interval timer counter register ni (TRTni) (n=0,i=0,1)

This is the 8-bit interval timer counter register. It is used as a counter that counts up based on the count clock.
The TRTni register can be set by an 8-bit memory manipulation instruction.
Reset signal generation clears this register to 00H.

Figure 9 - 2 Format of 8-bit interval timer counter register ni (TRTni)

Address: FO500H (TRT00), FO501H (TRT01) After reset: 00H R Notes 1,2
Symbol 7 6 5 4 3 2 1 0
TRThi | | | |

Note 1. The TRTni register is set to 00H two cycles of the count clock after the compare register TRTCMPni is write-
accessed. Refer to 9.4.4 Timing for Updating Compare Register Values.

Note 2. Can be accessed only when the mode select bit (TCSMDn) in the 8-bit interval timer control register n
(TRTCRn) is 0.

9.3.2  8-bit interval timer counter register n (TRTn) (n = 0)

This is a 16-bit counter register when the 8-bit interval timer is used in 16-bit interval timer mode.
The TRTn register can be set by a 16-bit memory manipulation instruction.
Reset signal generation sets this register to 0000H.

Figure 9 - 3 Format of 8-bit interval timer counter register n (TRTn)

Address: FO500H (TRTO0) After reset: 0000H ~ R Notes 1,2
FO501H (TRTO1) FO500H (TRTO0)
A A=
- ~N ~

Symbol 15 14 13 12 1" 10 9 8 7 6 5 4 3 2 1 0

wef [ | P

Note 1. The TRTn register is set to 0000H two cycles of the count clock after the compare register TRTCMPn is
write-accessed. Refer to 9.4.4 Timing for Updating Compare Register Values.

Note 2. Can be accessed only when the mode select bit (TCSMDn) in the 8-bit interval timer control register n
(TRTCRn) is 0.
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9.3.3  8-bit interval timer compare register ni (TRTCMPni) (n=0,i=0,1)

This is the 8-bit interval timer compare value register.

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

Reset signal generation sets this register to FFH.

The setting range is 01H to FFH Note 1,

This register is used to store the compare value of registers TRTn0 and TRTn1 (counters).

Write-access clears the count value (TRTnO, TRTn1) to O0H.

Refer to 9.4.4 Timing for Updating Compare Register Values for the timing of rewriting the compare value.

Figure 9 - 4 Format of 8-bit interval timer compare register ni (TRTCMPni)

Address: FO350H (TRTCMPQ0), FO0351H (TRTCMPO01) After reset: FFH R/W Notes 1,2
Symbol 7 6 5 4 3 2 1 0

TRTCMPni | | | | | |

Note 1. The TRTCMPni register must not be set to 00H.

Note 2. Can be accessed only when the mode select bit (TCSMDn) in the 8-bit interval timer control register n
(TRTCRn) is 0.

9.3.4  8-bit interval timer compare register n (TRTCMPn) (n = 0)

This is a compare value register when the 8-bit interval timer is used in 16-bit interval timer mode.

The TRTCMPn register can be set by a 16-bit memory manipulation instruction.

Reset signal generation sets this register to FFFFH.

The setting is 0001H to FFFFH Note 1,

This register is used to store the compare value of the TRTn register (counter).

Write-access clears the count value (TRTn) to 0000H.

Refer to 9.4.4 Timing for Updating Compare Register Values for the timing of rewriting the compare value.

Figure 9 - 5 Format of 8-bit interval timer compare register n (TRTCMPn)

Address: FO350H (TRTCMPQ), FO358H (TRTCMP1) After reset: FFFFH R/W Note 2
F0351H (TRTCMPO01) FO0350H (TRTCMPO00)
N N
e N I

Symbol 15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0

wreweef | [ [ 0 [ [ P [ [ P T [ [ [ ]

Note 1. The TRTCMPn register must not be set to 0000H.
Note 2. Can be accessed only when the mode select bit (TCSMDn) in the 8-bit interval timer control register n
(TRTCRn)is 1.
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9.3.5  8-bit interval timer control register n (TRTCRn) (n = 0)

This register is

used to start and stop counting by the 8-bit interval timer and to switch between using the 8-bit

interval timer as an 8-bit counter or a 16-bit counter.

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

Reset signal generation resets this register to 00H.

Figure 9 - 6 Format of 8-bit interval timer control register n (TRTCRn)
Address: F0352H (TRTCRO) After reset: 00H  R/W Note 3
Symbol 7 6 5 4 3 <2> 1 <0>
TRTCRn| TCSMDn | 0 | 0 TCLKENN 0 TSTARTN1 0 TSTARTNO
TCSMDn Mode select
0 Operates as 8-bit counter

1

Operates as 16-bit counter (channel 0 and channel 1 are connected)

Refer to 9.4 Operation for details.

TCLKENnN 8-bit interval timer clock enable Note 1

0

Clock is stopped

1

Clock is supplied

TSTARTN1 8-bit interval timer 1 count start Notes 1, 2

0

Count stops

1

Count starts

In 8-bit inte
In 16-bit int

rval timer mode, writing 1 to the TSTARTN1 bit starts the TRTn1 count and writing 0 stops the count.
erval timer mode, this bit is invalid because it is not used. Refer to 9.4 Operation for details.

TSTARTNO 8-bit interval timer 0 count start Notes 1,2

0

Count stops

1

Count starts

In 8-bit inte

In 16-bit interval timer mode, writing 1 to the TSTARTNO bit starts the TRTn count and writing O stops the count.
Refer to 9.4 Operation for details.

rval timer mode, writing 1 to the TSTARTNO bit starts the TRTnO count and writing O stops the count.

Note 1. Be sure to set the TCLKENN bit to 1 before setting the 8-bit interval timer. To stop the clock, set TSTARTNO
and TSTARTNn1 to 0 and then set the TCLKENN bit to 0 after one or more cycles of the operating clock (fiL)
have elapsed. Refer to 9.5.3 8-Bit Interval Timer Setting Procedure for details.

Note 2. Refer to 9.5.1 Changing Settings of Operating Mode for the notes on using bits TSTARTnO, TSTARTn1,
and TCSMDn.

Note 3. Bits 6, 5, 3, and 1 are read-only. When writing, write 0. When reading, 0 is read.
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9.3.6

8-bit interval timer division register n (TRTMDn) (n = 0)

This register is used to select the division ratio of the count source used by the 8-bit interval timer.
The TRTMDn register can be set by an 8-bit memory manipulation instruction.

Reset signal generation sets this register to 00H.

Figure 9 - 7 Format of 8-bit interval timer division register n (TRTMDn)

Address: F0353H (TRTMDO) After reset: 00H R/W Note 4
Symbol 7 6 5 4 3 0
TRTMDn|  — | TCKn1 — TCKnO
TCKn1
— — — 8-bit interval timer 1 division select Notes 1,2, 3
0 0 0 fiL
0 0 1 ffiL/2
0 1 0 fiL/4
0 1 1 fiL/8
1 0 0 fiL/16
1 0 1 fiL/32
1 1 0 fiL/64
1 1 1 fiL/128

In 8-bit interval timer mode, TRTNn1 counts using the count source set in TCKn1.
In 16-bit interval timer mode, set these bits to 000 because they are not used. Refer to 9.4 Operation for details.

TCKnO
s — B0 8-bit interval timer 0 division select Notes 1,2, 3
0 0 0 fiL
0 0 1 fiL/2
0 1 0 fiL/4
0 1 1 fiL/8
1 0 0 fiL/16
1 0 1 fiL/32
1 1 0 fiL/64
1 1 1 fiL/128

In 8-bit interval timer mode, TRTNO counts using the count source set in TCKnO.
In 16-bit interval timer mode, TRTn counts using the count source set in TCKnO. Refer to 9.4 Operation for details.

Note 1.

Do not switch the count source during count operation. When switching the count source, set these bits while

the TSTARTNi bit in the TRTCRn register is 0 (count stops).

Note 2.
Note 3.
Note 4.

Set TCKni of the unused channel to 000B.
Be sure to set the TCKni (i = 0, 1) bit before setting the TRTCMPni register.
Bits 7 and 3 are read-only. When writing, write 0. When reading, 0 is read.
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9.4 Operation

9.4.1 Count Mode

The following two modes are supported: 8-bit counter mode and 16-bit counter mode. Table 9 - 3 lists the
Registers and Settings Used in 8-Bit Counter Mode and Table 9 - 4 lists the Registers and Settings Used in 16-
Bit Counter Mode.

Table 9 - 3 Registers and Settings Used in 8-Bit Counter Mode

Register Name (Symbol) Bit Function
8-bit interval timer counter register n0 (TRTnO) b7 to b0 8-bit counter of channel 0.
The count value can be read.
8-bit interval timer counter register n1 (TRTn1) b7 to b0 8-bit counter of channel 1.
The count value can be read.
8-bit interval timer compare register n0 b7 to b0 8-bit compare value of channel 0.
(TRTCMPNO) Set the compare value.
8-bit interval timer compare register n1 b7 to b0 8-bit compare value of channel 1.
(TRTCMPN1) Set the compare value.
8-bit interval timer control register n (TRTCRn) TSTARTNO Select whether to start/stop the count of channel 0.
TSTARTN1 Select whether to start/stop the count of channel 1.
TCLKENN Setto 1.
TCSMDn Set to 0.
8-bit interval timer division register n TCKnO Select the count clock of channel 0.
(TRTMDn) TCKn1 Select the count clock of channel 1.

Remark n=0

Table 9 - 4 Registers and Settings Used in 16-Bit Counter Mode

Register Name (Symbol) Bit Function
8-bit interval timer counter register n (TRTn) b15 to b0 16-bit counter.

The count value can be read.
8-bit interval timer compare register n b15 to b0 16-bit compare value.
(TRTCMPN) Set the compare value.
8-bit interval timer control register n (TRTCRn) TSTARTNO Select whether to control starting/stopping the count.

TSTARTN1 Set to 0.

TCLKENnN Set to 1.

TCSMDn Set to 1.
8-bit interval timer division register n TCKnO Select the count clock.
(TRTMDn) TCKn1 Set to 000B.

Remark n=0
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9.4.2 Timer Operation

The counter is incremented by the count source selected by the TCKni (n =0, i = 0, 1) bit in the division register
(TRTMDn). The count value is decremented each time the count source is input. After the count value is set to
the compare value, the value is compared and matched when the next count source is input, and then an
interrupt is generated. The interrupt request is output with a single pulse that is synchronized with the count
source. Note that the interrupt request continues to be generated when the TSTARTNiI bit in the TRTCRn register
is set to 0 and counting is stopped at 00h.

When operation is stopped, the counter continues retaining the count value immediately before operation is
stopped. To clear the count value, set the compare value in the TRTCMPni register again. After the TRTCMPni
register is written, the count value is cleared after two cycles of the count source.

Figure 9 - 8 Example of Timer Operation

Countsource | [ [[1--T1I--UL--UUA--TUUU--UU U TUU UL UL

Value in TRTni register The compare value is rewritten

m————————————————];r ——————— /- - - - —————————————-
-

TSTARTNi bit
in TRTCRn register / > m + 1 -
N 7 Initialization
Compare match
interrupt request '_\
Compare register m
Remark n=0 i=0,1 m,p: Values setin TRTCMPni register

However, the initial 00H count interval when starting count varies as follows according to the timing 1 is written in
the TSTARTNI (i = 0, 1) bit of the TRTCR register.

» When the count source (fiL) is selected
Maximum: Two cycles of the count source
Minimum: One cycle of the count source

» When the count source (fiL/2M) is selected
Maximum: One cycle of the count source
Minimum: One cycle of the selected clock (fiL)
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When the count value matches the compare value, the count value is cleared by the next count source. When
the compare value in the TRTCMPni register is rewritten, the count value is also cleared two cycles of the count
source after writing.
Table 9 - 5 lists the Interrupt Sources in 8-Bit/16-Bit Count Mode.

Table 9 - 5 Interrupt Sources in 8-Bit/16-Bit Count Mode

Interrupt Name 8-Bit Count Mode Source 16-Bit Count Mode Source
INTITRO Rising edge of the next count source after compare Rising edge of the next count source after compare match
match of channel 0
INTITRA Rising edge of the next count source after compare Not generated
match of channel 1
Remark n=0
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9.4.3  Start/Stop Timing

9.4.3.1 When Count Source (fiL) is Selected

After 1 is written to the TSTARTni (n =0, i = 0, 1) bit in the TRTCRn register, the count is started by the next low-
speed on-chip oscillator clock (fiL), and then the counter is incremented from 00H to 01H by the next count
source (fiL). Likewise, after 0 is written to the TSTARTNiI bit, the count is stopped after the counter is incremented
by the low-speed on-chip oscillator clock (fiL).

Figure 9 - 9 shows the timing for starting/stopping count operation, and Figure 9 - 10 shows the timing of count
stop — compare setting (count clearing) — count start. Figure 9 - 9 and Figure 9 - 10 show the update timing in
8-bit counter mode, but operation is performed at the same timing even in 16-bit counter mode.

Figure 9 - 9 Example of Count Start/Stop Operation (fiL Selected)

Write 01H (TSTARTni = 1) Write 56H to  Write 00H (TSTARTni = 0) Write 01H (TSTARTni = 1)
to the TRTCRni register the TRTCMPni register  to the TRTCRn register to the TRTCRn register
by a program by a program by a program by a program
Count source i ™ !
o (HUULHUUUTLHTUTTUU UG UL T UY U UL
Register write clock |_| |_| |_|
TSTARTNi bit
in TRTCRn register Count stops Count restarts
i
TRTCMPni register 34H X 56H
| a !
Compare register (chi) 34H \ 56H \
a = )\
Counter (Chi) 00H |01H|---|33H|34H|00H|01H|---|33H|34H|00H|01H|02H|03H 00H|01H|---|23H]\A 24H \A|25H|26H|27H|
Compare match
interrupt (chi)
The TCSMDn bit in the TRTCRn register is set to 0 (8-bit counter operation)
Remark n=0
i=0,1
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Figure 9 - 10 Example of Count Stop — Count Clearing — Count Start Operation (fiL Selected)

Write 01H (TSTARTni = 1) Write 00H (TSTARTni =0)  Write 56H to the Write 01H (TSTARTni = 1)
to the TRTCRni register to the TRTCRn register TRTCMPni register to the TRTCRn register
by a program by a program by a program by a program

47 4 Y

: v
s U U U Uuiiug iUy uii U v iy
Registrwrte dock || | | |

TSTARTNI bit

in TRTCRn register C?unt starts Count stops Count clears Count starts
1
TRTCMPni register 34H 56H
1 \ \
Compare register (chi) 34H \ \ \ 56H
\
Counter (chi) 00H |01H| |33H|34H|00H|01H| |20H|21H \ 22H 00H \5|01H| |55H|56H|00H|01H|

Compare match
interrupt (chi)

The TCSMDn bit in the TRTCRn register is set to 0 (8-bit counter operation)

Remark n=0
i=0,1
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9.4.3.2 When Count Source (fiL/2M) is Selected

After 1 is written to the TSTARTni (n =0, i = 0, 1) bit in the TRTCRn register, the count is started with the next
subsystem clock (fiL), and then the counter is incremented from 00H to 01H by the next count source (fiL/2m).
Likewise, after O is written to the TSTARTNi bit, the count is stopped with the low-speed on-chip oscillator clock
(fiL).

However, the first period to count 00H when the timer starts counting is shorter than one cycle of the count
source as below, depending on the timing for writing to the TSTARTNni bit and the timing of the next count source.
Minimum: One cycle of the low-speed on-chip oscillator clock (fiL)

Maximum: One cycle of the count source

Figure 9 - 11 shows the timing for starting/stopping count operation, and Figure 9 - 12 shows the timing of count
stop — compare setting (count clearing) — count start. Figure 9 - 11 and Figure 9 - 12 show the update timing in
8-bit counter mode, but operation is performed at the same timing even in 16-bit counter mode.

Figure 9 - 11 Example of Count Start/Stop Operation (fiL/2M Selected)

Write 01H (TSTARTni = 1) Write 56H to the Write 00H (TSTARTni = 0) Write 01H (TSTARTni = 1)
to the TRTCRni register TRTCMPni register to the TRTCRn register to the TRTCRn register
byzla program by a program by a program by a program
$I nnnn nnnn * nnnn
e
Count source I M T |_| |_|
(fi/2%) [ |_| |_| |_| |_| L Li
Register write clock " " "j [
TSTARTNi bit
in TRTCRn register Count stops /l Count restarts
i
TRTCMPni register 34H X / 56H
|
Compare register (chi) 34H \ 56H
\ \
Counter (chi) 00H |01H|02H| |33H|34H|00H|01H| |33H|34H|00H|01H|02H|03H 00H|01H| }\ 23H m|24H|25H|26H|27H|
Compare match
interrupt (chi)
The TCSMDn bit in the TRTCRn register is set to 0 (8-bit counter operation)
Remark n=0
i=0,1
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Figure 9 - 12 Example of Count Stop — Count Clearing — Count Start Operation (fiL/2m Selected)

Write 01H (TSTARTni = 1) Write 00H (TSTARTnI = 0) Write 56H to the Write 01H (TSTARTRi = 1)
to the TRTCRni register to the TRTCRn register TRTCMPni register to the TRTCRn register
by a program by a program by a program by a program
Vi v
nnann nnnn nnnn
. e e
Count source N M |_[ |_| |_| |_| |_| |' m |_| |_| |_
(fiLr2*y (B J |_| |_| |_| [ |_| U U I K
Register write clock " ] [E
in TR;C?II:E&LT;::: Count starts Count stops Count clears y Count starts
TRTCMPni register 34H 56H
Compare register (chi) 34H \ 56H
\, \
Counter (chi)  00H |O1H|02H| |33H|34H|00H|01H|02H| \‘ 03H 00H * |01H| |55H|56H|00H|01H|
Compare match
interrupt (chi)

The TCSMDn bit in the TRTCRn register is set to 0 (8-bit counter operation)

Remark n=0
i=0,1
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9.44 Timing for Updating Compare Register Values

The timing for updating the value of the TRTCMPni (n =0, i = 0, 1) register is the same, regardless of the value
of the TSTARTNI bit in the TRTCRn register. After TRTCMPni is write-accessed, the value is stored in the
compare register after two cycles of the count source. When stored in the compare register, the count value is
cleared and set (8-bit count mode: 00H, 16-bit count mode: 0000H).

Figure 9 - 13 shows the timing of rewrite operation. This figure shows the update timing in 8-bit count mode, but
operation is performed at the same timing in 16-bit count mode.

Figure 9 - 13 Timing of Compare Value Rewrite Operation

Write 34H to the TRTCMPni register
by a program

'
Register write clock

TRTCMPni register ~ FFH

34H |

Count source E | | | | | | | |
Compare register ; FFH \A 34H |
Counter §F7H | F8H i 00H | 01H | 02H |
Remark n=0
i=0,1
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9.5 Notes on 8-Bit Interval Timer

9.5.1 Changing Settings of Operating Mode

The settings of bits TCSMDn and TCKni (n =0, i = 0, 1) must be changed while the TSTARTNni bit in the TRTCRn
register is 0 (count stops). After the value of the TSTARTNi bit is rewritten from 1 to 0 (count stops), allow at least
one cycle of fiL to elapse before accessing the registers (TRTCRn and TRTMDn) associated with the 8-bit
interval timer.

9.5.2 Accessing Compare Registers

Do not write to the same compare registers (TRTCMPn0, TRTCMPn1, and TRTCMPn) successively. When
writing successively, allow at least two cycles of the count source between writes.

Writing to the compare register (TRTCMPNnO, TRTCMPn1, TRTCMPn) must proceed while the source to drive
counting is made to oscillate by setting the 8-bit interval timer clock enable bit (TCLKENnN) to 1.

9.5.3  8-Bit Interval Timer Setting Procedure

To supply the clock, set the 8-bit interval timer clock enable bit (TCLKENN) in the 8-bit interval timer control
register (TRTCRn) to 1 and then set the TSTARTNniI bit. Do not set bits TCLKENn and TSTARTNni at the same
time.

To stop the clock, set TSTARTni to 0 and then allow at least one cycle of fiL to elapse before setting the
TCLKENR bit to 0.
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CHAPTER 10 16-BIT TIMER KBO

16-bit timer KBO is a timer that can generate PWM output which is suitable for power sources and lighting control.

10.1 Functions of 16-bit Timer KB0

16-bit timers KBO is dedicated PWM output timer and have two outputs each, enabling the generation of up to two
PWM outputs. Complementary PWM output can also be generated to control a half-bridge circuit (2 outputs). Also,
by linking with a comparator, INTP10, or INTP11, PWM output can be stopped urgently.

16-bit timer KBO is provided with the following functions.

(1) PWM output
*The duty and the cycle of PWM output can be changed during timer operation.
*The default level while the timer is stopped and the active level while the timer is operating can be set to high
level and low level, respectively.

(2) Trigger output (ELC event generation signal output)
Can be output to the ELC event generation source using the 16-bit timer KBO trigger compare register
(TKBTGCRO).

(3) Timer restart function (by interlocking with the comparator and INTP)
Timer output can be restarted directly (not via the CPU) when a trigger source occurs (comparator 0, 1 and 2
output, INTP10, INTP11). By using this function, critical conduction mode PFC control can be implemented, for
example.

(4) Forced output stop function 1 (by interlocking with the comparator)
Timer output can be fixed to Hi-Z, high, or low level directly (not via the CPU) and asynchronously with the
operation clock fkBkC of the 16-bit timer KBn circuit when a trigger source occurs (comparator 0 and 1 output).
The forced output stop status is canceled synchronously with the operation clock fkBkC of the 16-bit timer KBn
circuits by setting the stop trigger of forced output stop function 1.

(5) Forced output stop function 2 (by interlocking with the comparator and INTP)
Timer output can be fixed to high or low level directly (not via the CPU) and asynchronously with the operation
clock fkBkc of the 16-bit timer KBn circuit when a trigger source occurs (comparator 0 and 1 output, INTP 10,
INTP11). The forced output stop status is canceled at the beginning of the next counter cycle after the trigger
source occurs or after the trigger source signal changes to inactive level.

(6) PWM output dithering function
The “set duty + 1” waveform in each 16-period cycle can be output in the range of periods 0 to 15. By using this
function, PWM that is 16 times the count clock can be output as the average resolution of 16 timer KBn cycles.

(7) PWM output smooth start function
It is possible to make a soft-start that automatically increases duty after PWM output starts until it reaches to the
configured duty value.
It is possible to configure initial duty and duty plus one incremental period.
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(8) Maximum frequency limit function
When using the timer restart function, if a trigger occurs earlier than the set maximum frequency, restart can be
suspended until the set maximum frequency.

(9) Interleave PFC output mode
With the timer restart function, it is possible to use external factors to automatically alternate restart output
between two outputs. It is possible to make interleaved PFC control with Critical Conduction Mode.

Remark Critical Conduction Mode is a PFC control method that activates a switching FET by detecting zero level
of inductor current.
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10.2 Configuration of 16-bit Timers KBO

16-bit timers KBO include the following hardware.

Table 10 - 1 Configuration of 16-bit Timers KB0

Item Configuration
Timer/counter 16-bit timer counter KBn (TKBCNTn)
Registers 16-bit timer KB compare registers n0 to n3 (TKBCRnO to TKBCRn3)
16-bit timer KB trigger compare register n (TKBTGCRn)
Timer output TKBOO, TKBO1
Control registers Peripheral enable register 2 (PER2)

Timer clock select register 2 (TPS2)

16-bit timer KB operation control register n0 (TKBCTLNO)

16-bit timer KB operation control register n1 (TKBCTLn1)

16-bit timer KB output control register n0 (TKBIOCnO)

16-bit timer KB output control register n1 (TKBIOCn1)

16-bit timer KB flag register n (TKBFLGn)

16-bit timer KB trigger register n (TKBTRGn)

16-bit timer KB flag clear trigger register n (TKBCLRn)

16-bit timer KB dithering count registers n0, n1 (TKBDNRnO, TKBDNRn1)
16-bit timer KB compare 1L & dithering count register n0 (TKBCRLDnO)

16-bit timer KB compare 3L & dithering count register n1 (TKBCRLDn1)

16-bit timer KB smooth start initial duty registers n0, n1 (TKBSIRnO, TKBSIRn1)
16-bit timer KB smooth start step width registers n0, n1 (TKBSSRn0, TKBSSRn1)
16-bit timer KB maximum frequency limit setting register n (TKBMFRn)
Peripheral function switch register 0 (PFSELO)

External interrupt edge enable register (INTPEG)

Port mode register 3 (PM3)

Port register 3 (P3)

Remark n=0
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Figure 10 - 1 shows a block diagram.

Figure 10 - 1 Block Diagram of 16-bit Timer KB0

Timer clock select register 2 (TPS2)

Peripheral enable
register 2 (PER2) | TKBOEN TPS212 TPS211 | TPS210

TPSZDZ‘TPSZM ‘TP8200|

3 3
fiekc
fow I/ - Prescaler
CK21 CK20
~
Timer KBO _ .
Timer trigger signal =3 Timer output forced stop request signal )
2% (INTP10, INTP11, comparator 0, 1 output signal)
- © Timer restart request signal
(INTP10, INTP11, comparator 0, 1 output signal)
s f Clear
= 16-bit timer counter KBO | Out;;:{;;atc I
s 7 T TOTKBCOO ®31)
g
Iy Totkectt | = ) >—> -® TKBOO
T6-bit tmer KB ‘ Totkac2 | £ €
compare —\ 38
buffer register 00 16-bittimer KB TOTKBCO3 ) > k O TKBO!
compare —
bufer eqstr ‘S'Egm“;”:r;“ @ Output Iath
T P!
buffer register 02 16'?(':[:]‘;:;}(5 @ (PSO)
buffer register 03 1_6-bit timer KB INTTMKBO
trigger compare ECL event signal
%ﬂ?"L Timer KBO trigger output signal

16-bit timer KB 16-bit timer KB 16-bit timer KB 16-bit timer KB 16-bit timer KB
compare register 00 || compare register 01 | | compare register 02 | | compare register 03 trigger compare

(TKBCR0O) (TKBCRO1) (TKBCR02) (TKBCR03) register 0 (TKBTGCRO)|

g Internal bus

- J
Remark 1. fkBKC: Operation clock of whole 16-bit timer KBn and KCO circuit
fkBn: Count clock of 16-bit timer KBn
Remark2. n=0
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10.2.1 16-bit timer KB compare registers n0 to n3 (TKBCRnO0 to TKBCRnN3)

TKBCRnm can be refreshed (writing the same value) and its value can be rewritten while the timer is counting
(TKBCEn = 1). When the value of TKBCRnm is rewritten while the timer is operating, that value is latched,
transferred to TKBCRnm at the following timing, and the value of TKBCRnm is changed.

» When starting count operation of counter (TKBCEn = 0)

* When a batch overwrite trigger (TKBRDTn = 1) or an external trigger (TKBTSEn = 1) occurs

This register can be read or written in 16-bit units.

Reset signal generation clears this register to 0000H.

Figure 10 - 2 Format of 16-bit Timer KB Compare Register nm (TKBCRnm)

Address: FO600H (TKBCRO00), F0602H (TKBCRO01), F0604H (TKBCR02), FO606H (TKBCR03)
After reset: 0000H R/W

Symbol 15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0

mecre| [ [ | [ [ [ [ [ [ I [ [ [ [ [ |

Remark n=0,m=0to3

10.2.2 16-bit timer KB trigger compare register n (TKBTGCRnN)

TKBTGCRn can be refreshed (writing the same value) and its value can be rewritten while the timer is counting
(TKBCEnN = 1). When the value of TKBTGCRn is rewritten while the timer is operating, that value is latched,
transferred to TKBTGCRn at the following timing, and the value of TKBTGCRn is changed.

» When starting count operation of counter (TKBCEn = 0)

* When a batch overwrite trigger (TKBRDTn = 1) or an external trigger (TKBTSEn = 1) occurs

Periodic signals from this register can be used as a hardware trigger for A/D conversion.

This register can be read or written in 16-bit units.

Reset signal generation clears this register to 0000H.

Figure 10 - 3 Format of 16-bit Timer KB Trigger Compare Register n (TKBTGCRn)

Address: FO608H (TKBTGCRO) After reset: 0000H R/wW

Symbol 15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0

metecre] [ [ | [ [ [ [ [ [ | [ [ I [ [ |

Remark n=0
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10.3 Registers Controlling 16-bit Timers KB0

16-bit timers KBO are controlled by the following registers.

* Peripheral enable register 2 (PER2)

« Timer clock select register 2 (TPS2)

* 16-bit timer KB operation control registers n0, n1 (TKBCTLnO, TKBCTLn1)

* 16-bit timer KB output control registers n0, n1 (TKBIOCnO, TKBIOCn1)

+ 16-bit timer KB flag register n (TKBFLGn)

* 16-bit timer KB trigger register n (TKBTRGn)

« 16-bit timer KB flag clear trigger register n (TKBCLRn)

* 16-bit timer KB dithering count registers n0, n1 (TKBDNRnO, TKBDNRn1)

* 16-bit timer KB compare 1L & dithering count register n0 (TKBCRLDnO)

+ 16-bit timer KB compare 3L & dithering count register n1 (TKBCRLDn1)

* 16-bit timer KB smooth start initial duty registers n0, n1 (TKBSIRn0, TKBSIRn1)
* 16-bit timer KB smooth start step width registers n0, n1 (TKBSSRn0, TKBSSRn1)
+ 16-bit timer KB maximum frequency limit setting register n (TKBMFRn)

* Peripheral function switch register 0 (PFSELO)

* External interrupt edge enable register (INTPEG)

* Port mode register 3 (PM3)

* Port register 3 (P3)

RO1UH0637EJ0110 Rev. 1.10 RENESAS Page 305 of 1113
Dec 28, 2016



RL78/G11 CHAPTER 10 16-BIT TIMER KBO

10.3.1  Peripheral enable register 2 (PER2)

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 timers KBO are used, be sure to set bits 0 (TKBOEN) of this register to 1.
The PER2 register can be set by an 8-bit memory manipulation instruction.
Reset signal generation clears this register to O0OH.

Figure 10 - 4 Format of Peripheral Enable Register 2 (PER2)

Address: FOOFCH After reset: 00H R/W
Symbol <7> 6 <5> 4 3 2 <0>
PER2| TMKAEN 0 DOCEN 0 0 0 TKBOEN
TKBOEN Control of timer KBO input clock
0 Stops supply of input clock.

» SFR used by timer KBO cannot be written.

Supplies input clock.
» SFR used by timer KBO can be read/written.

Caution  When setting timer KBO, be sure to set the TKBOEN bit to 1 first. If TKBOEN = 0, writing to a control
register of timer KBO is ignored, and all read values are default values (except for timer clock select

register 2 (TPS2), port mode register 3 (PM3), and port register 3 (P3)).
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10.3.2 Timer clock select register 2 (TPS2)

The TPS2 register is a 16-bit register that is used to select two types of operation clocks (CK20, CK21) that are
commonly supplied to timers KBO from external prescaler. CK21 is selected by using bits 6 to 4 of the TPS2
register, and CK20 is selected by using bits 2 to 0.

Rewriting of the TPS2 register during timer operation is possible only in the following cases.

If the TPS200 to TPS202 bits can be rewritten (n = 0):

All timers for which CK20 is selected as the operation clock (TKBCKSn = 0) are stopped (TKBCEn = 0).

If the TPS210 to TPS212 bits can be rewritten (n = 0):

All timers for which CK21 is selected as the operation clock (TKBCKSn = 1) are stopped (TKBCEn = 0).

The TPS2 register can be set by an 8-bit memory manipulation instruction.

Reset signal generation clears this register to O0OH.

Figure 10 - 5 Format of Timer Clock Select Register 2 (TPS2)

Address: FO2D4H After reset: 00H R/W

Symbol 7 6 5 4 3 2 1 0

TPS | TPS | TPS
TPS2| 0 0
212 | 211 | 210

TPS
202

TPS
201

TPS
200

Option byte (000C2H/010C2H) FRQSEL4 = 0

TPS | TPS | TPS Selection of operation clock (CK2k) (k =0, 1)
2k2 2k1 2k0 fcLK =2 MHz | fcLK =5 MHz | fcLk = 10 MHz | fcLk = 20 MHz | fcLK = 24 MHz
0 0 0 |fck 2 MHz 5 MHz 10 MHz 20 MHz 24 MHz
0 0 1 fcLk/2 1 MHz 2.5 MHz 5 MHz 10 MHz 12 MHz
0 1 0 |fcLk/22 500 kHz 1.25 MHz 2.5 MHz 5 MHz 6 MHz
0 1 1 fcLk/23 250 kHz 625 kHz 1.25 MHz 2.5 MHz 3 MHz
1 0 0 |fcLk/24 125 kHz 312.5 kHz 625 kHz 1.25 MHz 1.5 MHz
1 0 1 fcLk/25 62.5 kHz 156.2 kHz 312.5 kHz 625 kHz 750 kHz

Other than the above

Setting prohibited

« Option byte (000C2H/010C2H) FRQSEL4 = 1

Selection of operation clock (CK2k)Note (k = 0, 1)
TPS2 | TPS2 | TPS2
fHOCO = fHOCO = fHOCO = fHOCO = fHOCO = fHOCO =
k2 k1 kO
1 MHz 3 MHz 6 MHz 12 MHz 24 MHz 48 MHz
0 0 0 fHOCO 1.5 MHz 3 MHz 6 MHz 12 MHz 24 MHz 48 MHz
0 0 1 fHOCO/2 750 MHz 1.5 MHz 3 MHz 6 MHz 12 MHz 24 MHz
0 1 0 fHoC0/22 375 kHz 750 MHz 1.5 MHz 3 MHz 6 MHz 12 MHz
0 1 1 fHoco/23 187.5 kHz 375 kHz 750 MHz 1.5 MHz 3 MHz 6 MHz
1 0 0 fHoco/24 93.75kHz | 187.5 kHz 375 kHz 750 MHz 1.5 MHz 3 MHz
1 0 1 fHoC0/25 46.88 kHz | 93.75 kHz | 187.5 kHz 375 kHz 750 kHz 1.5 MHz

Other than the above | Setting prohibited

Caution 1. When changing the clock selected for fCLK (by changing the system clock control register (CKC) value), stop
timers KBO (TKBCEn = 0).

Caution 2. Be sure to clear bits 7 and 3 to “0”.

Remark fcLk: CPU/peripheral hardware clock frequency

RO1UH0637EJ0110 Rev. 1.10
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10.3.3 16-bit timer KB operation control register n0 (TKBCTLnNO)

TKBCTLNO is a register that controls smooth start function, dithering function, maximum frequency limit function,
Interleave PFC output mode, compare register batch overwrite function set by external trigger and timer KBO
restart trigger.

TKBCTLNO can be set by a 16-bit memory manipulation instruction.

Reset signal generation clears this register to 0000H.

Figure 10 - 6 Format of 16-bit Timer KB Operation Control Register n0 (TKBCTLnNO0) (1/2)

Address: F0422H After reset: 0000H R/W
Symbol 15 14 13 12 11 10 9 8
TKBCTLnO | 0 | 0 | TKBSSEn1 | TKBDIEn1 | 0 | 0 | TKBSSEnO | TKBDIENO |
7 6 5 4 3 2 1 0
| TKBMFEn | 0 | TKBIRSn1 | TKBIRSnO | 0 | TKBTSEn [ TKBSTSn1 | TKBSTSnO |
TKBSSEnp Control of TKBOp PWM output smooth start function
0 Does not use PWM output smooth start function.
1 Use PWM output smooth start function.
TKBDIEnp Control of TKBOp PWM output dithering function
0 Does not use PWM output dithering function.
1 Use PWM output dithering function.
TKBMFEnN Control of TKBOO and TKBO1 maximum frequency limit function
0 Does not use the maximum frequency limit function.
1 Use the maximum frequency limit function.
Configuration of acceptable range of INTP11 input that immediately outputs TKBO1 in
TKBISRn1 TKBISRnO
interleaved PFC output mode.
0 0 T/2 to T/2+T/64
0 1 T/2 to T/2+T/32
1 0 T/2 to T/2+T/16
1 1 T/2 to T/2+ T/8
TKBTSEn Control of compare register batch overwrite function set by external trigger
0 Does not use compare register batch overwrite function set by external trigger.
1 Use compare register batch overwrite function set by external trigger.

Remark1. n=0,p=0,1
Remark 2. T is the period of the last restart
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Figure 10 - 6 Format of 16-bit Timer KB Operation Control Register n0 (TKBCTLnO0) (2/2)
TKBSTSn1 | TKBSTSnO Selection of timer KBn count start trigger
0 0 Does not use trigger input.
0 1 External interrupt signal (INTP10)
1 0 External interrupt signal (INTP11)
1 1 Comparator detection specified by PFSELO.CTRGSEL1 and PFSELO.CTRGSELO.
Caution 1. During timer operation, setting the other bits of the TKBCTLnNO register is prohibited. However, the

Caution 2.
Caution 3.

Remark

TKBCTLNO register can be refreshed (the same value is written).
Be sure to clear bits 15, 14, 11, 10, 6, and 3 to “0”.
For setting of INTP10/INTP11, see CHAPTER 19 COMPARATOR.

n=0,p=0,1
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10.3.4

16-bit timer KB operation control register n1 (TKBCTLn1)

TKBCTLnN1 is a register that controls the count operation and sets the count clock of 16-bit timer.

TKBCTLN1 can be set by a 1-bit or 8-bit memory manipulation instruction.

Reset signal generation clears this register to 00H.

Figure 10 - 7 Format of 16-bit Timer KB Operation Control Register n1 (TKBCTLn1)

Address: F0429H

Symbol

TKBCTLN1

After reset: 00H R/W
<7> 6 4 3 2 1 0

TKBCEO 0 | | TKBCKSO | 0 0 TKBMDO1 | TKBMDOO
TKBCEN Timer KBn operation control

0 Stops timer operation (counter is set to FFFF).

1 Enables timer count operation.
TKBCKSO0 Timer KBO clock selection

0 CK20 clock selected by TPS202 to TPS200 bits

1 CK21 clock selected by TPS212 to TPS210 bits
TKBMDn1 TKBMDnO Timer KBn operation mode selection

0 0 Standalone mode (uses master)

1 1 Interleave PFC output mode

Other than the above Setting prohibited

Caution 1. During timer operation, setting the other bits of the TKBCTLn1 register is prohibited. However, the
TKBCTLnN1 register can be refreshed (the same value is written).
Caution 2. In TKBCTLN1, be sure to clear bits 6, 5, 3, and 2 to “0”.

Remark

n=0
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10.3.5 16-bit timer KB output control register n0 (TKBIOCnO)

TKBIOCnO is a register that setting the default level/active level in 16-bit timer KBn output (TKBOp).
TKBIOCNO can be set by a 1-bit or 8-bit memory manipulation instruction.
Reset signal generation clears this register to 00H.

Figure 10 - 8 Format of 16-bit Timer KB Output Control Register n0 (TKBIOCnO0)

Address: F0426H After reset: 00H R/W
Symbol 7 6 5 4 <3> <2> <1> <0>
TKBIOCnO 0 0 0 0 TKBTOLn1 | TKBTOLnO | TKBTODn1 | TKBTODNO
TKBTOLnp Active level setting of timer output TKBOp
0 High level
1 Low level
TKBTODnp Default level setting of timer output TKBOp
0 Low level
1 High level

Caution 1. During timer operation, setting the other bits of the TKBIOCnO0 register is prohibited. However, the
TKBIOCnO register can be refreshed (the same value is written).

Caution 2. Be sure to clear bits 7 to 4 to “0”.

Caution 3. Actual TKBOp pin output is set not only by TKBOp output but by the port mode registers (PMxx) and
port registers (Pxx) for the shared ports.

Remark n=0,p=0,1
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10.3.6 16-bit timer KB output control register n1 (TKBIOCn1)

TKBIOCn1 is a register that controls disable/enable timer control in 16-bit timer KBn output (TKBOp).
TKBIOCn1 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 16-bit Timer KB Output Control Register n1 (TKBIOCn1)

Address: F0428H After reset: 00H R/W
Symbol 7 6 5 4 3 2 <1> <0>
TKBIOCn1 0 0 | 0 | 0 0 0 TKBTOEn1 | TKBTOENO
TKBTOEnp Timer output TKBOp output enable/disable
0 Disables timer output (low-level output when TKBTODnp = 0, and high-level output when TKBTODnp =
1)
1 Enables timer output

Caution 1. The TKBIOCn1 register can be overwritten while the timer is operating.
Caution 2. Be sure to clear bits 7 to 2 to “0”.

Caution 3. ctual TKBOp pin output is set not only by TKBOp output but by the port mode registers (PMxx) and
port registers (Pxx) for the shared ports.

Remark n=0,p=0,1
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10.3.7 16-bit timer KB flag register n (TKBFLGn)

TKBFLGn is a register with status flags for 16-bit timer KBn.
TKBFLGn can be read by a 1-bit or 8-bit memory manipulation instruction.
Reset signal generation clears this register to 00H.

Figure 10 - 10 Format of 16-bit Timer KB Flag Register n (TKBFLGn)

Address: F0O413H After reset: 00H R

Symbol <7> <6> <5> <4> <3> <2> <1> <0>

TKBFLGn| TKBSSFn1 | TKBSSFnO | TKBSEFn1 | TKBSEFnO TKBIRFn TKBIEFn TKBMFFn TKBRSFn

TKBSSFnp Status flag for PWM output smooth start function of TKBOp pin
0 During stop in PWM output smooth start function
1 Executing in PWM output smooth start function
TKBSEFnp Error flag for PWM output smooth start function of TKBOp pin
0 No error, or completion of clearing by TKBCLSEnp
1 Error (TKBRDTnp = 1 occurred during PWM output smooth start execute (TKBSSFnp = 0))
TKBIRFn Undetected INTP11 trigger error flag for interleave PFC mode
0 No error, or completion of clearing by TKBCLIRn
1 Error (Undetected INTP11 trigger is in judgment range set by 0 to T/2 and TKBIRSn1 and TKBIRSnO)
TKBIEFn Multiplex detection INTP11 trigger error flag for interleave PFC mode
0 No error, or completion of clearing by TKBCLIEn
1 Error (Another INTP11 trigger was detected during the TKBO1 active output)
TKBMFFn Status flag for maximum frequency limit function
0 Maximum frequency limit function is not occurred, or completion of clearing by TKBCLMFn
1 Maximum frequency limit function is occurred
TKBRSFn Pending status flag for batch overwrite trigger
0 Batch overwrite enabled status or completion of batch overwrite caused by to batch overwrite trigger
1 On hold (waiting for completion) status of batch overwrite due to writing on batch overwrite trigger bit
TKBRDTn.

Remark1. n=0,p=0,1
Remark 2. T is the period of the last restart
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10.3.8 16-bit timer KB trigger register n (TKBTRGn)

TKBTRGn is a trigger register used for batch overwriting of the compare register for 16-bit timer KBn.
TKBTRGnN can be written by a 1-bit or 8-bit memory manipulation instruction.
Reset signal generation clears this register to 00H.

Figure 10 - 11 Format of 16-bit Timer KB Trigger Register n (TKBTRGn)

Address: FO412H After reset: 00H w
Symbol 7 6 5 4 3 2 1 <0>
TKBFLGn 0 0 0 0 0 0 0 TKBRDTn
TKBRDTn Trigger for batch overwrite request of compare register
0 Invalid setting
1 Batch overwrite request of compare register

Remark n=0
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10.3.9 16-bit timer KB flag clear trigger register n (TKBCLRn)

TKBCLRn is a register used to clear flags in the 16-bit timer KB flag register n (TKBFLGn).
TKBCLRn can be written by a 1-bit or 8-bit memory manipulation instruction.
Reset signal generation clears this register to 00H.

Figure 10 - 12 Format of 16-bit Timer KB Flag Clear Trigger Register n (TKBCLRn)

Address: F0427H After reset: 00H w
Symbol 7 6 <5> <4> <3> <2> <1> 0
TKBCLRn 0 0 TKBCLSENn1 | TKBCLSEnO | TKBCLIRn | TKBCLIEn | TKBCLMFn 0
TKBCLSEnp Trigger for clearing error flag for PWM output smooth start function of TKBOp pin
0 Invalid setting
1 Clear the TKBSEFnp flag to “0”.
TKBCLIRN Trigger for clearing undetected INTP11 trigger error flag for interleave PFC mode
0 Invalid setting
1 Clear the TKBIRFn flag to “0”.
TKBCLIENn Trigger for clearing multiplex detection INTP11 trigger error flag for interleave PFC mode
0 Invalid setting
1 Clear the TKBIEFn flag to “0”.
TKBCLMFn Trigger for clearing status flag for maximum frequency limit function
0 Invalid setting
1 Clear the TKBMFFn flag to “0”.
Remark n=0,p=0,1
R0O1UH0637EJ0110 Rev. 1.10 -IENESAS Page 315 of 1113

Dec 28, 2016




RL78/G11 CHAPTER 10 16-BIT TIMER KBO

10.3.10 16-bit timer KB dithering count registers n0, n1 (TKBDNRn0O, TKBDNRn1)

TKBDNRnp is a register that is used by the PWM dithering function for TKBOp output.

When the values in this register of the higher 4 bits are N (N = OH to FH), the active period for N times during
each 16-period cycle of PWM output is output to one count clock extended.

Table 7-2 shows the relation between the TKBDNRnp setting and the active period for N repetitions of one count
clock extended.

TKBDNRnNp can be set by an 8-bit memory manipulation instruction.

Reset signal generation clears this register to O0OH.

Figure 10 - 13 Format of 16-bit Timer KB Dithering Count Register np (TKBDNRnp)

Address: FO40EH (TKBDNROO), F0410H (TKBDNRO1)  After reset: 00H R/W

Symbol 7 6 5 4 3 2 1 0

TKBDNRnp | | | | 0 0 0 0

Caution  Be sure to clear bits 3 to 0 to “0”.
Remark n=0,p=0,1

Table 10 - 2 16-bit Timer KB Dithering Count Register np (TKBDNRnp) Setting

Period

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

Repetitions (
0

-

Ol N[O B[ W[DN

-
o

-
N

-
N

-
w

-
~

-
[6)]

Remark 1. [ ] Cell period: Inactive output via settings in the TKBCRn1 and TKBCRn3 registers
[__] Cell period: Inactive output via “settings + 1" in the TKBCRn1 and TKBCRn3 registers
Remark2. n=0,p=0,1
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10.3.11 16-bit timer KB compare 1L & dithering count register n0 (TKBCRLDnO0)

TKBCRLDnNO is a register that stores the “lower 8 bits of TKBCRn1 register” values in its higher 8 bits and the
“TKBDNRNO register” values in its lower 8 bits.

TKBCRLDNO can be set by a 16-bit memory manipulation instruction.

Reset signal generation clears this register to 0000H.

Figure 10 - 14 Format of 16-bit Timer KB Compare 1L & Dithering Count Register n0 (TKBCRLDnNO)

Address: FO414H After reset: 0000H R/W

Symbol 15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0

meerwoo| [ ] ] [ [ ] [ J [ | [ JoJoJofo|]

Lower 8 bits of TKBCRn1 register TKBDNRNO register

Caution  Be sure to clear bits 3 to 0 to “0”.

Remark n=0

10.3.12 16-bit timer KB compare 3L & dithering count register n1 (TKBCRLDn1)

TKBCRLDnN1 is a register that stores the “lower 8 bits of TKBCRnN3 register” values in its higher 8 bits and the
“TKBDNRnN1 register” values in its lower 8 bits.

TKBCRLDnN1 can be set by a 16-bit memory manipulation instruction.

Reset signal generation clears this register to 0000H.

Figure 10 - 15 Format of 16-bit Timer KB Compare 3L & Dithering Count Register n1 (TKBCRLDn1)

Address: FO416H After reset: 0000H R/W

Symbol 15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0

meereom| [ [ ] [ [ [ [ ] [ | [ JoJoJofo]

Lower 8 bits of TKBCRN3 register TKBDNRN1 register

Caution  Be sure to clear bits 3 to 0 to “0”.

