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Notice

Descriptions of circuits, software and other related information in this document are provided only to illustrate the operation of
semiconductor products and application examples. You are fully responsible for the incorporation of these circuits, software,
and information in the design of your equipment. Renesas Electronics assumes no responsibility for any losses incurred by you
or third parties arising from the use of these circuits, software, or information.

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

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

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

Renesas Electronics products are classified according to the following two quality grades: “Standard” and “High Quality”. The
recommended applications for each Renesas Electronics product depends on the product’s quality grade, as indicated below.

“Standard”: Computers; office equipment; communications equipment; test and measurement equipment; audio and visual
equipment; home electronic appliances; machine tools; personal electronic equipment; and industrial robots etc.

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

Renesas Electronics products are neither intended nor authorized for use in products or systems that may pose a direct threat to
human life or bodily injury (artificial life support devices or systems, surgical implantations etc.), or may cause serious property
damages (nuclear reactor control systems, military equipment etc.). You must check the quality grade of each Renesas
Electronics product before using it in a particular application. You may not use any Renesas Electronics product for any
application for which it is not intended. Renesas Electronics shall not be in any way liable for any damages or losses incurred
by you or third parties arising from the use of any Renesas Electronics product for which the product is not intended by Renesas
Electronics.

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

Although Renesas Electronics endeavors to improve the quality and reliability of its products, semiconductor products have
specific characteristics such as the occurrence of failure at a certain rate and malfunctions under certain use conditions. Further,
Renesas Electronics products are not subject to radiation resistance design. Please be sure to implement safety measures to
guard them against the possibility of physical injury, and injury or damage caused by fire in the event of the failure of a Renesas
Electronics product, such as safety design for hardware and software including but not limited to redundancy, fire control and
malfunction prevention, appropriate treatment for aging degradation or any other appropriate measures. Because the evaluation
of microcomputer software alone is very difficult, please evaluate the safety of the final products or systems manufactured by
you.

Please contact a Renesas Electronics sales office for details as to environmental matters such as the environmental compatibility
of each Renesas Electronics product. Please use Renesas Electronics products in compliance with all applicable laws and
regulations that regulate the inclusion or use of controlled substances, including without limitation, the EU RoHS Directive.
Renesas Electronics assumes no liability for damages or losses occurring as a result of your noncompliance with applicable laws
and regulations.

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

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

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

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

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

owned subsidiaries.

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

(2012.4)




NOTES FOR CMOS DEVICES

(1) VOLTAGE APPLICATION WAVEFORM AT INPUT PIN: Waveform distortion due to input noise or a
reflected wave may cause malfunction. If the input of the CMOS device stays in the area between VIL
(MAX) and VIH (MIN) due to noise, etc., the device may malfunction. Take care to prevent chattering noise
from entering the device when the input level is fixed, and also in the transition period when the input level
passes through the area between VIL (MAX) and VIH (MIN).

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

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

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

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

(6) INPUT OF SIGNAL DURING POWER OFF STATE : Do not input signals or an 1/O pull-up power supply
while the device is not powered. The current injection that results from input of such a signal or I/O pull-up
power supply may cause malfunction and the abnormal current that passes in the device at this time may
cause degradation of internal elements. Input of signals during the power off state must be judged
separately for each device and according to related specifications governing the device.




Readers

Purpose

Organization

How to Read This Manual

How to Use This Manual

This manual is intended for user engineers who wish to understand the functions of the
R7F0C30x, R7FOC31x microcontrollers and design and develop application systems and
programs for these devices.

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

The manual for the R7FOC30x, R7FOC31x microcontrollers is separated into two parts: this
manual and the instructions edition (common to the 78K0 microcontrollers).

R7F0C30x, R7FOC31x 78K/0 Series
User’s Manual User’s Manual
Hardware Instructions
e Pin functions e CPU functions
¢ Internal block functions o Instruction set
o Interrupts o Explanation of each instruction

Other on-chip peripheral functions
Electrical specifications

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

e To gain a general understanding of functions:

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

e How to interpret the register format:

— For a bit number enclosed in angle brackets, the bit name is defined as a reserved
word in the RA78K0, and is defined as an sfr variable using the #pragma sfr directive
in the CC78KO0.

e To know details of the 78K0 microcontroller instructions:

— Refer to the separate document 78K/0 Series Instructions User’s Manual

(U12326E).



Conventions

Related Documents

Data significance: Higher digits on the left and lower digits on the right
Active low representations: xxx (overscore over pin and signal name)

Note: Footnote for item marked with Note in the text
Caution: Information requiring particular attention
Remark: Supplementary information
Numerical representations: Binary s X XXX OF XxxxB

Decimal C XXX

Hexadecimal ---xxxxH

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

However, preliminary versions are not marked as such.

Documents Related to Devices

Document Name

Document No.

R7FOC30x, R7FOC31x User's Manual: Hardware This manual
78K/0 Series User's Manual Instructions U12326E
78K0/Kx2 Flash Memory Programming (Programmer) Application Note U17739E
78K0/Kx2 Flash Memory Self Programming User's Manual U17516E
78K0 Microcontrollers Self Programming Library Type 01 User’'s Manual U18274E

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

Document Name

Document No.

PG-FP5 Flash Memory Programmer R20UTO0008E
QB-MINI2 On-Chip Debug Emulator with Programming User’'s Manual R20UT0449E
QB-Programmer Programming GUI Operation U18527E

Documents Related to Development Tools (Hardware) (User’s Manual)

Document Name

Document No.

QB-MINI2 On-Chip Debug Emulator with Programming Function User’'s Manual

R20UTO0449E

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

version of each document for designing.




Documents Related to Development Tools (Software)

Document Name Document No.
RA78KO0 Ver.3.80 Assembler Package User's Manual"*®’ Operation U17199E
Language U17198E
Structured Assembly Language U17197E
78K0 Assembler Package RA78KO0 Ver.4.01 Operating Precautions (Notification Document)NOte1 ZUD-CD-07-0181-E
CC78KO0 Ver.3.70 C Compiler User's Manual"**®? Operation U17201E
Language U17200E
78K0 C Compiler CC78K0 Ver. 4.00 Operating Precautions (Notification Document)Nmez ZUD-CD-07-0103-E
SM+ System Simulator User's Manual Operation U18601E
User Open Interface U18212E
ID78K0-QB Ver.2.94 Integrated Debugger User's Manual Operation U18330E
ID78K0-QB Ver.3.00 Integrated Debugger User's Manual Operation U18492E
PM plus Ver.5.20"*°* User's Manual U16934E
PM+ Ver.6.30""°* User's Manual U18416E
Notes 1. This document is installed into the PC together with the tool when instaling RA78K0 Ver. 4.01. For

descriptions not included in “78K0 Assembler Package RA78K0 Ver. 4.01 Operating Precautions”, refer to the
user's manual of RA78K0 Ver. 3.80.

This document is installed into the PC together with the tool when installing CC78K0 Ver. 4.00. For
descriptions not included in “78K0 C Compiler CC78K0 Ver. 4.00 Operating Precautions”, refer to the user’s
manual of CC78KO0 Ver. 3.70.

PM plus Ver. 5.20 is the integrated development environment included with RA78KO0 Ver. 3.80.

PM+ Ver. 6.30 is the integrated development environment included with RA78K0 Ver. 4.01. Software tool
(assembler, C compiler, debugger, and simulator) products of different versions can be managed.

Other Documents

Document Name

Document No.

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 when designing.
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CHAPTER 1 OUTLINE

1.1 Features

O 78K0 CPU core
O 1/O ports, ROM and RAM capacities

ltem I/O ports Program Memory Data Memory (Internal

Products (Flash Memory) High-Speed RAM)
R7FOC30042ESP, R7FOC30642ESN 12 (CMOS 1/0: 11, 4 KB 512 bytes

£ | R7FOC30142ESP, R7FOC30742ESN CMOS input: 1) 8 KB 512 bytes

é R7FOC30242ESP, R7FOC30842ESN 16 KB 768 bytes

g R7FOC30342ESP, R7FOC30942ESN 4KB 512 bytes

© | R7FOC30442ESP, R7FOC31042ESN 8 KB 512 bytes
R7FOC30542ESP, R7FOC31142ESN 16 KB 768 bytes
R7FOC30062ESP, R7FOC30662ESN 16 (CMOS 1/0: 15, 4KB 512 bytes

£ | R7FOC30162ESP, R7TFOC30762ESN CMOS input: 1) 8 KB 512 bytes

é R7FOC30262ESP, R7FOC30862ESN 16 KB 768 bytes

g R7FOC30362ESP, R7FOC30962ESN 4 KB 512 bytes

S | R7FOC30462ESP, R7FOC31062ESN 8 KB 512 bytes
R7FOC30562ESP, R7FOC31162ESN 16 KB 768 bytes

O Low power consumption
¢ Internal high-speed oscillation mode: 1.2 mA (TYP.) (at Vop = 3.0 V)

¢ STOP mode: 1.2 uA(TYP.) (at Vop =5.0 V)
O Clock
¢ High-speed system clock ... Selected from the following three sources
- Ceramic/crystal oscillator: 1to 10 MHz
- External clock: 1to 10 MHz

- Internal high-speed oscillator: Package SSOP: 8 MHz + 3 % (Ta = —40 to +85 °C), 8 MHz + 2 % (Ta = —20 to +70 °C)
Package SOP: 8 MHz + 5 % (Ta = —40 to +85 °C), 8 MHz + 2 % (Ta = 0 to +40 °C)
o Low-speed system oscillator (Watchdog timer, timer clock in intermittent operation):
27V <Vop<55V:240 kHz + 10 %
1.8V <Vbp < 2.7 V: 240 kHz - 20 %, 240 kHz + 10 %
O Power-on-clear (POC) circuit
O Low-voltage detector (LVI) (An interrupt/reset (selectable) is generated when the detection voltage is reached))
o Detection voltage: Selectable from sixteen levels between 1.93 and 4.24 V
O Single-power-supply flash memory
¢ Flash self programming enabled
» Software protection function: Protected from outside party copying (no flash reading command)
O Safety function
o Watchdog timer operated by clock independent from CPU
... A hang-up can be detected even if the system clock stops
* Supply voltage drop detectable by LVI
... Appropriate processing can be executed before the supply voltage drops below the operation voltage
* Equipped with option byte function
... Important system operation settings set in hardware

RO1UH0389EJ0120 Rev.1.20 R NS 1
Oct 09, 2014 ENES
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O Timer

* 16-bit timer/event counter ...

e 8-bit timer H ...

« 8-bit timer/event counter 5 ...

o Watchdog timer ...

PPG output, capture input, external event counter input

PWM output, operable with low-speed internal oscillation clock

External event counter input

Operable with low-speed internal oscillation clock

ltem

Products

16-bit timer/event
counter

8-bit timer

Watchdog timer

16-pin products

20-pin products

1ch

Timer H: 1ch
Timer 5: 1ch

1ch

O Serial interface
¢ UART ...

Asynchronous 2-wire serial interface

Item

Products

UART

16-pin products

20-pin products

1ch

O 10-bit resolution A/D conversion:

* 16-pin products: 6 ch
* 20-pin products: 5 ch

O Operational amplifier: 2 ch

O Compiler: 1 ch

(R7FOC303x, R7F0C304x, R7FOC305x, R7FOC309x, R7FOC310x, and R7FOC311x only)

(R7FOC303x, R7F0C304x, R7F0C305x, R7FOC309x, R7FOC310x, and R7FOC311x only)

O On-chip debug function ...Available to control for the target device, and to reference memory
O Assembler and C language supported

O Development tools

e Support for simplified emulator (MINICUBE2)
O Power supply voltage: Vob=1.8t0 5.5V
O Operating ambient temperature: Ta = —40 to +85°C

RO1UHO0389EJ0120 Rev.1.20
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1.2 List of Part Numbers

Figure 1-1. Part Number, Memory Size, and Package

—— Package style, Environmental

#ACO: Tray, Lead free (Ni/Pd/Au)
#CAO: Magazine, Lead free (Pure Sn)

Packge type
SN: SOP, 1.27 mm pitch
SP: SSOP, 0.65 mm pitch

Fields of application

2E: Consumer applications, operating ambient

temperature (Ta): —40 to +85°C

Pin count
4: 16-pin
6: 20-pin

Product name
0C300, 0C303, 0C306, 0C309: 4 KB ROM
0C301, 0C304, 0C307, 0C310: 8 KB ROM
0C302, 0C305, 0C308, 0C311: 16 KB ROM

Memory type
F: Flash memory

Renesas MCU

Renesas semiconductor product

Table 1-1. List of Ordering Part Numbers

Pin Package ROM | RAM Package Style, Environmental Part Number

Count

16-pin 16-pin plastic SSOP | 4KB |512B Tray, Lead free (Ni/Pd/Au) R7FOC30042ESP#ACO0, R7FOC30342ESP#ACO

(5.72 mm (225)) 8KB |512B R7F0C30142ESP#ACO, R7TFOC30442ESP#ACO

16 KB | 768 B R7F0C30242ESP#AC0, R7TFOC30542ESP#ACO

16-pin plastic SOP 4 KB | 512B| Magazine, Lead free (Pure Sn) | R7FOC30642ESN#CA0, R7FOC30942ESN#CAOQ

(@9mmx9.9mm) | gyp | 5128 R7FOC30742ESN#CAOQ, R7TFOC31042ESN#CAQ

16 KB | 768 B R7FOC30842ESN#CAO, R7FOC31142ESN#CAQ

20-pin 20-pin plastic SSOP 4KB [512B Tray, Lead free (Ni/Pd/Au) R7FOC30062ESP#AC0, R7FOC30362ESP#ACO

(7.62 mm (300)) 8KB [512B R7FOC30162ESP#ACO, R7FOC30462ESP#ACO

16 KB | 768 B R7F0C30262ESP#AC0, R7TFOC30562ESP#ACO

20-pin plastic SOP 4 KB |512B | Magazine, Lead free (Pure Sn) |R7FOC30662ESN#CA0, R7ZFOC30962ESN#CAQ

(7.5mmx128mm) | gyp | 5128 R7FOC30762ESN#CAQ, R7FOC31062ESN#CAQ

16 KB | 768 B R7F0C30862ESN#CAO, R7FOC31162ESN#CAQ

RO1UHO0389EJ0120 Rev.1.20
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1.3 Pin Configuration (Top View)

1.3.1 16-pin products

P31/TxD0/<TO00>/CMPCOM Nt oe 14 16 |——O AVrer

P32/RxD0/<TI010>/CMPIN Mot o] 5 O 15 [=—=0 ANIO/P20/AMPOQ- Note
RESET/P125/<TI000>/<INTP1> 0—| 3 14 |=—=0 ANI1/P21/AMPOOUT Nete

P122/X2/EXCLK/TOOLDO O=—»] 4 13 [«—=0 ANI2/P22/AMPO+ No©

P121/X1/<TI000>/<INTP1>/TOOLCO0=~—| 5 12 [«—=0 ANI5/P25/AMP1 - Note
REGCo—6 11 [«—=0 ANI6/P26/AMP10UT Nete

Vss 0———| 7 10 [+=—=0 ANI7/P27/AMP1 + Not

Voo 0——1 8 9 [=—=0 P30/TOH1/TI51/INTPO

AMPO-, AMPO+, : Amplifier Input P20 to P22, P25 to P27 :Port2
AMP1-, AMP1+ " P30 to P32 : Port 3
AMPOOUT, : Amplifier Output P121, P122, P125 :Port 12
AMP10OUT " REGC : Regulator Capacitance
ANIO to ANI2, : Analog Input RESET : Reset
ANI5 to ANI7 RxDO : Receive Data
AVRer : Analog Reference TI000, TIO10, TI51 : Timer Input
Voltage TOO00, TOHA : Timer Output
CcMPCOM " : Comparator Common TOOLCO : Clock Input for Tool
Input TOOLDO : Data Input/Output for Tool
CMPIN"*® : Comparator Input TxDO : Transmit Data
EXCLK : External Clock Input Vob : Power Supply
(Main System Clock) Vss : Ground
INTPO, INTP1 : External Interrupt X1, X2 : Crystal Oscillator

Input (Main System Clock)

Note R7F0C3034, R7F0C3044, R7F0C3054, R7F0C3094, R7F0C3104, and R7FO0C3114 (products with operational
amplifier/comparator) only

Cautions 1.

Vss functions alternately as the ground potential of the A/D converter. Be sure to connect Vss to
a stabilized GND (= 0 V).

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

ANIO/P20/AMPO-, ANI1/P21/AMPOOUT, ANI2/P22/AMPO0+, ANI5/P25/AMP1-, ANI6/P26/AMP10UT,
ANI7/P27/AMP1+, P31/TxD0/<TO00>/CMPCOM, and P32/RxD0/<TI010>/CMPIN are set in the
analog input mode after release of reset.

RESET/P125 immediately after release of reset is set in the external reset input.

Remark Functions in angle brackets < > can be assigned by setting the input switch control register (MUXSEL).

RO1UHO0389EJ0120 Rev.1.20

Oct 09, 2014

RENESAS 4



R7F0OC30x, R7FOC31x

CHAPTER 1 OUTLINE

1.3.2 20-pin products

P31/TXDO/CMPCOM Nete 0«
P32/RXDO/CMPIN Note O]
P33/TI000/INTP1 O=—
P34/TO00/TI010/CMPOUT Note Om—»r
RESET/P125 0——
P122/X2/EXCLK/TOOLDO 0~—
P121/X1/TOOLCO O=—1

—_

20
19
18
17
16
15
14

[———O AVrer

«——=0 ANIO/P20/AMPQ- Not
«——=0 ANI1/P21/AMPOOUT Nete
~—0 ANI2/P22/AMPQ+ Not®
-—0 ANI3/P23

[~—O ANI4/P24

~—=0 P25/AMP1- Note

REGC O——

© 00 N O o~ 0N

Vss O

Vpp O—

-
o

13 [+—=0 P26/AMP10UT Mot
12 [+—=0 P27/AMP1+ Not
11 [+=—=0O P30/TOH1/TI51/INTPO

AMPO-, AMPO+, : Amplifier Input

AMP1-, AMP1+ "

AMPOOUT, : Amplifier Output

AMP10OUT "

ANIO to ANI4 : Analog Input

AVRer : Analog Reference
Voltage

cMPcom M : Comparator Common
Input

CMPIN M : Comparator Input

cMPOUT " : Comparator Output

EXCLK : External Clock Input

(Main System Clock)
INTPO, INTP1 : External Interrupt

Input

P20 to P27

P30 to P34

P121, P122, P125
REGC

RESET

RxDO

TIOO00, TI010, TI51
TOO00, TOH1
TOOLCO
TOOLDO

TxDO

:Port 2

:Port 3

:Port12

: Regulator Capacitance
: Reset

: Receive Data

: Timer Input

: Timer Output

: Clock Input for Tool

: Data Input/Output for Tool
: Transmit Data

: Power Supply

: Ground

: Crystal Oscillator

(Main System Clock)

Note R7F0C3036, R7F0C3046, R7FO0C3056, R7F0C3096, R7F0C3106, and R7FOC3116 (products with operational
amplifier/comparator) only

Cautions 1. Vss functions alternately as the ground potential of the A/D converter. Be sure to connect Vss to
a stabilized GND (= 0 V).

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

3. ANIO/P20/AMPO-, ANI1/P21/AMPOOUT, ANI2/P22/AMPO+, ANI3/P23, ANI4/P24, P31/TxDO/CMPCOM,
and P32/RxD0/CMPIN are set in the analog input mode after release of reset.
4. RESET/P125 immediately after release of reset is set in the external reset input.
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CHAPTER 1 OUTLINE

1.4 Block Diagram

1.4.1 16-pin products

<TO00>/P31 «—]
<TI010>/P32 ——
<TI000>/P125 ——
<TI000>/P121 —

16-bit TIMER/
EVENT COUNTER 00

{

TI51/P30 ——

8-bit TIMER 51

i

TOH1/P30 =—

8-bit TIMER H1

{

[}
INTERNAL
LOW-SPEED
OSCILLATOR

'

WATCHDOG TIMER

RxD0/P32 ——=
TxDO/P31 -—]

SERIAL
INTERFACE UARTO

AVRer

ANIO/P20 to ANI2/P22,
ANI5/P25 to ANI7/P27

A/D CONVERTER

AMPOOUT/P21 —«—
AMPO+/P22
AMPO-/P20

OPERATIONAL
AMPLIFIER Q Nete

AMP10UT/P26 ~—
AMP1+/P27
AMP1-/P25

OPERATIONAL
AMPLIFIER 1M

CMPIN/P32 —
CMPCOM/P31 ——=

COMPARATOR Note

<INTP1>/P125 —|
<INTP1>/P121 —

INTPO/P30 ——~

INTERRUPT
CONTROL

I VA VN VA N

708F’fl/J° FLASH
S| | mevory

g U

g

INTERNAL
HIGH-SPEED
RAM

P20 to P22,
- PORT 2 P25 to P27
K| PomTs "3 >P30to P32
PoRT12 [ ZP121,P122
= ~——P125
POWER ON CLEAR/ POGALVI
<:> LOW VOLTAGE CONTROL
INDICATOR
<:> RESET CONTROL
ON-CHIP DEBUG oo
K o~ TOOLDO/X2
SYSTEM
CONTROL | RESET/P125
X1/P121
INTERNAL X2/EXCLK/P122
HIGH-SPEED
OSCILLATOR
VOLTAGE
REGULATOR REGC

Note R7F0C3034, R7F0C3044, R7F0C3054, R7F0C3094, R7F0C3104, and R7F0C3114 (products with operational
amplifier/comparator) only

Cautions 1.

a stabilized GND (= 0 V).
2. Connect the REGC pin to Vss via a capacitor (0.47 to 1 uF).
3. ANIO/P20/AMPO-, ANI1/P21/AMPOOUT, ANI2/P22/AMPO+, ANI5/P25/AMP1-, ANI6/P26/AMP10UT,
ANI7/P27/AMP1+, P31/TxD0/<TO00>/CMPCOM, P32/RxD0/<TI010>/CMPIN are set in the analog

input mode after release of reset.

