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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/L13 and design and develop application systems and programs for these devices.
The target products are as follows.

e 64-pin: R5F10WLx (x = A, C-G) e 80-pin: R5F10WMx (x = A, C-G)

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

The RL78/L13 manual is separated into two parts: this manual and the software edition
(common to the RL78 family).

RL78/L13 RL78 family
User’s Manual User’s Manual
(This Manual) Software
¢ Pin functions e CPU functions
o Internal block functions e Instruction set
o Interrupts o Explanation of each instruction

e Other on-chip peripheral functions
o Electrical specifications

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

— Read this manual in the order of the CONTENTS.

The mark “<R>" shows major revised points. The revised points can be easily
searched by copying an “<R>" in the PDF file and specifying it in the “Find what:” field.
¢ 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/L13 Microcontroller instructions:

— Refer to the separate document RL78 family Software User’s Manual

(RO1US0015E).



Conventions Data significance:

Active low representations:
Note:

Caution:

Remark:

Numerical representations:

Related Documents

Higher digits on the left and lower digits on the right
Xxx (overscore over pin and signal name)

Footnote for item marked with Note in the text
Information requiring particular attention
Supplementary information

Binary S XXXX OF XXXXB
Decimal S XXXX
Hexadecimal  ---xxxxH

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/L13 User's Manual: Hardware

This manual

RL78 Family User's Manual: Software

RO1US0015E

Documents Related to Flash Memory Programming

Document Name

Document No.

PG-FP5 Flash Memory Programmer User's Manual

R20UTO008E

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

version of each document when designing.

Other Documents

Document Name

Document No.

Renesas Microcontrollers RL78 Family RO1CPOO03E
Semiconductor Package Mount Manual R50ZZ0003E
Semiconductor Reliability Handbook R51ZZ0001E

Note See the “Semiconductor Package Mount Manual” website (http://www.renesas.com/products/package/manual/index.jsp).

Caution The related documents listed above are subject to change without notice.

version of each document when designing.

Be sure to use the latest

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
* Vop = single power supply voltage of 1.6 to 5.5 V which can operate a 1.8 V device at a low voltage
e HALT mode
e STOP mode
e SNOOZE mode

RL78 CPU core
e CISC architecture with 3-stage pipeline
¢ 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 (30.5 us: @ 32.768 kHz operation with subsystem clock)
e Address space: 1 MB
e General-purpose registers: (8-bit register x 8) x 4 banks
e On-chip RAM: 1 to 8 KB

Code flash memory
e Code flash memory: 16 to 128 KB
e Block size: 1 KB
e Prohibition of block erase and rewriting (security function)
e On-chip debug function
e Self-programming (with boot swap function/flash shield window function)

Data flash memory
e Data flash memory: 4 KB
e Back ground operation (BGO): Instructions can be executed from the program memory while rewriting the data flash
memory.
e Number of rewrites: 1,000,000 times (TYP.)
e Voltage of rewrites: Voo = 1.8t0 5.5V

High-speed on-chip oscillator
e Select from 48 MHz, 24 MHz, 16 MHz, 12 MHz, 8 MHz, 6 MHz, 4 MHz, 3 MHz, 2 MHz, and 1 MHz
e High accuracy: £1.0 % (Voo = 1.8 t0 5.5V, Ta = -20 to +85°C)

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

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

ROLUHO0382EJ0210 Rev.2.10 RENESAS 1
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DMA (Direct Memory Access) controller
e 4 channels
e Number of clocks during transfer between 8/16-bit SFR and internal RAM: 2 clocks

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

Serial interface
e CSI: 2 channels
e UART/UART (LIN-bus supported): 3, 4 channels/1 channel
« I°C/Simplified I°C communication: 1 channel/2 channels

Timer
<R> *® 16-bittimer: 8 channels (with remote control output function)
<R> ° 16-bit timer KB20 (IH): 1 channel (IH-only PWM output function)
e 12-bit interval timer: 1 channel
e Real-time clock 2: 1 channel (calendar for 99 years, alarm function, and clock correction function)
e Watchdog timer: 1 channel (operable with the dedicated low-speed on-chip oscillator)

A/D converter
e 8/10-bit resolution A/D converter (Vob = 1.6 to 5.5 V)
e Analog input: 9 to 12 channels
o |Internal reference voltage (1.45 V) and temperature sensor™®e?
Comparator
e 2 channels
e Operation mode: Comparator high-speed mode, comparator low-speed mode, or window mode
o External reference voltage and internal reference voltage are selectable

LCD controller/driver
e Segment signal output: 36 (32)"°**? to 51 (47)"°'¢2
« Common signal output: 4 (8)"°*®2
e Internal voltage boosting method, capacitor split method, and external resistance division method are switchable

I/O port
e |/O port: 49 to 65 (N-ch open drain I/O [withstand voltage of 6 V]: 2,
N-ch open drain I/0O [Vop withstand voltage]: 12 to 18)
e Can be set to N-ch open drain, TTL input buffer, and on-chip pull-up resistor
o Different potential interface: Can connect to a 1.8/2.5/3 V device
e On-chip key interrupt function
e On-chip clock output/buzzer output controller

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

Notes 1. Can be selected only in HS (high-speed main) mode
2. The values in parentheses are the number of signal outputs when 8 com is used.

Remark The functions mounted depend on the product. See 1.6 Outline of Functions.
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O ROM, RAM capacities

Flash ROM Data Flash RAM RL78/L13
64 pins 80 pins
128 KB 4 KB 8 kBN R5F10WLG R5F10WMG
96 KB 4 KB 6 KB R5F10WLF R5F10WMF
64 KB 4 KB 4 KB R5F10WLE R5F10WME
48 KB 4 KB 2 KB R5F10WLD R5F10WMD
32 KB 4 KB 1.5KB R5F10WLC R5F10WMC
16 KB 4 KB 1KB R5F10WLA R5F10WMA

CHAPTER 3.)

Note This is about 7 KB when the self-programming function and data flash function are used. (For details, see

RO1UH0382EJ0210 Rev.2.10
Aug 12, 2016
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1.2 List of Part Numbers
Figure 1-1. Part Number, Memory Size, and Package of RL78/L13

PatNo. R5F10WLEAXXX

F B #30
e

Packaging specification
#30 : Tray (LFQFP, LQFP)
#50 : Embossed Tape (LFQFP, LQFP)

Package type:
FA : LQFP, 0.65 mm pitch
FB : LFQFP, 0.50 mm pitch

ROM number (Omitted with blank products)

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

ROM capacity:
: 16 KB
: 32KB
: 48 KB
: 64 KB
. 96 KB
1128 KB

O@TMmMOoOO >

Pin count:
L : 64-pin
M : 80-pin

RL78/L13 group

Memory type:
F : Flash memory

Renesas MCU

Renesas semiconductor product

ROLUHO0382EJ0210 Rev.2.10 RENESAS 4
Aug 12, 2016 "



RL78/L13

CHAPTER 1 OUTLINE

Pin Count Package Data Flash Fields of Ordering Part Number
Application"**
64 pins 64-pin plastic LQFP Mounted | A R5F10WLAAFA#30, RSF10WLAAFA#50, R5SF10WLCAFA#30,
(12 x 12 mm, 0.65 R5F10WLCAFA#50, R5F10WLDAFA#30, RSF10WLDAFA#50,
mm pitch) R5F10WLEAFA#30, RSF10WLEAFA#50, R5SF10WLFAFA#30,
R5F10WLFAFA#50, R5SF10WLGAFA#30, R5SF10WLGAFA#50
64-pin plastic LFQFP | Mounted | A R5F10WLAAFB#30, R5F10WLAAFB#50, RSF10WLCAFB#30,
(10 x 10 mm, 0.5 R5F10WLCAFB#50, R5F10WLDAFB#30, R5SF10WLDAFB#50,
mm pitch) R5F10WLEAFB#30, R5SF10WLEAFB#50, RSF10WLFAFB#30,
R5F10WLFAFB#50, R5SF10WLGAFB#30, R5SF10WLGAFB#50,
G R5F10WLAGFB#30, R5SF10WLAGFB#50, R5SF10WLCGFB#30,
R5F10WLCGFB#50, R5F10WLDGFB#30, R5F10WLDGFB#50,
R5F10WLEGFB#30, R5SF10WLEGFB#50, R5SF10WLFGFB#30,
R5F10WLFGFB#50, R5F10WLGGFB#30, R5SF10WLGGFB#50
80 pins 80-pin plastic LQFP Mounted | A R5F10WMAAFA#30, RSF10WMAAFA#50, R5SF10WMCAFA#30,
(14 x 14 mm, 0.65 R5F10WMCAFA#50, RSF10WMDAFA#30, R5SF10WMDAFA#50,
mm pitch) R5F10WMEAFA#30, RSF10WMEAFA#50, RSF10WMFAFA#30,
R5F10WMFAFA#50, RSF10WMGAFA#30, RSF10WMGAFA#50
80-pin plastic LFQFP | Mounted | A R5F10WMAAFB#30, R5SF10WMAAFB#50, RSF10WMCAFB#30,
(12x 12 mm, 0.5 R5F10WMCAFB#50, RSF10WMDAFB#30, R5SF10WMDAFB#50,
mm pitch) R5F10WMEAFB#30, R5SF10WMEAFB#50, R5SF10WMFAFB#30,
R5F10WMFAFB#50, R5SF10WMGAFB#30, RSF10WMGAFB#50,
G R5F10WMAGFB#30, R5SF10WMAGFB#50, RSF10WMCGFB#30,
R5F10WMCGFB#50, R5SF10WMDGFB#30, RSF10WMDGFB#50,
R5F10WMEGFB#30, R5SF10WMEGFB#50, RSF10WMFGFB#30,
R5F10WMFGFB#50, RSF10WMGGFB#30, R5SF10WMGGFB#50

Note For the fields of application, see Figure 1-1 Part Number, Memory Size, and Package of RL78/L13.

Caution The ordering part numbers represent the numbers at the time of publication. For the latest ordering

part numbers, refer to the target product page of the Renesas Electronics website.
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CHAPTER 1 OUTLINE

1.3 Pin Configuration (Top View)

<R> 1.3.1 64-pin

products

e 64-pin plastic LQFP (12 x 12 mm, 0.65 mm pitch)
e 64-pin plastic LFQFP (10 x 10 mm, 0.5 mm pitch)

P02/INTP7/PCLBUZ0/SEG45
P01/(TI05)/(TO05)/INTP5/PCLBUZ1/SEG44
P0O0/SEG43/SO00/TxDO/TOOLTXD
P17/SEG42/S100/RxD0/TOOLRxD/SDA0O

P

16/SEG41/SCK00/SCL00
P15/T107/TO07/SEG40
P14/T104/TO04/SEG39
P13/ANI25/SEG38
P12/ANI24/SEG37
P11/ANI23/SEG36
P10/ANI22/SEG35
P27/ANI21/SEG34
P26/ANI20/SEG33
P22/ANI16/SEG29
P21/ANIO/AVrerp
P20/ANI1/AVRerm

o
n
2
2 & o
EEgu s i
20 R »n
Sguwe3 E
= g D <O o (O]
S99 04 [= |
g5 @s £5Q
[ONONCIN ) S I
owog x o-amSnS
Qoo gk G006 EQE
S9L¢s2 wwww 50 §
R 250 DDDDSE S
n:;:wwwOFNva‘D'\EZE
5588255855550 3s
£§88&88oo0o0o0o0o0o0o0aad
48 47 46 45 44 43 42 41 40 39 38 37 36 35 34 33
49 32 [~—O P57/INTP6/SEG11
50 31 [«=—O P70/KRO/SEG12
51 30 [=—O P74/KR4/SEG16/TKBO00
52 29 [+~—0O P75/KR5/SEG17/TKBO01-2
53 28 [+~—0O P76/KR6/SEG18/TKBO01-1
54 27 |~—0O P77/KR7/SEG19/TKBO01-0
55 26 [=—=O P30/TI03/TO03/SEG20/REMOOUT
56 RL78/L13 25 [+=—O P31/INTP3/RTC1HZ/SEG21
57 (Top View) 24 [~——=O P32/TI01/TO01/SEG22
58 23 [+=—O P33/INTP4/SEG23
59 22 [+—O P125/V1a/TI06/TO06
60 21 —OVu
61 20 [+=—=O Ve2
62 19 f«=—O Vi1

63
64 O
1

N

-
o

[=———O P126/CAPL/(TI04)/(TO04)
[~———=O P127/CAPH/(TI03)/(TO03)/(REMOOUT)

P45/VREFO
P44/(SCK10)/(SCL10)/IVCMPO O=——~|

P43/(INTP7)/(S110)/(RxD1)/(SDA10)/IVCMP1 O=~——=| @

RESET O———~ @

P124/XT2/EXCLKS O——+ N

P123/XT1 O——= ®
P137/INTPO O——— ©
P121/X1 O—— 2

P122/X2/EXCLK O———

P40/TOOLO/(TI00)/(TO00) O=—n]

P42/TI05/TO05/(SO10)/(TXD1)/IVREF1 Qe &

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

Remarks 1. For pin identification, see 1.4 Pin Identification.
2. Functions in parentheses in the above figure can be assigned via settings in the peripheral I/O redirection
register (PIOR). See Figure 4-8 Format of Peripheral I/O Redirection Register (PIOR).

P60/SCLAO/(TIO1)/(TO01)

P61/SDAA0/(TI02)/(TO02)

RO1UH0382EJ0210 Rev.2.10
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<R> 1.3.2 80-pin products

P03/RxD2/SEG46/VCOUTO
P02/INTP7/PCLBUZ0/SEG45

PO1/(TI05)/(TO05)/(INTP5)/PCLBUZ1/SEG44

PO0/SEG43/SO00/TxDO/TOOLTXD
P17/SEG42/S100/RxD0/TOOLRxD/SDA0O
P16/SEG41/SCK00/SCL00
P15/T107/TO07/SEG40
P14/T104/TO04/SEG39
P13/ANI25/SEG38
P12/ANI24/SEG37
P11/ANI23/SEG36
P10/ANI22/SEG35
P27/ANI21/SEG34
P26/ANI20/SEG33
P25/ANI19/SEG32
P24/ANI18/SEG31
P23/ANI17/SEG30
P22/ANI16/SEG29
P21/ANIO/AVrere

P20/ANI1/AVrerm

80-pin plastic LQFP (14 x 14 mm, 0.65 mm pitch)
80-pin plastic LFQFP (12 x 12 mm, 0.5 mm pitch)

o
n
i
g8 .
C QW N 8
IR %)
Qumeon Y o 2
Qv Z0D a3 O
2s4da E & 8-
550F E50895
O = S o %}
8@99 o~ 8%8%8%
osgE COCOO0, ,EIEBE ®
aLsg uowou SL Qo
Oév—o o0 QP 8ESESE
C803ozyoz08Eb02E2E2
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Caution Connect the REGC pin to Vss via a capacitor (0.47 to 1 uF).

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

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

register (PIOR). See Figure 4-8 Format of Peripheral I/O Redirection Register (PIOR).
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1.4 Pin Identification

ANIO, ANI1,

ANI16 to ANI25:  Analog Input

AVREFM: Analog Reference Voltage
Minus

AVREFP: Analog Reference Voltage
Plus

CAPH, CAPL: Capacitor for LCD

COMO to COM7: LCD Common Output

EXCLK: External Clock Input
(Main System Clock)

EXCLKS: External Clock Input

(Subsystem Clock)

PCLBUZO, PCLBUZ1:

REGC:
REMOOUT:
RESET:
RTC1HZ:

RxDO to RxD3:

SCKO00, SCK10, SCLAO:
SCLO00, SCL10:

SDAAO, SDA00, SDA10:
SEGO to SEG50:

Programmable Clock Output/
Buzzer Output

Regulator Capacitance
Remote control Output
Reset

Real-time Clock 2 Correction Clock
(1 Hz) Output

Receive Data

Serial Clock Input/Output
Serial Clock Output

Serial Data Input/Output
LCD Segment Output

INTPO to INTP7:  External Interrupt Input SI00, SlI10: Serial Data Input

IVCMPO, IVCMP1: Comparator Input S000, So10: Serial Data Output

IVREFO, IVREF1: Comparator Reference Input  TIO0O to TIO7: Timer Input

KRO to KR7: Key Return TOO00 to TOO7,

P00 to PO7: Port 0 TKBOO00, TKBOO01-0,

P10 to P17: Port 1 TKBOO01-1, TKBO01-2: Timer Output

P20 to P27: Port 2 TOOLO: Data Input/Output for Tool

P30 to P35: Port 3 TOOLRXD, TOOLTxD: Data Input/Output for External Device

P40 to P47: Port 4 TxDO to TxD3: Transmit Data

P50 to P57: Port 5 VCOUTO, VCOUT1: Comparator Output

P60, P61: Port 6 Vob: Power Supply

P70 to P77: Port 7 Vi1 to Via: LCD Power Supply

P121 to P127: Port 12 Vss: Ground

P130, P137: Port 13 X1, X2: Crystal Oscillator (Main System Clock)
XT1, XT2: Crystal Oscillator (Subsystem Clock)
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1.5 Block Diagram

1.5.1 64-pin products

TI00/TO00/P52
(TI00/TO00/P40)

TI01/TO01/P32
(TI01/TO01/P60)

TI02/TO02/P54 N
(TI02/TO02/P61)

TI03/TO03/P30 N
(TI03/TO03/P127) ~

TI04/TO04/P14
(TI04/TO04/P126)

TIO5/TO05/P42
(TI05/TO05/P01)

TI06/TO06/P125 ~—=|

TIO7/TO07/P15 ~—~
RxDO/P17 ——~

REMOOUT/P30
(REMOOUT/P127)

-]

TIMER ARRAY
UNITO (8ch)

chl

ch2

I

ch

ch4

chs

ché

ch7

Remote Carrier

TKBOO0O0/P74, TKBO01-0/P77,
TKBOO01-1/P76, TKBO01-2/P75

16-bit TIMER KB20

<

lic1o

SERIAL ARRAY
UNITO (4ch)
RXDO/P17 UARTO
TXDO/P00 ~—
RxD1/PO6(RXD1/P43) —| v
TXDL/PO7(TXDO/P42) ~—
SCKO0/P16
SI00/P17 Csl00
S000/P00
SCK10/POS(SCK10/P44)
SIL0/PO6(SI10/P43) csl1o
SO10/P07(SO10/P42)
SCLOO0/P16~—| -
SDAOO/P17 ~—]
SCL10/PO5(SCL10/P44) —

SDA10/P06(SDA10/P43) «—

RxD2/P03 —~|
TxD2/P04 ~—

SERIAL ARRAY
UNITL (4ch)

UART2

SEGO to SEG3, SEG6 to SEGS,

SEGLL, SEG12, SEG16 to SEG23,(" 35|

SEG29, SEG33 to SEG50

COMO to COM7

Viito Via
CAPH
CAPL

LCD
CONTROLLER/
DRIVER

A/D CONVERTER

=)

COMPARATOR
(2ch)

K21 ANI0/P21, ANIZ/P20

ANI16/P22,
ANI20/P26, ANI21/P27

K21 ANI22/P10 to ANI25/P13

AVrerp/P21
AVrerm/P20

COMPARATORO

VCOUTO/P03
IVCMPO/P44

IVREFO/P45

COMPARATOR1

VCOUT1/P04

IVCMP1/P43

IVREF1/P42

RL78
CPU
CORE

CODE FLASH MEMORY

DATA FLASH MEMORY

RAM

Vss

TOOLRXD/P17,
TOOLTxD/P00

SDAAO/P6L
SCLAO/PE0
BUZZER OUTPUT PCLBUZO/PO2
C---=------ (PCLBUZ0/PO7),
CLOCK OUTPUT PCLBUZ1/PO1
CONTROL
MULTIPLIERE
@ DIVIDER, CRC
MULITIPLY-
ACCUMULATOR
|| DIRECT MEMORY
R—| ACCESS CONTROL
= BCD
ADJUSTMENT

PORT 0 K8 > P00 to PO7

PORT 2 P20 to P22,
P26, P27
PORT 3 P30 to P33

P40, P42 to P45

«- P121 to P124
P125 to P127

P52 to P54, P57

P60, P61

RN

P70, P74 to P77

PORT 13

ORI (R R VR R R (AR VI

RN ——
KRO/P70
KEY RETURN j
POWER ON RESET/ PORILVD
VOLTAGE CONTROL
DETECTOR
RESET CONTROL
{>| ON-CHIP DEBUG TOOLO/P40
SYSTEM [«——RESET
CONTROL X1/P121
ToR-SPEED] [+ X2/EXCLK/P122
ON-CHIP XT1/P123
OSCILLATOR XT2/EXCLKS/P124
VOLTAGE
REGULATOR REGC

E RxDO/P17
INTPO/P137

INTP1/P52,
INTP2/P53,
(5| INTERRUPT INTPE/P57
CONTROL INTP3/P31,
INTP4/P33
INTP5/POL,
INTP7/PO2(INTP7/P43)
WINDOW
<> warcrpos
TIMER
- 12- BIT INTERVAL LOW-SPEED
TIMER [~— ON-CHIP
OSCILLATOR
(= REALTIVE ‘—‘
CLOCK 2 RTC1HZ/P31

Remark Functions in parentheses in the above figure can be assigned via settings in the peripheral 1/O redirection
register (PIOR). See Figure 4-8 Format of Peripheral I/O Redirection Register (PIOR).
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1.5.2 80-pin products

TIMER ARRAY — —
UNITO (8ch) - PORT 0 78" P00 to P07
> PorT1 8 > P10to P17
TIOUTOOLP32 | | .
TI01/TO01/P60
¢ ) - PORT 2 (8> P20to P27
TI02/TO02/P54 |

(TI02/T002/P61) ch2 K727 ANIO/P21, ANILIP20
TI03/TO03/P30 K T5] ANI16/P22 to ANI21IP27 <:> P30 to P35

TI00/TO00/P52
(TI00/TO00/P40)

-~ ch3
(TI03/TO03/P127) K| AID CONVERTER K27 ANI22/P10 to ANI25/P13
TI04/TO04/P14 ’ K= AVRERIP20 | PorTa KB Paotopar
(T104/TO04/P126) AVrerr/P21

TIO5/TO05/P42

1 PORT5 K8 >P50to P57
e o _remre |
TIOB/TO06/P56
(TI06/TO06/P125) *—"] ch6 | PorTe  KTZ)> Peo, P61
TI07/TO07/P15
(TI07/TO07/P41) =~ e COMPARATOR
RXDO/P17 ——= (2ch) - PORT 7 (8 > P70t0 P77

(RxDO/PAT) VCOUTO/PO3
REMOOUT/P30 (| | COMPARATORO IVCMPO/P44 -«- P121 to P124
e Remote Carrier
IVREFO/P45 PORT 12
(REMOOUT/P127) - P125 to P127
VCOUT1/P04

TKBOO0/P74, TKBOO1-0/P77. COMPARATOR? IVEMP1/P43 PORT 13 P130
' - : _bi IVREF1/P42 < : )]
TKBOO1-1/P76, TKBOO1-2/P78 < | 16-bit TIMER K820 | P137
KRO/P70 to
KEY RETURN

SERIAL ARRAY
UNITO ech) POWER ON RESET/
RxDO/P17(RxDO/P47) UARTO VOLTAGE ggﬁ#ﬁ
TXDO/POO(TXDO/P130) ~—{—| DETECTOR
RXD1/PO6(RXD1/P43) ——{~ A -
TXD1/P07(TXDO/P42) ~— RESET CONTROL
SCKO0/P16(SCK00/P46) RL78 — CODE FLASH MEMORY
SI00/P17(SI00/P47) CslI00 CcPU —>
S000/P0O0(SO00/P130 K—]
( ) CORE DATA FLASH MEMORY | on-crip peBUG TOOLO/P40
SCK10/PO5(SCK10/P44) —
SI10/PO6(SI10/P43) csio @
S010/P07(SO10/P42) SYSTEM RESET
CONTROL X1/P121
SCLOO/P16(SCLO0/P46) ~—| »
SDAOO/P17((SDAOOIP47; — ficoo @ H'%':‘EEIEPED ii/llzlzf;;/ Piz2
SCL10/P05(SCL10/P44) ~— 1o10 OSCILLATOR XT2/EXCLKS/P124
SDA10/PO6(SDA10/P43) ~—| RAM
VOLTAGE
REGULATOR REGC
SERIAL ARRAY
UNIT1 (4ch) ‘
RxD2/P03 ——~
TXD2/P04 ~—| UART2 Voo Vss TOOLRXDIP17,
RxD3/P34 <:> TOOLTXD/P00 «—C RxDO/P17 (RxDO/PA7)
X UART3 INTPO/P137
TXD3/P35 ~— INTP/P52,
INTP2/P53,
(=) INTERRUPT INTP5/P55(INTP5/PO1),
SERIAL SDAAO/P61 CONTROL INTP6/P57
SEGO to SEG50 51| LCD K INTERFACE IICAO SCLAOPEO
CONTROLLER/ :mgiﬁg%
Ccomo to com7< 8] DRIVER -
Vi1 to Vi BUZZER OUTPUT PCLBUZO0/PO2 [~—— INTP7/PO2(INTP7/P43)
CAPH <:> --------- II>(PCLBUZOIP07),
CAPL CLOCK OUTPUT PCLBUZ1/PO1
CONTROL
MULTIPLIERE
DIVIDER, CRC woow
MULITIPLY-

g

WATCHDOG
ACCUMULATOR TIMER

DIRECT MEMORY LOW-SPEED
ACCESS CONTROL - 12- B'HZEFERVAL «— ON-cHIP
OSCILLATOR

g o ¢

BCD <:> REAL-TIME ‘—‘

ADJUSTMENT CLOCK 2 — RTC1HZ/P31

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

ROLUHO0382EJ0210 Rev.2.10 RENESAS 10
Aug 12, 2016 "



<R>

RL78/L13

CHAPTER 1 OUTLINE

1.6 Outline of Functions

(1/2)
Item 64-pin 80-pin
R5F10WLX (x = A, C-G) R5F10WMX (x = A, C-G)
Code flash memory (KB) 16 to 128 16 to 128
Data flash memory (KB) 4 4
RAM (KB) 1to g\e! 1to g\te!

Address space

1MB

Main system
clock

High-speed system clock

X1 (crystal/ceramic) oscillation, external main system clock input (EXCLK)
HS (High-speed main) mode: 1 to 20 MHz (Voo = 2.7 to 5.5 V),

HS (High-speed main) mode: 1 to 16 MHz (Voo=2.4t0 5.5 V),

LS (Low-speed main) mode: 1 to 8 MHz (Voo =1.8t0 5.5 V),

LV (Low-voltage main) mode: 1 to 4 MHz (Voo =1.6 to 5.5 V)

High-speed on-chip
oscillator

HS (High-speed main) mode: 1to 24 MHz (Voo = 2.7 to 5.5 V),
HS (High-speed main) mode: 1to 16 MHz (Voo = 2.4 t0 5.5 V),
LS (Low-speed main) mode: 1to 8 MHz (Voo =1.81t05.5V),
LV (Low-voltage main) mode: 1 to 4 MHz (Voo = 1.6 to 5.5 V)

Clock for 16-bit timer KB20

48 MHz (TYP.): Voo = 2.7 t0 5.5 V

Subsystem clock

XT1 (crystal) oscillation, external subsystem clock input (EXCLKS)
32.768 kHz (TYP.): Voo = 1.6 t0 5.5V

Low-speed on-chip oscillator

15 kHz (TYP.)

General-purpose register

(8-bit register x 8) x 4 banks

Minimum instruction execution time

0.04167 us (High-speed on-chip oscillator: fiv = 24 MHz operation)

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

30.5 us (Subsystem clock: fsus = 32.768 kHz operation)

Instruction set

e Data transfer (8/16 bits)

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

e Multiplication (8 bits x 8 bits)

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

I/O port Total 49 65
CMOS I/O 42 58
(N-ch O.D. I/O [Voo withstand voltage]: 12) (N-ch O.D. I/O [Voo withstand voltage]: 18)
CMOS input 5 5
CMOS output - -
N-ch O.D I/O0 2 2
(withstand voltage: 6 V)
Timer 16-bit timer TAU 8 channels
16-bit timer KB20 1 channel
Watchdog timer 1 channel
12-bit interval timer (IT) 1 channel
Real-time clock 2 1 channel
RTC2 output 1
e 1 Hz (subsystem clock: fsus = 32.768 kHz)
Timer output 8 channels (PWM outputs: 7°**?) (TAU used)
1 channel (timer KB20 used)
Remote control output 1 (TAU used)
function
Notes 1. In the case of the 8 KB, this is about 7 KB when the self-programming function and data flash function are

used.

2. The number of outputs varies depending on the setting of the channels in use and the number of master
channels (see 6.9.3 Operation as multiple PWM output function).
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(212)

Item

64-pin 80-pin

R5F10WLX (x = A, C-G) R5F10WMXx (x = A, C-G)

Clock output/buzzer output controller

2

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

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

8/10-bit resolution A/D converter 9 channels 12 channels
Comparator 2 channels
Serial interface [64-pin]

e CSI: 1 channel/lUART (UART supporting LIN-bus): 1 channel/simplified 1°C: 1 channel
e CSI: 1 channel/lUART: 1 channel/simplified I°C: 1 channel
¢ UART: 1 channel

[80-pin]
e CSI: 1 channel/lUART (UART supporting LIN-bus): 1 channel/simplified 1°C: 1 channel

e CSI: 1 channel/lUART: 1 channel/simplified I°C: 1 channel
e UART: 2 channels

1°C bus

1 channel

LCD controller/driver

Internal voltage boosting method, capacitor split method, and external resistance division
method are switchable.

Segment signal output

36 (32)Note 1 51 (47)N0te 1

Common signal output

4 (8)Nole 1

Multiplier and divider/multiply-
accumulator

® 16 bits x 16 bits = 32 bits (Unsigned or signed)
e 32 bits + 32 bits = 32 bits (Unsigned)
® 16 bits x 16 bits + 32 bits = 32 bits (Unsigned or signed)

DMA controller 4 channels

Vectored Internal 32 35
interrupt sources External 11 11
Key interrupt 5 8

Reset

e Reset by RESET pin

e Internal reset by watchdog timer

e Internal reset by power-on-reset

e Internal reset by voltage detector

¢ Internal reset by illegal instruction execution
e Internal reset by RAM parity error

e Internal reset by illegal-memory access

Note 2

Power-on-reset circuit

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

Voltage detector

e Rising edge: 1.67 V to 4.06 V (14 steps)
e Falling edge: 1.63 V to 3.98 V (14 steps)

On-chip debug function

Provided

Power supply voltage

Voo = 1.6 10 5.5 V (TA = -40 to +85°C)
Voo = 2.4 10 5.5 V (TA = -40 to +105°C)

Operating ambient temperature

Consumer applications: Ta = —40 to +85°C
Industrial applications: Ta = —40 to +105°C

Notes 1.

The values in parentheses are the number of signal outputs when 8 com is used.

2. This reset occurs when instruction code FFH is executed.

This reset does not occur during emulation using an in-circuit emulator or an on-chip debugging emulator.
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CHAPTER 2 PIN FUNCTIONS

2.1 Port Function

The 1/0O buffer power supply for pins is provided by Vob. Set in each port I/O, buffer, pull-up resistor is also valid for
alternate functions.
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2.1.1 64-pin products

(1/3)
Function Pin I[e] After Reset Alternate Function Function
Name Type Release
P00 7-5-10 | I/O Digital input SEG43/S0O00/ Port 0.
invalidhcte TxDO/TOOLTxD 8-bit I/O port.
PO1 7.5-4 (TI05)/(TOOS)/INTP5/ Input/output can be specified in 1-bit units.
PCLBUZ1/SEG44 Use of an on-chip pull-up resistor can be specified by a
02 INTP7/PCLBUZO/ software setting at input port.
P SEG Input of P03, P05, and P06 can be set to TTL input buffer.
EG45 Output of P00 and P04 to PO7 can be set to N-ch open-
P03 8-5-4 RxD2/SEG46/VCOUTO drain output (Voo tolerance).
P04 7-5-10 TxD2/SEGA47/VCOUT1 | Can be set to LCD output™*2,
P05 8-5-10 SCK10/SCL10/SEG48
P06 SI10/RxD1/SDA10/
SEG49
P07 7-5-10 S0O10/TxD1/
(PCLBUZ0)/SEG50
P10 7-10-3 | /O Analog input ANI22/SEG35 Port 1.
P11 ANI23/SEG36 8-bit /O port.
Input/output can be specified in 1-bit units.
P12 ANI24/SEG37 . . .
Use of an on-chip pull-up resistor can be specified by a
P13 ANI25/SEG38 software setting at input port.
P14 7-5-4 Digital input TI04/TO04/SEG39 Input of P16 and P17 can be set to TTL input buffer.
P15 invaligote 1 TI07/TO07/SEG40 Output of P16 and P17 can be set to N-ch open-drain
output (Voo tolerance).
P16 8-5-10 SEG41/SCKOO/SCLOO P10 to P13 can be set to analog inputNote 3_
P17 SEG42/SI00/RxD0/ P10 to P13 can be set to LCD output™°te3,
TOOLRXD/SDAQO P14 to P17 can be set to LCD output™°t¢2,
P20 4-3-3 /0 Analog input ANIL/AVRrerm Port 2.
P21 ANIO/AVrerp 5-bit /0 port.
) Input/output can be specified in 1-bit units.
p22 7-10-3 ANIL6/SEG29 P22, P26, and P27 use of an on-chip pull-up resistor can
P26 ANI20/SEG33 be specified by a software setting at input port.
P27 ANI21/SEG34 P20 and P21 can be set to analog inputN°t 4,
P22, P26, and P27 can be set to analog inputN°t 3,
P22, P26, and P27 can be set to LCD output™te3,
Notes 1. *“Digital input invalid” refers to the state in which all the digital outputs, digital inputs, analog inputs, and LCD
outputs are disabled.
2. Digital or LCD for each pin can be selected with the port mode register x (PMx) and the LCD port function
register x (PFSEGX) (can be set in 1-bit unit).
3. Digital, analog, or LCD for each pin can be selected with the port mode control register x (PMCx), the port
mode register x (PMx), and the LCD port function register x (PFSEGX) (can be set in 1-bit unit).
4. Setting digital or analog to each pin can be done in A/D port configuration register (ADPC).
Remark Functions in parentheses in the above figure can be assigned via settings in the peripheral 1/0O redirection

register (PIOR). See Figure 4-8 Format of Peripheral 1/0 Redirection Register (PIOR).

RO1UH0382EJ0210 Rev.2.10
Aug 12, 2016

RENESAS 14



<R>

<R>

RL78/L13

CHAPTER 2 PIN FUNCTIONS

(213)
Function Pin 110 After Reset Alternate Function Function
Name Type Release
P30 7-5-4 1/0 Digital input TI03/TO03/SEG20/ Port 3.
invalidot REMOOUT 4-bit 1/O port.
P31 INTP3/RTC1HZ/SEG21 Input/output can be specified in 1-bit units.
Use of an on-chip pull-up resistor can be specified by a
P32 TIO1/TO01/SEG22 . .
software setting at input port.
P33 INTP4/SEG23 Can be set to LCD output™°te2,
P40 7-1-3 1/O Input port TOOLO/(TI00)/(TOO00) Port 4.
P42 7-6-4 TI05/TO05/(SO10)/ 5-bit /O port.
(TxD1)/IVREF1 Input/output can be specified in 1-bit units.
Use of an on-chip pull-up resistor can be specified by a
P43 8-6-4 (INTP7)/(SI10)/(RxD1)/ . )
SDAL0)/IVCMP1 software setting at input port.
( Input of P43 and P44 can be set to TTL input buffer.
P44 (SCK10)/(SCL10)/ Output of P42 to P44 can be set to N-ch open-drain
IVCMPO output (Voo tolerance).
P45 7-6-9 Digital input IVREFO P42 to P44 can be set to analog input°te3,
invalighote 1 P45 can be set to analog input™*®“,
P52 7-5-4 110 Digital input TIO0/TOOO/INTP1/ Port 5.
invalighote SEG6 4-bit I/O port.
P53 8-5-10 INTP2/SEG7 Input/output can be specified in 1-bit units.
Use of an on-chip pull-up resistor can be specified by a
P54 7-5-10 TI02/TO02/SEG8 . .
software setting at input port.
P57 7-5-4 INTP6/SEG11 Input of P53 can be set to TTL input buffer.
Output of P53 and P54 can be set to N-ch open-drain
output (Voo tolerance).
Can be set to LCD outputNote2,
P60 12-1-3 | l/O Input port SCLAO/(TI01)/(TO01) Port 6.
P61 SDAAO/(TI02)/(TO02) 2-bit /O port.
Input/output can be specified in 1-bit units.
N-ch open-drain output (6 V tolerance).
P70 7-5-4 1/0 Digital input KRO/SEG12 Port 7.
P74 7-5-16 invalid"e KR4/SEG16/TKBO0O | S-Ditl/O port,
Input/output can be specified in 1-bit units.
P75 KR5/SEG17/TKBO01-2 . . o
Use of an on-chip pull-up resistor can be specified by a
P76 KR6/SEG18/TKBOO1-1 | software setting at input port.
P77 KR7/SEG19/TKBO01-0 | Can be setto LCD output“*.
Notes 1. *“Digital input invalid” refers to the state in which all the digital outputs, digital inputs, analog inputs, and LCD
outputs are disabled.
2. Digital or LCD for each pin can be selected with the port mode register x (PMx) and the LCD port function
register x (PFSEGX) (can be set in 1-bit unit).
3. Digital or analog for each pin can be selected with the port mode control register x (PMCx) (can be set in 1-bit
unit).
4. Digital or analog for each pin can be selected with the port mode control register x (PMCx) and the LCD port
function register 3 (PFSEG3).
Remark Functions in parentheses in the above figure can be assigned via settings in the peripheral 1/0O redirection

register (PIOR). See Figure 4-8 Format of Peripheral I/0O Redirection Register (PIOR).
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CHAPTER 2 PIN FUNCTIONS

(313)
Function Pin 1’0 After Reset Alternate Function Function
Name Type Release
P121 2-2-1 Input Input port X1 Port 12.
p122 X2/EXCLK 3-bit I/O port and 4-bit input only port.
For P125 to P127, input/output can be specified in 1-bit
P123 XT1 .
units.
P124 XT2/EXCLKS For P125 to P127, use of an on-chip pull-up resistor can
P125 7-56 | 1/O Digital input Vis/TI06/TO06 be specified by a software setting at input port.
i jgNote 1 P125 to P127 b t to LCD outputte2,
P126 7-5-5 invalid™" CAPL/(TI04)/(TO04) ° can be setto L&D outpu
P127 CAPH/(T103)/(TO03)/
(REMOOUT)
<R> | P137 2-1-2 Input Input port INTPO Port 13.
1-bit input only port.
RESET 2-1-1 Input - - Input only pin for external reset.
When external reset is not used, connect this pin to Voo
directly or via a resistor.
Notes 1. *“Digital input invalid” refers to the state in which all the digital outputs, digital inputs, analog inputs, and LCD
outputs are disabled.
2. Digital or LCD for each pin can be selected with the port mode register x (PMx) and the LCD port function
register x (PFSEGX) (can be set in 1-bit unit).
Remark Functions in parentheses in the above figure can be assigned via settings in the peripheral 1/0 redirection

register (PIOR). See Figure 4-8 Format of Peripheral I/0O Redirection Register (PIOR).
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CHAPTER 2 PIN FUNCTIONS

2.1.2 80-pin products

(1/3)
Function Pin I/0 After Reset Alternate Function Function
Name Type Release
P00 7-5-10 | I/O Digital input SEG43/S0O00/ Port 0.
invalidhete ! TxDO/TOOLTXD 8-bit I/O port.
PO1 7.5-4 (TI05)/(TOOS)/(INTP5)/ Input/output can be specified in 1-bit units.
PCLBUZ1/SEG44 Use of an on-chip pull-up resistor can be specified by a
02 INTP7/PCLBUZO/ software setting at input port.
P SEG Input of P03, P05, and P06 can be set to TTL input buffer.
EG45 Output of P00 and P04 to P0O7 can be set to N-ch open-
P03 8-5-4 RxD2/SEG46/VCOUTO | drain output (Voo tolerance).
P04 7-5-10 TxD2/SEG47/VCOUT1 | Can be set to LCD output™*®?.
P05 8-5-10 SCK10/SCL10/SEG48
P06 SI10/RxD1/SDA10/
SEG49
P07 7-5-10 S0O10/TxD1/
(PCLBUZ0)/SEG50
P10 7-10-3 | I/IO Analog input ANI22/SEG35 Port 1.
P11 ANI23/SEG36 8-bit /O port.
Input/output can be specified in 1-bit units.
P12 ANI24/SEG37 . . o
Use of an on-chip pull-up resistor can be specified by a
P13 ANI25/SEG38 software setting at input port.
P14 7-5-4 Digital input TI04/TO04/SEG39 Input of P16 and P17 can be set to TTL input buffer.
P15 invalighete 1 TI07/TO07/SEG40 Output of P16 and P17 can be set to N-ch open-drain
output (Voo tolerance).
P16 8-5-10 SEG41/SCKOO/SCLOO P10 to P13 can be set to analog inputNote 3.
P17 SEG42/SI00/RxD0/ P10 to P13 can be set to LCD output™°t¢3,
TOOLRXD/SDA0O P14 to P17 can be set to LCD output°t¢2,
P20 4-3-3 I/O Analog input ANI1/AVRerm Port 2.
P21 ANIO/AVrerp 8-bit 1/O port.
P Input/output can be specified in 1-bit units.
p22 7-10-3 ANI16/SEG29 P22 to P27 use of an on-chip pull-up resistor can be
P23 ANI17/SEG30 specified by a software setting at input port.
P24 ANI18/SEG31 P20 and P21 can be set to analog input™°te*,
H Note 3
P25 ANI19/SEG32 P22 to P27 can be set to analog input .
P22 to P27 can be set to LCD output™°t¢ 3,
P26 ANI20/SEG33
P27 ANI21/SEG34
Notes 1. *“Digital input invalid” refers to the state in which all the digital outputs, digital inputs, analog inputs, and LCD
outputs are disabled.
2. Digital or LCD for each pin can be selected with the port mode register x (PMx) and the LCD port function
register x (PFSEGX) (can be set in 1-bit unit).
3. Digital, analog, or LCD for each pin can be selected with the port mode control register x (PMCx), the port
mode register x (PMx), and the LCD port function register x (PFSEGX) (can be set in 1-bit unit).
4. Setting digital or analog to each pin can be done in A/D port configuration register (ADPC).
Remark Functions in parentheses in the above figure can be assigned via settings in the peripheral 1/0O redirection

register (PIOR). See Figure 4-8 Format of Peripheral I/0O Redirection Register (PIOR).
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RL78/L13

CHAPTER 2 PIN FUNCTIONS

(213)
Function Pin 110 After Reset Alternate Function Function
Name Type Release
P30 7-5-4 I/0 Digital input TI03/TO03/SEG20/ Port 3.
invalidot REMOOUT 6-bit 1/0 port.
P31 INTP3/RTC1HZ/SEG21 Input/output can be specified in 1-bit units.
Use of an on-chip pull-up resistor can be specified by a
P32 TIO1/TO01/SEG22 . .
software setting at input port.
P33 INTP4/SEG23 Input of P34 can be set to TTL input buffer.
P34 8-5-4 RxD3/SEG24 Output of P35 can be set to N-ch open-drain output (Voo
P35 7-5-10 TXD3/SEG25 tolerance).
Can be set to LCD outputNote2,
P40 7-1-3 I/0 Input port TOOLO/(TI00)/(TOO00) Port 4.
P41 (TI07)/(TO07) 8-bit I/ port.
Input/output can be specified in 1-bit units.
P42 7-6-4 TIO5/TO05/(SO10)/ . . o
Use of an on-chip pull-up resistor can be specified by a
(TxD1)/IVREF1 . )
software setting at input port.
P43 8-6-4 (INTP7)/(SI10)/(RxD1)/ | Input of P43, P44, P46, and P47 can be set to TTL input
(SDA10)/IVCMP1 buffer.
P44 (SCK10)/(SCL10)/ Output of P42 to P44, P46, and P47 can be set to N-ch
IVCMPO open-drain output (Voo tolerance).
H Note 3
pas5 7-6-9 Digital input VREEO P42 to P44 can be set to énalogtlnAput .
invalighote 1 P45 can be set to analog input™**®*,
P46 8-5-10 (SCKO00)/(SCLO0)/ P46 and P47 can be set to LCD output™°t¢?,
SEG26
P47 (S100)/(RxDO0)/
(SDAO0)/SEG27
P50 7-5-4 110 Digital input SEG4 Port 5.
P51 invalidhete t SEG5 8-bit 1/0 port.
Input/output can be specified in 1-bit units.
P52 TIOO/TOOO/INTP1/ . . -
Use of an on-chip pull-up resistor can be specified by a
SEG6 ) .
software setting at input port.
P53 8-5-10 INTP2/SEG7 Input of P53 and P55 can be set to TTL input buffer.
P54 7-5-10 TI02/TO02/SEGS Output of P53 to P56 can be set to N-ch open-drain output
P55 8-5-10 INTP5/SEG9 (Voo tolerance).
Can be set to LCD outputNte2,
P56 7-5-10 TI06/TO06/SEG10
P57 7-5-4 INTP6/SEG11
Notes 1. *“Digital input invalid” refers to the state in which all the digital outputs, digital inputs, analog inputs, and LCD
outputs are disabled.
2. Digital or LCD for each pin can be selected with the port mode register x (PMx) and the LCD port function
register x (PFSEGX) (can be set in 1-bit unit).
3. Digital or analog for each pin can be selected with the port mode control register x (PMCx) (can be set in 1-bit
unit).
4. Digital or analog for each pin can be selected with the port mode control register x (PMCx) and the LCD port
function register 3 (PFSEG3).
Remark Functions in parentheses in the above figure can be assigned via settings in the peripheral 1/0 redirection

register (PIOR). See Figure 4-8 Format of Peripheral I/0O Redirection Register (PIOR).
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CHAPTER 2 PIN FUNCTIONS