Remark n=0
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10.3.13 16-bit timer KB smooth start initial duty registers n0, n1 (TKBSIRNO,

TKBSIRN1)

TKBSIRnp is a register that sets the default duty for the PWM output smooth start function for TKBOp output.
TKBSIRnp can be set by a 16-bit memory manipulation instruction.
Reset signal generation clears this register to 0000H.

Figure 10 - 16 Format of 16-bit Timer KB Smooth Start Initial Duty Register np (TKBSIRnp)

Address: FO40AH (TKBSIR00), FO40CH (TKBSIR01) After reset: 0000H R/W

Symbol 15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0

mesweof | | [ [ [ [ [ [ | [ [ [ [ [ ] ]

Remark n=0,p=0,1

10.3.14 16-bit timer KB smooth start step width registers n0, n1 (TKBSSRnO,

TKBSSRn1)

TKBSSRnp is a register that is used by the PWM output smooth start function for TKBOp output.

When the value of this register is N (N = 0000B to 1111B), output of a PWM with the active output period is
continued for N + 1 times by setting TKBSIRnp. Afterward, output continues with the (active period + 1 clock)
waveform for N + 1 cycles, then with the (active period + 2 clock) waveform for N + 1 cycles, and so on. Finally,
when TKBCRn1 and TKBCRn3 have the same duty, the PWM output smooth start function is cleared and normal
PWM output is set.

TKBSSRnp can be set by an 8-bit memory manipulation instruction.

Reset signal generation clears this register to O0OH.

Figure 10 - 17 Format of 16-bit Timer KB Smooth Start Step Width Register np (TKBSSRnp)

Address: FO40FH (TKBSSRO00), F0411H (TKBSSRO01)  After reset: 00H R/W

Symbol 7 6 5 4 3 2 1 0

TKBSSRnp | | | | 0 0 0 0

Caution  Be sure to clear bits 7 to 4 to “0”.

Remark n=0,p=0,1
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10.3.15 16-bit timer KB maximum frequency limit setting register n (TKBMFRn)

TKBMFRn is a register that sets the minimum period for the timer restart of external trigger.

When the counter (TKBCNTn) value is smaller than this TKBMFRn value, if trigger input is detected, the trigger is
held pending, and the counter (TKBCNTNn) is cleared (restart) after counting to the value set to TKBMFRn.
TKBMFRnN can be set by a 16-bit memory manipulation instruction.

Reset signal generation clears this register to 0000H.

Figure 10 - 18 Format of 16-bit Timer KB Maximum Frequency Limit Setting Register n (TKBMFRn)

Address: F0424H After reset: 0000H R/W
Symbol 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
wemFre| | | [ [ | | [ [ | [ [ [ | [ [ ]

Remark n=0
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10.3.16 Peripheral function switch register 0 (PFSELO0)

PFSELO selects 1/0O settings about 16-bit timers KBO and peripheral function.
PFSELO can be written by a 1-bit or 8-bit memory manipulation instruction.
Reset signal generation clears this register to O0OH.

Remark When INTP10 and INTP11 are used with forced output stop function 2, select none for the noise filter
to shorten the response interval from input of a trigger to termination of output.
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Figure 10 - 19 Format of Peripheral Function Switch Register 0 (PFSELO0)

Address: F0440H After reset: 00H R/W
Symbol 7 6 <5> <4> <3> <2> <1> <0>
PFSELO| CTRGSEL1 | CTRGSELO | INTPINV1 INTPINVO PNFEN1 PNFENO TMRSTEN1 | TMRSTENO
CTRGSEL1 | CTRGSELO Timer KB counter start trigger source
0 0 Use comparator O detection
0 1 Use comparator 1 detection
1 0 Use both of comparator 0 and comparator 1 detections
1 1 Setting prohibited (output signal is fixed to low level)
INTPINV1 Invert setting of INTP11 signal
0 Do not invert INTP11 signal
1 Invert INTP11 signal
INTPINVO Invert setting of INTP10 signal
0 Do not invert INTP10 signal
1 Invert INTP10 signal
PNFEN1 Noise filter setting of external interrupt INTP11
0 Noise filter enable
1 Noise filter disable
PNFENO Noise filter setting of external interrupt INTP10
0 Noise filter enable
1 Noise filter disable
TMRSTEN1 Switch of external interrupt INTP11Note
0 External interrupt function is selected (stop mode release enabled, timer restart disabled)
1 Timer restart function is selected (stop mode release disabled, timer restart enabled).
TMRSTENO Switch of external interrupt INTP1(QNote
0 External interrupt function is selected (stop mode release enabled, timer restart disabled)
1 Timer restart function/forced output stop function 2 is selected (stop mode release disabled, timer restart
enabled).
Note When INTP10 or INTP11 is used as a trigger of the timer KB forced output stop function 2 or timer restart

function, see 19.5 Caution for Using Timer KB Simultaneous Operation Function.

Remark  See Figure 19 - 1 Comparator Block Diagram.
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10.3.17 External interrupt edge enable register (INTPEG)

INTPEG sets the valid edges of external interrupts (INTP10 and INTP11) which trigger the timer restart function.
INTPEG can be written by a 1-bit or 8-bit memory manipulation instruction.
Reset signal generation clears this register to 00H.

Figure 10 - 20 Format of External Interrupt Edge Enable Register (INTPEG)

Address: F0441H After reset: 00H R/W
Symbol 7 6 5 4 3 2 1 0
INTPEG 0 0 0 0 INTPEGP11 | INTPEGN11 | INTPEGP10 | INTPEGN10
INTPEGP11 | INTPEGN11 INTP11 pin valid edge selection
0 0 Edge detection disabled
(disables output of timer restart signal (output signal = fixed to low level))
0 1 Falling edge (enables output of timer restart signal)
1 0 Rising edge (enables output of timer restart signal)
1 1 Both rising and falling edges (enables output of timer restart signal)
INTPEGP10 | INTPEGN10 INTP10 pin valid edge selection
0 0 Edge detection disabled
(disables output of timer restart signal (output signal = fixed to low level))
0 1 Falling edge (enables output of timer restart signal)
1 0 Rising edge (enables output of timer restart signal)
1 1 Both rising and falling edges (enables output of timer restart signal)
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10.3.18 Port mode register 3 (PM3)

This register specifies input or output mode for port 20 in 1-bit units.

When using the P30/ANI21/KR1/TI00/TO01/INTP3/SCK11/SCL11/(TxD0)/PCLBUZ0/TKBO1/SDAAO,

P31/ANI20/KRO/TI01/TO00/INTP4/TKBOO/(RxD0)/SI11/SDA11/SCLAO pins for timer output,
and the output latches of P30, P31 to 0.

PM3 can be set by a 1-bit or 8-bit memory manipulation instruction.

Reset signal generation sets this register to FFH.

Figure 10 - 21 Format of Port Mode Register 3 (PM3)

set PM30, PM31

Address: FF23H After reset: FFH R/W
Symbol 7 6 5 4 3 2 1 0
PM3 1 1 | 1 | 1 PM33 | PM32 | PM31 PM30
PM3n P3n pin I/0O mode selection (n =0 to 3)
0 Output mode (output buffer on)
1 Input mode (output buffer off)

Caution  Be sure to set bit 7 to 4 of the PM3 register to “1”.
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10.4 Operation of 16-bit Timers KB0

Operation specifications of 16-bit timers KBO described below.
» Counter basic operation(See 10.4.1)

+ Default level and active level(See 10.4.2)

» Stop/restart operation(See 10.4.3)

+ Batch overwrite (See 10.4.4)

There are 3 different operation modes for 16-bit timers KBO

« Standalone mode (period controlled by TKBCRnO)(See 10.4.5)

« Standalone mode (period controlled by external trigger input)(See 10.4.6)
* Interleave PFC output mode(See 10.4.7)

Figure 10 - 22 Timer KB Operation Setting Example (Operation Start Flow)

( Start of setup )

| PER2 setting | Set bits TKBOEN and start supply of clock to timer KB to be used.

[
| TPS2 setting | Set the operation clock of timer KB.
[
|TKBCTLnO, TKBCTLN1 setting | Select the operation function/operation mode of timer KB.

Select operation clock

Operation function (gate function/dithering/soft star

TKBDNRNO, TKBDNRn1

Set added functions.
TKBSIRNO, TKBSIRN1

TKBSSRn0, TKBSSRn1 Dithering
TKBMFRn setting Soft start
Maximum frequency limit function
| TKBIOCnO setting | Set the active level and default level of timer KB.
| PFSELDO setting | Switch or select peripheral functions to interlock with timer KB.

(Set the forced output When using the forced output stop function, comparator and such as

stop fulnction)

INTP 10 must be set before start of timer KB output.

| P3, PM3 setting | Set the terminal to output timer KB as output.
I
| TKBIOCn1 setting | Enable timer KB output.
| Enable interrupt | Clear interrupt request flag (XXIF), cancel interrupt mask (XXMK), and

| enable interrupt (El).

| TKBCEO « 1 | Zero clear timer count start counter and start count.

( Start of operation )
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Figure 10 - 23 Timer KB Operation Setting Example (Operation Stop Flow)

(Start of timer stop procesD

TKBCEm «~ 0 Timer count stops and timer KB output becomes fixed output at the

set default level.

(Stop of timer operatiorD

Figure 10 - 24 Timer KB Operation Setting Example (Compare Register Batch Overwrite Flow)

|Overwrite compare register| TKBCNTn, TKBCRNO to TKBCRn3, TKBTGCRn (n = 0)

Overwrite TKBCNTn, TKBCRNO to TKBCRN3, TKBTGCRn (n =

0, 1, 2) TKBDNRnO, TKBDNRn1, TKBCRLDnNO, and

<
«

. TKBCRLDnN1 register.
| Read TKBRSFO bit | Read TKBRSFO of TKBFLGO register.
Accept batch overwrite request when TKBRSFO = 0.
No
TKBRS%
Yes
Compare register batch overwrite request
| TKBRDTO «— 1 | After accepting overwrite request, TKBRSFO bit remains

“1” until setting is actually changed.

( End of overwrite )

Remark The batch overwrite function is used to change the timer counter operation setting while
timer KB is operating. The set value is reflected to the operation from the next restart.
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10.4.1 Counter basic operation

(1) Count start operation
In any mode, the 16-bit counter of timer KB starts its counting from initial value of FFFFH. It increments the
counter from FFFFH to 0000H, 0001H, 0002H, 0003H and so on.

(2) Clear operation
The 16-bit counter is reset to 0000H when the 16-bit counter value matches with the value defined in TKBCRnO
or an external trigger is in effect if the period is determined by external triggers. INTTMKBn interruption occurs
when the counter is cleared at the time when it matches with the value defined in TKBCRNO, but it does not occur
when the counter is cleared by an external trigger.

10.4.2 Default level and active level

(1) Basic operation
Default level and active level settings are available for timer KB output by 16-bit timer KB output control register
n0 (TKBIOCnO).

Figure 10 - 25 Figure of Timing of Default and Active Level (Basic Operation)

TKBCNTn

TKBCEn S
TKBTOEnp —!
i
|
I
|
]
|
I
|
|
|
|
I
I
|
I
]
1
]
|
I
|

TKBOp
(TKBTODnp=0)
(TKBTOLnp=0)

(TKBTODnp=0)
(TKBTOLnp=1)

.

(TKBTODnp=1)
(TKBTOLnp=0)

(TKBTODnp=1)
(TKBTOLnp=1)

When TKBTOEnp is switched from “0” to “1”, PWM waveform is output according to the generation of TKBOp set
condition/reset condition and TKBTOLnp setting.
When TKBTOEnp is switched from “1” to “0”, default level is output for TKBOp according to TKBTODnp setting.

RO1UH0637EJ0110 Rev. 1.10 RENESAS Page 326 of 1113
Dec 28, 2016



RL78/G11 CHAPTER 10 16-BIT TIMER KBO

(2) TKBTOEnp switched from “0” to “1”
When TKBTOEnp is changed from 0 to 1 before the value of counter TKBCNTn matches with the value of
compare register TKBCRnp, while the timer counter is in operation, the timer output generated becomes the
PWM waveform in accordance with the TKBTOLnp setting at the timing when it matches.
If TKBTOEnp is changed from 0 to 1 after the value of counter TKBCNTn matches with the value of compare
register TKBCRnp, the timer output remains its initial setting level until the next timing of match occurs.

Figure 10 - 26 Figure of Timing of Default and Active Level
(TKBTOEnp = 0 Switched to 1 Before Matching Counter and Compare Register (TKBCRn1 to TKBCRnN3))
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Figure 10 - 27 Figure of Timing of Default and Active Level
(TKBTOEnp = 0 Switched to 1 After Matching Counter and Compare Register (TKBCRn1 to TKBCRN3))
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(3) TKBTOEnp switched from “1” to “0”

(a) Basic timing
TKBOp is default level set by TKBTODnp after 1 fKBKC when TKBTOEnp is switched from “1” to “0”.

Figure 10 - 28 Figure of Timing of Default and Active Level
(TKBTOENO Switched from “1” to “0”)

fkekc ||||||||”““”“””””””

| | |

fkBn I—l i i r! I—l
| |
TKBTOENO | ! !
b :

TKBCNTn  aaaa L X bbbb
| | |
INTTMKBN b
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TKBOO TKBTOLn0=O: Tk}‘BTODnO—O
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(b) When the setting due to the matched value of TKBCRnO and the event that TKBTOEnp is cleared
occur at the same instant:
When TKBTOEnp set timing (high to low) is simultaneous with the matching between TKBCNTn and
TKBCRnm, the change of TKBTOEnp is given priority to become default level set for TKBTODnp.

Figure 10 - 29 Figure of Timing for Default and Active Level
(TKBOO Set Timing (Low to High) Is Simultaneous with the Matching Between TKBCNTn and TKBCRnm)
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(c) When the operation of TKBTOEnp is simultaneous with generation of timer count clock
TKBOp is set by the matching of TKBCNTn = TKBCRnm in case when the operation of TKBTOEnp is
simultaneous with generation of timer count clock.
After 1 fkBkc, TKBOp is default level which is set with TKBTODnp.

Figure 10 - 30 Figure of Timing of Default and Active Level
(Operation of TKBTOENO Is Simultaneous with generation of Timer Count Clock.)
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(4) Change TKBTODnp at TKBTOEnp =0
When TKBTODnp being changed at TKBTOEnp = 0, after 1 fKBKC, TKBOp is default level which is set with
TKBTODnp.

Figure 10 - 31 Figure of Timing of Default and Active Level (Change TKBTODNn0 at TKBTOENO = 0)
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10.4.3 Stop/restart operation

Stop and start of operation of 16-bit timer KB is available by controlling TKBCEn.
16-bit timer KB is reset and stop operation by changing TKBCEn from “1” to “0”.

Counter TKBCNTn is reset to FFFFH and stop operation then.
TKBOp output outputs default level set by TKBTODnp.

16-bit timer KB starts operation by changing TKBCEn from “0” to “1”.
Counter TKBCNTn maintains FFFFH when TKBCEn = 0 and start up counting operation by changing TKBCEn

from “0” to “1”.

Figure 10 - 32 Figure of Timing of Stop Operation (TKBTOLnp = 0, TKBTODnp = 0)
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(1) Count operation start timing
When TKBCEn is switched from “0” to “1” counting operation starts after the progress of the minimum 1 fKBKC to
the maximum 1 fKBn.
INTTMKBn is output at counting operation start timing.

Figure 10 - 33 Figure of Timing of Start Operation (TKBCEn Switched from “0” to “1”)
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(2) Count operation stop timing
When TKBCERn is switched from “1” to “0” counting operation is stopped after the progress of minimum 1 fKBKC.
TKBCNTn is reset to FFFFH and TKBOp is default level set by TKBTODnp.

Figure 10 - 34 Figure of Timing of Stop Operation (TKBCEn Switched from “1” to “0”)
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When TKBCEn is switched from “1” to “0” counting operation is stopped after the progress of minimum 1 fKBKC.
Before the generation of 1 fKBn, INTTMKBn is not output even matching of TKBCNTn = TKBCRnO being
generated.

Figure 10 - 35 Figure of Timing of Stop Operation
(Operation of TKBCEn Is Before the Generation of Timer Count Clock.)
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TKBOp is set and INTTMKBnN being output via the matching of TKBCNTn = TKBCRnNO generated in case when
the operation of TKBCEn is simultaneous with the generation of 1 fKBKC.
TKBCNTn is reset to FFFFH after the progress of 1 fKBKC and TKBOp is default level set by TKBTODnp.

Figure 10 - 36 Figure of Timing of Stop Operation
(Operation of TKBCEN Is Simultaneous with the Generation of Timer Count Clock.)
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10.4.4 Batch overwrite operation

TMKB compare register np (TKBCRnp) for timer KB has, as shown in Figure 10 - 37, two stages.

Therefore, its value does not become effective immediately even if any value is set to TKBCRnp by a program.
The value set to TKBCRnp at any timing is transferred at once to buffer registers at the time when the counter
starts running or when transfer trigger occurs, and it is actually used for any comparison operation. This enables
multiple compare registers to be set with each value at different timing.

Figure 10 - 37 Compare Register Batch Overwrite Function

TKBCRNO register TKBCRN3 register TKBTGCRn register
Compare buffer EEEEEm Compare buffer Trigger compare buffer
register n0 register n0 register n

Batch overwrite
trigger

Compare register n0 ammmEm Compare register n3 Trigger compare register n
(TKBCRnO) (TKBCRn3) (TKBTGCRn)
i i i
Write a value at any timing Write a value at any timing Write a value at any timing

Remark As shown above, TMKB compare registers np (TKBCRnp) have two stage structure and they are treated as a single
register except when values are written to them.

(1) Timing ob batch overwrite
There are three cases when the compare registers are written all together. Among these, (c) can be controlled
by configuration of the register.

(a) When starting count operation of timer KB
(b) Count value of the 16-bit counter and the value that is set to TMKB compare register n0 (TKBCRnO)
matches.

(c) An external trigger occurs, while batch overwrite with an external trigger is permitted.
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10.4.5 Standalone mode (period controlled by TKBCRnNO)

(1) Outline of functions
In standalone operation mode, the period is defined by setting value of TKBCRnO, then TKBOO is generated by
TKBCRnNO and TKBCRn1, and then TKBO1 is generated by TKBCRn2 and TKBCRn3.
Duty can be set within range of 0% to 100% and the period and Duty can be calculated using the following

formula.

[Calculation formula for TKBOO output]

Pulse period = (TKBCRNO setting + 1) x Counter clock period
Duty [%] = (TKBCRn1 setting/(TKBCRnNO setting + 1)) x 100
0% Output: TKBCRn1 setting = 0000H

100% Output: TKBCRN1 setting > TKBCRNO setting + 1

[Calculation formula for TKBO1 output]

Duty [%] = ((TKBCRnN3 setting — TKBCRN2 setting)/((TKBCRNO setting + 1)) x 100
0% Output: TKBCRN3 setting = TKBCRN2 setting

100% Output: TKBCRnN2 setting = 0000H, TKBCRN3 setting > TKBCRNO setting + 1
Caution It should always be: TKBCRn2 setting < TKBCRnN3 setting.

Figure 10 - 38 shows the configuration of standalone mode.

Figure 10 - 38 Configuration of Standalone Mode (Period Controlled by TKBCRnO0)
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(2) Outline of operation
Figure 10 - 39 shows the timing sample for standalone mode.

Figure 10 - 39 Timing Sample for Standalone Mode (Period Controlled by TKBCRnNO)
(at Default Value of Output Is Low Level (TKBTODnp = 0) and Active Level Is High Level (TKBTOLnp = 0))
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(TKBCRn 2)
(TKBCRn 1)

0000H
INTTMKBN

This section describes an example about the standalone operation (periodic control by TKBCRO). The following
descriptions are linked with <1> to <5> in Figure 10 - 39.

<1> When TKBCEn is set with a value of 1, the 16-bit timer counter KBn (TKBCNTn) changes from
FFFFH to 0000H in synchronizing with the count clock, then it starts counting up. At the same time,
INTTMKBnN output is generated and TKBOO output changes from its initial value specified with
TKBOTODO bit of TKBOIOCO register to its active value (high level in this example) specified with
TKBOTOLDO bit (TKBO1 output hold its initial value specified with TKBOTOD1 bit).

<2> When TKBCNTn is counted up and its value matches with the value specified in TMKB compare
register n1 (TKBCRn1), TKBOO output becomes inactive level.

<3> When TKBCNTn is counted up and its value matches with the value specified in TMKB compare
register n2 (TKBCRn2), TKBO1 output becomes active level.

<4> When TKBCNTn is counted up and its value matches with the value specified in TMKB compare
register n3 (TKBCRn3), TKBO1 output becomes inactive level.

<5> When TKBCNTn is counted up and its value matches with the value specified in TMKB compare
register n0 (TKBCRNO), INTTMKBn output is generated at the next count clock and TKBOO output
becomes active level. TKBCNTn starts its upward counting from 0000H.

<6> Repeats <2> through <5>.
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(3) Operation of batch overwrite (at starting the counting operation)
Compare register of the timers KB0 have function which updates internal buffer register simultaneously at the
starting of counter operation caused by count clock which is generated after overwriting “1” to TKBCERn bit.
Batch overwrite is generated without writing “1” on TKBRDTn bit only in case of counting operation start timing
(see Figure 10 - 40).

Figure 10 - 40 Batch Overwrite Function: Figure of Buffer Updating Timing at Counting Operation Start

TKBCEn J
Count clock [ I [ I [ I

TKBRSFn !

TKBRDTn ! !

INTTMKBN

Compare
register n0

TKBCRnO a

Bufferregister 0000H

Compare
register n1

TKBCRn1 b

Bufferregister 0000H

Compare
register n2

TKBCRn2 c

Bufferregister 0000H

Compare
register n3

TKBCRn3 d

Bufferregister 0000H

Remark  When TKBCEn = 0, TKBRSFn is set to “1” at writing “1” to TKBRDTn.
TKBRSFn is cleared to “0” at counting operation start timing (counter start trigger generated).
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(4) Batch overwrite function: Update buffer during counting operation
Compare register of the timers KBO has a function which updates internal buffer register simultaneously at the
next counter clear (TKBCNTn and TKBCRnO matched), identifying the writing “1” to TKBRDTn bit as batch
overwriting trigger. TKBRSFn is provided as flag to indicate from writing of “1” to TKBRDTn bit until the
completion of batch overwrite (see Figure 10 - 41).

<1> Compare register setting is transferred to buffer register at the timing when TKBCEn is set from “0”
to “1” and TKBCNTn starts counting operation.

<2> Overwriting is not generated if writing of “1” to TKBRDTn is not implemented even counter clear is
generated after TKBCRNO to TKBCRN3 and TKBTGCRn registers are overwritten.

<3> Batch overwrite pending flag (TKBRSFn) is “1” by writing “1” to TKBRDTn.

<4> Compare register setting is transferred to buffer register by counter clear generated at TKBRSFn =
1. TKBRSFn is “0” simultaneously.
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Figure 10 - 41 Batch Overwrite Function: Figure of the Timing of Buffer Updating During Counting Operation
TKBCEN

RL78/G11

1

]
| S

1

1

1

1
Y ><

1

1

.“.

1

1

1

1

1

1

1
" |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||

1

L

1

1

+

1

1

1

1

1

1

1

1

1

1
-
— N HEE I T T
i@ % SNE m@ mm_ mm_

o
& 56 S 5 5 © ° ° °
8¢ _ £2 3 c & 2 o - o =
¥ C© EE [} )= o) [} 7}
ES E c £ o 3 3 € = € 3 € = g 8
z LL o - o o o - O =) N O o ® o
8} 0 o = oc g ¢ o Cc @ 3 oc @ ¢ oc @ 9O
g e x £ 3 @ s5F 5 S5% 5 S5 F 8 &5 F &
< g o £ 9 @ 32 £ &2 € a2 £ aof £
X X
= ¥ X =z g = .2 @ .2 a £ .2 @ £ .2 @
-oF S8 S SR S

Page 338 of 1113

<4>

RENESAS

<1>

RO1UH0637EJ0110 Rev. 1.10

Dec 28, 2016



RL78/G11 CHAPTER 10 16-BIT TIMER KBO

(5) Sample of register setting details at standalone mode (period controlled by TKBCRnO)

bit No. 15 14 13 12 1 10 9 8
TKBCTLNO - TKBGTEn1 | TKBSSEn1 TKBDIEN1 - TKBGTENnO | TKBSSEnO | TKBDIENO
Setting 0 1/0 1/0 1/0 0 1/0 1/0 1/0
bit No. 7 6 5 4 3 2 1 0
TKBCTLNO TKBMFEnN - TKBIRSN1 TKBIRSNnO - TKBTSEn TKBSTSn1 | TKBSTSnO
Setting 0 0 0 0 0 0 0 0
bit No. 7 6 5 4 3 2 1 0
TKBCTLN1 TKBCEN - - TKBCKSn TKBSCMn - TKBMDn1 TKBMDnO
Setting 1 0 0 1/0 0 0 0 0
bit No. 7 6 5 4 3 2 1 0
TKBIOCnO - - - - TKBTOLNn TKBTOLnO | TKBTODn1 | TKBTODNO
Setting 0 0 0 0 1/0 1/0 1/0 1/0
bit No. 7 6 5 4 3 2 1 0
TKBIOCn1 - - - - - - TKBTOENn1 | TKBTOENO
Setting 0 0 0 0 0 0 1/0 1/0
Register Setting range
TKBCRNO 0000H-FFFFH
TKBCRnN1 0000H-FFFFH
TKBCRnN2 0000H-FFFFH
TKBCRNn3 0000H-FFFFH
TKBTGCRn 0000H-FFFFH
TKBSIRn0 0000H-FFFFH
TKBSIRNn1 0000H-FFFFH
TKBSSRn0 00H-0FH
TKBSSRn1 00H-0FH
TKBDNRNO 00H-FOH
TKBDNRnN1 00H-FOH
TKBMFRn 0000H
|:| : Setting is fixed for this mode: |:| : Setting is not needed (default setting)
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10.4.6 Standalone mode (period controlled by external trigger input)

(1) Outline of functions
By standalone mode, period can be controlled not only by TKBCRNO but also by external trigger input.
Input signals selected by TKBSTSn1 and TKBSTSnO bits of 16-bit timer KB operation control register are used to
detect external trigger input (Timer restart function). By using this function, critical conduction mode PFC control
can be implemented, for example.
When the external trigger input is detected, counter TKBCNTn is cleared with 0000H and TKBOO/TKBO1 output
is respectively set to active level and inactive level. When setting value of TKBCRnO and the counter
(TKBCNTRN) match is generated before external trigger input detection, counter is cleared to 0000H and the
operation is continued.
For the formula to calculate TKBOO/TKBO1 output in case external trigger input not yet detected and the period
is controlled by TKBCRnNO, see 10.4.5 Standalone mode (period controlled by TKBCRnO).
Calculation formula for TKBOO/TKBO1 output in case of period to be controlled by external trigger input
detection is as follows:

[Calculation formula for TKBOO output]

Pulse period = (Counter value at external trigger input detection + 1) x Count clock period

Duty [%] = (Setting value of TKBCRn1/(Counter value of external trigger input detection + 1)) x 100
0% output: TKBCRn1 setting = 0000H

100% output: TKBCRnN1 setting > Counter value at external trigger input detection + 1

[Calculation formula for TKBO1 output]

Pulse period = (Counter value at external trigger input detection + 1) x Count clock period

Duty [%] = ((Setting value of TKBCRn3 — Setting value of TKBCRNnZ2)/(Counter value of external trigger input
detection +1)) x 100

0% output: TKBCRn3 setting = TKBCRN2 setting

100% output: TKBCRN2 setting = 0000H, TKBCRnN3 setting > Counter value at external trigger input detection +
1

Caution It should always be: TKBCRnN2 setting < KBCRn3 setting.

Figure 10 - 42 shows the configuration of standalone mode (period controlled by external trigger input).
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Figure 10 - 42 Configuration of Standalone Mode (Period Controlled by External Trigger Input)
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Table 10 - 3 External Trigger Assignment List of Standalone Operation
(Period Controlled by External Trigger Input)
Timer KBO
Comparator 0 \
Comparator 1 v
INTP10 V
INTP11 v
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(2) Batch overwrite function (period controlled by external trigger input, buffer updating during counting operation
(TKBTSEn bit set to 1))

In standalone mode of period controlled by external trigger input, counter clear and compare register batch
overwrite is implemented at the timing when external trigger input is detected after writing “1” to TKBRDTn bit
and through setting TKBTSEn bit of TKBCTLNO register in “1”.
Same as in counter clear, batch overwriting is implemented as well in case when TKBCRnO and counter
(TKBCNTN) being matched before the detection of external trigger input after writing “1” to TKBRDTn bit.
Factor of external trigger input is selected at TKBSTSn1 and TKBSTSnO0 of TKBCTLnNO register. Figure 7-42
shows an example of the timing of the batch overwrite operation with TKBTSEn bit set to “1”.

<1> Compare register setting is transferred to buffer register at the timing when TKBCEn is set from “0”
to “1” and TKBCNTn starts counting operation.

<2> Overwriting is not generated if writing of “1” to TKBRDTn is not implemented even counter clear is
generated after TKBCRnO to TKBCRN3 and TKBTGCRn registers are overwritten.

<3> Batch overwrite pending flag (TKBRSFn) is “1” by writing “1” to TKBRDTn.

<4> When a counter clear is generated by an external trigger input while TKBTSEn bit is set to “1” and
TKBRSFn bit is “1”, the setting value in the compare register is transferred to the buffer register. At
the same time, TKBRSFn bit becomes “0”.

<5> Even if the counter clear event is generated by the external trigger input, the batch overwrite does
not occur unless a value “1” is written in TKBRDTn bit.
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<3> <4>
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Buffer Updating During Counting Operation (TKBTSEn Bit Set to 1)
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Figure 10 - 43 Batch Overwrite Function: Figure of Standalone for External Trigger Input Factor and the Timing of
TKBCEnN
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(3) Batch overwrite function (period controlled by external trigger input, buffer updating during counting operation
(TKBTSEn bit clear to 0))

This is an example of the case where TKBTSEn bit in TKBCTLNO register is set to “0” during standalone
operation under the periodic control by external trigger input. In this case, the counter is cleared when a value
“1” is written in TKBRDTNn bit and the external trigger input is detected while batch overwrite suspension flag
(TKBRSFn bit) is “1”.
An external trigger factor is selected with TKBSTSn1 and TKBSTSnO0 bit in TKBCTLNO register. Figure 7-43
shows an example of the batch overwrite operation timing when TKBTSEn bit is set to “0”.

<1> Compare register setting is transferred to buffer register at the timing when TKBCEn is set from “0”
to “1” and TKBCNTn starts counting operation.

<2> After rewritten TKBCRnO to TKBCRn3 and TKBTGCRn register, batch overwrite pending flag
(TKBRSFn) is “1” by writing “1” to TKBRDTn.

<3> Even if the counter clear event is generated by the external trigger input, the batch overwrite does
not occur unless TKBTSEn bit is “1”.

<4> When the counter clear event (TKBCNTn matches with TKBCRnO) occurs under the status of
TKBRSFn bit is “1”, the value set to the compare register is transferred to the buffer register. At the
same time, TKBRSFn bit becomes “0”.

<5> Even if the counter clear event is generated by the external trigger input, the batch overwrite does
not occur unless TKBTSEn and TKBRSFn bits are both “1”.
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Buffer Updating during Counting Operation (TKBTSEn bit clear to 0)

.

External

Figure 10 - 44 Batch Overwrite Function: Figure of standalone for External Trigger Input Factor and the Timing of
TKBCEnN
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(4) Sample of register setting details at standalone mode (period controlled by external trigger input)

15 14 13 12 11 10 9 8
TKBCTLNO - TKBGTEn1 | TKBSSEn1 | TKBDIEnT - TKBGTENO | TKBSSENnO | TKBDIENO
0 1/0 0 0 0 1/0 0 0
7 6 5 4 3 2 1 0
TKBMFEn E TKBIRSN10 | TKBIRSNOO - TKBTSEn | TKBSTSn1 | TKBSTSnO
1/0 0 0 1/0 1/0 1/0
7 6 5 4 3 2 1 0
TKBCTLN1 TKBCEn E - TKBCKSn |[ TKBSCMn E TKBMDn1 | TKBMDnO
1/0 0 0 1/0 0 0 0 0
7 6 5 4 3 2 1 0
TKBIOCNO - - - - TKBTOLN1 | TKBTOLNO | TKBTODn1 | TKBTODNO
0 0 0 0 1/0 1/0 1/0 1/0
7 6 5 4 3 2 1 0
TKBIOCn1 - - - - - - TKBTOENn1 | TKBTOENO
0 0 0 0 0 0 1/0 1/0
TKBCRNO | 0000H-FFFFH ‘
TKBCRn1 | 0000H-FFFFH ‘
TKBCRN2 | 0000H-FFFFH ‘
TKBCRN3 | 0000H-FFFFH ‘
TKBTGCRn | 0000H-FFFFH
TKBSIRNO | 0000H
TKBSIRn1 | 0000H
TKBSSRNO0 | 00H
TKBSSRn1 | 00H
TKBDNRNO | 00H
TKBDNRn1 | 00H
TKBMFRn | 0000H-FFFFH

|:| : Setting is fixed for this mode: I:l : Setting is not needed (default setting)
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10.4.7 Interleave PFC (Power Factor Correction) output mode

This is the mode that can generate a signal as interleave output that controls PFC circuit which regulates the
harmonic current of the power source.

As interleaved PFC circuit can regulate peak input current at greater extent than single PFC circuit, it can make
parts smaller and implement high powered power source units.

Interleaved PFC control requires two inputs for zero current detection and two PWM outputs for switching.
TMKB implements the interleaved PFC control by combining external interrupt input INTP10 and timer output
TKBOO, and interrupt input INTP11 and timer output TKBO1.

TKBOO generates pulse output based on the signal input of INTP10, and TKBO1 generates pulse output based
on the signal input of INTP11.

In this case, it controls TKBO1 output to be 180 degree of phase shift based on the output timing of TKBOO.

Remark Single PFC control can be implemented in standalone mode (periodic control by external input

trigger).
For more detail, see 10.4.6 Standalone mode (period controlled by external trigger input).

Timer KBn restart period is set by TKBCRnNO for cases in which external input INTP10 not being detected.
Active width for TKBOO output is set by TKBCRn1.

Active width for TKBO1 output is set by TKBCRn3.

Therefore, TKBCRN2 is not used for this function.

Remark Interleave PFC (Power Factor Correction) output mode does not use TKBCRn2.

The setting value for TKBTOLNO bit and TKBTODNO bit, and TKBTOLN1 bit and TKBTODn1 bit must be the
same value. This makes that when the default level is low (high) level, the active level becomes high (low) level.

[Calculation formula for TKBOO output & TKBO1 output]

Pulse period (MAX)Note 1 = (TKBCRnO setting + 1) x Count clock period

Active width for TKBOO output = TKBCRnN1 setting x Count clock period

Active width for TKBO1 output = TKBCRnN3 setting x Count clock period

Width of the cycle-to-cycle phase difference during TKBO1 output Note 2 = INT[(width of the previous period — 1)
Note 3/2 + 1] x Count clock period

Note 1.  This is the timer KBn restart period in case when external interrupt input INTP10 not being detected.
Note 2. Except when condition No. 7 holds.
Note 3.  When condition No. 1 holds, this is determined by the setting of TKBCRnO.

Figure 10 - 45 shows overview of the basic operation of the interleave PFC mode. In the basic operation of the
interleave PFC mode, TKBCNTn is incremented from 0000H by using INTP10 as a trigger. In this case, TKBOO
becomes active level, then becomes inactive level when it matches with the setting value of TKBCR1 register.
TKBO1 becomes active level by being triggered by INTP11 which has a phase shifted from the one of INTP10,
and becomes inactive level when it matches with the setting value of TKBCRn3 register.

Another INTP10 comes in before TKBCNTn matches with the setting value of TKBCRNO register, then the above
operation is repeated.
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Figure 10 - 45 Operation Outline of Basic Operation for Interleave PFC Mode
(at Default Value of Output Is Low Level (TKBTODnp = 0) and Active Level Is High Level (TKBTOLnp = 0))
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(1

Output condition of TKBO1 at interleave PFC

There are output conditions for TKBO1 output which are controlled according to the table below.

Condition Judgment Status 1 Judgment Status 2 Judgment Status 3
No. (INTP10 Input) (Matching with CRO/INTP11 Input) (Period Width) LIS
First period (Generate a wave form Output by T/2
1 setting T for CRO) - -
5 INTP10 input not detected matching of CNTn and CRnO Subsequent period is over | Output by T/2
(Ignore INTP11 input detection) TI2
Succeeding period is Maintain the
3 0 0
below T/2 status
4 Subsequent period of No.3 - - Output by T/2
INTP10 input detected (for the first Output by T/2
° time)NOte 1 B -
INTP10 input detected (from the INTP11 detected (within the range Output by T/2
6 second time)Note 2 from previous TKBO1 falling edge -
to T/2)
INTP10 input detected (from the INTP11 detected (T/2 to Output by
7 second time)Note 2 T/2+T/(TKBIRSn1 and TKBIRSnO - Trigger Input
setting) range)
INTP10 input detected (from the INTP11 detected after the range Maintain the
8 second time)Note 2 (T/2+T/(TKBIRSn1 and TKBIRSnO - status
setting))
9 Subsequent period of No.8 - - Output by T/2
INTP10 input detected Succeeding period is Maintain the
10 - below T/2 status
11 Subsequent period of No.10 - - Output by T/2
Note 1. INTP10 input detected (for the first time) means that the previous period wasn't cleared for INTP10 input being detected.
Note 2. INTP10 input detected (from the second time) means that the previous period being cleared for INTP10 input being
detected.

Please see the following figures of wave form corresponding to each “Condition No.”
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Figure 10 - 46 Figure of Timing of Interleave PFC Mode (Operation for Conditions No. 1 and No. 2)
(at Default Value of Output Is Low Level (TKBTODnp = 0) and Active Level Is High Level (TKBTOLnp = 0))
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INTP11

FFFFH ——

No.1 No.2

(TKBCRNO + 1) === = oo o o oo o oo o o o e e g e
TKBCNTn T(=CRn0O)2 +1 T(=previous TKBCNTN)2 +,1
-
(TKBCRN1) |coeeeo E_ ____________________________ _E
0000H |~ R bl
T | r i
INTTMKBn 1l P M P
\ o ! o
TKBOO '—| o |—|' o
OUtpUt h I I ] I
: : ! TKBCRn3 : : !  TKBCRn3 : :
TKBO1 | — o/
output - ! E ! E
TKBIRFn “» | | ' |
TKBIEFn ‘L” | 5 |
,5‘7 Conditon i Condiion

Condition No.1  Only for the first period after TKBCEn = 1 setting, TKBO1 with setting width of TKBCRn3 is
output setting “T” as TKBCRnO.
Condition No.2 In the second period, TKBO1 with setting width of TKBCRn3 is output at T/2 of previous period.

RO1UH0637EJ0110 Rev. 1.10 RENESAS Page 350 of 1113
Dec 28, 2016



RL78/G11

CHAPTER 10 16-BIT TIMER KBO

Figure 10 - 47 Figure of Timing of Interleave PFC Mode (Below T/2s No. 3 and No. 4)
(at Default Value of Output Is Low Level (TKBTODnp = 0) and Active Level Is High Level (TKBTOLnp = 0))
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i Condition i Condition | Condition ; Condition |
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Condition No.3 TKBO1 keeps the status and T/2 of the previous period not ensured.

Condition No.4 TKBO1 with setting width of TKBCRn3 is output at T/2 of previous period.
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Figure 10 - 48 Figure of Timing of Interleave PFC Mode (Operation for Condition No. 5)
(at Default Value of Output Is Low Level (TKBTODnp = 0) and Active Level Is High Level (TKBTOLnp = 0))
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Condition No.5 INTP10 which was first detected after setting TKBCEn = 1 outputs TKBO1 with setting width of
TKBCRnN3.
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Figure 10 - 49 Figure of Timing of Interleave PFC Mode (Operation for Conditions No. 6)
(at Default Value of Output Is Low Level (TKBTODnp = 0) and Active Level Is High Level (TKBTOLnp = 0))
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TKBO1 with setting width of TKBCRN3 is output at T/2 of previous period as INTP11 input is
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Figure 10 - 50 Figure of Timing of Interleave PFC Output Mode (Operation for Conditions No. 7)
(at Default Value of Output Is Low Level (TKBTODnp = 0) and Active Level Is High Level (TKBTOLnp = 0))
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Condition No.7  After the detection of INTP10 when INTP11 is detected over T/2 of the previous period and
within T/2 + T/m (m stands for 8/16/32/64; set by TKBIRSn1, TKBIRSn0), TKBO1 is output by
setting width of TKBCRn3.
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Figure 10 - 51 Figure of Timing of Interleave PFC Output Mode (Operation for Conditions No. 8 to 9)
(at Default Value of Output Is Low Level (TKBTODnp = 0) and Active Level Is High Level (TKBTOLnp = 0))
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Condition No.8

INTP11 wasn't detected within T/2 + T/m (m stands for 8/16/32/64; set at TKBIRSn1 &

TKBIRSNO) of the previous period and TKBO1 maintains the status. Then TKBIRFn is set by

wqr

Condition No.9 TKBO1 with setting width of TKBCRnN3 is output at T/2 of previous period.
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Figure 10 - 52 Figure of Timing of Interleave PFC Output Mode (Operation for Conditions No. 10 and No. 11)
(at Default Value of Output Is Low Level (TKBTODnp = 0) and Active Level Is High Level (TKBTOLnp = 0))
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Condition No.10 TKBO1 keeps the status and T/2 of the previous period not ensured.
Condition No.11 TKBO1 with setting width of TKBCRnN3 is output at T/2 of previous period.
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Figure 10 - 53 Figure of Timing of Interleave PFC Output Mode
(In Case When INTP11 Input Was Detected During TKBO1 Output)

TKBCEn e
INTP10 ﬂ I'I I'I
INTP11
E : M ' .
/ T(=previous TKBCNTn)/2 + 1 Nl T(=previous TKBCN'i’n)/Z +1
(TKBCRn1) i Tttty A N [ A-- - -
TKBCNTn : ; :
0000H : L S P ...
INTTMKBn _"L" : i : ;
TKBOO | — / |I '|
output — i !_! b ' ' :
i, ' TKBCRn3 / i ' '
TKBO1 [ | [~
output ' i : !
TKBIRFn "L i ‘
N
TKBIEFn I

When INTP11 input is detected during TKBO1 output of the previous period, this trigger is ignored. This is when
TKBIEFn is set by “1”.
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Figure 10 - 54 Figure of Timing of Interleave PFC Output Mode
(Output of TKBO1 Is at the Width of the Previous Output Width and Exceeds Period of Status Maintenance)
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When TKBO1 output of the previous output width is long which exceeds status maintenance period, it is default
output compulsively at the starting timing of the subsequent period following the completion of the status
maintenance period.
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(2) List of register setting at interleave PFC output mode

bit No. 15 14 13 12 1 10 9 8
TKBCTLNO - TKBGTEn1 | TKBSSEn1 TKBDIEN1 - TKBGTENnO | TKBSSEnO | TKBDIENO
Setting 0 0 0 0 0 0 0 0
bit No. 7 6 5 4 3 2 1 0
TKBCTLNO TKBMFEN - TKBIRSN1 TKBIRSNO - TKBTSEn TKBSTSn1 | TKBSTSnO
Setting 1/0 0 1/0 1/0 0 1 0 0
bit No. 7 6 5 4 3 2 1 0
TKBCTLN1 TKBCEN - - TKBCKSn TKBSCMn - TKBMDn1 TKBMDnO
Setting 1 0 0 1/0 0 0 1 1
bit No. 7 6 5 4 3 2 1 0
TKBIOCnO - - - - TKBTOLNn TKBTOLnO | TKBTODn1 | TKBTODNO
Setting 0 0 0 0 1/0 1/0 1/0 1/0
bit No. 7 6 5 4 3 2 1 0
TKBIOCn1 - - - - - - TKBTOENn1 | TKBTOENO
Setting 0 0 0 0 0 0 1/0 1/0
Register Setting range
TKBCRNO 0000H-FFFFH
TKBCRnN1 0000H-FFFFH
TKBCRnN2 0000H
TKBCRNn3 0000H-FFFFH
TKBTGCRn 0000H-FFFFH
TKBSIRnO 0000H
TKBSIRNn1 0000H
TKBSSRn0O 00H
TKBSSRn1 00H
TKBDNRNO 00H
TKBDNRnN1 00H
TKBMFRn 0000H-FFFFH
|:| : Setting is fixed for this mode: |:| : Setting is not needed (default setting)
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10.5 Option Function of 16-bit Timers KB0

Option function can be added to timers KBO.
The following table shows available option for each operation modes for timer KBO.

Interleave PFC Output
Operation Mode Standalone Mode
Mode
Period Period
Period Controlling Method for Period Controlled by
Controlled by Controlled by
Operation Mode INTP10/TKBCROmM
TKBCROmM Trigger
Trigger Signal Output Function N N S
PWM Output Dithering Function v - -
Optional Function
PWM Output Smooth Start Function N - -
Maximum Frequency Limit Function - \/ S

Remark 1. m =0-3
Remark 2. For details of the operation specifications, see 10.4.2 Default level and active level and 10.4.3 Stop/restart operation.
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10.5.1 Trigger Output Function

Timer KB2n trigger output signal can be generated by setting 16-bit timer KB2 trigger compare register n
(TKBTGCRn). This trigger output signal can be used as an ELC event input signal (corresponding to ELSELR20

to ELSELR22).

Timer KB2n trigger output signal is output by detecting the match between TKBCNTn and TKBTGCRn which
makes trigger output available at any timing corresponding to set period of TKBCRnm. Output width of timer
KB2n trigger output signal is the width of 1 clock of timer clock. Trigger output timing from PWM output period
start can be calculated by following formula;

Trigger output timing = TKBTGCRn setting x Count clock period

Caution Timer KB2n trigger output signal is not output when TKBCRn0 < TKBTGCRn.

Figure 10 - 55 Trigger Output Function for Standalone Mode (Period Controlled by TKBOCRO)

TKBCEn |
FFFFH—
@ 4B TKBCRnO
----------------------------- TKBCRn3
TKBCNTh .
b A=z zzzmooooobopoooooooooooopeftooooooo-oooiopo--------- TKBCRn2
el TKBCRn 1
““““““““““““““““ ~ TKBTGCRn

0000H

INTTMKBnN

TKBOO

TKBO1

Timer KB2n Trigger
Output Signal

U},

{

————
[}
1
1
--t---r---1-
[}
————
|
|
|
—t -
|
|
|
|
|
|
|
|
|
l
|
|
]

©
+
X

|

o

4

—+--3-
e g
Y
-7 -q4----

%

Figure 10 - 56 Trigger Output Function for Standalone Mode (Period Controlled by External Trigger Input)
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10.5.2 PWM output dithering function

16-bit timer KB is available for high resolution PWM output using PWM output dithering function.

Having 16 periods of PWM period as standard, 16 times higher PWM output is available for average resolution
through extension of active period by 1 count clock at n period (n = 0 to 15) during 16 periods.

The period extending active period during 16 periods by 1 count clock is defined by TKBDNRnp.