Vss functions alternately as the ground potential of the A/D converter. Be sure to connect Vss to

4. RESET/P125 immediately after release of reset is set in the external reset input.

Remark Functions in angle brackets < > can be assigned by setting the input switch control register (MUXSEL).
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CHAPTER 1 OUTLINE

1.4.2 20-pin products

TOO00/TI010/P34 ~—
TIO00/P33 ——

16-bit TIMER/
EVENT COUNTER 00

{

TI51/P30 ——

8-bit TIMER 51

{

TOH1/P30 =—

8-bit TIMER H1

{

[}
INTERNAL
LOW-SPEED
OSCILLATOR

v

WATCHDOG TIMER

RxD0/P32
TxDO/P31 ——]

SERIAL
INTERFACE UARTO

AVRer

ANIO/P20 to ANI4/P24 5 >

A/D CONVERTER

AMPOOUT/P21
AMPO+/P22 ——
AMPO-/P20 —

OPERATIONAL
AMPLIFIER 0Nt

AMP10UT/P26 —~—]
AMP1+/P27 ——
AMP1-/P25 —

OPERATIONAL
AMPLIFIER 1 Nete

CMPIN/P32 ——
CMPOUT/P34 —=—
CMPCOM/P31

COMPARATOR Nete

INTPO/P30, INTP1/P33 [_2

INTERRUPT
CONTROL

S AV VA VN

78K/0
CPU
CORE

FLASH
MEMORY

S

4

INTERNAL
HIGH-SPEED
RAM

g ¢ 8

{

g 3

PORT 2 "8 »P20to P27
PORT 3 K5~ >P30 to P34
PoRT12 (2 oPi21, P12
~——P125
POWER ON CLEAR/ POCILVI
LOW VOLTAGE CONTROL
INDICATOR
RESET CONTROL
TOOLCO/X1
ON-CHIP DEBUG TOOLDO/X2
SYSTEM
CONTROL | RESET/P125
X1/P121
INTERNAL X2/EXCLK/P122
HIGH-SPEED
OSCILLATOR
VOLTAGE
REGULATOR REGC

Note R7F0C3036, R7F0C3046, R7FO0C3056, R7FOC3096, R7FOC3106, and R7F0C3116 (products with operational
amplifier/comparator) only

Cautions 1.

a stabilized GND (= 0 V).
2. Connect the REGC pin to Vss via a capacitor (0.47 to 1 uF).
3. ANIO/P20/AMPO-, ANI1/P21/AMPOOUT, ANI2/P22/AMPO0+, ANI3/P23, ANI4/P24, P31/TxDO/CMPCOM,
P32/RxD0O/CMPIN are set in the analog input mode after release of reset.
4. RESET/P125 immediately after release of reset is set in the external reset input.

Vss functions alternately as the ground potential of the A/D converter. Be sure to connect Vss to
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1.5 Outline of Functions

1.5.1 16-pin products

Item R7F0C3004, R7F0C3014, R7F0C3024, R7F0C3034, R7F0C3044, R7F0C3054,
R7F0C3064 R7F0C3074 R7F0C3084 R7F0C3094 R7F0C3104 R7F0C3114
Internal | Flash memory 4 KB 8 KB 16 KB 4 KB 8 KB 16 KB
memory | (self-programming
supported )
High-Speed RAM | 512 bytes 512 bytes 768 bytes 512 bytes 512 bytes 768 bytes
Memory space 64 KB

High-speed system
(crystal/ceramic
oscillation, external
clock input)

Main

1to 10 MHz: Voo =2.7t05.5V/1t0o 5 MHz: Voo=1.8t05.5V

Clock

Internal high-
speed oscillation

* 16-pin plastic SSOP: 8 MHz + 3 % (TA = —40 to +85 °C), 8 MHz + 2 % (TA = -20 to +70 °C)
¢ 16-pin plastic SOP: 8 MHz + 5 % (TA = —40 to +85 °C), 8 MHz + 2 % (TA = 0 to +40 °C)

Internal low-speed
oscillation

* 27V<Vop<55V:240kHz £ 10 %

* 1.8V <Vop<2.7V:240 kHz - 20 %, 240 kHz + 10 %

General-purpose registers

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

Instruction set

* 8-bit operation, 16-bit operation

* Multiply/divide (8 bits x 8 bits, 16 bits + 8 bits)

* Bit manipulate (set, reset, test, and Boolean operation)

e BCD adjust, etc.

1/0 ports (total) 12
CMOS I/0 11
CMOS input 1
16 bits (TMO) 1 ch (PPG output: 1, capture input: 2)

aé, 8 bits (TM5) 1ch

| 8 bits (TMH) 1 ch (PWM output: 1)
Watchdog (WDT) 1ch

Serial interface UART 1ch

10-bit A/D converter

6 ch (AVRer =2.3t05.5V)

Operational amplifier

2ch(Voo=2.2t05.5V)

Comparator - 1ch
Vectored interrupt | External | 2 3
Internal sources
Internal | 8

Reset * Reset using RESET pin

¢ Internal reset by watchdog timer

¢ Internal reset by power-on-clear

¢ Internal reset by low-voltage detector
On-chip debug function Provided
Power supply voltage Vob=1.8t055V
Operating ambient Ta=-40to +85°C
temperature
Package ¢ 16-pin plastic SSOP

¢ 16-pin plastic SOP
RO1UHO0389EJ0120 Rev.1.20 - zEN ESNS
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1.5.2 20-pin products

Item R7F0C30086, R7F0C3016, R7F0C3026, R7F0C3036, R7F0C3046, R7F0C3056,
R7FOC3066 R7F0C3076 R7F0OC3086 R7F0OC3096 R7FOC3106 R7FOC3116
Internal | Flash memory 4 KB 8 KB 16 KB 4 KB 8 KB 16 KB
memory | (self-programming
supported )
High-Speed RAM | 512 bytes 512 bytes 768 bytes 512 bytes 512 bytes 768 bytes
Memory space 64 KB
High-speed system | 1 to 10 MHz: Voo =2.7 t0 5.5 V/1 to 5 MHz: Voo = 1.8t0 5.5V
(crystal/ceramic
c oscillation, external
o < | clock input)
[ .
(_g Internal high- * 20-pin plastic SSOP: 8 MHz + 3 % (TA = —40 to +85 °C), 8 MHz + 2 % (TA = —20 to +70 °C)

speed oscillation

¢ 20-pin plastic SOP: 8 MHz £ 5 % (TA = —40 to +85 °C), 8 MHz + 2 % (TA = 0 to +40 °C)

Internal low-speed
oscillation

* 27V<Vop<55V:240kHz £ 10 %

* 1.8V <Vbp<2.7V:240 kHz - 20 %, 240 kHz + 10 %

General-purpose registers

8 bits x 32 registers (8 bits x 8 registers x 4 bank

s)

Instruction set

* 8-bit operation, 16-bit operation
 Multiply/divide (8 bits x 8 bits, 16 bits + 8 bits)
¢ Bit manipulate (set, reset, test, and Boolean op
* BCD adjust, etc.

eration)

1/0 ports (total) 16
CMOS I/0 15
CMOS input 1
16 bits (TMO) 1 ch (PPG output: 1, capture input: 2)

E 8 bits (TM5) 1ch

| 8 bits (TMH) 1 ch (PWM output: 1)
Watchdog (WDT) 1ch

Serial interface UART 1ch

10-bit A/D converter

5ch (AVRer = 2.3t0 5.5 V)

Operational amplifier
(Products with operational
amplifier)

2ch (Voo =2.2105.5 V)

Comparator - 1ch

Vectored interrupt | External | 2 3

Internal sources

Internal | 8

Reset * Reset using RESET pin
* Internal reset by watchdog timer
¢ Internal reset by power-on-clear
* Internal reset by low-voltage detector

On-chip debug function Provided

Power supply voltage Vob=1.81t05.5V

Operating ambient Ta=-40to +85°C

temperature

Package * 20-pin plastic SSOP
e 20-pin plastic SOP

RO1UHO0389EJ0120 Rev.1.20 leN ESNS
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CHAPTER 2 PIN FUNCTIONS

2.1 Pin Function List

There are two types of pin I/O buffer power supplies: AVRer and Vob. The relationship between these power supplies
and the pins is shown below.

Table 2-1. Pin I/O Buffer Power Supplies

Power Supply Corresponding Pins
AVrer P20 to P27
Voo Pins other than P20 to P27 "

Note 16-pin products: P20 to P22, P25 to P27
20-pin products: P20 to P27

2.1.1 16-pin products

(1) Port functions: 16-pin products

Function Name I/0 Function After Reset Alternate Function

P20 /0 Port 2. Analog input | ANIO/AMPO- "'

P21 6-bit 1/O port. ANI1/AMPOOUT "**®
Input/output can be specified in 1-bit units.

P22 putioute P ANI2/AMPO+ "

P25 ANI5/AMP1-""

P26 ANI6/AMP10UT "

P27 ANI7/AMP1+ "

P30 110 Port 3. Input port TOH1/TI51/INTPO

P31 3-bit VO port. R Analog input | TxDO/<TO00>/
Input/output can be specified in 1-bit units. CMPCOM ™
Use of an on-chip pull-up resistor can be specified by a

P32 software setting. RxDO0/<TI010>/

CMPIN "

P121 /0 Port 12. Input port X1/<TI000>/<INTP1>/
P121, P122 is 2-bit I/O port. TOOLCO

pPi22 P125 is 1-bit input-only port. X2/EXCLK/TOOLDO

For only P125, use of an on-chip pull-up resistor can be

P125 Input specified by a software setting.

Reset input | <TI000>/<INTP1>/
RESET

Note R7F0C3034, R7F0C3044, R7F0C3054, R7F0C3094, R7F0C3104, and R7F0C3114 (products with operational
amplifier/comparator) only

Remark Functions in angle brackets < > can be assigned by setting the input switch control register (MUXSEL).
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(2) Non-port functions: 16-pin products 1 (1/2)

Function Name 110 Function After Reset Alternate Function
ANIO Input A/D converter analog input Analog input | P20/AMPO-"**
ANI1 P21/AMPOOUT "™
ANI2 P22/AMPO+ "
ANI5 P25/AMP1- """
ANIB P26/AMP10OUT "
ANI7 P27/AMP1+ "
AMPO- "¢ Input Operational amplifier 0 input Analog input | P20/ANIO
AMPO+ " P22/ANI2
AMPOOUT " Output Operational amplifier 0 output P21/ANI1
AMP1-"*® Input Operational amplifier 1 input Analog input | P25/ANI5
AMP14+ " P27/ANI7
AMP10OUT " Output Operational amplifier 1 output P26/ANI6
cMmpcom M Input Comparator common input Analog input | P31/TxD0/<TO00>
CMPIN " Comparator input P32/RxD0/<T1010>
INTPO Input External interrupt request input for which the valid edge Input port P30/TOH1/TI51
INTP1 (rising edge, falling edge, or both rising and falling P121/X1/<TI000>/

edges) can be specified TOOLCO
P125/<TI1000>/
RESET
REGC - Connecting regulator output (2.5 V) stabilization - -
capacitance for internal operation.
Connect to Vss via a capacitor (0.47 to 1 uF).
RESET Input System reset input Reset input | P125/<TI000>/
<INTP1>
RxDO Input Serial data input to UARTO Input port P32/<TI010>/
CMPIN"*
TxDO Output Serial data output from UARTO P31/<TO00>/
cMPcom ™
TI000 Input External count clock input to 16-bit timer/event counter 00 | Input port P121/X1/<INTP1>/
Capture trigger input to capture registers (CR000, TOOLCO
CRO010) of 16-bit timer/event counter 00 P125/<INTP1>/
RESET
TIO10 Capture trigger input to capture register (CR000) of 16- P32/RxDO/CMPIN "
bit timer/event counter 00
TI51 Input External count clock input to 8-bit timer/event counter 51 | Input port P30/TOH1/INTPO
TOO00 Qutput 16-bit timer/event counter 00 output Input port P31/TxD0/
cMPcoM "
TOH1 Output 8-bit timer H1 output Input port P30/TI51/INTPO

Note R7F0C3034, R7F0C3044, R7F0C3054, R7F0C3094, R7F0C3104, and R7FO0C3114 (products with operational

amplifier/comparator) only

Remark Functions in angle brackets < > can be assigned by setting the input switch control register (MUXSEL).
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(2) Non-port functions: 16-pin products 1 (2/2)

Function Name 110 Function After Reset Alternate Function
X1 - Connecting resonator for main system clock Input port P121/<TI1000>/
<INTP1>/TOOLCO
X2 P122/EXCLK/TOOLDO
EXCLK Input External clock input for main system clock Input port P122/X2/TOOLDO
Vob - Positive power supply for pins other than port 2 - -
AVREF A/D converter reference voltage input and positive power
supply for port 2 and A/D converter
Vss - Ground potential - -
TOOLCO Input Clock input for flash memory programmer/on-chip Input port P121/X1/<TI000>/
debugger <INTP1>
TOOLDO I/0 Data I/O for flash memory programmer/on-chip debugger P122/X2/EXCLK

Remark Functions in angle brackets < > can be assigned by setting the input switch control register (MUXSEL).
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2.1.2 20-pin products

(1) Port functions: 20-pin products

For only P125, use of an on-chip pull-up resistor can be

specified by a software setting.

Function Name 1/0 Function After Reset Alternate Function
P20 e} Port 2. Analog input | ANIO/AMPO-"*"®
o1 8-bit 1/0 port. ANI1/AMPOOUT M
Input/output can be specified in 1-bit units.

P22 putioute P ANI2/AMPO+ "

P23 ANI3

P24 ANI4

P25 AMP1- "t

P26 AMP1OUT "

P27 AMP1+ "ot

P30 1/0 Port 3. Input port TOH1/TI51/INTPO

P31 5-bit I/0 port. Analog input | TXxDO/CMPCOM Note
Input/output can be specified in 1-bit units. Nowe

P32 Use of an on-chip pull-up resistor can be specified by a RxDO/CMPIN

P33 software setting. Input port TIO00/INTP1

P34 TOO00/TI010/

cMPoUT "

P121 1/0 Port 12. Input port X1/TOOLCO

p122 P121, P122 is 2-bit I/0 port. X2/EXCLK/TOOLDO
P125 is 1-bit input-only port.

P125 Input Reset input | RESET

Note R7F0C3036, R7F0C3046, R7FOC3056, R7F0C3096, R7FOC3106, and R7FOC3116 (products with operational
amplifier/comparator) only

RO1UHO389EJ0120 Rev.1.20

Oct 09, 2014

RENESAS

13



<R>

R7FOC30x, R7FOC31x

CHAPTER 2 PIN FUNCTIONS

(2) Non-port functions: 20-pin products

Function Name 110 Function After Reset Alternate Function
ANIO Input A/D converter analog input Analog input | P20/AMPO-"**
ANI1 P21/AMPOOUT "™
ANI2 P22/AMPO+ "
ANI3 P23
ANI4 P24
AMPO-"°* Input Operational amplifier 0 input Analog input | P20/ANIO
AMPO+ " P22/ANI2
AMPOOUT " Output Operational amplifier 0 output P21/ANN
AMP1-" Input Operational amplifier 1 input Analog input | P25
AMP1+ " P27
AMPiOUT " Output Operational amplifier 1 output P26
cMPcom Input Comparator common input Analog input | P31/TxD0
CMPIN"*® Output | Comparator input P32/RxD0
CMPOUT " Output | Comparator output P34/T100/TO010
INTPO Input External interrupt request input for which the valid edge Input port P30/TOH1/TI51
INTP1 (rising edge, falling edge, or both rising and falling P33/TI000

edges) can be specified
REGC - Connecting regulator output (2.5 V) stabilization - -
capacitance for internal operation.
Connect to Vss via a capacitor (0.47 to 1 uF).
RESET Input System reset input Reset input | P125
RxDO Input Serial data input to UARTO Input port P32/CMPIN "'
TxDO Output | Serial data output from UARTO P31/CMPCOM "*®
TI000 Input External count clock input to 16-bit timer/event counter 00 | Input port P33/INTP1
Capture trigger input to capture registers (CR000,
CRO010) of 16-bit timer/event counter 00
TIO10 Capture trigger input to capture register (CR000) of 16- P34/TO00/
bit timer/event counter 00 cMPoUT "
TI51 Input External count clock input to 8-bit timer/event counter 51 | Input port P30/TOH1/INTPO
TOO00 Qutput 16-bit timer/event counter 00 output Input port P34/TI010/
cMPoUT "
TOHA1 Output 8-bit timer H1 output Input port P30/TI51/INTPO
X1 - Connecting resonator for main system clock Input port P121/TOOLCO
X2 P122/EXCLK/TOOLDO
EXCLK Input External clock input for main system clock Input port P122/X2/TOOLDO
Vop - Positive power supply for pins other than port 2 - -
AVREF A/D converter reference voltage input and positive power
supply for port 2 and A/D converter
Vss - Ground potential - -
TOOLCO Input Clock input for flash memory programmer/on-chip Input port P121/X1
debugger
TOOLDO I/0 Data I/O for flash memory programmer/on-chip debugger P122/X2/EXCLK

Note R7F0C3036, R7FO0C3046, R7FOC3056, R7F0C3096, R7F0C3106, and R7FOC3116 (products with operational

amplifier/comparator) only
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2.2 Description of Pin Functions

Remark The pins mounted depend on the product.

Function List.

2.2.1 P20 to P27 (port 2)

Refer to 1.3 Pin Configuration (Top View) and 2.1

Pin

P20 to P27 function as an I/O port. These pins also function as pins for A/D converter analog input, and operational

amplifier 1/0.
16-pin products 20-pin products

P20/ANIO/AMPO- """ P20/ANIO/AMPO- "*"**
P21/ANI1/AMPOOUT " P21/ANI1/AMPOOUT "***
P22/ANI2/AMPO+ "¢’ P22/ANI2/AMPO+ "'

- P23/ANI3

- P24/ANI4
P25/ANIS/AMP1- """ P25/AMP1-"""*
P26/ANI6/AMP10UT """ P26/AMP10UT "2
P27/ANI7/AMP1+ """ P27/AMP1+ "2

Notes 1. R7F0C3034, R7F0C3044, R7FO0C3054, R7F0C3094, R7F0C3104, and R7FOC3114 (products with
operational amplifier/comparator) only
2. R7F0C3036, R7F0C3046, R7F0C3056, R7F0C3096, R7F0C3106, and R7F0C3116 (products with
operational amplifier/comparator) only

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 operational amplifier I/O.

(a) ANIO to ANI7
These are A/D converter analog input pins. When using these pins as analog input pins, refer to (5) ANI0/P20
to ANI7/P27 in 10.6 Cautions for A/D Converter.

(b) AMPO+, AMPO-
These are operational amplifier 0 input pins.

(c) AMPOOUT
This is an operational amplifier 0 output pin.

(d) AMP1+, AMP1-
These are operational amplifier 1 input pins.

(e) AMP10OUT
This is an operational amplifier 1 output pin.

Caution ANIO/P20 to ANI7/P27 are set in the analog input mode after release of reset.

RO1UHO389EJ0120 Rev.1.20
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2.2.2 P30 to P34 (port 3)

P30 to P34 function as an I/O port. These pins also function as pins for external interrupt request input, timer 1/0, and

data /O for serial interface, comparator output, comparator analog input, comparator common input.

16-pin products

20-pin products

P30/TOH1/TI51/INTPO

P30/TOH1/TI51/INTPO

Note 1

P31/TxD0/<TO00>/CMPCOM

P31/TxD0/CMPCOM "'

P32/RxD0/<TI010>/CMPIN """

P32/RxDO/CMPIN "2

P33/TIO00/INTP1

Note 2

P34/TO00/TI010/CMPOUT

Notes 1.

R7F0C3034, R7F0C3044, R7F0C3054, R7F0C3094, R7F0C3104, and R7FOC3114 (products with
operational amplifier/comparator) only

2. R7F0C3036, R7F0C3046, R7F0C3056, R7F0C3096, R7F0C3106, and R7F0C3116 (products with
operational amplifier/comparator) only

Remark Functions in angle brackets < > can be assigned by setting the input switch control register (MUXSEL).

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

(1) Port mode
P30 to P34 function as an I/O port. P30 to P34 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).

()

Control mode
P30 to P34 function as external interrupt request input, timer 1/O, and data I/O for serial interface, comparator output,

comparator analog input, comparator common input.

(a) INTPO, INTP1
These are external interrupt request input pins for which the valid edge (rising edge, falling edge, or both rising
and falling edges) can be specified.
(b) TIOOO
This is a pin for inputting an external count clock to 16-bit timer/event counter 00 and is also for inputting a
capture trigger signal to the capture registers (CR000, CR010) of 16-bit timer/event counter 00.
(c) Tio10
This is a pin for inputting a capture trigger signal to the capture register (CR000) of 16-bit timer/event counter 00.
(d) TOO00
This is a timer output pin of 16-bit timer/event counter 00.
(e) TI51
This is an external count clock input pin to 8-bit timer/event counter 51.
(f) TOHAM
This is a timer output pin of 8-bit timer H1.
(g) RxDO
This is a serial data input pin for serial interface UARTO.
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(h) TxDO
This is a serial data output pin for serial interface UARTO.

() CMPCOM
This is a comparator common input pin.

(i) CMPIN
This is a comparator input pin.

(k) CMPOUT
This is a comparator output pin.

2.2.3 P121, P122, P125 (port 12)

P121 and P122 function as an I/O port. P125 functions as an Input port. These pins also function as connecting

resonator for main system clock, external clock input for main system clock, external reset input, and clock input and data

I/O for flash memory programmer/on-chip debugger, external interrupt request input, timer input.

Set bit 5 (RSTM) of the reset pin mode register (RSTMASK) to 1 when using P125/RESET as an input port, and clear

RSTM to 0 when using P125/RESET as an external reset input.

(1)

)

16-pin products 20-pin products
P121/X1/<TI1000>/<INTP1>/TOOLCO P121/X1/TOOLCO
P122/X2/EXCLK/TOOLDO P122/X2/EXCLK/TOOLDO
P125/<T1000>/<INTP1>/RESET P125/RESET

Remark Functions in angle brackets < > can be assigned by setting the input switch control register (MUXSEL).

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

Port mode

P121 and P122 function as an I/O port. P121 and P122 can be set to input or output port using port mode register 12
(PM12). Only for P125, use of an on-chip pull-up resistor can be specified by pull-up resistor option register 12
(PU12).

Control mode

P121, P122, and P125 function as connecting resonator for main system clock, external clock input for main system
clock, external reset input, and clock input and data 1/O for flash memory programmer/on-chip debugger, external
interrupt request input, timer input.

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

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

(c) RESET
This is an active-low system reset input pin.

(d) TOOLCO
This is a clock input pin for flash memory programmer/on-chip debugger.
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(e) TOOLDO
This is a data I/O pin for flash memory programmer/on-chip debugger.

(f) INTP1
This is external interrupt request input pin for which the valid edge (rising edge, falling edge, or both rising and
falling edges) can be specified.

(g) TIo0O
This is a pin for inputting an external count clock to 16-bit timer/event counter 00 and is also for inputting a
capture trigger signal to the capture registers (CR000, CR010) of 16-bit timer/event counter 00.

Caution Because RESET/P125 is set in the external reset input immediately after release of reset, if a reset
signal is generated during low level input, the reset status continues until the input rises to the
high level.

