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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.
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Readers

Purpose

Organization

How to Read This Manual

How to Use This Manual

This manual is intended for users who wish to understand the functions of the RL78/F12
and design application systems using the following devices.

20-pin: R5F1096x (x = 8, A, B, C, D, E)
30-pin: R5F109Ax (x = A, B, C, D, E)
32-pin: R5F109Bx (x = A, B, C, D, E)
48-pin: R5F100Gx (x = A, B, C, D, E)
64-pin: R5F109Lx (x = A, B, C, D, E)

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

in

the Organization below.

The RL78/F12 manual is divided into two parts: this manual (hardware) and the “RL78
Family User's Manual: Software” (common to the RL78 family).

RL78/F12 RL78 Family
User’s Manual User’s Manual
Hardware Software
¢ Pin functions e CPU functions
¢ Internal block functions e Instruction set
e Interrupts o Explanation of each instruction

It

Other on-chip peripheral functions
Electrical specifications

is assumed that the readers of this manual have general knowledge of electrical

engineering, logic circuits, and microcontrollers.

To gain a general understanding of functions:

— Read this manual in the order of the CONTENTS.

How to interpret the register format:

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

To know details of the RL78 Microcontroller instructions:

— Refer to the separate document RL78 Family User’s Manual: Software
(RO1USO0015E).



<R> Conventions Data significance: Higher digits on the left and lower digits on the right
Active low representations: XxX (overscore over pin and signal name)

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

Numerical representations: Binary

Decimal

Caution:
Remark:
= XXXX OF XXXXB
s XXXX

Hexadecimal  ---xxxxH
Related Documents The related documents referenced in this manual may include preliminary versions.
However, preliminary versions are not marked as such.

<R> Documents Related to Devices
Document Name Document No.
RL78/F12 User's Manual RO1UHO0231E
RL78 Family User's Manual: Software RO1USO0015E
Documents Related to Flash Memory Programming
Document Name Document No.
PG-FP5 Flash Memory Programmer User's Manual R20UTO0008E
<R> Other Documents
Document Name Document No.
Renesas MPUs & MCUs RL78 Family R01CP0O003E
Semiconductor Package Mount Manual Note
Quality Grades on NEC Semiconductor Devices C11531E
Guide to Prevent Damage for Semiconductor Devices by Electrostatic Discharge (ESD) C11892E
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. Be sure to use the latest
version of each document accordingly.

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

EEPROM is atrademark of Renesas Electronics Corporation.

Windows, Windows NT and Windows XP are registered trademarks or trademarks of Microsoft Corporation in the
United States and/or other countries.

PC/AT isatrademark of International Business Machines Corporation.

SuperFlash is aregistered 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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LENESAS

RL78/F12
RENESAS MCU

CHAPTER 1 OUTLINE

1.1 Features

O

O O

O O0OO0OO0OO0OO0

O O0OO0OO0O0

O

Minimum instruction execution time can be changed from high speed (0.03125 us: @ 32 MHz operation with high-
speed on-chip oscillator) to ultra low-speed (30.5 us: @ 32.768 kHz operation with subsystem clock)

General-purpose register: 8 bits x 32 registers (8 bits x 8 registers x 4 banks)
ROM: 8 to 64 KB, RAM: 0.5 to 4 KB, Data flash memory: 4 KB
High-speed on-chip oscillator

e Select from 32 MHz (TYP.), 24 MHz (TYP.), 16 MHz (TYP.), 12 MHz (TYP.), 8 MHz (TYP.), 4 MHz (TYP.), and 1

MHz (TYP.)
On-chip single-power-supply flash memory (with prohibition of block erase/writing function)
Self-programming (with boot swap function/flash shield window function)
On-chip debug function
On-chip power-on-reset (POR) circuit and voltage detector (LVD)
On-chip watchdog timer (operable with the dedicated internal low-speed on-chip oscillator)
On-chip 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)

On-chip key interrupt function

On-chip clock output/buzzer output controller

On-chip BCD adjustment

I/O ports: 16 to 44 (N-ch open drain: 0 to 4)

Timer

e 16-bit timer: 8 channels

e Watchdog timer: 1 channel

e Real-time clock: 1 channel

o Interval timer: 1 channel

o Wakeup timer: 1 channel
Serial interface

e CSI: 0 to 8 channels
e UART/UART (LIN-bus supported): 1to 5 channels
« 1°C/Simplified 1°C communication: 0 to 7 channels

8/10-bit resolution A/D converter (Voo = 1.8 to 5.5 V): 4 to 12 channels
Power supply voltage: Voo= 1.8 to 5.5 V (J version), Voo = 2.7 to 5.5 V (K version)
Operating ambient temperature: Ta=-40 to +85°C (J version), Ta=—40 to +125°C (K version)

Remark The functions mounted depend on the product. See 1.6 Outline of Functions.
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CHAPTER 1 OUTLINE

O ROM, RAM capacities

Flash ROM Data flash RAM RL78/F12
20 pins 30 pins 32 pins 48 pins 64 pins

64 KB 4 KB 4 KB Note R5F1096E R5F109AE R5F109BE R5F109GE R5F109LE
48 KB 3 KB R5F1096D R5F109AD R5F109BD R5F109GD R5F109LD
32 KB 2 KB R5F1096C R5F109AC R5F109BC R5F109GC R5F109LC
24 KB 1.5KB R5F1096B R5F109AB R5F109BB R5F109GB R5F109LB
16 KB 1KB R5F1096A R5F109AA R5F109BA R5F109GA R5F109LA
8 KB 0.5KB R5F10968 - - - -

Note This is 3 KB when the self-programming function is used.
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CHAPTER 1 OUTLINE

1.2 Ordering Information

e Flash memory version (lead-free product)

Pin count Package Data flash Part Number

20 pins 20-pin plastic SSOP Mounted R5F10968JSP, R5F1096AJSP, R5F1096BJSP, R5F1096CJSP,
(7.62 mm (300)) R5F1096DJSP, R5F1096EJSP

30 pins 30-pin plastic SSOP Mounted R5F109AAJSP, R5F109ABJSP, R5F109ACJSP, R5F109ADJSP,
(7.62 mm (300)) R5F109AEJSP

32 pins 32-pin plastic WQFN Mounted R5F109BAJNA, R5F109BBJNA, R5F109BCJNA, 5F109BDJINA,
fine pitch)(5 x 5) R5F109BEJNA

48 pins 48-pin plastic LQFP Mounted R5F109GAJFB, R5F109GBJFB, R5F109GCJFB, R5F109GDJFB,
(fine pitch) (7 x 7) R5F109GEJFB
48-pin plastic WQFN (7 x 7) \°'® Mounted R5F109GAJNA, R5F109GBJINA, R5F109GCJINA, R5F109GDJINA,

R5F109GEJNA

64 pins 64-pin plastic LQFP Mounted R5F109LAJFB, R5F109LBJFB, R5F109LCJFB, R5F109LDJFB,

(fine pitch) (10 x 10) R5F109LEJFB

Note Contact Renesas local sales office or sales representative for further details on this package.

Caution The RL78/F12 has an on-chip debug function, which is provided for development and evaluation. Do
not use the on-chip debug function in products designated for mass production, because the
guaranteed number of rewritable times of the flash memory may be exceeded when this function is
used, and product reliability therefore cannot be guaranteed. Renesas Electronics is not liable for

problems occurring when the on-chip debug function is used.
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RL78/F12 CHAPTER 1 OUTLINE

1.3 Pin Configuration (Top View)

1.3.1 20-pin products

e 20-pin plastic SSOP (7.62 mm (300))

O

P20/ANIO/AVrerp O=—=1 20 [+—=O P21/ANI1/AVRrerm
PO1/ANI16/TO00 O 2 19 [+—O P22/ANI2
P40/TOOLO O=—={3 18 [+—=0O P10/SCK00/SCKS0//SCL00/(T107)/(TO07)
RESET O—4 17 [+=—0O P11/SI00/RxD0/SISO/RXDS0/TOOLRXD/SDA0O/(TI06)/(TO06)
P137/INTPO O——{5 16 [~—0O P12/S000/TxD0/SOS0/TxDS0/TOOLTXD/(TI05)/(TO05)
P122/X2/EXCLK O——~6 15[~—0O P16/TI0L/TO01/INTP5/(RXDO0)
P121/X1 O 7 14 |=—=0 P17/TI02/TO02/(TXDO)
REGC O——{8 13[=—0O P51/INTP2/LTXDO
Vss O—|9 12 [«=—O P50/INTP1/LRXDO
Voo O—10 11}=——0O P31/TI03/TO03/INTP4/PCLBUZ0

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

2. For the following each port, complete the following software processings before performing the
operation that reads the port latch Pm having the target port latch Pm.n within 50ms after
releasing reset (after staring CPU operation)

e Set P00, P13, P14, P15, P30, P60, P61, and P147 to low level output mode by the software (clear
the PMm.n and Pm.n bits for the target ports).

e Set P23 to digital port and low level output mode by the software (set P23 to digital mode with
the ADPC register and clear the PM2.3 and P2.3 bits).

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).
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1.3.2 30-pin products

e 30-pin plastic SSOP (7.62 mm (300))

P20/ANIO/AVRerp O=a—=]
PO1/ANI16/TO00/RXD1 O=—r
POO/ANI17/TI00/TXD1 O=—=
P120/ANI19 O=——=
P40/TOOLO O

RESET O

P137/INTPO O
P122/X2/EXCLK O
P121/X1 O

REGC O—

Vss O——

Voo O——

P60/SCLAO O
P61/SDAAO0 O—=—
P31/TI03/TO03/INTP4/PCLBUZ0 O=—"

© 0O ~NO U~ WNEPRE

[Er
= o

12

30
29
28
27
26
25
24
23
22
21
20
19
18
17
16

[+—=O P21/ANI1/AVRerm

[=—0O P22/ANI2

[=—=O P23/ANI3

[+=—=O P147/ANI18

[=—O P10/SCK00/SCKS0/SCL00/(TI07)/(TO07)

[+=—=O P11/SI00/RxD0/SISO/RXxDS0/TOOLRXD/SDAQO/(TI06)/(TO06)
[*=—0O P12/S000/TxD0/SOS0/TXDSO/TOOLTXD/(TI05)/(TOO5)
[*=—0O P13/TxD2/S0O20/(SDAA0)/(TI04)/(TO04)

=0 P14/RxD2/SI120/SDA20/(SCLA0)/(T103)/(TO03)
[=—O P15/PCLBUZ1/SCK20/SCL20/(T102)/(TO02)

[=—=0O P16/T101/TO01/INTP5/(RXDO0)

[=—O P17/T102/TO02/(TXDO0)

[=—O P51/INTP2/SO11/LTxDO

[=—O P50/INTP1/SI11/SDA11/LRxDO

[+=—=O P30/INTP3/SCK11/SCL11

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).

RO1UH0231EJ0111 Rev.1.11
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RL78/F12 CHAPTER 1 OUTLINE

1.3.3 32-pin products

e 32-pin plastic WQFN (fine pitch) (5 x 5)

)
Q X
&
§ Sgz
S8Ls
2re << 3
Sddodams
<zzzzzzg
SIILILLR
NO 1O A NM<<
O O N NN N
noddaaaan
O0O0O0OO0O00OO0O .
[ ] l l [ exposed die pad
3231302928272625 -
P40/TOOLO O=—={1 e 24 f+—-(O P10/SCKO0/SCKS0/SCLO0/(TI07)/(TO07)
RESET O=—+{2 I 23— P11/SI00/RxDO0/SIS0/RxDS0/TOOLRXD/SDAOO/(TI06)/(TO06)
P137/INTPO O—3 | : 22f=——=0O P12/SO00/TxD0/SOS0/TXDSO/TOOLTXD/(TI05)/(TO05)
P122/X2/[EXCLK O——{4 : | 21|+~—=0 P13/TxD2/SO20/(SDAAQ)/(TI04)/(TO04)
P121/X1 O——5 I 20f~—=0O P14/RxD2/SI20/SDA20/(SCLAO)/(TI03)/(TO03)
REGC O———6 1 : 19|=—0O P15/PCLBUZ1/SCK20/SCL20/(T102)/(TO02)
Vss O—rrf7 t , 18=—=O P16/TI01/TO01/INTP5/(RXDO)
Voo O———|8 17f=——=0O P17/TI02/TO02/(TXDO)

P62 O~——2
P31/TI03/TO03/INTP4/PCLBUZ0 C=—+
P70 O~—5

P60/SCLA0 O=—={w©
P61/SDAAQ O=—=5

P30/INTP3/SCK11/SCL11 O=—+'~

P50/INTP1/SI11/SDA11/LRXD0 O=~—tn
P51/INTP2/SO11/LTXD0 O=—=5

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).

RO1UH0231EJ0111 Rev.1.11 R NS 6
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RL78/F12 CHAPTER 1 OUTLINE

1.3.4 48-pin products

e 48-pin plastic LQFP (fine pitch) (7 x 7)

)]
N4
X o ~
@) < 8
SE W oggs
UL . &g
J95EE 52
OXXEXX|FpO2%
OJ8®&3dnasag
SsmIAYBNYNLWEES
>>rXroooooirxoaoaao
TTTTTTTTTTTT
4847 46 45 44 43 42 41 40 39 38 37
P60/SCLAO O 1 36|=—=O P140/PCLBUZ0/INTP6
P61/SDAAD O 2 O 35|<—=O POO/TIOO/TXD1
P62 O~—3 34|<——O P01/TO00/RxD1
P63 O~—={4 33—0O P130
P31/TI03/TO03/INTP4/(PCLBUZ0) O=—=5 32|<——=0O P20/ANIO/AVrerp
P75/KR5/INTP9/SCKO1/SCLOL O=—~6 31|=~—=O P21/ANIL/AVRerm
P74/KR4/INTP8/SI01/SDA0L O 7 30|<~——=O P22/ANI2
P73/KR3/SO01 O~—~|8 29|<—=O P23/ANI3
P72/KR2/S021 O~—={9 28|=~——=0O P24/ANI4
P71/KR1/SI21/SDA21 O=~—=10 27|=—O P25/ANIS
P70/KRO/SCK21/SCL21 O=~—{11 26|=~——=0O P26/ANI6
P30/INTP3/SCK11/SCL11/RTC1HZ O 12 25|~——=O P27/ANI7
1314151617 1819202122 2324

OO o~~~ ~—~© 0
SoNmYho~
QQQQOO%OOOE:'
FEXXO0OO0O00O00aZ
d2bxrxkEEEEEE T Z
SOASSEEXEXEEE
doOdSVNmSThok 3
<ogfecgoc2oo H
QO EZEEE )
U)NN<\ = =
JSEEQR 1< pr
nZ2=00 < (@]
=<~ EFEn [a) %)

adad =
EEE855293
z Elxa & I
= 3 |Q le) O
o N
re) = 0 \
[a¥ L5907 =]
NS Q S]
o g 2
25332
OF2¢S
o) o
—
o

P14/RxD2/SI120/SDA20/(SCLAO)/(T

P12/SO00/TxD0/SOS0/TxDSO/TOOLTXD/(T
P11/S100/RxD0/SISO/RxDS0/TOOLRXD/SDAOO/(T

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).

RO1UH0231EJ0111 Rev.1.11 R NS 7
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RL78/F12

CHAPTER 1 OUTLINE

e 48-pin plastic WQFN (7 x 7)

()
X
< 3 5
o

2 o U o000

wao k= d

odEEE, Q5 Z

X X £ X X|IFHFOS <«

SSISaIHEES

b o9 NmAANS TN

0 o WdddddWUSF <A

>>IxXxoooooixooo

48474645444342 4140393837
P60/SCLAO O 1 = 36
P61/SDAAO O 2 7/ exposed diepad | 35
P62 O=—=3 | |34
P63 O=—4 | , 33
P31/TI03/TO03/INTP4/(PCLBUZ0) O=—+=5 | 1 32
P75/KR5/INTP9/SCK01/SCL01 O=—*~6 : : 31
P74/KR4/INTP8/SI01/SDA0L O=~—7 | | 30
P73/KR3/SO01 O 8 29
P72/KR2/S021 O 9 I 28
P71/KR1/SI21/SDA21 O 10 : : 27
P70/KRO/SCK21/SCL21 O=~—>11 | _ _ _ _ _ _ _ _ _ _ __ ;26
P30/INTP3/SCK11/SCL11/RTC1HZ O=—={12 25

131415161718192021222324

—-—0O P140/PCLBUZO/INTP6
<O POO/TI00/TXD1
-——O PO1/TO00/RxD1
O P130

~—O P20/ANIO/AVRrerr
~——=0O P21/ANI1/AVrerm
<——O P22/ANI2
~——O P23/ANI3
-——=O P24/ANI4
-——O P25/ANI5
~—O P26/ANI6
<——O P27/ANI7

P50/INTP1/SI11/SDA11/LRxD0O

P51/INTP2/SO11/LTxDO

P P
oo NmY oG
[aajeNelololN e
XXO00O0OO0OO0OO0n
FEEEEEE
cxccc
A AARARERARXN
JOVN®HS DL~
O&C_’C_’QQQQ
ez c £
~ = ~ ~
N = = =)
od e S
E < < |
=0 < O
~ = o n
— = %) =
ag &2 S
=] S %)
= I X
) (o) @)
= o) %)
a N S
la) o
< X
= O
> n
— =)
o —
o

P15/PCLBUZ1/SCK20/SCL20/(T!
P14/RxD2/S120/SDA20/(SCLAO)/(T!

P12/SO00/TxD0/SOSO/TXxDSO/TOOLTXD/(T
P11/S100/RxD0/SISO/RXDS0/TOOLRXD/SDAOO/(T!

P147/ANI18 O=—

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

Remarks 1.
2.
register (PIOR).

For pin identification, see 1.4 Pin Identification.

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

Contact Renesas local sales office or sales representative for further details on this package.
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RL78/F12

CHAPTER 1 OUTLINE

1.3.5 64-pin products
64-pin plastic LQFP

o
-
<
2
o 2
£ R8B
x
£ 58 &¢
o« - O w w
N N o< 8 r o
2 2 0 v = > >
o q o & &[S <<
0008 cZl¥ SZyvezxver
aag20zz|Q zzzzzzz2z
SakbEELILIL oL L LI L LLL
T ¥ 0O d N OO F MO 4N M T W0n O~
o 4 O O O O O & N N N N N N N N
o T o T T T o T T o I o o o I o M o R o B o
64 63 62 61 60 59 58 57 56 55 54 53 52 51 50 49
P120/ANI19 (Oa—m{ 1 48 |=——() P147/ANI18
P43 Oe—n]2 47 f+——() P146
P42/TI04/T004 (t—wm 3 46 |+—) P10/SCK00/SCLO0/SCKS0/(TI07)/(TO07)
P41/TI07/TO07 ()t—s| 4 45 [———() P11/SI00/RXDO/SDA00/TOOLRXD/SISO/RXDSO/(TIOB)/(TO06)
P40/TOOLO (el 5 44 fa——=() P12/SO00/TXDO/TOOLTXD/SOSO/TXDSO/(INTPS5)/(TI05)/(TOO5)
RESET O——=6 43 |+———=(0) P13/TXD2/SO20/(SDAAQ)/(TI04)/(TO04)
P124/XT2/EXCLKS (O——»{ 7 42 f+——() P14/RXD2/SI20/SDA20/(SCLA0)/(TI03)/(TO03)
P123/XT1 (O—| 8 41 [+———() P15/SCK20/SCL20/(TI02)/(TO02)
P137/INTPO (O—»|9 40 f=——=() P16/TIOL/TOOL/INTPS5/(RXD0)/(SI00)
P122/X2/EXCLK (O)——={ 10 39 |———=() P17/TI02/TO02/(TXD0)/(SO00
P121/X1 O——» 11 38 |+——() P55/SCKS1/(PCLBUZ1)/(SCK00)
REGC O——| 12 l«—( P54/sIS1
vss O—— l+——=() P53/SOS1/(INTP11)
Evsso O—] l«——=() P52/(INTP10)
vob O——] l«——=() P51/INTP2/SO11/LTXD
Evooo O— [«———( P50/INTP1/SI11/SDAL1/LRXD
18 19 20 21 22 23 24 25 26 27 28 29 30 31

P
- o 0 b~ W

P60/SCLA0 (Ore—=15

P61/SDAA0 (re—n]

P62 (Ora—=
P63 (Ora—=

P31/TI03/TO03/NTP4/(PCLBUZ0)

P77/IKR7/INTP11/(TXD2)
P76/KR6/INTP10/(RXD2)

P75/KR5/INTP9/SCK01/SCLO1

P74/KR4/INTP8/SI01/SDA0L ()-et—=

P73/KR3/S001 ()—n]
P72/KR2/S021 ()a—n]
P71/KR1/SI21/SDA21 ()at—n]

PO6/TIOBITO06 ()et—»]
POS/TIOS/TO05 ()e—»]

P70/KRO/SCK21/SCL21

P30/INTP3/RTC1HZ/SCK11/SCL11 O<—> 8
W oW oW W w
@ R G o

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

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

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

register (PIOR).

RO1UH0231EJ0111 Rev.1.11
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RL78/F12

CHAPTER 1 OUTLINE

1.4 Pin Identification

ANIO to ANI7,
ANI16 to ANI19:
AVREFM:

AVREFP:

EXCLK:

EXCLKS:

INTPO to INTP11:
KRO to KR7:
LRxDO:

LTxDO:

P00, PO6:

P10 to P17:

P20 to P27:

P30, P31:

P40 to P43:

P50 to P55:

P60 to P63:

P70 to P77:

P120 to P124:
P130, P137:
P140, P141, P146,
P147:

PCLBUZO0, PCLBUZ1:

Analog input

A/D converter reference REGC:
potential (- side) input RESET:
A/D converter reference RTC1HZ:

potential (+ side) input
External clock input (main

RxDO0 to RxD2, RxDSO0:

system clock)

SCKO00, SCKO01, SCK10,

External clock input (sub
system clock)

External interrupt input
Key return

Receive Data SCLAO:

Transmit Data

Port 0 SDA11,SDA20, SDA21,
Port 1 SDAAO:

Port 2 SI00, SI01, Sli10, SI11,
Port 3 SI20, SI21, SIS0, SIS1:
Port 4 S000, SO01, SO10,
Port 5 S0O11, SO20, SO21,
Port 6 SOS0, SOS1:

Port 7 TI0O0 to TIO7:

Port 12 TOO0O0 to TOO7:

Port 13 TOOLO:

TOOLRXD, TOOLTxD:
TxDO to TxD2, TxDSO:

Port 14

SCK11, SCK20, SCK21,
SCKSO0, SCKS1:

SCLO00, SCLO01, SCL10,
SCL11, SCL20, SCL21,

SDAO00, SDA01, SDA10,

Programmable clock output/buzzer
output

Regulator capacitance

Reset

Real-time clock correction clock

(1 Hz) output

Receive data

Serial clock input/output

Serial clock input/output

Serial data input/output

Serial data input

Serial data output

Timer input

Timer output

Data input/output for tool

Data input/output for external device
Transmit data

Vob: Power supply

Vss: Ground

X1, X2: Crystal oscillator (main system clock)

XT1, XT2: Crystal oscillator (subsystem clock)
RO1UHO0231EJ0111 Rev.1.11 ’-zENESAS 10
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RL78/F12 CHAPTER 1 OUTLINE

1.5 Block Diagram

1.5.1 20-pin products

TIMER ARRAY < PORT 0 ~— P01
UNIT (8ch)
TO00/POL cho | port1 K5 )>pP10toPi2 P16, P17
TI0L/TO01/P16 =}
TI02/TO02/P17 == ch2
TI03/TO03/P13 ~—~ ch3
<
- PORT 5 2> P50, P51
(TI05/TO05/P12) ~— chs - 50.PS
(TI0B/TO06/P11) ~— ch6 < porT12 K ZP121,P122
(TI07/TO07/P10) ~—> ch7 “ p137
RL78 CODE FLASH MEMORY ANIOIP20 to
| INTERVAL TIMER |<:> cPy — ANIZIP22
CORE
|| DATA FLASH MEMORY < —>| AID CONVERTER [+—— ANI16/P01
WINDOW AVrerr/P20
WATCHDOG AVRrerm/P21
TIMER
f POWER ON RESET/ PORILVD
VOLTAGE
DETECTOR CONTROL
LOW-SPEED ON-CHIP OSCILLATOR
RAM ‘
REAL-TIME RESET CONTROL
CLOCK
‘ (| on-cHIP DEBUG TOOLO/P40
16-BIT WAKEUP TIMER
| Vob Vss TOOLRxD/P11,
TOOLTXD/P12 SYSTEM [
CONTROL  [«——RESET
:
X c LRxDO//P50 ON-CHIP
(RxDO/PL6) —| (= LIN-UARTO L oopen OSCILLATOR X2/EXCLK/P122
ro0p12 .| ]
(TXDO/P17)
VOLTAGE
SCKO0/P10 - MULTIPLIER&. REGULATOR REGC
SI00/P11 CsI00 - MDLIJ\(:%I’E:T,Y CRC
S000/P12 -
ACCUMULATOR INTPOIP137
zero - o
- DIRECT MEMORY (| INTERRUPT INTP2/P51
ACCESS CONTROL INTP4/P3L
~—— INTP5/P16
SERIAL ARRAY .
UNIT'S (2 ch) - ADJUSTMENT

RXDSO0/P11 —
TXDSO/P12 ~—| UARTS0

SCKS0/P10
SIS0/P11 CSISO
SOS0/P12
Remark Functions in parentheses in the above figure can be assigned via settings in the peripheral 1/0 redirection

register (PIOR).

RO1UH0231EJ0111 Rev.1.11
Jan 31, 2014

RRENESAS 1



RL78/F12

CHAPTER 1 OUTLINE

1.5.2 30-pin products

TIO0/PO0 —
TOO00/PO1 ~—f

TI01/TO01/P16 ~—f

TI02/TO02/P17

(TI02/T002/P15) ™ ||

TIO3/TO03/P31
(TI03/TO03/P14)

(TI04/TO04/P13) ~—
(TIOS/TO05/P12) ~—

(TI06/TO06/P11) ~—

(TIO7/TO07/P10) ~—
RxD2/P14 —

TIMER ARRAY
UNIT (8ch)

cho

™ chl

ch2

ch3

™ ch4

™ chs

ché

ch7

| INTERVAL TIMER

WINDOW
WATCHDOG
TIMER

f

LOW-SPE!

ED ON-CHIP OSCILLATOR

| 16-B!

IT WAKEUP TIMER

RxDO/P11

(RXDO/P16) —|
T™XDOPL2 |

(TXDO/P17)

RxD1/P01 —
TXD1/P00 ~—{

SCKO00/P10 ~—
SI00/P11 —
S0O00/P12 =—1

SCK11/P30 —=—
SI111/P50 —
S011/P51 =

SCLO0/P10 ~—
SDA00/P11 ~—

SCL11/P30 ~—
SDA11/P50 —

SERIAL ARRAY
UNIT 0 (4 ch)

UARTO
UART1

- Csloo

1

bl Csi11

licoo
Ic1i1

RxD2/P14 —
TxD2/P13 -—{

SCK20/P15 ~—
SI120/P14 —
S020/P13 ~—

SCL20/P15 ~—
SDA20/P14 ~—

SERIAL ARRAY
UNIT 1 (2 ch)

UART2

1

- CslI20

iczo

RxDS0/P11 —]
TXDS0/P12 ~—

SCKS0/P10 -—
SIS0/P11 —
SOS0/P12 ~—

SERIAL ARRAY

UNIT S (2 ch)
UARTSO
. CsIso

RL78
CPU
CORE

CODE FLASH MEMORY

DATA FLASH MEMORY

=)

RAM
Voo Vss TOOLRXD/PLL,
TOOLTXD/P12
SDAAO/P6L
SERIAL ~——~(SDAAO/P14)
INTERFACE IICA SCLAO/P60
(SCLAO/P13)
LRXDO//P50
LIN-UARTO
LTXDO/P51
BUZZER OUTPUT
————————— PCLBUZL/P15
CLOCK OUTPUT
CONTROL
MULTIPLIER&.
DIVIDER, CcRC
MULITIPLY-
ACCUMULATOR

“ DIRECT MEMORY

ACCESS CONTROL

“ BCD
ADJUSTMENT

register (PIOR).

<:> P00, POL
“ﬂ P10 to P17
P20 to P23
P30, P31
A

P50, P51
<:> P60, P61

PORT 12
e [

P120

P121, P122

(> PorT13 [~— pP137
(| PorT14 -~ p147

A/D CONVERTER

ANIO/P20 to
ANI3/P23

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

AVrerp/P20
AVreru/P21
POWER ON RESET/ PORILVD
VOLTAGE CONTROL
DETECTOR
RESET CONTROL
(| ON-CHIP DEBUG TOOLO/P40
SYSTEM
CONTROL RESET
HIGH-SPEED X1/P121
ON-CHIP
OSCILLATOR X2/EXCLK/P122
VOLTAGE
REGULATOR REGC

<

INTERRUPT
CONTROL

-

RxD2/P14 (LINSEL)
INTPO/P137
INTP1/P50,
INTP2/P51
INTP3/P30,
INTP4/P31

INTP5/P16

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

RO1UH0231EJ0111
Jan 31, 2014

Rev.1.11
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register (PIOR).

1.5.3 32-pin products
TIMER ARRAY
- PORT 0 P00, PO1
TIO/POO ——{~|
TOO00/POL ~— cno >  PorT1 KB Pi0toP17
TIOLTO01/P16 <~
= <D PORT 2 2" »P20t0 P23
TI02/TO02/P17 "
TI03T003/P3L | | "~ '
(TI03/TO03/P14) c
(TI04/TO04/P13) =—~| cha -
PORT 5 P50, P51
N (o _roms Koo
(TI06/TO06/P11) ~—1{= ché “@» P60 to P62
(TI07/TO07/P10) ~—= -
RxD2/P14 — = c -~ P70
T Ji
| INTERVAL TIMER |<;> 2pP121, P122
WINDOW [~ P137
WATCHDOG
TIMER
T -~ P147
LOW-S ANIO/P20 to
CODE FLASH MEMORY ANI3/P23
RL78 ANI16/P01, ANI17/POO,
CPU | AIb CONVERTER ANI18/P147, ANI19/P120
CORE DATA FLASH MEMORY AVeerelP20
@ AVrerm/P21
| 16-BIT WAKEUP TIMER
POWER ON RESET/ PORILVD
VOLTAGE CONTROL
SERIAL ARRAY DETECTOR
RxDO/P11 UNIT 0 (4 ch)
(RXDO/P16) |4 RAM
Toop
(TXDO/P17) RESET CONTROL
TXD1/P00 ~—| ‘
SCK00/P10 ~—~]
SI00/P11 csloo Voo Vss TOOLRXD/P11, “ TOOLO/P40
S000/P12 TOOLTXD/P12
SCK11/P30 ~—»] j : SDAA0/P61
SI11/P50 csi1 (| SERIAL (SDAAOIP14) SYSTEM -
SO11/P51 = INTERFACE lICA SCLAO/P60 CONTROL  [+——RESET
(SCLAO/P13) GRSPEED XUP121
SCLO0/P10 ——* ON-CHIP
11C00 [+ X2/EXCLK/P122
SDA0O/P11 ~—] < LNUARTO LRxDO//P50 OSCILLATOR
LTXDO/P51
somivps |4 e |
lic11 VOLTAGE
SDA11/P50 ~—
BUZZER OUTPUT REGULATOR REGC
————————— —— PcLBUZ1/P15
CLOCK OUTPUT RxD2/P14 (LINSEL)
SERIAL ARRAY CONTROL INTPO/P137
UNIT (2 ch) INTP1/P50
RxD2/P14 —~| MULTIPLIER (| INTERRUPT INTP2/P51
TxD2/P13 — | AR k= DVER cRe CONTROL INTP3/P30,
MULITIPLY- INTP4/P31
ACCUMULATOR
INTP5/P16
SCK20/P15
SI20/P14 Csl20 <:> DIRECT MEMORY
SO20/P13 ACCESS CONTROL
pevvsovnin i N
11c20 BCD
SDA20/P14 - ADJUSTMENT
SERIAL ARRAY
UNIT S (2 ch)
RxDSO0/P11 —|
TXDSO/P12 ~—| UARTSO
SCKS0/P10
SISo/P11 CsIso
S0S0/P12 ~—

Remark Functions in parentheses in the above figure can be assigned via settings in the peripheral /O redirection
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RL78/F12

CHAPTER 1 OUTLINE

1.5.4 48-pin products

TIMER ARRAY
UNIT (8ch)
TIOO/POO —— =]
TO00/PO1 ~— cho
TI02/TO02/P17 -
(TI02/TO02/P15) c
TI03T003/P31 __ | | -
(TI103/TO03/P14) ~ c
(TI04/TO04/P13) =~—f= cha

(TI05/TO05/P12) ~—

]
I

ch

(TI06/TO06/P11) ~—= ch6
TIO7/TO07/P41
(TI07/TO07/P10) -
RxD2/P14 —+]
| INTERVAL TIMER |<;>
WINDOW
WATCHDOG [
TIMER
LOW-SPEED ON-CHIP OSCILLATOR RL78 .| CODE FLASH MEMORY
E—
cPU
CorReE [(—]
| DATA FLASH MEMORY
REAL-TIME
RTC1HZ/P30 ~— ook - @
| 16-BIT WAKEUP TIMER |<:> @
SERIAL ARRAY
RAM
RXDO/P11 UNIT 0 (4 ch)
(RXDO/P16) — 1+
TXDO/P12 UARTO
(TXDO/P17
RXD1/P01 ——{~] AR
TXD1/P00 ~—
Voo Vss TOOLRXD/P11,

SCKO00/P10 ~—
SI00/P11 —
S0O00/P12 ~—
SCKO01/P75 ~—
SI01/P74 —
S001/P73 ~—
SCK11/P30 ~—
SI11/P50 —
SO11/P51 ~—
SCLO0/P10 ~—
SDAO00/P11 ~—{
SCLO1/P75 ~—
SDA01/P74 -—

SCL11/P30 ~—
SDA11/P50 ~—j

. Cslo0

CsIo1

Ho| Csi11

11IC00

licol

]

lic11

RxD2/P14 —
TxD2/P13 =—

SCK20/P15 ~—
SI20/P14 —
S020/P13 ~—
SCK21/P70 ~—
SI21/P71 —
S021/P72 ~—

SCL20/P15 ~—
SDA20/P14 +—j

SCL21/P70 ~—
SDA21/P71 ~—

RxDS0/P11 —
TXDS0/P12 ~—

SCKS0/P10 ~—
SIS0/P11 —
SOS0/P12 ~—

SERIAL ARRAY
UNIT 1 (2 ch)

]

UART2

. CsI20

Fo| Csi21

lic20

lic21

SERIAL ARRAY
UNIT S (2 ch)

UARTSO

- CsIso

TOOLTXD/P12

<:> SERIAL
INTERFACE IICA

SDAAO/P61

(SDAAO/P14)

l+—— SCLA0/P60
(SCLAO/P13)

K= LIN-UARTO

[=—— LRxDO0//P50
— LTxDO/P51

BUZZER OUTPUT

CLOCK OUTPUT
CONTROL

) PCLBUZ0/P140
(PCLBUZO/P31),
PCLBUZ1/P15

MULTIPLIER&

<n’:> DIVIDER,
MULITIPLY-

ACCUMULATOR

<:> BCD
ADJUSTMENT

““ P00, PO1
<:> P101t0 P17
<:>P20 to P27
<,:'>P30. P31
<:>P40, P41
<:>P50, P51

g 4

KD PorT12 P120
2 1P12110 P124
K| PorT13 Egg
P140,
< porTia K301 miar

K| A converTerR

“ ANI0/P20 to
ANI7/P27

AVrerp/P20
AVrern/P21
()| KevReTurN KRO/P70 to
KRS/P75
POWER ON RESET/ PORILVD
VOLTAGE CONTROL
DETECTOR
RESET CONTROL
| ON-CHIP DEBUG TOOLO/P40
SYSTEM RESET
CONTROL X1/P121
ToHSPEED] [FX2/EXCLKIP122
ON-CHIP XT1/P123
OSCILLATOR XT2/EXCLKS/P124
VOLTAGE
REGULATOR REGC

INTERRUPT
CONTROL

<

RxD2/P14 (LINSEL)
INTPO/P137

INTP1/P50,
INTP2/P51

INTP3/P30,
INTP4/P31

|~—— INTP5/P16
~— INTP6/P140

INTP8/P74,
INTPO/P75

K21 ANI18/P147, ANI19/P120

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

register (PIOR).
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RL78/F12

CHAPTER 1 OUTLINE

1.5.5 64-pin

products

TI00/PO0 ——
TOO00/P01 ~—

TI01/TO01/P16 ~—

TI02/TO02/P17

(TI02/TO02/P15 ~ |

TI03/TO03/P31

(TI03/TO03/P14) I

TI04/TO04/P42

(TI04/TO04/P13) = |7

TI05/TO05/P05

(TI05/TO05/P12) = ||

TIO6/TO06/P06 ché
(TIOB/TO06/P11) ~—

TI07/TO07/P41
(TI07/TO07/P10)

RxD2/P14

TIMER ARRAY
UNIT (8ch)

cho

chl

ch2

ch3

g
I

cl

chs

ché

ch7

(RxD2/P76)

| INTERVAL TIMER

WINDOW
WATCHDOG
TIMER

LOW-SPEED ON-CHIP OSCILLATOR

RTC1HZ/P30 ~—

REAL-TIME
CLOCK

| 16-BIT WAKEUP TIMER

RxDO/P11
(RxDO/P16) |
TXDOP12 |
(TXDO/P17)
RxD1/P03 —|
TXD1/P02 ~—
SCK00/P10
(SCK00/P55) =]
Si0o/P1L |
(SI00/P16)
SO00/P12 ~—
(SO00/P17)
SCKOL/P75 ~—
SI01/P74 —
SO01/P73 ~—
SCK10/P04 ~—
SI10/P03 —
SO10/P02 ~—

SCK11/P30 =—+
SI11/P50 —
SO11/P51 ~—

SCLO0/P10 =—
SDAOQO/P11 ~—j
SCLO01/P75 ~—
SDA01/P74 ~—
SCL10/P04 ~—
SDA10/P03 «—
SCL11/P30 ~—
SDA11/P50 ~—

SERIAL ARRAY
UNITO (4ch)

UARTO

RL78 CODE FLASH MEMORY

CPU

CORE DATAFLASH MEMORY

Il

UARTL

Csloo

Cslo1

Csl10

Csli1

licoo

licor

lic10

lici1

RxD2/P14

(RxD2/P76) ||

TxD2/P13 ~—
(TxD2/P77)

SCK20/P15 =—
SI120/P14 —
S020/P13 =—
SCK21/P70 ~—
SI21/P71 —
S021/P72 ~—1

SCL20/P15 ~—
SDA20/P14 «—

SCL21/P70 ~—
SDA21/P71 =—j

SERIAL ARRAY
UNIT1 (2ch)

UART2

RxDS0/P11 —
TxDSO0/P12 ~—1

SCKS0/P10 ~—
SIS0/P11 —
SOS0/P12 ~—

SCKS1/P55 ~—
SIS1/P54 —
SOS1/P53 =—

SERIAL ARRAY
UNIT S (2 ch)

UARTSO

CSsIso

csis1

i

RAM

Voo, Vs, TOOLRXD/P1L,
EVooo EVsso TOOLTXD/P12

[+~—> SDAA0/P61
[~—= SCLA0/P60

SERIAL
INTERFACE IICA

LRxD/P50
LIN-UART

LTxD/P51

BUZZER OUTPUT
_________ ) PCLBUZO/P140

(PCLBUZO/P31),
PCLBUZ1/P141
(PCLBUZ1/P55)

CLOCK OUTPUT
CONTROL

MULTIPLIER&
DIVIDER,
MULITIPLY-
ACCUMULATOR

BCD
ADJUSTMENT

<) K7 >P00 to P06
- ﬂ P10to P17
- "8 »>P20to P27
T Jromm
< (2 )P40to P43
<= 8PS0 to PS5
< K2 >P60 to P63
<) K8 »>P70t0 P77
oo Jee
(A P121t0 P124

e
= oo

ANIO/P20 to

ANI7/P27
| o converTer (TR A om0

AVrerplP20
AVrern/P21

{

KEY RETURN

KRO/P70 to
KR7/P77

POWER ON RESET/
VOLTAGE
DETECTOR

POR/LVD
CONTROL

RESET CONTROL

{>| ON-CHIP DEBUG [=——=TOOLO/P40

SYSTEM
CONTROL

HIGH-SPEED
ON-CHIP
OSCILLATOR

RESET

X1/P121
[*+——X2/EXCLK/P122
XT1/P123
XT2/EXCLKS/P124

VOLTAGE
REGULATOR

REGC

INTERRUPT
CONTROL

<

__E RxD2/P14 (RXD2/P76)
INTPO/P137

INTP1/P50,

INTP2/P51

INTP3/P30,

INTP4/P31
INTP5/P16(INTP5/P12)
INTP6/P140,

INTP7/P141

INTP8/P74,

INTPO/P75
INTP10/P76(INTP10/P52)
INTP11/P77(INTP11/P53)

Remark Functions in parentheses in the above figure can be assigned via settings in the peripheral 1/O redirection
register (PIOR).
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RL78/F12

CHAPTER 1 OUTLINE

1.6 Outline of Functions

Caution This outline describes the functions at the time when Peripheral 1/0 redirection register (PIOR) is set

to OOH.
(1/2)
Item 20-pin 30-pin 32-pin 48-pin 64-pin
R5F1096x R5F109AX R5F109Bx R5F109Gx R5F109Lx
Code flash memory (KB) 8to 64 16 to 64 16 to 64 16 to 64 16 to 64
Data flash memory (KB) 4 4 4 4 4
RAM (KB) 0.5 to 40t 1 to 4"Otet 1to 40t 1to 4"t 1to 4"0tel
Memory space 1 MB
Main system | High-speed system X1 (crystal/ceramic) oscillation, external main system clock input (EXCLK)
clock clock 1to 20 MHz: Voo =2.71t05.5V, 1to 8 MHz: Voo = 1.8 t0 2.7 V
High-speed on-chip | HS (High-speed main) mode: 1 to 32 MHz (Voo = 2.7 to 5.5 V),
oscillator clock LS (Low-speed main) mode: 1 to 8 MHz (Vopo = 1.8 t0 5.5 V)
Subsystem clock - XT1 (crystal) oscillation
32.768 kHz (TYP.):
Voo =1.8t055V
Low-speed on-chip oscillator clock 15 kHz (TYP.): Voo = 1.8 t0 5.5 V
General-purpose register 8 bits x 32 registers (8 bits x 8 registers x 4 banks)
Minimum instruction execution time | 0.03125 us (high-speed on-chip oscillator clock: fin = 32 MHz operation)
0.05 us (High-speed system clock: fux = 20 MHz operation)
30.5 us (Subsystem clock: fsus = 32.768 kHz operation) Note3
Instruction set « Data transfer (8/16 bits)
« Adder and subtractor/logical operation (8/16 bits)
o Multiplication (8 bits x 8 bits)
o Rotate, barrel shift, and bit manipulation (Set, reset, test, and Boolean operation), etc.
I/O port Total 16 26 28 44 58
CMOS 1/O 13 21 22 34 48
CMOS input 3 3 3 5 5
CMOS output - - - 1 1
N-ch open-drain /O - 2 3 4 4
(6 V tolerance)
Timer 16-bit timer 8 channels
Watchdog timer 1 channel
Real-time clock (RTC) 1 channel
Interval timer 1 channel
Wakeup timer 1 channel
Timer output 4 channels (PWM outputs: 3 "% 5 channels 8 channels
(PWM outputs: 4"°*3)| (PWM outputs: 4"°**?)
RTC output - 1
1 Hz (subsystem clock:
fsus = 32.768 kHz)
Clock output/buzzer output 1 2 2 2 2
e 2.44 kHz, 4.88 kHz, 9.76 kHz, 1.25 MHz, 2.5 MHz, 5 MHz, 10 MHz
(Peripheral hardware 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) Note3
Notes 1. Inthe case of the 4 KB, this is 3 KB when the self-programming function is used.
2. The number of outputs varies, depending on the setting.
3. Available only in 48- and 64-pin products.
RO1UH0231EJ0111 Rev.1.11 leNESAS 16
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(2/2)
Item 20-pin 30-pin 32-pin 48-pin 64-pin"°'e®
R5F1096x R5F109AX R5F109Bx R5F109Gx R5F109Lx
8/10-bit resolution A/D converter 4 channels 8 channels 8 channels 10 channels 12 channels
(Voo: 3 channels) | (Voo: 4 channels) | (Voo: 4 channels) | (Voo: 8 channels) | (Voo: 8 channels)
(EVop: 1 channels)| (EVoo: 4 channels)| (EVoo: 4 channels)| (EVop: 2 channels)| (EVop: 4 channels)

Serial interface [20-pin, 24-pin, 25-pin products]

e CSI: 1 channel/lUART: 1 channel/simplified I°C: 1 channel
e CSI: 1 channel/UART: 1 channel
e LIN-UART: 1 channel

[30-pin, 32-pin products]
e CSI: 2 channels/UART: 2 channels/simplified I°C: 2 channels
e CSI: 1 channel/lUART (UART supporting LIN-bus): 1 channel/simplified I°C: 1 channel

e CSI (7 to 16 bits): 1 channel/lUART (7 to 9, 16 bits): 1 channel
e LIN-UART: 1 channel

[48-pin products]
e CSI: 3 channels/UART: 2 channels/simplified I°C: 3 channels
e CSI: 2 channels/lUART (UART supporting LIN-bus): 1 channel/simplified I°C: 2 channels

CSlI (7 to 16 bits): 1 channel/lUART (7 to 9, 16 bits): 1 channel
e LIN-UART: 1 channel

[64-pin products]

CSI: 4 channels/UART: 2 channels/simplified I°C: 4 channels

CSI: 2 channels/UART (UART supporting LIN-bus): 1 channel/simplified 1°C: 2 channels
CSI (7 to 16 bits): 2 channels/UART (7 to 9, 16 bits): 1 channel

LIN-UART: 1 channel

I°C bus - 1 channel 1 channel 1 channel
Multiplier and divider/multiply- ¢ 16 bits x 16 bits = 32 bits (Unsigned or signed)
accumulator e 32 bits + 32 bits = 32 bits (Unsigned)

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

DMA controller 2 channels
Vectored interrupt| Internal 28 34 34 3gMetet 3Nt
sources External 5 6 6 10M 12Nt
Key interrupt - 6 8
Reset « Reset by RESET pin

Internal reset by watchdog timer

Internal reset by power-on-reset

Internal reset by voltage detector

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

Internal reset by illegal-memory access

Note2

Power-on-reset circuit » Power-on-reset:  1.51+0.03 V
» Power-down-reset: 1.50 £0.03 V
Voltage detector « Rising edge : 1.88 V to 4.06 V (12 stages)
 Falling edge : 1.84 V to 3.98 V (12 stages)
On-chip debug function Provided
Power supply voltage Voo =1.6t055V
Operating ambient temperature Ta=-40to +85 °C

Notes 1. INTPS8, INTLR, INTP9, and INTLS are counted as one interrupt source in both an internal and external
interrupt, respectively.
2. The illegal instruction is generated when instruction code FFH is executed.
Reset by the illegal instruction execution not issued by emulation with the in-circuit emulator or on-chip
debug emulator.
3. Available only in 48- and 64-pin products.

RO1UH0231EJ0111 Rev.1.11 R NS 17
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RL78/F12

CHAPTER 2 PIN FUNCTIONS

2.1 Pin Function List

2.1.1 20-pin products

CHAPTER 2 PIN FUNCTIONS

Function Name /10 Function After Reset Alternate Function
PO1 1/0 Port 0. Analog input | ANI16/TO00
1-bit I/O port. port
Input of PO1 can be set to TTL input buffer.
P01 can be set to analog input.
Input/output can be specified in 1-bit units.
Use of an on-chip pull-up resistor can be specified by a
software setting.
P10 1/0 Port 1. Input port SCKO00/SCKSO0/
5-bit 1/0 port. SCLO00/(TI07)/(TOO07)
P11 Input of P16 and P17 can be set to TTL input buffer. ‘ SI00/RXDO/
Output of P10 to P12, and P17 can be set to N-ch open-drain SISO/RXDSO/
output (Voo tolerance). TOOLRXD/SDAOO/
Input/output can be specified in 1-bit units. (TI06)/(TO06)
Use of an on-chip pull-up resistor can be specified by a
P12 software setting. S0O00/TxD0/SOS0/
TxDSO/TOOLTxD/
(TI05)/(TO05)
P16 TI01/TOO0L/INTP5/
(RXDO0)
P17 TI02/TO02/(TXDO)
P20 1/0 Port 2. Analog input | ANIO/AVrerr
P21 3-bit /O port. port ANIL/AVRer
Input/output can be specified in 1-bit units.
P22 ANI2
P31 /10 Port 3. Input port TIO3/TO03/INTP4
1-bit I/O port. PCLBUZO0
Input/output can be specified in 1-bit units.
Use of an on-chip pull-up resistor can be specified by a
software setting.
P40 1/0 Port 4. Input port TOOLO
1-bit 1/O port.
Input/output can be specified in 1-bit units.
Use of an on-chip pull-up resistor can be specified by a
software setting.
P50 1/0 Port 5. Input port INTP1/LRXDO
P51 2-bit 1/0 port. INTP2/LTXDO
Output of P50 can be set to N-ch open-drain output (Voo
tolerance).
Input/output can be specified in 1-bit units.
Use of an on-chip pull-up resistor can be specified by a
software setting.
P121 Input Port 12. Input port X1
P122 2-bit input port. X2/EXCLK
P137 Input Port 13. Input port INTPO
1-bit input port.

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

register (PIOR).
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CHAPTER 2 PIN FUNCTIONS

2.1.2 30-pin products

(1/2)
Function Name 110 Function After Reset Alternate Function
P00 1/0 Port 0. Analog input | ANI17/TI00/TxD1
P01 2-bit /O port. port ANI16/TO00/RxD1
Input of PO1 can be set to TTL input buffer.
Output of POO can be set to N-ch open-drain output (Voo
tolerance).
P00 and P01 can be set to analog input.
Input/output can be specified in 1-bit units.
Use of an on-chip pull-up resistor can be specified by a
software setting.
P10 1/0 Port 1. Input port SCKO00/SCKSO0/
8-bit 1/0 port. SCLO00/(TI07)/(TOO07)
P11 Input of P13 to P17 can be set to TTL input buffer. SI00/RXDO/
Output of P10 to P15, and P17 can be set to N-ch open-drain SISO/RXDSO/
output (Voo tolerance). TOOLRXD/SDAQO/
Input/output can‘ be specified.in 1-bit units. 3 (T106)/(TO06)
Use of an on-chip pull-up resistor can be specified by a
P12 software setting. S0O00/TxD0/SOS0/
TxDSO/TOOLTxD/
(TI05)/(TO05)
P13 TxD2/S0O20/(SDAAOQ)/
(T104)/(TO04)
P14 RxD2/S120/SDA20/
(SCLAO)/(TI03)/
(TOO03)
P15 PCLBUZ1/SCK20/
SCL20/(T102)/(TO02)
P16 TI01/TO0L/INTP5/
(RXDO0)
P17 TI02/TO02/(TXDO)
P20 /10 Port 2. Analog input | ANIO/AVrerp
P21 4-bit /O port. port ANIL/AVreru
Input/output can be specified in 1-bit units.
P22 ANI2
P23 ANI3
P30 1/0 Port 3. Input port INTP3/
2-bit /O port, SCKIL/SCL11
3 Input/output can be specified in 1-bit units. 037003/
P31 Use of an on-chip pull-up resistor can be specified by a T INTP4
software setting.
P40 1/0 Port 4. Input port TOOLO
1-bit I/O port.
Input/output can be specified in 1-bit units.
Use of an on-chip pull-up resistor can be specified by a
software setting.
P50 /10 Port 5. Input port INTP1/SI11/SDA11/
2-bit 1/0 port. LRxDO
P51 Output of P50 can be set to N-ch open-drain output (Voo INTP2/SO11/LTXDO
tolerance).
Input/output can be specified in 1-bit units.
Use of an on-chip pull-up resistor can be specified by a
software setting.

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

register (PIOR).
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CHAPTER 2 PIN FUNCTIONS

(2/2)

Function Name

110

Function

After Reset

Alternate Function

P60

P61

/10

Port 6.

2-bit 1/0 port.

Output of P60 and P61 can be set to N-ch open-drain output
(6 V tolerance).

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

Input port

SCLAO

SDAAO

P120

le}

P121

P122

Input

Port 12.

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

P120 can be set to analog input.

For only P120, input/output can be specified in 1-bit units.
For only P120, use of an on-chip pull-up resistor can be
specified by a software setting.

Analog input
port

ANI19

Input port

X1

X2/EXCLK

P137

Input

Port 13.
1-bit input port.

Input port

INTPO

P147

110

Port 14.

1-bit 1/O port.

P147 can be set to analog input.

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

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

Analog input
port

ANI18
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CHAPTER 2 PIN FUNCTIONS

2.1.3 32-pin products

(1/2)
Function Name 110 Function After Reset Alternate Function
P00 1/0 Port 0. Analog input | ANI17/TI00/TxD1
P01 2-bit /O port. port ANI16/TO00/RxD1
Input of PO1 can be set to TTL input buffer.
Output of POO can be set to N-ch open-drain output (Voo
tolerance)
P00 and P01 can be set to analog input.
Input/output can be specified in 1-bit units.
Use of an on-chip pull-up resistor can be specified by a
software setting.
P10 1/0 Port 1. Input port SCKO00/SCKSO0/
8-bit 1/0 port. SCLO00/(TI07)/(TOO07)
P11 Input of P13 to P17 can be set to TTL input buffer. SI00/RXDO/
Output of P10 to P15, and P17 can be set to N-ch open-drain SISO/RXDSO/
output (Voo tolerance). TOOLRXD/SDAQO/
Input/output can‘ be specified.in 1-bit units. 3 (T106)/(TO06)
Use of an on-chip pull-up resistor can be specified by a
P12 software setting. S0O00/TxD0/SOS0/
TxDSO/TOOLTxD/
(TI05)/(TO05)
P13 TxD2/S0O20/(SDAAOQ)/
(T104)/(TO04)
P14 RxD2/S120/SDA20/
(SCLAO)/(TI03)/
(TOO03)
P15 PCLBUZ1/SCK20/
SCL20/(T102)/(TO02)
P16 TI01/TO0L/INTP5/
(RXDO0)
P17 TI02/TO02/(TXDO)
P20 /10 Port 2. Analog input | ANIO/AVrerp
P21 4-bit /O port. port ANIL/AVRer
Input/output can be specified in 1-bit units.
P22 ANI2
P23 ANI3
P30 1/0 Port 3. Input port INTP3/SCK11/
2-bit 1/0 port. SCL11
P31 Input/output can be specified in 1-bit units. TI03/TO03/INTP4
Use of an on-chip pull-up resistor can be specified by a
software setting.
P40 1/0 Port 4. Input port TOOLO
1-bit I/O port.
Input/output can be specified in 1-bit units.
Use of an on-chip pull-up resistor can be specified by a
software setting.
P50 /10 Port 5. Input port INTP1/SI11/SDA11/
2-bit 1/0 port. LRxDO
P51 Output of P50 can be set to N-ch open-drain output (Voo INTP2/SO11/LTXDO
tolerance).
Input/output can be specified in 1-bit units.
Use of an on-chip pull-up resistor can be specified by a
software setting.

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

register (PIOR).
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CHAPTER 2 PIN FUNCTIONS

(2/12)
Function Name 110 Function After Reset Alternate Function
P60 1/0 Port 6. Input port SCLAO
P61 3-bit 1/0 port. SDAAO
Output of P60 to P62 can be set to N-ch open-drain output (6
P62 V tolerance). -
Input/output can be specified in 1-bit units.
P70 /0 Port 7. Input port -
1-bit I/O port.
Input/output can be specified in 1-bit units.
Use of an on-chip pull-up resistor can be specified by a
software setting.
P120 /10 Port 12. Analog input | ANI19
1-bit I/0 port and 2-bit input port. port
P121 Input P120 can be set to analog input. Input port X1
For only P120, input/output can be specified in 1-bit units.
P122 . . X2/EXCLK
For only P120, use of an on-chip pull-up resistor can be
specified by a software setting.
P137 Input Port 13. Input port INTPO
1-bit input port.
P147 1/0 Port 14. Analog input | ANI18
1-bit I/O port. port
P147 can be set to analog input.
Input/output can be specified in 1-bit units.
Use of an on-chip pull-up resistor can be specified by a
software setting.
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CHAPTER 2 PIN FUNCTIONS

2.1.4 48-pin products

(1/2)
Function Name 110 Function After Reset Alternate Function
P00 1/0 Port 0. Input port TI00/TxD1
P01 2-bit I/O port. TO0O/RXD1
Input of PO1 can be set to TTL input buffer.
Output of POO can be set to N-ch open-drain output (Voo
tolerance)
Input/output can be specified in 1-bit units.
Use of an on-chip pull-up resistor can be specified by a
software setting.
P10 1/0 Port 1. Input port SCKO00/SCKSO0/
8-bit 1/0 port. SCLO00/(TI07)/(TOO07)
P11 Input of P13 to P17 can be set to TTL input buffer. SI00/RXDO/
Output of P10 to P15, and P17 can be set to N-ch open-drain SISO/RXDSO/
output (Voo tolerance). TOOLRXD/SDAQO/
Input/output can be specified in 1-bit units. (TI06)/(TO06)
Use of an on-chip pull-up resistor can be specified by a
P12 software setting. S0O00/TxD0/SOS0/
TxDSO/TOOLTxD/
(TI05)/(TO05)
P13 TxD2/S0O20/(SDAAQ)/
(T104)/(TO04)
P14 RxD2/S120/SDA20/
(SCLAO)/(TI03)/
(TOO03)
P15 PCLBUZ1/SCK20/
SCL20/(T102)/
(TO02)
P16 TI01/TO0L/INTP5/
(RXDO0)
P17 TI02/TO02/(TXDO)
P20 /10 Port 2. Analog input | ANIO/AVrerp
P21 8-bit I/O port. port ANIL/AVRer
Input/output can be specified in 1-bit units.
P22 ANI2
P23 ANI3
P24 ANI4
P25 ANI5
P26 ANI6
P27 ANI7
P30 1/0 Port 3. Input port INTP3/RTC1HZ/
2-bit 1/0 port. SCK11/SCL11
Input/output can be specified in 1-bit units.
P31 Use of an on-chip pull-up resistor can be specified by a TI03/TOO3/INTP4/
. (PCLBUZ0)
software setting.
P40 1/0 Port 4. Input port TOOLO
P41 2-bit 1/0 port. TI07/TO07
Input/output can be specified in 1-bit units.
Use of an on-chip pull-up resistor can be specified by a -
software setting.

Remark Functions in parentheses in the above figure can be assigned via settings in the peripheral 1/0 redirection
register (PIOR).

RO1UH0231EJ0111 Rev.1.11

Jan 31, 2014

RRENESAS

23



RL78/F12

CHAPTER 2 PIN FUNCTIONS

(2/12)
Function Name lfe} Function After Reset Alternate Function
P50 1/0 Port 5. Input port INTP1/SI11/SDA11/
2-bit I/O port. LRxDO
P51 Output of P50 can be set to N-ch open-drain output (Voo INTP2/SO11/LTXDO
tolerance).
Input/output can be specified in 1-bit units.
Use of an on-chip pull-up resistor can be specified by a
software setting.
P60 1/0 Port 6. Input port SCLAO
P61 4-bit 1/0O port. SDAAO
Output of P60 to P63 can be set to N-ch open-drain output (6
P62 V tolerance). —
P63 Input/output can be specified in 1-bit units. -
P70 lfe} Port 7. Input port KR0O/SCK21/SCL21
P71 6-bit I/O port. KR1/SI21/SDA21
Output of P71 and P74 can be set to N-ch open-drain output
P72 KR2/S0O21
(Voo tolerance).
P73 Input/output can be specified in 1-bit units. KR3/SO01
P74 Use of an on-chip pull-up resistor can be specified by a KR4/INTP8/SI01/
software setting. SDAOL
P75 KR5/INTP9/SCKO1/
SCLO01
P120 /0 Port 12. Analog input | ANI19
1-bit 1/0O port and 4-bit input port. port
P121 Input P120 can be set to analog input. Input port X1
For only P120, input/output can be specified in 1-bit units.
P122 . . X2/EXCLK
For only P120, use of an on-chip pull-up resistor can be
P123 specified by a software setting. XT1
P124 XT2/EXCLKS
P130 Output | Port 13. Output port -
pP137 Input 1-bit output port and 1-bit input port. Input port INTPO
P140 /10 Port 14. Input port PCLBUZO/INTP6
P146 3-bit 1/0O port. _
P147 can be set to analog input. o
p147 Input/output can be specified in 1-bit units. Analog input | ANI18
Use of an on-chip pull-up resistor can be specified by a port
software setting.
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2.1.5 64-pin products

(1/2)

Function Name 110 Function After Reset Alternate Function

P00 1/0 Port 0. Input port TIOO

PO1 7-bit 1/O port. TO00

P02 Input of P01, PO3 and P04 can be set to TTL input buffer. ANIL7/SO10/TXD1

P03 Out.put of P00, P02, P03 and P04 can be set to N-ch open- ANI16/SI10/RXD1/
drain output (Voo toleranc.:(.e) ' o SDAL0
Input/output can be specified in 1-bit units. —

Po4 Use of an on-chip pull-up resistor can be specified by a SCK10/SCL10

P05 software setting. TI05/TO05

P06 TI06/TO06

P10 lfe} Port 1. Input port SCKO0/SCL0O0/SCKS0/
8-bit I/O port. (TI07)/(TO07)

P11 Input of P13 to P17 can be set to TTL input buffer. SI00/RXDO/SDAQO/
Output of P10 to P15, and P17 can be set to N-ch open-drain TOOLRXD/SISO/
output (Voo tolerance). RXDSO0/(TI106)/(TO06)
Input/output can be specified in 1-bit units.

P12 Use of an on-chip pull-up resistor can be specified by a SO00/TXDO/
software setting. TOOLTXD/SOS0/

TXDSO/(INTP5)/(TI05)/
(TOO05)

P13 TXD2/SO20/(SDAAO)/
(T104)/(TO04)

P14 RXD2/S120/SDA20/
(SCLAO0)/(TI03)/
(TOO03)

P15 SCK20/SCL20/(T102)/
(TO02)

P16 TI01/TO01/INTP5/
(RXDO0)/(S100)

P17 TI02/TO02/(TXDO0)/
(SO00)

P20 1/0 Port 2. Analog input | ANIO/AVRrerp

P21 8-bit I/O port. port ANIL/AVreru
Input/output can be specified in 1-bit units.

P22 ANI2

P23 ANI3

P24 ANI4

P25 ANI5

P26 ANI6

P27 ANI7

P30 1/0 Port 3. Input port INTP3/RTC1HZ/
2-bit I/O port. SCK11/SCL11

P31 Input/output can be specified in 1-bit units. TI03/TO03/INTP4/
Use of an on-chip pull-up resistor can be specified by a (PCLBUZO)
software setting.

P40 /0 Port 4. Input port TOOLO

P41 4-bit /0 port. TI07/TO07
Input/output can be specified in 1-bit units.

P42 Use of an on-chip pull-up resistor can be specified by a T104/TC04

P43 software setting. -

Remark Functions in parentheses in the above figure can be assigned via settings in the peripheral 1/O redirection
register (PIOR).
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(2/12)
Function Name 110 Function After Reset Alternate Function
P50 1/0 Port 5. Input port INTP1/SI11/SDA11/
6-bit 1/0 port. LRXD
P51 Input of P55 can be set to TTL input buffer. INTP2/SO11/LTXD
Output of P50 and P55 can be set to N-ch open-drain output
P52 (Voo tolerance). (INTP10)
P53 Input/output can be specified in 1-bit units. SOS1/(INTP11)
P54 Use of an on-chip pull-up resistor can be specified by a sIs1
software setting. p—
P55 SCKS1/(PCLBUZ1)/
(SCKO00)
P60 1/0 Port 6. Input port SCLAO
P61 4-bit 1/0O port. SDAAO
Output of P60 to P63 can be set to N-ch open-drain output (6
P62 V tolerance). —
P63 Input/output can be specified in 1-bit units. -
P70 1/0 Port 7. Input port KRO/SCK21/SCL21
P71 8-bit I/O port. KR1/SI21/SDA21
Output of P71 and P74 can be set to N-ch open-drain output
P72 KR2/S021
(Voo tolerance).
P73 Input/output can be specified in 1-bit units. KR3/S001
P74 Use of an on-chip pull-up resistor can be specified by a KR4/INTP8/SI01/
software setting. SDAO1
P75 KR5/INTP9/SCKO01/
SCLO01
P76 KR6/INTP10/(RXD2)
P77 KR7/INTP11/(TXD2)
P120 /10 Port 12. Analog input | ANI19
1-bit I/0 port and 4-bit input port. port
P121 Input P120 can be set to analog input. Input port X1
For only P120, input/output can be specified in 1-bit units.
P122 . . X2/EXCLKS
For only P120, use of an on-chip pull-up resistor can be
P123 specified by a software setting. XT1
P124 XT2/EXCLKS
P130 Output | Port 13. Output port -
p137 Input 1-bit output port and 1-bit input port. Input port INTPO
P140 1/0 Port 14. Input port PCLBUZO/INTP6
P141 4-bit /O port. PCLBUZ1/INTP7
5 P147 can be set to analog input.
P14 Input/output can be specified in 1-bit units. _
P147 Use of an on-chip pull-up resistor can be specified by a Analog input | ANI18
software setting. port

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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2.1.6 Pins for each product (pins other than port pins)

(1/3)

Function Name

110

Function

64-pin

48-pin

30-pin

20-pin

ANIO

ANI1

ANI2

ANI3

ANI4

ANIS

ANI6

ANI7

ANI16

ANI17

ANI18

ANI19

Input

A/D converter analog input

2

< | < | <

P | 2 R - - )

INTPO

INTP1

INTP2

INTP3

INTP4

INTPS

INTP6

INTP8

INTP9

INTP10

INTP11

Input

External interrupt request input

2 | <2 | =

E P B - - [ [ -

E [P - I - - I I [ -

< | <

P [P - [ ) [ [ - ) .

KRO

KR1

KR2

KR3

KR4

KR5

KR6

KR7

Input

Key interrupt input

P PN - = =

LRxDO

Input

Serial data input to LIN-UARTO

LTxDO

Output

Serial data output from LIN-UARTO

PCLBUZO

PCLBUZ1

Output

Clock output/buzzer output

2 | < | =

REGC

Connecting regulator output stabilization capacitance
for internal operation.
Connect to Vss via a capacitor (0.47 to 1 uF).

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

P (PN - = =

P (P - - =

< |2 | = | =

RESET

Input

System reset input
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2/3)

Function Name

110

Function

64-pin

48-pin

32-pin

30-pin

20-pin

RxDO

RxD1

RxD2

RxDSO0

Input

Serial data input to UARTO

\/

Serial data input to UART1

Serial data input to UART2

Serial data input to UARTSO

SCKO00

110

Clock input/output for CSI00, CSI01, CSI10, CSI11,
CSI20, CSI21,CSIS0 and CSIS1

2 |2 | < | =

< |2 | < | =

< | <

< |2 |22 | <

< | <

< | <

< <2 | < | <

11O

Clock input/output for 1°C

/10

Clock input/output for simplified I1°C

< | <=

< | <

< | <2 | <

< | <

< | <

110

Serial data 1/0 for I°C

11O

Serial data 1/0 for simplified 1°C

< | <

< | <

P (PN - - =

< | <

< | <

Input

Serial data input to CSI00, CSI01, CSI10, CSI11,
CSI20, CSI21, CSIS0, and CSIS1

< |2 |2 <2 | <

< <2 | < | =

Output

Serial data output from CSI00, CSI01, CSI10, CSI11,
CSI20, CSI21, CSISO0, and CSIS1

< | <

<2 |2 | < | =

P P2 = = = I I I - (= (- I A - I [ [P I I - = (- I I I I [ I I I - - [ (= I I R ) .
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(3/3)
Function Name 110 Function 64-pin | 48-pin | 32-pin | 30-pin | 20-pin
TIOO Input External count clock input to 16-bit timer 00 S v v N -
TIO1 External count clock input to 16-bit timer 01 \ v v v S
TI02 External count clock input to 16-bit timer 02 S v v N S
TI03 External count clock input to 16-bit timer 03 S v v v \
TI04 External count clock input to 16-bit timer 04 \ V) (V) V) -
TIOS External count clock input to 16-bit timer 05 \ (V) (V) (V) (V)
TIO6 External count clock input to 16-bit timer 06 \ (V) (V) (V) (V)
TI07 External count clock input to 16-bit timer 07 S v V) (V) (V)
TO00 Output | 16-bit timer 00 output \ v v v J
TOO01 16-bit timer 01 output N N N N S
TO02 16-bit timer 02 output S v v v J
TOO03 16-bit timer 03 output N N N N S
TO04 16-bit timer 04 output S V) (V) (V) -
TOO05 16-bit timer 05 output S (V) (V) (V) (V)
TO06 16-bit timer 06 output v (V) (V) () )
TO07 16-bit timer 07 output \ v (V) (V) (V)
TxDO output | Serial data output from UARTO N v v N N
TxD1 Serial data output from UART1 S v v v -
TxD2 Serial data output from UART2 S v v v -
TxDS0 Serial data output from UARTSO S v v N \
X1 Input Resonator connection for main system clock \ v v v \
X2 Output S v v N N
EXCLK Input External clock input for main system clock \ v v v S
EXCLKS Input External clock input for subsystem clock N N - - -
XT1 Input Resonator connection for subsystem clock S v - - -
XT2 Output \ v - - -
Voo - Positive power supply for all pins \ v v V J
EVop - Positive power supply for pins other than above- \ - - - -
mentioned Voo connected pins
AVRerp Input AID converter reference potential (+ side) input S v N N S
AVRerm Input | A/D converter reference potential (- side) input \ v v \/ \
Vss - Ground potential for all pins \ v v v J
EVss - Ground potential for pins other than above-mentioned S - - - -
Vss connected pins
TOOLRXD Input UART reception pin for the external device connection \ \ v N \
used during flash memory programming
TOOLTXD Output | UART transmission pin for the external device N v v N S
connection used during flash memory programming
TOOLO 110 Data I/O for flash memory programmer/debugger \ v v v S

Remark The checked function is available only when the bit corresponding to the function in the peripheral 1/0

redirection register (PIOR) is set to 1.
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2.2 Description of Pin Functions

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

2.2.1 P0OO to P06 (port 0)

P00 to P06 function as an I/O port. These pins also function as timer /O, A/D converter analog input, serial interface
data 1/0O, and clock I/O.

Input to the P01, P03, P04 pins can be specified through a normal input buffer or a TTL input buffer in 1-bit units, using
port input mode register 0 (PIMO).

Output from the POO and P02 to P04 pins can be specified as normal CMOS output or N-ch open-drain output (Voo
tolerance) in 1-bit units, using port output mode register 0 (POMO).

Input to the P00 to P03 pins can be specified as analog input or digital input in 1-bit units, using port mode control
register 0 (PMCO).

The following operation modes can be specified in 1-bit units.