The relationship between TKBDNRnp and the period extending active period for 1 count clock is as follows:

Figure 10 - 57 Figure of Relationship Between TKBDNRnp and the Period which Extends Active Period for 1
Count Clock
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Remark 1. [ ] Cell period: Reset output waveform via settings for TKBCRn1 and TKBCRn3 registers
[__] Cell period: Reset output waveform via settings +1 for TKBCRn1 and TKBCRn3 registers

Remark 2. n=0
p=0,1
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Figure 10 - 58 Figure of Waveform at Dithering Operation
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Figure 10 - 59 Figure of Waveform at Dithering Operation
(When TKBCRn1 = TKBCRNO (100% Nearest Neighbor), TKBCRn2 = TKBCRN3(0% Nearest Neighbor)
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Figure 10 - 60 Figure of Waveform at Dithering Operation (When TKBCRn3 = TKBCRn0+1)
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(1) Availability for operation mode
This shows enable or disable status under each mode that is specified by TKBCTLNO register (TKBSTSn1 and
TKBSTSnO bit) and TKBCTLN1 register (TKBMDn1 and TKBMDnO bit).

Operation Mode TKBMDnf, TKBSTSn1, Setting Availability
TKBMDnO TKBSTSnO
Standalone mode (period controlled by TKBCRnO) 00 00 \
Standalone mode (period controlled by external trigger input) 00 01/10/11 -
Interleave PFC output mode 11 - -

PWM output dithering function is available when external trigger input isn't used and the period being controlled
by TKBCRnNO.
TKBDNRNO/TKBDNRnN1 control PWM output dithering function of relative TKBOO/TKBO1.

Caution 1.[Overwrite during the operation (TKBCEn = 1) of TKBDNRnO/TKBDNRnN1 register]
Regarding TKBDNRnO/TKBDNRnN1 owns buffer, overwrite during the operation (TKBCEn =1) is
available.
At this time, batch overwriting is available via writing “1” to TKBRDTn bit.

Caution 2. [Access by TKBCRLDn0/TKBCRLDnN1 register]
TKBCRLDNO is a 16-bit register mapping lower 8 bits of TKBCRn1 and TKBDNRNO.
TKBCRLDnN1 is a 16-bit register mapping lower 8 bits of TKBCRn3 and TKBDNRnN1.
Value of TKBDNRnO/TKBDNRn1 is changed even in case that they have accessed
TKBCRLDNnO/TKBCRLDnN1 register.
Value of TKBCRn1/TKBCRn3 is changed even in case that they have accessed
TKBCRLDNO/TKBCRLDnN1 register.
Only the lower 8 bits of TKBCRn1/TKBCRN3 are changed when TKBCRLDn0O/TKBCRLDn1
register is accessed.

Caution 3. [To Combine PWM Output Smooth Start Function with PWM Output Dithering Function]
PWM output dithering function is invalid during the execution of PWM output smooth start
function (TKBSSFnp = 1).
PWM output dithering function is valid when PWM output smooth start function is stopped
(TKBSSFnp = 0).
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10.5.3 PWM output smooth start function

Timer KBO own PMW output smooth start function corresponding to rush current control and over-voltage
prevention. PWM output smooth start function begins at timer start timing. PWM output smooth start function is
initiated by the timer start timing. The process that a user has performed with software in the past can be easily
accomplished with the optional function of the hardware. It generates PWM waveform setting the default duty
register (TKBSIRnp) of 16-bit timer KB smooth start as 1 period active period. After outputting PWM waveform of
the same active period adding 1 to the value of repetition assigned by 16-bit timer KB smooth start step width
register (TKBSSRnp), outputs the same TKBSSRnp + 1 period waveform again, executing “active period + 1.
After repeating the action, PWM output smooth start function is cancelled when the same active period defined
by TKBCRn1 and TKBCRN3 is reached.

16-bit timer KB smooth start default duty register should be set according to following condition;
0000H < TKBSIRNO < TKBCRn1 < TKBCRNO + 1
TKBCRn2 <TKBSIRn1 < TKBCRnN3 < TKBCRNO + 1

It should be set according to following condition when synchronous start/clear mode is applied;
TKBCRnO< TKBSIRNO < TKBCRn1 < TKBCROO + 1 of Master

Figure 10 - 61 PWM Output Smooth Start Function
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Active Active
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After detecting TKBCEn=0->1, the n+1 period After n+1 period, 1 is added to Continuation to be canceled
(TKBSSRnNO) is the value of default register active time to be n+1 period and when the period reaches
(TKBSIRNO). repeated by the same value. TKBCRnN1.

(1) Operation mode available for PMW output smooth start function

Operation Mode TKBMDn1, TKBSTSn1, SeFting
TKBMDnO TKBSTSnO Available
Standalone mode (period controlled by TKBCRnO0) 00B 00B v
Standalone mode (period controlled by external trigger input) 00B 01B/10B/11B -
Interleave PFC output mode 11B - -
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(2) Overwrite during the operation (TKBCEn = 1) of TKBSIRN0/TKBSIRn1/TKBSSRnO/TKBSSRn1 registers
Overwrite during the operation (TKBCEn = 1) is available for TKBSIRn0/TKBSIRn1/TKBSSRn0O/TKBSSRn1.
TKBSIRNO/TKBSIRN1/TKBSSRNO/TKBSSRN1 own buffer and batch overwriting is available via writing “1” to
TKBRDTn bit. In TKBSIRnO/TKBSIRN1, the buffer value at starting PWM output smooth start function is duty
default, and in TKBSSRnO/TKBSSRn1, it is comparison value of internal 4-bit counter.

The internal 4-bit counter is incremented upward using the period of TKBCNTn as a count clock and it becomes
OH when it matches with TKBSSRn0/TKBSSRn1, then continues its counting operation.

(3) Overwrite during the operation (TKBCEn = 1) of
TKBCRnO/TKBCRN1/TKBCRN2/TKBCRN3/TKBSIRNO/TKBSIRN1/TKBSSRNO/TKBSSRN1 registers
When TKBRDTn is set as “1” during the period of PWM output soft-start (TKBSSFn0 = 1 and TKBSSFn1 = 1),
batch overwrite is masked and TKBSEFnp flag is set. In order to perform batch overwrite, clear TKBSEFnp and
confirm TKBSSFnp becomes “0”, then set “1” to TKBRDTn.

Figure 10 - 62 Overwrite During the Smooth Start Function Operation (TKBSSFnp = 1) of
TKBCRn0/TKBCRNn1/TKBCRN2/TKBCRN3/TKBSIRN0O/TKBSIRN1/TKBSSRNO/TKBSSRN1 Registers

Timer Clock
TKBRDTn 1
TKBSSFnp
set ) clear
TKBSEFnp |
TKBCLSEnNp ]
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(4) To Combine PWM output smooth start function with PWM output dithering function
PWM output dithering function is invalid during the execution of PWM output smooth start function (TKBSSFnp =

1).
PWM output dithering function will be valid when PWM output smooth start function is stopped (TKBSSFnp = 0).

(5) Completion of PWM output smooth start function and operation of TKBSSFnp
Figure 7-62 shows When TKBCRn1 is 0007H, TKBDNRnp is 70H and TKBSSRnp is 02H. At the timing that
TKBCRn1 = 0007H and the value of TKBCRn1 buffer for internal soft-start matches, TKBSSFnp is cleared then
dithering function begins.

Figure 10 - 63 Completion of PWM Output Smooth Start Function and Operation of TKBSSFnp
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10.5.4 Maximum frequency limit function

Timers KBO is a function that regulates the minimum period of the counter clear (maximum frequency) in the
periodic control by external trigger or interleaved PFC output mode.

When this function is used, if external trigger input which performs the counter clear occurs while the counter
value is less than the setting value of maximum frequency limit register (TKBMFRn), it performs the counter clear
after it continues counting until it reaches the setting value of TKBMFRn.

(1) Formula for maximum frequency limit (= 1/Minimum period)
Minimum period (= 1/Maximum frequency limit) = (TKBMFRn setting + 1) x Count clock period

Caution The following condition need to be satisfied: TKBMFRn setting < TKBCRNO setting

When counter value is smaller than TKBMFRn at the timing for external trigger input detection, “1” is set for
TKBMFFn flag. TKBMFFn flag is cleared to “0” by writing “1” to TKBCLMFn bit.

Figure 10 - 64 Maximum Frequency Limit Function
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Remark Period controlled by external trigger input.
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(2) Operation Mode Available for Maximum Frequency Limit Function

) TKBMDn1, TKBSTSn1, Setting
Operation Mode )
TKBMDnO TKBSTSnO Available
Standalone mode (period controlled by TKBCRnO) 00B 00B -
Standalone mode (period controlled by external trigger input) 00B 01B/10B/11B
Interleave PFC output mode 11B -
Remark  Available when the period is controlled by external trigger input.
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10.6 Forced Output Stop Function

Forced output stop function is a function to protect power supply, etc.

If any abnormal situation that occurs in a power circuit configured outside of a micro-computer leads to over-voltage
of over-current, making voltage or current sense signal into INTP10 and INTP11/comparator can protect the circuit
by maintaining the timer output high impedance or fixed output state without being intermediated by a CPU'’s
program control.

With this function, abnormality is identified only when input signal edge have been detected. Fixed level without
edge is not recognized as abnormality.

The following figure shows the system structure of forced output stop function.

Figure 10 - 65 System Structure of Forced Output Stop Function
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10.6.1 Forced output stop function 1 and 2

There are two ways of controls in forced output stop function. Forced output stop function 1 can select fixed level

output or high-impedance output, and forced output stop function 2 can only set fixed level output. Then the

difference of the control method is shown.

(1) Selectable Output Levels for Forced Output Stop Function 1 & 2

Selectable Output Levels

Forced Output Stop

Function 1 Function 2
High-impedance output v -
Low-level fixed output v
High-level fixed output v

(2) Start/cancel of Forced Output Stop Function 1 & 2

Function/Operation Details (Start Forced Output Stop)

Forced Output Stop

Function 1 Function 2
Start forced output stop following the detection of the rising edge of comparator output. v S
Start forced output stop following the rising edge detection by external interruption input (INTP10 _ J
and INTP11).
Start forced output stop by software bit (TKBPAHTSnp) setting. v -

Function/Operation Details (Cancel Forced Output Stop)

Forced Output Stop

signal of forced output stop.

Function 1 Function 2
Cancel forced output stop by software bit (TKBPAHTTnp) setting. v -
Cancel forced output stop by synchronization with TMKB period after the software bit N _
(TKBPAHTTnp) setting.
Forced output stop cancelled at the next counter period after the beginning of forced output stop. - \
Forced output stop cancelled at the next counter period after the detection of falling edge by trigger B J

Remark n=0to2,p=0,1

(3) Trigger Signal Selectable and the Conditions for Trigger Bit Available for Forced Output Stop Function 1 & 2

Forced Output Stop

Selectable Trigger Signals
Function 1 Function 2
Comparator 0 and 1 v N
External interrupt input (INTP10 and INTP11) - \/

Trigger Bits Available

Forced Output Stop

Function 1 Function 2
TKBPAHTSnNp (Trigger bit which starts forced output stop of TKBOp output) v -
TKBPAHTTnp (Trigger bit which cancels forced output stop of TKBOp output) v -

Remark n=0,p=0,1
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Table 10 - 4 External Trigger Assignment List of Forced Output Stop Function 1

TKBOO TKBO1
Comparator 0 N v
Comparator 1 N v
INTP10 - -
INTP11 - -

Table 10 - 5 External Trigger Assignment List of Forced Output Stop Function 2

TKBOO TKBO1
Comparator 0 N v
Comparator 1 N v
INTP10 v v
INTP11 v v

Caution  For setting of INTP10/INTP11, see CHAPTER 19 COMPARATOR.
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10.6.2 Configuration of forced output stop function

Forced output stop function includes the following hardware.

Table 10 - 6 Configuration of Forced Output Stop Function

ltem

Configuration

Control registers

Peripheral enable register 2 (PER2)

Forced output stop function control register n0 (TKBPACTLNO)
Forced output stop function control register n1 (TKBPACTLnN1)
Forced output stop function control register n2 (TKBPACTLN2)
Forced output stop function flag register n (TKBPAFLGn)

Forced output stop function 1 start trigger register n (TKBPAHFSn)
Forced output stop function cancel 1 trigger register n (TKBPAHFTn)

10.6.3 Registers controlling forced output stop function

Forced output stop function is controlled by the following registers.

* Forced output stop function control register n0 (TKBPACTLNO)

* Forced output stop function control register n1 (TKBPACTLnN1)

* Forced output stop function control register n2 (TKBPACTLnN2)

* Forced output stop function flag register n (TKBPAFLGn)

* Forced output stop function start 1 trigger register n (TKBPAHFSn)

+ Forced output stop function cancel 1 trigger register n (TKBPAHFTN)

RO1UH0637EJ0110 Rev. 1.10
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10.6.3.1 Forced output stop function control registers n0, n1 (TKBPACTLNO,
TKBPACTLN1)

TKBPACTLnNp is a register that selects the signal to be used as the trigger to control the forced output stop
function of the TKBOp pin, and to select the pin for setting forced output stop mode.

TKBPACTLnNp can be set by a 16-bit memory manipulation instruction.

Reset signal generation clears this register to 0000H.

Figure 10 - 66 Format of Forced Output Stop Function Control Register Op (TKBPACTLOp) (1/2)

Address:F0430H (TKBPACTLO00), FO432H (TKBPACTLO1) After reset: 0000H R/W

Symbol 15 14 13 12 11 10 9 8
TKBPACTLOp | TKBPAFXS0p3 | TKBPAFXS0p2 | TKBPAFXS0p1 | TKBPAFXSO0p0 | 0 0 0 TKBPAFCMOp
7 6 5 4 3 2 1 0
0 0 TKBPAHZS0p1| TKBPAHZSO0pO0 [TKBPAHCMOp1|TKBPAHCMOpO| TKBPAMDOp1 | TKBPAMDOpPO
TKBPAFXS0p3 External interruption trigger selection for forced output stop function 2
0 INTP11 can not be used as a trigger.
1 INTP11 can be used as a trigger.Note 1
TKBPAFXS0p2 External interruption trigger selection for forced output stop function 2
0 INTP10 can not be used as a trigger.
1 INTP10 can be used as a trigger.Note 1
TKBPAFXS0p1 Comparator trigger selection for forced output stop function 2
0 Comparator 1 can not be used as a trigger.
1 Comparator 1 can be used as a trigger
TKBPAFXS0p0 Comparator trigger selection for forced output stop function 2
0 Comparator 0 can not be used as a trigger.
1 Comparator 0 can be used as a trigger
TKBPAFCMOp Operation mode selection for forced output stop function 2
0 Forced output stop function 2 starts with trigger input, and forced output stop function 2 is cleared at the
next counter period.Note 2
1 Forced output stop function 2 starts with trigger input, and forced output stop function 2 is cleared at the
next counter period following detection of the reverse edge of the trigger.Note 2
TKBPAHZS0p1 Comparator trigger selection for forced output stop function 1
0 Comparator 1 can not be used as a trigger.
1 Comparator 1 can be used as a trigger.
TKBPAHZS0p0 Comparator trigger selection for forced output stop function 1
0 Comparator 0 can not be used as a trigger.
1 Comparator 0 can be used as a trigger.
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Figure 10 - 66 Format of Forced Output Stop Function Control Register Op (TKBPACTLOp) (2/2)

TKBPAHCMOp1TKBPAHCMOpOCiIear condition

TKBPAHCMOp1

TKBPAHCMOpO

Clear condition selection for forced output stop function 1

Forced output stop function 1 starts with trigger input, and forced output stop function 1 is
cleared when forced output stop function release trigger (TKBPAHTTOp) = 1 is written,

regardless of the trigger signal level.

Forced output stop function 1 starts with trigger input, and when the trigger signal is in its
active period, writing “forced output stop function release trigger (TKBPAHTTOp) = 1" is
invalid. Forced output stop function 1 is cleared when forced output stop function release
trigger (TKBPAHTTOp) = 1 is written while the trigger signal is in its inactive period.

Forced output stop function 1 starts with trigger input, and forced output stop function 1 is
cleared at the next counter period after forced output stop function release trigger
(TKBPAHTTOp) = 1 is written, regardless of the trigger signal level. Note 2

Forced output stop function 1 starts with trigger input, and when the trigger signal is in its
active period, writing “forced output stop function release trigger (TKBPAHTTOp) = 1" is
invalid. Forced output stop function 1 is cleared at the next counter period after forced
output stop function release trigger (TKBPAHTTOp) = 1 is written when the trigger signal is

in its inactive period. Note 2

TKBPAMDOp1

TKBPAMDOpO

Output status selection when executing forced output stop function

Forced output stop function 1

Forced output stop function 2

0

Hi-Z output

Output fixed at low level

1

Hi-Z output

Output fixed at high level

0

Output fixed at low level

Output fixed at low level

1

Output fixed at high level

Output fixed at high level

Note 1. When INTP10 and INTP11 is used as the forced output stop function

Simultaneous Operation Function.
Note 2. When timer KB is stopped (TKBCEn = 0) without waiting for the next counter period, the forced output stop function is
kept on until timer KB is restarted (TKBCEn = 1).

2, see 19.5 Caution for Using Timer KB

Caution 1. During timer operation, setting the other bits of the TKBPACTLOp register is prohibited. However, the

TKBPACTLOp register can be refreshed (the same value is written).

Caution 2. Be sure to clear bits 11 to 9, 7 and 6to “0”.

Remark n=0,p=0,1

RO1UH0637EJ0110 Rev. 1.10
Dec 28, 2016

RENESAS

Page 376 of 1113



RL78/G11 CHAPTER 10 16-BIT TIMER KBO

10.6.3.2 Forced output stop functionn control register n2 (TKBPACTLnN2)

TKBPACTLNZ2 is a register that enables or disables the forced output stop function of the TKBOp pin.
TKBPACTLN2 can be set by a 1-bit or 8-bit memory manipulation instruction.
Reset signal generation clears this register to 00H.

Figure 10 - 67 Format of Forced Output Stop Function Control Register n2 (TKBPACTLnN2)

Address:F0437H After reset: 00H R/W

Symbol 7 6 5 4 3 2 <1> <0>
TKBPACT 0 0 0 0 0 0 TKBPACEn1 | TKBPACENO
Ln2
TKBPACEnp Input control of trigger signal used for forced output stop function of the TKBOp pin.
0 Disable operation of forced output stop function
1 Enable operation of forced output stop function

Caution 1. The TKBPACTLN2 register can be overwritten while the timer is operating.
Caution 2. 2.Be sure to clear bits 7 to 2 to “0”.

Remark n=0,p=0,1
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10.6.3.3 Forced output stop function flag register (TKBPAFLGn)

TKBPAFLGn is a register with status flags for forced output stop function of the TKBOp pin.
TKBPAFLGnN can be read by a 1-bit or 8-bit memory manipulation instruction.
Reset signal generation clears this register to 00H.

Figure 10 - 68 Format of Forced Output Stop Function Flag Register (TKBPAFLGn)

Address:F0436H After reset: 00H R

Symbol <7> <6> <5> <4> <3> <2> <1> <0>
TKBPAFL | TKBPAFSFn1|TKBPAHSFn1| TKBPAFSFn0O | TKBPAHSFNnO | TKBPAFIFn1 | TKBPAHIFn1 | TKBPAFIFnO | TKBPAHIFNO
Gn

TKBPAFSFnp Status flag of forced output stop function 2 for TKBOp pin
0 Forced output stop function clear status
1 Forced output stop function status

TKBPAHSFnp Status flag of forced output stop function 1 for TKBOp pin
0 Forced output stop function clear status
1 Forced output stop function status

TKBPAFIFnp Input monitor bit of forced output stop function 2 for TKBOp pin
0 Forced output stop function 2 trigger signal is at low level (inactive)
1 Forced output stop function 2 trigger signal is at high level (active)

TKBPAHIFnp Input monitor bit of forced output stop function 1 for TKBOp pin
0 Forced output stop function 1 trigger signal is at low level (inactive)
1 Forced output stop function 1 trigger signal is at high level (active)

Caution  The timing to cancel the forced output stop function 1 depends on the setting. For details, see 10.7.2 Software

Remark

cancel operation for forced output stop function 1.

n=0,p=0,1
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10.6.3.4 Forced output stop function 1 start trigger register n (TKBPAHFSn)
TKBPAHFSn is the start trigger register used by forced output stop function 1 of the TKBOp pin.

TKBPAHFSh can be written by a 1-bit or 8-bit memory manipulation instruction.
Reset signal generation clears this register to 00H.

Figure 10 - 69 Format of Forced Output Stop Function 1 Start Trigger Register n (TKBPAHFSn)

Address:F0434H After reset: 00H W

Symbol 7 6 5 4 3 2 <1> <0>
TKBPAHF 0 0 0 0 0 0 TKBPAHTSNn1 | TKBPAHTSNO
Sn
TKBPAHTSnp Start trigger of forced output stop function 1 for TKBOp output
0 Invalid setting
1 Starts forced output stop function 1 for TKBOp output

Caution 1. The TKBPAHFSn register can be overwritten while the timer is operating.
Caution 2. Be sure to clear bits 7 to 2 to “0”.
Caution 3. When TKBPAHFSn register is read, 0 is read.

Remark n=0

10.6.3.5 Forced output stop function cancel 1 trigger register n (TKBPAHFTn)
TKBPAHFTn is the cancel trigger register used by forced output stop function 1 of the TKBOp pin.

TKBPAHFTN can be written by a 1-bit or 8-bit memory manipulation instruction.
Reset signal generation clears this register to O0H.

Figure 10 - 70 Format of Forced Output Stop Function Cancel 1 Trigger Register n (TKBPAHFTn)

Address:F0435H After reset: 00H W

Symbol 7 6 5 4 3 2 <1> <0>
TKBPAHF 0 0 0 0 0 0 TKBPAHTTn1 | TKBPAHTTNO
Tn
TKBPAHTSnp Start trigger of forced output stop function 1 for TKBOp output
0 Invalid setting
1 Starts forced output stop function 1 for TKBOp output

Caution 1. The TKBPAHFTn register can be overwritten while the timer is operating.

Caution 2. Be sure to clear bits 7 to 2 to “0”.

Caution 3. When TKBPAHFSn register is read, 0 is read.

Caution 4. The timing to cancel the forced output stop function 1 depends on the setting. For details, see 10.7.2 Software
cancel operation for forced output stop function 1.

Remark n=0,p=0,1
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10.7 Operation of Forced Output Stop Function 1

Timer output can be fixed to Hi-Z, high, or low level directly (not via the CPU) and asynchronously with the operation
clock fKBKC of the 16-bit timer KBn circuit when a trigger source occurs (comparator 0 and 1 output). The forced
output stop status is canceled synchronously with the operation clock fKBKC of the 16-bit timer KBn circuits by
setting the stop trigger of forced output stop function 1.

10.7.1  Summary for forced output stop function 1

In this function, comparator output signal and software trigger is used as trigger signal for forced output stop
function 1.

The output level selectable at forced output stop is controlled byTKBPAMDnpO, TKBPAMDnp1 bit of
TKBPACTLnNp register.

The following table shows the relationship of forced output stop function 1 of output p terminal (TKBOp) for timer

KBn.
Table 10 - 7 The Relationship of Forced Output Stop Function 1 of the TKBOp Pin
TKBPAMDnp1 TKBPAMDnpO Output Level Selection at Forced Output Stop Function 1 Execution
0 0 Hi-Z Output
0 1 Hi-Z Output
1 0 Low level fixed output
1 1 High-level fixed output

The selection for comparator output being used is controlled by TKBPAHZSnp2 to TKBPAHZSnpO bit for forced
output stop function control register np (TKBPACTLnp).

The following table shows trigger selection for forced output stop function 1 of output p terminal (TKBOp) for
timer KBn.

Table 10 - 8 The Trigger Selection for Forced Output Stop Function 1 of the TKBOp Pin

Bit Selectable Trigger Signals
TKBPAHZSnp0 | Comparator O
TKBPAHZSnp1 | Comparator 1

Remark n=0,p=0,1

RO1UH0637EJ0110 Rev. 1.10 RENESAS Page 380 of 1113
Dec 28, 2016



RL78/G11

CHAPTER 10 16-BIT TIMER KBO

10.7.2 Software cancel operation for forced output stop function 1

The table below shows the start trigger (TKBPAHTSnp bit for TKBPAHFSnh register) setting to start forced output
stop function 1.

Table 10 - 9 Operation of Start Trigger (TKBPAHTSnp Bit) of Forced Output Stop Function 1

TKBPAHTSNnp

Start of Forced Output Stop Function by Software

0

Invalid setting

Writing “1” initiates the fixed output control of high-impedance/low-level/high-level for TKBOp output (the same
function with rising edge detection of trigger signal by forced output stop function 1).

The table below shows the cancel trigger (TKBPAHTTnp bit for TKBPAHFTn register) setting to cancel forced

output stop function 1.

Table 10 - 10 Operation of Cancel Trigger (TKBPAHTTnp Bit) at Forced Output Stop Function 1

TKBPACTLnNp Register

TKBPAHCMnp1

TKBPAHCMnpO

Cancel of Forced Output Stop Function 1 by Software

Forced output stop function 1 starts with trigger input, and forced output stop function 1 is
cleared when forced output stop function release trigger (TKBPAHTTnp) = 1 is written,

regardless of the trigger signal level.

Forced output stop function 1 starts with trigger input, and when the trigger signal is in its
active period, writing “forced output stop function release trigger (TKBPAHTTnp) = 1" is
invalid. Forced output stop function 1 is cleared when forced output stop function release
trigger (TKBPAHTTnp) = 1 is written while the trigger signal is in its inactive period.

Forced output stop function 1 starts with trigger input, and forced output stop function 1 is
cleared at the next counter period after forced output stop function release trigger
(TKBPAHTTnp) = 1 is written, regardless of the trigger signal level. Note

Forced output stop function 1 starts with trigger input, and when the trigger signal is in its
active period, writing “forced output stop function release trigger (TKBPAHTTnp) = 1" is
invalid. Forced output stop function 1 is cleared at the next counter period after forced
output stop function release trigger (TKBPAHTTnp) = 1 is written when the trigger signal is

in its inactive period. Note

Note When timer KB is stopped (TKBCEn = 0) without waiting for the next counter period, the forced output stop function is
kept on until timer KB is restarted (TKBCEn = 1).

Remark

n=0,p=0,1
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10.7.3 Basic operation of forced output stop function 1

This shows the operations of forced output function 1 with different setting of TKBPAHCMnp1 and
TKBPAHCMnpO registers.

The trigger signal that initiates the forced output stop function 1 (forced output stop input 1) is an OR output of
the trigger signal selected by TKBPAHZSnp0 to TKBPAHZSnp2 bits of forced output stop function control
register np (TKBPACTLnp) and TKBPAHTSnp bit of the trigger register n (TKBPAHFSn) that initiates forced
output stop function 1.

(1) Forced output stop function 1 at TKBPAHCMnp1, TKBPAHCMnpO0 =0, 0

Figure 10 - 71 Forced Output Stop Function at TKBPAHCMnp1, TKBPAHCMnpO0 =0, 0
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(@) TKBPAMDnp1 = 0 (Hi-z output)
High-impedance output is realized via the detection of rising edge of forced output stop input 1.
Regardless of input level of forced output stop input 1, it returns to timer output via writing of “1” to
cancel trigger (TKBPAHTTnp bit).
High-level period of high-impedance output control signal is the period for forced output stop 1 (high-
impedance output).

(b) TKBPAMDnNp1 = 1 (fixed output)
Fixed output is realized in low-level/high-level according to TKBPAMDnpO setting at the detection of
rising edge of forced output stop input 1.
Regardless of input level of forced output stop input 1, output level fixing is cancelled and returned to
timer output via writing of “1” to cancel trigger (TKBPAHTTnp bit).
High-level period of internal fixed signal is the period for forced output stop 1 (low-level/high-level
output fixing).

Remark n=0,p=0,1
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(2) Forced output stop function 1 at TKBPAHCMnp1, TKBPAHCMnpO = 0, 1

Figure 10 - 72 Forced Output Stop Function 1 at TKBPAHCMnp1, TKBPAHCMnpO =0, 1
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(@) TKBPAMDnNp1 = 0 (Hi-z output)
High-impedance output is realized via the detection of rising edge of forced output stop input 1.
During the active level (high-level) period of forced output stop input 1, writing “1” to cancel trigger
(TKBPAHTTnp bit) is invalid.
After forced output stop input 1 turned into inactive level (low-level), it returns to timer output via
writing of “1” to cancel trigger (TKBPAHTTnp bit).
High-level period of high-impedance output control signal is the period for forced output stop 1 (high-
impedance output).

(b) TKBPAMDnNp1 = 1 (fixed output)
Fixed output is realized in low-level/high-level according to TKBPAMDnNpO setting at the detection of
rising edge of forced output stop input 1.
During the active level (high-level) period of forced output stop input 1, writing “1” to cancel trigger
(TKBPAHTTnp bit) is invalid.
After the forced output stop input 1 turned into inactive level (low-level), output level fixing is cancelled
and returned to timer output via writing of “1” to cancel trigger (TKBPAHT Tnp bit).
High-level period of internal fixed signal is the period for forced output stop 1 (low-level/high-level
output fixing).

Remark n=0,p=0,1
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(3) Forced output stop function 1 at TKBPAHCMnp1, TKBPAHCMnpO0 =1, 0

Figure 10 - 73 Forced Output Stop Function 1 at TKBPAHCMnp1, TKBPAHCMnp0 =1, 0
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(@) TKBPAMDnp1 =0 (Hi-z output)
High-impedance output is realized via the detection of rising edge of forced output stop input 1.
Regardless of the input level of forced output stop input 1, it returns to timer output after writing of “1”
to cancel trigger (TKBPAHTTnp bit), in the next period.
High-level period of high-impedance output control signal is the period for forced output stop 1 (high-
impedance output).

(b) TKBPAMDnp1 = 1 (fixed output)
Fixed output is realized in low-level/high-level according to TKBPAMDnpO setting at the detection of
rising edge of forced output stop input 1.
Regardless of input level of forced output stop input 1, output level fixing is cancelled and returned to
timer output after writing of “1” to cancel trigger (TKBPAHTTnp bit) in the next counter period.
High-level period of internal fixed signal is the period for forced output stop 1 (low-level/high-level
output fixing).

Remark n=0,p=0,1
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(4) Forced output stop function 1 at TKBPAHCMnp1, TKBPAHCMnpO = 1, 1

Figure 10 - 74 Forced Output Stop Function 1 at TKBPAHCMnp1, TKBPAHCMnpO =1, 1
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(@) TKBPAMDnNp1 = 0 (Hi-z output)
High-impedance output is realized via the detection of rising edge of forced output stop input 1.
During the active level (high-level) period of forced output stop input 1, writing “1” to cancel trigger
(TKBPAHTTnp bit) is invalid.
It returns to timer output after writing of “1” to cancel trigger (TKBPAHTTnp bit) during the inactive
level (low-level) of forced output stop input 1, in the next period.
High-level period of high-impedance output control signal is the period for forced output stop 1 (high-
impedance output).

(b) TKBPAMDnNp1 = 1 (fixed output)
Fixed output is realized in low-level/high-level according to TKBPAMDnpO setting at the detection of
rising edge of forced output stop input 1.
During the active level (high-level) period of forced output stop input 1, writing “1” to cancel trigger
(TKBPAHTTnp bit) is invalid.
During the inactive level (low-level) period of forced output stop input 1, output level fixing is cancelled
and returned to timer output in the next counter period after writing “1” to cancel trigger (TKBPAHTTnp
bit).
High-level period of internal fixed signal is the period for forced output stop 1 (low-level/high-level
output fixing).

Remark n=0,p=0,1
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10.8 Operation of Forced Output Stop Function 2

Timer output can be fixed to high or low level directly (not via the CPU) and asynchronously with the operation clock
fKBKC of the 16-bit timer KBn circuit when a trigger source occurs (comparator 0 and 1 output, INTP10 and
INTP11). The forced output stop status is canceled at the beginning of the next counter cycle after the trigger source
occurs or after the trigger source signal changes to inactive level.

10.8.1 Summary for forced output stop function 2

In this function, comparator output signal and external interrupt (INTP10 and INTP11) used as trigger signal for

forced output stop function 2.

The output level selectable at forced output stop is controlled byTKBPAMDnpO, TKBPAMDnp1 bit of
TKBPACTLnNp register.
The following table shows the relationship of forced output stop function 2 of output p terminal (TKBOp) for timer

KBn.
Table 10 - 11 The Relationship of Forced Output Stop Function 2 of the TKBOp Pin
TKBPAMDnp1 TKBPAMDnNpO Output Level Selection at Forced Output Stop Function 2 Execution
0 0 Low level fixed output
0 1 High-level fixed output
1 0 Low level fixed output

1

1

High-level fixed output

The selection for comparator output being used is controlled by TKBPAFXSnp3 to TKBPAFXSnpO bit for forced
output stop function control register np (TKBPACTLnp).
The following table shows trigger selection for forced output stop function 2 of output p terminal (TKBOp) for

timer KBn.

Table 10 - 12 The Trigger Selection for Forced Output Stop Function 2 of the TKBOp Pin

Bit Selectable Trigger Signals
TKBPAFXSnp0O | Comparator 0
TKBPAFXSnp1 | Comparator 1
TKBPAFXSnp2 |INTP10
TKBPAFXSnp3 |[INTP11

Remark n=0,p=0,1
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10.8.2 Basic operation of forced output stop function 2
This shows the operations of forced output function 2 with different setting of TKBPAFCMnp bits.
The trigger signal that initiates the forced output stop function 2 (forced output stop input 2) is the trigger signal
selected by TKBPAFXSnp0 to TKBPAFXSnp3 bits of forced output stop function control register np.
(1) Forced output stop function 2 at TKBPAFCMnp = 0

Figure 10 - 75 Forced Output Stop Function 2 at TKBPAFCMnp =0
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Fixed output is realized in low-level/high-level according to TKBPAMDnpO setting at the detection of rising edge
of forced output stop input 2.

Regardless of the input level of the forced output stop input 2, the fixing of output level is canceled at the next
counter cycle and returned to timer output.

High-level period of internal fixed signal is the period for forced output stop 2 (low-level/high-level output fixing).

Remark n=0,p=0,1
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(2) Forced output stop function 2 at TKBPAFCMnpO0 = 1

Figure 10 - 76 Forced Output Stop Function 2 at TKBPAFCMnp0 = 1

Count Period
(1 Period)

Counter

Timer KBn !
Output _l I

Forced Output
Stop Input 2

Internally Fixed
Signal
(TKBPAMDnpO = 0)

Timer KBn Output '—|
(Post Control) _l I

i

I

|
N

igh/Low Fixed Output
i
1

|
|
|
|
|
=
|
|
|
1
|
|
|
1
|
|
|
|
!
|
|
|
|
L)
|
|

o

Fixed output is realized in low-level/high-level according to TKBPAMDnpO setting at the detection of rising edge
of forced output stop input 2.

During the active level (high-level) period of forced output stop input 1, writing “1” to cancel trigger
(TKBPAHTTnp bit) is invalid.

After the forced output stop input 2 becomes reverse edge, the fixing of output level is canceled at the next
counter cycle and returned to timer output.

High-level period of internal fixed signal is the period for forced output stop 2 (low-level/high-level output fixing).

Remark n=0,p=0,1
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CHAPTER 11 CLOCK OUTPUT/BUZZER OUTPUT CONTROLLER

11.1  TFunctions 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.

Two output pins, PCLBUZ0 and PCLBUZ1, are available.

The PCLBUZn pin outputs a clock selected by clock output select register n (CKSn).
Figure 11 - 1 shows the Block Diagram of Clock Output/Buzzer Output Controller.

Remark n=0,1
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Figure 11 - 1 Block Diagram of Clock Output/Buzzer Output Controller
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11.2 Configuration of Clock Output/Buzzer Output Controller

The clock output/buzzer output controller includes the following hardware.

Table 11 - 1 Configuration of Clock Output/Buzzer Output Controller

Item Configuration

Control registers Clock output select registers n (CKSn)

Subsystem clock supply mode control register (OSMC)
Port mode registers 0, 3, 4 (PMO, PM3, PM4)

Port registers 0, 3, 4 (PO, P3, P4)

11.3 Registers Controlling Clock Output/Buzzer Output Controller

The following register is used to control the clock output/buzzer output controller.
* Clock output select registers n (CKSn)

» Subsystem clock supply mode control register (OSMC)

* Port mode registers 0, 3, 4 (PMO0, PM3, PM4)

* Port registers 0, 3, 4 (PO, P3, P4)

11.3.1 Clock output select registers n (CKSn)

This register set output enable/disable for clock output or for the buzzer frequency output pin (PCLBUZn), and
set the output clock.

Select the clock to be output from the PCLBUZn pin by using the CKSn register.

The CKSn register is set by a 1-bit or 8-bit memory manipulation instruction.

Reset signal generation clears this register to O0OH.
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Figure 11 - 2 Format of Clock output select registers n (CKSn)

Address: FFFASH (CKSO0), FFFAGH (CKS1) After reset: 00H R/wW

Symbol <7> 6 5 4 3 2 1 0
CKsn| PCLOEn | 0 | 0 | 0 CSELn CCSn2 CCsn1 CCSn0
PCLOEN PCLBUZn pin output enable/disable specification
0 Output disable (default)
1 Output enable
CSELn CCSn2 | CCsn1 CCSn0 PCLBUZn pin output clock selection
fMAIN = fMAIN = fMAIN = fMAIN =
5 MHz 10 MHz 20 MHz 24 MHz
0 0 0 0 fMAIN 5 MHz 10 MHz Setting Setting
Note prohibited | prohibited
Note Note
0 0 0 1 fMAIN/2 2.5 MHz 5 MHz 10 MHz Setting
Note prohibited
Note
0 0 1 0 fmAIN/22 1.25MHz | 2.5 MHz 5 MHz 6 MHz
0 0 1 1 fMAIN/23 625kHz | 1.25MHz | 2.5 MHz 3 MHz
0 1 0 0 fmain/24 312.5kHz | 625kHz | 1.25MHz | 1.5 MHz
0 1 0 1 fmain/211 244 kHz | 4.88kHz | 9.77kHz | 11.7 kHz
0 1 1 0 fmaIN/212 1.22kHz | 244 kHz | 4.88kHz | 5.86 kHz
0 1 1 1 fmain/213 610 Hz 1.22kHz | 2.44kHz | 2.93 kHz
1 0 0 0 fiL 15 kHz
1 0 0 1 fiL/2 7.5 kHz
1 0 1 0 fiL/22 3.75 kHz
1 0 1 1 fiL/23 1.875 kHz
1 1 0 0 fiL/24 938 Hz
1 1 0 1 fiL/25 469 Hz
1 1 1 0 fiL/26 234 Hz
1 1 1 1 fiL/27 117 Hz
Note Use the output clock within a range of 8 MHz. See 35.4, 36.4 AC Characteristics for details.

Caution Change the output clock after disabling clock output (PCLOER = 0).

Remark 1. n=0, 1
Remark 2. fmAIN: Main system clock frequency
fiL: Low-speed on-chip oscillator clock frequency
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11.3.2 Registers controlling port functions of pins to be used for clock or buzzer
output

Using a port pin for clock or buzzer output requires setting of the registers that control the port functions
multiplexed on the target pin (port mode register (PMxx), port register (Pxx)). For details, see 4.3.1 Port mode
registers (PMxx) and 4.3.2 Port registers (Pxx).

Specifically, using a port pin with a multiplexed clock or buzzer output function (e.g. P30/PCLBUZO0) for clock or
buzzer output, requires setting the corresponding bits in the port mode register (PMxx) and port register (Pxx) to
0.

Example: When P30/PCLBUZO0 is to be used for clock or buzzer output
Set the PM30 bit of port mode register 3 to 0.
Set the P30 bit of port register 3 to 0.
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11.4 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).
The PCLBUZ1 pin outputs a clock/buzzer selected by clock output select register 1 (CKS1).

11.4.1 Operation as output pin
The PCLBUZn pin is output as the following procedures.

<1> Set 0 in the bit of the port mode register (PMxx) and port register (Px) which correspond to the port which
has a pin used as the PCLBUZO pin.

<2> Select the output frequency with bits 0 to 3 (CCSn0 to CCSn2, CSELN) of the clock output select register
(CKSn) of the PCLBUZn pin (output in disabled status).

<3> Set bit 7 (PCLOEN) of the CKSn register to 1 to enable clock/buzzer output.

Remark 1. The controller used for outputting the clock starts or stops outputting the clock one clock after
enabling or disabling clock output (PCLOER bit) is switched. At this time, pulses with a narrow width
are not output. Figure 11 - 3 shows enabling or stopping output using the PCLOER bit and the timing
of outputting the clock.

Remark 2.n =0, 1

Figure 11 - 3 Timing of Outputting Clock from PCLBUZn Pin

Narrow pulses are not recognized

11.5 Cautions of clock output/buzzer output controller

When the main system clock is selected for the PCLBUZn output (CSELn = 0), if STOP or HALT mode is entered
within 1.5 clock cycles output from the PCLBUZn pin after the output is disabled (PCLOEnR = 0), the PCLBUZn output
width becomes shorter.
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CHAPTER 12 WATCHDOG TIMER

12.1 Functions of Watchdog Timer

The counting operation of the watchdog timer is set by the option byte (000COH).

The watchdog timer operates on the low-speed on-chip oscillator clock (fiL).

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.

« If the watchdog timer counter overflows

« If a 1-bit manipulation instruction is executed on the watchdog timer enable register (WDTE)
* If data other than “ACH” is written to the WDTE register

« If data is written to the WDTE register during a window close period

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 25 RESET FUNCTION.
When 75% + 1/2 fiL of the overflow time is reached, an interval interrupt can be generated.
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12.2 Configuration of Watchdog Timer

The watchdog timer includes the following hardware.

Table 12 - 1 Configuration of Watchdog Timer

ltem Configuration

Counter Internal counter (17 bits)

Control register Watchdog timer enable register (WDTE)

How the counter operation is controlled, overflow time, window open period, and interval interrupt are set by the

option byte.
Table 12 - 2 Setting of Option Bytes and Watchdog Timer
Setting of Watchdog Timer Option Byte (000COH)

Watchdog timer interval interrupt Bit 7 (WDTINT)
Window open period Bits 6 and 5 (WINDOW1, WINDOWO)
Controlling counter operation of watchdog timer Bit 4 (WDTON)
Overflow time of watchdog timer Bits 3 to 1 (WDCS2 to WDCSO0)
Controlling counter operation of watchdog timer (in HALT/STOP Bit 0 (WDSTBYON)
mode)

Remark  For the option byte, see CHAPTER 30 OPTION BYTE.

Figure 12 - 1 Block Diagram of Watchdog Timer

WDTINT of option byte Interval time controller
(000COH) (Count value overflow time x 3/4) + 1/2 fiL)

Interval time interrupt

WDCS2 to WDCSO0 of
option byte (000COH)

6 16
Clock Internal [fiL/2° to fiL/2 Overflow si |
R || counter Selectorl gna
fiL input (17 bits) :> Reset
controller .
output — Internal reset signal
controller
Count clear ™
signal Window size
decision signal
WINDOW1 and WINDOWO of Wind . heck
option byte (000COH) — ™| Indow size chec
WDTON of option byte | Watchdog timer enable | n| Write detector to
(000COH) register (WDTE) ~ —| WDTE except ACH
2 Internal bus 2
Remark fiL: Low-speed on-chip oscillator clock
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12.3 Register Controlling Watchdog Timer
The watchdog timer is controlled by the watchdog timer enable register (WDTE).

12.3.1 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 9AH or 1AH Note,

Figure 12 - 2 Format of Watchdog timer enable register (WDTE)

Address: FFFABH After reset: 1AH/9AH Note R/W
Symbol 7 6 5 4 3 2 1 0
WDTE | |

Note The WDTE register reset value differs depending on the WDTON bit setting value of the option byte

(000COH). To operate watchdog timer, set the WDTON bit to 1.

WDTON Bit Setting Value WDTE Register Reset Value
0 (watchdog timer count operation disabled) 1AH
1 (watchdog timer count operation enabled) 9AH

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 9AH/1AH (this differs from the written value (ACH)).
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12.4 Operation of Watchdog Timer

12.4.1 Controlling operation of watchdog timer
1. When the watchdog timer is used, its operation is specified by the option byte (000COH).

* 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 30).

WDTON Watchdog Timer Counter
0 Counter operation disabled (counting stopped after reset)
1 Counter operation enabled (counting started after reset)

» Set an overflow time by using bits 3 to 1 (WDCS2 to WDCSO0) of the option byte (000COH) (for details, see
12.4.2 and CHAPTER 30).

» Set a window open period by using bits 6 and 5 (WINDOW1 and WINDOWQO) of the option byte (000COH) (for
details, see 12.4.3 and CHAPTER 30).

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.  After that, write the WDTE register the second time or later after a reset release during the window open
period. If the WDTE register is written during a window close period, an internal reset signal is generated.

5. If the overflow time expires without “ACH” written to the WDTE register, an internal reset signal is
generated.

An internal reset signal is generated in the following cases.

« If a 1-bit manipulation instruction is executed on the WDTE register
« If data other than “ACH” is written to the WDTE register

Caution 1.When data is written to the watchdog timer enable register (WDTE) for the first time after reset
release, the watchdog timer is cleared in any timing regardless of the window open time, as
long as the register is written before the overflow time, and the watchdog timer starts counting
again.

Caution 2. After “ACH” is written to the WDTE register, an error of up to 2 clocks (fiL) may occur before
the watchdog timer is cleared.

Caution 3. The watchdog timer can be cleared immediately before the count value overflows.
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Caution 4. 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 WDSTBYON =1

In HALT mode

In STOP mode

In SNOOZE mode

Watchdog timer operation stops. 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 oscillation clock 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.

Consequently, set the overflow time in consideration of the oscillation stabilization time when

operating with the X1 oscillation clock and when the watchdog timer is to be cleared after the

STOP mode release by an interval interrupt.

12.4.2 Setting overflow time of watchdog timer

Set the overflow 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) during the window open

period before the overflow time.

The following overflow times can be set.

Table 12 - 3 Setting of Overflow Time of Watchdog Timer

WDCS2 WDCS1 WDCS0 Overflow Time of Watchdog Timer
(fiL = 17.25 kHz (MAX.))
0 0 0 26/fiL (3.71 ms)
0 0 1 27/fiL (7.42 ms)
0 1 0 28/fiL (14.84 ms)
0 1 1 29/fiL (29.68 ms)
1 0 0 21/fiL (118.72 ms)
1 0 1 213/fiL (474.89 ms)
1 1 0 214/fiL (949.79 ms)
1 1 1 216/fiL (3799.18 ms)

Remark fiL: Low-speed on-chip oscillator clock frequency
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12.4.3 Setting window open period of watchdog timer

Set the window open period of the watchdog timer by using bits 6 and 5 (WINDOW1, WINDOWO) of the option
byte (000COH). The outline of the window is as follows.

« If “ACH” is written to the watchdog timer enable register (WDTE) during the window open period, the watchdog
timer is cleared and starts counting again.

» Even if “ACH” is written to the WDTE register during the window close period, an abnormality is detected and
an internal reset signal is generated.

Example: If the window open period is 50%

Counting Overflow
starts time

Window close period (50%)

! T

Internal reset signal is generated Counting starts again when
if “ACH” is written to WDTE. “ACH” is written to WDTE.

Window open period (50%)

Caution  When data is written to the WDTE register for the first time after reset release, the watchdog timer is cleared in

any timing regardless of the window open time, as long as the register is written before the overflow time, and
the watchdog timer starts counting again.

The window open period can be set is as follows.