Remark For how to connect a flash memory programmer using TOOLCO0/X1, TOOLDO0/X2, refer to CHAPTER 21
FLASH MEMORY. For how to connect TOOLCO0/X1, TOOLDO0/X2 and an on-chip debug emulator, refer to
CHAPTER 22 ON-CHIP DEBUG FUNCTION.

2.2.4 AVREer, Vob, Vss
These are the power supply/ground pins.

(a) AVREer
This is the A/D converter reference voltage input pin and the positive power supply pin of port 2 and A/D
converter.

Note

When the A/D converter is not used, connect this pin directly to Vbp™".
Note Make the AVRer pin the same potential as the Vop pin when port 2 is used as a digital port.

(b) Voo
Vob is a positive power supply pin.

(c) Vss
Vss is a ground potential pin“*®.

Note Vss functions alternately as the ground potential of the A/D converter. Be sure to connect Vss to a
stabilized GND (=0 V).

2.2.5 REGC
This is a pin for connecting regulator output stabilization capacitance for internal operation and an internally connected

pin.
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(a) REGC
This is a pin for connecting regulator output (2.5 V) stabilization capacitance for internal operation. Connect this
pin to Vss via a capacitor (0.47 to 1 xF). However, when using the STOP mode that has been entered since
operation of the internal high-speed oscillation clock and external main system clock, 0.47 uF is recommended.
Also, use a capacitor with good characteristics, since it is used to stabilize internal voltage.

: f REGC
1
1
1
1
1
1
!

H;""' 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

Tables 2-2 and 2-3 show the types of pin I/O circuits and the recommended connections of unused pins.
Refer to Figure 2-1 for the configuration of the 1/O circuit of each type.

Table 2-2. Pin I/0 Circuit Types (16-pin products)

Pin Name I/0 Circuit Type /0 Recommended Connection of Unused Pins
ANI0/P20/AMPO-"°* 11-P /0 <Digital input setting>
ANI1/P21/AMPOOUT "°*? 11-S Independently connect to AVrer or Vss via a resistor.
ot <Digital output setting and analog input setting >
ANI2/P22/AMPO+ "***® 11-N L 9 pNote1 9 ginp g
eave open.
ANI5/P25/AMP1-""* 11-P
ANI6/P26/AMP10UT"*? 11-S
ANI7/P27/AMP1+""* 11-N
P30/TOH1/TI51/INTPO 5-AH Input:  Independently connect to Voo or Vss via a resistor.
Output: Leave open.
P31/TxD0/<TO00>/ 5-BD <Digital input setting>
cMmpcom "*? Independently connect to Voo or Vss via a resistor.
P32/RxDO0/<TI010>/ 5-BB <Digital outplditfftting and analog input setting >
cMmPINMe® Leave open.
P121/X1/<TI000>/<INTP1>/ 37-H Input:  Independently connect to Voo or Vss via a resistor.
TOOLCo "2 Output: Leave open.
P122/X2/EXCLK/
TooLDO "***
RESET/P125/<TI000>/ 42-B Input Connect directly to Vop or via a resistor.
<INTP1>
AVRer - - Connect directly to Voo.

Notes 1. If this pin is left open when specified as an analog input pin, the input voltage level might become undefined. It
is therefore recommended to leave this pin open after specifying it as a digital output pin.

2. Use recommended connection above in input port mode (refer to Figure 5-2 Format of Clock Operation

Mode Select Register (OSCCTL)) when these pins are not used.

3. R7F0C3034, R7F0C3044, R7F0C3054, R7F0C3094, R7FO0C3104, and R7F0C3114 (products with operational
amplifier/comparator) only.

Cautions 1.

ANI0/P20/AMPO-,

ANI1/P21/AMPOOUT, ANI2/P22/AMPO+,

ANI5/P25/AMP1-,

ANI6/P26/AMP10UT,

ANI7/P27/AMP1+, P31/TxD0/<TO00>/CMPCOM, and P32/RxD0/<TI010>/CMPIN are set in the analog
input mode after release of reset.
2. Because RESET/P125 is set in the external reset input immediately after release of reset, if a reset
signal is generated during low level input, the reset status continues until the input rises to the high

level.

Remark Functions in angle brackets < > can be assigned by setting the input switch control register (MUXSEL).
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Table 2-3. Pin I/O Circuit Types (20-pin products)

Pin Name I/0O Circuit Type 1/0 Recommended Connection of Unused Pins
ANIO/P20/AMPO-""** 11-P /0 <Digital input setting>
ANI1/P21/AMPOOUT "2 11-S Independently connect to AVrer or Vss via a resistor.
Digital output setting and analog input setting >

ANI2/P22/AMPO+ "*°* 11-N =9 e 9 ginp g
Leave open.

ANI3/P23 11-G

ANI4/P24

P25/AMP1-"*"*? 11-P

P26/AMP10UT "*°* 11-S

P27/AMP1+""*? 11-N

P30/TOH1/TI51/INTPO 5-AH Input:  Independently connect to Voo or Vss via a resistor.
Output: Leave open.

P31/TxDO/CMPCOM"*? 5-BD <Digital input setting>

P32/RxDO/CMPIN "2 5-BB Independently connect to Voo or Vss via a resistor.
<Digital output setting and analog input setting >
Leave open. "’

P33/TI000/INTP1 5-AH Input:  Independently connect to Voo or Vss via a resistor.

P34/TO00/TI010/ Output: Leave open.

cMPouT "*°?

P121/X1/TOOLCO""** 37-H

P122/X2/EXCLK/

TooLDo""**

RESET/P125 42-B Input Connect directly to Vop or via a resistor.

AVRer - - Connect directly to Voo.

Notes 1. If this pin is left open when specified as an analog input pin, the input voltage level might become undefined. It

is therefore recommended to leave this pin open after specifying it as a digital output pin.

2. Use recommended connection above in input port mode (refer to Figure 5-2 Format of Clock Operation
Mode Select Register (OSCCTL)) when these pins are not used.
3. R7F0C3036, R7F0C3046, R7F0C3056, R7FOC3096, R7FOC3106, and R7F0C3116 (products with operational

amplifier/comparator) only.

Cautions 1. ANIO/P20/AMPO-, ANI1/P21/AMPOOUT, ANI2/P22/AMPO+, ANI3/P23, ANI4/P24, P31/TxDO/CMPCOM,
and P32/RxD0/CMPIN are set in the analog input mode after release of reset.
2. Because RESET/P125 is set in the external reset input immediately after release of reset, if a reset

signal is generated during low level input, the reset status continues until the input rises to the high

level.
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Figure 2-1. Pin I/O Circuit List (1/2)

Type 5-AH Type 11-G
VDD AVrer
pullup B —— Y S | EERP
ullu | ¢
enable {>O P-ch
! »———O INOUT
veo e <t
data 44 P-ch Vss
P-ch
Comparator ¢
——O IN/OUT
output X
disable
AV
(Threshold volta;;; 7]/;
Vss
(]
enable input enable
Type 5-BB Type 11-N
AVrer
VDD
data 44
pullup | Preh
enable {>O | P-ch »———O INOUT
output
VDD disable
data 41 P-ch oo Vss
Comparator
—O IN/OUT 1
output T N-ch
disable AV
(Threshold vonEaFge) ;
Vss
(] - I
input
enable input enable
0P+
comparator AMP
Type 5-BD
VbD
pullup |
enable {>O | P-ch
VbD
data 4« P-ch
——O IN/OUT
output
disable
input
enable
comparator
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Figure 2-1. Pin I/O Circuit List (2/2)

output
disable

Comparator

<

AVRer
(Threshold voltage)

data — o
P-ch

T N-ch
Vss
‘
7 Vss
input

enable

Type 37-H

reset

AVrer
data

———O INOUT

enable
reset

data

output
disable

VDD
output ’
disable [~ Neeh

Vss

input ~| ~— |>
z hs]
VoD & e}
=

z !
D—' P-ch q
X1
~—N-ch

%

O X2

Type 11-S

output
disable

Comparator

T N-ch
AVRer
(Threshold voltage)

Vss

data o
P-ch

b
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AVrer

———O INOUT

~*+— N-ch
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P
MP,

| 20"
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reset mask
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3.1 Memory Space

CHAPTER 3 CPU ARCHITECTURE

Products in the R7FOC30x, R7FOC31x can access a 64 KB memory space. Figures 3-1 to 3-3 show the memory maps.

Caution Reset signal generation makes the setting of the ROM area undefined. Therefore, set the value
corresponding to each product as indicated below after release of reset.

Table 3-1. Set Values of Internal Memory Size Switching Register (IMS)

Products IMS ROM Capacity Internal High-Speed RAM Capacity

R7F0C3004, R7F0C3034, R7F0C3006, R7FOC3036, | 41H 4 KB 512 bytes

R7F0C3064, R7F0C3094, R7F0C3066, R7FOC3096

R7F0C3014, R7F0C3044, R7F0C3016, R7FOC3046, | 42H 8 KB 512 bytes

R7F0C3074, R7F0C3104, R7FO0C3076, R7FOC3106

R7F0C3024, R7F0C3054, R7F0C3026, R7FOC3056, | 04H 16 KB 768 bytes

R7F0C3084, R7FO0C3114, R7FOC3086, R7FOC3116
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Figure 3-1. Memory Map (R7F0C300x, R7FOC303x, R7F0C306x, R7F0C309x)

FFFFH
Special function registers
(SFR)
256 x 8 bits
FFOOH
FEFFH General-purpose
registers
FEEOH 32 x 8 bits
FEDFHFH Internal high-speed RAM |
T 512 x 8 bits T
FDOOH
FCFFH OFFFH ]
L CALLF entry area L
Data memory T 2048 x 8 bits T
space 0800H
07FFH
A1 Program area L
T 1905 x 8 bits T
008FH
L L 008EH i i
= Reserved = On-chip debug securit
v IDpsettinggarea y Boot cluster ONote
0085H 10 x 8 bits
0084H Option byte area
0080H 5 x 8 bits
007FH
CALLT table area
64 x 8 bits
0040H
1000H 003FH
! OFFFH Vector table area
Program A Flash memory L 64 x 8 bits
memory space 4096 x 8 bits
Y 0000H 0000H Y

Note Writing boot cluster 0 can be prohibited depending on the setting of security (refer to 21.6 Security Settings).

Remark The flash memory is divided into blocks (one block = 1 KB). For the address values and block numbers,
refer to Table 3-2 Correspondence Between Address Values and Block Numbers in Flash Memory.

OFFFH
Block 03H
0CO0H
0BFFH
Block 02H
0800H
07FFH
Block 01H
0400H
03FFH
Block 00H 1 KB
0000H
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Figure 3-2. Memory Map (R7F0C301x, R7F0C304x, R7F0C307x, R7F0C310x)

Data memory
space

FFFFH
Special function registers
(SFR) 1FFFH
256 x 8 bits
FFOOH Program area ~
FEFFH General-purpose
Srgglséet;_st On-chip debug security
FEEOH 2o ID setting areaete ! Boot cluster 1
FEDFH 10 x 8 bits
T T Option byte areaNote 1
Internal high-speed RAM 5 x 8 bits
512 x 8 bits
Program area
FDOOH
FCFFH
CALLF entry area L
2048 x 8 bits T
Program area |1
1905 x 8 bits T
- Reserved ~
On-chip debug securit
D seFt)ting argeaNote e Boot cluster QNote 2
10 x 8 bits
Option byte areaNote 1
5 x 8 bits
2000H CALLT table area
1FFFH 64 x 8 bits
0040H
Program A Flash memory A 003FH
memory space 8192 x 8 bits T Vector table area
64 x 8 bits
0000H 0000H Y

Notes 1.

When boot swap is not used: Set the option bytes to 0080H to 0084H, and the on-chip debug security IDs
to 0085H to O08EH.

When boot swap is used:

Settings).

Set the option bytes to 0080H to 0084H and 1080H to 1084H, and the on-chip

debug security IDs to 0085H to 008EH and 1085H to 108EH.
Writing boot cluster 0 can be prohibited depending on the setting of security (refer to 21.6 Security

Remark The flash memory is divided into blocks (one block = 1 KB). For the address values and block numbers,
refer to Table 3-2 Correspondence Between Address Values and Block Numbers in Flash Memory.

TFFFH Block 07H
1C00H
1BFFH
0800H
07FFH
Block 01H
0400H
03FFH
Block O0H 1 KB
0000H
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Figure 3-3. Memory Map (R7F0C302x, R7F0C305x, R7F0C308x, R7F0C311x)

Data memory
space

Prog

FFFFH
Special function registers
(SFR)
256 x 8 bits
FFOOH
FEFFH General-purpose
registers
FEEOH 32 x 8 bits
FEDFH
Internal high-speed RAM
768 x 8 bits
FCOOH
FBFFH
- Reserved 4~
4000H
3FFFH
ram A Flash memory L
memory space T 16384 x 8 bits T
0000H

0040H
003FH

0000H

| 1FFFH E
Program area T

On-chip debug security
ID setting areaNete ! Boot cluster 1
10 x 8 bits

Option byte areaNete 1
5 x 8 bits

Program area

CALLF entry area 1
2048 x 8 bits

Program area
1905 x 8 bits T

On-chip debug security
ID setting areaNote ! Boot cluster oNote 2

10 x 8 bits

Option byte areaNote 1
5 x 8 bits

CALLT table area
64 x 8 bits

Vector table area
64 x 8 bits

Notes 1.

Remark

When boot swap is not used: Set the option bytes to 0080H to 0084H, and the on-chip debug security IDs

When boot swap is used:

Settings).

to 0085H to O08EH.
Set the option bytes to 0080H to 0084H and 1080H to 1084H, and the on-chip

debug security IDs to 0085H to 008EH and 1085H to 108EH.
Writing boot cluster 0 can be prohibited depending on the setting of security (refer to 21.6 Security

The flash memory is divided into blocks (one block = 1 KB). For the address values and block numbers,
refer to Table 3-2 Correspondence Between Address Values and Block Numbers in Flash Memory.

SFFFH Block OFH
3C00H
3BFFH
0800H
07FFH
Block 01H
0400H
03FFH
Block O0H 1 KB
0000H
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Correspondence between the address values and block numbers in the flash memory are shown below.

Table 3-2. Correspondence Between Address Values and Block Numbers in Flash Memory

Address Value Block Number
0000H to 03FFH 00H
0400H to 07FFH 01H
0800H to OBFFH 02H
0COOH to OFFFH 03H
1000H to 13FFH 04H
1400H to 17FFH 05H
1800H to 1BFFH 06H
1COOH to 1FFFH 07H
2000H to 23FFH 08H
2400H to 27FFH 09H
2800H to 2BFFH 0AH
2CO0H to 2FFFH 0BH
3000H to 33FFH OCH
3400H to 37FFH ODH
3800H to 3BFFH OEH
3CO0H to 3FFFH OFH

Remark R7F0C3004, R7F0C3034, R7FOC3006, R7F0C3036,
R7F0C3064, R7F0C3094, R7FO0C3066, R7F0C3096: Block numbers 00H to 03H
R7F0C3014, R7F0C3044, R7F0C3016, R7F0C3046,
R7F0C3074, R7F0C3104, R7F0C3076, R7FOC3106: Block numbers 00H to 07H
R7F0C3024, R7F0C3054, R7F0C3026, R7F0C3056,
R7F0C3084, R7F0C3114, R7F0C3086, R7F0C3116: Block numbers 00H to OFH

3.1.1 Internal program memory space

The internal program memory space stores the program and table data. Normally, it is addressed with the program

counter (PC).
R7F0C30x, R7FOC31x incorporate internal ROM (flash memory), as shown below.

Table 3-3. Internal ROM Capacity

Product Internal ROM
Structure Capacity
R7F0C3004, R7F0C3034, R7FOC3006, R7F0C3036, Flash memory 4096 x 8 bits (0000H to OFFFH)
R7F0C3064, R7F0C3094, R7F0C3066, R7FOC3096
R7F0C3014, R7F0C3044, R7F0C3016, R7F0C3046, 8192 x 8 bits (0000H to 1FFFH)
R7F0C3074, R7F0C3104, R7F0C3076, R7FOC3106
R7F0C3024, R7F0C3054, R7F0C3026, R7FOC3056, 16384 x 8 bits (0000H to FFFH)
R7F0C3084, R7F0C3114, R7FO0C3086, R7FOC3116
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1)

)

@)

(4)

®)

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

Vector table area

The 64-byte area 0000H to 003FH 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.

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

Table 3-4. Vector Table

Vector Table | Interrupt Source

Address

0000H RESET input,

POC, LVI, WDT

0004H INTLVI

0006H INTPO

0008H INTP1

000AH"** | INTCMP "

0014H INTSRO

0016H INTSTO

001AH INTTMH1
0020H INTTMOO00
0022H INTTMO10
0024H INTAD

002AH INTTM51
003EH BRK

Note R7F0C303x, R7F0C304x, R7FOC305x, R7FOC309x, R7FOC310x, and R7FO0C311x (products with operational
amplifier/comparator) only.

CALLT instruction table area
The 64-byte area 0040H to 007FH can store the subroutine entry address of a 1-byte call instruction (CALLT).

Option byte area

A 5-byte area of 0080H to 0084H and 1080H to 1084H can be used as an option byte area. Set the option byte at
0080H to 0084H when the boot swap is not used, and at 0080H to 0084H and 1080H to 1084H when the boot swap is
used. For details, refer to CHAPTER 20 OPTION BYTE.

On-chip debug security ID setting area

A 10-byte area of 0085H to 008EH and 1085H to 108EH can be used as an on-chip debug security ID setting area.
Set the on-chip debug security ID of 10 bytes at 0085H to 008EH when the boot swap is not used and at 0085H to
008EH and 1085H to 108EH when the boot swap is used. For details, refer to CHAPTER 22 ON-CHIP DEBUG
FUNCTION.

CALLF instruction entry area
The area 0800H to OFFFH can perform a direct subroutine call with a 2-byte call instruction (CALLF).
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3.1.2 Internal data memory space
R7FOC30x, R7F0C31x incorporate the following RAMs.

(1) Internal high-speed RAM

Table 3-5. Internal High-Speed RAM Capacity

Product Internal High-Speed RAM

R7F0C3004, R7F0C3034, R7F0C3006, R7FOC3036, 512 x 8 bits (FDOOH to FEFFH)
R7F0C3064, R7FOC3094, R7FOC3066, R7FOC3096
R7F0C3014, R7FO0C3044, R7F0C3016, R7FO0C3046, 512 x 8 bits (FDOOH to FEFFH)
R7F0C3074, R7FOC3104, R7FOC3076, R7FOC3106
R7F0C3024, R7FO0C3054, R7F0C3026, R7FO0C3056, 768 x 8 bits (FCOOH to FEFFH)
R7F0C3084, R7FOC3114, R7FO0C3086, R7FOC3116

The 32-byte area FEEOH to FEFFH is assigned to four general-purpose register banks consisting of eight 8-bit
registers per bank.

This area cannot be used as a program area in which instructions are written and executed.

The internal high-speed RAM can also be used as a stack memory.

3.1.3 Special function register (SFR) area
On-chip peripheral hardware special function registers (SFRs) are allocated in the area FFOOH to FFFFH (refer to

Table 3-6 Special Function Register List in 3.2.3 Special function registers (SFRs)).

Caution Do not access addresses to which SFRs are not assigned.
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3.1.4 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
R7F0C30x, R7FOC31x microcontrollers, based on operability and other considerations. For areas containing data
memory in particular, special addressing methods designed for the functions of special function registers (SFR) and
general-purpose registers are available for use. Figures 3-4 to 3-6 show correspondence between data memory and
addressing. For details of each addressing mode, refer to 3.4 Operand Address Addressing.

Figure 3-4. Correspondence Between Data Memory and Addressing
(R7F0C300x, R7F0C303x, R7FOC306x, R7FOC309x)

FFFFH
Special function registers
(SFR) SFR addressing
256 x 8 bits
FF20H
[ e 1 o [ Y
FFOOH
FEFFH General-purpose *
registers Register addressing
FEEOH 32 x 8 bits { Short direct
FEDFH - addressing
- Internal high-speed RAM -
512 x 8 bits
FE20H
FE1FH| "~~~ T
FDOOH
FCFFH Direct addressing
Register indirect addressing
Based addressing
Based indexed addressing
0= Reserved =
1000H
OFFFH
1 Flash memory A
4096 x 8 bits
0000H

RO1UH0389EJ0120 Rev.1.20 R NS 31
Oct 09, 2014 ENES



R7FOC30x, R7FOC31x

CHAPTER 3 CPU ARCHITECTURE

Figure 3-5. Correspondence Between Data Memory and Addressing

(R7F0C301x, R7F0C304x, R7FOC307x, R7FOC310x)

FFFFH
Special function registers
(SFR) SFR addressing
256 x 8 bits
FF20H
el o I
FFOOH
FEFFH *
General-purpose ! )
registers Register addressing

FEEOH 32 x 8 bits Y
FEDFH -

-~ Internal high-speed RAM —

512 x 8 bits

FE20H
FEAFH| " "~ 7 T
FDOOH
FCFFH

= Reserved =
2000H
1FFFH

A Flash memory L

T 8192 x 8 bits B
0000H

Short direct
addressing

Direct addressing

Register indirect addressing

Based addressing

Based indexed addressing
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Figure 3-6. Correspondence Between Data Memory and Addressing

(R7F0C302x, R7F0C305x, R7FOC308x, R7FOC311x)

FFFFH
Special function registers .
(SFR) SFR addressing
256 x 8 bits
FR2OH | ...
FF1FH
FFOOH
FEFFH General-purpose * )
registers Register addressing
FEEOH 32 x 8 bits ¢
FEDFH
- Internal high-speed RAM L
768 x 8 bits §
FE20H | ]
FE1FH
FCOOH . .
FBFFH Direct addressing
Register indirect addressing
Based addressing
Based indexed addressing
. Reserved -
4000H
3FFFH
i Flash memory 3
7 16384 x 8 bits -
0000H
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3.2 Processor Registers

The R7F0C30x, R7FOC31x 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 16-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 3-7. Format of Program Counter
15 0
PC |PC15|PC14|PC13|PC12|PC11|PC10|PC9 |PC8 |PC7 |PC6 |PC5|PC4 |PC3|PC2|PC1|PCO
(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 acknowledge or PUSH
PSW instruction execution and are restored upon execution of the RETB, RETI and POP PSW instructions.
Reset signal generation sets PSW to 02H.
Figure 3-8. Format of Program Status Word
7 0
PSW | IE Z |RBS1| AC |RBSO| © ISP | CY
(a) Interrupt enable flag (IE)
This flag controls the interrupt request acknowledge operations of the CPU.
When 0, the IE flag is set to the interrupt disabled (DI) state, and all maskable interrupt requests are disabled.
When 1, the IE flag is set to the interrupt enabled (EI) state and interrupt request acknowledgment is controlled
with an in-service priority flag (ISP), 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 EIl
instruction execution.
(b) Zero flag (2)
When the operation result is zero, this flag is set (1). It is reset (0) in all other cases.
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©)

(c)

(d)

(e)

®

Register bank select flags (RBS0 and 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.