(313)
Function Pin 110 After Reset Alternate Function Function
Name Type Release
P60 12-1-3 | I/O Input port SCLAO/(TI01)/(TOO01) Port 6.
P61 SDAAO/(TI02)/(TO02) | 2°Pit /O port.
Input/output can be specified in 1-bit units.
N-ch open-drain output (6 V tolerance).
P70 7-5-4 1/0 Digital input KRO/SEG12 Port 7.
P71 invalighote KR1/SEG13 8-bit 1/0 port.
Input/output can be specified in 1-bit units.
P72 KR2/SEG14 . . e
Use of an on-chip pull-up resistor can be specified by a
P73 KR3/SEG15 software setting at input port.
P74 7-5-16 KR4/SEG16/TKBOOO Can be set to LCD output™*2,
P75 KR5/SEG17/TKBOO01-2
P76 KR6/SEG18/TKBO01-1
P77 KR7/SEG19/TKBO01-0
P121 2-2-1 Input Input port X1 Port 12.
p122 X2/EXCLK 3-bit I/0 port and 4-bit input only port.
For P125 to P127, input/output can be specified in 1-bit
P123 XT1 .
units.
P124 XT2/EXCLKS For P125 to P127, use of an on-chip pull-up resistor can
P125 7-5-6 | 1/0 Digital input Vi3/(TI06)/(TO06) be specified by a software setting at input port.
i jgNote P12 P127 LCD Note 2,
P126 7-5.5 invalid"ee* CAPL/(TI04)/(TO04) St can be set to LCD output
P127 CAPH/(TI03)/(TO03)/
(REMOOUT)
P130 7-5-10 | 110 Digital input (SO00)/(TXDO)/SEG28 | Port 13.
invalighete 1-bit I/O port and 1-bit input only port.
P137 2.1-2 Input Input port INTPO For P130, input/output can be specified.
For P130, use of an on-chip pull-up resistor can be
specified by a software setting at input port.
Output of P130 can be set to N-ch open-drain output (Voo
tolerance).
P130 can be set to LCD output°®¢ 2,
RESET 2-1-1 Input - - Input only pin for external reset.
When external reset is not used, connect this pin to Voo
directly or via a resistor.
Notes 1. “Digital input invalid” refers to the state in which all the digital outputs, digital inputs, analog inputs, and LCD
outputs are disabled.
2. Digital or LCD for each pin can be selected with the port mode register x (PMx) and the LCD port function
register x (PFSEGX) (can be set in 1-bit unit).
Remark Functions in parentheses in the above figure can be assigned via settings in the peripheral 1/0O redirection

register (PIOR). See Figure 4-8 Format of Peripheral I/0O Redirection Register (PIOR).
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2.2 Functions Other than Port Pins

2.2.1 With functions for each product

(1/2)
Function Name 80-pin 64-pin Function Name 80-pin 64-pin Function Name 80-pin 64-pin
ANIO J S REMOOUT x/ 3 TKBOOO y J
ANI1 v V RESET J v TKBOO01-0 v J
ANI16 J S RxDO \/ 3 TKBOO1-1 y J
ANI17 J - RxD1 y y TKBOO01-2 \ J
ANI18 J - RxD2 3 y Vu y \/
ANI19 J - RxD3 y - Vi v J
ANI20 J V TxDO V \ Vis y N
ANI21 J S TxD1 \/ 3 Via 3 V
ANI22 J 3 TxD2 V v CAPH y J
ANI23 J V TxD3 \/ - CAPL 3 J
ANI24 J y SCK00 y \ X1 \ J
ANI25 J x/ SCK10 3 y X2 x/ J
INTPO J S SI00 x/ 3 EXCLK y J
INTP1 J 3 SI10 V v XT1 y J
INTP2 J S S000 x/ 3 XT2 y J
INTP3 J v S010 v 3 EXCLKS 3 J
INTP4 J \/ SCLOO 3 y Voo y \/
INTP5 J y SCL10 y \ AVrerp y J
INTP6 J V SDAOO V v AVRerm y v
INTP?7 J S SDA10 \/ 3 Vss y V
IVCMPO J 3 SDAAO V v TOOLRXD y J
IVCMP1 J V SCLAO \/ y TOOLTxXD 3 J
IVREFO J v TI0O v 3 TOOLO 3 J
IVREF1 J \/ Tio1 3 y COMO 3 J
VCOUTO J x/ TI02 x/ 3 com1 y J
VCOUT1 J 3 TIo3 V v COM2 y J
KRO J S Tio4 x/ 3 COoM3 y J
KR1 J - TIOS 3 3 COM4 3 J
KR2 J - TIO6 3 y COM5 3 J
KR3 J - TIo7 v 3 COM6 3 J
KR4 J 3 TO00 V v Ccowm7 y J
KR5 J S TOO1 x/ 3 SEGO y J
KR6 J 3 TO02 V v SEG1 y J
KR7 J \/ TOO03 \/ y SEG2 3 J
PCLBUZO J v TOO04 v 3 SEG3 3 J
PCLBUZ1 J x/ TOO05 3 y SEG4 \/ -
RTC1HZ J S TOO06 x/ 3 SEG5 y -
REGC J 3 TO07 V v SEG6 y J
RO1UH0382EJ0210 Rev.2.10 :{ENESAS 20
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CHAPTER 2 PIN FUNCTIONS

(212)
Function Name 80-pin 64-pin Function Name 80-pin 64-pin Function Name 80-pin 64-pin

SEG7 J SEG22 V SEG37 y J
SEG8 J SEG23 V SEG38 y J
SEG9 J - SEG24 v - SEG39 3 J
SEG10 J - SEG25 3 - SEG40 3 J
SEG11 J S SEG26 x/ - SEG41 y J
SEG12 J 3 SEG27 V - SEG42 y J
SEG13 J - SEG28 x/ - SEG43 y J
SEG14 J - SEG29 3 3 SEG44 3 J
SEG15 J - SEG30 3 - SEG45 3 J
SEG16 J v SEG31 v - SEG46 3 J
SEG17 J V SEG32 V - SEG47 y J
SEG18 J S SEG33 x/ 3 SEG48 y J
SEG19 J 3 SEG34 V v SEG49 y J
SEG20 J V SEG35 \/ y SEG50 3 J
SEG21 J v SEG36 v 3
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CHAPTER 2 PIN FUNCTIONS

2.2.2 Description of Functions

(1/2)
Function Name 110 Function
ANIO, ANI1, ANI16 to ANI25 Input A/D converter analog input (see Figure 12-38 Analog Input Pin Connection)
INTPO to INTP7 Input External interrupt request input
Specified the valid edge: Rising edge, falling edge, or both rising and falling edges
IVCMPO, IVCMP1 Input Comparator analog voltage input
IVREFO, IVREF1 Input Comparator reference voltage input
VCOUTO, VCOUT1 Output | Comparator output
KRO to KR7 Input Key interrupt input
PCLBUZ0, PCLBUZ1 Output | Clock output/buzzer output
REGC - Pin for connecting regulator output stabilization capacitance for internal operation.
Connect this pin to Vss via a capacitor (0.47 to 1 uF).
Also, use a capacitor with good characteristics, since it is used to stabilize internal
voltage.
REMOOUT Output | Remote controller output
RTC1HZ Output | Real-time clock 2 correction clock (1 Hz) output
RESET Input | This is the active-low system reset input pin.
When the external reset pin is not used, connect this pin directly or via a resistor to Voo.
RxDO to RxD3 Input Serial data input pins of serial interface UARTO to UART3
TxDO to TxD3 Qutput | Serial data output pins of serial interface UARTO to UART3
SCKO00, SCK10 I/0 Serial clock I/O pins of serial interface CSI00 and CSI10
SI00, SI10 Input Serial data input pins of serial interface CSI00 and CSI10
S000, SO10 Output | Serial data output pins of serial interface CSI00 and CSI10
SCLO00, SCL10 Output | Serial clock output pins of serial interface 11C00 and 11C10
SDAO00, SDA10 110 Serial data I/O pins of serial interface [IC00 and IIC10
SCLAO I/O Serial clock I/O pins of serial interface IICAO
SDAAO 110 Serial data 1/O pins of serial interface 1ICAO
TIOO to TIO7 Input The pins for inputting an external count clock/capture trigger to 16-bit timers 00 to 07
TOO0O0 to TOO7 Output | Timer output pins of 16-bit timers 00 to 07
TKBOO0O, TKBO01-0, TKBOO01-1,| Output | Timer output pins of 16-bit timer KB20
TKBOO01-2
Vi1 to Vis - LCD drive voltage
CAPH, CAPL - Connecting a capacitor for LCD controller/driver
X1, X2 - Resonator connection for main system clock
EXCLK Input External clock input for main system clock
XT1, XT2 - Resonator connection for subsystem clock
EXCLKS Input External clock input for subsystem clock
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RL78/L13 CHAPTER 2 PIN FUNCTIONS
(2/2)
Function Name 110 Function
Vob - Positive power supply for all pins
AVRerp Input A/D converter reference potential (+ side) input
AVREFM Input A/D converter reference potential (- side) input
Vss - Ground potential for all pins
TOOLRXD Input UART reception pin for the external device connection used during flash memory
programming
TOOLTxD Output | UART transmission pin for the external device connection used during flash memory
programming
TOOLO I/0 Data I/O for flash memory programmer/debugger
COMO to COM7 Output | LCD controller/driver common signal outputs
SEGO to SEG50 Output | LCD controller/driver segment signal outputs

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

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

P40/TOOLO Operating Mode
Vob Normal operation mode
oV Flash memory programming mode

For details, see 28.4 Serial Programming Method.

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

the shortest distance to Vob to Vss lines.
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CHAPTER 2 PIN FUNCTIONS

2.3 Connection of Unused Pins

Table 2-2 shows the connections of unused pins.

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

Table 2-2. Connection of Unused Pins (1/3)

Pin Name 1/0

Recommended Connection of Unused Pins

P00/SEG43/SO00/TxDO/TOOLTXD 11O

PO1/(TI05)/(TOO5)/(INTP5)/PCLBUZ1/SEG44

PO2/INTP7/PCLBUZ0/SEG45

PO3/RxD2/SEG46/VCOUTO

P04/TxD2/SEG47/VCOUT1

P05/SCK10/SCL10/SEG48

P06/SI110/RxD1/SDA10/SEG49

P07/SO10/TxD1/(PCLBUZ0)/SEG50

P10/ANI22/SEG35

P11/ANI23/SEG36

P12/ANI24/SEG37

P13/ANI25/SEG38

P14/TI104/TO04/SEG39

P15/TI07/TO07/SEG40

P16/SEG41/SCK00/SCL00

P17/SEG42/SI00/RXDO/TOOLRxD/SDAOO

P20/ANI1/AVRrerm

P21/ANIO/AVrerr

P22/ANI16/SEG29

P23/ANI17/SEG30

P24/ANI18/SEG31

P25/ANI19/SEG32

P26/ANI20/SEG33

P27/ANI21/SEG34

<When setting to port I/O>

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

Output: Leave open.
<When setting to segment output>

Leave open.

<When setting to port I/O>

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

Output: Leave open.
<When setting to segment output>

Leave open.

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

Output: Leave open.

<When setting to port I/O>

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

Output: Leave open.
<When setting to segment output>

Leave open.

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

register (PIOR).
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Table 2-2. Connection of Unused Pins (2/3)

Pin Name

110

Recommended Connection of Unused Pins

P30/TI03/TO03/SEG20/REMOOUT

P31/INTP3/RTC1HZ/SEG21

P32/TI01/TO01/SEG22

P33/INTP4/SEG23

P34/RxD3/SEG24

P35/TxD3/SEG25

P40/TOOLO/(TI00)/(TO00)

P41/(TI07)/(TO07)

P42/TI05/TO05/(SO10)/(TXD1)/IVREF1

P43/(INTP7)/(SI10)/(RxD1)/(SDA10)/IVCMP1

P44/(SCK10)/(SCL10)/IVCMPO

P45/IVREFO

P46/(SCK00)/(SCLO0)/SEG26

P47/(S100)/(RxD0)/(SDAOO)/SEG27

P50/SEG4

P51/SEG5

P52/TI00/TO00/INTP1/SEG6

P53/INTP2/SEG7

P54/T102/TO02/SEG8

P55/INTP5/SEG9

P56/T106/TO06/SEG10

P57/INTP6/SEG11

P60/SCLAO/(TIOL)/(TOOL)

P61/SDAAD/(TI02)/(TO02)

P70/KRO/SEG12

P71/KR1/SEG13

P72/KR2/SEG14

P73/KR3/SEG15

P74/KR4/SEG16/TKBO0O

P75/KR5/SEG17/TKBO01-2

P76/KR6/SEG18/TKBO01-1

P77/KR7/SEG19/TKBO01-0

I}

<When setting to port I/0O>
Input:  Independently connect to Voo or Vss via a resistor.
Output: Leave open.

<When setting to segment output>

Leave open.

Input:  Independently connect to Voo or leave open.
Output: Leave open.

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

<When setting to port I/O>
Input:  Independently connect to Voo or Vss via a resistor.
Output: Leave open.

<When setting to segment output>

Leave open.

<When setting to port I/0O>
Input:  Independently connect to Voo or Vss via a resistor.
Output: Leave open.

<When setting to segment output>

Leave open.

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

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

<When setting to port I/O>
Input:  Independently connect to Voo or Vss via a resistor.
Output: Leave open.

<When setting to segment output>

Leave open.

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

register (PIOR).
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Table 2-2. Connection of Unused Pins (3/3)
Pin Name 110 Recommended Connection of Unused Pins
P121/X1 Input Independently connect to Voo or Vss via a resistor.
P122/X2/EXCLK
P123/XT1
P124/XT2/EXCLKS
P125/V3/(T106)/(TO06) 1/0 Input:  Independently connect to Voo or Vss via a resistor.
P126/CAPL/(TI04)/(TO04) Output:  Leave open.
P127/CAPH/(TI03)/(TO03)/(REMOOUT)
P130/(SO00)/(TxD0)/SEG28 <When setting to port I/0>
Input:  Independently connect to Voo or Vss via a resistor.
Output: Leave open.
<When setting to segment output>
Leave open.
P137/INTPO Input Independently connect to Voo or Vss via a resistor.
RESET Input Connect directly or via a resistor to Voo.
REGC - Connect to Vss via capacitor (0.47 to 1 uF).
COMO to COM3 Output Leave open.
COM4/SEGO
COM5/SEG1
COMB6/SEG2
COM7/SEG3
Vi1 —
Vi2 —
Vis _

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

register (PIOR).
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RL78/L13 CHAPTER 2 PIN FUNCTIONS

2.4 Block Diagrams of Pins

Figures 2-1 to 2-16 show the block diagrams of the pins described in 2.1.1 64-pin products and 2.1.2 80-pin

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

RESET « o<} o@} © RESET

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

~"")
Alternate
function
%)
S
- RD
©
c
1
2 | D o<} o@} © Pmn
—

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

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

N-ch| P-ch

A

CMC
OSCSEL/
OSCSELS
RD Alternate
/L function
o ' T
= N~ [
o
g
5 cMC {>C
£ EXCLK, OSCSEL/
EXCLKS, OSCSELS
RD Alternate
function
N

<z

O

O

Remark For alternate functions, see 2.1 Port Function.

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

P121/X1/Alternate function
P123/XT1/Alternate function
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RL78/L13
Figure 2-4. Pin Block Diagram for Pin Type 4-3-3
N )
WhRaope 0: Analog input
A\ 1: Digital /0
> ADPC
RDroRT
3
o | WRprorT
© KL Vob
£
o Output latch
= U (Pmn) DO—' P-ch
<R> WRpM @ Pmn
/L | PM register Dﬁ,__@% N-ch
7| (PMmn)
WRprmMs Vss
é > PMS register [—
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CHAPTER 2 PIN FUNCTIONS

RL78/L13
<R> Figure 2-5. Pin Block Diagram for Pin Type 7-1-3
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Remarks 1. For alternate functions, see 2.1 Port Function.
2. SAU: Serial array unit
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CHAPTER 2 PIN FUNCTIONS

RL78/L13
Figure 2-6. Pin Block Diagram for Pin Type 7-5-4
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For alternate functions, see 2.1 Port Function.

2. SAU: Serial array unit
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CHAPTER 2 PIN FUNCTIONS

RL78/L13
Figure 2-7. Pin Block Diagram for Pin Type 7-5-5
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Remarks 1. For alternate functions, see 2.1 Port Function.
2. SAU: Serial array unit
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CHAPTER 2 PIN FUNCTIONS

RL78/L13
Figure 2-8. Pin Block Diagram for Pin Type 7-5-6
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Remarks 1. For alternate functions, see 2.1 Port Function.
2. SAU: Serial array unit
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CHAPTER 2 PIN FUNCTIONS

RL78/L13
Figure 2-9. Pin Block Diagram for Pin Type 7-5-10
Alternate
function
N
WRPru VoD
/L | PU register |
~ 7 (PUmn)
P-ch
RDrorr Schmitt2
1 T q
0 1
N
WRPORT 0
[2])
> Vobb
o) \
© rL Output latch
5| e L) DT>
S| WReus —d o|p P
Pmn
O—{ PMS register — @
WRpM 0—D_| N-ch
| PMregister
~ (PMmn) _D— Vss
WRprom
| POM register
~ (POMmn)
WRPFsEG
M\ | PFSEG register
~ (PFSEGmN)
N
Alternate
function
(SAU)
Alternate
function
(other than SAU)
= p-ch
LCD controller/ Ix
driver ]=|i__T N-ch

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

(POMX).

Remarks 1. For alternate functions, see 2.1 Port Function.
2. SAU: Serial array unit
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CHAPTER 2 PIN FUNCTIONS

Alternate «

Figure 2-10. Pin Block Diagram for Pin Type 7-5-16
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For alternate functions, see 2.1 Port Function.

2. SAU: Serial array unit
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RL78/L13 CHAPTER 2 PIN FUNCTIONS

Figure 2-11. Pin Block Diagram for Pin Type 7-6-4
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<R> Caution A through current may flow through if the pin is in the intermediate potential, because the input
buffer is also turned on when the pin is in N-ch open-drain output mode by port output mode register

(POMx).

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

2. SAU: Serial array unit
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RL78/L13 CHAPTER 2 PIN FUNCTIONS

Figure 2-12. Pin Block Diagram for Pin Type 7-6-9
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Remarks 1. For alternate functions, see 2.1 Port Function.
2. SAU: Serial array unit
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CHAPTER 2 PIN FUNCTIONS

Figure 2-13. Pin Block Diagram for Pin Type 7-10-3
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For alternate functions, see 2.1 Port Function.

2. SAU: Serial array unit
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CHAPTER 2 PIN FUNCTIONS

<R>

<R>

Figure 2-14. Pin Block Diagram for Pin Type 8-5-4
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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.

For alternate functions, see 2.1 Port Function.

2. SAU: Serial array unit
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RL78/L13 CHAPTER 2 PIN FUNCTIONS

Figure 2-15. Pin Block Diagram for Pin Type 8-5-10
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<R> Cautionl A through current may flow through if the pin is in the intermediate potential, because the input
buffer is also turned on when the pin is in N-ch open-drain output mode by port output mode register
(POMX).
2 Because of TTL input buffer structure, if the port input mode register (PIMx) is set in TTL input buffer,
athrough current may flow through in the case of high level input. It is recommended to input a low

level to prevent a through current.

Remarks 1. For alternate functions, see 2.1 Port Function.
2. SAU: Serial array unit
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RL78/L13 CHAPTER 2 PIN FUNCTIONS

Figure 2-16. Pin Block Diagram for Pin Type 8-6-4
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<R> Cautionl A through current may flow through if the pin is in the intermediate potential, because the input
buffer is also turned on when the pin is in N-ch open-drain output mode by port output mode register
(POMX).
2 Because of TTL input buffer structure, if the port input mode register (PIMx) is set in TTL input buffer,
athrough current may flow through in the case of high level input. It is recommended to input a low

level to prevent a through current.

Remarks 1. For alternate functions, see 2.1 Port Function.
2. SAU: Serial array unit
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<R>

Figure 2-17. Pin Block Diagram for Pin Type 12-1-3
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For alternate functions, see 2.1 Port Function.
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RL78/L13 CHAPTER 3 CPU ARCHITECTURE

CHAPTER 3 CPU ARCHITECTURE

3.1 Memory Space

Products in the RL78/L13 can access a 1 MB memory space. Figures 3-1 to 3-6 show the memory maps.
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RL78/L13 CHAPTER 3 CPU ARCHITECTURE

Figure 3-1. Memory Map (R5F10WLA, R5F10WMA)

FFFFFH 03FFFH
Special function register (SFR)
256 bytes
FFFOOH
FFEFFH General-purpose register
FFEEOH 32 bytes
FFEDFH RAMMNotes 1.2 1 1
FEBOOH 1KB - Program area 7=~
FFAFFH
= Reserved st
F4000H
F3FFFH
l\gwl;oBr 01FFFH
F2000H
FIFFFH Data flash memory g%ggg: - -
4 KB On-chip debug security
F1000H ; oS
ID setting area™°'®
FOFFFH
Reserved 010C4H 10 bytes
FO800H 010C3H Option byte areaMo'®?
FOTFFH 010COH 4 bytes
Special function register (2nd SFR) 010BFH Boot cluster 1
2 KB CALLT table area
Data memory 64 bytes
space FO0O00H 01080H
EFFFFH 0107FH
Vector table area
128 bytes
01000H
00FFFH
- Reserved 5= =& Program area Pt
000CEH
000CDH On-chip debug security
ID setting area>'®?
000C4H 10 bytes
000C3H Option byte area™*e? Boot cluster QNote 4
000COH 4 bytes
000BFH
CALLT table area
64 bytes
00080H
0007FH
Vector table area
04000H 128 bytes
Program | 03FFFH
—+ Code flash memory -
memory 16 KB
L space OOUUUHT T 00000H

Notes 1. Do not allocate RAM addresses which are used as a stack area, a data buffer, a branch destination of
vector interrupt processing, and a DMA transfer destination/transfer source to the area FFE20H to FFEDFH
when performing self-programming and rewriting the data flash memory.

2. Instructions can be executed from the RAM area excluding the general-purpose register area.
When boot swap is not used: Set the option bytes to 000COH to 000C3H, and the on-chip debug security
IDs to 000C4H to 000CDH.
When boot swap is used: Set the option bytes to 000COH to 000C3H and 010COH to 010C3H, and the
on-chip debug security IDs to 000C4H to 000CDH and 010C4H to 010CDH.
4. Writing boot cluster O can be prohibited depending on the setting of security (see 28.6 Security Setting).

Caution While RAM parity error resets are enabled (RPERDIS = 0), be sure to initialize RAM areas where data
access is to proceed and the RAM area + 10 bytes when instructions are fetched from RAM areas,
respectively.

Reset signal generation sets RAM parity error resets to enabled (RPERDIS = 0). For details, see
25.3.3 RAM parity error detection function.
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Figure 3-2. Memory Map (R5F10WLC, R5F10WMC)

FFFFFH 07FFFH
Special function register (SFR)
256 bytes
FFFOOH
FFEFFH | General-purpose register
FFEEQH 32 bytes
FFEDFH RANNEs 1.2
FF900H 1.5KB - Program area -
FF8FFH
= Reserved =
F8O0O0H
FTFFFH -
+ Mirror 4 0LFFFH
F2000H 24 KB
FLFFFH Data flash memory 010CEH
F1000H 4 KB 010CDH On-chip debug security
FOFFFH ID setting area™°te?
Reserved 10 bytes
010C4H
Eg?gg: 010C3H Option byte area™o'¢3
010COH 4 bytes
Special function register (2nd SFR) 010BFH Boot cluster 1
2KB CALLT table area
Data memory 64 bytes
FOOOOH 01080H
Space EFFFFH 0107FH
Vector table area
128 bytes
01000H
00FFFH
-~ Reserved -~
i Program area =~
000CEH
000CDH On-chip debug security
ID setting area'°te?
000C4H 10 bytes
000C3H Option byte areaMote? Boot cluster gNete 4
000COH 4 bytes
000BFH
CALLT table area
64 bytes
00080H
0007FH
g?ggg : Vector table area
Program 1 Code flash memory 1 128 bytes
memory - 30KB =
space
00000H 00000H
Notes 1. Do not allocate RAM addresses which are used as a stack area, a data buffer, a branch destination of
vector interrupt processing, and a DMA transfer destination/transfer source to the area FFE20H to FFEDFH
when performing self-programming and rewriting the data flash memory.
2. Instructions can be executed from the RAM area excluding the general-purpose register area.
3. When boot swap is not used: Set the option bytes to 000COH to 000C3H, and the on-chip debug security
IDs to 000C4H to 000CDH.
When boot swap is used: Set the option bytes to 000COH to 000C3H and 010COH to 010C3H, and the
on-chip debug security IDs to 000C4H to 000CDH and 010C4H to 010CDH.
4. Writing boot cluster 0 can be prohibited depending on the setting of security (see 28.6 Security Setting).
Caution While RAM parity error resets are enabled (RPERDIS = 0), be sure to initialize RAM areas where data
access is to proceed and the RAM area + 10 bytes when instructions are fetched from RAM areas,
respectively.
Reset signal generation sets RAM parity error resets to enabled (RPERDIS = 0). For details, see
25.3.3 RAM parity error detection function.
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Figure 3-3. Memory Map (R5F10WLD, R5F10WMD)

FFFFFH 0BFFFH
Special function register (SFR)
256 bytes
FFFOOH
FFEFFH | General-purpose register
FFEEOH 32 bytes
FFEDFH — 1 1
2 KB T Program area T
FET00H
FFG6FFH
= Reserved =
FCOOO0H
FBFFFH Mirror -
~t -~ 01FFFH
F2000H 40KB
FLFFFH Data flash memor 010CEH
F1000H 4 KB Y 010CDH On-chip debug security
FOFFFH ID setting area™°te?
Reserved 10 bytes
010C4H
Eg?gg: 010C3H Option byte areal°te3
010COH 4 bytes
Special function register (2nd SFR) 010BFH Boot cluster 1
2 KB CALLT table area
Data memory 64 bytes
FOO00OH 01080H
space EFFFFH 0107FH
Vector table area
128 bytes
01000H
- Reserved o~ 00FFFH
=~ Program area =
000CEH
000CDH On-chip debug security
ID setting areao'®®
000C4H 10 bytes
000C3H Option byte area™*'®® Boot cluster QNote 4
000COH 4 bytes
000BFH
CALLT table area
64 bytes
00080H
0007FH
__0CO000H
0BFFFH
Vector table area
Program
memory L Code flzghKrgemory L 128 bytes
space
00000H 00000H
Notes 1. Do not allocate RAM addresses which are used as a stack area, a data buffer, a branch destination of
vector interrupt processing, and a DMA transfer destination/transfer source to the area FFE20H to FFEDFH
when performing self-programming and rewriting the data flash memory.
2. Instructions can be executed from the RAM area excluding the general-purpose register area.
3. When boot swap is not used: Set the option bytes to 000COH to 000C3H, and the on-chip debug security
IDs to 000C4H to 000CDH.
When boot swap is used: Set the option bytes to 000COH to 000C3H and 010COH to 010C3H, and the
on-chip debug security IDs to 000C4H to 000CDH and 010C4H to 010CDH.
4. Writing boot cluster O can be prohibited depending on the setting of security (see 28.6 Security Setting).
Caution While RAM parity error resets are enabled (RPERDIS = 0), be sure to initialize RAM areas where data
access is to proceed and the RAM area + 10 bytes when instructions are fetched from RAM areas,
respectively.
Reset signal generation sets RAM parity error resets to enabled (RPERDIS = 0). For details, see
25.3.3 RAM parity error detection function.
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Figure 3-4. Memory Map (R5F10WLE, R5F10WME)

FFFFFH OFFFFH
Special function register (SFR)
256 bytes
FFFOOH
FFEFFH| General-purpose register
FFEEOH 32 bytes
FFEDFH
RAMNO® 12 T Program area -
4 KB
FEFOOH
FEEFFH
ot Mirror pd
51.75 KB OIFFFRT
F2000H
FLFFFH Data flash memory 010CEH
F1000H 4 KB 010CDH On-chip debug security
FOFFFH ID setting area™>'e3
F0800H Reserved 010C4H 10 bytes
FOTFFH 010C3H Option byte area>'¢?
: ’ h 010COH 4 bytes
Special function register (2nd SFR) 010BEH Boot cluster 1
2KB CALLT table area
64 bytes
oo "
Data memory 0107FH
space
Vector table area
128 bytes
01000H
00FFFH
-~ Reserved o -~ Program area -~
000CEH
000CDH On-chip debug security
ID setting area™°te®
000C4H 10 bytes
000C3H Option byte areaoe? Boot cluster oNote 4
000COH 4 bytes
000BFH
CALLT table area
00080H 64 bytes
10000H
TFH
OFFFFH 000
Program Vector table area
A Code flash memory ﬂ
memory - - 128 bytes
space 64 KB Vi
00000H 00000H
Notes 1. Do not allocate RAM addresses which are used as a stack area, a data buffer, a branch destination of
vector interrupt processing, and a DMA transfer destination/transfer source to the area FFE20H to FFEDFH
when performing self-programming and rewriting the data flash memory.
2. Instructions can be executed from the RAM area excluding the general-purpose register area.
3. When boot swap is not used: Set the option bytes to 000COH to 000C3H, and the on-chip debug security
IDs to 000C4H to 000CDH.
When boot swap is used: Set the option bytes to 000COH to 000C3H and 010COH to 010C3H, and the
on-chip debug security IDs to 000C4H to 000CDH and 010C4H to 010CDH.
4. Writing boot cluster 0 can be prohibited depending on the setting of security (see 28.6 Security Setting).
Caution While RAM parity error resets are enabled (RPERDIS = 0), be sure to initialize RAM areas where data

access is to proceed and the RAM area + 10 bytes when instructions are fetched from RAM areas,
respectively.

Reset signal generation sets RAM parity error resets to enabled (RPERDIS = 0).
25.3.3 RAM parity error detection function.

For details, see
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Figure 3-5. Memory Map (R5F10WLF, R5F10WMF)

FFFFFH 17FFFH
Special function register (SFR)
256 bytes
FFFOOH
FFEFFH| General-purpose register
FFEEOH 32 bytes
FFEDFH
RAMNO® 12 T Program area -
6 KB
FE700H
FEGFFH
ot Mirror -~
49.75 KB 0LFFFHE
F2000H
FLFFFH Data flash memory 010CEH
F1000H 4 KB 010CDH On-chip debug security
FOFFFH ID setting area™>'e3
F0800H Reserved 010C4H 10 bytes
FOTFFH 010C3H Option byte area>'¢?
: ’ h 010COH 4 bytes
Special function register (2nd SFR) 010BEH Boot cluster 1
2KB CALLT table area
64 bytes
oo "
Data memory 0107FH
space
Vector table area
128 bytes
01000H
00FFFH
-~ Reserved o -~ Program area -~
000CEH
000CDH On-chip debug security
ID setting area™°te®
000C4H 10 bytes
000C3H Option byte areaoe? Boot cluster oNote 4
000COH 4 bytes
000BFH
CALLT table area
64 bytes
_ 18000H ooogg:
17FFFH 000
Program Vector table area
A Code flash memory ﬂ
memory - - 128 bytes
space 96 KB Vi
00000H 00000H
Notes 1. Do not allocate RAM addresses which are used as a stack area, a data buffer, a branch destination of
vector interrupt processing, and a DMA transfer destination/transfer source to the area FFE20H to FFEDFH
when performing self-programming and rewriting the data flash memory.
2. Instructions can be executed from the RAM area excluding the general-purpose register area.
3. When boot swap is not used: Set the option bytes to 000COH to 000C3H, and the on-chip debug security
IDs to 000C4H to 000CDH.
When boot swap is used: Set the option bytes to 000COH to 000C3H and 010COH to 010C3H, and the
on-chip debug security IDs to 000C4H to 000CDH and 010C4H to 010CDH.
4. Writing boot cluster 0 can be prohibited depending on the setting of security (see 28.6 Security Setting).
Caution While RAM parity error resets are enabled (RPERDIS = 0), be sure to initialize RAM areas where data

access is to proceed and the RAM area + 10 bytes when instructions are fetched from RAM areas,
respectively.

Reset signal generation sets RAM parity error resets to enabled (RPERDIS = 0).
25.3.3 RAM parity error detection function.

For details, see
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Figure 3-6. Memory Map (R5F10WLG, R5F10WMG)

FFFFFH 1FFFFH
Special function register (SFR)
256 bytes
FFFOOH
FFEFFH| General-purpose register
FFEEOH 32 bytes
FFEDFH
RAM"Otes -2 = Program area T
8 KB
FDFOOH
FDEFFH
ot Mirror -~ .
47.75 KB 01FFFH
F2000H
FL1FFFH Data flash memory 010CEH
F1000H 4 KB 010CDH On-chip debug security
FOFFFH ID setting area™°te?
F0800H Reserved 010C4H 10 bytes
FOTFFH 010C3H Option byte area*¢3
4 bytes
Special function register (2nd SFR) 8 ig g g : Y Boot cluster 1
2K8 CALLT table area
64 bytes
oo "
Data memory 0107FH
space
Vector table area
128 bytes
01000H
00FFFH
- Reserved -~ st Program area -~
000CEH
000CDH On-chip debug security
ID setting area™°te®
000C4H 10 bytes
000C3H Option byte areq""'** Boot cluster oNote 4
000COH 4 bytes
000BFH
CALLT table area
64 bytes
___20000H 00080H
LFFFFH 0007FH
Program Vector table area
A Code flash memory .
memory = o~ 128 bytes
space 128 KB i
00000H 00000H
Notes 1. Do not allocate RAM addresses which are used as a stack area, a data buffer, a branch destination of
vector interrupt processing, and a DMA transfer destination/transfer source to the area FFE20H to FFEDFH
when performing self-programming and rewriting the data flash memory. Also, use of the area FDFOOH to
FE309H is prohibited, because this area is used for each library.
2. Instructions can be executed from the RAM area excluding the general-purpose register area.
3. When boot swap is not used: Set the option bytes to 000COH to 000C3H, and the on-chip debug security
IDs to 000C4H to 000CDH.
When boot swap is used: Set the option bytes to 000COH to 000C3H and 010COH to 010C3H, and the
on-chip debug security IDs to 000C4H to 000CDH and 010C4H to 010CDH.
4. Writing boot cluster O can be prohibited depending on the setting of security (see 28.6 Security Setting).
Caution While RAM parity error resets are enabled (RPERDIS = 0), be sure to initialize RAM areas where data

access is to proceed and the RAM area + 10 bytes when instructions are fetched from RAM areas,
respectively.

Reset signal generation sets RAM parity error resets to enabled (RPERDIS = 0).
25.3.3 RAM parity error detection function.

For details, see
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Remark The flash memory is divided into blocks (one block = 1 KB). For the address values and block numbers, see
Table 3-1 Correspondence Between Address Values and Block Numbers in Flash Memory.

OFFFFH Block 3FH
OFCOOH
OFBFFH
007FFH
Block 01H
00400H
003FFH
Block OOH 1KB
00000H

(R5F10WLE, R5F10WME)
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Correspondence between the address values and block numbers in the flash memory are shown below.

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

Address Value Block Address Value Block Address Value Block Address Value Block
Number Number Number Number
00000H to 003FFH [00H 08000H to 083FFH [20H 10000H to 103FFH |40H 18000H to 183FFH 60H
00400H to 007FFH |01H 08400H to 087FFH |21H 10400H to 107FFH |41H 18400H to 187FFH 61H
00800H to 00BFFH |02H 08800H to 08BFFH [22H 10800H to 10BFFH |42H 18800H to 18BFFH 62H
00COOH to OOFFFH |03H 08COOH to 08FFFH [23H 10CO0H to 10FFFH |43H 18COOH to 18FFFH 63H
01000H to 013FFH [04H 09000H to 093FFH |24H 11000H to 113FFH |[44H 19000H to 193FFH 64H
01400H to 017FFH |O05H 09400H to 097FFH |25H 11400H to 117FFH |45H 19400H to 197FFH 65H
01800H to 01BFFH [06H 09800H to 09BFFH |26H 11800H to 11BFFH [46H 19800H to 19BFFH 66H
01COO0H to O1FFFH |07H 09COO0H to 09FFFH |27H 11COO0H to 11FFFH |47H 19CO0H to 19FFFH 67H
02000H to 023FFH |08H OAOOOH to OA3FFH [28H 12000H to 123FFH |48H 1A000H to 1A3FFH 68H
02400H to 027FFH |09H 0A400H to OA7FFH [29H 12400H to 127FFH |49H 1A400H to 1A7FFH 69H
02800H to 02BFFH [OAH 0OA800H to OABFFH [2AH 12800H to 12BFFH |4AH 1A800H to 1ABFFH 6AH
02COO0H to 02FFFH [OBH OACOOH to OAFFFH |2BH 12CO0H to 12FFFH [4BH 1ACOOH to 1AFFFH 6BH
03000H to 033FFH |0CH 0BOOOH to OB3FFH |2CH 13000H to 133FFH |4CH 1BOO0OH to 1B3FFH 6CH
03400H to 037FFH |ODH 0B400H to OB7FFH [2DH 13400H to 137FFH [4DH 1B400H to 1B7FFH 6DH
03800H to 03BFFH |OEH 0B800H to OBBFFH [2EH 13800H to 13BFFH |4EH 1B800OH to 1BBFFH 6EH
03CO0O0H to 03FFFH |OFH OBCOOH to OBFFFH [2FH 13CO0H to 13FFFH |4FH 1BCOOH to 1BFFFH 6FH
04000H to 043FFH [10H 0COOOH to 0OC3FFH |30H 14000H to 143FFH [50H 1CO00H to 1C3FFH 70H
04400H to 047FFH |11H 0C400H to 0OC7FFH |31H 14400H to 147FFH |51H 1C400H to 1C7FFH 71H
04800H to 04BFFH [12H 0C800H to OCBFFH |32H 14800H to 14BFFH [52H 1C800H to 1CBFFH 72H
04COO0H to 04FFFH |13H 0CCOOH to OCFFFH [33H 14COOH to 14FFFH |53H 1CCOOH to 1CFFFH 73H
05000H to 053FFH |14H ODOOOH to OD3FFH [34H 15000H to 153FFH |54H 1DO000H to 1D3FFH 74H
05400H to 057FFH |15H 0D400H to OD7FFH |35H 15400H to 157FFH |55H 1D400H to 1D7FFH 75H
05800H to 05BFFH |16H 0D800OH to ODBFFH |36H 15800H to 15BFFH |56H 1D800H to 1DBFFH 76H
05COO0H to O5FFFH [17H ODCOOH to ODFFFH |37H 15CO0H to 15FFFH [57H 1DCOOH to 1DFFFH 77H
06000H to 063FFH |18H OEOOOH to OE3FFH [38H 16000H to 163FFH |58H 1EOOOH to 1E3FFH 78H
06400H to 067FFH |19H OE400H to OE7FFH [39H 16400H to 167FFH |59H 1E400H to 1E7FFH 79H
06800H to 06BFFH |1AH OE800H to OEBFFH [3AH 16800H to 16BFFH |5AH 1E800H to 1EBFFH 7AH
06COO0OH to 06FFFH |1BH OECOOH to OEFFFH [3BH 16COO0H to 16FFFH |5BH 1ECOOH to 1EFFFH 7BH
07000H to 073FFH [1CH OFOO0O0H to OF3FFH |3CH 17000H to 173FFH [5CH 1FOO0OH to 1F3FFH 7CH
07400H to 077FFH [1DH OF400H to OF7FFH [3DH 17400H to 177FFH |5DH 1F400H to 1F7FFH 7DH
07800H to 07TBFFH [1EH OF800H to OFBFFH |3EH 17800H to 17BFFH |5EH 1F800H to 1FBFFH 7EH
07COO0OH to O7FFFH |1FH OFCOOH to OFFFFH [3FH 17CO0H to 17FFFH |5FH 1FCOOH to 1FFFFH 7FH

Remark R5F10WLA, R5F10WMA: Block numbers O0H to OFH
R5F10WLC, R5F10WMC: Block numbers 00H to 1FH
R5F10WLD, R5F10WMD: Block numbers 00H to 2FH
R5F10WLE, R5F10WME: Block numbers 00H to 3FH
R5F10WLF, R5F10WMF: Block numbers 00H to 5FH
R5F10WLG, R5F10WMG: Block numbers 00H to 7FH
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3.1.1 Internal program memory space

The internal program memory space stores the program and table data. The RL78/L13 products incorporate internal

ROM (flash memory), as shown below.

Table 3-2. Internal ROM Capacity

Part Number

Internal ROM

Structure

Capacity

R5F10WLA, R5SF10WMA

Flash memory

R5F10WLC, R5F10WMC

R5F10WLD, R5F10WMD

R5F10WLE, R5F10WME

R5F10WLF, R5F10WMF

R5F10WLG, R5F10WMG

16384 x 8 bits (00000H to 03FFFH)

32768 x 8 bits (00000H to 07FFFH)

49152 x 8 bits (00000H to 0BFFFH)

65536 x 8 bits (00000H to OFFFFH)

98304 x 8 bits (00000H to 17FFFH)

131072 x 8 bits (00000H to 1FFFFH)

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

(1) Vector table area

The 128-byte area 00000H to 0007FH is reserved as a vector table area. The program start addresses for branch

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

Vector Table Address Interrupt Source 80-pin 64-pin
<R> 00000H RESET, POR, LVD, WDT, TRAP, IAW, \ v
RPE
00004H INTWDTI \ v
00006H INTLVI R v
00008H INTPO J y
0000AH INTP1 v v
0000CH INTP2 J \
0000EH INTP3 \ v
00010H INTP4 N 3
00012H INTP5 \ y
00014H INTST2 R v
00016H INTSR2 J y
00018H INTSRE2 v v
0001AH INTDMAO J y
0001CH INTDMA1 Y v
0001EH INTSTO/INTCSIOO/INTIICOO R v
00020H INTTMOO J y
00022H INTSRO v v
00024H INTSREO J y
INTTMO1H v v
00026H INTSTL/INTCSI10/INTIIC10 R v
00028H INTSR1 J y
0002AH INTSRE1 R v
INTTMO3H J y
0002CH INTIICAO R v
0002EH INTRTIT J y
00032H INTTMO1 \ v
00034H INTTMO2 R v
00036H INTTMO3 J y
00038H INTAD R v
0003AH INTRTC J y
0003CH INTIT R v
0003EH INTKR N y
00040H INTST3 J -
00042H INTSR3 R -
00044H INTTKB20 J y
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Table 3-3. Vector Table (2/2)

Vector Table Address Interrupt Source 80-pin 64-pin
00046H INTTMO4 J y
00048H INTTMOS J y
0004AH INTP6 N y
0004CH INTP7 Y v
00050H INTCMPO R v
00052H INTCMP1 J y
00054H INTTMO6 \ v
00056H INTTMO7 R v
0005CH INTSRE3 Y -
0005EH INTMD R v
00062H INTFL J y
00064H INTDMA2 v v
00066H INTDMA3 J y
0007EH BRK J y

(2) CALLT instruction table area

The 64-byte area 00080H to 000BFH can store the subroutine entry address of a 2-byte call instruction (CALLT). Set

the subroutine entry address to a value in a range of 00000H to OFFFFH (because an address code is of 2 bytes).

To use the boot swap function, set a CALLT instruction table also at 01080H to 010BFH.

(3) Option byte area

A 4-byte area of 000COH to 000C3H can be used as an option byte area. Set the option byte at 010COH to 010C3H
when the boot swap is used. For details, see CHAPTER 27 OPTION BYTE.

(4) On-chip debug security ID setting area
A 10-byte area of 000C4H to 000CDH and 010C4H to 010CDH can be used as an on-chip debug security ID setting
area. Set the on-chip debug security ID of 10 bytes at 000C4H to 000CDH when the boot swap is not used and at
000C4H to 000CDH and 010C4H to 010CDH when the boot swap is used. For details, see CHAPTER 29 ON-CHIP

DEBUG FUNCTION.
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3.1.2 Mirror area

The RL78/L13 mirrors the code flash area of 00000H to OFFFFH, to FOOOOH to FFFFFH. The products with 96 KB or
more flash memory mirror the code flash area of 00000H to OFFFFH or 10000H to 1FFFFH, to FOOOOH to FFFFFH (the
code flash area to be mirrored is set by the processor mode control register (PMC)).

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

See 3.2 Memory Space for the mirror area of each product.

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

The following show examples.

Example R5F10WLE, R5F10WME (Flash memory: 64 KB, RAM: 4 KB)

FFFFFH
Special-function register (SFR)
256 bytes
FFFOOH
FFEFFH General-purpose register
FFEEOH 32 bytes
FFEDFH RAM —
4 KB For example, OE789H is mirrored to
FEFOOH FE789H. Data can therefore be read
FEEFFH i
by MOV A, |E789H, instead of MOV
Mirror ES, #00H and MOV A, ES:IE789H.
(same data as 02000H to OEEFFH)
F2000H
F1FFFH
Data flash memory
F1000H
FOFFFH
Reserved
FO800H
FO7FFH
Special-function register (2nd SFR)
2 KB
FOOOOH
EFFFFH
Mirror
Reserved
10000H
OFFFFH
Code flash memory
OEFOOH|_ _ _ _ _ _ _ _________]
OEEFFH
Code flash memory
02000H|'=——e————]
O1FFFH Code flash memory
00000H
The PMC register is described below.
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Processor mode control register (PMC)

This register sets the flash memory space for mirroring to area from FOOOOH to FFFFFH.

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

Figure 3-7. Format of Configuration of Processor Mode Control Register (PMC)

Address: FFFFEH After reset: 00H R/W

Symbol 7 6 5 4 3 2 1 <0>
PMC | 0 | 0 | 0 | 0 | 0 | 0 | 0 | MAA |
MAA Selection of flash memory space for mirroring to area from FOOOOH to FFFFFH
0 00000H to OFFFFH is mirrored to FOOOOH to FFFFFH
1 10000H to 1FFFFH is mirrored to FOOOOH to FFFFFHNet®

Note This setting is prohibited in products with 64 KB or less flash memory

Cautions 1. In products with 64 KB or less flash memory, be sure to clear bit 0 (MAA) of this register to 0
(default value).