(1) Port mode
P00, P01 function as an 1/O port. P00, PO1 can be set to input or output port in 1-bit units using port mode register 0
(PMO0). Use of an on-chip pull-up resistor can be specified by pull-up resistor option register 0 (PUO).

(2) Control mode
P00, P01 function as timer I/O, A/D converter analog input, serial interface data 1/0, and clock 1/O.

(@) ANI16, ANI17
These are the analog input pins (ANI16, ANI17) of A/D converter.
When using these pins as analog input pins, see 12.10 (5) Analog input (ANIn) pins.

(b) TIOO
This is the pin for inputting an external count clock/capture trigger to 16-bit timer 00.

(c) TO00
This is the timer output pins of 16-bit timer 00.

(d) TxD1
This is a serial data output pin of serial interface UARTL.

(e) RxD1
This is a serial data input pin of serial interface UART1.

2.2.2 P10 to P17 (port 1)

P10 to P17 function as an I/O port. These pins also function as serial interface data I/O, clock I/O, programming UART
I/O, timer I/O, clock/buzzer output, and external interrupt request input.

Input to the P13 to 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 P10 to P15 and P17 pins can be specified as normal CMOS output or N-ch open-drain output (Vop
tolerance) in 1-bit units, using port output mode register 1 (POM1).

The following operation modes can be specified in 1-bit units.
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(1) Port mode
P10 to P17 function as an I/O port. P10 to P17 can be set to input or output port in 1-bit units using port mode
register 1 (PM1). Use of an on-chip pull-up resistor can be specified by pull-up resistor option register 1 (PU1).

)

Control mode
P10 to P17 function as serial interface data 1/0O, clock 1/O, programming UART 1/O, timer 1/O, clock/buzzer output, and
external interrupt request input.

(@) INTP5
This is an external interrupt request input pin for which the valid edge (rising edge, falling edge, or both rising and
falling edges) can be specified.
(b) TxDO, TxD2, TxDS0
These are the serial data output pins of serial interface UARTO, UART2 and UARTSO.
(c) RxDO, RxD2, RxDSO
These are the serial data input pins of serial interface UARTO, UART2 and UARTSO.
(d) SCKO00, SCK20, SCKS0
These are the serial clock 1/O pins of serial interface CSI00, CSI20 and CSISO0.
(e) Sl00, SI20, SISO
These are the serial data input pins of serial interface CSI00, CSI120 and CSISO.
(f) SO00, SO11, SO20
These are the serial data output pins of serial interface CSI00, CSI20 and CSISO.
(g) SDAO00, SDA20
These are the serial data I/O pins of serial interface for simplified 1°C.
(h) SCLOO, SCL20
These are the serial clock I/O pins of serial interface for simplified 1°C.
@iy TIO1, TIO2
These are the pins for inputting an external count clock/capture trigger to 16-bit timers 01 and 02.
(i) TOO01, TOO2
These are the timer output pins of 16-bit timers 01 and 02.
(k) TOOLTxD
This UART serial data output pin for an external device connection is used during flash memory programming.
(I) TOOLRxD
This UART serial data input pin for an external device connection is used during flash memory programming.
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2.2.3 P20 to P27 (port 2)
P20 to P27 function as an I/O port. These pins also function as A/D converter analog input and reference voltage input.

The following operation modes can be specified in 1-bit units.

(1) Port mode
P20 to P27 function as an I/O port. P20 to P27 can be set to input or output port in 1-bit units using port mode
register 2 (PM2).

(2) Control mode
P20 to P27 function as A/D converter analog input and reference voltage input.

(@) ANIO to ANI7
These are the analog input pins (ANIO to ANI7) of A/D converter.
When using these pins as analog input pins, see 12.10 (5) Analog input (ANIn) pins.

(b) AVrerp
This is a pin that inputs the A/D converter reference potential (+ side).

(c) AVRrerm
This is a pin that inputs the A/D converter reference potential (—side).

2.2.4 P30, P31 (port 3)
P30, P31 function as an I/O port. These pins also function as external interrupt request input, real-time clock correction
clock output, serial interface clock I/O, and timer 1/O.

The following operation modes can be specified in 1-bit units.

(1) Port mode
P30, P31 function as an I/O port. P30 and P31 can be set to input or output port in 1-bit units using port mode
register 3 (PM3). Use of an on-chip pull-up resistor can be specified by pull-up resistor option register 3 (PU3).

(2) Control mode
P30, P31 function as external interrupt request input, real-time clock correction clock output, serial interface clock 1/0O,

and timer 1/O.

(@) INTP3, INTP4
These are the external interrupt request input pins for which the valid edge (rising edge, falling edge, or both
rising and falling edges) can be specified.

(b) SCK11
This is a serial clock 1/0O pin of serial interface CSI11.
(c) scCL11
This is a serial clock output pin of serial interface for simplified I°C.
(e) TIO3
This is a pin for inputting an external count clock/capture trigger to 16-bit timer 03.
() TOO3
This is a timer output pin from 16-bit timer 03.
(g) RTC1HZ

This is a real-time clock correction clock (1 Hz) output pin.
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2.2.5 P40 to P43 (port 4)

P40 to P43 function as an I/O port. These pins also function as data I/O for a flash memory programmer/debugger,

and timer 1/0.

The following operation modes can be specified in 1-bit units.

(1) Port mode
P40 to P43 function as an I/O port.

P40 to P43 can be set to input or output port in 1-bit units using port mode

register 4 (PM4). Use of an on-chip pull-up resistor can be specified by pull-up resistor option register 4 (PU4).

Be sure to connect an external pull-up resistor to P40 when on-chip debugging is enabled (by using an option byte).

(2) Control mode

P40 to P43 function as data 1/O for a flash memory programmer/debugger and timer 1/O.

(@) TI04, TIO7

This is the pin for inputting an external count clock/capture trigger to 16-bit timer 04, 07.

(b) TOO4, TOO7

This is the timer output pin from 16-bit timer 04, 07.

(c) TOOLO

This is a data /O pin for a flash memory programmer/debugger.
Be sure to pull up this pin externally when on-chip debugging is enabled (pulling it down is prohibited).

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

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

P40/TOOLO

Operation mode

Normal operation mode

oV

Flash memory programming mode

For details, see 27.5, Programming Method.
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2.2.6 P50 to P55 (port 5)

P50 to P55 function as an I/O port. These pins also function as external interrupt request input, and serial interface
data /0.

Output from the P50 and P55 pins can be specified as normal CMOS output or N-ch open-drain output (Vob tolerance)
in 1-bit units, using port output mode register 5 (POM5).

Input of the P55 pin can be specified as normal input buffer or TTL input buffer in 1-bit units, using port input mode
register (PIM5).

The following operation modes can be specified in 1-bit units.

(1) Port mode
P50 to P55 function as an I/O port. P50 to P55 can be set to input or output port in 1-bit units using port mode
register 5 (PM5). Use of an on-chip pull-up resistor can be specified by pull-up resistor option register 5 (PU5).

(2) Control mode
P50 to P55 function as external interrupt request input, and serial interface data 1/0.

(@) INTP1, INTP2
These are the external interrupt request input pins for which the valid edge (rising edge, falling edge, or both
rising and falling edges) can be specified.

(b) SI11
This is the serial data input pin of serial interface CSI11.

(c) soO11
This is the serial data output pin of serial interface CSI11.

(d) SDA11
This is the serial data I/O pin of serial interface for simplified 1°C.

(e) LRxDO
This is a serial data input pin of serial interface LIN-UARTO.

(f) LTxDO
This is a serial data output pin of serial interface LIN-UARTO.

(g) SOs1
This is a serial data output pin of serial interface CSIS1.

(h) SIs1
This is a serial data input pin of serial interface CSIS1.

(i) SCKs1
This is a clock I/O pin of serial interface CSIS1.
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2.2.7 P60 to P63 (port 6)
P60 to P63 function as an I/O port. These pins also function as serial interface data 1/0, and clock 1/O.

The following operation modes can be specified in 1-bit units.

(1) Port mode
P60 to P63 function as an 1/O port. P60 to P63 can be set to input port or output port in 1-bit units using port mode
register 6 (PM6).
Output of P60 to P63 is N-ch open-drain output (6 V tolerance).

(2) Control mode
P60 to P63 function as serial interface data 1/0, and clock I/O.

(a) SCLAO
This is the serial clock 1/O pin of serial interface 1ICA.

(b) SDAAO
This is the serial data I/O pin of serial interface 1ICA.

2.2.8 P70 to P77 (port 7)

P70 to P77 function as an I/O port. These pins also function as key interrupt input, serial interface data I/O, clock 1/O,
and external interrupt request input.

Output from the P71 and P74 pins can be specified as normal CMOS output or N-ch open-drain output (Voo tolerance)
in 1-bit units, using port output mode register 7 (POM?7).

The following operation modes can be specified in 1-bit units.

(1) Port mode
P70 to P77 function as an I/O port. P70 to P77 can be set to input or output port in 1-bit units using port mode
register 7 (PM7). Use of an on-chip pull-up resistor can be specified by pull-up resistor option register 7 (PU7).

(2) Control mode
P70 to P77 function as key interrupt input, serial interface data I/0, clock 1/0, and external interrupt request input.

(@ INTP8to INTP11
These are the external interrupt request input pins for which the valid edge (rising edge, falling edge, or both
rising and falling edges) can be specified.

(b) KRO to KR7
These are the key interrupt input pins.

(c) slo1, si21
These are the serial data input pins of serial interface CSI01 and CSI21.

(d) soO01, so21
These are the serial data output pins of serial interface CSI01 and CSI21.

(e) SCKO1, SCK21
These are the serial clock I/O pins of serial interface CSI01 and CSI21.

RO1UH0231EJ0111 Rev.1.11 R NS 35
Jan 31, 2014 ENES



RL78/F12 CHAPTER 2 PIN FUNCTIONS

(f) SCLO1, sCL21
These are the serial clock output pins of serial interface for simplified I°C.

(g) SDAO01, SDA21
These are the serial data I/O pins of serial interface for simplified 1°C.

2.2.9 P120 to P124 (port 12)

P120 function as an I/O port. P121 to P124 functions as 4-bit input port. These pins also function as A/D converter
analog input, connecting resonator for main system clock, connecting resonator for subsystem clock, external clock input
for main system clock, and external clock input for subsystem clock.

Input to the P120 pin can be specified as analog input or digital input in 1-bit units, using port mode control register 12
(PMC12).

The following operation modes can be specified in 1-bit units.

(1) Port mode
P120 function as a 1-bit I/O port. P120 can be set to input or output port using port mode register 12 (PM12). Use of
an on-chip pull-up resistor can be specified by pull-up resistor option register 12 (PU12).
P121 to P124 functions as a 4-bit input port.

(2) Control mode
P120 to P124 function as A/D converter analog input, connecting resonator for main system clock, connecting
resonator for subsystem clock, external clock input for main system clock, and external clock input for subsystem
clock.

(a) ANI19
This is an analog input pin of A/D converter.
When using this pin as analog input pin, see 12.10 (5) Analog input (ANIn) pins.

(b) X1, X2
These are the pins for connecting a resonator for main system clock.

(c) EXCLK
This is an external clock input pin for main system clock.

(d) XT1, XT2
These are the pins for connecting a resonator for subsystem clock.

(e) EXCLKS
This is an external clock input pin for subsystem clock.
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2.2.10 P130, P137 (port 13)
P130 functions as a 1-bit output-only port. P137 functions as a 1-bit input-only port. P137 pin also functions as
external interrupt request input.

(1) Port mode
P130 functions as a 1-bit output-only port.
P137 functions as a 1-bit input-only port.

(2) Control mode
P137 functions as external interrupt request input.

(&) INTPO
This is an external interrupt request input pin for which the valid edge (rising edge, falling edge, or both rising and
falling edges) can be specified.

2.2.11 P140, P141, P146, P147 (port 14)

P140, P141, P146, P147 function as an I/O port. These pins also function as clock/buzzer output, external interrupt
request input, and A/D converter analog input.

Input to the P147 pin can be specified as analog input or digital input in 1-bit units, using port mode control register 14
(PMC14).

The following operation modes can be specified in 1-bit units.

(1) Port mode
P140, P141, P146, P147 function as an I/O port. P140, P141, P146, P147 can be set to input or output port in 1-bit
units using port mode register 14 (PM14). Use of an on-chip pull-up resistor can be specified by pull-up resistor
option register 14 (PU14).

(2) Control mode
P140, P141, P146, P147 function as clock/buzzer output, external interrupt request input, and A/D converter analog
input.

(&) ANI18
This is an analog input pin of A/D converter.
When using this pin as analog input pin, see 12.10 (5) Analog input (ANIn) pins.

(b) INTPS, INTP7
This is the external interrupt request input pin for which the valid edge (rising edge, falling edge, or both rising

and falling edges) can be specified.

(c) PCLBUZO, PCLBUZ1
This is the clock/buzzer output pin.

2.2.12 Vob, Vss

(1) Voo
Vo is the positive power supply pin.

(2) Vss
Vss is the ground potential pin.
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2.2.13 RESET
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 Vop.
When the external reset pin is used, design the circuit based on Vob.

2.2.14 REGC

This is the pin for connecting regulator output stabilization capacitance for internal operation.

via a capacitor (0.47 to 1 uF: target).
Also, use a capacitor with good characteristics, since it is used to stabilize internal voltage.

X "f REGC
1
1
1
1
1
1
1

Connect this pin to Vss

Caution Keep the wiring length as short as possible for the broken-line part in the above figure.
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2.3 Pin I/O Circuits and Recommended Connection of Unused Pins

Table 2-2 shows the types of pin I/O circuits and the recommended connections of unused pins.

Table 2-2. Connection of Unused Pins (64-pin products ) (1/2)

Pin Name

1/0O Circuit Type

110

Recommended Connection of Unused Pins

POO/TIO0

8-R-1

P01/TO00

5-AN-1

PO2/ANI17/SO10/TXD1

11-U-1

PO3/ANI16/SI10/RXD1/
SDA10

11-v-1

P04/SCK10/SCL10

5-AN-1

PO5/TI05/TO05

8-R-1

P0O6/T106/TO06

P10/SCKO0/SCKS0/
SCLO0/(TI07)/(TO07)

5-AN-1

P11/SI00/RXDO/SISO/
RxDS0/TOOLRXD/SDAQO/
(TI06)/(TO0B)

P12/SO00/TXD0/SOS0/
TXDSO/TOOLTXD/
(INTP5)/(TI05)/(TO05)

8-R-1

P13/TxD2/SO20/(SDAAQ)/
(TI04)/(TO04)

5-AN-1

P14/RxD2/S120/SDA20/
(SCLAO)/(TI03)/(TO03)

P15/SCK20/SCL20/(TI02)/
(TO02)

P16/TI01/TOO0L/INTP5/(RXDO)/

(S100)

P17/TI02/TO02/(TXD0)/(SO00)

P20/ANIO/AVrerr

11-T

P21/ANI1/AVRerm

P22/ANI2

11-G

P23/ANI3

P24/ANI4

P25/ANI5

P26/ANI6

P27/ANI7

P30/INTP3/RTC1HZ/SCK11/

SCL11

8-R-1

P31/TI03/TO03/INTP4/
(PCLBUZ0)

110

Input:  Independently connect to EVop or EVss via a resistor.

Output: Leave open.

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

Output: Leave open.

Input: Independently connect to EVoo or EVss via a resistor.

Output: Leave open.

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

register (PIOR).

Caution With products with 48 or less pins, replace EVop and EVss described in Recommended Connection of

Unused Pins with Voo and Vss, respectively.
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Table 2-2. Connection of Unused Pins (64-pin products ) (2/2)

Pin Name

1/0O Circuit Type

110 Recommended Connection of Unused Pins

P40/TOOLO

8-R-1

P41/T107/TO07

P42/T104/TO04

P43

P50/INTP1/SI11/SDA11/
LRxDO

P51/INTP2/SO11/LTxDO

P52/(INTP10)

P53/SOS1/(INTP11)

P54/SIS1

P55/SCKS1/(PCLBUZ1)/
(SCKO00)

5-AN-1

P60/SCLAO

13-R

P61/SDAAO

P62

P63

P70/KRO/SCK21/SCL21

8-R-1

P71/KR1/SI21/SDA21

P72/KR2/S021

P73/KR3/SO01

P74/KR4/INTP8/SI01/
SDAO1

P75/KR5/INTP9/SCKO01/
SCLO1

P76/KR6/INTP10/(RXD2)

P77/KR7/INTP11/(TXD2)

P120/ANI19

11-U-1

110 Input:

Independently connect to EVoo or EVss via a resistor.
Output: Leave open.

P121/X1

37-C

P122/X2/EXCLK

P123/XT1

P124/XT2/EXCLKS

Input Independently connect to Voo or Vss via a resistor.

P130

3-C

Output Leave open.

P137/INTPO

Input Independently connect to Voo or Vss via a resistor.

P140/PCLBUZO/INTP6

8-R-1

P141/PCLBUZL/INTP7

P146

P147/ANI18

11-U-1

110 Input:

Independently connect to EVoo or EVss via a resistor.
Output: Leave open.

RESET

Input Connect directly or via a resistor to Voo.

REGC

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

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

register (PIOR).

Caution With products with 48 or less pins, replace EVopo and EVss described in Recommended Connection of
Unused Pins with Vop and Vss, respectively.
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Figure 2-1. Pin /O Circuit List (1/2)

Type 2

Type 3-C

EVDD
—i —®= P-ch
IN
data % ouT
—i ~-— N-ch
Schmitt-triggered input with hysteresis characteristics
EVss
Type 5-AN-1 Type 8-R-1
EVbD
EVop
pull-up pullup
enable > |~ P-ch enable [>o I P-ch
EVob
data :D_| EVDD
P-ch
o INJOUT data 4":D3—| P-ch
output N-ch
disable IN/OUT
EVss output ~=—N-ch
disable
ITHL
) EVss
ITHL
CMOS
=3
IE -
TTL
input ﬂ .J
characteristic
input enable
Type 13-R Type 37-C
— ()@
1 O XT2
»—O IN/OUT input
enable
D amp A
output disable enable <| }» L
EVss < Iy
- C)@ = =
J
input
enable
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Figure 2-1. Pin /O Circuit List (2/2)

Type 11-G

VoD
dta ————+—— b
»——O IN/OUT
output N-ch
disable
Vss
Comparator J‘ P-ch

S R a—

T N-ch
Series resistor string voltage ;\J_;

Type 11-T

EVDD
data ’:D—| P-ch
»——O IN/OUT
output N-ch
disable
EVss
Comparator P-ch

Series resistor string voltage ;\J;

Vss

Vss ‘ i
input enable
(1] '
input enable p-ch
AVrerp
¢ N-ch
Type 11-U-1 Type 11-V-1
EVop EVop
pull-up | pull-up |
enable > 1= Peh enable > I~ P-ch
EVop EVop
data P-ch data P-ch
O IN/OUT +O IN/OUT
output «—N-ch output ~—N-ch
disable disable
EVss EVss
ITHL ITHL
» »
CMOS
ﬁ ]
ﬂ . ﬁ >
TTL
input enable input
characteristic
J_ P-ch J— P-ch
Comparator “ Comparator
|

Series resistor string voltage

Vss

T N-ch
Series resistor string voltage

Vss
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CHAPTER 3 CPU ARCHITECTURE

3.1 Memory Space

Products in the RL78/F12 can access a 1 MB memory space. Figures 3-1 to 3-6 show the memory maps.
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Figure 3-1. Memory Map (R5F10968)

FFFFFH O1FFFH
Special function register (SFR)
256 bytes
FFFOOH
FFEFFH General-purpose register
FFEEQH 32 bytes
FFEDFH RAMNotesl,Z
FFDOOH 0.5 KB - Program area =~
FFCFFH
=L Reserved\ete s -
01FFFH
F2000H
F1FFFH Data flash memory 8%85;:
4 KB On-chip debug security
F1000H _ Nl
ID setting area!
FOFFFH
Reserved 010C4H 10 bytes
FOB00H 010C3H Option byte area°e*
FOTFFH 010COH 4 bytes
Special function register (2nd SFR) 010BFH Boot cluster 1
2 KB CALLT table area
Data memory 64 bytes
space FOOOOH 01080H
EFFFFH 0107FH
Vector table area
128 bytes
01000H
00FFFH
=~ Reserved -~ Pt Program area Pt
000CEH
000CDH On-chip debug security
ID setting area™ote 4
000C4H 10 bytes
000C3H Option byte areaM>®®* Boot cluster ONete 4
000COH 4 bytes
000BFH
CALLT table area
64 bytes
00080H
0007FH
Vector table area
giggg: 128 bytes
Program
memory ot Code flailas:lénemory o
Space 00000H~r 1“ 00000H
<R> Notes 1. Do not allocate RAM addresses which are used as stack area, data buffer used by the libraries, branch

destination of vector interrupt processing, and DMA destination/source addresses to the area FFE20H to
FFEDFH when performing self-programming or rewriting the data flash memory area.
Instructions can be executed from the RAM area excluding the general-purpose register area.
3. The mirror area is not provided in the R5F10968.
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.
5. Writing boot cluster 0 can be prohibited depending on the setting of security (see 27.6 Security Settings).

Caution When executing instructions from the RAM area while RAM parity error resets are enabled (RPERDIS
=0), be sure to initialize the used RAM area + 10 bytes.
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Figure 3-2. Memory Map (R5F109xA (x =6, A, B, G, L))

FFFFFH 03FFFH
Special function register (SFR)
256 bytes
FFFOOH
FFEFFH General-purpose register
FFEEOH 32 bytes
FFEDFH RAMNOtes 1.2 1
FFBOOH 1KB T Program area
FFAFFH
=~ Reserved -
F4000H
F3FFFH Virror 0LFFFH
F2000H 8 KB
FIFFFH Data flash memory 8%8553 - -
4 KB On-chip debug security
F1000H : Note 3
ID setting area
FOFFFH
Reserved 010C4H 10 bytes
FO800H 010C3H Option byte areaote?
FOTFFH 010COH 4 bytes
Special function register (2nd SFR) 010BFH Boot cluster 1
2 KB CALLT table area
Data memory 64 bytes
space FOOOOH 01080H
EFFFFH 0107FH
Vector table area
128 bytes
01000H
00FFFH
- Reserved = St Program area
000CEH
000CDH On-chip debug security
ID setting areaot?
000C4H 10bytes
000C3H Option byte area™o'¢® Boot cluster oNote 4
000COH 4 bytes
000BFH
CALLT table area
64 bytes
00080H
0007FH
Vector table area
04000H 128 bytes
Program | 03FFFH
memory -~ Code flash memory -~
¥ Space 00000H 16 KB T 00000H
<R> Notes 1. Do not allocate RAM addresses which are used as stack area, data buffer used by the libraries, branch

When boot swap is used:

destination of vector interrupt processing, and DMA destination/source addresses to the area FFE20H to
FFEDFH when performing self-programming or rewriting the data flash memory area.
Instructions can be executed from the RAM area excluding the general-purpose register area.

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

Set the option bytes to 000COH to 000C3H and 010COH to 010C3H, and the

on-chip debug security IDs to 000C4H to 000CDH and 010C4H to 010CDH.

Writing boot cluster O can be prohibited depending on the setting of security (see 27.6 Security Settings).

Caution When executing instructions from the RAM area while RAM parity error resets are enabled (RPERDIS
=0), be sure to initialize the used RAM area + 10 bytes.
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Figure 3-3. Memory Map (R5F109xB (x = 6, A, B, G, L))

FFFFFH 05FFFH
Special function register (SFR)
256 bytes
FFFOOH
FFEFFH General-purpose register
FFEEOH 32 bytes
FFEDFH RAMNOtes 1.2 1
FF900H 1.5KB - Program area
FF8FFH
= Reserved =
F6000H
F5FFFH Mirror 01FFFH
F2000H 16 KB
FIFFFH Data flash memory 8%8553 - -
4 KB On-chip debug security
F1000H : Note 3
ID setting area
FOFFFH
Reserved 010C4H 10 bytes
FO800H 010C3H Option byte areaote?
FOTFFH 010COH 4 bytes
Special function register (2nd SFR) 010BFH Boot cluster 1
2 KB CALLT table area
Data memory 64 bytes
space FOOOOH 01080H
EFFFFH 0107FH
Vector table area
128 bytes
01000H
00FFFH
- Reserved =~ =~ Program area
000CEH
000CDH On-chip debug security
ID setting areaot?
000C4H 10bytes
000C3H Option byte area™o'¢® Boot cluster oNote 4
000COH 4 bytes
000BFH
CALLT table area
64 bytes
00080H
0007FH
Vector table area
06000H 128 bytes
Program | 05FFFH
memory -~ Code flash memory -~
¥ Space 00000H 24 KB T 00000H
<R> Notes 1. Do not allocate RAM addresses which are used as stack area, data buffer used by the libraries, branch

When boot swap is used:

FFEDFH when performing self-programming or rewriting the data flash memory area.

destination of vector interrupt processing, and DMA destination/source addresses to the area FFE20H to

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

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

Set the option bytes to 000COH to 000C3H and 010COH to 010C3H, and the

on-chip debug security IDs to 000C4H to 000CDH and 010C4H to 010CDH.

Writing boot cluster O can be prohibited depending on the setting of security (see 27.6 Security Settings).

Caution When executing instructions from the RAM area while RAM parity error resets are enabled (RPERDIS
=0), be sure to initialize the used RAM area + 10 bytes.
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Figure 3-4. Memory Map (R5F109xC (x = 6, A, B, G, L))

FFFFFH O7FFFH
Special function register (SFR)
256 bytes
FFFOOH
FFEFFH | General-purpose register
FEEEOH 32 bytes
FFEDFH
Notes 1, 2
RAM2 KB -~ Program area
FF700H
FF6FFH
T Reserved
F8000H
FTFFFH Mirror 01FFFH
F2000H 24 KB
FLFFFH Data flash memory 010CEH
F1000H 4 KB 010CDH On-chip debug security
FOFFFH ID setting area°t¢?
F0800H Reserved 010C4H 10 bytes
FOTEEH 010C3H Option byte area™o'e3
010COH 4 bytes
Special function register (2nd SFR) 010BFH Boot cluster 1
2 KB CALLT table area
64 bytes
Saaareme FO000H 01080H Y
EFFFFH 0107FH
Vector table area
128 bytes
01000H
00FFFH
ot Reserved
et Program area
000CEH
000CDH On-chip debug security
ID setting areaot?
000C4H 10byteS
000C3H Option byte area™o'¢® Boot cluster oNote 4
000COH 4 bytes
000BFH
CALLT table area
64 bytes
00080H
0007FH
g ?2 g [F) n Vector table area
128 bytes
Program L Code flash memory
memory -~ 32 KB
space
v 00000H 00000H
<R> Notes 1. Do not allocate RAM addresses which are used as stack area, data buffer used by the libraries, branch

When boot swap is used:

FFEDFH when performing self-programming or rewriting the data flash memory area.

destination of vector interrupt processing, and DMA destination/source addresses to the area FFE20H to

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

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

Set the option bytes to 000COH to 000C3H and 010COH to 010C3H, and the

on-chip debug security IDs to 000C4H to 000CDH and 010C4H to 010CDH.

Writing boot cluster O can be prohibited depending on the setting of security (see 27.6 Security Settings).

Caution When executing instructions from the RAM area while RAM parity error resets are enabled (RPERDIS
=0), be sure to initialize the used RAM area + 10 bytes.
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Figure 3-5. Memory Map (R5F109xD (x = 6, A, B, G, L))

FFFFFH OBFFFH
Special function register (SFR)
256 bytes
FFFOOH
FFEFFH | General-purpose register
FEEEOH 32 bytes
FFEDFH RAMND(ESLZ i |
3KB T~ Program area -
FF300H
FF2FFH
ot Reserved ~
FCOOOH
FDFFFH Mirror 01FFFH
F2000H 40 KB
F1FFFH Data flash memory 0L0CEH
F1000H 4 KB 010CDH On-chip debug security
FOEEEH ID setting area°®® 3
0s00H Reserved 010C4H 10 bytes
FOTEFH 010C3H Option byte area*'®3
010COH 4 bytes
Special function register (2nd SFR) 010BFH Boot cluster 1
2 KB CALLT table area
Data memo 64 bytes
space Y FO00OH 01080H "
EFFFFH 0107FH
Vector table area
128 bytes
01000H
st Reserved ot 00FFFH
-~ Program area =~
000CEH
000CDH On-chip debug security
ID setting areaote?
000C4H 10 bytes
000C3H Option byte areaMo'¢® Boot cluster QNote 4
000COH 4 bytes
000BFH
CALLT table area
64 bytes
00080H
0007FH
0COO00H
0OBFFFH
Vector table area
Program A Code flash memory 1 128 bytes
memory ~ 48 KB +~
space
Y 00000H 00000H
<R> Notes 1. Do not allocate RAM addresses which are used as stack area, data buffer used by the libraries, branch

destination of vector interrupt processing, and DMA destination/source addresses to the area FFE20H to
FFEDFH when performing self-programming or rewriting the data flash memory area.
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 27.6 Security Settings).

Caution When executing instructions from the RAM area while RAM parity error resets are enabled (RPERDIS
=0), be sure to initialize the used RAM area + 10 bytes.
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Figure 3-6. Memory Map (R5F109xE (x =6, A, B, G, L))

FFFFFH OFFFFH
Special function register (SFR)
256 bytes
FFFOOH
FFEFFH [ General-purpose register
FFEEOH 32 bytes
FFEDFH
RAMMtes -2 -~ Program area T
4 KB
FEFOOH
FEEFFH
- Mirror ot
51.75 KB 01FFFHA
F2000H
FLFFFH Data flash memory 010CEH
F1000H 4 KB 010CDH On-chip debug security
FOFFFH ID setting area™°t¢®
F0800H Reserved 010C4H 10 bytes
FOTFFH 010C3H Option byte area*'e
i i ) 010COH 4 bytes
Special function register (2nd SFR) 010BFH Boot cluster 1
2KB CALLT table area
64 bytes
il !
Data memory 0107FH
space
Vector table area
128 bytes
01000H
00FFFH
L Reserved -~ =~ Program area St
000CEH
000CDH On-chip debug security
ID setting area°te®
000C4H 10 bytes
H 3
000C3H Option byte area*'® Boot cluster oNote 4
000COH 4 bytes
000BFH
CALLT table area
00080H 64 bytes
10000H 0007FH
OFFFFH
Program Vector table area
A1 Code flash memor: |
memory -0 64 KB y - 128 bytes
space
00000H 00000H
Notes 1. Do not allocate RAM addresses which are used as stack area, data buffer used by the libraries, branch

<R>

n

4.

destination of vector interrupt processing, and DMA destination/source addresses to the area FFE20H to
FFEDFH when performing self-programming or rewriting the data flash memory area. In addition, the use
of the area FEFOOH to FF2FFH is prohibited, because this area might be used by each library. However,
the area to which this prohibition applies may vary with the version of the library. For details, please refer to
the manual for the individual library.

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

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

Set the option bytes to 000COH to 000C3H and 010COH to 010C3H, and the
on-chip debug security IDs to 000C4H to 000CDH and 010C4H to 010CDH.
Writing boot cluster O can be prohibited depending on the setting of security (see 27.6 Security Settings).

When boot swap is used:

Caution When executing instructions from the RAM area while RAM parity error resets are enabled (RPERDIS
=0), be sure to initialize the used RAM area + 10 bytes.

RO1UH0231EJ0111 Rev.1.11

Jan 31, 2014

RENESAS 49



RL78/F12 CHAPTER 3 CPU ARCHITECTURE

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

(R5F109XE (x = 6, A, B, G, L))
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Correspondence between the address values and block numbers in the flash memory are shown below.

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

Address Value Block Number Address Value Block Number
00000H to 003FFH 00H 08000H to 083FFH 20H
00400H to 007FFH 01H 08400H to 087FFH 21H
00800H to 00BFFH 02H 08800H to 08BFFH 22H
00COOH to 00FFFH 03H 08COOH to 08FFFH 23H
01000H to 013FFH 04H 09000H to 093FFH 24H
01400H to 017FFH 05H 09400H to 097FFH 25H
01800H to 01BFFH 06H 09800H to 09BFFH 26H
01COOH to 01FFFH O7H 09COOH to 09FFFH 27H
02000H to 023FFH 08H OAOOOH to 0A3FFH 28H
02400H to 027FFH O9H OA400H to 0A7FFH 29H
02800H to 02BFFH OAH OA800H to 0ABFFH 2AH
02COOH to 02FFFH OBH OACOOH to OAFFFH 2BH
03000H to 033FFH OCH 0BOOOH to 0B3FFH 2CH
03400H to 037FFH ODH OB400H to 0B7FFH 2DH
03800H to 03BFFH OEH 0B80OH to 0BBFFH 2EH
03COOH to 03FFFH OFH OBCOOH to OBFFFH 2FH
04000H to 043FFH 10H 0COO0OH to OC3FFH 30H
04400H to 047FFH 11H 0C400H to OC7FFH 31H
04800H to 04BFFH 12H 0C800H to OCBFFH 32H
04COOH to 04FFFH 13H 0CCOO0H to OCFFFH 33H
05000H to 053FFH 14H ODOOOH to OD3FFH 34H
05400H to 057FFH 15H 0D400H to OD7FFH 35H
05800H to 05BFFH 16H 0D800H to ODBFFH 36H
05COO0H to O5FFFH 17H ODCOOH to ODFFFH 37H
06000H to 063FFH 18H OEOOOH to OE3FFH 38H
06400H to 067FFH 19H OE400H to OE7FFH 39H
06800H to 06BFFH 1AH OE8O00H to OEBFFH 3AH
06COOH to 06FFFH 1BH OECOOH to OEFFFH 3BH
07000H to 073FFH 1CH OFO0O0OH to OF3FFH 3CH
07400H to 077FFH 1DH OF400H to OF7FFH 3DH
07800H to 07BFFH 1EH OF800H to OFBFFH 3EH
07COO0H to 07FFFH 1FH OFCOOH to OFFFFH 3FH

RO1UH0231EJ0111 Rev.1.11 RENESAS 51

Jan 31, 2014



RL78/F12

CHAPTER 3 CPU ARCHITECTURE

3.1.1 Internal program memory space

The internal program memory space stores the program and table data.
The RL78/F12 products incorporate internal ROM (flash memory), as shown below.

Table 3-2. Internal ROM Capacity

Part Number

Internal ROM

Structure

Capacity

R5F10968

Flash memory

R5F109XA (x = 6, A, B, G, L)

R5F109xB (x = 6, A, B, G, L)

R5F109xC (x = 6, A, B, G, L)

R5F109xD (x = 6, A, B, G, L)

R5F109XE (x = 6, A, B, G, L)

8192 x 8 bits (00000H to 01FFFH)

16384 x 8 bits (00000H to 03FFFH)

24576 x 8 bits (00000H to O5FFFH)

32768 x 8 bits (00000H to 07FFFH)

49152 x 8 bits (00000H to OBFFFH)

65536 x 8 bits (00000H to OFFFFH)

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

(1) Vector table area

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

Vector Table Address Interrupt Source 64-pin | 48-pin | 32-pin | 30-pin [ 20-pin
0000H RESET, POR, LVD, WDT, TRAP, IAW, RAMTOP v v v \/ J
0004H INTWDTI v v % % %
0006H INTLVI V V S 3 3
0008H INTPO V 3 \/ \/ J
000AH INTP1 y y y y y
000CH INTP2 3 V V J 3
000EH INTP3 v % % % -
0010H INTP4 y y y y y
0012H INTP5 V \/ 3 \/ J
0014H INTST2/INTCSI20/INTIIC20 v v % % -
0016H INTSR2/INTCSI21/INTIIC21 y V Note 1 | Note 1 -
0018H INTSRE2 V 3 3 \/ -
001AH INTDMAO y y y y y
001CH INTDMAL 3 V V J 3
001EH INTSTO/INTCSIOO/INTIICOO v % % % %
0020H INTSRO/INTCSIO1/INTIICO1 y y Note 2 | Note 2 | Note 2
0022H INTSREO V \/ 3 \/ J

INTTMO1H v % % % %
0024H INTST1/INTCSI10/INTIIC10 y Note 3 | Note 3 | Note 3 -
0026H INTSRL/INTCSIZ1/INTIIC11 V \/ 3 \/ -
0028H INTSRE1/INTTMO3H N V V y Note 4
002AH INTIICAO J V V d -
002CH INTTMOO v v v % %
002EH INTTMO1 y y y y y
0030H INTTMO2 V \/ 3 \/ J
0032H INTTMO3 v v % % %
0034H INTAD V V S 3 3
0036H INTRTC \/ \/ - - -
0038H INTIT y y y y y
003AH INTKR J V - - -
003CH INTCSISO/INTSTSO v v v % %
003EH INTCSIS1/INTSRSO N Note5 | Note5 | Note5 | Note 5

Notes 1. INTSR2 only.
2. INTSRO only.
3. INTST1 only.
4. INTTMO3H only.
5. INTCSIS1 only.
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Table 3-3. Vector Table (2/2)

Vector Table Address Interrupt Source 64-pin 48-pin 32-pin 30-pin 20-pin
0040H INTWUTM v v v \ y
0042H INTTMO4 # J y J 3
0044H INTTMO5 v N y J y
0046H INTTMO6 3 v y J y
0048H INTTMO7 y J y J y
004AH INTP6 v N - - -
004CH INTP7/INTLT N Note 2 | Note2 | Note2 | Note 2
004EH INTPS/INTLR"® * N \ Note 3 | Note 3 | Note 3
0050H INTPO/INTLS ®'® * N N Note 4 | Note 4 | Note 4
0052H INTP10/INTSRESO R Note5 [ Note5 | Note5 | Note5
0054H INTP11 3 - - -~ -
005EH INTMD v N v \ y
0062H INTFL y J y J y
007EH BRK v y y J y

Notes 1. For 48-pin products, when INTP8 and INTLR interrupts occur at the same time, the interrupt source cannot
be distinguished from the vector address. The INTP9 and INTLS interrupts (that occur at the sane time) are
the same as the condition above.

INTLT only.

INTLR only.

INTLS only.

INTSRESO only.

ok~ wb

(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 26 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 28 ON-CHIP
DEBUG FUNCTION.
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3.1.2 Mirror area

The RL78/F12 mirrors the code flash area of 00000H to OFFFFH, to FOOOOH to FFFFFH (the code flash area to be
mirrored is set by the processor mode control register (PMC)).

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

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

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

The following show examples.

Example R5F109xE (x =6, A, B, G) (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
FEFOOH
FEEFFH
Mirror Note
(same data as 02000H to OEEFFH)
F2000H
F1FFFH
Data flash memory
F1000H
FOFFFH
Reserved
FO800H
FO7FFH
Special-function register (2nd SFR)
2 KB
FOOO0OH
EFFFFH
Mirror
For example, OE789H is mirrored to
FE789H. Data can therefore be read
Reserved by MOV A, IE789H,
instead of MOV ES, #00H and
MOV A, ES:!IE789H.
10000H
OFFFFH
Code flash memory
OEFOOH{_ __ _ ]
OEEFFH
Code flash memory
02000H|'===eeeeee ]
O1FFFH, Code flash memory
00000H
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Note The mirror area is not provided in the R5F10968.
The PMC register is described below.

e 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 Setting prohibited

Cautions 1. Be sure to clear bit 0 (MAA) of this register to 0 (default value).

2. Set the PMC register only once during the initial settings prior to operating the DMA controller.

Rewriting the PMC register other than during the initial settings is prohibited.
3. 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/F12 products incorporate the following RAMSs.

Table 3-4. Internal RAM Capacity

Part Number Internal RAM
R5F10968 512 x 8 bits (FFDOOH-FFEFFH)
R5F109xA (x =6, A, B, G, L) 1024 x 8 bits (FFBOOH-FFEFFH)
R5F109xB (x =6, A, B, G, L) 1536 x 8 bits (FF900H-FFEFFH)
R5F109xC (x =6, A, B, G, L) 2048 x 8 bits (FF700H to FFEFFH)
R5F109xD (x = 6, A, B, G, L) 3072 x 8 bits (FF300H to FFEFFH)
R5F109xE (x =6, A, B, G, L) 4096 x 8 bits (FEFOOH to FFEFFH)

The internal RAM can be used as a data area and a program area where instructions are 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 a stack memory.

Cautions 1. It is prohibited to use the general-purpose register (FFEEOH to FFEFFH) space for fetching
instructions or as a stack area.
2. While using the self-programming function or data flash function, the area FFE20H to FFEFFH
cannot be used as stack memory. Furthermore, the areas of FEFOOH to FF309H also cannot be
used with the R5F109xE (x = 6, A, B, G), respectively.
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3.1.4 Special function register (SFR) area
On-chip peripheral hardware special function registers (SFRs) are allocated in the area FFFOOH to FFFFFH (see Table

3-5in 3.2.4 Special function registers (SFRs)).
Caution Do not access addresses to which SFRs are not assigned.

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

On-chip peripheral hardware special function registers (2nd SFRs) are allocated in the area 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/F12, based on operability and other considerations.

For areas containing data memory in particular, special

addressing methods designed for the functions of the special function registers (SFR) and general-purpose registers are
available for use. Figures 3-8 to 3-13 show correspondence between data memory and addressing. For details of each
addressing, see 3.4 Addressing for Processing Data Addresses.

Figure 3-8. Correspondence Between Data Memory and Addressing (R5F10968)

Register addressing

g

Short direct
addressing

|

FFFFFH 4
FFF20H | Special function register (SFR) __| _SFR addressing
FFF1FH 256 bytes
FEFOOH !
FFEFFH General-purpose register A
FFEEOH 32 bytes Y
FFEDFH
FFE20H RAMNotel
FFELFH |77 777777777 O5KB T
FFDOOH
FFCFFH

T ReservedNote2 T
F2000H
FL1FFFH Data flash memory
F1000H 4 KB
FOFFFH

Reserved
FO800H
FO7TFFH
Special function register (2nd SFR)
2 KB

FOO0OH
EFFFFH

- Reserved =
02000H
0LFFFH

AL Code flash memory _

8 KB
00000H

Direct addressing

Register indirect addressing

Based addressing

Based indexed addressing
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Notes 1. Use of the area FFE20H to FFEDFH is prohibited when using the self-programming function or data flash
function, because this area is used for self-programming library.
2. The mirror area is not provided in the R5F10968.

Figure 3-9. Correspondence Between Data Memory and Addressing (R5F109xA (x = 6, A, B, G, L))

FFFFFH 4 i
FFF20H | _ Special function register (SFR) _ | ~_SFRaddressing
FFFLFH 256 bytes T
FFFOOH L ,
FFEFFR | General-purpose register ! Short direct
?F,)z g tes 9 Register addressing addressing

FFEEOH y L
FFEDFH
FFE20H RAMNote
FFELFH |77 77777~ I
FFBOOH
FFAFFH | 1L

T Reserved T
F4000H
F3FFFH Mirror
F2000H 8 KB
FLFFFH Data flash memory
F1000H 4 KB
FOFFFH

Reserved
FO800H
FO7FFH
Special function register (2nd SFR) Direct addressing
2 KB
Register indirect addressing
FOOOOH
EFFFFH Based addressing
Based indexed addressing

- Reserved -~
04000H
03FFFH

AL Code flash memory A

16 KB

00000H A

Note Use of the area FFE20H to FFEDFH is prohibited when using the self-programming function or data flash
function, because this area is used for self-programming library.
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Figure 3-10. Correspondence Between Data Memory and Addressing (R5F109xB (x =6, A, B, G, L))

FFFFFH A ]
FFF20H | _ Special function register (SFR) |  SFRaddressing
FFF1FH 256 bytes T
FFFOOH \
FFEFFH : i Short direct
General-purpose register )
purb g Register addressing addressing
FFEEOH 32 bytes
FFEDFH
FEE20H | | RAMNO® L.
FFELFH 1.5 KB
FF900H
FF8FFHL 1
T Reserved T
F6000H
F5FFFH Mirror
F2000H 16 KB
FIFFFH Data flash memory
F1000H 4 KB
FOFFFH
Reserved
FOB00H
FO7TFFH

Special function register (2nd SFR) Direct addressing

2 KB . . .
Register indirect addressing
FOOO0OH
EFFFFH Based addressing
Based indexed addressing
- Reserved =
06000H
05FFFH
A Code flash memory A
T 24 KB T
00000H Y

Note Use of the area FFE20H to FFEDFH is prohibited when using the self-programming function or data flash
function, because this area is used for self-programming library.
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Figure 3-11. Correspondence Between Data Memory and Addressing (R5F109xC (x =6, A, B, G, L))

FFFFFH A b
FFF20H | _Special function register (SFR) |  SFRaddressing
FFF1FH 256 bytes T
FFFOOH _
FFEFFH | General-purpose register Sggrt direct
Register addressin addressin

FEEEOH 32 bytes g [¢] g
FFEDFH
FFE20H RAMNote
FFELFH |77 777777777777 2KB T
FF700H
FF6FFHL 4

T Reserved T
F8000H
F7TFFFH Mirror
F2000H 24 KB
FIFFFH Data flash memory
F1000H 4 KB
FOFFFH

Reserved
FO800H
FO7TFFH
Special function register (2nd SFR) Direct addressing
2 KB
Register indirect addressing
FOOOOH
EFFFFH Based addressing
Based indexed addressing

-~ Reserved ot
08000H
07FFFH

1 Code flash memory 1

T 32 KB T
00000H /

Note Use of the area FFE20H to FFEDFH is prohibited when using the self-programming function or data flash
function, because this area is used for self-programming library.
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Figure 3-12. Correspondence Between Data Memory and Addressing (R5F109xD (x =6, A, B, G, L))

FFFFFH A
FFF20H [ Special function register (SFR) | ~SFRaddressing
FFF1FH 256 bytes T
FFFOOH
FFEFFH | General-purpose register Short direct
Register addressin addressin
P 32 bytes g g g9
FFEDFH
FFE20H | . RAMNOt® .
FFELFH 3KB
FF300H
FF2FFH Reserved I~
FCOOO0H
FBFFFH Mirror
F2000H 40 KB
F1FFFH Data flash memory
F1000H 4 KB
FOFFFH
Reserved
FO800H
FO7TFFH
Special function register (2nd SFR)
2KB

FOO00OH
EFFFFH

-~ Reserved -
0CO000H
0BFFFH

L Code flash memory A

T 48 KB T
00000H

Direct addressing

Register indirect addressing

Based addressing

Based indexed addressing

Note Use of the area FFE20H to

function, because this area is used for self-programming library.

FFEDFH is prohibited when using the self-programming function or data flash
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Figure 3-13. Correspondence Between Data Memory and Addressing (R5F109xE (x =6, A, B, G, L))

SFR addressing

Register addressing

Short direct
addressing

l

FFFFFH
FFE20H Special function register (SFR)
FFFL1FH 256 bytes
FFFOOH
FFEFFH| General-purpose register
FFEEOH 32 bytes
FFEDFH
FFE20H| . F RAMMSe
FFELFH 4 KB
FEFOOH
FEEFFH] Mirror i
T 51.75 KB 7
F2000H
FLFFFH Data flash memory
F1000H 4KB
FOFFFH
Reserved
FO800H
FO7FFH
Special function register (2nd SFR)
2 KB
FOOO0OH
EFFFFH
s Reserved
10000H
OFFFFH
iy Code flash memory i
T 64 KB a
00000H

Note

Direct addressing
Register indirect addressing
Based addressing

Based indexed addressing

Use of the area FFE20H to FFEDFH and FEFOOH to FF309H are prohibited when using the self-programming

function or data flash function, because this area is used for self-programming library.
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3.2 Processor Registers

The RL78/F12 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 0000H and 0001H to the program counter.
Figure 3-14. 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 3-15. Format of Program Status Word
7 0
PSW | IE Z |RBS1| AC |RBSO| ISP1 | ISPO | CY
() 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 (EI) state and interrupt request acknowledgment is controlled
with an in-service priority flag (ISP1, ISPO0), an interrupt mask flag for various interrupt sources, and a priority
specification flag.
The IE flag is reset (0) upon DI instruction execution or interrupt acknowledgment and is set (1) upon El
instruction execution.
(b) Zero flag (2)
When the operation result is zero, this flag is set (1). Itis 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). It is reset (0) in all other cases.

(e) In-service priority flags (ISP1, ISPO)
This flag manages the priority of acknowledgeable maskable vectored interrupts. Vectored interrupt requests
specified lower than the value of ISPO and ISP1 flags by the priority specification flag registers (PRnOL, PRnOH,
PRn1L, PRn1H, PRn2L, PRN2H) (see 18.3 (3)) can not be acknowledged. Actual request acknowledgment is
controlled by the interrupt enable flag (IE).

Remark n=0,1

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

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

Figure 3-16. Format of Stack Pointer

15 0

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

The SP is decremented ahead of write (save) to the stack memory and is incremented after read (restored) from the
stack memory.
Each stack operation saves data as shown in Figure 3-17.

Cautions 1. Since reset signal generation makes the SP contents undefined, be sure to initialize the SP
before using the stack.
2. Itis prohibited to use the general-purpose register (FFEEOH to FFEFFH) space as a stack area.
3. While using the self-programming function or data flash function, the area FFE20H to FFEFFH
cannot be used as stack memory. Furthermore, the areas of FEFOOH to FF309H also cannot be
used with the R5F109xE (x = 6, A, B, G), respectively.
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Figure 3-17. Datato Be Saved to Stack Memory

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

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).

These registers can be described in terms of function names (X, A, C, B, E, D, L, H, AX, BC, DE, and HL) and absolute
names (RO to R7 and RPO to RP3).

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

Cautions 1. It is prohibited to use the general-purpose register (FFEEOH to FFEFFH) space for fetching
instructions or as a stack area.
2. While using the self-programming function or data flash function, the area FFE20H to FFEFFH
cannot be used as stack memory. Furthermore, the areas of FEFOOH to FF309H also cannot be
used with the R5F109xE (x = 6, A, B, G), respectively.
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Figure 3-18. 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 7
(b) Absolute name
16-bit processing 8-bit processing
FFEFFH
R7
Register bank 0 RP3
R6
FFEF8H
R5
Register bank 1 RP2
R4
FFEFOH
R3
Register bank 2 RP1
R2
FFEE8SH
R1
Register bank 3 RPO
RO
FFEEOH
15 7
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3.2.3 ES and CS registers

The ES register is used for data access and the CS register is used to specify the higher address when a branch
instruction is executed.

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

Figure 3-19. 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 | CP2 | CP1 | CPO
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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 the symbol reserved by the assembler for the 1-bit manipulation instruction operand (sfr.bit). This
manipulation can also be specified with an address.

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
“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 extended SFRs (2nd SFRs), see 3.2.5 Extended special function registers (2nd SFRs: 2nd Special
Function Registers).
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Table 3-5. SFR List (1/4)

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 | \ - 00H

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 | V - OOH

FFFOSH | Port register 5 P5 RW /| J - 0OH

FFFO6H | Port register 6 P6 RIW| v - 00H

FFFO7H | Port register 7 P7 RW | \ - 00H

FFFOCH | Port register 12 P12 RIW| \ - Undefined

FFFODH | Port register 13 P13 RW | v - Undefined

FFFOEH | Port register 14 P14 RW| v - O0H

FFF10H | Serial data register 00 TXDO/ | SDROO| RIW | — J J 0000H

S1000

FFF11H - - -

FFF12H | Serial data register 01 RXDO | SDRO1| R/W - v RN 0000H

FFF13H - - —

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

FFF19H

FFF1AH | Timer data register 01 TDROIL | TDRO1| RIW | - v v 00H

FFF1BH TDRO1H - J 00H

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

FFF1FH 8-bit A/D conversion ADCRH R - RN - OOH

result register

FFF20H | Port mode register 0 PMO RW | v - FFH

FFF21H | Port mode register 1 PM1 RIW| \ - FFH

FFF22H | Port mode register 2 PM2 RW | J - FFH

FFF23H | Port mode register 3 PM3 RW | v - FFH

FFF24H | Port mode register 4 PM4 RIW| 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 RIW| v - FFH

FFF2CH | Port mode register 12 PM12 RIW| \ - FFH

FFF2EH | Port mode register 14 PM14 RW | J - FFH

FFF30H | A/D converter mode register 0 | ADMO RW | RN - O0H

FFF31H | Analog input channel ADS RIW| v - 00H
specification register

FFF32H | A/D converter mode register 1 | ADM1 R/W \ - 0OH

FFF37H | Key return mode register KRM R/W - 00H

FFF38H | External interrupt rising edge EGPO RW | \ - 00H
enable register 0

FFF39H | External interrupt falling edge | EGNO RW | v - 00H
enable register 0

FFF3AH | External interrupt rising edge EGP1 RW| v - 00H
enable register 1

FFF3BH | External interrupt falling edge | EGN1 RW | \ - 00H
enable register 1
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Table 3-5. SFR List (2/4)

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

FFF44H | Serial data register 02 TXD1 | SDRO2| RIW | - \ \ 0000H

FFF45H - - -

FFF46H | Serial data register 03 RXD1/| SDRO3 RW | - Xl J 0000H
SIo11

FFF47H - - -

FFF48H | Serial data register 10 TXD2/ | SDR10|RIW | - J J 0000H
SI1020

FFF49H - - -

FFF4AH | Serial data register 11 RXD2/| SDR11| RIW | — \ \ 0000H
S1021

FFF4BH - - -

FFF50H | IICA shift register 0 IICAO RW| - Y - OOH

FFF51H | IICA status register 0 11CS0 R v J - 0OH

FFF52H | IICA flag register 0 IICFO RIW| v - O0H

FFF64H | Timer data register 02 TDRO2 RIW| - - \ 0000H

FFF65H

FFF66H | Timer data register 03 TDRO3L | TDRO3| RIW | — v v 00H

FFF67H TDRO3H - 00H

FFF68H | Timer data register 04 TDRO4 R/IW - - \ 0000H

FFF69H

FFF6AH | Timer data register 05 TDRO5 RW | - - \ 0000H

FFF6BH

FFF6CH | Timer data register 06 TDRO06 R/W - - v 0000H

FFF6DH

FFF6EH | Timer data register 07 TDRO7 R/W - - v 0000H

FFF6FH

FFFO0H | Interval timer control register ITMC R/W - - R OFFFH

FFF91H

FFF92H | Second count register SEC R/W - v - 00H

FFF93H | Minute count register MIN RW | - \ - 00H

FFF94H | Hour count register HOUR RW| - R - 120N

FFF95H | Week count register WEEK RW| - \ - 00H

FFF96H | Day count register DAY RW | - v - 01H

FFF97H | Month count register MONTH RW | - \ - 01H

FFF98H | Year count register YEAR R/IW - J - 00H

FFF99H | Watch error correction register | SUBCUD R/W - RN - 00H

FFF9AH | Alarm minute register ALARMWM R/W - \ - 00H

FFF9BH | Alarm hour register ALARMWH R/W - v - 12H

FFFOCH | Alarm week register ALARMWW R/W - J - 00H

FFF9DH | Real-time clock control register | RTCCO RW | RN - O0H

0
FFF9EH | Real-time clock control register | RTCC1 RW | \ - 00H
1

Note The value of this register is 00H if the AMPM bit (bit 3 of real-time clock control register 0 (RTCCO0)) is set to 1 after

reset.
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Table 3-5. SFR List (3/4)

Address | Special Function Register (SFR) Name Symbol R/W | Manipulable Bit Range After Reset
1-bit | 8-bit | 16-bit
FFFAOH | Clock operation mode control | CMC RW| - J - 00H
register
FFFA1H | Clock operation status control | CSC RW | \/ - COH
register
FFFA2H | Oscillation stabilization time osTC R ol ol - 00H
counter status register
FFFA3H | Oscillation stabilization time OSTS R/IW - N - 07H
select register
FFFA4H | System clock control register | CKC RW | \ - 00H
FFFAS5H | Clock output select register 0 | CKS0 RIW| v - 00H
FFFA6H | Clock output select register 1 | CKS1 RW | \ - 00H
FFFA8H | Reset control flag register RESF R - V — | undefined ™*¢*
FFFA9H | Voltage detection register LVIM RW | Y - ooHNee?
FFFAAH | Voltage detection level register | LVIS RW | J - |0OH/01H/BIHN"
FFFABH | Watchdog timer enable register | WDTE RW | - v - 1A/9ANe*
FFFACH| CRC input register CRCIN RW| - J - 0OH
FFFBOH | DMA SFR address register 0 DSAO0 R/W - RN - 00H
FFFB1H | DMA SFR address register 1 DSAl1 R/W - \ - 00H
FFFB2H | DMA RAM address register OL | DRAOL| DRAO | RIW | - 3 x/ 00H
FFFB3H | DMA RAM address register OH | DRAOH R/W - \ O00H
FFFB4H | DMA RAM address register 1L | DRALL| DRAL [RIW | - 3 x/ 00H
FFFB5H | DMA RAM address register 1H | DRA1H R/W - \ O00H
FFFB6H | DMA byte count register OL DBCOL| DBCO |RW | - RN RN O0H
FFFB7H | DMA byte count register OH DBCOH R/W - v 00H
FFFB8H | DMA byte count register 1L DBCI1L| DBC1 |R/W | - J V 00H
FFFB9H | DMA byte count register 1H DBC1H R/W - v 00H
FFFBAH| DMA mode control register 0 DMCO RIW| \ - 00H
FFFBBH| DMA mode control register 1 DMC1 RW | RN - O0H
FFFBCH| DMA operation control register 0| DRCO RIW| \ - 00H
FFFBDH| DMA operation control register 1| DRC1 RW| v - 00H
FFFDOH | Interrupt request flag register 2L | IF2L | IF2 RW | \ \ O0H
FFFD1H | Interrupt request flag register 2H| IF2H RW| v O0H
FFFD4H | Interrupt mask flag register 2L | MK2L | MK2 |RW | < \ \ FFH
FFFD5H | Interrupt mask flag register 2H | MK2H RW| v FFH

Notes 1. The reset value of the RESF register varies depending on the reset source.
2. The reset value of the LVIM register varies depending on the reset source.
3. The reset value of the LVIS register varies depending on the reset source and the setting of the option byte.
4. 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 (4/4)

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

FFFD8H | Priority specification flag register| PRO2L| PR02 | R/W | < \ \ FFH
o2L

FFFD9H | Priority specification flag register| PRO2H RW| v FFH
02H

FFFDCH| Priority specification flag register| PR12L| PR12 |R/W | V V FFH
12L

FFFDDH)| Priority specification flag register| PR12H RW| v FFH
12H

FFFEOH | Interrupt request flag register OL | IFOL | IFO RIW| \ \ O0H

FFFE1H | Interrupt request flag register OH| IFOH RW| v O0H

FFFE2H | Interrupt request flag register 1L | IF1L | IF1 RW | \ \ O0H

FFFE3H | Interrupt request flag register 1H| IF1H RW| v O0H

FFFE4H | Interrupt mask flag register OL | MKOL | MKO |R/W | < v v FFH

FFFES5H | Interrupt mask flag register OH | MKOH RW| \ FFH

FFFEGH | Interrupt mask flag register 1L | MKIL | MK1 |R/W | < v v FFH

FFFE7H | Interrupt mask flag register 1H | MK1H RW| \ FFH

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

FFFEQH | Priority specification flag register| PROOH RIW| \ FFH
OOH

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

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

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

FFFEDH| Priority specification flag register| PR10H RW | \ FFH
10H

FFFEEH | Priority specification flag register| PR11L| PR11 |R/W | < v v FFH
111

FFFEFH | Priority specification flag register| PR11H RIW| \ FFH
11H

FFFFOH | Multiplication/division data register | MDAL/MULA | R/IW - - \ 0000H

FFFFIH | AW

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

FFFF3H | A(H)

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

FFFF5H | B(H)

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

FFFF7H | B (L)

FFFFEH | Processor mode control register | PMC RW | v - O0H

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.

1-bit manipulation

Describe the symbol reserved by the assembler for the 1-bit manipulation instruction operand (!addr16.bit). This
manipulation can also be specified with an address.

8-bit manipulation

Describe the symbol reserved by the assembler for the 8-bit manipulation instruction operand (laddrl6). This
manipulation can also be specified with an address.

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.

Symbol

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

R/W

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

R/W: Read/write enable

R:  Read only

W:  Write only

Manipulable bit units

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

After reset

Indicates each register status upon reset signal generation.

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

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

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
FOO11H | Conversion result comparison | ADUL RW | - J - FFH
upper limit setting register
FO012H | Conversion result comparison | ADLL RW | - J - 00H
lower limit setting register
FOO13H | A/D test register ADTES RIW| - \ - O0H
FOO030H | Pull-up resistor option register 0 | PUO RW | S - 00H
FOO031H | Pull-up resistor option register 1 | PU1 RIW| S - O0H
FO033H | Pull-up resistor option register 3 | PU3 RIW| S - O0H
F0034H | Pull-up resistor option register 4 | PU4 RW | \ - 01H
FO035H | Pull-up resistor option register 5 | PU5 RIW| S - O0H
FO037H | Pull-up resistor option register 7 | PU7 RIW| S - 00H
FOO3CH | Pull-up resistor option register 12 | PU12 RW | \ - O0H
FOO3EH | Pull-up resistor option register 14 | PU14 RW | S - 00H
FOO040H | Port input mode register 0 PIMO RIW| S - O0H
FO041H | Port input mode register 1 PIM1 RIW| S - O0H
FO045H | Port input mode register 5 PIM5 RW | S - 00H
FOO50H | Port output mode register O POMO RIW| S - O0H
FOO051H | Port output mode register 1 POM1 RIW| S - O0H
FOO55H | Port output mode register 5 POMS5 RW | \ - 00H
FO057H | Port output mode register 7 POM7 RW | \ - 00H
FO060H | Port mode control register 0 PMCO RIW| S - FFH
FOO6CH | Port mode control register 12 PMC12 RW | \ - FFH
FOO6EH | Port mode control register 14 | PMC14 RW | \ - FFH
FOO70H | Noise filter enable register 0 NFENO RIW| S - O0H
FO071H | Noise filter enable register 1 NFEN1 RIW| S - O0H
F0073H | Input switch control register ISC RW | S - O0H
FO0074H | Timer input select register 0 TISO R/W - S - 00H
FO076H | A/D port configuration register | ADPC R/W - \ - O00H
FO077H | Peripheral I/O redirection PIOR R/IW - J - 00H
register
FO078H | Invalid memory access IAWCTL R/W - S - OOH
detection control register
FOO90H | Data flash control register DFLCTL RIW| S - O0H
FOOAOH | On-chip high-speed oscillator HIOTRM R/W - S - Note
trimming register
FOOA8H | On-chip high-speed oscillator HOCODIV R/W - \ - Undefined
divider setting register
FOOACH | Temperature trimming register 0| TEMPCALO R - \ - Note
FOOADH | Temperature trimming register 1| TEMPCAL1 R - S - Note
FOOAEH | Temperature trimming register 2| TEMPCAL2 R - S - Note
FOOAFH | Temperature trimming register 3| TEMPCAL3 R - \ - Note

Note This value varies depending on the products.

Remark For SFRs in the SFR area, see Table 3-5 SFR List.
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Table 3-6. Extended SFR (2nd SFR) List (2/7)

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

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

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

FOOE8H | Multiplication/division control MDUC RIW| S - O0H
register

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

FOOF3H | Operation speed mode control | OSMC R/W - \ - O00H
register

FOOF5H | RAM parity error control register | RPECTL RW | S - O0H

FOOFEH | BCD adjust result register BCDADJ - S - Undefined

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

FO101H - - -

FO102H | Serial status register 01 SSRO1L| SSRO1| R - S S 0000H

FO103H - - -

FO104H | Serial status register 02 SSRO2L| SSR02| R - \ \ 0000H

FO105H - - -

FO106H | Serial status register 03 SSRO3L| SSR03| R - S S 0000H

FO107H - - -

FO108H | Serial flag clear trigger register | SIROOL| SIR00 | RIW | - S \ 0000H

FO109H | 00 - - -

FO10AH | Serial flag clear trigger register | SIRO1L| SIROL | RIW | - S N 0000H

Fo10BH | 01 - - -

FO10CH | Serial flag clear trigger register | SIR02L| SIR02 | RIW | - S S 0000H

FO10DH | 02 - - -

FO10EH | Serial flag clear trigger register | SIRO3L| SIR03 | R/IW | - \ \ 0000H

FO10FH | 03 - - -

FO110H | Serial mode register 00 SMRO00 R/W - - 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

FO0118H | Serial communication operation | SCR0O0 R/W - - \ 0087H

FO119H | Setting register 00

FO11AH | Serial communication operation | SCR01 R/W - - S 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 - - S 0087H

FO11FH | setting register 03

Remark For SFRsin the SFR area, see Table 3-5 SFR List.
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Table 3-6. Extended SFR (2nd SFR) List (3/7)

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

FO120H | Serial channel enable status SEOL | SEO R J J J 0000H

FO121H | register 0 _ _ _

FO122H | Serial channel start register 0 | SSOL [ SSO |RW | \ \ 0000H

FO0123H - - -

FO124H | Serial channel stop register 0 | STOL | STO |RW | + S S 0000H

FO125H - - -

F0126H | Serial clock select register 0 SPSOL| SPSO [RW | - J J 0000H

FO127H - - -

F0128H | Serial output register 0 SO0 R/W - - S 0303H

FO129H

FO12AH | Serial output enable register 0 | SOEOL| SOE0 |RW | \ \ 0000H

FO12BH - - -

FO134H | Serial output level register 0 SOLOL| SOLO |RW | - \ \ 0000H

FO135H - - -

FO138H | Serial standby control register 0 | SSCOL| SSCO | R/W | - S S 0000H

FO140H | Serial status register 10 SSR10L| SSR10| R - \ \ 0000H

FO141H - - -

FO142H | Serial status register 11 SSR11L| SSR11| R - S S 0000H

FO0143H - - -

F0148H | Serial flag clear trigger register |[SIR10L| SIR10 | R/W | - \ \ 0000H

Fo149H | 10 - - -

FO14AH | Serial flag clear trigger register |[SIR11L| SIR11 |R/W | - S S 0000H

Fo14BH | 11 - - -

FO150H | Serial mode register 10 SMR10 R/W - - S 0020H

FO151H

FO0152H | Serial mode register 11 SMR11 R/W - - \ 0020H

FO0153H

FO158H | Serial communication operation | SCR10 R/W - - S 0087H

FO159H | setting register 10

FO15AH | Serial communication operation | SCR11 R/W - - \ 0087H

FO15BH | Setting register 11

FO160H | Serial channel enable status SE1L | SE1 R \/ S \/ 0000H

FO161H | register 1 _ _ _

FO162H | Serial channel start register 1 | SS1L [ SS1 |RW | \ \ 0000H

FO163H - - -

FO164H | Serial channel stop register 1 | STIL [ ST1 |RW| \ \ 0000H

FO165H - - -

F0166H | 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

FO16BH - - -

Remark For SFRsin the SFR area, see Table 3-5 SFR List.
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Table 3-6. Extended SFR (2nd SFR) List (4/7)

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

FO174H | Serial output level register 1 SOLIL| SOL1 |RIW | - S S 0000H

FO175H - - -

FO180H | Timer counter register 00 TCROO R - - \ FFFFH

FO0181H

FO0182H | Timer counter register 01 TCRO1 R - - S FFFFH

FO183H

F0184H | Timer counter register 02 TCRO2 R - - \ FFFFH

FO185H

FO0186H | Timer counter register 03 TCRO3 R - - S FFFFH

FO0187H

FO0188H | Timer counter register 04 TCRO04 R - - \ FFFFH

FO189H

FO18AH | Timer counter register 05 TCRO5 R - - \ FFFFH

FO018BH

FO18CH | Timer counter register 06 TCRO06 R - - S FFFFH

FO18DH

FO18EH | Timer counter register 07 TCRO7 R - - \ FFFFH

FO18FH

FO190H | Timer mode register 00 TMROO0 RIW| - - S 0000H

FO191H

FO0192H | Timer mode register 01 TMRO1 R/W - - \ 0000H

FO193H

FO194H | Timer mode register 02 TMRO2 RIW| - - S 0000H

FO195H

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

FO197H

FO0198H | Timer mode register 04 TMRO4 R/W - - \ 0000H

FO199H

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

FO019BH

FO19CH | Timer mode register 06 TMRO6 R/W - - \ 0000H

FO19DH

FO19EH | Timer mode register 07 TMRO7 RIW| - - S 0000H

FO19FH

FO1AOH | Timer status register 00 TSROOL| TSR00| R - \ \ 0000H

FO1A1H - - -

FO1A2H | Timer status register 01 TSRO1L| TSRO1| R - \ \ 0000H

FO1A3H - - -

Remark For SFRs in the SFR area, see Table 3-5 SFR List.
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Table 3-6. Extended SFR (2nd SFR) List (5/7)

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

FOL1A4H | Timer status register 02 TSRO2L| TSR02| R - J J 0000H

FO1A5H - - -

FO1ABH | Timer status register 03 TSRO3L| TSR0O3| R - \ \ 0000H

FO1A7H - - -

FOL1A8H | Timer status register 04 TSRO4L| TSR04| R - J J 0000H

FO1A9H - - -

FOLAAH | Timer status register 05 TSRO5L| TSRO5| R - J J 0000H

FO1ABH - - -

FOLACH | Timer status register 06 TSRO6L| TSR06| R - S S 0000H

FO1ADH - - -

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

FO1AFH - - -

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

FO1B1H | register 0 _ _ _

FO1B2H | Timer channel start register 0 [ TSOL | TSO |RW | + S S 0000H

FO1B3H - - -

FO1B4H | Timer channel stop register 0 | TTOL |[TTO |RW | \ \ 0000H

FO1B5H - - -

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

FO1B7H

FO1B8H | Timer output register 0 TOOL |TOO |RW | - \ \ 0000H

FO1B9H - - -

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

FO1BBH - - -

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

FO1BDH - - -

FO1BEH | Timer output mode register 0  [TOMOL | TOMO | RIW | - \ \ 0000H

FO1BFH - - -

FO0230H | IICA control register 00 IICCTLOO RIW| S - O0H

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

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

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

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

FO2FOH | Flash memory CRC control CRCOCTL RIW| S - O0H
register

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

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

Remark For SFRs in the SFR area, see Table 3-5 SFR List.
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Table 3-6. Extended SFR (2nd SFR) List (6/7)

Address | Special Function Register (SFR) Name Symbol R/W | Manipulable Bit Range After Reset
1-bit 8-bit | 16-bit
FO500H | Peripheral enable register PERX RIW | v - 00H
FO501H | Peripheral clock select register | PCKSEL RW | N - 00H
F0504H | Port mode register X0 PMX0 RW | v - 01H
FO505H | Port mode register X1 PMX1 RW | v - 01H
FO506H | Port mode register X2 PMX2 RW | v - O1H
FO507H | Port mode register X3 PMX3 RW | N - 01H
FO508H | Port mode register X4 PMX4 RW | v - 01H
FO509H | Port input enable register X PIEN RW | v - 00H
FO50AH | Noise filter enable register X NFENX RW | N - 00H
FO520H | LIN-UARTO control register 0 | UFOCTLO RW | v - 10H
F0521H | LIN-UARTO option register O UFOOPTO R/W v v - 14H
F0522H | LIN-UARTO control register 1 UFOCTL1 R/W - - v OFFFH
F0524H | LIN-UARTO option register 1 UFOOPT1 RW | v - 00H
FO0525H | LIN-UARTO option register 2 UFOOPT2 R/W v v - 00OH
F0526H | LIN-UARTO status register UFOSTR R - - v 0000H
FO527H
FO0528H | LIN-UARTO status clear register | UFOSTC R/W - - v 0000H
FO529H
FO52AH LIN-UARTO 8-bit wait UFOWTXB w - v - O00H
transmit data register
FO052BH | LIN-UARTO wait transmit data | UFOWTX W - v 0000H
register
FO52EH | LIN-UARTO ID setting register | UFOID R/W - v - O00H
FO52FH | LIN-UARTO buffer register O UFOBUFO R/W - v - 00OH
FO530H | LIN-UARTO buffer register 1 UFOBUF1 R/W - v - O00H
FO531H | LIN-UARTO buffer register 2 UFOBUF2 R/W - N - O00H
FO0532H | LIN-UARTO buffer register 3 UFOBUF3 R/W - v - O00H
FO533H | LIN-UARTO buffer register 4 UFOBUF4 R/W - v - 00OH
FO0534H | LIN-UARTO buffer register 5 UFOBUF5 R/W - N - O00OH
FO535H | LIN-UARTO buffer register 6 UFOBUF6 R/W - v - O00H
FO0536H | LIN-UARTO buffer register 7 UFOBUF7 R/W - v - 00OH
FO537H | LIN-UARTO buffer register 8 UFOBUF8 R/W - v - O00H
FO538H | LIN-UARTO buffer control UFOBUCTL R/W - - v 0000H
FO539H | register
FO540H | Serial data register SO ISDRSOL |SDRSO| R/W - v v 0000H
FO0541H - - -
F0542H | Serial data register S1 SDRSIL|SDRS1|R/W | - v v 0000H
FO543H - - -
F0548H LIN-UARTO 8-bit transmit[UFOTXB [UFOTX | RIW | — y 3 00H
data register
FO549H | LIN-UARTO transmit data - - - 0000H
register
FO54AH LIN-UARTO 8-bit receive [UFORXBUFORX| R - y 3 00H
data register
FO54BH | LIN-UARTO receive data - - - 0000H
register
Remark For SFRs in the SFR area, see Table 3-5 SFR List.
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Table 3-6. Extended SFR (2nd SFR) List (7/7)

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

FO550H | Serial status register SO SSRSOL[SSRSO| R - v v 0000H

FO551H - - -

FO552H | Serial status register S1 SSRS1L|SSRS1| R - v v 0000H

FO553H - - -

FO554H | Serial flag clear trigger register | SIRSOL| SIRSO| RIW | — v v 0000H

FO555H | SO - - -

FO556H | Serial flag clear trigger register | SIRS1L| SIRS1|RW | — v v 0000H

FO557H | S1 - - -

FO558H | Serial mode register SO SMRS0 RW| - - N 0020H

FO559H

FO55AH | Serial mode register S1 SMRS1 R/W - - v 0020H

FO55BH

FO55CH | Serial communication operation | SCRSO R/W - - v 0087H

FO55DH | setting register SO

FO55EH | Serial communication operation | SCRSO R/W - - v 0087H

FOS5FEH | setting register S1

FO560H | Serial channel enable status SESL | SES R v v v 0000H

FO561H | register S _ _ _

FO562H | Serial channel start register S | SSSL | SSS |RW | N N 0000H

FO563H - - -

FO564H | Serial channel stop register S | STSL [ STS |RW | v v 0000H

FO565H - - -

FO566H | Serial clock select register S SPSSL| SPSS|RW | - N N 0000H

FO567H - - -

FO568H | Serial output register S SOSs R/W - - v 0303H

FO569H

FO56AH | Serial output enable register S | SOESL| SOES| R/W | v v 0000H

FO56BH - - -

FO570H | Serial output level register S SOLSL|SOLS |RMW | - v v 0000H

FO571H - - -

FO580H | WUTM control register WUTMCTL RW | 3 - 0OH

FO0582H | WUTM compare register WUTMCMP R/W - - v 0000H

FO583H

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 3-20. Outline of Relative Addressing

PC

OP code

D
E / DISPLACE 8/16 bits

3.3.2 Immediate addressing

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

Figure 3-21. Example of CALL !"addr20/BR !laddr20

PC

OP code

Low Addr.