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

In-service priority flag (ISP)

This flag manages the priority of acknowledgeable maskable vectored interrupts. When this flag is 0, low-level
vectored interrupt requests specified by a priority specification flag register (PROL, PROH, PR1L) (refer to 14.3 (3)
Priority specification flag registers (PROL, PROH, PR1L)) can not be acknowledged. Actual request
acknowledgment is controlled by the interrupt enable flag (IE).

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.

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

Figure 3-9. 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/restores data as shown in Figures 3-10 and 3-11.

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

using the stack.
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SP

SP

(b) CALL, CALLF, CALLT instructions (when SP = FEEOH)

SP

SP

SP

SP

Figure 3-10. Data to Be Saved to Stack Memory

(@) PUSH rp instruction (when SP = FEEOH)

— FEEOH

FEDFH

Register pair higher

l«—— FEDEH

Register pair lower

— FEEOH

FEDFH

PC15 to PC8

l«—— FEDEH

PC7 to PCO

(c) Interrupt, BRK instructions (when SP = FEEQOH)

FEEOH = FEEOH
: FEDFH PSW
| FEDEH PC15 to PC8
v

FEDDH <« FEDDH PC7 to PCO
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R7FOC30x, R7FOC31x

Figure 3-11. Data to Be Restored from Stack Memory

(a) POP rp instruction (when SP = FEDEH)

SP FEEOH <—— FEEOH

1

1 FEDFH Register pair higher
SP FEDEH — FEDEH Register pair lower

(b) RET instruction (when SP = FEDEH)

SP FEEOH <—— FEEOH

1

} FEDFH PC15 to PC8
SP FEDEH — FEDEH PC7 to PCO

SP FEEOH ~—— FEEOH
A
; FEDFH PSW
: FEDEH PC15 to PC8
SP FEDDH — FEDDH PC7 to PCO
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3.2.2 General-purpose registers

General-purpose registers are mapped at particular addresses (FEEOH to FEFFH) 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.

Figure 3-12. Configuration of General-Purpose Registers

(a) Function name

16-bit processing 8-bit processing
FEFFH
H
Register bank 0 HL
L
FEF8H
D
Register bank 1 DE
E
FEFOH
B
Register bank 2 BC
C
FEE8H
A
Register bank 3 AX
X
FEEOH
15 0 7 0
(b) Absolute name
16-bit processing 8-bit processing
FEFFH
R7
Register bank 0 RP3
R6
FEF8H
R5
Register bank 1 RP2
R4
FEFOH
R3
Register bank 2 RP1
R2
FEE8SH
R1
Register bank 3 RPO
RO
FEEOH
15 0 7 0
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3.2.3 Special function registers (SFRs)

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

SFRs are allocated to the FFOOH to FFFFH area.

Special function registers can be manipulated like general-purpose registers, using operation, transfer, and bit
manipulation instructions. The manipulatable bit units, 1, 8, and 16, depend on the special function register 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 3-6 gives lists of the special function registers. 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 RA78K0, and is defined as
an sfr variable using the #pragma sfr directive in the CC78K0. When using the RA78K0, ID78K0-QB, and system
simulator, symbols can be written as an instruction operand.
o R/W
Indicates whether the corresponding special function register can be read or written.
R/W: Read/write enable
R: Readonly
W:  Write only
e Manipulatable bit units
Indicates the manipulatable 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.
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Table 3-6. Special Function Register List (1/4)

Address Symbol Bit No. R/W Number of Bits After
Manipulated Reset

Simultaneously

Reference
page

Not Note
FFO2H |P2 P27 | P2e | P25 |P2a " C|P23™ | P22 | P21 | P20 | RW | N N

N N
FFO3H |P3 0 0 o |P3a"™*P33™™| pa2 | P31 | P30 | RW | Y

FFO8H |ADCR - - 0 0 0 0 0 0 R - - v | 0000H
FFO9H ADCRH | - - - - - - - - R - V - 00H
FFOAH |RXBO - - - - - - - - R - N - FFH
FFOBH |TXSO - - - - - - - - RW | - \/ - FFH
FFOCH |P12 0 0 | Pi25| 0 0 | P122 | P121 0 rRW | «/ - 00H

FF10H - - - - - - - -

TMOO R - - N | 000oH
FF11H - - - - - - - -
FFi2H - - - - - - - -

CRO000 R/W - - N | ooooH
FF13H - - - - - - - -
FF14H - - - - - - - -

CRO10 R/W - - N | ooooH
FF15H - - - - - - - -

FF1AH |CMPO1 - - - - - - - - RW | - \/ - 00H

FF1BH |[CMP11 - - - - - - - - RW | - «/ - 00H

FF22H PM2 PM27 | PM26 | PM25 | PM24 | PM23 | PM22 | PM21 | PM20 \ y - FFH
Note Note R/W

FF23H PM3 1 1 1 PM34 | PM33 | PM32 | PM31 | PM30 R/W v v - FFH
Note Note

Note 20-pin products only.

Remark For a bit name enclosed in angle brackets (<>), the bit name is defined as a reserved word in the RA78KO0, and
is defined as an sfr variable using the #pragma sfr directive in the CC78K0.
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Table 3-6. Special Function Register List (2/4)

Address Symbol Bit No. R/W Number of Bits After o
Manipulated Reset % o
Simultaneously % g
o
7 6 5 4 3 2 1 0 1 8 16
FLMD
FF2BH |FPCTL 0 0 0 0 0 0 o |° R/W R d - 00H
PUP>
FF2CH |PM12 1 1 1 1 1 PM122 | PM121 1 R/W R «l - FFH
FF2DH | RSTMASK 0 0 RSTM 0 0 0 0 0 R/W N V - 00H
PU34 | PU33
FF33H |PUS3 0 0 0 Note1 | Note1 | PU32 | PU31 | PU30 | RW R «l - 00H
FraoH MUXSEL  [<INTP1|<INTP1 | <TMOO | <TM0OO o 0 <TI010 | <TO00 RW J J 00H
Note 3 SEL1> | SELO> | SEL1> | SELO> SEL> | SEL>

EGP2

FF48H |EGP 0 0 0 0 0 Note2 | EGP1 | EGPO | RW R «l - 00H
EGN2

FF49H |EGN 0 0 0 0 0 Note2 | EGN1 | EGNO | RW R v - 00H

<POWE

FF50H ASIMO RO <TXEO> | <RXEO>| PS01 | PS00 | CLO SLO 1 R/W N \ - 01H
>

FF51H BRGCO TPSO01 | TPS00 0 MDLO4 | MDLO3 | MDLO2 | MDLO1 | MDLOO | RW - \/ - FFH

AMPM <OPA <OPA
FF60H | Note2 0 0 0 0 0 0 R/W v v - 00H
MPOE> MP1E>
<CMPO
CMPCTL <CMP | <CDFS | <CDFS <CRE <couT
FF61H  |Note2 UTEN> <CFLG> <CINV> | RW R d - 00H
OEN> 1> 0> Note1 | GSEL> EN>
<CMPC | <CMPIN
<R> |FF62H |CMPPC 0 0 0 0 0 0 RW N V - 00H
OMPC> | PC>

Notes 1. 20-pin products only
2. R7F0C303x, R7F0C304x, R7FOC305x, R7FOC309x, R7FOC310x, and R7F0C311x (products with operational
amplifier/comparator) only.
3. 16-pin products only

Remark For a bit name enclosed in angle brackets (<>), the bit name is defined as a reserved word in the RA78KO0, and
is defined as an sfr variable using the #pragma sfr directive in the CC78K0.
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Table 3-6. Special Function Register List (3/4)

Address Symbol Bit No. R/W Number of Bits After °
Manipulated Reset % o
Simultaneously £ g
o
7 6 5 4 3 2 1 0 1 8 16
<TMH TMMD | TMMD | <TOLE | <TOE
FF70H | TMHMD1 CKS12 | CKS11 | CKS10 RW y y - 00H
E1> 1 10 Vi> N1>
FF71H | TMCYCH 0 0 0 0 0 RMC1 | NRZB1 | <NRZ1>| RW N N - 00H
FF72H to
FF85H
FF86H | TMCO00 0 0 0 0 |TMCO003 | TMC002 | TMCOO01 |<OVF00>| R/W \ \ - 00H
PRMOO | R/W N N - 00H
FF87H | PRMOO ES110 | ES100 | ES010 | ES000 | 0O 0 |PRMoO1 .
FF88H | CRCO0 0 0 0 0 0 | CRco02 | CRCO01 | CRCO00 | R/W v v - 0OH
FF89H | TOCO00 0  |<OSPT00>|<OSPE00>| TOC004 |<LVS00> |<LVROO> | TOC001 |<TOE00>| R/W v v - 00H
FF8AH to
FF8FH
FFOOH |ADM <ADCS>| 0 FR2 | FR1 FRO | LV1 LVO |[<ADCE>| RW J N - 00H
FF91H to
FF96H
ADPC4 | ADPC3
FF97H | ADPC ADPC7 | ADPC6 | ADPC5 | Note1 | Notei1 | ADPC2 | ADPC1 | ADPCO | R/W Y Y - 00H
FF98H - - - - - - - - - - - - - - -
1AH/ 9AH
FFO9H | WDTE - - - - - - - - RW - v - Note 2
FF9AH to
FFO9EH
<EXCL | <OSC
FFOFH | OSCCTL 0 0 0 0 0 0 RW y y - OOH
K> | SEL>
<LSR | <RST Note 3
FFAOH |RCM <RSTS>| 0 0 0 0 0 RW N N - |son™™
STOP>| OP>
FFATH |MCM 0 0 0 0 0 | <XSEL>| <MCS> |<MCMO0>| RW y y - 00H
FFA2H |MOC MsTOP>| 0 0 0 0 0 0 0 RW Y y - 80H
FFA3H |OSTC 0 0 0 |MOST11|MOST13|MOST14|MOST15[MOST16| R y y - 00H
FFA4H |OSTS 0 0 0 0 0 OSTS2 | OSTS1 | OSTSO | RW - V - 05H
FFA5H to = = - = = - = = - - = = = - =
FFABH

Notes 1. 20-pin products only
2. The reset value of WDTE is determined by setting of option byte.
3. The value of this register is 00H immediately after a reset release but automatically changes to 80H after
oscillation accuracy stabilization of high-speed internal oscillator has been waited.

Remark For a bit name enclosed in angle brackets (<>), the bit name is defined as a reserved word in the RA78K0, and
is defined as an sfr variable using the #pragma sfr directive in the CC78KO0.
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Table 3-6. Special Function Register List (4/4)

Address Symbol Bit No. R/W Number of Bits After °
Manipulated Reset % o
Simultaneously < g
o
7 6 5 4 3 2 1 0 1 8 16
FFACH |RESF 0 0 0 |WDTRF| o 0 0 |LWVRF| R - N — | oon ™!
FFADH
to FFBOH
FFB1H |CR51 - - - - - - - - R/W - 3 - 00H
FFB2H |TCL51 0 0 0 0 0 TCL512 | TCL511 | TCL510 | RW y v - 00H
FFB3H |TMC51 <TCE51>| TMC516| 0 0 0 0 |TMcs11| o R/W N N - 00H
FFB4H to
FFBDH
FFBEH |LVIM <LVION>| 0 0 0 0 0 |<LVIMDs|<LVIF>| RW \ N — | oon™e?
FFBFH |LVIS 0 0 0 0o |vLvisa|Lvis2 | Lvist | Lviso | R | N N — | oon™e?
FFCOH to
FFDFH
<CMPIF> RW | v 00H
FFEOH IFoL 0 0 0 0 Note5 | <PIF1> | <PIFO> |<LVIIF>
IFO v
FFE1H IFOH |<TMIFo10>|<TMIFo00>| O 0 |<MFH1>| O |<STIFO>|<SRIFO>| RW \/ N 00H
FFE2H IFL 0 0 0 0 |<MFs1s| 0 0 |<ADIF>| RW S N J 00H
IF1
FFE3H - 0 0 0 0 0 0 0 0 - - - 00H
<CMPMI RW N N FFH
FFE4H MKOL| 1 1 1 1 Notes | <PMK1>|<PMKO> | <LVIMK>
MKO N
FFE5H MKOH | <TMMKO10> | <TMMKo0D>| 1 1 |<IMMKH1>| 1 | <STMKO> | <SRMKO>| RW \ N FFH
FFE6H MKIL| 1 1 1 1 |<Tmmksts| 1 1 |<ADMK>| RW v N J FFH
MK1
FFE7H - 1 1 1 1 1 1 1 1 - - - FFH
<CVPPR> RW | \/ FFH
FFESH PROL| 1 1 1 1 Notes | <PPR1> | <PPRO> | <LVIPR>
PRO v
FFE9H PROH | <TMPRO10> | <TMPROOO> | 1 1 | <MPRHI>| 1 |<STPRO>| <SRPRO>| RMW v N FFH
FFEAH PRIL| 1 1 1 1 |<MPRsts| 1 1 |<ADPR>| RW S N J FFH
PR1
FFEBH - 1 1 1 1 1 1 1 1 - - - FFH
FFECH to
FFEFH
FFFOH |IMS RAM2 | RAM1 | RAMO | 0 | ROM3 | ROM2 | ROM1 | ROMO | RW - N - CFH""®*
FFF1H to
FFFAH
FFFBH |PCC 0 0 0 0 0 PCC2 | PCC1 | PCCO | RW S N - 01H

Notes 1. The reset value of RESF varies depending on the reset source.
2. The reset values of LVIM vary depending on the reset source and setting of option byte.
3. The reset values of LVIS vary depending on the reset source.
4. Reset signal generation makes the setting of the ROM area undefined. Therefore, set the value corresponding
to each product as indicated in Table 3-1 after release of reset.
5. R7F0C303x, R7F0C304x, R7FOC305x, R7FOC309x, R7FOC310x, and R7FOC311x (products with comparator)
only.

Remark For a bit name enclosed in angle brackets (<>), the bit name is defined as a reserved word in the RA78KO0, and
is defined as an sfr variable using the #pragma sfr directive in the CC78KO0.
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3.3 Instruction Address Addressing

An instruction address is determined by contents of the program counter (PC) and is normally incremented (+1 for each
byte) automatically according to the number of bytes of an instruction to be fetched each time another instruction is
executed. When a branch instruction is executed, the branch destination information is set to PC and branched by the
following addressing (for details of instructions, refer to the 78K/0 Series Instructions User’s Manual (U12326E)).

3.3.1 Relative addressing

[Function]
The value obtained by adding 8-bit immediate data (displacement value: jdisp8) of an instruction code to the start
address of the following instruction is transferred to the program counter (PC) and branched. The displacement
value is treated as signed two’s complement data (—128 to +127) and bit 7 becomes a sign bit.
In other words, relative addressing consists of relative branching from the start address of the following instruction to
the —128 to +127 range.
This function is carried out when the BR $addr16 instruction or a conditional branch instruction is executed.

[lustration]

15 0
__ PCindicates the start address

PC of the instruction after the BR instruction.

+
15 8 7 6 0

o S
jdisp8

15 0

PC

When S = 0, all bits of « are 0.
When S = 1, all bits of & are 1.
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3.3.2 Immediate addressing

[Function]
Immediate data in the instruction word is transferred to the program counter (PC) and branched.
This function is carried out when the CALL !addr16 or BR !addr16 or CALLF !addr11 instruction is executed.
CALL 'addr16 and BR !addr16 instructions can be branched to the entire memory space.
The CALLF laddr11 instruction is branched to the 0800H to OFFFH area.

[lustration]
In the case of CALL !addr16 and BR !addr16 instructions

7 0
CALL or BR
Low Addr.
High Addr. T
15 { 87 0

PC

In the case of CALLF !addr11 instruction

7 6 4 3 0
4{ fato-s CALLF
far-o
15 11 10 87 0

PC|O0O 0 0 0 1
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3.3.3 Table indirect addressing

[Function]
Table contents (branch destination address) of the particular location to be addressed by bits 1 to 5 of the immediate
data of an operation code are transferred to the program counter (PC) and branched.
This function is carried out when the CALLT [addr5] instruction is executed.
This instruction references the address that is indicated by addr5 and is stored in the memory table from 0040H to
007FH, and allows branching to the entire memory space.

[lllustration]

15 6 5 10

addr5 (O 0 0 0 O O O O O 1 tas-o 0

7 6 5 l 1 0
Operation code 1 1 tas-o 1
15 8 7 6 5 i 10

. ... The value of the effective address is
Effective address 0O 0 0 0O 0O 00O 0|0 1 0 the same as that of addr5.

7 Memory (Table) 0
Low Addr.
Effective address+1 High Addr. T

15 l 8 7 0
PC
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3.3.4 Register addressing

[Function]
Register pair (AX) contents to be specified with an instruction word are transferred to the program counter (PC) and
branched.
This function is carried out when the BR AX instruction is executed.

[lllustration]

15 8 7 0

PC

3.4 Operand Address Addressing

The following methods are available to specify the register and memory (addressing) to undergo manipulation during
instruction execution.

3.4.1 Implied addressing

[Function]
The register that functions as an accumulator (A and AX) among the general-purpose registers is automatically
(implicitly) addressed.
Of the R7FOC30x, R7FO0C31x instruction words, the following instructions employ implied addressing.

Instruction Register to Be Specified by Implied Addressing
MULU A register for multiplicand and AX register for product storage
DIVUW AX register for dividend and quotient storage

ADJBA/ADJBS A register for storage of numeric values that become decimal correction targets

ROR4/ROL4 A register for storage of digit data that undergoes digit rotation

[Operand format]
Because implied addressing can be automatically determined with an instruction, no particular operand format is
necessary.

[Description example]
In the case of MULU X
With an 8-bit x 8-bit multiply instruction, the product of the A register and X register is stored in AX. In this example,
the A and AX registers are specified by implied addressing.
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3.4.2 Register addressing

[Function]

The general-purpose register to be specified is accessed as an operand with the register bank select flags (RBSO0 to
RBS1) and the register specify codes of an operation code.

Register addressing is carried out when an instruction with the following operand format is executed. When an 8-bit
register is specified, one of the eight registers is specified with 3 bits in the operation code.

[Operand format]

Identifier Description
r X,A,C,B,ED,LH
s AX, BC, DE, HL

‘r and ‘rp’ can be described by absolute names (RO to R7 and RPO to RP3) as well as function names (X, A, C, B, E,
D, L, H, AX, BC, DE, and HL).

[Description example]
MOV A, C; when selecting C register as r

Operation code 01 100 0 1 0|

L]

Register specify code

INCW DE; when selecting DE register pair as rp

Operation code 100 0 0 10 0|

LIL Register specify code
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3.4.3 Direct addressing

[Function]

The memory to be manipulated is directly addressed with immediate data in an instruction word becoming an

operand address.

This addressing can be carried out for all of the memory spaces.

[Operand format]

Identifier Description
addr16 Label or 16-bit immediate data
[Description example]
MOV A, I0FEOOH; when setting !laddr16 to FEOOH
Operation code |1 00 o0 1 1 1 0| OP code
|00000000| 00H
|11111110| FEH
[llustration]
7 0
OP code
addr16 (lower)
addr16 (upper)
Memory
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3.4.4 Short direct addressing

[Function]
The memory to be manipulated in the fixed space is directly addressed with 8-bit data in an instruction word.
This addressing is applied to the 256-byte space FE20H to FF1FH. Internal high-speed RAM and special function
registers (SFRs) are mapped at FE20H to FEFFH and FFOOH to FF1FH, respectively.
The SFR area (FFOOH to FF1FH) where short direct addressing is applied is a part of the overall SFR area. Ports
that are frequently accessed in a program and compare and capture registers of the timer/event counter are mapped
in this area, allowing SFRs to be manipulated with a small number of bytes and clocks.
When 8-bit immediate data is at 20H to FFH, bit 8 of an effective address is set to 0. When it is at 0OH to 1FH, bit 8
is set to 1. Refer to the [lllustration] shown below.

[Operand format]

Identifier Description
saddr Immediate data that indicate label or FE20H to FF1FH
saddrp Immediate data that indicate label or FE20H to FF1FH (even address only)

[Description example]
LB1 EQU OFE30H ; Defines FE30H by LB1.

MOV LB1, A ; When LB1 indicates FE30H of the saddr area and the value of register A is transferred to that

address
Operation code | 1111 0 0 10 | OP code
| 0011 0O0O0O0 | 30H (saddr-offset)

[Mustration]

OP code

saddr-offset ﬁ

15 8 7 0

Short direct memory

Effective address 111 1 1 1 1|

When 8-bit immediate data is 20H to FFH, =0
When 8-bit immediate data is OOH to 1FH, o =1
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3.4.5 Special function register (SFR) addressing

[Function]

A memory-mapped special function register (SFR) is addressed with 8-bit immediate data in an instruction word.
This addressing is applied to the 240-byte spaces FFOOH to FFCFH and FFEOH to FFFFH. However, the SFRs

mapped at FFOOH to FF1FH can be accessed with short direct addressing.

[Operand format]

Identifier

Description

sfr

Special function register name

sfrp

16-bit manipulatable special function register name (even address only)

[Description example]

MOV PMO, A; when selecting PMO (FF20H) as sfr

Operation code

[ustration]

|OO1000OO|

20H (sfr-offset)

7 0
OP code
sfr-offset
SFR
15 8 7
Effective address 1 1 11 1 1 1
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3.4.6 Register indirect addressing

[Function]

Register pair contents specified by a register pair specify code in an instruction word and by a register bank select

flag (RBS0 and RBS1) serve as an operand address for addressing the memory.
This addressing can be carried out for all of the memory spaces.

[Operand format]

Identifier Description

- [DE], [HL]

[Description example]

MOV A, [DE]; when selecting [DE] as register pair

Operation code 1000 01T 01
[lllustration]
16 8 7 0
DE D E
The memory address
specified with the
7 Memory 0 register pair DE
The contents of the memory
addressed are transferred.
7 0
A
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3.4.7 Based addressing

[Function]
8-bit immediate data is added as offset data to the contents of the base register, that is, the HL register pair in the
register bank specified by the register bank select flag (RBSO and RBS1), and the sum is used to address the
memory. Addition is performed by expanding the offset data as a positive number to 16 bits. A carry from the 16th
bit is ignored.
This addressing can be carried out for all of the memory spaces.

[Operand format]

Identifier Description

- [HL + byte]

[Description example]

MOV A, [HL + 10H]; when setting byte to 10H

Operation code |1 o1 o0 1 1 1 0|

[lllustration]

16 8 7 0
HL H L
+10
7 Memory 0

The contents of the memory
addressed are transferred.