2. After setting the PMC register, wait for at least one instruction and access the mirror area.
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3.1.3 Internal data memory space
The RL78/L13 products incorporate the following RAMs.

Table 3-4. Internal RAM Capacity

Part Number Internal RAM
R5F10WLA, R5F10WMA 1024 x 8 bits (FFBOOH to FFEFFH)
R5F10WLC, R5F10WMC 1536 x 8 bits (FF900H to FFEFFH)
R5F10WLD, R5F10WMD 2048 x 8 bits (FF700H to FFEFFH)
R5F10WLE, R5F10WME 4096 x 8 bits (FEFOOH to FFEFFH)
R5F10WLF, R5F10WMF 6144 x 8 bits (FE700H to FFEFFH)
R5F10WLG, R5F10WMG 8192 x 8 bits (FDFOOH to FFEFFH)

The internal RAM can be used as a data area and a program area where instructions are written and executed. 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. However, instructions cannot be executed by using the general-purpose registers.

The internal RAM is used as stack memory.

Cautions 1. The space (FFEEOH to FFEFFH) that the general-purpose registers are allocated cannot be used
for fetching instructions or as a stack area.

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

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

R5F10WLG, R5F10WMG: FDFOOH to FE309H

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

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

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

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

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

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

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

Several addressing modes are provided for addressing the memory relevant to the execution of instructions for the
RL78/L13, based on operability and other considerations. In particular, special addressing methods designed for the
functions of the special function registers (SFR) and general-purpose registers are available for use. Figure 3-8 shows
correspondence between data memory and addressing.

For details of each addressing, see 3.5 Addressing for Processing Data Addresses.
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Figure 3-8. Correspondence Between Data Memory and Addressing

FFFFFH 4 4
FEF20H Special function register (SFR) SFR addressing
FFFLFH 256 bytes T
FFFOOH Y )
FFEFFH| General-purpose register A Redister address Short direct
FEEEOH 32 bytes \ egister aadressing addressing
FFEDFH - l
FFE20H RAM™
FFELFH 1to 8 KB
- Mirror &~
Data flash memory

F1000H 4 KB
FOFFFH

Reserved
FO800H
FO7TFFH

Special function register (2nd SFR) Direct addressing
2 KB
F0000H Register indirect addressing
EFFFFH Based addressing
Based indexed addressing
L Reserved -~

A Code flash memory i
B 16 to 128 KB

00000H Y
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3.2 Processor Registers

The RL78/L13 products incorporate the following processor registers.

3.2.1 Control registers

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

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

(1) 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 3-9. 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 3-10. Format of Program Status Word
7 0
PSW | IE Z |RBS1| AC |RBSO| ISP1 | ISPO | CY
(a) Interrupt enable flag (IE)
This flag controls the interrupt request acknowledge operations of the CPU.
When 0, the IE flag is set to the interrupt disabled (DI) state, and all maskable interrupt requests are disabled.
When 1, the IE flag is set to the interrupt enabled (El) state and maskable interrupt request acknowledgment is
controlled with an in-service priority flag (ISP1, ISPO), an interrupt mask flag for various interrupt sources, and a
priority specification flag.
The IE flag is reset (0) upon DI instruction execution or interrupt acknowledgment and is set (1) upon El
instruction execution.
(b) Zero flag (2)
When the operation result is zero or equal, this flag is set (1). It is reset (0) in all other cases.
(c) Register bank select flags (RBS0O, RBS1)
These are 2-bit flags to select one of the four register banks.
In these flags, the 2-bit information that indicates the register bank selected by SEL RBn instruction execution is
stored.
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(d) Auxiliary carry flag (AC)
If the operation result has a carry from bit 3 or a borrow at bit 3, this flag is set (1). Itis reset (0) in all other cases.

(e) In-service priority flags (ISP1, ISPO)
This flag manages the priority of acknowledgeable maskable vectored interrupts. Vectored interrupt requests
specified lower than the value of ISPO and ISP1 flags by the priority specification flag registers (PRnOL, PRnOH,
PRn1L, PRn1H, PRn2L, PRn2H) (see 19.3.3) can not be acknowledged. Actual vectored interrupt request
acknowledgment is controlled by the interrupt enable flag (IE).

Remark n=0,1

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

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

Figure 3-11. Format of Stack Pointer

15 0

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

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

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

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

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

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

R5F10WLG, R5F10WMG: FDFOOH to FE309H
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3.2.2 General-purpose registers

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

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

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

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

Figure 3-12. Configuration of General-Purpose Registers

(@) 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
FFEE8SH
A
Register bank 3 AX
X
FFEEOH
15 0 7 0
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3.2.3 ES and CS registers

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

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

Figure 3-13. Configuration of ES and CS Registers

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

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

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

Figure 3-14. Extension of Data Area Which Can Be Accessed

laddr16 — F |0000H - FFFFH

ES:laddr16 —>\ OH - FH‘ \ 0000H - FFFFH \

FFFFFH 4
Special function register
(SFR) 256 bytes
laddr16 =+ L
ES:laddr16 Special function register Data memory space
(2nd SFR) 2 KB
FO000H
EFFFFH
~L Code flash memory I~
OOOOOHT T Y
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3.2.4 Special function registers (SFRs)

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

SFRs are allocated to the FFFOOH to FFFFFH area.

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

Each manipulation bit unit can be specified as follows.

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

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

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

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

Remark For extended SFRs (2nd SFRs), see 3.3.5 Extended special function registers (2nd SFRs: 2nd Special
Function Registers).
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Table 3-5. SFR List (1/5)

Address | Special Function Register (SFR) Name Symbol R/W | Manipulable Bit Range After Reset
1-bit | 8-bit | 16-bit
FFFOOH | Port register 0 PO RW | J - 0OH
FFFO1H | Port register 1 P1 RW /| J - 0OH
FFFO2H | Port register 2 P2 RW | v - 00H
FFFO3H | Port register 3 P3 RW | v - 00H
FFFO4H | Port register 4 P4 RW | \ - 00H
FFFO5H | Port register 5 P5 RW | v - 00H
FFFO6H | Port register 6 P6 RIW| v - 00H
FFFO7H | Port register 7 P7 RW | V - 00H
FFFOCH | Port register 12 P12 RIW| \ - Undefined
FFFODH | Port register 13 P13 RW | v - Undefined
FFF10H | Serial data register 00 TXDO/ | SDROO| RIW | — J J 0000H
SI000
FFF11H . _ _
FFF12H | Serial data register 01 RXDO | SDRO1| R/W | - \ \ 0000H
FFF13H - - -
FFF14H | Serial data register 12 TXD3 | SDR12 RIW | - \ \ 0000H
FFF15H - - -
FFF16H | Serial data register 13 RXD3 | SDR13| R/W | - v v 0000H
FFF17H - - _
FFF18H | Timer data register 00 TDROO R/W - - \ 0000H
FFF19H
FFF1AH | Timer data register 01 TDROIL | TDRO1| RIW | - v v 00H
FFF1BH TDRO1H - N OOH
FFF1EH | 10-bit A/D conversion result ADCR R - - \ 0000H
register
FFF1FH 8-bit A/D conversion ADCRH R - v - 00H
result register
FFF20H | Port mode register 0 PMO RW | R - FFH
FFF21H | Port mode register 1 PM1 RW | v - FFH
FFF22H | Port mode register 2 PM2 RW | J - FFH
FFF23H | Port mode register 3 PM3 RW | R - FFH
FFF24H | Port mode register 4 PM4 RW | v - FFH
FFF25H | Port mode register 5 PM5 RW | \ - FFH
FFF26H | Port mode register 6 PM6 RW | J - FFH
FFF27H | Port mode register 7 PM7 RW | R - FFH
FFF2CH | Port mode register 12 PM12 RW | \ - FFH
FFF2DH | Port mode register 13 PM13 RW | J - FFH
FFF30H | A/D converter mode register 0 | ADMO RW | v - 00H
FFF31H | Analog input channel ADS RIW| v - 00H
specification register
FFF32H | A/D converter mode register 1 | ADM1 RW | \ - 00H
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Table 3-5. SFR List (2/5)

Address | Special Function Register (SFR) Name Symbol R/W | Manipulable Bit Range After Reset
1-bit | 8-bit | 16-bit
FFF34H | Key return control register KRCTL R/W N N _ 00H
FFF35H | Key return flag register KRF R/W ~ ~ — 00H
FFF37H | Key return mode register KRMO RW| N - OOH
FFF38H | External interrupt rising edge | EGPO RW| ~ 3 - 00H
enable register 0
FFF39H | External interrupt falling edge | EGNO RW| J - 00H
enable register 0
FFF40H | LCD mode register O LCDMO RW| - v - O0H
FFF41H | LCD mode register 1 LCDM1 RW| \ - O0H
FFF42H | LCD clock control register LCDCO R/W - v - 00H
FFF43H | LCD boost level control register | VLCD R/W - \ - 04H
FFF44H | Serial data register 02 TXD1/ | SDRO2| RIW| - \ \ 0000H
SI010
FFF45H - - -
FFF46H | Serial data register 03 RXD1 | SDRO3|R/W | - \ \ 0000H
FFF4TH - - -
FFF48H | Serial data register 10 TXD2 | SDR1O|RW | - \ \ 0000H
FFF49H - - -
FFF4AH | Serial data register 11 RXD2 | SDR11|RW | - \ \ 0000H
FFF4BH - - -
FFF50H | IICA shift register 0 IICAO R/W - \ - O0OH
FFF51H | IICA status register 0 1ICS0 R v v - O0H
FFF52H | IICA flag register 0 IICFO RW| \ - 00H
FFF64H | Timer data register 02 TDRO2 R/W - - v 0000H
FFF65H
FFF66H | Timer data register 03 TDRO3L | TDRO3|R/W | - J J 00H
FFF67H ITDRO3H - R 00H
FFF68H | Timer data register 04 TDRO4 RW| - - \ 0000H
FFF69H
FFF6AH | Timer data register 05 TDRO5 R/W - - \ 0000H
FFF6BH
FFF6CH | Timer data register 06 TDRO6 RW| - - J 0000H
FFF6DH
FFF6EH | Timer data register 07 TDRO7 R/W - - \ 0000H
FFF6FH
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Table 3-5. SFR List (3/5)

Address | Special Function Register (SFR) Name Symbol R/W | Manipulable Bit Range After Reset
1-bit | 8-bit | 16-bit
FFF90H | 12-bit interval timer control ITMC R/W - - J OFFFH
FFF91H | register
FFF92H | Second count register SEC R/W - \ - Undefined
FFF93H | Minute count register MIN R/W - v - Undefined
FFF94H | Hour count register HOUR RIW| - \ - Undefined
FFF95H | Week count register WEEK R/W - v - Undefined
FFF96H | Day count register DAY RIW| - \ - Undefined
FFF97H | Month count register MONTH R/W - v - Undefined
FFF98H | Year count register YEAR RIW| - \ - Undefined
FFF9AH | Alarm minute register ALARMWM | R/IW - \ - Undefined
FFF9BH | Alarm hour register ALARMWH | R/IW - v - Undefined
FFFOCH | Alarm week register ALARMWW | R/W - \ - Undefined
FFF9DH | Real-time clock control register 0 | RTCCO RW| v - QQHNete 1
FFF9EH | Real-time clock control register 1 | RTCC1 RIW| \ - QQHNote 1
FFFAOH | Clock operation mode control CcMC R/IW - v - Q0HNote 1
register
FFFALH | Clock operation status control CSsc RIW| \ - COHNote 1
register
FFFA2H | Oscillation stabilization time OSTC R N v - O0H
counter status register
FFFA3H | Oscillation stabilization time select| OSTS R/IW - J - 07H
register
FFFA4H | System clock control register CKC RW | v - O0H
FFFAS5H | Clock output select register 0 CKSO0 RIW| \ - 00H
FFFABH | Clock output select register 1 CKS1 RW | v - O0H
FFFA8H | Reset control flag register RESF R - v - Undefined° 2
FFFA9H | Voltage detection register LVIM R/W \ - 0QHNote 2
FFFAAH| Voltage detection level register LVIS R/IW v —  |0OH/01H/81HNet2
Notes 1. This register is reset only by a power-on reset.
2. The reset values of the registers vary depending on the reset source as shown below.
Reset Source | RESET Input Reset by Reset by Reset by Reset by Reset by Reset by
POR Execution of WDT RAM Parity lllegal- LVD
lllegal Error memory
Register Instruction Access
RESF | TRAP bit Cleared (0) Set (1) Held Held
WDTREF bit Held Set (1) Held
RPERF bit Held Set (1) Held
IAWREF bit Held Set (1)
LVIRF bit Held Set (1)
LVIM | LVISEN bit Cleared (0) Held
LVIOMSK bit | Held
LVIF bit
LVIS Cleared (O0H/01H/81H)
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Table 3-5. SFR List (4/5)

Address | Special Function Register (SFR) Name Symbol R/W | Manipulable Bit Range After Reset
1-bit 8-bit | 16-bit
FFFABH| Watchdog timer enable register | WDTE R/W - \ - 1AH/9AHNote
FFFACH| CRC input register CRCIN R/W - v - 00H
FFFBOH | DMA SFR address register 0 DSAO0 R/W - \ - O00H
FFFB1H | DMA SFR address register 1 DSAl R/W - v - O00H
FFFB2H | DMA RAM address register OL | DRAOL| DRAO | R/W | - J J 00H
FFFB3H | DMA RAM address register OH | DRAOH R/W - v 00H
FFFB4H | DMA RAM address register 1L | DRALL| DRAL [ RIW | - V V 00H
FFFB5H | DMA RAM address register 1H | DRA1H R/W - v O00H
FFFB6H | DMA byte count register OL DBCOL| DBCO |R/W | - \ \ 00H
FFFB7H | DMA byte count register OH DBCOH R/W - \ O00H
FFFB8H | DMA byte count register 1L DBCIL| DBC1 |RW | - v v OOH
FFFB9H | DMA byte count register 1H DBC1H R/W - \ O00H
FFFBAH| DMA mode control register 0 DMCO RIW| v - OOH
FFFBBH| DMA mode control register 1 DMC1 RIW| \ - 00H
FFFBCH| DMA operation control register 0 | DRCO RW | v - OOH
FFFBDH| DMA operation control register 1 | DRC1 RW | \ - O0H
FFFDOH | Interrupt request flag register 2L | IF2L | IF2 RW | v v O0H
FFFD1H | Interrupt request flag register 2H | IF2H RW | \ O0H
FFFD2H | Interrupt request flag register 3L | IF3L | IF3 RW | v O0H
FFFD4H | Interrupt mask flag register 2L | MK2L | MK2 |RW | < \ \ FFH
FFFD5H | Interrupt mask flag register 2H | MK2H RW | v FFH
FFFD6H | Interrupt mask flag register 3L | MK3L | MK3 |R/W | < v FFH
FFFD8H | Priority specification flag register | PRO2L| PRO2 | RW | J J FFH
0o2L
FFFD9H | Priority specification flag register | PRO2H RW| v FFH
02H
FFFDAH| Priority specification flag register | PRO3L| PRO3 | R/W | < \ \ FFH
03L
FFFDCH| Priority specification flag register | PR12L| PR12 |R/W | < R v FFH
12L
FFFDDH| Priority specification flag register | PR12H RW | J FFH
12H
FFFDEH| Priority specification flag register | PR13L| PR13 |R/W | < v v FFH
13L
FFFEOH | Interrupt request flag register OL | IFOL | IFO RIW| \ \ 00H
FFFE1H | Interrupt request flag register OH | IFOH RW | v O0H
FFFE2H | Interrupt request flag register 1L | IFIL | IF1 RIW| \ \ 00H
FFFE3H | Interrupt request flag register 1H | IF1H RW | v O0H
FFFE4H | Interrupt mask flag register OL | MKOL | MKO |R/W | + \ \ FFH
FFFES5H | Interrupt mask flag register OH | MKOH RIW| v FFH
FFFE6H | Interrupt mask flag register 1L | MK1L | MK1 |RW | + \ \ FFH
FFFE7H | Interrupt mask flag register 1H | MK1H RIW| \ FFH

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

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

FFFES8H | Priority specification flag register| PROOL| PROO | R/W | < \ \ FFH
0oL

FFFEQH | Priority specification flag register| PROOH RW| v FFH
00OH

FFFEAH)| Priority specification flag register| PRO1L| PRO1 |R/W | < \ \ FFH
01L

FFFEBH)| Priority specification flag register| PRO1H RW | v FFH
01H

FFFECH| Priority specification flag register| PR10L| PR10 |R/W | < \ \ FFH
10L

FFFEDH)| Priority specification flag register| PR10H RW | v FFH
10H

FFFEEH | Priority specification flag register| PR11L| PR11 |RW | < \ \ FFH
11L

FFFEFH | Priority specification flag register| PR11H RW | v FFH
11H

FFFFOH | Multiplication/division data register | MDAL R/W - - v 0000H

FFFFIH | A L)

FFFF2H | Multiplication/division data register | MDAH R/W - - \ 0000H

FFFF3H | A(H)

FFFF4H | Multiplication/division data register | MDBH R/W - - v 0000H

FFFF5H | B (H)

FFFF6H | Multiplication/division data register | MDBL R/W - - v 0000H

FFFF7H | B (D)

FFFFEH | Processor mode control register | PMC RIW| \ - 00H

Remark For extended SFRs (2nd SFRs), see Table 3-6 Extended SFR (2nd SFR) List.
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3.2.5 Extended special function registers (2nd SFRs: 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.

e 1-bit manipulation
Describe as follows for the 1-bit manipulation instruction operand (sfr.bit)
When the bit name is defined: <Bit name>
When the bit name is not defined: <Register name>.<Bit number> or <Address>.<Bit number>
e 8-bit manipulation
Describe the symbol reserved by the assembler for the 8-bit manipulation instruction operand (‘addrl6). This
manipulation can also be specified with an address.
e 16-bit manipulation
Describe the symbol reserved by the assembler for the 16-bit manipulation instruction operand ('addrl6). When
specifying an address, describe an even address.

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

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

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

Remark For SFRs in the SFR area, see 3.3.4 Special function registers (SFRs).
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Table 3-6. Extended SFR (2nd SFR) List (1/9)

Address | Special Function Register (SFR) Name Symbol R/W | Manipulable Bit Range After Reset
1-bit 8-bit | 16-bit
FOO10H | A/D converter mode register 2 | ADM2 RIW| S - O0H
FO0011H | Conversion result comparison ADUL R/W - N - FFH
upper limit setting register
FO0012H | Conversion result comparison ADLL R/W - \ - 00H
lower limit setting register
FOO13H | A/D test register ADTES RIW| - \ - O0H
FOO030H | Pull-up resistor option register 0 | PUO RW | \ - 00H
FO031H | Pull-up resistor option register 1 | PU1 RIW| S - 00H
FO032H | Pull-up resistor option register 2 | PU2 RW| \ - O0H
F0033H | Pull-up resistor option register 3 | PU3 RW | \ - 00H
F0034H | Pull-up resistor option register 4 | PU4 RIW| S - 01H
FO035H | Pull-up resistor option register 5 | PU5 RIW| N - 00H
F0037H | Pull-up resistor option register 7 | PU7 RIW| \ - O0H
FOO3CH | Pull-up resistor option register 12 | PU12 RW | \ - 00H
FOO3DH | Pull-up resistor option register 13 | PU13 RIW| S - 00H
FOO040H | Port input mode register 0 PIMO RIW| \ - O0H
F0041H | Port input mode register 1 PIM1 RW | \ - 00H
FO043H | Port input mode register 3 PIM3 RIW| S - 00H
FO044H | Port input mode register 4 PIM4 RIW| S - 00H
FO045H | Port input mode register 5 PIM5 RIW| \ - O0H
FOO50H | Port output mode register 0 POMO RIW| S - 00H
FOO51H | Port output mode register 1 POM1 RIW| S - 00H
FO053H | Port output mode register 3 POM3 RIW| \ - O0H
F0054H | Port output mode register 4 POM4 RW | \ - 00H
FOO55H | Port output mode register 5 POMS5 RIW| S - O0H
FOO5DH | Port output mode register 13 POM13 RIW| S - 00H
FO061H | Port mode control register 1 PMC1 RW | \ - FFH
F0062H | Port mode control register 2 PMC2 RIW| S - FFH
FO064H | Port mode control register 4 PMC4 RIW| S - 00H
FOO70H | Noise filter enable register 0 NFENO RIW| \ - O0H
FO071H | Noise filter enable register 1 NFEN1 RW | \ - 00H
FO073H | Input switch control register ISC RIW| N - 00H
FOO074H | Timer input select register 0 TISO R/W - \ - 00H
FO076H | A/D port configuration register | ADPC RIW| - S - 00H
FO077H | Peripheral I/O redirection PIOR R/W - S - 00H
register
FO078H | Invalid memory access IAWCTL R/W - \ - 00H
detection control register
FOO79H | Timer output select register TOS RW | \ - O0H
FOO7AH | Peripheral enable register 1 PER1 RW | \ - 00H
FOO7BH | Port mode select resister PMS RW | J - OOH
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Table 3-6. Extended SFR (2nd SFR) List (2/9)

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

FOO7CH | Timer KB2 output pin switch PWCTKB R/W - J - 00H
register

FOO90H | Data flash control register DFLCTL RIW| S - 00H

FOOAOH | High-speed on-chip oscillator HIOTRM R/W - \ - Undefinedte
trimming register

FOOA8H | High-speed on-chip oscillator HOCODIV R/W - \ - Undefined™ote 2
frequency select register

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

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

FOOESH | Multiplication/division control | MDUC RW | v - 00H
register

FOOFOH | Peripheral enable register 0 PERO RIW| S - O0H

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

FOOF5H | RAM parity error control register | RPECTL RIW| \ - O0H

FOOF9H | Power-on-reset status register | PORSR R/IW - \ - 0QHNote 3

FOOFEH | BCD adjust result register BCDADJ - S - Undefined

FO100H | Serial status register 00 SSROOL | SSR00 - \ \ 0000H

FO101H - - -

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

FO103H - - -

FO0104H | Serial status register 02 SSRO2L| SSR02| R - \ \ 0000H

FO105H - - -

FO106H | Serial status register 03 SSRO3L| SSRO3| R - S S 0000H

FO107H - - -

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

FO109H | 00 - - -

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

Fo10BH | 01 - - -

FO10CH | Serial flag clear trigger register | SIRO2L| SIR02 | RIW | - S S 0000H

FO10DH | 02 - - -

FO10EH | Serial flag clear trigger register | SIR03L| SIR03 | R/W | - \ \ 0000H

FO10FH | 03 - - -

FO110H | Serial mode register 00 SMR00 RIW| - - S 0020H

FO111H

FO0112H | Serial mode register 01 SMRO1 R/W - - \ 0020H

FO113H

FO114H | Serial mode register 02 SMRO02 RIW| - - S 0020H

FO115H

FO0116H | Serial mode register 03 SMRO03 R/W - - S 0020H

FO117H

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

2. The value after a reset is a value set in FRQSEL2 to FRQSELDO of the option byte (000C2H).
3. This register is reset only by a power-on reset.
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Table 3-6. Extended SFR (2nd SFR) List (3/9)

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

FO0118H | Serial communication operation | SCR0O0 R/W - - S 0087H
FO119H | setting register 00
FO11AH | Serial communication operation | SCRO1 R/W - - \ 0087H
FO11BH | setting register 01
FO11CH | Serial communication operation | SCR02 R/W - - S 0087H
FO11DH | setting register 02
FO11EH | Serial communication operation | SCR03 R/W - - \ 0087H
FO11FH | setting register 03
FO120H | Serial channel enable status SEOL | SEO R J J J 0000H
FO121H | register 0 _ _ _
FO122H | Serial channel start register 0 | SSOL | SSO0 |RW | < S S 0000H
FO123H - - -
FO124H | Serial channel stop register 0 | STOL | STO |RW | + \ \ 0000H
FO125H - - -
FO126H | Serial clock select register 0 SPSOL| SPSO | RW | - J J 0000H
FO0127H - - -
F0128H | Serial output register 0 SO0 R/W - - \ OFOFH
FO0129H
FO12AH | Serial output enable register 0 | SOEOL| SOE0 | R/W | S N 0000H
FO012BH - - _
FO134H | Serial output level register 0 SOLOL| SOLO |RW | - \ \ 0000H
FO135H - - -
F0138H | Serial standby control register 0 | SSCOL| SSCO | R/W | - \ \ 0000H
FO139H - - -
FO140H | Serial status register 10 SSR10L| SSR10| R - S S 0000H
FO141H - - —
FO142H | Serial status register 11 SSR11L| SSR11| R - \ \ 0000H
F0143H - - -
FO144H | Serial status register 12 SSR12L| SSR12| R - S N 0000H
FO145H - - -
FO0146H | Serial status register 13 SSR13L| SSR13| R - \ \ 0000H
FO147H - - -
FO148H | Serial flag clear trigger register |[SIR10L| SIR10 | RIW | - S S 0000H
Fo149H | 10 - - -
FO14AH | Serial flag clear trigger register |SIR11L| SIR11 |R/W | - S S 0000H
Fo14BH | 11 - - -
FO14CH | Serial flag clear trigger register [SIR12L| SIR12 | R/W | - \ \ 0000H
FO14DH | 12 - - -
FO14EH | Serial flag clear trigger register |SIR13L| SIR13 |R/W | - S S 0000H
FO14FH |13 - - -
FO150H | Serial mode register 10 SMR10 R/W - - \ 0020H
FO151H
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Table 3-6. Extended SFR (2nd SFR) List (4/9)

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

FO0152H | Serial mode register 11 SMR11 R/W - - S 0020H
FO153H
FO0154H | Serial mode register 12 SMR12 R/W - - \ 0020H
FO155H
FO156H | Serial mode register 13 SMR13 RIW| - - S 0020H
FO157H
FO158H | Serial communication operation | SCR10 R/W - - \ 0087H
FO159H | setting register 10
FO15AH | Serial communication operation | SCR11 R/W - - S 0087H
FO15BH | setting register 11
FO15CH | Serial communication operation | SCR12 R/W - - S 0087H
FO15DH | setting register 12
FO15EH | Serial communication operation | SCR13 R/W - - \ 0087H
FO15FH | setting register 13
FO160H | Serial channel enable status SE1L | SE1 R J J J 0000H
FO161H | register 1 _ _ _
FO162H | Serial channel start register 1 | SS1L [SS1 |RW | \ \ 0000H
FO163H - - -
FO164H | Serial channel stop register 1 | STIL |ST1 |RW | S N 0000H
FO165H - - -
FO166H | Serial clock select register 1 SPSIL| SPS1 [RW | - J J 0000H
FO167H - - -
FO168H | Serial output register 1 SO1 R/W - - \ OFOFH
FO169H
FO16AH | Serial output enable register 1 | SOE1L| SOE1 |R/W | < S S 0000H
FO016BH - - -
FO174H | Serial output level register 1 SOL1L| SOL1 |RW | - \ \ 0000H
FO175H - - -
FO178H | Serial standby control register 1 | SSC1L| SSC1 |R/W | - S N 0000H
FO179H - - -
FO180H | Timer counter register 00 TCROO R - - \ FFFFH
FO181H
FO0182H | Timer counter register 01 TCRO1 R - - S FFFFH
FO183H
FO0184H | Timer counter register 02 TCRO02 R - - S FFFFH
FO0185H
FO0186H | Timer counter register 03 TCRO3 R - - \ FFFFH
FO0187H
FO0188H | Timer counter register 04 TCRO4 R - - S FFFFH
FO189H
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Table 3-6. Extended SFR (2nd SFR) List (5/9)

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

FO18AH | Timer counter register 05 TCRO5 R - - S FFFFH
FO018BH
FO18CH | Timer counter register 06 TCRO06 R - - \ FFFFH
FO18DH
FO18EH | Timer counter register 07 TCRO7 R - - S FFFFH
FO18FH
FO190H | Timer mode register 00 TMROO R/W - - \ 0000H
FO191H
FO192H | Timer mode register 01 TMRO1 RIW| - - S 0000H
FO193H
FO0194H | Timer mode register 02 TMRO02 R/W - - S 0000H
FO195H
FO0196H | Timer mode register 03 TMRO3 R/W - - \ 0000H
FO197H
FO0198H | Timer mode register 04 TMRO04 R/W - - S 0000H
FO199H
FO19AH | Timer mode register 05 TMRO5 R/W - - \ 0000H
FO19BH
FO19CH | Timer mode register 06 TMRO6 RIW| - - N 0000H
FO19DH
FO19EH | Timer mode register 07 TMRO7 R/W - - \ 0000H
FO19FH
FO1AOQH | Timer status register 00 TSROOL| TSR0O0| R - \ \ 0000H
FO1A1H - - -
FO1A2H | Timer status register 01 TSRO1L| TSRO1| R - J J 0000H
FO1A3H - - -
FO1A4H | Timer status register 02 TSRO2L| TSR02| R - \ \ 0000H
FO1A5H - - -
FO1AGH | Timer status register 03 TSRO3L| TSR03| R - S N 0000H
FO1A7H - - -
FO1A8H | Timer status register 04 TSRO4L| TSR04| R - \ \ 0000H
FO1A9H - - -
FOLAAH | Timer status register 05 TSRO5L| TSRO5| R - S S 0000H
FO1ABH - - -
FO1ACH | Timer status register 06 TSRO6L| TSR06| R - J J 0000H
FO1ADH - - -
FOLAEH | Timer status register 07 TSRO7L| TSRO7| R - \ \ 0000H
FO1AFH - - -
FO1BOH | Timer channel enable status TEOL | TEO R J J J 0000H
FO1B1H | register 0 _ _ _
FO1B2H | Timer channel start register 0 | TSOL [ TS0 |RW | \ \ 0000H
FO1B3H - - -
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Table 3-6. Extended SFR (2nd SFR) List (6/9)

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

FO1B4H | Timer channel stop register 0 | TTOL |TTO |RW | v S 0000H

FO1B5H - - -

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

FO1B7H

FO1B8H | Timer output register 0 TOOL |TOO |RMW| - N S 0000H

FO1B9H - - -

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

FO1BBH - - -

FO1BCH | Timer output level register 0 TOLOL| TOLO |RW | - N S 0000H

FO1BDH - - -

FO1BEH | Timer output mode register 0 TOMOL| TOMO |RIW | - v S 0000H

FO1BFH - - -

FO0200H | DMA SFR address register 2 DSA2 R/W - v - O0H

F0201H | DMA SFR address register 3 DSA3 RIW| - N - 00H

F0202H | DMA RAM address register 2L | DRA2L| DRA2 | R/IW - v \ O0H

F0203H | DMA RAM address register 2H | DRA2H R/W - v 0OH

F0204H | DMA RAM address register 3L | DRA3L| DRA3 |R/W | - 3 J 00H

F0205H | DMA RAM address register 3H | DRA3H R/W - v O00H

F0206H | DMA byte count register 2L DBC2L| DBC2 |RW | - v \ 00H

F0207H | DMA byte count register 2H DBC2H R/W - v 0OH

F0208H | DMA byte count register 3L DBC3L| DBC3 |RW | - v \ 00H

FO0209H | DMA byte count register 3H DBC3H R/W - v O0OH

FO20AH | DMA mode control register 2 DMC2 RIW| N - 00H

F020BH | DMA mode control register 3 DMC3 RW | v - 00H

FO020CH | DMA operation control register 2| DRC2 RIW| N - 00H

F020DH | DMA operation control register 3| DRC3 RW | v - 00H

F0230H | IICA control register 00 IICCTLOO RIW| v - O0H

F0231H | IICA control register 01 IICCTLO1 RIW| N - 00H

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

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

F0234H | Slave address register 0 SVAO R/W - v - O0OH

F0240H | TMKB2 counter restart trigger ELSELROO R/W - v - 00H
select register 00

F0241H | TMKB2 counter restart trigger ELSELRO1 R/W - N - 00H
select register 01

F0242H | TMKB2 counter restart trigger ELSELRO2 R/W - N - 00H
select register 02

F0243H | TMKB2 counter restart trigger ELSELRO3 R/W - v - O0H
select register 03

F0244H | TMKB2 counter restart trigger ELSELRO4 R/W - v - O0H
select register 04
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Table 3-6. Extended SFR (2nd SFR) List (7/9)

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

F0245H | TMKB2 counter restart trigger ELSELRO5 R/W - \ - 0OH
select register 05

F0246H | TMKB2 counter restart trigger ELSELRO6 R/W - \ - OOH
select register 06

F0247H | TMKB2 counter restart trigger ELSELRO7 R/W - \ - 00H
select register 07

F0248H | TMKB2 counter restart trigger ELSELRO08 R/W - \ - 00H
select register 08

FO0249H | TMKB2 counter restart trigger ELSELR09 R/W - v - 00H
select register 09

FO2FOH | Flash memory CRC control CRCOCTL RW | v - O0H
register

FO2F2H | Flash memory CRC operation PGCRCL R/W - - v 0000H
result register

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

FO300H | LCD port function register 0 PFSEGO RIW| \ - FOH

FO301H | LCD port function register 1 PFSEG1 RW | v - FFH

F0302H | LCD port function register 2 PFSEG2 RW | R - FFH

F0303H | LCD port function register 3 PFSEG3 RIW| \ - FFH

FO304H | LCD port function register 4 PFSEG4 RIW| \ - FFH

FO305H | LCD port function register 5 PFSEG5 RW | v - FFH

FO306H | LCD port function register 6 PFSEG6 RIW| \ - OFH

FO308H | LCD input switch control register| ISCLCD RIW| \ - 00H

FO310H | Watch error correction register | SUBCUD R/W - - v 0020HMNete

FO311H

FO340H | Comparator mode setting COMPMDR RW | \ - 00H
register

FO0341H | Comparator filter control register| COMPFIR R/W \ - O0H

F0342H | Comparator output control COMPOCR R/W N - 00H
register

FO400H | LCD display data memory 0 SEGO R/W - v - 00H

FO0401H | LCD display data memory 1 SEG1 R/W - v - 00H

F0402H | LCD display data memory 2 SEG2 RIW| - \ - O0H

F0403H | LCD display data memory 3 SEG3 RIW| - \ - 00H

FO404H | LCD display data memory 4 SEG4 RIW| - v - O0H

FO0405H | LCD display data memory 5 SEG5 R/W - \ - O00H

FO406H | LCD display data memory 6 SEG6 RIW| - \ - 00H

FO407H | LCD display data memory 7 SEG7 RIW| - v - O0H

F0408H | LCD display data memory 8 SEG8 R/W - v - 00H

FO409H | LCD display data memory 9 SEG9 R/W - \ - O00H

FO40AH | LCD display data memory 10 | SEG10 RIW| - \ - O0H

FO40BH | LCD display data memory 11 SEG11 R/W - v - 00H

FO40CH | LCD display data memory 12 SEG12 R/W - \ - O00H

FO40DH | LCD display data memory 13 | SEG13 RIW| - \ - 00H

Note This register is reset only by a power-on reset.
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Table 3-6. Extended SFR (2nd SFR) List (8/9)

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

FO40EH | LCD display data memory 14 SEG14 R/W - \ - 0OH
FO40FH | LCD display data memory 15 SEG15 R/W - \ - 00H
FO0410H | LCD display data memory 16 SEG16 R/W - v - 00H
FO0411H | LCD display data memory 17 SEG17 R/W - v - O00H
F0412H | LCD display data memory 18 | SEG18 RIW| - \ - 00H
FO0413H | LCD display data memory 19 SEG19 R/W - v - 00H
F0414H | LCD display data memory 20 SEG20 R/W - v - 00H
F0415H | LCD display data memory 21 SEG21 R/W - \ - 0OH
FO416H | LCD display data memory 22 | SEG22 RIW| - \ - 00H
F0417H | LCD display data memory 23 SEG23 R/W - v - 00H
F0418H | LCD display data memory 24 SEG24 R/W - \ - 0OH
FO419H | LCD display data memory 25 | SEG25 RIW| - \ - 00H
FO41AH | Use prohibited
FO041BH | LCD display data memory 26 SEG26 R/W - v - O00H
FO41CH | LCD display data memory 27 SEG27 R/W - \ - 0OH
FO41DH | LCD display data memory 28 | SEG28 RIW| - \ - 00H
FO41EH | LCD display data memory 29 SEG29 R/W - v - 00H
FO41FH | LCD display data memory 30 | SEG30 RIW| - \ - O0H
FO420H | LCD display data memory 31 | SEG31 RIW| - \ - 00H
FO0421H | LCD display data memory 32 SEG32 R/W - v - 00H
F0422H | LCD display data memory 33 SEG33 R/W - v - 00H
F0423H | LCD display data memory 34 | SEG34 RIW| - \ - O0H
F0424H | LCD display data memory 35 SEG35 R/W - v - 00H
F0425H | LCD display data memory 36 SEG36 R/W - v - 00H
F0426H | LCD display data memory 37 | SEG37 RIW| - \ - O0H
F0427H | LCD display data memory 38 | SEG38 RIW| - \ - 00H
F0428H | LCD display data memory 39 SEG39 R/W - v - 00H
FO0429H | LCD display data memory 40 SEG40 R/W - v - 00H
FO42AH | LCD display data memory 41 SEG41 R/W - \ - 00H
FO042BH | LCD display data memory 42 SEG42 R/W - v - 00H
FO42CH | LCD display data memory 43 SEG43 R/W - v - 00H
FO42DH | LCD display data memory 44 SEG44 R/W - \ - 0OH
FO42EH | LCD display data memory 45 SEG45 R/W - \ - 00H
FO42FH | LCD display data memory 46 SEG46 R/W - v - 00H
FO0430H | LCD display data memory 47 SEG47 R/W - \ - O00H
F0431H | LCD display data memory 48 | SEG48 RIW| - \ - 00H
F0432H | LCD display data memory 49 SEG49 R/W - v - 00H
F0433H | LCD display data memory 50 SEG50 R/W - v - 00H
FO500H | 16-bit timer KB2 compare TKBCROO0 R/IW - - y 0000H
FO501H | register 00
FO502H | 16-bit timer KB2 compare TKBCRO1 R/W - - v 0000H
FO503H | register 01
FO504H | 16-bit timer KB2 compare TKBCRO02 R/W - - N 0000H
FO505H | register 02
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Table 3-6. Extended SFR (2nd SFR) List (9/9)

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

FO506H | 16-bit timer KB2 compare TKBCRO03 R/W - - N 0000H

FO507H | register 03

FO50AH | 16-bit timer KB2 smooth start TKBSIR00 R/W - - N 0000H

Fos0BH | initial duty register 00

FO50CH | 16-bit timer KB2 smooth start TKBSIRO01 R/W - - N 0000H

FO50DH | initial duty register 01

FO50EH | 16-bit timer KB2 dithering count | TKBDNROO R/W - v - O00H
register 00

FO50FH | 16-bit timer KB2 smooth start TKBSSR00 R/W - v - O00H
step width register 00

FO510H | 16-bit timer KB2 dithering count | TKBDNRO1 R/W - \ - 00H
register 01

FO511H | 16-bit timer KB2 smooth start TKBSSRO01 R/W - \ - 00H
step width register 01

FO512H | 16-bit timer KB2 trigger register 0 | TKBTRGO RIW| \ - O0H

FO513H | 16-bit timer KB2 flag register 0 | TKBFLGO R v v - O0H

FO0514H | 16-bit timer KB2 compare 1L & | TKBCRLDOO R/W - - N 0000H

Fo515H | dithering count register 00

FO516H | 16-bit timer KB2 compare 1L & | TKBCRLDO1 | R/W - - v 0000H

Fo517H | dithering count register 01

FO520H | 16-bit timer counter KB20 TKBCNTO R - - N FFFFH

FO0522H | 16-bit timer KB2 operation TKBCTLOO R/W - - N 0000H

FO523H | control register 00

FO0524H | 16-bit timer KB2 maximum TKBMFRO R/W - - N 0000H

Fos25H | frequency limit setting register O

F0526H | 16-bit timer KB2 output control | TKBIOC00 RIW| v - O0H
register 00

F0527H | 16-bit timer KB2 flag clear TKBCLRO RIW| v - O0H
trigger register 0

FO528H | 16-bit timer KB2 output control | TKBIOCO1 RW | N - OOH
register 01

FO529H | 16-bit timer KB2 operation TKBCTLO1 RW | N - OOH
control register 01

FO52AH | 16-bit timer KB2 count clock TKBPSCSO R/W - \ - O00H
division ratio select register 0

FO530H | Forced output stop function TKBPACTLOO | R/W - - N 0000H

FO531H | control register 00

FO0532H | Forced output stop function TKBPACTLO1 | R/IW - - v 0000H

FO533H | control register 01

F0534H | Forced output stop function 1 | TKBPAHFSO |R/W | \ - 00H
start trigger register 0

FO535H | Forced output stop function stop| TKBPAHFTO |R/W | \ - 00H
trigger register 0

F0536H | Forced output stop function flag | TKBPAFLGO R v v - O0H
register 0

F0537H | Forced output stop function TKBPACTLO2 |RW | v - O0H
control register 02

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

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

Figure 3-15. Outline of Relative Addressing

PC Instruction code
OP code

D
E J 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 !'laddr20 is used to specify 20-bit addresses and CALL !addr16 or
BR 'addr16 is used to specify 16-bit addresses. 0000 is set to the higher 4 bits when specifying 16-bit addresses.

Figure 3-16. Example of CALL !"addr20/BR !laddr20

PC Instruction code
OP code
Low Addr.
High Addr.
Seg Addr.

Figure 3-17. Example of CALL 'addr16/BR !addrl16

PC PCs | PCu | PCL Instruction code
T OP code
0000 Low Addr.
High Addr.
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3.3.3 Table indirect addressing

[Function]

Table indirect addressing specifies a table address in the CALLT table area (0080H to OOBFH) 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 3-18. Outline of Table Indirect Addressing

OP code

00000000

10

High Addr.

Table address

0000

—
L.

Low Addr.

Memory

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 3-19. Outline of Register Direct Addressing

Instruction code

OP code
CS rp
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 3-20. Outline of Implied Addressing

Instruction code

OP code A register

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

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

[Operand format]

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

Figure 3-21. 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:laddrl6 Label or 16-bit immediate data (higher 4-bit addresses are specified by the ES register)

Figure 3-22. Example of !addr16

MOV laddri6, A

FFEFFH
<1>
Instruction code
OP-code Target memory
A
Low Addr.
<1> »
High Addr. FOOQOH
* A 16-bit address <1> in the 64 KB area from
FOOOOH to FFFFFH specifies the target location
(for use in access to the 2nd SFRs etc.).
Memory
Figure 3-23. Example of ES:!addr16
ES: l!addri16
FFFFFH
<1> <2> A
Instruction code
OP-code Target memory Area from
Specifies the Y X0000H to
Low Addr. address in memory XFFFFH
<2> >
High Addr. X0000H yy
'y -
Specifies a
ES 64 KB area R
v
¢ The ES register <1> specifies a 64 KB area within the 00000H
overall 1 MB space as the four higher-order bits, X, of Memory
the address range.
¢ 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.
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3.4.4 Short direct addressing
[Function]
Short direct addressing directly specifies the target addresses using 8-bit data in the instruction word. This type of

addressing is applied only to the space from FFE20H to FFF1FH.

[Operand format]

Identifier Description

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

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

Figure 3-24. Outline of Short Direct Addressing

Instruction code

OP code

saddr saddr

FFF1FH

FFE20H

Memory

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

Regardless of whether SADDR or SADDRP is used, addresses within the space from FFE20H to FFF1FH
are specified for the memory.
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3.4.5 SFR addressing

[Function]

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

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

[Operand format]

Identifier Description

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

Figure 3-25. Outline of SFR Addressing

Instruction code
FFFFFH
OP code SFR
P ] R 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 3-26. Example of [DE], [HL]

FFEFFH
[DE], [HL]
<1> <1>
<1> Target memory
Instruction code Specifies the 7'y
<1> address in memory
OP-code rp(HL/DE) >
FOOOOH
* Either pair of registers <1> specifies the target
location as an address in the 64 KB area from
FOOOOH to FFFFFH.
Memory
Figure 3-27. Example of ES:[DE], ES:[HL]
ES: [DE], ES: [HL]
<1> <2> <1> <2> FFFFFH
A
. <2> Target memory Area from
Instruction code s Specifies the = ))é'(z(;('):(l):HHto
dd i
OP-code rp(HL/DE) aqaaress in memory N
X0000H Y
<1> <1>Specifies a
ES 64 KB area
v
e The ES register <1> specifies a 64 KB area within the 00000H
overall 1 MB space as the four higher-order bits, X, of Memory
the address range.
e Either pair of registers <2> and the ES register <1> specify
the target location in the area from X0000H to XFFFFH.
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3.4.7 Based addressing

[Function]

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

[Operand format]

Identifier

Description

[HL + byte], [DE + byte], [SP + byte] (only the space from FOOOOH 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)

Instruction code

Figure 3-28. Example of [SP + byte]

<1>

<> Target memory

<2> byte

Offset y

P

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

target.

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

P

g <1> Specifies a 4
stack area
SP >

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

FFFFFH
A

Stack area

v

FOO00H
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Figure 3-29. Example of [HL + byte], [DE + byte]

[HL + byte], [DE + byte]
<>  <2> <1>  <2> FEFEFH
A
Instruction code
OP-code Target memory Target
j <2>  Offset = array
<2> byte > of data
<1>
g ::irrerz; of % Other data in
rp(HL/DE) N the array F‘(V)OOOH
¢ Either pair of registers <1> specifies the address
where the target array of data starts in the 64 KB
area from FOOOOH to FFFFFH.
* “byte” <2> specifies an offset within the array to
the target location in memory. Memory
Figure 3-30. Example of word[B], word[C]
word [B], word [C]
<>  <2> <1>  <2> FFFFFH
. Array of
Instruction code <2> Target memory word-sized
<2> Offset X
OP-code —> r(B/C) set data
Address of a word ¢
Low Addr. <1> within an array
High Addr. FOOOOH
o “word” <1> specifies the address where the target
array of word-sized data starts in the 64 KB area
from FOOOOH to FFFFFH.
e Either register <2> specifies an offset within the
array to the target location in memory. Memory
Figure 3-31. Example of word[BC]
word  [BC] FFFFFH
<1> <2>
. Array of
Instruction code <2> Target memory word-sized
<2> Offset ¥ data
OP-code "l r(BC)
Address of a word 1
[ >|-°W Addr. B <1>  within an array
High Addr. | — FO000H

« “word” <1> specifies the address where the target
array of word-sized data starts in the 64 KB area
from FOOOOH to FFFFFH.