High Addr.

Seg Addr.

Figure 3-22. Example of CALL !addr16/BR !addr16

PC PCs PCH PCL
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 3-23. Outline of Table Indirect Addressing

OP code

Low Addr.

00000000 |10 0 [:
High Addr.

Table address
Memory
0000
PC PCs PCH PCL
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3.3.4 Register direct addressing

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

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

AX instructions.

Figure 3-24. Outline of Register Direct Addressing

OP code
CS p
PC PCs PCH PCL
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3.4 Addressing for Processing Data Addresses
3.4.1 Implied addressing

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

[Operand format]
Because implied addressing can be automatically employed with an instruction, no particular operand format is
necessary.
Implied addressing can be applied only to MULU X.

Figure 3-25. Outline of Implied Addressing

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,LH
p AX, BC, DE, HL

Figure 3-26. Outline of Register Addressing

OP code Register

Memory
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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

ADDR16 Label or 16-bit immediate data (only the space from FOOOOH to FFFFFH is specifiable)

ES: ADDR16 | Label or 16-bit immediate data (higher 4-bit addresses are specified by the ES register)

Figure 3-27. Example of ADDR16

FFFFFH
OP code
Low Addr. — oo
Target memory
High Addr. — [ ~-—==----
FOOOOH
Memory
Figure 3-28. Example of ES:ADDR16
FFFFFH
OP code
Low Addr. —T— - I - - - =
arget memory
High Addr. S S
00000H
Memory
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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 3-29. Outline of Short Direct Addressing

OP code

________ FFF1FH
saddr saddr

FFE20H

Memory

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

[Function]

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

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

[Operand format]

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

Figure 3-30. Outline of SFR Addressing

OP code

SFR

—,—> SFR

Memory

FFFFFH

FFFOOH
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3.4.6 Register indirect addressing

[Function]

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

with the instruction word as an operand address.

[Operand format]

Identifier Description
- [DE], [HL] (only the space from FOOOOH to FFFFFH is specifiable)
- ES:[DE], ES:[HL] (higher 4-bit addresses are specified by the ES register)
Figure 3-31. Example of [DE], [HL]
FFFFFH
OP code I——l p I—» Target memory
FOOOOH
Memory
Figure 3-32. Example of ES:[DE], ES:[HL]
FFFFFH
OP code I—»l p H Target memory
00000H
Memory
RO1UHO0231EJ0111 Rev.1.11 ‘leNESAS 90

Jan 31, 2014



RL78/F12

CHAPTER 3 CPU ARCHITECTURE

3.4.7 Based addressing

[Function]

Based addressing uses the contents of a register pair specified with the instruction word 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)

Figure 3-33. Example of [SP+byte]

(D s

OP code

byte

Memory

FFFFFH

FOOOOH
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Figure 3-34. Example of [HL + byte], [DE + byte]

FFFFFH
rp (HL/DE) a Target memory
OP code FOOOOH
byte
Memory
Figure 3-35. Example of word[B], word[C]
FFFFFH
r (B/C) e Target memory
OP code FOOOOH
Low Addr. —
High Addr. _—_—
Memory
Figure 3-36. Example of word[BC]
FFFFFH
rp (BC) e Target memory
OP code FOOO0OH
Low Addr. —
High Addr. _—_—
Memory
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Figure 3-37. Example of ES:[HL + byte], ES:[DE + byte]

rp (HL/DE)

OP code

byte

Memory

FFFFFH

00000H

Figure 3-38. Example of ES:word[B], ES:word[C]

OP code

Low Addr.

High Addr.

Memory

Figure 3-39. Example of ES:word[BC]

OP code

Low Addr.

High Addr.

Memory

FFFFFH

00000H

FFFFFH

00000H
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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 3-40. Example of [HL+B], [HL+C]
FFFFFH
| OP code |
Target memory
FOOOOH
Memory
Figure 3-41. Example of ES:[HL+B], ES:[HL+C]
FFFFFH
OP code
[ oree ]
00000H
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3.4.9 Stack addressing

[Function]

The stack area is indirectly addressed with the stack pointer (SP) contents. 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.
Stack addressing is applied only to the internal RAM area.

[Operand format]

Identifier

Description

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

RET

BRK

RETB
(Interrupt request generated)

RETI
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CHAPTER 4 PORT FUNCTIONS

4.1 Port Functions

The RL78/F12 microcontrollers are provided with digital I/0 ports, which enable variety of control operations.
In addition to the function as digital I/O ports, these ports have several alternate functions. For details of the alternate
functions, see CHAPTER 2 PIN FUNCTIONS.

4.2 Port Configuration
Ports include the following hardware.

Table 4-1. Port Configuration

Item Configuration

Control registers Port mode registers (PMO to PM7, PM12, PM14, PMXO0 to PMX4)

Port registers (PO to P7, P12-P14)

Pull-up resistor option registers (PUO, PU1, PU3 to PU5, PU7, PU12, PU14)
Port input mode registers (PIMO, PIM1, PIM5)

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

Port mode control registers (PMCO, PMC12, PMC14)

A/D port configuration register (ADPC)

Peripheral I/O redirection register (PIOR)

Port input enable register (PIEN)

Port e 20-pin products
Total: 16 (CMOS I/O: 13, CMOS input: 3)
® 30-pin products
Total: 26 (CMOS I/0: 21, CMOS input: 3, N-ch open drain I/O: 2)
o 32-pin products
Total: 28 (CMOS 1/0: 22, CMOS input: 3, N-ch open drain I/O: 3)
e 48-pin products
Total: 44 (CMOS 1/O: 34, CMOS input: 5, CMOS output: 1, N-ch open drain I/O: 4)
® 64-pin products
Total: 58 (CMOS 1/0: 48, CMOS input: 5, CMOS output: 1, N-ch open drain I/O: 4)

Pull-up resistor e 20-pin products Total: 10
* 30-pin products Total: 17
® 32-pin products Total: 18
e 48-pin products Total: 26
® 64-pin products Total: 40

Caution Most of the following descriptions in this chapter use the 64-pin products with the peripheral I/O
redirection register (PIOR) being set to 00H as an example.

RO1UH0231EJ0111 Rev.1.11 R NS %
Jan 31, 2014 ENES



RL78/F12 CHAPTER 4 PORT FUNCTIONS

4.2.1 Port0

Port 0 is an I/0 port with an output latch. Port 0 can be set to the input mode or output mode in 1-bit units using port
mode register 0 (PM0). When the P00 to P06 pins are used as an input port, use of an on-chip pull-up resistor can be
specified in 1-bit units by pull-up resistor option register 0 (PUO).

Input to the P01, P03, P04 pins can be specified through a normal input buffer or a TTL input buffer in 1-bit units using
port input mode register 0 (PIMO).

Output from the P00, P02, P03 pins can be specified as N-ch open-drain output (Vop tolerance/EVpp tolerance) in 1-bit
units using port output mode register 0 (POMO).

Input to the POO to P03 pinsNOle can be specified as analog input or digital input in 1-bit units, using port mode control
register 0 (PMCO).

This port can also be used for timer 1/O, A/D converter analog input, serial interface data 1/0O, clock /0.

In 20- to 32-pin products, reset signal generation sets port 0 to analog input.

In 48-pin products, reset signal generation sets port 0 to input mode.

In 64-pin products, reset signal generation sets port 0 to P00, P01, P04 to P06 to analog input and PO2/ANI17 and
PO3/ANI16 to analog input.

For settings of the registers when using port O, refer to Table 4-2.

Note In 30- and 32-pin products: POO and P01
In 20-pin products: P00
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Table 4-2. Register Settings When Using Port 0

Pins PMO.x PIMO.x | POMO.x | PMCO.x | Alternate Function Setting When Using Remarks
Name /o Pin as Port
POQ"* Input 1 - X 0 X
Output 0 0 0 X CMOS output
0 1 0 X N-ch O.D. output
P01 Input 1 0 - 0 X CMOS input
1 1 0 X TTL input
Output 0 X 0 TOO0O output = 0"
po2hre? Input 1 - X 0 -
Output 0 0 0 S010/TxD1 output = 1M CMOS output
0 1 0 N-ch O.D. output
po3"e2 Input 1 0 X 0 x CMOS input
1 1 X 0 TTL input
Output 0 X 0 0 SDA10 output = 1" CMOS output
0 X 1 0 N-ch O.D. output
po4Noe2 Input 1 0 X - x CMOS input
1 1 X TTL input
Output 0 X 0 SCK10/SCL10 output = 1N CMOS output
0 X 1 N-ch O.D. output
posNe? Input 1 - - - x
Output 0 TOO5 output = 0"
P06"" Input 1 - - - X
Output 0 TOO6 output = Q"
Important: To use the port O as a general-purpose port, set the alternate pin function output to the level
indicated by the Alternate Function Setting When Using Pin as Port.
Notes 1. 30-, 32-, 48-, or 64-pin products only
2. 64-pin products only
3. To use P02/ANI17/SO10/TxD1, PO3/ANI16/SI10/RxD1/SDA10, P04/SCK10/SCL10 as a general-purpose
port, set serial channel enable status register 0 (SEO), serial output register 0 (SO0) and serial output
enable register 0 (SOEOQ) to the default status. Clear port output mode register 0 (POMO) to O0H.
4. To use P0O0/TO00, PO5/TIO5/TOO05, PO6/TI06/TO06 as a general-purpose port, set bits 0, 5, and 6 (TOO0.0,

Remarks x: don't care

TOO0.5, and TOO0.6) of timer output register 0 (TO0) and bits 0, 5, and 6 (TOEO0.0, TOEOQ.5, and TOEOQ.6) of
timer output enable register 0 (TOEO) to “0”, which is the same as their default status setting.

PMOx: Port mode register 0

PIMOx: Port input mode register 0

POMOx: Port output mode register 0

PMCOx: Port mode control register O
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For example, figures 4-1 to 4-6 show block diagrams of port O for 64-pin products.

Figure 4-1. Block Diagram of P00

WRpu

l PUO
PU0.0

EVop

Alternate
function

RD
| |
WRpoRT

l PO
Output latch

Selector

Internal bus

<o

© P00/TIOO0

~ (P0.0)

WRpom
POMO

POMO0.0

(¢

WRewm
PMO

PMO0.0

¢

PO: Port register 0

PUO: Pull-up resistor option register 0
PMO:  Port mode register O

POMO: Port output mode register O
RD: Read signal

WRxx: Write signal
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Figure 4-2. Block Diagram of P01
M WRpim
l PIMO
S PIMO.1 EVoo
WRpu
l PUO
S PUO.1
e
é RD CMOS
2 l i
2 S
2 i)
= & <|I % TTL
n
WRpoRT -J
PO
A Output latch
~ (PO.1) ——©) P01/TO00
WRpm
PMO
S PMO0.1
Alternate
function
N
PO: Port register 0
PUO: Pull-up resistor option register 0
PMO:  Port mode register 0
PIMO:  Port input mode register 0
RD: Read signal
WRxx: Write signal
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Figure 4-3. Block Diagram of P02
EVop
M\A WReru
PUO
S PUO.2
P-ch
WRpmc
PMCO
S PMCO0.2
RD
A g O<]_O@
o 8
N —_
N 3
§ WRpoRrT
5 PO
£
A Output latch N\
~ (P0.2) o 1 ™ © P02/SO10/TXD1/ANI17
WRprom
POMO
) POMO.2 )
WRpm
PMO
S PMO0.2
Alternate
function
N
A/D converter
PO: Port register 0
PUO: Pull-up resistor option register 0
PMO:  Port mode register O
POMO: Port output mode register O
PMCO: Port mode control register 0
RD: Read signal
WRxx: Write signal
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Figure 4-4. Block Diagram of P03
1 WRepim
J PIMO
© PIMO0.3 EVoo
WRepu
PUO
& PUO0.3 |
] I P-ch
WRemc
PMCO
S PMCO0.3
Alternate
function
P CMOS
a RD
g 5 0 <| :< u
2 3]
£ S 2 TTL
(]
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Figure 4-5. Block Diagram of P04
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Figure 4-6. Block Diagram of P05 and P06

EVop
M\ WRepu

l PUO
o> PUO.5, PUO.6

P-ch

Alternate
function

B

PORT

Selector

PO

Internal bus
s
By

A Output latch
~ (P0.5, P0.6) —©) PO5/TI05/TO05,
P06/TI06/TO06

PMO

S PMO0.5, PMO0.6

Alternate
function

PO: Port register 0

PUO: Pull-up resistor option register 0
PMO:  Port mode register O

RD: Read signal

WRxx: Write signal

RO1UH0231EJ0111 Rev.1.11 R NS 104
Jan 31, 2014 ENES



RL78/F12 CHAPTER 4 PORT FUNCTIONS

422 Portl

Port 1 is an I/0O 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 P13 to 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 P10 to P15 and P17 pins can be specified as N-ch open-drain output (Voo tolerance) in 1-bit units
using port output mode register 1 (POML1).

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

Reset signal generation sets port 1 to input mode.

For settings of the registers when using port 1, refer to Table 4-3.

Table 4-3. Register Settings When Using Port 1

Pins PM1.x | PIM1.x | POM1.x | Alternate Function Setting When Using Pin as Port Remarks
Name lfe}
P10 Input 1 - X
Output 0 0 MO_/SCLOO output = 1, CMOS output
(TOO7 output = 0)
0 1 N-ch O.D. output
P11 Input 1 — X X
Output 0 0 SDAO0O output = 1 CMOS output
0 1 (TOO6 output = 0) N-ch O.D. output
P12 Input 1 - X X
Output 0 0 SO00/TxD0 output = 1, CMOS output
0 1 (TOO5 output = 0) N-ch O.D. output
P13 Input 1 0 X X CMOS input
1 1 X X TTL input
Output 0 X 0 TxD2/SO20 output = 1, CMOS output
0 » 1 (TOO04 output = 0, SDAAO output = 0) N-ch O.D. output
P14 Input 1 0 X X CMOS input
1 1 X X TTL input
Output 0 X 0 SDA20 output = 1 CMOS output
0 % 1 (TOO03 output = 0, SCLAO output = 0) N-ch O.D. output
P15 Input 1 0 X X CMOS input
1 1 X X TTL input
Output 0 X "SCK20/SCL20 output = 1 CMOS output
0 X 1 (TOO02 output = 0) N-ch O.D. output
P16 Input 1 0 - X CMOS input
1 1 X TTL input
Output 0 X 0 TOO1 output =0
P17 Input 1 0 X X CMOS input
1 1 X X TTL input
Output 0 X TOO2 output =0 CMOS output
0 % 1 (SO00/TxDO0 output = 1) N-ch O.D. output
Important To use the port 1 as a general-purpose port, set the alternate pin function output to the level

indicated by the Alternate Function Setting When Using Pin as Port.
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Note. To use SCKSO0 or SOS0/TxDSO0 as serial data output or serial clock output, set a bit in the corresponding
port mode register (PMxx) for each port to “1”. And, set PMX0 and PMX1 registers to “0”.

Cautions 1. P10/SCKO00/SCKS0/SCL00, P11/SI00/RxD0/SISO/RxDS0/SDAOQO, P12/SO00/TxD0/SOS0/TxDSO,

P13/TxD2/S020, P14/RxD2/SI20/SDA20, or P15/SCK20/SCL20 as a general-purpose port, set serial
channel enable status register m (SEm), serial output register m (SOm) and serial output enable
register m (SOEm) to the default status (m =0, 1). Clear port output mode register 1 (POM1) to
OOH.

. To use P16/TI01/TO01 or P17/TI02/TO02 as a general-purpose port, set bits 1 and 2 (TOO0.1, TOO0.2)

of timer output register 0 (TOO0) and bits 1 and 2 (TOEO.1, TOEO.2) of timer output enable register
0 (TOEQ) to “0”, which is the same as their default status setting.

. If P10 to P15 are used as general-purpose ports and PIORO is set to 1, use the corresponding bits

in bits 2 to 7 (TO02 to TOQ7) of timer output register 0 (TOO) and bits 2 to 7 (TOEO02 to TOEQ7) of
timer output enable register 0 with “0”, which is the same as their initial setting.

. If P16, P17 are used as general-purpose port and PIOR1 is set to 1, use serial channel enable

status register 0 (SEO), serial output register 0 (SO0) and serial output enable register 0 (SOEQ)
with the same setting as the initial status.

Remark The descriptions in parentheses indicate the case where PIORx = 1.
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For example, figures 4-7 to 4-14 show block diagrams of port 1 for 64-pin products.

Figure 4-7. Block Diagram of P10
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Figure 4-8. Block Diagram of P11
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Figure 4-9. Block Diagram of P12
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Figure 4-10. Block Diagram of P13
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Figure 4-11. Block Diagram of P14
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Figure 4-12. Block Diagram of P15
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Figure 4-13. Block Diagram of P16
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Figure 4-14. Block Diagram of P17
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4.2.3 Port 2

Port 2 is an 1/0O port with an output latch. Port 2 can be set to the input mode or output mode in 1-bit units using port
mode register 2 (PM2).

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

To use P20/ANIO to P27/ANI7 as digital input pins, set them in the digital I/O 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 upper bit.

To use P20/ANIO to P27/ANI7 as digital output pins, set them in the digital I/O mode by using the ADPC register and in
the output mode by using the PM2 register.

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

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

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

All P20/ANIO to P27/ANI7 are set in the analog input mode when the reset signal is generated.
Figure 4-15 shows a block diagram of port 2.
For settings of the registers when using port 2, refer to Table 4-5.

Table 4-5. Register Settings When Using Port 2

Pins PM2.x ADPC Alternate Function Remarks
Name e} Setting When Using Pin
as Port
P2n Input 1 01to n+1H - Use these pins as a port
from the upper bit.
Output 0 01 to n+1H
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For example, figure 4-15 shows a block diagram of port 2 for 64-pin products.

Figure 4-15. Block Diagram of P20 to P27
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4.2.4 Port 3

Port 3 is an I/0O port with an output latch. Port 3 can be set to the input mode or output mode in 1-bit units using port
mode register 3 (PM3). When the P30, P31 pins are used as an input port, use of an on-chip pull-up resistor can be
specified in 1-bit units by pull-up resistor option register 3 (PU3).

This port can also be used for external interrupt request input, serial interface clock 1/0O, timer 1/O, and real time clock 1

Hz output.

Reset signal generation sets port 3 to input mode.
Figures 4-16 and 4-17 show block diagrams of port 3.
For settings of the registers when using port 3, refer to Table 4-6.

Table 4-6. Register Settings When Using Port 3

Pins PM3.x Alternate Function Setting When Using Remarks
Name /O Pin as Port
P30 Input 1 X
Output 0 SCK11/SCL11 output = 1" or
RTC1HZ output = Q"
P31 Input 1 X
Output 0 TOO03 output = 0 "3
(PCLBUZO output = 0) Nt Netet

Important To use the port 3 as a general-purpose port, set the alternate pin function output to the level
indicated by the Alternate Function Setting When Using Pin as Port.

Cautions 1. P30/RTC1HZ/INTP3/SCK11/SCL11 as a general-purpose port, set serial channel enable status
register 0 (SEO), serial output register 0 (SO0) and serial output enable register 0 (SOEO) to the

default status.

2. To use P31/TIO3/TOO03/INTP4 as a general-purpose port, set bit 3 (TOO0.3) of timer output register O
(TOO0) and bit 3 (TOEO.3) of timer output enable register 0 (TOEOQ) to “0”, which is the same as
their default status setting.

3. To use P31/TI0O3/TO03/INTP4/PCLBUZO as a general-purpose port in 20- to 32-pin products, set bit
7 of the clock output select register 0 (CKSO) to “0”, which is the same as their default status

setting.

4. To use P31 as a general-purpose port, do not set PIOR3 set to 1.

Remark The descriptions in parentheses indicate the case where PIORx = 1.
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For example, figures 4-16 and 4-17 show block diagrams of port 3 for 64-pin products.

Figure 4-16. Block Diagram of P30
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Figure 4-17. Block Diagram of P31
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4.25 Port 4

Port 4 is an 1/0O 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 P43 pins are used as an input port, use of an on-chip pull-up resistor can be

specified in 1-bit units by pull-up resistor option register 4 (PU4).

This port can also be used for data I/O for a flash memory programmer/debugger, and timer I/O.

Reset signal generation sets port 4 to input mode.
Figures 4-18 to 4-20 show block diagrams of port 4.
For settings of the registers when using port 4, refer to Table 4-7.

Table 4-7. Register Settings When Using Port 4

Pins PM4.x Alternate Function Setting When Using Remarks
Name /O Pin as Port
P40 Input 1 X
Output 0 X
P41 Input 1 X
Output 0 TOO7 output =0
P42 Input 1 X
Output 0 TOO04 output =0
P43 Input 1 X
Output 0 X

Important To use the port 4 as a general-purpose port, set the alternate pin function output to the level

indicated by the Alternate Function Setting When Using Pin as Port.

Cautions 1. When atool is connected, the P40 pin cannot be used as a port pin.

2. To use P41/T107/TO07, P42/TI04/TO04 as a general-purpose port, set bit 4 (TOO0.4), bit 7 (TOO0.7) of
timer output register 0 (TOO) and bit 4 (TOEO.4), bit 7 (TOEO.7) of timer output enable register 0

(TOEQ) to “0”, which is the same as their default status setting.
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For example, figures 4-18 to 4-20 show block diagrams of port 4 for 64-pin products.

Figure 4-18. Block Diagram of P40
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Figure 4-19. Block Diagram of P41 and P42
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Figure 4-20. Block Diagram of P43
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4.2.6 Port5

Port 5 is an I/0O port with an output latch. Port 5 can be set to the input mode or output mode in 1-bit units using port
mode register 5 (PM5). When the P50 to P55 pins are used as an input port, use of an on-chip pull-up resistor can be
specified in 1-bit units by pull-up resistor option register 5 (PU5).

Output from the P50 to P55 pins can be specified as N-ch open-drain output (Vob tolerance) in 1-bit units using port
output mode register 5 (POM5).

Input to the P55 pin can be specified as normal input buffer/TTL input buffer in 1-bit units using the port input mode
register 5 (PIM5).

This port can also be used for clock/buzzer output, serial interface data I/O, and external interrupt request input.

Reset signal generation sets port 5 to input mode.

For settings of the registers when using port 5, refer to Table 4-8.

Table 4-8. Register Settings When Using Port 5

Pins PM5.x PIM5.x POMS5.x | Alternate Function Setting When Using Remarks
Name /o Pin as Port
P50 Input 1 - X SDA11 output =1
Output 0 0 CMOS output
0 1 N-ch O.D. output
P51 Input 1 - - SO output =1,
Output 0 LTxDO output = 1!
P52 Input 1 — - —
Output 0 -
P53 Input 1 — - —
Output 0 -
P54 Input 1 — - -
Output 0 -
P55 Input 1 0 X - CMOS input
0 1 X TTL input
Output 1 X 0 (PLLBUZ1 output = 1N** CMOS output
0 X 1 SCKO0 output = 1"%) N-ch O.D. output
Important To use the port 5 as a general-purpose port, set the alternate pin function output to the level
indicated by the Alternate Function Setting When Using Pin as Port.
Notes 1. To use LTxD as a serial data output, set a bit in the corresponding port mode register (PMxx) for each port
to “1”. And, set the PMX2 register to “0".
2. Touse SOSI as a serial data output, set a bit in the corresponding port mode register (PMxx) for each port
to “1”. And, set the PMX4 register to “0”.
3. To use SCKS1 as a serial data output, set a bit in the corresponding port mode register (PMxx) for each
port to “1”. And, set the PMX3 register to “0".
4. If P55 is used as general-purpose port and PIOR4 is set to 1, set clock output select register 0 (CKSO0) to
“0”, which is the same as their default status setting.
5. If P55 is used as general-purpose port and PIORL1 is set to 1, use serial channel enable status register 0
(SEOQ), serial output register 0 (SO0) and serial output enable register 0 (SOEO) with the same setting as
the initial status.
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Caution P50/INTP1/SI11/SDA11/LRxDO, P51/INTP2/SO11/LTxD, P53/SOS1, P55/SCKS1 as a general-purpose
port, set serial channel enable status register 1 (SE1), serial output register 1 (SO1) and serial output
enable register 1 (SOEL1) to the default status. Stop the operation of serial interface LIN-UART. Clear
port output mode register 5 (POMS5) to O0H.

Remark The descriptions in parentheses indicate the case where PIORx = 1.

RO1UH0231EJ0111 Rev.1.11 RENESAS 125

Jan 31, 2014



RL78/F12 CHAPTER 4 PORT FUNCTIONS

For example, figures 4-21 to 4-26 show block diagrams of port 5 for 64-pin products.

Figure 4-21. Block Diagram of P50
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RO1UHO0231EJ0111 Rev.1.11 ’leNESAS 126

Jan 31, 2014



RL78/F12 CHAPTER 4 PORT FUNCTIONS

Figure 4-22. Block Diagram of P51
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Figure 4-23. Block Diagram of P52
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PM5:  Port mode register 5
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WRxx: Write signal
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Figure 4-24. Block Diagram of P53
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Internal bus

WRpu

Figure 4-25. Block Diagram of P54
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Figure 4-26. Block Diagram of P55
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P5: Port register 5
PUS: Pull-up resistor option register 5
PM5:  Port mode register 5
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4.2.7 Port6

Port 6 is an I/0O port with an output latch. Port 6 can be set to the input mode or output mode in 1-bit units using port
mode register 6 (PM6).

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

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

Reset signal generation sets port 6 to input mode.

Figures 4-27 and 4-28 show block diagrams of port 6.

For settings of the registers when using port 6, refer to Table 4-9.

Table 4-9. Register Settings When Using Port 6

Pins PM6.x Alternate Function Setting When Using Pin as Port Remarks
Name 110
P60 Input 1 SCLAO output =0
Output 0
P61 Input 1 SDAAO output =0
Output 0
P62 Input 1 -
Output 0
P63 Input 1 -
Output 0

Important To use the port 6 as a general-purpose port, set the alternate pin function output to the level
indicated by the Alternate Function Setting When Using Pin as Port.

Caution Stop the operation of serial interface IICA when using P60/SCLAO, P61/SDAAO as general- purpose
ports.
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Figure 4-27. Block Diagram of P60, P61
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Figure 4-28. Block Diagram of P62, P63
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P6: Port register 6
PM6:  Port mode register 6
RD: Read signal
WRxx: Write signal
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4.2.8 Port7

Port 7 is an 1/0O port with an output latch. Port 7 can be set to the input mode or output mode in 1-bit units using port
mode register 7 (PM7). When used as an input port, use of an on-chip pull-up resistor can be specified in 1-bit units by
pull-up resistor option register 7 (PU7).

Output from the P71 and P74 pins can be specified as N-ch open-drain output (Vop tolerance) in 1-bit units using port
output mode register 7 (POM7).

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

Reset signal generation sets port 7 to input mode.

For settings of the registers when using port 7, refer to Table 4-10.

Table 4-10. Register Settings When Using Port 7

Pins PM7.x POM7.x Alternate Function Setting When Using Pin as Port Remarks
Name lfe}
P70 Input 1 - X
Output 0 'SCK21/SCL21 output = 1
P71 Input 1 X X
Output 0 0 SDA21 output = 1 CMOS output
0 1 N-ch O.D. output
P72 Input 1 — X
Output 0 SO21 output =1
P73 Input 1 — X
Output 0 SOO01 output =1
P74 Input 1 X X
Output 0 0 SDAO1 output =1 CMOS output
0 1 N-ch O.D. output
P75 Input 1 — X
Output 0 'SCKO1/SCLO1 output = 1
P76 Input 1 - -
Output 0
P77 Input 1 - X
Output 0 (TDX2 output = 1)
Important To use the port 7 as a general-purpose port, set the alternate pin function output to the level

indicated by the Alternate Function Setting When Using Pin as Port.

Note If P77 is used as general-purpose port and PIOR1 is set to 1, use serial channel enable status register 1 (SE1),
serial output register 1 (SO1) and serial output enable register 1 (SOE1) with the same setting as the initial

status.

Caution P70/KR0O/SCK21/SCL21, P71/KR1/SI21/SDA21 or P72/KR2/S0O21, P73/KR3/S0O01, P74/KR4/INTP8/SI01/
SDAO01, P75/INTP9/SCKO01/SCLO1 as a general-purpose port, set serial channel enable status register
m (SEm), serial output register m (SOm) and serial output enable register m (SOEm) to the default sta
tus (m =0, 1).

Remark The descriptions in parentheses indicate the case where PIORx = 1.

RO1UH0231EJ0111 Rev.1.11

Jan 31, 2014

RENESAS

135



RL78/F12 CHAPTER 4 PORT FUNCTIONS

For example, figures 4-29 to 4-32 show block diagrams of port 7 for 64-pin products.

Figure 4-29. Block Diagram of P70, P75
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PU7: Pull-up resistor option register 7
PM7:  Port mode register 7

RD: Read signal

WRxx: Write signal
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Figure 4-30. Block Diagram of P71, P74
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Figure 4-31. Block Diagram of P72, P73
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Figure 4-32. Block Diagram of P76, P77
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4.2.9 Port 12

P120 is an 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 ports.

Input to the P120 pin can be specified as analog input or digital input in 1-bit units, using port mode control register 12
(PMC12).

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

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

Figures 4-33 to 4-35 show block diagrams of port 12.

For settings of the registers when using port 12, refer to Table 4-11.

Table 4-11. Register Settings When Using Port 12

Pins PM12.x PMC12.x Alternate Function Setting When Using Pin as Port Remarks

Name lfe}
P120 Input 1 0 X

Output 0 0 X
P121 Input - - Bits OSCSEL = 0 or EXCLK = 1 of the CMC register
P122 Input - - The OSCSEL bit of the CMC register = 0
P123 Input - - Bits OSCSELS = 0 or EXCLKS = 1 of the CMC register
P124 Input - - The OSCSELS bit of the CMC register = 0

Important To use the port 12 as a general-purpose port, set the alternate pin function output to the level
indicated by the Alternate Function Setting When Using Pin as Port.

Caution The function setting on P121 to P124 is available only once after the reset release. The port once set
for connection to an oscillator cannot be used as an input port unless the reset is performed.
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For example, figures 4-33 to 4-35 show block diagrams of port 12 for 64-pin products.

Figure 4-33. Block Diagram of P120
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PMC12: Port mode control register 12
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Figure 4-34. Block Diagram of P121 and P122
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Figure 4-35. Block Diagram of P123 and P124
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4.2.10 Port 13

P130 is a 1-bit output-only port with an output latch.

P137 is a 1-bit input-only port.

When the reset signal is generated, P130 is fixed to output mode and P137 to input mode.
This port can also be used for external interrupt request input.
Figures 4-36 and 4-37 show block diagrams of port 13.

Figure 4-36. Block Diagram of P130

I © P130

N\
RD

2]

>

o

©

£

© | WRporT P13

=

Output latch
(P13.0)

N

P13: Port register 13
RD: Read signal
WRxx: Write signal

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

Reset signal

P130

!

Set by software
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Figure 4-37. Block Diagram of P137
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4.2.11 Port 14
Port 14 is an 1/0O port with an output latch. Port 14 can be set to the input mode or output mode in 1-bit units using port
mode register 14 (PM14). When the P140, P141, P146, P147 pins are used as an input port, use of an on-chip pull-up
resistor can be specified in 1-bit units by pull-up resistor option register 14 (PU14).
Input to the P147 pin can be specified as analog input or digital input in 1-bit units, using port mode control register 14

(PMC14).

This port can also be used for clock/buzzer output, external interrupt request input, and A/D converter analog input.
Reset signal generation sets P140, P141, and P146 to input mode and P147 to analog input mode.

For settings of the registers when using port 14, refer to Table 4-12.

Table 4-12. Register Settings When Using Port 14

Pins PM14.x PMC14.x Alternate Function Setting When Using Pin as Port Remarks

Name lfe}
P140 Input 1 - X

Output 0 PCLBUZO output =0
P141 Input 1 - X

Output 0 PCLBUZ1 output =0
P146 Input 1 - X

Output 0 X
P147 Input 1 0 X

Output 0 0 X
Important To use the port 14 as a general-purpose port, set the alternate pin function output to the level

indicated by the Alternate Function Setting When Using Pin as Port.

Caution To use P140/PCLBUZO/INTP6, P141/PCLBUZ1/INTP7 as a general-purpose port, set bit 7 of clock

output select register 0, 1 (CKS0, CKS1) to “0”, which is the same as their default status settings.
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For example, figures 4-38 to 4-40 show block diagrams of port 14 for 64-pin products.

Figure 4-38. B

lock Diagram of P140 and P141
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Figure 4-39. Block Diagram of P146
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PU14: Pull-up resistor option register 14
PM14: Port mode register 14
RD: Read signal
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Figure 4-40. Block Diagram of P147
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P14: Port register 14
PU14: Pull-up resistor option register 14
PM14: Port mode register 14
PMC14: Port mode control register 14
RD: Read signal
WRxx: Write signal
RO1UHO0231EJ0111 Rev.1.11 ’leNESAS 149

Jan 31, 2014



RL78/F12 CHAPTER 4 PORT FUNCTIONS

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 (PUxXx)

e Port input mode registers (PIMxx)

e Port output mode registers (POMxx)

e Port mode control registers (PMCxx)

e A/D port configuration register (ADPC)

e Port mode registers X (PMXx)

o Peripheral I/O redirection register (PIOR)
e Port input enable register (PIEN)
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Table 4-13. PMxx, Pxx, PUxx, PIMxx, POMxx, PMCxx registers and the bits mounted on each product (1/2)

Port Bit name 64 48 32 30 20
PMxx Pxx PUxx PIMxx POMXxx PMCxx PMXx pin pin pin pin pin
register | register | register | register | register register register
Port 0 0 | PM0O.O | PO.O PU0.0 - POMO0.0 | PMCO.0 - V y N \ -
Note
1| PMO.1 | PO.1 PUO.1 | PIMO.1 - PMCO.1 - N v N S \
Note

2 | PM0.2 | PO.2 PU0.2 - POMO0.2 | PMCO.2 - \ - - - _

3 | PMO.3 | PO.3 PU0.3 | PIM0.3 | POM0.3 | PMCO0.3 - \ - - - -

4 | PMO.4 | PO.4 PU0.4 | PIM0O.4 | POMO.4 - - Y - - - _

5 [ PMO.5 | PO.5 PU0.5 - - - - N - - _ _

6 | PM0.6 | PO.6 PU0.6 - - - - N - - _ _

Port 1 0|PM1O | P10 PU1.0 - POM1.0 - PMX0 \ \ \ V V

1|PM11 [P11 PUL.1 - POM1.1 - - \ \ \ \ \

2 [Pm12 | P12 PU1.2 - POM1.2 - PMX1 \ y V V \

3| pPML3 | P13 PU1.3 | PIM13 | POM1.3 - - \ \ \ < _

4 |PM14 | P14 PU14 | PIM14 | POM1.4 - - \ y V \ -

5 [PM15 | P15 PU1.5 | PIM1.5 | POM1.5 - - \ \ N \ -

6 [ PM1.6 | P16 PU1.6 | PIM1.6 - - - N N N N N

7 [pm17 | P17 PUL.7 | PIM1.7 | POM1.7 — - Y N N N N

Port 2 0 | PM2.0 | P2.0 - - - - - N N N N N

1[pPm21 | P21 - - - _ _ N N N N N

2 [Pm22 | P22 - - - _ _ N N N N N

3 [PM23 | P23 - - - - - v v v v -

4| PM2.4 | P24 - - - - - v y - - -

5 [ PM2.5 | P25 - - - - - N N _ _ _

6 | PM2.6 | P2.6 - - - - - N N - _ _

7 | pPm2.7 | P2.7 — - - — - N N _ _ _

Port 3 0 [PM3.0 | P30 PU3.0 - - - - N N V V -

1[pPm31 | P31 PU3.1 — - - - N N N N N

Port 4 0 | PM4.0 | P4.0 PU4.0 - - - - N N N N N

1[pPm41 | P41 PU4.1 - _ - _ N N _ _ _

2 [PM4.2 | P42 PU4.2 - - - - N - - _ _

3 | PM4.3 | P4.3 PU4.3 - - - - N - - _ _

Port 5 0 | PM5.0 | P5.0 PUS5.0 - POMS.0 - - N N N N N

1[pPm51 | P51 PU5.1 - - - PMX2 N N N N N

2 [PmM5.2 | P5.2 PU5.2 - - - - N - - _ _

3 | PM5.3 | P5.3 PU5.3 - - - PMX4 N - - _ _

4 | PM5.4 | P5.4 PU5.4 - - - - N - - _ _

5 [ PM5.5 | P5.5 PU5.5 | PIM5.5 | POM5.5 - PMX3 \ - - - -

Port 6 0 [PM6.0 | P6.0 - - - - - v v v v -

1|PM6.1 |P6.1 - - - - - v v V v -

2 | PM6.2 | P6.2 - - - - - v + N - _

3 | PM6.3 | P6.3 - - - _ _ N J _ B _

Note 20-, 30-, and 32-pin products only.
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Table 4-13. PMxx, Pxx, PUxx, PIMxx, POMxx, PMCxx registers and the bits mounted on each product (2/2)

Port Bit name 64 48 32 30 20
PMxx Pxx PUxx PIMxx POMxx PMCxx PMXx pin pin pin pin pin
register | register | register | register | register register register
Port 7 0 | PM7.0 | P7.0 PU7.0 - - - - N N N - -
1{PmM71 | P71 PU7.1 - POM7.1 - - N \ - - -
2 | PM7.2 | P7.2 PU7.2 - - - - \ \ - - -
3 | PM7.3 | P73 PU7.3 - - - - \ N - - -
4 | PM7.4 | P74 PU7.4 - POM7.4 - - N N - - -
5 [ PM7.5 | P75 PU7.5 - - - - N \ - - -
6 | PM7.6 | P7.6 PU7.6 - - - - V - - - -
7 | PM7.7 | P77 PU7.7 — - - - N - - _ _
Port12 |0 | PM12.0 | P12.0 | PU12.0 - - PMC12.0 - N V V \ -
1 - PM12.1 - - - - - N \ \ \ \
2 - PM12.2 - - - - - N N N y \
3 - PM12.3 - - - - - \ \ - - -
4 — PM12.4 — — - - — J \ - - -
Port 13 0 - P13.0 - — _ _ _ N \ _ _ B
7 - P13.7 - - - - - V V V N N
Port14 |0 | PM14.0 | P14.0 PU14.0 - - - - N N - - -
1 | PM14.1 | P14.1 PU14.1 - - - - N - - - -
6 | PM14.6 | P14.6 PU14.6 - - - - \ \ - - -
7 | PM14.7 | P14.7 PU14.7 - - PMC14.7 - \ v N \ -
Note 20-, 30-, and 32-pin products only.
The format of each register is described below. The description here uses the 64-pin products as an example.
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(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 Settings of Port

Mode Register, and Output Latch When Using Alternate Function.

PM

N

PM3

PM4

PM5

PM6

PM

I

PM12

PM14

Figure 4-41. Format of Port Mode Register (64-pin products)

7 6 5 4 3 2 1 0 Address  After reset R/IW
| 1 ’ PMO0.6 ‘ PMO0.5 | PMO0.4 ’ PMO0.3 ‘ PMO0.2 | PMO0.1 ‘ PMO0.0 | FFF20H FFH R/W
| PM1.7 ‘ PM1.6 ‘ PM1.5 | PM1.4 ‘ PM1.3 ‘ PM1.2 | PM1.1 ‘ PM1.0 | FFF21H FFH R/W
| PM2.7 ‘ PM2.6 ‘ PM2.5 | PM2.4 ‘ PM2.3 ‘ PM2.2 | PM2.1 ‘ PM2.0 | FFF22H FFH R/W
| 1 ‘ 1 ‘ 1 | 1 ‘ 1 ‘ 1 | PM3.1 ‘ PM3.0 | FFF23H FFH RIW
| 1 ‘ 1 ‘ 1 | 1 ‘ PM4.3 ‘ PM4.2 | PM4.1 ‘ PM4.0 | FFF24H FFH R/W
| 1 ‘ 1 ‘ PM5.5 | PM5.4 ‘ PM5.3 ‘ PM5.2 | PM5.1 ‘ PM5.0 | FFF25H FFH R/W
| 1 ‘ 1 ‘ 1 | 1 ‘ PM6.3 ‘ PM6.2 | PM6.1 ‘ PM6.0 | FFF26H FFH R/W
| PM7.7 ‘ PM7.6 ‘ PM7.5 | PM7.4 ‘ PM7.3 ‘ PM7.2 | PM7.1 ‘ PM7.0 | FFF27H FFH R/IW
| 1 ‘ 1 ‘ 1 | 1 ‘ 1 ‘ 1 | 1 ‘ PM12.0 | FFF2CH FFH R/W
| PM14.7 ‘ PM14.6 ‘ 1 | 1 ‘ 1 ‘ 1 | PM14.1 ‘ PM14.0| FFF2EH FFH R/W
PMm.n Pmn pin I/O mode selection
(m=0t07,12,14;,n=0t0 7)
0 Output mode (output buffer on)
1 Input mode (output buffer off)

Cautions 1. Be sure to set bits 7 of the PMO registers, bits 2 to7 of the PM3 registers, bits 4 to 7 of the PM4
register, bits 6, 7 of the PM5 register, bits 4 to 7 of the PM6 registers, bits 1 to 7 of the PM12
register, and bits 2 to 5 of the PM14 register to “1”.

2. In 20-pin products, complete the following software processing for the following each port before

performing the operation that reads the port latch Pm having the target port latch Pm.n within 50
ms after releasing reset (after starting CPU operation).
Set P00, P13, P14, P15, P30, P60, P61, P120, and P147 to low level output mode by the software
(clear the PMm.n and Pm.n bits for the target ports).
e Set P23 to digital port and low level output mode by the software (set P23 to digital mode with
the ADPC register and clear the PM2.3 and P2.3 bits).
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(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 O0OH.

Note

Symbol
PO

P1

P2

P3

P4

P5

P6

P7

P12

P13

P14

Notes

Caut

If POO to P03, P20 to P27, P120, and P147 are set up as analog inputs of the A/D converter, when a port is
read while in the input mode, 0 is always returned, not the pin level.

Figure 4-42. Format of Port Register (64-pin products)

7 6 5 4 3 2 1 0 Address After reset R/W
| 0 | P0.6 ’ P0.5 P0.4 | P0.3 ‘ P0.2 ‘ PO.1 ’ P0.0 | FFFOOH  OOH (output latch) R/W
| P1.7 | P1.6 ‘ P15 P1.4 | P1.3 ‘ P1.2 ‘ P1.1 ‘ P1.0 | FFFO1H  OOH (output latch) R/W
| pP2.7 | P2.6 ‘ P25 P2.4 | P2.3 ‘ pP2.2 ‘ P2.1 ‘ P2.0 | FFFO2H  OOH (output latch) R/W
| 0 | 0 ‘ 0 0 | 0 ‘ 0 ‘ P3.1 ‘ P3.0 | FFFO3H  OOH (output latch) R/W
| 0 | 0 ‘ 0 0 | P4.3 ‘ P4.2 ‘ P4.1 ‘ P4.0 | FFFO4H  OOH (output latch) R/W
| 0 | 0 ‘ P5.5 P5.4 | P5.3 ‘ P5.2 ‘ P5.1 ‘ P5.0 | FFFO5H  OOH (output latch) R/W
| 0 | 0 ‘ 0 0 | P6.3 ‘ P6.2 ‘ P6.1 ‘ P6.0 | FFFO6H  OOH (output latch) R/W
| pP7.7 | P7.6 ‘ P7.5 P7.4 | P7.3 ‘ pP7.2 ‘ P7.1 ‘ P7.0 | FFFO7H  OOH (output latch) R/W
| 0 | 0 ‘ 0 P12.4 | P12.3 ‘ P12.2 ‘ P12.1 ‘ P12.0 | FFFOCH Undefined RN
| P13.7 | 0 ‘ 0 0 | 0 ‘ 0 ‘ 0 ‘ P13.0 | FFFODH Undefined R/W"
| P14.7 | P14.6 ‘ 0 0 | 0 ‘ 0 ‘ P14.1 ‘ P14.0 | FFFOEH  OOH (output latch) R/W

Pm.n m=0to15;n=0to 7
Output data control (in output mode) Input data read (in input mode)
0 Output 0 Input low level
1 Output 1 Input high level

1. P121to P124, and P137 are read-only.
2. P137: Undefined

P130: 0 (output latch)

ion For the following each port, complete the following software processing before performing the
operation that reads the port latch Pm having the target port latch Pm.n within 50 ms after releasing
reset (after staring CPU operation)

e Set P00, P13, P14, P15, P30, P60, P61, P120, and P147 to low level output mode by the software
(clear the PMm.n and Pm.n bits for the target ports).
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e Set P23 to digital port and low level output mode by the software (set P23 to digital mode with
the ADPC register and clear the PM2.3 and P2.3 bits).
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(3) Pull-up resistor option registers (PUxx)
These registers specify whether the on-chip pull-up resistors are to be used or not. On-chip pull-up resistors can be
used in 1-bit units only for the bits set to input mode (PMmn = 1) by setting POMmn = 0 of 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, bits used as alternate-function output pins, and bits with 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 a external pull-up resistor by setting PUmn = 0.

PU3

PU4

PU5

PU

Ay

PU12

PU14

Figure 4-43. Format of Pull-up Resistor Option Register (64-pin products)

7 6 5 4 3 2 1 0 Address  After reset R/W
| 0 | PUO0.6 ’ PU0.5 ‘ PU0.4 | PUO0.3 ‘ PUO0.2 ‘ PUO0.1 ’ PUO0.0 | FOO030H 00H R/W
| PU1.7 | PU1.6 ‘ PU1.5 ‘ PUl.4 | PU1.3 ‘ PU1.2 ‘ PU1.1 ‘ PU1.0 | FO031H 00H R/W
| 0 | 0 ‘ 0 ‘ 0 | 0 ‘ 0 ‘ PU3.1 ‘ PU3.0 | FO033H O00H R/W
| 0 | 0 ‘ 0 ‘ 0 | PU4.3 ‘ PU4.2 ‘ PU4.1 ‘ PU4.0 | FO0034H 01H R/W
| 0 | 0 ‘ PU5.5 ‘ PU5.4 | PUS5.3 ‘ PUS5.2 ‘ PU5.1 ‘ PUS5.0 | FO035H 0OH R/W
| PU7.7 | PU7.6 ‘ PU7.5 ‘ PU7.4 | PU7.3 ‘ PU7.2 ‘ PU7.1 ‘ PU7.0 | FO037H 0OH R/W
| 0 | 0 ‘ 0 ‘ 0 | 0 ‘ 0 ‘ 0 ‘ PU12.0| FOO03CH 00H R/W
| PU14.7 | PU14.6 ‘ 0 ‘ 0 | 0 ‘ 0 ‘ PU14.1 ‘ PU14.0 | FOO3EH 00H R/W

PUm.n Pmn pin on-chip pull-up resistor selection
(m=0,1,3t05,7,12,14;,n=0t07)
0 On-chip pull-up resistor not connected
1 On-chip pull-up resistor connected
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(4) Portinput mode registers (PIMO, PIM1, PM5)

These registers set the input buffer in 1-bit units.
TTL input buffer can be selected for serial communication, etc with an external device of the different potential.

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

Reset signal generation clears these registers to O0H.

Figure 4-44. Format of Port Input Mode Register (64-pin products)

Symbol 7 6 5 4 3 2 1 0 Address  After reset R/W
PIMO | 0 | 0 ‘ 0 ‘ PIMO0.4 | PIMO0.3 ‘ 0 ‘ PIMO.1 ‘ 0 | FO040H OOH R/W
PIM1 | PIM1.7 | PIM1.6 ‘ PIM1.5 ‘ PIM1.4 | PIM1.3 ‘ 0 0 ‘ 0 | FO041H OOH R/W
PIM5 | 0 | 0 ‘ PIM5.5 ‘ 0 | 0 ‘ 0 ‘ 0 ‘ 0 | FO045H 00H R/W

PIMm.n Pmn pin input buffer selection

(m=0,1,5n=1,3t07)

0 Normal input buffer

1 TTL input buffer
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Jan 31, 2014 ENES

157



RL78/F12

CHAPTER 4 PORT FUNCTIONS

(5) Port output mode registers (POMO, POM1, POM5, POM7)
These registers set the output mode in 1-bit units.

N-ch open drain output (Vob tolerance/EVop tolerance

Note

) mode can be selected during serial communication with an

external device of the different potential, and for the SDA0O, SDAO1, SDA10, SDA11, SDA20, and SDA21 pins during
simplified I°C communication with an external device of the same potential. In addition, these registers are combined

with PUxx registers to specify whether to use an 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.

Figure 4-45. Format of

6 5 4

Port Input Mode Register (64-pin products)

3 2 1 0 Address After reset

0 ‘ POMO0.4 | PO

o

MO0.3 ‘ POMO.2 ‘ 0 ‘ POM0.0| FFF50H 00H

POM1 | POM1.7 |

0 ‘ POM1.5 ‘ POM1.4 | PO

M1.3 ‘ POM1.2 ‘ POM1.1 ‘ POMl.Ol FFF51H O0H

R/W
R/W

R/IW

R/W

RIW

POM5 | 0 | 0 ‘ POM5.5 ‘ 0 ‘ 0 ‘ 0 | 0 ‘POM5.0| FFF55H 00H
POM7 | 0 | 0 ‘ 0 ‘ POM7.4 | 0 ‘ 0 ‘ POM7.1 ‘ 0 | FOO7H 00H
POMmM.Nn Pmn pin output mode selection
(m=0,1,57,n=0t05,7)
0 Normal output mode
PUmn bit is enabled during input.
1 N-ch open-drain output (Voo tolerance**/EVoo tolerance™**?) mode
PUmn bit is disabled during input.

Notes 1. For 20- to 48-pin products
2. For 64-pin products
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(6) Port mode control registers (PMCO, PMC12, PMC14)
These registers set the P00, P01, P120, and P147 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.

Figure 4-46. Format of Port Mode Control Register

Symbol 7 6 5 4 3 2 1 0 Address  After reset R/W
PMCO 1 1 1 1 PMCO0.3 | PMCO0.2 | PMCO.1 | PMCO0.0 | FOO60H FFH R/W
Note2 Note2 Notel Notel
PMC12 1 1 1 1 1 1 1 PMC12.0| FOO6CH FFH R/W
Note3
PMC14 |PMC14.7 1 1 1 1 1 1 1 FOO6EH FFH R/W
Note3
PMCm.n Pmn pin digital I/O/analog input selection
(m=0,12,14;,n=01t03,7)
0 Digital I/O (alternate function other than analog input)
1 Analog input

Notes 1. For 20-, 30-, 32-pin products
2. For 64-pin products
3. For 30-, 32-, 48-, 64-pin products

Cautions 1. Set the channels to be used for A/D conversion to input mode by the port mode registers 0, 12, 14
(PMO, PM12, PM14)
2. Do not set the pins by the analog input channel specification register (ADS) when the pins are to
be specified as digital /0 by the PMC register.
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(7) AJD port configuration register (ADPC)
This register switches the P20/ANIO to P27/ANI7, and P150/ANI8 to P156/ANI14 pins to digital 1/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 00H.

Figure 4-47. Format of A/D Port Configuration Register (ADPC) (64-pin products)

Address: FOO76H  After reset: 0O0H R/W

Symbol 7 6 5 4 3 2 1 0

ADPC 0 0 0 0 ADPC.3 ADPC.2 ADPC.1 ADPC.0
m || Ao Analog input (A)/digital 1/0 (D) switching
O|lo|o|o
é é é é ANI7/P27 | ANI6/P26 | ANIS/P25 | ANI4/P24 | ANI3/P23 | ANI2/P22 | ANI1/P21 | ANIO/P20
0 0 0 0 A A A A A A A A
0 0 0 1 D D D D D D D D
0 0 1 0 D D D D D D D A
0 0 1 1 D D D D D D A A
0 1 0 0 D D D D D A A A
0 1 0 1 D D D D A A A A
0 1 1 0 D D D A A A A A
0 1 1 1 D D A A A A A A
1 0 0 0 D A A A A A A A
Other than above | Setting prohibited

Cautions 1. Set the channel used for A/D conversion to the input mode by using port mode register 2 (PM2).
2. Do not set the pin set by the ADPC register as digital 1/0O by the analog input channel

specification register (ADS).
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(8) Port mode registers X (PMXO0 to PMX4)
These registers switch modes of some serial communication pins.
These registers are set when the pin SCKS0 (master mode), SOS0, TxDSO, LTxD, or SCKS1 is used.

The PMXO0 to PMX4 registers can be set by a 1-bit or 8-bit memory manipulation instruction.
Reset signal generation sets this register to 01H.

Figure 4-48. Format of Port Mode Register X (64-pin products)

Symbol 7 6 5 4 3 2 1 0 Address  After reset R/W
PMXO0 | 0 | 0 ’ 0 ’ 0 | 0 ’ 0 ’ 0 ’ PMXO0 | FO504H 01H R/W
PMX0 Selection of alternate function of P10/SCK00/SCKS0/SCLOO pin

0 SCKSO0 output (master mode)

SCKSO input (slave mode), or other alternate function (including general-purpose 1/O port)

1
Symbol 7 6 5 4 3 2 1 0 Address  After reset R/W
PMX1 | 0 | 0 0 0 | 0 0 0 ‘ PMX1 | FO505H 01H R/W
PMX1 Selection of alternate function of P12/SO00/TxD0/SOS0/TxDS0/TOOLTXD pin
0 SOSO0 or TxDSO0 output
1 Other alternate function (including general-purpose 1/O port)
Symbol 7 6 5 4 3 2 1 0 Address  After reset R/W
PMX2 | 0 | 0 0 0 | 0 0 0 ‘ PMX2 | FO506H 01H R/W
PMX2 Selection of alternate function of P51/INTP2/SO11/LTxD pin
0 LTxDO output
1 Other alternate function (including general-purpose 1/O port)
Symbol 7 6 5 4 3 2 1 0 Address  After reset R/W
PMX3 | 0 | 0 ‘ 0 ‘ 0 | 0 0 0 ‘ PMX3 | FO507H 01H R/W
PMX3 Selection of alternate function of P55/SCKS1 pin
0 SCKS1 output (master mode)
1 SCKS1 input (slave mode) or other alternate function (including general-purpose 1/O port)
Symbol 7 6 5 4 3 2 1 0 Address  After reset R/W
PMX4 | 0 | 0 ‘ 0 ‘ 0 | 0 ‘ 0 ‘ 0 ‘ PMX4 | FO508H 01H RIW
PMX4 Selection of alternate function of P53/SOS1 pin
0 SOS1 output (master mode)
1 Other alternate function (including general-purpose 1/O port)
RO1UH0231EJ0111 Rev.1.11 ‘leNESAS 161

Jan 31, 2014



RL78/F12

CHAPTER 4 PORT FUNCTIONS

(9) Peripheral /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.
The PIOR register can be set by an 8-bit memory manipulation instruction.
Reset signal generation sets this register to 00H.

Figure 4-49. Format of Peripheral I/O redirection register (PIOR)

Address: FOO77H  After reset: 00H R/W

Jan 31, 2014

Symbol 7 6 5 4 3 2 1 0
PIOR | 0 ‘ 0 | 0 ‘ PIOR4 ‘ PIOR3 | PIOR2 ‘ PIOR1 ‘ PIORO |
bit Function 64-pin 48-pin 32-pin 30-pin 20-pin
Setting Value | Setting Value | Setting Value | Setting Value | Setting Value
0 1 0 1 0 1 0 1 0 1

PIOR4 PCLBUZ1 | P141 | P55 Setting is unnecessary. This can be used regardless of value.
INTPS P16 P12

PIOR3 PCLBUZO | P140 | P31 P140 | P31

PIOR2 SCLAO P60 P14 P60 P14 P60 P14 P60 P14 - -
SDAAO P61 P13 P61 P13 P61 P13 P61 P13 - -

PIOR1 INTP10 P76 P52 - - - - - - - -
INTP11 P77 P53 - - - - - - - -
TxD2 P13 P77 P13 - P13 - P13 - - -
RxD2 P14 P76 P14 - P14 - P14 - - -
SCL20 P15 - P15 - P15 - P15 - - -
SDA20 P14 - P14 - P14 - P14 - - -
SI120 P14 - P14 - P14 - P14 - - -
S020 P13 - P13 - P13 - P13 - - -
SCK20 P15 - | P15 - | P15 - | P15 - - -
TxDO P12 P17 P12 P17 P12 P17 P12 P17 P12 P17
RxDO P11 P16 P11 P16 P11 P16 P11 P16 P11 P16
SCLOO0 P10 - P10 - P10 - P10 - P10 -
SDA0O P11 - P11 - P11 - P11 - P11 -
SI00 P11 P16 P11 - P11 - P11 - P11 -
SO00 P12 P17 P12 - P12 - P12 - P12 -
SCK00 P10 | P55 | P10 - | P10 - | P10 - | P10 -

PIORO TI02/TO02 | P17 P15 P17 P15 P17 P15 P17 P15 P17 -
TIO3/TO03 | P31 P14 P31 P14 P31 P14 P31 P14 P31 -
TIO4/TO04 | P42 P13 - P13 - P13 - P13 - -
TIO5/TO05 | P05 P12 - P12 - P12 - P12 - P12
TIO6/TO06 | P06 P11 - P11 - P11 - P11 - P11
TIO7/TO07 | P41 P10 P41 P10 - P10 - P10 - P10
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(10) Port input enable register (PIEN)
This register specifies whether to use the input function of some serial communication pins.
This register is set when the SIS1 or SCKS1 pin (slave mode) is used.
This register can be set by a 1-bit or 8-bit memory manipulation instruction.
Reset signal generation sets this register to 00H.

Figure 4-50. Format of Port Input Enable Register (PIEN)

Address: FO509H  After reset: 00H R/W

Symbol 7 6 5 4 3 2 1 0
PIOR | 0 ‘ 0 | 0 ‘ 0 ‘ 0 | 0 ‘ 0 ‘ PIENO |
PIENO Selection of alternate function of SIS1 or SCKS1 pin
0 Input function of SIS1 or SCKS1 pin (slave mode) is not used.
1 Input function of SIS1 and/or SCKS1 pin (slave mode) is used.
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4.4 Port Function Operations
Port operations differ depending on whether the input or output mode is set, as shown below.
4.4.1 Writing to 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. Thus writing in byte units is possible in a port which includes both input and output 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.

4.4.2 Reading from I/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. Thus writing in byte units is possible in a port
which includes both input and output pins.
The data of the output latch is cleared when a reset signal is generated.
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4.4.4 Connecting to external device with different potential (2.5V, 3V)

When parts of ports 0, 1, 5 operate with Vbb = 4.0 V to 5.5 V, I/O connections with an external device that operates on

2.5V, 3V power supply voltage are possible.

Regarding inputs, CMOS/TTL switching is possible on a bit-by-bit basis by the port input mode registers (PIMO, PIM1,

PIM5).

Moreover, regarding outputs, different potentials can be supported by switching the output buffer to the N-ch open drain
(Voo tolerance/EVop toIeranceNOte) by the port output mode registers (POMO, POM1, POM5, POM?7).

Note 64-bit products only

(1) Setting procedure when using I/O pins of UARTO, UART1, UART2, CSI00, CSI10, and CSI20 functions

(@) Useas 2.5V, 3Vinput port

<1> After reset release, the port mode is the input mode (Hi-Z).

<2> If pull-up is needed, externally pull up the pin to be used (on-chip pull-up resistor cannot be used).

In case of UARTO:
In case of UART1:
In case of UART2:

In case of CSI00:
In case of CSI10:
In case of CSI20:

(P16)

P03

P14

(P16, P55)
P03, P04
P14, P15

Remark Pins in parentheses can be assigned via settings in the peripheral 1/O redirection register (PIOR).

<3> Set the corresponding bit of the PIMO, PIM1, PIM5 registers to 1 to switch to the TTL input buffer.
<4> VIH/VIL operates on 2.5V, 3 V operating voltage.

(b) Use as 2.5V, 3V output port

<1> After reset release, the port mode changes to the input mode (Hi-2).
<2> Pull up externally the pin to be used (on-chip pull-up resistor cannot be used).

In case of UARTO:
In case of UART1:
In case of UART2:

In case of CSI00:
In case of CSI10:
In case of CSI20:

P12 (P17)

P02

P13

P12, P10 (P17, P55)
P02, P04

P13, P15

Remark Pins in parentheses can be assigned via settings in the peripheral 1/O redirection register (PIOR).

<3> Set the output latch of the corresponding port to 1.
<4> Set the corresponding bit of the POMO, POM1, POM5 registers to 1 to set the N-ch open drain output

(Vop tolerance/EVop tolerance) mode.

<5> Set the output mode by manipulating the PMO, PM1, and PM5 registers.

At this time, the output data is high level, so the pin is in the Hi-Z state.
<6> Communication is started by setting the serial array unit.
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(2) Setting procedure when using I/O pins of simplified 1IC20 functions
<1> After reset release, the port mode is the input mode (Hi-2).
<2> Externally pull up the pin to be used (on-chip pull-up resistor cannot be used).

In case of simplified [1C10: P03, P04
In case of simplified 11C20: P14, P15

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

<4> Set the corresponding bit of the POMO or POML1 register to 1 to set the N-ch open drain output (Vob
tolerance/EVop tolerance) mode.

<5> Set the corresponding bit of the POMO or POM1 register 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.

<6> Enable the operation of the serial array unit and set the mode to the simplified [IC mode.
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4.5 Settings of Port Mode Register, and Output Latch When Using Alternate Function

To use the alternate function of a port pin, set the port mode register, and output latch as shown in Table 4-14.

Table 4-14. Settings of Port Mode Register, and Output Latch When Using Alternate Function (1/5)

Pin Name Alternate Function PIOR.x PMCx.x PMx.x Px.x PMX.x
Function Name 110
P00 TI00 Input X - 1 X -
PO1 TOO00 Output X - 0 0 -
P02 ANI17 Input X 1 1 X -
SO10 Output X 0 0 1 -
TxD1 Output X 0 0 1 -
P03 ANI16 Input X 1 1 X -
SI10 Input X 0 1 X -
RxD1 Input X 0 1 X -
SDA10 110 X 0 0 1 -
P04 SCK10 Input X - 1 X -
Output X - 0 1 -
SCL10 Output X - 0 1 -
P05 TIO5 Input 0 - 1 X -
TOO05 Output 0 - 0 0 -
P06 TI06 Input 0 - 1 X -
TOO06 Output 0 - 0 0 -
P10 'SCK00 Input 0 - 1 X 1
Output 0 - 0 1 1
SCKS0 Input X - 1 x 1
Output Note 2 X - 1 X 0
SCL0O Output 0 - 0 1 1
(TI07) Input 1 - 1 X 1
(TOO07) Output 1 - 0 0 1
Remarks 1. x: don't care
PIOR.x: Peripheral I/O redirection register
POMx.x:Port output mode register
PMCx.x: Port mode control register
PMx.x: Port mode register
Px.x:  Port output latch
PMX.x: PMX register of the port
2. The relationship between pins and their alternate functions shown in this table indicates the relationship
when a 64-pin product is used. In other products, alternate functions might be assigned to different pins,
but even in this case, the PIOR.x, PMCx.x, PMx.x, Px.x, and PMX.x settings remain the same.
3. Functions in parentheses in the above table can be assigned via settings in the peripheral 1/0

redirection register (PIOR).

(The notes are described after the last table.)
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Table 4-14. Settings of Port Mode Register, and Output Latch When Using Alternate Function (2/5)

Pin Name Alternate Function PIOR.x PMCx.x PMx.x Px.x PMX.x
Function Name lfe}

P11 SI00 Input 0 - 1 X -
RxDO Input 0 - 1 X -
SISO Input X - 1 X -
RxDS0 Input X - 1 X -
SDA00 ' o 0 - 0 1 -
(T106) Input 1 - 1 X -
(TOO06) Output 1 - 0 0 -

P12 S0O00 Output 0 - 0 1 1
TxDO Output 0 - 0 1 1
soso °te 2 output x - 1 x 0
TxDS0 "°'¢ 2 Output x - 1 x 0
(TI05) Input 1 - 1 X 1
(TOO05) Output 1 - 0 0 1
(INTP5) Input 1 - 1 x 1

P13 TxD2 Output 0 - 0 1
S020 Output 0 - 0 1
(SDAAO) 110 1 - 0 0 -
(TI04) Input 1 - 1 X -
(TO04) Output 1 - 0 0 -

P14 RxD2 Input 0 - 1 X -
SI120 Input 0 - 1 X -
SpAz0 Ot 1o 0 - 0 1 -
(SCLAO) 110 1 - 0 0 -
(TI03) Input 1 - 1 X -
(TOO03) Output 1 - 0 0 -

Remarks 1. x: don't care

PIOR.x: Peripheral I/O redirection register
POMx.x:Port output mode register
PMC.x :Port mode control register
PMx.x: Port mode register
Px.x:  Port output latch
PMX.x: PMX register of the port

2. The relationship between pins and their alternate functions shown in this table indicates the relationship
when a 64-pin product is used. In other products, alternate functions might be assigned to different pins,
but even in this case, the PIOR.x, PMCx.x, PMx.x, and Px.x settings remain the same.

3. Functions in parentheses in the above table can be assigned via settings in the peripheral 1/O
redirection register (PIOR).

(The notes are described after the last table.)
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Table 4-14. Settings of Port Mode Register, and Output Latch When Using Alternate Function (3/5)

Pin Name Alternate Function PIOR.x PMCx.x PMx.x Px.x
Function Name 110
P15 SCK20 Input 0 - 1 X
Output 0 - 0 1
SCL20 Output 0 - 0 1
(TI02) Input 1 - 1 X
(TO02) Output 1 - 0 0
P16 TIO1 Input X - 1 X
TOO01 Output X - 0 0
INTP5 Input 0 - 1 X
(RxDO0) Input 1 - 1 X
(S100) Input 1 - 1 X
P17 TI02 Input 0 - 1 X
TO02 Output 0 - 0 0
(TxDO0) Output 1 - 0 1
(S000) Output 1 - 0 1
P20 ANIO Input X - 1 X
AVREerp Input X - 1 X
P21 ANI1 Input X - 1 X
AVREFM Input X - 1 X
P22 to P27 "°'® 3| ANI2 to ANi7 V'€ 3 Input x - 1 x
P30 INTP3 Input X - 1 X
RTC1HZ Output X - 0 0
SCK11 Input X - 1 X
Output X - 0 1
SCL11 Output X - 0 1
P31 TIO3 Input 0 - 1 X
TOO03 Output 0 - 0 0
INTP4 Input X - 1 X
(PCLBUZO0) Output 1 - 0 0
Remarks 1. x: don’t care
PIOR.x: Peripheral I/O redirection register
PMCx.x: Port mode control register
PMx.x: Port mode register
Px.x:  Port output latch
2. The relationship between pins and their alternate functions shown in this table indicates the relationship
when a 64-pin product is used. In other products, alternate functions might be assigned to different pins,
but even in this case, the PIOR.x, PMCx.x, PMx.x, and Px.x settings remain the same.
3. Functions in parentheses in the above table can be assigned via settings in the peripheral 1/O

redirection register (PIOR).