7 0

A
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3.4.8 Based indexed addressing

[Function]
The B or C register contents specified in an instruction word are added to the contents of the base register, that is,
the HL register pair in the register bank specified by the register bank select flag (RBSO and RBS1), and the sum is
used to address the memory. Addition is performed by expanding the B or C register contents as a positive number
to 16 bits. A carry from the 16th bit is ignored.
This addressing can be carried out for all of the memory spaces.

[Operand format]

Identifier Description

- [HL + B], [HL + C]

[Description example]

MOV A, [HL +B]; when selecting B register

Operation code 101010 11
[Mustration]
16 8 7 0
HL H L
+
7 0
B
7 Memory 0
The contents of the memory
addressed are transferred.
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3.4.9 Stack addressing

[Function]
The stack area is indirectly addressed with the stack pointer (SP) contents.

This addressing method is automatically employed when the PUSH, POP, subroutine call and return instructions are

executed or the register is saved/reset upon generation of an interrupt request.
With stack addressing, only the internal high-speed RAM area can be accessed.

[Description example]

PUSH DE; when saving DE register

Operation code 101 1010 1
[MMustration]
7 Memory
SP FEEOH — FEEOH
: FEDFH D
y
SP FEDEH «—— FEDEH E
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CHAPTER 4 PORT FUNCTIONS

4.1 Port Functions

There are two types of pin I/O buffer power supplies: AVRer and Vob. The relationship between these power supplies
and the pins is shown below.

Table 4-1. Pin I/0O Buffer Power Supplies

Power Supply Corresponding Pins
AVrer P20 to P27 "
Voo Pins other than P20 to P27 "

Note 16-pin products: P20 to P22, P25 to P27
20-pin products: P20 to P27

R7F0C30x, R7FOC31x microcontrollers are provided with digital I/O ports, which enable variety of control operations.
The functions of each port are shown in Tables 4-2 and 4-3.

In addition to the function as digital 1/O ports, these ports have several alternate functions. For details of the alternate
functions, refer to CHAPTER 2 PIN FUNCTIONS.
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Table 4-2. Port Functions (16-pin products)

specified by a software setting.

Function Name I/0 Function After Reset Alternate Function

P20 110 Port 2. Analog input | ANIO/AMPO-"*"®

o1 6-bit 1/0 port. ANI1/AMPOOUT "
Input/output can be specified in 1-bit units. Note

P22 ANI2/AMPO+

P25 ANI5/AMP1-""

P26 ANI6/AMP10OUT "

P27 ANI7/AMP1+"*

P30 110 Port 3. Input port TOH1/TI51/INTPO

P31 3-bit VO port. o Analog input | TxDO/<TO00>/
Input/output can be specified in 1-bit units. cMPCOM M
Use of an on-chip pull-up resistor can be specified by a

P32 software setting. RxDO0/<TI010>/

CMPIN "

P121 110 Port 12. Input port X1/<TI000>/<INTP1>/
P121, P122 is 2-bit I/O port. TOOLCO

pi22 P125 is 1-bit input-only port. X2/EXCLK/TOOLDO
For only P125, use of an on-chip pull-up resistor can be

P125 Input Reset input | <TI000>/<INTP1>/

RESET

Note R7FO0C3034, R7F0C3044, R7F0C3054, R7F0C3094, R7FO0C3104, and R7FO0C3114 (products with operational
amplifier/comparator) only

Remark Functions in angle brackets < > can be assigned by setting the input switch control register (MUXSEL).

Table 4-3. Port Functions (20-pin products)

For only P125, use of an on-chip pull-up resistor can be
specified by a software setting.

Function Name I/0 Function After Reset Alternate Function
P20 110 Port 2. Analog input | ANIO/AMPO-"*"®
o1 8-bit 1/0 port. ANI1/AMPOOUT "

Input/output can be specified in 1-bit units. Note
P22 ANI2/AMPO+
P23 ANI3
P24 ANI4
P25 AMP1- "o
P26 AMP10OUT "
P27 AMP1+ "o
P30 110 Port 3. Input port TOH1/TI51/INTPO
P31 5-bit /O port. Analog input | TXDO/CMPCOM "™
Input/output can be specified in 1-bit units. Nowe
p32 Use of an on-chip pull-up resistor can be specified by a RxDO/CMPIN
P33 software setting. Input port TIOO0/INTP1
P34 TOO00/TI010/
cMPoUT "
P121 110 Port 12. Input port X1/TOOLCO
P125 is 1-bit input-only port.
P125 Input Reset input | RESET

Note R7F0C3036, R7FO0C3046, R7FOC3056, R7F0C3096, R7F0C3106, and R7FOC3116 (products with operational

amplifier/comparator) only
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4.2 Port Configuration

Ports include the following hardware.

Table 4-4. Port Configuration

Item Configuration
Control registers Port mode registers (PMxx): PM2, PM3, PM12
Port registers (Pxx): P2, P3, P12

Pull-up resistor option registers (PUxx):PU3, PU12

Reset pin mode register (RSTMASK)

A/D port configuration register (ADPC)

Port alternate switch control register (MUXSEL) (16-pin products only)

Port

16-pin products:  Total: 12 (CMOS I/0: 11, CMOS input: 1)
20-pin products:  Total: 16 (CMOS 1/O: 15, CMOS input: 1)

Pull-up resistor

16-pin products: Total: 4
20-pin products:  Total: 6
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4.21 Port 2

(1) 16-pin products

16-pin products

Note

P20/ANIO/AMPO-
P21/ANI1/AMPOOUT
P22/ANI2/AMPO+ "**®

Note

Note

P25/ANIS/AMP1-
P26/ANIS/AMP10OUT
P27/ANI7/AMP1 4+ "

Note R7F0C3034, R7F0C3044, R7F0C3054, R7F0C3094, R7F0C3104, and R7FO0C3114 (products with operational
amplifier) only

Note

Port 2 is an I/O port with an output latch. Port 2 can be set to the input mode or output mode in 1-bit units using port
mode register 2 (PM2).
This port can also be used for A/D converter analog input, and operational amplifier 1/0.

When using P20/AMPO-/ANIO to P22/AMPO0+/ANI2, P25/AMP1-/ANI5 to P27/AMP1+/ANI7, set the registers according
to the pin function to be used (refer to Tables 4-5 and 4-6).

To use P20/AMPO-/ANIO to P22/AMPO+/ANI2, P25/AMP1-/ANI5 to P27/AMP1+/ANI7 as a digital input or a digital
output, it is recommended to select a pin to use starting with the furthest pin from AVrer (P27/ANI7 pin). To use
P20/AMPO-/ANIO to P22/AMPO+/ANI2, P25/AMP1-/ANI5 to P27/AMP1+/ANI7 as an analog input, it is recommended to
select a pin to use starting with the closest pin to Vss (P27/ANI7 pin).

Reset signal generation sets port 2 to analog input.
Figures 4-1 to 4-3 show block diagrams of port 2.

Caution Make the AVRer pin the same potential as the Voo pin when port 2 is used as a digital port.
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Table 4-5. Setting Functions of P20/ANIO/AMPO-, P22/ANI2/AMPO+, P25/ANI5/AMP1-, and P27/ANI7/AMP1+ Pins

ADPC Register | PM2 Register | OPAMPmME bit ADS Register P20/ANI0/AMPO-,
(m=0,1) (n=0,2,5,7) P22/ANI2/AMPO+,
P25/ANI5/AMP1-, and
P27/ANI7/AMP1+ Pins
Digital I/O Input mode - Selects ANIn. Setting prohibited
selection Does not select ANIn. Digital input
Output mode - Selects ANIn. Setting prohibited
Does not select ANIn. Digital output
Analog input Input mode 0 Selects ANIn. Analog input (to be converted into
selection digital signals)
Does not select ANIn. Analog input (not to be converted
into digital signals)

1 Selects ANIn. Analog input (to be converted into
digital signals), operational
amplifier 0 input

Does not select ANIn. Operational amplifier 0 input
Output mode - - Setting prohibited

Remark ADPC: A/D port configuration register
PM2: Port mode register 2
OPAMPmME: Bits 3 and 7 of operational amplifier control register (AMPM)
ADS: Analog input channel specification register

Table 4-6. Setting Functions of P21/ANI1/AMPOOUT and P26/ANI6/AMP10UT

ADPC Register | PM2 Register | OPAMPmE ADS Register P21/ANI1/AMPOOUT,

bit (m=0, 1) (n=1,6) P26/ANI6/AMP10UT Pins
Digital I/O Input mode 0 Selects ANIn Setting prohibited
selection Does not select ANIn. | Digital input

1 - Setting prohibited

Output mode | 0 Selects ANIn Setting prohibited
Does not select ANIn. | Digital output

1 - Setting prohibited
Analog I/0 Input mode 0 Selects ANIn Analog input (to be converted into digital
selection signals)

Does not select ANIn.

Analog input (not to be converted into
digital signals)

Selects ANIn

Operational amplifier 0 output (to be
converted into digital signals)

Does not select ANIn.

Operational amplifier 0 output (not to be
converted into digital signals)

Output mode

Setting prohibited

Remark ADPC:

A/D port configuration register

PM2: Port mode register 2
OPAMPmME: Bits 3 and 7 of operational amplifier control register (AMPM)

ADS: Analog input channel specification register
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Figure 4-1. Block Diagram of P20 and P25

A
RD
Pany | % L
O <
0 ! 3
=}
o]
T WRPpoRT
£ P2
2
£
& lg)zuotpl“d'agczhs © P20/ANIO/AMPO-Nte,
(P20 and P25) P25/ANIS/AMPA -Note
WRprM
PM2
S PM20, PM25
A/D converter
S
Operational amplifier (-) input Nete
P2: Port register 2

PM2:  Port mode register 2
RD: Read signal
WRxx: Write signal

Note R7F0C3034, R7F0C3044, R7F0C3054, R7F0C3094, R7F0C3104, and R7F0C3114 (products with
operational amplifier) only
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Figure 4-2. Block Diagram of P21 and P25

Selector

.

© P21/ANI1/AMPOOUT Nete,

A/D converter

P26/ANI6/AMP10UT Nete

A
RD
O I
WRPporT
2 P2
Ko}
g Output latch
g ~ (P21 and P26)
- WRpm
PM2
S PM21, PM26
WRampom
AMPM Note
& OPAMPOE Note,
OPAMP1E Note
Y~
Operational amplifier output Nete
P2: Port register 2
PM2:  Port mode register 2
AMPM: Operational amplifier control register
RD: Read signal
WRxx: Write signal
Note

R7F0C3034, R7F0C3044, R7F0C3054, R7FO0C3094, R7F0C3104, and R7FOC3114 (products with

operational amplifier) only
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Figure 4-3. Block Diagram of P22 and P27

A

RD

Fany | % L

< Qo

| o

(%] (2]
=
Qo
T WRPpoRT
£ P2
i)
c
- Output latch © P22/ANIZIAMPO: ",

~ (P22 and P27) P27/ANI7/AMP 1+ Note

WRepm
PM2
S PM22, PM27
A/D converter
o e
Operational amplifier (+) input N
pP2: Port register 2

PM2:  Port mode register 2
RD: Read signal
WRxx: Write signal

Note R7F0C3034, R7F0C3044, R7F0C3054, R7FO0C3094, R7F0C3104, and R7FOC3114 (products with
operational amplifier) only
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(2) 20-pin products

20-pin products

Note

P20/ANIO/AMPO-

Note

P21/ANI1/AMPOOUT

P22/ANI2/AMPO+ "'

P23/ANI3

P24/ANI4

Note

P25/AMP1-

Note

P26/AMP10UT

Note

P27/AMP1+

Note R7F0C3036, R7F0C3046, R7F0C3056, R7FO0C3096, R7FOC3106, and R7F0C3116 (products with operational

amplifier/comparator) only

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

mode register 2 (PM2).

This port can also be used for A/D converter analog input, and operational amplifier I/O.

When using P20/AMPO-/ANIO to P24/ANI4, set the registers according to the pin function to be used (refer to Tables 4-

7 to 4-11).

To use P20/AMPO-/ANIO to P24/ANI4 as a digital input or a digital output, it is recommended to select a pin to use
starting with the furthest pin from AVrer (P24/ANI4 pin). To use P20/AMPO-/ANIO to P24/ANI4 as an analog input, it is
recommended to select a pin to use starting with the closest pin to Vss (P24/ANI4 pin).

Reset signal generation sets port 2 to analog input.
Figures 4-4 to 4-10 show block diagrams of port 2.

Caution Make the AVrerF pin the same potential as the Voo pin when port 2 is used as a digital port.

RO1UHO389EJ0120 Rev.1.20
Oct 09, 2014

RENESAS

64



R7FOC30x, R7FOC31x CHAPTER 4 PORT FUNCTIONS

Table 4-7. Setting Functions of P20/ANIO/AMPO-, P22/ANI2/AMPO+ Pins

ADPC Register | PM2 Register | OPAMPOE bit ADS Register P20/ANI0/AMPO-,
(n=0,2) P22/ANI2/AMPO+ Pins
Digital I/O Input mode - Selects ANIn. Setting prohibited
selection Does not select ANIn. Digital input
Output mode - Selects ANIn. Setting prohibited
Does not select ANIn. Digital output
Analog input Input mode 0 Selects ANIn. Analog input (to be converted into
selection digital signals)
Does not select ANIn. Analog input (not to be converted
into digital signals)

1 Selects ANIn. Analog input (to be converted into
digital signals), operational
amplifier 0 input

Does not select ANIn. Operational amplifier 0 input
Output mode - - Setting prohibited

Remark ADPC:

A/D port configuration register

PM2: Port mode register 2
OPAMPOE: Bit 7 of operational amplifier control register (AMPM)
ADS: Analog input channel specification register

Table 4-8. Setting Functions of P21/ANI1/AMPOOUT and P26/ANI6/AMP10UT

ADPC Register | PM2 Register | OPAMPOE ADS Register P21/ANI1/AMPOOUT Pin
bit

Digital I/O Input mode 0 Selects ANI1 Setting prohibited
selection Does not select ANI1. | Digital input

- Setting prohibited

Output mode | 0 Selects ANI1 Setting prohibited
Does not select ANI1. | Digital output

- Setting prohibited
Analog I/0 Input mode 0 Selects ANI1 Analog input (to be converted into digital
selection signals)

Does not select ANI1.

Analog input (not to be converted into
digital signals)

Selects ANI1

Operational amplifier 0 output (to be
converted into digital signals)

Does not select ANI1.

Operational amplifier 0 output (not to be
converted into digital signals)

Output mode

Setting prohibited

Remark ADPC: A/D port configuration register

PM2: Port mode register 2
OPAMPOE: Bit 7 of operational amplifier control register (AMPM)
ADS: Analog input channel specification register
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Table 4-9. Setting Functions of P23/ANI3, P24/ANI4 Pins

ADPC Register

PM2 Register

ADS Register(n = 3, 4)

P23/ANI3, P24/ANI4 Pins

Digital I/O Input mode Selects ANIn. Setting prohibited
selection Does not select ANIn. Digital input
Output mode Selects ANIn. Setting prohibited
Does not select ANIn. Digital output
Analog input Input mode Selects ANIn. Analog input (to be converted into
selection digital signals)

Does not select ANIn.

Analog input (not to be converted
into digital signals)

OQutput mode

Setting prohibited

Remark ADPC:

A/D port configuration register

PM2: Port mode register 2
ADS: Analog input channel specification register

Table 4-10. Setting Functions of P25/AMP1-, P27/AMP1+ Pins

ADPC Register PM2 Register OPAMP1E bit P25/AMP1-, P27/AMP1+ Pins
Digital I/O Input mode - Digital input

selection Output mode - Digital output

Analog input Input mode 0 Analog input (to be converted into digital
selection signals)

Operational amplifier 1 input

Output mode

Setting prohibited

Remark ADPC:

A/D port configuration register

PM2: Port mode register 2
OPAMP1E: Bit 3 of operational amplifier control register (AMPM)
ADS: Analog input channel specification register

Table 4-11. Setting Functions of P26/AMP10UT Pin

ADPC Register PM2 Register OPAMP1E bit P26/AMP10UT Pins

Digital I/0 Input mode - Digital input

selection Output mode - Digital output

Analog I/0 Input mode 0 Analog input (to be converted into digital
selection signals)

Operational amplifier 1 output

Output mode

Setting prohibited

Remark ADPC:

A/D port configuration register

PM2: Port mode register 2
OPAMP1E: Bit 3 of operational amplifier control register (AMPM)
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Figure 4-4. Block Diagram of P20

1
RD
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(7] 7]
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@ WRProRT
S P2
2
= Output latch
_ Note
& (P20) © P20/ANIO/AMPO
WRpm
PM2
S PM20
A/D converter
N
Operational amplifier (-) input N°te
pP2: Port register 2

PM2:  Port mode register 2
RD: Read signal
WRxx: Write signal

Note R7FO0C3036, R7F0C3046, R7F0C3056, R7F0C3096, R7FO0C3106, and R7F0C3116 (products with

operational amplifier) only
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Figure 4-5. Block Diagram of P21

N
RD
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IS
- WRpm
PM2
S PM21
WRawvpom
AMPM Mo
O OPAMPOE Nete
S
Operational amplifier output N°t®
A/D converter
pP2: Port register 2

PM2:  Port mode register 2

AMPM: Operational amplifier control register
RD: Read signal

WRxx: Write signal

Note R7F0C3036, R7F0C3046, R7FOC3056, R7F0C3096, R7F0C3106, and R7FOC3116 (products with

operational amplifier) only
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Figure 4-6. Block Diagram of P22

A

RD
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c P2
2
= Output latch

a (P22) © P22/ANI2/AMPO+ Note

WRpm
PM2
S PM22
A/D converter
Y~/
Operational amplifier (+) input N°t
P2: Port register 2

PM2:  Port mode register 2
RD: Read signal
WRxx: Write signal

Note R7F0C3036, R7F0C3046, R7FOC3056, R7F0C3096, R7F0C3106, and R7FOC3116 (products with

operational amplifier) only
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R7FOC30x, R7FOC31x CHAPTER 4 PORT FUNCTIONS

Figure 4-7. Block Diagram of P23, P24

1
RD
S 9
| o}
g n
Ko)
= WRPpoRT
S P2
2
[
- Output latch
© (P23 and P24) © :Zgzjm:i'
WRpm
PM2
S PM23, PM24
A/D converter
S
P2: Port register 2
PM2:  Port mode register 2
RD: Read signal
WRxx: Write signal
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R7FOC30x, R7FOC31x CHAPTER 4 PORT FUNCTIONS

Figure 4-8. Block Diagram of P25

A
RD
Fany | % L
< Qo
| o
(%] 7]
=}
o]
T WRPpoRT
£ P2
2
= Output latch
& (P25) © P25/AMP1-Nete
WRprM
PM2
S PM25
S
Operational amplifier (-) input N°t¢
P2: Port register 2

PM2:  Port mode register 2
RD: Read signal
WRxx: Write signal

Note R7FO0C3036, R7F0C3046, R7FOC3056, R7F0C3096, R7F0C3106, and R7FOC3116 (products with

operational amplifier) only
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R7FOC30x, R7FOC31x CHAPTER 4 PORT FUNCTIONS

Figure 4-9. Block Diagram of P26

A
RD
S
pary | © L
<@
| o
n
WRPoRT

) P2

o)

©

S & O“‘(ppuzté";‘mh - © P26/AMP10UT Mote

<

- WRem

PM2
S PM26
WRampom
AMPM Nete
S OPAMP1E Nete
S
Operational amplifier output Nete
P2: Port register 2

PM2:  Port mode register 2

AMPM: Operational amplifier control register
RD: Read signal

WRxx: Write signal

Note R7FO0C3036, R7F0C3046, R7F0C3056, R7FOC3096, R7F0C3106, and R7F0C3116 (products with

operational amplifier) only
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Figure 4-10. Block Diagram of P27

A
RD
pary | % L
[0}
| ©
(%] w
>
Ke)
T WRPpoRT
c P2
i)
= Output latch
& (P27) © P27/AMP1 4Nete
WRem
PM2
S PM27
T~
Operational amplifier (+) input Nt
pP2: Port register 2

PM2:  Port mode register 2
RD: Read signal
WRxx: Write signal

Note  R7F0C3036, R7F0C3046, R7F0C3056, R7FOC3096, R7FOC3106, and R7FOC3116 (products with

operational amplifier) only

RO1UH0389EJ0120 Rev.1.20 R NS
Oct 09, 2014 ENES
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CHAPTER 4 PORT FUNCTIONS

4.2.2 Port3
16-pin products 20-pin products
P30/TOH1/TI51/INTPO P30/TOH1/TI51/INTPO
P31/TxD0/<TO00>/CMPCOM P31/TxDO/CMPCOM "

P32/RxD0/<T1010>/CMPIN

Note 1

Note 2

P32/RxDO/CMPIN

P33/TI000/INTP1

Note 2

P34/TO00/TI010/CMPOUT

Notes 1. R7F0C3034, R7F0C3044, R7F0C3054, R7F0C3094, R7F0C3104, and R7FOC3114 (products with
operational amplifier/comparator) only

2. R7F0C3036, R7F0C3046, R7F0C3056, R7FOC3096, R7F0C3106, and R7F0C3116 (products with
operational amplifier/comparator) only

Remark Functions in angle brackets < > can be assigned by setting the input switch control register (MUXSEL).

Port 3 is an I/O port with an output latch. Port 3 can be set to the input mode or output mode in 1-bit units using port
mode register 3 (PM3). When the P30 to P34 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, timer 1/0O, and data 1/O for serial interface, comparator

output, comparator analog input, comparator common input.
Reset signal generation sets port 3 to input mode.
Figures 4-11 to 4-15 show block diagrams of port 3.