* A pair of registers <2> specifies an offset within
the array to the target location in memory.

Memory
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Figure 3-32. Example of ES:[HL + byte], ES:[DE + byte]

ES: [HL + byte],

<1> <2> <3>

ES: [DE + byte]

<1> <2> <3>

Instruction code

<2>

OP-code <3> Target memory
vt Offset 4
e
<3> by <2> Address of -
an array Other data in
rp(HL/DE) the array
X0000H +
A -
<1> : Specifies a
S <1264 KB area .
o The ES register <1> specifies a 64 KB area within
the overall 1 MB space as the four higher-order
bits, X, of the address range. Memory

e Either pair of registers <2> specifies the address
where the target array of data starts in the 64 KB
area specified in the ES register <1>.

* “byte” <3> specifies an offset within the array to the
target location in memory.

Figure 3-33. Example of ES:word[B], ES:word[C]

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

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

Target memory

Instruction code <3> <3

OP-code /L Offset 7'y

((B/C) >
R <2>LOW Addr. \ <2> Address of a word within an array 1

High Addr.
X0000H i
<1> Specifies a
ES <1>64 KBarea _

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

Memory

« “word” <2> specifies the address where the target array of word-sizeddata

starts in the 64 KB area specified in the ES register <1>.

¢ Either register <3> specifies an offset within the array tothe target location

in memory.

XFFFFH

Target
array
of data

X0000H

XFFFFH

Array of
word-sized
data

X0000H
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ES: word [BC]

<1> <2> <3>

Figure 3-34. Example of ES:word[BC]

Target memory

A

A

Instruction code <3>
<3
op-code [ \ [ Jac) oot
i <2>LOW Addr. ﬁ<2> Address of a word within an array

High Addr. X0000H

<1> ; 1 Specifies a
<1>

ES 64 KB area

P

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

the address range.

» “word” <2> specifies the address where the target array of
word-sized data starts in the 64 KB area specified in the

ES register <1>.

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

Memory

XFFFFH

Array of
word-sized
data

X0000H
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3.4.8 Based indexed addressing
[Function]
Based indexed addressing uses the contents of a register pair specified with the instruction word as the base
address, and the content of the B register or C register similarly specified with the instruction word as offset address.

The sum of these values is used to specify the target address.

[Operand format]

Identifier

Description

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

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

Figure 3-35. Example of [HL+B], [HL+C]

[HL +B], [HL+C]

<1> <2> <1> <2> F“FFFFH
. Target
Instruction code Target memory array
) <2> Offset F of data
OP-code r(B/C)
2 <1> A::raersr:;f 1 Other data in
rp(HL) N the array Ft)OOOH
* A pair of registers <1> specifies the address where the target
array of data starts in the 64 KB area from FOOOOH to
FFFFFH.
e Either register <2> specifies an offset within the array to the
target location in memory. Memory
Figure 3-36. Example of ES:[HL+B], ES:[HL+C]
ES: [HL +B], ES: [HL +C]
<1><2> <3> <1> <2> <3>
XFFFFH
3 Target
<> <3> Target memory amay
. Offset 4
Instruction code of data
eradatain
OP-code | rpHL) <c> thearray > the array
<3> byte _éOOOOH it X0000H
<1> <> Specifies a
ES i 64 KBarea
e The ES register <1> specifies a 64 KB area within the overall
1 MB space as the four higher-order bits, X, of the address range. Memory

« A pair of registers <2> specifies the address where the target

array of data starts in the 64 KB area specified in the ES
register <1>.

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

[Function]

The stack area is indirectly addressed with the stack pointer (SP) values. This addressing is automatically employed

when the PUSH, POP, subroutine call, and return instructions are executed or the register is saved/restored upon

generation of an interrupt request.
Only the internal RAM area can be set as the stack area.

[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

Each stack operation saves or restores data as shown in Figures 3-37 to 3-42.

Figure 3-37. Example of PUSH rp

PUSH rp
<1> <2>
<1> N
Instruction code SP SP-1

<3> sp-2

'Higher-order byte of rp

v Lower-order byte of rp

P

e Stack addressing is specified <1>.

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

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

OP-code <2> SP /\/

Memory

Stack area

FOO00H

RO1UHO0382EJ0210 Rev.2.10 RENESAS
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POP rp

<1> <2>

Instruction code

OP-code

Figure 3-38. Example of POP

<1>

<2>

¢ 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.

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

» Stack addressing is specified <1>. The value of the program

CALL

<1>

Instruction code

OP-code

<1>

SP+2
SP SP+1 (SP+1) Stack
SP (SP) area
SP
: FO000H
rp
Memory
Figure 3-39. Example of CALL, CALLT
A
SP SP- 1 > 00H Stack
SP-2 |, PC19- PC16 area
SP-3 1.« Pc15-PC8
sp |3>SP-4 PC7 - PCO
v
<Z2>
2 FOOOOH
PC
Memory

counter (PC) changes to indicate the address of the instruction
following the CALL instruction.
e Q0H, the values of PC bits 19 to 16, 15 to 8, and 7 to 0 are stored
in addresses SP - 1, SP - 2, SP - 3, and SP - 4, respectively <2>.
e The value of the SP <3> is decreased by 4.
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Figure 3-40. Example of RET

RET A
<1> = SP+4
Instruction code <1> SP+3 (SP+3)
/L SP+2 (SP+2) Stack
OP-code SP+1 (SP+1) area
P - (SP)
//\\/ ’
<2> FOOOOH
PC
» 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 <2>. Memory
e The value of SP <3> is increased by four.
Figure 3-41. Example of Interrupt, BRK
PSW </\
A
SP
Instruction code SP -1 h PSW Stack
<1> sp-2 |, PC19-PC16 area
OP-code SP-3 « PC15-PC8
o sp <3>SP-4 PC7 - PCO
4
Interrupt
<2>
FOOOOH
PC
e 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.

e The values of the PSW, PC bits 19 to 16, 15to0 8, and 7 to
0 are stored in addresses SP -1, SP -2, SP - 3, and
SP - 4, respectively <2>.

e The value of the SP <3> is decreased by 4.
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Figure 3-42. Example of RETI, RETB

RETI, RETB
<1> PSW <\\
A
SP+4 (
SP
Instruction code <1> SP+3 (SP+3)
SP+2 (SP+2) Stack
OP-code SP+1 (SP+1) area
Sp <3> sp (SP)
///\V\/ '
<2> FO000H
PC
e Stack addressing is specified <1>.
« The contents of addresses SP, SP + 1, SP + 2, and SP + 3 are Memory
stored in PC bits 7 to 0, 15 to 8, 19 to 16, and the PSW, respectively

<2>.
o The value of SP <3> is increased by four.
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4.1 Port Functions

CHAPTER 4 PORT FUNCTIONS

The RL78/L13 microcontrollers are provided with digital I/O 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.

4.2 Port Configuration

Ports include the following hardware.

Table 4-1. Port Configuration

Item

Configuration

Control registers

Port mode registers (PMO to PM7, PM12)

Port registers (PO to P7, P12, P13)

Pull-up resistor option registers (PUO to PU5, PU7, PU12, PU13)
Port input mode registers (PIMO, PIM1, PIM3 to PIM5)

Port output mode registers (POMO, POM1, POM3 to POM5, POM13)
Port mode control registers (PMC1, PMC2, PMC4)

A/D port configuration register (ADPC)

Peripheral 1/O redirection register (PIOR)

LCD port function registers (PFSEGO to PFSEG6)

LCD input switch control register (ISCLCD)

Port ® 64-pin products
Total: 49 (CMOS I/0: 42 (N-ch open drain 1/O [Voo tolerance]: 12), CMOS input: 5,
N-ch open drain 1/O: 2)
* 80-pin products
Total: 65 (CMOS 1/0O: 58 (N-ch open drain I/0 [Voo tolerance]: 18), CMOS input: 5, N-ch open
drain 1/O: 2)
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4.2.1 PortO

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 to P07 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 P03, PO5 and P06 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 P04 to P07 pins can be specified as N-ch open-drain output (Voo tolerance) in 1-bit units
using port output mode register 0 (POMO).

To use all pins as digital 1/0O port pins, set them to be used as port (other than segment output) by using LCD port
function registers 5, 6 (PFSEG5, PFSEGS6) (can be specified in 1-bit units).

This port can also be used for programming UART output, segment output of LCD controller/driver, serial interface data
I/0, and clock I/O, timer I/O, clock/buzzer output, external interrupt request input, and comparator output.

Reset signal generation sets port 0 to the digital input invalid mode"°'®.

Note “Digital input invalid” refers to the state in which all the digital outputs, digital inputs, analog inputs, and LCD
outputs are disabled.

4.2.2 Portl

Port 1 is an 1/O port with an output latch. Port 1 can be set to the input mode or output mode in 1-bit units using port
mode register 1 (PM1). When the P10 to P17 pins are used as an input port, use of an on-chip pull-up resistor can be
specified in 1-bit units by pull-up resistor option register 1 (PU1).

Input to the P16 and P17 pins can be specified through a normal input buffer or a TTL input buffer in 1-bit units using
port input mode register 1 (PIM1).

Output from the P16 and P17 pins can be specified as N-ch open-drain output (Voo tolerance) in 1-bit units using port
output mode register 1 (POM1).

To use the P10 to P13 pins as digital /0 port pins, set them in the digital I/O mode by using port mode control register
1 (PMC1) and to be used as port (other than segment output) by using LCD port function register 4 (PFSEG4) (can be
specified in 1-bit units).

To use the P14 to P17 pins as digital 1/0 port pins, set them to be used as port (other than segment output) by using
LCD port function register 5 (PFSEG5) (can be specified in 1-bit units).

This port can also be used for A/D converter analog input, segment output of LCD controller/driver, serial interface data
I/O, clock 1/O, timer 1/0, and programming UART input.

Reset signal generation sets the P10 to P13 pins to analog input and the P14 to P17 pins to the digital input invalid

mode™'e.

Note “Digital input invalid” refers to the state in which all the digital outputs, digital inputs, analog inputs, and LCD
outputs are disabled.
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4.2.3 Port 2

Port 2 is an 1/O port with an output latch. Port 2 can be set to the input mode or output mode in 1-bit units using port
mode register 2 (PM2). When the P22 to P27 pins are used as an input port, use of an on-chip pull-up resistor can be
specified in 1-bit units by pull-up resistor option register 2 (PU2).

This port can also be used for A/D converter analog input, (+side and —side) reference voltage input, and segment
output of LCD controller/driver.

To use P20/ANI1 and P21/ANIO as digital input pins, set them in the digital I/O mode by using the A/D port
configuration register (ADPC). Use these pins starting from the upper bit.

To use P20/ANI1 and P21/ANIO as analog input pins, set them in the analog input mode by using the A/D port
configuration register (ADPC) and in the input mode by using the PM2 register. Use these pins starting from the lower bit.

Table 4-2. Setting Functions of P20/ANI1 and P21/ANIO Pins

ADPC Register PM2 Register ADS Register P20/ANI1 and P21/ANIO Pins
Digital I/0 selection Input mode - Digital input
Output mode - Digital output
Analog input selection Input mode Selects ANI. Analog input (to be converted)
Does not select ANI. Analog input (not to be converted)
Output mode Selects ANI. Setting prohibited
Does not select ANI.

To use the P22 to P27 pins as digital /0 port pins, set them in the digital I/O mode by using port mode control register
2 (PMC2) and to be used as port (other than segment output) by using LCD port function registers 3, 4 (PFSEG3,
PFSEGA4) (can be specified in 1-bit units).

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

4.2.4 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 P35 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 P34 pin can be specified through a normal input buffer or a TTL input buffer using port input mode register
3 (PIM3).

Output from the P35 pins can be specified as N-ch open-drain output (Vob tolerance) using port output mode register 3
(POM3).

To use the P30 to P35 pins as digital 1/0 port pins, set them to be used as port (other than segment output) by using
LCD port function registers 2, 3 (PFSEG2, PFSEG3) (can be specified in 1-bit units).

This port can also be used for external interrupt request input, real-time clock 2 correction clock output, timer I/O,
remote controller output, segment output of LCD controller/driver, and serial interface data I/O.

Reset signal generation sets port 3 to the digital input invalid mode™°'®.

Note “Digital input invalid” refers to the state in which all the digital outputs, digital inputs, analog inputs, and LCD
outputs are disabled.
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4.2.5 Port 4

Port 4 is an 1/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 to P47 pins are used as an input port, use of an on-chip pull-up resistor can be
specified in 1-bit units by pull-up resistor option register 4 (PU4).

Input to the P43, P44, P46, and P47 pins 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 P42 to P44, P46, and P47 pins can be specified as N-ch open-drain output (Voo tolerance) in 1-bit
units using port output mode register 4 (POM4).

To use the P45 pin as a digital I/O port pin, set it to be used as port (other than segment output) by using bit 2 (PFDEG)
of LCD port function register 3 (PFSEG3).

To use the P46 and P47 pins as digital I/O port pins, set them to be used as port (other than segment output) by using
LCD port function register 3 (PFSEG3) (can be specified in 1-bit units).

This port can also be used for serial interface data /O, clock 1/O, data I/O for a flash memory programmer/debugger,
timer 1/0, comparator reference voltage input, and comparator analog voltage input, and segment output of LCD
controller/driver.

Reset signal generation sets the P40 to P44 pins to input mode and the P45 to P47 pins to the digital input invalid

mode™°®.

Note “Digital input invalid” refers to the state in which all the digital outputs, digital inputs, analog inputs, and LCD
outputs are disabled.

4.2.6 Port5

Port 5 is an 1/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 P50 to P57 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 P53 and P55 pins 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 P53 to P56 pin can be specified as N-ch open-drain output (Voo tolerance) in 1-bit units using port
output mode register 5 (POM5).

To use all pins as digital 1/0O port pins, set them to be used as port (other than segment output) by using LCD port
function registers 0, 1 (PFSEGO0, PFSEG1) (can be specified in 1-bit units).

This port can also be used for segment output of LCD controller/driver, timer 1/0, and external interrupt request input.

Reset signal generation sets port 5 to the digital input invalid mode™°'®.
Note “Digital input invalid” refers to the state in which all the digital outputs, digital inputs, analog inputs, and LCD

outputs are disabled.

4.2.7 Port 6

Port 6 is an 1/O port with an output latch. Port 6 can be set to the input mode or output mode in 1-bit units using port
mode register 6 (PM6).

The output of the P60 and P61 pins is N-ch open-drain output (6 V tolerance).

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

Reset signal generation sets port 6 to input mode.

RO1UH0382EJ0210 Rev.2.10 100

Aug 12, 2016 LENESAS



RL78/L13 CHAPTER 4 PORT FUNCTIONS

4.2.8 Port7

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

To use all pins as digital 1/O port pins, set them to be used as port (other than segment output) by using LCD port
function registers 1, 2 (PFSEG1, PFSEG2) (can be specified in 1-bit units).

This port can also be used for key interrupt input, timer 1/O, segment output of LCD controller/driver,

Reset signal generation sets port 7 to the digital input invalid mode™°'®.

Note “Digital input invalid” refers to the state in which all the digital outputs, digital inputs, analog inputs, and LCD
outputs are disabled.

4.2.9 Port 12

P125 to P127 are a 3-bit I/O port with an output latch. Port 12 can be set to the input mode or output mode in 1-bit
units using port mode register 12 (PM12). When used as an input port, use of an on-chip pull-up resistor can be specified
by pull-up resistor option register 12 (PU12).

P121 to P124 are 4-bit input-only ports.

To use the P125 to P127 pins as digital I/O pins, set them in the digital input valid mode by using the LCD input switch
control register (ISCLCD) (can be specified in 1-bit units).

This port can also be used for connecting resonator for main system clock, connecting resonator for subsystem clock,
external clock input for main system clock, external clock input for subsystem clock, remote control output, timer I/O,
connecting a capacitor for LCD controller/driver, and power supply voltage pin for driving the LCD.

Reset signal generation sets P121 to P124 to input mode. P125 to P127 are set in the digital invalid mode"°'®.

Note “Digital input invalid” refers to the state in which all the digital outputs, digital inputs, analog inputs, and LCD
outputs are disabled.

4.2.10 Port 13

P130 is an I/O port with an output latch. P130 can be set to the input mode or output mode in 1-bit units using port
mode register 13 (PM13). When used as an input port, use of an on-chip pull-up resistor can be specified in 1-bit units by
pull-up resistor option register 13 (PU13).

P137 is a 1-bit input-only port.

To use the P130 pin as a digital I/O port pin, set it to be used as port (other than segment output) by using LCD port
function register 3 (PFSEG3).

This port can also be used for external interrupt request input, serial interface data output, segment output of LCD
controller/driver, and serial interface data output,

Reset signal generation sets the P137 pin to input mode and the P130 pin to the digital input invalid mode™°'®.
Note “Digital input invalid” refers to the state in which all the digital outputs, digital inputs, analog inputs, and LCD

outputs are disabled.
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4.3 Registers Controlling Port Function

Port functions are controlled by the following registers.

e Port mode registers (PMxx)

e Port registers (Pxx)

e Pull-up resistor option registers (PUxx)

e Port input mode registers (PIMxx)

e Port output mode registers (POMXxx)

¢ Port mode control registers (PMCxx)

e A/D port configuration register (ADPC)

e Peripheral I/O redirection register (PIOR)

e LCD port function registers (PFSEGO to PFSEG6)
e LCD input switch control register (ISCLCD)

Caution Which registers and bits are included depends on the product. For registers and bits mounted on
each product, see Table 4-3. Be sure to set bits that are not mounted to their initial values.
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Table 4-3. PMxx, Pxx, PUxx, PIMxx, POMxx, and PMCxx Registers and Bits Mounted on Each Product (1/3)

Port Bit Name 80 64
PMxx Pxx PUxx | PIMxx | POMxx | PMCxx | Fin Pin
Register | Register | Register | Register | Register | Register

Port 0 0 |PMOO P00 PU0O - POMOO - \ v

1 |PMO1 PO1 PUO1 - - - J y

2 |PM02 P02 PUO2 - - - J y

3 |PMO3 P03 PUO3 PIM03 - - J y

4 |PM04 P04 PU04 - POMO04 - J y

5 |PMO5 P05 PUO5 PIMO5 POMO5 - \ v

6 |PMO06 P06 PU06 PIMO6 POMO6 - J y

7 |PMO7 P07 PUO7 - POMO7 - \ y

Port 1 0 |PM10 P10 PU10 - - PMC10 \ v

1 |PM11 P11 PU11 - - PMC11 S v

2 |PM12 P12 PU12 - - PMC12 \ v

3 |PM13 P13 PU13 - - PMC13 J y

4 |PM14 P14 PU14 - - _ N N

5 |PM15 P15 PU15 - - - J y

6 |PM16 P16 PU16 PIM16 POM16 - S v

7 |PM17 P17 PU17 PIM17 POM17 - \ v

Port 2 0 |PM20 P20 - - - - J 3

1 |PM21 P21 - - _ _ N N

2 |PmM22 P22 PU22 - - PMC22 J y

3 |PmM23 P23 PU23 - - PMC23 J -

4 |PM24 P24 PU24 - - PMC24 \ -

5 |PM25 P25 PU25 - - PMC25 J -

6 |PM26 P26 PU26 - - PMC26 \ v

7 |Pm27 P27 PU27 - - PMC27 J y

Port 3 0 |PM30 P30 PU30 - - - J y

1 |PM31 P31 PU31 - - - y y

2 |PM32 P32 PU32 - - - y y

3 |PM33 P33 PU33 - - - \/ \/

4 |PM34 P34 PU34 PIM34 - - y -

5 |PM35 P35 PU35 - POM35 - V -

6 - - - - - - - -

7 — — — — - — — —
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Table 4-3. PMxx, Pxx, PUxx, PIMxx, POMxx, and PMCxx Registers and Bits Mounted on Each Product (2/3)

Port Bit Name 80 64
PMxx Pxx PUxx | PIMxx | POMxx | PMCxx | Fin Pin
Register | Register | Register | Register | Register | Register

Port 4 0 |PM40 P40 PU40 - - - J J

1 |PM41 P41 PU41 - - - J -

2 |Pm42 P42 PU42 - POM42  |PMC42 J J

3 |Pm43 P43 PU43 PIM43  |POM43 |PMC43 J J

4 |PM44 P44 PU44 PIM44  |POM44  |PMC44 J J

5 |PM45 P45 PU45 - - PMC45 \ \

6 |PM46 P46 PU46 PIM46  [POM46 - J -

7 |Pm47 P47 PU47 PIM47  [POM47 - J -

Port 5 0 |PM50 P50 PU50 - - - J -

1 |PM51 P51 PU51 - - - J -

2 |PMm52 P52 PU52 - - - J J

3 |PMm53 P53 PU53 PIM53  [POM53 - J J

4 |PM54 P54 PU54 - POM54 - J J

5 |PM55 P55 PU55 PIM55  |POMS55 - J -

6 |PM56 P56 PU56 - POM56 - J -

7 |PM57 P57 PU57 - - - J J

Port 6 0 |PM60 P60 - - - - J J

1 |Pm61 P61 - - _ _ N N

2 - - - - - - - -

3 — — — - — — - -

4 - - — - - — - -

5 - - - - - - - -

6 — — — - - - - -

7 — — — — — — — —

Port 7 0 |PM70 P70 PU70 - - - V J

1 |PM71 P71 PU71 - - - J -

2 |PmM72 P72 PU72 - - - J -

3 |PM73 P73 PU73 - - - J -

4 |PM74 P74 PU74 - - - N N

5 |PM75 P75 PU75 - - - J J

6 |PM76 P76 PU76 - - - J J

7 |PM77 P77 PUT77 - - - J J
igéL:JLI;’OZSéBlZ(ISEJOZlO Rev.2.10 REN ESANAS 104



RL78/L13

CHAPTER 4 PORT FUNCTIONS

Table 4-3. PMxx, Pxx, PUxx, PIMxx, POMxx, and PMCxx Registers and Bits Mounted on Each Product (3/3)

Port Bit Name 80 64
PMxx Pxx PUxx | PIMxx | POMxx | PMCxx | FPin Pin
Register | Register | Register | Register | Register | Register

Port12 |0 - - - - - - - -

1 - P121 - - - - y J

2 - P122 - - - - v J

3 - P123 - - - _ N N

4 - P124 - - - - v \

5 |PM125 |P125 PU125 - - - v v

6 |PM126 |P126 PU126 - - - y J

7 |PM127  |P127 PU127 - - - v v

Port13 |0 |PM130 |P130 PU130 - POM130 - v -

1 — — - — — - - -

2 — — — _ — — — —

3 — — — _ — — — —

4 — — — - — — — —

5 — — — — — — — —

6 - - - - - - - -

7 - P137 - - - _ N N
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4.3.1 Port mode registers (PMxx)
These registers specify input or output mode for the port in 1-bit units.
These registers can be set by a 1-bit or 8-bit memory manipulation instruction.
Reset signal generation sets these registers to FFH.

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

When Using Alternate Function.

Figure 4-1. Format of Port Mode Register

Symbol 7 6 5 4 3 2 1 0 Address  After reset R/W
PMO | PMO7 ’ PMO06 ‘ PMO05 | PMO04 ’ PMO3 ‘ PMO02 | PMO1 ‘ PMO0O | FFF20H FFH RIW
PM1 | PM17 ‘ PM16 ‘ PM15 | PM14 ‘ PM13 ‘ PM12 | PM11 ‘ PM10 | FFF21H FFH R/W
PM2 | PM27 ‘ PM26 ‘ PM25 | PM24 ‘ PM23 ‘ PM22 | PM21 ‘ PM20 | FFF22H FFH R/W
PM3 | 1 ‘ 1 ‘ PM35 | PM34 ‘ PM33 ‘ PM32 | PM31 ‘ PM30 | FFF23H FFH R/W
PM4 | PM47 ‘ PM46 ‘ PM45 | PM44 ‘ PM43 ‘ PM42 | PM41 ‘ PM40 | FFF24H FFH RIW
PM5 | PM57 ‘ PM56 ‘ PM55 | PM54 ‘ PM53 ‘ PM52 | PM51 ‘ PM50 | FFF25H FFH R/W
PM6 | 1 ‘ 1 ‘ 1 | 1 ‘ 1 ‘ 1 | PM61 ‘ PM60 | FFF26H FFH R/W
PM7 | PM77 ‘ PM76 ‘ PM75 | PM74 ‘ PM73 ‘ PM72 | PM71 ‘ PM70 | FFF27H FFH R/W
PM12 | PM127 ‘ PM126 ‘ PM125 | 1 ‘ 1 ‘ 1 | 1 ‘ 1 | FFF2CH FFH R/W
PM13 | 1 ‘ 1 ‘ 1 | 1 ‘ 1 ‘ 1 | 1 ‘ PM130 | FFF2DH FFH R/IW
PMmn Pmn pin I/O mode selection
(m=0t07,12,13;n=0to 7)
0 Output mode (output buffer on)
1 Input mode (output buffer off)
Caution Be sure to set bits that are not mounted to their initial values.
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4.3.2 Port registers (Pxx)

These registers set the output latch value of a port.

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

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

Reset signal generation clears these registers to O0H.

Note If P10 to P13, P20 to P27 are set up as analog inputs of the A/D converter, or P42 to P45 are set up as analog
inputs of the comparator, when a port is read while in the input mode, 0 is always returned, not the pin level.

Figure 4-2. Format of Port Register

Symbol 7 6 5 4 3 2 1 0 Address After reset R/W
PO | PO7 | P06 | P05 | P04 | P03 | P02 | P01 | P00 | FFFOOH  OOH (output latch) R/W
P1 | P17 | P16 ‘ P15 ‘ P14 | P13 ‘ P12 ‘ P11 ‘ P10 | FFFO1H  OOH (output latch) R/W
P2 | P27 | P26 ‘ P25 ‘ P24 | P23 ‘ P22 ‘ P21 ‘ P20 | FFFO2H  OOH (output latch) R/W
P3 | 0 | 0 ‘ P35 ‘ P34 | P33 ‘ P32 ‘ P31 ‘ P30 | FFFO3H  OOH (output latch) R/W
P4 | P47 | P46 ‘ P45 ‘ P44 | P43 ‘ P42 ‘ P41 ‘ P40 | FFFO4H  OOH (output latch) R/W
P5 | P57 | P56 ‘ P55 ‘ P54 | P53 ‘ P52 ‘ P51 ‘ P50 | FFFO5H  OOH (output latch) R/W
P6 | 0 | 0 ‘ 0 ‘ 0 | 0 ‘ 0 ‘ P61 ‘ P60 | FFFO6H  OOH (output latch) R/W
P7 | P77 | P76 ‘ P75 ‘ P74 | P73 ‘ P72 ‘ P71 ‘ P70 | FFFO7H  OOH (output latch) R/W
P12 | P127 | P126 ‘ P125 ‘ P124 | P123 ‘ P122 ‘ P121 ‘ 0 | FFFOCH Undefined RwNete!
P13 P137 0 0 0 0 0 0 P130 FFFODH Note 2 RIWNe

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

Notes 1. P121 to P124, and P137 are read-only.
2. P137: Undefined
P130: 0 (output latch)

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

Remark m=0t07,12,13;n=0to7
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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 normal output mode (POMmn = 0) and input mode (PMmn = 1) for the pins to
which the use of an on-chip pull-up resistor has been specified in these registers. On-chip pull-up resistors cannot be
connected to bits set to output mode and bits used as alternate-function output pins and analog setting (PMC = 1, ADPC =
1), regardless of the settings of these registers.

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

Reset signal generation clears these registers to O0H (Only PU4 is set to 01H).

Caution When a port with the PIMn register is input from different potential device to TTL buffer, pull up to
the power supply of the different potential device via an external pull-up resistor by setting PUmn =

0.
Figure 4-3. Format of Pull-up Resistor Option Register
Symbol 7 6 5 4 3 2 1 0 Address  After reset R/W
PUO | PU07 | PU06 ’ PU05 ‘ PU04 | PU0O3 ‘ PU02 ‘ PUO1 ’ PUOO | FOO30H 00H R/W
PU1 | PU17 | PU16 ‘ PU15 ‘ PU14 | PU13 ‘ PU12 ‘ PU11 ‘ PU10 | FO031H O0OH R/W
PU2 | PU27 | PU26 ‘ PU25 ‘ PU24 | PU23 ‘ PU22 ‘ 0 ‘ 0 | FO032H O0OH R/W
PU3 | 0 | 0 ‘ PU35 ‘ PU34 | PU33 ‘ PU32 ‘ PU31 ‘ PU30 | FOO33H O00H R/W
PU4 | PU47 | PU46 ‘ PU45 ‘ PU44 | PU43 ‘ PU42 ‘ PU41 ‘ PU40 | FO034H 01H R/W
PUS5S | PU57 | PU56 ‘ PU55 ‘ PU54 | PUS53 ‘ PU52 ‘ PU51 ‘ PU50 | FO035H 00H R/W
PU7 | PU77 | PU76 ‘ PU75 ‘ PU74 | PU73 ‘ PU72 ‘ PU71 ‘ PU70 | FO037H 00H R/W
PU12 | PU127 | PU126 ‘ PU125 ‘ 0 | 0 ‘ 0 ‘ 0 ‘ 0 | FOO3CH O00H R/W
PU13 | 0 | 0 ‘ 0 ‘ 0 | 0 ‘ 0 ‘ 0 ‘ PU130 | FOO3DH 00H R/W
PUmn Pmn pin on-chip pull-up resistor selection
(m=0t05,7,12,13;n=0t07)
0 On-chip pull-up resistor not connected
1 On-chip pull-up resistor connected

Caution Be sure to set bits that are not mounted to their initial values.
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4.3.4 Portinput 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 O0H.

Figure 4-4. Format of Port Input Mode Register

Symbol 7 6 5 4 3 2 1 0 Address  After reset R/W
PIMO | 0 | PIM0O6 ‘ PIMO5 ‘ 0 | PIMO3 ‘ 0 ‘ 0 ‘ 0 | FOO040H 00H R/W
PIM1 | PIM17 | PIM16 ‘ 0 ‘ 0 | 0 ‘ 0 ‘ 0 ‘ 0 | FO041H O0OH R/IW
PIM3 | 0 | 0 ‘ 0 ‘ PIM34 | 0 ‘ 0 ‘ 0 ‘ 0 | F0043H O0H R/W
PIM4 | PIM47 | PIM46 ‘ 0 ‘ PIM44 | PIM43 ‘ 0 ‘ 0 ‘ 0 | FO044H O0OH R/W
PIM5 | 0 | 0 ‘ PIM55 ‘ 0 | PIM53 ‘ 0 ‘ 0 ‘ 0 | FO045H OOH R/W

PIMmn Pmn pin input buffer selection
(m=0,1,3to5;n=31t07)
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 (Vop tolerance) mode can be selected during serial communication with an external device of

the different potential, and for the SDA0OO and SDA10 pins during simplified I°C communication with an external device of

the same potential.
In addition, POMxx register is set with PUxx register, whether or not to use the on-chip pull-up resistor.
These registers can be set by a 1-bit or 8-bit memory manipulation instruction.

Reset signal generation clears these registers to O0H.

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

Figure 4-5. Format of Port Input Mode Register

Address
FOO50H

FO051H

FOO53H

FO054H

FOO55H

FOO5DH

After reset

O00H

00H

O0H

00H

00H

00H

R/W
R/W

R/W

R/W

R/IW

R/IW

R/W

Symbol 7 6 5 4 3 2 1 0
POMO | POMO7 | POMO6 ‘ POMO5 ‘ POMO04 | 0 ‘ 0 ‘ 0 ‘ POMOO |
POM1 | POM17 |POMJ16‘ 0 ‘ 0 | 0 ‘ 0 ‘ 0 ‘ 0 |
POM3 | 0 | 0 ‘ POM35 ‘ 0 | 0 ‘ 0 ‘ 0 ‘ 0 |
POM4 | POM47 | POM46 ‘ 0 ‘ POM44 | POM43 ‘ POM42 ‘ 0 ‘ 0 |
POM5 | 0 | POM56 ‘ POM55 ‘ POM54 | POMS53 ‘ 0 ‘ 0 ‘ 0 |
POM13 | 0 | 0 ‘ 0 ‘ 0 | 0 ‘ 0 ‘ 0 ‘POMlSOl
POMmMN Pmn pin output mode selection
(m=0,1,3t05,13;n=0,2t07)
0 Normal output mode
1 N-ch open-drain output (Voo 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 the digital I/O/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 (only PMC4 is set to 00H).

Figure 4-6. Format of Port Mode Control Register

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

PMC1 | 1 | 1 ‘ 1 ‘ 1 | PMC13 ‘ PMC12 ‘ PMC11 ‘ PMC10 | FO061H FFH R/W

PMC2 | PmMC27 | PMC26 ‘ PMC25 ‘ PMC24 | PMC23 ‘ PmMC22 ‘ 1 ‘ 1 | FO062H FFH R/W

PMC4 | 0 | 0 ‘ PMC45 ‘ PMC44 | PMC43 ‘ PMC42 ‘ 0 ‘ 0 | FO064H 0OH R/W
PMCmn Pmn pin digital I/O/analog input selection

(m=1,2,4, n=0to7)

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

1 Analog input

Cautions1. Select input mode by using port mode registers 1, 2, and 4 (PM1, PM2, and PM4) for the ports

which are set by the PMCxx register as analog input.

2. Do not set the pin set by the PMC register as digital /O by the analog input channel

specification register (ADS).
3. Besureto set bits that are not mounted to their initial values.
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4.3.7 AID port configuration register (ADPC)
This register switches the ANI0/P21, ANI1/P20 pins to digital I/O of port or analog input of A/D converter.
The ADPC register can be set by an 8-bit memory manipulation instruction.
Reset signal generation sets this register to OOH.

Figure 4-7. Format of A/D Port Configuration Register (ADPC)

Address: FOO76H  After reset: OOH R/W

Symbol 7 6 5 4 3 2 1 0
ADPC 0 0 0 0 0 0 ADPC1 ADPCO
ADPC1 ADPCO Analog input (A)/digital I/O (D) switching
ANI1/P20 ANIO/P21

0 0 A A

0 1 D D

1 0 D A

1 1 Setting prohibited

Cautions 1. Set the port to analog input by ADPC register to the input mode by using port mode register 2
(PM2).
2. Do not set the pin set by the ADPC register as digital I/O by the analog input channel
specification register (ADS).
3. When using AVrerr and AVrerm, set ANIO and ANI1 to analog input and set the port mode
register to the input mode.
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4.3.8 Peripheral I/O redirection register (PIOR)
This register is used to specify whether to enable or disable the peripheral I/O redirect function.
This function is used to switch ports to which alternate functions are assigned.

Use the PIOR register to assign a port to the function to redirect and enable the function.

In addition, can be changed the settings for redirection until its function enable operation.
The PIOR register can be set by an 8-bit memory manipulation instruction.
Reset signal generation sets this register to 00H.

Address: FO077H

Figure 4-8. Format of Peripheral I1/0 Redirection Register (PIOR)

After reset: 0OH R/W

Symbol 7 6 4 3 2 1 0
PIOR 0 0 PIOR4 PIOR3 PIOR2 PIOR1 PIORO
Bit Function 80-pin 64-pin
Setting value Setting value
0 1
PIOR4 INTP7 P02 P43 P02 P43
INTPS P55 PO1 PO1 -
PIORS3 PCLBUZO P02 PO7 P02 P07
PIOR2 TxD1 PO7 P42 P07 P42
RxD1 P06 P43 P06 P43
SCL10 P05 P44 P05 P44
SDA10 P06 P43 P06 P43
Sli10 P06 P43 P06 P43
S010 PO7 P42 PO7 P42
SCK10 P05 P44 P05 P44
PIOR1 TxDO POO P130 This area cannot be used. Be setto 0
RxDO P17 P47 (default value).
SCLO0 P16 P46
SDAOO P17 P47
SI00 P17 P47
S0O00 P00 P130
SCKO00 P16 P46
PIORO TI00/TO00 P52 P40 P52 P40
TI01/TO01 P32 P60 P32 P60
TI02/TO02 P54 P61 P54 P61
TI03/TO03/ P30 P127 P30 P127
REMOOUT
TI04/TO04 P14 P126 P14 P126
TI0O5/TO05 P42 PO1 P42 PO1
TI06/TO06 P56 P125 P125 -
TI07/TO07 P15 P41 P15 -

Remark —: These functions are not available for use.
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4.3.9 LCD port function registers 0 to 6 (PFSEGO0 to PFSEG6)
These registers set whether to use pins P00 to P07, P10 to P17, P22 to P27, P30 to P35, P46, P47, P50 to P57, P70 to

P77, and P130 as port pins (other than segment output pins) or segment output, and whether to use P45 as a port pin or
an analog input pin.

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

Reset signal generation sets these registers to FFH (PFSEGO is set to FOH, and PFSEGE6 is set to OFH).

Remark The correspondence between the segment output pins (SEGxx) and the PFSEG register (PFSEGxx bits)
and the existence of SEGxx pins in each product are shown in Table 4-4 Segment Output Pins in Each
Product and Correspondence with PFSEG Register (PFSEG Bits).
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Caution

Remark

Figure 4-9. Format of LCD Port Function Registers 0to 6 (PFSEGO to PFSEG6)

Address: FO300H After reset: FOH R/W
Symbol 7 6 5 4 3 2 1 0

PFSEGO | PFSEGO07 | PFSEGO06 | PFSEGO05 | PFSEG04 | 0 | 0 | 0 | 0 |

Address: FO301H After reset: FFH R/W
Symbol 7 6 5 4 3 2 1 0

PFSEG1 | PFSEG15 | PFSEG14 | PFSEG13 | PFSEG12 | PFSEG11 | PFSEG10 | PFSEG09 | PFSEGO08 |

Address: FO302H After reset: FFH R/W
Symbol 7 6 5 4 3 2 1 0

PFSEG2 | PFSEG23 | PFSEG22 | PFSEG21 | PFSEG20 | PFSEG19 | PFSEG18 | PFSEG17 | PFSEG16 |

Address: FO303H After reset: FFH R/W
Symbol 7 6 5 4 3 2 1 0

PFSEG3 | PFSEG30 | PFSEG29 | PFSEG28 | PFSEG27 | PFSEG26 | PFDEG | PFSEG25 | PFSEG24 |

Address: FO304H After reset: FFH R/W
Symbol 7 6 5 4 3 2 1 0

PFSEG4 | PFSEG38 | PFSEG37 | PFSEG36 | PFSEG35 | PFSEG34 | PFSEG33 | PFSEG32 | PFSEG31 |

Address: FO305H After reset: FFH R/W
Symbol 7 6 5 4 3 2 1 0

PFSEG5 | PFSEG46 | PFSEG45 | PFSEG44 | PFSEG43 | PFSEG42 | PFSEG41 | PFSEG40 | PFSEG39 |

Address: FO306H After reset: OFH R/W

Symbol 7 6 5 4 3 2 1 0
PFSEG6 | 0 | 0 | 0 | 0 | PFSEG50 | PFSEG49 | PFSEG48 | PFSEG47 |
PFSEGxx Port (other than segment output)/segment outputs specification of Pmn pins
(xx=041to (mn =00to 07,10to 17, 22 to 27, 30 to 35, 46, 47, 50 to 57, 70 to 77, 130)
50)
0 Used the Pmn pin as port (other than segment output)
1 Used the Pmn pin as segment output
PFDEG Specification of port/analog input (IVREFO) for P45 pin
0 Used the Pmn pin as port
1 Used the Pmn pin as analog input (IVREFOQ)

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

To use the Pmn pins as segment output pins (PFSEGxx = 1), be sure to set the PUmn bit of the PUm

register, POMmn bit of the POMm register, and PIMmn bit of the PIMm register to “0”.
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Table 4-4. Segment Output Pins in Each Product and Correspondence with PFSEG Register (PFSEG Bits)

Bit Name of PFSEG Register Corresponding SEGxx Pins Alternate Port 80-pin 64-pin
PFSEG04 SEG4 P50 v -
PFSEG05 SEG5 P51 y -
PFSEG06 SEG6 P52 y J
PFSEG07 SEG7 P53 V J
PFSEG08 SEGS8 P54 v \
PFSEG09 SEG9 P55 y -
PFSEG10 SEG10 P56 v -
PFSEG11 SEG11 P57 v \
PFSEG12 SEG12 P70 v \
PFSEG13 SEG13 P71 N -
PFSEG14 SEG14 P72 v -
PFSEG15 SEG15 P73 v -
PFSEG16 SEG16 P74 v \
PFSEG17 SEG17 P75 y J
PFSEG18 SEG18 P76 y J
PFSEG19 SEG19 P77 v N
PFSEG20 SEG20 P30 v R
PFSEG21 SEG21 P31 y J
PFSEG22 SEG22 P32 y J
PFSEG23 SEG23 P33 V J
PFSEG24 SEG24 P34 N _
PFSEG25 SEG25 P35 y -
PFSEG26 SEG26 P46 v -
PFSEG27 SEG27 P47 v -
PFSEG28 SEG28 P130 v -
PFSEG29 SEG29 P22 N S
PFSEG30 SEG30 P23 v -
PFSEG31 SEG31 P24 v -
PFSEG32 SEG32 P25 v -
PFSEG33 SEG33 P26 y J
PFSEG34 SEG34 P27 y J
PFSEG35 SEG35 P10 v N
PFSEG36 SEG36 P11 v R
PFSEG37 SEG37 P12 N \
PFSEG38 SEG38 P13 y J
PFSEG39 SEG39 P14 v N
PFSEG40 SEG40 P15 v R
PFSEG41 SEG41 P16 y J
PFSEG42 SEG42 P17 y J
PFSEG43 SEG43 P00 v N
PFSEG44 SEG44 P01 v v
PFSEG45 SEG45 P02 y J
PFSEG46 SEG46 P03 y J
PFSEG47 SEGA47 P04 N N
PFSEG48 SEG48 P05 v v
PFSEG49 SEG49 P06 y J
PFSEG50 SEG50 P07 y J
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4.3.10 LCD input switch control register (ISCLCD)

This register sets whether to use pins P125 to P127 as port pins (other than LCD function pins) or LCD function pins
(Vi3, CAPL, CAPH).

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

Reset signal generation sets this register to 00H.

Figure 4-10. Format of LCD Input Switch Control Register (ISCLCD)

Address: FO308H After reset: 00H R/W

Symbol 7 6 5 4 3 2 1 0
ISCLCD | 0 | 0 | 0 | 0 | 0 | 0 | ISCVL3 | ISCCAP |
ISCVL3 Control of Schmitt trigger buffer of Vis/P125 pin
0 Makes digital input invalid (used as LCD function pin (Vv3))
1 Makes digital input valid
ISCCAP Control of Schmitt trigger buffer of CAPL/P126 and CAPH/P127 pins
0 Makes digital input invalid (used as LCD function pins (CAPL,CAPH))
1 Makes digital input valid

Caution If ISCVL3 bit =0 and ISCCAP bit =0, set the corresponding port control registers as follows:
PU127 bit of PU12 register = 0, P127 bit of P12 register =0
PU126 bit of PU12 register = 0, P126 bit of P12 register =0
PU125 bit of PU12 register = 0, P125 bit of P12 register =0
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4.4 Port Function Operations
Port operations differ depending on whether the input or output mode is set, as shown below.
4.4.1 Writing to I/O port

(1) Output mode
A value is written to the output latch by a transfer instruction, and the output latch contents are output from the pin.
Once data is written to the output latch, it is retained until data is written to the output latch again.
The data of the output latch is cleared when a reset signal is generated.

(2) Input mode
A value is written to the output latch by a transfer instruction, but since the output buffer is off, the pin status does not
change. Therefore, byte data can be written to the ports used for both input and output.
Once data is written to the output latch, it is retained until data is written to the output latch again.
The data of the output latch is cleared when a reset signal is generated.

4.4.2 Reading from 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.

4.4.3 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 V) by using I/O buffers

It is possible to connect an external device operating on a different potential (1.8 V, 2.5 V, or 3 V) by switching /O
buffers with the port input mode register (PIMxx) and port output mode register (POMXxXx).

When receiving input from an external device with a different potential (1.8 V, 2.5 V, or 3 V), set port input mode
registers 0, 1, 3, 4, and 5 (PIMO, PIM1, PIM3, PIM4, and 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, 2.5 V, or 3 V), set port output mode
registers 0, 1, 3, 4, 5, and 13 (POMO, POM1, POM3, POM4, POM5, and POM13) on a bit-by-bit basis to enable normal
output (CMOS)/N-ch open drain (Vop tolerance) switching.

Following, describes the connection of a serial interface.

(1) Setting procedure when using input pins of UARTO to UART3, CSI00, and CSI10 functions for the TTL input
buffer

In case of UARTO: P17 (P47)

In case of UART1: P06 (P43)

In case of UART2: P03

In case of UART3: P34

In case of CSIO0: P17, P16 (P47, P46)
In case of CSI10: P06, P05 (P44, P43)

Remark Functions in parentheses can be assigned by setting the peripheral I/O redirection register (PIOR).

<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, PIM1, PIM3, and PIM4 registers to 1 to switch to the TTL input
buffer. For ViH and Vi, refer to the DC characteristics when the TTL input buffer is selected.

<3> Enable the operation of the serial array unit and set the mode to the UART/CSI mode.

(2) Setting procedure when using output pins of UARTO to UART3, CSI00, and CSI10 functions in N-ch open-
drain output mode

In case of UARTO: P00 (P130)

In case of UART1: P07 (P42)

In case of UART2: P04

In case of UART3: P35

In case of CSIOO: P00, P16 (P130, P46)
In case of CSI10: P07, PO5 (P42, P44)

Remark Functions in parentheses can be assighed via settings in the peripheral I/O redirection register
(PIOR).

<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 changes to the input mode (Hi-Z).

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

<4> Set the corresponding bit of the POM0O, POM1, POM3, POM4, and POM13 registers to 1 to set the N-ch
open drain output (Voo tolerance) mode.