(The notes are described after the last table.)
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Table 4-14. Settings of Port Mode Register, and Output Latch When Using Alternate Function (4/5)

Pin Name Alternate Function PIOR.x | PMCx.x | PMx.x Px.x PMX.x PIEN
Function Name 110
P40 TOOLO I/O X - X X - -
P41 TI07 Input 0 - 1 X - -
TOO7 Output 0 - 0 0 - -
P42 TI04 Input 0 - 1 X - -
TOO04 Output 0 - 0 0 - -
P50 INTP1 Input X - 1 X - -
Si11 Input X - 1 X - -
spa11 Ve ? 1o x - 0 - -
LRxDO Input X - 1 X - -
P51 INTP2 Input X - 1 X 1 -
SO11 Output X - 0 1 1 -
LTxDO Note 2 Output X - 1 X 0 -
P52 (INTP10) Input 1 - 1 X - -
P53 SOS1 Output X - 1 X 0 -
(INTP11) Input 1 - 1 X 1 -
P54 SIS1 Input X - 1 X - 1
P55 SCKS1 Input X - 1 X 1 1
Output X - 1 X 0 X
(PCLBUZ1) Output 1 - 0 0 1 X
(SCTO@ Input 1 - 1 X 1 X
Output 1 - 0 1 1 X
P60 SCLAO 110 0 - 0 0 -
P61 SDAAO I/O 0 - 0 0 - -
P70 KRO Input X - 1 X - -
SCK21 Input X - 1 X - -
Output X - 0 - -
SCL21 Output 0 - 0 1 - -
Remarks 1. x: don't care
PIOR.x: Peripheral I/O redirection register
POMx.x:Port output mode register
PMCx.x: Port mode control register
PMx.x: Port mode register
Px.x:  Port output latch
PMX.x: PMX register of the port
PIEN: Port input enable register
2. The relationship between pins and their alternate functions shown in this table indicates the relationship
when a 64-pin product is used. In other products, alternate functions might be assigned to different pins,
but even in this case, the PIOR.x, PMCx.x, PMx.x, and Px.x settings remain the same.
3. Functions in parentheses in the above table can be assigned via settings in the peripheral 1/O

redirection register (PIOR).

(The notes are described after the last table.)
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Table 4-14. Settings of Port Mode Register, and Output Latch When Using Alternate Function (5/5)

Pin Name Alternate Function PIOR.x PMCx.x PMx.x Px.x
Function Name 110

P71 KR1 Input X - 1 X
SI21 Input x - 1 X
spaz1 N4 o x - 0 1
P72 KR2 Input X - 1 X
S021 Output X - 0 1
P73 KR3 Input X - 1 X
S001 Output X - 0 1
P74 KR4 Input X - 1 X
INTP8 Input X - 1 X
SI01 Input X - 1 X

spao1 o' 110 x - 0
P75 KR5 Input X - 1 X
INTP9 Input X - 1 X
SCKO1 Input X - 1 X
Output X - 0 1
SCLO1 Output X - 0 1
P76 KR6 Input X - 1 X
INTP10 Input 0 - 1 X
(RxD2) Input 1 - 1 X
P77 KR7 Input X - 1 X
INTP11 Input 0 - 1 X
(TxD2) Output 1 - 0 1
P120 ANI1g Ot Input x 1 1 x
P137 INTPO Input X - - X
P140 PCLBUZO Output 0 - 0 0
INTP6 Input X - 1 X
P141 PCLBUZ1 Output 0 - 0 0
INTP7 Input X - 1 X
P147 ANizg Mot Input x 1 1 x

Remarks 1. x: don't care

PIOR.x: Peripheral I/O redirection register
POMx.x:Port output mode register
PMCx.x: Port mode control register
PMx.x: Port mode register
Px.x:  Port output latch

2. The relationship between pins and their alternate functions shown in this table indicates the relationship
when a 64-pin product is used. In other products, alternate functions might be assigned to different pins,
but even in this case, the PIOR.x, PMCx.x, PMx.x, and Px.x settings remain the same.

3. Functions in parentheses in the above table can be assigned via settings in the peripheral 1/O
redirection register (PIOR).
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The functions of the ANI16/P03, ANI17/P02, ANI18/P147, ANI19/P120 pins can be selected by using the
port mode control registers 0, 12, 14 (PMCO, PMC12, PMC14), analog input channel specification register
(ADS), and port mode registers 0, 3, 10, 11, 12, 14 (PMO, PM3, PM10, PM11, PM12, PM14).

Notes 1.

Table 4-15. Settings of Pins ANI16/P03, ANI17/P02, ANI18/P147, and ANI19/P120

ANI16/P03, ANI17/P02,
ANI18/P147, ANI19/P120 Pins

PMCO, PMC12, PMC14
Registers

PMO, PM12, PM14
Registers

ADS Register

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.

2. To use P10/SCK00/SCKS0/SCLO00, P12/SO00/TxD0/SOSO/TXDSO/TOOLTXD, P51/INTP2/SO11/LTXD,
P53/S0OS1, P55/SCKS1 as a SCKSO0 output, SOSO0 output, TxDSO0 output, LTXD output, SOS1 output, or
SCKS1 output set the PMXO0 to PMX4 registers.

See 4.3 (8) Port mode registers X (PMX0 to PMX4) for details.

3. The functions of the ANIO/P20 to ANI7/P27 pins can be selected by using the A/D port configuration register

(ADPC), analog input channel specification register (ADS), and port mode register 2 (PM2).

Table 4-16. Settings of Pins ANIO/P20 to ANI7/P27

ADPC Register

PM2 Register

ADS Register

ANIO/P20 to ANI7/P27 Pins

Digital /0 selection

Input mode

Digital input

Output mode

Digital output

Does not select ANI.

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

4. To use a particular alternate output function of a pin to which multiple alternate output functions are
assigned, outputs of unused alternate functions should be set to the same level as the initial state, in

addition to the settings in Table 4-15.
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4.6 Cautions on 1-Bit Manipulation Instruction for Port Register n (Pn)

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

<Example>  When 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.

Explanation: The targets of writing to and reading from the Pn register of a port whose PMnm bit is 1 are the output
latch and pin status, respectively.
A 1-bit manipulation instruction is executed in the following order in the RL78/F12.

<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 4-51. Bit Manipulation Instruction (P10)

1-bit manipulation
P10 @ instruction P10 @

Low-level output _(setl P1.0)
P is executed for P1.0

bit.
P11 to P16 @ :> P11 to P16 @

Pin status: High-level Pin status: High-level

High-level output

Port 1 output latch Port 1 output latch

[ofofofoofofo]o] [of2fafefafafa]s]

1-bit manipulation instruction for P1.0 bit

<1> Port register 1 (P1) is read in 8-bit units.
¢ In the case of P10, an output port, the value of the port output latch (0) is read.
¢ In the case of P11 to P16, input ports, the pin status (1) is read.

<2> Setthe P1.0 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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CHAPTER 5 CLOCK GENERATOR

The presence or absence of connecting resonator pin for main system clock, connecting resonator pin for subsystem
clock, external clock input pin for main system clock, and external clock input pin for subsystem clock, depends on the
product.

Output pin 20, 30, 32-pin 48, 64-pin
X1, X2 pins N N
EXCLK pin \ N
XT1, XT2 pins - N
EXCLKS pin - N

Caution The 20, 30, and 32-pin products don’t have the subsystem clock.

5.1 Functions of Clock Generator

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

(1) Main system clock

<1> X1 oscillator
This circuit oscillates a clock of fx = 1 to 20 MHz by connecting a resonator to X1 and X2.
Oscillation can be stopped by executing the STOP instruction or setting of the MSTOP bit (bit 7 of the clock
operation status control register (CSC)).

<2> High-speed on-chip oscillator
The frequency at which to oscillate can be selected from among fin = 32, 24, 16, 12, 8, 4, or 1 MHz (typ.) by
using the option byte (000C2H). After a reset release, the CPU always starts operating with this high-speed
on-chip oscillator clock. Oscillation can be stopped by executing the STOP instruction or setting the
HIOSTOP bit (bit 0 of the CSC register).
The frequency set by the option byte can be changed by using the high-speed on-chip oscillator frequency
select register (HOCODIV). For the frequency, see Figure 5-9 Format of High-Speed On-Chip Oscillator
Frequency Select Register (HOCODIV).
The table below shows the oscillation frequencies that can be set for the high-speed on-chip oscillator (the
variations selectable using the option byte and the high-speed on-chip oscillator frequency select register

(HOCODIV).
Power supply voltage Oscillation frequency (MHz)
4 6 8 12 16 24 32
2.7V <Vpp < 5.5V \/ y J \/ J \ S v v v
1.8V < Vop < 2.7V N v N \ N N - - _ _

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

As the main system clock, a high-speed system clock (X1 clock or external main system clock) or high-speed on-
chip oscillator clock can be selected by setting of the MCMO bit (bit 4 of the system clock control register (CKC)).
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(2) Subsystem clock
e XT1 clock oscillator
This circuit oscillates a clock of fxr = 32.768 kHz by connecting a 32.768 kHz resonator to XT1 and XT2.
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 setting the XTSTOP bit.

(3) Low-speed on-chip oscillator clock
This circuit oscillates a clock of fi. = 15 kHz (TYP.).
The low-speed on-chip oscillator clock cannot be used as the CPU clock.
Only the following peripheral hardware runs on the low-speed on-chip oscillator clock.

e Watchdog timer
¢ Real-time clock
e Interval timer

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

However, when WDTON = 1, WUTMMCKO = 0, and bit 0 (WDSTBYON) of the option byte (000COH) is 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 (fi) can be selected as the real-time clock operation
clock only when the fixed-cycle interrupt function is used.

Remark fx: X1 clock oscillation frequency
fii:  High-speed on-chip oscillator clock frequency
fex:  External main system clock frequency
fxt:  XT1 clock oscillation frequency
fexs: External subsystem clock frequency
fi:  Low-speed on-chip oscillator clock frequency
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5.2 Configuration of Clock Generator
The clock generator includes the following hardware.

Table 5-1. Configuration of Clock Generator

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 register 0 (PERO)

Peripheral enable register X (PERX)

Operation speed 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:
fin:
fex:

fmx:

fmAIN:

fxr:
fexs:
fsus:
feik:
fiL:

X1 clock oscillation frequency

High-speed on-chip oscillator clock frequency
External main system clock frequency
High-speed system clock frequency

Main system clock frequency

XT1 clock oscillation frequency

External subsystem clock frequency
Subsystem clock frequency

CPU/peripheral hardware clock frequency
Low-speed on-chip oscillator clock frequency

5.3 Registers Controlling Clock Generator

The following ten registers are used to control the clock generator.

e 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)

o Peripheral enable register 0 (PERO)

o Peripheral enable register X (PERX)

e Operation speed mode control register (OSMC)

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

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 a 1-bit or 8-bit memory manipulation instruction.

Reset signal generation clears this register to 00H.
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Figure 5-2. Format of Clock Operation Mode Control Register (CMC)

Address: FFFAOH  After reset: 00H R/W

Symbol
CMC

7 6 5 4 3 2 1 0
EXCLK | OSCSEL | EXCLKS | OSCSELS 0 AMPHS1 ’ AMPHSO0 ’ 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/ceramic 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 1 MHz < fx <20 MHz

Cautions 1. The CMC register can be written only once after reset release, by an 8-bit memory

(Cautions and Remark are given on the next page.)

manipulation instruction.

. After reset release, set the CMC register before X1 or XT1 oscillation is started as set
by the clock operation status control register (CSC).
.Be sure to set the AMPH bit to 1 if the X1 clock oscillation frequency exceeds 10 MHz.

Also, if the X1 clock is oscillating at a frequency in the range from 1 to (but not
including) 10 MHz, the margin of oscillation can be improved by setting the AMPH bit

to 1.

. When the CMC register is used at the default value (O0H), be sure to set 00H to this

register after reset release in order to prevent malfunctioning during a program loop.
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5. 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.

When using the ultra-low power consumption oscillation (AMPHS1, AMPHSO = 1,
0) as the mode of the XT1 oscillator, use the recommended resonators described
in CHAPTER 31 ELECTRICAL SPECIFICATIONS (J GRADE) and CHAPTER 32
ELECTRICAL SPECIFICATIONS (K GRADE).

Make the wiring between the XT1 and XT2 pins and the resonators as short as
possible, and minimize the parasitic capacitance and wiring resistance. Note
this particularly when the ultra-low power consumption oscillation (AMPHS1,
AMPHSO0 = 1, 0) is selected.

Configure the circuit of the circuit board, using material with little wiring
resistance.

Place a ground pattern that has the same potential as Vss as much as possible
near the XT1 oscillator.

Be sure that the signal lines between the XT1 and XT2 pins, and the resonators
do not cross with the other signal lines. Do not route the wiring near a signal
line through which a high fluctuating current flows.

The impedance between the XT1 and XT2 pins may drop and oscillation may be
disturbed due to moisture absorption of the circuit board in a high-humidity
environment or dew condensation on the board. When using the circuit board in
such an environment, take measures to damp-proof the circuit board, such as by
coating.

When coating the circuit board, use material that does not cause capacitance or
leakage between the XT1 and XT2 pins.

. Set the AMPH, AMPHS1, and AMPHSO bits while fiv is selected as fcik (before

changing fcik to Fux) after a reset release.

7. Count the oscillation stabilization time of fxr by software.

. Though the maximum frequency of the system clock is 32 MHz, the maximum

frequency of the X1 oscillation circuit is 20 MHz.

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 division ratio.

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

Reset signal generation sets this register to 00H.

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

Address: FFFA4H  After reset: 00H R/MWN*®?!

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 (fmain)
1 Subsystem clock (fsus)
MCS Status of Main system clock (fmain)
0 High-speed on-chip oscillator clock (fi)
1 High-speed system clock (fvx)
MCMO Main system clock (fwan) 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.

Remarks 1.

fin:  High-speed on-chip oscillator clock frequency
fux: High-speed system clock frequency

fmain: Main system clock frequency

fsus: Subsystem clock frequency

(Cautions are listed on the next page.)
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Cautions 1. Be sureto set 0in bits 3to 0.

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

3. 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 31 ELECTRICAL SPECIFICATIONS (J GRADE) and
CHAPTER 32 ELECTRICAL SPECIFICATIONS (K GRADE).
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5.3.3 Clock operation status control register (CSC)

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

The CSC register can be

set by a 1-bit or 8-bit memory manipulation instruction.

Reset signal generation sets this register to COH.

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

Address: FFFA1H After reset: COH R/W

Symbol <7> <6> 5 4 3 2 1 <0>
CcscC MSTOP XTSTOP 0 0 0 0 ‘ 0 ‘ HIOSTOP
MSTOP High-speed system clock operation control
X1 oscillation mode External clock input mode Input port mode
0 X1 oscillator operating External clock from EXCLK Input port
pin is valid
1 X1 oscillator stopped External clock from EXCLK
pin is invalid
XTSTOP Subsystem clock operation control
XT1 oscillation mode External clock input mode Input port mode
0 XT1 oscillator operating External clock from EXCLKS | Input port
pin is valid
1 XT1 oscillator stopped External clock from EXCLKS
pin is invalid
HIOSTOP High-speed on-chip oscillator clock operation control
0 High-speed on-chip oscillator operating
1 High-speed on-chip oscillator stopped
Cautions 1. After reset release, set the clock operation mode control register (CMC) before
setting the CSC register.

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

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

4. When starting XT1 oscillation by setting the XSTOP bit, wait for oscillation of the
subsystem clock to stabilize by setting a wait time using software.

5. Do not stop the clock selected as clock (fcik) of the CPU or the peripheral hardware
with the CSC register.

6. The setting of the flags of the register to stop clock oscillation (invalidate the external

clock input) and the condition before clock oscillation is to be stopped are as Table
5-2.
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Table 5-2. Condition Before Stopping Clock Oscillation and Flag Setting

oscillator clock

other than the high-speed on-chip oscillator clock.
(CLs=0and MCS=1,0r CLS=1)

Clock Condition Before Stopping Clock Setting of CSC
(Invalidating External Clock Input) Register Flags

X1 clock CPU and peripheral hardware clocks operate with a clock MSTOP =1
External main system other than the high-speed system clock.
clock (CLS=0and MCS =0, 0or CLS=1)
XT1 clock CPU and peripheral hardware clocks operate with a clock XTSTOP =1
External subsystem other than the subsystem clock.
clock (CLS =0)
High-speed on-chip CPU and peripheral hardware clocks operate with a clock HIOSTOP =1

5.3.4 Oscillation stabilization time counter status register (OSTC)
This is the register that indicates the count status of the X1 clock oscillation stabilization time counter.

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

o |f the X1 clock starts oscillation while the high-speed on-chip oscillator clock or subsystem clock is being used as

the CPU clock.

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

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

When reset signal is generated, the STOP instruction and MSTOP (bit 7 of clock operation status control register
(CSC)) = 1 clear the OSTC register to O0H.

Remark The oscillation stabilization time counter starts counting in the following cases.
¢ When oscillation of the X1 clock starts (EXCLK, OSCSEL =0, 1 - MSTOP = 0)
e When the STOP mode is released
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Figure 5-5. Format of Oscillation Stabilization Time Counter Status Register (OSTC)

Address: FFFA2H  Afterreset: 0OH R

Symbol 7 6 5 4 3 2 1 0

OSTC | 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%fx max. | 25.6 (1S max. | 12.8 us max.
1 0 0 0 0 0 0 0 2%/fx 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. | 102.4 4s min.| 51.2 us min.
1 1 1 1 0 0 0 0 |2" min. | 204.8 us min.| 102.4 us min.
1 1 1 1 1 0 0 0 |2 min. | 819.2 us min.| 409.6 s min.
1 1 1 1 1 1 0 0 | 2"/ min. | 3.27 ms min. | 1.64 ms min.
1 1 1 1 1 1 1 0 | 2Y/fx min. | 13.11 ms min.| 6.55 ms min.
1 1 1 1 1 1 1 1 | 2" min. | 26.21 ms min.| 13.11 ms min.

Cautions 1. After the above time has elapsed, the bits are set to 1 in order from the MOSTS8 bit
and remain 1.
2. The oscillation stabilization time counter counts up to the oscillation stabilization
time set by the oscillation stabilization time select register (OSTS).
In the following cases, set the oscillation stabilization time of the OSTS register to
the value greater than the count value which is to be checked by the OSTC register
after the oscillation starts.

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

o If the STOP mode is entered and then released while the high-speed on-chip
oscillator clock is being used as the CPU clock with the X1 clock oscillating.
(Note, therefore, that only the status up to the oscillation stabilization time set by
the OSTS register is set to the OSTC register after the STOP mode is released.)

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

STOP mode release

X1 pinvoltage l
waveform

Remark fx: X1 clock oscillation frequency
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5.3.5 Oscillation stabilization time select register (OSTS)
This register is used to select the X1 clock oscillation stabilization wait time when the STOP mode is released.
When the X1 clock is selected as the CPU clock, the operation automatically waits for the time set using the OSTS
register after the STOP mode is released.
When the high-speed on-chip oscillator clock is selected as the CPU clock, confirm with the oscillation stabilization
time counter status register (OSTC) that the desired oscillation stabilization time has elapsed after the STOP mode is
released. The oscillation stabilization time can be checked up to the time set 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 0sTs.2 | 0sTs1 | 0STS.0

OSTS.2 OSTS.1 OSTS.0 Oscillation stabilization time selection
fx = 10 MHz fx = 20 MHz

0 0 0 2%/« 25.6 us Setting prohibited

0 0 1 2°Mx 51.2 s 25.6 us

0 1 0 2"« 102.4 us 51.2 us

0 1 1 2" 204.8 us 102.4 us

1 0 0 253x 819.2 us 409.6 15

1 0 1 2%1x 3.27ms 1.64 ms

1 1 0 2V 1fx 13.11 ms 6.55 ms

1 1 1 28/« 26.21ms 13.11 ms
Cautions 1. To set the STOP mode when the X1 clock is used as the CPU clock, set the OSTS

register before executing the STOP instruction.

Setting the oscillation stabilization time to 20 us or less is prohibited.

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

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

The oscillation stabilization time counter counts up to the oscillation stabilization
time set by the OSTS register.

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

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

e If the STOP mode is entered and then released while the high-speed on-chip
oscillator clock is being used as the CPU clock with the X1 clock oscillating. (Note,
therefore, that only the status up to the oscillation stabilization time set by the
OSTS register is set to the OSTC register after the STOP mode is released.)

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

STOP mode release

X1 pinvoltage l
waveform

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

These registers are used to enable or disable supplying the clock to the peripheral hardware. Clock supply to the

hardware that is not used is also stopped so as to decrease the power consumption and noise.

To use the peripheral functions below, which are controlled by this register, set (1) the bit corresponding to each

function before specifying the initial settings of the peripheral functions.
¢ Real-time clock, Interval timer
e A/D converter

Serial interface [ICA

e Serial array unit 0

e Serial array unit 1

e Timer array unit

The PERO register can be set by a 1-bit or 8-bit memory manipulation instruction.
Reset signal generation clears these registers to O0H.

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

Address: FOOFOH  After reset: 00H R/W

Symbol <7> 6 <5> <4> <3> <2> 1 <0>
PERO RTCEN 0 ADCEN IICAQEN SAU1EN SAUOEN 0 TAUOEN
RTCEN Control of real-time clock (RTC) and interval timer input clock supply "
0 Stops input clock supply.

e SFR used by the real-time clock (RTC) and interval timer cannot be written.
e The real-time clock (RTC) and interval timer are in the reset status.

1 Enables input clock supply.
e SFR used by the real-time clock (RTC) and interval timer can be read and written.

ADCEN Control of A/D converter input clock supply

0 Stops input clock supply.
e SFR used by the A/D converter cannot be written.
e The A/D converter is in the reset status.

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

IICAOEN Control of serial interface [ICA input clock supply

0 Stops input clock supply.
e SFR used by the serial interface IICA cannot be written.
o The serial interface IICA is in the reset status.

1 Enables input clock supply.
e SFR used by the serial interface IICA can be read and written.

Note The input clock that can be controlled by the RTCEN bit is used when the register that is used by
the real-time clock (RTC) is accessed from the CPU. The RTCEN bit cannot control supply of the

operating clock (fsus) to RTC.

Caution Be sure to clear bits 1 and 6 to 0.
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Figure 5-7. Format of Peripheral Enable Register 0 (PERO) (2/2)

Address: FOOFOH  After reset: 00H R/W

Symbol
PERO

<7> 6 <5> <4> <3> <2> 1 <0>
RTCEN 0 ADCEN IICAQEN SAU1EN SAUOEN 0 TAUOEN
SAU1EN Control of serial array unit 1 input clock supply
0 Stops input clock supply.
e SFR used by the serial array unit 1 cannot be written.
e The serial array unit 1 is in the reset status.
1 Enables input clock supply.
e SFR used by the 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 SFR used by the serial array unit O cannot be written.
e The serial array unit O is in the reset status.
1 Enables input clock supply.
e SFR used by the serial array unit O can be read and written.
TAUOEN Control of timer array unit input clock supply
0 Stops input clock supply.
e SFR used by timer array unit cannot be written.
e Timer array unit is in the reset status.
1 Enables input clock supply.
e SFR used by timer array unit can be read and written.

Caution Be sure to clear bits 1 and 6 to 0.
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5.3.7 Peripheral enable register X (PERX)
This register is used to enable or disable use of each peripheral hardware macro. Clock supply to the hardware that is
not used is also stopped so as to decrease the power consumption and noise.
PERX can be set by a 1-bit or 8-bit memory manipulation instruction.
Reset signal generation clears these registers to O0H.

Caution Whether to enable or disable SFR writing only is selected for the 16-bit wakeup timer.
Whether to enable or disable supplying the operating clock is selected using the PCKSEL register.

Figure 5-8. Format of Peripheral Enable Register X (PERX)

Address: FO500H  After reset: 00H R/W

Symbol 7 6 5 4 3 <2> <1> <0>
PERX 0 0 0 0 0 UFOEN SAUSEN WUTEN
UFOEN LIN-UARTO input clock control
0 Stops input clock supply.

e Writing to SFR to be used with LIN-UARTO is disabled.
e LIN-UARTO is in reset state.

1 Supplies input clock.
¢ Reading from and writing to SFR to be used with LIN-UARTO is enabled.

SAUmMEN Control of serial array unit m input clock supply (m =0, 1, S)

0 Stops supply of input clock.
e SFR used by serial array unit m cannot be written.
e Serial array unit m is in the reset status.

1 Enables input clock supply.
e SFR used by serial array unit m can be read/written.

WUTEN Control of 16-bit wakeup timer input clock

0 Stops input clock supply for SFR writing.
e SFR used by the 16-bit wakeup timer cannot be written.

1 Supplies input clock for SFR writing .
e SFR used by the 16-bit wakeup timer can be written.

Caution  Be sure to clear the bits 3to 7 of the PERX register to 0.
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5.3.8 High-speed on-chip oscillator frequency select register (HOCODIV)
The frequency of the high-speed on-chip oscillator which is set by an option byte.(000C2H/0102CH) can be changed
by using high-speed on-chip oscillator frequency select register (HOCODIV). However, the selectable frequency
depends on the FRQSELS3 bit of the option byte (000C2H/0102CH).
The HOCODIV register can be set by an 8-bit memory manipulation instruction.
Reset signal generation clears this register to default value (undefined).

Figure 5-9. 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 HOCODIV.2 | HOCODIV.1 | HOCODIV.0
HOCODIV.2 | HOCODIV.1 | HOCODIV.0 Selection of High-Speed On-Chip Oscillator Clock Frequency
FRQSEL3 Bitis 0 FRQSEL3 Bit of is 1
0 0 0 24 MHz 32 MHz
0 0 1 12 MHz 16 MHz
0 1 0 6 MHz 8 MHz
0 1 1 3 MHz 4 MHz
1 0 0 Setting prohibited 2 MHz
1 0 1 Setting prohibited 1 MHz
Other than above Setting prohibited

Caution 1. Set the HOCODIV register within the operable voltage range both before and after
changing the frequency.
2. Use the device within the voltage of the flash operation mode set by the option byte
(O0O0C2H/010C2H) even after the frequency has been changed by using the
HOCODIV register.

Option Byte Flash Operation Mode Operating Frequency Operating Voltage
(000C2H/010C2H) Value Range Range
<R> CMODE1 | CMODEO
1 0 LS (low-speed main) 1to 8 MHz 1.8t05.5V
mode
1 1 HS (high-speed main) 1to 32 MHz 27t055V
mode

3. The device operates at the old frequency for the duration of 3 clocks after the
frequency value has been changed by using the HOCODIV register. Moreover,
when the high-speed on-chip oscillator clock is selected as the system clock, the
device waits for the oscillation to stabilize for an additional duration of 3 clocks,

4. To change the frequency of the high-speed on-chip oscillator when X1 oscillation,
external oscillation input or subclock is set for the system clock, stop the high-
speed on-chip oscillator by setting bit 0 (HIOSTOP) of the CSC register to 1 and
then change the frequency.

RO1UH0231EJ0111 Rev.1.11

191
Jan 31, 2014 RRENESAS



RL78/F12 CHAPTER 5 CLOCK GENERATOR

5.3.9 Operation speed mode control register (OSMC)
This register is used to reduce power consumption by stopping as many unnecessary clock functions as possible.
If the RTCLPC bhit is set to 1, current consumption can be reduced, because the circuit that synchronizes the clock to
the peripheral functions, except the real-time clock and interval timer, is stopped in STOP mode or HALT mode while
subsystem clock is selected as CPU clock. Before setting the RTCLPC bit to 1, set bit 7 (RTCEN) of the peripheral
enable register 0 (PERO) to 1.
In addition, the OSMC register can be used to select the operation clock of the real-time clock and interval timer.
The OSMC register can be set by an 8-bit memory manipulation instruction.
Reset signal generation clears this register to 00H.

Figure 5-10. Format of Operation Speed Mode Control Register (OSMC)

Address: FOOF3H Afterreset: OOH R/W

Symbol 7 6 5 4 3 2 1 0
OSMC RTCLPC 0 0 WUTMMCKO 0 0 0 0
RTCLPC Setting in STOP mode or HALT mode while subsystem clock is selected as CPU clock

0 Enables supply of subsystem clock to peripheral functions

(See Table 20-1. Operating Statuses in HALT Mode for peripheral functions whose
operations are enabled.)

1 Stops supply of subsystem clock to peripheral functions other than real-time clock and
interval timer.

WUTMMCKO Selection of operation clock for real-time clock and interval timer.
0 Subsystem clock
1 Low-speed on-chip oscillator clock

Caution The STOP mode current or HALT mode current when the subsystem clock is used can
be reduced by setting the RTCLPC bit to 1. However, no clock can be supplied to the
peripheral functions other than the real-time clock and interval timer during HALT mode
while subsystem clock is selected as CPU clock. Set bit 7 (RTCEN) of peripheral enable
registers 0 (PERO), to 1, and bits 0 to 6 of the PERO register to 0 before setting
subsystem clock HALT mode.
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5.3.10 High-speed on-chip oscillator trimming register (HIOTRM)
This register is used to adjust the accuracy of the high-speed on-chip oscillator.
The HIOTRM register can be set by an 8-bit memory manipulation instruction.

Reset signal generation clears this register to default value Note,

Figure 5-11. Format of High-Speed On-Chip Oscillator Trimming Register (HIOTRM)

Address: FOOAOH  After reset: See Note. R/W
Symbol 7 6 5 4 3 2 1 0
HIOTRM 0 0 HIOTRM.5 | HIOTRM.4 | HIOTRM.3 | HIOTRM.2 | HIOTRM.1 | HIOTRM.0
HIOTRM.5 | HIOTRM.4 | HIOTRM.3 | HIOTRM.2 | HIOTRM.1 | HIOTRM.0 High-speed on-chip
oscillator
0 0 0 0 0 0 Minimum speed
0 0 0 0 0 1 A
0 0 0 0 1 0
0 0 0 0 1 1
0 0 0 1 0 0
1 1 1 1 1 0 v
1 1 1 1 1 1 Maximum speed

Note The reset value depends on the individual chip.
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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
o External clock input: EXCLK, OSCSEL=1,1

When the X1 oscillator is not used, set the input port mode (EXCLK, OSCSEL =0, 0).
When the pins are not used as input port pins, either, see Table 2-2 Connection of Unused Pins.
Figure 5-10 shows an example of the external circuit of the X1 oscillator.

Figure 5-12. Example of External Circuit of X1 Oscillator

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

| Vss
E-—l I? X1
1 e

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 (standard: 32.768 kHz) 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

o External clock input: EXCLKS, OSCSELS =1,1

When the XT1 oscillator is not used, set the input port mode (EXCLKS, OSCSELS =0, 0).

When the pins are not used as input port pins, either, see Table 2-2 Connection of Unused Pins.

Figure 5-13 shows an example of the external circuit of the XT1 oscillator.
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Figure 5-13. Example of External Circuit of XT1 Oscillator
(a) Crystal or ceramic oscillation (b) External clock
——— Vss
T e |
! 32.768
1 [ = kHz
! —l 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 5-10 and 5-11 to avoid an adverse effect from wiring capacitance.

Keep the wiring length as short as possible.

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

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

Do not fetch signals from the oscillator.

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.

When using the ultra-low power consumption oscillation (AMPHS1, AMPHSO = 1, 0) as the mode
of the XT1 oscillator, use the recommended resonators described in CHAPTER 31 ELECTRICAL
SPECIFICATIONS (J GRADE) and CHAPTER 32 ELECTRICAL SPECIFICATIONS (K GRADE).
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

The high-speed on-chip oscillator is incorporated in the RL78/F12. The frequency can be selected from among 32, 24,
16, 12, 8, 4, or 1 MHz by using the option byte (000C2H). Oscillation can be controlled by bit 0 (HIOSTOP) of the clock
operation status control register (CSC). The high-speed on-chip oscillator automatically starts oscillating after reset
release.

5.4.4 Low-speed on-chip oscillator

The low-speed on-chip oscillator is incorporated in the RL78/F12.

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

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

Unless the watchdog timer is stopped and WUTMMCKO is a value other than zero, oscillation of the low-speed on-chip
oscillator continues. While the watchdog timer operates, the low-speed on-chip oscillator clock does not stop even if the
program freezes.
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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

The CPU starts operation when the high-speed on-chip oscillator starts outputting after a reset release in the RL78/F12.
When the power supply voltage is turned on, the clock generator operation is shown in Figure 5-15.
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Figure 5-15. Clock Generator Operation When Power Supply Voltage Is Turned On

Power supply

voltage (Vbb) 151V

oV

<1> :

Internal reset signal
J Voltage stabilization wait

0.99 ms(TYP,), 2.30 ms(MAX.)

<R> . Switched by software
' ‘ Reset processing time*®*
3 ' 1<3> <5> <5>
s A
! : AN

High-speed on-chip X High-speed >< Subsystem
CPU clock oscillator clock system clock clock
i<2> 3
High-speed on-chip
oscillator clock (fin) .
Hidh g Note 1 ' !
igh-spee
system clock (fwx) <4>
(when X1 oscillation !

selected) h
' X1 clock

* oscillation stabilization time’

Subsystem clock (fsus) Starting X1 oscillation  <4>
(when XT1 oscillation is specified by software.

i
Note 2 '

selected)

Starting XT1 oscillation
is specified by software.

<1> When the power is turned on, an internal reset signal is generated by the power-on-reset (POR) circuit.

<2> When the power supply voltage exceeds 1.51 V (TYP.), the reset is released and the high-speed on-chip
oscillator automatically starts oscillation.

<3> The CPU starts operation on the high-speed on-chip oscillator clock after a reset processing such as waiting for
the voltage of the power supply or regulator to stabilize has 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 internal 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).
<R> 3. After the power is turned on and the voltage stabilization wait time has elapsed, the following reset

processing time is required release from the reset state (POR), i.e. when the power supply voltage reaches
1.51 V (TYP.) and the RESET signal is driven to the high level.
Following initial release from the POR state:
0.672 ms (TYP.), 0.832 ms (MAX.) (when the LVD is in use)
0.399 ms (TYP.), 0.519 ms (MAX.) (when the LVD is off)
The following reset processing time is required following the second and subsequent releases from the
reset state, i.e. when the RESET signal is asserted (low level) and then de-asserted (high level), as in a
reset where a POR is not generated
Following the second and subsequent releases from the reset state:
0.531 ms (TYP.), 0.675 ms (MAX.) (when the LVD is in use)
0.259 ms (TYP.), 0.362 ms (MAX.) (when the LVD is off)

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 a reset release, the CPU/peripheral hardware clock (fck) always starts operating with the high-speed on-chip
oscillator clock. The frequency of the high-speed on-chip oscillator can be selected from 32, 24, 16, 12, 8, 4, and 1 MHz
by using FRQSELO to FRQSELS3 of the option byte (000C2H). The frequency can be changed by the high-speed on-chip
oscillator frequency select register (HOCODIV).

[Option byte setting]
Address: 000C2H

Option 7 6 5 4 3 2 1 0
byte CMODE1 | CMODEO 1 0 FRQSEL3 | FRQSEL2 | FRQSEL1 | FRQSELO
(000C2H) 0/1 0/1 0/1 0/1 0/1 0/1
CMODE1 CMODEO Setting of flash operation mode
1 0 LS (low speed main) mode
1 1 HS (high speed main) mode
FRQSEL3 | FRQSEL2 | FRQSEL1 | FRQSELO Frequency of the high-speed on-chip oscillator
1 0 0 0 32 MHz
0 0 0 0 24 MHz
1 0 0 1 16 MHz
0 0 0 1 12 MHz
1 0 1 0 8 MHz
1 0 1 1 4 MHz
1 1 0 1 1 MHz
Other than above Setting prohibited

[Internal high-speed oscillator frequency select register (HOCODIV) setting]
Address: FOOA8H
7 6 5 4 3 2 1 0

HOCODIV 0 0 0 ‘ 0 ‘ 0

‘HOCODIV.Z HOCODIV.1 | HOCODIV.0

HOCODIV.2 | HOCODIV.1 | HOCODIV.0 Selection of High-speed on-chip oscillator clock frequency
FRQSEL3 Bitis 0 FRQSEL3 Bitof is 1
0 0 0 24 MHz 32 MHz
0 0 1 12 MHz 16 MHz
0 1 0 6 MHz 8 MHz
0 1 1 3 MHz 4 MHz
1 0 0 Setting prohibited 2 MHz
1 0 1 Setting prohibited 1 MHz
Other than above Setting prohibited
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5.6.2 Example of setting X1 oscillation clock

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

[Register settings] Set the register in the order of <1> to <4> below.
<1> Set (1) the OSCSEL bit and the AMPH bit (in the case of fX > 10 MHz) of the CMC register to operate the X1

oscillator.
7 6 5 4 3 2 1 0
EXCLK OSCSEL | EXCLKS | OSCSELS AMPHS1 | AMPHSO AMPH
cme 0 1 0 0 0 0 0 1
AMPH bit: Set this bit to 0 if the X1 oscillation clock is 10 MHz or less.
<2> Clear (0) the MSTOP bit of the CSC register to start oscillating the X1 oscillator.
7 6 5 4 3 2 1 0
MSTOP XTSTOP HIOSTOP
csc
0 1 0 0 0 0 0 0

<3> Use the OSTC register to wait for oscillation of the X1 oscillator to stabilize.
Example: Wait until the bits reach the following values when a wait of at least 102.4 us is set based on a 10 MHz

resonator.
7 6 5 4 3 2 1 0
MOSTS8 MOST9 MOST10 MOST11 MOST13 MOST15 MOST17 MOST18
osTe 1 1 1 0 0 0 0 0

<4> Use the MCMO bit of the CKC register to specify the X1 oscillation clock as the CPU/peripheral hardware clock.

Jan 31, 2014

7 6 5 4 3 2 1 0
CLS CsSs MCS MCMO
CKC
0 0 0 1 0 0 0 0
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5.6.3 Example of setting XT1 oscillation clock

After a reset release, the CPU/peripheral hardware clock (fck) always starts operating with the high-speed on-chip
oscillator clock. To subsequently change the clock to the XT1 oscillation clock, set the oscillator and start oscillation by
using the operation speed mode control register (OSMC), clock operation mode control register (CMC), and clock
operation status control register (CSC), set the XT1 oscillation clock to fcik by using the system clock control register

(CKC).

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

<1> To run only the real-time clock and interval timer on the subsystem clock (ultra-low current consumption) when in

the STOP mode or sub-HALT mode, set the RTCLPC bit to 1.

OosMC

CMC

7 6 5 4 3 2 1 0
RTCLPC WUTMMCKO
0/1 0 0 0 0 0 0 0
<2> Set (1) the OSCSELS bit of the CMC register to operate the XT1 oscillator.
7 6 5 4 3 2 1 0
EXCLK OSCSEL | EXCLKS | OSCSELS AMPHS1 | AMPHSO AMPH
0 0 0 1 0 0/1 0/1 0

AMPHSO0 and AMPHS1 bits: These bits are used to specify the oscillation mode of the XT1 oscillator.

<3> Clear (0) the XTSTOP bit of the CSC register to start oscillating the XT1 oscillator.

CsC

7 6 5 4 3 2 1 0
MSTOP XTSTOP HIOSTOP
1 0 0 0 0 0 0 0

<4> Use the timer function or another function 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
RO1UH0231EJ0111 Rev.1.11 IQENESAS 203

Jan 31, 2014



RL78/F12 CHAPTER 5 CLOCK GENERATOR

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 Diagram

Voo < 1.51 V+0.03

High-speed on-chip oscillator: Woken up
X1 oscillation/EXCLK input: Stops (input port mode)
XT1 oscillation/EXCLKS input: Stops (input port mode)

(A) Voo > 1.51 V+0.03
@ § High-speed on-chip oscillator: Operating

X1 oscillation/EXCLK input: Stops (input port mode)
XT1 oscillation/EXCLKS input: Stops (input port mode)

XL oseltonEXCLk nput Setapleny cpU N_ (B) Note 1 H High-speed on-chip oscilator Stops

ilati i CPU: Operating - X1 oscillation/EXCLK input: Stops
XT1 oscillation/EXCLKS input: Selectable by CPU with high-speed on- CPU:hngh's.ﬁeled XT1 oscillation/EXCLKS input:
on-chip oscillator Oscillatable

— STOP
(J) : High-speed on-chip oscillator: Operating
CPU: High-speed X1 oscillation/EXCLK input: Stops

on-chip oscillator XT1 oscillation/EXCLKS input: Oscillateble
— SNOOZE

High-speed on-chip oscillator: (D)
Selectable by CPU

X1 oscillation/EXCLK input:
Selectable by CPU

XT1 oscillation/EXCLKS input:
Operating

CPU: Operating
with XT1 oscillation or
EXCLKS input

CPU: High-speed
on-chip oscillator

CPU: Operating
with X1 oscillation or
EXCLK input

High-speed on-chip oscillator: Operating
X1 oscillation/EXCLK input: Oscillatable
XT1 oscillation/EXCLKS input: Oscillatable

©G)
CPU: XT1
oscillation/EXCLKS

T 7 — )

High-speed on-chip oscillator: High-speed on-chip oscillator: os_cillationlEXCLK
Oscillatable ) Selectable by CPU (F) input > STOP High-speed on-chip oscillator: Stops
X1 oscillation/EXCLK input: X1 oscillation/EXCLK input: X1 oscillation/EXCLK input: Stops
Oscillatable ) Operating CP XT1 oscillation/EXCLKS input:
XT1 0§C|Ilat|on/EXCLKS input: XT1 oscillation/EXCLKS input: oscillation/EXCLK Oscillatable
Operating Selectable by CPU nput > HALT

High-speed on-chip oscillator:

Oscillatable

X1 oscillation/EXCLK input:

Operating

XT1 oscillation/EXCLKS input:

Oscillatable
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Table 5-3 shows transition of the CPU clock and examples of setting the SFR registers.

Table 5-3. CPU Clock Transition and SFR Register Setting Examples (1/5)

(1) CPU operating with high-speed on-chip oscillator clock (B) after reset release (A)

Status Transition

SFR Register Setting

(A) - (B)

SFR registers do not have to be set (default status after reset release).

(2) CPU operating with high-speed system clock (C) after reset release (A)

(The CPU operates with the high-speed on-chip oscillator clock immediately after a reset release (B).)

(Setting sequence of SFR registers) >
Setting Flag of SFR Register CMC Register "*'® OSTS Ccsc OSTC Register CKC
Register | Register Register
Status Transition
EXCLK | OSCSEL | AMPH MSTOP MCMO
(A) - (B) = (C) 0 1 0 Note 2 0 Must be checked 1
(X1 clock: 1 MHz < fx < 10 MHz)
(A) —» (B) = (C) 0 1 1 Note 2 0 Must be checked 1
(X1 clock: 10 MHz < fx <20 MHz)
(A) - (B) = (C) 1 1 X Note 2 0 Must not be checked 1
(external main clock)

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.

e Desired oscillation stabilization time counter status register (OSTC) oscillation stabilization time <

Oscillation stabilization time set by the oscillation stabilization time select register (OSTS)

Caution Set the clock after the supply voltage has reached the operable voltage of the clock to be set (see
CHAPTER 31 ELECTRICAL SPECIFICATIONS (J GRADE) and CHAPTER 32 ELECTRICAL
SPECIFICATIONS (K GRADE)).

(3) CPU operating with subsystem clock (D) after reset release (A)
(The CPU operates with the high-speed on-chip oscillator clock immediately after a reset release (B).)

(Setting sequence of SFR registers) >
Setting Flag of SFR Register CMC Register™™® CS.C Wait.ing.for CKC
Register | Oscillation | Register

Status Transition EXCLKS |OSCSELS|AMPHS1|AMPHS0| xTsTop | Stabiization | 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 sub clock)

Note The clock operation mode control register (CMC) can be written only once by an 8-bit memory manipulation

instruction after reset release.
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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 Register Setting Examples (2/5)

(4) CPU clock changing from high-speed on-chip oscillator clock (B) to high-speed system clock (C)

(Setting sequence of SFR registers) >
Setting Flag of SFR Register CMC Register™®* OSTS CSsC 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 Must not be checked 1

(external main clock)

Unnecessary if these registers Unnecessary if the CPU is operating with
are already set 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.
e Desired the oscillation stabilization time counter status register (OSTC) oscillation stabilization time <
Oscillation stabilization time set by the oscillation stabilization time select register (OSTS)

Caution Set the clock after the supply voltage has reached the operable voltage of the clock to be set (see
CHAPTER 31 ELECTRICAL SPECIFICATIONS (J GRADE) and CAPTER 32 ELECTRICAL
SPECIFICATIONS (K GRADE)).

(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
Register Oscillation
Status Transition EXCLKS OSCSELS XTSTOP Stabilization css
(B) - (D) 0 1 0 Necessary 1
(XT1 clock)
(B) —» (D) 1 1 0 Necessary 1
(external sub clock)

Unnecessary if the CPU is operating
with the 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 Register Setting Examples (3/5)

(6) CPU clock changing from high-speed system clock (C) to high-speed on-chip oscillator clock (B)

(Setting sequence of SFR registers) >
Setting Flag of SFR Register CSC Register Oscillation accuracy CKC Register
Status Transition HIOSTOP stabilization time MCMO
() = (B) 0 30us 0
Unnecessary if the CPU is operating with the
high-speed on-chip oscillator clock
(7) CPU clock changing from high-speed system clock (C) to subsystem clock (D)
(Setting sequence of SFR registers) »
Setting Flag of SFR Register CSC Register Waiting for Oscillation CKC Register
XTSTOP Stabilization csS
Status Transition
(C) » (D) 0 Necessary 1
Unnecessary if the CPU is operating with the
subsystem clock
(8) CPU clock changing from subsystem clock (D) to high-speed on-chip oscillator clock (B)
(Setting sequence of SFR registers) »
Setting Flag of SFR Register CSC Register CKC Register
Status Transition HIOSTOP MCMO CSS
(D) — (B) 0 0 0
' '
Unnecessary if the CPU Unnecessary if this
is operating with the register is already set
high-speed on-chip
oscillator clock
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 Register Setting Examples (4/5)

(9) CPU clock changing from subsystem clock (D) to high-speed system clock (C)

(Setting sequence of SFR registers) >
etting Flag of SFR Register OSTS CSC Register OSTC Register CKC Register

Register MSTOP MCMO css
Status Transition
(D) — (C) (X1 clock: 1 MHz < Note 0 Must be checked 1 0
fx <10 MHz)
(D) — (C) (X1 clock: 10 MHz < Note 0 Must be checked 1 0
fx < 20 MHz)
(D) — (C) (external main Note 0 Must not be checked 1 0
clock)

J
~
Unnecessary if the CPU is operating with the high-speed Unnecessary if these
system clock registers are already set

Note Set the oscillation stabilization time as follows.
e Desired the oscillation stabilization time counter status register (OSTC) oscillation stabilization time <
Oscillation stabilization time set by the oscillation stabilization time select register (OSTS)

Caution Set the clock after the supply voltage has reached the operable voltage of the clock to be set (see
CHAPTER 31 ELECTRICAL SPECIFICATIONS (J GRADE) and CHAPTER 32 ELECTRICAL
SPECIFICATIONS (K GRADE)).

(10) ¢ HALT mode (E) set while CPU is operating with high-speed on-chip oscillator clock (B)
e HALT mode (F) set while CPU is operating with high-speed system clock (C)
e HALT mode (G) set while CPU is operating with subsystem clock (D)

Status Transition Setting

(B) = (E) Executing HALT instruction
©)—F)
(D) - (G)

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 Register Setting Examples (5/5)

(11) e STOP mode (H) set while CPU is operating with high-speed on-chip oscillator clock (B)
e STOP mode () set while CPU is operating with high-speed system clock (C)

v

(Setting sequence)

Status Transition Setting

(B) » (H) Stopping peripheral - Executing STOP
functions that cannot instruction
operate in STOP mode

Sets the OSTS
register

(OE=X0) In X1 oscillation

External main -
system clock

(12) CPU changing 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, 13.5.7 SNOOZE mode function (only CSI00) and 13.6.3 SNOOZE mode function (only UARTO reception).

Remark (A) to (J) in Table 5-3 correspond to (A) to (J) in Figure 5-16.
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5.6.5 Condition before changing CPU clock and processing after changing CPU clock
Condition before changing the CPU clock and processing after changing the CPU clock are shown below.

Table 5-4. Changing CPU Clock (1/2)

chip oscillator
clock

¢ OSCSEL =1, EXCLK =0, MSTOP =0
o After elapse of oscillation stabilization time

External main
system clock

Enabling input of external clock from the
EXCLK pin
¢ OSCSEL =1, EXCLK =1, MSTOP =0

XT1 clock Stabilization of XT1 oscillation
e OSCSELS =1, EXCLKS =0, XTSTOP =0
o After elapse of oscillation stabilization time
External Enabling input of external clock from the

subsystem clock

EXCLKS pin
e OSCSELS = 1, EXCLKS = 1, XTSTOP = 0

CPU Clock Condition Before Change Processing After Change
Before Change After Change
High-speed on- X1 clock Stabilization of X1 oscillation Operating current can be reduced by

stopping high-speed on-chip oscillator
(HIOSTOP = 1).

X1 clock

High-speed on-
chip oscillator
clock

Oscillation of high-speed on-chip oscillator
¢ HIOSTOP =0

X1 oscillation can be stopped (MSTOP = 1).

External main
system clock

Transition not possible
(To change the clock, set it again after
executing reset once.)

XT1 clock Stabilization of XT1 oscillation X1 oscillation can be stopped (MSTOP = 1).
e OSCSELS =1, EXCLKS =0, XTSTOP =0
o After elapse of oscillation stabilization time

External Enabling input of external clock from the X1 oscillation can be stopped (MSTOP = 1).

subsystem clock

EXCLKS pin
¢ OSCSELS =1, EXCLKS =1, XTSTOP =0

External main
system clock

High-speed on-
chip oscillator
clock

Oscillation of high-speed on-chip oscillator
¢ HIOSTOP =0

External main system clock input can be
disabled (MSTOP = 1).

X1 clock Transition not possible -
(To change the clock, set it again after
executing reset once.)
XT1 clock Stabilization of XT1 oscillation External main system clock input can be
¢ OSCSELS =1, EXCLKS =0, XTSTOP =0 | disabled (MSTOP = 1).
o After elapse of oscillation stabilization time
External Enabling input of external clock from the External main system clock input can be

subsystem clock

EXCLKS pin
¢ OSCSELS =1, EXCLKS =1, XTSTOP =0

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

XT1 clock High-speed on- Oscillation of high-speed on-chip oscillator XT1 oscillation can be stopped (XTSTOP =
chip oscillator and selection of high-speed on-chip 1)
clock oscillator clock as main system clock
¢ HIOSTOP =0, MCS =0
X1 clock Stabilization of X1 oscillation and selection
of high-speed system clock as main system
clock
¢ OSCSEL =1, EXCLK =0, MSTOP =0
o After elapse of oscillation stabilization time
eMCS=1
External main Enabling input of external clock from the
system clock EXCLK pin and selection of high-speed
system clock as main system clock
¢ OSCSEL =1, EXCLK =1, MSTOP =0
e MCS=1
External Transition not possible -
subsystem clock | (To change the clock, set it again after
executing reset once.)
External High-speed on- Oscillation of high-speed on-chip oscillator External subsystem clock input can be

subsystem clock

chip oscillator
clock

and selection of high-speed on-chip
oscillator clock as main system clock
¢ HIOSTOP =0, MCS =0

X1 clock

Stabilization of X1 oscillation and selection
of high-speed system clock as main system
clock

¢ OSCSEL =1, EXCLK =0, MSTOP =0

o After elapse of oscillation stabilization time
e MCS=1

External main
system clock

Enabling input of external clock from the
EXCLK pin and selection of high-speed
system clock as main system clock

¢ OSCSEL =1, EXCLK =1, MSTOP =0
*eMCS=1

disabled (XTSTOP = 1).

XT1 clock

Transition not possible
(To change the clock, set it again after
executing reset once.)
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5.6.6 Time required for switchover of CPU clock and main 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 actual switchover operation is not performed immediately after rewriting to the CKC register; operation continues
on the pre-switchover clock for several clocks (see Table 5-5 to Table 5-7).
Whether the CPU is operating on the main system clock or the subsystem clock can be ascertained using bit 7 (CLS) of
the CKC register. Whether the main system clock is operating on the high-speed system clock or high-speed on-chip
oscillator clock can be ascertained using bit 5 (MCS) of the CKC register.
When the CPU clock is switched, the peripheral hardware clock is also switched.

Table 5-5. Maximum Time Required for Main 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 Clocks Required for fit <> fmx

Set Value Before Switchover

Set Value After Switchover

MCMO MCMO
0 1
(fmain = fin) (fmain = fmx)
0 fux=>fin 1 + fin/fwx clock
(fmain = fir) fmx<fin 2fin/fux clock
1 fux=>fin 2fwx/fin clock
(fuan = fix) fux<fin 1 + fux/fin clock

Table 5-7. Maximum Number of Clocks Required for fmain <> fsus

Set Value Before Switchover

Set Value After Switchover

Jan 31, 2014

CSS CSS
0 1
(feik = fmain) (feik = fsus)
0 1 + 2fwan/fsus clock
(feik = fmain)
1 2 + fsus/fwain clock
(fewk = fsus)
(Remarks 1 and 2 are listed on the next page.)
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Remarks 1. The number of clocks listed in Table 5-6 to Table 5-7 is the number of CPU clocks before switchover.
2. Calculate the number of clocks in Table 5-6 to Table 5-7 by removing the decimal portion.

Example When switching the main system clock from the high-speed on-chip oscillator clock (when 8
MHz selected) to the high-speed system clock (@ oscillation with fin = 8 MHz, fux = 10 MHz)
1+ fufux=1+8/10=1+0.8=1.8— 2 clocks

5.6.7 Conditions before clock oscillation is stopped
The following lists the register flag settings for stopping the clock oscillation (disabling external clock input) and
conditions before the clock oscillation is stopped.

Table 5-8. Conditions Before the Clock Oscillation Is Stopped and Flag Settings

Clock Conditions Before Clock Oscillation Is Stopped Flag Settings of SFR
(External Clock Input Disabled) Register
High-speed on-chip MCS=1orCLS=1 HIOSTOP =1
oscillator clock (The CPU is operating on a clock other than the high-speed on-chip

oscillator clock.)

X1 clock MCS=0o0orCLS=1 MSTOP =1
(The CPU is operating on a clock other than the high-speed system clock.)

External main system clock

XT1 clock CLS=0 XTSTOP =1
(The CPU is operating on a clock other than the subsystem clock.)

External subsystem clock
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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 1/O Pins

provided in Each Product for details.

2. Most of the following descriptions in this chapter use the 64-pin products as an example.

The timer array unit has eight 16-bit timers.
Each 16-bit timer is called a channel and can be used as an independent timer. In addition, two or more “channels” can
be used to create a high-accuracy timer.

TIMER ARRAY UNIT

-

channel 0

\ 16-bit timers

/

channel 1

channel 2

channel 6

channel 7

-

J

For details about each function, see the table below.

Independent channel operation function

Simultaneous channel operation function

Interval timer/square wave output (— refer to 6.7.1)
Square wave output (— refer to 6.7.1)

External event counter (— refer to 6.7.2)

Divider function "°' (= refer to 6.7.3)

Input pulse interval measurement (— refer to 6.7.4)
Measurement of high-/low-level width of input signal
(— refer to 6.7.5)

Delay counter (— refer to 6.7.6)

e One-shot pulse output(— refer to 6.8.1)
e PWM output(— refer to 6.8.2)
e Multiple PWM output(— refer to 6.8.3)

Note Channel 0 only

It is possible to use the 16-bit timer of channels 1 and 3 as two 8-bit timers (higher and lower). The functions that can
use channels 1 and 3 as 8-bit timers are as follows:

¢ Interval timer/square wave output
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 reception processing in combination with UART2 of the serial array unit (30,
32, 48, and 64-pin products only).

RO1UH0231EJ0111 Rev.1.11

Jan 31, 2014

RRENESAS 215



RL78/F12 CHAPTER 6 TIMER ARRAY UNIT

6.1 Functions of Timer Array Unit
Timer array unit has the following functions.
6.1.1 Independent channel operation function
By operating a channel independently, it can be used for the following purposes without being affected by the operation

mode of other channels.

(1) Interval timer
Each timer of a unit can be used as a reference timer that generates an interrupt (INTTMOn) at fixed intervals.

Operation clock— Compare Opera“OD_ Interrupt signal |-| |-|

Channel n (INTTMOn)

(2) Square wave output
A toggle operation is performed each time INTTMOn interrupt is generated and a square wave with a duty factor of
50% is output from a timer output pin (TOON).

Operation clock Timer output _|—|_|—|_
C (TOON)

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 (TIONn) has reached a specific value.

& Timer inputC Interrupt signal
— - (TIon) pare op (INTTMOn) N |
Edge detection Channel n

(4) Divider function (channel 0 only)
A clock input from a timer input pin (T100) is divided and output from an output pin (TOOQO0).

Tlmer input Timer output_l—l_l—L
(TI00) c (TO00)

hannel 0

(5) Input pulse interval measurement
Counting is started by the valid edge of a pulse signal input to a timer input pin (TIOn). 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.

— «— Timerinput Captureoperatlon m
[ C

_— TIONn !
( ) hannel n m -

Edge detection
Start Capture

(Note, Caution, and Remark are listed on the next page.)
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(6) Measurement of high-/low-level width of input signal
Counting is started by a single edge of the signal input to the timer input pin (TI0n), 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 operation | _T L

— — TIOn
Edge detection ( ) Channel n [00A] [xH]

Start Capture

(7) Delay counter
Counting is started at the valid edge of the signal input to the timer input pin (TI0On), and an interrupt is generated
after any delay period.

f—;'_ Timer input Compare operation Interrupt signal
— (Tion) @ (INTTMOn) 4| L
Edge detection Channel n :

Start

Remarks 1 n: Channel number (n=0to 7)
2. The presence or absence of timer 1/0O pins of channel 0 to 7 depends on the product. See Table 6-2
Timer 1/O Pins provided in Each Product for details.

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.

p—

£~ Timerinput Interrupt signal (INTTMON
i o tiony @_,( pt signal ( )

Edge detection Channel n (master)

Output Pulse width

( - timing
|Compare operatlonl i

Timer output j | ]

\ Channel p (slave) (TOOPp) : Toggle  Toggle
'(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 (INTTMOnN)

Channel n (master)

( |Compare operationl © Timer output

Channel p (slave) (TOOP) : Duty !
Period
(Caution is 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 (INTTMON)

Channel n (master)

Channel p (slave) (TOOp) :Duty :
° " Period

Compare operation '
‘ Timer output e

—— '

Channel g (slave) (TOO0q) . Duty ,
Period

LT
Timer output

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, 1), n: Channel number (n =0 to 7)
p, g: 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).
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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 (RxD2) of UART2 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 (RxD2) of UART?2 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
(RxD2) of UART2 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 (13) Input switch

control register (ISC) and 6.7.5 Operation as input signal high-/low-level width measurement.
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6.2 Configuration of Timer Array Unit

Timer array unit includes the following hardware.

Table 6-1. Configuration of Timer Array Unit

Item

Timer/counter

Timer/counter register On (TCRON)

Register Timer data register On (TDROn)
Timer input TI00 to TI07 Y°** !, RxD2 pin (for LIN-bus)
Timer output TOO00 to TOO7 pins Note l, output controller

Control registers

<Registers of unit setting block>

* Timer output register 0 (TOO)

* Peripheral enable register 0 (PERO)

o Timer clock select register 0 (TPS0)

* Timer channel enable status register 0 (TEQ)
e Timer channel start register 0 (TS0)

e Timer channel stop register 0 (TTO)

e Timer input select register 0 (TISO)

e Timer output enable register 0 (TOEQ)

e Timer output level register 0 (TOLO)
e Timer output mode register 0 (TOMO)

<Registers of each channel>

e Port mode register (PMxx)
« Port register (Pxx) "¢ 2

o Timer mode register On (TMROnN)
o Timer status register On (TSRON)
o Input switch control register (ISC)
» Noise filter enable register 1 (NFEN1)

e Port mode control register (PMCxx)
Note 2

Notes 1.

Remark

The presence or absence of timer 1/0 pins of channel 0 to 7 depends on the product. See Table 6-2 Timer

1/0 Pins provided in Each Product for details.

The port mode control registers (PMCxx), port mode registers (PMxx) and port registers (Pxx) to be set differ
depending on the product. for details, see 6.3 (15) Port mode registers 0, 1, 3, 4 (PMO, PM1, PM3, PM4).

n: Channel number (n =0to 7)

RO1UH0231EJ0111 Rev.1.11

Jan 31, 2014

RRENESAS

220



RL78/F12

CHAPTER 6 TIMER ARRAY UNIT

The presence or absence of timer 1/O pins in each timer array unit channel depends on the product.

Table 6-2. Timer I/O Pins provided in Each Product

I/0 Pins of Each Product
Timer array unit channels
64-pin 48-pin 30, 32-pin 20-pin
Channel 0 P00/TI00, P01/TO00 P01/TO00
Channel 1 P16/TI01/TO01
Channel 2 P17/T102/TO02 (P15) P17/T102/TO00
Unit 0 Channel 3 P31/T103/TO03 (P14) P31/T103/TO03
Channel 4 P42/T104/TO04 (P13) (P13) -
Channel 5 P0O5/TI05/TO05 (P12) (P12)
Channel 6 P06/TI06/TO06 (P11) (P11)
Channel 7 P41/TI07/TO07 (P10) (P10)

Remarks 1. When timer input and timer output are shared by the same pin, either only timer input or only timer output

can be used.

2. —: There is no timer I/O pin, but the channel is available. (However, the channel can only be used as an

interval timer.)

x: The channel is not available.

3. “(P1x)" indicates an alternate port when the bit 0 of the peripheral I/O redirection register (PIOR) is set to “1".

Figures 6-1 and 6-2 show the block diagrams of the timer array unit.
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Figure 6-1. Entire Configuration of Timer Array Unit (Example: 64-pin products)
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Figure 6-2. Internal Block Diagram of Channel n of Timer Array Unit
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Figure 6-3. Internal Block Diagram of Channel 1 of Timer Array Unit
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Figure 6-4. Internal Block Diagram of Channel 3 of Timer Array Unit
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Figure 6-5. Internal Block Diagram of Channel 5 of Timer Array Unit
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Figure 6-6. Internal Block Diagram of Channel 7 of Timer Array Unit
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(1) Timer/counter register On (TCRON)
The TCROnN 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 MDOn3
to MDONO bits of timer mode register On (TMRON) (refer to 6.3 (3) Timer mode register On (TMRON)).

Figure 6-7. Format of Timer/Counter Register On (TCROn)
Address: FO180H, FO181H (TCR00) to FO18EH, FO18FH (TCR07)  After reset: FFFFH R

FO181H (TCROO) FO180H (TCROO)

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

0 I I O O

Remark n: Channel number (n =0to 7)
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The count value can be read by reading timer/counter register On (TCRON).

The count value is set to FFFFH in the following cases.

When the reset signal is generated
When the TAUOEN bit of peripheral enable register 0 (PERO) is cleared

When counting of the slave channel has been completed in the PWM output mode
When counting of the slave channel has been completed in the delay count mode
When counting of the master/slave channel has been completed in the one-shot pulse output mode
When counting of the slave channel has been completed in the multiple PWM output mode

The count value is cleared to 0000H in the following cases.
e When the start trigger is input in the capture mode
e When capturing has been completed in the capture mode

Caution The count value is not captured to timer data register On (TDROn) even when the TCROn register

is read.

The TCROnN register read value differs as follows according to operation mode changes and the operating status.

Table 6-3. Timer/counter Register On (TCROn) Read Value in Various Operation Modes

Operation Mode Count Mode Timer/counter register On (TCRON) Read Value"**®
Value if the Value if the Value if the Value when waiting
operation mode Operation was operation mode was for a start trigger
was changed after restarted after count | changed after count after one count
releasing reset operation paused operation paused
(TTmn=1) (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 TDROnN register + 1

Note This indicates the value read from the TCROn register when channel n has stopped operating as a timer (TEO.n = 0)
and has been enabled to operate as a counter (TS0.n = 1). The read value is held in the TCROn register until the
count operation starts.

Remark n: Channel number (n=0to 7)
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(2) Timer data register On (TDRON)
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 MDOn3 to MDONO
bits of timer mode register On (TMRON).
The value of the TDRON register can be changed at any time.
This register can be read or written in 16-bit units.
In addition, for the TDRO1 and TDRO3 registers, while in the 8-bit timer mode (when the SPLIT bits of timer mode
registers 01 and 03 (TMRO1, TMRO03) are 1), it is possible to rewrite the data in 8-bit units, with TDRO1H and
TDRO3H used as the higher 8 bits, and TDRO1L and TDRO3L used as the lower 8 bits. However, reading is only
possible in 16-bit units.
Reset signal generation clears this register to 0000H.

Figure 6-8. Format of Timer Data Register On (TDROn) (n=0,2,41t0 7)

Address: FFF18H, FFF19H (TDROO), FFF64H, FFF65H (TDR02), ~ After reset: 0000H ~ R/W
FFF68H, FFF69H (TDROA4) to FFF6EH, FFF6FH (TDR07)

FFF19H (TDROO) FFF18H (TDRO0O)

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

oron | | [ 1 P

Figure 6-9. Format of Timer Data Register On (TDROn) (n = 1, 3)

Address: FFF1AH, FFF1BH (TDRO1), FFF65H, FFF66H (TDRO3)  After reset: 0000H R/W

FFF1BH (TDRO1H) FFF1AH (TDROLL)

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

oeon | | [ 1 P

(i) When timer data register On (TDROnN) is used as compare register
Counting down is started from the value set to the TDROn register. When the count value reaches 0000H, an
interrupt signal (INTTMOn) is generated. The TDROn register holds its value until it is rewritten.

Caution The TDROn register does not perform a capture operation even if a capture trigger is input,
when it is set to the compare function.

(ii) When timer data register On (TDROnN) is used as capture register
The count value of timer/counter register On (TCRON) is captured to the TDROn register when the capture
trigger is input.
A valid edge of the TIOn pin can be selected as the capture trigger. This selection is made by timer mode
register On (TMRON).

Remark n: Channel number (n=0to 7)
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6.3 Registers Controlling Timer Array Unit
Timer array unit is controlled by the following registers.

¢ Peripheral enable register 0 (PERO)

o Timer clock select register 0 (TPSO0)

¢ Timer mode register On (TMRON)

e Timer status register On (TSROnN)

e Timer channel enable status register 0 (TEO)
¢ Timer channel start register 0 (TSO0)

e Timer channel stop register 0 (TTO)

e Timer input select register 0 (TIS0)

¢ Timer output enable register 0 (TOEOQ)

e Timer output register 0 (TOO0)

e Timer output level register 0 (TOLO)

o Timer output mode register 0 (TOMO)

¢ Input switch control register (ISC)

« Noise filter enable register 1 (NFEN1)

« Port mode contorol register (PMCxx) "°'®
« Port mode register (PMxx) "°'¢

« Port register (Pxx) "°'

Note The port mode control registers (PMCxx), port mode registers (PMxx) and port registers (Pxx) to be set differ
depending on the product. For details, see 6.3 (15) Port mode registers 0, 1, 3, 4 (PMO, PM1, PM3, PM4).

Remark n: Channel number (n =0 to 7)
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(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 RTCEN 0 ADCEN | ICAOEN "' | SAU1IENN*®| SAUOEN 0 TAUOEN
TAUOEN Control of timer array unit O 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.

Note Those are not provided in the 20-pin products.

Cautions 1. When setting the timer array unit, be sure to set the TAUOEN bit to 1 first. If TAUOEN = 0,
writing to a control register of timer array unit is ignored, and all read values are default
values (except for the timer input select register 0 (TIS0), input switch control register
(ISC), noise filter enable register 1 (NFEN1), port mode control register 0 (PMCO0), port
mode registers 0, 1, 3, 4 (PMO, PM1, PM3, PM4), and port registers 0, 1, 3, 4 (PO, P1, P3,
P4)).

2. Besure to clear the following bits to 0.
20-pin products: bits 1, 3, 4, 6
30, 32-pin products: bits 1, 6
48, 64-pin products: bits 1, 6
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(2) Timer clock select register 0 (TPSO0)
The TPSO register is a 16-bit register that is used to select two or four types of operation clocks (CK00, CK01) that
are commonly supplied to each channel from external prescaler. CKOL1 is selected by using bits 7 to 4 of the TPS0
register, and CKOO is selected by using bits 3 to 0.
In addition, for channel 1 and 3, CKO02 is selected by using bits 9 and 8 of the TPSO register, and CKO03 is selected
by using bits 13 and 12.
Rewriting of the TPSO register during timer operation is possible only in the following cases.

If the PRS000 to PRS003 bits can be rewritten (n = 0 to 7):
All channels for which CKQO is selected as the operation clock (CKSOn1l, CKSOn0O = 0, 0) are stopped
(TEO.n = 0).

If the PRS010 to PRS013 bits can be rewritten (n = 0 to 7):
All channels for which CKO1 is selected as the operation clock (CKSOn1, CKSOn0
(TEO.n = 0).

If the PRS020 and PRS021 bits can be rewritten (n =1, 3):
All channels for which CKO02 is selected as the operation clock (CKSOn1, CKSOn0 = 1, 0) are stopped
(TEO.n = 0).

If the PRS030 and PRSO031 bits can be rewritten (n =1, 3):
All channels for which CKO03 is selected as the operation clock (CKSOn1, CKSOn0 = 1, 1) are stopped
(TEO.n = 0).

0, 1) are stopped

The TPSO 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 0 (TPSO0) (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
TPSO 0 0 |PRS|PRS| O 0 |PRS|PRS|PRS|PRS|PRS|PRS|PRS|PRS |PRS | PRS
031 | 030 021 | 020 | 013 | 012 | 011 | 010 | 003 | 002 | 001 | 00O
PRS | PRS | PRS | PRS Selection of operation clock (CKOk) “**(k = 0, 1)
0k3 | Okz | Okl | OkO fok= 2 MHz | foi= 5 MHz |feik= 10 MHz |fo = 20 MHz | fek = 32 MHz

0 0 0 0 | fox 2 MHz 5 MHz 10 MHz 20 MHz 32 MHz
0 0 0 1| fow/2 1 MHz 2.5 MHz 5 MHz 10 MHz 16 MHz
0 0 1 0 | fowr2? 500 kHz 1.25 MHz 2.5 MHz 5 MHz 8 MHz
0 0 1 1| fows2® 250 kHz 625 kHz 1.25 MHz 2.5 MHz 4 MHz
0 1 0 0 | fows2? 125 kHz 3125kHz | 625 kHz 1.25 MHz 2 MHz
0 1 0 1| fows2® 62.5 kHz 156.2 kHz | 3125kHz | 625 kHz 1 MHz
0 1 1 0 | fow/2® 31.25kHz | 78.1 kHz 156.2 kHz | 312.5kHz | 500 kHz
0 1 1 1| fows2’ 15.62 kHz | 39.1 kHz 78.1 kHz 156.2 kHz | 250 kHz
1 0 0 0 | fowr2® 7.81 kHz 19.5 kHz 39.1 kHz 78.1 kHz 125 kHz
1 0 0 1| fows2® 3.91 kHz 9.76 kHz 19.5 kHz 39.1 kHz 62.5 kHz
1 0 1 0 | fe2® 1.95 kHz 4.88 kHz 9.76 kHz 19.5 kHz 31.25 kHz
1 0 1 1| fo/2™ 976 Hz 2.44 kHz 4.88 kHz 9.76 kHz 15.63 kHz
1 1 0 0 | fok2® 488 Hz 1.22 kHz 2.44 kHz 4.88 kHz 7.81 kHz
1 1 0 1| fo/2® 244 Hz 610 Hz 1.22 kHz 2.44 kHz 3.91 kHz
1 1 1 0 | fox/2™ 122 Hz 305 Hz 610 Hz 1.22 kHz 1.95 kHz
1 1 1 1| fows2® 61 Hz 153 Hz 305 Hz 610 Hz 976 Hz

Note When changing the clock selected for fcik (by changing the system clock control register (CKC) value), stop
timer array unit (TTO = O0OFFH).