Caution Please refer to Table 12-3 and Table 12-2 for setting functions of P31/TxD0/(TO00)/CMPCOM and

P32/RxDO0/CMPIN/(TI010) pin.
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R7FOC30x, R7FOC31x

CHAPTER 4 PORT FUNCTIONS

Figure 4-11. Block Diagram of P30

——© P30/TOH1/TI51/INTPO

M-  WReu
l PU3
© PU30
Alternate
function
RD
| S
o [ | g
3 (]
g WRProRT
o P3
£
A Output latch
~ (P30)
WRem
PM3
S PM30
Alternate
function
%
P3: Port register 3
PU3: Pull-up resistor option register 3
PM3:  Port mode register 3
RD: Read signal
WRxx: Write signal
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CHAPTER 4 PORT FUNCTIONS

(1) 16-pin products

Figure 4-12. Block Diagram of P31 (1/2)

P-ch

© P31/TxD0/<TO00>/
CMPCOM Nete

™  WReru
l PU3
© PU31 ) |
RD
g (-
S o
[
»n
WRPpoRT
P3
§ A Output latch
Ny
E —
E WRem
PM3
O PM31
Alternate |
function
(16-Bit timer/event
counter 00)
Alternate MUXSEL
function
(UARTO)
N
Comparator common input N
P3: Port register 3
PU3: Pull-up resistor option register 3
PM3: Port mode register 3
MUXSEL: Port alternate switch control register
RD: Read signal
WRxx:  Write signal
Note R7FO0C3034, R7F0C3044, R7F0C3054, R7F0C3094, R7F0C3104, and R7F0C3114 (products with

comparator) only

Remark Functions in angle brackets < > can be assigned by setting the input switch control register (MUXSEL).
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R7FOC30x, R7FOC31x CHAPTER 4 PORT FUNCTIONS

Figure 4-12. Block Diagram of P31 (2/2)

(2) 20-pin products

Vob
M|  WRpu
l PU3
S PU31
RD
Fany | % L
< (3]
| S
%) n
=}
2 WRpoRT
g P3
@
IS A Output latch
~ (P31) © P31/TxDO/CMPCOM Nete
WRpm
PM3
S PM31
Alternate
function
Comparator common input N°t®
%
P3: Port register 3
PUS: Pull-up resistor option register 3
PM3:  Port mode register 3
RD: Read signal
WRxx: Write signal
Note R7F0C3036, R7F0C3046, R7F0C3056, R7FO0C3096, R7F0C3106, and R7F0C3116 (products with
comparator) only
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R7FOC30x, R7FOC31x CHAPTER 4 PORT FUNCTIONS

Figure 4-13. Block Diagram of P32 (1/2)

(1) 16-pin products

Vop
] WRpu
l PU3
S PU32
Alternate
function
(UARTO)
MUXSEL
Alternate
® function
a3 (16-Bit timer/event |
5 counter 00)
£
2 RD
S
| | g <} |
[s]
N <@
| o
»
WRPpoRT
P3
A Output latch P32/RxDO/
N
(P32) © <TI010>/CMPIN Nete
WRem
PM3
S PM32
S Comparator input No®
P3: Port register 3
PU3: Pull-up resistor option register 3
PM3: Port mode register 3
MUXSEL: Port alternate switch control register
RD: Read signal
WRxx:  Write signal
Note R7FO0C3034, R7F0C3044, R7F0C3054, R7F0C3094, R7F0C3104, and R7F0C3114 (products with
comparator) only
Remark Functions in angle brackets < > can be assigned by setting the input switch control register (MUXSEL).
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CHAPTER 4 PORT FUNCTIONS

Figure 4-13. Block Diagram of P32 (2/2)

(2) 20-pin products

Selector

© P32/RxDO/CMPIN Nete

M
WRpu
l PU3
© PU32
Alternate
function
RD
(2]
]
sl 4 I
© 7 |
=
2
k= WRProRT
P3
A Qutput latch
~ (P32)
WReM
PM3
S PM32
~_/
P3: Port register 3
PUS: Pull-up resistor option register 3
PM3:  Port mode register 3
RD: Read signal
WRxx: Write signal
Note

Comparator input N

R7F0C3036, R7F0C3046, R7F0C3056, R7FO0C3096, R7F0C3106, and R7F0C3116 (products with

comparator) only
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CHAPTER 4 PORT FUNCTIONS

Figure 4-14. Block Diagram of P33

© P33/TI000/INTP1

WRPru
l PU3
N PU33
Alternate function
RD
| s
Vany Q
o 7 | 2
o n
g WRProrT
2 P3
£
A Qutput latch
~ (P33)
WRepm
PM3
S PM33
N
P3: Port register 3
PU3: Pull-up resistor option register 3
PM3:  Port mode register 3
RD: Read signal
WRxx: Write signal
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R7FOC30x, R7FOC31x

CHAPTER 4 PORT FUNCTIONS

Figure 4-15. Block Diagram of P34

—O P34/TI010/TO00/CMPOUT Note

M|  WRru
l PU3
S PU34
Alternate
function
RD
l I 2
[$]
g [ ° | 2
F n
] WReoRT
8 P3
£
K Output latch
= (P34)
WRem
PM3
S PM34
Alternate
function
N
P3: Port register 3

PU3: Pull-up resistor option register 3
PM3:  Port mode register 3

RD: Read signal

WRxx: Write signal

Note  R7F0C3036, R7F0C3046, R7FOC3056, R7F0C3096, R7F0C3106, and R7FOC3116 (products with

comparator) only
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R7FOC30x, R7FOC31x CHAPTER 4 PORT FUNCTIONS

4.2.3 Port12
16-pin products 20-pin products
P121/X1/<TI000>/<INTP1>/TOOLCO P121/X1/TOOLCO
P122/X2/EXCLK/TOOLDO P122/X2/EXCLK/TOOLDO
P125/<TI000>/<INTP1>/RESET P125/RESET

Remark Functions in angle brackets < > can be assigned by setting the input switch control register (MUXSEL).

P121, P122 function as an I/O port with an output latch. P125 can be set to the input mode or output mode in 1-bit
units using port mode register 12 (PM12).

P125 functions as an Input port.

When used as an input port for P125, use of an on-chip pull-up resistor can be specified by pull-up resistor option
register 12 (PU12).

This port can also be used as pins for connecting resonator for main system clock, external clock input for main system
clock, external reset input, and clock input and data 1/O for flash memory programmer/on-chip debugger, external interrupt
request input, timer input.

Set bit 5 (RSTM) of the reset pin mode register (RSTMASK) to 1 when using P125/RESET as an input port, and clear
RSTM to 0 when using P125/RESET as an external reset input.

Reset signal generation sets port 12 to input mode.

Figures 4-16, 4-17 show block diagrams of port 12.

Cautions 1. When using the P121, P122 pins to connect a resonator for the main system clock (X1, X2) or to
input an external clock for the main system clock (EXCLK), the X1 oscillation mode or external
clock input mode must be set by using the clock operation mode select register (OSCCTL) (for
details, refer to 5.3 (1) Clock operation mode select register (OSCCTL)). The reset value of
OSCCTL is O0H (all of the P121, P122 pins are Input port pins).

2. RESET/P125 is set in an external reset input after a reset release.

3. Because RESET/P125 is set in the external reset input immediately after release of reset, if a reset
signal is generated during low level input, the reset status continues until the input rises to the
high level.

RO1UH0389EJ0120 Rev.1.20 R NS 82
Oct 09, 2014 ENES
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Figure 4-16. Block Diagram of P121, P122 (1/2)

(1) 16-pin products

M 7
OSCCTL
OSCSEL
RD
S
N | 3 ;
| ©
7]
WRporT
P12 —
A Output latch
S (P122) © P122/X2/EXCLK/TOOLDO
WRem
PM12
S PM122 H_/:\
OSCCTL
OSCSEL OSCCTL
12
a EXCLK, OSCSEL % #&
] @)
£
2o
£
MUXSEL
INTP1SEL1 INTP1SELO| TMOOSEL1| TMOOSELO
[ I I J
Alternate
function |
S © < © <
& | 5
| ©
7]
WRporT
P12 —
A Output latch
~ (P121) © P121/X1/<TI000>/
<INTP1>/TOOLCO
WRem
PM12
S PM121
OSCCTL
OSCSEL
N/

P12: Port register 12

PU12:  Pull-up resistor option register 12
PM12: Port mode register 12

OSCCTL: Clock operation mode select register
MUXSEL: Port alternate switch control register
RD: Read signal

WRxx:  Write signal

Remark Functions in angle brackets < > can be assigned by setting the input switch control register (MUXSEL).
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R7FOC30x, R7FOC31x CHAPTER 4 PORT FUNCTIONS

Figure 4-16. Block Diagram of P121, P122 (2/2)

(2) 20-pin products

M 7
0SCCTL
OSCSEL
RD
A ]
N >
wn
WReprorT
P12
Output latch
(P122) N © P122/X2/EXCLK/TOOLDO
WRem
PM12
PM122 5“\\
0SCCTL
OSCSEL 0SCCTL
2 EXCLK, OSCSEL §§ (—ziﬂx
5
<
5
E

RD
= 04 oﬂ
&
! 3
WRPpoRT
P12
Output latch
(P121) ™ © P121/X1/TOOLCO
WRpm
PM12
PM121 _)_/‘\
OSCCTL
OSCSEL
U/
P12: Port register 12
PU12:  Pull-up resistor option register 12
PM12: Port mode register 12
OSCCTL: Clock operation mode select register
RD: Read signal
WRxx:  Write signal
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Figure 4-17. Block Diagram of P125 (1/2)

(1) 16-pin products

Voo
A
WRPeu
L PU12
& PU125 {>c I P-ch
MUXSEL
INTP1SEL1[INTP1SELO[ TMOOSEL1| TMOOSELO |
| |

2] Alternate
3 O O
% RD function 4 4 ﬂ
£
2 \\
E I

A\~

| +——©) P125/<TI000>/
<INTP1>/RESET
Internal reset C T ‘
WRpm
J RSTMASK
& RSTM
o

PU12: Pull-up resistor option register 12

RSTMASK: Reset pin mode register

MUXSEL: Port alternate switch control register
RD: Read signal

WRxx: Write signal

Caution Because RESET/P125 is set in the external reset input immediately after release of reset, if a reset
signal is generated during low level input, the reset status continues until the input rises to the high

level.

Remarks 1. After reset, the external reset function and the pull-up resistor are enabled (RSTM = 0, PU125 = 1). Set

RSTM bit to 1 when using as a port function.
2. Functions in angle brackets < > can be assigned by setting the input switch control register (MUXSEL).
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Figure 4-17. Block Diagram of P125 (2/2)

(2) 20-pin products

Vob
M
WRepu
J PU12
S PU125 {>c H P-ch
RD
2 J I
= R |
g +——O P125/RESET
£
Internal reset < E (
WRem
l RSTMASK
S RSTM
~_/
PU12: Pull-up resistor option register 12
RSTMASK: Reset pin mode register
RD: Read signal

WRxx: Write signal

Caution Because RESET/P125 is set in the external reset input immediately after release of reset, if a reset
signal is generated during low level input, the reset status continues until the input rises to the high

level.

Remark After reset, the external reset function and the pull-up resistor are enabled (RSTM = 0, PU125 = 1). Set
RSTM bit to 1 when using as a port function.
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4.3 Registers Controlling Port Function
Port functions are controlled by the following six types of registers.

e Port mode registers (PMxx)

e Port registers (Pxx)

o Pull-up resistor option registers (PUxx)

¢ Reset pin mode register (RSTMASK)

o A/D port configuration register (ADPC)

o Port alternate switch control register (MUXSEL) (16-pin products only)

(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.
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Figure 4-18. Format of Port Mode Register (16-pin products)

Symbol 7 6 5 4 3 2 1 0 Address  After reset R/W
PM2 [PM27'!Pmetee ! [PM2s™e | 1 | 1 pm22"e P21 ipmaote | FR22H FFH R/W
<R> M3 | 1 | 1 [ 1 | 1 | 1 |pms2'e2lpm31™®? Pm3o | FrasH FFH RIW
pmi2 | 1 [ 1 [ 1 [ 1 | 1 [pmize|pwi2t| 1 | FRcH  FFH RW
PMmn Pmn pin /0 mode selection
(m=2,3,12;n=0t02,5t07)
0 Output mode (output buffer on)
1 Input mode (output buffer off)
Notes 1. If this pin is set as an analog input by using the ADPC register, be sure to set it to input mode.
2. If this pin is set as an analog input by using the CMPPC register, be sure to set it to input mode
(R7FO0C3034, R7F0C3044, R7F0C3054, R7F0C3094, R7F0C3104, and R7F0C3114 (products with
comparator) only).
Caution Be sure to set bits 3 and 4 of PM2, bits 3 to 7 of PM3, bits 0, 3 to 7 of PM12 to 1.
Figure 4-19. Format of Port Mode Register (20-pin products)
Symbol 7 6 5 4 3 2 1 0 Address  After reset R/W
PM2 |P|v|27"°‘e1PM26"°te1 PM25" " | PM24" PM23"te TPM22Nte PM21 N PM20N e | FF22H FFH R/W
<R> PM3 | 1 1| 1 | Pma4 | Pms3 |pma2tezlpmaitee? pm3o | FF2sH  FFH RIW
PM12 | 1 1| 1 | 1 | 1 |emiz2|pmi2r| 1 | FRCH FRH RW
PMmn Pmn pin I/0 mode selection
(m=2,3,12;,n=0t07)
0 Qutput mode (output buffer on)
1 Input mode (output buffer off)
Notes 1. If this pin is set as an analog input by using the ADPC register, be sure to set it to input mode.
2. |If this pin is set as an analog input by using the CMPPC register, be sure to set it to input mode
(R7FOC3036, R7F0C3046, R7F0C3056, R7F0C3096, R7FOC3106, and R7FOC3116 (products with
comparator) only).
Caution Be sure to set bits 5 to 7 of PMS3, bits 0, 3 to 7 of PM12 to 1.
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(2) Port registers (Pxx)
These registers write the data that is output from the chip when data is output from 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 00H.

Figure 4-20. Format of Port Register (16-pin products)

Symbol 7 6 5 4 3 2 1 0 Address After reset R/W
P2 P27t [pogheet [posteet | g | o |poott | pogheet| pog¥et | FFO2H  0OH (outputlaich) R
<R> P o | o | o | o | o [Ps%er[pat™'| P30 | FFOBH  OOH (outputlaich) R/MW
P2 | o | o [Pies | o | o [|p122"e2prar™e2| o | FFOCH  00H (outputlatch) R/MW
Pmn m=2,3,12;n=0t02,5t07

Output data control (in output mode)

Input data read (in input mode)

0 Output 0 Input low level
1 Output 1 Input high level
Notes 1. If this pin is set as an analog input and to input mode, do not access the output latch.

2. “0” is always read from the output latch of the pin in the X1 oscillation mode or external clock input

mode.
Figure 4-21. Format of Port Register (20-pin products)
Symbol 7 6 5 4 3 2 1 0 Address After reset R/W
P2 P27ttt | poghetet | poshetet | pogheret | poghetet | poghetet | pphetet | poghetet | FFO2H  00H (output latch)  R/W
<R> P3| 0 0 o | Psa | P33 [Ps2™e'|P3i™e'| P30 | FFOBH  0OH (outputlatch) RMW
P2 | o | o [pPizs| o 0 |p122*e2lprat™e2l o | FFOCH  00H (output latch) R/W
Pmn m=2,3,12;n=0t07
QOutput data control (in output mode) Input data read (in input mode)
0 Qutput 0 Input low level
1 Output 1 Input high level
Notes 1. If this pin is set as an analog input and to input mode, do not access the output latch.

2. “0” is always read from the output latch of the pin in the X1 oscillation mode or external clock input
mode.
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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 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 and bits

used as alternate-function output pins, 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 00H (sets only PU12 to 20H).

Figure 4-22. Format of Pull-up Resistor Option Register (16-pin products)

Symbol 7 6 5 4 3 2 1 0 Address  After reset R/W
Pus | o | o | o | o | o [puse | Pust | Puso | FrasH 00H RIW
PU12 [ o o |Puizs| o 0 0 0 0 | FFacH  20H RIW

PUmn Pmn pin on-chip pull-up resistor selection
(m=3,12;n=0102, 5)
0 On-chip pull-up resistor not connected
1 On-chip pull-up resistor connected
Figure 4-23. Format of Pull-up Resistor Option Register (20-pin products)

Symbol 7 6 5 4 3 2 1 0 Address  After reset R/W
Pus | o | o | o | pusa | Puss | puse | Pust | Puso | FrasH 00H RIW
Put2 | o | o |putzs| o | o | o | o | o |FrecH 20 RW

PUmn Pmn pin on-chip pull-up resistor selection

(m=3,12; n=01to05)

0 On-chip pull-up resistor not connected
1 On-chip pull-up resistor connected
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CHAPTER 4 PORT FUNCTIONS

(4) Reset pin mode register (RSTMASK)
This register sets the pin function of RESET/P125 (external reset input/input-dedicated port).

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

Figure 4-24. Format of Reset Pin Mode Register (RSTMASK)

Address: FF2DH  After reset: 0OH R/W

Symbol 7 6 5 4 3 2 1 0
RSTMASK 0 0 RSTM 0 0 0 0 0
RSTM RESET/P125 pin function selection
0 Using as external reset input (RESET)
1 Using as input-dedicated port (P125)
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(5) A/D port configuration register (ADPC)
ADPC switches the P20/AMPO-/ANIO to P24/ANI4 (if the 16-pin products, P20/AMPO-/ANIO to P22/AMPO0+/ANI2,
P25/AMP1-/ANI5 to P27/AMP1+/ANI7) pins to digital I/O or analog I/O of port. Each bit of ADPC corresponds to a pin
of port 2 and can be specified in 1-bit units.
The register can be set by a 1-bit or 8-bit memory manipulation instruction.
Reset signal generation clears ADPC to 00H.

Figure 4-25. Format of A/D Port Configuration Register (ADPC) (16-pin products)

Address: FF97H  After reset: 00H R/W

Symbol 7 6 5 4 3 2 1 0
ADPC ADPC7 ADPC6 ADPC5 0 ‘ 0 ‘ ADPC2 ‘ ADPC1 ‘ ADPCO |
ADPCn Digital I/O or analog I/O selection (n=0to 2, 5to 7)
0 Analog I/O
1 Digital I/O

Cautions 1. Set the pin set to analog input to the input mode by using port mode register 2 (PM2).
2. If data is written to ADPC, a wait cycle is generated. Do not write data to ADPC when the
peripheral hardware clock is stopped. For details, refer to CHAPTER 26 CAUTIONS FOR WAIT.

Figure 4-26. Format of A/D Port Configuration Register (ADPC) (20-pin products)

Address: FF97H  After reset: 00H R/W

Symbol 7 6 5 4 3 2 1 0
ADPC 0 0 0 ADPC4 ADPC3 ADPC2 ADPCH1 ADPCO
ADPCn Digital I/0 or analog /O selection (n = 0 to 4)
0 Analog I/O
1 Digital /0

Cautions 1. Set the pin set to analog input to the input mode by using port mode register 2 (PM2).
2. If data is written to ADPC, a wait cycle is generated. Do not write data to ADPC when the
peripheral hardware clock is stopped. For details, refer to CHAPTER 26 CAUTIONS FOR WAIT.
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(6) Port alternate switch control register (MUXSEL) (16-pin products only)
This register assigns the pin function.
This register can be set by a 1-bit or 8-bit memory manipulation instruction.
Reset signal generation clears MUXSEL to O0H.

Figure 4-27. Format of Port Alternate Switch Control Register (MUXSEL)

Address: FF39H  After reset: 00H R/W

Symbol <7> <6> <5> <4> 3 2 <1> <0>
MUXSEL |INTP1SEL1 |INTP1SELO | TMOOSEL1 | TMOOSELO 0 0 TIO10SEL | TOOOSEL
INTP1SEL1 |[INTP1SELO External interrupt input (INTP1) pin assignment
0 0 (default)
0 1 P121/INTP1
1 0 P125/INTP1
1 1 Setting prohibited
TMOOSEL1 | TMOOSELO 16-bit timer/event counter 00 input (TI000) pin assignment
0 0 (default)
0 1 P121/TI000
1 0 P125/TI1000
1 1 Setting prohibited
TIO10SEL 16-bit timer/event counter 00 input (TI010) pin assignment
0 (default)
1 P32/T1010
TOOOSEL 16-bit timer/event counter 00 output (TO00) pin assignment
0 (default)
1 P31/TO00
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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.
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 /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.
The data of the output latch is cleared when a reset signal is generated.
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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 4-12, 4-13.

Table 4-12. Settings of Port Mode Register and Output Latch When Using Alternate Function (16-pinprodcts) (1/2)

Pin Name Alternate Function PMxx Pxx
Function Name /0
P20 ANIQ""" Input 1 x
AMPO-"""2 Input 1 x
P21 AN Input 1 x
AMPOOQUT "'*="2 Output 1 x
P22 AN[2"*! Input 1 x
AMPO4 "ot 2 Input 1 x
P25 ANI5"*" Input 1 x
AMP1-teree 2 Input 1 x
P26 ANIg""" Input 1 X
AMP10OUT "2 Output 1 x
P27 ANI7"*" Input 1 x
AMP1 4 Mot Input 1 x
P30 INTPO Input 1 x
TI51 Input 1 X
TOHA1 Output 0 0
P31 TxDO""*? Output 0 1
<TO00> “*° Output 0 0
CMPCOM"***? Input 1 x
P32 RxDO"** Input 1 x
<TI010>"** Input 1 x
CMPIN "2 Input 1 x

Notes1. The pin function can be selected by using ADPC register, PM2 register, ADS register, and AMPH register.
Refer to Tables 4-5 and 4-6 of 4.2.1 Port 2.
2. R7F0C3034, R7F0C3044, R7F0C3054, R7F0C3094, R7F0C3104, and R7FO0C3114 (products with
operational amplifier/comparator) only.
3. The pin function can be selected by using CMPPC register, PM3 register, CMPCTL register. Refer to Tables
12-2 and 12-3 of 12.3 Registers Controlling Comparator.

Remarks 1. x: Don’t care
PMxx: Port mode register
Pxx:  Port output latch
2. Functions in angle brackets < > can be assigned by setting the input switch control register (MUXSEL).
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Table 4-12. Settings of Port Mode Register and Output Latch When Using Alternate Function (16-pin products) (2/2)
Pin Name Alternate Function PMxx Pxx
Function Name /0
P121 X! — x x
<TI000> Input 1 X
<INTP1> Input 1 X
TOOLCO Input x x
P122 xaree! - X x
EXCLK"*" Input x x
TOOLDO 110 x x
P125 RESET""* Input x x
<TI1000> Input 1 X
<INTP1> Input 1 X
Notes 1. When using the P121 and P122 pins to connect a resonator for the main system clock (X1, X2) or to input an

external clock for the main system clock (EXCLK), the X1 oscillation mode or external clock input mode must
be set by using OSCCTL register (for details, refer to 5.3 (1) Clock operation mode select register
(OSCCTL)). The reset value of OSCCTL is 00H (both P121 and P122 are input port pins).