Table 12 - 4 Setting Window Open Period of Watchdog Timer

WINDOW1 WINDOWO Window Open Period of Watchdog Timer
0 0 Setting prohibited
0 1 50%
1 0 75%Note
1 1 100%
<R> Note When the window open period is set to 75%, clearing the counter of the watchdog timer (writing ACH to WDTE) must
proceed outside the corresponding period from among those listed below, over which clearing of the counter is prohibited
(for example, confirming that the interval timer interrupt request flag (WDTIIF) of the watchdog timer is set).
. ) Period over which clearing the
WDCS2 WDCS1 WDCS0 Watchdog timer overflow time counter is prohibited when the
(fiL=17.25 kHz (MAX.)) window open period is set to 75%
0 0 0 26/fiL (3.71 ms) 1.85ms to 2.51 ms
0 0 1 27/fiL (7.42 ms) 3.71 ms to 5.02 ms
0 1 0 28/fiL (14.84 ms) 7.42 ms to 10.04 ms
0 1 1 29/fiL (29.68 ms) 14.84 ms to 20.08 ms
1 0 0 21/fiL (118.72 ms) 56.36 ms to 80.32 ms
1 0 1 213/fiL (474.90 ms) 237.44 ms to 321.26 ms
1 1 0 214/fiL (949.80 ms) 474.89 ms to 642.51 ms
1 1 1 216/fiL (3799.19 ms) 1899.59 ms to 2570.04 ms
Caution  When bit 0 (WDSTBYON) of the option byte (000COH) = 0, the window open period is 100% regardless of the

values of the WINDOW1 and WINDOWO bits.
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Remark If the overflow time is set to 29/fiL, the window close time and open time are as follows.

Setting of Window Open Period
50% 75% 100%
Window close time 0 t0 20.08 ms 0to 10.04 ms None
Window open time 20.08 to 29.68 ms 10.04 to 29.68 ms 0t0 29.68 ms

<When window open period is 50%>
» Overflow time:
29/fiL (MAX.) = 29/17.25 kHz (MAX.) = 29.68 ms
» Window close time:
0 to 29/fiL (MIN.) x (1 -0.5) = 0 to 29/12.75 kHz x 0.5 = 0 to 20.08 ms
» Window open time:

29/fiL (MIN.) x (1 - 0.5) to 29/fiL (MAX.) = 29/12.75 kHz x 0.5 to 29/17.25 kHz = 20.08 to 29.68 ms

12.4.4 Setting watchdog timer interval interrupt

Setting bit 7 (WDTINT) of an option byte (000COH) can generate an interval interrupt (INTWDTI) when 75% + 1/2
fiL of the overflow time is reached.

Table 12 - 5 Setting of Watchdog Timer Interval Interrupt

WDTINT Use of Watchdog Timer Interval Interrupt
0 Interval interrupt is not used.
1 Interval interrupt is generated when 75% + 1/2 fiL of overflow time is reached.

Caution  When operating with the X1 oscillation clock 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.
Consequently, set the overflow time in consideration of the oscillation stabilization time when operating with the
X1 oscillation clock and when the watchdog timer is to be cleared after the STOP mode release by an interval
interrupt.

Remark 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.
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CHAPTER 13 SERIAL ARRAY UNIT

The serial array unit has two serial channels. All channels can achieve UART, and only channel 0 can achieve 3-wire
serial (CSI) and simplified 12C.
Function assignment of each channel supported by the RL78/G11 is as shown below.

* 20-pin products

Unit Channel Used as CSI Used as UART Used as Simplified 12C

0 0 CSIO00 (supporting slave UARTO (LIN-bus supported) 1IC00
select input function)

1 _ _
2 CSI10 UART1 IIC10
3 CSsi1 11C11

24, 25-pin products

Unit Channel Used as CSI Used as UART Used as Simplified 12C
0 0 CSI00 (supporting slave UARTO (LIN-bus supported) 1IC00
select input function)
1 CSI01 11ICO1
2 CsSI10 UART1 lIC10
3 CSI11 1IC11

When “UARTOQ” is used for channels 0 and 1, CSI00 and CSI01 cannot be used, but CSI10, UART1, or [IC10 of
channels 2 or 3 can be used.

Caution Most of the following descriptions in this chapter use the unit and channel configuration of the 24-
pin produts as an example.
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13.1  Functions of Serial Array Unit
Each serial interface supported by the RL78/G11 has the following features.

13.1.1  3-wire serial I/O (CSI00, CSI01, CSI10, CSI11)

Data is transmitted or received in synchronization with the serial clock (SCK) output from the master channel.
3-wire serial communication is clocked communication performed by using three communication lines: one for
the serial clock (SCK), one for transmitting serial data (SO), one for receiving serial data (SI).

For details about the settings, see 13.5 Operation of 3-Wire Serial 1/0 (CSI00, CSI01, CSI10, CSI11)
Communication.

[Data transmission/reception]

+ Data length of 7 or 8 bits

* Phase control of transmit/receive data

» MSBJ/LSB first selectable

[Clock control]

» Master/slave selection

* Phase control of 1/0O clock

« Setting of transfer period by prescaler and internal counter of each channel
« Maximum transfer rate Note

During master communication: Max. fcLk/2 (CSI00 only)
Max. fcLk/4
During slave communication: Max. fmMck/6

[Interrupt function]

* Transfer end interrupt/buffer empty interrupt
[Error detection flag]

 Overrun error

CSls of the following channels supports the SNOOZE mode. When SCK input is detected while in the STOP
mode, the SNOOZE mode makes data reception that does not require the CPU possible. Only the following CSls
can be specified.

« CSI00
Note Use the clocks within a range satisfying the SCK cycle time (tkcy) characteristics. For details, see
CHAPTER 35, CHAPTER 36 ELECTRICAL SPECIFICATIONS.
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13.1.2 UART (UARTO0, UART1)

This is a start-stop synchronization function using two lines: serial data transmission (TxD) and serial data
reception (RxD) lines. By using these two communication lines, each data frame, which consist of a start bit,
data, parity bit, and stop bit, is transferred asynchronously (using the internal baud rate) between the
microcontroller and the other communication party. Full-duplex UART communication can be performed by using
a channel dedicated to transmission (even-numbered channel) and a channel dedicated to reception (odd-
numbered channel).

The LIN-bus can be implemented by using timer array unit with an external interrupt (INTPO).

For details about the settings, see 13.7 Operation of UART (UARTO0, UART1) Communication.

[Data transmission/reception]

« Data length of 7, 8, or 9 bitgNote

* Select the MSB/LSB first

* Level setting of transmit/receive data and select of reverse
« Parity bit appending and parity check functions

+ Stop bit appending

[Interrupt function]

* Transfer end interrupt/buffer empty interrupt

* Error interrupt in case of framing error, parity error, or overrun error
[Error detection flag]

* Framing error, parity error, or overrun error

In addition, UART reception of the following channels supports the SNOOZE mode. When RxD input is detected
while in the STOP mode, the SNOOZE mode makes data reception that does not require the CPU possible. Only
the following UART can be specified when the high-speed on-chip oscillator clock (fiH) is selected for the
CPU/peripheral hardware clock (fcLK) in the SNOOZE mode.

* UARTO

The LIN-bus is accepted in UARTO (0 and 1 channels).

[LIN-bus functions]

» Wakeup signal detection
* Break field (BF) detection
* Sync field measurement, baud rate calculation

Using the external interrupt (INTPO) and
timer array unit

Note Only the following UART can be specified for the 9-bit data length.
* UARTO
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13.1.3 Simplified I12C (11C00, 1IC01, 1IC10, lIC11)

This is a clocked communication function to communicate with two or more devices by using two lines: serial
clock (SCL) and serial data (SDA). This simplified I2C is designed for single communication with a device such
as EEPROM, flash memory, or A/D converter, and therefore, it functions only as a master.

Make sure by using software, as well as operating the control registers, that the AC specifications of the start and
stop conditions are observed.

For details about the settings, see 13.9 Operation of Simplified 12C (11C00, 11C01, 1IC10, IIC11)
Communication.

[Data transmission/reception]

» Master transmission, master reception (only master function with a single master)

+ ACK output function Note and ACK detection function

+ Data length of 8 bits (When an address is transmitted, the address is specified by the higher 7 bits, and the
least significant bit is used for R/W control.)

» Manual generation of start condition and stop condition

[Interrupt function]

* Transfer end interrupt

[Error detection flag]

» ACK error or overrun error

* [Functions not supported by simplified 12C]
+ Slave transmission, slave reception

* Arbitration loss detection function

» Wait detection functions

Note When receiving the last data, ACK will not be output if 0 is written to the SOEmn bit (serial output
enable register m (SOEm)) and serial communication data output is stopped. See the processing flow

in 13.9.3 (2) for details.

Remark To use an I2C bus of full function, see CHAPTER 14 SERIAL INTERFACE IICA
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13.2 Configuration of Serial Array Unit

The serial array unit includes the following hardware.

Table 13 - 1 Configuration of Serial Array Unit

Iltem

Configuration

Shift register

8 bits or 9 bits

Buffer register

Lower 8 bits or 9 bits of serial data register mn (SDRmn) Note

Serial clock 1/0

SCKO00, SCK01, SCK10, SCK11 pins (for 3-wire serial 1/0) and SCL00, SCL01, SCL10, SCL11 pins (for

simplified 12C)

Serial data input

SI100, SI01, SI10, SI11 pins (for 3-wire serial I/0), RxDO pin (for LIN-bus supported UART), RxD1 (for

UART)

Serial data output

S000, SO01, SO10, SO11 pins (for 3-wire serial 1/0), TxDO pin (for LIN-bus supported UART), TxD1 pin

(for UART)

Serial data /10

SDA00, SDA01, SDA10, SDA11 pins (for simplified 12C)

Slave select input

SSI00 pin (for slave select input function)

Control registers

<Registers of unit setting block>

* Peripheral enable register 0 (PERO)

» Peripheral reset control register 0 (PRRO)
» Serial clock select register m (SPSm)

+ Serial channel enable status register m (SEm)
» Serial channel start register m (SSm)

« Serial channel stop register m (STm)

» Serial output enable register m (SOEm)

» Serial output register m (SOm)

» Serial output level register m (SOLm)

» Serial standby control register m (SSCm)
* Input switch control register (ISC)

+ Noise filter enable register 0 (NFENO)

<Registers of each channel>

« Serial data register mn (SDRmn)

« Serial mode register mn (SMRmn)

« Serial communication operation setting register mn (SCRmn)
« Serial status register mn (SSRmn)

« Serial flag clear trigger register mn (SIRmn)

* Port input mode register 0, 3 to 5 (PIMO, PIM3 to PIM5)

* Port output mode register 0, 3 to 5 (POMO0, POM3 to POM5)
» Port mode registers 0, 2 to 5 (PM0, PM2 to PM5)

* Port registers 0, 2 to 5 (PO, P2 to P5)

(Note and Remark are listed on the next page.)
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Note The lower 8 bits of serial data register mn (SDRmn) can be read or written as the following SFRs, depending on the
communication mode.

» CSlp communication........ SIOp (CSlp data register)

» UARTq reception.............. RXDq (UARTQq receive data register)
» UARTq transmission ........ TXDq (UARTq transmit data register)
* [ICr communication .......... SIOr (IICr data register)

Remark  m: Unit number (m =0, 1), n: Channel number (n =0 to 3), p: CSI number (p = 00, 01, 10, 11), g: UART number (q =0, 1),
r: IC number (r = 00, 01, 10, 11)
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Figure 13 - 1 shows the Block Diagram of Serial Array Unit 0.

Figure 13 - 1 Block Diagram of Serial Array Unit 0
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13.2.1  Shift register

This is a 9-bit register that converts parallel data into serial data or vice versa.

In case of the UART communication of nine bits of data, nine bits (bits O to 8) are used Note,

During reception, it converts data input to the serial pin into parallel data.

When data is transmitted, the value set to this register is output as serial data from the serial output pin.
The shift register cannot be directly manipulated by program.

To read or write the shift register, use the lower 8/9 bits of serial data register mn (SDRmn).

Shift register | | | | | | | | | |

Note Only the following UARTSs can be specified for the 9-bit data length.
+ UARTO

13.2.2 Lower 8/9 bits of the serial data register mn (SDRmn)

The SDRmn register is the transmit/receive data register (16 bits) of channel n. Bits 8 to 0 (lower 9 bits) Note 1 or
bits 7 to 0 (lower 8 bits) function as a transmit/receive buffer register, and bits 15 to 9 are used as a register that
sets the division ratio of the operation clock (fuck).

When data is received, parallel data converted by the shift register is stored in the lower 8/9 bits. When data is to
be transmitted, set transmit data to be transferred to the shift register to the lower 8/9 bits.

The data stored in the lower 8/9 bits of this register is as follows, depending on the setting of bits 0 and 1
(DLSmnO, DLSmn1) of serial communication operation setting register mn (SCRmn), regardless of the output
sequence of the data.

« 7-bit data length (stored in bits 0 to 6 of SDRmn register)

+ 8-bit data length (stored in bits 0 to 7 of SDRmn register)

+ 9-bit data length (stored in bits 0 to 8 of SDRmn register) Note 1

The SDRmn register can be read or written in 16-bit units.

The lower 8/9 bits of the SDRmn register can be read or written Note 2 gg the following SFRs, depending on the
communication mode.

» CSlp communication........... SIOp (CSlp data register)

* UART(q reception ................ RXDq (UARTq receive data register)
* UARTq transmission........... TXDq (UART(q transmit data register)
* lICr communication.............. SIOr (lICr data register)

Reset signal generation clears the SDRmn register to 0000H.

Note 1.  Only the following UARTSs can be specified for the 9-bit data length.
* UARTO
Note 2.  Writing in 8-bit units is prohibited when the operation is stopped (SEmn = 0).

Remark 1. After data is received, 0 is stored in bits 0 to 8 in bit portions that exceed the data length.
Remark 2. m: Unit number (m = 0), n: Channel number (n = 0 to 3), p: CSI number (p = 00, 01, 10, 11),
q: UART number (q =0, 1), r: IIC number (r = 00, 01, 10, 11)
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Figure 13 - 2 Format of Serial data register mn (SDRmn) (mn = 00, 01, 10, 11)

Address: FFF10H, FFF11H (SDR00), FFF12H, FFF13H (SDR01) After reset: 0000H R/W
FFF48H, FFF49H (SDR10)Note, FFF4AH, FFF4BH (SDR11)Note

FFF11H (SDRO0O) FFF10H (SDR00)

A N
'd N I

15 14 13 12 i 10 9 8 7 6 5 4 3 2 1 0

soke| [ [ | [ [ | [ [ [ [ [ [ [ [ |

Shift register | | | | | | | | | |

Note 24, 25-pin products

Remark  For the function of the higher 7 bits of the SDRmn register, see 13.3 Registers Controlling Serial Array Unit.
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13.3 Registers Controlling Serial Array Unit

Serial array unit is controlled by the following registers.

* Peripheral enable register 0 (PERO)

* Peripheral reset control register 0 (PRRO)

» Serial clock select register m (SPSm)

+ Serial mode register mn (SMRmn)

+ Serial communication operation setting register mn (SCRmn)
» Serial data register mn (SDRmn)

« Serial flag clear trigger register mn (SIRmn)

» Serial status register mn (SSRmn)

» Serial channel start register m (SSm)

+ Serial channel stop register m (STm)

+ Serial channel enable status register m (SEm)

» Serial output enable register m (SOEm)

« Serial output level register m (SOLm)

« Serial output register m (SOm)

» Serial standby control register m (SSCm)

* Input switch control register (ISC)

* Noise filter enable register 0 (NFENO)

* Port input mode register 0, 3 to 5 (PIMO, PIM3 to PIM5)
* Port output mode register 0, 3 to 5 (POMO0, POM3 to POM5)
* Port mode registers 0, 2 to 5 (PM0O, PM2 to PM5)

* Port registers 0, 2 to 5 (PO, P2 to P5)

Remark m: Unit number (m = 0), n: Channel number (n = 0 to 3)

RO1UH0637EJ0110 Rev. 1.10 RENESAS Page 411 of 1113
Dec 28, 2016



RL78/G11 CHAPTER 13 SERIAL ARRAY UNIT

13.3.1 Peripheral enable register 0 (PERO0)

PERQO 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 serial array unit O is used, be sure to set bit 2 (SAUOEN) of this register to 1.

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

Reset signal generation clears the PERO register to 00H.

Figure 13 - 3 Format of Peripheral enable register 0 (PERO)

Address: FOOFOH After reset: 00H R/W
Symbol 7 <6> <5> <4> 3 <2> 1 <0>
PERO 0 IICA1EN ADCEN IICAQOEN 0 SAUOEN 0 TAUOEN
SAUmMEN Control of serial array unit m input clock supply
0 Stops supply of input clock.

» SFR used by serial array unit m cannot be written.

1 Enables input clock supply.
» SFR used by serial array unit m can be read/written.

Caution 1. When setting serial array unit m, be sure to first set the following registers with the SAUmEN bit set
to 1. If SAUmMEN = 0, writing to a control register of serial array unit m is ignored (except for the input
switch control register (ISC), noise filter enable register 0 (NFENO), port input mode register 0, 3 to 5
(PIMO, PIM3 to PIM5), port output mode register 0, 3 to 5 (POM, POM3 to POMS5), port mode registers
0, 2 to 5 (PMO0, PM2 to PMS5), and port registers 0, 2 to 5 (P0, P2 to P5).
« Serial clock select register m (SPSm)
* Serial mode register mn (SMRmn)
* Serial communication operation setting register mn (SCRmn)
* Serial data register mn (SDRmn)
« Serial flag clear trigger register mn (SIRmn)
* Serial status register mn (SSRmn)
« Serial channel start register m (SSm)
« Serial channel stop register m (STm)
« Serial channel enable status register m (SEm)
« Serial output enable register m (SOEm)
* Serial output level register m (SOLm)
« Serial output register m (SOm)
* Serial standby control register m (SSCm)
Caution 2. Be sure to clear the following bits to 0.
Bits 1,3, and 7
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13.3.2 Peripheral reset control register 0 (PRRO0)

This register is used for individual reset control of each peripheral hardware.

This MCU controls reset and reset release of each peripheral hardware supported by the PRRO register.

To reset the serial array unit, be sure to set bit 2 (SAUORES) to 1.
The PRRO register can be set by a 1-bit or 8-bit memory manipulation instruction.
Reset signal generation clears the PRRO register to O0H.

Figure 13 - 4 Format of Peripheral reset control register 0 (PRRO0)

Address: FOOF1H After reset: 00H R/W
Symbol 7 <6> <5> <4> 3 <2> 1 <0>
PRRO 0 IICATRES ADCRES IICAORES 0 SAUORES 0 TAUORES
SAUORES Reset control of serial array unit
0 Serial array unit reset release
1 Serial array unit reset state
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13.3.3 Serial clock select register m (SPSm)

The SPSm register is a 16-bit register that is used to select two types of operation clocks (CKm0, CKm1) that are
commonly supplied to each channel. CKm1 is selected by bits 7 to 4 of the SPSm register, and CKmoO is selected
by bits 3 to 0.

Rewriting the SPSm register is prohibited when the register is in operation (when SEmn = 1).

The SPSm register can be set by a 16-bit memory manipulation instruction.

The lower 8 bits of the SPSm register can be set with an 8-bit memory manipulation instruction with SPSmL.
Reset signal generation clears the SPSm register to 0000H.
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Figure 13 - 5 Format of Serial clock select register m (SPSm)

Address: FO126H, FO127H (SPS0) After reset: 0000H R/W
Symbol 15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
spsml o 0 0 0 0 0 0 0 PRS | PRS | PRS | PRS | PRS | PRS | PRS | PRS
mi13 | m12 | m11 | m10 | m03 | m02 | mO1 | m0O
prs | Prs | PRs | PRS Section of operation clock (CKmk) Note
mk3 | mk2 | mk1 | mko fok = foLk = foLk = foLk = fok =
2 MHz 5 MHz 10 MHz 20 MHz 24 MHz
0 0 0 0 fcLk 2 MHz 5 MHz 10 MHz 20 MHz 24 MHz
0 0 0 1 foLk/2 1 MHz 2.5 MHz 5 MHz 10 MHz 12 MHz
0 0 1 0 fcLk/22 500 kHz 1.25 MHz 2.5 MHz 5 MHz 6 MHz
0 0 1 1 feLk/23 250 kHz 625 kHz 1.25 MHz 2.5 MHz 3 MHz
0 1 0 0 feLk/24 125 kHz 313 kHz 625 kHz 1.25 MHz 1.5 MHz
0 1 0 1 fcLk/25 62.5 kHz 156 kHz 313 kHz 625 kHz 750 kHz
0 1 1 0 fcLk/26 31.3 kHz 78.1 kHz 156 kHz 313 kHz 375 kHz
0 1 1 1 feLk/27 15.6 kHz 39.1 kHz 78.1 kHz 156 kHz 187.5 kHz
1 0 0 0 fcLk/28 7.81 kHz 19.5 kHz 39.1 kHz 78.1 kHz 93.8 kHz
1 0 0 1 fcLk/29 3.91 kHz 9.77 kHz 19.5 kHz 39.1 kHz 46.9 kHz
1 0 1 0 fcLk/210 1.95 kHz 4.88 kHz 9.77 kHz 19.5 kHz 23.4 kHz
1 0 1 1 feLk/211 977 Hz 2.44 kHz 4.88 kHz 9.77 kHz 11.7 kHz
1 1 0 0 fcLk/212 488 Hz 1.22 kHz 2.44 kHz 4.88 kHz 5.86 kHz
1 1 0 1 foLk/213 244 Hz 610 Hz 1.22 kHz 2.44 kHz 2.93 kHz
1 1 1 0 foLk/214 122 Hz 305 Hz 610 Hz 1.22 kHz 1.46 kHz
1 1 1 1 fcLk/215 61 Hz 153 Hz 305 Hz 610 Hz 732 Hz
Note When changing the clock selected for fcLk (by changing the system clock control register (CKC) value), do so
after having stopped (serial channel stop register m (STm) = 000FH) the operation of the serial array unit
(SAU).
Caution  Be sure to clear bits 15 to 8 to 0.

Remark 1. fcLk: CPU/peripheral hardware clock frequency
Remark 2. m: Unit number (m = 0)
Remark 3. k=0, 1
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13.3.4

Serial mode register mn (SMRmn)

The SMRmn register is a register that sets an operation mode of channel n. It is also used to select an operation

clock (fmck), specify whether the serial clock (fsck) may be input or not, set a start trigger, an operation mode

(CSI, UART, or simplified 12C), and an interrupt source. This register is also used to invert the level of the receive
data only in the UART mode.
Rewriting the SMRmn register is prohibited when the register is in operation (when SEmn = 1). However, the
MDmnO bit can be rewritten during operation.

The SMRmn register can be set by a 16-bit memory manipulation instruction.

Reset signal generation sets the SMRmn register to 0020H.

Address:

Symbol

SMRmn

Figure 13 - 6 Format of Serial mode register mn (SMRmn) (1/2)

FO0110H, FO111H (SMR00) to FO116H, F0117H (SMRO03), After reset: 0020H

15 14 13 12 1 10 9 8 7 6 5 4

R/W

3

STS SIS

0 0 0 0 0 mn 0 mn0 1 0
Note Note

CKS | CCSs
mn mn

MD MD MD
mn2 | mn1 | mn0

CKS
mn

Selection of operation clock (fuck) of channel n

0 | Operation clock CKmO set by the SPSm register

1 Operation clock CKm1 set by the SPSm register

Operation clock (fMck) is used by the edge detector. In addition, depending on the setting of the CCSmn bit and the

higher 7 bits of the SDRmn register, a transfer clock (fTcLk) is generated.

Selection of transfer clock (frcLk) of channel n

0 Divided operation clock fumck specified by the CKSmn bit

1 Clock input fsck from the SCKp pin (slave transfer in CSI mode)

Transfer clock frcLk is used for the shift register, communication controller, output controller, interrupt controller, and
error controller. When CCSmn = 0, the division ratio of operation clock (fuck) is set by the higher 7 bits of the SDRmn

register.

STS

mn Selection of start trigger source
Note

0 | Only software trigger is valid (selected for CSI, UART transmission, and simplified I2C).

1 Valid edge of the RxDq pin (selected for UART reception)

Transfer is started when the above source is satisfied after 1 is set to the SSm register.

Note The SMRO01, SMRO3 register only.

Caution  Be sure to clear bits 13 to 9, 7, 4, and 3 (or bits 13 to 6, 4, and 3 for the SMRO00 register) to 0. Be sure

to set bit 5 to 1.

Remark  m: Unit number (m = 0), n: Channel number (n =0 to 3), p: CSI number (p = 00, 01, 10, 11), g: UART number

(9 =0, 1), r: lIC number (r = 00, 01, 10, 11)
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Figure 13 - 6 Format of Serial mode register mn (SMRmn) (2/2)

Address: F0110H, FO111H (SMRO00) to FO116H, FO117H (SMR03) After reset: 0020H R/W

Symbol 15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0

STS SIS

CKS | CCs MD MD MD

SMRmn 0 0 0 0 0 mn 0 mn0 1 0 0

mn mn mn2 [ mn1 | mn0
Note Note

SIS

mn0 Controls inversion of level of receive data of channel n in UART mode

Note

0 |Falling edge is detected as the start bit.
The input communication data is captured as is.

1 Rising edge is detected as the start bit.
The input communication data is inverted and captured.

MD | MD . .
Setting of operation mode of channel n

mn2 | mn1

0 0 |CSImode

0 1 UART mode

1 0 |Simplified I2C mode

1 1 | Setting prohibited
MD . .
mn0 Selection of interrupt source of channel n

0 | Transfer end interrupt

1 Buffer empty interrupt
(Occurs when data is transferred from the SDRmn register to the shift register.)

For successive transmission, the next transmit data is written by setting the MDmnO bit to 1 when SDRmn data has run
out.

Note The SMRO01, SMRO3 register only.

Caution  Be sure to clear bits 13 to 9, 7, 4, and 3 (or bits 13 to 6, 4, and 3 for the SMRO00 register) to 0. Be sure
to set bit 5to 1.

Remark  m: Unit number (m = 0), n: Channel number (n =0 to 3), p: CSI number (p = 00, 01, 10, 11), g: UART number
(q =0, 1), r: IC number (r = 00, 01, 10, 11)

13.3.5 Serial communication operation setting register mn (SCRmn)

The SCRmn register is a communication operation setting register of channel n. It is used to set a data
transmission/reception mode, phase of data and clock, whether an error signal is to be masked or not, parity bit,
start bit, stop bit, and data length.

Rewriting the SCRmn register is prohibited when the register is in operation (when SEmn = 1).

The SCRmn register can be set by a 16-bit memory manipulation instruction.

Reset signal generation sets the SCRmn register to 0087H.
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Figure 13 - 7 Format of Serial communication operation setting register mn (SCRmn) (1/2)
Address: FO118H, FO119H (SCR00) to FO11EH, FO11FH (SCR03) After reset: 0087H R/W
Symbol 15 14 13 12 11 10 9 8 7 6 5 4 3 1 0
SLCm
TXE | RXE | DAP | CKP EOC | PTC | PTC | DIR SLC DLSm| DLS
SCRmn 0 0 n1 0
mn mn mn mn mn | mn1 | mn0 | mn mnO n1 mnO
Note 1
TXE | RXE . .
Setting of operation mode of channel n
mn mn
0 0 Disable communication.
0 1 Reception only
1 0 | Transmission only
1 1 Transmission/reception
DAP | CKP ) .
Selection of data and clock phase in CSI mode Type
mn mn
0 0 SCKp miginisinininlinls 1
SOp (D7 X D6 X D5 X D4 X D3 X D2 X D1 X DO
Slp input timing I I N I N N
0 1 SCKp nininininininln 2
SOp (D7 D6 X D5 X D4 X D3X D2 X D1 X DO
SIp input timing I T I B
1 0 SCKp mipigigigigininls 3
SOp (D7 X D6 X D5)X D4 X D3 X D2)X D1X DO
Slpinputtming _ | | | | | | | |
1 1 SCKp ninpininEnEginln 4
SOp (D7 X(D6 X D5 X D4 X D3 X D2 X D1 X DO
Slpinputtiming | | | | | | | |
Be sure to set DAPmn, CKPmn = 0, 0 in the UART mode and simplified I2C mode.
EOC . .
Mask control of error interrupt signal (INTSREx (x = 0, 1))
mn
0 |Disables generation of error interrupt INTSREx (INTSRx is generated).
1 Enables generation of error interrupt INTSREX (INTSRx is not generated if an error occurs).
Set EOCmn = 0 in the CSI mode, simplified 12C mode, and during UART transmission Note 2,

Note 1.
Note 2.

Caution

Remark

The SCR00, SCRO02 register only.

When using CSImn not with EOCmn = 0, error interrupt INTSREn may be generated.

Be sure to clear bits 3, 6, and 11 to 0 (Also clear bit 5 of the SCR01 register to 0). Be sure to set bit 2
to1.

m: Unit number (m = 0), n: Channel number (n = 0 to 3), p: CSI number (p = 00, 01, 10, 11)
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Figure 13 - 7 Format of Serial communication operation setting register mn (SCRmn) (2/2)

Address:

Symbol

SCRmn

F0118H, FO119H (SCR00) to FO11EH, FO11FH (SCRO03) After reset: 0087H R/W

15 14 13 12 1 10 9 8 7 6 5 4 3

SLCm
TXE | RXE | DAP | CKP EOC | PTC | PTC | DIR SLC

mn mn mn mn mn mn1 | mn0 mn mn0
Note 1

DLSm| DLS
n1 mn0

Setting of parity bit in UART mode
PTC mn1 | PTC mnO

Transmission Reception

0 Does not output the parity bit. Receives without parity

1 Outputs 0 parity Note 2, No parity judgment

0 Outputs even parity. Judged as even parity.

Al al ol O

1 Outputs odd parity. Judges as odd parity.

Be sure to set PTCmn1, PTCmn0 = 0, 0 in the CSI mode and simplified 12C mode.

DIR mn Selection of data transfer sequence in CSI and UART modes

0 Inputs/outputs data with MSB first.

1 Inputs/outputs data with LSB first.

Be sure to clear DIRmn = 0 in the simplified 12C mode.

SLCmn1

Note 1 SLC mn0 Setting of stop bit in UART mode

0 0 No stop bit

1 Stop bit length = 1 bit

0
1 0 Stop bit length = 2 bits (mn = 00, 02 only)
1 1 Setting prohibited

When the transfer end interrupt is selected, the interrupt is generated when all stop bits have been completely

transferred.
Set 1 bit (SLCmn1, SLCmnO0 = 0, 1) during UART reception and in the simplified 12C mode.
Set no stop bit (SLCmn1, SLCmnO = 0, 0) in the CSI mode.

Set 1 bit (SLCmn1, SLCmnO0 =0, 1) or 2 bits (SLCmn1, SLCmnO = 1, 0) during UART transmission.

DLSmn1 | DLS mnO Setting of data length in CSI and UART modes

0 1 9-bit data length (stored in bits O to 8 of the SDRmn register) (settable in UART mode only)

1 0 7-bit data length (stored in bits 0 to 6 of the SDRmn register)

1 1 8-bit data length (stored in bits 0 to 7 of the SDRmn register)

Other than above Setting prohibited

Be sure to set DLSmn1, DLSmn0 = 1, 1 in the simplified 12C mode.

Note 1. The SCR00, SCRO02 register only.
Note 2. 0 is always added regardless of the data contents.

Caution  Be sure to clear bits 3, 6, and 11 to 0 (Also clear bit 5 of the SCR01 register to 0). Be sure to set bit 2

to 1.

Remark  m: Unit number (m = 0), n: Channel number (n = 0 to 3), p: CSI number (p = 00, 01, 10, 11)
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13.3.6 Serial data register mn (SDRmn)

The SDRmn register is the transmit/receive data register (16 bits) of channel n.

Bits 8 to 0 (lower 9 bits) of SDR00 and SDRO01 as a transmit/receive buffer register, and bits 15 to 9 (higher 7 bits)
are used as a register that sets the division ratio of the operation clock (fmck).

If the CCSmn bit of serial mode register mn (SMRmn) is cleared to 0, the clock set by dividing the operating clock
by the higher 7 bits of the SDRmn register is used as the transfer clock.

If the CCSmn bit of serial mode register mn (SMRmn) is set to 1, set bits 15 to 9 (upper 7 bits) of SDR0O0 and
SDRO01 to 0000000B. The input clock fsck (slave transfer in CSI mode) from the SCKp pin is used as the transfer
clock.

The lower 8/9 bits of the SDRmn register function as a transmit/receive buffer register. During reception, the
parallel data converted by the shift register is stored in the lower 8/9 bits, and during transmission, the data to be
transmitted to the shift register is set to the lower 8/9 bits.

The SDRmn register can be read or written in 16-bit units.

However, the higher 7 bits can be written or read only when the operation is stopped (SEmn = 0). During
operation (SEmn = 1), a value is written only to the lower 8/9 bits of the SDRmn register. When the SDRmn
register is read during operation, the higher 7 bits are always read as 0.

Reset signal generation clears the SDRmn register to 0000H.

Figure 13 - 8 Format of Serial data register mn (SDRmn)

Address: FFF10H, FFF11H (SDR00), FFF12H, FFF13H (SDRO1) After reset: 0000H  R/W
FFF48H, FFF49H (SDR10)Note, FFF4AH, FFF4BH (SDR11)Note

FFF11H (SDR00) FFF10H (SDRO00)
N A
~ N ™
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
soRen{ [ [ | | [ [ [ [ [ [ [ [ [ [ [ |
SDRmn[15:9] Transfer clock set by dividing the operating clock
0 0 0 0 0 0 0 fmek/2
0 0 0 0 0 0 1 fmek/4
0 0 0 0 0 1 0 fmck/6
0 0 0 0 0 1 1 fmek/8
1 1 1 1 1 1 0 fmck/254
1 1 1 1 1 1 1 fmek/256
Note 24, 25-pin products

Caution 1. Setting SDRmn[15:9] = (0000000B, 0000001B) is prohibited when UART is used.

Caution 2. Setting SDRmn[15:9] = 0000000B is prohibited when simplified I2C is used. Set SDRmn[15:9] to
0000001B or greater.

Caution 3. Do not write eight bits to the lower eight bits if operation is stopped (SEmn = 0). (If these bits are
written to, the higher seven bits are cleared to 0.)

Remark 1. For the function of the lower 8/9 bits of the SDRmn register, see 13.2 Configuration of Serial Array Unit.
Remark 2. m: Unit number (m = 0), n: Channel number (n = 0 to 3)
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13.3.7 Serial flag clear trigger register mn (SIRmn)

The SIRmn register is a trigger register that is used to clear each error flag of channel n.

When each bit (FECTmn, PECTmn, OVCTmn) of this register is set to 1, the corresponding bit (FEFmn, PEFmn,
OVFmn) of serial status register mn is cleared to 0. Because the SIRmn register is a trigger register, it is cleared
immediately when the corresponding bit of the SSRmn register is cleared.

The SIRmn register can be set by a 16-bit memory manipulation instruction.

The lower 8 bits of the SIRmn register can be set with an 8-bit memory manipulation instruction with SIRmnL.
Reset signal generation clears the SIRmn register to 0000H.

Figure 13 - 9 Format of Serial flag clear trigger register mn (SIRmn)

Address: FO108H, FO109H (SIR00) to FO10EH, FO10FH (SIR03) After reset: 0000H R/W
Symbol 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
FEC
PEC | OVC
SIRmn| 0 0 0 0 0 0 0 0 0 0 0 0 0 Tmn
Tmn | Tmn
Note
FEC
Tmn Clear trigger of framing error of channel n
Note
0 | Notcleared
1 Clears the FEFmn bit of the SSRmn register to 0.
PEC . .
Clear trigger of parity error flag of channel n
Tmn
0 Not cleared
1 Clears the PEFmn bit of the SSRmn register to 0.
ovC .
Clear trigger of overrun error flag of channel n
Tmn
0 Not cleared
1 Clears the OVFmn bit of the SSRmn register to 0.
Note The SIR01, SIR03 register only.
Caution  Be sure to clear bits 15 to 3 (or bits 15 to 2 for the SIR00, SIR10 register) to 0.
Remark 1. m: Unit number (m = 0), n: Channel number (n =0 to 3)
Remark 2. When the SIRmn register is read, 0000H is always read.
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13.3.8 Serial status register mn (SSRmn)

The SSRmn register is a register that indicates the communication status and error occurrence status of channel
n. The errors indicated by this register are a framing error, parity error, and overrun error.

The SSRmn register can be read by a 16-bit memory manipulation instruction.

The lower 8 bits of the SSRmn register can be set with an 8-bit memory manipulation instruction with SSRmnL.
Reset signal generation clears the SSRmn register to 0000H.

Figure 13 - 10 Format of Serial status register mn (SSRmn) (1/2)

Address: FO100H, FO101H (SSR00) to FO106H, FO107H (SSR03) After reset: 0000H R

Symbol 15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0

FEF
TSF | BFF PEF | OVF

SSRmn| 0 0 0 0 0 0 0 0 0 0 0 | mn
mn mn Note mn mn

Communication status indication flag of channel n

0 Communication is stopped or suspended.

1 Communication is in progress.

<Clear conditions>

* The STmn bit of the STm register is set to 1 (communication is stopped) or the SSmn bit of the SSm register is set to
1 (communication is suspended).

» Communication ends.

<Set condition>

» Communication starts.

BFF

mn Buffer register status indication flag of channel n

0 | Valid data is not stored in the SDRmn register.

1 Valid data is stored in the SDRmn register.

<Clear conditions>

+ Transferring transmit data from the SDRmn register to the shift register ends during transmission.

» Reading receive data from the SDRmn register ends during reception.

» The STmn bit of the STm register is set to 1 (communication is stopped) or the SSmn bit of the SSm register is set to
1 (communication is enabled).

<Set conditions>

+ Transmit data is written to the SDRmn register while the TXEmn bit of the SCRmn register is set to 1 (transmission or
transmission and reception mode in each communication mode).

* Receive data is stored in the SDRmn register while the RXEmn bit of the SCRmn register is set to 1 (reception or
transmission and reception mode in each communication mode).

* A reception error occurs.

Note The SSR01, SSRO03 register only.

Caution  When the CSl is performing reception operations in the SNOOZE mode (SWCm = 1), the BFFmn flag
will not change.

Remark  m: Unit number (m = 0), n: Channel number (n = 0 to 3)
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Figure 13 - 10 Format of Serial status register mn (SSRmn) (2/2)

Address: FO100H, FO101H (SSR00) to FO106H, FO107H (SSR03) After reset: 0000H R
Symbol 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
FEF
TSF | BFF PEF | OVF
SSRmn| O 0 0 0 0 0 0 0 0 0 0 mn
mn mn mn mn
Note
FEF
mn Framing error detection flag of channel n
Note
0 | No error occurs.
1 An error occurs (during UART reception).

<Clear condition>

* 1 is written to the FECTmn bit of the SIRmn register.
<Set condition>

* A stop bit is not detected when UART reception ends.

PEF

mn Parity error detection flag of channel n

0 No error occurs.

1 An error occurs (during UART reception) or ACK is not detected (during 12C transmission).

<Clear condition>

* 1 is written to the PECTmn bit of the SIRmn register.

<Set condition>

* The parity of the transmit data and the parity bit do not match when UART reception ends (parity error).

+ No ACK signal is returned from the slave channel at the ACK reception timing during 12C transmission (ACK is not
detected).

OVF

Overrun error detection flag of channel n
mn

0 No error occurs.

1 An error occurs

<Clear condition>

* 1 is written to the OVCTmn bit of the SIRmn register.

<Set condition>

» Even though receive data is stored in the SDRmn register, that data is not read and transmit data or the next receive
data is written while the RXEmn bit of the SCRmn register is set to 1 (reception or transmission and reception mode in
each communication mode).

» Transmit data is not ready for slave transmission or transmission and reception in CSI mode.

Note The SSR01, SSR11 register only.

Caution 1. If data is written to the SDRmn register when BFFmn = 1, the transmit/receive data stored in the
register is discarded and an overrun error (OVEmn = 1) is detected.

Caution 2. When the CSl is performing reception operations in the SNOOZE mode (SWCm = 1), the OVFmn flag
will not change.

Remark  m: Unit number (m = 0), n: Channel number (n = 0 to 3)
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13.3.9 Serial channel start register m (SSm)

The SSm register is a trigger register that is used to enable starting communication/count by each channel.
When 1 is written a bit of this register (SSmn), the corresponding bit (SEmn) of serial channel enable status
register m (SEm) is set to 1 (Operation is enabled). Because the SSmn bit is a trigger bit, it is cleared
immediately when SEmn = 1.

The SSm register can be set by a 16-bit memory manipulation instruction.

The lower 8 bits of the SSm register can be set with an 1-bit or 8-bit memory manipulation instruction with SSmL.
Reset signal generation clears the SSm register to 0000H.

Figure 13 - 11 Format of Serial channel start register m (SSm)

Address: FO122H, FO123H (SS0) After reset: 0000H R/W

Symbol 15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0

sso|0|o|o|o|0|o|o|o|0|o|o|o|ssos|ssoz|sso1|ssoo|

SSm . .
Operation start trigger of channel n

0 No trigger operation

1 Sets the SEmn bit to 1 and enters the communication wait status Note,

Note If set the SSmn = 1 to during a communication operation, will wait status to stop the communication.
At this time, holding status value of control register and shift register, SCKmn and SOmn pins, and FEFmn,
PEFmn, OVFmn flags.

Caution 1. Be sure to clear bits 15 to 2 of the SS0 register to 0.
Caution 2. For the UART reception, set the RXEmn bit of SCRmn register to 1, and then be sure to set SSmn to 1
after 4 or more fmck clocks have elapsed.

Remark 1. m: Unit number (m = 0), n: Channel number (n =0 to 3)
Remark 2. When the SSm register is read, 0000H is always read.
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13.3.10 Serial channel stop register m (STm)

The STm register is a trigger register that is used to enable stopping communication/count by each channel.
When 1 is written a bit of this register (STmn), the corresponding bit (SEmn) of serial channel enable status
register m (SEm) is cleared to O (operation is stopped). Because the STmn bit is a trigger bit, it is cleared
immediately when SEmn = 0.

The STm register can set written by a 16-bit memory manipulation instruction.

The lower 8 bits of the STm register can be set with a 1-bit or 8-bit memory manipulation instruction with STmL.
Reset signal generation clears the STm register to 0000H.

Figure 13 - 12 Format of Serial channel stop register m (STm)

Address: FO124H, FO125H (STO) After reset: 0000H R/W

Symbol 15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0

STO|0|0|0|O|0|0|0|O|0|0|0|0|ST03|ST02|ST01|ST00|

STm . .
Operation stop trigger of channel n

0 No trigger operation

1 Clears the SEmn bit to 0 and stops the communication operation Note,

Note Holding status value of the control register and shift register, the SCKmn and SOmn pins, and FEFmn,
PEFmn, OVFmn flags.

Caution  Be sure to clear bits 15 to 2 of the STO register to 0.

Remark 1. m: Unit number (m = 0), n: Channel number (n =0 to 3)
Remark 2. When the STm register is read, 0000H is always read.
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13.3.11 Serial channel enable status register m (SEm)

The SEm register indicates whether data transmission/reception operation of each channel is enabled or
stopped.

When 1 is written a bit of serial channel start register m (SSm), the corresponding bit of this register is set to 1.
When 1 is written a bit of serial channel stop register m (STm), the corresponding bit is cleared to 0.

Channel n that is enabled to operate cannot rewrite by software the value of the CKOmn bit (serial clock output of
channel n) of serial output register m (SOm) to be described below, and a value reflected by a communication
operation is output from the serial clock pin.

Channel n that stops operation can set the value of the CKOmn bit of the SOm register by software and output its
value from the serial clock pin. In this way, any waveform, such as that of a start condition/stop condition, can be
created by software.

The SEm register can be read by a 16-bit memory manipulation instruction.

The lower 8 bits of the SEm register can be set with a 1-bit or 8-bit memory manipulation instruction with SEmL.
Reset signal generation clears the SEm register to 0000H.

Figure 13 - 13 Format of Serial channel enable status register m (SEm)

Address: FO120H, FO121H (SEO) After reset: 0000H R

Symbol 15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0

SEO|0|0|0|O|0|0|0|0|0|0|0|0|SE03|SE02|SEO1|SEOO|

SEm
Indication of operation enable/stop status of channel n

0 | Operation stops

1 Operation is enabled.

Remark  m: Unit number (m = 0), n: Channel number (n =0 to 3)
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13.3.12 Serial output enable register m (SOEm)

The SOEm register is a register that is used to enable or stop output of the serial communication operation of
each channel.

Channel n that enables serial output cannot rewrite by software the value of the SOmn bit of serial output register
m (SOm) to be described below, and a value reflected by a communication operation is output from the serial
data output pin.

For channel n, whose serial output is stopped, the SOmn bit value of the SOm register can be set by software,
and that value can be output from the serial data output pin. In this way, any waveform of the start condition and
stop condition can be created by software.

The SOEm register can be set by a 16-bit memory manipulation instruction.

The lower 8 bits of the SOEm register can be set with a 1-bit or 8-bit memory manipulation instruction with
SOEmML.

Reset signal generation clears the SOEm register to 0000H.

Figure 13 - 14 Format of Serial output enable register m (SOEm)

Address: FO12AH, FO12BH After reset: 0000H R/W

Symbol 15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0

SOE | SOE | SOE | SOE

SOEO| O 0 0 0 0 0 0 0 0 0 0 0
03 02 01 00

SOE
mn

Serial output enable/stop of channel n

0 | Stops output by serial communication operation.

1 Enables output by serial communication operation.

Caution  Be sure to clear bits 15 to 2 of the SOEO register, bits 15 to 2 to 0.

Remark  m: Unit number (m = 0), n: Channel number (n = 0 to 3)
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13.3.13 Serial output register m (SOm)

The SOm register is a buffer register for serial output of each channel.

The value of the SOmn bit of this register is output from the serial data output pin of channel n.

The value of the CKOmn bit of this register is output from the serial clock output pin of channel n.

The SOmn bit of this register can be rewritten by software only when serial output is disabled (SOEmn = 0).
When serial output is enabled (SOEmn = 1), rewriting by software is ignored, and the value of the register can be
changed only by a serial communication operation.

The CKOmn bit of this register can be rewritten by software only when the channel operation is stopped (SEmn =
0). While channel operation is enabled (SEmn = 1), rewriting by software is ignored, and the value of the CKOmn
bit can be changed only by a serial communication operation.

To use a pin for the serial interface as a port function pin other than a serial interface function pin, set the
corresponding the CKOmn and SOmn bits to 1.

The SOm register can be set by a 16-bit memory manipulation instruction.

Reset signal generation clears the SOm register to 0303H.

Figure 13 - 15 Format of Serial output register m (SOm)

Address: FO128H, FO129H After reset: OFOFH R/W
Symbol 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
CKO | CKO SO SO SO SO
0] O 0 0 0 0 0
SO 01 00 0 0 0 0 03 02 01 00
CKO

mn Serial clock output of channel n

0 Serial clock output value is 0.

1 Serial clock output value is 1.

Serial data output of channel n

0 | Serial data output value is 0.

1 Serial data output value is 1.

Caution  Be sure to clear bits 15 to 10 and 7 to 2 of the SO0 register to 0.

Remark  m: Unit number (m = 0), n: Channel number (n =0 to 3)
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13.3.14 Serial output level register m (SOLm)

The SOLm register is a register that is used to set inversion of the data output level of each channel.
This register can be set only in the UART mode. Be sure to set 0 for corresponding bit in the CSI mode and

simplifies 12C mode.

Inverting channel n by using this register is reflected on pin output only when serial output is enabled (SOEmn =

1). When serial output is disabled (SOEmn = 0), the value of the SOmn bit is output as is.

Rewriting the SOLm register is prohibited when the register is in operation (when SEmn = 1).

The SOLm register can be set by a 16-bit memory manipulation instruction.

The lower 8 bits of the SOLm register can be set with an 8-bit memory manipulation instruction with SOLmL.

Reset signal generation clears the SOLm register to 0000H.