Cautions 1.
2.

Remarks 1.
2.

Be sure to clear bits 15, 14, 11, 10 to “0".
If fck (undivided) is selected as the operation clock (CKOk) and TDRnO is set to 0000H (n =0 or 1),

interrupt requests output from timer array units are not detected.

fcuk: Operation clock frequency
Waveform of the clock to be selected in the TPSO register which becomes high level for one period of fck

from its rising edge. For details, see 6.5.1 Count clock (frcLk).
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Figure 6-11. Format of Timer Clock Select register 0 (TPSO0) (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
TPSO 0 0 PRS | PRS 0 0 PRS | PRS | PRS | PRS | PRS | PRS | PRS | PRS | PRS | PRS
031 | 030 021 | 020 | 013 | 012 | 011 | 010 | 003 | 002 | O0O1 | OOO
PRS | PRS Selection of operation clock (CK02) "'
021 | 020 fok=2 MHz | feik=5 MHz |fcik= 10 MHz | foik = 20 MHz | foik = 32 MHz
0 0 fork/2 1 MHz 2.5 MHz 5 MHz 10 MHz 16 MHz
0 1 fowk/2? 500 kHz 1.25 MHz 2.5 MHz 5 MHz 8 MHz
1 0 fowk/2* 125 kHz 312.5 kHz 625 MHz 1.25 MHz 2 MHz
1 1 fok/2® 31.25 kHzZ 78.1 kHz 156.2 kHz 312.5 kHz 500 kHz
PRS | PRS Selection of operation clock (CK03) "*'*®
031 | 030 fek= 2 MHz | fo= 5 MHz |fewc= 10 MHz | fewk = 20 MHz [ fow = 32 MHz
0 0 foLk/2® 7.81 kHz 19.5 kHz 39.1 kHz 78.1 kHz 125 kHz
0 1| fex/2" 1.95 kHz 4.88 kHz 9.76 kHz 19.5 kHz 31.25 kHz
1 0 | fows2% 488 Hz 1.22 kHz 2.44 kHz 4.88 kHz 7.81 kHz
1 1| few2™ 122 HZ 305 Hz 610 Hz 1.22 kHz 1.95 kHz
Note When changing the clock selected for fcik (by changing the system clock control register (CKC)
value), stop timer array unit (TTO = OOFFH).
The timer array unit must also be stopped if the operating clock (fmck) specified by using the
CKSO0nO, and CKSOn1 bits or the valid edge of the signal input from the TIOn pin is selected as the
count clock (frcwk).
Caution Be sure to clear bits 15, 14, 11, 10to “0".

By using channels 1 and 3 in the 8-bit timer mode and specifying CK02 or CKO3 as the operation clock, the interval
times shown in Table 6-4 can be achieved by using the interval timer function.

Table 6-4. Interval Times Available for Operation Clock CKS02 or CKS03

Clock Interval time (fcuk = 32 MHz)

100 us

10 us 1ms 10 ms

CKO02 ferk/2

fouk/2?
fowk/2*
fouk/2®
fork/2°
for/2' -
fouk/2'? -

fouk/2™ - -

< 2|2 | =

CKO03

|
< |2 |2 | =<

P P

Note The margin is within 5 %.

Remarks 1. fcik: Operation clock frequency

2. For details of asignal of fewk/2 selected with the TPSO register, see 6.5.1 Count clock (frcik).
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(3) Timer mode register On (TMROnN)
The TMROnN 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 TMRON register is prohibited when the register is in operation (when TEO.n = 1). However, bits 7 and
6 (CISOn1, CISOn0) can be rewritten even while the register is operating with some functions (when TEO.n = 1) (for
details, see 6.7 Independent Channel Operation Function of Timer Array Unit and 6.8 Simultaneous
Channel Operation Function of Timer Array Unit.
The TMRON 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 TMRON register.
TMRO02, TMR04, TMR06: MASTERON bit (n = 2, 4, 6)
TMRO1, TMRO03: SPLITOn bit (n =1, 3)
TMROO, TMRO05, TMRO7: Fixed to 0

RO1UH0231EJ0111 Rev.1.11 R NS 233
Jan 31, 2014 ENES



RL78/F12 CHAPTER 6 TIMER ARRAY UNIT

Figure 6-12. Format of Timer Mode Register On (TMROnN) (1/4)

Address: FO190H, FO191H (TMROO) - 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
TMRON CKS | CKS 0 CCS | MAST | STS | STS | STS | CIS | CIS 0 0 MD | MD | MD | MD
(n=2,4,6) Onl | OnO On |EROn | On2 | On1 | OnO | Onl | OnO On3 | On2 | Onl | ONnO
Symbol 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
TMRON CKS | CKS 0 CCS | SPUT | STS | STS | STS | CIS | CIS 0 0 MD | MD | MD | MD
(n=1,3) Onl | OnO On On On2 | On1 | OnO | On1 | ONO On3 | On2 | On1l | ONnO
Symbol 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
TMRON CKS | CKS 0 ccs | o™ | STS | STS | STS | CIS | CIS 0 0 MD | MD | MD | MD
(n=0,5,7) Oonl | OnO on On2 | On1 | OnO | Onl1 | OnO On3 | On2 | On1 | ONnO
CKS | CKS Selection of operation clock (fuck) of channel n
Onl | OnO
0 0 Operation clock CKOO set by timer clock select register 0 (TPSO0)
0 1 Operation clock CKO02 set by timer clock select register 0 (TPSO0)
1 0 Operation clock CKO1 set by timer clock select register 0 (TPSO0)
1 1 Operation clock CKO03 set by timer clock select register 0 (TPSO0)

Operation clock (fuck ) is used by the edge detector. A count clock (frcik) and a sampling clock are generated
depending on the setting of the CCSO0n bit.

The operation clocks CK02 and CKO03 can only be selected for channels 1 and 3.

CCS Selection of count clock (frcwk) of channel n
on

0 Operation clock (fuck) specified by the CKSOn0O and CKSO0n1 bits

1 Valid edge of input signal input from the TIOn pin

Count clock (frcwk) is used for the timer/counter, output controller, and interrupt controller.

Note Bit 11 is fixed at O of read only, write is ignored.

Cautions 1. Be sure to clear bits 13,5, and 4to “0”.
2. The timer array unit must be stopped (TTO = O0FFH) 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 CKSOn0O and CKSOn1 bits (fuck) or the valid edge of the signal input
from the TIOn pin is selected as the count clock (frcik).

Remark n: Channel number (n =0to 7)

RO1UH0231EJ0111 Rev.1.11 R NS 234
Jan 31, 2014 ENES



RL78/F12

CHAPTER 6 TIMER ARRAY UNIT

Figure 6-12. Format of Timer Mode Register On (TMROnN) (2/4)

Address: FO190H, FO191H (TMRO00), FO194H, FO195H (TMRO02)  After reset: 0000H R/W
F0198H, FO199H (TMRO04) to FO19EH, FO19FH (TMRO7)

Symbol 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
TMRON CKS | CKS 0 CCS |MAST| STS | STS | STS | CIS | CIS 0 0 MD MD MD MD
(=0,2,4107) Onl | OnO On |EROn | On2 | On1 | OnO | Onl | OnO On3 | On2 | On1 | ONnO
Address: F0192H, FO193H (TMRO01), FO196H, FO197H (TMRO03)  After reset: 0000H R/W
Symbol 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
TMRON CKS | CKS 0 CCS |SPLUT | STS | STS | STS | CIS | CIS 0 0 MD MD MD MD
(n=1,3) onl | OnO on On On2 | On1 | OnO | Onl1 | OnO On3 | On2 | On1 | ONnO
(Bit 11 of TMRON (n =0, 2, 4 t0 7))
MAS Selection between using channel n independently or
TER simultaneously with another channel(as a slave or master)
On

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 even channel can be set as a master channel (MASTERON = 1).
Be sure to use odd-numbered channels as slave channels (MASTERON = 0).

Clear the MASTERON bit to O for a channel that is used with the independent channel operation function.

(

Bit 11 of TMRON (n =1, 3))

SPLI Selection of 8 or 16-bit timer operation for channels 1 and 3

TON

0 Operates as 16-bit timer.

function.)

(Operates in independent channel operation function or as slave channel in simultaneous channel operation

1 Operates as 8-bit timer.

STS | STS | STS
On2 | Onl1 | OnO

Setting of start trigger or capture trigger of channel n

Only software trigger start is valid (other trigger sources are unselected).

Valid edge of the TIOn pin input is used as both the start trigger and capture trigger.

= |O |O |O

0
0
1
0

with the simultaneous channel operation function).

0
1
0 Both the edges of the TIOn pin input are used as a start trigger and a capture trigger.
0

Interrupt signal of the master channel is used (when the channel is used as a slave channel

Other than above | Setting prohibited

Remark n: Channel number (n =0to 7)
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Figure 6-12. Format of Timer Mode Register On (TMROnN) (3/4)

Address: FO190H, FO191H (TMRO00), FO194H, FO195H (TMRO02)  After reset: 0000H R/W
F0198H, FO199H (TMRO04) to FO19EH, FO19FH (TMRO7)

Symbol 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
TMRON CKS | CKS 0 CCS | MAST | STS | STS | STS | CIS | CIS 0 0 MD | MD | MD | MD
(=0,2,4107) Onl | OnO On |EROn | On2 | On1 | OnO | Onl | OnO On3 | On2 | On1 | ONnO

Address: F0192H, FO193H (TMRO01), FO196H, FO197H (TMRO03)  After reset: 0000H R/W

Symbol 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
TMRON CKS | CKS 0 CCS | SPLIT| STS | STS | STS | CIS | CIS 0 0 MD | MD | MD | MD
(n=1,3) onl | OnO on On On2 | On1 | OnO | Onl1 | OnO On3 | On2 | On1 | ONnO
CIS | CIs Selection of TIOn pin input valid edge
Onl | OnO

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

CIS0nO0 bits to 10B.

If both the edges are specified when the value of the STSONn2 to STSONO bits is other than 010B, set the CISOn1 to

function/PWM output (master)

MD | MD | MD | MD | Operation mode of Corresponding function Count operation of
On3 | On2 | On1 | ONnO channel n TCR
0 0 0 1/0 | Interval timer mode | Interval timer/Square wave output/Divider | Counting down

output/PWM output (slave)

0 1 0 1/0 | Capture mode Input pulse interval measurement Counting up
0 1 1 0 Event counter mode | External event counter Counting down
1 0 0 1/0 | One-count mode Delay counter/One-shot pulse Counting down

1 1 0 0 Capture & one- Measurement of high-/low-level width of Counting up
count mode input signal
Other than above Setting prohibited

The operation of the MDONO bit varies depending on each operation mode (see table below).

Remark n: Channel number (n =0 to 7)
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Figure 6-12. Format of Timer Mode Register On (TMROnN) (4/4)

Address: FO190H, FO191H (TMRO00), FO194H, FO195H (TMRO02)  After reset: 0000H R/W
F0198H, FO199H (TMRO04) to FO19EH, FO19FH (TMRO7)
Symbol 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

TMRON CKS | CKS 0 CCS | MAST | STS | STS | STS | CIS | CIS 0 0 MD | MD | MD | MD
(=0,2,4107) Onl | OnO On |EROn | On2 | On1 | OnO | Onl | OnO On3 | On2 | On1 | ONnO

Address: F0192H, FO193H (TMRO01), FO196H, FO197H (TMRO03)  After reset: 0000H R/W

Symbol 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

TMRON CKS | CKS 0 CCS | SPLIT| STS | STS | STS | CIS | CIS 0 0 MD | MD | MD | MD

(n=1,3) onl | OnO on On On2 | On1 | OnO | Onl1 | OnO On3 | On2 | On1 | ONnO
Operation mode MD Setting of starting counting and interrupt

(Value set by the MDON3 to MDON1 bits 0no
(see table above))

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 M'©* 0 | Start trigger is invalid during counting operation.

(1,0,0) At that time, interrupt is not generated, either.

1 | Start trigger is valid during counting operation™**®?,

At that time, interrupt is also 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, either.

Other than above Setting prohibited

Notes 1. In one-count mode, interrupt output (INTTMOnN) when starting a count operation and TOOn output are not
controlled.
2. If the start trigger (TSO0.n = 1) is issued during operation, the counter is cleared, an interrupt is generated,
and recounting is started.

Remark n: Channel number (n=0to 7)
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(4) Timer status register On (TSROn)
The TSROn register indicates the overflow status of the counter of channel n.
The TSROnN register is valid only in the capture mode (MDOn3 to MDONn1 = 010B) and capture & one-count mode
(MDON3 to MDON1 = 110B). It will not be set in any other mode. See Table 6-5 for the operation of the OVF bit in
each operation mode and set/clear conditions.
The TSRON register can be read by a 16-bit memory manipulation instruction.
The lower 8 bits of the TSRON register can be set with an 8-bit memory manipulation instruction with TSROnL.
Reset signal generation clears this register to 0000H.

Figure 6-13. Format of Timer Status Register On (TSROn)

Address: FO1AOH, FO1A1H (TSR00) to FO1AEH, FO1AFH (TSR0O7)  After reset: 0000H R

Symbol 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
TSRON | 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0 | 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0 | 0 ‘ OVF ‘
OVF Counter overflow status of channel n

0 Overflow does not occur.

1 Overflow occurs.

When OVF = 1, this flag is cleared (OVF = 0) when the next value is captured without overflow.

Remark 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 clear When no overflow has occurred upon capturing
e Capture & one-count mode set When an overflow has occurred upon capturing
o Interval timer mode clear

e Event counter mode

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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(5) Timer channel enable status register 0 (TEO)
The TEO register is used to enable or stop the timer operation of each channel.
Each bit of the TEO register corresponds to each bit of the timer channel start register 0 (TS0) and the timer
channel stop register 0 (TTO0). When a bit of the TSO register is set to 1, the corresponding bit of this register is set

to 1. When a bit of the TTO register is set to 1, the corresponding bit of this register is cleared to 0.
The TEO register can be read by a 16-bit memory manipulation instruction.

The lower 8 bits of the TEO register can be set with a 1-bit or 8-bit memory manipulation instruction with TEOL.

Reset signal generation clears this register to 0000H.

Figure 6-14. Format of Timer Channel Enable Status register 0 (TEO)

Address: FO1BOH, FO1B1H  After reset: 0000H R

Symbol 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
TEO | 0 ‘ 0 ‘ 0 ‘ 0 ‘TEHO3| 0 ‘TEHOl‘ 0 ‘TEO.7 ‘TEO.G ‘TEO.S ‘TEO.4 ‘TEO.3 ‘TEO.Z |TEO.1 ‘TE0.0 ‘
TEH | Indication of whether operation of the higher 8-bit timer is enabled or stopped when channel 3 is in the 8-bit
03 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
01 timer mode
0 Operation is stopped.
1 Operation is enabled.
TEO.n 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 TEO.1 and TEO.3 is enabled or stopped when channel
1 or 3 is in the 8-bit timer mode.

Remark n: Channel number (n=0to 7)
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(6) Timer channel start register 0 (TS0)

The TSO register is a trigger register that is used to clear timer/counter register On (TCROn) 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 0 (TEO) is set to
1. The TS0.n, TSHO1, TSHO3 bits are immediately cleared when operation is enabled (TEO.n, TEHO01, TEHO3 = 1),
because they are trigger bits.

The TSO register can be set by a 16-bit memory manipulation instruction.

The lower 8 bits of the TSO register can be set with a 1-bit or 8-bit memory manipulation instruction with TSOL.
Reset signal generation clears this register to 0000H.

Figure 6-15. Format of Timer Channel Start register 0 (TSO0)

Address: FO1B2H, FO1B3H  After reset: 0000H R/W

Symbol
TSO

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

| 0 ‘ 0 ‘ 0 ‘ 0 ‘TSH03| 0 ‘TSHOl‘ 0 ‘TSO.?‘TSO.G‘TSO.S‘TSOA‘TSO.S‘TSO.2|TSO.1‘TS0.0‘

TSH | Trigger to enable operation (start operation) of the higher 8-bit timer when channel 3 is in the 8-bit timer mode
03

0 No trigger operation

1 The TEHO3 bit is set to 1 and the count operation becomes enabled.
The TCRO3 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
01

0 No trigger operation

1 The TEHO1 bit is set to 1 and the count operation becomes enabled.
The TCROL1 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).

TS0.n Operation enable (start) trigger of channel n

0 No trigger operation

1 The TEO.n bit is set to 1 and the count operation becomes enabled.
The TCRON 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 TS0.1 and TS0.3 when

channel 1 or 3 is in the 8-bit timer mode.

Cautions 1. Be sure to clear bits 15to 12, 10, 8to “0”

2. When switching from a function that does not use TIOn pin input to one that does, the
following wait period is required from when timer mode register On (TMRON) is set until the
TS0.n (TSHO1, TSHO3) bit is set to 1.

When the TIOn pin noise filter is enabled (TNFEN = 1): Four cycles of the operation clock (fuck)
When the TIOn pin noise filter is disabled (TNFEN = 0): Two cycles of the operation clock (fmck)

Remarks 1. When the TSO register is read, 0 is always read.

2. n: Channel number (n =0to 7)
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(@) Start timing in interval timer mode

<1> Operation is enabled (TEO.n = 1) by writing 1 to the TSO0.n bit.

<2> The write data to the TSO0.n bit is held until count clock generation.

<3> Timer/counter register On (TCRON) holds the initial value until count clock generation.

<4> On generation of count clock, the value of timer data register On (TDRON) is loaded to the TCRON register

and count starts.

Figure 6-16. Start Timing (In Interval Timer Mode)

e UL LU UL L

TS0.n (write)

A

TEO.n <1> )

Count clock

TS0.n (write) hold signal <2>

Start trigger detection signal

<3> ) <4>
TCRON Initial value ¥ TDRON value

N
\

INTTMON ' !

v

“~"When MDONO = 1 is set

Caution In the first cycle operation of count clock after writing the TS0.n bit, an error at a maximum of one
clock is generated since count start delays until count clock has been generated. When the
information on count start timing is necessary, an interrupt can be generated at count start by

setting MDOnO = 1.
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(b) Start timing in event counter mode

<1> Timer/counter register On (TCRON) holds its initial value while operation is stopped (TEO.n = 0).

<2> Operation is enabled (TEO.n = 1) by writing 1 to the TSO0.n bit.

<3> As soon as 1 has been written to the TS0.n bit and 1 has been set to the TEO.n bit, the value of timer data
register On (TDRON) is loaded to the TCROnN register to start counting.

<4> After that, the TCROnN register value is counted down according to the count clock.

Figure 6-17. Start Timing (In Event Counter Mode)

feee T LML UL U

TSO0.n (write)

N

TEO.n <1>
—_—<2>
Count clock
TS0.n (write) hold signal /

Start trigger detection signal

<1> )<3>
TCRON Initial value ¥ TDROnN value TDROnN value-1
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(c) Start timing in capture mode

<1> Operation is enabled (TEO.n = 1) by writing 1 to the TSO0.n bit.

<2> The write data to the TSO0.n bit is held until count clock generation.

<3> Timer/counter register On (TCRON) holds the initial value until count clock generation.
<4> On generation of count clock, 0000H is loaded to the TCRON register and count starts.

Figure 6-18. Start Timing (In Capture Mode)

fee LML L L

TSO0.n (write)

ap)

TEO.n
Count clock
TSO0.n (write) hold signal <2>

Start trigger detection signal

<3> ) <4>
TCRON Initial value ¥ 0000H

’

INTTMON ' }

\

" When MDONO = 1 is set

Caution In the first cycle operation of count clock after writing the TS0.n bit, an error at a maximum of one
clock is generated since count start delays until count clock has been generated. When the

information on count start timing is necessary, an interrupt can be generated at count start by
setting MDOnO = 1.
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(d) Start timing in one-count mode

<1> Operation is enabled (TEO.n = 1) by writing 1 to the TSO0.n bit.

<2> Enters the start trigger input wait status, and timer/counter register On (TCROn) holds the initial value.

<3> On start trigger detection, the value of timer data register On (TDROn) is loaded to the TCROn register and
count starts.

Figure 6-19. Start Timing (In One-count Mode)

e LU L L

TSO0.n (write) <1>

TEO.n ¥

TIONn edge detection signal

Count clock Nete ]

TSO0.n (write) hold signal

Start trigger detection signal

<2> )<3>
TCRON Initial value ¥ TDRON value

- »
o |

Start trigger input wait status

Note When the one-count mode is set, the operation clock (fuck) is selected as count clock (CCSOn = 0).

Caution An input signal sampling error is generated since operation starts upon start trigger detection (If
the TIOn pin input signal is used as a start trigger, an error of one count clock occurs.).
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(e) Start timing in capture & one-count mode
<1> Operation is enabled (TEO.n = 1) by writing 1 to the bit n for this register 0 (TS0.n).
<2> Enters the start trigger input wait status, and timer/counter register On (TCROnN) holds the initial value.

<3> On start trigger detection, 0000H is loaded to the TCROnN register and count starts.

Figure 6-20. Start Timing (In Capture & One-count Mode)

e LML U UL

TS0.n (write) <1>

TEO.n ¥

TIOn edge detection signal

Count clock Nete ]

TSO0.n (write) hold signal

Start trigger detection signal

<2> ) <3>
TCRON Initial value ¥ 0000H

Start trigger input wait status

Note When the capture & one-count mode is set, the operation clock (fuck) is selected as count clock (CCSOn = 0).

Caution An input signal sampling error is generated since operation starts upon start trigger detection (If
the TIOn pin input signal is used as a start trigger, an error of one count clock occurs.)
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(7) Timer channel stop register 0 (TTO)
The TTO 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 0 (TEOQ) is

cleared to 0. The TTO0.n, TTHO1, TTHO3 bits are immediately cleared when operation is stopped (TEO.n, TTHO1,

TTHO3 = 0), because they are trigger bits.
The TTO register can be set by a 16-bit memory manipulation instruction.

The lower 8 bits of the TTO register can be set with a 1-bit or 8-bit memory manipulation instruction with TTOL.

Reset signal generation clears this register to 0000H.

Figure 6-21. Format of Timer Channel Stop register 0 (TTO)

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
TTO | 0 ‘ 0 ‘ 0 ‘ 0 ‘TTHO3| 0 ‘TTHOl‘ 0 ‘TTO.? ‘TTO.G ‘TTO.S ‘TTO.4 ‘TTO.3 ‘TTO.Z |TTO.1 ‘TT0.0 ‘
TTH Trigger to stop operation of the higher 8-bit timer when channel 3 is in the 8-bit timer mode
03
0 No trigger operation
1 Operation is stopped (stop trigger is generated).
TTH Trigger to stop operation of the higher 8-bit timer when channel 1 is in the 8-bit timer mode
01
0 No trigger operation
1 Operation is stopped (stop trigger is generated).
TTO.n Operation stop trigger of channel n
0 No trigger operation
1 Operation is stopped (stop trigger is generated).
This bit is the trigger to stop operation of the lower 8-bit timer for TT0.1 and TT0.3 when channel 1 or 3 is in
the 8-bit timer mode.

Caution Be sure to clear bits 15 to 12, 10, 8 of the TTO register to “0”.

Remarks 1. When the TTO register is read, 0 is always read.
2. n: Channel number (n=0to 7)
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(8) Timer input select register 0 (TIS0)
The TISO register is used to select the channel 5 timer input..
The TISO register can be set by an 8-bit memory manipulation instruction.
Reset signal generation clears this register to 00H.

Figure 6-22. Format of Timer Input Select register 0 (TISO)

Address: FOO74H  After reset: 0OH R/W

Symbol 7 6 5 4 3 2 1 0
TISO 0 0 0 0 0 TIS0.2 TISO.1 TIS0.0
TIS02 TISO1 TIS00 Selection of timer input used with channel 5
0 0 0 Input signal of timer input pin (T105)
0 0 1
0 1 0
0 1 1
1 0 0 Low-speed on-chip oscillator clock (fiL)
1 0 1 Subsystem clock (fsus)
Other than above Setting prohibited

Caution High-level width, low-level width of timer input is selected, will require more than 1/fuck +10 ns.
Therefore, when selecting fsus to fcik (CSS bit of CKS register = 1), can not TISO2 bit set to 1.
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(9) Timer output enable register 0 (TOEQ)

The TOEO 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 TOO.n bit of timer
output register 0 (TOO) 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 (TOON).
The TOEO register can be set by a 16-bit memory manipulation instruction.
The lower 8 bits of the TOEO register can be set with a 1-bit or 8-bit memory manipulation instruction with TOEOL.
Reset signal generation clears this register to 0000H.

Figure 6-23. Format of Timer Output Enable register 0 (TOEO)

Address: FO1BAH, FO1BBH (TOEO), FO1FAH, FO1FBH (TOE1) After reset: 0000H R/W
Symbol 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
TOEO 0 0 0 0 0 0 0 0 TOE | TOE | TOE | TOE | TOE | TOE | TOE | TOE
07 06 05 04 03 02 01 00
TOE Timer output enable/disable of channel n
On
0 Diseble output of timer.
Without reflecting on TOmn bit timer operation, to fixed the output.
Writing to the TOmn bit is enabled.
1 Enable output of timer.
Reflected in the TOmn bit timer operation, to generate the output waveform.
Writing to the TOmn bit is disabled (writing is ignored).
Caution Be sureto clear bits 15to 8to “0”.

Remark n: Channel number (n=0to 7)
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(10) Timer output register 0 (TOO0)
The TOO 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 (TOOn) of each channel.
The TOO.n bit oh this register can be rewritten by software only when timer output is disabled (TOEOn = 0). When
timer output is enabled (TOEO.n = 1), rewriting this register by software is ignored, and the value is changed only
by the timer operation.
To use the P01/TO00, P16/TI01/TO01, P17/TI02/TO02 (P15"°'), P31/TI03/TO03 (P14"°'®), P42/T104/TO04
(P13Note),
PO5/TIO5/TOO05 (P12"°'), PO6/TI06/TO06 (P11N°"), or P41/TI07/TO07 (P10"°') pin as a port function pin, set the
corresponding TOO.n bit to “0”.
The TOO register can be set by a 16-bit memory manipulation instruction.
The lower 8 hits of the TOO register can be set with an 8-bit memory manipulation instruction with TOOL.
Reset signal generation clears this register to 0000H.

Figure 6-24. Format of Timer Output register 0 (TOO0)

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
TOO | 0 ’ 0 ’ 0 ’ 0 ’ 0 | 0 ’ 0 ’ 0 ’TOO.?’TOO.G’TOO.S’TOO.4’TOO.3’TOO.2|TOO.1’TO0.0‘
TOO0.n Timer output of channel n

0 Timer output value is “0".

1 Timer output value is “1”.

Caution Be sureto clear bits 15to 8to “0”.

Note “(P1x)" indicates an alternate port when the bit O of the peripheral 1/O redirection register (PIOR) is set
to “1”.

Remark n: Channel number (hn=0to 7)
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(11) Timer output level register 0 (TOLO)
The TOLO 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 (TOEO.n = 1) in the Slave channel output mode (TOMO.n = 1). In
the master channel output mode (TOMO.n = 0), this register setting is invalid.
The TOLO register can be set by a 16-bit memory manipulation instruction.
The lower 8 bits of the TOLO register can be set with an 8-bit memory manipulation instruction with TOLOL.
Reset signal generation clears this register to 0000H.

Figure 6-25. Format of Timer Output Level register 0 (TOLO)

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

TOLO 0 0 0 0 0 0 0 0 TOL | TOL | TOL | TOL | TOL | TOL | TOL 0
0.7 0.6 0.5 0.4 0.3 0.2 0.1

TOL Control of timer output level of channel n
0.n

0 Positive logic output (active-high)

1 Inverted output (active-low)

Caution Be sureto clear bits 15to 8, and 0to “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. n: Channel number (n=0to 7)
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(12) Timer output mode register 0 (TOMO)
The TOMO 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 (TOEO.n = 1).

The TOMO register can be set by a 16-bit memory manipulation instruction.

The lower 8 bits of the TOMO register can be set with an 8-bit memory manipulation instruction with TOMOL.

Reset signal generation clears this register to 0000H.

Figure 6-26. Format of Timer Output Mode register 0 (TOMO)

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

TOMO 0

0 0 0 0 0 0 0 TOM | TOM | TOM | TOM | TOM | TOM | TOM 0
0.7 0.6 0.5 0.4 0.3 0.2 0.1

TOM
0.n

Control of timer output mode of channel n

Master channel output mode (to produce toggle output by timer interrupt request signal (INTTMOn))

Slave channel output mode (output is set by the timer interrupt request signal (INTTMOn) of the master
channel, and reset by the timer interrupt request signal (INTTMOp) of the slave channel)

Caution Be sureto clear bits 15to 8, and 0to “0”.

Remark n: Channel number
n=0to7 (n=0, 2, 4, 6 for master channel)
p: Slave channel number

n<p<7

(For details of the relation between the master channel and slave channel, refer to 6.4.1 Basic Rules of
Simultaneous Channel Operation Function.)

RO1UH0231EJ0111 Rev.1.11 RENESAS

Jan 31, 2014

251



RL78/F12 CHAPTER 6 TIMER ARRAY UNIT

(13) Input switch control register (ISC)
The ISC.1 and ISC.0 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 ISC.1 bit is set to 1, the input signal of the serial data
input pin (RxD2) 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 6-27. 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 ISC.1 ISC.0
ISC.1 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 RxD2 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).

ISC.0 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 RxD2 pin as an external interrupt (wakeup signal detection).

Caution Be sureto clear bits 7to 2to “0".

Remark When the LIN-bus communication function is used, select the input signal of the RxD2 pin by setting
ISC.1to 1.
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(14) 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 before the start of operation by setting the corresponding bits to 1 on the pins in need of

noise removal.
When the noise filter is ON, match detection and synchronization of the 2 clocks is performed with the operation

clock (fuck). When the noise filter is OFF, only synchronization is performed with the operation clock (fmck).
The NFENL1 registers can be set by a 1-bit or 8-bit memory manipulation instruction.
Reset signal generation clears this register to O0H.

Note For details, see 6.5.1 (2) When valid edge of input signal via the TIOn pin is selected (CCSOn = 1) and 6.5.2

Start timing of counter.
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Figure 6-28. Format of Noise Filter Enable Register 1 (NFEN1)

Address: FOO71H  After reset: 00H R/IW

Symbol 7 6 5 4 3 2 1 0
NFEN1 TNFENO7 TNFENO6 TNFENO5 TNFENO4 TNFENO3 TNFENO2 TNFENO1 TNFENOO
TNFENO7 Enable/disable using noise filter of TIO7/TO07/P41 (P10) pin input signalNOte
0 Noise filter OFF
1 Noise filter ON
TNFENO6 Enable/disable using noise filter of TIO6/TO06/P06 (P11) pin input signal
0 Noise filter OFF
1 Noise filter ON
TNFENO5 Enable/disable using noise filter of TIO5/TO05/P05 (P12) pin input signal
0 Noise filter OFF
1 Noise filter ON
TNFENO4 Enable/disable using noise filter of TI04/TO04/P42 (P13) pin input signal
0 Noise filter OFF
1 Noise filter ON
TNFENO3 Enable/disable using noise filter of TIO3/TO03/P31 (P14) pin input signal
0 Noise filter OFF
1 Noise filter ON
TNFENO2 Enable/disable using noise filter of TI02/TO02/P17 (P15) pin input signal
0 Noise filter OFF
1 Noise filter ON
TNFENO1 Enable/disable using noise filter of TI01/P01/P16 pin input signal
0 Noise filter OFF
1 Noise filter ON
TNFENOO Enable/disable using noise filter of TIO0/POO0 pin input signal
0 Noise filter OFF
1 Noise filter ON
Notes 1. The applicable pin can be switched by setting the ISC.1 bit of the ISC register.
ISC.1 = 0: Whether or not to use the noise filter of the TI07 pin can be selected.
ISC.1 = 1: Whether or not to use the noise filter of the RxD2 pin can be selected.
2. “(P1x)" indicates a dedicated port when the bit O of the peripheral I/O redirection register (PIOR) is set to “1”.

Remark  The presence or absence of timer 1/O pins of channel 0 to 7 depends on the product. See Table 6-2

Timer 1/O Pins provided in Each Product for details.
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(15) Port mode registers 0, 1, 3, 4 (PMO, PM1, PM3, PM4)
These registers set input/output of ports 0, 1, 3, 4 in 1-bit units.
The presence or absence of timer I/O pins depends on the product. When using the timer array unit, set the
following port mode registers according to the product used.

20, 30, and 32-pin products: PMO, PM1, PM3
48, 64-pin products: PMO, PM1, PM3, PM4

When using the ports (such as P01/TO00 and P17/TO02/T102) to be shared with the timer output pin for timer
output, set the port mode register (PMxx) bit and port register (Pxx) bit corresponding to each port to 0.

Example: When using P17/TO02/T102 for timer output
Set the PM1.7 bit of port mode register 1 to O.
Set the P1.7 bit of port register 1 to 0.

When using the ports (such as PO0/TI00 and P17/TO02/T102) to be shared with the timer output pin for timer input,
set the port mode register (PMxx) bit corresponding to each port to 1. At this time, the port register (Pxx) bit may
be O or 1.

Example: When using P17/TO02/TI02 for timer input
Set the PM1.7 bit of port mode register 1 to 1.
Set the P1.7 bit of port register 1 to 0 or 1.

The PMO, PM1, PM3, PM4 registers can be set by a 1-bit or 8-bit memory manipulation instruction.
Reset signal generation sets these registers to FFH.

Remark In the 20- to 30-pin products, TIOO (P00) and TO0O (P01) pins alternate analog input pins. So, the PMCO
register should be set. See 4.3 (6) Port mode control registers (PMCO0, PMC12, PMC14) for details.
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Figure 6-29. Format of Port Mode Registers 0, 1, 3, 4 (PMO, PM1, PM3, PM4) (64-pin products)

Address: FFF20H  After reset: FFH R/W

Symbol
PMO

7 6 5 4 3 2 1 0

1 PMO0.6 PMO0.5 PMO0.4 PMO0.3 PMO0.2 PMO0.1 PMO0.0

Address: FFF21H  After reset: FFH R/W

Symbol
PM1

7 6 5 4 3 2 1

PM1.7 PM1.6 PM1.5 PM1.4 PM1.3 PM1.2 PM1.1 PM1.0

Address: FFF23H  After reset: FFH R/W

Symbol
PM3

7 6 5 4 3 2 1

1 1 1 1 1 1 PM3.1 PM3.0

Address: FFF24H  After reset: FFH R/W

Symbol 7 6 5 4 3 2 1
PM4 1 1 1 1 PM4.3 PM4.2 PM4.1 PM4.0
PMm.n Pmn pin I/O mode selection(m=0,1,3,4;,n=0t0 7)
0 Output mode (output buffer on)
1 Input mode (output buffer off)
Remark The figure shown above presents the format of port mode registers 0, 1, 3, and 4 of the 64-pin products. The
format of the port mode register of other products, see 4.3 (1) Port mode registers (PMxx).
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6.4 Basic Rules of Simultaneous Channel Operation Function

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.

@)
@)
®)

(4)

®)

(6)

™
®

©)

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 CKSOn0, CKSOn1 bits (bit 15, 14 of timer mode register On (TMROnN)) 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 INTTMOnN (interrupt), start software trigger, and count clock to the lower channels.

A slave channel can use INTTMOn (interrupt), a start software trigger, or the count clock of the master channel as a
source clock, but cannot transmit its own INTTMOn (interrupt), start software trigger, or count clock to channels
with lower channel numbers.

A master channel cannot use INTTMOn (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 (TS0.n) of the channels

in combination must be set at the same time.

(11) To stop the channels in combination simultaneously, the channel stop trigger bit (TT0.n) of the channels in

combination must be set at the same time.

(12) During the counting operation, a TSOn bit of a master channel or TSOn bits of all channels which are operating

simultaneously can be set. It cannot be applied to TSOn bits of slave channels alone.

(13) CK02/CK03 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  n: Channel number (n =0to 7)
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Figure 6-30. Basic Rules of Simultaneous Channel Operation Function

CKO0O0 / \ Channel group 1
—_— P! | Channel 0: Master | 5 (Simultaneous channel operation

: ] function)

: | Channel 1: Slave | :

f Channel group 2

; | Channel 2: Slave | : (Simultaneous channel operation

- function)

Channel 3: independent channel
operation function /

o * The operating clock of channel group 1 may
CKL,; Channel 4: Master | , be different from that of channel group 2.
CKO0O | - i

; Channel 5: independent ! * A channel that operates independent

' channel operation - channel operation function may be between

5 function | channel group 1 and channel group 2.

' Channel 6: Slave ' *A channel that operates independent

~ channel operation function may be between

- a master and a slave of channel group 2.
Channel 7: independent channel Furthermore, the operating clock may be set
operation function 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:

@)
@)
®)
4)
®)
(6)

@)

®)

9)

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 On (TMRON) to 1.

The higher 8 bits can be operated as the interval timer function.

At the start of operation, the higher 8 bits output INTTMO1H/INTTMO3H (an interrupt) (which is the same operation
performed when MDONO is set to 1).

The operation clock of the higher 8 bits is selected according to the CKSOn1 and CKSOnO bits of the lower-bit
TMROn register.

For the higher 8 bits, the TSHO1/TSHO03 bit is manipulated to start channel operation and the TTHO1/TTHO3 bit is
manipulated to stop channel operation. The channel status can be checked using the TEHO1/TEHO03 bit.

The lower 8 bits operate according to the TMRON register settings. The following three functions support operation
of the lower 8 bits:

« Interval timer function

o External event counter function

e Delay count function

For the lower 8 hits, the TS0.1/TS0.3 bit is manipulated to start channel operation and the TT0.1/TT0.3 hit is
manipulated to stop channel operation. The channel status can be checked using the TE0.1/TEO.3 bit.

During 16-bit operation, manipulating the TSHO1, TSHO03, TTHO1, and TTHO3 bits is invalid. The TS0.1, TSO0.3,
TTO0.1, and TTO0.3 bits are manipulated to operate channels 1 and 3. The TEH03 and TEHOL1 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 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 between following by CCSOn bit of timer mode register On
(TMRON).

¢ Operation clock (fmck) specified by the CKSOn0 and CKSOn1 bits
e Valid edge of input signal input from the TIOn 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 (fuck) specified by the CKSOn0 and CKSOn1 bits is selected (CCSOn = 0)
The count clock (frcik) is between fcik to foik 2% by setting of timer clock select register 0 (TPS0). When a divided
fck is selected, however, the clock selected in TPSOn register, but a signal which becomes high level for one
period of fcLk from its rising edge. When a fcik is selected, fixed to high level
Counting of timer count register On (TCROn) delayed by one period of fcik from rising edge of the count clock,
because of synchronization with fck. But, this is described as “counting at rising edge of the count clock”, as a
matter of convenience.

Figure 6-31. Timing of fcik and count clock (frcik) (When CCSOn = 0)

o MU UL UL UL LU

Q-2 e I e N s s I Y I Y e O
A A A A A A A A A A A A A A A A A A
fex/4 l |
. A A A A A A A A
TCLK
(= fmek fewk/8
= CKOn) A A A A
fek/16 l
) A A
N
Remarks 1. A : Rising edge of the count clock
A : Synchronization, increment/decrement of counter
2.fcik: Operation clock
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(2) When valid edge of input signal via the TIOn pin is selected (CCSOn = 1)
The count clock (frcLk) becomes the signal that detects valid edge of input signal via the TIOn 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 TIOn pin
(when a noise filter is used, the delay becomes 3 to 4 clock).
Counting of timer count register On (TCROn) delayed by one period of fcik 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 TIOn
pin”, as a matter of convenience.

Figure 6-32. Timing of fcik and count clock (frcik) (When CCSOn = 1, noise filter unused)

fucx | [ 1] [ I—ég_ﬂ %_I_\ [T

TSOn (Write)
<1> Q

TEON

(
T

Edge detection [ <3> Edge detection

Rising edge ] —
detection signal (frcik) | i( |
A A //

Sampling wave |

<1> Setting TSOn bit to 1 enables the timer to be started and to become wait state for valid edge of input signal
via the TIOn pin.

<2> The rise of input signal via the TIOn 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.

Remarks i : Rising edge of the count clock
A : Synchronization, increment/decrement of counter
2. fck: Operation clock
fmck: Operation clock of channel n
3. The waveform of the input signal via TIOn pin of the input pulse interval measurement, the
measurement of high/low width of input signal, and the delay counter, the one-shot
pulse
output are the same as that shown in Figure 6-22.
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6.5.2 Start timing of counter
Timer count register On (TCRON) becomes enabled to operation by setting of TSOn bit of timer channel start register 0

(TSO).

Operations from count operation enabled state to timer count Register On (TCROn) count start is shown in Table 6-6.

Table 6-6. Operations from Count Operation Enabled State to Timer/counter Register On (TCROn) Count Start

Timer operation mode

Operation when TSOn = 1 is set

¢ Interval timer mode

No operation is carried out from start trigger detection (TSOn = 1) until count
clock generation.
The first count clock loads the value of the TDROnN register to the TCROnN 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 TSOn bit loads the value of the TDROnN register to the TCROn
register.

If detect edge of TIOn 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 until count clock
generation.

The first count clock loads 0000H to the TCROn 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 TSOn bit while the
timer is stopped (TEOn = 0).

No operation is carried out from start trigger detection until count clock
generation.

The first count clock loads the value of the TDROnN register to the TCROnN 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 TSOn bit while the
timer is stopped (TEOn = 0).

No operation is carried out from start trigger detection until count clock
generation.

The first count clock loads 0000H to the TCROn 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 (TEOn = 1) by writing 1 to the TSOn bit. Timer count register On (TCROnN) 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 MDONO bit is set to 1, INTTMOn is generated by the start trigger.

<4> By the first count clock after the operation enable, the value of timer data register On (TDRON) is loaded to the
TCRON register and counting starts in the interval timer mode.

<5> When the TCROn register counts down and its count value is 0000H, INTTMOn is generated and the value of
timer data register On (TDRON) is loaded to the TCROnN register and counting keeps on.

Figure 6-33 Operation Timing (In Interval Timer Mode)

oy LA 1 ]

TSOn (Write) l\

<1>

TEON _,

<2>

Start trigger
detection signal

TCRON Initial m Mol =teseressares 0001 000(“ m
value
TDRON <3>| [} <4> m > ( ))

\ ............ <5> g
INTTMON o ‘| ----

Caution In the first cycle operation of count clock after writing the TSOn bit, an error at a maximum of one
clock is generated since count start delays until count clock has been generated. When the

information on count start timing is necessary, an interrupt can be generated at count start by
setting MDONnO = 1.

Remark fuck, the start trigger detection signal, and INTTMOn become active between one clock in
synchronization with fcix.
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(2) Operation of event counter mode

<1> Timer count register On (TCRON) holds its initial value while operation is stopped (TEOn = 0).

<2> Operation is enabled (TEOn = 1) by writing 1 to the TSOn bit.

<3> As soon as 1 has been written to the TSOn bit and 1 has been set to the TEOn bit, the value of timer data
register On (TDRON) is loaded to the TCROnN register to start counting.

<4> After that, the TCROn register value is counted down according to the count clock of the valid edge of the TIOn

input .
Figure 6-34 Operation Timing (In Event Counter Mode)
fmek —I |_| |_| gé I gé |_| |__|
TSOn (Write) N
> N
TEON
— k2>
TIOn input | l )&‘ ( ( I
Edge detection | Edge detection
Count clock
Start trigger / <4>
detection signal
<1> 2<3>
Initial _ _
TCRON value N m m-1 m-2
<3>
TDRON / m

Remark The timing is shown in Figure 6-34 indicates while the noise filter is not used. By making the noise filter
on-state, the edge detection becomes 2 fuck cycles (it sums up to 3 to 4 cycles) later than the normal
cycle of TIOn input.
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(3) Operation of capture mode (input pulse interval measurement)

<1> Operation is enabled (TEOn = 1) by writing 1 to the TSOn bit.

<2> Timer count register On (TCRON) 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 TCRON register and counting starts in the capture mode. (When the MDONO bit is set to 1, INTTMOn is
generated by the start trigger.)

<4> On detection of the valid edge of the TIOn input, the value of the TCROn register is captured to timer data
register On (TDRON) and INTTMOn is generated. However, this capture value is nomeaning. The TCROn
register keeps on counting from 0000H.

<5> On next detection of the valid edge of the TIOn input, the value of the TCROnN register is captured to timer data
register On (TDRON) and INTTMOn is generated.

Figure 6-35 Operation Timing (In Capture Mode : Input Pulse Interval Measurement)

= gngn

TSOn(Write) |_|

<1>

V]
TEON | Note
<3> ) //
TIOn input | >> \ég
\ ctio Edge detection
|_
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Start trigger
detection signal
2<3>

<2>
/
TCRON Initial value ] 0000 00010 0000 Sé > m-1 m () 0000

\

TDRON 0001 o€ X m

INTTMON |_| [ ]

Note If a clock has been input to TIOn (the trigger exists) when capturing starts, counting starts when a trigger is
detected, even if no edge is detected. Therefore, the first captured value (<4>) does not determine a pulse
interval (in the above figure, 0001 just indicates two clock cycles but does not determine the pulse interval)
and so the user can ignore it.

Caution In the first cycle operation of count clock after writing the TSOn bit, an error at a maximum of one
clock is generated since count start delays until count clock has been generated. When the
information on count start timing is necessary, an interrupt can be generated at count start by
setting MDOnO = 1.

Remark The timing is shown in Figure 6-35 indicates while the noise filter is not used. By making the noise filter
on-state, the edge detection becomes 2 fmck cycles (it sums up to 3 to 4 cycles) later than the normal
cycle of TIOn input.
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(4) Operation of one-count mode

<1> Operation is enabled (TEOn = 1) by writing 1 to the TSOn bit.
<2> Timer count register On (TCRON) holds the initial value until start trigger generation.
<3> Rising edge of the TIOn input is detected.

<4> On start trigger detection, the value of timer data register On (TDROn) is loaded to the TCROn register and
count starts.

<5> When the TCROn register counts down and its count value is 0000H, INTTMOn is generated and the value of
the TCRON register becomes FFFFH and counting stops.
Figure 6-36 Operation Timing (In One-count Mode)
fmek
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<d> > /)
Start trigger

detection signal |_

<2> 2 <5>
/
TCROn Initial value m SD 1 0 FFFF

INTTMOn _I

Start trigger input wait status

Remark The timing is shown in Figure 6-36 indicates while the noise filter is not used. By making the noise filter
on-state, the edge detection becomes 2 fuck cycles (it sums up to 3 to 4 cycles) later than the normal

cycle of TIOn input. The error per one period occurs be the asynchronous between the period of the TIOn
input and that of the count clock (fvck).
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(5) Operation of capture & one-count mode (high-level width measurement)

<1> Operation is enabled (TEOn = 1) by writing 1 to the TSOn bit of timer channel start register 0 (TSO0).
<2> Timer count register On (TCRON) holds the initial value until start trigger generation.

<3> Rising edge of the TIOn input is detected.

<4> On start trigger detection, the value of 0000H is loaded to the TCRON register and count starts.

<5> On detection of the falling edge of the TIOn input, the value of the TCROn register is captured to timer data
register On (TDRON) and INTTMOn is generated.

Figure 6-37 Operation Timing (In Capture & One-count Mode : High-level Width Measurement)
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Remark The timing is shown in Figure 6-37 indicates while the noise filter is not used. By making the noise filter

on-state, the edge detection becomes 2 fuck cycles (it sums up to 3 to 4 cycles) later than the normal

cycle of TIOn input. The error per one period occurs be the asynchronous between the period of the TIOn

input and that of the count clock (fvck).
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6.6 Channel Output (TOOn pin) Control

6.6.1 TOON pin output circuit configuration

Figure 6-38 Output Circuit Configuration

<5>
TOO.n register
Interrupt signal of the master channel
INTTMOnN =
e —
Interrupt signal of the slave channel é — TOON pin
(INTTMOp) _:)— Reset/toggle
<1>
<2>
<3> <>
TOLO.n
TOMO.n Internal bus
TOEOQ.n TOO.n write signal

The following describes the TOON pin output circuit.

<1> When TOMO.n = 0 (master channel output mode), the set value of timer output level register 0 (TOLO) is

ignored and only INTTMOp (slave channel timer interrupt) is transmitted to timer output register 0 (TOO).

<2> When TOMO.n = 1 (slave channel output mode), both INTTMOn (master channel timer interrupt) and INTTMOp

(slave channel timer interrupt) are transmitted to the TOO register.
At this time, the TOLO register becomes valid and the signals are controlled as follows:

When TOLO.n = 0: Forward operation (INTTMOn — set, INTTMOp — reset)
When TOLO.n = 1: Reverse operation (INTTMOn — reset, INTTMOp — set)

When INTTMOn and INTTMOp are simultaneously generated, (0% output of PWM), INTTMOp (reset signal)
takes priority, and INTTMOn (set signal) is masked.

<3> While timer output is enabled (TOEO.n = 1), INTTMOn (master channel timer interrupt) and INTTMOp (slave

channel timer interrupt) are transmitted to the TOO register. Writing to the TOO register (TOOn write signal)
becomes invalid.

When TOEO.n = 1, the TOON pin output never changes with signals other than interrupt signals.

To initialize the TOON pin output level, it is necessary to set timer operation is stopeed (TOEO.n = 0) and to
write a value to the TOO register.

<4> While timer output is disabeled (TOEO.n = 0), writing to the TOO.n bit to the target channel (TOOn write signal)

becomes valid. When timer output is disabeled (TOEO.n = 0), neither INTTMOn (master channel timer
interrupt) nor INTTMOp (slave channel timer interrupt) is transmitted to the TOO register.

<5> The TOO register can always be read, and the TOOn pin output level can be checked.

Remark n: Channel number

n=0to7(n=0, 2, 4, 6 for master channel)
p: Slave channel number
n<ps7
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6.6.2 TOONn Pin Output Setting
The following figure shows the procedure and status transition of the TOOn output pin from initial setting to timer
operation start.

Figure 6-39 Status Transition from Timer Output Setting to Operation Start

TCROn Undefined value (FFFFH after reset) | I\

(Counter)

Timer alternate-functionpin = === === === == = = = = =

Timer output signal —l
TOO0.n |
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'
Mrite operation enabled period to TOO.nX Write operation disabled period to TOO.n )
f T n
' ' !
A K A A A
<1>Set TOMO.n <2>SetTOO.n  <3>Set TOEO.n <4> Set the portto <5> Timer operation start
Set TOLO.n output mode

[

<1> The operation mode of timer output is set.

e TOMO.n bit (0: Master channel output mode, 1: Slave channel output mode)
e TOLO.n bit (0: Forward output, 1: Reverse output)

<2> The timer output signal is set to the initial status by setting timer output register 0 (TOO).

<3> The timer output operation is enabled by writing 1 to the TOEO.n bit (writing to the TOO register is disabled).

<4> The port is set to digital I/O by port mode control register (PMCxx) (see 6.3 (15) Port mode registers 0, 1, 3,
4 (PMO, PM1, PM3, PM4)).

<5> The port I/O setting is set to output (see 6.3 (15) Port mode registers 0, 1, 3, 4 (PMO, PM1, PM3, PM4)).

<6> The timer operation is enabled (TS0.n = 1).

Remark n: Channel number (n=01to 7)
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6.6.3 Cautions on Channel Output Operation
(1) Changing values set in the registers TOO, TOEO, TOLO, and TOMO during timer operation

Since the timer operations (operations of timer/counter register On (TCROn) and timer data register On (TDROnN)) are
independent of the TOON output circuit and changing the values set in timer output register 0 (TOO), timer output enable
register 0 (TOEO), timer output level register 0 (TOLO), and timer output mode register 0 (TOMO) does not affect the
timer operation, the values can be changed during timer operation. To output an expected waveform from the TOOn pin
by timer operation, however, set the TO0, TOEO, TOLO, and TOMO registers to the values stated in the register setting
example of each operation.

When the values set to the TOEO, TOLO, and TOMO registers (but not the TOO register) are changed close to the
occurrence of the timer interrupt (INTTMOn) of each channel, the waveform output to the TOOn pin might differ,
depending on whether the values are changed immediately before or immediately after the timer interrupt (INTTMOn)

occurs.

Remark n: Channel number (n=0to 7)
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(2) Default level of TOOn pin and output level after timer operation start

The change in the output level of the TOOn pin when timer output register 0 (TOO) is written while timer output is
disabled (TOEO.n = 0), the initial level is changed, and then timer output is enabled (TOEO.n = 1) before port
output is enabled, is shown below.

(@) When operation starts with master channel output mode (TOMO.n = 0) setting
The setting of timer output level register 0 (TOLO) is invalid when master channel output mode (TOMO.n = 0).
When the timer operation starts after setting the default level, the toggle signal is generated and the output
level of the TOON pin is reversed.

Figure 6-40. TOOn Pin Output Status at Toggle Output (TOMOn = 0)

TOEON
. Default —
((HI-Z |ans TOON bit=0 A
(Default status : Low)
> TOLOn bit=0
) (Active high)
-— TOONn bit=1
(Default status : High) ~
TOON
(Output) TOONn bit=0 A
T (Default status : Low)
> TOLOn bit=1
o ToOn bit= 1 (Active low)
| (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 TOON pin output status
2. n: Channel number (n=0to 7)
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(b) When operation starts with slave channel output mode (TOMO.p = 1) setting (PWM output))
When slave channel output mode (TOMO.p = 1), the active level is determined by timer output level register 0
(TOLO) setting.

Figure 6-41. TOOn Pin Output Status at PWM Output (TOMO.p = 1)

TOEOp I

Active Active Active
[ Hi-z D?‘i”'t TOOp bit=0 )
status (Default status : Low) )
TOLOp bit=0
. (Active high)
TOOp bit = 1
(Default status : High) )
TOOp <
(output) TOOp bit=0 A
— (Default status : Low)
| TOLOp bit = 1
(Active low)
TOOp bit=1
L (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 TOOn pin changes from inactive level to active level.
Reset:  The output signal of the TOOnN pin changes from active level to inactive level.
2. n: Channel number (n =0to 7)
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(3) Operation of TOON pin in slave channel output mode (TOMO.n = 1)

(@) When timer output level register 0 (TOLO) setting has been changed during timer operation
When the TOLO register setting has been changed during timer operation, the setting becomes valid at the
generation timing of the TOON pin change condition. Rewriting the TOLO register does not change the output
level of the TOON pin.
The operation when TOMO.n is set to 1 and the value of the TOLO register is changed while the timer is

operating (TEO.n = 1) is shown below.

Figure 6-42. Operation when TOLO Register Has Been Changed during Timer Operation

Output set signal M I M |
(Internal signal) I,’
Output reset signal M I ' 1 L 1
(Internal signal) \; \; \ ( (
TOLO.n /l\ \ > ‘. >
A
TOON pin — s | | |

TOON does not change  Set/reset signals are inverted

Remarks 1. Set: The output signal of the TOOn pin changes from inactive level to active level.
Reset:  The output signal of the TOOnN pin changes from active level to inactive level.
2. n: Channel number (n=0to 7)
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(b) Set/reset timing

To realize 0%/100% output at PWM output, the TOON pin/TOO0.n bit set timing at master channel timer interrupt
(INTTMOn) 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 6-43 shows the set/reset operating statuses where the master/slave channels are set as follows.

Master channel: TOEO.n=1, TOMO.n=0, TOLO.n=0
Slave channel: TOEO.p=1,TOMO.p=1,TOLO.p=0

Figure 6-43. Set/Reset Timing Operating Statuses
(1) Basic operation timing

S | )

INTTMON ﬂ
Master Internal reset
channel signal 1 ) ‘)
TOON pin/ I |
TOON  1oggle Toggle

~

e Internal set
signal

—
1 clock delay
INTTMOp /

Slave
channel
Internal reset
signal
TOOp pin/ x ) e
TOOp —
-~ Set Reset Set
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(2) Operation timing when 0 % duty

frewe _Jennfinnnnnnnnnnin.
INTTMON M
Master Internal reset
channel signal | )
TOON pin/ )
TOON J
Toggle Toggle
Internal set
signal —
1 clock delay \ \
TCROp loooo 0001...\ ...................................... loooo 0001 \
INTTMOp } ]
Slave
channel Internal reset / l— / Set
signal
TOOp pin/  Reset & / Set Reset<‘ /
K TOOp
Reset has priority. Reset has priority.

Remarks 1. Internal reset signal: TOOnN pin reset/toggle signal
Internal set signal:  TOON pin set signal
2. n: Channel number (n=0to 7)
n=0to7 (n=0, 2, 4, 6 for master channel)
p: Slave channel number
n<p<7
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6.6.4 Collective manipulation of TOO0.n bit

In timer output register 0 (TOO), the setting bits for all the channels are located in one register in the same way as timer
channel start register 0 (TS0). Therefore, the TOO.n bit of all the channels can be manipulated collectively.

Only the desired bits can also be manipulated by enabling writing only to the TOO.n bits (TOEO.n = 0) that correspond
to the relevant bits of the channel used to perform output (TOON).

Figure 6-44 Example of TOOn Bit Collective Manipulation

Before writing

TOO 0 0 0 0 0 0 0 0 ([TO0.7|TO0.6|TO0.5|TO0.4|TO0.3|TO0.2|TOO.1|TOO.0

TOEO 0 0 0 0 0 0 0 0 |TOEO.7|TOEO0.6| TOEQ.5{ TOE0.4| TOEQ.3| TOE0.2| TOEO.1{ TOEO0.0
0 0 1 0 1 1 1 1

Data to be written

[ofoJofofJoJofJofJola]afofJoJofofur[a]
After writing ? é % @ % % % f
TOO 0 0 0 0 0 0 0 0 |TO0.7(TO0.6|TO0.5{TOC0.4|TO0.3|TO0.2|TOO.1|TOO.0

1 1 1 0 0 0 1 0

Writing is done only to the TOO.n bit with TOEO.n = 0, and writing to the TOO.n bit with TOEO.n = 1 is ignored.
TOON (channel output) to which TOEONn = 1 is set is not affected by the write operation. Even if the write operation is
done to the TOO.n bit, it is ignored and the output change by timer operation is normally done.

Figure 6-45. TOOn Pin Statuses by Collective Manipulation of TO0.n Bit

E Two or more TOOnN output can
A« | be changed simultaneously

T007 5 iR
: ! Output does not change
TO06 ! \ when value does not
. s change
oo | ><
TO04 i
TO03 | t Writing to the TOO.n bit
E T is ignored when TOEO.n
TO02 I ' : : ' /F =1
To01 _| : Lo
TO00 | i i
A A

Before writing Writing to the TOO.n bit

Caution While timer output is enabled (TOEO.n = 1), even if the output by timer interrupt of each timer
(INTTMOnN) contends with writing to the TOO.n bit, output is normally done to the TOOn pin.

Remark n: Channel number (n=0to 7)
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6.6.5 Timer Interrupt and TOONn Pin Output at Operation Start

In the interval timer mode or capture mode, the MDONO bit in timer mode register On (TMRON) sets whether or not to
generate a timer interrupt at count start.

When MDONO is set to 1, the count operation start timing can be known by the timer interrupt (INTTMOn) generation.

In the other modes, neither timer interrupt at count operation start nor TOOn output is controlled.

Figures 6-37 and 6-38 show operation examples when the interval timer mode (TOEO.n = 1, TOMO.n = 0) is set.

Figure 6-46. When MDONnO is setto 1

TCRON
TEO.N |:
INTTMON h I I
TOON /;'I | —
—;

Count operation start

When MDONO is set to 1, a timer interrupt (INTTMOn) is output at count operation start, and TOOn performs a toggle
operation.

Figure 6-47. When MDONO is setto O

TCROn
TEO.n I:
INTTMON ﬂ M
TOON ' “'\\ /.: |
T 1

Count operation start

When MDONO is set to 0, a timer interrupt (INTTMON) is not output at count operation start, and TOOn does not change
either. After counting one cycle, INTTMOn is output and TOOn performs a toggle operation.

Remark n: Channel number (n=0to 7)
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6.7 Independent Channel Operation Function of Timer Array Unit

6.7.1 Operation as interval timer/square wave output

@

@)

Interval timer
The timer array unit can be used as a reference timer that generates INTTMOn (timer interrupt) at fixed intervals.
The interrupt generation period can be calculated by the following expression.

| Generation period of INTTMOnN (timer interrupt) = Period of count clock x (Set value of TDROn + 1) |

Operation as square wave output

TOON performs a toggle operation as soon as INTTMOn has been generated, and outputs a square wave with a
duty factor of 50%.

The period and frequency for outputting a square wave from TOOn can be calculated by the following expressions.

| ¢ Period of square wave output from TOOn = Period of count clock x (Set value of TDROn + 1) x 2 |

| e Frequency of square wave output from TOOn = Frequency of count clock/{(Set value of TDROn + 1) x 2} |

Timer/counter register On (TCRON) operates as a down counter in the interval timer mode.

The TCROnN register loads the value of timer data register On (TDRON) at the first count clock after the channel start
trigger bit (TS0.n, TSHO1, TSHO3) of timer channel start register 0 (TSO0) is set to 1. If the MDONO bit of timer mode
register On (TMRON) is 0 at this time, INTTMOn is not output and TOOnN is not toggled. If the MDONO bit of the
TMROnN register is 1, INTTMOn is output and TOOn is toggled.

After that, the TCROnN register count down in synchronization with the count clock.

When TCROn = 0000H, INTTMOn is output and TOOn is toggled at the next count clock. At the same time, the
TCROnN register loads the value of the TDRON register again. After that, the same operation is repeated.

The TDROnN register can be rewritten at any time. The new value of the TDROn register becomes valid from the
next period.

Remark n: Channel number (n =0to 7)
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Figure 6-48. Block Diagram of Operation as Interval Timer/Square Wave Output

CKO1

Operation clock°'®
CKO0O0

TSO0.n

e
i)
©
(3]
E -
imer counter o _
X~ utput
8 —| register On (TCROn) controller © TOO0n pin
O
g
8
8
. Timer data Interrupt Interruot sianal
Eé register On(TDRON) controller (INTTI\ﬁOn)g
g

Note When channels 1 and 3, the clock is selected from CK00, CK01, CK02 and CKO03.

Figure 6-49. Example of Basic Timing of Operation as Interval Timer/Square Wave Output (MDONO = 1)

TSO0.n

TEO.n

TCRON

TDRON

TOON

INTTMON

0000H

a+l a+l a+l b+1' b+1' b+l

Remarks 1. n: Channel number (n=01to 7)

2. TSO.n:
TEO.n:
TCRON:
TDRON:
TOON:

Bit n of timer channel start register 0 (TS0)

Bit n of timer channel enable status register 0 (TEO)
Timer/counter register On (TCROnN)

Timer data register On (TDROnN)

TOON pin output signal
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Figure 6-50. Example of Set Contents of Registers During Operation as Interval Timer/Square Wave Output (1/2)

(&) Timer mode register On (TMROnN)
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

TMRON  |ckson1|cksono ccson | mris N*®| STS0n2|STSON1 | STSONO| CISON1 | CISONO MDOn3 | MDOn2 | MDON1 | MDONO
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 INTTMOnN nor inverts
timer output when counting is started.
1: Generates INTTMOn and inverts timer
output when counting is started.

| Selection of TIOn pin input edge
00B: Sets 00B because these are not used.

| Start trigger selection
000B: Selects only software start.

Setting of MASTERON bit (channels 2, 4, 6)
o Independent channel operation
Setting of SPLITOn bit (channels 1, 3)

1: 8-bit timer mode.

| Count clock selection
0: Selects operation clock (fvck).

Operation clock (fwck) selection
00B: Selects CKOO0 as operation clock of channel n.
10B: Selects CKO01 as operation clock of channel n.
01B: Selects CKO02 as operation clock of channels 1, 3 (This can only be selected using channels 1 and
3 in the 8-bit timer mode).

11B: Selects CKO03 as operation clock of channels 1, 3 (This can only be selected using channels 1 and
3 in the 8-bit timer mode).

(b) Timer output register 0 (TOO)

Bit n
TOO TOO.n 0: Outputs 0 from TOON.
1/0 1: Outputs 1 from TOON.

(c) Timer output enable register 0 (TOEO)

Bit n
TOEO |TOEO.N 0: Stops the TOON output operation by counting operation.
1/0 1: Enables the TOOn output operation by counting operation.

Note TMROO, TMRO2, TMR04 to TMRO7: MASTERON bit
TMRO1, TMRO3: SPLITOnN bit

Remark n: Channel number (n=01to 7)
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Figure 6-50. Example of Set Contents of Registers During Operation as Interval Timer/Square Wave Output (2/2)

(d) Timer output level register 0 (TOLO)
Bit n

TOLO TOLO.n
0

0: Cleared to 0 when TOMOnN = 0 (master channel output mode)

(e) Timer output mode register 0 (TOMO)
Bit n
TOMO |Tomo.n 0: Sets master channel output mode.
0

Remark n: Channel number (n =0to 7)

RO1UH0231EJ0111 Rev.1.11 RENESAS 281

Jan 31, 2014



Operation is resumed.

RL78/F12

CHAPTER 6 TIMER ARRAY UNIT

Figure 6-51. Operation Procedure of Interval Timer/Square Wave Output Function (1/2)

A4

Software Operation Hardware Status
TAU Power-off status
default (Clock supply is stopped and writing to each register is
setting disabled.)
Sets the TAUOEN bit of peripheral enable register 0
(PERO) to 1. P Power-on status. Each channel stops operating.
(Clock supply is started and writing to each register is
enabled.)
Sets timer clock select register 0 (TPSO0).
Determines clock frequencies of CK0O and CKO1 (or
CKO02 and CKO03 when using the 8-bit timer mode).
Channel | Sets timer mode register On (TMROnN) (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 On
(TDRON).
To use the TOON output The TOON pin goes into Hi-Z output state.
Clears the TOMO.n bit of timer output mode register 0
(TOMO) to 0 (master channel output mode).
Clears the TOLO.n bit to 0.
Sets the TOO0.n bit and determines default level of the
TOON output. The TOON default setting level is output when the port mode
register is in the output mode and the port register is 0.
Sets the TOEOQ.n bit to 1 and enables operation of TOOn.—® TOON does not change because channel stops operating.
Clears the port register and port mode register to 0.— The TOOn pin outputs the TOOnN set level.
Operation | (Sets the TOEO.n bit to 1 only if using TOOn output and
start resuming operation.).
Sets the TS0.n (TSHO1, TSHO3) bitto 1.————®»TEO0.n (TEHO1, TEHO03) = 1, and count operation starts.
The TS0.n (TSHO1, TSHO3) bit automatically returns to Value of the TDRON register is loaded to timer/counter
0 because it is a trigger bit. register On (TCRON) at the count clock input. INTTMOn is
generated and TOON performs toggle operation if the
MDOnNO bit of the TMRON register is 1.
During Set values of the TMROnN register, TOMO.n, and TOLO.n Counter (TCROnN) counts down. When count value reaches
operation | bits cannot be changed. 0000H, the value of the TDRON register is loaded to the
Set value of the TDRON register can be changed. TCRON register again and the count operation is continued.
The TCRON register can always be read. By detecting TCROn = 0000H, INTTMOn is generated and
The TSROn register is not used. TOON performs toggle operation.
Set values of the TOO0 and TOEQO registers can be After that, the above operation is repeated.
changed.
Operation | The TTO.n (TTHO1, TTHO3) bitis setto 1.————————®TEO0.n (TEHO1, TEH03), and count operation stops.
stop The TTO.n (TTHO1, TTHO3) bit automatically returns to The TCRON register holds count value and stops.
0 because it is a trigger bit. The TOON output is not initialized but holds current status.
The TOEQ.n hit is cleared to 0 and value is set to the TO0.n bit.—q» The TOON pin outputs the TOO.n bit set level.
(Remark is listed on the next page.)
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Figure 6-51. Operation Procedure of Interval Timer/Square Wave Output Function (2/2)

Software Operation Hardware Status

TAU
stop

To hold the TOON pin output level
Clears the TOO.n bit to 0 after the value to
be held is set to the port register.
When holding the TOOnN pin output level is not necessary
Switches the port mode register to input mode.

The TOON pin output level is held by port function.

The TOON pin output level goes into Hi-Z output state.

The TAUOEN bit of the PERO register is cleared to 0. Power-off status
All circuits are initialized and SFR of each channel is also
initialized.
(The TOO.n bit is cleared to 0 and the TOOn pin is set to
port mode.)

Remark n: Channel number (n =0to 7)
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6.7.2 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 TIOn 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 TDROn + 1 |

Timer/counter register On (TCROnN) operates as a down counter in the event counter mode.

The TCROnN register loads the value of timer data register On (TDROn) by setting any channel start trigger bit (TSO0.n,
TSHO1, TSH03) of timer channel start register 0 (TSO0) to 1.

The TCROn register counts down each time the valid input edge of the TIOn pin has been detected. When TCROn =
0000H, the TCROnN register loads the value of the TDROn register again, and outputs INTTMON.

After that, the above operation is repeated.
An irregular waveform that depends on external events is output from the TOOn pin. Stop the output by setting the

TOEO.n bit of timer output enable register 0 (TOEOQ) to 0.
The TDRON register can be rewritten at any time. The new value of the TDROnN register becomes valid during the next

count period.

Figure 6-52. Block Diagram of Operation as External Event Counter

S
Ed E
TIOn pin(@—>d ge & Timer counter
etection x .
S —=| register On (TCRON)
O
§ /T
3 .
50 ] Timer data Interrupt | _ Interrupt signal
-n 5 register On (TDRON
3 g ( ) controller (INTTMOn)
E
Remark n: Channel number (n =0to 7)
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Figure 6-53. Example of Basic Timing of Operation as External Event Counter

TS0.n

TEO.n

L I I O S B |

3
2 2
TCRON 1 1
0000H L 0 0 0

TDRON 0003H X 0002H

N~

INTTMOnN

4 events 4 events 3 events

Remarks 1. n: Channel number (n =0 to 7)

2. TSO.n: Bit n of timer channel start register 0 (TS0)
TEO.n: Bit n of timer channel enable status register 0 (TEO)
TION: TIOn pin input signal

TCROn:  Timer/counter register On (TCRON)
TDRON: Timer data register On (TDROnN)
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Figure 6-54. Example of Set Contents of Registers in External Event Counter Mode (1/2)

(@) Timer mode register On (TMROnN)

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

TMRON  |cKson1{cKsono ccson | wis N[ sTson2 | STSONn1 [ STSONO | CISON1 | CISono MDOn3 | MDOn2 | MDON1 | MDONO

1/0 | 1/0 0 1 0/1 0 0 0 1/0 | 1/0 0 0 0 1 1

L | I [ ] L |

Operation mode of channel n
011B: Event count mode

Setting of operation when counting is started
0: Neither generates INTTMOnN nor inverts
timer output when counting is started.

| Selection of TIOn pin input edge
00B: Detects falling edge.
01B: Detects rising edge.
10B: Detects both edges.
11B: Setting prohibited

| __Start trigger selection
000B: Selects only software start.

| Setting of MASTERON bit (channels 2, 4, 6)
0: Independent channel operation function.

Setting of SPLITON bit (channels 1, 3)
1: 8-bit timer mode.

|__Count clock selection
1: Selects the TIOn pin input valid edge.