2. Clear RSTM bit (bit 5 of RSTMASK register) to 0 when using P125 as an external reset input (RESET).
Remarks 1. x: Don’t care
PMxx: Port mode register
Pxx:  Port output latch
2. Functions in angle brackets < > can be assigned by setting the input switch control register (MUXSEL).
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Table 4-13. Settings of Port Mode Register and Output Latch When Using Alternate Function (20-pin prodcts) (1/2)

Pin Name Alternate Function PMxx Pxx
Function Name /0
P20 ANIQ"™" Input 1 x
AMPOQ-"== "2 Input 1 x
P21 ANI{"*? Input 1 X
AMPOOUT "= "2 Output 1 x
P22 ANJ2"*! Input 1 X
AMPO4 e ™2 Input 1 x
P23, P24 ANI3, ANI4"" ' Input 1 x
P25 AMP1- "2 Input 1 x
P26 AMP10OUT "2 Output 1 X
P27 AMP14 "2 Input 1 x
P30 INTPO Input 1 x
TI51 Input 1 X
TOH1 Output 0 0
P31 TxDO "** Output 0 1
CMPCOM ™2 Input 1 x
P32 RxDQ "¢? Input 1 x
CMPIN 22 Input 1 x
P33 INTP1 Input 1 X
TI000 Input 1 X
P34 TOO00 Input 1 x
TIO10 Output 0
CMPOUT "*? Output
Notes1. The pin function can be selected by using ADPC register, PM2 register, ADS register, and AMPH register.
Refer to Tables 4-7 to 4-11 of 4.2.1 Port 2.
2. R7F0C3036, R7F0C3046, R7F0C3056, R7FOC3096, R7F0C3106, and R7F0C3116 (products with
operational amplifier/comparator) only.
3. The pin function can be selected by using CMPPC register, PM3 register, CMPCTL register. Refer to Tables
12-2 and 12-3 of 12.3 Registers Controlling Comparator.
Remark x: Don’t care

PMxx: Port mode register
Pxx:  Port output latch
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Table 4-13. Settings of Port Mode Register and Output Latch When Using Alternate Function (20-pin products) (2/2)

Pin Name Alternate Function PMxx Pxx
Function Name /0
P121 X! - x x
TOOLCO Input x x
P122 xatr! - x x
EXCLK"™" Input x x
TOOLDO 110 X x
P125 RESET""* Input x x
Notes 1. When using the P121 and P122 pins to connect a resonator for the main system clock (X1, X2) or to input an

Remark

external clock for the main system clock (EXCLK), the X1 oscillation mode or external clock input mode must
be set by using OSCCTL register (for details, refer to 5.3 (1) Clock operation mode select register

(OSCCTL)). The reset value of OSCCTL is 00H (both P121 and P122 are input port pins).
Clear RSTM bit (bit 5 of RSTMASK register) to 0 when using P125 as an external reset input (RESET).

X: Don’t care
PMxx: Port mode register
Pxx:  Port output latch
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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 P20 is an output port, P21 to P27 are input ports (all pin statuses are high level), and the port
latch value of port 2 is 00H, if the output of output port P20 is changed from low level to high level via a
1-bit manipulation instruction, the output latch value of port 2 is 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, R7FOC30x, R7FOC31x
microcontrollers.

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

In step <1>, the output latch value (0) of P20, which is an output port, is read, while the pin statuses of
P21 to P27, which are input ports, are read. If the pin statuses of P21 to P27 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 4-28 1-Bit Manipulation Instruction (P20)

1-bit manipulation
P20 @ instruction P20 @
. (set1 P2.0) -
Low-level output is executed for P20 High-level output
bit.
P21 to P27 @ I::> P21 to P27 @
Pin status: High level Pin status: High level
Port 2 output latch Port 2 output latch
[ofofofofofofofo] EEERERENERENERED

1-bit manipulation instruction for P20 bit

<1> Port register 2 (P2) is read in 8-bit units.
¢ In the case of P20, an output port, the value of the port output latch (0) is read.
¢ In the case of P21 to P27, input ports, the pin status (1) is read.

<2> Set the P20 bit to 1.

<3> Write the results of <2> to the output latch of port register 2 (P2)
in 8-bit units.

Remark The following instructions are 1-bit manipulation instructions.
¢ MOV1, AND1, OR1, XOR1, SET1, CLR1, NOT1
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CHAPTER 5 CLOCK GENERATOR

5.1 Functions of Clock Generator

The clock generator generates the clock to be supplied to the CPU and peripheral hardware.
The following three 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 10 MHz by connecting a resonator to X1 and X2.
Oscillation can be stopped by executing the STOP instruction or using the main OSC control register (MOC).

<2> Internal high-speed oscillator
This circuit oscillates a clock of fiH = 8 MHz (TYP.). After a reset release, the CPU always starts operating
with this internal high-speed oscillation clock. Oscillation can be stopped by executing the STOP instruction
or using the internal oscillation mode register (RCM).

An external main system clock (fexcik = 1 to 10 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 using RCM.

As the main system clock, a high-speed system clock (X1 clock or external main system clock) or internal high-
speed oscillation clock can be selected by using the main clock mode register (MCM).

Remark fx: X1 clock oscillation frequency
fiH: Internal high-speed oscillation clock frequency
fexck:  External main system clock frequency

(2) Internal low-speed oscillation clock (clock for watchdog timer)
¢ Internal low-speed oscillator

This circuit oscillates a clock of fiL = 240 kHz (TYP.). After a reset release, the internal low-speed oscillation
clock always starts operating.
Oscillation can be stopped by using the internal oscillation mode register (RCM) when “internal low-speed
oscillator can be stopped by software” is set by option byte.
The internal low-speed oscillation clock cannot be used as the CPU clock. The following hardware operates with
the internal low-speed oscillation clock.

o Watchdog timer
o 8-bit timer H1 (when fi, fiL/2’, or fiL/2°is selected)

Remark fi.: Internal low-speed oscillation 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 select register (OSCCTL)

Processor clock control register (PCC)

Internal oscillation mode register (RCM)

Main OSC control register (MOC)

Main clock mode register (MCM)

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

Oscillators X1 oscillator
Internal high-speed oscillator
Internal low-speed oscillator
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Remark fx: X1 clock oscillation frequency
fiH: Internal high-speed oscillation clock frequency
fexcik:  External main system clock frequency
fxH: High-speed system clock frequency
fxp: Main system clock frequency
frRs: Peripheral hardware clock frequency
fepu: CPU clock frequency
fiL: Internal low-speed oscillation clock frequency

5.3 Registers Controlling Clock Generator
The following seven registers are used to control the clock generator.

¢ Clock operation mode select register (OSCCTL)

e Processor clock control register (PCC)

¢ Internal oscillation mode register (RCM)

e Main OSC control register (MOC)

e Main clock mode register (MCM)

¢ Oscillation stabilization time counter status register (OSTC)
¢ Oscillation stabilization time select register (OSTS)
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(1) Clock operation mode select register (OSCCTL)
This register selects the operation modes of the high-speed system clock.
OSCCTL can be set by a 1-bit or 8-bit memory manipulation instruction.
Reset signal generation clears this register to 00H.

Figure 5-2. Format of Clock Operation Mode Select Register (OSCCTL)

Address: FFO9FH After reset: OOH R/W

Symbol <7> <6> 5 4 3 2 1 0
OSCCTL | EXCLK | OSCSEL 0 0 o | o | o | o
EXCLK OSCSEL | High-speed system clock P121/X1 pin P122/X2/EXCLK 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 Input port External clock input

mode

Cautions 1. To change the value of EXCLK and OSCSEL, be sure to confirm that bit 7 (MSTOP) of
the main OSC control register (MOC) is 1 (the X1 oscillator stops or the external

clock from the EXCLK pin is disabled).
2. Be sure to clear bits 0 to 5 to 0.
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(2) Processor clock control register (PCC)
This register is used to select the CPU clock and the division ratio.
PCC is set by a 1-bit or 8-bit memory manipulation instruction.
Reset signal generation sets PCC to 01H.

Figure 5-3. Format of Processor Clock Control Register (PCC)

Address: FFFBH After reset: 01H R/W

Symbol 7 6 5 4 3 2 1 0
PCC 0 0 0 0 o | poc2 | pcct | Pcoo
PCC2 PCCA1 PCCO CPU clock (fcpu) selection

0 0 0 fxp
0 1 fxp/2 (default)
0 1 0 fxp/2?
0 1 1 fxp/2°
1 0 0 fxp/2*
Other than above Setting prohibited

Cautions1. Be sure to clear bits 3 to 7 to 0.
2. The peripheral hardware clock (frrs) is not divided when the division ratio of the PCC is set.

Remark fxr: Main system clock oscillation frequency

The fastest instruction can be executed in 2 clocks of the CPU clock in the R7FOC30x, R7FOC31x. Therefore, the
relationship between the CPU clock (fcpu) and the minimum instruction execution time is as shown in Table 5-2.

Table 5-2. Relationship between CPU Clock and Minimum Instruction Execution Time

CPU Clock (fcpu) Minimum Instruction Execution Time: 2/fcru
Main System Clock
High-Speed System Clock™* Internal High-Speed Oscillation
Clock™*
At 10 MHz Operation At 8 MHz (TYP.) Operation
fxp 0.2 us 0.25 us (TYP.)
fxp/2 0.4 us 0.5 us (TYP))
fxp/2? 0.8 us 1.0 us (TYP.)
fxp/2° 1.6 us 2.0 us (TYP.)
fxp/2* 3.2 us 4.0 us (TYP.)

Note The main clock mode register (MCM) is used to set the main system clock supplied to CPU
clock (high-speed system clock/internal high-speed oscillation clock) (refer to Figure 5-6).
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(3) Internal oscillation mode register (RCM)
This register sets the operation mode of internal oscillator.
RCM can be set by a 1-bit or 8-bit memory manipulation instruction.
Reset signal generation sets this register to 80H""".

Figure 5-4. Format of Internal Oscillation Mode Register (RCM)

Address: FFAOH  After reset: 80H" ' R/W"™*?
Symbol <7> 6 5 4 3 2 <1> <0>

RCM RSTS 0 0 0 0 0 LSRSTOP RSTOP

RSTS Status of internal high-speed oscillator
0 Waiting for accuracy stabilization of internal high-speed oscillator
1 Stability operating of internal high-speed oscillator

LSRSTOP Internal low-speed oscillator oscillating/stopped

0 Internal low-speed oscillator oscillating
1 Internal low-speed oscillator stopped

RSTOP Internal high-speed oscillator oscillating/stopped
0 Internal high-speed oscillator oscillating
1 Internal high-speed oscillator stopped

Notes 1. The value of this register is 00H immediately after a reset release but automatically changes to
80H after internal high-speed oscillator has been stabilized.
2. Bit 7 is read-only.

Caution When setting RSTOP to 1, be sure to confirm that the CPU operates with a clock other
than the internal high-speed oscillation clock. Specifically, set under the following
condition.

e When MCS = 1 (when CPU operates with the high-speed system clock)
In addition, stop peripheral hardware that is operating on the internal high-speed
oscillation clock before setting RSTOP to 1.
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(4) Main OSC control register (MOC)
This register selects the operation mode of the high-speed system clock.

This register is used to stop the X1 oscillator or to disable an external clock input from the EXCLK pin when the CPU

operates with a clock other than the high-speed system clock.

MOC can be set by a 1-bit or 8-bit memory manipulation instruction.
Reset signal generation sets this register to 80H.

Figure 5-5. Format of Main OSC Control Register (MOC)

Address: FFA2H  After reset: 80H R/W

Symbol <7> 6 5 4 3 2 1 0
MOC MSTOP 0 0 0 0 ‘ 0 ‘ 0 0
MSTOP Control of high-speed system clock operation
X1 oscillation mode External clock input mode
0 X1 oscillator operating External clock from EXCLK pin is enabled
1 X1 oscillator stopped External clock from EXCLK pin is disabled
Cautions 1. When setting MSTOP to 1, be sure to confirm that the CPU operates with a clock
other than the high-speed system clock. Specifically, set under the following
condition.
e When MCS = 0 (when CPU operates with the internal high-speed oscillation
clock)
In addition, stop peripheral hardware that is operating on the high-speed system
clock before setting MSTOP to 1.
2. Do not clear MSTOP to 0 while bit 6 (OSCSEL) of the clock operation mode select
register (OSCCTL) is 0 (input port mode).
3. The peripheral hardware cannot operate when the peripheral hardware clock is

stopped. To resume the operation of the peripheral hardware after the peripheral
hardware clock has been stopped, initialize the peripheral hardware.
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(5) Main clock mode register (MCM)
This register selects the main system clock supplied to CPU clock and clock supplied to peripheral hardware clock.

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

Figure 5-6. Format of Main Clock Mode Register (MCM)

Address: FFATH  After reset: 00H R/W"*

Symbol
MCM

7 6 5 4 3 <2> <1> <0>
0 0 0 0 0 XSEL MCS MCMO
XSEL MCMO Selection of clock supplied to main system clock and peripheral hardware
Main system clock (fxr) Peripheral hardware clock (fers)
0 0 Internal high-speed oscillation clock Internal high-speed oscillation clock
0 1 (fin) (fin)
1 0 High-speed system clock (fx+)
1 1 High-speed system clock (fx+)
MCS Main system clock status
0 Operates with internal high-speed oscillation clock
1 Operates with high-speed system clock

Note Bit 1 is read-only.

Cautions 1. XSEL can be changed only once after a reset release.
2. A clock other than frrs is supplied to the following peripheral functions regardless of
the setting of XSEL and MCMO.
o Watchdog timer (operates with internal low-speed oscillation clock)
e When “fiL”, “fi/2"”, or “fi/2°” is selected as the count clock for 8-bit timer H1
(operates with internal low-speed oscillation clock)
e Peripheral hardware selects the external clock as the clock source
(Except when the external count clock of TMO0O is selected (TI000 pin valid edge))
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(6) Oscillation stabilization time counter status register (OSTC)
This is the register that indicates the count status of the X1 clock oscillation stabilization time counter. When X1 clock
oscillation starts with the internal high-speed oscillation clock used as the CPU clock, the X1 clock oscillation
stabilization time can be checked.
OSTC can be read by a 1-bit or 8-bit memory manipulation instruction.
When reset is released (reset by RESET input, POC, LVI, and WDT), the STOP instruction and MSTOP (bit 7 of MOC
register) = 1 clear OSTC to 00H.

Figure 5-7. Format of Oscillation Stabilization Time Counter Status Register (OSTC)

Address: FFA3SH Afterreset: 00H R

Symbol 7 6 5 4 3 2 1 0
OSTC 0 0 0 MOST11 MOST13 MOST14 MOST15 MOST16
MOST11 MOST13 MOST14 MOST15 MOST16 Oscillation stabilization time status
fx=10 MHz

1 0 0 0 0 2" /fx min. 204.8 45 min.

1 1 0 0 0 2"%/fx min. 819.2 ys min.

1 1 1 0 0 2"/fx min. 1.64 ms min.

1 1 1 1 0 2"/fx min. 3.27 ms min.

1 1 1 1 1 2"%/fx min. 6.55 ms min.

Cautions 1. After the above time has elapsed, the bits are set to 1 in order from MOST11 and
remain 1.

2. The oscillation stabilization time counter counts up to the oscillation stabilization
time set by OSTS. If the STOP mode is entered and then released while the internal
high-speed oscillation clock is being used as the CPU clock, set the oscillation
stabilization time as follows.

¢ Desired OSTC oscillation stabilization time < Oscillation stabilization time set
by OSTS
Note, therefore, that only the status up to the oscillation stabilization time set by
OSTS is set to OSTC after 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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(7) 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 waits for the time set using OSTS after the STOP
mode is released.
When the internal high-speed oscillation clock is selected as the CPU clock, confirm with 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 OSTC.
OSTS can be set by an 8-bit memory manipulation instruction.
Reset signal generation sets OSTS to 05H.

Figure 5-8. Format of Oscillation Stabilization Time Select Register (OSTS)

Address: FFA4H  After reset: 05H R/W

Symbol 7 6 5 4 3 2 1 0
OSTS 0 0 0 0 0 OSTS2 ‘ OSTS1 ‘ OSTSO0
0OSTS2 OSTSH1 OSTSO0 Oscillation stabilization time selection
fx =10 MHz

0 0 1 2" /fx 204.8 us

0 1 0 2"%/fx 819.2 us

0 1 1 2"/fx 1.64 ms

1 0 0 2"%/fx 3.27 ms

1 0 1 2"%/fx 6.55 ms

Other than above Setting prohibited

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

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

3. The oscillation stabilization time counter counts up to the oscillation stabilization
time set by OSTS. If the STOP mode is entered and then released while the internal
high-speed oscillation clock is being used as the CPU clock, set the oscillation
stabilization time as follows.

¢ Desired OSTC oscillation stabilization time < Oscillation stabilization time set
by OSTS
Note, therefore, that only the status up to the oscillation stabilization time set by
OSTS is set to OSTC after STOP mode is released.

4. 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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5.4 System Clock Oscillator

5.4.1 X1 oscillator

The X1 oscillator oscillates with a crystal resonator or ceramic resonator (1 to 10 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.

Figure 5-9 shows an example of the external circuit of the X1 oscillator.

Figure 5-9. Example of External Circuit of X1 Oscillator

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

| Vss
1— lT X1
:  m—

D

External clock ————— | EXCLK

Cautions are listed on the next page.

Caution When using the X1 oscillator, wire as follows in the area enclosed by the broken lines in the Figure 5-
10 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.

e 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.

Figure 5-10 shows examples of incorrect resonator connection.
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(c) Wiring near high alternating current

Vs

Figure 5-10. Examples of Incorrect Resonator Connection (1/2)

(a)

Too long wiring

(b) Crossed signal line

PORT
Vss X1 X2 Vss X1 X2
. -
1
e 777

X2

Vo
T

Ii,
),

A

High current

(d) Current flowing through ground line of oscillator
(potential at points A, B, and C fluctuates)

Vob

PDP |
T T

7-7-i High current
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Figure 5-10. Examples of Incorrect Resonator Connection (2/2)

(e) Signals are fetched

Vs! X2

Vo
TN

[

e

5.4.2 Internal high-speed oscillator

The internal high-speed oscillator is incorporated in the R7FOC30x, R7FOC31x. Oscillation can be controlled by the
internal oscillation mode register (RCM).

After a reset release, the internal high-speed oscillator automatically starts oscillation.

5.4.3 Internal low-speed oscillator

The internal low-speed oscillator is incorporated in the R7FOC30x, R7FOC31x.

The internal low-speed oscillation clock is only used as the watchdog timer and the clock of 8-bit timer H1. The internal
low-speed oscillation clock cannot be used as the CPU clock.

“Can be stopped by software” or “Cannot be stopped” can be selected by the option byte. When “Can be stopped by
software” is set, oscillation can be controlled by the internal oscillation mode register (RCM).

After a reset release, the internal low-speed oscillator automatically starts oscillation, and the watchdog timer is driven
(240 kHz (TYP.)) if the watchdog timer operation is enabled using the option byte.

5.4.4 Prescaler
The prescaler generates the CPU clock by dividing the main system clock when the main system clock is selected as
the clock to be supplied to the CPU.
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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 (refer to Figure 5-1).

e Main system clock fxp
e High-speed system clock fxH
X1 clock fx
External main system clock fexcik
¢ Internal high-speed oscillation clock fiH
o Internal low-speed oscillation clock fi.
e CPUclock fcpu
e Peripheral hardware clock frrs

The CPU starts operation when the internal high-speed oscillator starts outputting after a reset release in the
R7F0C30x, R7FOC31x, thus enabling the following.

(1) Enhancement of security function
When the X1 clock is set as the CPU clock by the default setting, the device cannot operate if the X1 clock is
damaged or badly connected and therefore does not operate after reset is released. However, the start clock of the
CPU is the internal high-speed oscillation clock, so the device can be started by the internal high-speed oscillation
clock after a reset release. Consequently, the system can be safely shut down by performing a minimum operation,
such as acknowledging a reset source by software or performing safety processing when there is a malfunction.

(2) Improvement of performance
Because the CPU can be started without waiting for the X1 clock oscillation stabilization time, the total performance
can be improved.
When the power supply voltage is turned on, the clock generator operation is shown in Figures 5-11 and 5-12.
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Figure 5-11. Clock Generator Operation When Power Supply Voltage Is Turned On
(When LVI Default Start Function Stopped Is Set (Option Byte: LVISTART = 0))

Power supply
voltage (VDD)

oV

Internal reset signal <1> l

1<8>
:Waiting for ) Switched by
voltage stabilization, [, Reset processing (111063 ps) /" software 5
. (1.61t0527ms): /:
CPU clock :\Internal high-speed oscillation clock>< High-speed system clock X Subsystem clockNo'® 3
1<2>

Internal high-speed
oscillation clock (fiH) '

-

Waiting for oscillation

High-speed accuracy stabilization <4>
system clock (fxr) (90 to 482 ps)Nete?
(when X1 oscillation !

selected) ' X1 clock
oscillation stabilization time:
! 2fx to 2'/fNete 2

Subsystem clock (fsus) Starting X1 oscillation  _4..
(when XT1 oscillation is set by software.
selected)°te?

Starting XT1 oscillation
is set by software.

<1> When the power is turned on, an internal reset signal is generated by the power-on-clear (POC) circuit.

<2> When the power supply voltage exceeds 1.59 V (TYP.), the reset is released and the internal high-speed
oscillator automatically starts oscillation.

<3> When the power supply voltage rises with a slope of 0.5 V/ms (MIN.), the CPU starts operation on the internal
high-speed oscillation clock after the reset is released and after the stabilization times for the voltage of the
power supply and regulator have elapsed, and then reset processing is performed.

<4> Set the start of oscillation of the X1 clock via software (refer to (1) in 5.6.1 Example of controlling high-speed
system clock).

<5> When switching the CPU clock to the X1 clock, wait for the clock oscillation to stabilize, and then set switching via
software (refer to (3) in 5.6.1 Example of controlling high-speed system clock).

Notes 1. The internal voltage stabilization time includes the oscillation accuracy stabilization time of the internal
high-speed oscillation clock.

2. When releasing a reset (above figure) or releasing STOP mode while the CPU is operating on the internal
high-speed oscillation clock, confirm the oscillation stabilization time for the X1 clock using the oscillation
stabilization time counter status register (OSTC). If the CPU operates on the high-speed system clock (X1
oscillation), set the oscillation stabilization time when releasing STOP mode using the oscillation
stabilization time select register (OSTS).
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Cautions 1.

If the voltage rises with a slope of less than 0.5 V/ms (MIN.) from power application until the
voltage reaches 1.8 V, input a low level to the RESET pin from power application until the voltage
reaches 1.8 V, or set the LVI default start function enabled by using the option byte (LVISTART =
1) (refer to Figure 5-12). When a low level has been input to the RESET pin until the voltage
reaches 1.8 V, the CPU operates with the same timing as <2> and thereafter in Figure 5-11, after
the reset has been released by the RESET pin.

2. Itis not necessary to wait for the oscillation stabilization time when an external clock input from
the EXCLK pin is used.