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

<6> Set the output mode by manipulating the PMO, PM1, PM3, PM4, and PM13 registers.
At this time, the output data is high level, so the pin is in the Hi-Z state.
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(3) Setting procedure when using I/O pins of 1IC00 and IIC10 functions with a different potential (1.8 V, 2.5V, 3V)

In case of 1IC00: P16, P17 (P46, P47)
In case of 1IC10: P05, P06 (P44, P43)

Remark Functions in parentheses can be assigned via settings in the peripheral I/O redirection register
(PIOR).

<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, POM1, and POM4 registers to 1 to set the N-ch open drain output
(Vop tolerance) mode.

<5> Set the corresponding bit of the PIMO, PIM1, and PIM4 registers to 1 to switch the TTL input buffer. For
VIH and VI, 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 1°C mode.

<7> Set the corresponding bit of the PMO, PM1, and PM4 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.

RO1UH0382EJ0210 Rev.2.10 120
Aug 12, 2016 RENESAS



RL78/L13 CHAPTER 4 PORT FUNCTIONS

4.5 Register Settings When Using Alternate Function

4.5.1 Basic concept when using alternate function

In the beginning, for a pin also assigned to be used for analog input, use the A/D port configuration register (ADPC) to
specify whether to use the pin for analog input or digital input/output.

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

Figure 4-11 shows the basic configuration of an output circuit for pins used for digital input/output. The output of the
output latch for the port and the output of the alternate SAU function are input to an AND gate. The output of the AND
gate is input to an OR gate. The output of an alternate function other than SAU (TAU, RTC2, clock/buzzer output, IICA,
etc.) is connected to the other input pin of the OR gate. When such kind of pins are used by the port function or an
alternate function, the unused alternate function must not hinder the output of the function to be used. An idea of basic
settings for this kind of case is shown in Table 4-5.

Figure 4-11. Basic Configuration of Output Circuit for Pins

WRPORT
Vop
fL Output latch
S D>
oA pen
WRPM O Pmn/
Alternate function
_ N .| PMregister Do—' N-ch
= ~ 7 (PMmn)
(-3'3 WRPOM
S Vss
g A ,| POM register | Notel
& >
(POMmn) ) o
To input circuit
Alternate Note 2
function (SAU)
Alternate function| Note 3
(other than SAU)
_

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

Remark m: Port number (m =0to 7, 12, 13); n: Bit number (n =0 to 7)
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Table 4-5. Concept of Basic Settings

Output Function of Used Pin Output Settings of Unused Alternate Function
Port Function Output Function for SAU Output Function for other than SAU
Output function for port — Qutput is high (1) Output is low (0)
Output function for SAU High (1) — Output is low (0)
Output function for other than Low (0) Output is high (1) Output is low (0)"°*
SAU

Note Since more than one output function other than SAU may be assigned to a single pin, the output of an unused
alternate function must be set to low level (0). For details on the setting method, see 4.5.2 Register settings
for alternate function whose output function is not used.

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

When the output of an alternate function of the pin is not used, the following settings should be made. Note that when
the peripheral 1/0 redirection function is the target, the output can be switched to another pin by setting the peripheral I/O
redirection register (PIOR). This allows usage of the port function or other alternate function assigned to the target pin.

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

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

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

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

(6) REMOOUT = 0 (setting when remote control output is not used)
When the REMOOUT output of TAU is not used, set the bit in timer output enable register 0 (TOEO) of channels 2, 3,
4, and 5 to 0 (output disabled), and set the bit in timer output register 0 (TOO) to O (Low). This is the same setting as
the initial state.
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(7) VCOUTN = 0 (setting when VCOUTN is not used)
When VCOUTN of comparator is not used, set the bits 5 and 1 in the comparator output control register (COMPOCR)
to 0 (VCOUTn pin of comparator n output disabled). This is the same setting as the initial state.

<R> (8) TKBOOO = 0/TKBOO01-0, 1, 2 = 0 (setting when 16-bit timer KB20 is not used)
When 16-bit timer KB2 is not used, set the bit 7 in 16-bit timer KB20 operation control register 01 (TKBCTLO1) to 0
(timer operation stopped), set the bits 1 and 0 in 16-bit timer KB2 output control register 01 (TKBIOCO01) to O (timer
output disabled), set the bits 1 and 0 in 16-bit timer KB2 output control register 00 (TKBIOCO0) to 0 (default level is
low level), and set the bits 0 and 1 in forced output stop function control register 2 (TKBPACTLO02) to O(forced output
stop function operation disabled). This is the same setting as the initial state.
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4.5.3 Register setting examples for used port and alternate functions
Register setting examples for used port and alternate functions are shown in Table 4-6. The registers used to control
the port functions should be set as shown in Table 4-6. See the following remark for legends used in Table 4-6.

Remark —: Not supported
X: don't care
PIORX: Peripheral I/O redirection register
POMxx: Port output mode register
PMCxx: Port mode control register
PMxx: Port mode register
Pxx: Port output latch

PFSEGxx, PFDEG: LCD port function register
Functions in parentheses can be assigned via settings in the peripheral I/O redirection register (PIOR).
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Table 4-6. Setting Examples of Registers and Output Latches When Using Alternate Function (1/15)

Pin Name Used Function PIORx POMxx PMCxx PMxx Pxx PFSEGxx Alternate Function Output 80-pin 64-pin
Function 110 (PFDEG, ISCVL3, ISCCAP)"*** SAU Output Other than
Name Function SAU
POO P00 Input - X 1 X -
Output 0
N-ch open drain x L 0 01 o SO00/TxDO = 1
output _ _ ~ N
S000 Output PIOR1 = 0"*'*? 0/1 0 1 -
TxDO Output PIOR1 = 0"'¢? 01 0 1 -
SEG43 Output X 0 0 0 1 -
PO1 PO1 Input - 1 x -
Output y 0 o TO05=0 v v
PCLBUZ1=0
INTPS™'® | Input PIOR4 =0 1 x - X V
(INTP5)"*®2 | |nput PIOR4 = 1 _ _ 1 X 0 _ - d X
(TI05) Input 1 x - R R
PIORO = 1
(TOO05) Output 0 0 PCLBUZ1=0 v v
PCLBUZ1 Output X 0 0 TO05=0 d y
SEG44 Output X 0 0 1 - d V
P02 P02 Input - 1 x -
Output x 0 01 PCLBUZO0 =0
INTP7 Input PIOR4=0 - - 1 X 0 - - d y
PCLBUZO Output PIOR3=0 0 0 -
SEG45 Output X 0 0 1 -
P03 P03 Input 1 x -
Output 0 0/1 VCOUTO0 =0
RxD2 Input - - - 1 X 0 - - R V
VCOUTO Output 0 0 -
SEG46 Output 0 0 1 -
Notes 1. PFDEG, ISCVL3, and ISCCAP are registers that correspond to P45, P125, and P126 and P127, respectively.
2. 80-pin products only
3. 64-pin products only
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Table 4-6. Setting Examples of Registers and Output Latches When Using Alternate Function (2/15)

Pin Name Used Function PIORx POMxx PMCxx PMxx Pxx PFSEGxx Alternate Function Output 80-pin 64-pin
Function 1/10 (PFDEG, ISCVL3, ISCCAP)N°‘e SAU Output Other than
Name Function SAU
P04 P04 Input X 1 X - -
Output 0
0 0/1 TxD2 =1 VCOUT1 =0
N-ch open drain output ~ 1 - 0 J J
TxD2 Output 0/1 0 1 - VCOUT1=0
VCOUT1 Output 0 0 0 TxD2=1 -
SEG47 Output 0 0 0 1 - -
P05 P05 Input - X 1 X -
Output y 0 0 0/1 SCK10/SCL10 =
N-ch open drain output 1 1
SCK10 Input x - 1 X 0 - - N V
PIOR2=0
Output 0/1 0 1 -
SCL10 Output PIOR2 =0 0/1 0 1 -
SEG48 Output X 0 0 0 1 -
P06 P06 Input - X 1 X -
Output 0
X 0 0/1 SDA10=1
N-ch open drain output 1
SI10 Input PIOR2=0 X - 1 X 0 - - \ R
RxD1 Input PIOR2 =0 X 1 X -
SDA10 110 PIOR2 =0 1 0 1 -
SEG49 Output X 0 0 0 1 -
PO7 P07 Input - X 1 X - -
Suct:L:pen araim output X (1J 0 on SO10/TxD1 =1 |(PCLBUZO = 0)
SO10 Output PIOR2 =0 0/1 - 0 1 0 - (PCLBUZO = 0) 3 R
TxD1 Output PIOR2=0 0/1 0 1 - (PCLBUZO = 0)
(PCLBUZO) | Output PIOR3 =1 0 0 0 SO10/TxD1 =1 -
SEG50 Output X 0 0 0 1 - -

Note PFDEG, ISCVL3, and ISCCAP are registers that correspond to P45, P125, and P126 and P127, respectively.
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Table 4-6. Setting Examples of Registers and Output Latches When Using Alternate Function (3/15)

Pin Name Used Function PIORx POMxx PMCxx PMxx Pxx PFSEGxx Alternate Function Output 80-pin 64-pin
Function /10 (PFDEG, ISCVL3, ISCCAP)™* SAU Output Other than
Name Function SAU
P10 P10 Input 0 1 X
Output 0 0 0/1 0 J J
ANI22 Analog input - - 1 1 x - h
SEG35 QOutput 0 0 0 !
P11 P11 Input 0 1 X
Output 0 0 0/1 0 J J
ANI23 Analog input - - 1 1 x - h
SEG36 QOutput 0 0 0 !
P12 P12 Input 0 1 X
Output 0 0 0/1 0 J J
ANI24 Analog input - - 1 1 X - -
SEG37 QOutput 0 0 0 !
P13 P13 Input 0 1 X
Output 0 0 0/1 0 J J
ANI25 Analog input - - 1 1 x - h
SEG38 QOutput 0 0 0 !
P14 P14 Input - 1 X -
Output X 0 0/1 TO04 =0
TIO4 Input PIORO =0 - - 1 X 0 - - y V
TO04 Output PIORO =0 0 0 -
SEG39 Output X 0 0 1 -
P15 P15 Input - 1 X -
Output X 0 0/1 TO07 =0
TI07 Input PIORO =0 - - 1 X 0 - - Y v
TOO07 Output PIORO =0 0 0 -
SEG40 Output X 0 0 1 -

Note PFDEG, ISCVL3, and ISCCAP are registers that correspond to P45, P125, and P126 and P127, respectively.
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Table 4-6. Setting Examples of Registers and Output Latches When Using Alternate Function (4/15)

Pin Name Used Function PIORX POMxx PMCxx PMxx Pxx PFSEGxx Alternate Function Output 80-pin 64-pin
Function 110 (PFDEG, ISCVL3, ISCCAP)"**|  SAU Output Other than
Name Function SAU
P16 P16 Input - X 1 X -
Output N 0 0 oL SCKO00/SCLOO =
N-ch open drain output 1 1
0
SCK00 Input x - 1 x - - \ R
PIORL = 0"*'*?
Output 0/1 0 1 -
SCL00 Output PIOR1 = 0"*'¢? 01 0 1 -
SEG41 Output x 0 0 0 1 -
P17 P16 Input - x 1 x -
Output 0
x 0 0/1 SDA00 = 1
N-ch open drain output 1
0
SI00 Input PIOR1 = 0"*'¢? x - 1 X - - V V
RxDO Input PIOR1 = 0"°*¢? X 1 X -
SDA0O 110 PIOR1 = 0"'*? 1 0 1 -
SEG42 Output X 0 0 0 1 -
Notes 1. PFDEG, ISCVLS3, and ISCCAP are registers that correspond to P45, P125, and P126 and P127, respectively.
2. 80-pin products only
Table 4-6. Setting Examples of Registers and Output Latches When Using Alternate Function (5/15)
Pin Name Used Function ADPC ADM2 PMxx Pxx 80-pin 64-pin
Function /10
Name
P20 P20 Input X 1 X
01H/02H
Output X 0 0/1
y d
ANI1 Analog input 00H XxX00xx0xB 1 X
AVrerm Reference voltage input 00H xx10xx0xB 1 X
P21 P21 Input X 1 X
01H
Output X 0 0/1
ANIO Analog input 00X0xX0xB 1 v v
nalog inpu 00H/02H XOXX0X X
10x0xx0xB
AVrerp Reference voltage input 00H/02H 01x0xx0xB 1 X
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Table 4-6. Setting Examples of Registers and Output Latches When Using Alternate Function (6/15)

Pin Name Used Function PIORx POMxx PMCxx PMxx Pxx PFSEGxx Alternate Function Output 80-pin 64-pin
Function 110 (PFDEG, ISCVL3, ISCCAP)NO(E SAU Output Other than SAU
Name Function
P22 P22 Input 0 1 X
Output 0 0 0/1 0 J J
ANI16 Analog input - - 1 1 X - -
SEG29 Output 0 0 0 !
P23 P23 Input 0 1 X
Output 0 0 0/1 0 J
ANI17 Analog input - - 1 1 X - - *
SEG30 Output 0 0 0 !
P24 P24 Input 0 1 X
Output 0 0 0/1 0 J
ANI18 Analog input - - 1 1 X - - *
SEG31 Output 0 0 0 !
P25 P25 Input 0 1 X
Output 0 0 0/1 0 J
ANI19 Analog input - - 1 1 X - - *
SEG32 Output 0 0 0 !
P26 P26 Input 0 1 X
Output 0 0 0/1 0 J J
ANI20 Analog input - - 1 1 X - -
SEG33 Output 0 0 0 !
P27 P27 Input 0 1 X
Output 0 0 0/1 0 J J
ANI21 Analog input - - 1 1 X - -
SEG34 Output 0 0 0 !

Note PFDEG, ISCVL3,

and ISCCAP are registers that correspond to P45, P125, and P126 and P127, respectively.
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Table 4-6. Setting Examples of Registers and Output Latches When Using Alternate Function (7/15)
Pin Name Used Function PIORx POMxx PMCxx PMxx Pxx PFSEGxx Alternate Function Output 80-pin 64-pin
Function 110 (PFDEG, ISCVL3, 'SCCAP)NO[S SAU Output Other than SAU
Name Function
P30 P30 Input - 1 X -
Output X 0 0/1 TOO3/REMOOUT =0
TIO3 Input PIORO =0 B B 1 X 0 ~ - J J
TOO03 Output PIORO =0 0 0 -
REMOOUT Output PIORO =0 0 0 -
SEG20 Output X 0 0 1 -
P31 P31 Input 1 X -
Output 0 0/1 RTC1HZ =0
INTP3 Input - - - 1 X 0 - - y \
RTC1HZ Output 0 -
SEG21 Output 0 1 -
P32 P32 Input - 1 X -
Qutput X 0 0/1 0 TO01=0
TIO1 Input PIORO =0 - - 1 - -
TOO1 Qutput PIORO =0 0 -
SEG22 Output X 0 1 -
P33 P33 Input 1 X
Output B ~ ~ 0 0/1 0 ~ B J J
INTP4 Input 1
SEG23 Output 0 1
P34 P34 Input 1 X
Output B B B 0 0/1 0 ~ B J N
RxD3 Input 1
SEG24 Output 0 1
P35 P35 Input 1 X -
Output
N-ch open drain B 1 ~ 0 01 0 TxD3 =1 B J N
output
TxD3 Qutput 0/1 0 1 -
SEG25 Output 0 0 X 1 -
P40 P40 Input - 1 X -
Output X B B 0 0/1 ~ ~ (TO00) =0 J J
(TI00) Input PIORO = 1 1 X -
(TOO00) Output PIORO = 1 0 0 -

Note PFDEG, ISCVL3, and ISCCAP are registers that correspond to P45, P125, and P126 and P127, respectively.
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Table 4-6. Setting Examples of Registers and Output Latches When Using Alternate Function (8/15)

Pin Name Used Function PIORx POMxx PMCxx PMxx Pxx PFSEGxx Alternate Function Output 80-pin 64-pin
Function 110 (PFDEG, ISCVL3, ISCCAP)N°‘e SAU Output Other than
Name Function SAU
P41 P41 Input - 1 X -
Output X 0 0/1 (TO07)=0 J
(TI07) Input PIORO = 1 - - 1 X - - - x
(TOO07) Output PIORO =1 0 0 -
P42 P42 Input - X 1 X - -
Output 0 0
X 0 0/1 (SO10/TxD1) =1 TO05=0
N-ch open drain output 1
IVREF1 Analog input - X 1 1 X - - J J
(SO10) Output PIOR2 =1 0/1 0 0 1 - - TO05=0
(TxD1) Output PIOR2 =1 o 0 0 1 - TO05=0
TIO5 Input PIORO =0 X 0 1 X - -
TO05 Output PIORO =0 0 0 0 0 (SO10/TxD1) =1 -
P43 P43 Input - X 1 X -
Output 0 0
x 0 0/1 (SDA10) =1
N-ch open drain output 1
IVCMP1 Analog input - X 1 1 X - J J
(INTP7) Input PIOR4 = 1 x 0 1 x - - -
(S110) Input PIOR2 =1 X 0 1 X -
(RXD1) Input PIOR2 =1 X 0 1 X -
(SDA10) 110 PIOR2 =1 1 0 0 1 -
P44 P44 Input - X 1 X -
Output y 0 0 0 oL (SCK10/SCL10)
N-ch open drain output 1 =1
IVCMPO Analog input - x 1 1 x - - - v v
(SCK10) Input X 1 X -
PIOR2 =1 0
Output 0/1 0 1 -
(SCL10) Output PIOR2 =1 o1 0 0 1 -

Note PFDEG, ISCVL3, and ISCCAP are registers that correspond to P45, P125, and P126 and P127, respectively.
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Table 4-6. Setting Examples of Registers and Output Latches When Using Alternate Function (9/15)
Pin Name Used Function PIORx POMxx PMCxx PMxx Pxx PFSEGxx Alternate Function Output 80-pin 64-pin
Function 10 (PFDEG, ISCVL3, ISCCAP)"**|  SAU Output Other than
Name Function SAU
P45 P41 Input 1 x
0 0
Output - - 0 0/1 - - y v
IVREFO Analog input 1 1 X 1
P46 P46 Input - x 1 x -
Output 0
- x 0 on (SCK00/SCLO0) = 1
N-ch open drain output 1
(SCK00) Input PIOR1 = 1"t X 1 X 0 - J
- - X
Output 2 01 0 1 -
(SCLO0) Output PIOR1 = 1Mo
) 01 0 1 -
SEG26 Output x 0 0 0 1 -
P47 P47 Input - x x -
Output 0
- X 0 on (SDA00) = 1
N-ch open drain output 1
(S100) Input PIOR1 = 1'°*
> X 1 X o -
- - y X
(RXDO) Input PIOR1 = 1"
> X 1 X -
(SDAO00) 110 PIOR1 = 1"
, 1 0 1 -
SEG27 Output X 0 0 0 1 -
P50 P50 Input 1 X o
Output - - - 0 01 - - y X
SEG4 Output 0 0 1
P51 P51 Input 1 X o
Output - - - 1 01 - - y X
SEG5 Output 0 0 1
P52 P52 Input - 1 X -
Output X 0 0/1 TO00 =0
INTP1 Input - 1 X 0 - N J
TI00 Input PIORO =0 1 X -
TO00 Output PIORO =0 0 0 -
SEG6 Output X 0 0 1 -
Notes 1. PFDEG, ISCVLS3, and ISCCAP are registers that correspond to P45, P125, and P126 and P127, respectively.
2. 80-pin products only
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Table 4-6. Setting Examples of Registers and Output Latches When Using Alternate Function (10/15)

Pin Name Used Function PIORx POMxx PMCxx PMxx Pxx PFSEGxx Alternate Function Output 80-pin 64-pin
Note
Function 110 (PFDEG, ISCVL3, ISCCAP) SAU Output Other than
Name Function SAU
P53 P53 Input X 1 X
Output 0
0 0/1 0
N-ch open drain output - 1 - - - y y
INTP2 Input X 1 X
SEG7 Output 0 0 0 1
P54 P54 Input - X 1 X -
Output 0
X 0 0/1 TO02 =0
N-ch open drain output 1 0 J J
TIO2 Input PIORO =0 X 1 X -
TO02 Output PIORO =0 0 0 0 -
SEGS8 Output X 0 0 0 1 -
P55 P55 Input - X 1 X
Output 0
- 0 0/1 0
N-ch open drain output 1 - - - y X
INTP5 Input PIOR4 =0 X 1 X
SEG9 Output X 0 0 0 1
P56 P56 Input - X 1 X -
Output 0
X 0 0/1 TOO06 =0
N-ch open drain output 1 0 J
- - X
TI06 Input PIORO =0 X 1 X -
TO06 Output PIORO =0 0 0 0 -
SEG10 Output X 0 0 0 1 -
P57 P57 Input 1 X
Output 1 0/1 0
- - - - - v N
INTP6 Input 1 X
SEG11 Output 0 0 1

Note PFDEG, ISCVL3, and ISCCAP are registers that correspond to P45, P125, and P126 and P127, respectively.

€171/8.1d

SNOILONNd 140d v d31dVHO



910Z ‘2T bny

0T'Z2’'Asd 0T20r32¢8E0HNTOY

SVS3NIR*

VET

Table 4-6. Setting Examples of Registers and Output Latches When Using Alternate Function (11/15)

Pin Name Used Function PIORx POMxx PMCxx PMxx Pxx PFSEGxx Alternate Function Output 80-pin 64-pin
Note
Function 110 (PFDEG, ISCVL3, ISCCAP) SAU Output Other than
Name Function SAU
P60 P60 Input - 1 X -
N-ch open drain output X 0 0/1 SCLA0=0
(6-V tolerance) (TO01) =0
- - - - N v
SCLAO 110 X 0 0 (TOO01) =0
(TI01) Input PIORO = 1 1 X -
(TOO01) Output PIORO=1 0 0 SCLA0O=0
P61 P61 Input - 1 X -
N-ch open drain output X 0 0/1 SDAAO =0
(6-V tolerance) (TO02) =0
- - - - N v
SDAAO 110 X 0 0 (TO02) =0
(TI02) Input PIORO = 1 1 X -
(TO02) Output PIORO = 1 0 0 SDAAO =0
P70 P70 Input 1 X
Output 0 0/1 0
- - - - - N N
KRO Input 1 X
SEG12 Output 0 0 1
P71 P71 Input 1 X
Output 0 0/1 0
- - - - - v X
KR1 Input 1 X
SEG13 Output 0 0 1
P72 P72 Input 1 X
Output 0 0/1 0
- - - - - v X
KR2 Input 1 X
SEG14 Output 0 0 1
P73 P73 Input 1 X
Output 0 0/1 0
- - - - - v X
KR3 Input 1 X
SEG15 Output 0 0 1

Note PFDEG, ISCVL3, and ISCCAP are registers that correspond to P45, P125, and P126 and P127, respectively.
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Table 4-6. Setting Examples of Registers and Output Latches When Using Alternate Function (12/15)

Pin Name Used Function PIORx POMxx PMCxx PMxx Pxx PFSEGxx Alternate Function Output 80-pin 64-pin
Function 110 (PFDEG, ISCVL3, ISCCAP)N°‘e SAU Output Other than
Name Function SAU
P74 P74 Input 1 X -
Output 0 0/1 TKBOO00 =0
KR4 Input - - - 1 X 0 - - V 3
TKBOOO Output 0 0 -
SEG16 Output 0 0 1 -
P75 P75 Input 1 X -
Output 0 0/1 TKBOO01-2=0
KR5 Input - - - 1 x 0 - - \ R
TKBOO01-2 Output 0 0 -
SEG17 Output 0 0 1 -
P76 P76 Input 1 X -
Output 0 0/1 TKBOO01-1=0
KR6 Input - - - 1 x 0 - - \ R
TKBOO01-1 Output 0 0 -
SEG18 Output 0 0 1 -
P77 P77 Input 1 X -
Output 0 0/1 TKBOO01-0=0
KR7 Input - - - 1 x 0 - - N V
TKBOO01-0 Output 0 0 -
SEG19 Output 0 0 1 -

Note PFDEG, ISCVL3, and ISCCAP are registers that correspond to P45, P125, and P126 and P127, respectively.
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Table 4-6. Setting Examples of Registers and Output Latches When Using Alternate Function (13/15)

Pin Name Used Function CMC (EXCLK, OSCSEL, EXCLKS, OSCSELS) Pxx 80-pin 64-pin
Function 110
Name
P121 P121 Input 00xx/10xx/11xx X J J
X1 - 01xx -
P122 P122 Input 00xx/10xx/11xx X
X2 - 01xx - N V
EXCLK Input 11xx -
P123 P123 Input xx00/xx10/xx11 X
XT1 - xx01 - v k
P124 P124 Input xx00/xx10/xx11 X
XT2 - xx01 - \ V
EXCLKS Input xx11 -
Table 4-6. Setting Examples of Registers and Output Latches When Using Alternate Function (14/15)
Pin Name Used Function PIORx POMxx PMCxx PMxx Pxx PFSEGxx Alternate Function Output 80-pin 64-pin
Function 110 (PFDEG, ISCVL3, ISCCAP)™"!|  SAU Output Other than
Name Function SAU
P125 P125 Input - 1 X -
Output x 0 oV} (TO06) = 0
Tioghe? Input PIORO =0 1 X -
TOO06"¢3 Output PIOR0=0 - - 0 0 ! - - N V
(TIoB)N°te 2 Input PIORO =1 1 X -
(TOo6)"°*? | Output PIORO = 1 0 0 -
Vi3 - X 1 X 0 -
P126 P126 Input - 1 X -
Output x 0 on (TO04) =0
(TI04) Input PIORO = 1 - - 1 x ! - - \ R
(TO04) Output PIORO =1 0 0 -
CAPL - X 1 X 0 -
Notes 1. PFDEG, ISCVLS3, and ISCCAP are registers that correspond to P45, P125, and P126 and P127, respectively.
2. 80-pin products only
3. 64-pin products only

€171/8.1d

SNOILONNd 140d v d31dVHO



910Z ‘2T bny

0T'Z2’'Asd 0T20r32¢8E0HNTOY

SVS3NIR*

LET

Table 4-6. Setting Examples of Registers and Output Latches When Using Alternate Function (15/15)

Pin Name Used Function PIORx POMxx PMCxx PMxx Pxx PFSEGxx Alternate Function Output 80-pin 64-pin
Function 110 (PFDEG, ISCVL3, ISCCAP)"**|  SAU Output Other than SAU
Name Function
p127 p127 Input - 1 x -
Output o 0 on (TO03/REMOOQUT)
=0
(TI03) Input PIORO = 1 _ _ 1 x ! _ - N N
(TOO03) Output PIORO = 1 -
(REMOOUT) | Output PIORO = 1 ° °
CAPH - x 1 x 0 -
P130 P30 Input - X 1 X -
Output N 0 0 o (SO00/TxDO) =
N-ch open drain output 1 B 0 1 B J
(S000) Output PIOR1 = 1M'¢? on 0 1 - .
(TXDO) Output PIOR1 = 1M'¢? 01 0 1 -
SEG28 Output X 0 0 0 1 -
P137 P137 Input B B B B y B B B ‘ J
INTPO Input
Notes 1. PFDEG, ISCVL3, and ISCCAP are registers that correspond to P45, P125, and P126 and P127, respectively.
2. 80-pin products only
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4.5.4 Operation of ports that alternately function as SEGxx pins

The functions of ports that also serve as segment output pins (SEGxx) can be selected by using the port mode control
register (PMCxx), port mode register (PMxx), and LCD port function registers 0 to 6 (PFSEGO to PFSEG6).

(1) POO to PO7, P14 to P17, P30 to P35, P46, P47, P50 to P57, P70 to P77, P130 (ports that do not serve as

analog input pins (ANIxx, IVREFQ))

Table 4-7. Settings of SEGxx/Port Pin Function

PFSEGxx Bit of PMxx Bit of Pin Function Initial Status
PFSEGO to PFSEG6 Registers | PMxx Register
1 1 Digital input invalid mode \
0 0 Digital output mode -
0 1 Digital input mode -
1 0 Segment output mode -

The following shows the SEGxx/port pin function status transitions.

Figure 4-12. SEGxx/Port Pin Function Status Transition Diagram

Reset status
Reset release

PMmn =0

Digital input
invalid mode

output mode
PFSEGxx =0
Digital input PMmn =0 Digital output
mode PMmN = 1 mode

Caution Be sure to set the segment output mode before segment output starts (while SCOC of LCD mode

register 1 (LCDM1) is 0).
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(2) P10to P13, P22 to P27 (ports that serve as analog input pins (ANIxx))

Table 4-8. Settings of ANIXx/SEGxx/Port Pin Function

PMCxx Bit of PFSEGxx Bit of PMxx Bit of Pin Function Initial Status
PMCxx Register PFSEG3, PFSEG4 Registers PMxx Register
1 1 1 Analog input mode v
0 0 0 Digital output mode -
0 0 1 Digital input mode -
0 1 0 Segment output mode -
0 1 1 Digital input invalid mode -
Other than above Setting prohibited

The following shows the ANIXX/SEGxx/port pin function status transitions.

Figure 4-13. ANIxx/SEGxx/Port Pin Function Status Transition Diagram

Reset status

Reset release

Analog input
mode

PMCmn =0

invalid mode output mode

PFSEGxx =0

Digital input Digital output
mode PMmA = 1 mode

Caution Be sure to set the segment output mode before segment output starts (while SCOC of LCD mode

register 1 (LCDM1) is 0).
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4.5.5 Operation of ports that alternately function as Vi3, CAPL, and CAPH pins

The functions of the Vi3/P125, CAPL/P126, and CAPH/P127 pins can be selected by using the LCD input switch

control register (ISCLCD), LCD mode register 0 (LCDMO), and port mode register 12 (PM12).

(1) Via/P125

Table 4-9. Settings of Vis/P125 Pin Function

Bias Setting ISCVL3 Bit of PM125 Bit of Pin Function Initial Status
(LBAS1 and LBASO Bits of ISCLCD Register PM12 Register
LCDMO Register )
Other than 1/4 bias method 0 1 Digital input invalid mode v
(LBAS1, LBASO = 00 or 01) 1 0 Digital output mode -
1 1 Digital input mode -
1/4 bias method 0 1 Vs function mode -
(LBAS1, LBASO = 10)
Other than above Setting prohibited

The following shows the Vi3/P125 pin function status transitions.

Figure 4-14. Vi3/P125 Pin Function Status Transition Diagram

Reset status

Reset release

LBAS1, LBASO = 10 Digital input

\_invalid mode

ISCVL3 =1

Vi Digital input Digital output
function mod mode PMmN = 1 mode

Caution Be sure to set the Vis function mode before segment output starts (while SCOC of LCD mode

register 1 (LCDM1) is 0).
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(2) CAPL/P126, CAPH/P127

Table 4-10. Settings of CAPL/P126, CAPH/P127 Pin Function

LCD Drive Voltage Generator ISCCAP Bit of PM126, PM127 Pin Function Initial Status
(MDSET1 and MDSETO Bits ISCLCD Register Bits of PM12
of LCDMO Register) Register

External resistance division 0 1 Digital input invalid mode v

(MDSET1, MDSETO = 00) 1 0 Digital output mode -
1 1 Digital input mode -

Internal voltage boosting or 0 1 CAPL/CAPH function mode -

capacitor split

(MDSET1, MDSETO = 01 or

10)

Other than above Setting prohibited

The following shows the CAPL/P126 and CAPH/P127 pin function status transitions.

Figure 4-15. CAPL/P126 and CAPH/P127 Pin Function Status Transition Diagram

Reset status

Reset release

MDSET1,0=01or 10

{ Digital input
MDSETL 0=00 "\ invalid mode

ISCCAP =1
— " PMmn=0 o
CAPL/CAPH Digital input Digital output
(function modg mode mode

Caution Be sure to set the CAPL/CAPH function mode before segment output starts (while SCOC of LCD
mode register 1 (LCDM1) is 0).
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45.6 P45 (port that serves as an analog input pin (IVREFQ))

Table 4-11. Settings of IVREFO/Port Pin Function

PMC45 Bit of PFDEG Bit of PM45 Bit of Pin Function Initial Status
PMC4 Register PFSEG3 Register PM4 Register
1 1 1 Analog input mode -
0 0 0 Digital output mode -
0 0 1 Digital input mode -
0 1 1 Digital input invalid mode v
Other than above Setting prohibited

The following shows the IVREFO/port pin function status transitions.

Figure 4-16. IVREFO/Port Pin Function Status Transition Diagram

Reset status

Analog input
mode

Reset release

PMCmn =1 ~Bigital input

invalid mode

PFDEG =0

Digital input PMmn = Q Digital output
mode mode
PMmn =1
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4.6 Cautions When Using Port Function

4.6.1 Cautions on 1-bit manipulation instruction for port register n (Pn)
When a 1-bit manipulation instruction is executed on a port that provides both input and output functions, the output

latch value of an input port that is not subject to manipulation may be written in addition to the targeted bit.
Therefore, it is recommended to rewrite the output latch when switching a port from input mode to output mode.

<Example>

Explanation:

When P10 is an output port, P11 to P17 are input ports (all pin statuses are high level), and the port
latch value of port 1 is O0H, if the output of output port P10 is changed from low level to high level via a
1-bit manipulation instruction, the output latch value of port 1 is FFH.
The targets of writing to and reading from the Pn register of a port whose PMnm bit is 1 are the output

latch and pin status, respectively.

A 1-bit manipulation instruction is executed in the following order in the RL78/L13.

<1> The Pn register is read in 8-bit units.
<2> The targeted one bit is manipulated.
<3> The Pn register is written in 8-bit units.

In step <1>, the output latch value (0) of P10, which is an output port, is read, while the pin statuses of
P11 to P17, which are input ports, are read. If the pin statuses of P11 to P17 are high level at this time,

the read value is FEH.

The value is changed to FFH by the manipulation in <2>.
FFH is written to the output latch by the manipulation in <3>.

Figure 4-17. Bit Manipulation Instruction (P10)

1-bit manipulation

P10

O instruction

(setl P1.0)

is executed for P10
bit.

Low-level output

P11 to P17

Port 1 output latch

©

Pin status: High level

>

[ofo]o]

o JoJofofo]

P10 @

High-level output
©)

P11 to P17
Pin status: High level

Port 1 output latch

[2fefafeafafa]a]

1-bit manipulation instruction for P10 bit

<1> Port register 1 (P1) is read in 8-bit units.

¢ In the case of P10, an output port, the value of the port output latch (0) is read.
e In the case of P11 to P17, input ports, the pin status (1) is read.

<2> Set the P10 bit to 1.

<3> Write the results of <2> to the output latch of port register 1 (P1)

in 8-bit units.
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4.6.2 Notes on specifying the pin settings

If the output function of an alternate function is assigned to a pin that is also used as an output pin, the output of the
unused alternate function must be set to its initial state so as to prevent conflicting outputs. This also applies to the
functions assigned by using the peripheral I/O redirection register (PIOR). For details about the alternate output function,
see 4.5 Register Settings When Using Alternate Function.

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

Disabling the unused functions, including blocks that are only used for input or do not have I/O, is recommended to
lower power consumption.
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CHAPTER 5 CLOCK GENERATOR

5.1 Functions of Clock Generator

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

(1) Main system clock

<1> X1 oscillator
This circuit oscillates the X1 oscillator clock (fx = 1 to 20 MHz) by connecting a resonator to the X1 and X2
pins.
Oscillation can be stopped by executing the STOP instruction or setting the MSTOP bit (bit 7 of the clock
operation status control register (CSC)).
<2> High-speed on-chip oscillator
The oscillation frequency (fHoco) can be selected from 48, 24, 16, 12, 8, 6, 4, 3, 2, or 1 MHz (typ.) by using
the option byte (000C2H). When 48 MHz is selected as fHoco, fiH is set to 24 MHz. When 24 MHz or less is
selected as fHoco, fiH is not divided and is set to the same frequency as froco. After reset release, the CPU
always starts operating on this high-speed on-chip oscillator clock™**®.  Oscillation can be stopped by
executing the STOP instruction or setting the HIOSTOP bit (bit 0 of the CSC register).
The frequency specified by using the option byte can be changed by using the high-speed on-chip oscillator
frequency select register (HOCODIV). For details about the frequency, see Figure 5-10 Format of High-
speed On-chip Oscillator Frequency Select Register (HOCODIV).
The frequencies that can be specified for the high-speed on-chip oscillator by using the option byte and the
high-speed on-chip oscillator frequency select register (HOCODIV) are shown below.

Power Supply Oscillation Frequency (MHz)

Voltage 1 2 3 4 6 8 12 16 24 48
27V<Vop<55V N N N N v v v N
24V<Vop<55V N N N N v v v v - -
1.8V<Vop<55V N v N y y v - - _ _
1.6V<Vop<55V v \/ \/ \/ - - - - _ _

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

As the main system clock, a high-speed system clock (X1 clock or external main system clock) or high-speed on-
chip oscillator clock can be selected by setting the MCMO bit (bit 4 of the system clock control register (CKC)).
However, note that the usable frequency range of the main system clock differs depending on the setting of the
power supply voltage (VDD). The operating voltage of the flash memory must be set by using the CMODEO and
CMODEU1 bits of the option byte (000C2H) (see CHAPTER 27 OPTION BYTE).

Note When 48 MHz is selected by setting the FRQSEL4 bit of the option byte (000C2H) to 1, the 48 MHz clock
(froco) is supplied to 16-bit timer KB20 and the 24 MHz clock, which is obtained by dividing froco by 2, is
supplied to the other functions including the CPU. To supply the 48 MHz clock to 16-bit timer KB20, select
fin as feik.
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(2) Subsystem clock

e XT1 clock oscillator
This circuit oscillates the XT1 oscillator clock (fxt = 32.768 kHz) by connecting a 32.768 kHz resonator to the XT1
and XT2 pins. Oscillation can be stopped by setting the XTSTOP bit (bit 6 of the clock operation status control
register (CSC)).

An external subsystem clock (fexs = 32.768 kHz) can also be supplied from the EXCLKS/XT2/P124 pin. An
external subsystem clock input can be disabled by the setting of the XTSTOP bit.

(3) Low-speed on-chip oscillator clock
This circuit oscillates the low-speed on-chip oscillator clock (fiL = 15 kHz (TYP.)).
The low-speed on-chip oscillator clock cannot be used as the CPU clock.
Only the following peripheral hardware runs on the low-speed on-chip oscillator clock.

¢ Watchdog timer

e Real-time clock 2

e 12-bit interval timer
¢ LCD controller/driver

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

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

Caution The low-speed on-chip oscillator clock (fiL) can only be selected as the count clock of real-time
clock 2 when the fixed-cycle interrupt function is used.

Remark fx: X1 clock oscillation frequency
fHoco: High-speed on-chip oscillator clock frequency (48 MHz max.)
fii:  High-speed on-chip oscillator clock frequency (24 MHz max.)
fex:  External main system clock frequency

Note

fxt:  XT1 clock oscillation frequency
fexs: External subsystem clock frequency
fi.  Low-speed on-chip oscillator clock frequency

Note The fin frequency can be controlled by hardware so that it becomes half the froco frequency when
froco is set to 48 MHz by setting the FRQSEL4 bit of the option byte (000C2H) to 1, or the same
frequency as froco when fHoco is set to 24 MHz or less by setting the FRQSEL4 bit of the option byte
(000C2H) to 0.
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5.2 Configuration of Clock Generator
The clock generator includes the following hardware.

Table 5-1. Configuration of Clock Generator

Item 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 and 1 (PERO, PER1)

Subsystem clock supply mode control register (OSMC)
High-speed on-chip oscillator frequency select register (HOCODIV)
High-speed on-chip oscillator trimming register (HIOTRM)

Oscillators X1 oscillator

XT1 oscillator

High-speed on-chip oscillator
Low-speed on-chip oscillator
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Remark fx: X1 clock oscillation frequency
fHoco: High-speed on-chip oscillator clock frequency (48 MHz max.)
fi: High-speed on-chip oscillator clock frequency (24 MHz max.)N°te !

fex:  External main system clock frequency

fux:  High-speed system clock frequency

fmain:  Main system clock frequency

fxt:  XT1 clock oscillation frequency

fexs: External subsystem clock frequency

fsus: Subsystem clock frequency"°' 2

fck:  CPU/peripheral hardware clock frequency

fiL: Low-speed on-chip oscillator clock frequency

Notes 1. The fi frequency can be controlled by hardware so that it becomes half the froco frequency when
fHoco is set to 48 MHz by setting the FRQSELA4 bit of the option byte (000C2H) to 1, or the same
frequency as fioco when fHoco is set to 24 MHz or less by setting the FRQSEL4 bit of the option
byte (000C2H) to 0. To supply the 48 MHz clock to 16-bit timer KB20, select fit as fcik.

2. Selecting fsus as the output clock of the clock output/buzzer output controller is prohibited when
the WUTMMCKO bit is set to 1.

5.3 Registers Controlling Clock Generator
The following registers are used to control the clock generator.

o Clock operation mode control register (CMC)

e System clock control register (CKC)

o Clock operation status control register (CSC)

¢ Oscillation stabilization time counter status register (OSTC)

e Oscillation stabilization time select register (OSTS)

e Peripheral enable registers 0 and 1 (PERO, PER1)

e Subsystem clock supply mode control register (OSMC)

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

Caution Which registers and bits are included depends on the product. Be sure to set registers and bits that
are not mounted in a product to their initial values.

5.3.1 Clock operation mode control register (CMC)

This register is used to set the operation mode of the X1/P121, X2/EXCLK/P122, XT1/P123, and XT2/EXCLKS/P124
pins, and to select a gain of the oscillator.

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

Reset signal generation clears this register to 00H.

Caution The EXCLKS, OSCSELS, AMPHS1, and AMPHSO bits are reset only by a power-on reset; they retain
the previous values when a reset caused by another factor occurs.
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Address: FFFAOH  After reset: 00H""*®
Symbol
CMC

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

R/W

7 6 5 4 3 2 1 0
EXCLK | OSCSEL |EXCLKS"*®|0SCSELS“*® 0 AMPHS1""®| AMPHSO"®|  AMPH
EXCLK OSCSEL | High-speed system clock X1/P121 pin X2/EXCLK/P122 pin

pin operation mode

0 0 Input port mode Input port

0 1 X1 oscillation mode Crystal/ceramic resonator connection

1 0 Input port mode Input port

1 1 External clock input mode | Input port External clock input
EXCLKS | OSCSELS Subsystem clock pin XT1/P123 pin XT2/EXCLKS/P124 pin

operation mode

0 0 Input port mode Input port

0 1 XT1 oscillation mode Crystal resonator connection

1 0 Input port mode Input port

1 1 External clock input mode | Input port External clock input

AMPHS1 AMPHSO XT1 oscillator oscillation mode selection

0 0 Low power consumption oscillation (default)

0 1 Normal oscillation

1 0 Ultra-low power consumption oscillation

1 1 Setting prohibited
AMPH Control of X1 clock oscillation frequency

0 1 MHz < fx <10 MHz

1 10 MHz < fx £ 20 MHz

Note The EXCLKS, OSCSELS, AMPHS1, and AMPHSO bits are reset only by a power-on reset; they
retain the values when a reset caused by another factor occurs.

Cautions 1.

The CMC register can be written only once after a reset ends, by an 8-bit memory

manipulation instruction. When using the CMC register with its initial value (00H), be

sure to set the register to OOH after a reset ends in order to prevent malfunction due

to a program loop. A malfunction caused by mistakenly writing a value other than

00H is unrecoverable.

After a reset ends, set up the CMC register before setting the clock operation status

control register (CSC) to start X1 or XT1 oscillation .
Be sure to set the AMPH bit to 1 if the X1 clock oscillation frequency exceeds 10 MHz.

Specify the settings for the AMPH, AMPHS1, and AMPHSO bits while fi+ is selected as
fck after areset ends (before fcik is switched to fmx).

Count the fxt oscillation stabilization time by using software.

(The cautions continue and Remark is given on the next page.)
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Cautions 6.

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

If a reset other than a power-on reset occurs after the CMC register is written and
then the reset ends, be sure to set the CMC register to the value specified before the
reset occurred, to prevent a malfunction if a program loop occurs.

The XT1 oscillator is a circuit with low amplification in order to achieve low-power
consumption. Note the following points when designing the circuit.

Pins and circuit boards include parasitic capacitance. Therefore, perform
oscillation evaluation using a circuit board to be actually used and confirm that
there are no problems.

Before using the ultra-low power consumption oscillation (AMPHS1, AMPHSO = 1,
0) as the mode of the XT1 oscillator, evaluate the resonators described in 5.7
Resonator and Oscillator Constants.

Make the wiring between the XT1 and XT2 pins and the resonators as short as
possible, and minimize the parasitic capacitance and wiring resistance. Note
this particularly when the ultra-low power consumption oscillation (AMPHSL1,
AMPHSO0 =1, 0) is selected.

Configure the circuit of the circuit board, using material with little wiring
resistance.

Place a ground pattern that has the same potential as Vss as much as possible
near the XT1 oscillator.

Be sure that the signal lines between the XT1 and XT2 pins, and the resonators
do not cross with the other signal lines. Do not route the wiring near a signal
line through which a high fluctuating current flows.

The impedance between the XT1 and XT2 pins may drop and oscillation may be
disturbed due to moisture absorption of the circuit board in a high-humidity
environment or dew condensation on the board. When using the circuit board in
such an environment, take measures to damp-proof the circuit board, such as by
coating.

When coating the circuit board, use material that does not cause capacitance or
leakage between the XT1 and XT2 pins.

Remark fx: X1 clock frequency
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5.3.2 System clock control register (CKC)
This register is used to select a CPU/peripheral hardware clock and a main system clock.

The CKC register can be set
Reset signal generation sets

by a 1-bit or 8-bit memory manipulation instruction.
this register to OOH.

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

Address: FFFA4H  After

reset: 00H R/wNoe?