Operation clock (fuck) selection
00B: Selects CKOO as operation clock of channel n.
10B: Selects CKO1 as operation clock of channel n.

01B: Selects CKO02 as operation clock of channels 1, 3 (This can only be selected using channels 1 and
3 in the 8-bit timer mode).

11B: Selects CKO03 as operation clock of channels 1, 3 (This can only be selected using channels 1 and
3 in the 8-bit timer mode).

(b) Timer output register 0 (TOO)
Bit n

TOO TOO.n 0: Outputs 0 from TOON.
0

(c) Timer output enable register 0 (TOEO)
Bit n

TOEO [TOEO.Nn
0

0: Stops the TOON output operation by counting operation.

Note TMROO, TMR02, TMRO04 to TMRO7: MASTERON bit
TMRO1, TMRO3: SPLITON bit

Remark n: Channel number (n =0to 7)
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Figure 6-54. Example of Set Contents of Registers in External Event Counter Mode (2/2)

(d) Timer output level register 0 (TOLO)

Bit n

TOLO

TOLO.n
0

0: Cleared to 0 when TOMO.n = 0 (master channel output mode).

(e) Timer output mode register 0 (TOMO)

Bit n

TOMO

TOMO.n
0

0: Sets master channel output mode.

Remark n: Channel number (n =0to 7)
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Figure 6-55. 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 TAUOEN 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 0 (TPSO0).
Determines clock frequencies of CKO0 and CKO1 (or
CKO02 and CKO03 when using the 8-bit timer mode).
Channel | Sets timer mode register On (TMROnN) (determines Channel stops operating.
default operation mode of channel). (Clock is supplied and some power is consumed.)
setting Sets number of counts to timer data register On (TDROn).
Clears the TOEOQ.n bit of timer output enable register 0
(TOEO) to 0.
Operation | Sets the TS0.n (TSHO1, TSHO3) bitto 1. ®»TEO0.n (TEHO01, TEH03) = 1, and count operation starts.
start The TS0.n (TSHO1, TSHO3) bit automatically returns to Value of the TDRON register is loaded to timer/counter
0 because it is a trigger bit. register On (TCRON) and detection of the TIOn pin input
edge is awaited.
During Set value of the TDRON register can be changed. Counter (TCRON) counts down each time input edge of the
operation | The TCROnN register can always be read. TIOn pin has been detected. When count value reaches
The TSROn register is not used. 0000H, the value of the TDROnN register is loaded to the
Set values of the TMROnN register, TOMO.n, TOLO.n, TCROnN register again, and the count operation is
TOO0.n, and TOEOQ.n bits cannot be changed. continued. By detecting TCROn = 0000H, the INTTMOnN
output is generated.
After that, the above operation is repeated.
Operation | The TTO.n (TTHO1, TTHO3) bit is set to ——®»TEO0.n (TEHO01, TEHO3) = 0, and count operation stops.
stop The TTO.n (TTHO1, TTHO3) bit automatically returns to The TCROnN register holds count value and stops.
0 because it is a trigger bit.
TAU The TAUOEN bit of the PERO register is cleared to 0. —¥®Power-off status
stop All circuits are initialized and SFR of each channel is
also initialized.

Remark n: Channel number (n=0to 7)
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6.7.3 Operation as frequency divider (channel 0 only)

The timer array unit can be used as a frequency divider that divides a clock input to the TI00 pin and outputs the result
from the TOOO pin.

The divided clock frequency output from TOOO can be calculated by the following expression.

¢ When rising edge/falling edge is selected:

Divided clock frequency = Input clock frequency/{(Set value of TDROO + 1) x 2}
¢ When both edges are selected:

Divided clock frequency = Input clock frequency/(Set value of TDROO + 1)

Timer/counter register 00 (TCRO0O) operates as a down counter in the interval timer mode.

After the channel start trigger bit (TS0.0) of timer channel start register 0 (TSO) is set to 1, the TCROO register loads the
value of timer data register 00 (TDR0O) when the TI00 valid edge is detected.

If the MDOOO bit of timer mode register 00 (TMRO0O) is O at this time, INTTMOO is not output and TOOO is not toggled. If
the MDO0OO bit of timer mode register 00 (TMRO0O0) is 1, INTTMOO is output and TOOO is toggled.

After that, the TCROO register counts down at the valid edge of the TI00 pin. When TCR00 = 0000H, it toggles TOO00.
At the same time, the TCROO register loads the value of the TDROO register again, and continues counting.

If detection of both the edges of the TI0O0 pin is selected, the duty factor error of the input clock affects the divided clock
period of the TOOO output.

The period of the TO0O output clock includes a sampling error of one period of the operation clock.

Clock period of TO00 output = Ideal TO0O0 output clock period + Operation clock period (error) |

The TDROO register can be rewritten at any time. The new value of the TDROO register becomes valid during the next
count period.

Figure 6-56. Block Diagram of Operation as Frequency Divider

5

Edge E

TIOO pin @—> ) & Timer counter Output .
detection E —| register 00 (TCR00) controller ©T000 pin
O
S /T
% Timer data
TS0.0 - register 00 (TDROO)
3
=
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Figure 6-57. Example of Basic Timing of Operation as Frequency Divider (MDOOO = 1)

TS0.0
TEO.O |
moo UL UL UL UL LU UL
2 2 2
1 1 1 1 1 1 1
TCROO OOOOH> o> o> o‘> o‘> o‘> o‘) 0
TDROO 0002H X 0001H
TO00
INTTMOO
~<~—— Divided — ~—Divided—
by 6 by 4

Remark TSO0.0: Bit n of timer channel start register 0 (TS0)
TEO0.0:  Bit n of timer channel enable status register 0 (TEO)
TIOO: TI00 pin input signal
TCROO: Timer/counter register 00 (TCRO00)
TDROO: Timer data register 00 (TDROO)
TO00: TOO0O pin output signal
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Figure 6-58. Example of Set Contents of Registers During Operation as Frequency Divider

(@) Timer mode register 00 (TMRO0O)

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
TMROO  |cksoo1|cksooo CCS00 T“é:io STS002 | STS001 | STS000 | CIS001 | CIS000 MD003 | MDO002 | MD0O1 | MD00O
1/0 0 0 1 0 0 0 0 1/0 | 1/0 0 0 0 0 0 1/0

000B: Interval timer

00B: Detects falling edge.
01B: Detects rising edge.
10B: Detects both edges.
11B: Setting prohibited

| Start trigger selection
000B: Selects only software start.

L__Slave/master selection
0: Independent channel operation function.

L__Count clock selection
1: Selects the TI0O pin input valid edge.

| Operation clock (fwck) selection
00B: Selects CKO0O as operation clock of channel 0.
10B: Selects CKO1 as operation clock of channel 0.

(b) Timer output register 0 (TOO0)

Bit 0
TOO TO0.0 0: Outputs 0 from TOO0O.
1/0 1: Outputs 1 from TOO0O.

(c) Timer output enable register 0 (TOEO)

Bit 0
TOEO |TOE0.0 0: Stops the TOO0O output operation by counting operation.
1/0 1: Enables the TOOO output operation by counting operation.

(d) Timer output level register 0 (TOLO)
Bit 0

TOLO |TOLO.0 0: Cleared to 0 when TOMO0.0 = 0 (master channel output mode)
0

(e) Timer output mode register 0 (TOMO)

L__Selection of TIOO pin input edge

LI [ [ [ [ \_'_l

Operation mode of channel 0

Setting of operation when counting is started
0: Neither generates INTTMOO nor inverts
timer output when counting is started.
1: Generates INTTMOO and inverts timer
output when counting is started.

Bit 0
TOMO |Tomo.0 0: Sets master channel output mode.
0
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Figure 6-59. Operation Procedure When Frequency Divider 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 TAUOEN 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 0 (TPSO0).
Determines clock frequencies of CK0O0 to CKO03.
Channel | Sets timer mode register On (TMRON) (determines Channel stops operating.
default operation mode of channel and selects the detection (Clock is supplied and some power is consumed.)
setting edge).

Sets interval (period) value to timer data register 00
(TDROO).

Clears the TOMO.0 bit of timer output mode register 0
(TOMO) to 0 (master channel output mode).

Clears the TOLO.0 bit to 0.

Sets the TOO0.0 bit and determines default level of the

The TOO0O pin goes into Hi-Z output state.

TOOO output.

Sets the TOEO.0 bit to 1 and enables operation of TO00-—H
Clears the port register and port mode register to 0. ——9

The TOOO default setting level is output when the port mode
register is in output mode and the port register is 0.

pTOOO does not change because channel stops operating.

> The TOOO pin outputs the TOOO set level.

Operation | Sets the TOEO.0 bit to 1 (only when operation is
start resumed). TEO.0 = 1, and count operation starts.
Sets the TS0.0 bit to 1. Value of the TDROO register is loaded to timer/counter
The TS0.0 bit automatically returns to O because it is a register 00 (TCROO) at the count clock input. INTTMOO is
trigger bit. generated and TOOO performs toggle operation if the
MDO0OO bit of the TMROO register is 1.
During Set value of the TDROO register can be changed. Counter (TCRO00) counts down. When count value reaches
operation | The TCROO register can always be read. 0000H, the value of the TDROO register is loaded to the
The TSROO register is not used. TCROO register again, and the count operation is continued.
Set values of the TOO and TOEO registers can be By detecting TCR0OO = 0000H, INTTMOO is generated and
changed. TOO0O0 performs toggle operation.
Set values of the TMROO register, TOMO0O, and TOLOO After that, the above operation is repeated.
bits cannot be changed.
Operation | The TT0.0 bit is set to 1. p TEO0.0 = 0, and count operation stops.
stop The TTO0.0 bit automatically returns to 0 because it is a The TCROO register holds count value and stops.
trigger bit. The TOO0O output is not initialized but holds current status.
The TOEOQ.0 bit is cleared to 0 and value is set to the TOO0.0 bit. % The TOO0O pin outputs the TOOQO set level.
TAU To hold the TOOO pin output level
stop Clears the TOO.0 bit to 0 after the value to be held is

set to the port register.
When holding the TOO0O pin output level is not
necessary

Switches the port mode register to input mode. ——»

The TAUOEN bit of the PERO register is cleared to 0.—®

P The TOOO pin output level is held by port function.

r The TOOO pin output level goes into Hi-Z output state.

p Power-off status
All circuits are initialized and SFR of each channel is also
initialized.
(The TOO0.0 bit is cleared to 0 and the TOOO pin is set to
port mode).
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6.7.4 Operation as input pulse interval measurement
The count value can be captured at the TIOn valid edge and the interval of the pulse input to TIOn can be measured.
The pulse interval can be calculated by the following expression.

TIOn input pulse interval = Period of count clock x ((L0000H x TSROn: OVF) + (Capture value of TDROn + 1))

Caution The TIOn pin input is sampled using the operating clock selected with the CKSOn bit of timer
mode register On (TMROnN), so an error of up to one operating clock cycle occurs.

Timer/counter register On (TCROnN) operates as an up counter in the capture mode.

When the channel start trigger bit (TSO0.n) of timer channel start register 0 (TSO) is set to 1, the TCROn register counts
up from 0000H in synchronization with the count clock.

When the TIOn pin input valid edge is detected, the count value of the TCROnN register is transferred (captured) to timer
data register On (TDROnN) and, at the same time, the TCROn register is cleared to 0000H, and the INTTMOn is output. If
the counter overflows at this time, the OVF bit of timer status register On (TSROn) is set to 1. If the counter does not
overflow, the OVF bit is cleared. After that, the above operation is repeated.

As soon as the count value has been captured to the TDROnN register, the OVF bit of the TSROn register is updated
depending on whether the counter overflows during the measurement period. Therefore, the overflow status of the
captured value can be checked.

If the counter reaches a full count for two or more periods, it is judged to be an overflow occurrence, and the OVF bit of
the TSRO register is set to 1. However, a normal interval value cannot be measured for the OVF bit, if two or more
overflows occur.

Set the STSONn2 to STSONO bits of the TMRON register to 001B to use the valid edges of TIOn as a start trigger and a
capture trigger.

When TEO.n = 1, a software operation (TS0.n = 1) can be used as a capture trigger, instead of using the TIOn pin input.

Figure 6-60. Block Diagram of Operation as Input Pulse Interval Measurement

S
CKO1 3
Operation clock % Timer counter
CKO00 g —»| register On (TCRON)
: J
) Noise | _| NFEN1 | [ Edge é
TIOn pin ©— filter register detection § Timer data Interrupt Interrupt signal
= ister On (TDRO —
som qé_é register On ( n) controller (INTTMoOn)
=
Note For using channels 1 and 3, the clock can be selected from CK00, CK01, CK02, and CKO03.
Remark  n: Channel number (n=0to 7)
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Figure 6-61. Example of Basic Timing of Operation as Input Pulse Interval Measurement (MDONO = 0)

TS0.n

TEO.n

TIOn

TCRON

TDRON

INTTMOn

OVF

FFFFH q
a b c
0000H
) ) J )
0000H X a b c d
| [

Remarks 1. n: Channel number (n=01to 7)

2. TSO.n:
TEO.n:
TION:
TCRON:
TDRON:
OVF:

Bit n of timer channel start register 0 (TSO0)

Bit n of timer channel enable status register 0 (TEO)
TIOn pin input signal

Timer/counter register On (TCRON)

Timer data register On (TDROnN)

Bit O of timer status register On (TSROnN)
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Figure 6-62. Example of Set Contents of Registers to Measure Input Pulse Interval

(&) Timer mode register On (TMRON)
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

TMRON  |ckson1|cksono ccson |mis M| sTSon2 [STs0n1|STSO0N0| CIsSon1 | CISono MDOn3 | MDONn2 | MDONn1 [ MDONO

1/0 0 0 0 0 0 0 1 1/0 | 1/0 0 0 0 1 0 1/0

L [ [ [ [ |_|_|

Operation mode of channel n
010B: Capture mode

Setting of operation when counting is started
0: Does not generate INTTMOn when
counting is started.
1: Generates INTTMOn when counting is
started.

|__Selection of TIOn pin input edge
00B: Detects falling edge.
01B: Detects rising edge.
10B: Detects both edges.
11B: Setting prohibited

L__Capture trigger selection
001B: Selects the TIOn pin input valid edge.

L Setting of MASTERON or SPLITOnN bit
0: Independent channel operation function.

L Count clock selection
0: Selects operation clock (fvck).

L__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 0 (TOO0)
Bit n
TOO TOO.n 0: Outputs 0 from TOON.
0

(c) Timer output enable register 0 (TOEO)
Bit n

TOEO |TOEO.N 0: Stops TOON output operation by counting operation.
0

(d) Timer output level register 0 (TOLO)
Bit n
TOLO |TOLO.N 0: Cleared to 0 when TOMO.n = 0 (master channel output mode).
0

(e) Timer output mode register 0 (TOMO)

Bit n
TOMO |Tomo.n 0: Sets master channel output mode.
0
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Note TMROO, TMR02, TMR04 to TMRO7: MASTERON bit
TMRO1, TMRO3: SPLITON bit

Remark n: Channel number (n=01to 7)
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>

Figure 6-63. Operation Procedure When Input Pulse Interval Measurement 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 TAUOEN 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 0 (TPSO0).
Determines clock frequencies of CK0O0 to CKO03.
Channel | Sets timer mode register On (TMRON) (determines Channel stops operating.
default operation mode of channel). (Clock is supplied and some power is consumed.)
setting
Operation | Sets TS0.n bit to 1= TEO.n = 1, and count operation starts.
start The TSO0.n bit automatically returns to 0 because it is a Timer/counter register On (TCRON) is cleared to 0000H
trigger bit. at the count clock input.
When the MDONO bit of the TMRON register is 1,
INTTMOn is generated.
During Set values of only the CISOn1 and CISOnO bits of the Counter (TCRON) counts up from 0000H. When the TIOn
operation | TMROn register can be changed. pin input valid edge is detected, the count value is
The TDRON register can always be read. transferred (captured) to timer data register On (TDRON).
The TCRON register can always be read. At the same time, the TCROn register is cleared to 0000H,
The TSROn register can always be read. and the INTTMOn signal is generated.
Set values of the TOMO.n, TOLO.n, TOO.n, and TOEO.n If an overflow occurs at this time, the OVF bit of timer
bits cannot be changed. status register On (TSRON) is set; if an overflow does not
occur, the OVF bit is cleared.
After that, the above operation is repeated.
Operation | The TTO.n bit is set to 1. TEO.n = 0, and count operation stops.
stop The TTO.n bit automatically returns to 0 because it is a The TCROnN register holds count value and stops.
trigger bit. The OVF bit of the TSROnN register is also held.
TAU The TAUOEN bit of the PERO register is cleared to 0. —®Power-off status
stop All circuits are initialized and SFR of each channel is
also initialized.

Remark n: Channel number (n=0to 7)
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6.7.5 Operation as input signal high-/low-level width measurement

Caution When using a channel to implement the LIN-bus, set bit 1 (ISC.1) of the input switch control
register (ISC) to 1. In the following descriptions, read TIOn as RxD2.

By starting counting at one edge of the TIOn pin input and capturing the number of counts at another edge, the signal
width (high-level width/low-level width) of TIOn can be measured. The signal width of TIOn can be calculated by the
following expression.

| Signal width of TIOn input = Period of count clock x ((L0000H x TSROn: OVF) + (Capture value of TDROn + 1)) |

Caution The TIOn pin input is sampled using the operating clock selected with the CKSOn bit of timer
mode register On (TMROnN), so an error equivalent to one operation clock occurs.

Timer/counter register On (TCRON) operates as an up counter in the capture & one-count mode.

When the channel start trigger bit (TS0.n) of timer channel start register 0 (TSO0) is set to 1, the TEO.n bit is set to 1 and
the TI0n pin start edge detection wait status is set.

When the TIOn pin input start edge (rising edge of the TIOn pin input when the high-level width is to be measured) is
detected, the counter counts up from 0000H in synchronization with the count clock. When the valid capture edge (falling
edge of the TIOn pin input when the high-level width is to be measured) is detected later, the count value is transferred to
timer data register On (TDROnN) and, at the same time, INTTMOn is output. If the counter overflows at this time, the OVF bit
of timer status register On (TSRON) is set to 1. If the counter does not overflow, the OVF bit is cleared. The TCROn
register stops at the value “value transferred to the TDROnN register + 1", and the TIOn pin start edge detection wait status
is set. After that, the above operation is repeated.

As soon as the count value has been captured to the TDROn register, the OVF bit of the TSROn register is updated
depending on whether the counter overflows during the measurement period. Therefore, the overflow status of the
captured value can be checked.

If the counter reaches a full count for two or more periods, it is judged to be an overflow occurrence, and the OVF bit of
the TSROnN register is set to 1. However, a normal interval value cannot be measured for the OVF bit, if two or more
overflows occur.

Whether the high-level width or low-level width of the TIOn pin is to be measured can be selected by using the CISOn1
and CISOnO bits of the TMRON register.

Because this function is used to measure the signal width of the TIOn pin input, the TS0.n bit cannot be set to 1 while
the TEO.n bit is 1.

CISOn1, CISOn0 of TMRON register = 10B: Low-level width is measured.
CISOn1, CISOnO of TMRON register = 11B: High-level width is measured.
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Figure 6-64. Block Diagram of Operation as Input Signal High-/Low-Level Width Measurement

Timer counter
register On (TCRON)

1|

c

S

_ Kol———— 8

Operation clock 3

CKO00 3

©

O

g

Noi NFEN1 Ed s

) oise | .| Edge 8
TI0n pin ©—= filter register detection g
2

=

Timer data
register On (TDRON)

Interrupt
controller

— Interrupt signal

(INTTMOn)

Figure 6-65. Example of Basic Timing of Operation as Input Signhal High-/Low-Level Width Measurement

TS0.n

TEO.n

TIONn

TCRON

TDRON

INTTMOnN

OVF

1
FFFFA .
0000H / \ > N\ ) I —
J ) )
0000H a c

Remarks 1. n: Channel number (n=0to 7)

2. TSO.n:
TEO.n:

TION:

TCRON:
TDRON:
OVF:

TIONn pin input signal
Timer/counter register On (TCRON)
Timer data register On (TDRON)

Bit n of timer channel start register 0 (TS0)
Bit n of timer channel enable status register 0 (TEQ)

Bit O of timer status register On (TSRON)
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Figure 6-66. Example of Set Contents of Registers to Measure Input Signal High-/Low-Level Width

(@) Timer mode register On (TMROnN)
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

TMRON  [ckson1|cKsono ccson |wis V| sTS0n2| STSON1 | STSONO | CISON1 | CISONO MDONn3 | MDON2 | MDON1 | MDONO
1/0 0 0 0 0 0 1 0 1 1/0 0 0 1 1 0 0

Operation mode of channel n
110B: Capture & one-count

Setting of operation when counting is started
0: Does not generate INTTMOn when
counting is started.

L__Selection of TIOn pin input edge
10B: Both edges (to measure low-level width)
11B: Both edges (to measure high-level width)

| Start trigger selection
010B: Selects the TIOn pin input valid edge.

L Setting of MASTERON or SPLITOn bit
0: Independent channel operation function.

L__Count clock selection
0: Selects operation clock (fvck).

| Operation clock (fuck) selection

00B: Selects CKO0O0 as operation clock of channel n.

01B: Selects CK02 as operation clock of channels 1, 3 (This can only be selected channels 1 and 3).
10B: Selects CKO1 as operation clock of channel n.

11B: Selects CKO03 as operation clock of channels 1, 3 (This can only be selected channels 1 and 3).

(b) Timer output register 0 (TOO0)
Bit n
TOO TOO.n 0: Outputs 0 from TOON.
0

(c) Timer output enable register 0 (TOEO)
Bit n

TOEO |TOEO.N 0: Stops the TOON output operation by counting operation.
0

(d) Timer output level register 0 (TOLO)
Bit n

TOLO |TOLO.N 0: Cleared to 0 when TOMO.n = 0 (master channel output mode).
0

(e) Timer output mode register 0 (TOMO)
Bit n

TOMO |ToMo.n 0: Sets master channel output mode.
0

Note TMROO, TMR02, TMR04 to TMRO7: MASTERON bit
TMRO1, TMRO3: SPLITON bit

Remark n: Channel number (n=01to 7)
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Figure 6-67. Operation Procedure When Input Signal High-/Low-Level Width Measurement 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 TAUOEN 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 0 (TPSO0).
Determines clock frequencies of CK0O to CKO03.
Channel | Sets timer mode register On (TMROnN) (determines Channel stops operating.
default operation mode of channel). (Clock is supplied and some power is consumed.)
setting Clears the TOEOQ.n bit to 0 and stops operation of TOOn.
Operation | Sets the TSO0.n bit to 1. » TEO.n = 1, and the TIOn pin start edge detection wait
start The TSO0.n bit automatically returns to O because itis a | status is set.
trigger bit.
Detects the TIOn pin input count start valid edge. ——P Clears timer/counter register On (TCROn) to 0000H and
starts counting up.
During Set value of the TDRON register can be changed. When the TIOn pin start edge is detected, the counter
operation | The TCROnN register can always be read. (TCRON) counts up from 0000H. If a capture edge of the
The TSROn register is not used. TIOn pin is detected, the count value is transferred to timer
Set values of the TMROn register, TOMO.n, TOLO.n, data register On (TDROn) and INTTMOn is generated.
TOO0.n, and TOEOQ.n bits cannot be changed. If an overflow occurs at this time, the OVF bit of timer
status register On (TSROn) is set; if an overflow does not
occur, the OVF bit is cleared. The TCROnN register stops
the count operation until the next TIOn pin start edge is
detected.
Operation | The TTO.n bit is set to 1. TEO.n = 0, and count operation stops.
stop The TTO.n bit automatically returns to 0 because it is a The TCRON register holds count value and stops.
trigger bit. The OVF bit of the TSRO register is also held.
TAU The TAUOEN bit of the PERQO register is cleared to 0.—® Power-off status
stop All circuits are initialized and SFR of each channel is
also initialized.

Remark n: Channel number (n=0to 7)

RO1UH0231EJ0111 Rev.1.11
Jan 31, 2014

RRENESAS

301



RL78/F12 CHAPTER 6 TIMER ARRAY UNIT

6.7.6 Operation as delay counter

It is possible to start counting down when the valid edge of the TIOn pin input is detected (an external event), and then
generate INTTMOnN (a timer interrupt) after any specified interval.

It can also generate INTTMON (timer interrupt) at any interval by making a software set TSOn = 1 and the count down
start during the period of TEOn = 1.

The interrupt generation period can be calculated by the following expression.

Generation period of INTTMOnN (timer interrupt) = Period of count clock x (Set value of TDROn + 1) |

Timer/counter register On (TCROnN) operates as a down counter in the one-count mode.

When the channel start trigger bit (TS0.n, TSHO1, TSHO3) of timer channel start register 0 (TS0) is set to 1, the TEO.n,
TEHO1, TEHO3 bits are set to 1 and the TIOn pin input valid edge detection wait status is set.

Timer/counter register On (TCROnN) starts operating upon TIOn pin input valid edge detection and loads the value of
timer data register On (TDROn). The TCROn register counts down from the value of the TDROn register it has loaded, in
synchronization with the count clock. When TCROn = 0000H, it outputs INTTMOn and stops counting until the next TIOn
pin input valid edge is detected.

The TDROnN register can be rewritten at any time. The new value of the TDROnN register becomes valid from the next

period.

Figure 6-68. Block Diagram of Operation as Delay Counter

S
on—— 3
Operation clock™**® S Timer counter
CKO00 E] —+| register On (TCROn)
o ~
TSO.n S T
3 Timer data Interrupt signal
[<5}
= 4 register On (TDRON) 'met"‘flpt (INTTMOn)
TIOn pin © ge 2 controfter
detection =
Note For using channels 1 and 3, the clock can be selected from CK00, CK01, CK02, and CKO03.
Remark n: Channel number (n=01to 7)
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Figure 6-69. Example of Basic Timing of Operation as Delay Counter

Tson |

TEO.n __|
TIONn
FFFFH |
TCRON
OOOOH/ }
TDRON a X b
INTTMON [ |
a+l b+l

Remarks 1. n: Channel number (n=0to 7)
2. TSO0.n: Bit n of timer channel start register 0 (TS0)
TEO.n:  Bit n of timer channel enable status register 0 (TEQ)
TION: TIONn pin input signal
TCRON: Timer/counter register On (TCRON)
TDRON: Timer data register On (TDRON)
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Figure 6-70. Example of Set Contents of Registers to Delay Counter (1/2)

(@) Timer mode register On (TMROnN)
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

TMRON  |ckson1{cksono ccson | wis N[ sTson2 | sTSon1 [STSono | cisont | cisono MDOn3 | MDON2 | MDON1 | MDONO
1/0 1/0 0 0 0/1 0 0 1 1/0 1/0 0 0 1 0 0 0

Operation mode of channel n
100B: One-count mode

Start trigger during operation
0: Trigger input is invalid.
1: Trigger input is valid.

L__Selection of TIOn pin input edge
00B: Detects falling edge.
01B: Detects rising edge.
10B: Detects both edges.
11B: Setting prohibited

| Start trigger selection
001B: Selects the TIOn pin input valid edge.

L Setting of MASTERON bit (channels 2, 4, 6)
0: Independent channel operation function.

Setting of SPLITON bit (channels 1, 3)
1: 8-bit timer mode.

L__Count clock selection
0: Selects operation clock (fvck).

L Operation clock (fuck) selection

00B: Selects CKOO as operation clock of channel n.

10B: Selects CKO1 as operation clock of channel n.

01B: Selects CKO02 as operation clock of channels 1, 3 (This can only be selected using channels 1 and
3 in the 8-bit timer mode).

11B: Selects CKO03 as operation clock of channels 1, 3(This can only be selected using channels 1 and 3
in the 8-bit timer mode).

(b) Timer output register 0 (TOO0)
Bit n

TOO TOO.n 0: Outputs 0 from TOON.
0

(c) Timer output enable register 0 (TOEO)
Bit n

TOEO |TOEO.N 0: Stops the TOON output operation by counting operation.
0

Note TMROO, TMRO2, TMR04 to TMRO7: MASTERON bit
TMRO1, TMRO3: SPLITON bit

Remark n: Channel number (n=01to 7)
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Figure 6-70. Example of Set Contents of Registers to Delay Counter (2/2)

(d) Timer output level register 0 (TOLO)

Bit n

TOLO

TOLO.n
0

0: Cleared to 0 when TOMO.n = 0 (master channel output mode).

(e) Timer output mode register 0 (TOMO)

Bit n

TOMO

TOMO.n
0

0: Sets master channel output mode.

Remark n: Channel number (n =0to 7)
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Operation is resumed.
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Figure 6-71. Operation Procedure Whe

n Delay 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 TAUOEN 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 0 (TPSO0).
Determines clock frequencies of CKOO and CKO1 (or
CKO02 and CKO03 when using the 8-bit timer mode).
Channel | Sets timer mode register On (TMROnN) (determines Channel stops operating.
default operation mode of channel). (Clock is supplied and some power is consumed.)
setting INTTMOnN output delay is set to timer data register On
(TDRON).
Clears the TOEOQ.n bit to 0 and stops operation of TOOn.
—» Operation | Sets the TS0.n (TSHO1, TSHO3) bitto 1L———®» TEO.n (TEHO1, TEHO03) = 1, and the TIOn pin input valid
start The TS0.n (TSHO1, TSHO3) bit automatically returns to | edge detection wait status is set.
0 because it is a trigger bit.
Detects the TIOn pin input valid edge. ——— ¢ Value of the TDROnN register is loaded to the timer/counter
register On (TCROn).
During Set value of the TDRON register can be changed. The counter (TCRON) counts down. When TCROn counts
operation | The TCROnN register can always be read. down to 0000H, INTTMOn is output, and counting stops
The TSROn register is not used. (which leaves TCROn at 0000H) until the next TIOn pin
input.
Operation | The TTO.n (TTHO1, TTHO3) bitis setto 1. ———— ¥ TEO.n (TEHO01, TEHO3) = 0, and count operation stops.
stop The TTO.n (TTHO1, TTHO3) bit automatically returns to The TCRON register holds count value and stops.
0 because it is a trigger bit.
TAU The TAUOQEN bit of the PERO register is cleared to 0.—®Power-off status
|| stop Al circuits are initialized and SFR of each channel is
also initialized.

Remark n: Channel number (n =0to 7)
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6.8 Simultaneous Channel Operation Function of Timer Array Unit

6.8.1 Operation as one-shot pulse output function

By using two channels as a set, a one-shot pulse having any delay pulse width can be generated from the signal input
to the TIOn pin.

The delay time and pulse width can be calculated by the following expressions.

Delay time = {Set value of TDROn (master) + 2} x Count clock period
Pulse width = {Set value of TDROp (slave)} x Count clock period

The master channel operates in the one-count mode and counts the delays. Timer/counter register On (TCROnN) of the
master channel starts operating upon start trigger detection and loads the value of timer data register On (TDRON).

The TCROn register counts down from the value of the TDROn register it has loaded, in synchronization with the count
clock. When TCROn = 0000H, it outputs INTTMOnN and stops counting until the next start trigger is detected.

The slave channel operates in the one-count mode and counts the pulse width. The TCROp register of the slave
channel starts operation using INTTMOn of the master channel as a start trigger, and loads the value of the TDROp
register. The TCROp register counts down from the value of The TDROp register it has loaded, in synchronization with the
count value. When count value = 0000H, it outputs INTTMOp and stops counting until the next start trigger (INTTMOn of
the master channel) is detected. The output level of TOOp becomes active one count clock after generation of INTTMOn
from the master channel, and inactive when TCROp = 0000H.

Instead of using the TIOn pin input, a one-shot pulse can also be output using the software operation (TS0.n = 1) as a
start trigger.

Caution The timing of loading of timer data register On (TDROnN) of the master channel is different from that of
the TDROp register of the slave channel. f the TDROn and TDROp registers are rewritten during
operation, therefore, an illegal waveform is output. Rewrite the TDROn register after INTTMOn is
generated and the TDROp register after INTTMOp is generated.

Remark n: Channel number (n=0, 2, 4, 6)
p: Slave channel number (n<p <7)
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Figure 6-72. Block Diagram of Operation as One-Shot Pulse Output Function

Master channel

(one-count mode) =
S
) CKo1 3
Operation clock o Timer counter
CK00 E] —=| register On (TCROn) [
O
s
TSO0. 3 ,
" § ; Timer data Interrupt | Interrupt signal
. Edge ) register On (TDRON) controller
O— INTTMON
Tion pin detection § ( )
Slave channel
(one-count mode)
S
. CKO1 8
Operation clock E Timer counter Output )
CKO00 3 —| register Op (TCROp) controller © TOO0p pin
O
§
|53
% Timer data Interrupt | Interrupt signal
5 register Op (TDRO
% g9 p( p) controller (INTTMOp)
=
Remark n: Channel number (n =0, 2, 4, 6)
p: Slave channel number (n<p <7)
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Figure 6-73. Example of Basic Timing of Operation as One-Shot Pulse Output Function

Tson ||

TEOn _ |

TIOn

Master
channel

FFFFH

TCRON
0000H

TDRON a

TOON

INTTMON |

Tsop ||

TEOp |

FFFFH

TCROp
Slave 0000H

channel } ) }
TDROp b

TOOp

INTTMOp |
at2 b a+2 b

Remarks 1. n: Channel number (n =0, 2, 4, 6)

p: Slave channel number (n<p <7)

2. TSO0.n, TSO0.p:  Bitn, p of timer channel start register 0 (TS0)
TEO.n, TEO.p:  Bit n, p of timer channel enable status register 0 (TEO)
TIOn, TIOp: TIOn and TI0p pins input signal
TCRON, TCROp: Timer/counter registers On, Op (TCROn, TCROp)
TDRON, TDROp: Timer data registers On, Op (TDROn, TDROp)
TOON, TOOp: TOON and TOOp pins output signal

RO1UH0231EJ0111 Rev.1.11 R NS
Jan 31, 2014 ENES

309



RL78/F12 CHAPTER 6 TIMER ARRAY UNIT

Figure 6-74. Example of Set Contents of Registers When One-Shot Pulse Output Function Is Used (Master Channel)

(@) Timer mode register On (TMROnN)

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

MAS
TMRON  [ckson1|cksono CCSOn TERON STSON2|STSON1|STSONO| CISONn1 | CISONO MDOn3 [ MDONn2 | MDOn1 [ MDONO

1/0 0 0 0 1 0 0 1 1/0 | 1/0 0 0 1 0 0 0

L | | [ I |_|_|

Operation mode of channel n
100B: One-count mode

Start trigger during operation
0: Trigger input is invalid.

L__Selection of TIOn pin input edge
00B: Detects falling edge.
01B: Detects rising edge.
10B: Detects both edges.
11B: Setting prohibited

| Start trigger selection
001B: Selects the TIOn pin input valid edge.

L__Slave/master selection
1: Master channel.

L__Count clock selection
0: Selects operation clock (fwck).

L Operation clock (fmck) selection
00B: Selects CKO0O as operation clock of channels n.
10B: Selects CKO01 as operation clock of channels n.

(b) Timer output register 0 (TOO)
Bit n
TOO TOO.n 0: Outputs 0 from TOON.
0

(c) Timer output enable register 0 (TOEO)
Bit n

TOEO |TOEO.N 0: Stops the TOON output operation by counting operation.
0

(d) Timer output level register 0 (TOLO)
Bit n
TOLO |TOLO.N 0: Cleared to 0 when TOMO.n = 0 (master channel output mode).
0

(e) Timer output mode register 0 (TOMO)
Bit n

TOMO |Tomo.n 0: Sets master channel output mode.
0

Remark n: Channel number (n =0, 2, 4, 6)
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Figure 6-75. Example of Set Contents of Registers When One-Shot Pulse Output Function Is Used (Slave Channel)

(@) Timer mode register Op (TMROp)
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

TMROp |cksop1|cksopo ccsop |mis V| sTsop2|STS0p1 | STS0pO| CISOpL | CISOPO MDOp3 | MDOp2 | MDOp1 | MDOpPO
1/0 0 0 0 0 1 0 0 0 0 0 0 1 0 0 0

Operation mode of channel p
100B: One-count mode

Start trigger during operation
0: Trigger input is invalid.

L__Selection of TIOp pin input edge
00B: Sets 00B because these are not used.

| Start trigger selection
100B: Selects INTTMOnN of master channel.

L__Setting of MASTEROp or SPLITOp bit
0: Slave channel.

L__Count clock selection
0: Selects operation clock (fvck).

| Operation clock (fmck) selection

00B: Selects CKO0O0 as operation clock of channel p.
10B: Selects CKO01 as operation clock of channel p.
* Make the same setting as master channel.

(b) Timer output register 0 (TOO)

Bit p
TOO TOO.p 0: Outputs 0 from TOOp.
1/0 1: Outputs 1 from TOOp.

(c) Timer output enable register 0 (TOEO)

Bit p
TOEO |TOEO.p 0: Stops the TOOp output operation by counting operation.
1/0 1: Enables the TOOp output operation by counting operation.

(d) Timer output level register 0 (TOLO)

Bit p
TOLO |TOLOp 0: Positive logic output (active-high)
1/0 1: Inverted output (active-low)

(e) Timer output mode register 0 (TOMO)
Bit p

TOMO |Tomop 1: Sets the slave channel output mode.
1

Note TMRO5, TMRO7: MASTEROp bit
TMRO1, TMRO03: SPLITOp bit

Remark n: Channel number (n =0, 2, 4, 6)
p: Slave channel number (n<p <7)
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Figure 6-76. Operation Procedure of One-Shot Pulse Output Function (1/2)
Software Operation Hardware Status
TAU Power-off status
default (Clock supply is stopped and writing to each register is
setting disabled.)
Sets the TAUOEN bit of peripheral enable registers 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 0 (TPSO0).
Determines clock frequencies of CKO0 and CKOL1.
Channel | Sets timer mode register On, Op (TMROn, TMROp) of two | Channel stops operating.
default channels to be used (determines operation mode of (Clock is supplied and some power is consumed.)
setting channels).

An output delay is set to timer data register On (TDROnN)
of the master channel, and a pulse width is set to the
TDROp register of the slave channel.

Sets slave channel.
The TOMO.p bit of timer output mode register 0
(TOMO) is set to 1 (slave channel output mode).
Sets the TOLO.p bit.
Sets the TOO.p bit and determines default level of the
TOOp output. »

Sets the TOEOQ.p bit to 1 and enables operation of TOOp.
Clears the port register and port mode register to 0.

The TOOp pin goes into Hi-Z output state.

The TOOp default setting level is output when the port
mode register is in output mode and the port register is 0.

TOOp does not change because channel stops operating.

The TOOp pin outputs the TOOp set level.

(Note and Remark are listed on the next page.)
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Operation is resumed.

RL78/F12 CHAPTER 6 TIMER ARRAY UNIT
Figure 6-76. Operation Procedure of One-Shot Pulse Output Function (2/2)
Software Operation Hardware Status
| Operation | Sets the TOEOQ.p bit (slave) to 1 (only when operation is
start resumed).
The TSO0.n (master) and TSO0.p (slave) bits of timer
channel start register 0 (TSO0) are set to 1 at the same
time. The TEO.n and TEO.p bits are set to 1 and the master
The TS0.n and TSO0.p bits automatically return to O channel enters the TIOn input edge detection wait status.
because they are trigger bits. Counter stops operating.
Detects the TIOn pin input valid edge of master channel.— 9 Master channel starts counting.
During Set values of only the CISOn1 and CISO0nO bits of the Master channel loads the value of the TDRON register to
operation | TMRON register can be changed. timer/counter register On (TCROn) when the TI0n pin valid
Sets coresponting bit of noisefilter enable register 1, 2 input edge is detected, and the counter starts counting
(NFEN1, NFEN2) to 1. down. When the count value reaches TCROn = 0000H,
Set values of the TMROp, TDROn, TDROp registers, the INTTMOn output is generated, and the counter stops
TOMO.n, TOMO.p, TOLO.n, and TOLO.p bits cannot be until the next valid edge is input to the TIOn pin.
changed. The slave channel, triggered by INTTMOn of the master
The TCROn and TCROp registers can always be read. channel, loads the value of the TDROp register to the
The TSROn and TSROp registers are not used. TCROp register, and the counter starts counting down.
Set values of the TOO and TOEO registers can be The output level of TOOp becomes active one count clock
changed. after generation of INTTMOnN from the master channel. It
becomes inactive when TCROp = 0000H, and the counting
operation is stopped.
After that, the above operation is repeated.
Operation | The TTO.n (master) and TTO.p (slave) bits are setto 1 at
stop the same time. TEO.n, TEO.p = 0, and count operation stops.
The TTO.n and TTO.p bits automatically return to O The TCROn and TCROp registers hold count value and
because they are trigger bits. stop.
The TOOp output is not initialized but holds current
status.
The TOEO.p bit of slave channel is cleared to 0 and
— value is set to the TOO.p bit. P The TOOp pin outputs the TOOp set level.
TAU To hold the TOOp pin output level
stop Clears the TOO.p bit to 0 after the value to
be held is set to the port register. ——————————————————®The TOOp pin output level is held by port function.
When holding the TOOp pin output level is not
necessary
Setting not required. The TOOp pin output level goes into Hi-Z output state.
The TAUOEN bit of the PERO register is cleared to 0.—® Power-off status
All circuits are initialized and SFR of each channel is
also initialized.
(The TOO.p bit is cleared to 0 and the TOOp pin is set to
port mode.)

Remark n: Channel number (n =0, 2, 4, 6)

p: Slave channel number (n<p <7)
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6.8.2 Operation as PWM function
Two channels can be used as a set to generate a pulse of any period and duty factor.
The period and duty factor of the output pulse can be calculated by the following expressions.

Pulse period = {Set value of TDROn (master) + 1} x Count clock period

Duty factor [%] = {Set value of TDROp (slave)}/{Set value of TDROn (master) + 1} x 100
0% output:  Set value of TDROp (slave) = 0000H

100% output: Set value of TDROp (slave) > {Set value of TDROn (master) + 1}

Remark The duty factor exceeds 100% if the set value of TDROp (slave) > (set value of TDROn (master) + 1), it
summarizes to 100% output.

The master channel operates in the interval timer mode. If the channel start trigger bit (TS0.n) of timer channel start
register 0 (TSO) is set to 1, an interrupt (INTTMON) is output, the value set to timer data register On (TDROnN) is loaded to
timer/counter register On (TCROn), and the counter counts down in synchronization with the count clock. When the
counter reaches 0000H, INTTMOn is output, the value of the TDROnN register is loaded again to the TCROn register, and
the counter counts down. This operation is repeated until the channel stop trigger bit (TTO.n) of timer channel stop
register 0 (TTO) is set to 1.

If two channels are used to output a PWM waveform, the period until the master channel counts down to O000H is the
PWM output (TOOp) cycle.

The slave channel operates in one-count mode. By using INTTMOn from the master channel as a start trigger, the
TCROp register loads the value of the TDROp register and the counter counts down to 0000H. When the counter reaches
0000H, it outputs INTTMOp and waits until the next start trigger (INTTMOn from the master channel) is generated.

If two channels are used to output a PWM waveform, the period until the slave channel counts down to 0000H is the
PWM output (TOOp) duty.

PWM output (TOOp) goes to the active level one clock after the master channel generates INTTMOn and goes to the
inactive level when the TCROp register of the slave channel becomes 0000H.

Caution To rewrite both timer data register On (TDROn) of the master channel and the TDROp register of the
slave channel, a write access is necessary two times. The timing at which the values of the TDROn
and TDROp registers are loaded to the TCROn and TCROp registers is upon occurrence of INTTMOn of
the master channel. Thus, when rewriting is performed split before and after occurrence of INTTMOn
of the master channel, the TOOp pin cannot output the expected waveform. To rewrite both the
TDRON register of the master and the TDROp register of the slave, therefore, be sure to rewrite both
the registers immediately after INTTMOn is generated from the master channel.

Remark n: Channel number (n=0, 2, 4, 6)
p: Slave channel number (n<p <7)
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Figure 6-77. Block Diagram of Operation as PWM Function

Master channel

(interval timer mode) =
_ CKo1 3
Operation clock o Timer counter
CK00 § —={ register On (TCROn)
O
8
3 ,
TSO 8 Timer data Interrupt | Interrupt signal
n 5 register On (TDRON
g g ( ) controller (INTTMON)
E
Slave channel
(one-count mode)
S
_ CKO1 &
Operation clock E Timer counter output .
CKO00 g —| register Op (TCROp) controller © TOOp pin
O
o
S
8 ,
3 Timer data Interrupt | Interrupt signal
5 register Op (TDRO
g g p( p) controller (INTTMOp)
=

Remark n: Channel number (n =0, 2, 4, 6)
p: Slave channel number (n<p <7)
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Figure 6-78. Example of Basic Timing of Operation as PWM Function

TS0.n I

TEO.n

FFFFH

et | TeRon T
TDRON / a / X jb )
TOON
INTTMON -l ]

TSO.p J'I(
B

TEO.p \
FFFFH | [
TCRO
Slave P 0000H \ N
channel / ) )
TDROp c X d
TOOp | -
INTTMOp |
at+l at+l b+1

] o | "d |

Remark 1. n: Channel number (n =0, 2, 4, 6)
p: Slave channel number (n<p<7)
2. TS0.n, TSO.p: Bit n, p of timer channel start register 0 (TSO0)
TEO.n, TEO.p: Bit n, p of timer channel enable status register 0 (TEQ)
TCROn, TCROp: Timer/counter registers On, Op (TCROn, TCROp)
TDROn, TDROp:  Timer data registers On, Op (TDROn, TDROp)

TOON, TOOp: TOON and TOOp pins output signal
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Figure 6-79. Example of Set Contents of Registers When PWM Function (Master Channel) Is Used

(@) Timer mode register On (TMROnN)
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

MA:
TMRON  [ckson1|cksono CCSOn TERin STSON2|STSON1|STSONO| CISONn1 | CISONO MDOn3 | MDONn2 | MDONn1 [ MDONO

1/0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 1

Operation mode of channel n
000B: Interval timer

started.

L__Selection of TIOn pin input edge
00B: Sets 00B because these are not used.

L__Start trigger selection
000B: Selects only software start.

L__Slave/master selection
1: Master channel.

L__Count clock selection
0: Selects operation clock (fvck).

L__Operation clock (fuck) selection
00B: Selects CKO0O as operation clock of channel n.
10B: Selects CKO1 as operation clock of channel n.

(b) Timer output register 0 (TOO)
Bit n
TOO TOO.n 0: Outputs 0 from TOON.
0

(c) Timer output enable register 0 (TOEO)
Bit n

TOEO |TOEO.N 0: Stops the TOON output operation by counting operation.
0

(d) Timer output level register 0 (TOLO)
Bit n

TOLO |TOLO.N 0: Cleared to 0 when TOMO.n = 0 (master channel output mode).
0

(e) Timer output mode register 0 (TOMO)
Bit n

TOMO |Tomo.n 0: Sets master channel output mode.
0

Remark n: Channel number (n =0, 2, 4, 6)

Setting of operation when counting is started
1: Generates INTTMOn when counting is
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Figure 6-80. Example of Set Contents of Registers When PWM Function (Slave Channel) Is Used

(@) Timer mode register Op (TMROp)
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Note

TMROp [cksop1|cksopo CCsop |Mis STSO0p2 [STSOp1 | STSOpO | CISOp1 | CISOpO MDOp3 | MDOp2 | MDOp1 | MDOpO
1/0 0 0 0 0 1 0 0 0 0 0 0 1 0 0 1

] T T [ I

Operation mode of channel p

100B: One-count mode

Start trigger during operation
1: Trigger input is valid.

L__Selection of TIOp pin input edge
00B: Sets 00B because these are not used.

| Start trigger selection
100B: Selects INTTMOnN of master channel.

L Setting of MASTEROp or SPLITOp bit
0: Slave channel.

L__Count clock selection
0: Selects operation clock (fwck).

| Operation clock (fuck) selection

00B: Selects CKO0O as operation clock of channel p.

10B: Selects CKO1 as operation clock of channel p.
* Make the same setting as master channel.

(b) Timer output register 0 (TOO)

Bit p
TOO TOO.p 0: Outputs 0 from TOOp.
1/0 1: Outputs 1 from TOOp.

(c) Timer output enable register 0 (TOEO)

Bit p
TOEO |TOEO.p 0: Stops the TOOp output operation by counting operation.
1/0 1: Enables the TOOp output operation by counting operation.

(d) Timer output level register 0 (TOLO)

Bit p
TOLO |ToLOp 0: Positive logic output (active-high)
1/0 1: Inverted output (active-low)

(e) Timer output mode register 0 (TOMO)
Bit p

TOMO |Tomop 1: Sets the slave channel output mode.
1

Note TMRO5, TMRO7: MASTEROp bit
TMRO1, TMRO03: SPLITOp bit

Remark n: Channel number (n =0, 2, 4, 6)
p: Slave channel number (n<p <7)
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Figure 6-81. Operation Procedure When PWM Function Is Used (1/2)
Software Operation Hardware Status
TAU Power-off status
default (Clock supply is stopped and writing to each register is
setting disabled.)
Sets the TAUOEN 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 0 (TPSO0).
Determines clock frequencies of CK00 and CKO1.
Channel | Sets timer mode registers On, Op (TMROn, TMROp) of Channel stops operating.
default two channels to be used (determines operation mode of | (Clock is supplied and some power is consumed.)
setting channels).

An interval (period) value is set to timer data register On
(TDRON) of the master channel, and a duty factor is set
to the TDROp register of the slave channel.

Sets slave channel.
The TOMO.p bit of timer output mode register 0
(TOMO) is set to 1 (slave channel output mode).
Sets the TOLO.p bit.
Sets the TOO.p bit and determines default level of the

The TOOp pin goes into Hi-Z output state.

The TOOp default setting level is output when the port

TOOp output.

Sets the TOEO.p bit to 1 and enables operation of TOOp. —»
Clears the port register and port mode register to 0.—'[' The TOOp pin outputs the TOOp set level.

r TOOp does not change because channel stops operating.

mode register is in output mode and the port register is 0.

(Note and Remark are listed on the next page.)
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Operation is resumed.

RL78/F12

CHAPTER 6 TIMER ARRAY UNIT

Figure 6-81. Operation Procedure When PWM Function Is Used (2/2)

Software Operation

Hardware Status

Operation | Sets the TOEO.p bit (slave) to 1 (only when operation is
start resumed).
The TS0.n (master) and TSO0.p (slave) bits of timer
channel start register 0 (TSO0) are set to 1 at the same TEO.n=1,TEO.p=1
time. » When the master channel starts counting, INTTMOn is
The TS0.n and TSO0.p bits automatically return to O generated. Triggered by this interrupt, the slave
because they are trigger bits. channel also starts counting.
During Set values of the TMROn and TMROp registers, TOMO.n, | The counter of the master channel loads the TDROn
operation | TOMO.p, TOLO.n, and TOLO.p bits cannot be changed. register value to timer/counter register On (TCROn), and
Set values of the TDROn and TDROp registers can be counts down. When the count value reaches TCROn =
changed after INTTMOn of the master channel is 0000H, INTTMOn output is generated. At the same time,
generated. the value of the TDROn register is loaded to the TCRON
The TCROn and TCROp registers can always be read. register, and the counter starts counting down again.
The TSROn and TSROp registers are not used. At the slave channel, the value of the TDROp register is
Set values of the TOO0 and TOEQO registers can be loaded to the TCROp register, triggered by INTTMOn of
changed. the master channel, and the counter starts counting down.
The output level of TOOp becomes active one count clock
after generation of the INTTMOn output from the master
channel. It becomes inactive when TCROp = 0000H, and
the counting operation is stopped.
After that, the above operation is repeated.
Operation | The TTO.n (master) and TTO.p (slave) bits are set to 1 at
stop the same time. TEO.n, TEO.p = 0, and count operation stops.
The TTO.n and TTO.p bits automatically return to O The TCROn and TCROp registers hold count value and
because they are trigger bits. stop.
The TOOp output is not initialized but holds current
status.
The TOEO.p bit of slave channel is cleared to 0 and value
is set to the TOO.p bit. P The TOOp pin outputs the TOOp set level.
TAU To hold the TOOp pin output level
stop Clears the TOO.p bit to 0 after the valueto ———®The TOOp pin output level is held by port function.
be held is set to the port register.
When holding the TOOp pin output level is not
necessary
JSetting notrequired. L
The TAUOEN bit of the PERO register is cleared to 0—— Power-off status
All circuits are initialized and SFR of each channel is
also initialized.
(The TOO.p bit is cleared to 0 and the TOOp pin is set to
port mode.)
Remark n: Channel number (n =0, 2, 4, 6)

p: Slave channel number (n<p <7)
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6.8.3 Operation as multiple PWM output function

By extending the PWM function and using multiple slave channels, many PWM waveforms with different duty values
can be output.

For example, when using two slave channels, the period and duty factor of an output pulse can be calculated by the
following expressions.

Pulse period = {Set value of TDRONn (master) + 1} x Count clock period
Duty factor 1 [%] = {Set value of TDROp (slave 1)}/{Set value of TDRONn (master) + 1} x 100
Duty factor 2 [%] = {Set value of TDROq (slave 2)}/{Set value of TDROn (master) + 1} x 100

Remark Although the duty factor exceeds 100% if the set value of TDROp (slave 1) > {set value of TDROn
(master) + 1} or if the {set value of TDROq (slave 2)} > {set value of TDROn (master) + 1}, it is
summarized into 100% output.

Timer/counter register On (TCROnN) of the master channel operates in the interval timer mode and counts the periods.

The TCROp register of the slave channel 1 operates in one-count mode, counts the duty factor, and outputs a PWM
waveform from the TOOp pin. The TCROp register loads the value of timer data register Op (TDROp), using INTTMOn of
the master channel as a start trigger, and starts counting down. When TCROp = 0000H, TCROp outputs INTTMOp and
stops counting until the next start trigger (INTTMOn of the master channel) has been input. The output level of TOOp
becomes active one count clock after generation of INTTMOn from the master channel, and inactive when TCROp = 0000H.

In the same way as the TCROp register of the slave channel 1, the TCROq register of the slave channel 2 operates in
one-count mode, counts the duty factor, and outputs a PWM waveform from the TOOq pin. The TCROq register loads the
value of the TDROq register, using INTTMOn of the master channel as a start trigger, and starts counting down. When
TCROqg = 0000H, the TCROq register outputs INTTMOqg and stops counting until the next start trigger (INTTMOn of the
master channel) has been input. The output level of TOOq becomes active one count clock after generation of INTTMONn
from the master channel, and inactive when TCROg = 0000H.

When channel 0 is used as the master channel as above, up to seven types of PWM signals can be output at the same
time.

Caution To rewrite both timer data register On (TDROn) of the master channel and the TDROp register of the
slave channel 1, write access is necessary at least twice. Since the values of the TDROn and TDROp
registers are loaded to the TCROn and TCROp registers after INTTMOn is generated from the master
channel, if rewriting is performed separately before and after generation of INTTMOn from the master
channel, the TOOp pin cannot output the expected waveform. To rewrite both the TDROn register of
the master and the TDROp register of the slave, be sure to rewrite both the registers immediately
after INTTMOn is generated from the master channel (This applies also to the TDROq register of the
slave channel 2).

Remark n: Channel number (n=0, 2, 4)
p: Slave channel number 1, g: Slave channel nhumber 2
n<p<qg<7(Wherepand g are integers greater than n)
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Figure 6-82. Block Diagram of Operation as Multiple PWM Output Function (output two types of PWMs)

Master channel
(interval timer mode)

c
i)
) CKO1 3
Operation clock & Timer counter
CKO00 E —| register On (TCRON)
O
S
g ,
3 Timer data Interrupt Interrupt signal
TS0.n 5 register On (TDRON
5 g ( ) controller (INTTMOn)
E
Slave channel 1
(one-count mode)
S
O i lock crot 3
peration cloc & Timer counter
3 register Op (TCROp) Output © TO0p pin
CKO00 8 — g p P controller
O
S
3 Timer data Interrupt | Interrupt signal
= register Op (TDRO|
5 g p( p) controller (INTTMOP)
£
Slave channel 2
(one-count mode)
S
o ) ock CKO01 3
peration cloc 3 Timer counter
3 register 0g (TCROq) Output ©T00q pin
CKO00 8 — controller
O
S
3 Timer data Interrupt | Interrupt signal
it register 0q (TDROQq)
% controller (INTTMOG)
=

Remark n: Channel number (n =0, 2, 4)
p: Slave channel number 1, g: Slave channel number 2
n<p<q<7(Where p and g are integers greater than n)
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Figure 6-83. Example of Basic Timing of Operation as Multiple PWM Output Function
(Output two types of PWMSs) (1/2)

TSO.n |

TEO.n

FFFFH

Master
channel TCROn 0000H \ \\

TDRON a X b

TOON

INTTMON -I .I

TSO0.p

TEO.p

FFFFH

TCRO
Slave P 0000H \ N

channel 1 } }
TDROp c X d

TOOp

INTTMOp I |

atl a+l b+1

< e ~d i

TS0.q

TEO.q

FFFFH B

TCRO
Slave a 0000H [} X

channel 2

N
N 7

TDROq e X f

TOOq

INTTMOq Il

a+l a+l b+1

(Remark is listed on the next page.)
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Figure 6-83. Example of Basic Timing of Operation as Multiple PWM Output Function
(Output two types of PWMSs) (2/2)

Remark 1. n: Channel number (n=0, 2, 4)
p: Slave channel number 1, g: Slave channel number 2
n<p<q<7(Where pand g are integers greater than n)
2. TS0.n, TS0.p, TSO.q: Bit n, p, g of timer channel start register 0 (TSO0)
TEO.n, TEO.p, TEO.q: Bit n, p, q of timer channel enable status register 0 (TEO)
TCRON, TCROp, TCROqg: Timer/counter registers On, Op, 0g (TCROn, TCROp, TCROQ)
TDRON, TDROp, TDROq: Timer data registers On, Op, 0q (TDROn, TDROp, TDROQ)

TOON, TOOp, TOOQ: TOON, TOOp, and TOOq pins output signal
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Figure 6-84. Example of Set Contents of Registers
When Multiple PWM Output Function (Master Channel) Is Used

(&) Timer mode register On (TMROnN)
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

TMRON  |ckson1|cKSono CCson T':gin STSO0N2|STSON1|STSONO | CISON1 | CISONO MDOn3 | MDONn2 | MDON1 [ MDONO

1/0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 1

L I [ ] L[

Operation mode of channel n
000B: Interval timer

started.

| __Selection of TIOn pin input edge
00B: Sets 00B because these are not used.

L Start trigger selection
000B: Selects only software start.

L__Slave/master selection
1. Master channel.

L__Count clock selection
0: Selects operation clock (fvck).

L__Operation clock (fuck) selection
00B: Selects CKO0O0 as operation clock of channel n.
10B: Selects CKO01 as operation clock of channel n.

(b) Timer output register 0 (TOO)
Bit n
TOO TOO.n 0: Outputs 0 from TOON.
0

(c) Timer output enable register 0 (TOEO)
Bit n

TOEO |TOEO.N 0: Stops the TOON output operation by counting operation.
0

(d) Timer output level register 0 (TOLO)
Bit n

TOLO |TOLO.N 0: Cleared to 0 when TOMO.n = 0 (master channel output mode).
0

(e) Timer output mode register 0 (TOMO)
Bit n

TOMO |Tomo.n 0: Sets master channel output mode.
0

Remark n: Channel number (n =0, 2, 4)

Setting of operation when counting is started
1: Generates INTTMOn when counting is
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Figure 6-85. Example of Set Contents of Registers
When Multiple PWM Output Function (Slave Channel) Is Used (output two types of PWMs)

(@) Timer mode register Op, 0g (TMROp, TMROQq)
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

TMROp  |cksop1|cksopo ccsop | mis V' | sTsop2 |sTS0p1 | STS0RO| CISOp1 | CISOPO MDOp3 | MDOp2 | MDOp1 | MDOPO
1/0 0 0 0 0 1 0 0 0 0 0 0 1 0 0 1

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Note

TMROQ  [cksoqg1|cKsoqo CCSso0q |M/S STS0q2 [STS0q1|STS0qO | CISOq1 | CIS0q0 MDO0g3 | MDOg2 | MDOg1 [ MDOqO
1/0 0 0 0 0 1 0 0 0 0 0 0 1 0 0 1

L | [ L] L

Operation mode of channel p, q
100B: One-count mode

Start trigger during operation
1: Trigger input is valid.

|___Selection of TIOp and TIO0q pins input edge
00B: Sets 00B because these are not used.

| Start trigger selection
100B: Selects INTTMOnN of master channel.

| Setting of MASTEROp, MASTEROq or SPLITOp, SPLITOq bit
0: Slave channel.

| Count clock selection
0: Selects operation clock (fvck).

| Operation clock (fuck) selection

00B: Selects CKO0O as operation clock of channel p, g.

10B: Selects CKO1 as operation clock of channel p, q.
* Make the same setting as master channel.

(b) Timer output register 0 (TOO0)

Bitq Bitp
TOO TOO0.q | TOO.p 0: Outputs 0 from TOOp or TOOQ.
1/0 | 1/0 1: Outputs 1 from TOOp or TOOg.

(c) Timer output enable register 0 (TOEO)

Bitg Bitp
TOEO |TOEO0.q|TOEO.p 0: Stops the TOOp or TOOq output operation by counting operation.
1/0 1/0 1: Enables the TOOp or TOOq output operation by counting operation.

(d) Timer output level register 0 (TOLO)

Bitg Bitp
TOLO |TOL0.q| TOLO.p 0: Positive logic output (active-high)
1/0 | 1/0 1: Inverted output (active-low)

(e) Timer output mode register 0 (TOMO)

Bitg Bitp
TOMO |TOoMO.q| TOMO.p 1: Sets the slave channel output mode.
1 1

Note TMRO5, TMRO7: MASTEROp, MASTEROq bit
TMRO1, TMRO03: SPLITOp, SPLITOq bit

Remark n: Channel number (n=0, 2, 4)
p: Slave channel number 1, g: Slave channel number 2
n<p<q<7(Where p and q are integers greater than n)
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Figure 6-86. Operation Procedure When Mul

tiple PWM Output Function Is Used (1/2)

Software Operation

Hardware Status

TAU Power-off status
default (Clock supply is stopped and writing to each register is
setting disabled.)
Sets the TAUOEN 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 0 (TPSO0).
Determines clock frequencies of CK0OO and CKO1.
Channel | Sets timer mode registers On, Op, 0q (TMROn, TMROp, Channel stops operating.
default TMROq) of each channel to be used (determines (Clock is supplied and some power is consumed.)
setting operation mode of channels).

An interval (period) value is set to timer data register On
(TDRON) of the master channel, and a duty factor is set
to the TDROp and TDRO(q registers of the slave
channels.

Sets slave channels.
The TOMO.p and TOMO.q bits of timer output mode
register 0 (TOMO) are set to 1 (slave channel output
mode).
Clears the TOLO.p and TOLO.q bits to 0.
Sets the TOO0.p and TOO.q bits and determines default
level of the TOOp and TOOq outputs. ———————®

Sets the TOEO.p and TOEOQ.q bits to 1 and enables

The TOOp and TOOq pins go into Hi-Z output state.

> The TOOp and TOOq default setting levels are output when
the port mode register is in output mode and the port
register is 0.

operation of TOOp and TOOq.

Clears the port register and port mode register to 0. —H

TOOp and TOOg do not change because channels stop
operating.

> The TOOp and TOOq pins output the TOOp and TOOq set
levels.

(Note and Remark are listed on the next page.)
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Figure 6-86. Operation Procedure When Multiple PWM Output Function Is Used (2/2)

Software Operation Hardware Status
Operation | (Sets the TOEO.p and TOEO.q (slave) bits to 1 only when
start resuming operation.)
The TS0.n bit (master), and TSO.p and TS0.q (slave) bits
of timer channel start register 0 (TS0) are set to 1 at the
same time. TEO.n =1, TEO.p, TEO.q=1
The TS0.n, TSO0.p, and TSO0.q bits automatically return When the master channel starts counting, INTTMOn is
to 0 because they are trigger bits. generated. Triggered by this interrupt, the slave
channel also starts counting.
During Set values of the TMROn, TMROp, TMROq registers, The counter of the master channel loads the TDROn
operation | TOMO.n, TOMO.p, TOMO0.q, TOLO.n, TOLO.p, and TOLO.q | register value to timer/counter register On (TCROn) and
bits cannot be changed. counts down. When the count value reaches TCROn =
Set values of the TDROn, TDROp, and TDRO(q registers 0000H, INTTMOn output is generated. At the same time,
can be changed after INTTMOn of the master channel is the value of the TDROn register is loaded to the TCROn
generated. register, and the counter starts counting down again.
The TCROn, TCROp, and TCRO(q registers can always be | At the slave channel 1, the values of the TDROp register
read. are transferred to the TCROp register, triggered by
The TSROn, TSROp, and TSROq registers are not used. INTTMOn of the master channel, and the counter starts
Set values of the TOO and TOEO registers can be counting down. The output levels of TOOp become active
changed. one count clock after generation of the INTTMOn output
from the master channel. It becomes inactive when TCROp
= 0000H, and the counting operation is stopped.
At the slave channel 2, the values of the TDROq register
are transferred to TCROq regster, triggered by INTTMOn of
the master channel, and the counter starts counting down.
The output levels of TO0q become active one count clock
after generation of the INTTMOnN output from the master
channel. It becomes inactive when TCROg = 0000H, and
the counting operation is stopped.
After that, the above operation is repeated.
Operation | The TT0.n bit (master), TTO.p, and TT0.q (slave) bits are
stop setto 1 at the same time. TEO.n, TEO.p, TEO.q = 0, and count operation stops.
The TTO.n, TTO.p, and TTO.q pits automatically return The TCRON, TCROp, and TCROq registers hold count
to 0 because they are trigger bits. value and stop.
The TOOp and TOOq output are not initialized but hold
current status.
The TOEO.p and TOEO.q bits of slave channels are
cleared to 0 and value is set to the TOO.p and TOO.q bits.- % The TOOp and TOOq pins output the TOOp and TOOq set
— levels.
TAU To hold the TOOp and TOOq pin output levels
stop Clears the TOO0.p and TOO.q bits to 0 after
the value to be held is set to the port register. —————»The TOOp and TOOq pin output levels are held by port
When holding the TOOp and TOOq pin output levels are | function.
not necessary
Setting not required.
The TAUOEN bit of the PERO register is cleared to 0.—® Power-off status
All circuits are initialized and SFR of each channel is
also initialized.
(The TOO.p and TOO.q bits are cleared to 0 and the
TOOp and TOOq pins are set to port mode.)
Remark n: Channel number (n =0, 2, 4)

p: Slave channel number 1, g: Slave channel numbe

r2

n<p<q<7(Wherepand g are integers greater than n)
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CHAPTER 7 REAL-TIME CLOCK

7.1 Functions of Real-time Clock

The real-time clock has the following features.

e Having counters of year, month, week, day, hour, minute, and second, and can count up to 99 years.
¢ Constant-period interrupt function (period: 0.5 seconds, 1 second, 1 minute, 1 hour, 1 day, 1 month)
Alarm interrupt function (alarm: week, hour, minute)

¢ Pin output function of 1 Hz (48, 64-pin products only)

Caution The count of year, month, week, day, hour, minutes and second can only be performed when a
subsystem clock (fsus = 32.768 kHz) is selected as the operation clock of the real-time clock. When
the low-speed on-chip oscillator clock (fi. = 15 kHz) is selected, only the constant-period interrupt
function is available. The 20- to 32-pin products have the constant-period interrupt function only,

because these products have no subsystem clock.

However, the constant-period interrupt interval when fiL is selected will be calculated with the

constant-period (the value selected with RTCCO register) x fsus/fiL.

7.2 Configuration of Real-time Clock

The real-time clock includes the following hardware.

Table 7-1. Configuration of Real-time Clock

Item

Configuration

Counter

Sub-count register

Control registers

Peripheral enable register 0 (PERO)

Operation speed mode control register (OSMC)

Real-time clock control register 0 (RTCCO)

Real-time clock control register 1 (RTCC1)

Second count register (SEC)

Minute count register (MIN)

Hour count register (HOUR)

Day count register (DAY)

Week count register (WEEK)

Month count register (MONTH)

Year count register (YEAR)

Watch error correction register (SUBCUD)

Alarm minute register (ALARMWM)

Alarm hour register (ALARMWH)

Alarm week register (ALARMWW)
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Real-time clock control register 1

Figure 7-1. Block Diagram of Real-time Clock

Real-time clock control register 0

WUTMM Operation speed mode
WALE | WALIE | WAFG | RIFG | RWST | RWAIT RTCE |RCLOE1| AMPM | CT2 CT1 CTO0 cKO control register (OSMC)
D© RTC1HZ/INTP3/
SCK11/SCL11/P30
Alarm week Alarm hour Alarm minute
register register register
(ALARMWW) (ALARMWH)| [(ALARMWM)
(7-bit) (6-bit) (7-bit)
INTRTC
CTOto CT2
RIFG
8
|53
@
[7)
n
IAMPM
RWST RWAIT | o5
1 month 1 day 1 hour 1 minute seconds Count clock
Year count Month count| Week count| Day count Hour count Minute count Second Sub =32.768 kHz
| ! ) h . : count ub-count
register register register register register register register register
(YEAR) |«—| (MONTH) (WEEK) fodf (DAY) L.l f (HOUR) L. Lf (MIN) (SEC) [=— Wait control {4 (16-bit) frrc
(8-bit) (5-bit) (3-bit) (6-bit) (6-bit) (7-bit) (7-hit) 5 fsus
} 3
2
2 fi
Count enable/ ]
disable circuit V‘é%‘ﬁg;gﬂr
register
(SUBCUD)
Buffer Buffer Buffer Buffer Buffer Buffer Buffer RTCE (Bi'Elt) WUTMMCKO
S Internal bus S
Caution The count of year, month, week, day, hour, minutes and second can only be performed when a

subsystem clock (fsus = 32.768 kHz) is selected as the operation clock of the real-time clock.
When the low-speed on-chip oscillator clock (fiL) is selected, only the constant-period interrupt
function is available. The 20- to 32-pin products have the constant-period interrupt function

only, because these products have no subsystem clock.
However, the constant-period when fiL is selected will be the value of nearly twice selection

when fsus is selected.
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7.3 Registers Controlling Real-time Clock
The real-time clock is controlled by the following registers.

 Peripheral enable register 0 (PERO)

« Operation speed mode control register (OSMC)
» Real-time clock control register 0 (RTCCO)
« Real-time clock control register 1 (RTCC1)
« Second count register (SEC)

e Minute count register (MIN)

* Hour count register (HOUR)

« Day count register (DAY)

» Week count register (WEEK)

« Month count register (MONTH)

* Year count register (YEAR)

» Watch error correction register (SUBCUD)
* Alarm minute register (ALARMWM)

» Alarm hour register (ALARMWH)

« Alarm week register (ALARMWW)
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(1) Peripheral enable register 0 (PERO)
This register is used to enable or disable supplying the clock to the peripheral hardware. Clock supply to a

hardware macro that is

not used is stopped in order to reduce the power consumption and noise.

When the real-time clock is used, be sure to set bit 7 (RTCEN) 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 7-2. Format of Peripheral Enable Register 0 (PERO)

Address: FOOFOH  After reset: 00H R/W

Symbol <7> 6 <5> <4> <3> <2> 1 <0>
PERO RTCEN 0 ADCEN  [IICAOEN "****| SAUIENN"**|  SAUOEN 0 TAUOEN
RTCEN Control of real-time clock (RTC) input clock supply Vo' 2
0 Stops input clock supply.
e SFR used by the real-time clock (RTC) cannot be written.
e The real-time clock (RTC) is in the reset status.
1 Enables input clock supply.
e SFR used by the real-time clock (RTC) can be read/written.