Figure 13 - 16 Format of Serial output level register m (SOLm)

Address: F0134H, FO135H (SOLO) After reset: 0000H R/W
Symbol 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
L oL L L
SOLO 0 0 0 0 0 0 0 0 0 0 0 0 SO S SO SO
03 02 01 00
SOL ) ) . .
mn Selects inversion of the level of the transmit data of channel n in UART mode

0 Communication data is output as is.

1 Communication data is inverted and output.

Caution  Be sure to clear bits 15 to 1 of the SOLO register to 0.

Remark  m: Unit number (m = 0), n: Channel number (n =0, 2)

Figure 13 - 17 shows examples in which the level of transmit data is reversed during UART transmission.
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Figure 13 - 17 Examples of Reverse Transmit Data

(@) Non-reverse Output (SOLmn = 0)

SOLm = 0 output

SouTon —\

E ST | Transmit data i ri P E S E

(b) Reverse Output (SOLmn = 1)

SOLm = 1 output E E ; ; E
SOUTOn i/ \_/_\ ; i

E ST i Tr:?msmitl data (Ilnverteld) E Vé P é S E

Remark  m: Unit number (m = 0), n: Channel number (n =0, 2)
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13.3.15 Serial standby control register m (SSCm)

The SSCO register is used to control the startup of reception (the SNOOZE mode) while in the STOP mode when
receiving CSI00 or UARTO serial data.
The SSCm register can be set by a 16-bit memory manipulation instruction.

The lower 8 bits of the SSCm register can be set with an 8-bit memory manipulation instruction with SSCmL.

Reset signal generation clears the SSCm register to 0000H.

Caution The maximum transfer rate in the SNOOZE mode is as follows.

* When using CSI00: Up to 1 Mbps
* When using UARTO: 4800 bps only

Figure 13 - 18 Format of Serial standby control register m (SSCm)

Address: FO138H (SSCO0) After reset: 0000H R/W
Symbol 15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
SSEC | SWC
SSCm| O 0 0 0 0 0 0 0 0 0 0 0 0 0 m m

Selection of whether to enable or disable the generation of communication error interrupts in the

SSEC
m SNOOZE mode
0 Enable the generation of error interrupts (INTSREO).
1 Disable the generation of error interrupts (INTSREO).

» The SSECm bit can be set to 1 or 0 only when both the SWCm and EOCmn bits are set to 1 during UART reception in
the SNOOZE mode. In other cases, clear the SSECm bit to 0.
+ Setting SSECm, SWCm = 1, 0 is prohibited.

SWCm Setting of the SNOOZE mode
0 Do not use the SNOOZE mode function.
1 Use the SNOOZE mode function.

* When there is a hardware trigger signal in the STOP mode, the STOP mode is exited, and A/D conversion is
performed without operating the CPU (the SNOOZE mode).

* The SNOOZE mode function can only be specified when the high-speed on-chip oscillator clock is selected for the
CPU/peripheral hardware clock (fcLk). If any other clock is selected, specifying this mode is prohibited.

» Even when using SNOOZE mode, be sure to set the SWCm bit to 0 in normal operation mode and change it to 1 just
before shifting to STOP mode.

Also, be sure to change the SWCm bit to 0 after returning from STOP mode to normal operation mode.

Caution  Setting SSECm, SWCm = 1, 0 is prohibited.
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Figure 13 - 19 Interrupt in UART Reception Operation in SNOOZE Mode

EOCmn Bit SSECm Bit Reception Ended Successfully | Reception Ended in an Error
0 0 INTSRXx is generated. INTSRXx is generated.
0 1 INTSRx is generated. INTSRx is generated.
1 0 INTSRXx is generated. INTSREX is generated.
1 1 INTSRx is generated. No interrupt is generated.

13.3.16 Input switch control register (ISC)

The SSIEO bit controls the SSI00 pin input of channel 0 during CSI00 communication and in slave mode.

While a high level is being input to the SSI100 pin, no transmission/reception operation is performed even if a
serial clock is input. While a low level is being input to the SS100 pin, a transmission/reception operation is
performed according to each mode setting if a serial clock is input.

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

Reset signal generation clears the ISC register to 00H.

Figure 13 - 20 Format of Input switch control register (ISC)

Address: FO073H After reset: 00H R/W
Symbol <7> 6 5 4 3 2 1 0
ISC SSIEOO 0 0 0 0 0 ISC1 ISCO
SSIE0O Channel 0 SSI00 input setting in CSI communication and slave mode
0 Disables SSI00 pin input.
1 Enables SSI00 pin input.
ISC1 Switching channel 3 input of timer array unit 0
0 Uses the input signal specified by TIS06 and TIS05 bits of TISO register as a timer input (normal
operation).
1 Input signal of the RxDO pin is used as timer input (detects the wakeup signal and measures the low
width of the break field and the pulse width of the sync field).
1ISCO 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 sure to clear bits 6 to 2 to 0.
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13.3.17 Noise filter enable register 0 (NFENO)

The NFENQO register is used to set whether the noise filter can be used for the input signal from the serial data
input pin to each channel.

Disable the noise filter of the pin used for CSI or simplified I2C communication, by clearing the corresponding bit
of this register to 0.

Enable the noise filter of the pin used for UART communication, by setting the corresponding bit of this register to
1.

When the noise filter is enabled, after synchronization is performed with the operation clock (fuck) of the target
channel, 2-clock match detection is performed. When the noise filter is OFF, only synchronization is performed
with the Operation clock of target channel (fmMck).

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

Reset signal generation clears the NFENO register to 00H.

Figure 13 - 21 Format of Noise filter enable register 0 (NFENO)

Address: FOO70H After reset: 00H R/W
Symbol 7 6 5 4 3 2 1 0
NFENO 0 0 0 0 0 SNFEN10 0 SNFENO0O
SNFENO0O Use of noise filter of RxDO pin
0 Noise filter OFF
1 Noise filter ON

Set the SNFENOO bit to 1 to use the RxDO pin.
Clear the SNFENOO bit to O to use the other than RxDO pin.

SNFEN10 Use of noise filter of RxD1 pin
0 Noise filter OFF
1 Noise filter ON

Set the SNFEN10 bit to 1 to use the RxD1 pin.
Clear the SNFEN10 bit to 0 to use the other than RxD1 pin.

Caution  Be sure to clear bits 7 to 1 of 20-pin products to 0. Be sure to clear bits 7 to 3, 1 of 24, 25-pin products
to 0.
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13.3.18 Registers controlling port functions of serial input/output pins

Using the serial array unit requires setting of the registers that control the port functions multiplexed on the target
channel (port mode register (PMxx), port register (Pxx), port input mode register (PIMxx), and port output mode
register (POMxx)).

For details, see 4.3.1 Port mode registers (PMxx), 4.3.2 Port registers (Pxx), 4.3.4 Port input mode
registers (PIMxx), and 4.3.5 Port output mode registers (POMxx).

Specifically, using a port pin with a multiplexed serial data or serial clock output function (e.g.
PO1/ANI16/INTP5/SO10/TxD1) for serial data or serial clock output, requires setting the corresponding bits in the
port mode register (PMxx) to 0, and the corresponding bit in the port register (Pxx) to 1.

When using the port pin in N-ch open-drain output (VDD tolerance) mode, set the corresponding bit in the port
output mode register (POMxx) to 1. When connecting an external device operating on a different potential (1.8 V,
2.5V, or 3V), see 4.4.4 Handling different potential (1.8 V, 2.5 V, 3.0 V) by using I/O buffers.

Example When PO1/ANI16/INTP5/SO10/TxD1 is to be used for serial data output
Set the PMO01 bit of port mode register 0 to 0.
Set the P01 bit of port register 0 to 1.

Specifically, using a port pin with a multiplexed serial data or serial clock input function (e.g.
POO/ANI17/PCLBUZ1/TI03/(VCOUT1)/SI10/RxD1/SDA10/(SDAA1)) for serial data or serial clock input, requires
setting the corresponding bit in the port mode register (PMxx) to 1. In this case, the corresponding bit in the port
register (Pxx) can be setto 0 or 1.

When the TTL input buffer is selected, set the corresponding bit in the port input mode register (PIMxx) to 1.
When connecting an external device operating on a different potential (1.8 V, 2.5 V or 3 V), see 4.4.4 Handling
different potential (1.8 V, 2.5V, 3.0 V) by using I/O buffers.

Example When PO0/ANI17/PCLBUZ1/TI03/(VCOUT1)/SI10/RxD1/SDA10/(SDAA1) is to be used for serial
data input
Set the PMOO bit of port mode register 0 to 1.
Set the P00 bit of port register 0 to 0 or 1.
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13.4 Operation Stop Mode

Each serial interface of serial array unit has the operation stop mode.
In this mode, serial communication cannot be executed, thus reducing the power consumption.
In addition, the pin for serial interface can be used as port function pins in this mode.

13.4.1 Stopping the operation by units

The stopping of the operation by units is set by using peripheral enable register 0 (PERO).

The PERQO 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.

To stop the operation of serial array unit 0, set bit 2 (SAUOEN) to 0.

Figure 13 - 22 Peripheral Enable Register 0 (PERO0) Setting When Stopping the Operation by Units

(a) Peripheral enable register 0 (PERO)... Set only the bit of SAUm to be stopped to 0.

7 6 5 4 3 2 1 0

IICA1EN ADCEN IICAOEN SAUOEN TAUOEN

PERO
0 X X X 0 on 0 X

Control of SAUm input clock
0: Stops supply of input clock
1: Supplies input clock

Caution 1. If SAUmMEN = 0, writing to a control register of serial array unit m is ignored.
Note that this does not apply to the following registers.
* Input switch control register (ISC)
* Noise filter enable register 0 (NFENO)
* Port input mode register 0, 3 to 5 (PIMO, PIM3 to PIM5)
* Port output mode register 0, 3 to 5 (POMO0, PM3 to POM5)
* Port mode registers 0,2 to 5 (PM0, PM2 to PM5)
* Port registers 0, 2 to 5 (P0, P2 to P5)
Caution 2. Be sure to clear the following bits to 0.
Bits 1, 3, and 7

Remark  x: Bits not used with serial array units (depending on the settings of other peripheral functions)
0/1: Set to 0 or 1 depending on the usage of the user
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13.4.2 Stopping the operation by channels

The stopping of the operation by channels is set using each of the following registers.
Figure 13 - 23 Each Register Setting When Stopping the Operation by Channels

Serial channel stop register m (STm)... This register is a trigger register that is used to enable stopping

(a)
communication/count by each channel.
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
STm1 | STmo
STm 0 0 0 0 0 0 0 0 0 0 0 0 0 0 01 01
1: Clears the SEmn bit to 0 and stops the communication operation ‘ ‘
* Because the STmn bit is a trigger bit, it is cleared immediately when SEmn = 0.
(b) Serial Channel Enable Status Register m (SEm)... This register indicates whether data transmission/
reception operation of each channel is enabled or stopped.
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
SEm1 | SEmO
SEm 0 0 0 0 0 0 0 0 0 0 0 0 0 0 01 01
0: Operation stops | |
* The SEm register is a read-only status register, whose operation is stopped by using the STm register.
With a channel whose operation is stopped, the value of the CKOmn bit of the SOm register can be set by software.
(c) Serial output enable register m (SOEm)... This register is a register that is used to enable or stop output of
the serial communication operation of each channel.
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
SOEm1 | SOEm0
SOEm 0 0 0 0 0 0 0 0 0 0 0 0 0 0 01 01
0: Stops output by serial communication operation ‘ ‘

* For channel n, whose serial output is stopped, the SOmn bit value of the SOm register can be set by software.

(d) Serial output register m (SOm)... This register is a buffer register for serial output of each channel.
7 6 5 4 3 2 1 0

15 14 13 12 1" 10 9 8
CKOm1 | CKOmO SOm1 | SOmO
0 o o1

SOm 0 0 0 0 0 0 0/1 0/1 0 0 0 0 0
1: Serial clock output value is 1_u 1: Serial data output value is 1_u

* When using pins corresponding to each channel as port function pins, set the corresponding CKOmn, SOmn bits to “1”.

Remark 1. m: Unit number (m = 0), n: Channel number (n = 0 to 3)

Remark 2. .: Setting disabled (set to the initial value)
0/1: Set to 0 or 1 depending on the usage of the user
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13.5 Operation of 3-Wire Serial I/O (CSI100, CSI01, CSI10, CSI11) Communication

This is a clocked communication function that uses three lines: serial clock (SCK) and serial data (Sl and SO) lines.

[Data transmission/reception]
+ Data length of 7 or 8 bits
* Phase control of transmit/receive data
* MSB/LSB first selectable
[Clock control]
» Master/slave selection
* Phase control of 1/0 clock
« Setting of transfer period by prescaler and internal counter of each channel
« Maximum transfer rate Note
During master communication:  Max. fcLk/2 (CSI00 only)
Max. fcLk/4
During slave communication: Max. fMCK/6
[Interrupt function]
* Transfer end interrupt/buffer empty interrupt
[Error detection flag]
+ Overrun error

CSis of the following channels supports the SNOOZE mode. When SCK input is detected while in the STOP mode,
the SNOOZE mode makes data reception that does not require the CPU possible. Only following CSls can be
specified.

+ CSI00

Note Use the clocks within a range satisfying the SCK cycle time (tkcy) characteristics. For details, see
CHAPTER 35, CHAPTER 36 ELECTRICAL SPECIFICATIONS.
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The channels supporting 3-wire serial 1/0 (CSI00, CSI01, CSI10, CSI11) are channels 0 and 1 of SAUO.

* 20-pin products
Unit Channel Used as CSI Used as UART Used as Simplified 12C

0 0 CSI00 (supporting slave UARTO (LIN-bus supported) 11IC00
select input function)

1 — —
2 Csl10 UART1 lIC10
3 CSi1 1IC11

* 24, 25-pin products

Unit Channel Used as CSI Used as UART Used as Simplified 12C
0 0 CSI00 (supporting slave UARTO (LIN-bus supported) 1IC00
select input function)
1 CsSI01 11C01
2 CSI10 UART1 IIC10
3 CsIn 1IC11

3-wire serial 1/0 (CSI00, CSI01, CSI10, CSI11) performs the following seven types of communication operations.

» Master transmission (See 13.5.1.)
» Master reception (See 13.5.2))
» Master transmission/reception (See 13.5.3.)
* Slave transmission (See 13.5.4.)
* Slave reception (See 13.5.5.)
+ Slave transmission/reception (See 13.5.6.)
* SNOOZE mode function (CSIO0 only) (See 13.5.7.)
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13.5.1

Master transmission

Master transmission is that the RL78 microcontroller outputs a transfer clock and transmits data to another

device.

3-Wire Serial 1/0 CSI00 CsI01 CsI10 CSI11
Target channel Channel 0 of SAUO Channel 1 of SAUO Channel 2 of SAUO Channel 3 of SAUO
Pins used SCKO00, SO00 SCKO01, SO01 SCK10, SO10 SCK11, SO11
Interrupt INTCSIO0 INTCSIO1 INTCSI10 INTCSI11

Transfer end interrupt (in single-transfer mode) or buffer empty interrupt (in continuous transfer mode) can
be selected.

Error detection flag

None

Transfer data length

7 or 8 bits

Transfer rate Note

Max. fcLk/2 [Hz] (CSI00 only), fcLk/4 [Hz]
Min. fcLk/(2 x 215 x 128) [Hz] fcLk: System clock frequency

Data phase Selectable by the DAPmn bit of the SCRmn register

* DAPmn = 0: Data output starts from the start of the operation of the serial clock.

* DAPmn = 1: Data output starts half a clock before the start of the serial clock operation.
Clock phase Selectable by the CKPmn bit of the SCRmn register

* CKPmn = 0: Non-reverse
* CKPmn = 1: Reverse

Data direction

MSB or LSB first

Note

Use this operation within a range that satisfies the conditions above and the peripheral functions characteristics in the

electrical specifications (see CHAPTER 35, CHAPTER 36 ELECTRICAL SPECIFICATIONS).

Remark

m: Unit number (m = 0), n: Channel number (n = 0 to 3), mn =00, 01, 10, 11
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(1) Register setting

Figure 13 - 24 Example of Contents of Registers for Master Transmission of 3-Wire Serial /0 (CSI00, CSI01, CSI10,

csi1)
(a) Serial mode register mn (SMRmn)
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
SMRmn CKSmn g CCSmn STSmn SISmn0 MDmn2 g MDmn1 j§ MDmnO
01 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0/1
I I
Operation clock (fmck) of channel n Interrupt source of channel n
0: Prescaler output clock CKmO set by the SPSm register 0: Transfer end interrupt
1: Prescaler output clock CKm1 set by the SPSm register 1: Buffer empty interrupt
(b) Serial communication operation setting register mn (SCRmn)
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
SCRmN TXEmn  RXEmn ff DAPmn | CKPmn EOCmn PTCmn1@PTCmnOf DIRmMn SLCmn1§SLCmnO| DLSmn1§DLSmn0
1 0 0/1 0/1 0 0 0 0 0/1 0 0 0 0 1 1 0/1
[ I
Selection of data transfer sequence Setting of data length
Selection of the data and clock phase (For 0: Inputs/outputs data with MSB first 0: 7-bit data length
details about the setting, see 13.3 1: Inputs/outputs data with LSB first 1: 8-bit data length
Registers Controlling Serial Array Unit.)
(c) Serial data register mn (SDRmn) (lower 8 bits: SIOp)
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Baud rate setting Transmit data
SDRmn . L . . :
(Operation clock (fMck) division setting) 0 (Transmit data setting)
N 7
~"
SIOp
(d) Serial output register m (SOm)... Sets only the bits of the target channel.
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
SOm CKOm1 | CKOmO SOm1 | SOmO0
0 0 0 0 0 0 01 01 0 0 0 0 0 0 01 01

\—LCommunication starts when these bits are 1 if the clock phase is
non-reversed (the CKPmn bit of the SCRmn = 0). If the clock phase is
reversed (CKPmn = 1), communication starts when these bits are 0.

(e) Serial output enable register m (SOEm)... Sets only the bits of the target channel to 1.

15 14 13 12 1" 10 9 8 7 6 5 4 3 2 1 0
SOEm1 | SOEmO
SOEm| 0 0 0 0 0 0 0 0 0 0 0 0 0 o o1

(f)  Serial channel start register m (SSm)... Sets only the bits of the target channel to 1.

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
SSm1 SSm0
SSm 0 0 0 0 0 0 0 0 0 0 0 0 0 0 01 01

Remark 1. m: Unit number (m = 0), n: Channel number (n = 0 to 3), p: CSI number (p = 00, 01, 10, 11), mn = 00 to 03
Remark 2. n: Setting is fixed in the CSI master transmission mode,

.: Setting disabled (set to the initial value)
0/1: Set to 0 or 1 depending on the usage of the user
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(2) Operation procedure

Figure 13 - 25 Initial Setting Procedure for Master Transmission

( Starting initial setting )

| Setting the PERO register |

| Setting the SPSm register |

| Setting the SMRmn register |

| Setting the SCRmn register |

| Setting the SDRmn register |

| Setting the SOm register |

Changing setting of the
SOEm register

| Setting port |

| Writing to the SSm register |

( Completing initial setting )

Release the serial array unit from the reset status
and start clock supply.

Set the operation clock.

Set an operation mode, etc.

Set a communication format.

Set a transfer baud rate (setting the transfer clock
by dividing the operation clock (fvck)).

Set the initial output level of the serial clock
(CKOmn) and serial data (SOmn).

Set the SOEmn bit to 1 and enable data output of
the target channel.

Setting a port register and a port mode register
(Enable data output and clock output of the target channel by).

Set the SSmn bit of the target channel to 1
(SEmn bit = 1: to enable operation).

Setting of SAU is completed.
Write transmit data to the SIOp register (bits 7 to 0
of the SDRmn register) and start communication.

Figure 13 - 26 Procedure for Stopping Master Transmission

( Starting setting to stop )

[«

el

No
(Selective) @

Yes

(Essential)| Writing the STm register |

. Changing setting of the
(Essential) SOEm register
(Selective) Changing setting of the

SOm register

(Selective)| Setting the PERO register |

( Stop setting is completed >

If there is any data being transferred, wait for their completion
(If there is an urgent must stop, do not wait).

Write 1 to the STmn bit of the target channel.
(SEmn = 0: to operation stop status)

Set the SOEmn bit to 0 and stop the output of the
target channel.

The levels of the serial clock (CKOmn) and
serial data (SOmn) on the target channel can
be changed if necessitated by an emergency.

To use the STOP mode, reset the serial array
unit by stopping the clock supply to it

After the stop setting is completed, go to the next
processing.
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Figure 13 - 27 Procedure for Resuming Master Transmission

( Starting setting for resumption )

-
-

Wait until stop the communication target (slave) or

E fial) < dv? No communication operation completed.
ssentia ave ready?

Yes

Disable data output and clock output of the target
(Essential) | Port manipulation | channel by setting a port register and a port mode
register.

Re-set the register to change the operation clock

Selective | Changing setting of the SPSm register )
( ) on9 o ¢ setting.

Re-set the register to change the transfer baud
rate setting (setting the transfer clock by dividing
the operation clock (fMck)).

(Selective) | Changing setting of the SDRmn register

Re-set the register to change serial mode register

Selective | Changing setting of the SMRmn register X
( ) mn (SMRmn) setting.

Re-set the register to change serial
communication operation setting register mn

(Selective) | Changing setting of the SCRmn register

(SCRmn) setting.

(Selective) | Changing setting of the SOEm register Set the SOEmn bit to 0 to stop output from the
target channel.

. ) ) ) Set the initial output level of the serial clock

(Selective) | Changing setting of the SOm register (CKOmn) and serial data (SOmn),

(Essential) | Changing setting of the SOEm register tshzt :Q%Stii?nnnzllt to 1 and enable output from
Enable data output and clock output of the target

(Essential) | Port manipulation | channel by setting a port register and a port mode
register.

(Essential) | Writing to the SSm register | Set the SSmn bit of the target channel to 1

(SEmn = 1 : to enable operation).

Setting is completed.
( Completing resumption ) Sets transmit data to the SIOp register

setting (bits 7 to 0 of the SDRmn register) and
start communication.

Remark If PERO is rewritten while stopping the master transmission and the clock supply is stopped, wait until the transmission
target (slave) stops or transmission finishes, and then perform initialization instead of restarting the transmission.
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(3) Processing flow (in single-transmission mode)

Figure 13 - 28 Timing Chart of Master Transmission (in Single-Transmission Mode)
(Type 1: DAPmn = 0, CKPmn = 0)

SSmn

STmn

SEmn

1

SDRmn

X

Transmit data 1

X

SCKp pin
SOp pin

EEpEpRQEpEpuERs

Transmit data 2 X

Transmit data 3

Transmit data 1

Transmit data 2

Transmit data 3

Shift register mn
INTCSIp

N
.

TSFmn

Data transmission

Data transmission

Data transmission

Remark  m: Unit number (m = 0), n: Channel number (n = 0 to 3), p: CSI number (p = 00, 01, 10, 11), mn = 00 to 03
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Figure 13 - 29 Flowchart of Master Transmission (in Single-Transmission Mode)

4 (Starting Csl oommunication)
For the initial setting, refer to Figure 13 - 25.
(Select Transfer end interrupt)
SAU default setting
Set data for transmission and the number of data. Clear communication end flag
_E Setting transmit data (Storage area, Transmission data pointer, Number of communication data and
‘g’ Communication end flag are optionally set on the internal RAM by the software
'% Enables interruot Clear interrupt request flag (XXIF), reset interrupt mask (XXMK) and set
= P interrupt enable (El).
» . Read transmit data from storage area and write it
Writing transmit data to to SIOp. Update transmit data pointer.
SIOp (= SDRmn [7:0]) Writing to SIOp makes SOp and
< SCKp signals out
> (communication starts)
L Wait for transmit completes
4 ' - When Transfer end interrupt is generated it
. moves to interrupt processing routine
( Transfer end interrupt )
o)
£
=
e)
o " No
g Transmitting next data’?
2
é Yes
Q. . .
Wit ansritcatato || Sotscommurication | Reed ettty fory g v and
QQ SIOp (= SDRmn [7:0]) completion flag If not, set transmit end flag
C
= < |
RETI )
. C ,
4 :
]
No L Check completion of transmission by
Transmission completed? verifying transmit end flag
o Yes
£
5 Disable interrupt (MASK)
C
®
=
Write STmn bit to 1
End of communication )
N C
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(4) Processing flow (in continuous transmission mode)

Figure 13 - 30 Timing Chart of Master Transmission (in Continuous Transmission Mode)
(Type 1: DAPmn = 0, CKPmn = 0)

SSmn <1>
STmn <6> ”_
SEmn | L
SDRmn Transmit data 1 Transmit data 2 Transmit data 3
SCKp pin Uy U Uy
SOp pin Transmit data 1 Transmit data 2 Transmit data 3
Shit register DT ST T 8 E T 6 (I
INTCSIp
- Data transmission " Data transmission g Data transmission
MDmnO <4> |
TSFmn
BFFmn
<2N>l<3> <2> <3> <2> <3> <5>
Note If transmit data is written to the SDRmn register while the BFFmn bit of serial status register mn (SSRmn) is 1 (valid data

is stored in serial data register mn (SDRmn)), the transmit data is overwritten.
Caution The MDmnO bit of serial mode register mn (SMRmn) can be rewritten even during operation.
However, rewrite it before transfer of the last bit is started, so that it will be rewritten before the transfer end

interrupt of the last transmit data.

Remark  m: Unit number (m = 0), n: Channel number (n = 0 to 3), p: CSI number (p = 00, 01, 10, 11), mn = 00 to 03
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Figure 13 - 31 Flowchart of Master Transmission (in Continuous Transmission Mode)

e ( Starting setting )
<1> For the initial setting, refer to Figure 13 - 25.
SAU default setting (Select buffer empty interrupt)
|
l Set data for transmission and the number of data. Clear communication end flag
_g | Setting transmit data | (Storage area, Transmission data pointer, Number of communication data and
‘g‘ | Communication end flag are optionally set on the internal RAM by the software )
c
© ; Clear interrupt request flag (XXIF), reset interrupt mask (XXMK) and set
= | Enables||nterrupt | interrupt enable (EI).
<2> Writing t it data t Read transmit data from storage area and write it
riting transmit data to ; ;
SI0p (= SDRmN [7:0]) to SIOp. Update transmit data pointer. Writing to SIOp makes SOp
| and SCKp signals out
=I (communication starts)
_ Wait for transmit completes |
e <3><5> i When transfer end interrupt is generated, it
. moves to interrupt processing routine.
CBuffer empty/transfer end interrupt)
° If transmit data is left, read them from storage
< area then write into SIOp, and update transmit
3 data pointer and number of transmit data.
o Yes If no more transmit data, clear MDmn bit if it's
% set. If not, finish.
%]
Q
3 Writing transmit data to
s SIOp (= SDRmn [7:0])
k=1
2
5
= Sets communication
Subtract -1 from number of . o
transmit data | Clear MDmnO bit to 0 | completion interrupt flag
» !
[
RETI )
L C .
4 :
1
No Check completion of t ission b
Transmission completed? eck competion of ransmission by
verifying transmit end flag
Yes
Write MDmnO bit to 1 |
Q
£
3 Yes Communication
c continued?
g No
| Disable interrupt (MASK) |
|
<6> | Write STmn bit to 1 |
[
End of communication >
N (

Remark <1>to <6> in the figure correspond to <1> to <6> in Figure 13 - 30 Timing Chart of Master Transmission (in Continuous
Transmission Mode) (Type 1: DAPmn = 0, CKPmn = 0).
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13.5.2 Master reception

Master reception is that the RL78 microcontroller outputs a transfer clock and receives data from other device.

3-Wire Serial 1/0 CSI00 CSI01 Csl10 CSI11
Target channel Channel 0 of SAUO Channel 1 of SAUO Channel 2 of SAUO Channel 3 of SAUO
Pins used SCKO00, SI00 SCKO1, SI01 SCK10, SI10 SCK11, SI11
Interrupt INTCSI00 INTCSI01 INTCSI10 INTCSI11

Transfer end interrupt (in single-transfer mode) or buffer empty interrupt (in continuous transfer mode) can

be selected.

Error detection flag

Overrun error detection flag (OVFmn) only

Transfer data length

7 or 8 bits

Transfer rate Note

Max. fcLk/2 [Hz] (CSIO00 only), fcLk/4 [Hz]
Min. fcLk/(2 x 215 x 128) [Hz] fcLk: System clock frequency

* CKPmn = 0: Non-reverse
* CKPmn = 1: Reverse

Data phase Selectable by the DAPmn bit of the SCRmn register

* DAPmn = 0: Data input starts from the start of the operation of the serial clock.

* DAPmn = 1: Data input starts half a clock before the start of the serial clock operation.
Clock phase Selectable by the CKPmn bit of the SCRmn register

Data direction

MSB or LSB first

Note Use this operation within a range that satisfies the conditions above and the peripheral functions characteristics in the

electrical specifications (see CHAPTER 35, CHAPTER 36 ELECTRICAL SPECIFICATIONS).

Remark

m: Unit number (m = 0), n: Channel number (n = 0 to 3), p: CSI number (p = 00, 01, 10, 11), mn = 00 to 03
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(1) Register setting

Figure 13 - 32 Example of Contents of Registers for Master Reception of 3-Wire Serial I/O
(Csloo, Ccslo1, Csi10, CSI11)

(a) Serial mode register mn (SMRmn)

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
SMRmn CKSmnICCSmn STSmnI ISISmnO IMDmn2IMDmn1 IMDmnO
01 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0/1
I I
Operation clock (fmck) of channel n Interrupt source of channel n
0: Prescaler output clock CKmO set by the SPSm register 0: Transfer end interrupt
1: Prescaler output clock CKm1 set by the SPSm register 1: Buffer empty interrupt

(b) Serial communication operation setting register mn (SCRmn)

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
SCRmn I TXEmn I RXEmn ] DAPmn | CKPmn IEOCmn IPTCmnIIPTCmnOI DIRmn SLCmn1 SLCmnOI IDLSmn1IDLSmnO
0 1 0/1 0/1 0 0 0 0 0/1 0 0 0 0 1 1 0/1
[ I
Selection of data transfer sequence Setting of data length
Selection of the data and clock phase (For 0: Inputs/outputs data with MSB first 0: 7-bit data length
details about the setting, see 13.3 1: Inputs/outputs data with LSB first 1: 8-bit data length

Registers Controlling Serial Array Unit.)

(c) Serial data register mn (SDRmn) (lower 8 bits: SIOp)

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
SDRmn Baud rate setting Receive data
(Operation clock (fMck) division setting) 0 (Write FFH as dummy data.)
N _
g
SIOp

(d) Serial output register m (SOm)... Sets only the bits of the target channel.

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
SOm CKOm1 | CKOmO SOm1 | SOmO
0 0 0 0 0 0 0/1 0/1 0 0 0 0 0 (0] X X

\—LCommunication starts when these bits are 1 if the clock phase is
non-reversed (the CKPmn bit of the SCRmn = 0). If the clock phase is
reversed (CKPmn = 1), communication starts when these bits are 0.

(e) Serial output enable register m (SOEm)... The register that not used in this mode.

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
SOEm1 [ SOEmO0
SOEm 0 0 0 0 0 0 0 0 0 0 0 0 0 0 X X

(f)  Serial channel start register m (SSm)... Sets only the bits of the target channel to 1.

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
SSm1 SSm0
SSm 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0/1 0/1

Remark 1. m: Unit number (m = 0), n: Channel number (n = 0 to 3), p: CSI number (p = 00, 01, 10, 11), mn = 00 to 03
Remark 2. n: Setting is fixed in the CSI master reception mode,

.: Setting disabled (set to the initial value)
x: Bit that cannot be used in this mode (set to the initial value when not used in any mode)
0/1: Set to 0 or 1 depending on the usage of the user
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(2) Operation procedure

Figure 13 - 33 Initial Setting Procedure for Master Reception

( Starting initial setting )

| Setting the PERO register |

| Setting the SPSm register |

| Setting the SMRmn register |

| Setting the SCRmn register |

| Setting the SDRmn register |

| Setting the SOm register |

| Setting port |

| Writing to the SSm register |

( Completing initial setting )

Release the serial array unit from the reset status
and start clock supply.

Set the operation clock.

Set an operation mode, etc.

Set a communication format.

Set a transfer baud rate (setting the transfer clock
by dividing the operation clock (fmMck)).

Set the initial output level of the serial clock
(CKOmn).

Enable clock output of the target channel by setting
a port register and a port mode register.

Set the SSmn bit of the target channel to 1
(SEmn bit = 1: to enable operation).

Initial setting is completed.
Set dummy data to the SIOp register (bits 7 to 0 of
the SDRmn register) and start communication.

Figure 13 - 34 Procedure for Stopping Master Reception

( Starting setting to stop >

[«

-«

No
(Selective) @

Yes

(Essential)| Writing the STm register |

. Changing setting of the
(Essential) SOEm register
(Selective) Changing setting of the

SOm register

(Selective)| Setting the PERO register |

( Stop setting is completed )

If there is any data being transferred, wait for their
completion.
(If there is an urgent must stop, do not wait.)

Write 1 to the STmn bit of the target channel.
(SEmn = 0: to operation stop status)

Set the SOEmn bit to 0 and stop the output of the
target channel.

The levels of the serial clock (CKOmn) on the
target channel can be changed if necessitated by
an emergency.

Reset the serial array unit by stopping the clock
supply to it.

After the stop setting is completed, go to the next
processing.
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Figure 13 - 35 Procedure for Resuming Master Reception
( Starting setting for resumption )
No Wait until stop the communication target (slave) or
(Essential) @W communication operation completed.
Yes

(Essential) | Port manipulation | Dlsgble clock output of the target channel b_y
setting a port register and a port mode register.

(Selective) | Changing setting of the SPSm register Re-_set the regISter to Change bl Operatlon Glock
setting.
Re-set the register to change the transfer baud

(Selective) | Changing setting of the SDRmn register rate setting (setting the transfer clock by dividing
the operation clock (fMck)).

(Selective) | Changing setting of the SMRmn register nR’]i-?grvltgemrr?)g;Setg:—ng) change serial mode register

. ) ) ) Re-set the register to change serial communication

(Selective) | Changing setting of the SCRmn register operation setting register mn (SCRmn) setting.

(Selective) | Changing setting of the SOm register (Sglt(gr(]eqri]r;itial output level of the serial clock
If the OVF flag remains set, clear this

(Selective) | Clearing error flag | using serial flag clear trigger register mn
(SIRmn).

(Essential) | Port manipulation | Enable clc_)ck output of the target ch_annel by setting
a port register and a port mode register.

. " . Set the SSmn bit of the target channel to 1

(Essential) Writing to the SSm register (SEmn bit = 1: to enable operation).

Setting is completed.
Completing resumption Sets dummy data to the SIOp register
setting (bits 7 to 0 of the SDRmn register) and
start communication.
Remark If PERO is rewritten while stopping the master transmission and the clock supply is stopped, wait until the transmission

target (slave) stops or transmission finishes, and then perform initialization instead of restarting the transmission.
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(3) Processing flow (in single-reception mode)

Figure 13 - 36 Timing Chart of Master Reception (in Single-Reception Mode)
(Type 1: DAPmn = 0, CKPmn = 0)

SSmn _l_
STmn
SEmn
Receive data 1 Receive data 2 Receive data 3 1
SDRmn X Dummy data for reception Dummy data Dummy data X
AWrite AWrite AWrite R | 4a
O U UL ¥
Slp pin Receive data 1 Receive data 2 Receive data 3

Shift register mn

INTCSIp

S (/0 €1 0

A\ e
XEeg;e_pt,ion % shift opg\ra_ti%EX

— |

TSFmn

Remark

Data reception

Data reception

Data reception

m: Unit number (m = 0), n: Channel number (n = 0 to 3), p: CSI number (p = 00, 01, 10, 11), mn = 00 to 03
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Figure 13 - 37 Flowchart of Master Reception (in Single-Reception Mode)

4 (Starting Csli communication)

) For the initial setting, refer to Figure 13 - 33.
SAU default setting (Select Transfer end interrupt)

| Setting storage area of the receive data, number of communication data
| Setting receive data | (Storage area, Reception data pointer, Number of communication data and
| Communication end flag are optionally set on the internal RAM by the software)

Main routine

| Clear interrupt request flag (XXIF), reset interrupt mask (XXMK) and set

| Enables interrupt interrupt enable (EI)

Writing dummy data to < Writing to SIOp makes SCKp signals out
SIOp (= SDRmn [7:0]) (communication starts)

‘l
>

| Wait for receive completes |
i< When transfer end interrupt is generated, it

i moves to interrupt processing routine
Transfer end interrupt
generated?

Reading receive data to
SIOp (= SDRmn [7:0])

N

Read receive data then writes to storage area.
Update receive data pointer and number of
communication data.

Interrupt processing routine

Check the number of communication data

(0]
% | Disable interrupt (MASK) |
.% |
=
| Write STmn bit to 1 |
_ ( End of communication )
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(4) Processing flow (in continuous reception mode)
Figure 13 - 38 Timing Chart of Master Reception (in Continuous Reception Mode)
(Type 1: DAPmn = 0, CKPmn = 0)

SSmn<1>

STmn <8> |"_

SEmn L

- Receive data 3 1
SDRmn X Dummy data X_Dummy data )Receive data 1\ Dummy data ) Receive data 2 '
<2>AWrite  <2> AWrite <2> AWrite
Read ARead Reada
SCKp pin
Slp pin Receive data 1 X Receive data 2 Receive data 3
/\r—r A\ I_\IJ—\I_\I_\I_\ /T
Shift register mn I(XRekeptien & shif opsatiof Y X XReFeptn & shif opefatioit Y )X Ricerlion 3 shif opratisn X
INTCSIp
Data reception Data reception Data reception
MDmn0 <5>|
TSFmn
BFFmn
<3> <3> <4> <3> <4> <B><7>
Caution The MDmnO bit can be rewritten even during operation.

Remark 1.

However, rewrite it before receive of the last bit is started, so that it has been rewritten before the transfer end
interrupt of the last receive data.

<1> to <8> in the figure correspond to <1> to <8> in Figure 13 - 39 Flowchart of Master Reception (in Continuous

Reception Mode).
Remark 2. m: Unit number (m = 0), n: Channel number (n = 0 to 3), p: CSI number (p = 00, 01, 10, 11), mn = 00 to 03
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Figure 13 - 39 Flowchart of Master Reception (in Continuous Reception Mode)

- (Starting (o8] communication)

<1>

SAU default setting

|

|

Setting receive data

Enables interrupt

Main routine

<2>

Writing dummy data to
SIOp (= SDRmn [7:0])

>l
>

| Wait for receive completes |

<3><6>

For the initial setting, refer to Figure 13 - 33.
(Select buffer empty interrupt)

Setting storage area of the receive data, number of
communication data

(Storage area, Reception data pointer, Number of
communication data and Communication end flag are
optionally set on the internal RAM by the software)

Clear interrupt request flag (XXIF), reset interrupt mask
(XXMK) and set interrupt enable (EI)

Writing to SIOp makes SCKp
signals out (communication starts)

When interrupt is generated, it moves to

| -

e

CBuffer empty/transfer end interrupt)

Yes

—

<4>

Reading receive data to SIOp

(= SDRmn [7:0])

<7>

Subtract -1 from number of

transmit data

Interrupt processing routine

interrupt processing routine

Read receive data, if any, then write them to
storage area, and update receive data pointer
(also subtract -1 from number of transmit data)

Clear MDmnO bit to 0

Writing dummy data to
SIOp (= SDRmn [7:0])

oy )
Ll B}

C

RETI

)

Y4

Write MDmnO bit to 1 |

T
]
No Number of communication
data=07?
Yes
s L .
Communication continued?
No

Main routine

| Disable interrupt (MASK) |

<8> |

Write STmn bit to 1

-

( End of communication )

When number of communication data
becomes 0, receive completes

Remark <1> to <8> in the figure correspond to <1> to <8> in Figure 13 - 38 Timing Chart of Master Reception (in Continuous
Reception Mode) (Type 1: DAPmn = 0, CKPmn = 0).
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13.5.3 Master transmission/reception

Master transmission/reception is that the RL78 microcontroller outputs a transfer clock and transmits/receives

data to/from another device.

3-Wire Serial 1/0

CSI00

Cslo1

CSI10

CSsIn

Target channel

Channel 0 of SAUO

Channel 1 of SAUO

Channel 2 of SAUO

Channel 3 of SAUO

Pins used

SCKO00, S100, SO00

SCKO01, SI01, SO01

SCK10, SI10, SO10

SCK11, SI11, SO11

Interrupt

INTCSIO0

INTCSIO01

INTCSI10

INTCSI11

Transfer end interrupt (in single-transfer mode) or buffer empty interrupt (in continuous transfer mode) can

be selected.

Error detection flag

Overrun error detection flag (OVFmn) only

Transfer data length

7 or 8 bits

Transfer rate Note

Max. fcLk/2 [Hz] (CSI00 only), fcLk/4 [Hz]
Min. fcLk/(2 x 215 x 128) [Hz] fcLk: System clock frequency

* CKPmn = 0: Non-reverse
* CKPmn = 1: Reverse

Data phase Selectable by the DAPmn bit of the SCRmn register

* DAPmn = 0: Data /O starts at the start of the operation of the serial clock.

* DAPmn = 1: Data I/O starts half a clock before the start of the serial clock operation.
Clock phase Selectable by the CKPmn bit of the SCRmn register

Data direction

MSB or LSB first

Note Use this operation within a range that satisfies the conditions above and the peripheral functions characteristics in the

electrical specifications (see CHAPTER 35, CHAPTER 36 ELECTRICAL SPECIFICATIONS).

Remark

m: Unit number (m = 0), n: Channel number (n = 0 to 3), p: CSI number (p = 00, 01, 10, 11), mn = 00 to 03
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(1) Register setting

Figure 13 - 40 Example of Contents of Registers for Master Transmission/Reception of 3-Wire Serial I/0
(Csloo, Ccslo1, Ccsi10, CSI11)

(a) Serial mode register mn (SMRmn)

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
SMRmin CKSmnICCSmn STSmnI ISISmnO IMDmn2IMDmn1 IMDmnO
01 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0/1
I I
Operation clock (fmck) of channel n Interrupt source of channel n
0: Prescaler output clock CKmO set by the SPSm register 0: Transfer end interrupt
1: Prescaler output clock CKm1 set by the SPSm register 1: Buffer empty interrupt

(b) Serial communication operation setting register mn (SCRmn)

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
SCRmn I TXEmn I RXEmn ] DAPmn | CKPmn IEOCmn IPTCmnIIPTCmnOI DIRmn SLCmn1 SLCmnOI IDLSmn1IDLSmnO
1 1 0/1 0/1 0 0 0 0 0/1 0 0 0 0 1 1 0/1
[ I
Selection of data transfer sequence Setting of data length
Selection of the data and clock phase (For 0: Inputs/outputs data with MSB first 0: 7-bit data length
details about the setting, see 13.3 1: Inputs/outputs data with LSB first 1: 18-bit data length

Registers Controlling Serial Array Unit.)

(c) Serial data register mn (SDRmn) (lower 8 bits: SIOp)

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Baud rate setting . . . .
SDRmn . A . Transmit data setting/receive data register
(Operation clock (fMck) division setting) 0
N _
N
SIOp

(d) Serial output register m (SOm)... Sets only the bits of the target channel.

15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
SO CKOm1 | CKOmO SOm1 | SOmo
Moo 0 0 0 0 0 o o1 0 0 0 0 0 0 on o1

\—LCommunication starts when these bits are 1 if the clock phase is
non-reversed (the CKPmn bit of the SCRmn = 0). If the clock phase is
reversed (CKPmn = 1), communication starts when these bits are 0.

(e) Serial output enable register m (SOEm)... Sets only the bits of the target channel to 1.

15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
SOEm1 | SOEmO
SOEm 0 0 0 0 0 0 0 0 0 0 0 0 0 0 on 01

(f)  Serial channel start register m (SSm)... Sets only the bits of the target channel to 1.

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
SSm1 SSm0
S8m 0 0 0 0 0 0 0 0 0 0 0 0 0 0 01 01

Remark 1. m: Unit number (m = 0), n: Channel number (n = 0 to 3), p: CSI number (p = 00, 01, 10, 11), mn = 00 to 03
Remark 2. n: Setting is fixed in the CSI master transmission/reception mode,

.: Setting disabled (set to the initial value)
0/1: Set to 0 or 1 depending on the usage of the user
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(2) Operation procedure

Figure 13 - 41 Initial Setting Procedure for Master Transmission/Reception

C Starting initial setting )

| Setting the PERO register |

| Setting the SPSm register |

| Setting the SMRmn register |

| Setting the SCRmn register |

| Setting the SDRmn register |

| Setting the SOm register |

Changing setting of the
SOEm register

| Setting port |

| Writing to the SSm register |

( Completing initial setting )

Release the serial array unit from the reset status
and start clock supply.

Set the operation clock.

Set an operation mode, etc.

Set a communication format.

Set a transfer baud rate (setting the transfer clock
by dividing the operation clock (fvck)).

Set the initial output level of the serial clock
(CKOmn) and serial data (SOmn).

Set the SOEmn bit to 1 and enable data output of
the target channel.

Enable data output and clock output of the target
channel by setting a port register and a port mode
register.

Set the SSmn bit of the target channel to 1
(SEmn bit = 1: to enable operation).

Initial setting is completed.
Set transmit data to the SIOp register (bits 7 to 0 of
the SDRmn register) and start.

Figure 13 - 42 Procedure for Stopping Master Transmission/Reception

( Starting setting to stop )

[

-«

No
(Selective) @

Yes

(Essential)| Writing the STm register |

. Changing setting of the
(Essential) SOEm register
(Selective) Changing setting of the

SOm register

(Selective)| Setting the PERO register |

( Stop setting is completed )

If there is any data being transferred, wait for their
completion.
(If there is an urgent must stop, do not wait.)

Write 1 to the STmn bit of the target channel.
(SEmn = 0: to operation stop status)

Set the SOEmn bit to 0 and stop the output of the
target channel.

The levels of the serial clock (CKOmn) and
serial data (SOmn) on the target channel can
be changed if necessitated by an emergency.

Reset the serial array unit by stopping the clock
supply to it.

After the stop setting is completed, go to the next
processing.
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(Essential) |

(Selective)

Figure 13 - 43 Procedure for Resuming Master Transmission/Reception

( Starting setting

for resumption )

-
-«

Yes

Port manipulation |

| Changing setting of the SPSm register

(Selective) | Changing setting of

the SDRmn register

(Selective) | Changing setting of

the SMRmn register

(Selective) | Changing setting of

the SCRmn register

(Selective) | Clearing

(Selective)
(Selective)
(Selective)
(Essential) |

(Essential)

error flag |

Changing setting of the SOEm register

Changing setting of the SOm register

Changing setting of the SOEm register

Port manipulation |

Writing to the

SSm register |

Completing resumption
setting

i No
. Completing slave
(Essential) Q&

Wait until stop the communication target (slave) or
communication operation completed.

Disable data output and clock output of the target
channel by setting a port register and a port mode
register.

Re-set the register to change the operation clock
setting.

Re-set the register to change the transfer baud
rate setting (setting the transfer clock by dividing
the operation clock (fmck)).

Re-set the register to change serial mode register
mn (SMRmn) setting.

Re-set the register to change serial
communication operation setting register mn
(SCRmnN) setting.

If the OVF flag remains set, clear this
using serial flag clear trigger register mn
(SIRmn).

Set the SOEmn bit to 0 to stop output from the
target channel.

Set the initial output level of the serial clock
(CKOmn) and serial data (SOmn).

Set the SOEmn bit to 1 and enable output from
the target channel.

Enable data output and clock output of the target
channel by setting a port register and a port mode
register.

Set the SSmn bit of the target channel to 1 and
set the SEmn bit to 1 (to enable operation).