Symbol <7> <6> <5> <4> 3 2 1
CKC CLS CSS MCS MCMO 0 0 0
CLS Status of CPU/peripheral hardware clock (fcik)
0 Main system clock (fuain)
1 Subsystem clock (fsus)
CSs Selection of CPU/peripheral hardware clock (fcik)
0 Main system clock (fuain)
hote 2 Subsystem clock (fsus)
MCS Status of main system clock (fwain)
0 High-speed on-chip oscillator clock (fi)
1 High-speed system clock (fmx)
MCMOQ"? Main system clock (fuan) operation control
0 Selects the high-speed on-chip oscillator clock (fit) as the main system clock (fvain)
1 Selects the high-speed system clock (fvx) as the main system clock (fwain)

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

Remark froco:  High-speed on-chip oscillator clock frequency (48 MHz max.)

fin:
fmx:
fmAIN:

fsus:

Note

High-speed on-chip oscillator clock frequency (24 MHz max.)NOte

High-speed system clock frequency
Main system clock frequency
Subsystem clock frequency

The fin frequency can be controlled by hardware so that it becomes half the froco
frequency when froco is set to 48 MHz by setting the FRQSEL4 bit of the option byte
(000C2H) to 1, or the same frequency as fHoco when frvoco is set to 24 MHz or less by
setting the FRQSELA4 bit of the option byte (000C2H) to 0. To supply the 48 MHz clock

to 16-bit timer KB20, select fit as fcik.

(Cautions are listed on the next page.)
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Cautions 1.
2.

Be sure to set bits 3to 0to “0”.

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

If the subsystem clock is used as the peripheral hardware clock, the operations of
the A/D converter and IICA are not guaranteed. For the operating characteristics of
the peripheral hardware, refer to the chapters describing the various peripheral
hardware as well as CHAPTER 32 ELECTRICAL SPECIFICATIONS (Ta = —40 to
+85°C) and CHAPTER 33 ELECTRICAL SPECIFICATIONS (Ta = —40 to +105°C).
When selecting fHoco as the count source clock for 16-bit timer KB20, select fii as
fcuk before setting bit 4 (TKB2EN) of peripheral enable register 1 (PER1). When
changing fcik to a clock other than fim, first clear bit 4 (TKB2EN) of peripheral enable
register 1 (PER1).
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5.3.3 Clock operation status control register (CSC)

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

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

Reset signal generation sets this register to COH.

Caution The XTSTOP bit is reset only by a power-on reset; it retains the value when a reset caused by
another factor occurs.

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

Address: FFFA1H After reset: COH R/W

Symbol <7> <6> 5 4 3 2 1 <0>
CsC MSTOP | XTSTOP"**® 0 0 0 0 ‘ 0 ‘ HIOSTOP
MSTOP High-speed system clock operation control
X1 oscillation mode External clock input mode Input port mode
0 X1 oscillator operating External clock from EXCLK Input port
pin is valid
1 X1 oscillator stopped External clock from EXCLK
pin is invalid
XTSTOP Subsystem clock operation control
XT1 oscillation mode External clock input mode Input port mode
0 XT1 oscillator operating External clock from EXCLKS | Input port
pin is valid
1 XT1 oscillator stopped External clock from EXCLKS
pin is invalid
HIOSTOP High-speed on-chip oscillator clock operation control
0 High-speed on-chip oscillator operating
1 High-speed on-chip oscillator stopped

Note The XTSTOP bhit is reset only by a power-on reset; it retains the value when a reset caused by
another factor occurs.

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

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

3. When starting X1 oscillation by setting the MSTOP bit, check the oscillation
stabilization time of the X1 clock by using the oscillation stabilization time counter
status register (OSTC).

4. When starting XT1 oscillation by setting the XTSTOP bit, wait for oscillation of the
subsystem clock to stabilize by setting a wait time using software.

5. Do not stop the clock selected for the CPU/peripheral hardware clock (fcik) by using
the OSC register.

(The cautions continue on the next page.)
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Caution 6. The setting of the flags of the register to stop clock oscillation (disabling the external

clock input) and the condition before clock oscillation is stopped are shown in Table

5-2. Before stopping the clock oscillation, check the precondition for stopping the
clock oscillation.

Table 5-2. Stopping the Clock

Clock

Condition Before Stopping Clock
(Disabling External Clock Input)

Setting of CSC
Register Flags

oscillator clock

high-speed on-chip oscillator clock.
(CLS=0and MCS=1,0r CLS=1)

X1 oscillator clock The CPU/peripheral hardware clock is a clock other than the | MSTOP =1
External main system high-speed system clock.

clock (CLsS=0and MCS =0, or CLS = 1)

XT1 oscillator clock The CPU/peripheral hardware clock is a clock other than the | XTSTOP =1
External subsystem | Subsystem clock.

clock (CLS =0)

High-speed on-chip The CPU/peripheral hardware clock is a clock other than the | HIOSTOP =1

5.3.4 Oscillation stabilization time counter status register (OSTC)

This is the register that indicates the count status of the X1 clock oscillation stabilization time counter.

The X1 clock oscillation stabilization time can be checked in the following cases:

o If the X1 clock starts oscillating while the high-speed on-chip oscillator clock or subsystem clock is used as the

CPU clock

o |f the STOP mode is entered and then exited while the high-speed on-chip oscillator clock is used as the CPU
clock and the X1 clock is oscillating

The OSTC register can be read by a 1-bit or 8-bit memory manipulation instruction.
Occurrence of a reset signal, executing the STOP instruction, or setting MSTOP (bit 7 of clock operation status control
register (CSC)) to 1 clears 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 exited
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Figure 5-5. Format of Oscillation Stabilization Time Counter Status Register (OSTC)

Address: FFFA2H  Afterreset: 0OH R

Symbol
OSTC

7 6 5 4 3 2 1 0
MOST | MOST | MOST | MOST | MOST | MOST | MOST | MOST
8 9 10 11 13 15 17 18
MOST | MOST | MOST | MOST | MOST | MOST | MOST | MOST Oscillation stabilization time status
8 9 10 11 13 15 17 18 fx = 10 MHz | fx = 20 MHz
0 0 0 0 0 0 0 0 2% max. | 25.6 is max. | 12.8 us max.
1 0 0 0 0 0 0 0 2%/x min. | 25.6 us min. | 12.8 us min.
1 1 0 0 0 0 0 0 |2%xmin. |51.2 us min. |25.6 us min.
1 1 1 0 0 0 0 0 2"fx min. | 102 us min. | 51.2 us min.
1 1 1 1 0 0 0 0 |2"fxmin. | 204 us min. | 102 us min.
1 1 1 1 1 0 0 0 |2 min. | 819 us min. | 409 us min.
1 1 1 1 1 1 0 0 |2 min. | 3.27 ms min. | 1.63 ms min.
1 1 1 1 1 1 1 0 |2"/x min. | 13.1 ms min. |6.55 ms min.
1 1 1 1 1 1 1 1 | 2% min. | 26.2 ms min. |13.1 ms min.
Cautions 1. After the above time has elapsed, the bits are set to 1 starting from the MOST8 bit,
and remain 1.
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 a
value greater than the count value to be monitored by using the OSTC register after
the oscillation starts.
e To start X1 clock oscillation while the high-speed on-chip oscillator clock or
subsystem clock is used as the CPU clock.
e To enter and exit the STOP mode while the high-speed on-chip oscillator clock is
used as the CPU clock and the X1 clock is 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 exited.)
3. The X1 clock oscillation stabilization wait time does not include the time until clock

oscillation starts (“a” below).

STOP mode release

X1 pinvoltage l
waveform

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

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

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

When switching the CPU clock from the high-speed on-chip oscillator clock or the subsystem clock to the X1 clock, and
when using the high-speed on-chip oscillator clock for switching the X1 clock from the oscillating state to STOP mode, use
the oscillation stabilization time counter status register (OSTC) to confirm that the desired oscillation stabilization time has
elapsed after release from the STOP mode. The oscillation stabilization time can be checked up to the time set by using
the OSTC register.

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

Reset signal generation sets the OSTS register to 07H.
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Figure 5-6. Format of Oscillation Stabilization Time Select Register (OSTS)

Address: FFFA3H  After reset: 07TH R/W

Symbol

OSTS

7 2 1 0

0 0 0STS?2 0STS1 0STS0
OSTS2 OSTS1 OSTS0 Oscillation stabilization time selection

fx = 10 MHz fx = 20 MHz

0 0 0 2%/fx 25.6 us 12.8 us

0 0 1 2°Mx 51.2 s 25.6 s

0 1 0 2%%x 102 us 51.2 us

0 1 1 2"« 204 s 102 us

1 0 0 2%« 819 us 409 us

1 0 1 2%/ 3.27ms 1.64 ms

1 1 0 2Y1fx 13.1ms 6.55 ms

1 1 1 2%/ 26.2 ms 13.1 ms

Cautions 1. Change the setting of the OSTS register before setting the MSTOP bit of the clock

operation status control register (CSC) to 0.

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 a
value greater than the count value to be monitored by using the OSTC register after
the oscillation starts.

e To start X1 clock oscillation while the high-speed on-chip oscillator clock or
subsystem clock is used as the CPU clock.

e To enter and exit the STOP mode while the high-speed on-chip oscillator clock is
used as the CPU clock and the X1 clock is 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 exited.)

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

STOP mode release

X1 pinvoltage l
waveform

Remark fx: X1 clock oscillation frequency
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5.3.6 Peripheral enable registers 0 and 1 (PERO, PER1)
These registers are used to enable or disable supplying the clock to the peripheral hardware. Clock supply to the
hardware not used is also stopped so as to reduce the power consumption and noise.
To use the peripheral functions below, which are controlled by these registers, set the bit corresponding to each

function to 1 before initial setup of the peripheral functions.

Real-time clock 2
A/D converter

Serial interface [ICAO

Serial array unit 1
Serial array unit 0
Timer array unit
12-bit interval timer

Comparators 0 and 1

16-bit timer KB20

The PERO and PERL1 registers can be set by a 1-bit or 8-bit memory manipulation instruction.
Reset signal generation clears these registers to O0OH.

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

Address: FOOFOH  After reset: 0OH R/W

Symbol <7>

6 <5> <4> <3> <2>

1 <0>

PERO RTCWEN

0 ADCEN IICAOEN SAU1EN SAUOEN

0 TAUOEN

RTCWEN

Control of real-time clock 2 (RTC2) input clock supply

0

Stops input clock supply.
e SFRs used by the real-time clock 2 (RTC2) cannot be written.
e The real-time clock 2 (RTC2) is operable.

Enables input clock supply.
e SFRs used by the real-time clock 2 (RTC2) can be read and written.
* The real-time clock 2 (RTC2) is operable.

ADCEN

Control of A/D converter input clock supply

Stops input clock supply.
e SFRs used by the A/D converter cannot be written.
e The A/D converter is in the reset status.

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

Caution Be sureto clear bits 6 and 1to “0".
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Figure 5-7. Format of Peripheral Enable Register 0 (PERO) (2/2)

Address: FOOFOH  After reset: 0OH R/W

Symbol
PERO

<7> 6 <5> <4> <3> <2> 1 <0>
RTCWEN 0 ADCEN IICAOEN SAU1EN SAUOEN 0 TAUOEN
IICAOEN Control of serial interface IICAOQ input clock supply
0 Stops input clock supply.

e SFRs used by serial interface IICAQ cannot be written.
o Serial interface IICAO is in the reset status.

1 Enables input clock supply.
e SFRs used by serial interface IICAO can be read and written.

SAU1EN Control of serial array unit 1 input clock supply

0 Stops input clock supply.
e SFRs used by serial array unit 1 cannot be written.
e Serial array unit 1 is in the reset status.

1 Enables input clock supply.
e SFRs used by serial array unit 1 can be read and written.

SAUOEN Control of serial array unit 0 input clock supply

0 Stops input clock supply.
e SFRs used by serial array unit O cannot be written.
e Serial array unit 0 is in the reset status.

1 Enables input clock supply.
e SFRs used by serial array unit O can be read and written.

TAUOEN Control of timer array unit input clock supply

0 Stops input clock supply.
e SFRs used by timer array unit cannot be written.
e Timer array unit is in the reset status.

1 Enables input clock supply.
e SFRs used by timer array unit can be read and written.

Caution Be sureto clear bits 6 and 1to “0".
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Figure 5-8. Format of Peripheral Enable Register 1 (PER1)

Address: FOO7AH  After reset: OOH R/W

Symbol <7> 6 <5> <4> 3 2
PER1 TMKAEN 0 CMPEN TKB2EN 0 0
TMKAEN Control of 12-bit interval timer input clock supply
0 Stops input clock supply.

e SFRs used by the 12-bit interval timer cannot be written.
e The 12-bit interval timer is in the reset status.

1 Enables input clock supply.
e SFRs used by the 12-bit interval timer can be read and written.

CMPEN Control of comparators 0/1 input clock supply

0 Stops input clock supply.
e SFRs used by comparators 0 and 1 cannot be written.
e Comparators 0 and 1 are in the reset status.

1 Enables input clock supply.
e SFRs used by comparators 0 and 1 can be read and written.

TKB2EN"" Control of 16-bit timer KB20 input clock supply

0 Stops input clock supply.
e SFRs used by 16-bit timer KB20 cannot be written.
o 16-bit timer KB20 is in the reset status.

1 Enables input clock supply.
e SFRs used by 16-bit timer KB20 can be read and written.

Note When FRQSEL4 in the user option byte (000C2H) is 1, select fin as fcik before setting bit 4
(TKB2EN) of peripheral enable register 1 (PER1). When changing fcik to a clock other than fiH,

first clear bit 4 (TKB2EN) of peripheral enable register 1 (PER1).

Caution Be sure to clear bits 6 and 3to 0to “0”.
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5.3.7 Subsystem clock supply mode control register (OSMC)

This register is used to reduce power consumption by stopping unnecessary clock functions.

If the RTCLPC bit is set to 1, power consumption can be reduced, because clock supply to the peripheral functions
other than real-time clock 2, 12-bit interval timer, clock output/buzzer output controller, and LCD controller/driver is stopped
in STOP mode or in HALT mode while the subsystem clock is selected as the CPU clock.

In addition, the OSMC register can be used to select the operation clock of real-time clock 2, 12-bit interval timer, clock
output/buzzer output controller, and LCD controller/driver.

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

Reset signal generation clears this register to 00H.

Figure 5-9. Format of Subsystem Clock Supply Mode Control Register (OSMC)

Address: FOOF3H After reset: 00OH R/W

Symbol 7 6 5 4 3 2 1 0
OosMC RTCLPC 0 0 WUTMMCKO 0 0 0 0
RTCLPC Setting in STOP mode or in HALT mode while subsystem clock is selected as CPU clock
0 Enables supplying the subsystem clock to peripheral functions
(See Tables 21-1 to 21-3 for peripheral functions whose operations are enabled.)
1 Stops supplying the subsystem clock to peripheral functions other than real-time clock 2, 12-
bit interval timer, clock output/buzzer output controller, and LCD controller/driver.
WUTMMCKO Selection of operation clock for real-time Selection of clock output from PCLBUZn pin
clock 2, 12-bit interval timer, and LCD of clock output/buzzer output controller
controller/driver
0 Subsystem clock (fsug) Selecting the subsystem clock (fsus) is
enabled.
1 Low-speed on-chip oscillator clock (fiL) Selecting the subsystem clock (fsus) is
disabled.
Cautions 1. Be sure to select the subsystem clock (WUTMMCKO bit = 0) if the subsystem clock is
oscillating.

2. When WUTMMCKO is set to 1, the low-speed on-chip oscillator clock oscillates.

3. When WUTMMCKO is set to 1, only the constant-period interrupt function of real-time
clock 2 can be used. The year, month, day of the week, day, hour, minute, and second
counters and the 1 Hz output function of real-time clock 2 cannot be used. The interval
of the constant-period interrupt is calculated by constant period (value selected by
using the RTCCO register) x fsus/fiL.

4. The subsystem clock and low-speed on-chip oscillator clock can only be switched by
using the WUTMMCKO bit if real-time clock 2, 12-bit interval timer, and LCD
controller/driver are all stopped.

5. Do not select fsue as the clock output or buzzer output clock when the WUTMMCKO bit
is 1.
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5.3.8 High-speed on-chip oscillator frequency select register (HOCODIV)

This register is used to change the high-speed on-chip oscillator frequency set by an option byte (000C2H). However,
the selectable frequency depends on the FRQSEL4 and FRQSEL3 bits of the option byte (000C2H).

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

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

Figure 5-10. Format of High-speed On-chip Oscillator Frequency Select Register (HOCODIV)

Address: FOOA8H  After reset: undefined R/W
Symbol 7 6 5 4 3 2 1 0
HOCODIV 0 0 0 0 0 HOCODIV2 | HOCODIV1 | HOCODIVO
HOCODIV2 | HOCODIV1 | HOCODIVO Selection of high-speed on-chip oscillator clock frequency
FRQSEL4 =0 FRQSEL4 =1
FRQSEL3=0 FRQSEL3=1 FRQSEL3=0
0 0 0 fin =24 MHz Setting prohibited fin = 24 MHz
froco = 48 MHz
0 0 1 fin =12 MHz fin =16 MHz fin =12 MHz
froco = 24 MHz
0 1 0 fin =6 MHz fin =8 MHz fin =6 MHz
foco = 12 MHz
0 1 1 fin =3 MHz fin =4 MHz fin =3 MHz
foco = 6 MHz
1 0 0 Setting prohibited fin =2 MHz Setting prohibited
1 0 1 Setting prohibited fin =1 MHz Setting prohibited
Other than above Setting prohibited

Cautions 1. For the HOCODIV
corresponding to the flash operation mode specified in the option byte (000C2H),

register, specify a value in the operating voltage range

regardless of whether the frequency is changed.

Option Byte (000C2H) Value

Flash Operation Mode

Operating Frequency

Operating Voltage

CMODE1 CMODE2 Range Range
0 0 LV (low-voltage main) mode | 1to 4 MHz 1.6t055V
1 0 LS (low-speed main) mode 1to 8 MHz 1.8t05.5V
1 1 HS (high-speed main) mode | 1to 16 MHz 24t055V
1to 24 MHz 27t055V

Other than above

Setting prohibited

2. Specify the HOCODIV register settings after first selecting the high-speed on-chip

oscillator clock (fiH) as the CPU/peripheral hardware clock (fcrk).

After changing the frequency setting by using the HOCODIV register, the system

will begin operating on the new frequency after the transition time shown below

has elapsed.

three clocks

Operation for up to three clocks at the pre-change frequency
CPUlperipheral hardware clock wait at the post-change frequency for up to
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5.3.9 High-speed on-chip oscillator trimming register (HIOTRM)

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

With self-measurement of the high-speed on-chip oscillator frequency via a timer using high-accuracy external clock
input (timer array unit), and so on, the accuracy can be adjusted.

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

Caution The frequency will vary if the temperature and Vob pin voltage change after accuracy adjustment.
When the temperature and Voo voltage change, accuracy adjustment must be executed regularly or
before the frequency accuracy is required.

Figure 5-11. Format of High-Speed On-Chip Oscillator Trimming Register (HIOTRM)

Address: FOOAOH  After reset: Undefined™® R/W

Symbol 7 6 5 4 3 2 1 0
HIOTRM 0 0 HIOTRM5 | HIOTRM4 | HIOTRM3 | HIOTRM2 | HIOTRM1 | HIOTRMO
HIOTRM5 | HIOTRM4 | HIOTRM3 | HIOTRM2 | HIOTRM1 | HIOTRMO High-speed on-chip
oscillator
0 0 0 0 0 0 Minimum speed
0 0 0 0 0 1 A
0 0 0 0 1 0
0 0 0 0 1 1
0 0 0 1 0 0
o
o
.
1 1 1 1 1 0 v
1 1 1 1 1 1 Maximum speed

Note The value after reset is the value adjusted at shipment.

Remarks 1. The HIOTRM register holds a six-bit value used to adjust the high-speed on-chip
oscillator with an increment of 1 corresponding to an increase of frequency by about
0.05%.
2. For the usage example of the HIOTRM register, refer to the application note for RL78
MCU Series High-speed On-chip Oscillator (HOCO) Clock Frequency Correction
(RO1ANO0464).
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5.4 System Clock Oscillator

5.4.1 X1 oscillator

The X1 oscillator oscillates with a crystal resonator or ceramic resonator (1 to 20 MHz) connected to the X1 and X2 pins.

An external clock can also be input. In this case, input the clock signal to the EXCLK pin.

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

o Crystal or ceramic oscillation: EXCLK, OSCSEL =0, 1

e External clock input: EXCLK, OSCSEL =1, 1

When the X1 oscillator is not used, specify the input port mode (EXCLK, OSCSEL =0, 0).

When the X1 and X2 pins are not used as input port pins, either, see Table 2-2 Connection of Unused Pins.

Figure 5-12 shows an example of the external circuit connected to the X1 oscillator.

Figure 5-12. Example of External Circuit Connected to X1 Oscillator

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

| Vss
E — I? X1
T X2

Crystal resonator
or
ceramic resonator

External clock ——— | EXCLK

Cautions are listed on the next page.

5.4.2 XT1 oscillator

The XT1 oscillator oscillates with a crystal resonator (32.768 kHz typ.) connected to the XT1 and XT2 pins.

To use the XT1 oscillator, set bit 4 (OSCSELS) of the clock operation mode control register (CMC) to 1.

An external clock can also be input. In this case, input the clock signal to the EXCLKS pin.

To use the XT1 oscillator, set bits 5 and 4 (EXCLKS, OSCSELS) of the clock operation mode control register (CMC) as
follows.

o Crystal or ceramic oscillation: EXCLKS, OSCSELS =0, 1

e External clock input: EXCLKS, OSCSELS =1, 1

When the XT1 oscillator is not used, specify the input port mode (EXCLKS, OSCSELS =0, 0).

When the XT1 and XT2 pins are not used as input port pins, either, see Table 2-2 Connection of Unused Pins.

Figure 5-13 shows an example of the external circuit connected to the XT1 oscillator.
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Figure 5-13. Example of External Circuit Connected to XT1 Oscillator
(a) Crystal oscillation (b) External clock
——— Vss
IR b
! 32.768
1 [ = kHz
| — M XT2 External clock ———————=| EXCLKS
Caution When using the X1 oscillator and XT1 oscillator, wire as follows in the area enclosed by the

broken lines in the Figures 5-12 and 5-13 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.

The XT1 oscillator is a circuit with low amplification in order to achieve low-power consumption.

Note the following points when designing the circuit.

Pins and circuit boards include parasitic capacitance. Therefore, perform oscillation evaluation
using a circuit board to be actually used and confirm that there are no problems.

Before using the ultra-low power consumption oscillation (AMPHS1, AMPHSO = 1, 0) as the
mode of the XT1 oscillator, evaluate the resonators described in 5.7 Resonator and Oscillator
Constants.

Make the wiring between the XT1 and XT2 pins and the resonators as short as possible, and
minimize the parasitic capacitance and wiring resistance. Note this particularly when the ultra-
low power consumption oscillation (AMPHS1, AMPHSO = 1, 0) is selected.

Configure the circuit of the circuit board, using material with little wiring resistance.

Place a ground pattern that has the same potential as Vss as much as possible near the XT1
oscillator.

Be sure that the signal lines between the XT1 and XT2 pins, and the resonators do not cross
with the other signal lines. Do not route the wiring near a signal line through which a high
fluctuating current flows.

The impedance between the XT1 and XT2 pins may drop and oscillation may be disturbed due
to moisture absorption of the circuit board in a high-humidity environment or dew
condensation on the board. When using the circuit board in such an environment, take
measures to damp-proof the circuit board, such as by coating.

When coating the circuit board, use material that does not cause capacitance or leakage
between the XT1 and XT2 pins.
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Figure 5-14 shows examples of incorrect resonator connection.

Figure 5-14. Examples of Incorrect Resonator Connection (1/2)

(a) Too long wiring (b) Crossed signal line
PORT |——
Vss X1 X2 Vss X1 X2
NG
NG
7 "
) )
((
77 77r
(c) The X1 and X2 signal line wires cross. (d) A power supply/GND pattern exists

under the X1 and X2 wires.

Vss X1 X2

Vss X1 X2

Note

Power supply/GND pattern

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

Remark When using the subsystem clock, replace X1 and X2 with XT1 and XT2, respectively. Also, insert resistors
in series on the XT2 side.
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Figure 5-14. 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)

Vo

Pmn

Vs X2

P I:l Ii r— Vs X2
L —_

W PDP
e

S
A . B TC
High current
7 alE

High current

(g) Signals are fetched

Vs X2

Vo
TN

[

Caution When X2 and XT1 are wired in parallel, the crosstalk noise of X2 may increase with XT1, resulting in
malfunctioning.

Remark When using the subsystem clock, replace X1 and X2 with XT1 and XT2, respectively. Also, insert resistors
in series on the XT2 side.
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5.4.3 High-speed on-chip oscillator

A high-speed on-chip oscillator is incorporated in the RL78/L13. The frequency can be selected from among 48, 24, 16,
12, 8, 6, 4, 3, 2, or 1 MHz by using the option byte (000C2H). When 48 MHz is selected, the oscillation clock is divided by
2 and supplied as the CPU clock. Oscillation can be controlled by using bit 0 (HIOSTOP) of the clock operation status
control register (CSC). The high-speed on-chip oscillator automatically starts oscillating after reset release.

5.4.4 Low-speed on-chip oscillator

A low-speed on-chip oscillator is incorporated in the RL78/L13.

The low-speed on-chip oscillator clock is used only as the clock for the watchdog timer, real-time clock 2, 12-bit interval
timer, and the LCD controller/driver. The low-speed on-chip oscillator clock cannot be used as the CPU clock.

This clock operates when either bit 4 (WDTON) of the option byte (00O0COH) or bit 4 (WUTMMCKO) of the subsystem
clock supply mode control register (OSMC), or both, are set to 1.

As long as the watchdog timer is not operating and WUTMMCKQO is not zero, the low-speed on-chip oscillator continues
oscillating. Note that only when the watchdog timer is operating and the WUTMMCKO bit is 0, oscillation of the low-speed
on-chip oscillator will stop while the WDSTBYON bit is 0 and operation is in the HALT, STOP, or SNOOZE mode. The
low-speed on-chip oscillator clock does not stop even if a program loop that stops the system occurs while the watchdog
timer is operating.
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5.5 Clock Generator Operation

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

e Main system clock fwain
e High-speed system clock fux
X1 clock fx
External main system clock fex
e High-speed on-chip oscillator clock fiH
e Subsystem clock fsus
e XT1clock fxr
e External subsystem clock fexs
e Low-speed on-chip oscillator clock fiL
CPU/peripheral hardware clock fcik

In the RL78/L13, the CPU starts operating when the high-speed on-chip oscillator starts generating the clock after reset
release .
The clock generator operation after the power supply voltage is turned on is shown in Figure 5-15.
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Figure 5-15. Clock Generator Operation When Power Supply Voltage Is Turned On

Lower limit of
the operating
voltage range

Power-on reset signal J fAt Ie?st 10us
RESET pin 4|

; Switched by softwar
© Reset i
1 processing timeNete? 1 _4 <5> <5>

CPU clock —> High-sped on-chip oscillator clock High-speed system clock X Subsystem clock
1<2> 3
High-speed on-chip :
oscillator clock (fiH) '
' Notedt '
High-speed <4>
system clock (fux)
(when X1 oscillation ' y
selected) X1 clock :

|
oscﬂlatlon stabilization timeNet2”

Subsystem clock (fsus) Starting X1 oscnlatlon <4
(when XT1 oscillation is specified by software

selected)

Starting XT1 oscnlanon
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 detector or an external reset until the voltage reaches
the range of operating voltage described in 32.4 AC Characteristics and 33.4 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 or XT1 clock via software (see 5.6.2 Example of setting X1 oscillation
clock and 5.6.3 Example of setting XT1 oscillation clock).

<5> When switching the CPU clock to the X1 or XT1 clock, wait for the clock oscillation to stabilize, and then set
switching via software (see 5.6.2 Example of setting X1 oscillation clock and 5.6.3 Example of setting XT1
oscillation clock).

Notes 1. The reset processing time includes the oscillation accuracy stabilization time of the high-speed on-chip
oscillator clock.
2. When releasing a reset, confirm the oscillation stabilization time for the X1 clock using the oscillation
stabilization time counter status register (OSTC).
3. For the reset processing time, see CHAPTER 23 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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5.6 Controlling Clock

5.6.1 Example of setting high-speed on-chip oscillator

After reset release, the high-speed on-chip oscillator clock is used as the CPU/peripheral hardware clock (fcik). 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). The frequency can also 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 FRQSEL4 | FRQSEL3 | FRQSEL2 | FRQSEL1 | FRQSELO
0/1 0/1 1 0/1 0/1 0/1 0/1 0/1

CMODE1 | CMODEO Setting of flash operation mode
0 0 LV (low voltage main) mode Voo =1.6Vto 55V @ 1 MHz to 4 MHz
1 0 LS (low speed main) mode Vop=1.8V1t0o 55V @ 1 MHz to 8 MHz
1 1 HS (high speed main) mode Voo =2.4Vt055V @ 1 MHz to 16 MHz

Voo =2.7V1t0 55V @ 1 MHz to 24 MHz

Other than above

Setting prohibited

FRQSEL4 | FRQSEL3 | FRQSEL2 | FRQSEL1 | FRQSELO | Frequency of the high-speed on-chip
oscillator
froco fin
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

7 6 5 4 3 2 1 0
HOCODIV 0 0 0 0 0 HOCODIV2 | HOCODIV1 | HOCODIVO
HOCODIV2 | HOCODIV1 | HOCODIVO Selection of high-speed on-chip oscillator clock frequency
FRQSEL4=0 FRQSEL4=1
FRQSEL3=0 FRQSEL3 =1 FRQSEL3=0
0 0 0 fin =24 MHz Setting prohibited fin = 24 MHz
froco = 48 MHz
0 0 1 fin =12 MHz fin =16 MHz fin =12 MHz
foco = 24 MHz
0 1 0 fin =6 MHz fin =8 MHz fin =6 MHz
froco =12 MHz
0 1 1 fin =3 MHz fin =4 MHz fin =3 MHz
foco = 6 MHz
1 0 0 Setting prohibited fin =2 MHz Setting prohibited
1 0 1 Setting prohibited fin =1 MHz Setting prohibited
Other than above Setting prohibited
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5.6.2 Example of setting X1 oscillation clock

After reset release, the high-speed on-chip oscillator clock is used as the CPU/peripheral hardware clock (fck). To
change the clock to the X1 oscillation clock, specify the oscillator settings by using the oscillation stabilization time select
register (OSTS), clock operation mode control register (CMC), and clock operation status control register (CSC) to start
oscillation, and then make sure that oscillation has stabilized by checking the oscillation stabilization time counter status
register (OSTC). After the oscillation stabilizes, select the X1 oscillation clock as fcik by using the system clock control
register (CKC).

[Register settings] Set the register according to steps <1> to <5> below.
<1> Set the OSCSEL bit of the CMC register to 1. If fx is higher than 10 MHz, set the AMPH bit to 1, to start the X1

oscillator.
7 6 5 4 3 2 1 0
EXCLK OSCSEL | EXCLKS | OSCSELS AMPHS1 | AMPHSO AMPH
ceme 0 1 0 0 0 0 0 0/1

<2> Using the OSTS register, select the oscillation stabilization time of the X1 oscillator after the STOP mode is exited.
Example: Specify as below to wait for oscillation to stabilize for at least 102.4 us when using a 10 MHz resonator.

OSTS

CsC

7 6 5 4 3 2 1 0
OSTS2 OSTS1 OSTSO
0 0 0 0 0 0 1 0
<3> Clear the MSTOP bit of the CSC register to 0 to start oscillation of the X1 oscillator.
7 6 5 4 3 2 1 0
MSTOP XTSTOP 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 are set to the following values to wait for at least 102.4 us for oscillation to stabilize

OSsTC

when using a 10 MHz resonator.

7 6 5 4 3 2 1 0
MOST8 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.

CKC

Caution

7 6 5 4 3 2 1 0
CLS CSS MCS MCMO
0 0 0 1 0 0 0 0

1 The EXCLKS, OSCSELS, AMPHS1, AMPHSO, and XTSTOP bits are reset only by a power-on reset;

they retain the previous values when a reset caused by another factor occurs.

2 Keep the operating voltage within the range that allows operation of the flash memory as set in
an option byte (000C2H) before and after changes to the main system clock (fwain) by using the
system clock control register (CKC).

Option Byte (000C2H) Value . Operating Operating Voltage
Flash Operation Mode
CMODE1 CMODEO Frequency Range Range
0 0 LV (low-voltage main) mode 1 MHz to 4 MHz 1.6Vto55V
1 0 LS (low-speed main) mode 1 MHz to 8 MHz 1.8Vto55V
) ) 1 MHz to 16 MHz 24Vto55V
1 1 HS (high-speed main) mode
1 MHz to 32 MHz 27Vt055V
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5.6.3 Example of setting XT1 oscillation clock

After reset release, the high-speed on-chip oscillator clock is used as the CPU/peripheral hardware clock (fck). To
change the clock to the XT1 oscillation clock, specify the oscillator settings by using the subsystem clock supply mode
control register (OSMC), clock operation mode control register (CMC), and clock operation status control register (CSC)
to start oscillation, and then select the XT1 oscillation clock as fcik by using the system clock control register (CKC).

[Register settings] Set the register according to steps <1> to <5> below.

<1> Set the RTCLPC bit to 1 to run only the real-time clock 2, 12-bit interval timer, and LCD controller/driver on the
subsystem clock (for ultra-low current consumption) in the STOP mode or HALT mode during CPU operation on

the subsystem clock.

7 6 5 4 3 2 1 0
RTCLPC WUTMMCKO
osMmC
0/1 0 0 0 0 0 0 0

<2> Set the OSCSELS bit of the CMC register to 1 to operate the XT1 oscillator.

7 6 5 4 3 2 1 0
oM EXCLK OSCSEL EXCLKS OSCSELS AMPHS1 AMPHSO AMPH
0 0 0 1 0 0/1 0/1 0

AMPHSO0 and AMPHS1 bits: Use these bits to specify the oscillation mode of the XT1 oscillator.

<3> Clear the XTSTOP bit of the CSC register to 0 to start oscillation of the XT1 oscillator.

7 6 5 4 3 2 1 0
MSTOP XTSTOP HIOSTOP
CsC
1 0 0 0 0 0 0 0

<4> Use features such as the timer to wait for oscillation of the subsystem clock to stabilize by using software.

<5> Use the CSS bit of the CKC register to specify the XT1 oscillation clock as the CPU/peripheral hardware clock.

7 6 5 4 3 2 1 0
CLS Css MCS MCMO
CKC
0 1 0 0 0 0 0 0

Caution The EXCLKS, OSCSELS, AMPHS1, AMPHSO, and XTSTOP bits are reset only by a power-on reset;
they retain the previous values when a reset caused by another factor occurs.
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5.6.4 CPU clock status transition diagram

Figure 5-16 shows the CPU clock status transition diagram of this product.

Figure 5-16. CPU Clock Status Transition

»

High-speed on-chip oscillator: Operating
X1 oscillation/EXCLK input: Selectable by CPU

High-speed on-chip oscillator:
Selectable by CPU

X1 oscillation/EXCLK input: it XTL o
Selectable by CPU Wi oscillation or
XT1 oscillation/EXCLKS input: EXCLKS input
Operating I

(D)
CPU: Operating

©

CPU: XT1
oscillation/EXCLKS
input - HALT

High-speed on-chip oscillator:
Oscillatable

X1 oscillation/EXCLK input:
Oscillatable

XT1 oscillation/EXCLKS input:

(B)
XT1 oscillation/EXCLKS input: Selectable by CPU with high-speed

High-speed on-chip

oscillator: Selectable by CPU
X1 oscillation/EXCLK input:
Operating

XT1 oscillation/EXCLKS input:
Selectable by CPU

Operating

High-speed on-chip oscillator: Woken up
X1 oscillation/EXCLK input: Stops (input port mode)
XT1 oscillation/EXCLKS input: Stops (input port mode)

Voo > Lower limit of the operating voltage range

High-speed on-chip oscillator: Operating
X1 oscillation/EXCLK input: Stops (input port mode)
XT1 oscillation/EXCLKS input: Stops (input port mode)

High-speed on-chip oscillator: Stops
X1 oscillation/EXCLK input: Stops
XT1 oscillation/EXCLKS input:
Oscillatable

CPU: Operating

on-chip oscillator,

on-chip oscillator
— STOP

High-speed on-chip oscillator: Operating
X1 oscillation/EXCLK input: Stops
XT1 oscillation/EXCLKS input: Oscillatable

CPU: High-speed
on-chip oscillator

— SNOOZE

(E)

CPU: High-speed
on-chip oscillator
— HALT

High-speed on-chip oscillator: Operating
X1 oscillation/EXCLK input: Oscillatable
XT1 oscillation/EXCLKS input: Oscillatable

©

CPU: Operating
with X1 oscillation or
EXCLK input

oscillation/EXCLK
input » STOP

High-speed on-chip oscillator: Stops
X1 oscillation/EXCLK input: Stops
XT1 oscillation/EXCLKS input:
Oscillatable

oscillation/EXCLK
input - HALT

High-speed on-chip

oscillator: Oscillatable

X1 oscillation/EXCLK input:
Operating

XT1 oscillation/EXCLKS input:
Oscillatable

(release from the reset state triggered by the LVD circuit or an external reset)
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Table 5-3 shows transition of the CPU clock and examples of setting the special function registers (SFRs).

Table 5-3. CPU Clock Transition and SFR Setting Examples (1/5)

(1) CPU operating on high-speed on-chip oscillator clock (B) after reset release (A)

Status Transition SFR Setting

(A) —> (B) SFR setting not required (SFRs are in the default status after reset release).

(2) CPU operating on high-speed system clock (C) after reset release (A)
(The CPU operates on the high-speed on-chip oscillator clock immediately after reset release (B).)

(SFR setting sequence) >
SFR Flag to Set CMC Register*? OSTS CSC |OSTC Register| CKC
Register | Register Register

Status Transition EXCLK |OSCSEL| AMPH MSTOP MCMO
(A) - (B) = (C) 0 1 0 Note 2 0 Must be 1

(X1 clock: 1 MHz < fx < 10 MHz) checked

(A) —> (B) - (C) 0 1 1 Note 2 0 Must be 1

(X1 clock: 10 MHz < fx <20 MHz) checked

(A) —» (B) = (C) 1 1 X Note 2 0 Not need to be 1
(external main clock) checked

Notes 1. The clock operation mode control register (CMC) can be written only once by an 8-bit memory
manipulation instruction after reset release.
2. Set the oscillation stabilization time as follows.
o Desired oscillation stabilization time indicated by the oscillation stabilization time counter status register
(OSTC) < Oscillation stabilization time set by the oscillation stabilization time select register (OSTS)

Caution Specify the clock after the supply voltage has reached the operable voltage of the clock to be
specified (see CHAPTER 32 ELECTRICAL SPECIFICATIONS (Ta = —40 to +85°C) and CHAPTER 33
ELECTRICAL SPECIFICATIONS (Ta = -40 to +105°C)).

(3) CPU operating on subsystem clock (D) after reset release (A)
(The CPU operates on the high-speed on-chip oscillator clock immediately after reset release (B).)

(SFR setting sequence) >

SFR Flag to Set CsC Waiting for CKC

CMC Register™'® i o )
Register | Oscillation | Register

Status Transition EXCLKS |OSCSELS|AMPHS1|AMPHS0| xTsTop | Stabiizaton | cgg
(A) = (B) —» (D) 0 1 0/1 0/1 0 Necessary 1
(XT1 clock)

(A) = (B) — (D) 1 1 X X 0 Necessary 1
(external subsystem clock)

Note The clock operation mode control register (CMC) can be written only once by an 8-bit memory manipulation
instruction after reset release.

Remarks 1. x: don't care
2. (A) to (J) in Table 5-3 correspond to (A) to (J) in Figure 5-16.
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Table 5-3. CPU Clock Transition and SFR Setting Examples (2/5)

(4) Changing CPU clock from high-speed on-chip oscillator clock (B) to high-speed system clock (C)

(SFR setting sequence)
SFR Flag to Set CMC Register™®? OSTS Csc OSTC Register CKC
Register | Register Register
Status Transition EXCLK | OSCSEL| AMPH MSTOP MCMO
(B) > (C) 0 1 0 Note 2 0 Must be checked 1
(X1 clock: 1 MHz < fx < 10 MHz)
(B) > (C) 0 1 1 Note 2 0 Must be checked 1
(X1 clock: 10 MHz < fx < 20 MHZ)
(B) = (C) 1 1 X Note 2 0 Not need to be 1
(external main clock) checked
Setting unnecessary if these Setting unnecessary if the CPU is
bits are already set operating on the high-speed system clock

Notes 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.
2. Set the oscillation stabilization time as follows.
o Desired oscillation stabilization time indicated by the oscillation stabilization time counter status register
(OSTC) < Oscillation stabilization time set by the oscillation stabilization time select register (OSTS)

Caution Specify the clock after the supply voltage has reached the operable voltage of the clock to be
specified (see CHAPTER 32 ELECTRICAL SPECIFICATIONS (Ta = -40 to +85°C) and CHAPTER 33
ELECTRICAL SPECIFICATIONS (Ta =—40 to +105°C)).

(5) CPU clock changing from high-speed on-chip oscillator clock (B) to subsystem clock (D)

(Setting sequence of SFR registers) >
Setting Flag of SFR Register CMC Register*® Ccsc Waiting for CKC
Register Oscillation Register
Status Transition EXCLKS | OSCSELS AMPHS1,0 xTsTop | Stabilization | cgg
(B) — (D) 0 1 00: Low power 0 Necessary 1
(XT1 clock) consumption oscillation

01: Normal oscillation

10: Ultra-low power
consumption oscillation

(B) - (D) 1 1 X 0 Necessary 1

(external sub clock)

~
Unnecessary if the CPU
is operating with the
subsystem clock

Unnecessary if these registers
are already set

Note The clock operation mode control register (CMC) can be written only once by an 8-bit memory manipulation
instruction after reset release. This setting is not necessary if it has already been set.

Remarks 1. x: don't care
2. (A) to (J) in Table 5-3 correspond to (A) to (J) in Figure 5-16.
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Table 5-3. CPU Clock Transition and SFR Setting Examples (3/5)

(6) Changing CPU clock from high-speed system clock (C) to high-speed on-chip oscillator clock (B)

(SFR setting sequence) >
SFR Flag to Set CSC Register Oscillation Accuracy CKC Register
Status Transition HIOSTOP Stabilization Time MCMO
(C) - (B) 0 Note 0
Setting unnecessary if the CPU is operating on
the high-speed on-chip oscillator clock
Note When FRQSEL4 =0: 18 to 65 us
<R> When FRQSEL4 =1: 18 to 135 us
(7) Changing CPU clock from high-speed system clock (C) to subsystem clock (D)
(SFR setting sequence) >
SFR Flag to Set CSC Register Waiting for Oscillation CKC Register
XTSTOP Stabilization csS
Status Transition
(C) -» (D) 0 Necessary 1
Setting unnecessary if the CPU is operating on the
subsystem clock
(8) Changing CPU clock from subsystem clock (D) to high-speed on-chip oscillator clock (B)
(Setting sequence of SFRs)
Setting Flag of SFR CSC Register Oscillation CKC Register
HIOSTOP Accuracy CSss MCMO
Stabilization
Status Transition Time
(D) — (B) 0 Note 0 0
Setting unnecessary if the CPU is Setting
operating on the high-speed on-chip unnecessary if
oscillator clock this bit is already
set
Note When FRQSEL4 =0: 18 to 65 us
<R> When FRQSEL4 =1: 18 to 135 us

Remarks 1. (A)to (J) in Table 5-3 correspond to (A) to (J) in Figure 5-16.
2. The oscillation accuracy stabilization time changes according to the temperature conditions and the

STOP mode period.
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Table 5-3. CPU Clock Transition and SFR Setting Examples (4/5)

(9) CPU clock changing from subsystem clock (D) to high-speed system clock (C)

(Setting sequence of SFR registers)

»
»

Setting Flag of SFR Register OSTS CSC Register OSTC Register CKC Register
Register MSTOP css

Status Transition

(D) = (C) (X1 clock: 1 MHz < fx £ 10 Note 0 Must be checked 0

MHz)

(D) — (C) (X1 clock: 10 MHz < fx < 20 Note 0 Must be checked 0

MHZz)

(D) — (C) (external main clock) Note 0 Must not be checked 0

Unnecessary if the CPU is operating with the high-speed system clock

Note Set the oscillation stabilization time as follows.

e Desired oscillation stabilization time indicated by the oscillation stabilization time counter status register
(OSTC) < Oscillation stabilization time set by the oscillation stabilization time select register (OSTS)

Caution Specify the clock after the supply voltage has reached the operable voltage of the clock to be
specified (see CHAPTER 32 ELECTRICAL SPECIFICATIONS (Ta = —40 to +85°C) and CHAPTER 33

ELECTRICAL SPECIFICATIONS (Ta =-40 to +105°C)).

(10) ¢ HALT mode (E) entered while CPU is operating on high-speed on-chip oscillator clock (B)

e HALT mode (F) entered while CPU is operating on high-speed system clock (C)
e HALT mode (G) entered while CPU is operating on subsystem clock (D)

Status Transition

Setting

(B) - (E)
©—-F)
(D) - (G)

Execute HALT instruction

Remark (A) to (J) in Table 5-3 correspond to (A) to (J) in Figure 5-16.
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Table 5-3. CPU Clock Transition and SFR Setting Examples (5/5)

(11) e STOP mode (H) entered while CPU is operating on high-speed on-chip oscillator clock (B)
e STOP mode () entered while CPU is operating on high-speed system clock (C)

v

(Setting sequence)

Status Transition Setting

(B) > (H) Stopping peripheral - Execute the STOP
functions that are instruction.
disabled in STOP mode

(OE=X0) X1 oscillation Set up the OSTS
clock register.

External main -
system clock

(12) Changing CPU operating mode from STOP mode (H) to SNOOZE mode (J)

For details about the setting for switching from the STOP mode to the SNOOZE mode, see 12.8 SNOOZE Mode

Function, 14.5.7 SNOOZE mode function, and 14.6.3 SNOOZE mode function.

Remark (A) to (J) in Table 5-3 correspond to (A) to (J) in Figure 5-16.
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5.6.5 Conditions before changing the CPU clock and processing after changing CPU clock
The conditions before changing the CPU clock and processing after changing the CPU clock are shown below.