Notes 1. Those are not provided in the 20-pin products.
2. The RTCEN bit is used to supply or stop the clock used when accessing the real-time clock
(RTC) register from the CPU. The RTCEN bit cannot control supply of the operating clock
(frtc) to RTC.

Cautions 1.

When using the real-time clock, first set the RTCEN bit to 1, while oscillation of the
input clock (frrc) is stable. If RTCEN = 0, writing to a control register of the real-time
clock is ignored, and, even if the register is read, only the default value is read.

Clock supply to peripheral functions other than the real-time clock can be stopped in
STOP mode or HALT mode when the subsystem clock is used, by setting the
RTCLPC bit of the operation speed mode control register (OSMC) to 1. In this case,
set the RTCEN bit of the PERO register to 1 and the other bits (bits 0 to 6) to 0.

Be sure to clear the following bits to 0.

20-pin products: bits 1, 3,4, 6

30, 32-pin products: bits 1, 6

48, 64-pin products: bits 1, 6
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(2) Operation speed mode control register (OSMC)
The WUTMMCKO bit can be used to select the real-time clock operation clock (frrc).
In addition, by stopping clock functions that are even a little unnecessary, the RTCLPC bit can be used to reduce
power consumption. For details about setting the RTCLPC bit, see CHAPTER 5 CLOCK GENERATOR.
The OSMC register can be set by an 8-bit memory manipulation instruction.
Reset signal generation clears this register to 00H.

Figure 7-3. Format of Operation Speed Mode Control Register (OSMC)

Address: FOOF3H Afterreset: OOH R/W

Symbol 7 6 5 4 3 2 1 0
OSMC RTCLPC 0 0 WUTMMCKO 0 0 0 0
WUTMMCKO Selection of operation clock (frrc) for real-time clock and interval timer.

0 Subsystem clock (fsug)
1 Low-speed on-chip oscillator clock (fiL)

Caution The count of year, month, week, day, hour, minutes and second can only be performed
when a subsystem clock (fsus = 32.768 kHz) is selected as the operation clock of the
real-time clock. When the low-speed on-chip oscillator clock (fi. = 15 kHz) is selected,
only the constant-period interrupt function is available. The 20- to 32-pin products have
the constant-period interrupt function only, because these products have no subsystem
clock.

However, the constant-period interrupt interval when fi. is selected will be calculated
with the constant-period (the value selected with RTCCO register) x fsus/fiL.
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(3) Real-time clock control register 0 (RTCCO)
The RTCCO register is an 8-bit register that is used to start or stop the real-time clock operation, control the
RTC1HZ pin, and set a 12- or 24-hour system and the constant-period interrupt function.
The RTCCO register can be set by a 1-bit or 8-bit memory manipulation instruction.

Reset signal generation clears this register to 00H.

Address: FFFODH  After reset: 0OH R/W

Figure 7-4. Format of Real-time Clock Control Register 0 (RTCCO)

Symbol <7> 6 <5> 4 3 2 1 0
RTCCO RTCE 0 RCLOE1 0 AMPM CT2 CT1 CTO
RTCE Real-time clock operation control
0 Stops counter operation.
1 Starts counter operation.
RCLOE1 RTC1HZ pin output control
0 Disables output of the RTC1HZ pin (1 Hz).
1 Enables output of the RTC1HZ pin (1 Hz).
AMPM Selection of 12-/24-hour system
0 12-hour system (a.m. and p.m. are displayed.)
1 24-hour system

* Rewrite the AMPM bit value after setting the RWAIT bit (bit O of real-time clock control register 1 (RTCC1)) to 1. If
the AMPM bit value is changed, the values of the hour count register (HOUR) change according to the specified
time system.

e Table 7-2 shows the displayed time digits that are displayed.

CT2 CT1 CTO Constant-period interrupt (INTRTC) selection
0 0 0 Does not use constant-period interrupt function.
0 0 1 Once per 0.5 s (synchronized with second count up)
0 1 0 Once per 1 s (same time as second count up)
0 1 1 Once per 1 m (second 00 of every minute)
1 0 0 Once per 1 hour (minute 00 and second 00 of every hour)
1 0 1 Once per 1 day (hour 00, minute 00, and second 00 of every day)
1 1 X Once per 1 month (Day 1, hour 00 a.m., minute 00, and second 00 of

every month)

When changing the values of the CT2 to CTO bits while the counter operates (RTCE = 1), rewrite the values of the
CT2 to CTO bits after disabling interrupt servicing INTRTC by using the interrupt mask flag register. Furthermore,
after rewriting the values of the CT2 to CTO bits, enable interrupt servicing after clearing the RIFG and RTCIF flags.

Caution Do not change the value of the RTCLOEL1 bit when RTCE = 1.

Remark x: don't care
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(4) Real-time clock control register 1 (RTCC1)
The RTCCL1 register is an 8-bit register that is used to control the alarm interrupt function and the wait time of the
counter.
The RTCC1 register can be set by a 1-bit or 8-bit memory manipulation instruction.
Reset signal generation clears this register to 00H.

Figure 7-5. Format of Real-time Clock Control Register 1 (RTCC1) (1/2)

Address: FFFOEH  After reset: 0OH R/W

Symbol <7> <6> 5 <4> <3> 2 <1> <0>
RTCC1 WALE WALIE 0 WAFG RIFG 0 RWST RWAIT
WALE Alarm operation control
0 Match operation is invalid.
1 Match operation is valid.

When setting a value to the WALE bit while the counter operates (RTCE = 1) and WALIE = 1, rewrite the WALE bit
after disabling interrupt servicing INTRTC by using the interrupt mask flag register. Furthermore, clear the WAFG
and RTCIF flags after rewriting the WALE bit. When setting each alarm register (WALIE flag of real-time clock
control register 1 (RTCC1), the alarm minute register (ALARMWM), the alarm hour register (ALARMWH), and the
alarm week register (ALARMWW)), set match operation to be invalid (“0") for the WALE bit.

WALIE Control of alarm interrupt (INTRTC) function operation
0 Does not generate interrupt on matching of alarm.
1 Generates interrupt on matching of alarm.
WAFG Alarm detection status flag
0 Alarm mismatch
1 Detection of matching of alarm

This is a status flag that indicates detection of matching with the alarm. It is valid only when WALE = 1 and is set to
“1” one clock (32.768 kHz) after matching of the alarm is detected. This flag is cleared when “0” is written to it.
Writing “1” to it is invalid.
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Figure 7-5. Format of Real-time Clock Control Register 1 (RTCC1) (2/2)

RIFG Constant-period interrupt status flag
0 Constant-period interrupt is not generated.
1 Constant-period interrupt is generated.

This flag indicates the status of generation of the constant-period interrupt. When the constant-period interrupt is
generated, it is set to “1”.
This flag is cleared when “0” is written to it. Writing “1” to it is invalid.

RWST Wait status flag of real-time clock
0 Counter is operating.
1 Mode to read or write counter value

This status flag indicates whether the setting of the RWAIT bit is valid.
Before reading or writing the counter value, confirm that the value of this flag is 1.

RWAIT Wait control of real-time clock
0 Sets counter operation.
1 Stops SEC to YEAR counters. Mode to read or write counter value

This bit controls the operation of the counter.

Be sure to write “1” to it to read or write the counter value.

As the counter (16-bit) is continuing to run, complete reading or writing within one second and turn back to 0.
When RWAIT = 1, it takes up to 1 clock (frrc) until the counter value can be read or written (RWST = 1).

When the counter (16-bit) overflowed while RWAIT = 1, it keeps the event of overflow until RWAIT = 0, then counts
up.

However, when it wrote a value to second count register, it will not keep the overflow event.

Caution

Remark

If writing is performed to the RTCCL1 register with a 1-bit manipulation instruction, the RIFG flag
and WAFG flag may be cleared. Therefore, to perform writing to the RTCC1 register, be sure to
use an 8-bit manipulation instruction. To prevent the RIFG flag and WAFG flag from being
cleared during writing, disable writing by setting 1 to the corresponding bit. If the RIFG flag and
WAFG flag are not used and the value may be changed, the RTCC1 register may be written by
using a 1-bit manipulation instruction.

Fixed-cycle interrupts and alarm match interrupts use the same interrupt source (INTRTC). When using
these two types of interrupts at the same time, which interrupt occurred can be judged by checking the
fixed-cycle interrupt status flag (RIFG) and the alarm detection status flag (WAFG) upon INTRTC
occurrence.
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(5) Second count register (SEC)
The SEC register is an 8-bit register that takes a value of 0 to 59 (decimal) and indicates the count value of
seconds.
It counts up when the sub-counter overflows.
When data is written to this register, it is written to a buffer and then to the counter up to 2 clocks (frrc) later. Set a
decimal value of 00 to 59 to this register in BCD code.
The SEC register can be set by an 8-bit memory manipulation instruction.
Reset signal generation clears this register to 00H.

Figure 7-6. Format of Second Count Register (SEC)

Address: FFF92H  After reset: 00H R/W
Symbol 7 6 5 4 3 2 1 0
SEC 0 SEC40 SEC20 SEC10 SEC8 SEC4 SEC2 SEC1

Caution When changing the values of the SEC register while the counter operates (RTCE = 1), rewrite the
values of the SEC register after disabling interrupt servicing INTRTC by using the interrupt mask
flag register. Furthermore, clear the WAFG, RIFG and RTCIF flags after rewriting the SEC register.

(6) Minute count register (MIN)
The MIN register is an 8-bit register that takes a value of 0 to 59 (decimal) and indicates the count value of minutes.
It counts up when the second counter overflows.
When data is written to this register, it is written to a buffer and then to the counter up to 2 clocks (frc) later. Even
if the second count register overflows while this register is being written, this register ignores the overflow and is set
to the value written. Set a decimal value of 00 to 59 to this register in BCD code.
The MIN register can be set by an 8-bit memory manipulation instruction.
Reset signal generation clears this register to 00H.

Figure 7-7. Format of Minute Count Register (MIN)

Address: FFF93H  After reset: 00H R/W
Symbol 7 6 5 4 3 2 1 0

MIN 0 MIN40 MIN20 MIN10 MINS8 MIN4 MIN2 MIN1

Caution When changing the values of the MIN register while the counter operates (RTCE = 1), rewrite the
values of the MIN register after disabling interrupt servicing INTRTC by using the interrupt mask
flag register. Furthermore, clear the WAFG, RIFG and RTCIF flags after rewriting the MIN register.

RO1UH0231EJ0111 Rev.1.11 R NS 337
Jan 31, 2014 ENES



RL78/F12 CHAPTER 7 REAL-TIME CLOCK

(7) Hour count register (HOUR)
The HOUR register is an 8-bit register that takes a value of 00 to 23 or 01 to 12 and 21 to 32 (decimal) and
indicates the count value of hours.
It counts up when the minute counter overflows.
When data is written to this register, it is written to a buffer and then to the counter up to 2 clocks (frtc) later. Even
if the minute count register overflows while this register is being written, this register ignores the overflow and is set
to the value written. Specify a decimal value of 00 to 23, 01 to 12, or 21 to 32 by using BCD code according to the
time system specified using bit 3 (AMPM) of real-time clock control register 0 (RTCCO).
If the AMPM bit value is changed, the values of the HOUR register change according to the specified time system.
The HOUR register can be set by an 8-bit memory manipulation instruction.
Reset signal generation clears this register to 12H.
However, the value of this register is 00H if the AMPM bit (bit 3 of the RTCCO register) is set to 1 after reset.

Figure 7-8. Format of Hour Count Register (HOUR)

Address: FFF94H  After reset: 12H R/W
Symbol 7 6 5 4 3 2 1 0
HOUR 0 0 HOUR20 HOUR10 HOURS8 HOUR4 HOUR2 HOUR1

Cautions 1. Bit 5 (HOUR20) of the HOUR register indicates AM(0)/PM(1) if AMPM = 0 (if the 12-hour system
is selected).

2. If change the value of the AMPM bit, reconfigure to the value of HOUR register.

3. When changing the values of the HOUR register while the counter operates (RTCE = 1),
rewrite the values of the HOUR register after disabling interrupt servicing INTRTC by using
the interrupt mask flag register. Furthermore, clear the WAFG, RIFG and RTCIF flags after
rewriting the HOUR register.
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Table 7-2 shows the relationship between the setting value of the AMPM bit, the hour count register (HOUR) value, and

time.

Table 7-2. Displayed Time Digits

24-Hour Display (AMPM = 1)

12-Hour Display (AMPM = 1)

Time HOUR Register Time HOUR Register
0 00H 0am. 12H
1 01H lam. 01H
2 02H 2am. 02H
3 03H 3am. 03H
4 04H 4 a.m. 04H
5 05H 5am. 05H
6 06H 6 a.m. 06H
7 07H 7 a.m. 07H
8 08H 8a.m. 08H
9 09H 9am. 09H
10 10H 10 a.m. 10H
11 11H 11 a.m. 11H
12 12H 0 p.m. 32H
13 13H 1p.m. 21H
14 14H 2p.m. 22H
15 15H 3p.m. 23H
16 16H 4p.m. 24H
17 17H 5p.m. 25H
18 18H 6 p.m. 26H
19 19H 7 p.m. 27H
20 20H 8 p.m. 28H
21 21H 9 p.m. 29H
22 22H 10 p.m. 30H
23 23H 11 p.m. 31H

The HOUR register value is set to 12-hour display when the AMPM bit is “0” and to 24-hour display when the AMPM bit

is “1".

In 12-hour display, the fifth bit of the HOUR register displays 0 for AM and 1 for PM.

RO1UH0231EJ0111 Rev.1.11

Jan 31, 2014

RRENESAS

339



RL78/F12 CHAPTER 7 REAL-TIME CLOCK

(8) Day count register (DAY)
The DAY register is an 8-bit register that takes a value of 1 to 31 (decimal) and indicates the count value of days.
It counts up when the hour counter overflows.
This counter counts as follows.

01 to 31 (January, March, May, July, August, October, December)
01 to 30 (April, June, September, November)

01 to 29 (February, leap year)

01 to 28 (February, normal year)

When data is written to this register, it is written to a buffer and then to the counter up to 2 clocks (frtc) later. Even
if the hour count register overflows while this register is being written, this register ignores the overflow and is set to
the value written. Set a decimal value of 01 to 31 to this register in BCD code.

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

Reset signal generation clears this register to 01H.

Figure 7-9. Format of Day Count Register (DAY)

Address: FFF96H  After reset: 01H R/W
Symbol 7 6 5 4 3 2 1 0
DAY 0 0 DAY20 DAY10 DAY8 DAY4 DAY2 DAY1

Caution When changing the values of the DAY register while the counter operates (RTCE = 1), rewrite the
values of the DAY register after disabling interrupt servicing INTRTC by using the interrupt mask
flag register. Furthermore, clear the WAFG, RIFG and RTCIF flags after rewriting the DAY register.
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(9) Week count register (WEEK)
The WEEK register is an 8-bit register that takes a value of 0 to 6 (decimal) and indicates the count value of
weekdays.
It counts up in synchronization with the day counter.
When data is written to this register, it is written to a buffer and then to the counter up to 2 clocks (frrc) later. Set a
decimal value of 00 to 06 to this register in BCD code.
The WEEK register can be set by an 8-bit memory manipulation instruction.
Reset signal generation clears this register to 00H.

Figure 7-10. Format of Week Count Register (WEEK)

Address: FFF95H  After reset: 00H R/W
Symbol 7 6 5 4 3 2 1 0

WEEK 0 0 0 0 ‘ 0 ‘ WEEK4 WEEK?2 WEEK1

Cautions 1. The value corresponding to the month count register (MONTH) or the day count register (DAY)
is not stored in the week count register (WEEK) automatically. After reset release, set the
week count register as follow.

Day WEEK
Sunday O00OH
Monday 01H
Tuesday 02H

Wednesday 03H
Thursday 04H
Friday 05H
Saturday 06H

2. When changing the values of the WEEK register while the counter operates (RTCE = 1),
rewrite the values of the WEEK register after disabling interrupt servicing INTRTC by using
the interrupt mask flag register. Furthermore, clear the WAFG, RIFG and RTCIF flags after
rewriting the WEEK register.
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(10) Month count register (MONTH)
The MONTH register is an 8-bit register that takes a value of 1 to 12 (decimal) and indicates the count value of
months.
It counts up when the day counter overflows.
When data is written to this register, it is written to a buffer and then to the counter up to 2 clocks (frtc) later. Even
if the day count register overflows while this register is being written, this register ignores the overflow and is set to
the value written. Set a decimal value of 01 to 12 to this register in BCD code.
The MONTH register can be set by an 8-bit memory manipulation instruction.
Reset signal generation clears this register to 01H.

Figure 7-11. Format of Month Count Register (MONTH)

Address: FFF97H  After reset: 01H R/W
Symbol 7 6 5 4 3 2 1 0
MONTH 0 0 0 MONTH10 MONTHS8 MONTH4 MONTH2 MONTH1

Caution When changing the values of the MONTH register while the counter operates (RTCE = 1), rewrite
the values of the MONTH register after disabling interrupt servicing INTRTC by using the
interrupt mask flag register. Furthermore, clear the WAFG, RIFG and RTCIF flags after rewriting
the MONTH register.

(11) Year count register (YEAR)
The YEAR register is an 8-bit register that takes a value of 0 to 99 (decimal) and indicates the count value of years.
It counts up when the month count register (MONTH) overflows.
Values 00, 04, 08, ..., 92, and 96 indicate a leap year.
When data is written to this register, it is written to a buffer and then to the counter up to 2 clocks (frtc) later. Even
if the MONTH register overflows while this register is being written, this register ignores the overflow and is set to
the value written. Set a decimal value of 00 to 99 to this register in BCD code.
The YEAR register can be set by an 8-bit memory manipulation instruction.
Reset signal generation clears this register to 00H.

Figure 7-12. Format of Year Count Register (YEAR)

Address: FFF98H  After reset: 00H R/W
Symbol 7 6 5 4 3 2 1 0
YEAR YEARS8O YEAR40 YEAR20 YEAR10 YEARS YEAR4 YEAR2 YEAR1

Caution When changing the values of the YEAR register while the counter operates (RTCE = 1), rewrite
the values of the YEAR register after disabling interrupt servicing INTRTC by using the interrupt
mask flag register. Furthermore, clear the WAFG, RIFG and RTCIF flags after rewriting the YEAR
register.
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(12) Watch error correction register (SUBCUD)
This register is used to correct the watch with high accuracy when it is slow or fast by changing the value that
overflows from the sub-count register to the second count register (SEC) (reference value: 7FFFH).
The SUBCUD register can be set by an 8-bit memory manipulation instruction.
Reset signal generation clears this register to 00H.

Figure 7-13. Format of Watch Error Correction Register (SUBCUD)

Address: FFF99H  After reset: 00H R/W

Symbol 7 6 5 4 3 2 1 0
SUBCUD DEV F6 F5 F4 F3 F2 F1 FO
DEV Setting of watch error correction timing
0 Corrects watch error when the second digits are at 00, 20, or 40 (every 20 seconds).
1 Corrects watch error only when the second digits are at 00 (every 60 seconds).

Writing to the SUBCUD register at the following timing is prohibited.
e When DEV =0 is set: For a period of SEC = 00H, 20H, 40H
e When DEV =1 is set: For a period of SEC = 00H

F6 Setting of watch error correction value
0 Increases by {(F5, F4, F3, F2, F1, FO) — 1} x 2.
1 Decreases by {(/F5, /F4, IF3, /[F2, IF1, [FO) + 1} x 2.

When (F6, F5, F4, F3, F2, F1, FO) = (*, 0, 0, O, 0, O, *), the watch error is not corrected. *is O or 1.
/F5 to /FO are the inverted values of the corresponding bits (000011 when 111100).

Range of correction value: (when F6=0) 2,4,6,8, ..., 120, 122,124
(when F6 =1) -2,-4,-6,-8, ...,-120, -122, -124

The range of value that can be corrected by using the watch error correction register (SUBCUD) is shown below.

DEV = 0 (correction every 20 seconds) DEV = 1 (correction every 60 seconds)
Correctable range —189.2 ppm to 189.2 ppm —63.1 ppm to 63.1 ppm
Maximum excludes +1.53 ppm +0.51 ppm
guantization error
Minimum resolution +3.05 ppm +1.02 ppm

Remark If a correctable range is —63.1 ppm or lower and 63.1 ppm or higher, set 0 to DEV.
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(13) Alarm minute register (ALARMWM)
This register is used to set minutes of alarm.

The ALARMWM register can be set by an 8-bit memory manipulation instruction.
Reset signal generation clears this register to 00H.

Caution Set a decimal value of 00 to 59 to this register in BCD code. If a value outside the range is set,
the alarm is not detected.

Figure 7-14. Format of Alarm Minute Register (ALARMWM)

Address: FFFOAH  After reset: 0OH R/W
Symbol 7 6 5 4 3 2

ALARMWM 0 WM40 WM20 WM10 WM8 WM4 WM2 WM1

(14) Alarm hour register (ALARMWH)
This register is used to set hours of alarm.
The ALARMWH register can be set by an 8-bit memory manipulation instruction.
Reset signal generation clears this register to 12H.

However, the value of this register is O0H if the AMPM bit (bit 3 of the RTCCO register) is set to 1 after reset.

Caution Set a decimal value of 00 to 23, 01 to 12, or 21 to 32 to this register in BCD code.

If a value
outside the range is set, the alarm is not detected.
Figure 7-15. Format of Alarm Hour Register (ALARMWH)
Address: FFFO9BH  After reset: 12H R/W
Symbol 7 6 5 4 3 2 1 0
ALARMWH 0 0 WH20 WH10 WHS8 WH4 WH2 WH1

Caution Bit 5 (WH20) of the ALARMWH register indicates AM(0)/PM(1) if AMPM = 0 (if the 12-hour system
is selected).

(15) Alarm week register (ALARMWW)
This register is used to set date of alarm.

The ALARMWW register can be set by an 8-bit memory manipulation instruction.
Reset signal generation clears this register to 00H.

Figure 7-16. Format of Alarm Week Register (ALARMWW)

Address: FFFOCH  After reset: 00H R/W
Symbol 7 6 5 4 3 2

ALARMWW 0 WW6 WW5 Ww4 Ww3 Ww2 Wwi WWO0
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Here is an example of setting the alarm.

Time of Alarm Day 12-Hour Display 24-Hour Display

Sunday|Monday |Tuesday [wednesday| Thursday| Friday [Saturday| Hour | Hour |Minute|Minute| Hour | Hour |Minute |Minute
10 1 10 1 10 1 10 1

Every day, 0:00 a.m.

Every day, 1:30 a.m.

Every day, 11:59 a.m.
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Monday through
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Sunday, 1:30 p.m.

Monday, Wednesday, 0 1 0 1 0 1 0 3 1 5 9 2 3 5 9
Friday, 11:59 p.m.
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7.4 Real-time Clock Operation
7.4.1 Starting operation of real-time clock

Figure 7-17. Procedure for Starting Operation of Real-time Clock

( = )

| RTCEN = 1%ee?
[
| RTCE=0

| Setting WUTMMCKO | Sets frrc.

| Setting AMPM, CT2 to CTO
[

Supplies input clock.

Stops counter operation.

Selects 12-/24-hour system and interrupt (INTRTC).

| Setting SEC | Sets second count register.
\
| Setting MIN | Sets minute count register.
[
Setting HOUR Sets hour count register.
\
Setting WEEK Sets week count register.
I
Setting DAY Sets day count register.
I
Setting MONTH Sets month count register.
I
Setting YEAR Sets year count register.
Setting SUBCUD"°te 2 Sets watch error correction register.
Clearing IF flags of interrupt | Clears interrupt request flags (RTCIF, RTCIIF).
Clearing MK flags of interrupt | Clears interrupt mask flags (RTCMK, RTCIMK).
RTCE = 1Note3 Starts counter operation.
Yes
No
INTRTC =1?

( Reading counter )

Notes 1. First set the RTCEN bit to 1, while oscillation of the input clock (frTc) is stable.
2. Set up the SUBCUD register only if the watch error must be corrected. For details about how to
calculate the correction value, see 7.4.6 Example of watch error correction of real-time clock.
3. Confirm the procedure described in 7.4.2 Shifting to STOP mode after starting operation when
shifting to STOP mode without waiting for INTRTC = 1 after RTCE = 1.
4. Set RWAIT to 0 after completion of reading or writing the counter.
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7.4.2 Shifting to STOP mode after starting operation
Perform one of the following processing when shifting to STOP mode immediately after setting the RTCE bit to 1.
However, after setting the RTCE bit to 1, this processing is not required when shifting to STOP mode after the first

INTRTC interrupt has occurred.

¢ Shifting to STOP mode when at least two input clocks (frtc) have elapsed after setting the RTCE bit to 1 (see Figure

7-18, Example 1).

e Checking by polling the RWST bit to become 1, after setting the RTCE bit to 1 and then setting the RWAIT bit to 1.
Afterward, setting the RWAIT bit to 0 and shifting to STOP mode after checking again by polling that the RWST bit
has become 0 (see Figure 7-18, Example 2).

Figure 7-18. Procedure for Shifting to STOP Mode After Setting RTCE bit to 1

Example 1

%

RTCE=1

Waiting at least for 2
frrc clocks

STOP mode

AL

Sets to counter operation
start

Shifts to STOP mode No

Example 2

(

RTCE=1

RWAIT =1

:

Yes

RWAIT =0

%l

Yes

STOP mode

¢

Sets to counter operation
start

Sets to stop the SEC to YEAR
counters, reads the counter
value, write mode

Checks the counter wait status

Sets the counter operation

Shifts to STOP mode
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7.4.3 Reading/writing real-time clock
Read or write the counter after setting 1 to RWAIT first.

Figure 7-19. Procedure for Reading Real-time Clock

( Start

)

RWAIT =1

No

RWST =17

Yes

Reading SEC

Reading MIN

Reading HOUR

Reading WEEK

Reading DAY

Reading MONTH

Reading YEAR

RWAIT = 0 Note 1

RWST = 07 Notez

( End

)

Notes 1.

Stops SEC to YEAR counters.
Mode to read and write count values

Checks wait status of counter.

Reads second count register.

Reads minute count register.

Reads hour count register.

Reads week count register.

Reads day count register.

Reads month count register.

Reads year count register.

Sets counter operation.

Set the RWAIT bit to O after reading/writing count values.

2. Be sure to confirm that RWST = 0 before setting STOP mode.

Caution
second.

Remark

Complete the series of operations of setting the RWAIT bit to 1 to clearing the RWAIT bit to 0 within 1

The second count register (SEC), minute count register (MIN), hour count register (HOUR), week count

register (WEEK), day count register (DAY), month count register (MONTH), and year count register (YEAR)

may be read in any sequence.

All the registers do not have to be set and only some registers may be read.
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Figure 7-20. Procedure for Writing Real-time Clock

s )

_ Stops SEC to YEAR counters.
RWAIT =1 Mode to read and write count values
No .
RWST =17 Checks wait status of counter.
Yes
Writing SEC Writes second count register.
Writing MIN Writes minute count register.
Writing HOUR Writes hour count register.
Writing WEEK Writes week count register.
Writing DAY Writes day count register.
Writing MONTH Writes month count register.
Writing YEAR Writes year count register.
RWAIT =0 Sets counter operation.

RWST = g?\ete

o

Notes 1. Be sure to confirm that RWST = 0 before setting STOP mode.
2. When changing the values of the SEC, MIN, HOUR, WEEK, DAY, MONTH, and YEAR register while the
counter operates (RTCE = 1), rewrite the values of the MIN register after disabling interrupt servicing
INTRTC by using the interrupt mask flag register. Furthermore, clear the WAFG, RIFG and RTCIF flags
after rewriting the MIN register.

Caution Complete the series of operations of setting the RWAIT bit to 1 to clearing the RWAIT bit to 0 within 1
second.

Remark The second count register (SEC), minute count register (MIN), hour count register (HOUR), week count
register (WEEK), day count register (DAY), month count register (MONTH), and year count register (YEAR)
may be written in any sequence.

All the registers do not have to be set and only some registers may be written.
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7.4.4 Setting alarm of real-time clock
Set time of alarm after setting O to WALE first.

Figure 7-21. Alarm Setting Procedure

s )

WALE =0 Match operation of alarm is invalid.
|
WALIE =1 Interrupt is generated when alarm matches.
|
Setting ALARMWM Sets alarm minute register.
|
Setting ALARMWH Sets alarm hour register.
|
Setting ALARMWW Sets alarm week register.
|
WALE =1 Match operation of alarm is valid.

INTRTC =1?

Match detection of alarm | Yes

( Alarm processing ) @onstant-period interrupt servicingD

Remarks 1. The alarm week register (ALARMWW), alarm hour register (ALARMWH), and alarm week register
(ALARMWW) may be written in any sequence.

2. Fixed-cycle interrupts and alarm match interrupts use the same interrupt source (INTRTC). When using
these two types of interrupts at the same time, which interrupt occurred can be judged by checking the
fixed-cycle interrupt status flag (RIFG) and the alarm detection status flag (WAFG) upon INTRTC
occurrence.
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7.4.5 1 Hz output of real-time clock

Figure 7-22. 1 Hz Output Setting Procedure

s )

RTCE=0 Stops counter operation.
Setting port Sets P30 and PM30
RCLOE1=1 Enables output of the RTC1HZ pin (1 Hz).
I
RTCE=1 Starts counter operation.

@utput start from RTC1HZ p@

Caution First set the RTCEN bit to 1, while oscillation of the input clock (fsus) is stable.
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7.4.6 Example of watch error correction of real-time clock
The watch can be corrected with high accuracy when it is slow or fast, by setting a value to the watch error correction
register.

[Example of calculating the correction value]
The correction value used when correcting the count value of the sub-count register is calculated by using the

following expression.
Set the DEV bit to 0 when the correction range is —63.1 ppm or less, or 63.1 ppm or more.

(When DEV = 0)
Correction value™°*® = Number of correction counts in 1 minute + 3 = (Oscillation frequency + Target frequency — 1)
X 32768 X 60 + 3

(When DEV = 1)

Correction value"°®

= Number of correction counts in 1 minute = (Oscillation frequency + Target frequency — 1) X
32768 X 60

Note The correction value is the watch error correction value calculated by using bits 6 to 0 of the watch error
correction register (SUBCUD).
(When F6 = 0) Correction value = {(F5, F4, F3, F2, F1, FO) — 1} X 2
(When F6 = 1) Correction value = — {(/F5, /F4, IF3, [F2, [F1, [FO) + 1} X 2

When (F6, F5, F4, F3, F2, F1, FO) is (*, 0, 0, 0, O, O, *), watch error correction is not performed. “*”is 0 or 1.
/F5 to /FO are bit-inverted values (000011 when 111100).

Remarks 1. The correction value is 2, 4, 6, 8, ... 120, 122, 124 or -2, -4, -6, -8, ... =120, 122, —-124.
2. The oscillation frequency is the input clock (frrc).
It can be calculated from the output frequency of the RTC1HZ pin x 32768 when the watch error
correction register is set to its initial value (O0H).
3. The target frequency is the frequency resulting after correction performed by using the watch error
correction register.
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[Correction example]
Example of correcting from 32767.4 Hz to 32768 Hz (32767.4 Hz + 18.3 ppm)

[Measuring the oscillation frequency]

Note

The oscillation frequency - of each product is measured by outputting about 1 Hz from the RTC1HZ pin when the

watch error correction register (SUBCUD) is set to its initial value (00H).

Note See 7.4.5 1Hz output of real-time clock for the setting procedure of outputting about 1 Hz from the RTC1HZ
pin.

[Calculating the correction value]
(When the output frequency from the RTCCL pin is 0.9999817 Hz)
Oscillation frequency = 32768 x 0.9999817 =~ 32767.4 Hz
Assume the target frequency to be 32768 Hz (32767.4 Hz + 18.3 ppm) and DEV to be 1.
The expression for calculating the correction value when DEV is 1 is applied.

Correction value = Number of correction counts in 1 minute
= (Oscillation frequency + Target frequency - 1) x 32768 x 60
= (32767.4 + 32768 — 1) x 32768 x60
=-36

[Calculating the values to be set to (F6 to FO)]
(When the correction value is -36)
If the correction value is 0 or less (when quickening), assume F6 to be 1.
Calculate (F5, F4, F3, F2, F1, F0) from the correction value.

-{(/F5, IF4, IF3, IF2, IF1, /[FO) - 1} x 2 = -36

(IF5, IF4, [F3, [F2, [F1, [FO) =17
(IF5, IF4, [F3, [F2, [F1, /FO) =(0,1,0,0,0,1)
(F5, F4, F3, F2, F1, FO) =(1,0,1,1,1,0)

Consequently, when correcting from 32767.4 Hz to 32768 Hz (32767.4 Hz + 18.3 ppm), setting the correction
register such that DEV is 1 and the correction value is -36 (bits 6 to 0 of the SUBCUD register: 1101110) results in
32768 Hz (0 ppm).

Figure 7-23 chows the operation when (DEV, F6, F5, F4, F3, F2, F1, FO)is (1, 1,1, 0, 1,1, 1, 0).
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CHAPTER 8 INTERVAL TIMER

8.1 Functions of Interval Timer

An interrupt (INTIT) is generated at any previously specified time interval. It can be utilized for wakeup from STOP
mode and triggering an A/D converter's SNOOZE mode.

8.2 Configuration of Interval Timer
The interval timer includes the following hardware.

Table 8-1. Configuration of Interval Timer

Item Configuration

Counter 12-bit counter

Control registers Peripheral enable register 0 (PERO)

Operation speed mode control register (OSMC)

Interval timer control register (ITMC)

Figure 8-1. Block Diagram of Interval Timer

Clear

¢

12-bit counter

N/ D——» Interrupt signal (INTIT)

—‘ ﬁ Match singnal

fsus Count clock

fiL

Selector

WUTMM
CKO RINTE ITMCMP11-ITMCMPO
Operation speed mode Interval timer control
control register (OSMC) register (ITMC)
8 Internal bus 8
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8.3 Registers Controlling Interval Timer
The interval timer is controlled by the following registers.

 Peripheral enable register 0 (PERO)
« Operation speed mode control register (OSMC)
« Interval timer control register (ITMC)

(1) Peripheral enable register 0 (PERO)
This register is used to enable or disable supplying the clock to the peripheral hardware. Clock supply to a hardware
macro that is not used is stopped in order to reduce the power consumption and noise.
When the interval timer is used, be sure to set bit 7 (RTCEN) 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 8-2. Format of Peripheral Enable Register 0 (PERO)

Address: FOOFOH  After reset: 0OH R/W

Symbol <7> 6 <5> <4> <3> <2> 1 <0>
PERO RTCEN 0 ADCEN | IICAOEN""" | SAULEN""*!| SAUOEN 0 TAUOEN
RTCEN Control of real-time clock (RTC) and interval timer input clock supply "
0 Stops input clock supply.

* SFR used by the real-time clock (RTC) and interval timer cannot be written.

* The real-time clock (RTC) and interval timer are in the reset status.

1 Enables input clock supply.

* SFR used by the real-time clock (RTC) and interval timer can be read and written.

Notes 1. This is not provided in the 20-pin products.
2. The input clock that can be controlled by the RTCEN bit is used when the register that is used by the real-
time clock (RTC) and interval timer are accessed from the CPU. The RTCEN bit cannot control supply of the
operating clock (fsus) to RTC and interval timer.

Cautions 1. When using the interval timer, first set the RTCEN bit to 1, while oscillation of the input clock (frtc)
is stable. If RTCEN = 0, writing to a control register of the real-time clock or interval timer is
ignored, and, even if the register is read, only the default value is read.

2. Clock supply to peripheral functions other than the real-time clock and interval timer can be
stopped in STOP mode or HALT mode when the subsystem clock is used, by setting the RTCLPC
bit of the operation speed mode control register (OSMC) to 1. In this case, set the RTCEN bit of
the PERO register to 1 and the other bits (bits 0 to 6) to 0.

3. Be sure to clear the following bits to 0.
20-pin products: bits 1, 3, 4, 6
30, 32-pin products: bitsl, 6
48, 64-pin products: bitsl, 6
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(2) Operation speed mode control register (OSMC)
The WUTMMCKO bit can be used to select the interval timer operation clock.

In addition, by stopping clock functions that are even a little unnecessary, the RTCLPC bit can be used to reduce

power consumption. For details about setting the RTCLPC bit, see CHAPTER 5 CLOCK GENERATOR.

The OSMC register can be set by an 8-bit memory manipulation instruction.
Reset signal generation clears this register to 00H.

Figure 8-3. Format of Operation Speed Mode Control Register (OSMC)

Address: FOOF3H Afterreset: OOH R/W

Symbol 7 6 5 4 3 2 1
OSMC RTCLPC 0 0 WUTMMCKO 0 0 0
WUTMMCKO Selection of operation clock for interval timer.
0 Subsystem clock (fsus)
1 Low-speed on-chip oscillator clock (fi.)
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(3) Interval timer control register (ITMC)
This register is used to set up the starting and stopping of the interval timer operation and to specify the timer
compare value.
The ITMC register can be set by a 16-bit memory manipulation instruction.
Reset signal generation clears this register to OFFFH.

Figure 8-4. Format of Interval Timer Control Register (ITMC)

Address: FFF90H  After reset: OFFFH R/W

Symbol 15 14 13 12 11t00
ITMC RINTE 0 0 0 ITCMP11 to ITCMPO
RINTE Interval timer operation control
0 Count operation stopped (count clear)
1 Count operation started
ITCMP11 to ITCMPO Specification of the interval timer compare value
001H These bits generate an interrupt at the fixed cycle (count clock cycles x (ITCMP

setting + 1)).

FFFH1

Example interrupt cycles when 001H or FFFH is specified for ITCMP11 to ITCMPO

¢ ITCMP11 to ITCMPO = 001H, count clock: when fsug = 32.768 kHz
1/32.768 [kHz] x (1 + 1) = 0.06103515625 [ms] = 61.03 [us]

* ITCMP11 to ITCMPO = FFFH, count clock: when fsus = 32.768 kHz
1/32.768 [kHz] x (4095 + 1) = 125 [ms]

Cautions 1. Before changing the RINTE bit from 1 to 0, use the interrupt mask flag register to disable the
INTIT interrupt servicing. In addition, after rewriting the bit value, clear the ITIF flag, and then
enable the interrupt servicing.

2. The value read from the RINTE bit is applied one count clock cycle after setting the RINTE bit.
So make the transition to the HALT/STOP state after check the reflection of writing to the
RINTE bit.

3. When setting the RINTE bit after returned from standby mode and entering standby mode
again, confirm that the written value of the RINTE bit is reflected, or wait that more than one
clock of the count clock has elapsed after returned from standby mode. Then enter standby
mode.

4. Only change the setting of the ITCMP11 to ITCMPO bits when RINTE = 0.

However, it is possible to change the settings of the ITCMP11 to ITCMPO bits at the same time
as when changing RINTE from 0 to 1 or 1 to O.
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8.4 Interval Timer Operation

The count value specified for the ITCMP11 to ITCMPO bits is used as an interval to operate an interval timer that
repeatedly generates interrupt requests (INTIT).

When the RINTE bit is set to 1, the 12-bit counter starts counting.

When the 12-bit counter value matches the value specified for the ITCMP11 to ITCMPO bits, the 12-bit counter value is
cleared to 0, counting continues, and an interrupt request signal (INTIT) is generated at the same time.

The basic operation of the interval timer is as follows.

Figure 8-5. Interval Timer Operation Timing (ITCMP11 to ITCMPO = OFFH, count clock: fsus = 32.768 kHz)

e S I 7 I R O I O I

RINTE |
After RINTE is changed from O to 1, counting starts

at the next rise of the count clock signal.

OFFH

12-bit counter

000H

\ When RINTE is changed from 1 to 0,

the 12-bit counter is cleared without
synchronization with the count clock.

l

ITCMP11- OFFH
ITCMPO

INTIT £ —I G

A~
r

Period (7.81 ms)
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CHAPTER 9 16-BIT WAKEUP TIMER

The RL78/F12 incorporates a 16-bit wakeup timer (WUTM).
9.1 Overview
The 16-bit wakeup timer (WUTM) has the following functions.
¢ Interval function
Counter x 1

Compare x 1
Compare match interrupt x 1
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9.2 Configuration

WUTM includes the following hardware.

Table 9-1. Configuration of WUTM

Item

Configuration

Timer register

16-bit counter

Control register

Peripheral enable register X (PERX)
Peripheral clock select register (PCKSEL)
WUTM control register (WUTMCTL)

Register

WUTM compare register (WUTMCMP)

Figure 9-1. Block Diagram of WUTM

2 Internal bus
WUTM control register 1I WUTM compare
Match
e INTWUTM
fiL ——
fmain ——{ Controller ——l 16-bit counter |<—
Clear
fsup ——
| S
WUTM [WUTM | WUTM WUTM
CKE CK1 CKO EN
Peripheral clock select Peripheral enable registers X
register (PCKSEL) (PERX)
8 Internal bus 3
Remark fi: Low-speed on-chip oscillator clock frequency
fmain:  Main system clock frequency
fsus: Subclock frequency (48, 64-pin products only)
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9.3 Register

(1) Peripheral enable register X (PERX)
This register is used to enable or disable use of each peripheral hardware macro. Clock supply to the hardware
that is not used is also stopped so as to decrease the power consumption and noise.
PERX can be set by a 1-bit or 8-bit memory manipulation instruction.
Reset signal generation clears theses registers to O0H.

Caution Whether to enable or disable SFR reading and writing only is selected for the 16-bit wakeup
timer.
Whether to enable or disable supplying the operating clock is selected using the PCKSEL
register.

Figure 9-2. Format of Peripheral Enable Register X (PERX)

Address: FO500H  After reset: 00H R/W
Symbol 7 6 5 4 3 <2> <1> <0>

PERX 0 0 0

o
o

UFOEN SAUSEN WUTEN

WUTEN Control of 16-bit wakeup timer input clock

0 Stops input clock supply for SFR writing.
e SFR used by the 16-bit wakeup timer cannot be read and written.

1 Supplies input clock for SFR writing.
e SFR used by the 16-bit wakeup timer can be read and written.

Caution Be sure to clear the bits 3 to 7 of the PERX register to 0.
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(2) Peripheral clock select register (PCKSEL)
This register is used to select for and supply to each peripheral hardware device the operating clock.
PCKSEL can be set by a 1-bit or 8-bit memory manipulation instruction.
Reset signal generation clears this register to 00H.

Caution Set the PCKSEL register before starting to operate each peripheral hardware device.
Figure 9-3. Format of Peripheral Clock Select Register (PCKSEL)

Address: FO501H After reset: 00H R/W
Symbol 7 6 5 4 3 <2> 1 0

PCKSEL 0 0 0 0 0 WUTMCKE | WUTMCK1 | WUTMCKO
WUTMCKE Control of 16-bit wakeup timer operating clock
0 Stops supplying operating clock.
1 Supplies operating clock.
WUTMCK1 | WUTMCKO 16-bit wakeup timer operating clock selection
0 0 fiL
0 1 fsus
1 0 fuan/28
1 1 fuwan/2'2

Caution Be sure to clear bits 3 to 7 of the PCKSEL register to 0.

(3) WUTM compare register (WUTMCMP)
The WUTMCMP register is a 16-bit compare register.
This register can be read or written in 16-bit units.
Reset sets this register to 0000H.

Cautions1. Rewriting the WUTMCMP register is prohibited while the timer is operating (WUTMCE = 1).
2. When writing the WUTMCMP register, be sure to set bit 0 (WUTEN) of peripheral enable
register 1 (PERX) to 1 and supply an input clock.

Figure 9-4. WUTM compare register ( WUTMCMP)

Address: FO582H, FO583H  After reset: 0000H R/W
Symbol 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

wwewe | [ [ | [ ] ] L T [ ] ]
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(4) WUTM control register (WUTMCTL)
The WUTMCTL register is an 8-bit register that controls the WUTM operation.

This register can be read or written in 8-bit or 1-bit units.
Reset sets this register to 00H.

Caution When writing the WUTMCTL register, be sure to set bit 0 (WUTEN) of peripheral enable register 1
(PERX) to 1 and supply an input clock.

Figure 9-5. Format of WUTM control register (WUTMCTL)

Address: FO580H  After reset: OOH R/W

Symbol <7> 6 5 4 3 2 1 0
WUTMCTL | WUTMCE 0 0 0 0 0 0 0
WUTMCE Control of WUTM operation
0 Operation disabled
1 Operation enabled

WUTM is asynchronously reset by the WUTMCE bit.
If the WUTMCE bit is set to “1”, the internal operating clock is enabled within two input clocks after the

WUTMCE bit has been set to “1” and WUTM starts counting up.

Cautions 1. Be sure to clear bits 0 to 6 of the WUTMCTL register to 0.
2. If the WUTMCE bit is cleared to 0, the counter value within WUTM is immediately

cleared.
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9.4 Operation

9.4.1 Interval timer mode

In the interval timer mode, if the 16-bit counter and WUTM compare register ( WUTMCMP) values match, the counter is

cleared to 0000H and starts counting up again at the same time a match interrupt signal INTWUTM) is output.

Figure 9-6. Interval Timer Mode Operation Start Flow

C Start of initial setting )

|
PERX.WUTEN =1
PCKSEL.WUTMCKE =1
Set WUTMCK1,
WUTMCKO bits of
the PCKSEL register.

Set WUTMCMP register A compare value is set.

WUTMCTL.WUTMCE =1 A count operation is started.

C Operation start )

Figure 9-7. Interval Timer Mode Operation Stop Flow

C Start of stop setting >

WUTMCTL.WUTMCE =0

( Operation stop )

Input and operating clocks are supplied to the
16-bit wakeup timer.

The counter is initialized and
count operation is stopped.

Remark To reduce the power consumption by stopping WUTM, clear (0) also PERX.WUTEN and
PCKSEL.WUTMCKE.
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Figure 9-8. Operation Timing of Interval Timer Mode

L1

FFFFH
Timer counter T
0000H

WUTMCE bit

Compare register
(WUTMCMP)

Compare match interrupt
(INTWUTM)

Interval Interval | Interval
(N+1) (N+1) (N+1)

Count operation started Count operation stopped
(See Figure 9-6) (See Figure 9-7)

Caution The interrupt cycle can be calculated by using the following expression.

INTWUTM (timer interrupt) generation cycle = Operating clock cycle X (WUTMCTL setting value + 1)
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9.4.2 Cautions

(1) Clock generator and clock enable timing
The operation timing of the count clock is shown below.

Figure 9-9. Count Operation Start Timing (Min. Delay)

B
Clock for counting |

WUTMCE bit

Count clock

=— Min. delay from WUTMCE =1 —=

Figure 9-10. Count Operation Start Timing (Max. Delay)

Clock for counting

WUTMCE bit

Count clock

~———— MAX. delay from WUTMCE =1 ———|
(2) Rewriting register during WUTM operation
Rewriting the WUTMCMP register is prohibited while WUTM is operating.
If the WUTMCMP register is rewritten when the WUTMCE bit is 1, an interrupt may be generated.

(3) WUTM operation in standby mode
Since the operations in standby mode depend on the operation state of the low-speed on-chip oscillator clock (fiL),
the operations depend on the operation set by option byte and RTC/interval timer operation clock selection of
socket chip.
If WUTM is desired to be operated in standby mode, set WDT so as to continue operating in standby mode or
select fIL to the operation clock of RTC/interval timer.
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CHAPTER 10 CLOCK OUTPUT/BUZZER OUTPUT CONTROLLER

The number of output pins of the clock output and buzzer output controllers differs, depending on the product.

Output pin 20-pin 30, 32-pin 48, 64-pin
PCLBUZO N V V
PCLBUZ1 - v v

Caution Most of the following descriptions in this chapter use the 64-pin as an example.

10.1 Functions of Clock Output/Buzzer Output Controller

The clock output controller is intended for carrier output during remote controlled transmission and clock output for

supply to peripheral ICs.

Buzzer output is a function to output a square wave of buzzer frequency.

One pin can be used to output a clock or buzzer sound.
Two output pins, PCLBUZ0 and PCLBUZ1, are available.

The PCLBUZn pin outputs a clock selected by clock output select register n (CKSn).
Figure 10-1 shows the block diagram of clock output/buzzer output controller.

Caution In the low-consumption RTC mode (when the RTCLPC bit of the operation speed mode control

register (OSMC) = 1), it is not possible to output the subsystem clock (fsus) from the PCLBUZn pin.

Remark n=0,1
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Figure 10-1. Block Diagram of Clock Output/Buzzer Output Controller

Internal bus

)

Clock output select register 1 (CKS1)

controller PCLBUZ1™/INTP7/P141
o

Output latch

(P14.1)

PM14.1

PCLBUZO"/INTP6/P140

PCLOEO  [Output latch

PM14.0

(P14.0)

PCLOE1 0 0 0 CSEL1| CCS12 | CCS11 | CCs10
fMAIN ————] Prescaler
PCLOE1
5 3 fwan/2! to fwain/21®
" § Clock/buzzer
fMAIN to fMAIN/2 3 -
&
fsus to fsus/2’
fmain/2t to fwain/213
fmain to fwain/2® | S
8 Clock/buzzer
fsus to fsue/2” | & controller
8 18 4
fsup —— Prescaler
PCLOEQ 0 0 0 CSELO | CCS02 | CCS01 | CCS00

@ Clock output select register 0 (CKS0)

Internal bus

)

Note For output frequencies available from PCLBUZ0 and PCLBUZ1, refer to 31.5 AC Characteristics or 32.5 AC

Characteristics.
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10.2 Configuration of Clock Output/Buzzer Output Controller

The clock output/buzzer output controller includes the following hardware.

Table 10-1. Configuration of Clock Output/Buzzer Output Controller

Item

Configuration

Control registers

Port register 14 (P14)

Clock output select registers n (CKSn)
Port mode register 14 (PM14)

10.3 Registers Controlling Clock Output/Buzzer Output Controller

The following two registers are used to control the clock output/buzzer output controller.

e Clock output select registers n (CKSn)
e Port mode register 14 (PM14)

(1) Clock output select registers n (CKSn)

These registers set output enable/disable for clock output or for the buzzer frequency output pin (PCLBUZn), and

set the output clock.

Select the clock to be output from the PCLBUZn pin by using the CKSn register.
The CKSn register are set by a 1-bit or 8-bit memory manipulation instruction.

Reset signal generation clears these registers to O0OH.
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Figure 10-2. Format of Clock Output Select Register n (CKSn)

Address: FFFA5H (CKSO0), FFFAGH (CKS1)  After reset: 0O0H R/W

Symbol <7> 6 5 4 3 2 1 0
CKSn PCLOEnN 0 0 0 CSELn CCSsn2 CcCsn1 CCSno
PCLOEN PCLBUZn pin output enable/disable specification
0 Output disable (default)
1 Output enable
CSELn | CCSn2 | CCsnl | CCSnO PCLBUZn pin output clock selection

fmain = fman = fmain = fmain =
5 MHz 10 MHz 20 MHz 32 MHz

0 0 0 0 fuain 5 MHz 10 MHZ""* |Setting Setting

prohibited"“** |prohibited"**®

0 0 0 1 fuan/2 | 2.5 MHz 5 MHz 10 MHZ"® |16 MHZ"*®

0 0 1 0 fuan/2? | 1.25 MHz | 2.5MHz | 5 MHz 8 MHz

0 0 1 1 fwan/2® | 625 kHz 1.25 MHz | 2.5 MHz 4 MHz

0 1 0 0 fuan/2® | 312.5 kHz | 625 kHz 1.25MHz |2 MHz

0 1 0 1 fuan/2™ | 2.44kHz | 4.88kHz | 9.76 kHz 15.63 kHz

0 1 1 0 fuan/2'? | 1.22 kHz | 2.44kHz | 4.88 kHz 7.81 kHz

0 1 1 1 fwan/2"® | 610 Hz 1.22kHz | 2.44 kHz 3.91 kHz

1 0 0 0 fsus 32.768 kHz

1 0 0 1 fsus/2 16.384 kHz

1 0 1 0 fsue/2? 8.192 kHz

1 0 1 1 fsue/2® 4.096 kHz

1 1 0 0 fsus/2* 2.048 kHz

1 1 0 1 fsue/2® 1.024 kHz

1 1 1 0 fsus/2° 512 Hz

1 1 1 1 fsue/2’ 256 Hz

Note Use the output clock within a range of 16 MHz. Furthermore, the available output frequency depends on the
grade. For details, refer to 31.5 AC Characteristics or 32.5 AC Characteristics.

Cautions 1. Change the output clock after disabling clock output (PCLOEnN = 0).
2. To shift to STOP mode when the main system clock is selected (CSELn = 0), set PCLOEn = 0
before executing the STOP instruction. When the subsystem clock is selected (CSELn = 1),
PCLOERN =1 can be set because the clock can be output in STOP mode.
3. In the low-consumption RTC mode (when the RTCLPC bit of the operation speed mode control
register (OSMC) = 1), it is not possible to output the subsystem clock (fsus) from the PCLBUZn

pin.

Remarks 1. n=0,1
2. fwan: Main system clock frequency

fsus: Subsystem clock frequency
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(2) Port mode register 14 (PM14)
These registers set input/output of port 1 in 1-bit units.

When using the P141/INTP7/PCLBUZ1 and P140/INTP6/PCLBUZO pins for clock output and buzzer output, clear
PM14.1, PM14.0 bits and the output latches of P14.1, P14.0 to O.

The PM14 registers can be set by a 1-bit or 8-bit memory manipulation instruction.
Reset signal generation sets these registers to FFH.

Figure 10-3. Format of Port Mode Register 14 (PM14)

Address: FFF2EH  After reset: FFH R/W

Symbol 7 6 5 4 3 2 1 0
PM14 | PM14.7 ‘ PM14.6 ‘ 1 ‘ 1 ‘ 1 ‘ 1 ‘ PM14.1 ‘ PM14.0 |
PMmn Pmn pin I/O mode selection(m=14;n=0, 1,6, 7)

0 Output mode (output buffer on)
1 Input mode (output buffer off)

Remark For details of the port mode register other than 64-pin products, see 4.3 Registers Controlling Port
Function.
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10.4 Operations of Clock Output/Buzzer Output Controller

One pin can be used to output a clock or buzzer sound.
The PCLBUZO pin outputs a clock/buzzer selected by the clock output select register 0 (CKSO0).
The PCLBUZ1 pin outputs a clock/buzzer selected by the clock output select register 1 (CKS1).

10.4.1 Operation as output pin
The PCLBUZn pin is output as the following procedure.

<1> Select the output frequency with bits 0 to 3 (CCSn0 to CCSn2, CSELN) of the clock output select register (CKSn)
of the PCLBUZn pin (output in disabled status).
<2> Set bit 7 (PCLOERN) of the CKSn register to 1 to enable clock/buzzer output.

Remarks 1. The controller used for outputting the clock starts or stops outputting the clock one clock after enabling or
disabling clock output (PCLOER bit) is switched. At this time, pulses with a narrow width are not output.

Figure 10-4 shows enabling or stopping output using the PCLOER bit and the timing of outputting the clock.
2.n=0,1

Figure 10-4. Remote Control Output Application Example

Narrow pulses are not recognized
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10.5 Cautions of clock output/buzzer output controller

When the main system clock is selected for the PCLBUZn output (CSEL = 0), if STOP or HALT mode is entered within
1.5 main system clock cycles after the output is disabled (PCLOEnR = 0), the PCLBUZn output width becomes shorter.
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CHAPTER 11 WATCHDOG TIMER

11.1 Functions of Watchdog Timer

The watchdog timer operates on the low-speed on-chip oscillator clock.

The watchdog timer is used to detect an inadvertent program loop. If a program loop is detected, an internal reset
signal is generated.

Program loop is detected in the following cases.

e If the watchdog timer counter overflows

¢ If a 1-bit manipulation instruction is executed on the watchdog timer enable register (WDTE)
If data other than “ACH” is written to the WDTE register

o If data is written to the WDTE register during a window close period

When a reset occurs due to the watchdog timer, bit 4 (WDTRF) of the reset control flag register (RESF) is setto 1. For
details of the RESF register, see CHAPTER 21 RESET FUNCTION.
When 75% + 1/2fiL of the overflow time is reached, an interval interrupt can be generated.
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11.2 Configuration of Watchdog Timer
The watchdog timer includes the following hardware.

Table 11-1. Configuration of Watchdog Timer

Item Configuration

Control register Watchdog timer enable register (WDTE)

How the counter operation is controlled, overflow time, window open period, and interval interrupt are set by the option
byte.

Table 11-2. Setting of Option Bytes and Watchdog Timer

Setting of Watchdog Timer Option Byte (000COH)
Watchdog timer interval interrupt Bit 7 (WDTINT)
Window open period Bits 6 and 5 (WINDOW1, WINDOWO)
Controlling counter operation of watchdog timer Bit 4 (WDTON)
Overflow time of watchdog timer Bits 3 to 1 (WDCS2 to WDCSO0)
Controlling counter operation of watchdog timer Bit 0 (WDSTBYON)
(in HALT/STOP mode)

Remark For the option byte, see CHAPTER 26 OPTION BYTE.

Figure 11-1. Block Diagram of Watchdog Timer

WDTINT of option Interval time controller ime i
— Interval time interrupt
byte (O0O0OCOH) (Count value overflow time x 3/4) P

WDCS2 to WDCSO of
option byte (000COH)

Clock 17-bit fu/2° to /2 Select Overflow signal
. . ——— elector
fu Input counter [——— Reset
controller output |—= Internal reset signal
controller
Count clear ) .
signal Window size
WINDOW1 and decision signal
WINDOWO of option—|  Window size check
byte (OO0COH)
WDTON of option Watchdog timer enable | Write detector to
byte (000COH) register (WDTE) [—] WDTE except ACH
2 Internal bus 2
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11.3 Register Controlling Watchdog Timer

The watchdog timer is controlled by the watchdog timer enable register (WDTE).

(1) Watchdog timer enable register (WDTE)
Writing “ACH" to the WDTE register clears the watchdog timer counter and starts counting again.

This register can be set by an 8-bit memory manipulation instruction.
Reset signal generation sets this register to 9AH or 1AHY®,

Figure 11-2. Format of Watchdog Timer Enable Register (WDTE)

Address: FFFABH  After reset: 9AH/1IAHN®  R/W
Symbol 7 6 5 4
WDTE | |

Note The WDTE register reset value differs depending on the WDTON bit setting value of the option byte
(O00COH). To operate watchdog timer, set the WDTON bit to 1.

WDTON Bit Setting Value WDTE Register Reset Value
0 (watchdog timer count operation disabled) 1AH
1 (watchdog timer count operation enabled) 9AH

Cautions 1. If a value other than “ACH” is written to the WDTE register, an internal reset signal is

generated.
2. If a 1-bit memory manipulation instruction is executed for the WDTE register, an internal reset

signal is generated.
3. The value read from the WDTE register is 9AH/1AH (this differs from the written value (ACH)).
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11.4 Operation of Watchdog Timer

11.4.1 Controlling operation of watchdog timer
1. When the watchdog timer is used, its operation is specified by the option byte (000COH).

e Enable counting operation of the watchdog timer by setting bit 4 (WDTON) of the option byte (000COH) to 1 (the
counter starts operating after a reset release) (for details, see CHAPTER 26 ).

WDTON Watchdog Timer Counter
0 Counter operation disabled (counting stopped after reset)
1 Counter operation enabled (counting started after reset)

¢ Set an overflow time by using bits 3 to 1 (WDCS2 to WDCSO0) of the option byte (000COH) (for details, see 11.4.2
and CHAPTER 26).

e Set a window open period by using bits 6 and 5 (WINDOW1 and WINDOWO) of the option byte (000COH) (for
details, see 11.4.3 and CHAPTER 26).

2. After a reset release, the watchdog timer starts counting.
By writing “ACH” to the watchdog timer enable register (WDTE) after the watchdog timer starts counting and before
the overflow time set by the option byte, the watchdog timer is cleared and starts counting again.

4. After that, write the WDTE register the second time or later after a reset release during the window open period. If
the WDTE register is written during a window close period, an internal reset signal is generated.

5. If the overflow time expires without “ACH” written to the WDTE register, an internal reset signal is generated.
An internal reset signal is generated in the following cases.

¢ If a 1-bit manipulation instruction is executed on the WDTE register
o If data other than “ACH” is written to the WDTE register

Cautions 1. When data is written to the watchdog timer enable register (WDTE) for the first time after reset
release, the watchdog timer is cleared in any timing regardless of the window open time, as long
as the register is written before the overflow time, and the watchdog timer starts counting again.

2. If the watchdog timer is cleared by writing “ACH” to the WDTE register, the actual overflow time
may be different from the overflow time set by the option byte by up to 2/fi. seconds.
3. The watchdog timer can be cleared immediately before the count value overflows.
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Cautions 4. The operation of the watchdog timer in the HALT and STOP modes differs as follows depending
on the set value of bit 0 (WDSTBYON) of the option byte (000COH).

WDSTBYON =0 WDSTBYON =1

In HALT mode Watchdog timer operation stops. Watchdog timer operation continues.

In STOP mode

If WDSTBYON = 0, the watchdog timer resumes counting after the HALT or STOP mode is
released. At this time, the counter is cleared to 0 and counting starts.
When operating with the X1 oscillation clock after releasing the STOP mode, the CPU starts
operating after the oscillation stabilization time has elapsed.
Therefore, if the period between the STOP mode release and the watchdog timer overflow is short,
an overflow occurs during the oscillation stabilization time, causing a reset.
Consequently, set the overflow time in consideration of the oscillation stabilization time when
operating with the X1 oscillation clock and when the watchdog timer is to be cleared after the
STOP mode release by an interval interrupt.

5. The watchdog timer continues its operation during self-programming of the flash memory and
EEPROM™ emulation. During processing, the interrupt acknowledge time is delayed. Set the
overflow time and window size taking this delay into consideration.

11.4.2 Setting overflow time of watchdog timer

Set the overflow time of the watchdog timer by using bits 3 to 1 (WDCS2 to WDCSO0) of the option byte (00O0COH).

If an overflow occurs, an internal reset signal is generated. The present count is cleared and the watchdog timer starts
counting again by writing “ACH” to the watchdog timer enable register (WDTE) during the window open period before the
overflow time.

The following overflow times can be set.

Table 11-3. Setting of Overflow Time of Watchdog Timer

WDCS2 WDCS1 WDCSO0 Overflow Time of Watchdog Timer
(fiL = 17.25 kHz (MAX.))

2% (3.71 ms)
2/ (7.42 ms)
2%/fiL (14.84 ms)
2%/ (29.68 ms)
2"/fiL (118.72 ms)
2L (474.90 ms)
2"/fiL (949.80 ms)
2"/ (3799.19 ms)

Pkl |r|lo|lo|lo|o
R |lkr|lo|lo|r|r|lo]|lo
R lo|lr|Oolr|o|lr |o

Caution The watchdog timer continues its operation during self-programming of the flash memory and
EEPROM emulation. During processing, the interrupt acknowledge time is delayed. Set the overflow
time and window size taking this delay into consideration.

Remark fi.: Low-speed on-chip oscillator clock frequency
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11.4.3 Setting window open period of watchdog timer
Set the window open period of the watchdog timer by using bits 6 and 5 (WINDOW1, WINDOWO) of the option byte
(O00COH). The outline of the window is as follows.

o If “ACH" is written to the watchdog timer enable register (WDTE) during the window open period, the watchdog timer
is cleared and starts counting again.

e Even if “ACH” is written to the WDTE register during the window close period, an abnormality is detected and an
internal reset signal is generated.

Example: If the window open period is 50%

Counting Overflow
starts time
" Window close period (50%) Window close period (50%)
Internal reset signal is generated Counting starts again when
if "ACH" is written to WDTE. "ACH" is written to WDTE.

Caution When data is written to the WDTE register for the first time after reset release, the watchdog timer is
cleared in any timing regardless of the window open time, as long as the register is written before the
overflow time, and the watchdog timer starts counting again.

The window open period can be set is as follows.

Table 11-4. Setting Window Open Period of Watchdog Timer

WINDOW1 WINDOWO Window Open Period of Watchdog Timer
0 0 Setting prohibited
0 1 50%
1 0 75%
1 1 100%

Cautions 1. The watchdog timer continues its operation during self-programming of the flash memory and
EEPROM emulation. During processing, the interrupt acknowledge time is delayed. Set the
overflow time and window size taking this delay into consideration.

2. When bit 0 (WDSTBYON) of the option byte (000COH) = 0, the window open period is 100%
regardless of the values of the WINDOW1 and WINDOWO bits.
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Remark If the overflow time is set to 2%fi, the window close time and open time are as follows.

Setting of Window Open Period

50% 75% 100%
Window close time 0to 20.08 ms 0to 10.04 ms None
Window open time 20.08 to 29.68 ms 10.04 to 29.68 ms 0to 29.68 ms

<When window open period is 50%>
e Overflow time:
2%/fi (MAX.) = 2°/17.25 kHz (MAX.) = 29.68 ms
e Window close time:
0 to 2%fiL (MIN.) x (1 — 0.5) = 0 to 2%/12.75 kHz (MIN.) x 0.5 = 0 to 20.08 ms
e Window open time:
2%/fiL (MIN.) x (1 — 0.5) to 2%fiL (MAX.) = 2%12.75 kHz (MIN.) x 0.5 to 2%17.25 kHz (MAX.)
=20.08 to 29.68 ms

11.4.4 Setting watchdog timer interval interrupt
Depending on the setting of bit 7 (WDTINT) of an option byte (OO0COH), an interval interrupt (INTWDTI) can be

generated when 75% + 1/2fi. of the overflow time is reached.

Table 11-5. Setting of Watchdog Timer Interval Interrupt

WDTINT Use of Watchdog Timer Interval Interrupt
0 Interval interrupt is used.
1 Interval interrupt is generated when 75% + 1/2fiL of overflow time is reached.

Caution When operating with the X1 oscillation clock after releasing the STOP mode, the CPU starts
operating after the oscillation stabilization time has elapsed.
Therefore, if the period between the STOP mode release and the watchdog timer overflow is short, an
overflow occurs during the oscillation stabilization time, causing a reset.
Consequently, set the overflow time in consideration of the oscillation stabilization time when
operating with the X1 oscillation clock and when the watchdog timer is to be cleared after the STOP
mode release by an interval interrupt.

Remark The watchdog timer continues counting even after INTWDTI is generated (untii ACH is written to the
watchdog timer enable register (WDTE)). If ACH is not written to the WDTE register before the overflow time,
an internal reset signal is generated.
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CHAPTER 12 A/D CONVERTER

The number of analog input channels of the A/D converter differs, depending on the product.

20-pin 30, 32-pin 48-pin 64-pin
Analog input 4ch 8ch 10ch 12ch
channels (ANIO to ANI2, ANI16) (ANIO to ANI3, ANI16 to ANI19)| (ANIO to ANI7, ANI18, ANI19) |(ANIO to ANI7, ANI16 to ANI19)

Caution Most of the following descriptions in this chapter use the 64-pin as an example.

12.1 Function of A/D Converter

°'® converter that converts analog input signals into digital values, and is

The A/D converter is a 10-bit resolution”
configured to control analog inputs, including up to twelve channels of A/D converter analog inputs (ANIO to ANI7 and
ANI16 to ANI19).

The A/D converter has the following function.

e 10-bit resolution A/D conversion™**®
10-bit resolution A/D conversion is carried out repeatedly for one analog input channel selected from ANIO to ANI7
and ANI16 to ANI19. Each time an A/D conversion operation ends, an interrupt request (INTAD) is generated (when

in the select mode).
Note 8-bit resolution can also be selected by using the ADTYP bit of A/D converter mode register 2 (ADM2).

Various A/D conversion modes can be specified by using the mode combinations below.

Trigger Mode Channel Selection Mode Conversion Operation Mode

e Software trigger e Select mode e One-shot conversion mode
Conversion is started by specifying a A/D conversion is performed on A/D conversion is performed on
software trigger. the analog input of one channel. the selected channel once.

e Hardware trigger no-wait mode e Scan mode e Sequential conversion mode
Conversion is started by detecting a A/D conversion is performed on A/D conversion is sequentially
hardware trigger. the analog input of four channels performed on the selected

o Hardware trigger wait mode in order. channels until it is stopped by
The power is turned on by detecting a software.
hardware trigger while the system is off and
in the conversion standby state, and
conversion is then started automatically
after the stabilization wait time passes.
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Figure 12-1. Block Diagram of A/D Converter

S Internal bus S
AJD port configuration AID test register
register (ADPC) (ADTES)

Conversion result Conversion result
DTES 2]ADTES 1) ADTES.0 comparison upper limit comparison lower limit ADREFP1 and ADREFPO bits
setting register (ADUL) setting register (ADLL]

3 S © Internal reference voltage (1.45 V)
4 8 © Voo
$ © AVrere/ANIO/P20
ANIO/AVrerr/P20 © 5 ‘
ANIL/AVrern/P21 © ::9 —
ANI2/P22 © H : !
ANI3/P23 © S Sample & hold circuit | !
L} Tt H : |
ﬁ:::ﬁgg g g : ' AJD voltage comparator ! |
ANI6/P26 © —I 3 l 3 3 © voltage 3
ANI7/P27 © 5 H I | | generator | ADREFM bit
8 : Vss 77 3 1
8 e J : '
Successive : : =
ANI16/P03/SI10/RxD1/SDA10 ©— a ' ' S © AVrern/ANI1/P21
pproximation register : ' g
ANI17/P02/SO10/TxD1 ©— (SAR) [ : °
ANI18/P147 ©—= TT i 36 ves
ANI19/P120 ©—=| s . .
g = | Timer trigger signal (INTRTC)
@ Timer trigger signal (INTIT)
an Controller
Internal reference voltage (1.45 V)
A/D conversion
result upper | INTAD
limit
6 |ADREFP1‘ADREFPD‘ ADREFM ‘ADRCK‘ AWC ‘ADTYP |
A/D converter mode 6
[ 1 T T T 1 register 2 (ADM2) I + t t T 1
| ADISS ‘ ADS4 ‘ ADS3 ‘ ADS2 ‘ADS'I ‘ ADSO IADTMD]\ADTMD#ADSCM}ADTRSO}ADTRSd| ADCS ‘ADMD ‘ FR2 ‘ FRL ‘ FRO ‘ Lv1 ‘ Lvo ‘ ADCE | AD Ccf”;’erf;i\“[;‘c’g““
register
Analog input channel AID converter mode A/ID converter mode
specification register (ADS) register 1 (ADM1) register 0 (ADMO)

S Internal bus S

Remark The analog input pins in the figure are provided in the 64-pin products.

RO1UH0231EJ0111 Rev.1.11 R NS 383
Jan 31, 2014 ENES



RL78/F12 CHAPTER 12 A/D CONVERTER

12.2 Configuration of A/D Converter

The A/D converter includes the following hardware.