RO1UH0637EJ0110 Rev. 1.10

Dec 28, 2016

RENESAS

Page 458 of 1113



RL78/G11

CHAPTER 13 SERIAL ARRAY UNIT

@)

Processing flow (in single-transmission/reception mode)

Figure 13 - 44 Timing Chart of Master Transmission/Reception (in Single-Transmission/Reception Mode)
(Type 1: DAPmn = 0, CKPmn = 0)

SSmn
STmn |_'_
SEmn ] L
I Receive data 1 Receive data 2 Receive data 37
SDRmn X Transmit data 1 Transmit data 2 Transmit data 3 X'
AWrite AWrite AWrite |
ARead ARead Reada
SCKp pin
Slp pin Receive data 1 Receive data 2 Receive data 3
SOp pin / Transmit data 1 Transmit data 2 X Transmit data 3
INTCSIp 1
Data transmission/reception Data transmission/reception Data transmission/reception
TSFmn |
Remark  m: Unit number (m = 0), n: Channel number (n = 0 to 3), p: CSI number (p = 00, 01, 10, 11), mn = 00 to 03
RO1UHO0637EJ0110 Rev. 1.10 -ZENESAS Page 459 of 1113

Dec 28, 2016



RL78/G11

CHAPTER 13 SERIAL ARRAY UNIT

Figure 13 - 45 Flowchart of Master Transmission/Reception (in Single- Transmission/Reception Mode)

~

Main routine

(Starting Csli communication)

SAU default setting

Setting
transmission/reception data

Enables interrupt

»|

N

Interrupt processing routine

e

Main routine

|

Writing transmit data to
SIOp (= SDRmn [7:0])

i
1
Wait for transmission/
reception completes
T

For the initial setting, refer to Figure 13 - 41.
(Select transfer end interrupt)

Setting storage data and number of data for transmission/reception data
(Storage area, Transmission data pointer, Reception data pointer,
Number of communication data and Communication end flag are
optionally set on the internal RAM by the software)

Clear interrupt request flag (XXIF), reset interrupt mask (XXMK) and
set interrupt enable (EI)

Read transmit data from storage area and

write it to SIOp. Update transmit data pointer. Writing to SIOp makes SOp

- and SCKp signals out

(communication starts)

When transfer end interrupt is generated, it

; -
( Transfer end interrupt )

Read receive data to SIOp
(= SDRmn [7:0])

Transmission/reception
completed?

| Disable interrupt (MASK) |

| Write STmn bit to 1 |

( End of communication )

moves to interrupt processing routine.

Read receive data then writes to storage area, update receive
data pointer

If there are the next data, it continues
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(4) Processing flow (in continuous transmission/reception mode)

Figure 13 - 46 Timing Chart of Master Transmission/Reception (in Continuous Transmission/Reception Mode)
(Type 1: DAPmn = 0, CKPmn = 0)

SSmn <1>

STmn <8>|_'_

SEmn

— Receive data 3 .
SDRmn X Transmit data 1) Transmit data 2){Receive data 1) Transmit data 3 X Receive data 2
AWrite AWrite AWrite
ARead ARead Reada
SCKp pin MUUUUUUUU‘JUUUUUUUUUUU
Slp pin Receive data 1 X Receive data 2 Receive data 3
Shift register mn (i e R I R R Emm )
9 eoeplion & shift opeation ception & shift operatio geeplion & shift operation
SOp pin Transmit data 1 X Transmit data 2 X Transmit data 3
INTCSIp
Data transmission/reception | Data transmission/reception " Data transmission/reception'
MDmnO0 <55
TSFmn
BFFmn
<2><3> <2> <3> <4><2> <3> <4> <6><7>
Note 1 Note 2 Note 2
Note 1. If transmit data is written to the SDRmn register while the BFFmn bit of serial status register mn (SSRmn) is 1 (valid data
is stored in serial data register mn (SDRmn)), the transmit data is overwritten.
Note 2. The transmit data can be read by reading the SDRmn register during this period. At this time, the transfer operation is not
affected.

Caution The MDmnO bit of serial mode register mn (SMRmn) can be rewritten even during operation.
However, rewrite it before transfer of the last bit is started, so that it has been rewritten before the transfer end
interrupt of the last transmit data.

Remark 1. <1> to <8> in the figure correspond to <1> to <8> in Figure 13 - 47 Flowchart of Master Transmission/Reception (in
Continuous Transmission/Reception Mode).
Remark 2. m: Unit number (m = 0), n: Channel number (n = 0 to 3), p: CSI number (p = 00, 01, 10, 11), mn = 00 to 03
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Figure 13 - 47 Flowchart of Master Transmission/Reception (in Continuous Transmission/Reception Mode)

~

<1>

C Starting setting )

SAU default setting

>l

Main routine

<2>

|

Setting
transmission/reception data

Enables interrupt
|

Writing dummy data to
SIOp (= SDRmn [7:0])

For the initial setting, refer to Figure 13 - 41.
(Select buffer empty interrupt)

Setting storage data and number of data for transmission/reception
data

(Storage area, Transmission data pointer, Reception data, Number
of communication data and Communication end flag are optionally
set on the internal RAM by the software)

Clear interrupt request flag (XXIF), reset interrupt mask
(XXMK) and set interrupt enable (EI)

Read transmit data from storage area and write it
to SIOp. Update transmit data pointer.

>l

hY4

Interrupt processing routine

<3><6>

Lot
Wait for transmission/
reception completes

CBuffer empty/transfer end interrupt)

——

Yes

Reading reception data to
SIOp (= SDRmn [7:0])
I
Subtract -1 from number of
transmit data

|- Writing to SIOp makes

Sop and SCKp signals out
(communication starts)

When transmission/reception interrupt is

1 e — (e erated, it moves to interrupt processing

routine

Except for initial interrupt, read data received
then write them to storage area, and update
receive data pointer

If transmit data is left (number of communication
data is equal or grater than 2), read them from

Writing transmit data to
SIOp (= SDRmn [7:0])

storage area then write into SIOp, and update
transmit data pointer.

If it's waiting for the last data to receive (number of
communication data is equal to 1), change
interrupt timing to communication end

| Clear MDmnNO bit to 0

N

Write MDmnO bit to 1 |

Main routine

<8>

( RETI )

No Number of communication
data =0?
Yes
S - L
Continuing Communication?
No

| Disable interrupt (MASK) |

| Write STmn bit to 1 |

C End of communication )

Remark <1>to <8> in the figure correspond to <1> to <8> in Figure 13 - 46 Timing Chart of Master Transmission/Reception (in
Continuous Transmission/Reception Mode) (Type 1: DAPmn = 0, CKPmn = 0).
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13.5.4 Slave transmission

Slave transmission is that the RL78 microcontroller transmits data to another device in the state of a transfer

clock being input from another device.

3-Wire Serial 1/0 CSI00 CsI01 CsI10 CSI11
Target channel Channel 0 of SAUO Channel 1 of SAUO Channel 2 of SAUO Channel 3 of SAUO
Pins used SCKO00, SO00 SCKO01, SO01 SCK10, SO10 SCK11, SO11
Interrupt INTCSIO00 INTCSIO1 INTCSI10 INTCSI11

Transfer end interrupt (in single-transfer mode) or buffer empty interrupt (in continuous transfer mode) can

be selected.

Error detection flag

Overrun error detection flag (OVFmn) only

Transfer data length

7 or 8 bits

Transfer rate

Max. fmck/6 [Hz] Notes 1, 2,

* CKPmn = 0: Non-reverse
*« CKPmn = 1: Reverse

Data phase Selectable by the DAPmn bit of the SCRmn register

* DAPmn = 0: Data output starts from the start of the operation of the serial clock.

* DAPmn = 1: Data output starts half a clock before the start of the serial clock operation.
Clock phase Selectable by the CKPmn bit of the SCRmn register

Data direction

MSB or LSB first

Note 1.

rate is fMck/6 [Hz].

Note 2.

Because the external serial clock input to the SCK00 and SCKO01 pins is sampled internally and used, the fastest transfer

Use this operation within a range that satisfies the conditions above and the peripheral functions characteristics in the

electrical specifications (see CHAPTER 35, CHAPTER 36 ELECTRICAL SPECIFICATIONS).

Remark 1. fmck: Operation clock frequency of target channel
Remark 2. m: Unit number (m = 0), n: Channel number (n = 0 to 3), mn = 00 to 03
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(1

Register setting

Figure 13 - 48 Example of Contents of Registers for Slave Transmission of 3-Wire Serial I/O
(csloo, Ccslo1, Csi10, CSI11)

(a) Serial mode register mn (SMRmn)
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
SMRmnN CKSmn g CCSmn STSmn SISmn0 MDmn2 g MDmn1 j§ MDmnO
01 1 0 0 0 0 0 0 0 0 1 0 0 0 0 0/1
| |
Operation clock (fmck) of channel n Interrupt source of channel n
0: Prescaler output clock CKmO set by the SPSm register 0: Transfer end interrupt
1: Prescaler output clock CKm1 set by the SPSm register 1: Buffer empty interrupt
(b) Serial communication operation setting register mn (SCRmn)
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
SCRmn TXEmn f§ RXEmn § DAPmn | CKPmn EOCmn gPTCmn1gPTCmnOf DIRmn SLCmn1@SLCmn0 DLSmn1@DLSmMn0
1 0 0/1 0/1 0 0 0 0 0/1 0 0 0 0 1 1 0/1
[ |
Selection of data transfer sequence Setting of data length
Selection of the data and clock phase (For 0: Inputs/outputs data with MSB first 0: 7-bit data length
details about the setting, see 13.3 1: Inputs/outputs data with LSB first 1: 8-bit data length
Registers Controlling Serial Array Unit.)
(c) Serial data register mn (SDRmn) (lower 8 bits: SIOp)
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
0000000 . )
SDRmn . Transmit data setting
Baud rate setting 0
N J
~
SIOp
(d) Serial output register m (SOm)... Sets only the bits of the target channel.
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
SOm CKOm1 | CKOmO SOm1 | SOmO0
0 0 0 0 0 0 x x 0 0 0 0 0 0 0/1 0/1
(e) Serial output enable register m (SOEm)... Sets only the bits of the target channel to 1.
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
SOEm1 | SOEm0
SOEm 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0/1 0/1
(f)  Serial channel start register m (SSm)... Sets only the bits of the target channel to 1.
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
SSmf1
SSm m1 | sSmo

01

0/1

Remark 1. m: Unit number (m = 0), n: Channel number (n = 0 to 3), p: CSI number (p = 00, 01, 10, 11), mn = 00 to 03

Remark 2. n: Setting is fixed in the CSI slave transmission mode,

.: Setting disabled (set to the initial value)

x: Bit that cannot be used in this mode (set to the initial value when not used in any mode)

0/1: Set to 0 or 1 depending on the usage of the user
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)

Operation procedure
Figure 13 - 49 Initial Setting Procedure for Slave Transmission

( Starting initial setting )

| Setting the PERO register |

| Setting the SPSm register |

| Setting

the SMRmn register |

| Setting the SCRmn register |

| Setting the SDRmn register |

| Setting the SOm register |

| Changing setting of the SOEm register |

Setting port |

| Writing to the SSm register |

< Completing initial setting )

No
(Selective) @

(Essential)

(Essential)

(Selective)

(Selective)

Release the serial array unit from the reset status
and start clock supply.

Set the operation clock.

Set an operation mode, etc.

Set a communication format.

Set bits 15 to 9 to 0000000B for baud rate setting.

Set the initial output level of the serial data
(SOmn).

Set the SOEmn bit to 1 and enable data output of
the target channel.

Enable data output of the target channel by setting
a port register and a port mode register.

Set the SSmn bit of the target channel to 1
(SEmn bit = 1: to enable operation).

Initial setting is completed.

Set transmit data to the SIOp register (bits 7 to 0 of
the SDRmn register) and wait for a clock from the
master.

Figure 13 - 50 Procedure for Stopping Slave Transmission

( Starting setting to stop )

[

Bl

Yes

| Writing the STm register |

Changing setting of the
SOEm register

Changing setting of the
SOm register

| Setting the PERO register |

C Stop setting is completed >

If there is any data being transferred, wait for their
completion.

(If there is an urgent must stop, do not wait.)

Write 1 to the STmn bit of the target channel
(SEmn = 0: to operation stop status).

Set the SOEmn bit to 0 and stop the output of the
target channel.

The levels of the serial data (SOmn) on the target
channel can be changed if necessitated by an
emergency.

Reset the serial array unit by stopping the clock
supply to it.

After the stop setting is completed, go to the next
processing.
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(Essential)

(Selective)

(Selective)

(Selective)

(Selective)

(Selective)

(Selective)

(Essential)

(Essential)

(Essential)

(Essential)

(Essential)

(Essential)

Remark

Figure 13 - 51 Procedure for Resuming Slave Transmission

< Starting setting for resumption )

-
-«

ng master

preparations?

Completil

Yes

=

| Port manipulation

| Changing setting of the SPSm register

| Changing setting of

the SDRmn register

| Changing setting of

the SMRmn register

| Changing setting of

the SCRmn register

| Clearing

error flag

Changing setting of the SOEm register

Changing setting of the SOm register

Changing setting of the SOEm register

| Port manipulation

Writing to the

SSm register

Starting communication

( Completing resumption setting )

Wait until stop the communication target (master)
or operation completed.

Disable data output of the target channel by setting
a port register and a port mode register.

Re-set the register to change the operation clock
setting.

Re-set the register to change the transfer baud
rate setting (setting the transfer clock by dividing
the operation clock (fmMck)).

Re-set the register to change serial mode register
mn (SMRmn) setting.

Re-set the register to change serial communication
operation setting register mn (SCRmn) setting.

If the OVF flag remains set, clear this
using serial flag clear trigger register mn
(SIRmn).

Set the SOEmn bit to 0 to stop output from the
target channel.

Set the initial output level of the serial data
(SOmn).

Set the SOEmn bit to 1 and enable output from the
target channel.

Enable data output of the target channel by setting
a port register and a port mode register.

Set the SSmn bit of the target channel to 1
(SEmn = 1: to enable operation).

Sets transmit data to the SIOp register (bits 7 to 0
of the SDRmn register) and wait for a clock from
the master.

If PERO is rewritten while stopping the master transmission and the clock supply is stopped, wait until the transmission

target (master) stops or transmission finishes, and then perform initialization instead of restarting the transmission.
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(3) Processing flow (in single-transmission mode)

Figure 13 - 52 Timing Chart of Slave Transmission (in Single-Transmission Mode)
(Type 1: DAPmn = 0, CKPmn = 0)

SSmn
ST
m_| m
SEmn L
SDRmn X Transmit data 1 X Transmit data 2 X Transmit data 3
SCKp pin ] |_|
SOp pin Transmit data 1 Transmit data 2 Transmit data 3
INTCSIp I I
Data transmission Data transmission Data transmission
TSFmn —

Remark  m: Unit number (m = 0), n: Channel number (n = 0 to 3), p: CSI number (p = 00, 01, 10, 11), mn = 00 to 03
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Figure 13 - 53 Flowchart of Slave Transmission (in Single-Transmission Mode)

(Starting CSI communication)

e For the initial setting, refer to Figure 13 - 49.
SAU default setting (Select transfer end interrupt)

=I Set storage area and the number of data for transmit data
| (Storage area, Transmission data pointer, Number of
communication data and Communication end flag are optionally

set on the internal RAM by the software)

| Setting transmit data

Clear interrupt request flag (XXIF), reset interrupt mask (XXMK)

| Enables interrupt | and set interrupt enable (El).

>l
>

Main routine

Read transmit data from storage area and write it to SIOp.

Writing transmit data to Update transmit data pointer.

SIOp (= SDRmn [7:0])

Start communication when master
start providing the clock

| -

| Wait for transmit completes |

i - When transmit end, interrupt is generated

( Transfer end interrupt )

( RETI ) Clear the interrupt request flag (xxIF).

Transmitting next data?

No

Continuing transmit?

No

Y4

Interrupt
processing
routine

N

Determine if it completes by counting number of communication
data

Main routine

| Disable interrupt (MASK) |

| Write STmn bit to 1 |

( End of communication )

RO1UH0637EJ0110 Rev. 1.10 RENESAS Page 468 of 1113
Dec 28, 2016



RL78/G11 CHAPTER 13 SERIAL ARRAY UNIT

(4) Processing flow (in continuous transmission mode)

Figure 13 - 54 Timing Chart of Slave Transmission (in Continuous Transmission Mode)
(Type 1: DAPmn = 0, CKPmn = 0)

SSmn <1>
STmn <6>”_
SEmn |_
SDRmn Transmit data 1 Transmit data 2 Transmit data 3
SCKp pin —l_
SOp pin Transmit data 1 Transmit data 2 Transmit data 3
Shift register mn ST T ) O T 2 ) O ) ) 6 )
INTCSIp
Data transmission Data transmission Data transmission
MDmnO <4>
TSFmn —
BFFmn
<2><3> <2> <3> <2> <3> <5>

Note

Note If transmit data is written to the SDRmn register while the BFFmn bit of serial status register mn (SSRmn) is 1 (valid data
is stored in serial data register mn (SDRmn)), the transmit data is overwritten.

Caution The MDmnO bit of serial mode register mn (SMRmn) can be rewritten even during operation. However, rewrite it
before transfer of the last bit is started.

Remark  m: Unit number (m = 0), n: Channel number (n = 0 to 3), p: CSI number (p = 00, 01, 10, 11), mn = 00 to 03
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Figure 13 - 55 Flowchart of Slave Transmission (in Continuous Transmission Mode)

Starting setting
|

C )

SAU default setting
<1>

|
>

| Setting transmit data |

Main routine

| Enables interrupt |
|

Writing transmit data to
SIOp (=SDRmn[7:0])

<2>

>

For the initial setting, refer to Figure 13 - 49.
(Select buffer empty interrupt)

Set storage area and the number of data for transmit data

(Storage area, Transmission data pointer, Number of communication
data and Communication end flag are optionally set on the internal
RAM by the software)

Clear interrupt request flag (XXIF), reset interrupt mask (XXMK) and
set interrupt enable (EI)

Read transmit data from buffer and write it to SIOp. Update
transmit data pointer

Start communication when master start providing

-

| Wait for transmit completes |

-

I

Y4

the clock

When buffer empty/transfer end interrupt is

<3><5> .
!

| Reading transmit data |

Writing transmit data to
SIOp (= SDRmn [7:0])

[

generated, it moves to interrupt processing routine

C Buffer empty/transfer end interrupt )

If transmit data is left, read them from storage area
then write into SIOp, and update transmit data pointer.
If not, change the interrupt to transmission complete

| Clear MDmnO bit to 0 <4>

Interrupt processing routine

|l

Subtract -1 from number of
transmit data
I
RETI

C )

hYd

Yes

Write MDmnO bit to 1 |

Yes

Main routine

No
| Disable interrupt (MASK) |

Write STmn bit to 1 |

( End of communication )

<6> |

-

Remark

Number of communication
data =-1?
Communication continued?

It is determined as follows depending on the
number of communication data.
+1:  Transmit data completion
0:  During the last data received
-1:  All data received completion

<1> to <6> in the figure correspond to <1> to <6> in Figure 13 - 54 Timing Chart of Slave Transmission (in Continuous

Transmission Mode) (Type 1: DAPmn = 0, CKPmn = 0).
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13.5.5 Slave reception

Slave reception is that the RL78 microcontroller receives data from another device in the state of a transfer clock

being input from another device.

3-Wire Serial 1/0 CSI00 CsI01 CsI10 CSI11
Target channel Channel 0 of SAUO Channel 1 of SAUO Channel 2 of SAUO Channel 3 of SAUO
Pins used SCKO00, SI00 SCKO01, SI01 SCK10, SI10 SCK11, SI11
Interrupt INTCSIO0 INTCSIO1 INTCSI10 INTCSI11

Transfer end interrupt only (Setting the buffer empty interrupt is prohibited.)

Error detection flag Overrun error detection flag (OVFmn) only

Transfer data length | 7 or 8 bits

Transfer rate Max. fmck/6 [Hz] Notes 1, 2

Data phase Selectable by the DAPmn bit of the SCRmn register

*« DAPmn = 0: Data input starts from the start of the operation of the serial clock.

* DAPmn = 1: Data input starts half a clock before the start of the serial clock operation.
Clock phase Selectable by the CKPmn bit of the SCRmn register

* CKPmn = 0: Non-reverse
* CKPmn = 1: Reverse

Data direction

MSB or LSB first

Note 1. Because the external serial clock input to the SCKO0 and SCKO011 pins is sampled internally and used, the fastest
transfer rate is fmck/6 [Hz].
Note 2. Use this operation within a range that satisfies the conditions above and the peripheral functions characteristics in the

electrical specifications (see CHAPTER 35, CHAPTER 36 ELECTRICAL SPECIFICATIONS).

Remark 1. fmck: Operation clock frequency of target channel
Remark 2. m: Unit number (m = 0), n: Channel number (n = 0 to 3), mn = 00 to 03
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(1) Register setting
Figure 13 - 56 Example of Contents of Registers for Slave Reception of 3-Wire Serial /0
(Csloo, csio1, csi10, CSI11)
(a) Serial mode register mn (SMRmn)
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
SMRmnN CKSmn g CCSmn STSmn SISmn0 MDmn2 g MDmn1 j§ MDmnO
on 1 0 0 0 0 0 0 0 0 1 0 0 0 0 0
| |
Operation clock (fmck) of channel n Interrupt source of channel n
0: Prescaler output clock CKmO set by the SPSm register 0: Transfer end interrupt
1: Prescaler output clock CKm1 set by the SPSm register
(b) Serial communication operation setting register mn (SCRmn)
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
SCRmn TXEmn f§ RXEmn § DAPmn | CKPmn EOCmn gPTCmn1gPTCmnOf DIRmn SLCmn1@SLCmn0 DLSmn1@DLSmMn0
0 1 0/1 0/1 0 0 0 0 0/1 0 0 0 0 1 1 01
[ |
Selection of data transfer sequence Setting of data length
Selection of the data and clock phase (For 0: Inputs/outputs data with MSB first 0: 7-bit data length
details about the setting, see 13.3 1: Inputs/outputs data with LSB first 1: 8-bit data length
Registers Controlling Serial Array Unit.)
(c) Serial data register mn (SDRmn) (lower 8 bits: SIOp)
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
0000000 )
SDRmn . Receive data
Baud rate setting 0
N _
g
SIOp
(d) Serial output register m (SOm)... The Register that not used in this mode.
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
CKOm1 | CKOmO SOm1 | SOmO
SOm 0 0 0 0 0 0 x x 0 0 0 0 0 0 x x
(e) Serial output enable register m (SOEm)... The Register that not used in this mode.
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
SOEm1 | SOEm0
SOEm 0 0 0 0 0 0 0 0 0 0 0 0 0 0 x x
(f)  Serial channel start register m (SSm)... Sets only the bits of the target channel to 1.
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
ssm SSm1 SSm0

01

0/1

Remark 1. m: Unit number (m = 0), n: Channel number (n = 0 to 3), p: CSI number (p = 00, 01, 10, 11), mn = 00 to 03

Remark 2. n: Setting is fixed in the CSI slave reception mode,

.: Setting disabled (set to the initial value)
x: Bit that cannot be used in this mode (set to the initial value when not used in any mode)

0/1: Set to 0 or 1 depending on the usage of the user
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)

Operation procedure

Figure 13 - 57 Initial Setting Procedure for Slave Reception

( Starting initial settings )

| Setting the PERQO register |

| Setting the SPSm register |

| Setting the SMRmn register |

| Setting the SCRmn register |

| Setting the SDRmn register |

| Setting port |

| Writing to the SSm register |

( Completing initial setting )

Release the serial array unit from the reset status
and start clock supply.

Set the operation clock.

Set an operation mode, etc.

Set a communication format.

Set bits 15 to 9 to 0000000B for baud rate setting.

Enable data input and clock input of the target
channel by setting a port register and a port mode
register.

Set the SSmn bit of the target channel to 1
(SEmn bit = 1: to enable operation). Wait for a
clock from the master.

Figure 13 - 58 Procedure for Stopping Slave Reception

( Starting setting to stop )

[«

Rl

No
(Selective) @

Yes

(Essentia|)| Writing the STm register |

Changing setting of the
SOEm register

(Selective)| Setting the PERO register |

( Stop setting is completed )

(Essential)

If there is any data being transferred, wait for their

completion.
(If there is an urgent must stop, do not wait.)

Write 1 to the STmn bit of the target channel.
(SEmn = 0: to operation stop status)

Set the SOEmn bit to 0 and stop the output of the

target channel.

Reset the serial array unit by stopping the clock

supply to it.

After the stop setting is completed, go to the next

processing.
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Figure 13 - 59 Procedure for Resuming Slave Reception

( Starting setting

for resumption )

-
-«

- No
X Completing master
(Essential) Q&

Yes

(Essential) | Port manipulation |

(Selective) | Changing setting of the SPSm register

(Selective) | Changing setting of

the SMRmn register

(Selective) | Changing setting of

the SCRmn register

(Selective) | Clearing

error flag |

(Essential) | Port manipulation |

(Essential) | Writing to the

SSm register |

Completing resumption
setting

Wait until stop the communication target (master)
or operation completed.

Disable clock output of the target channel by
setting a port register and a port mode register.

Re-set the register to change the operation clock
setting.

Re-set the register to change serial mode register
mn (SMRmn) setting.

Re-set the register to change serial communication
operation setting register mn (SCRmn) setting.

If the OVF flag remains set, clear this
using serial flag clear trigger register mn
(SIRmn).

Enable clock output of the target channel by setting
a port register and a port mode register.

Set the SSmn bit of the target channel to 1
(SEmn bit = 1: to enable operation). Wait
for a clock from the master.

Remark If PERO is rewritten while stopping the master transmission and the clock supply is stopped, wait until the transmission
target (master) stops or transmission finishes, and then perform initialization instead of restarting the transmission.
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(3) Processing flow (in single-reception mode)

Figure 13 - 60 Timing Chart of Slave Reception (in Single-Reception Mode)
(Type 1: DAPmn = 0, CKPmn = 0)

SSmn
STmn r'_
SEmn L
Receive data 31
SDRmn Receive data 1 Receive data 2 X'
|
ARead ARead Reada
SCKp pin
Slp pin Receive data 1 Receive data 2 Receive data 3
Shift register mn X Rsgeniion ¥ snif opgraticn X X Rgepifon ¥ s opstatipn ) Rygepjion ¥ shi{opgratipn (|
INTCSIp 1
Data reception Data reception Data reception
TSFmn

Remark

m: Unit number (m = 0), n: Channel number (n = 0 to 3), p: CSI number (p = 00, 01,

10, 11), mn =00 to 03
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Figure 13 - 61 Flowchart of Slave Reception (in Single-Reception Mode)

4 (Starting CSl communication>

For the initial setting, refer to Figure 13 - 57.
SAU default setting (Select transfer end interrupt)

| Clear storage area setting and the number of receive data
(Storage area, Reception data pointer, Number of communication
data and Communication end flag are optionally set on the internal
| RAM by the software)

Ready for reception |

Main routine

Clear interrupt request flag (XXIF), reset interrupt mask (XXMK)
and set interrupt enable (El).

Enables interrupt |

‘l
>

| Wait for receive completes |

g

Start communication when master start
providing the clock

N

- When transmit end, interrupt is generated

]
( Transfer end interrupt >

Reading receive data to
SIOp (= SDRmn [7:0])

Read receive data then writes to storage area, and counts
up the number of receive data.
Update receive data pointer.

Interrupt processing routine

Check completion of number of receive data

Q
g | Disable interrupt (MASK) |
.% |
=
| Write STmn bit to 1 |
_ ( End of communication >
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13.5.6 Slave transmission/reception

Slave transmission/reception is that the RL78 microcontroller transmits/receives data to/from another device in

the state of a transfer clock being input from another device.

3-Wire Serial I/0

CSI00

CsSI01

CsI1

CSi1

Target channel

Channel 0 of SAUO

Channel 1 of SAUO

Channel 2 of SAUO

Channel 3 of SAUO

Pins used

SCKO00, S100, SO00

SCKO1, SI01, SO01

SCK10, SI10, SO10

SCK11, SI11, SO11

Interrupt

INTCSIO0

INTCSIO01

INTCSI10

INTCSI11

Transfer end interrupt (in single-transfer mode) or buffer empty interrupt (in continuous transfer mode) can

be selected.

Error detection flag

Overrun error detection flag (OVFmn) only

Transfer data length

7 or 8 bits

Transfer rate

Max. fMck/6 [Hz] Notes 1, 2,

* CKPmn = 0: Non-reverse
* CKPmn = 1: Reverse

Data phase Selectable by the DAPmn bit of the SCRmn register

* DAPmn = 0: Data I/O starts from the start of the operation of the serial clock.

* DAPmn = 1: Data I/O starts half a clock before the start of the serial clock operation.
Clock phase Selectable by the CKPmn bit of the SCRmn register

Data direction

MSB or LSB first

Note 1.

rate is fmck/6 [Hz].

Note 2.

Because the external serial clock input to the SCK00 and SCKO01 pins is sampled internally and used, the fastest transfer

Use this operation within a range that satisfies the conditions above and the peripheral functions characteristics in the

electrical specifications (see CHAPTER 35, CHAPTER 36 ELECTRICAL SPECIFICATIONS).

Remark 1. fmck: Operation clock frequency of target channel
Remark 2. m: Unit number (m = 0), n: Channel number (n = 0 to 3), mn = 00 to 03
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(1) Register setting

Figure 13 - 62 Example of Contents of Registers for Slave Transmission/Reception of 3-Wire Serial I/0
(Csloo, cslo1, Csi10, CSI11)

(a) Serial mode register mn (SMRmn)

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
SMRmin CKSmnICCSmn STSmnI ISISmnO IMDmn2IMDmn1 IMDmnO
01 1 0 0 0 0 0 0 0 0 1 0 0 0 0 0/1
I I
Operation clock (fmck) of channel n Interrupt source of channel n
0: Prescaler output clock CKmO set by the SPSm register 0: Transfer end interrupt
1: Prescaler output clock CKm1 set by the SPSm register 1: Buffer empty interrupt

(b) Serial communication operation setting register mn (SCRmn)

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
SCRmn I TXEmn I RXEmn ] DAPmn | CKPmn IEOCmn IPTCmnIIPTCmnOI DIRmn SLCmn1 SLCmnOI IDLSmn1IDLSmnO
1 1 0/1 0/1 0 0 0 0 0/1 0 0 0 0 1 1 0/1
[ I
Selection of data transfer sequence Setting of data length
Selection of the data and clock phase (For 0: Inputs/outputs data with MSB first 0: 7-bit data length
details about the setting, see 13.3 1: Inputs/outputs data with LSB first 1: 8-bit data length

Registers Controlling Serial Array Unit.)

(c) Serial data register mn (SDRmn) (lower 8 bits: SIOp)

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
0000000 . . . .
SDRmn : Transmit data setting/receive data register
Baud rate setting 0
N _
g
SIOp

(d) Serial output register m (SOm)... Sets only the bits of the target channel.

15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
SO CKOm1 | CKOmO SOm1 | SOmO
M o 0 0 0 0 0 x x 0 0 0 0 0 0 on 0/1

(e) Serial output enable register m (SOEm)... Sets only the bits of the target channel to 1.

5 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
SOEm1 | SOEm0
SOEm 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0/1 0/1

(f)  Serial channel start register m (SSm)... Sets only the bits of the target channel to 1.

15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
SSm1 SSm0
SSm 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0N 01
Caution  Be sure to set transmit data to the SIOp register before the clock from the master is started.
Remark 1. m: Unit number (m = 0), n: Channel number (n = 0 to 3), p: CSI number (p = 00, 01, 10, 11), mn = 00 to 03
Remark 2. n: Setting is fixed in the CSI master transmission/reception mode
.: Setting disabled (set to the initial value)
x: Bit that cannot be used in this mode (set to the initial value when not used in any mode)
0/1: Set to 0 or 1 depending on the usage of the user
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(2) Operation procedure

Figure 13 - 63 Initial Setting Procedure for Slave Transmission/Reception

( Starting initial setting )

Setting the PERO register |

Setting the S

PSm register |

Setting the SMRmn register

Setting the SCRmn register

Setting the SDRmn register

Setting the SOm register

Changing setting of the SOEm register

| Setting port |

Writing to the SSm register |

( Completing initial setting )

Caution

Release the serial array unit from the reset status
and start clock supply.

Set the operation clock.

Set an operation mode, etc.

Set a communication format.

Set bits 15 to 9 to 0000000B for baud rate setting.

Set the initial output level of the serial data (SOmn).

Set the SOEmn bit to 1 and enable data output of
the target channel.

Enable data output of the target channel by setting
a port register and a port mode register.

Set the SSmn bit of the target channel to 1
(SEmn bit = 1: to enable operation).

Initial setting is completed.

Set transmit data to the SIOp register (bits 7 to 0 of
the SDRmn register) and wait for a clock from the
master.

Be sure to set transmit data to the SIOp register before the clock from the master is started.

Figure 13 - 64 Procedure for Stopping Slave Transmission/Reception

C Starting setting to stop )

(Selective) “

Yes

(Essential)| Writing the STm register |

. Changing setting of the
(Essential) SOEm register
(Selective) Changing setting of the

SOm register

(Selective)| Setting the PERO register |

C Stop setting is completed >

If there is any data being transferred, wait for their
completion.
(If there is an urgent must stop, do not wait.)

Write 1 to the STmn bit of the target channel.
(SEmn = 0: to operation stop status)

Set the SOEmn bit to 0 and stop the output of the
target channel.

The levels of the serial data (SOmn) on the target
channel can be changed if necessitated by an
emergency.

Reset the serial array unit by stopping the clock
supply to it.

After the stop setting is completed, go to the next
processing.
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(Essential)

(Essential)

(Selective)

(Selective)

(Selective)

(Selective)

(Selective)

(Selective)

(Selective)

(Essential)

(Essential)

(Essential)

Figure 13 - 65 Procedure for Resuming Slave Transmission/Reception

< Starting setting for resumption )

-
-«

ng master

preparations?

Completi

Yes

S

| Port manipulation

| Changing setting of the SPSm register

| Changing setting of

the SMRmn register

| Changing setting of the SCRmn register

| Clearing

error flag

Changing setting of the SOEm register

Changing setting of the SOm register

Changing setting of the SOEm register

| Port manipulation

Writing to the SSm register

Starting communication

( Completing resumption setting )

Wait until stop the communication target (master)
or operation completed.

Disable data output of the target channel by setting
a port register and a port mode register.

Re-set the register to change the operation clock
setting.

Re-set the register to change serial mode register
mn (SMRmn) setting.

Re-set the register to change serial communication
operation setting register mn (SCRmn) setting.

If the OVF flag remains set, clear this
using serial flag clear trigger register mn
(SIRmn).

Set the SOEmn bit to 0 to stop output from the
target channel.

Set the initial output level of the serial data
(SOmn).

Set the SOEmn bit to 1 and enable output from the
target channel.

Enable data output of the target channel by setting
a port register and a port mode register.

Set the SSmn bit of the target channel to 1
(SEmn = 1: to enable operation).

Sets transmit data to the SIOp register (bits 7 to 0
of the SDRmn register) and wait for a clock from
the master.

Caution 1. Be sure to set transmit data to the SIOp register before the clock from the master is started.

Caution 2. If PERO is rewritten while stopping the master transmission and the clock supply is stopped, wait until the
transmission target (master) stops or transmission finishes, and then perform initialization instead of restarting
the transmission.
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(3) Processing flow (in single-transmission/reception mode)

Figure 13 - 66 Timing Chart of Slave Transmission/Reception (in Single-Transmission/Reception Mode)
(Type 1: DAPmn = 0, CKPmn = 0)

SSmn
STmn |_'_
SEmn ) L
Receive data 1 Receive data 2 Receive data 3
SDRmn X Transmit data 1 Transmit data 2 Transmit data 3 )@
AWrite AWrite AWrite |
ARead ARead Reada
SCKp pin
Slp pin Receive data 1 Receive data 2 Receive data 3
Shift —— ——r——— ————— —r—r———
registermn — | X Recepijon & shif{opsfatipn X JCRsgepjion ¥ shif{opgfatipn Y Rsgepjion K shif{opsratiopn X
SOp pin Transmit data 1 Transmit data 2 Transmit data 3
INTCSIp Il
Data transmission/reception Data transmission/reception Data transmission/reception
TSFmn

Remark  m: Unit number (m = 0), n: Channel number (n = 0 to 3), p: CSI number (p = 00, 01, 10, 11), mn = 00 to 03
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Figure 13 - 67 Flowchart of Slave Transmission/Reception (in Single- Transmission/Reception Mode)

4 (Starting CsSl communication)

SAU default setting

Setting
transmission/reception data

Enables interrupt

Main routine

>l
|

Writing transmit data to
SIOp (= SDRmn [7:0])

> -

For the initial setting, refer to Figure 13 - 63.
(Select transfer end interrupt)

Setting storage area and number of data for transmission/reception data
(Storage area, Transmission/reception data pointer, Number of communication
data and Communication end flag are optionally set on the internal RAM by the
software)

Clear interrupt request flag (XXIF), reset interrupt mask (XXMK)
and set interrupt enable (El).

Read transmit data from storage area and write it to SIOp.
Update transmit data pointer.

Start communication when master start

Wait for transmission/
reception completes

i -

N

providing the clock

When transfer end interrupt is generated, it

1
( Transfer end interrupt )
[

Reading receive data to
SIOp (= SDRmn [7:0])

( RETI )

Interrupt processing routine

N

No ransmission/reception
completed?

Yes

ransmission/reception
next data?

No

Main routine

| Disable interrupt (MASK) |

[
| Write STmn bit to 1 |

[
( End of communication )

-

Caution

moves to interrupt processing routine

Read receive data and write it to storage area. Update
receive data pointer.

Update the number of communication data and confirm
if next transmission/reception data is available

Be sure to set transmit data to the SIOp register before the clock from the master is started.
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(4)

Processing flow (in continuous transmission/reception mode)

Figure 13 - 68 Timing Chart of Slave Transmission/Reception (in Continuous Transmission/Reception Mode)

(Type 1: DAPmn = 0, CKPmn = 0)

SSmn <1>|
STmn <8>|_L
SEmn L
Receive data 3\
SDRmn X Transmit data 1) Transmit data 2 |\ Receive data 1 )} Transmit data 3 >( Receive data 2 '
AWrite AWrite AWrite
ARead ARead Reada
SCKp pin _LJ_I_I_LI_IJFI_I_I_I_IJ_LHJ_IJ_LI_LI_‘_I_LI_LI_I_I_lM [ERERERERERE
Slp pin Receive data 1 X Receive data 2 Receive data 3
Shift register mn R niamEe R N mmm —
— e s —
SOp pin Transmit data 1 X Transmit data 2 X Transmit data 3
INTCSIp
Data transmission/reception | Data transmission/reception | Data transmission/reception
MDmn0 <5>|
TSFmn
BFFmn

Note 1.

Note 2.

Caution

Remark 1.

Remark 2.

<2><3>
Note 1

<2> <3> <4><2> <3> <4> <6><7>
Note 2 Note 2

If transmit data is written to the SDRmn register while the BFFmn bit of serial status register mn (SSRmn) is 1 (valid data
is stored in serial data register mn (SDRmn)), the transmit data is overwritten.

The transmit data can be read by reading the SDRmn register during this period. At this time, the transfer operation is not
affected.

The MDmnO bit of serial mode register mn (SMRmn) can be rewritten even during operation.

However, rewrite it before transfer of the last bit is started, so that it has been rewritten before the transfer end
interrupt of the last transmit data.

<1> to <8> in the figure correspond to <1> to <8> in Figure 13 - 69 Flowchart of Slave Transmission/Reception (in
Continuous Transmission/Reception Mode).

m: Unit number (m = 0), n: Channel number (n = 0 to 3), p: CSI number (p = 00, 01, 10, 11), mn = 00 to 03
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Figure 13 - 69 Flowchart of Slave Transmission/Reception (in Continuous Transmission/Reception Mode)

/

<1>

Starting setting
[

C )

SAU default setting

>l

Main routine

>
Setting
transmission/reception data

Enables interrupt

hY4

Interrupt processing routine

<3><6>

( Buffer empty/transfer end interrupt )

——

<4>

<7>

[
-

-4

For the initial setting, refer to Figure 13 - 63.
(Select buffer empty interrupt)

Setting storage area and number of data for transmission/reception
data

(Storage area, Transmission/reception data pointer, Number of
communication data and Communication end flag are optionally set
on the internal RAM by the software)

Clear interrupt request flag (XXIF), reset interrupt mask
(XXMK) and set interrupt enable (EI)

Start communication when master start

Wait for transmission
completes

providing the clock

When buffer empty/transfer end is

-

Yes

Read receive data to SIOp
(= SDRmn [7:0])

I
Subtract -1 from number of
transmit data

generated, it moves interrupt
processing routine

Other than the first interrupt, read reception data
then writes to storage area, update receive data
pointer

[
0 Number of communication =1
data?

Yes [>2

Writing transmit data to
SIOp (= SDRmn [7:0])

If transmit data is remained, read it from storage area
and write it to SIOp. Update storage pointer.

If transmit completion (number of communication data
= 1), Change the transmission completion interrupt
<5>

Clear MDmnO bit to 0

Y4

Write MDmnO bit to 1 |

Main routine

Caution

Remark

<8>

C )

T
1
No Number of communication
data = 0?
Yes
Yes Communication
continued?
No

| Disable interrupt (MASK) |

| Write STmn bit to 1 |

( End of communication )

Be sure to set transmit data to the SIOp register before the clock from the master is started.

<1> to <8> in the figure correspond to <1> to <8> in Figure 13 - 68 Timing Chart of Slave Transmission/Reception (in

Continuous Transmission/Reception Mode) (Type 1: DAPmn = 0, CKPmn = 0).
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13.5.7 SNOOZE mode function

SNOOZE mode makes CSI operate reception by SCKp pin input detection while the STOP mode. Normally CSI
stops communication in the STOP mode. But, using the SNOOZE mode makes reception CSl operate unless the
CPU operation by detecting SCKp pin input. Only the following channels can be set to the SNOOZE mode.

+ CSI00

When using the CSI in SNOOZE mode, make the following setting before switching to the STOP mode (see

Figure 13 - 71 and Figure 13 - 73 Flowchart of SNOOZE Mode Operation).

* When using the SNOOZE mode function, set the SWCm bit of serial standby control register m (SSCm) to 1
just before switching to the STOP mode. After the initial setting has been completed, set the SSm1 bit of serial
channel start register m (SSm) to 1.

After a transition to the STOP mode, the CSI starts reception operations upon detection of an edge of the SCKp

pin.

Caution 1. The SNOOZE mode can only be specified when the high-speed on-chip oscillator clock (fiH) or
middle-speed on-chip oscillator clock (fim) is selected for fcLK.

Caution 2. The maximum transfer rate when using CSlp in the SNOOZE mode is 1 Mbps.

(1) SNOOZE mode operation (once startup)

Figure 13 - 70 Timing Chart of SNOOZE Mode Operation (once startup) (Type 1: DAPmn = 0, CKPmn = 0)

CPU operation

status Normal operationlSTOP mode SNOOZE mode | Normal operation
<4>
SS00 <3>[] <11>
ST00<1> <0>[]
SEO00
SWCo <10>
SSECO L
Clock request signal
(internal signal)
Receive data 2 4
SDR00 Receive data 1 |
<8>
A Read "
SCK0O pin quguyNpupupugh —
SI00 pin Receive data 1 Receive data 2
INTCSI00
Data reception Data reception
TSF00 _
<2> <5><6> <7>

Note

Only read received data while SWCm = 1 and before the next edge of the SCKp pin input is detected.

Caution 1. Before switching to the SNOOZE mode or after reception operation in the SNOOZE mode finishes, set the STm0

bit to 1 (clear the SEmO bit, and stop the operation).
And after completion the receive operation, also clearing SWCm bit to 0 (SNOOZE mode release).

Caution 2. When SWCm = 1, the BFFm1 and OVFm1 flags will not change.

Remark 1. <1> to <11> in the figure correspond to <1> to <11> in Figure 13 - 71 Flowchart of SNOOZE Mode Operation (once

startup).

Remark 2. m=0;p =00
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Figure 13 - 71 Flowchart of SNOOZE Mode Operation (once startup)

4 ( SNOOZE operation )
[
No
TSFmn = 0 for all channels?
<1> Write STmO bit to 1 Become the operation STOP status (SEmO = 0)
5 |
©
© . SMRmO, SCRm0: Communication setting
g SAU default setting SDRmO[15:9:  Setting 00000008
©
: |
S - -
Z Setting SSCm register .
<2> (SWCm = 1, SSECm = 0) Setting SNOOZE mode
<3> Write SSmO bit to 1 Become the communication wait status (SEmO0 = 1)
| Enables interrupt processing | Clearlnterru_pt request flag ()_(XIF), reset interrupt mask (XXMK)
| and enable interrupt processing.
\_ <4> | Entered the STOP mode | CPU/peripheral hardware clock fcLk supplied to the SAU is stopped.
4 i
53 =
e} ]
o E ;
> <5> : - e» a» a» e» e» e | SCKp edge detected
e ! (Entered the SNOOZE mode)
o) ]
]
,_,EJ : Supplying a clock to CSlp
8 <6> E (CSilp is receive operation)
Q i
zZ 1
@ :
> <7> - e» ea» e» =» e e | Transferinterrupt (INTCSIp) is
generated
(CSilp is receive completion)
<8> Reading receive data to The mode switches from SNOOZE to normal operation
5 SIOp (= SDRmn [7:0]) )
5 |
[0
g <9> | Write STmO bit to 1 | Become the operation STOP status (SEmO = 0)
©
£ |
2 <10> | Write SWCm bit to 1 | Reset SNOOZE mode setting
<11> | Write SSmO bit to 1 | It becomes commumcatlon ready state (SEmO = 1) under
normal operation
- |
( End of SNOOZE mode )
Remark 1. <1> to <11> in the figure correspond to <1> to <11> in Figure 13 - 70 Timing Chart of SNOOZE Mode Operation (once
startup) (Type 1: DAPmn = 0, CKPmn = 0).
Remark 2. m=0;p =00
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(2) SNOOZE mode operation (continuous startup)

Figure 13 - 72 Timing Chart of SNOOZE Mode Operation (continuous startup) (Type 1: DAPmn = 0, CKPmn = 0)

CPU operation

status Normal operation| STOP mode SNOOZE mode | Normal operation |STOP mode SNOOZE mode
<4> <4>
$S00 <3> <3>
ST00<1> <9>
SE00
swCco — | <10>
SSECO L
Clock request signal
(internal signal)
Receive data 2
SDRO00 Receive data 1
<8>
A Read Note
SCKOO pin r
SI00 pin Receive data 1 )( Receive data 2
Shift register 00 (Cecs o & Jaeraion et &shiaserion Y |
INTCSI00
Data reception Data reception
TSF00
<2> <5><6> <7> <2> <5><6>
Note Only read received data while SWCm = 1 and before the next edge of the SCKp pin input is detected.

Caution 1. Before switching to the SNOOZE mode or after reception operation in the SNOOZE mode finishes, set the STm0
bit to 1 (clear the SEmO bit, and stop the operation).
And after completion the receive operation, also clearing SWCm bit to 0 (SNOOZE release).

Caution 2. When SWCm = 1, the BFFm1 and OVFm1 flags will not change.

Remark 1. <1>to <10> in the figure correspond to <1> to <10> in Figure 13 - 73 Flowchart of SNOOZE Mode Operation (continuous
startup).
Remark 2. m=0;p =00
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<1>

Normal operation

<2>

<3>

N\

<4>

STOP mode

N\

<5>

<6>

SNOOZE mode

<7>

AYd

<8>

<9>

Normal operation

<10>

( SNOOZE operation )

[
-

Figure 13 - 73 Flowchart of SNOOZE Mode Operation (continuous startup)

TSFmn = 0 for all channels?