Table 5-4. Changing CPU Clock (1/2)

CPU Clock

Before Change

After Change

Conditions Before Change

Processing After Change

High-speed on-
chip oscillator
clock

X1 clock

X1 oscillation is stable

¢ OSCSEL =1, EXCLK =0, MSTOP =0

» The oscillation stabilization time has
elapsed

External main
system clock

Inputting the external clock from the EXCLK
pin is enabled
¢ OSCSEL =1, EXCLK =1, MSTOP =0

XT1 clock XT1 oscillation is stable
e OSCSELS =1, EXCLKS =0, XTSTOP =0
External Inputting the external clock from the

subsystem clock

EXCLKS pin is enabled
¢ OSCSELS =1, EXCLKS =1, XTSTOP =0

The operating current can be reduced by
stopping the high-speed on-chip oscillator
(HIOSTOP = 1) after checking that the CPU
clock is changed.

X1 clock

High-speed on-
chip oscillator
clock

Enabling oscillation of high-speed on-chip

oscillator

¢ HIOSTOP =0

» The oscillation accuracy stabilization time
has elapsed

X1 oscillation can be stopped (MSTOP = 1)
after checking that the CPU clock is
changed.

External main
system clock

Transition impossible

XT1 clock XT1 oscillation is stable X1 oscillation can be stopped (MSTOP = 1)
e OSCSELS =1, EXCLKS = 0, XTSTOP = 0 | after checking that the CPU clock is
« The oscillation stabilization time has changed.
elapsed
External Inputting the external clock from the X1 oscillation can be stopped (MSTOP = 1)

subsystem clock

EXCLKS pin is enabled
¢ OSCSELS =1, EXCLKS =1, XTSTOP =0

after checking that the CPU clock is
changed.

External main
system clock

High-speed on-
chip oscillator
clock

Enabling oscillation of high-speed on-chip

oscillator

¢ HIOSTOP =0

» The oscillation accuracy stabilization time
has elapsed

Inputting the external main system clock
can be disabled (MSTOP = 1).

X1 clock

Transition impossible

XT1 clock

XT1 oscillation is stable

¢ OSCSELS =1, EXCLKS =0, XTSTOP =0

» The oscillation stabilization time has
elapsed

Inputting the external main system clock
can be disabled (MSTOP = 1).

External
subsystem clock

Inputting the external clock from the
EXCLKS pin is enabled
e OSCSELS =1, EXCLKS =1, XTSTOP =0

Inputting the external main system clock
can be disabled (MSTOP = 1).
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Table 5-4. Changing CPU Clock (2/2)

CPU Clock

Before Change

After Change

Condition Before Change

Processing After Change

subsystem clock

chip oscillator
clock

oscillating and the high-speed on-chip
oscillator clock is selected as the main
system clock

¢ HIOSTOP =0, MCS =0

X1 clock

X1 oscillation is stable and the high-speed

system clock is selected as the main system

clock

¢ OSCSEL =1, EXCLK =0, MSTOP =0

» The oscillation stabilization time has
elapsed

e MCS=1

External main
system clock

Inputting the external clock from the EXCLK
pin is enabled and the high-speed system
clock is selected as the main system clock
¢ OSCSEL =1, EXCLK =1, MSTOP =0
eMCS=1

XT1 clock High-speed on- The high-speed on-chip oscillator is XT1 oscillation can be stopped (XTSTOP =
chip oscillator oscillating and the high-speed on-chip 1)
clock oscillator clock is selected as the main
system clock
¢ HIOSTOP =0, MCS =0
X1 clock X1 oscillation is stable and the high-speed
system clock is selected as the main system
clock
¢ OSCSEL =1, EXCLK =0, MSTOP =0
» The oscillation stabilization time has
elapsed
e MCS=1
External main Inputting the external clock from the EXCLK
system clock pin is enabled and the high-speed system
clock is selected as the main system clock
¢ OSCSEL =1, EXCLK =1, MSTOP =0
eMCS=1
External Transition impossible -
subsystem clock
External High-speed on- The high-speed on-chip oscillator is Inputting external subsystem clock can be

disabled (XTSTOP = 1).

XT1 clock

Transition impossible
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5.6.6 Time required for switching CPU clock and system clock

By setting bits 4 and 6 (MCMO, CSS) of the system clock control register (CKC), the CPU clock can be switched
between the main system clock and the subsystem clock, and main system clock can be switched between the high-
speed on-chip oscillator clock and the high-speed system clock.

The clock is not switched immediately after rewriting the CKC register; operation continues on the clock before the
change for several clock cycles (see Tables 5-5 to 5-7).

Whether the CPU is operating on the main system clock or the subsystem clock can be checked by using bit 7 (CLS) of
the CKC register. Whether the main system clock is operating on the high-speed system clock or high-speed on-chip
oscillator clock can be checked by using bit 5 (MCS) of the CKC register.

When the CPU clock is switched, the peripheral hardware clock is also switched.

Table 5-5. Maximum Time Required for System Clock Switchover

Clock A Switching Directions Clock B Remark
fin <+—> fmx See Table 5-6.
fmain <+—> fsus See Table 5-7.

Table 5-6. Maximum Number of Clock Cycles Required for Switching Between fin and fmx

Value Before Switchover Value After Switchover
MCMO MCMO
0 1
(fmain = fin) (fmain = fmx)

0 fmx > fin 2 clock cycles
(fwain = fin) fux < fin 2 finlfux clock cycles

1 fmx > fin 2 fux/fin clock cycles
(fuain = fux) fux < fin 2 clock cycles

Table 5-7. Maximum Number of Clocks Required for Switching Between fmain and fsus

Value After Switchover
CSSs
0 1

(fewk = fsus)

Value Before Switchover

CsS

(fek = fmain)

0 1 + 2 fman/fsus clock cycles

(feuk = fmain)

1 3 clock cycles

(feuk = fsus)

Remarks 1. The number of clock cycles in Table 5-6 and Table 5-7 is the number of CPU clock cycles before
switchover.

2. Calculate the number of clock cycles in Table 5-6 and Table 5-7, rounding off the decimal values.

Example When switching the main system clock from the high-speed system clock to the high-speed on-
chip oscillator clock (when fih = 8 MHz, fux = 10 MHz)
2 fwx/fin cycles = 2 (10/8) = 2.5 — 3 clock cycles
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5.6.7 Conditions before stopping clock oscillation
<R>  The following lists the register flag settings for stopping the clock oscillation (disabling external clock input) and
conditions before the clock oscillation is stopped. Before stopping the clock oscillation, check the conditions before the

clock oscillation is stopped.

Table 5-8. Conditions Before Stopping the Clock Oscillation and Flag Settings

Clock Conditions Before Stopping Clock Oscillation SFR Flag Settings
(Disabling External Clock Input)
High-speed on-chip MCS=10orCLS=1 HIOSTOP =1
oscillator clock (The CPU is operating on a clock other than the high-speed on-chip

oscillator clock.)

X1 oscillator clock MCS=0orCLS=1 MSTOP =1
(The CPU is operating on a clock other than the high-speed system clock.)

External main system clock

XT1 oscillator clock CLS=0 XTSTOP =1
(The CPU is operating on a clock other than the subsystem clock.)

External subsystem clock
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5.7 Resonator and Oscillator Constants

<R> For the resonators for which the operation has been verified and their oscillation constants (for reference), see the

page for the corresponding product at the Renesas Web site (http://www.renesas.com).

Cautions 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.

2. The oscillation voltage and oscillation frequency only indicate the oscillator characteristic. Use the
RL78 microcontroller so that the internal operation conditions are within the specifications of the
DC and AC characteristics.

Figure 5-17. External Oscillation Circuit Example

(atXl oscillation (b) XT1 oscillation

Vss XT2 XT1
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CHAPTER 6 TIMER ARRAY UNIT

Cautions 1. The presence or absence of timer I/O pins depends on the product. See Table 6-2 Timer I/O Pins
provided in Each Product for details.

2. Most of the following descriptions in this chapter use the 80-pin as an example.

The timer array unit has eight 16-bit timers.

Each 16-bit timer is called a channel and can be used as an independent timer. In addition, two or more “channels” can

be used to create a high-accuracy timer.

TIMER ARRAY UNIT

-

channel 0

\ 16-bit timers

/

channel 1

channel 2

channel 6

channel 7

-

J

For details about each function, see the table below.

Independent channel operation function

Simultaneous channel operation function

o Interval timer (— see 6.8.1)
e Square wave output (— see 6.8.1)
o External event counter (— see 6.8.2)

(— see 6.8.4)
e Delay counter (— see 6.8.5)

¢ Input pulse interval measurement (— see 6.8.3)
o Measurement of high-/low-level width of input signal

One-shot pulse output (— see 6.9.1)

PWM output (— see 6.9.2)

Multiple PWM output (— see 6.9.3)

Remote control output function (— see 6.9.4)

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:

o Interval timer (higher or lower 8-bit timer)/square wave output (lower 8-bit timer only)

e External event counter (lower 8-bit timer only)

¢ Delay counter (lower 8-bit timer only)

Channel 7 can be used to realize LIN-bus communication operating in combination with UARTO of the serial array unit.
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6.1 Functions of Timer Array Unit
The timer array unit has the following functions.
6.1.1 Independent channel operation function
By operating a channel independently, it can be used for the following purposes without being affected by the operation

mode of other channels.

(1) Interval timer
Each timer of a unit can be used as a reference timer that generates an interrupt (INTTMmn) at fixed intervals.

Operation clock— Compare Opera“OD_ Interrupt signal |-| |-|

Channel n (INTTMmn)

(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 Timer output _|—|_|—|_
C (TOmn)

hannel n

(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.

 — T|mer|nputC Interrupt signal
. Y (TImn) = P (INTTMmn) _”_”_

p—

Edge detection Channel n

(4) 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.

— TimerinputC ' M m
C

e Timn '
( ) hannel n m xxH]

Edge detection
Start Capture

(Remark is listed on the next page.)
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(5) 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.

——— Timer |nput |Capture operationl _T L
Channel n [00H] [xxH]

— — (TImn)
Start Capture

Edge detection

(6) 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 g, Compare operation Interrupt signal |-|
— (TImn) (INTTMmn) -
Edge detection Channel n

Start
Remark m: Unit number (m = 0), n: Channel number (n =0to 7)

6.1.2 Simultaneous channel operation function
By using the combination of a master channel (a reference timer mainly controlling the cycle) and slave channels
(timers operating according to the master channel), channels can be used for the following purposes.

(1) One-shot pulse output
Two channels are used as a set to generate a one-shot pulse with a specified output timing and a specified pulse
width.

—— Timerinput ( m Interrupt signal (INTTMmn)

— Y- (TImn)

Edge detection Channel n (master)

Output Pulse width

- timing
( |Compare operat|on| )

Timer output i | !

k Channel p (slave) (TOmp) 1 Set Reset
!(Master) (Slave)

Start

(Master)

(2) PWM (Pulse Width Modulation) output
Two channels are used as a set to generate a pulse with a specified period and a specified duty factor.

|
Operation clock —» P P Interrupt signal (INTTMmn)

Channel n (master)

( |Compare operatlonl © Timer output

KChanneI p (slave) (TOmp) ! Duty !
Period

(Caution and Remark are listed on the next page.)
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(3) Multiple PWM (Pulse Width Modulation) output
By extending the PWM function and using one master channel and two or more slave channels, up to seven types
of PWM signals that have a specific period and a specified duty factor can be generated.

Operation clock ( Compare operation Interrupt signal (INTTMmn)

Channel n (master)

Channel p (slave) (TOmp) :Duty :
° " Period

Compare operation '
‘ Timer output e

—— '

Channel g (slave) (TOmq) . Duty ,
Period

LT
Timer output

(4) Remote control output function
The pairings of channels 2 and 3 and channels 4 and 5 are used to output the PWM signal. The PWM signal
output from channel 3 is used as a mask waves, the PWM signal output from channel 5 is used as a carrier waves,
and the logical products of these signals are output as remote control output.

i Interrupt signal
Operation clock — Compare operation ptsig

(INTTMO2)
Channel 2 (master)

Compare operation

Channel 3 (slave)

PWM output (TO03)
(Mask waves)

Latch © REMOOUT
. Interrupt signal Hﬂﬂﬂﬂﬂ”ﬂ—ﬂﬂL
Operation clock — (INTTMO4) Remote control output

Channel 4 (master)

oyl 11111011

Channel 5 (slave) PWM output (TO05)
(Carrier waves)

Caution For details about the rules of simultaneous channel operation function, see 6.4.1 Basic rules of
simultaneous channel operation function.

Remark m: Unit number (m = 0), n: Channel number (n =0 to 7),
p, q: Slave channel number (n<p<q<7)

6.1.3 8-bit timer operation function (channels 1 and 3 only)
The 8-bit timer operation function makes it possible to use a 16-bit timer channel in a configuration consisting of two 8-
bit timer channels. This function can only be used for channels 1 and 3.

Caution There are several rules for using 8-bit timer operation function.
For details, see 6.4.2 Basic rules of 8-bit timer operation function (channels 1 and 3 only).

ROLUHO0382EJ0210 Rev.2.10 RENESAS 190
Aug 12, 2016 "



RL78/L13 CHAPTER 6 TIMER ARRAY UNIT

6.1.4 LIN-bus supporting function (channel 7 only)
Timer array unit is used to check whether signals received in LIN-bus communication match the LIN-bus

communication format.

@)

@)

®)

Detection of wakeup signal

The timer starts counting at the falling edge of a signal input to the serial data input pin (RxD0) of UARTO and the
count value of the timer is captured at the rising edge. In this way, a low-level width can be measured. If the low-
level width is greater than a specific value, it is recognized as a wakeup signal.

Detection of break field

The timer starts counting at the falling edge of a signal input to the serial data input pin (RxD0) of UARTO after a
wakeup signal is detected, and the count value of the timer is captured at the rising edge. In this way, a low-level
width is measured. If the low-level width is greater than a specific value, it is recognized as a break field.

Measurement of pulse width of sync field

After a break field is detected, the low-level width and high-level width of the signal input to the serial data input pin
(RxDO0) of UARTO are measured. From the bit interval of the sync field measured in this way, a baud rate is
calculated.

Remark For details about setting up the operations used to implement the LIN-bus, see 6.3.14 Input switch control

register (ISC) and 6.8.4 Operation as input signal high-/low-level width measurement.
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6.2 Configuration of Timer Array Unit

The timer array unit includes the following hardware.

Table 6-1. Configuration of Timer Array Unit

Item

Timer/counter

Timer count register mn (TCRmn)

Register

Timer data register mn (TDRmn)

Timer input

TI00 to TI07"***, RxDO pin (for LIN-bus)

Timer output

TOO00 to TOO7"****, output controller

Control registers

<Registers of unit setting block>

e Timer output register m (TOm)

» Peripheral enable register 0 (PERO)

o Timer clock select register m (TPSm)

o Timer channel enable status register m (TEm)
o Timer channel start register m (TSm)

o Timer channel stop register m (TTm)

e Timer input select register 0 (TISO)

* Timer output select register (TOS)

e Timer output enable register m (TOEm)

e Timer output level register m (TOLm)
o Timer output mode register m (TOMm)

<Registers of each channel>

e Port mode register (PMxx)
« Port register (Pxx)"*'*¢?

o Timer mode register mn (TMRmn)
o Timer status register mn (TSRmn)
e Input switch control register (ISC)
» Noise filter enable register 1 (NFEN1)

e Port mode control register (PMCxx)
Note 2

Notes 1. The presence or absence of timer I/O pins of channel 0 to 7 depends on the product. See Table 6-2 Timer

1/0 Pins provided in Each Product for details.

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 6.3.16 Registers controlling port functions of pins to be

Remark m: Unit number (m = 0), n: Channel number (n=0to 7)

used for timer 1/0.
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The port pins alternatively used as timer 1/O pins in each timer array unit channel depend on the product.

Table 6-2. Timer I/O Pins Provided in Each Product

Timer Array Unit Channels 80-pin 64-pin
Channel 0 P52/T100/TO00
(P40)
Channel 1 P32/T101/TO01
(P60)
Channel 2 P54/T102/TO02
(P61)
Channel 3 P30/TI03/TO03/REMOOUT
(P127)
Channel 4 P14/T104/TO04
(P126)
Channel 5 P42/T105/TO05
(PO1)
Channel 6 P56/T106/TO06 P125/T106/TO06
(P125)
Channel 7 P15/T107/TO07 P15/TI07/TO07
(P41)

Remarks 1. Because timer input and timer output are shared by the same pin, either only timer input or only timer output
can be used.
2. Pins in the parentheses indicate an alternate port when the bit O of the peripheral I/O redirection register
(PIOR) is set to “1”.

Figures 6-1 to 6-6 show block diagrams of the timer array unit.
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Peripheral enable

Figure 6-1. Entire Configuration of Timer Array Unit

Timer clock select register 0 (TPS0)

PRS031|PRS030|PRS021|PRS020PRS013{PRS012PRS011| PRS010{PRS003|PRS002|PRS001|{PRS00(
W W W W W 1.1 W W 1.1 W
2 2 4 4
fok > Prescaler
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fCLK/212,f<:LK/21l“,

[

fork/20 - fok/215

[

register 0 [ TAUOEN

Selector | | Selector

(PERO)

Selector

CKO03 CK02

CKO1

<L

/

Selector

CK00

—© TOO00
— INTTMOO

(Timer interrupt)
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Timer input select
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Figure 6-2. Internal Block Diagram of Channels 0, 2, 4, 6 of Timer Array Unit
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Figure 6-4. Internal Block Diagram of Channels 3 of Timer Array Unit
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Figure 6-6. Internal Block Diagram of Channels 7 of Timer Array Unit
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6.2.1 Timer count register mn (TCRmn)
The TCRmn register is a 16-bit read-only register and is used to count clocks.
The value of this counter is incremented or decremented in synchronization with the rising edge of a count clock.
Whether the counter is incremented or decremented depends on the operation mode that is selected by the MDmn3 to
MDmnO bits of timer mode register mn (TMRmn) (see 6.3.3 Timer mode register mn (TMRmn)).

Figure 6-7. Format of Timer Count Register mn (TCRmn)
Address: FO180H, FO181H (TCRO0O0) to FO18EH, FO18FH (TCRO7)  After reset: FFFFH R

F0181H (TCROQO0) FO180H (TCROO0)

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

reeen | [ | [ L P T

Remark m: Unit number (m = 0), n: Channel nhumber (n =0 to 7)

The count value can be read by reading timer count register mn (TCRmn).
The count value is set to FFFFH in the following cases.
e When the reset signal is generated
o When the TAUmMEN bit of peripheral enable register 0 (PERO) is cleared
e When counting of the slave channel has been completed in the PWM output mode
e When counting of the slave channel has been completed in the delay count mode
e When counting of the master/slave channel has been completed in the one-shot pulse output mode
e When counting of the slave channel has been completed in the multiple PWM output mode
The count value is cleared to 0000H in the following cases.
e When the start trigger is input in the capture mode
e When capturing has been completed in the capture mode

Caution The count value is not captured to timer data register mn (TDRmn) even when the TCRmn
register is read.

The TCRmn register read value differs as follows according to operation mode changes and the operating status.

Table 6-3. Timer Count Register mn (TCRmn) Read Value in Various Operation Modes

Operation Mode Count Mode Timer count register mn (TCRmn) Read Value™**®
Value if the Value if the Operation | Value if the operation Value when waiting
operation mode was restarted after mode was changed for a start trigger
was changed after count operation after count operation after one count
releasing reset paused (TTmn = 1) paused (TTmn = 1)

Interval timer Count down FFFFH Value if stop Undefined -

mode

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 7)
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6.2.2 Timer data register mn (TDRmn)

This is a 16-bit register from which a capture function and a compare function can be selected.

The capture or compare function can be switched by selecting an operation mode by using the MDmMn3 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 01 and 03 (TMRm1, TMRm3) are 1), it is possible to read and write data in 8-bit units, with the higher 8 bits used
as TDRm1H and TDRm3H, and the lower 8 bits used as TDRm1L and TDRm3L.

Reset signal generation clears this register to 0000H.

Figure 6-8. Format of Timer Data Register mn (TDRmn) (n =0, 2, 4to 7)
Address: FFF18H, FFF19H (TDRO0O0), FFF64H, FFF65H (TDR02),  After reset: 0000H R/W

FFF68H, FFF69H (TDR04) to FFF6EH, FFF6FH (TDRO07)
FFF19H (TDRO0O) FFF18H (TDROO)

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

.S N N N O A I N R

Figure 6-9. Format of Timer Data Register mn (TDRmn) (n = 1, 3)

Address: FFF1AH, FFF1BH (TDRO1), FFF66H, FFF67H (TDRO3)  After reset: 0000H R/W

FFF1BH (TDRO1H) FFF1AH (TDROL1L)

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

.S N N N N A D R R

(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.

(i) When timer data register mn (TDRmn) is used as capture register
The count value of timer count register mn (TCRmn) is captured to the TDRmn register when the capture
trigger is input.
A valid edge of the TImn pin can be selected as the capture trigger. This selection is made by timer mode
register mn (TMRmn).

Remark m: Unit number (m = 0), n: Channel number (n =0 to 7)
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6.3 Registers Controlling Timer Array Unit

The timer array unit is controlled by the following registers.

 Peripheral enable register 0 (PERO)

o Timer clock select register m (TPSm)

¢ Timer mode register mn (TMRmn)

e Timer status register mn (TSRmn)

e Timer channel enable status register m (TEm)
¢ Timer channel start register m (TSm)

e Timer channel stop register m (TTm)

e Timer input select register 0 (TIS0)

¢ Timer output select register (TOS)

e Timer output enable register m (TOEm)
o Timer output register m (TOm)

e Timer output level register m (TOLm)

e Timer output mode register m (TOMm)
¢ Input switch control register (ISC)

¢ Noise filter enable register 1 (NFEN1)
e Port mode control register (PMCxx)

e Port mode register (PMxx)

e Port register (Pxx)

Caution Which registers and bits are included depends on the product. Be sure to set bits that are not
mounted to their initial values.

Remark m: Unit number (m = 0), n: Channel number (n =0to 7)
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6.3.1 Peripheral enable register 0 (PERO)

This 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 is used, be sure to set bit 0 (TAUOEN) of this register to 1.

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

Reset signal generation clears this register to 00H.

Figure 6-10. Format of Peripheral Enable Register 0 (PERO)

Address: FOOFOH  After reset: 00H R/W

Symbol <7> 6 <5> <4> <3> <2> 1 <0>
PERO RTCWEN 0 ADCEN IICACEN SAU1EN SAUOEN 0 TAUOEN
TAUOEN Control of timer array unit input clock
0 Stops supply of input clock.

e SFR used by the timer array unit cannot be written.
e The timer array unit is in the reset status.

1 Supplies input clock.
e SFR used by the timer array unit can be read/written.

Cautions 1. When setting the timer array unit, be sure to set the following registers first while the TAUOEN bit
is set to 1. If TAUOEN = 0, the values of the registers which control the timer array unit are
cleared to their initial values and writing to them is ignored (except for timer input select register
0 (TIS0), input switch control register (ISC), noise filter enable register 1, 2 (NFEN1, NFEN2), port
mode control register 4 (PMC4), port mode register 0, 1, 3, 4, 5, 12 (PMO, PM1, PM3, PM4, PMS5,
PM12), port register 0, 1, 3, 4, 5, 12 (PO, P1, P3, P4, P5, P12)).

e Timer clock select register m (TPSm)

e Timer mode register mn (TMRmn)

e Timer status register mn (TSRmn)

e Timer channel enable status register m (TEm)

e Timer channel start register m (TSm)

e Timer channel stop register m (TTm)

e Timer output enable register m (TOEm)

e Timer output register m (TOm)

e Timer output level register m (TOLm)

e Timer output mode register m (TOMm)
2. Besureto clear bits 1 and 6 to “0".
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6.3.2 Timer clock select register m (TPSm)

The TPSm register is a 16-bit register that is used to select two types or four types of operation clocks (CKmO, CKm1,
CKm2, CKm3) that are commonly supplied to each channel. CKmO is selected by using bits 3 to 0 of the TPSm register,
and 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 CKm3 is selected by using bits 13
and 12 of the TPSm register.

Rewriting of the TPSm register during timer operation is possible only in the following cases.

If the PRSmO00 to PRSmO3 bits can be rewritten (n = 0 to 7):

All channels for which CKmO is selected as the operation clock (CKSmn1, CKSmnO = 0, 0) are stopped (TEmn = 0).
If the PRSm10 to PRSm13 bits can be rewritten (n = 0 to 7):

All channels for which CKm1 is selected as the operation clock (CKSmn1, CKSmnO0 =0, 1) are stopped (TEmn = 0).
If the PRSm20 and PRSm21 bits can be rewritten (n = 1, 3):

All channels for which CKm2 is selected as the operation clock (CKSmn1, 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.
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Figure 6-11. Format of Timer Clock Select Register m (TPSm) (1/2)

Address: FO1B6H, FO1B7H  After reset: 0000H R/W
Symbol 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
TPSm 0 0 |PRS|PRS| O 0 |PRS|PRS|PRS|PRS|PRS|PRS|PRS |PRS |PRS | PRS
m31 | m30 m21 | m20 | m13 | m12 | m11 | m10 | m0O3 | m02 | mO1 | mOO
PRS | PRS | PRS | PRS Selection of operation clock (CKmk)“**® (k = 0, 1)
mk3 | mk2 | mkl | mkO foc= 2 MHz | foik= 5 MHz |feik= 10 MHz | fowk = 20 MHz |fek = 24 MHz

0 0 0 0 |fox 2 MHz 5 MHz 10 MHz 20 MHz 24 MHz

0 0 0 1 | fow2 1 MHz 2.5 MHz 5 MHz 10 MHz 12 MHz

0 0 1 0 | fokr2? 500 kHz 1.25 MHz 2.5 MHz 5 MHz 6 MHz

0 0 1 1| fows2® 250 kHz 625 kHz 1.25 MHz 2.5 MHz 3 MHz

0 1 0 0 | fowr2? 125 kHz 313 kHz 625 kHz 1.25 MHz 1.50 MHz

0 1 0 1| fows2® 62.5 kHz 156 kHz 313 kHz 625 kHz 750 kHz

0 1 1 0 | fow/2® 31.3 kHz 78.1 kHz 156 kHz 313 kHz 375 kHz

0 1 1 1| fows2’ 15.6 kHz 39.1 kHz 78.1 kHz 156 kHz 188 kHz

1 0 0 0 | fowr2® 7.81 kHz 19.5 kHz 39.1 kHz 78.1 kHz 93.8 kHz

1 0 0 1| fows2® 3.91 kHz 9.76 kHz 19.5 kHz 39.1 kHz 46.9 kHz

1 0 1 0 | fow2® 1.95 kHz 4.88 kHz 9.76 kHz 19.5 kHz 23.4 kHz

1 0 1 1| fow/2™ 976 Hz 2.44 kHz 4.88 kHz 9.76 kHz 11.7 kHz

1 1 0 0 | fow2®? 488 Hz 1.22 kHz 2.44 kHz 4.88 kHz 5.86 kHz

1 1 0 1| fows2® 244 Hz 610 Hz 1.22 kHz 2.44 kHz 2.93 kHz

1 1 1 0 | fox/2™ 122 Hz 305 Hz 610 Hz 1.22 kHz 1.46 kHz

1 1 1 1| fows2® 61.0 Hz 153 Hz 305 Hz 610 Hz 732 Hz

Note When changing the clock selected for fcuk (by changing the system clock control register (CKC) value), stop
timer array unit (TTm = O0FFH).

Cautions 1.
2.

Remarks 1.
2.

Be sure to clear bits 15, 14, 11, and 10 to “0".
If fcuk (undivided) is selected as the operation clock (CKmk) and TDRnm is set to 0000H (n =0, m

=0to 7), interrupt requests output from timer array units cannot be used.

fck: CPU/peripheral hardware clock frequency
The above fcik/2" is not a signal which is simply divided fcik by 2', but a signal which becomes high level

for one period of fcik from its rising edge (r = 1 to 15). For details, see 6.5.1 Count clock (frcik).
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Figure 6-11. Format of Timer Clock Select Register m (TPSm) (2/2)

Address: FO1B6H, FO1B7H After reset: 0000H R/W

Symbol 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
TPSm 0 0 |PRS|PRS| O 0 |PRS|PRS|PRS|PRS|PRS|PRS|PRS|PRS |PRS | PRS
m31 | m30 m21 | m20 | m13 | m12 | m11 | m10 | m0O3 | m02 | mO1 | mOO
PRS | PRS Selection of operation clock (CKm2)"°*®
m21 | m20 fok= 2 MHz | fok=5 MHz |feix= 10 MHz | fowk = 20 MHz |fok = 24 MHz
0 0 |fox2 1 MHz 2.5 MHz 5 MHz 10 MHz 12 MHz
0 1| fows2? 500 kHz 1.25 MHz 2.5 MHz 5 MHz 6 MHz
1 0 | fow2® 125 kHz 313 kHz 625 MHz 1.25 MHz 1.5 MHz
1 1| fows2® 31.3 kHz 78.1 kHz 156 kHz 313 kHz 375 kHz
PRS | PRS Selection of operation clock (CKm3)"*
m31 | m30 fok= 2 MHz | fok=5 MHz |feix= 10 MHz | fowk = 20 MHz |fok = 24 MHz
0 0 | fow2® 7.81 kHz 19.5 kHz 39.1 kHz 78.1 kHz 93.8 kHz
0 1| fow/2® 1.95 kHz 4.88 kHz 9.76 kHz 19.5 kHz 23.4 kHz
1 0 | fo/2® 488 Hz 1.22 kHz 2.44 kHz 4.88 kHz 5.86 kHz
1 1 | o2 122 Hz 305 Hz 610 Hz 1.22 kHz 1.46 kHz

Note When changing the clock selected for fcik (by changing the system clock control register (CKC) value), stop

timer array unit (TTm = 00FFH).

The timer array unit must also be stopped if the operating clock (fuck) specified by using the CKSmnO0, and

CKSmn1 bits or the valid edge of the signal input from the TImn pin is selected as the count clock (frcik).

Caution

By using channels 1 and 3 in the 8-bit timer mode and specifying CKm2 or CKm3 as the operation clock, the interval

Be sure to clear bits 15, 14, 11, 10 to “0".

times shown in Table 6-4 can be achieved by using the interval timer function.

Table 6-4. Interval Times Available for Operation Clocks CKSm2 and CKSm3

Clock

Interval time™*'*® (feuk = 20 MHZz)

16 us

160 s

1.6 ms

16 ms

CKm2

fek/2

fok/2?

fowk/2*

fok/2®

< |2 <2 | <

CKm3

fouk/28

fowk/2°

< || 2| <

fowk/2™

fouk/2™

< |2 2=

Note The margin is within 5 %.

Remarks 1. fck: CPU/peripheral hardware clock frequency

2. For details of the waveform of fcix/2! selected with the TPSm register, see 6.5.1 Count clock (frcik).
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6.3.3 Timer mode register mn (TMRmn)

The TMRmn register sets an operation mode of channel n. This register is used to select the operation clock (fmck),
select the count clock, select the master/slave, select the 16 or 8-bit timer (only for channels 1 and 3), specify the start
trigger and capture trigger, select the valid edge of the timer input, and specify the operation mode (interval, capture, event
counter, one-count, or capture and one-count).

Rewriting the TMRmn register is prohibited when the register is in operation (when TEmn = 1). However, bits 7 and 6
(CISmn1, CISmn0) can be rewritten even while the register is operating with some functions (when TEmn = 1). (For details,
see 6.8 Independent Channel Operation Function of Timer Array Unit and 6.9 Simultaneous Channel Operation
Function of Timer Array Unit).

The TMRmn register can be set by a 16-bit memory manipulation instruction.

Reset signal generation clears this register to 0000H.

Caution The bits mounted depend on the channels in the bit 11 of TMRmn register.
TMRmM2, TMRm4, TMRm6: MASTERmn bit (n = 2, 4, 6)
TMRm1, TMRm3: SPLITmn bit (n =1, 3)
TMRmMO, TMRm5, TMRm7: Fixed to O
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Figure 6-12. Format of Timer Mode Register mn (TMRmn) (1/4)

Address: FO190H, FO191H (TMROO) to FO19EH, FO19FH (TMRO7)  After reset: 0000H R/W

Symbol 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
TMRmn CKS | CKS 0 CCS |MAST | STS | STS | STS | CIS | CIS 0 0 MD | MD | MD | MD
(n=2,4,6) mnl [ mnO mn | ERmn | mn2 | mnl | mn0 | mnl | mnO mn3 | mn2 | mnl | mnO
Symbol 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
TMRmn CKS | CKS 0 CCS | SPLT| STS | STS | STS | CIS | CIS 0 0 MD | MD | MD | MD
(n=1,3) mnl | mnO mn mn | mn2 | mnl | mnO | mnl | mnO mn3 | mn2 [ mnl | mnO
Symbol 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
TMRmn CKS | CKS 0 CCS | 0" | STS | STS | STS | CIS | CIS 0 0 MD | MD | MD | MD
(n=0,57) mnl | mnO mn mn2 | mnl | mnO | mnl | mnO mn3 | mn2 | mnl | mnO
CKS | CKS Selection of operation clock (fuck) of channel n
mnl | 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 (fuck) is used by the edge detector. A count clock (frcik) and a sampling clock are generated
according to the setting of the CCSmn bit.

The operation clocks CKm2 and CKm3 can only be selected for channels 1 and 3.

CCS Selection of count clock (frcwx) of channel n

0 Operation clock (fuck) specified by the CKSmn0 and CKSmn1 bits

1 Valid edge of input signal input from the TImn pin

In channel 1, valid edge of input signal selected by TISO

Count clock (frcw) is used for the counter, output controller, and interrupt controller.

Note Bit 11 is read-only and fixed to 0. Writing to this bit is ignored.

Cautions 1. Be sureto clear bits 13, 5, and 4to “0".

2. The timer array unit must be stopped (TTm = 00FFH) if the clock selected for fcik 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 (fuck) or the valid edge of the signal input from
the TImn pin is selected as the count clock (frcik).

Remark m: Unit number (m = 0), n: Channel number (n=0to 7)
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Figure 6-12. Format of Timer Mode Register mn (TMRmn) (2/4)

Address: FO190H, FO191H (TMROO) to FO19EH, FO19FH (TMRO7)  After reset: 0000H R/W

Symbol
TMRmn
(n=2,4,6)

Symbol
TMRmn
(n=1,3)

Symbol
TMRmn
(n=0,5,7)

(

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
CKS | CKS 0 CCS |MAST| STS | STS | STS | CIS | CIS 0 0 MD | MD | MD | MD
mnl | mnO mn [ERmn | mn2 | mnl | mn0 | mnl | mnO mn3 | mn2 [ mnl | mnO

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
CKS | CKS 0 CCS |SPLIT| STS | STS | STS | CIS | CIS 0 0 MD | MD | MD | MD
mnl | mnO mn mn | mn2 | mnl | mnO | mnl | mnO mn3 | mn2 | mnl | mnO

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
CKS | CKS 0 CCS |[0™* | STS | STS | STS | CIS | CIS 0 0 MD | MD | MD | MD
mnl | mnO mn mn2 | mnl | mnO | mnl | mnO mn3 | mn2 | mnl | mnO

Bit 11 of TMRmn (n = 2, 4, 6))
MAS Selection between using channel n independently or
TER simultaneously with another channel (as a slave or master)
mn
0 Operates in independent channel operation function or as slave channel in simultaneous channel operation

function.

1

Operates as master channel in simultaneous channel operation function.

Only the channel 2, 4, 6 can be set as a master channel (MASTERmn = 1).

Be sure to use channel 0, 5, 7 are fixed to O (Regardless of the bit setting, channel 0 operates as master, because it
is the highest channel).

Clear the MASTERmMN bit to 0 for a channel that is used with the independent channel operation function.

Bit 11 of TMRmn (n =1, 3))
SPLI Selection of 8 or 16-bit timer operation for channels 1 and 3
Tmn
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 | mnl | mnO
0 0 0 Only software trigger start is valid (other trigger sources are unselected).
0 0 1 Valid edge of the TImn pin input is used as both the start trigger and capture trigger.
0 1 0 Both the edges of the TImn pin input are used as a start trigger and a capture trigger.
1 0 0 Interrupt signal of the master channel is used (when the channel is used as a slave channel
with the simultaneous channel operation function).
Other than above | Setting prohibited

Note Bit 11 is read-only and fixed to 0. Writing to this bit is ignored.

Remark m: Unit number (m = 0), n: Channel number (n =0to 7)
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Address: FO190H, FO191H (TMROO) to FO19EH, FO19FH (TMRO7)

Symbol
TMRmn
(n=2,4,6)

Symbol
TMRmn
(n=1,3)

Symbol
TMRmn
(n=0,5,7)

Figure 6-12. Format of Timer Mode Register mn (TMRmn) (3/4)

After reset: 0000H R/W

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
CKS | CKS 0 CCS |MAST| STS | STS | STS | CIS | CIS 0 0 MD | MD | MD | MD
mnl | mnO mn [ERmn | mn2 | mnl | mn0 | mnl | mnO mn3 | mn2 [ mnl | mnO

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
CKS | CKS 0 CCS |SPLIT| STS | STS | STS | CIS | CIS 0 0 MD | MD | MD | MD
mnl | mnO mn mn mn2 | mnl | mn0 | mnl | mnO mn3 | mn2 [ mnl | mnO

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
CKS | CKS 0 CCS | 0" | STS | STS | STS | CIS | CIS 0 0 MD | MD | MD | MD
mnl | mnO mn mn2 | mnl | mn0 | mnl | mnO mn3 | mn2 [ mnl | mnO
CIS | CIS Selection of TImn pin input valid edge
mnl | 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

If both the edges are specified when the value of the STSmn2 to STSmnO bits is other than 010B, set the CISmnl
to CISmnO bits to 10B.

MD | MD | MD Operation mode of channel n Corresponding function Count operation of
mn3 | mn2 | mnl TCR
0 0 0 Interval timer mode Interval timer/Square wave Counting down
output/PWM output (master)
0 1 0 Capture mode Input pulse interval Counting up
measurement
0 1 1 Event counter mode External event counter Counting down
1 0 0 One-count mode Delay counter/One-shot pulse Counting down
output/PWM output (slave)
1 1 0 Capture & one-count mode Measurement of high-/low-level | Counting up
width of input signal
Other than above | Setting prohibited

The operation of each mode varies depending on MDmnO bit (see next table).

Note Bit 11 is read-only and fixed to 0. Writing to this bit is ignored.

Remark m: Unit number (m = 0), n: Channel number (n =0to 7)
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Figure 6-12. Format of Timer Mode Register mn (TMRmn) (4/4)

Address: FO190H, FO191H (TMROO) to FO19EH, FO19FH (TMRO7)

After reset: 0000H R/W

Symbol 15 14 13 12 11 10 9 7 6 5 4 3 2 1 0
TMRmn CKS | CKS 0 CCS | MAST | STS | STS | STS | CIS | CIS 0 0 MD | MD | MD | MD
(n=2,4,6) mnl [ mnO mn | ERmn | mn2 | mnl | mn0 | mnl | mnO mn3 | mn2 | mnl | mnO
Symbol 15 14 13 12 11 10 9 7 6 5 4 3 2 1 0
TMRmn CKS | CKS 0 CCS | SPUT| STS | STS | STS | CIS | CIS 0 0 MD | MD | MD | MD
— mnl | mnO mn mn | mn2 | mnl | mnO | mnl | mnO mn3 | mn2 [ mnl | mnO
(n=1,3)
Symbol 15 14 13 12 11 10 9 7 6 5 4 3 2 1 0
TMRmn |[CKS|CKS| 0 |CCS|0™®'|STS|STS|STS|CIS|CIS| O 0 | MD | MD | MD | MD
(n=0,57) mnl | mnO mn mn2 | mnl | mnO | mnl | mnO mn3 | mn2 | mnl | mnO
Operation mode MD Setting of starting counting and interrupt
(Value set by the MDmn3 to MDmn1 bits | MNO
(see the previous page)
e Interval timer mode 0 | Timer interrupt is not generated when counting is started
0,0,0) (timer output does not change, either).
e Capture mode 1 | Timer interrupt is generated when counting is started
0,1,0) (timer output also changes).
e Event counter mode 0 | Timer interrupt is not generated when counting is started
0,1,1) (timer output does not change, either).
» One-count mode™? 0 | Start trigger is invalid during counting operation.
(14,0,0) At that time, interrupt is not generated.
1 | Start trigger is valid during counting operation™**®?,
At that time, interrupt is not generated.
e Capture & one-count mode 0 | Timer interrupt is not generated when counting is started
1,1,0 (timer output does not change, either).
Start trigger is invalid during counting operation.
At that time, interrupt is not generated.
Other than above Setting prohibited
Notes 1. Bit 11 is read-only and fixed to 0. Writing to this bit is ignored.
2. In one-count mode, interrupt output (INTTMmn) when starting a count operation and TOmn output are not
controlled.
3. If the start trigger (TSmn = 1) is issued during operation, the counter is initialized, an interrupt is generated,

and recounting starts. (No interrupt request occurs.)

Remark m: Unit number (m = 0), n: Channel number (n =0 to 7)
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6.3.4 Timer status register mn (TSRmn)

The TSRmn register indicates the overflow status of the counter of channel n.

The TSRmn register is valid only in the capture mode (MDmn3 to MDmnl = 010B) and capture & one-count mode
(MDmn3 to MDmnl = 110B). See Table 6-5 for the operation of the OVF bit in each operation mode and set/clear
conditions.

The TSRmn register can be read by a 16-bit memory manipulation instruction.

The lower 8 bits of the TSRmn register can be set with an 8-bit memory manipulation instruction with TSRmnL.

Reset signal generation clears this register to 0000H.

Figure 6-13. Format of Timer Status Register mn (TSRmn)

Address: FO1AOH, FO1A1H (TSR00) to FO1AEH, FO1AFH (TSRO7)  After reset: 0000H R

Symbol 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
rsrmn | 0 [0 o] o o o] o]o]o]o]o]o]o]o] o o]
OVF Counter overflow status of channel n

0 Overflow does not occur.

1 Overflow occurs.

When OVF = 1, this flag is cleared (OVF = 0) when the next value is captured without overflow.

Remark m: Unit number (m = 0), n: Channel number (n =0to 7)

Table 6-5. OVF Bit Operation and Set/Clear Conditions in Each Operation Mode

Timer Operation Mode OVF Bit Set/Clear Conditions
e Capture mode Cleared | When no overflow has occurred upon capturing
e Capture & one-count mode Set When an overflow has occurred upon capturing
¢ Interval timer mode Cleared

e Event counter mode o
Set (Use prohibited)
e One-count mode

Remark The OVF bit does not change immediately after the counter has overflowed, but changes upon the
subsequent capture.
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6.3.5 Timer channel enable status register m (TEm)

The TEm register is used to 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 O.

The TEm register can be read by a 16-bit memory manipulation instruction.

The lower 8 bits of the TEm register can be set with a 1-bit or 8-bit memory manipulation instruction with TEmL.

Reset signal generation clears this register to 0000H.

Figure 6-14. Format of Timer Channel Enable Status Register m (TEm)

Address: FO1BOH, FO1B1H After reset: 0000H R

Symbol 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
TEm 0 0 0 0 |TEHm| O |[TEHm| O TEm | TEm | TEm | TEm | TEm | TEm | TEm | TEm
3 1 7 6 5 4 3 2 1 0

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
mil timer mode

0 Operation is stopped.

1 Operation is enabled.

TEmn Indication of operation enable/stop status of channel n

0 Operation is stopped.

1 Operation is enabled.

This bit displays whether operation of the lower 8-bit timer for TEm1 and TEm3 is enabled or stopped when channel
1 or 3 is in the 8-bit timer mode.

Remark m: Unit number (m = 0), n: Channel nhumber (n =0to 7)
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6.3.6 Timer channel start register m (TSm)

The TSm register is a trigger register that is used to initialize timer count register mn (TCRmn) and start the counting
operation of each channel.

When a bit of this register is set to 1, the corresponding bit of timer channel enable status register m (TEm) is set to 1.
The TSmn, 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 6-15. Format of Timer Channel Start Register m (TSm)

Address: FO1B2H, FO1B3H  After reset: 0000H R/W
Symbol 15 14 13 12 11 10 9 7 6 5 4 3 2 1 0
TSm 0 0 0 0 |TSHm| 0 |TSHm TSm | TSm | TSm | TSm | TSm | TSm | TSm | TSm
3 1 7 6 5 4 3 2 1 0
TSH | Trigger to enable operation (start operation) of the higher 8-bit timer when channel 3 is in the 8-bit timer mode
m3
No trigger operation
The TEHmM3 bit is set to 1 and the count operation is enabled.
The TCRm3 register count operation start in the interval timer mode in the count operation enabled state
(see Table 6-6 in 6.5.2 Start timing of counter).
TSH |Trigger to enable operation (start operation) of the higher 8-bit timer when channel 1 is in the 8-bit timer mode
ml
No trigger operation
The TEHm1 bit is set to 1 and the count operation is enabled.
The TCRmL register count operation start in the interval timer mode in the count operation enabled state
(see Table 6-6 in 6.5.2 Start timing of counter).
TSmn Operation enable (start) trigger of channel n
No trigger operation
The TEmn bit is set to 1 and the count operation is enabled.
The TCRmn register count operation start in the count operation enabled state varies depending on each
operation mode (see Table 6-6 in 6.5.2 Start timing of counter).
This bit is the trigger to enable operation (start operation) of the lower 8-bit timer for TSm1 and TSm3 when
channel 1 or 3 is in the 8-bit timer mode.
Cautions 1. Be sure to clear bits 15to 12, 11, and 8 to “0”
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 (TSHmM1,
TSHmM3) bit is set to 1.
When the TImn pin noise filter is enabled (TNFENnm = 1): Four cycles of the operation clock (fuck)
When the TImn pin noise filter is disabled (TNFENnm = 0): Two cycles of the operation clock (fuck)
Remarks 1. When the TSm register is read, 0 is always read.
2. m: Unit number (m = 0), n: Channel number (n =0 to 7)
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6.3.7 Timer channel stop register m (TTm)

The TTm register is a trigger register that is used to stop the counting operation of each channel.