(1) ANIO to ANI7 and ANI16 to ANI19 pins
These are the analog input pins of the up to 12 channels of the A/D converter. They input analog signals to be
converted into digital signals. Pins other than the one selected as the analog input pin can be used as 1/O port pins.
(2) Sample & hold circuit
The sample & hold circuit samples each of the analog input voltages sequentially sent from the input circuit, and
sends them to the A/D voltage comparator. This circuit also holds the sampled analog input voltage during A/D
conversion.
(3) A/D voltage comparator
This A/D voltage comparator compares the voltage generated from the voltage tap of the comparison voltage
generator with the analog input voltage. If the analog input voltage is found to be greater than the reference voltage
(1/2 AVrer) as a result of the comparison, the most significant bit (MSB) of the successive approximation register
(SAR) is set. If the analog input voltage is less than the reference voltage (1/2 AVrer), the MSB bit of the SAR is
reset.
After that, bit 8 of the SAR register is automatically set, and the next comparison is made. The voltage tap of the
comparison voltage generator is selected by the value of bit 9, to which the result has been already set.
Bit 9 = 0: (1/4 AVReF)
Bit 9 = 1: (3/4 AVReF)
The voltage tap of the comparison voltage generator and the analog input voltage are compared and bit 8 of the SAR
register is manipulated according to the result of the comparison.
Analog input voltage > Voltage tap of comparison voltage generator: Bit 8 = 1
Analog input voltage < Voltage tap of comparison voltage generator: Bit 8 =0
Comparison is continued like this to bit O of the SAR register.
When performing A/D conversion at a resolution of 8 bits, the comparison continues until bit 2 of the SAR register.
Remark AVrer: The + side reference voltage of the A/D converter. This can be selected from AVrerp, the internal
reference voltage (1.45 V), and Voo.
(4) Comparison voltage generator
The comparison voltage generator generates the comparison voltage input from an analog input pin.
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()

(6)

@)

(8)

9)

Successive approximation register (SAR)

The SAR register is a 10-bit register that sets voltage tap data whose values from the comparison voltage generator
match the voltage values of the analog input pins, 1 bit at a time starting from the most significant bit (MSB).

If data is set in the SAR register all the way to the least significant bit (LSB) (end of A/D conversion), the contents of
the SAR register (conversion results) are held in the A/D conversion result register (ADCR). When all the specified
A/D conversion operations have ended, an A/D conversion end interrupt request signal (INTAD) is generated.

10-bit A/D conversion result register (ADCR)

The A/D conversion result is loaded from the successive approximation register to this register each time A/D
conversion is completed, and the ADCR register holds the A/D conversion result in its higher 10 bits (the lower 6 bits
are fixed to 0).

8-bit A/D conversion result register (ADCRH)
The A/D conversion result is loaded from the successive approximation register to this register each time A/D
conversion is completed, and the ADCRH register stores the higher 8 bits of the A/D conversion result.

Controller

This circuit controls the conversion time of an input analog signal that is to be converted into a digital signal, as well
as starting and stopping of the conversion operation. When A/D conversion has been completed, this controller
generates INTAD.

AVREeFP pin

This pin inputs an external reference voltage (AVRerp).

If using AVrerp as the + side reference voltage of the A/D converter, set the ADREFP1 and ADREFPO bits of A/D
converter mode register 2 (ADM2) to 0 and 1, respectively.

The analog signals input to ANIO to ANI7 and ANI16 to ANI19 are converted to digital signals based on the voltage
applied between AVrerp and the — side reference voltage (AVRrRerm/Vss).

In addition to AVRerp, it is possible to select Vop or the internal reference voltage (1.45 V) as the + side reference
voltage of the A/D converter.

(10) AVRrerm pin

This pin inputs an external reference voltage (AVrerm). If using AVrerm as the — side reference voltage of the A/D
converter, set the ADREFM bit of the ADM2 register to 1.
In addition to AVRerw, it is possible to select Vss as the — side reference voltage of the A/D converter.

Caution The A/D conversion accuracy differs depending on the used pins or reference voltage setting. For

details, see CHAPTER 31 ELECTRICAL SPECIFICATIONS (J GRADE) and CHAPTER 32 ELECTRICAL
SPECIFICATIONS (K GRADE).
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12.3 Registers Used in A/D Converter

The A/D converter uses the following registers.

o Peripheral enable register 0 (PERO)

e A/D converter mode register 0 (ADMO)

e A/D converter mode register 1 (ADM1)

e A/D converter mode register 2 (ADM2)

e 10-bit A/D conversion result register (ADCR)

e 8-bit A/D conversion result register (ADCRH)

e Analog input channel specification register (ADS)

e Conversion result comparison upper limit setting register (ADUL)
e Conversion result comparison lower limit setting register (ADLL)
o A/D test register (ADTES)

e A/D port configuration register (ADPC)

e Port mode control registers 0, 12, and 14 (PMCO, PMC12, PMC14)
e Port mode registers 0, 2, 12, and 14 (PMO, PM2, PM12, PM14)
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(1) Peripheral enable register 0 (PERO)
This register is used to enable or disable supplying the clock to the peripheral hardware. Clock supply to a hardware
macro that is not used is stopped in order to reduce the power consumption and noise.
When the A/D converter is used, be sure to set bit 5 (ADCEN) of this register to 1.
The PERO register can be set by a 1-bit or 8-bit memory manipulation instruction.
Reset signal generation clears this register to 00H.

Figure 12-2. Format of Peripheral Enable Register 0 (PERO)

Address: FOOFOH  After reset: 00H R/W

Symbol <7> 6 <5> <4> <3> <2> 1 <0>
PERO RTCEN 0 ADCEN | ICAOEN"""® | SAULIEN""'® | SAUOEN 0 TAUOEN
ADCEN Control of A/D converter input clock supply
0 Stops input clock supply.

e SFR used by the A/D converter cannot be written.
e The A/D converter is in the reset status.

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

Note This is not provided in the 20-pin products.

Cautions 1. When setting the A/D converter, be sure to set the ADCEN bit to 1 first. If ADCEN = 0, writing
to a control register of the A/D converter is ignored, and, even if the register is read, only the
default value is read (except for port mode registers 0, 2, 12, and 14 (PMO, PM2, PM12, PM14),
port mode control registers 0, 12, and 14 (PMCO, PMC12, PMC14), and A/D port configuration
register (ADPC)).

2. Be sure to clear the following bits to 0.

20-pin products: Bits 1, 3,4, 6
30, 32, 48-pin products: Bits 1, 6
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(2) A/D converter mode register 0 (ADMO)
This register sets the conversion time for analog input to be A/D converted, and starts/stops conversion.
The ADMO register can be set by a 1-bit or 8-bit memory manipulation instruction.
Reset signal generation clears this register to OOH.

Figure 12-3. Format of A/D Converter Mode Register 0 (ADMO)

Address: FFF30H Afterreset: OOH R/W
Symbol <7> 6 5 4 3 2 1 <0>
ADMO ADCS ADMD FR2Note 1 FR1Notel FRQNote LVvqNotel LvQNote ADCE

ADCS A/D conversion operation control

0 Stops conversion operation
[When read]
Conversion stopped/standby status

1 Enables conversion operation
[When read™°t¢?]
While in the software trigger mode: Conversion operation status
While in the hardware trigger wait mode: Stabilization wait status + conversion
operation status

ADMD Specification of the A/D conversion channel selection mode
0 Select mode
1 Scan mode
ADCE A/D voltage comparator operation controlN°te 3
0 Stops A/D voltage comparator operation
1 Enables A/D voltage comparator operation

Notes 1. For details of the FR2 to FRO, LV1, LVO bits, and A/D conversion, see Table 12-3 A/D Conversion Time
Selection.

2. While in the software trigger mode or hardware trigger no-wait mode, the operation of the A/D voltage
comparator is controlled by the ADCS and ADCE bits, and it takes 1 us from the start of operation for the
operation to stabilize. Therefore, when the ADCS bit is set to 1 after 1 s or more has elapsed from the
time ADCE bit is set to 1, the conversion result at that time has priority over the first conversion result.
Otherwise, ignore data of the first conversion.

Cautions 1. Change the bits ADMD, FR2 to FRO, LV1 and LVO, and ADCE in the conversion stop state or
conversion wait state (ADCS = 0).
2. ltis prohibited to change the ADCE and ADCS bits from 0 to 1 by an 8-bit manipulation
instruction. To change these bits, use the procedure described in 12.7, A/D Converter Setup
Flowchart.
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Table 12-1. Settings of ADCS and ADCE Bits

ADCS ADCE A/D Conversion Operation
0 0 Stop status (DC power consumption path does not exist)
0 1 Conversion standby mode (only A/D voltage comparator consumes power)
1 0 Setting prohibited
1 1 Conversion mode (A/D voltage comparator: enables operation)

Note In hardware trigger wait mode, the DC power consumption path is not provided even in conversion wait mode.

Table 12-2. Setting and Clearing Conditions for ADCS Bit

A/D Conversion Mode Set Conditions Clear Conditions
Software Select mode Sequential conversion | When 1is When 0 is written to ADCS
trigger mode written to ADCS
One-shot conversion e When 0 is written to ADCS
mode e The bit is automatically cleared to 0 when
A/D conversion ends.
Scan mode Sequential conversion When 0 is written to ADCS
mode
One-shot conversion e When 0 is written to ADCS
mode e The bit is automatically cleared to 0 when
conversion ends on the specified four
channels.
Hardware Select mode Sequential conversion | When a When 0 is written to ADCS
trigger no-wait mode hardware trigger
mode One-shot conversion is input When 0 is written to ADCS
mode
Scan mode Sequential conversion When 0 is written to ADCS
mode
One-shot conversion When 0 is written to ADCS
mode
Hardware Select mode Sequential conversion When 0 is written to ADCS
trigger wait mode
mode One-shot conversion e When 0 is written to ADCS
mode e The bit is automatically cleared to 0 when
A/D conversion ends.
Scan mode Sequential conversion When 0 is written to ADCS
mode
One-shot conversion e When 0 is written to ADCS
mode ¢ The bit is automatically cleared to 0 when
conversion ends on the specified four
channels.
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Software
trigger mode

Hardware trigger
no-wait mode

Hardware trigger
wait mode

Figure 12-4. Timing Chart When A/D Voltage Comparator Is Used
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Notes 1. While in the software trigger mode or hardware trigger no-wait mode, the time from the rising of the ADCE

bit to the falling of the ADCS bit must be 1 s or longer to stabilize the internal circuit.

2. In starting conversion, the longer will take up to following time.

ADMO Conversion Conversion Operation Time (fcik clock)
FR2 FR1 FRO clock (fap) Software trigger mode / Hardware Hardware trigger wait
trigger no-wait mode mode
0 0 0 fcLk/64 63 1
0 0 1 fcLk/32 31
0 1 0 fck/16 15
0 1 1 fcLk/8 7
1 0 0 fcLk/6 5
1 0 1 fcLk/5 4
1 1 0 fcLk/4 3
1 1 1 foLk/2 1

In the conversion after the second conversion in continuous conversion mode or after the scan 1 in scan mode, the

conversion startup time or A/D power supply stabilization wait time is not generated after detection of a hardware trigger.

Cautions 1. If using the hardware trigger wait mode, setting the ADCS bit to 1 is prohibited (but the bit is

automatically switched to 1 when the hardware trigger signal is detected). However, it is possible
to clear the ADCS bit to 0 to specify the A/D conversion standby status.
2. While in the one-shot conversion mode of the hardware trigger no-wait mode, the ADCS flag is

not automatically cleared to 0 when A/D conversion ends.

Instead, 1 is retained.
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3. Only rewrite the value of the ADCE bit when ADCS = 0 (while in the conversion
stopped/conversion standby status).

4. To complete A/D conversion, the following hardware trigger interval time is required:
In hardware trigger no-wait mode: Two fcik clock cycles + A/D conversion time
In hardware trigger wait mode: Two fcik clock cycles + stabilization wait time + A/D conversion
time

Remark fcik: CPU/peripheral hardware clock frequency
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<R>

Table 12-3. A/D Conversion Time Selection (1/6)

(1) 40V<Vop<55V
When there is no stabilization wait time (software trigger mode/hardware trigger no-wait mode)

A/D Converter Mode Register 0 Mode |Conversion Conversion Time Selection
(ADMO) Clock (fap)
FR2 | FR1 | FRO | LV1 | LVO fok=1MHz | fak=2 MHz | fak=4 MHz | fok=8 MHz | fck= 16 MHz| fax= 32 MHz
0 0 0 0 0 [Normal 1l | fcx/64 Setting Setting Setting Setting Setting 38 us
prohibited prohibited prohibited prohibited prohibited

0 0 1 feL/32 38 us 19 us

0 1 0 fek/16 38 us 19 us 9.5 us

0 1 1 fek/8 38 us 19 us 9.5 us 4.75 us

1 0 0 foLk/6 28.5 us 1425 us | 7.125us | 3.5625 us

1 0 1 fek/5 23.75 us 11.875 us | 5.938 us 2.9688 us

1 1 0 fowx/4 38 us 19 us 9.5 us 4.75 us 2.375 us

1 1 1 fewk/2 38 us 19 us 9.5 us 4.75 us 2.375 us Setting
prohibited

0 0 0 0 1 |[Normal 2 | fck/64 Setting Setting Setting Setting Setting 34 us

prohibited prohibited prohibited prohibited prohibited

0 0 1 feL/32 34 s 17 us

0 1 0 feLk/16 34 us 17 us 8.5 us

0 1 1 fouk/8 34 s 17 us 8.5 us 4.25 us

1 0 0 foLk/6 25.5 us 12.75us | 6.375us | 3.1875 us

1 0 1 fek/5 21.25 us 10.625 us | 5.3125 us | 2.6563 us

1 1 0 fowk/4 34 us 17 us 8.5 us 4.25 us 2.125 us

1 1 1 fewk/2 34 us 17 us 8.5 us 4.25 us 2.125 us Setting
prohibited

Other than above Setting prohibited

Cautions 1.

When rewriting the FR2 to FRO, LV1, and LVO bits to other than the same data, stop A/D conversion
once (ADCS = 0) beforehand.
The above conversion time does not include the conversion startup time. Add the conversion
startup time for the first conversion. Also, the above conversion time does not include clock

frequency errors. Select conversion time, taking clock frequency errors into consideration.

Remark fck: CPU/peripheral hardware clock frequency
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<R> Table 12-3. A/D Conversion Time Selection (2/6)

(2)27V<Vop<55V
When there is no stabilization wait time (software trigger mode/hardware trigger no-wait mode)

A/D Converter Mode Register 0 Mode |Conversion Conversion Time Selection
(ADMO) Clock (fap)
FR2 | FR1 | FRO | LV1 | LVO fok=1MHz | fak=2 MHz | fak=4 MHz | fok=8 MHz | fck= 16 MHz| fax= 32 MHz

0 0 0 0 0 [Normal 1l | fcx/64 Setting Setting Setting Setting Setting 38 us
prohibited prohibited prohibited prohibited prohibited

0 0 1 feL/32 38 us 19 us

0 1 0 fek/16 38 us 19 us 9.5 us

0 1 1 fok/8 38 us 19 us 9.5 us 4.75 us

1 0 0 foLk/6 28.5 us 1425 us | 7.125us | 3.5625 us

1 0 1 fouk/5 2375us | 11.875us | 5.9375 us | Setting

1] 1] o fer/d 38 us 19 us 9.5 us 4754 | Prohibited

1 1 1 fewk/2 38 us 19 us 9.5 us 4.75 us Setting

prohibited

0 0 0 0 1 |[Normal 2 | fck/64 Setting Setting Setting Setting Setting 34 us
prohibited prohibited prohibited prohibited prohibited

0 0 1 feL/32 34 s 17 us

0 1 0 feLk/16 34 us 17 us 8.5 us

0 1 1 fouk/8 34 s 17 us 8.5 us 4.25 us

1 0 0 foLk/6 25.5 us 12.75us | 6.375us | 3.1875 us

1 0 1 fek/5 21.25 us 10.625 us | 5.3125 us | 2.6563 us

1 1 0 few/4 34 us 17 us 8.5 us 4.25 us Setting

11| 1 few/2 34 s 17 us 8.5 us 4.25 us Setting prohibited

prohibited
Other than above Setting prohibited

Cautions 1. When rewriting the FR2 to FRO, LV1, and LVO bits to other than the same data, stop A/D conversion
once (ADCS = 0) beforehand.
2. The above conversion time does not include the conversion startup time. Add the conversion
startup time for the first conversion. Also, the above conversion time does not include clock
frequency errors. Select conversion time, taking clock frequency errors into consideration.

Remark fck: CPU/peripheral hardware clock frequency
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Table 12-3. A/D Conversion Time Selection (3/6)

(3)1.8V<Vopb<55V
When there is no stabilization wait time (software trigger mode/hardware trigger no-wait mode)

A/D Converter Mode Register 0 Mode |Conversion Conversion Time Selection
(ADMO) Clock (fap)
FR2 | FR1 | FRO | LV1 | LVO fok=1MHz | fak=2 MHz | fak=4 MHz | fok=8 MHz | fck= 16 MHz| fax= 32 MHz
0 0 0 0 0 [Normal 1l | fcx/64 Setting Setting Setting Setting Setting 38 us
prohibited prohibited prohibited prohibited prohibited
0 0 1 feL/32 38 us 19 us
0 1 0 feLk/16 38 us 19 us Setting
o 1|1 few/8 38 us 19 us Setting prohibited
1o o feu/6 28.5 us Setting prohibited
1o |1 feu/5 23.75 us | Prohibited
1 1 0 fewk/4 38 us 19 us
1 1 1 fewk/2 38 us 19 us Setting
prohibited
0 0 0 0 1 |[Normal 2 | fck/64 Setting Setting Setting Setting Setting 34 us
prohibited prohibited prohibited prohibited prohibited
0 0 1 feL/32 34 s 17 us
0 1 0 feLk/16 34 us 17 us Setting
0 1 1 fek/8 34 s 17 us Setting prohibited
1o o feu/6 255 us Setting prohibited
1o |1 few/5 21.25 4 | Prohibited
1 1 0 fowk/4 34 us 17 us
1 1 1 fewk/2 34 us 17 us Setting
prohibited
Other than above Setting prohibited

Cautions 1.

When rewriting the FR2 to FRO, LV1, and LVO bits to other than the same data, stop A/D conversion
once (ADCS = 0) beforehand.
The above conversion time does not include the conversion startup time. Add the conversion

startup time for the first conversion. Also, the above conversion time does not include clock

frequency errors. Select conversion time, taking clock frequency errors into consideration.

Remark fck: CPU/peripheral hardware clock frequency
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<R>

Table 12-3. A/D Conversion Time Selection (4/6)

(4)4.0V<VoD<55V
When there is stabilization wait time (hardware trigger wait mode)

A/D Converter Mode Register 0 Mode |Conversion Conversion Time Selection
(ADMO) Clock (fap)
FR2 | FR1 | FRO | LV1 | LVO fok=1MHz | fak=2 MHz | fak=4 MHz | fok=8 MHz | fck= 16 MHz| fax= 32 MHz

0 0 0 0 0 [Normal 1l | fcx/64 Setting Setting Setting Setting Setting Setting
prohibited prohibited prohibited prohibited prohibited prohibited

0 0 1 feLk/32 27 us

0 1 0 feLk/16 27 us 13.5 us

0 1 1 fouk/8 27 us 13.5 us 6.75 is

1 0 0 foLk/6 20.25us | 10.125 s | 5.0625 us

1 0 1 fowk/5 33.75us | 16.875us | 8.4375us |4.2188 us

1 1 0 fok/4 27 us 13.5 us 6.75 us 3.375 us

1 1 1 fowk/2 27 us 13.5 us 6.75 us 3.375 us Setting

prohibited

0 0 0 0 1 |[Normal 2 | fck/64 Setting Setting Setting Setting Setting Setting
prohibited prohibited prohibited prohibited prohibited prohibited

0 0 1 feLk/32 25 us

0 1 0 feLk/16 25 us 12.5 us

0 1 1 fouk/8 25 us 12.5 us 6.25 is

1 0 0 foLk/6 37.5 us 18.75us | 9.375us | 4.6875 us

1 0 1 fek/5 31.25 us 15.625 us | 7.8125 us | 3.9063 us

1 1 0 fowk/4 25 us 12.5 us 6.25 is 3.125 us

1 1 1 fewk/2 25 us 12.5 us 6.25 us 3.125 us Setting

prohibited
Other than above Setting prohibited

Cautions 1.

When rewriting the FR2 to FRO, LV1, and LVO bits to other than the same data, stop A/D conversion
once (ADCS = 0) beforehand.
The above conversion time does not include the conversion startup time. Add the conversion

startup time for the first conversion. Also, the above conversion time does not include clock

frequency errors. Select conversion time, taking clock frequency errors into consideration.

While in the hardware trigger wait mode, the conversion time includes the time spent waiting for

stabilization after the hardware trigger is detected.

Remark fcik: CPU/peripheral hardware clock frequency
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<R>

Table 12-3. A/D Conversion Time Selection (5/6)

(5)2.7V<Vop <55V
When there is stabilization wait time (hardware trigger wait mode)

A/D Converter Mode Register 0 Mode |Conversion Conversion Time Selection
(ADMO) Clock (fap)
FR2 | FR1 | FRO | LV1 | LVO fek=1 MHz | faxk=2 MHz | fok=4 MHz | fak=8 MHz | fok= 16 MHz| fak= 32 MHz

0 0 0 0 0 |Normall | fck/64 Setting Setting Setting Setting Setting Setting
prohibited prohibited prohibited prohibited prohibited prohibited

0 0 1 feLk/32 27 us

0 1 0 feLk/16 27 us 135 us

0 1 1 fouk/8 27 us 13.5 us 6.75 is

1 0 0 foLk/6 20.25us | 10.125 s | 5.0625 us

1 0 1 fowk/5 33.75us | 16.875us | 8.4375us |4.2188 us

1 1 0 fowk/d 27 us 13.5 us 6.75 us 3.375 us

1 1 1 fewk/2 27 us 13.5 us 6.75 us 3.375 us Setting

prohibited

0 0 0 0 1 |Normal 2 | fck/64 Setting Setting Setting Setting Setting Setting
prohibited prohibited prohibited prohibited prohibited prohibited

0 0 1 feLk/32 25 us

0 1 0 fek/16 25 us 125 us

0 1 1 fok/8 25 us 12.5 us 6.25 us

1 0 0 feLk/6 375 us 18.75us | 9.375us | 4.6875 us

1 0 1 foLk/5 31.25us | 15.625us | 7.8125us |3.9063 us

1 1 0 fek/4 25 us 12.5 us 6.25 us Setting

1|1 |1 feu/2 25 us 125 us 6.25 us Setting prohibited

prohibited
Other than above Setting prohibited
Cautions 1. When rewriting the FR2 to FRO, LV1, and LVO bits to other than the same data, stop A/D conversion
once (ADCS = 0) beforehand.

2. The above conversion time does not include the conversion startup time. Add the conversion
startup time for the first conversion. Also, the above conversion time does not include clock
frequency errors. Select conversion time, taking clock frequency errors into consideration.

3. While in the hardware trigger wait mode, the conversion time includes the time spent waiting for
stabilization after the hardware trigger is detected.

Remark fck: CPU/peripheral hardware clock frequency

RO1UH0231EJ0111 Rev.1.11

Jan 31, 2014

RRENESAS

396



RL78/F12 CHAPTER 12 A/D CONVERTER

<R> Table 12-3. A/D Conversion Time Selection (6/6)

(6) 1.8V<Vopb<55V
When there is stabilization wait time (hardware trigger wait mode)

A/D Converter Mode Register 0 Mode |Conversion Conversion Time Selection
(ADMO) Clock (fap)
FR2 | FR1 | FRO | LV1 | LVO fok=1MHz | fak=2 MHz | fak=4 MHz | fok=8 MHz | fck= 16 MHz| fax= 32 MHz
0 0 0 0 0 [Normal 1l | fcx/64 Setting Setting Setting Setting Setting Setting
prohibited prohibited prohibited prohibited prohibited prohibited
0 0 1 feLk/32 27 us
0 1 0 feLk/16 27 us Setting
o 1|1 few/8 27 us Setting prohibited
1o o feu/6 20.25 ys | Prohibited
1 0 1 fewk/5 33.75 us Setting
1] 1] o0 feu/d 27 us profibited
1 1 1 fowk/2 27 us Setting
prohibited
0 0 0 0 1 |[Normal 2 | fck/64 Setting Setting Setting Setting Setting Setting
prohibited prohibited prohibited prohibited prohibited prohibited
0 0 1 feLk/32 25 us
0 1 0 feLk/16 25 us Setting
o | 1|1 feu/8 25 us Setting profibited
1o o feu/6 375 us 18.75 us | Prohibited
1 0 1 fewk/5 31.25 us Setting
1] 1] o feu/d 25 us profibited
1 1 1 fewk/2 25 us Setting
prohibited
Other than above Setting prohibited

Cautions 1. When rewriting the FR2 to FRO, LV1, and LVO bits to other than the same data, stop A/D conversion
once (ADCS = 0) beforehand.

2. The above conversion time does not include the conversion startup time. Add the conversion
startup time for the first conversion. Also, the above conversion time does not include clock
frequency errors. Select conversion time, taking clock frequency errors into consideration.

3. While in the hardware trigger wait mode, the conversion time includes the time spent waiting for
stabilization after the hardware trigger is detected.

Remark fcik: CPU/peripheral hardware clock frequency
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Figure 12-5. A/D Converter Sampling and A/D Conversion Timing (Example for Software Trigger Mode)
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generation
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Startup Conversion time Conversion time

time

(3) A/D converter mode register 1 (ADM1)
This register is used to specify the A/D conversion trigger, conversion mode, and hardware trigger signal.
The ADML1 register can be set by a 1-bit or 8-bit memory manipulation instruction.
Reset signal generation clears this register to 00H.

Figure 12-6. Format of A/D Converter Mode Register 1 (ADM1)

Address: FFF32H  After reset: 0O0H R/W

Symbol 7 6 5 4 3 2 1 0
ADM1 ADTMD1 ADTMDO ADSCM 0 0 0 ADTRS1 ADTRSO
ADTMD1 ADTMDO Selection of the A/D conversion trigger mode
0 X Software trigger mode
1 0 Hardware trigger no-wait mode
1 1 Hardware trigger wait mode
ADSCM Specification of the A/D conversion mode
0 Sequential conversion mode
1 One-shot conversion mode
ADTRS1 ADTRSO Selection of the hardware trigger signal
0 0 End of timer channel 01 count or capture interrupt signal (INTTMO01)
0 1 Setting prohibited
1 0 Real-time clock interrupt signal (INTRTC)
1 1 12-bit interval timer interrupt signal (INTIT)

(Cautions and Remarks are listed on the next page.)
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Cautions 1. Only rewrite the value of the ADM1 register while conversion operation is stopped (which is

indicated by the ADCE bit of A/D converter mode register 0 (ADMO) being 0).

2. To complete A/D conversion, the following hardware trigger interval time is required:
In hardware trigger no-wait mode: Two fCLK clock cycles + A/D conversion time
In hardware trigger wait mode: Two fCLK clock cycles + stabilization wait time + A/D conversion
time

3. During a mode other than SNOOZE function mode, when INTRTC or INTIT is input, the next
INTRTC or INTIT input becomes effective as a trigger after a maximum of four fCLK clock cycles.

Remarks 1. x: don't care
2. fak: CPU/peripheral hardware clock frequency
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(4) A/D converter mode register 2 (ADM2)
This register is used to select the A/D converter reference voltage, check the upper limit and lower limit A/D

conversion result values, select the resolution, and specify whether to use SNOOZE mode.

The ADM2 register can be set by a 1-bit or 8-bit memory manipulation instruction.

Reset signal generation clears this register to 00H.

Figure 12-7. Format of A/D Converter Mode Register 2 (ADM2) (1/2)

Address: FOO10H  After reset: 0OH R/W

Symbol 7 6 5 4 <3> <2> 1 <0>
ADM2 ADREFP1 ADREFPO ADREFM 0 ADRCK AWC 0 ADTYP
ADREFP1 ADREFPO Selection of the + side reference voltage source of the A/D converter
0 0 Supplied from Voo
0 1 Supplied from P20/AVrerr/ANIO
1 0 Supplied from the internal reference voltage (1.45 V)
1 1 Setting prohibited

Rewrite the values of the ADREFP1 and ADREFPO bits in the following procedure:

1. Set ADCE to 0.
2. Change ADREFP1 and ADREFPO.
3. Count the stabilization wait time (A).
4. Set ADCE to 1.
5. Count the stabilization wait time (B).

To set ADREFP1 to 1 and ADREFPOto 0: A=5us,B=1pus

After step 5, start A/D conversion.

To set ADREFP1 to 0 and ADREFPO to 0, or ADREFP1 to 0 and ADREFPO to 1: A = no wait, B=1pus

When ADREFP1 =1 and ADREFPO = 0, A/D conversion cannot be performed for the temperature sensor output or
internal reference voltage output. To perform that, set ADISS = 0.

ADREFM Selection of the — side reference voltage source of the A/D converter
0 Supplied from Vss
1 Supplied from P21/AVrerm/ANIL

Note Can only be selected in HS (high-speed main) mode.

ADRCK Checking the upper limit and lower limit conversion result values
0 The interrupt signal (INTAD) is output when the ADLL register < the ADCR register < the ADUL register
(<1>).
1 The interrupt signal (INTAD) is output when the ADCR register < the ADLL register (<2>) or the ADUL

register < the ADCR register (<3>).

Figure 12-8 shows the generation range of the interrupt signal (INTAD) for <1> to <3>.

(Cautions are listed on the next page.)
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Cautions 1. Only rewrite the value of the ADM2 register while conversion operation is stopped (which is

indicated by the ADCE bit of A/D converter mode register 0 (ADMO) being 0).

2. Do not set the ADREFP1 bit to 1 when shifting to STOP mode, or to HALT mode while the CPU is
operating on the subsystem clock. Also, if the internal reference voltage is selected (ADREFP1,
ADREFPO = 1, 0), the A/D converter reference voltage current (labrer) indicated in 32.4.2 Supply
current characteristics or 33.4.2 Supply current characteristics will be added to the current
consumption.

3. To use AVgrerp and AVgerm, Set ANIO and ANIL to analog inputs and port mode register to input
mode.
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Figure 12-7. Format of A/D Converter Mode Register 2 (ADM2) (2/2)

Address: FOO10H  After reset: 0OH R/W

Symbol 7 6 5 4 <3> <2> 1 <0>
ADM2 | ADREFP1 ADREFPO ADREFM 0 ADRCK AWC 0 ADTYP
AWC Specification of SNOOZE mode
0 Do not use the SNOOZE mode function.
1 Use the SNOOZE mode function.

When there is a hardware trigger signal in the STOP mode, the STOP mode is exited, and A/D conversion is performed
without operating the CPU (the SNOOZE mode).

e The SNOOZE mode function can only be specified when the high-speed on-chip oscillator clock is selected for the
CPU/peripheral hardware clock (fcwk). If any other clock is selected, specifying this mode is prohibited.

¢ Using the SNOOZE mode function in the software trigger mode or hardware trigger no-wait mode is prohibited.

e Using the SNOOZE mode function in the sequential conversion mode is prohibited.

¢ When using the SNOOZE mode function, specify a hardware trigger interval of at least “transition time to SNOOZE
mode™*® + A/D power supply stabilization wait time + A/D conversion time + two fc.x clock cycles”.

e When using the SNOOZE function in normal operation mode, set AWC to 0, and then change it to 1 immediately
before a transition to STOP mode.
Be sure to change AWC to 0 after returning from STOP mode to normal operation mode.
If AWC remains 1, A/D conversion is not correctly started regardless whether the subsequent mode is SNOOZE
mode or normal operation mode.

ADTYP Selection of the A/D conversion resolution
0 10-bit resolution
1 8-bit resolution

Note See the descriptions of “From STOP to SNOOZE" in 20.2.3, SNOOZE mode.

Caution Only rewrite the value of the ADM2 register while conversion operation is stopped (which is
indicated by the ADCE bit of A/D converter mode register 0 (ADMO) being 0).

Figure 12-8. ADRCK Bit Interrupt Signal Generation Range

ADCR register value
(A/D conversion result)

1111111111
<3 INTAD is generated
(ADUL < ADCR) when ADRCK = 1.
"""""""""""""""""""""""""""""" ADUL register setting
<1>
(ADLL < ADCR < ADUL) INTAD is generated
when ADRCK = 0.
---------------------------------------------- ADLL register setting
<2> INTAD is generated
(ADCR < ADLL) when ADRCK = 1.
0000000000

Remark: If INTAD is not generated, the A/D conversion results are not stored in the ADCR or ADCRH register.
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(5) 10-bit A/D conversion result register (ADCR)
This register is a 16-bit register that stores the A/D conversion result in the select mode. The lower 6 bits are fixed to
0. Each time A/D conversion ends, the conversion result is loaded from the successive approximation register (SAR).
The higher 8 bits of the conversion result are stored in FFF1FH and the lower 2 bits are stored in the higher 2 bits of
FFF1EH.
The ADCR register can be read by a 16-bit memory manipulation instruction.
Reset signal generation clears this register to 0000H.

Note If the A/D conversion result value is outside the range of values specified by the A/D conversion result
comparison function (which is set up by using the ADRCK bit and ADUL/ADLL register (see figure 12-8)), the
value is not stored.

Figure 12-9. Format of 10-bit A/D Conversion Result Register (ADCR)

Address: FFF1FH, FFF1EH After reset: 0000H R

FFF1FH FFF1EH
Symbol A A

ADCR 0 0 0 0 0 0

Cautions 1. When writing to the A/D converter mode register 0 (ADMO), analog input channel specification
register (ADS), and A/D port configuration register (ADPC), the contents of the ADCR register
may become undefined. Read the conversion result following conversion completion before
writing to the ADMO, ADS, and ADPC registers. Using timing other than the above may cause an
incorrect conversion result to be read.

2. When 8-bit resolution A/D conversion is selected (when the ADTYP bit of A/D converter mode
register 2 (ADM2) is 1) and the ADCR register is read, 0 is read from the lower two bits (ADCR1
and ADCRO).

3. When the ADCR register is accessed in 16-bit units, the higher 10 bits of the conversion result
are read in order starting at bit 15.
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(6) 8-bit A/D conversion result register (ADCRH)
This register is an 8-bit register that stores the A/D conversion result. The higher 8 bits of 10-bit resolution are stored.
The ADCRH register can be read by an 8-bit memory manipulation instruction.
Reset signal generation clears this register to 00H.

Note If the A/D conversion result value is outside the range of values specified by the A/D conversion result
comparison function (which is set up by using the ADRCK bit and ADUL/ADLL register (see figure 12-8)), the
value is not stored.

Figure 12-10. Format of 8-bit A/D Conversion Result Register (ADCRH)

Address: FFF1FH Afterreset: OOH R

Symbol 7 6 5 4 3 2 1 0
ADCRH | | | | | | | | |

Caution When writing to the A/D converter mode register 0 (ADMO0), analog input channel specification
register (ADS), and A/D port configuration register (ADPC), the contents of the ADCRH register may
become undefined. Read the conversion result following conversion completion before writing to
the ADMO, ADS, and ADPC registers. Using timing other than the above may cause an incorrect
conversion result to be read.
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(7) Analog input channel specification register (ADS)
This register specifies the input channel of the analog voltage to be A/D converted.
The ADS register can be set by a 1-bit or 8-bit memory manipulation instruction.
Reset signal generation clears this register to O0OH.

Figure 12-11. Format of Analog Input Channel Specification Register (ADS)

Address: FFF31H  After reset: 00H R/W

Symbol 7 6 5 4 3 2 1 0
ADS ADISS 0 0 ADS .4 ADS.3 ADS.2 ADS.1 ADS.0
O Select mode (ADMD = 0)
ADISS ADS .4 ADS.3 ADS.2 ADS.1 ADS.0 Analog input Input source
channel
0 0 0 0 0 0 ANIO P20/ANIO/AVrerp pin
0 0 0 0 0 1 ANI1 P21/ANI1/AVrerm pin
0 0 0 0 1 0 ANI2 P22/ANI2 pin
0 0 0 0 1 1 ANI3 P23/ANI3 pin
0 0 0 1 0 0 ANI4 P24/ANI4 pin
0 0 0 1 0 1 ANI5 P25/ANI5 pin
0 0 0 1 1 0 ANI6 P26/ANI6 pin
0 0 0 1 1 1 ANI7 P27/ANI7 pin
0 1 0 0 0 0 ANI16 PO3/ANI16 pinM
0 1 0 0 0 1 ANI17 PO2/ANIL7 pin™*?
0 1 0 0 1 0 ANI18 P147/ANI18 pin
0 1 0 0 1 1 ANI19 P120/ANI19 pin
1 0 0 0 0 0 - Temperature sensor 0
output**
1 0 0 0 0 1 - Internal reference voltage
output (1.45 V)N
Other than the above Setting prohibited
Notes 1. PO1/ANI16 pin is used in the 20, 30, or 32-pin product.
2. POO/ANI17 pin is used in the 20, 30, or 32-pin product.
3. Can only be selected in HS (high-speed main) mode.
O Scan mode (ADMD = 1)
ADS.4 ADS.3 ADS.2 ADS.1 ADS.0 Analog input channel
Scan 0 Scan 1 Scan 2 Scan 3
0 0 0 0 0 ANIO ANI1 ANI2 ANI3
0 0 0 0 1 ANI1 ANI2 ANI3 ANI4
0 0 0 1 0 ANI2 ANI3 ANI4 ANI5
0 0 0 1 1 ANI3 ANI4 ANI5 ANI6
0 0 1 0 0 ANI4 ANI5 ANI6 ANI7
Other than the above Setting prohibited
(Cautions are listed on the next page.)
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Cautions 1. Be sureto clear bits 5and 6 to 0.

2. Set a channel to be used for A/D conversion in the input mode by using port mode registers 0, 2,
12, and 14 (PMO, PM2, PM12, PM14).

3. Do not set the pin that is set by the A/D port configuration register (ADPC) as digital /0 by the
ADS register.

4. Do not set the pin that is set by port mode control register 0, 12, or 14 (PMCO, PMC12, PMC14) as
digital /0 by the ADS register.

5. Only rewrite the value of the ADISS bit while conversion operation is stopped (which is indicated
by the ADCE bit of A/D converter mode register 0 (ADMO) being 0).

6. If using AVrerp as the + side reference voltage source of the A/D converter, do not select ANIO as
an A/D conversion channel.

7. If using AVRrerm as the — side reference voltage source of the A/D converter, do not select ANI1 as
an A/D conversion channel.

8. If ADISS is set to 1, the internal reference voltage (1.45 V) cannot be used for the + side reference
voltage source.

9. Do not set the ADREFPL1 bit to 1 when shifting to STOP mode, or to HALT mode while the CPU is
operating on the subsystem clock. Also, if the internal reference voltage is selected (ADREFP1,
ADREFPO = 1, 0), the A/D converter reference voltage current (laorer) indicated in 32.4.2 Supply
current characteristics or 33.4.2 Supply current characteristics will be added to the current
consumption.

10.The corresponding ANI pin does not exist depending on the product. In this case, ighore the
conversion result.

Remark x:don't care

(8) Conversion result comparison upper limit setting register (ADUL)
This register is used to specify the setting for checking the upper limit of the A/D conversion results.
The A/D conversion results and ADUL register value are compared, and interrupt signal (INTAD) generation is
controlled in the range specified for the ADRCK bit of A/D converter mode register 2 (ADM2) (shown in Figure 12-8).
The ADUL register can be set by an 8-bit memory manipulation instruction.
Reset signal generation sets this register to FFH.

Caution When 10-bit resolution A/D conversion is selected, the higher eight bits of the 10-bit A/D conversion
result register (ADCR) are compared with the ADUL register.

Figure 12-12. Format of Conversion Result Comparison Upper Limit Setting Register (ADUL)

Address: FOO11H After reset: FFH R/W

Symbol 7 6 5 4 3 2 1 0
ADUL ADUL.7 ADUL.6 ADUL.5 ADUL.4 ADUL.3 ADUL.2 ADUL.1 ADUL.O
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(9) Conversion result comparison lower limit setting register (ADLL)
This register is used to specify the setting for checking the lower limit of the A/D conversion results.
The A/D conversion results and ADLL register value are compared, and interrupt signal (INTAD) generation is
controlled in the range specified for the ADRCK bit of A/D converter mode register 2 (ADM2) (shown in Figure 12-8).
The ADLL register can be set by an 8-bit memory manipulation instruction.
Reset signal generation clears this register to 00H.

Figure 12-13. Format of Conversion Result Comparison Lower Limit Setting Register (ADLL)

Address: FO012H After reset: 00H R/W
Symbol 7 6 5 4 3 2 1 0

ADLL ADLL.7 ADLL.6 ADLL.5 ADLL.4 ADLL.3 0 ADLL.1 ADLL.O

Caution When 10-bit resolution A/D conversion is selected, the higher eight bits of the 10-bit A/D conversion
result register (ADCR) are compared with the ADLL register.
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(10) A/D test register (ADTES)
This register is used to select the + side reference voltage (AVrerp) or - side reference voltage (AVrerm) of the A/D
converter, or the analog input channel (ANIxx) as the A/D conversion target for the A/D test function.

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

Reset signal generation clears this register to O0H.

Figure 12-14. Format of A/D Test Register (ADTES)

Address: FO013H After reset: 00H R/W

Symbol 7 6 5 4 3 2 1 0
ADTES 0 0 0 0 0 0 ADTES.1 ADTES.O
ADTES.1 ADTES.O A/D conversion target
0 0 ANIxx (This is specified using the analog input channel specification register (ADS).)
1 0 AVRerm
1 1 AVRerp
Other than above Setting prohibited
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(11) A/D port configuration register (ADPC)
This register switches the ANIO/P20 to ANI7/P27 pins to analog input of A/D converter or digital /0 of port.
The ADPC register can be set by an 8-bit memory manipulation instruction.
Reset signal generation clears this register to O0H.

Address: FOO76H  After reset: OOH R/W

Figure 12-15. Format of A/D Port Configuration Register (ADPC)

Symbol 7 6 5 4 3 2 1 0
ADPC 0 0 0 0 ADPC.3 ADPC.2 ADPC.1 ADPC.0
ADPC.3 | ADPC.2 | ADPC.1 | ADPC.0 Analog input (A)/digital I/O (D) switching
ANI7/P27|ANI6/P26 | ANI5/P25 | ANI4/P24 | ANI3/P23|ANI2/P22 |ANI1/P21|ANIO/P20
0 0 0 0 A A A A A A A A
0 0 0 1 D D D D D D D D
0 0 1 0 D D D D D D D A
0 0 1 1 D D D D D D A A
0 1 0 0 D D D D D A A A
0 1 0 1 D D D D A A A A
0 1 1 0 D D D A A A A A
0 1 1 1 D D A A A A A A
1 0 0 0 D A A A A A A A
Other than above Setting prohibited
Cautions 1. Set the channel used for A/D conversion to the input mode by using port mode registers 2 (PM2).
2. Do not set the pin set by the ADPC register as digital /O by the analog input channel
specification register (ADS).
3. To use AVgerp and AVgerm, Set ANIO and ANIL to analog inputs and port mode register to input

mode.
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(12) Port mode control registers 0, 12, and 14 (PMCO, PMC12, PMC14)
These registers are used to switch the ANI16-ANI19 pins between A/D converter analog input and digital I/O.
The PMCO, PMC12, and PMC14 registers can be set by a 1-bit or 8-bit memory manipulation instruction.
Reset signal generation sets these registers to FFH.

Figure 12-16. Formats of Port Mode Control Registers 0, 12, and 14 (PMCO, PMC12, PMC14)

Address: FOO60H  After reset: FFH R/W

Symbol 7 6 5 4 3 2 1 0
PMCO 1 1 1 1 PMCO03 PMCO02 PMCO1 PMCO00
Note2 Note2 Notel Notel

Address: FOO6CH  After reset: FFH R/W
Symbol 7 6 5 4 3 2 1 0
PMC12 | 1 ’ 1 | 1 ’ 1 ’

’ PMC12.0 |

=
=
[uy

Address: FOO6EH  After reset: FFH R/W

Symbol 7 6 5 4 3 2 1 0
PMC14 | PMC14.7 ‘ 1 | 1 ‘ 1 ‘ 1 | 1 ‘ 1 ‘ 1 |
PMCmn Pmn pin digital I/O/analog input selection (m =0, 12, 14;n=0, 2, 3, 7)
0 Digital I/0 (dual-use function other than analog input)
1 Analog input

Notes 1. 20, 30, or 32-pin products only
2. 64-pin products only
3.  When the port is set to analog input with the PMC register, the port should be set to input mode with the
port mode register (PMx).
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(13) Port mode registers 0, 2, 12, and 14 (PMO, PM2, PM12, PM14)
When using the pin ANIO to ANI7 or ANI16 to ANI19 for an analog input port, set the PM20 to PM27, PM03, PM02,
PM147, or PM120 bit to 1. The output latches of P20 to P27, P03, P02, P147, and P120 at this time may be 0 or 1.

If the PM20 to PM27, PM03, PM02, PM147, and PM120 bits are set to 0, they cannot be used as analog input port

pins.

The PMO, PM2, PM12, and PM14 registers can be set by a 1-bit or 8-bit memory manipulation instruction.
Reset signal generation sets these registers to FFH.

Caution

If a pin is set as an analog input port, not the pin level but “0” is always read.

Figure 12-17. Formats of Port Mode Registers 0, 2, 12, and 14 (PMO, PM2, PM12, PM14)

Address: FFF20H

After reset: FFH R/W

Symbol 7 6 5 4 3 2 1 0
PMO 1 PMO0.6 PMO0.5 PMO0.4 PMO0.3 PMO0.2 PMO0.1 PMO0.0
Address: FFF22H  After reset: FFH R/W
Symbol 7 6 5 4 3 2 1 0
PM2 PM2.7 PM2.6 PM2.5 PM2.4 PM2.3 PM2.2 PM2.1 PM2.0
Address: FFF2CH  After reset: FFH R/W
Symbol 7 6 5 4 3 2 1 0
PM12 1 1 1 1 1 1 1 PM12.0
Address: FFF2EH  After reset: FFH R/W
Symbol 7 6 5 4 3 2 1 0
PM14 PM14.7 PM14.6 1 1 1 1 PM14.1 PM14.0
PMm.n Pmn pin I/O mode selection (mn = 02, 03, 20 to 27, 120, 140, 141, 147)
0 Output mode (output buffer on)
1 Input mode (output buffer off)

Caution To use AVgerp and AVgrerm, Set ANIO and ANIL to analog inputs and port mode register to input mode.
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The ANIO/P20 to ANI7/P27 pins are as shown below depending on the settings of the A/D port configuration register
(ADPC), analog input channel specification register (ADS), and PM2 registers.

Table 12-4. Setting Functions of ANIO/P20 to ANI7/P27 Pins

ADPC PM2 ADS ANIO/P20 to ANI7/P27 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.

Does not select ANI.

Setting prohibited

The ANI16 to ANI19 pins are as shown below depending on the settings of port mode control registers 0, 12, and 14

(PMCO, PMC12, PMC14), analog input channel specification register (ADS), PM0, PM12, and PM14 registers.

Table 12-5. Setting Functions of ANI16/P03, ANI17/P02, ANI18/P147, and ANI19/P120 Pins

PMCO, PMC12, and PMO, PM12, and PM14 ADS ANI16/P03, ANI17/P02, ANI18/P147,
PMC14 and ANI19/P120 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.

Does not select ANI.

Setting prohibited

RO1UH0231EJ0111 Rev.1.11
Jan 31, 2014

RRENESAS

412



RL78/F12 CHAPTER 12 A/D CONVERTER

12.4 A/D Converter Conversion Operations
The A/D converter conversion operations are described below.

<1>

<2>

<3>

<4>

<5>

<6>

<7>

<8>

The voltage input to the selected analog input channel is sampled by the sample & hold circuit.

When sampling has been done for a certain time, the sample & hold circuit is placed in the hold state and the
sampled voltage is held until the A/D conversion operation has ended.

Bit 9 of the successive approximation register (SAR) is set. The series resistor string voltage tap is set to (1/2)
AVRer by the tap selector.

The voltage difference between the series resistor string voltage tap and sampled voltage is compared by the
voltage comparator. If the analog input is greater than (1/2) AVrer, the MSB bit of the SAR register remains set
to 1. If the analog input is smaller than (1/2) AVrer, the MSB bit is reset to 0.

Next, bit 8 of the SAR register is automatically set to 1, and the operation proceeds to the next comparison. The
series resistor string voltage tap is selected according to the preset value of bit 9, as described below.

e Bit9 =1: (3/4) AVRer

e Bit9=0: (1/4) AVRer

The voltage tap and sampled voltage are compared and bit 8 of the SAR register is manipulated as follows.

e Sampled voltage > Voltage tap: Bit8=1

e Sampled voltage < Voltage tap: Bit8=0

Comparison is continued in this way up to bit 0 of the SAR register.

Upon completion of the comparison of 10 bits, an effective digital result value remains in the SAR register, and
the result value is transferred to the A/D conversion result register (ADCR, ADCRH) and then latched"*"".

At the same time, the A/D conversion end interrupt request (INTAD) can also be generatedeel.
Repeat steps <1> to <7>, until the ADCS bit is cleared to 0",

To stop the A/D converter, clear the ADCS bit to 0.

Notes 1. If the A/D conversion result value is outside the range of values specified by the A/D conversion result

comparison function (which is set up by using the ADRCK bit and ADUL/ADLL register), the A/D
conversion end interrupt request signal (INTAD) is not generated. In this case, the result value is not stored
in the ADCR or ADCRH register.

2. While in the sequential conversion mode, the ADCS flag is not automatically cleared to 0. This flag is not
automatically cleared to 0 while in the one-shot conversion mode of the hardware trigger no-wait mode,
either. Instead, 1 is retained.

Remarks 1. Two types of the A/D conversion result registers are available.

* ADCR register (16 bits):  Store 10-bit A/D conversion value
o ADCRH register (8 hits):  Store 8-bit A/D conversion value
2. AVrer: The + side reference voltage of the A/D converter. This can be selected from AVrerp, the internal
reference voltage (1.45 V), and Voo.
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ADCS « 1 or ADS rewrite

Figure 12-18. Conversion Operation of A/D Converter (Software Trigger Mode)

Sampling time

Conversion time

A/D converter
operation

SAR clear

Sampling

A/D conversion

SAR  Undefined

Conversion
result

ADCR

Conversion
result

INTAD

|

A/D conversion operations are performed continuously until bit 7 (ADCS) of the A/D converter mode register (ADM) is

reset (0) by software.

If a write operation is performed to the analog input channel specification register (ADS) during an A/D conversion

operation, the conversion operation is initialized, and if the ADCS bit is set (1), conversion starts again from the beginning.

Reset signal generation clears the A/D conversion result register (ADCR, ADCRH) to 0000H or 00H.
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12.5 Input Voltage and Conversion Results

The relationship between the analog input voltage input to the analog input pins (ANIO to ANI7, ANI16 to ANI19) and
the theoretical A/D conversion result (stored in the 10-bit A/D conversion result register (ADCR)) is shown by the following
expression.

VAN
SAR = INT ( x 1024 + 0.5)
AVREF

ADCR = SAR x 64

or

ADCR
-0.5) x AVrer < VaN < (m+ 0.5) ><AVi
64 1024 64 1024

(

where, INT(): Function which returns integer part of value in parentheses
VAIN: Analog input voltage
AVrer:  AVRer pin voltage
ADCR: A/D conversion result register (ADCR) value
SAR:  Successive approximation register

Figure 12-19 shows the relationship between the analog input voltage and the A/D conversion result.

Figure 12-19. Relationship Between Analog Input Voltage and A/D Conversion Result

SAR ADCR

03—+ T~ FFCOH
1022———F— T~ FF80H
1021 | | | | | AT | | | | } FFA0H

A/D conversion result ' ! ‘ ‘ ‘ ‘ ‘ : ‘ ‘ ‘ ‘ ! !
3! | | | | | Lo | | | | ! 00CoH
2—— T T/—T— 7" 0080H
11— Tt 17" 0040H
o 0000H

1 1 3 2 5 3 2043 1022 2045 1023 2047 1

2048 1024 2048 1024 2048 1024 2048 1024 2048 1024 2048

Input voltage/AVrer

Remark AVrer: The + side reference voltage of the A/D converter. This can be selected from AVrerp, the internal
reference voltage (1.45 V), and Vop.

RO1UH0231EJ0111 Rev.1.11 R NS 415
Jan 31, 2014 ENES



RL78/F12 CHAPTER 12 A/D CONVERTER

12.6 A/D Converter Operation Modes

The operation of each A/D converter mode is described below. In addition, the procedure for specifying each mode is
described in 12.7 A/D Converter Setup Flowchart.

12.6.1 Software trigger mode (select mode, sequential conversion mode)

<l1>

<2>

<3>

<4>

<5>

<6>

<7>

<8>

In the power-down status, the ADCE bit of A/D converter mode register 0 (ADMO) is set to 1, and the system
enters the A/D conversion standby status.

After the software counts up to the stabilization wait time (1 us), the ADCS bit of the ADMO register is set to 1 to
perform the A/D conversion of the analog input specified by the analog input channel specification register (ADS).
When A/D conversion ends, the conversion result is stored in the A/D conversion result register (ADCR, ADCRH),
and the A/D conversion end interrupt request signal (INTAD) is generated. After A/D conversion ends, the next
A/D conversion immediately starts.

When ADCS is overwritten with 1 during conversion operation, the current A/D conversion is interrupted, and
conversion restarts. The partially converted data is discarded.

When the value of the ADS register is rewritten or overwritten during conversion operation, the current A/D
conversion is interrupted, and A/D conversion is performed on the analog input respecified by the ADS register.
The partially converted data is discarded.

Even if a hardware trigger is input during conversion operation, A/D conversion does not start.

When ADCS is cleared to 0 during conversion operation, the current A/D conversion is interrupted, and the
system enters the A/D conversion standby status.

When ADCE is cleared to 0 while in the A/D conversion standby status, the A/D converter enters the power-down
status. When ADCE = 0, specifying 1 for ADCS is ignored and A/D conversion does not start.

Figure 12-20. Example of Software Trigger Mode (Select Mode, Sequential Conversion Mode) Operation Timing

<1> ADCE is setto 1. ADCE is cleared to 0. <8>
ADCE _ | <2> ADCS is setto 1 while in the <> A[t)r(]:f és qver:l/rliatten <6>.A hardwatredtrigger ADCSOISQ:IC:’e:rT/E)O<7> ‘
The trigger L conversion standby status. ¢ wi uring ) ¢ IS generate 9 during A ¢ The trigger
is not conversion operation. (and ignored). conversion operation. is not
ADCS ackn<__0wledged. ADS is rewritten during ‘_>acknowledged.
<5> A/D conversion operation
¥ (from ANIO to ANI1).
Data 1 Data 2
ADS (ANIO) (ANI1)
A/D conversion <3 Conversion is<3> <3> <3> Conversion is
<3>ends and the next3 interrupted 3 3 3 }terrupted,
AD conversion starts. / and restarts.
conversion Power [conversinf  Data 1 Data 1 Data 1 Data 1 Data 1 Data 2 Data 2 Data 2 Conversion| Power
ctatus down | sandy | (ANIO) (ANIO) (ANIO) (ANI0) (ANI0) (ANI1) (ANI1) (ANI1) standby | down
ADCR, Data 1 Data 1 Data 1 Data 2 Data 2
ADCRH (ANIO) (ANI0) (ANI0) (ANI1) (ANI1)
INTAD
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12.6.2

<1>

<2>

<3>

<4>

<5>

<6>

<7>

<8>

Software trigger mode (select mode, one-shot conversion mode)

In the power-down status, the ADCE bit of A/D converter mode register 0 (ADMO) is set to 1, and the system
enters the A/D conversion standby status.

After the software counts up to the stabilization wait time (1 us), the ADCS bit of the ADMO register is set to 1 to
perform the A/D conversion of the analog input specified by the analog input channel specification register (ADS).
When A/D conversion ends, the conversion result is stored in the A/D conversion result register ADCR, ADCRH),
and the A/D conversion end interrupt request signal (INTAD) is generated.

After A/D conversion ends, the ADCS bit is automatically cleared to 0, and the system enters the A/D conversion
standby status.

When ADCS is overwritten with 1 during conversion operation, the current A/D conversion is interrupted, and
conversion restarts. The partially converted data is discarded.

When the value of the ADS register is rewritten or overwritten during conversion operation, the current A/D
conversion is interrupted, and A/D conversion is performed on the analog input respecified by the ADS register.
The partially converted data is discarded.

When ADCS is cleared to 0 during conversion operation, the current A/D conversion is interrupted, and the
system enters the A/D conversion standby status.

When ADCE is cleared to 0 while in the A/D conversion standby status, the A/D converter enters the power-down
status. When ADCE = 0, specifying 1 for ADCS is ignored and A/D conversion does not start. In addition, A/D
conversion does not start even if a hardware trigger is input while in the A/D conversion standby status.

Figure 12-21. Example of Software Trigger Mode (Select Mode, One-Shot Conversion Mode) Operation Timing

<1> ADCE is setto 1. ADCE is cleared to 0. <8>
ADCE ADCSissetto ADCSis ADCS is overwritten ADCS is
—_— <2> ile i <4>automatically<2>  <5> ' 3 <4> <2> <4> <2> <7> !
The trigger %Owncgl?s'ig;he cleared to with 1 during A/D cleared to The trigger
is not i standby status L 0 after L ‘conversmn operatloni i i Oduring AID | o
acknowledged. 1 conversion - - - conversion acknowledged
ADCS -~ ends. <6> ADS is rewritten during operation acknowledged.
l AJD conversion operation _
(from ANIO to ANI1).
Data 1 Data 2
ADS (ANIO) ‘ ‘ (ANI1) ‘
A/D Conversion is N i
3> conversion interrupted <3> <3> Qopvermtor; is
AD ends. L and restarts. < interrupted.
conversion Power [Camerson Data 1 Conversion | Data 1 Data 1 Conversion | Data 1 Data 2 Conversion| Data 2 | Conversion |Power
<ot down | sudy (ANI0) standby | (ANIO) (ANI0) standby (ANI0) (ANI1) standby | (ANI1) standby down
ADCR, Data 1 Data 1 Data 2
ADCRH (ANIO) (ANIO) (ANI1)
INTAD ]
RO1UH0231EJ0111 Rev.1.11 417
KENESAS

Jan 31,

2014



RL78/F12 CHAPTER 12 A/D CONVERTER

12.6.3 Software trigger mode (scan mode, sequential conversion mode)

<1>

<2>

<3>

<4>

<5>

<6>

<7>

<8>

In the power-down status, the ADCE bit of A/D converter mode register 0 (ADMO) is set to 1, and the system
enters the A/D conversion standby status.

After the software counts up to the stabilization wait time (1 us), the ADCS bit of the ADMO register is set to 1 to
perform A/D conversion on the four analog input channels specified by scan 0 to scan 3, which are specified by
the analog input channel specification register (ADS). A/D conversion is performed on the analog input channels
in order, starting with that specified by scan 0.

A/D conversion is sequentially performed on the four analog input channels, the conversion results are stored in
the A/D conversion result register (ADCR, ADCRH) each time conversion ends, and the A/D conversion end
interrupt request signal (INTAD) is generated. After A/D conversion of the four channels ends, the A/D
conversion of the channel following the specified channel automatically starts (until all four channels are finished).
When ADCS is overwritten with 1 during conversion operation, the current A/D conversion is interrupted, and
conversion restarts at the first channel. The partially converted data is discarded.

When the value of the ADS register is rewritten or overwritten during conversion operation, the current A/D
conversion is interrupted, and A/D conversion is performed on the first channel respecified by the ADS register.
The partially converted data is discarded.

Even if a hardware trigger is input during conversion operation, A/D conversion does not start.

When ADCS is cleared to 0 during conversion operation, the current A/D conversion is interrupted, and the
system enters the A/D conversion standby status.

When ADCE is cleared to 0 while in the A/D conversion standby status, the A/D converter enters the power-down
status. When ADCE = 0, specifying 1 for ADCS is ignored and A/D conversion does not start.

Figure 12-22. Example of Software Trigger Mode (Scan Mode, Sequential Conversion Mode) Operation Timing

<1>ADCE is set to 1. ADCE is cleared to 0. <8>
ADCE <2>ADCS is set to 1 while in the <d> APCS is qvenNritten A hardware t‘rigger is <6> ADCSis _cleared<7 |
The trigger ¢ conversion standby status. with 1 during AID generated (and ignored). to 0 during A/D L The trigger
acknowl is not ¢ conversion operation. conversion operation. is EOt ledaed
1 acknowledged.
<5> ADS is rewritten during
y A/D conversion operation.
ADS ANIO to ANI3 ANI4 to ANI7
AID conversion ends and the <3> Conversion is <3> Conversion is <3> C,ﬁ{'ev:ﬁ,‘&"d‘s
next conversion starts. interrupted and restarts. interrupted and restarts.
AID
conversion Power [Conversion| Data 1 | Data2 | Data3 | Data4 | Data l|Data2| Data 1l |Data2 |Data3 | Data4 | Data 1 |Data2 | Data5 | Data6 | Data 7 |Data 8 | Data 5 |Data6|Conversion| Power
ctatus down | sandby | (ANIO) [ (ANIZ) | (ANI2) | (ANI3) [ (ANIO) | anin)[ (ANIO) | (ANIL) | (ANI2) | (ANI3) | (ANIO) |(aND) | (ANI4) | (ANIS) | (ANI6) | (ANI7) | (ANI4) |(anis)| “standby | down

ADCR, Datal | Data2 | Data3 |Data4 Data 1 (ANIO Data 2 | Data 3 | Data 4 Data 1 Data5 |Data6 |Data7 |Data8 Data 5

ADCRH (ANI0) | (ANIL) | (ANI2) | (ANI3) ata 1 (ANIO) (ANI1) | (ANI2) | (ANI3) (ANI0) (ANI4) | (ANI5) | (ANI6) | (ANI7) (AN14)
w0 [ frnrrennJrefren e frn e

- v - |
The interrupt is generated four times. The interrupt is generated four times. The interrupt is generated four times.
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12.6.4 Software trigger mode (scan mode, one-shot conversion mode)

<1>

<2>

<3>

<4>

<5>

<6>

<7>

<8>

In the power-down status, the ADCE bit of A/D converter mode register 0 (ADMO) is set to 1, and the system
enters the A/D conversion standby status.

After the software counts up to the stabilization wait time (1 us), the ADCS bit of the ADMO register is set to 1 to
perform A/D conversion on the four analog input channels specified by scan 0 to scan 3, which are specified by
the analog input channel specification register (ADS). A/D conversion is performed on the analog input channels
in order, starting with that specified by scan 0.

A/D conversion is sequentially performed on the four analog input channels, the conversion results are stored in
the A/D conversion result register (ADCR, ADCRH) each time conversion ends, and the A/D conversion end
interrupt request signal (INTAD) is generated.

After A/D conversion of the four channels ends, the ADCS bit is automatically cleared to 0, and the system enters
the A/D conversion standby status.

When ADCS is overwritten with 1 during conversion operation, the current A/D conversion is interrupted, and
conversion restarts at the first channel. The partially converted data is discarded.

When the value of the ADS register is rewritten or overwritten during conversion operation, the current A/D
conversion is interrupted, and A/D conversion is performed on the first channel respecified by the ADS register.
The partially converted data is discarded.

When ADCS is cleared to 0 during conversion operation, the current A/D conversion is interrupted, and the
system enters the A/D conversion standby status.

When ADCE is cleared to 0 while in the A/D conversion standby status, the A/D converter enters the power-down
status. When ADCE = 0, specifying 1 for ADCS is ignored and A/D conversion does not start. In addition, A/D
conversion does not start even if a hardware trigger is input while in the A/D conversion standby status.

Figure 12-23. Example of Software Trigger Mode (Scan Mode, One-Shot Conversion Mode) Operation Timing

<1> ADCE is set to 1. ADCE is cleared to 0. <8>
ADCE ADCS is set to 1 while <4>ADCS is ADCS is overwritten ADCS is cleared
! <2> <5> ) <7> | S—
The trigger ¢ in the conversion 2#;223‘{?”%2) ¢ with 1 during A/D <4> <2 to 0 during A/D ‘ The trigger
acknowleéjs gg standby status. Oafter ¢ conversion operation. conversion operation. is not
ADCS owledged. conversion acknowledged.
<6>ADS is rewritten during
4 A/D conversion operation.
ADS ANIO to ANI3 \ \ ANI4 to ANI7

<3> A/D conversion Conversion is <3> Conversion is Conversion is

AD ends. 'ﬂnlerrupted and restarts. P’ interrupted and restarts. ,/interrupted.

conversion Power|Conersion Data 1 | Data2 | Data3 | Data4 |Conversion | Data 1 |Data2 Data 1 | Data 2 | Data 3| Data 4 |Conversion| Data1 |paa2 | Data5 | Data6 | Data7 | Data8 [omeso] Power

status down | siandyy | (ANIO) | (ANIL) | (ANI2) | (ANI3) standby | (ANIO) | (ANI1) [ (ANIO) | (ANI1) | (ANI2) | (ANI3) | standby | (ANIO) |(ani) | (ANI4) (ANI5) (ANI6) (ANI7) | stancby | down
ADCR, Datal | Data2 | Data3 Data 4 Data 1 (ANIO) Data 2 | Data 3 Data 4 Data 1 Data5 | Data6 Data 7
ADCRH (ANIO) | (ANIL) | (ANI2) (ANI3) (ANI1) | (ANI2) (ANI3) (ANIO) (ANI4) | (ANIS) (ANIB)
INTAD H —l u |_ﬂ —l —
\%/—/ . -
The interrupt is generated four times. The interrupt is generated four times.
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12.6.5 Hardware trigger no-wait mode (select mode, sequential conversion mode)
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In the power-down status, the ADCE bit of A/D converter mode register 0 (ADMO) is set to 1, and the system
enters the A/D conversion standby status.

After the software counts up to the stabilization wait time (1 us), the ADCS bit of the ADMO register is set to 1 to
place the system in the hardware trigger standby status (and conversion does not start at this stage). Note that,
while in this status, A/D conversion does not start even if ADCS is set to 1.

If a hardware trigger is input while ADCS = 1, A/D conversion is performed on the analog input specified by the
analog input channel specification register (ADS).

When A/D conversion ends, the conversion result is stored in the A/D conversion result register (ADCR, ADCRH),
and the A/D conversion end interrupt request signal (INTAD) is generated. After A/D conversion ends, the next
A/D conversion immediately starts.

If a hardware trigger is input during conversion operation, the current A/D conversion is interrupted, and
conversion restarts. The partially converted data is discarded.

When the value of the ADS register is rewritten or overwritten during conversion operation, the current A/D
conversion is interrupted, and A/D conversion is performed on the analog input respecified by the ADS register.
The partially converted data is discarded.

When ADCS is overwritten with 1 during conversion operation, the current A/D conversion is interrupted, and
conversion restarts. The partially converted data is discarded.

When ADCS is cleared to 0 during conversion operation, the current A/D conversion is interrupted, and the
system enters the A/D conversion standby status. However, the A/D converter does not power down in this
status.

When ADCE is cleared to 0 while in the A/D conversion standby status, the A/D converter enters the power-down
status. When ADCS = 0, inputting a hardware trigger is ignored and A/D conversion does not start.

12-24. Example of Hardware Trigger No-Wait Mode (Select Mode, Sequential Conversion Mode) Operation
Timing

<1>ADCE is setto 1. ADCE is cleared to 0. <9>

<2> ADCS is setto 1.

. <5> A hardware trigger is . .
<3> A hardware trigger generated during A/D The trigger is not
is generated. conversion operation. acknowledged.

LN Trigger ADCS is overwritten _o. ADCS is cleared<g>
The trigger is not| standby with 1 during A/D to 0 during A/D
acknowledged. | status, conversion operation. _yconversion operation.
<6>ADS is rewritten during
‘ AID conversion operation
(from ANIO to ANI1).

Data 1 Data 2

(ANI0) (ANI1)
<4>A/D conversion Conversion is
ends and the next Conversion is Conversion is interrupted and Cunversmré
conversionc4> interrupted <4> interrupted <4> restarts. is interrupted.
starts. / and regtarts. / and regtarts. <+
Power| Conversion Data 1 Data 1 Data 1 Data 1 Data 1 Data 2 Data 2 Data 2 Data 2 |Conversion|  Power
down standby (ANIO) (ANI0) (ANI0) (ANI0) (ANIO) (ANI1) (ANI1) (ANI1) (ANI1) | standby down

Data 1 ‘ Data 1 Data 1 Data 2 Data 2
(ANI0) (ANI0) (ANIO) (ANI1) (ANI11)
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12.6.6 Hardware trigger no-wait mode (select mode, one-shot conversion mode)
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In the power-down status, the ADCE bit of A/D converter mode register 0 (ADMO) is set to 1, and the system
enters the A/D conversion standby status.

After the software counts up to the stabilization wait time (1 us), the ADCS bit of the ADMO register is set to 1 to
place the system in the hardware trigger standby status (and conversion does not start at this stage). Note that,
while in this status, A/D conversion does not start even if ADCS is set to 1.

If a hardware trigger is input while ADCS = 1, A/D conversion is performed on the analog input specified by the
analog input channel specification register (ADS).

When A/D conversion ends, the conversion result is stored in the A/D conversion result register (ADCR, ADCRH),
and the A/D conversion end interrupt request signal (INTAD) is generated.

After A/D conversion ends, the ADCS bit remains set to 1, and the system enters the A/D conversion standby
status.

If a hardware trigger is input during conversion operation, the current A/D conversion is interrupted, and
conversion restarts. The partially converted data is discarded.

When the value of the ADS register is rewritten or overwritten during conversion operation, the current A/D
conversion is interrupted, and A/D conversion is performed on the analog input respecified by the ADS register.
The partially converted data is discarded.

When ADCS is overwritten with 1 during conversion operation, the current A/D conversion is interrupted, and
conversion restarts. The partially converted data is discarded.

When ADCS is cleared to 0 during conversion operation, the current A/D conversion is interrupted, and the
system enters the A/D conversion standby status. However, the A/D converter does not power down in this
status.

When ADCE is cleared to 0 while in the A/D conversion standby status, the A/D converter enters the power-down
status. When ADCS = 0, inputting a hardware trigger is ignored and A/D conversion does not start.

12-25. Example of Hardware Trigger No-Wait Mode (Select Mode, One-Shot Conversion Mode) Operation
Timing

<1> ADCE is setto 1. ADCE is cleared to 0.<10>

<2> ADCS s set to 1. hard ) ) Trigger
pnme o < ATIATIN

1_is generated. conversion operation. ' ¢

[T [ [

The trigger is not Triggg; ADCS retains<5> ADCS is overwritten with 1 during <8> <5> <9>ADCS is cleared

acknowledged. | Stan the value 1 <5> A/D conversion to 0 during A/D
statu . <5. g
L Lstatug. i operation. conversion

<7>ADS is rewritten durin operation.
AID conversion operatiol
(from ANIO to ANI1)
Data 1 Data 2
(ANIO) / (ANI1) (
Conversion\is IConversion is Conversion is

interrupte interrupted .
/and res[:arls. N E;gd restarts. <4> interrupted.

<4> AID conversion | Conversion is
ends. interrupted
,Aand restarts.

Power Conversion Data 1 Conversion| Data 1 Data 1 Conversion | Data 1 Data 2 Conversion [Data 2| Data 2 |amesn| Data 2 |Conversion | Power
down standby (ANIO) standby | (ANIO) (ANI0) standby | (ANIO) (ANI1) standby | (ANIL) | (ANIT) || (ANIL) | standby | down

4

_\
e

Vv

Vv

Data 1 Data 1 Data 2 Data 2
(ANIO) (ANIO) (ANI1) (ANI1)
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