Write STmO bit to 1

SAU default setting

»

Setting SSCm register
(SWCm =1, SSECm = 0)

| Write SSmO bit to 1

| Enables interrupt processing

| Entered the STOP mode

Reading receive data to
SIOp (= SDRmn [7:0])

| Write STmO bit to 1 |

| Clear SWCm bitto 0 |

No

Become the operation STOP status (SEmO = 0)

SMRmO, SCRmO0: Communication setting
SDRmO[15:9]: Setting 00000008

Setting SNOOZE mode

Become the communication wait status (SEm0 = 1)

Clear interrupt request flag (XXIF), reset interrupt mask
(XXMK) and enable interrupt processing.

CPU/peripheral hardware clock fcLk supplied to the SAU
is stopped.

ea» ea» ew» e | SCKp edge detected
(Entered the SNOOZE mode)

Supplying a clock to CSlp
(CSlp is receive operation)

ea» e e e | Transfer interrupt (INTCSIp) is
generated
(CSlp is receive completion)

The mode switches from SNOOZE to normal operation.

Reset SNOOZE mode setting

Remark 1. <1> to <10> in the figure correspond to <1> to <10> in Figure 13 - 72 Timing Chart of SNOOZE Mode Operation

(continuous startup) (Type 1: DAPmn = 0, CKPmn = 0).
Remark 2. m=0;p =00
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13.5.8 Calculating transfer clock frequency

The transfer clock frequency for 3-wire serial 1/0 (CSI00, CSI01, CSI10 and CSI11) communication can be
calculated by the following expressions.

(1) Master
| (Transfer clock frequency) = {Operation clock (fMck) frequency of target channel} + (SDRmn[15:9] + 1) + 2 [HZ]

(2) Slave

(Transfer clock frequency) = {Frequency of serial clock (SCK) supplied by master} Note [Hz]

Note The permissible maximum transfer clock frequency is fMck/6.

Remark The value of SDRmn[15:9] is the value of bits 15 to 9 of serial data register mn (SDRmn) (0000000B
to 1111111B) and therefore is 0 to 127.

The operation clock (fMck) is determined by serial clock select register m (SPSm) and bit 15 (CKSmn) of serial
mode register mn (SMRmn).
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Table 13 - 2 Selection of Operation Clock For 3-Wire Serial /0
SMRmn SPSm Register Operation Clock (fvck) Note
Register
PR PR PR PR PR PR PR PR
CKSmn m1§ m1§ m1? m1§ moi moi mO? mOi foLk =24 MHz
0 x x x x 0 0 0 0 foLk 24 MHz
x x x x 0 0 0 1 fcLk/2 12 MHz
x X x x 0 0 1 0 fcLk/22 6 MHz
x x x x 0 0 1 1 fcLk/23 3 MHz
x x x x 0 1 0 0 foLk/24 1.5 MHz
X x x x 0 1 0 1 fcLk/25 750 kHz
x x x x 0 1 1 0 fcLk/26 375 kHz
x X x x 0 1 1 1 foLk/27 187.5 kHz
X x x x 1 0 0 0 fcLk/28 93.8 kHz
x x x x 1 0 0 1 fcLk/29 46.9 kHz
x x x x 1 0 1 0 fcLk/210 23.4 kHz
x x x x 1 0 1 1 feLk/21 11.7 kHz
x x x x 1 1 0 0 feLk/212 5.86 kHz
x x x x 1 1 0 1 feLk/213 2.93 kHz
x x x x 1 1 1 0 feLk/214 1.46 kHz
X x x x 1 1 1 1 fcLk/215 732 Hz
1 0 0 0 0 X x x x fcLk 24 MHz
0 0 0 1 x x x x fcLk/2 12 MHz
0 0 1 0 x x x x fcLk/22 6 MHz
0 0 1 1 x x x x fcLk/23 3 MHz
0 1 0 0 x x x x fcLk/24 1.5 MHz
0 1 0 1 x x x x fcLk/25 750 kHz
0 1 1 0 x x x x fcLk/26 375 kHz
0 1 1 1 x x x x foLk/27 187.5 kHz
1 0 0 0 x x x x fcLk/28 93.8 kHz
1 0 0 1 x x x x fcLk/29 46.9 kHz
1 0 1 0 x x x x foLk/210 23.4 kHz
1 0 1 1 x x x x foLk/211 11.7 kHz
1 1 0 0 x x x x foLk/212 5.86 kHz
1 1 0 1 x x x x foLk/213 2.93 kHz
1 1 1 0 x x x x feLk/214 1.46 kHz
1 1 1 1 x x x x feLk/215 732 Hz
Note When changing the clock selected for fcLk (by changing the system clock control register (CKC) value), do so after

having stopped (serial channel stop register m (STm) = 000FH) the operation of the serial array unit (SAU).

Remark 1. x: Don’t care
Remark 2. m: Unit number (m = 0), n: Channel number (n = 0 to 3), mn = 00 to 03
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13.5.9 Procedure for processing errors that occurred during 3-wire serial 1/0
(csloo, Cslo1, CSI10, CSI11) communication

The procedure for processing errors that occurred during 3-wire serial I/O (CSI00, CSI01, CSI10 and CSI11)
communication is described in Figure 13 - 74.

Figure 13 - 74 Processing Procedure in Case of Overrun Error

Software Manipulation Hardware Status Remark
Reads serial data register mn (SDRmn).— The BFFmn bit of the SSRmn register is | This is to prevent an overrun error if the
set to 0 and channel n is enabled to next reception is completed during error
receive data. processing.
Reads serial status register mn (SSRmn). Error type is identified and the read value
is used to clear error flag.
Writes 1 to serial flag clear trigger ——p Error flag is cleared. Error can be cleared only during reading,
register mn (SIRmn). by writing the value read from the SSRmn
register to the SIRmn register without
modification.

Remark  m: Unit number (m = 0), n: Channel number (n = 0 to 3), mn = 00 to 03
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13.6 Clock Synchronous Serial Communication with Slave Select Input Function

Channel 0 of SAUO correspond to the clock synchronous serial communication with slave select input function.

[Data transmission/reception]

+ Data length of 7 or 8 bits

* Phase control of transmit/receive data
* MSB/LSB first selectable

* Level setting of transmit/receive data

[Clock control]
* Phase control of 1/0 clock
» Setting of transfer period by prescaler and internal counter of each channel
* Maximum transfer rate Note
During slave communication: Max. fMck/6

[Interrupt function]
* Transfer end interrupt/buffer empty interrupt

[Error detection flag]
» Overrun error

Note Use the clocks within a range satisfying the SCK cycle time (tkcy) characteristics. For details, see
CHAPTER 35, CHAPTER 36 ELECTRICAL SPECIFICATIONS.

* 20-pin products

Unit Channel Used as CSI Used as UART Used as Simplified 12C

0 0 CSIO00 (supporting slave UARTO (LIN-bus supported) 1IC00
select input function)

1 — —
2 CSI10 UART1 IIC10
3 CSsi1 1IC11

24, 25-pin products

Unit Channel Used as CSI Used as UART Used as Simplified 12C
0 0 CSI00 (supporting slave UARTO (LIN-bus supported) 11IC00
select input function)
1 CSI01 11ICO1
2 CsSI10 UART1 lIC10
3 CSI11 1IC11

Slave select input function performs the following three types of communication operations.

+ Slave transmission (See 13.6.1.)
* Slave reception (See 13.6.2.)
» Slave transmission/reception (See 13.6.3.)
R0O1UH0637EJ0110 Rev. 1.10 RENESAS Page 492 of 1113

Dec 28, 2016



RL78/G11

CHAPTER 13 SERIAL ARRAY UNIT

Multiple slaves can be connected to a master and communication can be performed by using the slave select input

function. The master outputs a slave select signal to the slave (one) that is the other party of communication, and

each slave judges whether it has been selected as the other party of communication and controls the SO pin output.

When a slave is selected, transmit data can be communicated from the SO pin to the master. When a slave is not

selected, the SO pin is set to high-level output. Therefore, in an environment where multiple slaves are connected, it

is necessary set the SO pin to N-ch open-drain and pull up the node. Furthermore, when a slave is not selected, no

transmission/reception operation is performed even if a serial clock is input from the master.

Caution Output the slave select signal by port manipulation.

Figure 13 - 75 Example of Slave Select Input Function Configuration

Vb

Caution  Make sure Vbp > Vb.

Master Slave
SAU g Ro SAU
SCK Q fﬁ SCK
SSI O :(l): SSI
Sl >(|)< © Sl
SO O ’-Zg SO
©
Port
©
Slave
SAU
AEOK SCK
fﬁ SSI
;[O< Sl
<|) SO

Select the N-ch open-drain output (Vbp tolerance) mode for the SO00 pin.
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Figure 13 - 76 Slave Select Input Function Timing Diagram

kil Transmit data is set

A
BFFmn |

TSFmn [

SSEan
Lt I e e e e e e e e I 6 6
(CKPmn =0)
Simn C XX XXX X X XbitXbits X bits X bita X bit3 X bit2 Xbit1 X bit0

Sampling timing O T I O N
SOmn X K bit7 X bit6 Xbit X bitd X bit3 X bit2 X bit1 X_bitd
SSIimn | li

While SSImn is at high level, transmission is not performed even if the falling edge of SCKmn (serial clock) arrives,
and neither is receive data sampled in synchronization with the rising edge

When SSImn goes to low level, data is output (shifted) in synchronization with the falling edge of the serial clock and
a reception operation is performed in synchronization with the rising edge

DAPmn = 1 Transmit data is set

\
BFFmn [
TSFmn

SSEmn _|
i T T e e e e 6
(CKPmn = 0)
Simn C XX XXX XX XbitrXbitsXbits Xbitd X bit3 X bit2 X bit X bito

Sampling timing (O S S R T T S S N N Y S S
somn X bit (o XX Bt X BB B X Bt X b0
SSImn | li

If DAPmn = 1, when transmit data is set while SSImn is at high level, the first data (bit 7) is output to the
data output. However, no shift operation is performed even if the rising edge of SCKmn (serial clock)
arrives, and neither is receive data sampled in synchronization with the falling edge When SSImn goes to
low level, data is output (shifted) in synchronization with the next rising edge and a reception operation is
performed in synchronization with the falling edge.

Remark m: Unit number (m = 0), n: Channel number (n = 0)
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13.6.1 Slave transmission

Slave transmission is that the RL78 microcontroller transmits data to another device in the state of a transfer
clock being input from another device.

Slave select Input function CSI00
Target channel Channel 0 of SAUO
Pins used SCKO00, SO00, SSI00
Interrupt INTCSI00

Transfer end interrupt (in single-transfer mode) or buffer empty interrupt (in continuous transfer
mode) can be selected.

Error detection flag Overrun error detection flag (OVFmn) only

Transfer data length 7 or 8 bits

Transfer rate Max. fmck/6 [Hz] Notes 1, 2

Data phase Selectable by the DAPmn bit of the SCRmn register

* DAPmn = 0: Data output starts from the start of the operation of the serial clock.
* DAPmn = 1: Data output starts half a clock before the start of the serial clock operation.

Clock phase Selectable by the CKPmn bit of the SCRmn register
* CKPmn = 0: Non-reverse

* CKPmn = 1: Reverse

Data direction MSB or LSB first

Slave select Input function Slave select input function operation selectable

Note 1. Because the external serial clock input to the SCKO0O0 pin is sampled internally and used, the fastest transfer rate is fmck/6
[Hz].

Note 2. Use this operation within a range that satisfies the conditions above and the peripheral functions characteristics in the
electrical specifications (see CHAPTER 35, CHAPTER 36 ELECTRICAL SPECIFICATIONS).

Remark 1. fuck: Operation clock frequency of target channel
Remark 2. m: Unit number (m = 0), n: Channel number (n = 0)
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(1) Register setting

Figure 13 - 77 Example of Contents of Registers for Slave Transmission of Slave Select Input Function
(CSI00) (1/2)

(a) Serial mode register mn (SMRmn)

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
CKSmn g CCSmn STSmn SISmn0 MDmn2 g MDmn1 l§ MDmnO

SMRmn 0/1|1 o | o] o] o] o oIoIo 1| o o|0|0|0/1
Opelration clock (fuck) of channel n Interrupt source of channél n

0: Prescaler output clock CKmO set by the SPSm register 0: Transfer end interrupt

1: Prescaler output clock CKm1 set by the SPSm register 1: Buffer empty interrupt

(b)  Serial communication operation setting register mn (SCRmn)

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
SCRmn I TXEmn I RXEmn ] DAPmn | CKPmn IEOCmn IPTCmn1IPTCmnOI DIRmn ISLCmn1ISLCmnOI IDLSmn1IDLSmn0
1 0 0/1 o1 0 0 0 0 01 0 0 0 0 1 1 0/1
[ I
Selection of data transfer sequence Setting of data length
Selection of the data and clock phase (For 0: Inputs/outputs data with MSB first 0: 7-bit data length
details about the setting, see 13.3 1: Inputs/outputs data with LSB first 1: 8-bit data length

Registers Controlling Serial Array Unit)

(c) Serial data register mn (SDRmn) (lower 8 bits: SIOp)

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
0000000 . .
SDRmn ) Transmit data setting
Baud rate setting 0
- _
~
SIOp

(d) Serial output register m (SOm)... Sets only the bits of the target channel.

15 14 13 12 1" 10 9 8 7 6 5 4 3 2 1 0
SO CKOm1 | CKOmO SOm1 | SOmo
Moo 0 0 0 0 0 x x 0 0 0 0 0 0 x 0r1

(e) Serial output enable register m (SOEm)... Sets only the bits of the target channel to 1.

15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
SOEm1 | SOEmO0
SOEm 0 0 0 0 0 0 0 0 0 0 0 0 0 0 x 01
Remark 1. m: Unit number (m = 0), n: Channel number (n = 0), p: CSI number (p = 00)
Remark 2. n: Setting is fixed in the CSI slave transmission mode,
.: Setting disabled (set to the initial value)
x: Bit that cannot be used in this mode (set to the initial value when not used in any mode)
0/1: Set to 0 or 1 depending on the usage of the user
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Figure 13 - 77 Example of Contents of Registers for Slave Transmission of Slave Select Input Function
(CSI00) (2/2)

(f)  Serial channel start register m (SSm)... Sets only the bits of the target channel to 1.
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

SSm1|SSm0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 x 0/1

SSm

(9) Input switch control register (ISC)... SSI00 input setting in CSI00 slave channel (channel 0 of unit 0).
7 6 5 4 3 2 1 0

SSIEQO
01 0 0 0 0 0 0 0

ISC

0: Disables the input value of the SSI00 pin
1: Enables the input value of the SSI00 pin

Remark 1. m: Unit number (m = 0), n: Channel number (n = 0), p: CSI number (p = 00)

Remark 2. .: Setting disabled (set to the initial value)
x: Bit that cannot be used in this mode (set to the initial value when not used in any mode)
0/1: Set to 0 or 1 depending on the usage of the user
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(2) Operation procedure
Figure 13 - 78 Initial Setting Procedure for Slave Transmission
( Starting initial setting )
. . Release the serial array unit from the reset status
| Setting the PERO register | and start clock supply. Y
| Setting the SPSm register | Set the operation clock.
| Setting the SMRmn register | Set an operation mode, etc.
| Setting the SCRmn register | Set a communication format.
| Setting the SDRmn register | Set bits 15 to 9 to 00000008 for baud rate setting.
| Setting the SOm register | (S;(t):ﬁ)mltlal output level of the serial data
| Changing setting of the SOEm register | tsheet ttgzstii?nnnzilt to 1 and enable data output of
Enable data output of the target channel by setting
. a port register and a port mode register. When
| Setting port | connecting multiple slaves, set N-ch open-drain
before setting data output.
| Writing to the ISC register | Set the SSIEQO bit to 1 and enable slave select
9 9 function operation of channel 0.
" . Set the SSmn bit of the target channel to 1
| Writing to the SSm register | (SEmn bit = 1: to enable operation).
Initial setting is completed.
< Completing initial settin ) Set transmit data to the SIOp register (bits 7 to 0 of
P 9 9 the SDRmn register) and wait for a clock from the
master.
Remark  m: Unit number (m = 0), n: Channel number (n = 0), p: CSI number (p = 00)
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Figure 13 - 79 Procedure for Stopping Slave Transmission

( Starting setting to stop )

[«

< If there is any data being transferred, wait for their
. No completion.
(Selective) (If there is an urgent must stop, do not wait.)
Yes

Write 1 to the STmn bit of the target channel

(Essent|a|)| Writing the STm register | (SEmn = 0: to operation stop status).

Changing setting of the Set the SOEmn bit to 0 and stop the output of the
SOEm register target channel.

(Selective) Changing setting of the
SOm register

(Selective)| Setting the PERO register

( Stop setting is completed )

(Essential)

The levels of the serial data (SOmn) on the target
channel can be changed if necessitated by an
emergency.

| Reset the serial array unit by stopping the clock
supply to it.

After the stop setting is completed, go to the next
processing.

Remark  m: Unit number (m = 0), n: Channel number (n = 0), p: CSI number (p = 00)
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Figure 13 - 80 Procedure for Resuming Slave Transmission

( Starting setting for resumption )

No Wait until stop the communication target (master)
(Essential) @nw or operation completed.
preparations s
Yes
(Selective) | Port manipulation | Disable data output of the target channel by setting

a port register and a port mode register.

Re-set the register to change the operation clock

Selective | Changing setting of the SPSm register )
( ) o ¢ 9 setting.

Re-set the register to change the transfer baud
rate setting (setting the transfer clock by dividing
the operation clock (fMck)).

(Selective) | Changing setting of the SDRmn register

Re-set the register to change serial mode register
mn (SMRmn) setting.

(Selective) | Changing setting of the SMRmn register

Re-set the register to change serial communication
operation setting register mn (SCRmn) setting.

(Selective) | Changing setting of the SCRmn register

If the OVF flag remains set, clear this

(Selective) | Clearing error flag | using serial flag clear trigger register mn
(SIRmn).

(Selective) | Changing setting of the SOEm register Set the SOEmn bit to 0 to stop output from the
target channel.

Set the initial output level of the serial data
(SOmn).

(Essential)

Changing setting of the SOm register

Set the SOEmn bit to 1 and enable output from the

(Essential) target channel.

Changing setting of the SOEm register

Enable data output of the target channel by
| setting a port register and a port mode register.
When connecting multiple slaves, set N-ch open-
drain before setting data output

(Essential) | Port manipulation

Set the SSIEQO bit to 1 and enable slave select

(Essential) function operation of channel 0.

Writing to the ISC register |

Set the SSmn bit of the target channel to 1
(SEmn = 1: to enable operation).

(Essential) Writing to the SSm register |

Sets transmit data to the SIOp register (bits 7 to 0
Starting communication | of the SDRmn register) and wait for a clock from
the master.

(Essential)

( Completing resumption setting >

Remark 1. If PERO is rewritten while stopping the master transmission and the clock supply is stopped, wait until the transmission
target (master) stops or transmission finishes, and then perform initialization instead of restarting the transmission.
Remark 2. m: Unit number (m = 0), n: Channel number (n = 0), p: CSI number (p = 00)
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(3) Processing flow (in single-transmission mode)

Figure 13 - 81 Timing Chart of Slave Transmission (in Single-Transmission Mode)
(Type 1: DAPmn = 0, CKPmn = 0)

SSmn
STmn |_l_
SEmn L
SDRmn X Transmit data 1 X Transmit data 2 X Transmit data 3
SCKp pin
SOp pin Transmit data 1 Transmit data 2 Transmit data 3
Shift ———— ——r— —— —_——— I
INTCSIp 1
Data transmission Data transmission Data transmission
TSFmn |
SSlp pin

Remark  m: Unit number (m = 0), n: Channel number (n = 0), p: CSI number (p = 00)

RO1UH0637EJ0110 Rev. 1.10 RENESAS Page 501 of 1113
Dec 28, 2016



RL78/G11

CHAPTER 13 SERIAL ARRAY UNIT

Main routine

Y4

Interrupt
processing
routine

N

Figure 13 - 82 Flowchart of Slave Transmission (in Single-Transmission Mode)

(Starting CsSl communication)

| For the initial setting, refer to Figure 13 - 78.
(Select transfer end interrupt)

SAU default setting

=I Set storage area and the number of data for transmit data

| (Storage area, Transmission data pointer, Number of
communication data and Communication end flag are optionally

set on the internal RAM by the software)

| Setting transmit data

| Enables interrupt | Clear interrupt request flag (XXIF), reset interrupt mask (XXMK)

and set interrupt enable (El).

>l
>

Read transmit data from storage area and write it to SIOp.

Writing transmit data to Update transmit data pointer.
SIOp (= SDRmn [7:0])

| - Start communication when master
start providing the clock

| Wait for transmit completes |

i -} When transmit end, interrupt is generated

( Transfer end interrupt )

( RETI ) Clear the interrupt request flag (xxIF).

(Ej):ttaermme if it completes by counting number of communication
No
0
£
o No
£
g | Disable interrupt (MASK) |
| Write STmn bit to 1 |
End of communication )
L C
Remark  m: Unit number (m = 0), n: Channel number (n = 0), p: CSI number (p = 00)
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(4) Processing flow (in continuous transmission mode)

Figure 13 - 83 Timing Chart of Slave Transmission (in Continuous Transmission Mode)
(Type 1: DAPmn = 0, CKPmn = 0)

SSmn<1>
STmn <6>|_'_
SEmn L
SDRmn Transmit data 1 Transmit data 2 Transmit data 3
SCKp pin uyuyuurgyyuyyuyyuyyyyy
SOp pin Transmit data 1 Transmit data 2 Transmit data 3
Shit register mn O S e 0N O S EstesionX 00O mbenion X
INTCSIp
Data transmission Data transmission - Data transmission
MDmnO <4>
TSFmn
BFFmn
SSlppin |
<2><3> <2> <3> <2> <3> <5>
Note
Note If transmit data is written to the SDRmn register while the BFFmn bit of serial status register mn (SSRmn) is 1 (valid data

is stored in serial data register mn (SDRmn)), the transmit data is overwritten.

Caution The MDmnO bit of serial mode register mn (SMRmn) can be rewritten even during operation. However, rewrite it
before transfer of the last bit is started.

Remark  m: Unit number (m = 0), n: Channel number (n = 0), p: CSI number (p = 00)
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Figure 13 - 84 Flowchart of Slave Transmission (in Continuous Transmission Mode)
4 ( Starting setting )
|
For the initial setting, refer to Figure 13 - 78.
SAU default setting (Select buffer empty interrupt)
<1>
’I Set storage area and the number of data for transmit data
o | Setting transmit data | (Storage area, Transmission data pointer, Number of communication
-% 9 data and Communication end flag are optionally set on the internal
< RAM by the software)
c . .
g | Enables interrupt | Clegr interrupt request flag (XXIF), reset interrupt mask (XXMK) and
| set interrupt enable (EI)
Writing transmit data to Read transmit data from buffer and write it to SIOp. Update
<2> SIOp (=<SDRmn[7:0]) transmit data pointer
| - Start communication when master start providing
T the clock
_ | Wait for transmit completes |
e <3><5> i - When buffer empty/transfer end interrupt is

( Buffer empty/transfer end interrupt )

Reading transmit data

generated, it moves to interrupt processing routine

If transmit data is left, read them from storage area
then write into SIOp, and update transmit data pointer.
If not, change the interrupt to transmission complete

Writing transmit data to
SIOp (= SDRmn [7:0])

Clear MDmnNO bit to 0 <4>

[

Interrupt processing routine

[

Subtract -1 from number of
transmit data
I

RETI )
L ( .
e |
[
=
=
3
£ | Disable interrupt (MASK) |
s
|
<6> | Write STmn bit to 1 |
|
End of communication )
q C

Remark 1. <1> to <6> in the figure correspond to <1> to <6> in Fi
Transmission Mode) (Type 1: DAPmn = 0, CKPmn = 0).

It is determined as follows depending on the
number of communication data.
+1:  Transmit data completion
0: During the last data received
-1:  All data received completion

gure 13 - 83 Timing Chart of Slave Transmission (in Continuous

Remark 2. m: Unit number (m = 0), n: Channel number (n = 0), p: CSI number (p = 00)
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13.6.2 Slave reception

Slave reception is that the RL78 microcontroller receives data from another device in the state of a transfer clock
being input from another device.

Slave select input function CSI00
Target channel Channel 0 of SAUO
Pins used SCKO00, SI00, SSI00
Interrupt INTCSI00

Transfer end interrupt only (Setting the buffer empty interrupt is prohibited.)

Error detection flag Overrun error detection flag (OVFmn) only
Transfer data length 7 or 8 bits
Transfer rate Max. fmck/6 [Hz] Notes 1, 2
Data phase Selectable by the DAPmn bit of the SCRmn register

* DAPmn = 0: Data input starts from the start of the operation of the serial clock.
* DAPmn = 1: Data input starts half a clock before the start of the serial clock operation.

Clock phase Selectable by the CKPmn bit of the SCRmn register
* CKPmn = 0: Non-reverse
* CKPmn = 1: Reverse

Data direction MSB or LSB first

Slave select input function Slave select input function operation selectable

Note 1. Because the external serial clock input to the SCKO0O0 pin is sampled internally and used, the fastest transfer rate is fmck/6
[Hz].

Note 2. Use this operation within a range that satisfies the conditions above and the peripheral functions characteristics in the
electrical specifications (see CHAPTER 35, CHAPTER 36 ELECTRICAL SPECIFICATIONS).

Remark 1. fuck: Operation clock frequency of target channel
Remark 2. m: Unit number (m = 0), n: Channel number (n = 0)
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(1) Register setting
Figure 13 - 85 Example of Contents of Registers for Slave Reception of Slave Select Input Function (CS100) (1/2)

(a) Serial mode register mn (SMRmn)

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
SMRmN CKSmn g CCSmn STSmn SISmn0 MDmn2 gMDmn1 § MDmnO
0/1 1 0 0 0 0 0 0 0 0 1 0 0 0 0 0
| |
Operation clock (fmck) of channel n Interrupt source of channel n
0: Prescaler output clock CKmO set by the SPSm register 0: Transfer end interrupt

1: Prescaler output clock CKm1 set by the SPSm register

(b) Serial communication operation setting register mn (SCRmn)

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
SCRmn I TXEmn I RXEmn | DAPmn | CKPmn IEOCmn IPTCmn1IPTCmnOI DIRmn ISLCmn1ISLCmnOI IDLSmn1IDLSmn0
0 1 0/1 o 0 0 0 0 0/1 0 0 0 0 1 1 0/
[ I
Selection of data transfer sequence Setting of data length
Selection of the data and clock phase (For 0: Inputs/outputs data with MSB first 0: 7-bit data length
1: Inputs/outputs data with LSB first 1: 8-bit data length

details about the setting, see 13.3
Registers Controlling Serial Array Unit)

(c) Serial data register mn (SDRmn) (lower 8 bits: SIOp)

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
0000000 )
SDRmn . Receive data
Baud rate setting 0
N —
~
SIOp

(d) Serial output register m (SOm)... The Register that not used in this mode.

15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0

SOm CKOm1 | CKOmO SOm1 | SOmo
0 0 0 0 0 0 X X 0 0 0 0 0 0 X X

(e) Serial output enable register m (SOEm)... The Register that not used in this mode.
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

SOEm1 [ SOEmO0
SOEml o | o | o | ol o | o] o] o|o|lo| o] o] ol ol x| x

Remark 1. m: Unit number (m = 0), n: Channel number (n = 0), p: CSI number (p = 00)
Remark 2. n: Setting is fixed in the CSlI slave reception mode,

.: Setting disabled (set to the initial value)

x: Bit that cannot be used in this mode (set to the initial value when not used in any mode)

0/1: Set to 0 or 1 depending on the usage of the user
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Figure 13 - 85 Example of Contents of Registers for Slave Reception of Slave Select Input Function (CSI00) (2/2)

(f)  Serial channel start register m (SSm)... Sets only the bits of the target channel to 1.
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

ssm1 | ssmo
0 0 0 0 0 0 0 0 0 0 0 0 0 0 x on

SSm

(g) Input switch control register (ISC)... SSI00 input setting in CSI00 slave channel (channel 0 of unit 0).
7 6 5 4 3 2 1 0

SSIE00
0/1 0 0 0 0 0 0 0

ISC

0: Disables the input value of the SSI00 pin
1: Enables the input value of the SSI00 pin

Remark 1. m: Unit number (m = 0), n: Channel number (n = 0), p: CSI number (p = 00)

Remark 2. .: Setting disabled (set to the initial value)
x: Bit that cannot be used in this mode (set to the initial value when not used in any mode)
0/1: Set to 0 or 1 depending on the usage of the user
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(2) Operation procedure
Figure 13 - 86 Initial Setting Procedure for Slave Reception
( Starting initial settings )
| Setting the PERO register | Release the serial array unit from the reset status
and start clock supply.
| Setting the SPSm register | Set the operation clock.
| Setting the SMRmn register | Set an operation mode, etc.
| Setting the SCRmn register | Set a communication format.
| Setting the SDRmn register | Set bits 15 to 9 to 0000000B for baud rate setting.
Enable data input and clock input of the target
| Setting port | channel by setting a port register and a port mode
register.
| Writing to the ISC register | Set tr_]e SSIEOQ bit to 1 and enable slave select
function operation of channel 0.
Set the SSmn bit of the target channel to 1
| Writing to the SSm register | (SEmn bit = 1: to enable operation). Wait for a
clock from the master.
( Completing initial setting )
Figure 13 - 87 Procedure for Stopping Slave Reception
( Starting setting to stop )
l< If there is any data being transferred, wait for their
. No completion.
(Selective) (If there is an urgent must stop, do not wait.)
Yes
. i . Write 1 to the STmn bit of the target channel.
(Essentlal)| Writing the |STm register | (SEmn = 0: to operation stop status)
. Changing setting of the Set the SOEmn bit to 0 and stop the output of the
(Essential) ;
SOEm register target channel.
(Selective)| Setting the PERO register | Reset the_serlal array unit by stopping the clock
| supply to it.
( Stop setting is completed ) After thg stop setting is completed, go to the next
processing.
Remark  m: Unit number (m = 0), n: Channel number (n = 0), p: CSI number (p = 00)
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Figure 13 - 88 Procedure for Resuming Slave Reception

( Starting setting for resumption )

No Wait until stop the communication target (master)
(Essential) @HW or operation completed.
preparations?
Yes
(Essential) | Port manipulation | Disable clock output of the target channel by

setting a port register and a port mode register.

Re-set the register to change the operation clock

Selective | Changing setting of the SPSm register N
( ) setting.

Re-set the register to change serial mode register

Selective | Changing setting of the SMRmn register )
( ) o9 ° o mn (SMRmn) setting.

Re-set the register to change serial communication

(Selective) | Changing setting of the SCRmn register operation setting register mn (SCRmn) setting.

If the OVF flag remains set, clear this
(Selective) | Clearing error flag | using serial flag clear trigger register mn
(SIRmn).

| Enable clock output of the target channel by setting

(Essential) | Port manipulation a port register and a port mode register.

Set the SSIEQO bit to 1 and enable slave select

(Essential) | Writing to the ISC register | function operation of channel 0.

Set the SSmn bit of the target channel to 1
(Essential) | Writing to the SSm register | (SEmn bit = 1: to enable operation). Wait

for a clock from the master.
Completing resumption
setting

Remark  m: Unit number (m = 0), n: Channel number (n = 0), p: CSI number (p = 00)
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(3) Processing flow (in single-reception mode)

Figure 13 - 89 Timing Chart of Slave Reception (in Single-Reception Mode)
(Type 1: DAPmn = 0, CKPmn = 0)

SSmn
STmn r'_
SEmn L
Receive data 37
SDRmn Receive data 1 Receive data 2 X'
ARead ARead Reada
SCKp pin
Slp pin Receive data 1 Receive data 2 Receive data 3
Shift register mn X Ré\@?ﬁ?ﬂ?ﬁﬁoﬂ X R%@@&Eﬂ@@én X R@t@@@@on X
INTCSIp 1
Data reception Data reception Data reception
TSFmn |
SSlppin~_ |

Remark  m: Unit number (m = 0), n: Channel number (n = 0), p: CSI number (p = 00)
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Figure 13 - 90 Flowchart of Slave Reception (in Single-Reception Mode)

When transmit end, interrupt is generated

4 (Starting csl communication)
For the initial setting, refer to Figure 13 - 86.
(Select transfer end interrupt)
SAU default setting
o Clear storage area setting and the number of receive data
£ Ready for recention (Storage area, Reception data pointer, Number of communication
3 v P data and Communication end flag are optionally set on the internal
c RAM by the software)
@©
3 . .
Enables interrupt Clear mFerrupt request flag (XXIF), reset interrupt mask (XXMK)
and set interrupt enable (El).
Wait for receive completes
i< Start communication when master start
! providing the clock
[}
\_ l
s :
!

( Transfer end interrupt )

Read receive data then writes to storage area, and counts
up the number of receive data.
Update receive data pointer.

Reading receive data to
SIOp (= SDRmn [7:0])

( RETI )

Interrupt processing routine

\ T
4 !
No '
Reception completed? Check completion of number of receive data
o Yes
=
3 Disable interrupt (MASK)
£
©
=
Write STmn bit to 1
q ( End of communication )
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13.6.3 Slave transmission/reception

Slave transmission/reception is that the RL78 microcontroller transmits/receives data to/from another device in
the state of a transfer clock being input from another device.

Slave select input function CSI00
Target channel Channel 0 of SAUO
Pins used SCKO00, S100, SO00, SSI00
Interrupt INTCSI00

Transfer end interrupt (in single-transfer mode) or buffer empty interrupt (in continuous transfer
mode) can be selected.

Error detection flag Overrun error detection flag (OVFmn) only

Transfer data length 7 or 8 bits

Transfer rate Max. fmck/6 [Hz] Notes 1, 2

Data phase Selectable by the DAPmn bit of the SCRmn register

* DAPmn = 0: Data I/O starts from the start of the operation of the serial clock.
* DAPmn = 1: Data /O starts half a clock before the start of the serial clock operation.

Clock phase Selectable by the CKPmn bit of the SCRmn register
* CKPmn = 0: Non-reverse

* CKPmn = 1: Reverse

Data direction MSB or LSB first

Slave select input function Slave select input function operation selectable

Note 1. Because the external serial clock input to the SCKO0O0 pin is sampled internally and used, the fastest transfer rate is fmck/6
[Hz].

Note 2. Use this operation within a range that satisfies the conditions above and the peripheral functions characteristics in the
electrical specifications (see CHAPTER 35, CHAPTER 36 ELECTRICAL SPECIFICATIONS).

Remark 1. fuck: Operation clock frequency of target channel
Remark 2. m: Unit number (m = 0), n: Channel number (n = 0)
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(1) Register setting

Figure 13 - 91 Example of Contents of Registers for Slave Transmission/Reception of Slave Select Input Function
(CSl00) (1/2)

(a) Serial mode register mn (SMRmn)

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
SMRmn CKSmnICCSmn STSmnI ISISmnO IMDmn2IMDmn1 IMDmnO
01 1 0 0 0 0 0 0 0 0 1 0 0 0 0 0/1
I I
Operation clock (fmck) of channel n Interrupt source of channel n
0: Prescaler output clock CKmO set by the SPSm register 0: Transfer end interrupt
1: Prescaler output clock CKm1 set by the SPSm register 1: Buffer empty interrupt

(b) Serial communication operation setting register mn (SCRmn)

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
SCRmn I TXEmn I RXEmn | DAPmn | CKPmn IEOCmn IPTCmnIIPTCmnOI DIRmn SLCmn1 SLCmnOI IDLSmn1IDLSmnO
1 1 0/1 o1 0 0 0 0 01 0 0 0 0 1 1 0/1
[ I
Selection of data transfer sequence Setting of data length
Selection of the data and clock phase (For 0: Inputs/outputs data with MSB first 0: 7-bit data length
details about the setting, see 13.3 1: Inputs/outputs data with LSB first 1: 8-bit data length

Registers Controlling Serial Array Unit)

(c) Serial data register mn (SDRmn) (lower 8 bits: SIOp)

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
0000000 . . . .
SDRmn : Transmit data setting/receive data register
Baud rate setting 0
N _
g
SIOp

(d) Serial output register m (SOm)... Sets only the bits of the target channel.
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

CKOm1 [ CKOmO SOm1 | sOmo
0 0 0 0 0 0 x x 0 0 0 0 0 0 x on

SOm

(e) Serial output enable register m (SOEm)... Sets only the bits of the target channel to 1.
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

SOEm SOEm1 | SOEm0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 x on

Caution  Be sure to set transmit data to the SIOp register before the clock from the master is started.

Remark 1. m: Unit number (m = 0), n: Channel number (n = 0), p: CSI number (p = 00)

Remark 2. n: Setting is fixed in the CSI slave transmission/reception mode
.: Setting disabled (set to the initial value)
x: Bit that cannot be used in this mode (set to the initial value when not used in any mode)
0/1: Set to 0 or 1 depending on the usage of the user
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Figure 13 - 91 Example of Contents of Registers for Slave Transmission/Reception of Slave Select Input Function
(CSI00) (2/2)

(f)  Serial channel start register m (SSm)... Sets only the bits of the target channel to 1.

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
SSm1 SSm0
SSm 0 0 0 0 0 0 0 0 0 0 0 0 0 0 X 0/1

(g) Input switch control register (ISC)... SSI00 input setting in CSI00 slave channel (channel 0 of unit 0).

7 6 5 4 3 2 1 0
SSIE00
ISC1 o 0 0 0 0 0 0 0

0: Disables the input value of the SSI00 pin
1: Enables the input value of the SSI00 pin

Remark 1. m: Unit number (m = 0), n: Channel number (n = 0), p: CSI number (p = 00)

Remark 2. .: Setting disabled (set to the initial value)
x: Bit that cannot be used in this mode (set to the initial value when not used in any mode)
0/1: Set to 0 or 1 depending on the usage of the user
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(2) Operation procedure
Figure 13 - 92 Initial Setting Procedure for Slave Transmission/Reception
( Starting initial setting )
| Setting the PERQ register | Release the serial array unit from the reset status
and start clock supply.
| Setting the SPSm register | Set the operation clock.
| Setting the SMRmn register | Set an operation mode, etc.
| Setting the SCRmn register | Set a communication format.
| Setting the SDRmn register | Set bits 15 to 9 to 00000008 for baud rate setting.
| Setting the SOm register | Set the initial output level of the serial data
(SOmn).
) ) . Set the SOEmn bit to 1 and enable data output of
| Changing setting of the SOEm register | the target channel.
Enable data output of the target channel by setting
| Setting port | a port rgglster apd a port mode register. Wher?
connecting multiple slaves, set N-ch open-drain
before setting data output.
| Writing to the ISC register | Set the SSIEOQ bit to 1 and enable slave select
function operation of channel 0.
" . Set the SSmn bit of the target channel to 1
| Writing to the SSm register | (SEmn bit = 1: to enable operation).
Initial setting is completed.
< Completing initial settin ) Set transmit data to the SIOp register (bits 7 to 0 of
P 9 9 the SDRmn register) and wait for a clock from the
master.
Caution Be sure to set transmit data to the SIOp register before the clock from the master is started.
Remark  m: Unit number (m = 0), n: Channel number (n = 0), p: CSI number (p = 00)
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Figure 13 - 93 Procedure for Stopping Slave Transmission/Reception

( Starting setting to stop )

[«

< If there is any data being transferred, wait for their
. No completion.
(Selective) (If there is an urgent must stop, do not wait.)
Yes

Write 1 to the STmn bit of the target channel.

(Essent|a|)| Writing the STm register | (SEmn = 0: to operation stop status)

Changing setting of the Set the SOEmn bit to 0 and stop the output of the
SOEm register target channel.

(Selective) Changing setting of the
SOm register

(Selective)| Setting the PERO register

( Stop setting is completed )

(Essential)

The levels of the serial data (SOmn) on the target
channel can be changed if necessitated by an
emergency.

| Reset the serial array unit by stopping the clock
supply to it.

After the stop setting is completed, go to the next
processing.

Remark  m: Unit number (m = 0), n: Channel number (n = 0), p: CSI number (p = 00)
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(Essential)

(Essential)

(Selective)

(Selective)

(Selective)

(Selective)

(Selective)

(Selective)

(Selective)

(Essential)

(Essential)

(Essential)

(Essential)

Figure 13 - 94 Procedure for Resuming Slave Transmission/Reception

C Starting setting for resumption )

-l
-t

preparations?

Yes

Port manipulation |

| Changing setting of the SPSm register

| Changing setting of

the SMRmn register

| Changing setting of the SCRmn register

Clearing

error flag |

Changing setting of the SOEm register

Changing setting of the SOm register |

Changing setting of the SOEm register

Port manipulation |

Writing to the ISC register |

Writing to the SSm register |

Starting communication |

( Completing resumption setting )

Wait until stop the communication target (master)
or operation completed.

Disable data output of the target channel by setting
a port register and a port mode register.

Re-set the register to change the operation clock
setting.

Re-set the register to change serial mode register
mn (SMRmn) setting.

Re-set the register to change serial communication
operation setting register mn (SCRmn) setting.

If the OVF flag remains set, clear this
using serial flag clear trigger register mn
(SIRmn).

Set the SOEmn bit to 0 to stop output from the
target channel.

Set the initial output level of the serial data
(SOmn).

Set the SOEmn bit to 1 and enable output from the
target channel.

Enable data output of the target channel by setting
a port register and a port mode register. When
connecting multiple slaves, set N-ch open-drain
before setting data output.

Set the SSIEQO bit to 1 and enable slave select
function operation of channel 0.

Set the SSmn bit of the target channel to 1
(SEmn = 1: to enable operation).

Sets transmit data to the SIOp register (bits 7 to 0
of the SDRmn register) and wait for a clock from
the master.

Caution 1. Be sure to set transmit data to the SIOp register before the clock from the master is started.

Caution 2. If PERO is rewritten while stopping the master transmission and the clock supply is stopped, wait until the
transmission target (master) stops or transmission finishes, and then perform initialization instead of restarting
the transmission.
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(3) Processing flow (in single-transmission/reception mode)

Figure 13 - 95 Timing Chart of Slave Transmission/Reception (in Single-Transmission/Reception Mode)
(Type 1: DAPmn = 0, CKPmn = 0)

SSmn
STmn |_l_
SEmn
Receive data 1 Receive data 2 Receive data 3 -
SDRmn X Transmit data Transmit data 2 Transmit data 3 )@
AWrite AWrite AWrite \
ARead ARead Reada
SCKp pin
Slp pin Receive data 1 Receive data 2 Receive data 3
Shift ——— ——r——— ————— —r—r———
register mn X Rgepiion  shif opgration X Y Rsgepjion & shif{oppfatipn X(Regeption & shif{opsfation (|
SOp pin Transmit data 1 Transmit data 2 Transmit data 3
INTCSIp Il
Data transmission/reception Data transmission/reception Data transmission/reception
TSFmn |
SSlp pin

Remark  m: Unit number (m = 0), n: Channel number (n = 0), p: CSI number (p = 00)
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Main routine

Interrupt processing routine

Main routine

Figure 13 - 96 Flowchart of Slave Transmission/Reception (in Single- Transmission/Reception Mode)

4 (Starting CSl communication)
For the initial setting, refer to Figure 13 - 92.
SAU default setting (Select transfer end interrupt)
|_ Setting storage area and number of data for transmission/reception data
~ Setting (Storage area, Transmission/reception data pointer, Number of communication
transmission/reception data data and Communication end flag are optionally set on the internal RAM by the
| software)
Enables interrupt Clear |nt.errupt request flag (XXIF), reset interrupt mask (XXMK)
| and set interrupt enable (El).
1
Writing transmit data to Read transmit data from storage area and write it to SIOp.
SIOp (= SDRmn [7:0]) Update transmit data pointer.
| - Start communication when master start
i sl I providing the clock
Wait for transmission/
\_ reception completes
e ! - When transfer end interrupt is generated, it
]

moves to interrupt processing routine

1
( Transfer end interrupt )
[

Reading receive data to Read receive data and write it to storage area. Update
SIOp (= SDRmn [7:0]) receive data pointer.

No ransmission/reception
completed?

Yes
ransmission/reception Update the number of communication data and confirm
next data? if next transmission/reception data is available

No

| Disable interrupt (MASK) |

[
| Write STmn bit to 1 |

[
( End of communication )

-

Caution Be sure to set transmit data to the SIOp register before the clock from the master is started.

Remark  m: Unit number (m = 0), n: Channel number (n = 0), p: CSI number (p = 00)
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(4)

Processing flow (in continuous transmission/reception mode)

Figure 13 - 97 Timing Chart of Slave Transmission/Reception (in Continuous Transmission/Reception Mode)
(Type 1: DAPmn = 0, CKPmn = 0)

SSmn<1>
STmn

SEmn

<8>W
L

Receive data 3\

SDRmn

X Transmit data 1

Transmit data 2

Receive data 1 |\ Transmit data 3 X

Receive data 2

1

SCKp pin
Slp pin

- uuuy

AWrite

AWrite

[T

AWrite
ARead

ARead

Iigiyigipipipiyipt;

yUuuyuy

Reada

Receive data 1

X

Receive data 2

Receive data 3

Shift register mn

SOp pin

)O(:Re@tgg&ﬂﬂ&e@(" X

X X Reception & shift operation X:
— ——

Transmit data 1

X

Transmit data 2 X

Transmit data 3

INTCSIp

Data transmission/reception

Data transmission/reception

Data

transmission/reception

<5>|

Note 1.

Note 2

<3>

<4><2>
4 2 Note 2

is stored in serial data register mn (SDRmn)), the transmit data is overwritten.

Note 2.
affected.

Caution

The MDmnO bit of serial mode register mn (SMRmn) can be rewritten even during operation.

<6><7>

If transmit data is written to the SDRmn register while the BFFmn bit of serial status register mn (SSRmn) is 1 (valid data

The transmit data can be read by reading the SDRmn register during this period. At this time, the transfer operation is not

However, rewrite it before transfer of the last bit is started, so that it has been rewritten before the transfer end
interrupt of the last transmit data.

Remark 1.

Remark 2. m: Unit number (m = 0), n: Channel number (n = 0), p: CSI number (p = 00)

<1> to <8> in the figure correspond to <1> to <8> in Figure 13 - 98 Flowchart of Slave Transmission/Reception (in
Continuous Transmission/Reception Mode).
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Figure 13 - 98 Flowchart of Slave Transmission/Reception (in Continuous Transmission/Reception Mode)

~

<1>

( Starting setting )

SAU default setting

>

Main routine

— 1

Setting
transmission/reception data

Enables interrupt

N\

Interrupt processing routine

<3><6>

C Buffer empty/transfer end interrupt )

<4>

<7>

-
-

-

For the initial setting, refer to Figure 13 - 92.
(Select buffer empty interrupt)

Setting storage area and number of data for transmission/reception
data

(Storage area, Transmission/reception data pointer, Number of
communication data and Communication end flag are optionally set
on the internal RAM by the software)

Clear interrupt request flag (XXIF), reset interrupt mask
(XXMK) and set interrupt enable (EI)

Start communication when master start

Wait for transmission
completes
T

| -

providing the clock

When buffer empty/transfer end is

Yes

Read receive data to SIOp
(= SDRmn [7:0])

|
Subtract -1 from number of
transmit data

generated, it moves interrupt
processing routine

Other than the first interrupt, read reception data
then writes to storage area, update receive data
pointer

Writing transmit data to
SIOp (= SDRmn [7:0])

If transmit data is remained, read it from storage area
and write it to SIOp. Update storage pointer.

If transmit completion (number of communication data
= 1), Change the transmission completion interrupt

Clear MDmnO bit to 0

Y4

Write MDmnO bit to 1 |

Main routine

<8>

Number of communication
data = 0?

Yes

Yes Communication
continued?
No

| Disable interrupt (MASK) |

| Write STmn bit to 1 |

C End of communication >

Caution  Be sure to set transmit data to the SIOp register before the clock from the master is started.