When a bit of this register is set to 1, the corresponding bit of timer channel enable status register m (TEm) is cleared
to 0. The TTmn, TTHm1, TTHmM3 bits are immediately cleared when operation is stopped (TEmn, TTHm1, TTHm3 = 0),
because they are trigger bits.

The TTm register can be set by a 16-bit memory manipulation instruction.

The lower 8 bits of the TTm register can be set with a 1-bit or 8-bit memory manipulation instruction with TTmL.

Reset signal generation clears this register to 0000H.

Figure 6-16. Format of Timer Channel Stop Register m (TTm)

Address: FO1B4H, FO1B5H  After reset: 0000H R/W

Symbol 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
TTm 0 0 0 0 |TTHm| O |TTHm| O TTm | TTm | TTm | TTm | TTm | TTm | TTm | TTm
3 1 7 6 5 4 3 2 1 0
TTH Trigger to stop operation of the higher 8-bit timer when channel 3 is in the 8-bit timer mode
m3

0 No trigger operation

1 TEHmM3 bit is cleared to 0 and the count operation is stopped.

TTH Trigger to stop operation of the higher 8-bit timer when channel 1 is in the 8-bit timer mode
ml

0 No trigger operation

1 TEHmML bit is cleared to 0 and the count operation is stopped.

TTmn Operation stop trigger of channel n

0 No trigger operation

1 TEmn bit is cleared to 0 and the count operation is stopped.
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 sureto clear bits 15to 12, 10, and 8 of the TTm register to “0”.

Remarks 1. When the TTm register is read, O is always read.
2. m: Unit number (m = 0), n: Channel number (n =0 to 7)
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6.3.8 Timer input select register 0 (TISO)
The TISO register is used to select the channel 1 timer input.
The TISO register can be set by an 8-bit memory manipulation instruction.
Reset signal generation clears this register to O0OH.

Figure 6-17. Format of Timer Input Select Register 0 (TIS0)

Address: FOO74H  After reset: 0OH R/W

Symbol 7 6 5 4 3 2 1 0
TISO 0 0 0 0 0 TIS02 TISO1 TIS00
TIS02 TISO1 TIS00 Selection of timer input used with channel 1
0 0 0 Input signal of timer input pin (T101)
0 0 1
0 1 0
0 1 1
1 0 0 Low-speed on-chip oscillator clock (fi.)
1 0 1 Subsystem clock (fsus)
Other than above Setting prohibited

Caution At least 1l/fuck + 10 ns is necessary as the high-level and low-level widths of the timer input to be
selected. Thus, the TIS02 bit cannot be set to 1 when fsus is selected as fcLk (CSS in CKC register = 1).

6.3.9 Timer output select register (TOS)

The TOS register is used to enable the remote control output function.

Remote control output are generated by using the PWM output signal generated by channels 2 and 3 (mask wave) to
mask the PWM output signal generated by channels 4 and 5 (carrier wave).

Rewriting the TOS register is only possible before counting starts (TE02, TE03, TE04, TEO5 = 0).

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

Reset signal generation clears this register to O0H.

Figure 6-18. Format of Timer Output Select Register (TOS)

Address: FOO79H  After reset: 0OH R/W

Symbol 7 6 5 4 3 2 1 0
TOS 0 0 0 0 0 0 0 TOSO
TOSO Remote control output setting
0 Disable (channels 2, 3, 4, and 5 are used for timer output)
1 Enable (remote control output to the REMOOUT pin)

Caution Channels 2, 3, 4, and 5 cannot be used for any other function when remote control output is enabled
(TOSO =1).
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6.3.10 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 6-19. Format of Timer Output Enable Register m (TOEm)

Address: FO1BAH, FO1BBH  After reset: 0000H R/W

Symbol
TOEmM

Caution

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
0 0 0 0 0 0 0 0 TOE | TOE | TOE | TOE | TOE | TOE | TOE | TOE
m7 m6 m5 m4 m3 m2 ml mO
TOE Timer output enable/disable of channel n
mn
0 Disable output of timer.
Without reflecting on TOmn bit timer operation, to fixed the output.
Writing to the TOmn bit is enabled and the level set in the TOmn bit is output from the TOmn pin.
1 Enable output of timer.

Reflected in the TOmn bit timer operation, to generate the output waveform.
Writing to the TOmn bit is disabled (writing is ignored).

Be sure to clear bits 15to 8to “0".

Remark m: Unit number (m = 0), n: Channel number (n =0to 7)
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6.3.11 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 P52/TI00/TO00, P32/TI01/TO01, P54/TI02/TO02, P30/TI03/TO03, P14/TI04/TO04, P42/TI05/TO05,

P56/TI06/TO06, or P15/TI107/TO07 pin as a port function pin, set the corresponding TOmn bit to “0”.

The TOm register can be set by a 16-bit memory manipulation instruction.
The lower 8 bits of the TOm register can be set with an 8-bit memory manipulation instruction with TOmL.

Reset signal generation clears this register to 0000H.

Figure 6-20. Format of Timer Output Register m (TOm)

Address: FO1B8H, FO1B9H  After reset: 0000H R/W
Symbol 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
TOm 0 0 0 0 0 0 0 0 TOm | TOm | TOm | TOm | TOm | TOm | TOm | TOm
7 6 5 4 3 2 1 0
TOm Timer output of channel n
n
0 Timer output value is “0".
1 Timer output value is “1".

Caution Be sure to clear bits 15to 8to “0".

Remark m: Unit number (m = 0), n: Channel number (n =0to 7)
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6.3.12 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 6-21. Format of Timer Output Level Register m (TOLm)

Address: FO1BCH, FO1BDH  After reset: 0000H R/W
Symbol 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

TOLmM 0 0 0 0 0 0 0 0 TOL | TOL | TOL | TOL | TOL | TOL | TOL 0
m7 m6 m5 m4 m3 m2 ml

TOL Control of timer output level of channel n

0 Positive logic output (active-high)

1 Negative logic output (active-low)

Caution Be sureto clear bits 15to 8, and Oto “0".

Remarks 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.
2. m: Unit number (m = 0), n: Channel number (n =0 to 7)
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6.3.13 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 6-22. Format of Timer Output Mode Register m (TOMm)

Address: FO1BEH, FO1BFH  After reset: 0000H R/W
Symbol 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

TOMm 0 0 0 0 0 0 0 0 TOM | TOM | TOM | TOM | TOM | TOM | TOM 0
m7 m6 m5 m4 m3 m2 ml

TOM Control of timer output mode of channel n

0 Master channel output mode (to produce toggle output by timer interrupt request signal (INTTMmn))

1 Slave channel output mode (output is set by the timer interrupt request signal (INTTMmn) of the master
channel, and reset by the timer interrupt request signal (INTTMOp) of the slave channel)

Caution Be sureto clear bits 15to0 8, and 0to “0”.

Remark m: Unit number (m = 0)
n: Channel number
n=0to7 (n=0, 2, 4, 6 for master channel)
p: Slave channel number
n<ps7
(For details of the relationship between the master channel and slave channel, see 6.4.1 Basic rules of
simultaneous channel operation function.)
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6.3.14 Input switch control register (ISC)

The ISC1 and ISCO bits of the ISC register are used to implement LIN-bus communication operation by using channel
7 in association with the serial array unit. When the ISC1 bit is set to 1, the input signal of the serial data input pin (RxDO0)
is selected as a timer input signal.

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

Reset signal generation clears this register to 00H.

Figure 6-23. Format of Input Switch Control Register (ISC)

Address: FOO73H  After reset: 00H R/W

Symbol 7 6 5 4 3 2 1 0
ISC 0 0 0 0 0 0 ISC1 ISCO
ISC1 Switching channel 7 input of timer array unit
0 Uses the input signal of the TIO7 pin 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).

ISCO Switching external interrupt (INTPO) input
0 Uses the input signal of the INTPO pin as an external interrupt (normal operation).
1 Uses the input signal of the RxDO pin as an external interrupt (wakeup signal detection).

Cautions 1. Be sure to clear bits 7to 2to “0".
2. When using 16-bit timer KB20, set the ISC register to its initial value (O0H).

Remark When the LIN-bus communication function is used, select the input signal of the RxDO pin by setting ISC1 to
1.
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6.3.15 Noise filter enable register 1 (NFEN1)

The NFENL1 register is used to set whether the noise filter can be used for the timer input signal to each channel.

Enable the noise filter by setting the corresponding bits to 1 on the pins in need of noise removal.

When the noise filter is enabled, after synchronization with the operating clock (fuck) for the target channel, whether the
signal keeps the same value for two clock cycles is detected.

When the noise filter is disabled, the input signal is only synchronized with the operating clock (fmck) for the target
channel™*.

The NFENL1 register can be set by a 1-bit or 8-bit memory manipulation instruction.

Reset signal generation clears this register to 00H.

Note For details, see 6.5.1 (2) When valid edge of input signal via the TImn pin is selected (CCSmn = 1) and
6.5.2 Start timing of counter.
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Address: FOO71H

Symbol
NFEN1

Note

Figure 6-24. Format of Noise Filter Enable Register 1 (NFEN1)

After reset: 0OH R/W
7 6 5 4 3 2 1 0
TNFENO7 TNFENO6 TNFENO5 TNFENO4 TNFENO3 TNFENO2 TNFENO1 TNFENOO
TNFENO7 Enable/disable using noise filter of TIO7 pin or RxDO pin input signalNljte
0 Noise filter OFF
1 Noise filter ON
TNFENO6 Enable/disable using noise filter of TIO6 pin input signal
0 Noise filter OFF
1 Noise filter ON
TNFENO5 Enable/disable using noise filter of TIO5 pin input signal
0 Noise filter OFF
1 Noise filter ON
TNFENO4 Enable/disable using noise filter of TI0O4 pin input signal
0 Noise filter OFF
1 Noise filter ON
TNFENO3 Enable/disable using noise filter of TIO3 pin input signal
0 Noise filter OFF
1 Noise filter ON
TNFENO2 Enable/disable using noise filter of TIO2 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

The applicable pin can be switched by setting the ISC1 bit of the ISC register.
ISC1 = 0: Whether or not to use the noise filter of the TI07 pin can be selected.
ISC1 = 1: Whether or not to use the noise filter of the RxDO pin can be selected.
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6.3.16 Registers controlling port functions of pins to be used for timer /10O

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 4.5.3 Register setting examples for used port and alternate functions.

When using the ports (such as P14/T104/TO04 and P42/TI05/TOQ05) 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 P14/T104/TO04 for timer output
Set the PM14 bit of port mode register 1 to 0.
Set the P14 bit of port register 1 to 0.
Set bit of LCD port function register (PFSEGX) to O.

When using the ports (such as P14/T104/TO04 and P42/T105/TO05) 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 P14/T104/TO04 for timer input
Set the PM14 bit of port mode register 1 to 1.
Set the P14 bit of port register 1 to O or 1.
Set bit of LCD port function register (PFSEGXx) to 0.
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6.4 Basic Rules of Timer Array Unit

6.4.1 Basic rules of simultaneous channel operation function

When simultaneously using multiple channels, namely, a combination of a master channel (a reference timer mainly
counting the cycle) and slave channels (timers operating according to the master channel), the following rules apply.
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Only an even channel (channel 0, 2, 4, etc.) can be set as a master channel.

Any channel, except channel 0, can be set as a slave channel.

The slave channel must be lower than the master channel.

Example: If channel 2 is set as a master channel, channel 3 or those that follow (channels 3, 4, 5, etc.) can be set
as a slave channel.

Two or more slave channels can be set for one master channel.

When two or more master channels are to be used, slave channels with a master channel between them may not

be set.

Example: If channels 0 and 4 are set as master channels, channels 1 to 3 can be set as the slave channels of
master channel 0. Channels 5 to 7 cannot be set as the slave channels of master channel 0.

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, CKSmnl1 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.

A master channel can transmit INTTMmn (interrupt), start software trigger, and count clock to the lower channels.
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 nhumbers.

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.

(12) 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.

The rules of the simultaneous channel operation function are applied in a channel group (a master channel and slave

channels forming one simultaneous channel operation function).

If two or more channel groups that do not operate in combination are specified, the basic rules of the simultaneous

channel operation function in 6.4.1 Basic rules of simultaneous channel operation function do not apply to the
channel groups.

Remark m: Unit number (m = 0), n: Channel number (n =0 to 7)
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Example

CKmO i
] | Channel 0: Master |
' | Channel 1: Slave |
| Channel 2: Slave |
Channel 3: independent channel
operation function
CKm1
—] Channel 4: Master |
CKM Channel 5: independent
! channel operation
: function
: Channel 6: Slave

Channel 7: 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.

* A channel that operates independent
channel operation function may be between
channel group 1 and channel group 2.

* A channel that operates independent
channel operation function may be between
a master and a slave of channel group 2.
Furthermore, the operating clock may be set
separately.
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6.4.2 Basic rules of 8-bit timer operation function (channels 1 and 3 only)

The 8-bit timer operation function makes it possible to use a 16-bit timer channel in a configuration consisting of two 8-
bit timer channels.

This function can only be used for channels 1 and 3, and there are several rules for using it.
The basic rules for this function are as follows:
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The 8-bit timer operation function applies only to channels 1 and 3.

When using 8-bit timers, set the SPLIT bit of timer mode register mn (TMRmn) to 1.

The higher 8 bits can be operated as the interval timer function.

At the start of operation, the higher 8 bits output INTTMmM1H/INTTMm3H (an interrupt) (which is the same
operation performed when MDmnO is set to 1).

The operation clock of the higher 8 bits is selected according to the CKSmnl and CKSmnO bits of the lower-bit
TMRmn register.

For the higher 8 bits, the TSHM1/TSHmM3 bit is manipulated to start channel operation and the TTHM1/TTHmM3 bit
is manipulated to stop channel operation. The channel status can be checked using the TEHM1/TEHmM3 bit.

The lower 8 bits operate according to the TMRmn register settings. The following three functions support
operation of the lower 8 bits:

e Interval timer function

e External event counter function

e Delay count function

For the lower 8 bits, the TSm1/TSm3 bit is manipulated to start channel operation and the TTm1/TTm3 bit is
manipulated to stop channel operation. The channel status can be checked using the TEm1/TEm3 bit.

During 16-bit operation, manipulating the TSHm1, 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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6.5 Operation of Counter

6.5.1 Count clock (frcik)

The count clock (frcik) of the timer array unit can be selected from the following according to the CCSmn bit of timer
mode register mn (TMRmn).

¢ Operation clock (fmck) 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 fcik, the timings of the count clock (frcik)
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 foik 2% 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 fck 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 fck from rising edge of the count clock,
because of synchronization with fck. But, this is described as “counting at rising edge of the count clock”, as a
matter of convenience.

Figure 6-25. Timing of fcik and count clock (frcik) (When CCSmn = 0)

e MU UL UL LU

otz L L L L L L
A A A A A A A A A A A A A A A A A A
fek/4 l |
‘ A A A A A A A A
TCLK
(= fwck fck/8
= CKmn) & A A A
fck/16
: A A
.

Remarks 1. A : Rising edge of the count clock
A : Synchronization, increment/decrement of counter
2. fcwk: CPU/peripheral hardware clock
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(2) When valid edge of input signal via the TImn pin is selected (CCSmn = 1)
The count clock (frck) becomes the signal that detects valid edge of input signal via the TImn pin and synchronizes
next rising fuck. The count clock (frcik) is delayed for 1 to 2 period of fuck from the input signal via the TImn pin
(when a noise filter is used, the delay becomes 3 to 4 clock).
Counting of timer count register mn (TCRmn) delayed by one period of fck from rising edge of the count clock,
because of synchronization with fcik. But, this is described as “counting at valid edge of input signal via the TImn
pin”, as a matter of convenience.

Figure 6-26. Timing of fcLk and count clock (frcLk) (When CCSmn = 1, noise filter unused)

fuc | [ 1] [ I—ég_ﬂ %_I_\ [T

TSmn (write)
<1> Q

TEmn

M«
TImn input m o 2/ \
» L« |
Edge detection [ <3> Edge detection
Rising ed — —
detection sit_;snlglg(lic?s | i( |
A A ’/

Sampling wave |

<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.

Remarks1. A : Rising edge of the count clock
A : Synchronization, increment/decrement of counter
2. fck: CPUlperipheral hardware clock
fmck: Operation clock of channel n
3. The waveform of the TImn pin input signal, which is used for input pulse interval
measurement, input signal of high/low width measurement, the delay counter, and one-
shot pulse output, is the same as that shown in above figure.
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6.5.2 Start timing of counter

Operation of timer count register mn (TCRmn) is enabled by setting of TSmn bit of timer channel start register m (TSm).

Operation from when counting is enabled to when timer count register mn (TCRmn) starts counting is shown in Table 6-6.

Table 6-6. Operations from Count Operation Enabled State to Timer count Register mn (TCRmn) Count Start

Timer operation mode

Operation when TSmn = 1 is set

o Interval timer mode

No operation is carried out from start trigger detection (TSmn=1) until count clock
generation.

The first count clock loads the value of the TDRmn register to the TCRmn
register and the subsequent count clock performs count down operation (see
6.5.3 (1) Operation of interval timer mode).

e Event counter mode

Writing 1 to the TSmn bit loads the value of the TDRmn register to the TCRmn
register.

If detect edge of TImn input. The subsequent count clock performs count down
operation (see 6.5.3 (2) Operation of event counter mode).

e Capture mode

No operation is carried out from start trigger detection (TSmn = 1) until count
clock generation.

The first count clock loads 0000H to the TCRmn register and the subsequent
count clock performs count up operation (see 6.5.3 (3) Operation of capture
mode (input pulse interval measurement)).

e One-count mode

The waiting-for-start-trigger state is entered by writing 1 to the TSmn bit while the
timer is stopped (TEmn = 0).

No operation is carried out from start trigger detection until count clock
generation.

The first count clock loads the value of the TDRmn register to the TCRmn
register and the subsequent count clock performs count down operation (see
6.5.3 (4) Operation of one-count mode).

e Capture & one-count mode

The waiting-for-start-trigger state is entered by writing 1 to the TSmn bit while the
timer is stopped (TEmn = 0).

No operation is carried out from start trigger detection until count clock
generation.

The first count clock loads 0000H to the TCRmn register and the subsequent
count clock performs count up operation (see 6.5.3 (5) Operation of capture &
one-count mode (high-level width measurement)).
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6.5.3 Operation of counter
Here, the counter operation in each mode is explained.

(1) Operation of interval timer mode

<1> Operation is enabled (TEmn = 1) by writing 1 to the TSmn bit. Timer count register mn (TCRmn) holds the
initial value until count clock generation.

<2> A start trigger is generated at the first count clock 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 6-27. Operation Timing (In Interval Timer Mode)

fmek <
(frewk) —l /r |_ ) |—|
TSmn (write) l\
<1> %
TEmn , <>
Start trigger
detection signal /
TCRmn Initial m M=1  =teessessanus 0001 OOOC“ m
value
TDRmn <3> ) <4> m > ())
\ ............ <5> g
INTTMmn P —| ----

Caution In the operation in the first count clock cycle after writing the TSmn bit, an error at a maximum of
one count clock cycle occurs since count start delays until count clock has been generated.
When the information on count start timing is necessary, an interrupt can be generated when
counting is started by setting MDmnO = 1.

Remark fuck, the start trigger detection signal, and INTTMmn become active for one clock cycle in
synchronization with fcix.
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(2) Operation of event counter mode

<1> Timer count register mn (TCRmn) holds its initial value while operation is stopped (TEmn = 0).

<2> Operation is enabled (TEmn = 1) by writing 1 to the TSmn bit.

<3> As soon as 1 has been written to the TSmn bit and 1 has been set to the TEmn bit, the value of timer data
register mn (TDRmn) is loaded to the TCRmn register to start counting.

<4> After that, the TCRmn register value is counted down according to the count clock of the valid edge of the
TImn input.

Figure 6-28. Operation Timing (In Event Counter Mode)

Y SNy S Oy Oy Ny

TSmn (write) A\
<1> Z\
TEmMn
—_ k2>
TImn input | l )&‘ gé I
Edge detection | Edge detection
Count clock
Start trigger / <4>
detection signal
<1> )<3>
Initial -1 _
TCRmn value ~ m m \ m-2
<3>
TDRmn / m

Remark The above figure indicates the timing when the noise filter is not used. When the noise filter is turned on,
edge detection is delayed by 2 fmck cycles (it sums up to 3 to 4 cycles) from TImn input. The error per
one cycle occurs because the TImn input is not synchronous with the count clock (fvck).
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(3) Operation of capture mode (input pulse interval measurement)

<1> Operation is enabled (TEmn = 1) by writing 1 to the TSmn bit.

<2> Timer count register mn (TCRmn) holds the initial value until count clock generation.

<3> A start trigger is generated at the first count clock after operation is enabled. And the value of 0000H is loaded
to the TCRmn register and counting starts in the capture mode. (When the MDmMnO 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 0O000H.
<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 6-29. Operation Timing (In Capture Mode: Input Pulse Interval Measurement)

e ’—l_és_r \4 ] ]

TSOn (write) |_|

TEON | j Note ]
. <3> / /
TIOn input | >> \ég
ction Edge detection

o Edge dete _ | _
Rising edge |

detection signal

\l
) /)
Start trigger |_ <4> ) <5>

TCRON '“i“a'/ 0000 00010 0000 S m-1 m () 0000
value \ N , N

TDRON \ 0001t X m
\
N

INTTMON [] [ ]

When MBmR0 = 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 operation in the first count clock cycle after writing the TSmn bit, an error at a maximum of
one count clock cycle occurs since count start delays until count clock has been generated.
When the information on count start timing is necessary, an interrupt can be generated when
counting is started by setting MDmnO = 1.

Remark The above figure indicates the timing when the noise filter is not used. When the noise filter is turned on,
edge detection is delayed by 2 fuck cycles (it sums up to 3 to 4 cycles) from Timn input. The error per
one cycle occurs because the TImn input is not synchronous with the count clock (fuck).
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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 6-30. Operation Timing (In One-count Mode)

fmek
(frewk) _, |_| |—| |—_| |— g |_|
TSmn (write) |_|
<1> %
TEmn
((
TImn input , <3>l >> |
Edge detection
Rising edge |_\ <<
<4> > /)
Start trigger
detection signal |_ 2
<2> <5>
/
TCRmn Initial value m SD 1 0 FFFF
INTTMmn _I

Start trigger input wait status

Remark The above figure indicates the timing when the noise filter is not used. When the noise filter is turned on,
edge detection is delayed by 2 fmck cycles (it sums up to 3 to 4 cycles) from TImn input. The error per
one cycle occurs because the TImn input is not synchronous with the count clock (fvck).
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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 6-31. Operation Timing (In Capture & One-count Mode: High-level Width Measurement)

i Jin N N N N (O Oy B

(frek)

TSmn (write) ﬂ
<1> %

TEmn |
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TImn input <3> | l >> |
Rising edge Edge detection | (( Edge de@
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Start trigger |_ /7 \

detection signal
<2> 2
/

/
TCRmn Initial value 0000 Sé > m—1 m () m+1

TDRmn 0000 m

INTTMmn _I

Remark The above figure indicates the timing when the noise filter is not used. When the noise filter is turned on,
edge detection is delayed by 2 fmck cycles (it sums up to 3 to 4 cycles) from TImn input. The error per
one cycle occurs because the TImn input is not synchronous with the count clock (fvck).
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6.6 Channel Output (TOmn pin) Control

6.6.1 TOmn pin output circuit configuration

Figure 6-32. Output Circuit Configuration

<5>
TOmn register
Interrupt signal of the master channel
(INTTMmn) 5
’_O = Set
e —
Interrupt signal of the slave channel é — TOmn pin
(INTTMmp) _D— Reset/toggle
<1>
<2>
<3> <>
TOLmnN
TOMmn Internal bus
TOEmn TOmnN write signal

The following describes the TOmn pin output circuit.

<1>

<2>

<3>

<4>

<5>

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).
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: Positive logic output (INTTMmn — set, INTTMOp — reset)
When TOLmn = 1: Negative logic output (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.

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.

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.

The TOm register can always be read, and the TOmn pin output level can be checked.

Caution Since outputs are N-ch open-drain outputs, an external pull-up resistor is required to use P60

and P61 as channel output.

Remark m: Unit number (m = 0)

n: Channel number

n=0to7 (n=0, 2, 4, 6 for master channel)
p: Slave channel number

n<p<7
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6.6.2 TOmn pin output setting
The following figure shows the procedure and status transition of the TOmn output pin from initial setting to timer
operation start.

Figure 6-33. Status Transition from Timer Output Setting to Operation Start

TCRmn Undefined value (FFFFH after reset) | I\

(Counter)

Timer alternate-function pin = == = === === == == = = =

Timer output signal —l
TOmn |

TOEmMn \

!

(\Nrite operation enabled period to TOmnX Write operation disabled period to TOmn )
f T n
' ' !
A K A A A
<1>Set TOMmn <2> Set TOmn <3>Set TOEmn <4> Set the port to <5> Timer operation start
Set TOLmn output mode

[

<1> The operation mode of timer output is set.

e TOMmn bit (0: Master channel output mode, 1: Slave channel output mode)
e 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).

<5> The port I/O setting is set to output (see 6.3.16 Registers controlling port functions of pins to be used
for timer 1/0).

<6> The timer operation is enabled (TSmn = 1).

Remark m: Unit number (m = 0), n: Channel number (n=0to 7)
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6.6.3 Cautions on channel output operation
(1) Changing values set in the registers TOm, TOEm, and TOLm during timer operation

Since the timer operations (operations of timer count register mn (TCRmn) and timer data register mn (TDRmn))
are independent of the TOmn output circuit and changing the values set in timer output register m (TOm), timer
output enable register m (TOEm), and timer output level register m (TOLm) does not affect the timer operation, the
values can be changed during timer operation. To output an expected waveform from the TOmn pin by timer
operation, however, set the TOm, TOEm, TOLm, and TOMm registers to the values stated in the register setting
example of each operation shown by 6.8 and 6.9.

When the values set to the TOEm, and TOMm 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 nhumber (n =0to 7)
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(2) Default level of TOmn pin and output level after timer operation start

The change in the output level of the TOmn pin when timer output register m (TOm) is written while timer output is
disabled (TOEmn = 0), the initial level is changed, and then timer output is enabled (TOEmn = 1) before port

output is enabled, is shown below.

(@) When operation starts with master channel output mode (TOMmn = 0) setting

The setting of timer output level register m (TOLm) is invalid when master channel output mode (TOMmn = 0).
When the timer operation starts after setting the default level, the toggle signal is generated and the output

level of the TOmn pin is reversed.

Figure 6-34. TOmn Pin Output Status at Toggle Output (TOMmn = 0)

TOEmMN
. Default ——
([ H-Z status TOmN bit=0 \
(Default status : Low)
> TOmn bit=0
(Active high)
-— TOmn bit=1
(Default status : High) ~
TOmn
(output) TOmn bit=0 3
T (Default status : Low)
> TOmn bit=1
L Tomn bit = 1 (Active low)
L (Default status : High) J
Port output is enabled
A A A A A Bold : Active level
Toggle Toggle Toggle Toggle Toggle
Remarks 1. Toggle: Reverse TOmn pin output status
2. m: Unit number (m = 0), n: Channel number (n =0 to 7)
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(b) When operation starts with slave channel output mode (TOMmp = 1) setting (PWM output))
When slave channel output mode (TOMmp = 1), the active level is determined by timer output level register m
(TOLm) setting.

Figure 6-35. TOmp Pin Output Status at PWM Output (TOMmp = 1)

TOEmMp I

Active Active Active
[ Hi-z | Default [ TOmpbhit=0 )
status (Default status : Low) )
TOmp bit=0
) (Active high)
TOmp bit=1
(Default status : High) J
TOmp <
(output) TOmp bit=0 3
- 1 (Default status : Low)
>TOmp bit=1
(Active low)
— TOmp bit=1
\ (Default status : High) J
Port output is enabled
A A
A Reset A Reset A
Set Set Set
Remarks 1. Set: The output signal of the TOmp pin changes from inactive level to active level.
Reset:  The output signal of the TOmp pin changes from active level to inactive level.
2. m: Unit number (m = 0), p: Channel number (p =1 to 7)
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(3) Operation of TOmn pin in slave channel output mode (TOMmn = 1)

(@) When timer output level register m (TOLm) setting has been changed during timer operation
When the TOLm register setting has been changed during timer operation, the setting becomes valid at the
generation timing of the TOmn pin change condition. Rewriting the TOLm register does not change the output

level of the TOmn pin.
The operation when TOMmn is set to 1 and the value of the TOLm register is changed while the timer is

operating (TEmn = 1) is shown below.

Figure 6-36. Operation when TOLm Register Has Been Changed Contents during Timer Operation

TOLm |
Active Active Active Active
TOmnN |
(output) ____|
A A A A
A Reset A Reset Reset A Reset
Set Set Set Set
Remarks 1. Set: The output signal of the TOmn pin changes from inactive level to active level.

Reset:  The output signal of the TOmn pin changes from active level to inactive level.
2. m: Unit number (m = 0), n: Channel number (n =0to 7)

(b) Set/reset timing
To realize 0%/100% output at PWM output, the TOmn pin/TOmMnN bit set timing at master channel timer interrupt
(INTTMmn) generation is delayed by 1 count clock by the slave channel.
If the set condition and reset condition are generated at the same time, a higher priority is given to the latter.
Figure 6-37 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 6-37. Set/Reset Timing Operating Statuses

(1) Basic operation timing

frou _fennfnnnninnnnnin.
INTTMmn N
Master Internal reset
channel signal —ﬂ ) ‘)
TOmn pin/ |‘/ |
TOMN  Toggle Toggle
e Internal set
signal
1 clock delay \ \
INTTMmp
Slave
channel
Internal reset
signal
TOmp pin/ = ) I o
TOmp )
- Set Reset Set
(2) Operation timing when 0 % duty
frow _Jennnnnnnnnnnim.
INTTMmn 1
Master Internal r_eset
channel signal _,_ ) ‘)
TOmn pin/
TOmnN J
Toggle Toggle
~
Internal set
e signal —
1 clock delay \
TCRmp loooo 0001...\ ...................................... loooo 0001 \
INTTMmp / ]
Slave
channel Internal reset / I / Set
signal
TOmp pin/  Reset &/Set Reset <‘/

\ TOmp

Reset has priority.

Remarks 1. Internal reset signal: TOmn pin reset/toggle signal

Internal set signal:  TOmn pin set signal

2. m: Unit number (m = 0)
n: Channel number

n=0to7(n=0, 2, 4, 6 for master channel)

p: Slave channel number
n<p<7

Reset has priority.
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6.6.4 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).

Before writing

TOO 0 0 0 0 0 0 0 TOO7 | TO06 | TOO05 | TO04 | TOO3 | TO02 | TOO1 | TOOO
0 0 1 0 0 0 1 0
TOEO 0 0 0 0 0 0 0 | TOEQ7|TOEQ6 | TOEO5 | TOEO4 | TOEO3| TOEQ2 | TOEOL | TOEOO
0 0 1 0 1 1 1 1
Data to be written
lolofJofoJoJofofJoJasfsfoJoJofofs]a]
After writing ? é % @ % % % f
TOO 0 0 0 0 0 0 0 0 TOO7 | TO06 | TOO5 | TOO4 | TOO3 | TO02 | TOO1 | TOOO
1 1 1 0 0 0 1 0

Figure 6-38 Example of TOOn Bit Collective Manipulation

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.

TOO7

TOO06

TOO05

TO04

TO03

TO02

TOO01

TOO00

Figure 6-39. TOONn Pin Statuses by Collective Manipulation of TOOn Bit

Two or more TOON output can

Output does not change

Writing to the TOON bit is|

ignored when TOEOn

, | be changed simultaneously
: —
: VS when value does not
| >< —

I E .

— | iR T
A A

Before writing

Writing to the TOON bit

Remark m: Unit number (m = 0), n: Channel number (n =0to 7)
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6.6.5 Timer interrupt and TOmn pin output at 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 6-40 shows operation examples when the interval timer mode (TOEmn = 1, TOMmn = 0) is set.

Figure 6-40. Operation Examples of Timer Interrupt at Count Operation Start and TOmn Output

(@) When MDmnOis setto 1

TCRmn \l\l\

TEmn |
INTTMmn T M M

TOmn 7 | I

Count operation start

(b) When MDmnO is setto 0

TCRmn
TEmn i
INTTMmn ﬂ I
TOmn ; a| j |

A
Count operation start

When MDmnO is set to 1, a timer interrupt (INTTMmn) is output at count operation start, and TOmn performs a toggle

operation.
When MDmMnNO 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 =0to 7)
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6.7 Timer Input (TImn) Control
6.7.1 TImn input circuit configuration

A signal is input from a timer input pin, goes through a noise filter and an edge detector, and is sent to a timer controller.
Enable the noise filter for the pin in need of noise removal. The following shows the configuration of the input circuit.

Figure 6-41. Input Circuit Configuration

CCSmn
Interrupt signal from master channel — 1
fmek %
c
O o
S5 frowk
c Q
3 &
O Timer
. controller
TImn pin —— N,O'Se — Edgg
filter detection c
g S
88
3
TNFENmMn CISmn1, STSmn2 to
CISmn0 STSmn0

6.7.2 Noise filter

When the noise filter is disabled, the input signal is only synchronized with the operating clock (fuck) for channel n.
When the noise filter is enabled, after synchronization with the operating clock (fuck) for channel n, whether the signal
keeps the same value for two clock cycles is detected. The following shows differences in waveforms output from the
noise filter between when the noise filter is enabled and disabled.

Figure 6-42. Sampling Waveforms through TImn Input Pin with Noise Filter Enabled and Disabled

SO 1 g g O

Noise filter disabled

Noise filter enabled S~ S

Operating clock (fmck)

Caution The TImn pin input waveform is shown to explain the noise filter ON/OFF operation. For actual
operation, refer to the high-level width/low-level width in 32.4 or 33.4 AC Characteristics.
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6.7.3 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 (STSmn1l), and 8 (STSmMnO) 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 (fuck), and then set the operation enable
trigger bit in the timer channel start register (TSm).

(2) Noise filter is enabled
When bits 12 (CCSmn), 9 (STSmn1), and 8 (STSmnO) in the timer mode register mn (TMRmn) are all 0 and then
one of them is set to 1, wait for at least four cycles of the operating clock (fuck), and then set the operation enable
trigger bit in the timer channel start register (TSm).
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6.8 Independent Channel Operation Function of Timer Array Unit

6.8.1 Operation as interval timer/square wave output

@

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 |
| e 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, TSHmM3) of timer channel start register m (TSm) is set to 1. If the MDmnO bit of
timer mode register mn (TMRmn) is 0 at this time, INTTMmn is not output and TOmn is not toggled. If the MDmMnO
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 (nh =0 to 7)
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Figure 6-43. Block Diagram of Operation as Interval Timer/Square Wave Output

CKm1
Operation clock™°*®

CKm0——m

Clock selection

—

Timer counter
register mn (TCRmn)

5

TSmn

Trigger selection

register mn(TDRmn)

Timer

data

Output
controller

© TOmn pin

Interrupt
controller

——= Interrupt signal

(INTTMmn)

Note When channels 1 and 3, the clock can be selected from CKm0, CKm1, CKm2 and CKm3.

Figure 6-44. Example of Basic Timing of Operation as Interval Timer/Square Wave Output (MDmnO = 1)

TSmn

TEmn

TCRmMnN

TDRmnN

TOmMnN

INTTMmn

0000H

a+l

a+l

a+l

b+1

Remarks 1. m: Unit number (m = 0), n: Channel number (n = 0 to 7)
Bit n of timer channel start register m (TSm)

2. TSmn:
TEmn:
TCRmn:
TDRmn:
TOmn:

Bit n of timer channel enable status register m (TEm)

Timer count register mn (TCRmn)
Timer data register mn (TDRmn)
TOmn pin output signal

b+1

b+1
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Figure 6-45. Example of Set Contents of Registers During Operation as Interval Timer/Square Wave Output (1/2)

(&) Timer mode register mn (TMRmn)
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

TMRmMN  |cksmn1/CKSmno| ccsmn | Mis™°* [sTSmn2|STSmn1|STSmno|CiSmn1 |ciSmno MDmn3 | MDmn2 | MDmn1 | MDmnO

1/0 | 1/0 0 0 0/1 0 0 0 0 0 0 0 0 0 0 1/0

L1 [ [ [ [ \_'_|

Operation mode of channel n
000B: Interval timer

Setting of operation when counting is started
0: Neither generates INTTMmn nor inverts
timer output when counting is started.
1: Generates INTTMmn and inverts timer
output when counting is started.

| Selection of TImn pin input edge
00B: Sets 00B because these are not used.

| Start trigger selection
000B: Selects only software start.

| Setting of MASTERmMN bit (channels 2, 4, 6)
0: Independent channel operation 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 (fuck).

Operation clock (fuck) selection
00B: Selects CKmO as operation clock of channel n.
10B: Selects CKm1 as operation clock of channel n.
01B: Selects CKm2 as operation clock of channels 1, 3 (This can only be selected channels 1 and 3).
11B: Selects CKm3 as operation clock of channels 1, 3 (This can only be selected channels 1 and 3).

(b) Timer output register m (TOm)

Bit n
TOm TOmn 0: Outputs 0 from TOmn.
1/0 1: Qutputs 1 from TOmn.

(c) Timer output enable register m (TOEm)

Bit n
TOEmM |TOEmn 0: Stops the TOmn output operation by counting operation.
1/0 1: Enables the TOmn output operation by counting operation.

Note TMRm2, TMRm4, TMRm6: MASTERmMN bit
TMRm1, TMRm3: SPLITmn bit
TMRmMO, TMRmM5, TMRmM7: Fixedto O

Remark m: Unit number (m = 0), n: Channel number (n =0 to 7)
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Figure 6-45. Example of Set Contents of Registers During Operation as Interval Timer/Square Wave Output (2/2)

(d) Timer output level register m (TOLm)
Bit n

TOLmM |ToLmn 0: Cleared to 0 when TOMmn = 0 (master channel output mode)

0

(e) Timer output mode register m (TOMm)
Bit n

TOMmM  |TOMmn 0: Sets master channel output mode.

0

Remark m: Unit number (m = 0), n: Channel number (n =0to 7)

RO1UH0382EJ0210 Rev.2.10 RENESAS 248
Aug 12, 2016 "



Operation is resumed.

RL78/L13

CHAPTER 6 TIMER ARRAY UNIT

Figure 6-46. Operation Procedure of Interval Timer/Square Wave Output Function (1/2)

A\ 4

Software operation Hardware status
TAU Power-off status
default (Clock supply is stopped and writing to each register is
setting disabled.)
Sets the TAUMEN bit of peripheral enable register O
(PERO) to 1. » Power-on status. Each channel stops operating.
(Clock supply is started and writing to each register is
enabled.)
Sets timer clock select register m (TPSm).
Determines clock frequencies of CKmO0 to CKm3.
Channel | Sets timer mode register mn (TMRmn) (determines Channel stops operating.
default operation mode of channel). (Clock is supplied and some power is consumed.)
setting Sets interval (period) value to timer data register mn
(TDRmn).
To use the TOmn output The TOmn pin goes into Hi-Z output state.
Clears the TOMmn bit of timer output mode register m
(TOMm) to O (master channel output mode).
Clears the TOLmn bit to 0.
Sets the TOmn bit and determines default level of the
TOmn output. 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 TOmnTOmn 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 starts.
The TSmn (TSHmM1, TSHmM3) bit automatically returns Value of the TDRmn register is loaded to timer count
to 0 because it is a trigger bit. register mn (TCRmn) at the count clock input. INTTMmn is
generated and TOmn performs toggle operation if the
MDmnO bit of the TMRmn register is 1.
During Set value of the TDRmn register can be changed. Counter (TCRmn) counts down. When count value reaches
operation | The TCRmn register can always be read. 0000H, the value of the TDRmn register is loaded to the
The TSRmn register is not used. TCRmn register again and the count operation is continued.
Set values of the TOm and TOEm registers can be By detecting TCRmn = 0000H, INTTMmn is generated and
changed. TOmn performs toggle operation.
Set values of the TMRmn register, TOMmn, and TOLmn | After that, the above operation is repeated.
bits cannot be changed.
Operation | The TTmn (TTHm1, TTHmM3) bitis setto 1. —————————®TEmn (TEHmM1, TEHmM3), and count operation stops.
stop The TTmn (TTHm1, TTHmM3) bit automatically returns The TCRmn register holds count value and stops.
to 0 because it is a trigger bit. The TOmn output is not initialized but holds current status.
The TOEmn bit is cleared to 0 and value is set to the TOmn bit.—q» The TOmn pin outputs the TOmn bit set level.
(Remark is listed on the next page.)
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Figure 6-46. Operation Procedure of Interval Timer/Square Wave Output Function (2/2)

Software operation

Hardware status

TAU
stop

To hold the TOmn pin output level
Clears the TOmn bit to O after the value to
be held is set to the port register.
When holding the TOmn pin output level is not necessary
Setting not required.

—®» The TOmn pin output level is held by port function.

The TAUMEN bit of the PERO register is cleared to 0. —P Power-off status

All circuits are initialized and SFR of each channel is also
initialized.

(The TOmn bit is cleared to 0 and the TOmn pin is set to
port mode.)

Remark m: Unit number (m = 0), n: Channel number (n =0to 7)
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6.8.2 Operation as external event counter

The timer array unit can be used as an external event counter that counts the number of times the valid input edge
(external event) is detected in the TImn pin. When a specified count value is reached, the event counter generates an
interrupt. The specified number of counts can be calculated by the following expression.

| Specified number of counts = Set value of TDRmn + 1 |

Timer count register mn (TCRmn) operates as a down counter in the event counter mode.

The TCRmn register loads the value of timer data register mn (TDRmn) by setting any channel start trigger bit (TSmn,
TSHm1, 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 6-47. Block Diagram of Operation as External Event Counter

TNFENxx
| g
. 8
Timn pin ©— l\flicl>t|es:e #delfgcgt?on E Timer counter
E] —=| register mn (TCRmn)
[S)
kS /T
E Timer data Interrupt O Interrupt signal
TS p [ [
mn % register mn (TDRmn) controller (INTTMmn)
=
Remark m: Unit number (m = 0), n: Channel number (n =0to 7)
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Figure 6-48. Example of Basic Timing of Operation as External Event Counter

TSmn

TEmn

LT N | | ]y I 6

L3 3
TCRmnN 2 1 12 1 2 1 2 1
0000H 0 / 0 > I—|0 >
TDRmn 0003H X 0002H
INTTMmn
4 events 4 events 3 events

Remarks 1. m: Unit number (m = 0), n: Channel number (n = 0to 7)

2. TSmn: Bit n of timer channel start register m (TSm)
TEmn: Bit n of timer channel enable status register m (TEm)
TImn: TImn pin input signal

TCRmn:  Timer count register mn (TCRmn)
TDRmn:  Timer data register mn (TDRmn)
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Figure 6-49. Example of Set Contents of Registers in External Event Counter Mode (1/2)

(@) Timer mode register mn (TMRmn)
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

TMRmMN  |ckSmn1/CKSmno| ccsmn | Mis™'*® |sTsmn2|sTsmn1|STSmno| CISmn1|cismno MDmn3 | MDmn2 [ MDmn1 | MDmnO
1/0 1/0 0 1 0/1 0 0 0 1/0 1/0 0 0 0 1 1 0

L | I [ ] L |

Operation mode of channel n
011B: Event count mode

Setting of operation when counting is started
0: Neither generates INTTMmn nor inverts
timer output when counting is started.

| Selection of TImn pin input edge
00B: Detects falling edge.
01B: Detects rising edge.
10B: Detects both edges.
11B: Setting prohibited

| Start trigger selection
000B: Selects only software start.

| Setting of MASTERmn bit (channels 2, 4, 6)
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 (fuck) selection
00B: Selects CKmO as operation clock of channel n.
10B: Selects CKm1 as operation clock of channel n.
01B: Selects CKm2 as operation clock of channels 1, 3 (This can only be selected channels 1 and 3).
11B: Selects CKm3 as operation clock of channels 1, 3 (This can only be selected channels 1 and 3).

(b) Timer output register m (TOm)
Bit n

TOm TOmn 0: Outputs 0 from TOmn.
0

(c) Timer output enable register m (TOEm)
Bit n

TOEmM |TOEmn 0: Stops the TOmn output operation by counting operation.
0

Note TMRm2, TMRm4, TMRm6: MASTERmMN bit
TMRm1, TMRm3: SPLITmn bit
TMRmMO, TMRm5, TMRm7: Fixedto 0

Remark m: Unit number (m = 0), n: Channel number (n =0to 7)
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Figure 6-49. Example of Set Contents of Registers in External Event Counter Mode (2/2)

(d) Timer output level register m (TOLm)

TOLmM

Bit n

TOLmMn
0

0: Cleared to 0 when TOMmn = 0 (master channel output mode).

(e) Timer output mode register m (TOMm)

TOMm

Bit n

TOMmn
0

0: Sets master channel output mode.

Remark m: Unit number (m = 0), n: Channel number (n =0to 7)
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Figure 6-50. Operation Procedure When Ex

ternal Event Counter Function Is Used

Software operation Hardware status
TAU Power-off status
default (Clock supply is stopped and writing to each register is
setting disabled.)
Sets the TAUmMEN bit of peripheral enable register 0
(PERO) to 1. » Power-on status. Each channel stops operating.
(Clock supply is started and writing to each register is
enabled.)
Sets timer clock select register m (TPSm).
Determines clock frequencies of CKmO0 to CKm3.
Channel | Sets the corresponding bit of the noise filter enable Channel stops operating.
default register 1 (NFEN1) to 0 (off) or 1 (on). (Clock is supplied and some power is consumed.)
setting 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 O because it is a Value of the TDRmn register is loaded to timer count
trigger bit. register mn (TCRmn) and detection of the TImn pin
input edge is awaited.
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
The TSRmn register is not used. reaches 0000H, the value of the TDRmn register is loaded
Set values of the TMRmn register, TOMmn, TOLmn, to the TCRmn register again, and the count operation is
TOmn, and TOEmn bits cannot be changed. continued. By detecting TCRmn = 0000H, the INTTMmn
output is generated.
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 it is a The TCRmn register holds count value and stops.
trigger bit.
TAU The TAUMEN bit of t