Remark 1. <1> to <8> in the figure correspond to <1> to <8> in Figure 13 - 97 Timing Chart of Slave Transmission/Reception (in
Continuous Transmission/Reception Mode) (Type 1: DAPmn = 0, CKPmn = 0).
Remark 2. m: Unit number (m = 0), n: Channel number (n = 0), p: CSI number (p = 00)
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13.6.4 Calculating transfer clock frequency

The transfer clock frequency for slave select input function (CS100) communication can be calculated by the
following expressions.

(1) Slave

(Transfer clock frequency) = {Frequency of serial clock (SCK) supplied by master} Note [Hz]

Note The permissible maximum transfer clock frequency is fMck/6.

Remark m: Unit number (m = 0), n: Channel number (n = 0), p: CSI number (p = 00)
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Table 13 - 3 Selection of Operation Clock For Slave Select Input Function
SMRmn SPSm Register Operation Clock (fvck) Note
Register
PR PR PR PR PR PR PR PR
CKSmn m1§ m1§ m1? m1§ moi moi mO? mOi foLk =24 MHz
0 x x x x 0 0 0 0 foLk 24 MHz
x x x x 0 0 0 1 fcik/2 12 MHz
x x x x 0 0 1 0 fcLk/22 6 MHz
x x x x 0 0 1 1 fcLk/23 3 MHz
x x x x 0 1 0 0 foLk/24 1.5 MHz
x x x x 0 1 0 1 fcLk/25 750 kHz
x x x x 0 1 1 0 fcLk/26 375 kHz
x x x x 0 1 1 1 feLk/27 187.5 kHz
x x x x 1 0 0 0 fcLk/28 93.8 kHz
x x x x 1 0 0 1 fcLk/29 46.9 kHz
x x x x 1 0 1 0 fcLk/210 23.4 kHz
x x x x 1 0 1 1 feLk/2M 11.7 kHz
x x x x 1 1 0 0 feLk/212 5.86 kHz
x x x x 1 1 0 1 feLk/213 2.93 kHz
x x x x 1 1 1 0 feLk/214 1.46 kHz
x x x x 1 1 1 1 fcLk/215 732 Hz
Note When changing the clock selected for fcLk (by changing the system clock control register (CKC) value), do so after

having stopped (serial channel stop register m (STm) = 000FH) the operation of the serial array unit (SAU).

Remark 1. x: Don’t care
Remark 2. m: Unit number (m = 0), n: Channel number (n = 0)
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13.6.5 Procedure for processing errors that occurred during slave select input
function communication

The procedure for processing errors that occurred during slave select input function communication is described
in Figure 13 - 99.

Figure 13 - 99 Processing Procedure in Case of Overrun Error

Software Manipulation Hardware Status Remark
Reads serial data register mn (SDRmn).— The BFFmn bit of the SSRmn register is | This is to prevent an overrun error if the
set to 0 and channel n is enabled to next reception is completed during error
receive data. processing.
Reads serial status register mn (SSRmn). Error type is identified and the read value
is used to clear error flag.
Writes 1 to serial flag clear trigger ——p Error flag is cleared. Error can be cleared only during reading,
register mn (SIRmn). by writing the value read from the SSRmn
register to the SIRmn register without
modification.

Remark  m: Unit number (m = 0), n: Channel number (n = 0)
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13.7 Operation of UART (UARTO0, UART1) Communication

This is a start-stop synchronization function using two lines: serial data transmission (TxD) and serial data reception
(RxD) lines. By using these two communication lines, each data frame, which consist of a start bit, data, parity bit,
and stop bit, is transferred asynchronously (using the internal baud rate) between the microcontroller and the other
communication party. Full-duplex UART communication can be performed by using a channel dedicated to
transmission (even-numbered channel) and a channel dedicated to reception (odd-numbered channel).

The LIN-bus can be implemented by using timer array unit 0 (channel 3) with an external interrupt (INTPO).

[Data transmission/reception]

+ Data length of 7, 8, or 9 bitsNote

* Select the MSB/LSB first

* Level setting of transmit/receive data (selecting whether to reverse the level)
« Parity bit appending and parity check functions

» Stop bit appending, stop bit check function

[Interrupt function]

* Transfer end interrupt/buffer empty interrupt

* Error interrupt in case of framing error, parity error, or overrun error
[Error detection flag]

* Framing error, parity error, or overrun error

In addition, UARTSs of the following channels supports the SNOOZE mode. When RxD input is detected while in the
STOP mode, the SNOOZE mode makes data reception that does not require the CPU possible. Only the following
UART can be specified.

* UARTO

The LIN-bus is accepted in UARTO (0 and 1 channels).

[LIN-bus functions]

» Wakeup signal detection
* Break field (BF) detection
* Sync field measurement, baud rate calculation

Using the external interrupt (INTPO) and
timer array unit

Note Only the following UART can be specified for the 9-bit data length.
* UARTO
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UARTO uses channels 0 and 1 of SAUO.
UART1 uses channels 2 and 3 of SAUO.

* 20-pin products

Unit Channel Used as CSI Used as UART Used as Simplified 12C

0 0 CSI00 (supporting slave UARTO (LIN-bus supported) 11IC00
select input function)

1 — —
2 CSlI10 UART1 lic1o
3 Csi1 lIC11

* 24, 25-pin products

Unit Channel Used as CSI Used as UART Used as Simplified 12C
0 0 CSI00 (supporting slave UARTO (LIN-bus supported) 11IC00
select input function)
1 CSI01 lICO1
2 CsI10 UART1 IIC10
3 CSI11 1IC11

Select any function for each channel. Only the selected function is possible. If UARTO is selected for channels 0 and
1 of unit O, for example, these channels cannot be used for CSI00 and [IC00.

Caution When using a serial array unit for UART, both the transmitter side (even-numbered channel) and
the receiver side (odd-numbered channel) can only be used for UART.

UART performs the following four types of communication operations.

* UART transmission (See 13.7.1.)
* UART reception (See 13.7.2.)
* LIN transmission (UARTO only) (See 13.8.1.)
* LIN reception (UARTO only) (See 13.8.2.)
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13.71

UART transmission is an operation to transmit data from the RL78 microcontroller to another device

UART transmission

asynchronously (start-stop synchronization).

Of two channels used for UART, the even channel is used for UART transmission.

UART UARTO UART1
Target channel Channel 0 of SAUO Channel 2 of SAUO
Pins used TxDO TxD1
Interrupt INTSTO INTST1

Transfer end interrupt (in single-transfer mode) or buffer empty interrupt (in continuous transfer mode)
can be selected.

Error detection flag

None

Transfer data length

7, 8, or 9 bits Note 1

Transfer rate

Max. fMck/6 [bps] (SDRmn [15:9] = 2 or more), Min. fcLk/(2 x 215 x 128) [bps] Note 2

Data phase

Non-reverse output (default: high level)
Reverse output (default: low level)

Parity bit

The following selectable

* No parity bit

» Appending 0 parity

» Appending even parity
» Appending odd parity

Stop bit The following selectable
* Appending 1 bit
» Appending 2 bits

MSB or LSB first

Data direction

Note 1. Only the following UARTs can be specified for the 9-bit data length.
* UARTO
Note 2. Use this operation within a range that satisfies the conditions above and the peripheral functions characteristics in the

electrical specifications (seeCHAPTER 35, CHAPTER 36 ELECTRICAL SPECIFICATIONS). For UART transmission,
use the high-speed system clock, or high-speed on-chip oscillator.

Remark 1. fmck: Operation clock frequency of target channel
fck: System clock frequency
Remark 2. m: Unit number (m = 0), n: Channel number (n = 0, 2), mn = 00, 02
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(1) Register setting

Figure 13 - 100 Example of Contents of Registers for UART Transmission of UART (UARTO, UART1) (1/2)

(a) Serial mode register mn (SMRmn)

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
CKSmn g CCSmn MDmn2 gMDmn1 § MDmnO
SMRmn 0/1|o ol oo o|o|o|lo|lo|1]|o o|o|1|0/1
Opelration clock (fuck) of channel n Interrupt source of chann(lal n
0: Prescaler output clock CKmO set by the SPSm register 0: Transfer end interrupt
1: Prescaler output clock CKm1 set by the SPSm register 1: Buffer empty interrupt

(b) Serial communication operation setting register mn (SCRmn)

15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
SCRmn TXEmn  RXEmn § DAPmn § CKPmn EOCmnPTCmn1|PTCmn0| DIRmn SLCmn1|SLCmn0O DLSmn1|DLSmn0
1 0 0 0 0 0 0/1 01 01 0 0/1 01 0 1 0/1 Note 1 0/1
Setting of parity bit | | | \—‘;Setting of stop bit

00B: No parity Selection of data transfer 01B: Appending 1 bit

01B: Appending 0 parity sequence 10B: Appending 2 bits

10B: Appending Even parity 0: Inputs/outputs data with MSB first

11B: Appending Odd parity 1: Inputs/outputs data with LSB first

(c) Serial data register mn (SDRmn) (lower 8 bits: TXDq)

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
SDRmn Baud rate setting Transmit data setting
0 Note 2
\ »Z
'
TXDgq

(d) Serial output level register m (SOLm)... Sets only the bits of the target channel.

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
SOLmO
SOLm 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0r1
0: Non-reverse (normal) transmission ;
1: Reverse transmission
Note 1. Only provided for the SCROO register. This bit is fixed to 1 for the other registers.
Note 2. When performing 9-bit communication, bits 0 to 8 of the SDRmO register are used to specify the transmission
data.
* UARTO
Remark 1. m: Unit number (m = 0), n: Channel number (n = 0, 2), g: UART number (g =0, 1), mn = 00, 02
Remark 2. [J: Setting is fixed in the UART transmission mode,
.: Setting disabled (set to the initial value)
x: Bit that cannot be used in this mode (set to the initial value when not used in any mode)
0/1: Set to 0 or 1 depending on the usage of the user
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Figure 13 - 100 Example of Contents of Registers for UART Transmission of UART (UARTO, UART1) (2/2)

(e) Serial output register m (SOm)... Sets only the bits of the target channel.

15 14 13 12 1" 10 9 8 7 6 5 4 3 2 1 0
S0 CKOm1 | CKOmO SOm1 | sOmo
Mo 0 0 0 0 0 x x 0 0 0 0 0 0 X | 0/1 Note

0: Serial data output value is “0” g

1: Serial data output value is “1”

(f)  Serial output enable register m (SOEm)... Sets only the bits of the target channel to 1.

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
SOEm1 | SOEm0
SOEm 0 0 0 0 0 0 0 0 0 0 0 0 0 0 x 0/1

(g) Serial channel start register m (SSm)... Sets only the bits of the target channel to 1.

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
SSm1 SSm0
SSm 0 0 0 0 0 0 0 0 0 0 0 0 0 0 x 0/1
Note Before transmission is started, be sure to set to 1 when the SOLmn bit of the target channel is set to 0, and

set to 0 when the SOLmn bit of the target channel is set to 1. The value varies depending on the
communication data during communication operation.

Remark 1. m: Unit number (m = 0), n: Channel number (n = 0, 2), g: UART number (q =0, 1), mn = 00, 02

Remark 2. .: Setting disabled (set to the initial value)
x: Bit that cannot be used in this mode (set to the initial value when not used in any mode)
0/1: Set to 0 or 1 depending on the usage of the user
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(2) Operation procedure

Figure 13 - 101 Initial Setting Procedure for UART Transmission

( Starting initial setting )

Setting the PERO register |

Setting the SPSm register |

Setting the SMRmn register

Setting the SCRmn register

Setting the SDRmn register

Changing setting of the SOLm register

Setting the SOm register

| Changing setting of the SOEm register

| Setting port |

| Writing to the SSm register |

( Completing initial setting )

Release the serial array unit from the reset status
and start clock supply.

Set the operation clock.

Set an operation mode, etc.

Set a communication format.

Set a transfer baud rate (setting the transfer clock
by dividing the operation clock (fmck)).

Set an output data level.

Set the initial output level of the serial data
(SOmn).

Set the SOEmn bit to 1 and enable data output of
the target channel.

Enable data output of the target channel by setting
a port register and a port mode register.

Set the SSmn bit of the target channel to 1 and set
the SEmn bit to 1 (to enable operation).

Initial setting is completed.
Set transmit data to the SDRmn [7:0] bits (TXDq register)
(8 bits) or the SDRmn [8:0] bits (9 bits) and start communication.

Figure 13 - 102 Procedure for Stopping UART Transmission

( Starting setting to stop >

[

Rl

No
(Selective)

Yes

If there is any data being transferred, wait for their
completion.
(If there is an urgent must stop, do not wait.)

(Essential) | Writing the STm register

Write 1 to the STmn bit of the target channel.
| (SEmn = 0: to operation stop status)

(Essential)| Setting the SOEm register |

Set the SOEmn bit to 0 and stop the output of the
target channel.

(Selective)

register

Changing setting of the SOm

The levels of the serial data (SOmn) on the target
channel can be changed if necessitated by an
emergency.

(Selective) | Setting the PERO register

| Reset the serial array unit by stopping the clock
supply to it.

( Stop setting is completed )

After the stop setting is completed, go to the next
processing.
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Figure 13 - 103 Procedure for Resuming UART Transmission

( Starting setting for resumption )

No Wait until stop the communication target or
(Essential) @nw communication operation completed
preparations ¢
Yes
(Selective) | Port manipulation | Disable data output of the target channel by setting

a port mode register.

Re-set the register to change the operation clock

Selective | Changing setting of the SPSm register N
( ) setting.

Re-set the register to change the transfer baud
rate setting (setting the transfer clock by dividing
the operation clock (fmMck)).

(Selective) | Changing setting of the SDRmn register

Re-set the register to change serial mode register

Selective |Chan ing setting of the SMRmn register .
( ) o ¢ 9 mn (SMRmn) setting.

Re-set the register to change the serial
communication operation setting register mn

(Selective) | Changing setting of the SCRmn register

(SCRmn) setting.
(Selective) | Changing setting of the SOLm register rReeg';f;rt?s ('ggif:s)r ;Zg:g_‘ge serial output level
(Selective) | Changing setting of the SOEm register Clear the SOEmn bit to 0 and stop output.
(Selective) | Changing setting of the SOm register (Sse(t)mﬁ)i-nitial output level of the serial data
(Essential) | Changing setting of the SOEm register Set the SOEmn bit to 1 and enable output.
(Essential) | Port manipulation | Enable dgta output of the target chgnnel by setting

a port register and a port mode register.
(Essential) | Writing to the SSm register | Set the SSmn bit of the target channel to 1 and

set the SEmn bit to 1 (to enable operation).

Setting is completed.
Completing resumption Set transmit data to the SDRmn [7:0] bits (TXDq
setting register) (8 bits) or the SDRmn [8:0] bits (9 bits)
and start communication.

Remark If PERO is rewritten while stopping the master transmission and the clock supply is stopped, wait until the transmission
target stops or transmission finishes, and then perform initialization instead of restarting the transmission.
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(3) Processing flow (in single-transmission mode)
Figure 13 - 104 Timing Chart of UART Transmission (in Single-Transmission Mode)
SSmn
STmn |_'_
SEmn L
SDRmn X Transmit data 1 X Transmit data 2 Transmit data 3
TxDgq pin ST/ Transmitdata1  XP/SP ST/ Transmitdata2 __ XP/SP| \sT/ XP/sP
egistor Ot sperdio X SHitoperdion_) Sfiftpperdion |
INTSTq 1
Data transmission Data transmission Data transmission
TSFmn
Remark  m: Unit number (m = 0), n: Channel number (n = 0, 2), g: UART number (g =0, 1), mn = 00, 02

RO1UH0637EJ0110 Rev. 1.10

Dec 28, 2016

RENESAS

Page 532 of 1113



RL78/G11

CHAPTER 13 SERIAL ARRAY UNIT

Main routine

Figure 13 - 105 Flowchart of UART Transmission (in Single-Transmission Mode)

Starting UART
communication

| For the initial setting, refer to Figure 13 - 101.
SAU default setting (Select transfer end interrupt)

| Set data for transmission and the number of data. Clear

| communication end flag (Storage area, transmission data pointer,
number of communication data and communication end flag are

| optionally set on the internal RAM by the software).

| Setting transmit data

Clear interrupt request flag (XXIF), reset interrupt mask (XXMK)

| Enables interrupt | and set interrupt enable (El).

Writing transmit data to the SDRmn Read transmit data from storage area and write itto TxDq. Update transmit

[7:0] bits (TXDq register) (8 bits) or | data pointer.
the SDRmn [8:0] bits (9 bits) > Communication starts by writing to SDRmn [7:0].

.
-

Y4

Interrupt processing routine

| Wait for transmit completes |

: When Transfer end interrupt is
, - generated, it moves to interrupt
' processing routine.

( Transfer end interrupt )

Read transmit data, if any, from storage area
and write it to SIOp. Update transmit data
pointer.

If not, set transmit end flag.

Writing transmit data to the SDRmn
[7:0] bits (TXDq register) (8 bits) or Sets communication
the SDRmn [8:0] bits (9 bits) completion flag

< [

Check completion of transmission by
verifying transmit end flag.

(]
3 | Disable interrupt (MASK) |
.% |
=
| Write STmn bit to 1 |
_ ( End of communication )
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(4)

Processing flow (in continuous transmission mode)

Figure 13 - 106 Timing Chart of UART Transmission (in Continuous Transmission Mode)

SSmn<1>

STmn <6>|_|_

SEmn L
SDRmn Transmit data 1 Transmit data 2 Transmit data 3

TxDq pin st/ Transmit data 1 X P/SA\ST _ Transmitdata2  XP/SA\ST/  Transmit data 3 XP/sP
Shif register mn ST S G 0 0 7 (o S G 0 €5, —
INTSTq I |
Data transmission Data transmission Data transmission
MDmnO <4>| ,_
TSFmn —
BFFmn
<2><3> <2> <3> <2> <3> <5>

Note

Caution

Remark 1.

Note

If transmit data is written to the SDRmn register while the BFFmn bit of serial status register mn (SSRmn) is 1 (valid data
is stored in serial data register mn (SDRmn)), the transmit data is overwritten.

The MDmnO bit of serial mode register mn (SSRmn) can be rewritten even during operation. However, rewrite it
before transfer of the last bit is started, so that it will be rewritten before the transfer end interrupt of the last

transmit data.

m: Unit number (m = 0), n: Channel number (n = 0, 2), g: UART number (g =0, 1), mn = 00, 02
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Figure 13 - 107 Flowchart of UART Transmission (in Continuous Transmission Mode)

~ Starting UART
communication

<1> For the initial setting, refer to Figure 13 - 101.
SAU default setting (Select buffer empty interrupt)

>
| Set data for transmission and the number of data. Clear communication end flag

| Setting transmit data | (Storage area, Transmission data pointer, Number of communication data and
| Communication end flag are optionally set on the internal RAM by the software).

Main routine

| Clear interrupt request flag (XXIF), reset interrupt mask (XXMK)

| Enables interrupt and set interrupt enable (El).

<2> | Writing transmit data to the SDRmn Read transmit data from storage area and write itto TXDq.

[7:0] bits (TXDq register) (8 bits) or Update transmit data pointer.
the SDRmn [8:0] bits (9 bits)

Communication starts by writing to

> P> SDRmn [7:0].
_ | Wait for transmit completes |
e T When buffer empty/transfer end interrupt is
<3> : - generated, it moves to interrupt processing
Buffer empty/ routine.
transfer end interrupt
If transmit data is left, read them from
o storage area then write into TxDq, and
k= update transmit data pointer and number of
o transmit data.
2 If no more transmit data, clear MDmn bit if
3 <2> | Writing transmit data to the SDRmn it's set. If not, finish.
Q [7:0] bits (TXDq register) (8 bits) or
g_ the SDRmn [8:0] bits (9 bits)
k=
2
g
= . .
= 15 b ¢ Sets communication
Subtract -1 from number o | Clear MDmNO bit to 0 | completion interrupt flag
transmit data
» '
[
RETI )
L C ,
e :
]
Check completion of transmission by

verifying transmit end flag

Write MDmnO bit to 1
Yes Communication
continued?

No

| Disable interrupt (MASK) |

Write STmn bit to 1 |
I
End of communication )
N C

Main routine

<6>

Remark <1>to <6> in the figure correspond to <1> to <6> in Figure 13 - 106 Timing Chart of UART Transmission (in Continuous
Transmission Mode).
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13.7.2 UART reception

UART reception is an operation wherein the RL78 microcontroller asynchronously receives data from another
device (start-stop synchronization).

For UART reception, the odd-number channel of the two channels used for UART is used. The SMR register of
both the odd- and even-numbered channels must be set.

UART UARTO UART1
Target channel Channel 1 of SAUO Channel 3 of SAUO
Pins used RxDO RxD1
Interrupt INTSRO INTSR1
Transfer end interrupt only (Setting the buffer empty interrupt is prohibited.)
Error interrupt INTSREO
Error detection flag » Framing error detection flag (FEFmn)

« Parity error detection flag (PEFmn)
» Overrun error detection flag (OVFmn)

Transfer data length 7, 8 or 9 bits Note 1
Transfer rate Note 2 Max. fMck/6 [bps] (SDRmn [15:9] = 2 or more), Min. fcLk/(2 x 215 x 128) [bps]
Data phase Non-reverse output (default: high level)

Reverse output (default: low level)

Parity bit The following selectable

* No parity bit (no parity check)

» Appending 0 parity (no parity check)
» Appending even parity

» Appending odd parity

Stop bit Appending 1 bit
Data direction MSB or LSB first

Note 1. Only the following UARTs can be specified for the 9-bit data length.
* UARTO

Note 2. Use this operation within a range that satisfies the conditions above and the peripheral functions characteristics in the
electrical specifications (see CHAPTER 35, CHAPTER 36 ELECTRICAL SPECIFICATIONS). For UART reception, use
the high-speed system clock, or high-speed on-chip oscillator.

Remark 1. fmck: Operation clock frequency of target channel
fcLk: System clock frequency
Remark 2. m: Unit number (m = 0), n: Channel number (n =1, 3), mn =01, 03
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(1

Register setting

Figure 13 - 108 Example of Contents of Registers for UART Reception of UART (UARTO0, UART1) (1/2)

(a) Serial mode register mn (SMRmn)
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
SMR CKSmn g CCSmn STSmn SISmn0 MDmn2 gMDmn1 § MDmnO
mn 0/1 0 0 0 0 0 0 1 0 0/1 1 0 0 0 1 0

Operation clock (fmck) of channel n 0: Forward (normal) reception Operation mode of channel n
0: Prescaler output clock CKmO 1: Reverse reception 0: Transfer end interrupt
set by the SPSm register
1: Prescaler output clock CKm1
set by the SPSm register

(b) Serial mode register mr (SMRmr)
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
CKSmr g CCSmr MDmr2 § MDmr1 § MDmrO
SMRmrI 0/1 I 0 0 0 0 0 0 0 0 0 1 0 0 I 0 I 1 I 0/1

Same setting value as CKSmn bit Operation mode of channel r
0: Transfer end interrupt
1: Buffer empty interrupt

(c) Serial communication operation setting register mn (SCRmn)
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
SCRmnN TXEmn  RXEmn § DAPmn § CKPmn EOCmnPTCmn1|{PTCmn0| DIRmn SLCmn1[SLCmn0 DLSmn1|DLSmn0
0 1 0 0 0 1 0/1 0/1 0/1 0 0 1 0 1 [o/1Notet| 0/1
Setting of parity bit J—l
00B: No parity Selection of data transfer sequence Setting of data
01B: No parity judgment 0: Inputs/outputs data with MSB first length
10B: Appending Even parity 1: Inputs/outputs data with LSB first
11B: Appending Odd parity
(d) Serial data register mn (SDRmn) (lower 8 bits: RXDq)
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
SDRmn Baud rate setting Receive data register
0 Note 2
N =
~"
RXDq
Note 1. Only provided for the SCRO1 register. This bit is fixed to 1 for the other registers.
Note 2. When performing 9-bit communication, bits 0 to 8 of the SDRm1 register are used to specify the reception
data.
* UARTO
Caution  For the UART reception, be sure to set the SMRmr register of channel r that is to be paired with
channel n.
Remark 1. m: Unit number (m = 0), n: Channel number (n = 1, 3), mn = 01, 03,
r: Channel number (r =n - 1),
g: UART number (g =0, 1)
Remark 2. n: Setting is fixed in the UART reception mode,

.: Setting disabled (set to the initial value)
x: Bit that cannot be used in this mode (set to the initial value when not used in any mode)
0/1: Set to 0 or 1 depending on the usage of the user
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Figure 13 - 108 Example of Contents of Registers for UART Reception of UART (UARTO0, UART1) (2/2)

(e) Serial output register m (SOm)... The register that not used in this mode.

15 14 13 12 1" 10 9 8 7 6 5 4 3 2 1 0
SO CKOm1 | CKOmO Som1 | sOmo
Moo 0 0 0 0 0 x x 0 0 0 0 0 0 x x

(f)  Serial output enable register m (SOEm)... The register that not used in this mode.

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
SOEm1 | SOEm0
SOEm 0 0 0 0 0 0 0 0 0 0 0 0 0 0 x x

(g) Serial channel start register m (SSm)... Sets only the bits of the target channel is 1.

5 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
SSm1 | Ssmo
SSm 0 0 0 0 0 0 0 0 0 0 0 0 0 0 01 x

Remark 1. m: Unit number (m = 0)

Remark 2. .: Setting disabled (set to the initial value)
x: Bit that cannot be used in this mode (set to the initial value when not used in any mode)
0/1: Set to 0 or 1 depending on the usage of the user
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(2) Operation procedure

Figure 13 - 109 Initial Setting Procedure for UART Reception

( Starting initial setting )

| Setting the PERO register | Release the serial array unit from the reset status

and start clock supply.

| Setting the SPSm register | Set the operation clock.
Setting the SMRmn and SMRmr registers Set an operation mode, etc.
| Setting the SCRmn register | Set a communication format.

Set a transfer baud rate (setting the transfer clock

| Setting the SDRmn register | by dividing the operation clock (fvck)).

Enable data input of the target channel by setting a

| Setting port | port register and a port mode register.

Set the SSmn bit of the target channel to 1 and set
| Writing to the SSm register | the Semn bit to 1 (to enable operation).
Become wait for start bit detection.

< Completing initial setting )

Caution  Set the RXEmn bit of SCRmn register to 1, and then be sure to set SSmn to 1 after 4 or more fmck clocks have

elapsed.
Figure 13 - 110 Procedure for Stopping UART Reception
( Starting setting to stop )
|< If there is any data being transferred,
. No wait for their completion.
(Selective) (If there is an urgent must stop, do not wait).
Yes

| Write 1 to the STmn bit of the target channel.

(Essentlal)| Writing the STm register (SEmn = 0: to operation stop status)

(Selective)| Setting the PERO register

( Completing initial setting )

| Reset the serial array unit by stopping the clock
supply to it.

After the stop setting is completed, go to the next
processing.
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Figure 13 - 111 Procedure for Resuming UART Reception

( Starting setting for resumption )

-
-«

E t | Completing communication NO
( ssentia ) target preparations?

Yes

(Selective) | Changing setting of the SPSm register

(Selective) | Changing setting of the SDRmn register

(Selective) Changing setting of the SMRmn
and SMRmr registers

(Selective) | Changing setting of the SCRmn register

(Selective) | Clearing error flag |

(Essential) |

Setting port |

(Essential) | Writing to the SSm register |

Completing resumption
setting

Stop the target for communication or wait until
completes its communication operation.

Re-set the register to change the operation clock
setting.

Re-set the register to change the transfer baud
rate setting (setting the transfer clock by dividing
the operation clock (fmMck)).

Re-set the registers to change serial mode
registers mn, mr (SMRmn, SMRmr) setting.

Re-set the register to change serial communication
operation setting register mn (SCRmn) setting.

If the FEF, PEF, and OVF flags remain
set, clear them using serial flag clear trigger
register mn (SIRmn).

Enable data input of the target channel by setting a
port register and a port mode register.

Set the SSmn bit of the target channel to 1 and set
the Semn bit to 1 (to enable operation).
Become wait for start bit detection.

Caution  After is set RXEmn bit to 1 of SCRmn register, set the SSmn = 1 from an interval of at least four clocks of fmck.

Remark If PERO is rewritten while stopping the communication target and the clock supply is stopped, wait until the
communication target stops or communication finishes, and then perform initialization instead of restarting the

communication.
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(3) Processing flow

Figure 13 - 112 Timing Chart of UART Reception

SSmn
STmn |_|_
SEmn
Receive data 3 L
SDRmn Receive data 1 Receive data 2
RxDq pin s1/ Receive data 1 Xp/sp \sT/ Receive data 2 Xp/sp \s7/ Receive data 3 Xp /sp
Shift —— —_—— —_——
register mn XSt ggerafonX X XOCstitogeraton ) OCsfiogerafonr X C [
INTSRq I
Data reception Data reception Data reception
TSFmn

m: Unit number (m = 0), n: Channel number (n =1, 3 ), mn =01, 03,

Remark
r: Channel number (r = n - 1), g: UART number (q =0, 1)
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Figure 13 - 113 Flowchart of UART Reception

Starting UART
e communication

For the initial setting, refer to Figure 13 - 109.
SAU default setting (setting to mask for error interrupt)

| Setting storage area of the receive data, number of communication data
| Setting receive data | (storage area, reception data pointer, and number of communication data are

(0]
-% | optionally set on the internal RAM by the software).
<]
.% | Enables interrupt | Clear interrupt request flag (XXIF), reset interrupt mask (XXMK)
= and set.
>l
il
| Wait for receive completes |
i
E -} Starting reception if start bit is detected.
i
1
i - When receive complete, transfer end interrupt is generated.
(. i
4 ( Transfer end interrupt )
: |
5 Reading receive data from the SDRmn Read receive data then writes to storage area.
<) [7:0] bits (RXDq register) (8 bits) or Update receive data pointer and number of
2 the SDRmn [8:0] bits (9 bits) communication data.
2
3
Q No
‘2 Indicating normal reception?
>
@
£ Yes
\
RETI > | | Error processin | |
\ C i P 9
/ 1
]
1
Check the number of communication data, determine the

completion of reception

Reception completed?

Yes

2
g | Interrupt (mask) |
: |
| Writing 1 to the STmn bit |
\_ ( End of UART >
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13.7.3 SNOOZE mode function

The SNOOZE mode makes the UART perform reception operations upon RxDq pin input detection while in the
STOP mode. Normally the UART stops communication in the STOP mode. However, using the SNOOZE mode
enables the UART to perform reception operations without CPU operation. Only the following UART can be
specified.
* UARTO

When using UART(q in the SNOOZE mode, make the following settings before entering the STOP mode (See

Figures 13 - 116 and 13 - 118 Flowchart of SNOOZE Mode Operation).

* In the SNOOZE mode, the baud rate setting for UART reception needs to be changed to a value different from
that in normal operation. Set the SPSm register and bits 15 to 9 of the SDRmn register with reference to Table
13 - 4.

» Set the EOCmn and SSECmn bits. This is for enabling or stopping generation of an error interrupt (INTSREO)
when a communication error occurs.

* When using the SNOOZE mode function, set the SWCm bit of serial standby control register m (SSCm) to 1
just before switching to the STOP mode. After the initial setting has completed, set the SSm1 bit of serial
channel start register m (SSm) to 1.

Upon detecting the edge of RxDq (start bit input) after a transition was made to the STOP mode, UART reception
is started.

Caution 1. SNOOZE mode can be used only when the high-speed on-chip oscillator clock (fiH) is selected
as fcLk.

Caution 2. The transfer rate in the SNOOZE mode is only 4800 bps.

Caution 3. When SWCm = 1, UARTq can be used only when the reception operation is started in the
STOP mode. When used simultaneously with another SNOOZE mode function or interrupt, if
the reception operation is started in a state other than the STOP mode, such as those given
below, data may not be received correctly and a framing error or parity error may be
generated.

* When after the SWCm bit has been set to 1, the reception operation is started before the
STOP mode is entered

* When the reception operation is started while another function is in the SNOOZE mode

* When after returning from the STOP mode to normal operation due to an interrupt or other
cause, the reception operation is started before the SWCm bit is returned to 0

Caution 4. If a parity error, framing error, or overrun error occurs while the SSECm bit is set to 1, the
PEFmn, FEFmn, or OVFmn flag is not set and an error interrupt (INTSREq) is not generated.
Therefore, when the setting of SSECm = 1 is made, clear the PEFmn, FEFmn, or OVFmn flag
before setting the SWCO bit to 1 and read the value in bits 7 to 0 (RxDq register) of the SDRm1
register.

Caution 5. The CPU shifts from the STOP mode to the SNOOZE mode on detecting the valid edge of the
RxDq signal. Note, however, that transfer through the UART channel may not start and the
CPU may remain in the SNOOZE mode if an input pulse on the RxDq pin is too short to be
detected as a start bit.

In such cases, data may not be received correctly, and this may lead to a framing error or
parity error in the next UART transfer.

Caution 6. When using UART reception to transition from STOP mode to SNOOZE mode, use the high-
speed on-chip oscillator.
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Table 13 - 4 Baud Rate Setting for UART Reception in SNOOZE Mode

Baud Rate for UART Reception in SNOOZE Mode
High-speed On-chip Baud Rate of 4800 bps
Oscillator (fiH) Operation Clock Maximum Permissible | Minimum Permissible
(fmck) SDRmn [15:9] Value Value
24 MHz + 1.0% Note fcLk/25 79 1.60% -2.18%
16 MHz + 1.0% Note foLk/24 105 2.27% -1.53%
12 MHz + 1.0% Note feLk/24 79 1.60% -2.19%
8 MHz + 1.0% Note feLk/23 105 2.27% -1.53%
6 MHz + 1.0% Note fcLk/23 79 1.60% -2.19%
4 MHz + 1.0% Note fcLk/22 105 2.27% -1.53%
3 MHz + 1.0% Note fcLk/22 79 1.60% -2.19%
2 MHz + 1.0% Note fcLk/2 105 2.27% -1.54%
1 MHz + 1.0% Note foLk 105 2.27% -1.57%
Note When the accuracy of the clock frequency of the high-speed on-chip oscillator is +1.5% or +2.0%, the permissible range

becomes smaller as shown below.

* In the case of fiH + 1.5%, perform (Maximum permissible value - 0.5%) and (Minimum permissible value + 0.5%) to the
values in the above table.

* In the case of fiH + 2.0%, perform (Maximum permissible value - 1.0%) and (Minimum permissible value + 1.0%) to the
values in the above table.

Remark The maximum permissible value and minimum permissible value are permissible values for the baud rate in UART
reception. The baud rate on the transmitting side should be set to fall inside this range.
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(1) SNOOZE mode operation (EOCm1 = 0, SSECm = 0/1)
Because of the setting of EOCm1 = 0, even though a communication error occurs, an error interrupt
(INTSREQ) is not generated, regardless of the setting of the SSECm bit. A transfer end interrupt (INTSRq)
will be generated.

Figure 13 - 114 Timing Chart of SNOOZE Mode Operation (EOCm1 =0, SSECm = 0/1)

CPU operation status Normal operation | STOP mode SNOOZE mode Normal operation

4
SS01 <3>|_ = <12>|_

STO01 <1> <10>|_|

SEO01
SWCO0

EOCO01 L
SSECO L

<11>

Clock request signal
(internal signal)

Receive data 2

SDRO1 Receive data 1
<9> A Read "
RxDO pin ST/ Receive data 1 X P/ sp s1/ Receive data 2 X P/ sp

Shift register 01 X )(Shiftoperafon_X X XShiffopérationX )|

INTSRO

INTSREO L Receive data <7> Receive data

TSFO1

| <6>

<2> <5> <8>

Note Read the received data when SWCm is 1.

Caution  Before switching to the SNOOZE mode or after reception operation in the SNOOZE mode finishes, set the STm1
bit to 1 (clear the SEm1 bit, and stop the operation).
And after completion the receive operation, also clearing SWCm bit to 0 (SNOOZE mode release).

Remark 1. <1> to <12> in the figure correspond to <1> to <12> in Figure 13 - 116 Flowchart of SNOOZE Mode Operation (EOCm1
=0, SSECm = 0/1 or EOCm1 =1, SSECm = 0).
Remark2. m=0;9=0,1
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)

SNOOZE mode operation (EOCm1 =1, SSECm = 0: Error interrupt (INTSREQq) generation is enabled)

Because EOCm1 = 1 and SSECm = 0, an error interrupt (INTSREQ) is generated when a communication

error occurs.

Figure 13 - 115 Timing Chart of SNOOZE Mode Operation (EOCm1 =1, SSECm = 0)

CPU operation status Normal operation | STOP mode

SNOOZE mode

Normal operation

SS01

<4>

<3> |_

<12>|_|

sT01 <1>

<10>|_|

SEO01

SWCOo

L

<11>

EOCO1

SSECO L

Clock request signal

(internal signal)

Receive data 2

SDRO1

Receive data 1

<9> ARead "

RxDO pin

Shift register 01

ST/

E

Receive data 1

INTSRO

P

Receive data 2

e

D, 07 N S

INTSREO |

Receive data <7>

Receive data

TSFO1

| <6>

Note

Caution

<2> <5>

<8>

Read the received data when SWCm = 1.

bit to 1 (clear the SEm1 bit, and stop the operation).
And after completion the receive operation, also clearing SWCm bit to 0 (SNOOZE mode release).

Remark 1.

=0, SSECm = 0/1 or EOCm1 =1, SSECm = 0).

Remark2. m=0;9=0,1

Before switching to the SNOOZE mode or after reception operation in the SNOOZE mode finishes, set the STm1

<1> to <12> in the figure correspond to <1> to <12> in Figure 13 - 116 Flowchart of SNOOZE Mode Operation (EOCm1
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Figure 13 - 116 Flowchart of SNOOZE Mode Operation (EOCm1 =0, SSECm = 0/1 or EOCm1 =1, SSECm = 0)

4 ( Setting start )
[«
Does TSFmn=0ona
channels?
<> Writing 1 to the STmn bit The operation of all channels is also stopped to switch to the
—SEmn=0 STOP mode.
5 |
© Channel 1 is specified for UART reception.
“8’. SAU default setting Change to the UART reception baud rate in SNOOZE mode
5 | (SPSm register and bits 15 to 9 in SDRm1 register).
£
(e} . .
z Setting SSCm register .
<2> (SWCm = 1) SNOOZE mode setting
<3> Writing 1 to the SSm1 bit Communication wait status
— SEm1=1
| Enable interrupt | Clear |nIerrupt request flag (XXIF), reset interrupt mask (XXMK)
| and set interrupt enable (IE).
> <4> | Entered the STOP mode | fcLk supplied to the SAU is stopped.
53 |
o
€
> <5> > e» e» e» e e | RxDq edge detected
(Entered the SNOOZE mode)
ﬂé Clock
g ock supply
o <6> (UART receive operation)
N
o]
S
» <7> s e ea» a» a= e | Transfer end interrupt (INTSRq)
<8> or error interrupt (INTSREq
A
enerated.
-~ g
C INTSREq ) ( INTSRq )
I I
Reading receive data from the SDRmn [7:0] Reading receive data from the SDRmn [7:0] :
bits (RXDq register) (8 bits) or <9> bits (RXDq register) (8 bits) or The mode switches from SNOOZE to normal
the SDRmn [8:0] bits (9 bits) the SDRmn [8:0] bits (9 bits) operation.
< | Writing 1 to the STm1 bit. | <10> | Writing 1 to the STm1 bit | To operation stop status (SEm1 = 0)
g I I
& | Clear SWCm bit to 0. | <11> Clear SWCm bit to 0. | Reset SNOOZE mode setting.
©
E I
(e} .
P4 | | Error processing | |
Change to the UART reception baud Change to the UART reception baud Set the SPSm register and bits 15 to 9 in the
rate in normal operation rate in normal operation SDRm1 register.
| Writing 1 to the SSmn bit. | <12> | Writing 1 to the SSmn bit. | To communication wait status (SEm1 = 1)
Normal operation Normal operation
A\

Remark 1. <1> to <12> in the figure correspond to <1> to <12> in Figure 13 - 114 Timing Chart of SNOOZE Mode Operation
(EOCm1 =0, SSECm = 0/1) and Figure 13 - 115 Timing Chart of SNOOZE Mode Operation (EOCm1 = 1, SSECm = 0).
Remark2. m=0;9=0,1
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@)

SNOOZE mode operation (EOCm1 =1, SSECm = 1: Error interrupt (INTSREQq) generation is stopped)
Because EOCm1 =1 and SSECm = 1, an error interrupt (INTSREQq) is not generated when a
communication error occurs.

Figure 13 - 117 Timing Chart of SNOOZE Mode Operation (EOCm1 =1, SSECm = 1)

CPU operation status Normal operationl STOP mode SNOOZE mode | STOP mode SNOOZE mode |Normal operation
<4>
SS01 <3>[]
STO1 <1> <10>
SEO01 L
SWCo <11>L
EOCO01 1>
SSECO |
Clock request signal
(internal signal) Receive data 2
SDRO1 Receive data 1 |
Read "°*°|A<g>!
RxDO pin st/ Receive data 1 X P/ sp sT1/ Receive data 2 X p/ sp
Shifregister 01 O Earerfor ) X O(Shistesor X
INTSRO
INTSREO L Data reception Data reception
TSFO1 [ <6> [ <6>
<2> <5> <7> <5> <7>, <11>
<8>

Note

Caution 1.

Caution 2.

Remark 1.

Remark 2.

Only read received data while SWCm = 1.

Before switching to the SNOOZE mode or after reception operation in the SNOOZE mode finishes, set the STm1
bit to 1 (clear the SEm1 bit, and stop the operation).

And after completion the receive operation, also clearing SWCm bit to 0 (SNOOZE mode release).

If a parity error, framing error, or overrun error occurs while the SSECm bit is set to 1, the PEFm1, FEFm1, or
OVFm1 flag is not set and an error interrupt (INTSREQq) is not generated. Therefore, when the setting of SSECm =
1 is made, clear the PEFm1, FEFm1, or OVFm1 flag before setting the SWCm bit to 1 and read the value in
SDRm1[7:0] (RxDq register) (8 bits) or SDRm1[8:0] (9 bits).

<1>to <11> in the figure correspond to <1> to <11> in Figure 13 - 118 Flowchart of SNOOZE Mode Operation (EOCm1 =
1, SSECm =1).
m=0;9=0,1
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Figure 13 - 118 Flowchart of SNOOZE Mode Operation (EOCm1 =1, SSECm =1)

~
<1>
-
ie]
T
©
Q
o
©
£
S
z <2>
<3>
(.
% /’ <4>
<]
1S
o
O
b
\\ <5>
Ll /- <6>
N o
O o
O Q9
=z £
A
Vs
© <7>
e
<]
£
o
O
=
[
.
8
<]
£
w
N
(o]
2
0 \_ <7>
/’ <8>
o
ie]
g <9>
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P
<10>
<11>
-

( Setting start )

[

Does TSFmn =0 on al
channels?

SIRm1 = 0007H

Writing 1 to the STmn bit
—SEmn=0

SAU default setting

Setting SSCm register
(SWCm =1, SSECm = 1)

Writing 1 to the SSm1 bit
— SEm1=1

| Setting interrupt |

| Entered the STOP mode |

C |NT|SRq )

Reading receive data from the
SDRmn [7:0] bits (RXDq register)
(8 bits) or

the SDRmn [8:0] bits (9 bits)

Writing 1 to the STm1 bit

Setting SSCm register
(SWCm =0, SSECm = 0)

Change to the UART reception
baud rate in normal operation

| Writing 1 to the SSmn bit |
[

| | Normal processing | |

(Caution and Remarks are listed on the next page.)

Clear the all error flags.

The operation of all channels is also stopped to switch to the
STOP mode.

Channel 1 is specified for UART reception.

Change to the UART reception baud rate in SNOOZE mode

(SPSm register and bits 15 to 9 in SDRm1 register).

EOCm1: Make the setting to enable generation of error interrupt INTSREq.

SNOOZE mode setting (make the setting to enable generation
of error interrupt INTSREq in SNOOZE mode).

Communication wait status

Clear interrupt request flag (XXIF), reset interrupt mask (XXMK)
and set interrupt disable (DI).

fcLk supplied to the SAU is stopped.

RxDq edge detected
(Entered the SNOOZE mode)

Clock supply
(UART receive operation)

Reception error detected

an error occurs, because the CPU switches to the STOP status
again, the error flag is not set.

RxDq edge detected
(Entered the SNOOZE mode)

Clock supply
(UART receive operation)

Transfer end interrupt (INTSRq) generated

The mode switches from SNOOZE to normal operation.

To operation stop status (SEm1 = 0)

Reset SNOOZE mode setting

Set the SPSm register and bits 15 to 9 in the SDRm1 register.

To communication stop status (SEmn = 1)
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Caution If a parity error, framing error, or overrun error occurs while the SSECm bit is set to 1, the PEFm1, FEFm1, or
OVFm1 flag is not set and an error interrupt (INTSREq) is not generated. Therefore, when the setting of SSECm =
1 is made, clear the PEFm1, FEFm1, or OVFm1 flag before setting the SWCm bit to 1 and read the value in
SDRm1[7:0] (RxDq register) (8 bits) or SDRm1[8:0] (9 bits).

Remark 1. <1> to <11> in the figure correspond to <1> to <11> in Figure 13 - 117 Timing Chart of SNOOZE Mode Operation
(EOCm1 =1, SSECm =1).
Remark2. m=0;9=0,1
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13.7.4 Calculating baud rate

(1) Baud rate calculation expression
The baud rate for UART (UARTO, UART1) communication can be calculated by the following expressions.

| (Baud rate) = {Operation clock (fMck) frequency of target channel} + (SDRmn[15:9] + 1) + 2 [bps]

Caution Setting serial data register mn (SDRmn) SDRmn[15:9] = (0000000B, 0000001B) is prohibited.

Remark 1. When UART is used, the value of SDRmn[15:9] is the value of bits 15 to 9 of the SDRmn register
(0000010B to 1111111B) and therefore is 2 to 127.
Remark 2. m: Unit number (m = 0), n: Channel number (n = 0 to 3), mn = 00 to 03

The operation clock (fMck) is determined by serial clock select register m (SPSm) and bit 15 (CKSmn) of serial
mode register mn (SMRmn).
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Table 13 - 5 Selection of Operation Clock For UART

SMRmn SPSm Register Operation Clock (fvck) Note
Register
PR PR PR PR PR PR PR PR
CKSmn m1§ m1§ m1? m1§ moi moi mO? mOi foLk =24 MHz
0 x x x x 0 0 0 0 foLk 24 MHz
x x x x 0 0 0 1 fcik/2 12 MHz
x x x x 0 0 1 0 fcLk/22 6 MHz
x x x x 0 0 1 1 fcLk/23 3 MHz
x x x x 0 1 0 0 foLk/24 1.5 MHz
x x x x 0 1 0 1 fcLk/25 750 kHz
x x x x 0 1 1 0 fcLk/26 375 kHz
x x x x 0 1 1 1 feLk/27 187.5 kHz
x x x x 1 0 0 0 fcLk/28 93.8 kHz
x x x x 1 0 0 1 fcLk/29 46.9 kHz
x x x x 1 0 1 0 fcLk/210 23.4 kHz
x x x x 1 0 1 1 feLk/2M 11.7 kHz
x x x x 1 1 0 0 feLk/212 5.86 kHz
x x x x 1 1 0 1 feLk/213 2.93 kHz
x x x x 1 1 1 0 feLk/214 1.46 kHz
x x x x 1 1 1 1 fcLk/215 732 Hz
1 0 0 0 0 x x x x fcLk 24 MHz
0 0 0 1 x x x x foLk/2 12 MHz
0 0 1 0 x x x x fcLk/22 6 MHz
0 0 1 1 x x x x fcLk/23 3 MHz
0 1 0 0