Remark While the microcontroller is operating, a clock that is not used as the CPU clock can be stopped via software

Power supply
voltage (Vbb)

Internal reset signal  <1> l

Internal high-speed
oscillation clock (fiH)

settings. The internal high-speed oscillation clock and high-speed system clock can be stopped by
executing the STOP instruction (refer to (4) in 5.6.1 Example of controlling high-speed system clock,

(3) in 5.6.2 Example of controlling internal high-speed oscillation clock).

Figure 5-12. Clock Generator Operation When Power Supply Voltage Is Turned On
(When LVI Default Start Function Enabled Is Set (Option Byte: LVISTART = 1))

1.91V (TYP.)

oV

Reset processing (11 to 63 us)

<% Switched by
software
<5> <5>
CPU clock : i Internal high-speed High-speed system clock Subsystem clock™°'® 2
oscillation clock ) gh-sp Y %

Waiting for oscillation R

High-speed

system clock (fxH)
(when X1 oscillation
selected)

Subsystem clock (fsus)
(when XT1 oscillation
selected)No'*2

accuracy stabilization
(90 to 482 us)

<4>|-|

: X1 clock i
' oscillation stabilization time: '
/ 2%fx to 2"8/fxNete !

Starting X1 oscillation _g4., [
is set by software.

<1>

<2>

<3>

<4>

<5>

Starting XT1 oscillation
is set by software.

When the power is turned on, an internal reset signal is generated by the power-on-clear (POC) circuit.

When the power supply voltage exceeds 2.7 V (TYP.), the reset is released and the internal high-speed oscillator
automatically starts oscillation.

After the reset is released and reset processing is performed, the CPU starts operation on the internal high-speed
oscillation clock.

Set the start of oscillation of the X1 clock via software (refer to (1) in 5.6.1 Example of controlling high-speed
system clock).

When switching the CPU clock to the X1 clock, wait for the clock oscillation to stabilize, and then set switching via
software (refer to (3) in 5.6.1 Example of controlling high-speed system clock).
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Note When releasing a reset (above figure) or releasing STOP mode while the CPU is operating on the internal high-
speed oscillation clock, confirm the oscillation stabilization time for the X1 clock using the oscillation stabilization
time counter status register (OSTC). If the CPU operates on the high-speed system clock (X1 oscillation), set
the oscillation stabilization time when releasing STOP mode using the oscillation stabilization time select register
(OSTS).

Cautions 1. A voltage oscillation stabilization time (1.61 to 5.27 ms) is required after the supply voltage
reaches 1.59 V (TYP.). If the supply voltage rises from 1.59 V (TYP.) to 2.7 V (TYP.) within the
power supply oscillation stabilization time, the power supply oscillation stabilization time is
automatically generated before reset processing.

2. It is not necessary to wait for the oscillation stabilization time when an external clock input from
the EXCLK pin is used.

Remark While the microcontroller is operating, a clock that is not used as the CPU clock can be stopped via software
settings. The internal high-speed oscillation clock and high-speed system clock can be stopped by executing
the STOP instruction (refer to (4) in 5.6.1 Example of controlling high-speed system clock, (3) in 5.6.2
Example of controlling internal high-speed oscillation clock).

5.6 Controlling Clock

5.6.1 Example of controlling high-speed system clock
The following two types of high-speed system clocks are available.
® X1 clock: Crystal/ceramic resonator is connected across the X1 and X2 pins.
o External main system clock: External clock is input to the EXCLK pin.

When the high-speed system clock is not used, the X1/P121 and X2/EXCLK/P122 pins can be used as input port pins.
Caution The X1/P121 and X2/EXCLK/P122 pins are in the input port mode after a reset release.

The following describes examples of setting procedures for the following cases.

(1) When oscillating X1 clock

(2) When using external main system clock

(3) When using high-speed system clock as CPU clock and peripheral hardware clock
(4) When stopping high-speed system clock
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(1) Example of setting procedure when oscillating the X1 clock
<1> Setting P121/X1 and P122/X2/EXCLK pins and selecting X1 clock or external clock (OSCCTL register)
When EXCLK is cleared to 0 and OSCSEL is set to 1, the mode is switched from port mode to X1 oscillation

mode.
EXCLK OSCSEL | Operation Mode of High- P121/X1 Pin P122/X2/EXCLK Pin
Speed System Clock Pin
0 1 X1 oscillation mode Crystal/ceramic resonator connection

<2> Controlling oscillation of X1 clock (MOC register)
If MSTORP is cleared to 0, the X1 oscillator starts oscillating.

<3> Waiting for the stabilization of the oscillation of X1 clock
Check the OSTC register and wait for the necessary time.
During the wait time, other software processing can be executed with the internal high-speed oscillation clock.

Cautions 1. Do not change the value of EXCLK and OSCSEL while the X1 clock is operating.
2. Set the X1 clock after the supply voltage has reached the operable voltage of the clock to be
used (refer to CHAPTER 24 ELECTRICAL SPECIFICATIONS).

(2) Example of setting procedure when using the external main system clock
<1> Setting P121/X1 and P122/X2/EXCLK pins and selecting operation mode (OSCCTL register)
When EXCLK and OSCSEL are set to 1, the mode is switched from port mode to external clock input mode.

EXCLK OSCSEL | Operation Mode of High- P121/X1 Pin P122/X2/EXCLK Pin
Speed System Clock Pin

1 1 External clock input mode | Input port External clock input

<2> Controlling external main system clock input (MOC register)
When MSTORP is cleared to 0, the input of the external main system clock is enabled.

Cautions 1. Do not change the value of EXCLK and OSCSEL while the external main system clock is
operating.
2. Set the external main system clock after the supply voltage has reached the operable voltage
of the clock to be used (refer to CHAPTER 24 ELECTRICAL SPECIFICATIONS).

(8) Example of setting procedure when using high-speed system clock as CPU clock and peripheral hardware
clock
<1> Setting high-speed system clock oscillation
(Refer to 5.6.1 (1) Example of setting procedure when oscillating the X1 clock and (2) Example of
setting procedure when using the external main system clock.)

Note

Note The setting of <1> is not necessary when high-speed system clock is already operating.
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<2> Setting the high-speed system clock as the main system clock (MCM register)
When XSEL and MCMO are set to 1, the high-speed system clock is supplied as the main system clock and
peripheral hardware clock.

XSEL MCMO Selection of Main System Clock and Clock Supplied to Peripheral Hardware
Main System Clock (fxp) Peripheral Hardware Clock (frrs)
1 1 High-speed system clock (fx+) High-speed system clock (fxH)

Caution If the high-speed system clock is selected as the main system clock, a clock other than the
high-speed system clock cannot be set as the peripheral hardware clock.

<3> Setting the main system clock as the CPU clock and selecting the division ratio (PCC register)
The main system clock is supplied to the CPU. To select the CPU clock division ratio, use PCC0, PCC1, and

PCC2.
PCC2 PCCA1 PCCO CPU Clock (fcru) Selection

0 0 0 fxp

0 0 1 fxp/2 (default)

0 1 0 fxp/2°

0 1 1 fxp/2°

1 0 0 fxp/2*

Other than above Setting prohibited

(4) Example of setting procedure when stopping the high-speed system clock
The high-speed system clock can be stopped in the following two ways.
¢ Executing the STOP instruction and stopping the X1 oscillation (disabling clock input if the external clock is used)
e Setting MSTOP to 1 and stopping the X1 oscillation (disabling clock input if the external clock is used)

(a) To execute a STOP instruction
<1> Setting to stop peripheral hardware
Stop peripheral hardware that cannot be used in the STOP mode (for peripheral hardware that cannot be
used in STOP mode, refer to CHAPTER 15 STANDBY FUNCTION).

<2> Setting the X1 clock oscillation stabilization time after standby release
When the CPU is operating on the X1 clock, set the value of the OSTS register before the STOP
instruction is executed.

<3> Executing the STOP instruction
When the STOP instruction is executed, the system is placed in the STOP mode and X1 oscillation is
stopped (the input of the external clock is disabled).
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(b) To stop X1 oscillation (disabling external clock input) by setting MSTOP to 1
<1> Confirming the CPU clock status (PCC and MCM registers)
Confirm with CLS and MCS that the CPU is operating on a clock other than the high-speed system clock.
When CLS = 0 and MCS = 1, the high-speed system clock is supplied to the CPU, so change the CPU
clock to a clock other than the high-speed system clock.

MCS CPU Clock Status
0 Internal high-speed oscillation clock
1 High-speed system clock

<2> Stopping the high-speed system clock (MOC register)
When MSTORP is set to 1, X1 oscillation is stopped (the input of the external clock is disabled).

Caution Be sure to confirm that MCS = 0 or CLS = 1 when setting MSTOP to 1. In addition, stop
peripheral hardware that is operating on the high-speed system clock.

5.6.2 Example of controlling internal high-speed oscillation clock

The following describes examples of clock setting procedures for the following cases.

(1) When restarting oscillation of the internal high-speed oscillation clock

(2) When using internal high-speed oscillation clock as CPU clock, and internal high-speed oscillation clock or high-
speed system clock as peripheral hardware clock

(3) When stopping the internal high-speed oscillation clock

(1) Example of setting procedure when restarting oscillation of the internal high-speed oscillation clock""*"
<1> Setting restart of oscillation of the internal high-speed oscillation clock (RCM register)
When RSTOP is cleared to 0, the internal high-speed oscillation clock starts operating.

<2> Waiting for the oscillation accuracy stabilization time of internal high-speed oscillation clock (RCM register)
Wait until RSTS is set to 12,

Notes 1. After a reset release, the internal high-speed oscillator automatically starts oscillating and the internal
high-speed oscillation clock is selected as the CPU clock.
2. This wait time is not necessary if high accuracy is not necessary for the CPU clock and peripheral
hardware clock.
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(2) Example of setting procedure when using internal high-speed oscillation clock as CPU clock, and internal
high-speed oscillation clock or high-speed system clock as peripheral hardware clock
<1> e Restarting oscillation of the internal high-speed oscillation clock™"

(Refer to 5.6.2 (1) Example of setting procedure when restarting oscillation of the internal high-
speed oscillation clock).

o Oscillating the high-speed system cloc

kNote

(This setting is required when using the high-speed system clock as the peripheral hardware clock. Refer
to 5.6.1 (1) Example of setting procedure when oscillating the X1 clock and (2) Example of setting
procedure when using the external main system clock.)

Note The setting of <1> is not necessary when the internal high-speed oscillation clock or high-speed

<2> Selecting the clock supplied as the main system clock and peripheral hardware clock (MCM register)

system clock is already operating.

Set the main system clock and peripheral hardware clock using XSEL and MCMO.

XSEL MCMO Selection of Main System Clock and Clock Supplied to Peripheral Hardware
Main System Clock (fxp) Peripheral Hardware Clock (fers)
0 Internal high-speed oscillation clock | Internal high-speed oscillation clock
1 (fin) (fin)
1 0 High-speed system clock (fx+)

<3> Selecting the CPU clock division ratio (PCC register)
The main system clock is supplied to the CPU. To select the CPU clock division ratio, use PCC0, PCC1, and

PCC2.
PCC2 PCC1 PCCO CPU Clock (fcru) Selection

0 0 fxp

0 1 fxp/2 (default)

0 1 0 fxp/2°

0 1 1 fxp/2°

1 0 0 fxp/2°

Other than above Setting prohibited
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(3) Example of setting procedure when stopping the internal high-speed oscillation clock
The internal high-speed oscillation clock can be stopped in the following two ways.
¢ Executing the STOP instruction to set the STOP mode
¢ Setting RSTOP to 1 and stopping the internal high-speed oscillation clock

(a) To execute a STOP instruction

<1>

<2>

<3>

Setting of peripheral hardware
Stop peripheral hardware that cannot be used in the STOP mode (for peripheral hardware that cannot be
used in STOP mode, refer to CHAPTER 15 STANDBY FUNCTION).

Setting the X1 clock oscillation stabilization time after standby release

When the CPU is operating on the X1 clock, set the value of the OSTS register before the STOP
instruction is executed. To operate the CPU immediately after the STOP mode has been released, set
MCMO to 0, switch the CPU clock to the internal high-speed oscillation clock, and check that RSTS is 1.

Executing the STOP instruction
When the STOP instruction is executed, the system is placed in the STOP mode and internal high-speed
oscillation clock is stopped.

(b) To stop internal high-speed oscillation clock by setting RSTOP to 1

<1>

Confirming the CPU clock status (PCC and MCM registers)

Confirm with CLS and MCS that the CPU is operating on a clock other than the internal high-speed
oscillation clock.

When CLS = 0 and MCS = 0, the internal high-speed oscillation clock is supplied to the CPU, so change
the CPU clock to a clock other than the internal high-speed oscillation clock.

MCS CPU Clock Status

0 Internal high-speed oscillation clock

1 High-speed system clock

<2>

Stopping the internal high-speed oscillation clock (RCM register)
When RSTOP is set to 1, internal high-speed oscillation clock is stopped.

Caution Be sure to confirm that MCS =1 or CLS = 1 when setting RSTOP to 1. In addition, stop peripheral

hardware that is operating on the internal high-speed oscillation clock.
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5.6.3 Example of controlling internal low-speed oscillation clock
The internal low-speed oscillation clock cannot be used as the CPU clock.
Only the following peripheral hardware can operate with this clock.
o Watchdog timer
» 8-bit timer H1 (if fiL is selected as the count clock)

In addition, the following operation modes can be selected by the option byte.
» Internal low-speed oscillator cannot be stopped
 Internal low-speed oscillator can be stopped by software

The internal low-speed oscillator automatically starts oscillation after a reset release, and the watchdog timer is driven
(240 kHz (TYP.)) if the watchdog timer operation has been enabled by the option byte.

(1) Example of setting procedure when stopping the internal low-speed oscillation clock
<1> Setting LSRSTOP to 1 (RCM register)
When LSRSTORP is set to 1, the internal low-speed oscillation clock is stopped.

(2) Example of setting procedure when restarting oscillation of the internal low-speed oscillation clock
<1> Clearing LSRSTOP to 0 (RCM register)
When LSRSTORP is cleared to 0, the internal low-speed oscillation clock is restarted.

Caution If “Internal low-speed oscillator cannot be stopped” is selected by the option byte, oscillation of the
internal low-speed oscillation clock cannot be controlled.
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5.6.4 Clocks supplied to CPU and peripheral hardware

The following table shows the relation among the clocks supplied to the CPU and peripheral hardware, and setting of

registers.
Table 5-3. Clocks Supplied to CPU and Peripheral Hardware, and Register Setting
Supplied Clock XSEL MCMO EXCLK
Clock Supplied to CPU Clock Supplied to Peripheral Hardware
Internal high-speed oscillation clock 0 X x
Internal high-speed oscillation clock X1 clock 1 0 0
External main system clock 1 0 1
X1 clock 1 1 0
External main system clock 1 1 1
Remark XSEL: Bit 2 of the main clock mode register (MCM)
MCMO: Bit 0 of MCM
EXCLK: Bit 7 of the clock operation mode select register (OSCCTL)
X: don’t care
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5.6.5 CPU clock status transition diagram

Figure 5-13 shows the CPU clock status transition diagram of this product.

Figure 5-13. CPU Clock Status Transition Diagram (When LVI Default Start Mode Function Stopped Is Set
(Option Byte: LVISTART = 0))

p ON Internal low-speed oscillation: Woken up
ower Internal high-speed oscillation: Woken up
X1 oscillation/EXCLK input: Stops (input port mode)

Voo < 1.59 V (TYP.)

Voo > 1.59 V (TYP.)
#

Internal low-speed oscillation: Operating
| Internal high-speed oscillation: Operating

X1 oscillation/EXCLK input: Stops (input port mode)

Internal low-speed oscillation: Operable
Internal high-speed oscillation: Operating
X1 oscillation/EXCLK input:

CPU: Operating
with internal high-
speed oscillatio

Internal low-speed oscillation:

Selectable by CPU Operable
speed oscillation Internal high-speed oscillation:
— STOP Stops

X1 oscillation/EXCLK input: Stops

Internal low-speed oscillation: Operable
Internal high-speed oscillation:

Selectable by CPU (C)
X1 oscillation/EXCLK input: Operating

CPU: Internal high-
speed oscillation

Internal low-speed oscillation:
Operable

Internal high-speed oscillation:
Operating

X1 oscillation/EXCLK input: Operable

CPU: Operating
with X1 oscillation or
EXCLK input

(F) / \

oscillation/EXCLK

oscillation/EXCLK

input — HALT input - STOP.
Internal low-speed oscillation: Internal low-speed oscillation:
Operable Operable
Internal high-speed oscillation: Internal high-speed oscillation:
Operable Stops
X1 oscillation/EXCLK input: Operating X1 oscillation/EXCLK input: Stops

Remark When LVI default start function enabled is set (option byte: LVISTART = 1), the CPU clock status changes to
(A) in the above figure when the supply voltage exceeds 2.7 V (TYP.), and to (B) after reset processing (11
to 63 us).
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Table 5-4 shows transition of the CPU clock and examples of setting the SFR registers.

Table 5-4. CPU Clock Transition and SFR Register Setting Examples (1/2)

(1) CPU operating with internal high-speed oscillation 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 internal high-speed oscillation clock (B) immediately after a reset release.)

v

(Setting sequence of SFR registers)

Setting Flag of SFR Register | EXCLK OSCSEL MSTOP OSTC XSEL MCMO
Status Transition Register
(A) = (B) — (C) (X1 clock) 0 1 0 Must be 1 1
checked
(A) = (B) — (C) (external main system clock) 1 1 0 Must not be 1 1
checked

Caution Set the clock after the supply voltage has reached the operable voltage of the clock to be set (refer to
CHAPTER 24 ELECTRICAL SPECIFICATIONS).

(8) CPU clock changing from internal high-speed oscillation clock (B) to high-speed system clock (C)

v

(Setting sequence of SFR registers)

Setting Flag of SFR Register | EXCLK OSCSEL MSTOP OSTC XSEL"* MCMO
Status Transition Register
(B) — (C) (X1 clock) 0 1 0 Must be 1 1
checked
(B) — (C) (external main system clock) 1 1 0 Must not be 1 1
checked
N e

Unnecessary if these Unnecessary if the CPU
registers are already set is operating with the
high-speed system
clock

Note The value of this flag can be changed only once after a reset release. This setting is not necessary if it has already

been set.

Caution Set the clock after the supply voltage has reached the operable voltage of the clock to be set (refer to
CHAPTER 24 ELECTRICAL SPECIFICATIONS).

Remarks 1. (A) to (I) in Table 5-4 correspond to (A) to (I) in Figure 5-13.
2. EXCLK, OSCSEL: Bits 7 and 6 of the clock operation mode select register (OSCCTL)
MSTOP: Bit 7 of the main OSC control register (MOC)
XSEL, MCMO: Bits 2 and 0 of the main clock mode register (MCM)
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Table 5-4. CPU Clock Transition and SFR Register Setting Examples (2/2)

(4) CPU clock changing from high-speed system clock (C) to internal high-speed oscillation clock (B)

(Setting sequence of SFR registers)

v

Setting Flag of SFR Register RSTOP RSTS MCMO

Status Transition

(C) > (B) 0 Confirm this flag is 1. 0

Unnecessary if the CPU is operating
with the internal high-speed oscillation clock

(5) ¢ HALT mode (E) set while CPU is operating with internal high-speed oscillation clock (B)
¢ HALT mode (F) set while CPU is operating with high-speed system clock (C)

Status Transition Setting

(B)—>(E) Executing HALT instruction
(C) > (F)

(6) e STOP mode (H) set while CPU is operating with internal high-speed oscillation clock (B)
o STOP mode (l) set while CPU is operating with high-speed system clock (C)

(Setting sequence) >

Status Transition Setting
(B) > (H) Stopping peripheral functions that Executing STOP instruction
(C)—> () cannot operate in STOP mode

Remarks 1. (A)to (I) in Table 5-4 correspond to (A) to (l) in Figure 5-13.
2. MCMO: Bit 0 of the main clock mode register (MCM)
RSTS, RSTOP: Bits 7 and 0 of the internal oscillation mode register (RCM)
127
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5.6.6 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 5-5. Changing CPU Clock

CPU Clock Condition Before Change Processing After Change

Before Change | After Change
Internal high- | X1 clock Stabilization of X1 oscillation Internal high-speed oscillator can be
speed ¢ MSTOP =0, OSCSEL =1, EXCLK =0 stopped (RSTOP =1).
oscillation o After elapse of oscillation stabilization
clock time

External main | Enabling input of external clock from Internal high-speed oscillator can be

system clock EXCLK pin stopped (RSTOP = 1).

¢ MSTOP =0, OSCSEL =1, EXCLK = 1

X1 clock Internal high- Oscillation of internal high-speed oscillator | X1 oscillation can be stopped (MSTOP = 1).
External main spe.ed _ * RSTOP =0 External main system clock input can be
system clock | ©scillation disabled (MSTOP = 1).

clock
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5.6.7 Time required for switchover of main system clock

By setting bits 0 to 2 (PCCO to PCC2) of the processor clock control register (PCC), the division ratio of the main
system clock can be changed.

The actual switchover operation is not performed immediately after rewriting to PCC; operation continues on the pre-
switchover clock for several clocks (refer to Table 5-6).

Table 5-6. Time Required for Switchover of Main System Clock Cycle Division Factor

Set Value Before Set Value After Switchover
Switchover
PCC2 | PCC1 | PCCO | PCC2 | PCC1 | PCCO | PCC2 | PCC1 | PCCO | PCC2 | PCC1 | PCCO | PCC2 | PCC1 | PCCO | PCC2 | PCC1 | PCCO
0 0 0 0 0 1 0 1 0 0 1 1 1 0 0

0 0 0 16 clocks 16 clocks 16 clocks 16 clocks

0 0 1 8 clocks 8 clocks 8 clocks 8 clocks

0 1 0 4 clocks 4 clocks 4 clocks 4 clocks

0 1 1 2 clocks 2 clocks 2 clocks 2 clocks

1 0 0 1 clock 1 clock 1 clock 1 clock

Remark The number of clocks listed in Table 5-6 is the number of CPU clocks before switchover.

By setting bit 0 (MCMO) of the main clock mode register (MCM), the main system clock can be switched (between the
internal high-speed oscillation clock and the high-speed system clock).

The actual switchover operation is not performed immediately after rewriting to MCMO; operation continues on the pre-
switchover clock for several clocks (refer to Table 5-7).

Whether the CPU is operating on the internal high-speed oscillation clock or the high-speed system clock can be
ascertained using bit 1 (MCS) of MCM.

Table 5-7. Maximum Time Required for Main System Clock Switchover

Set Value Before Switchover Set Value After Switchover
MCMO MCMO
0 1
0 1 + 2fin/fxn clock
1 1 + 2fxw/fin clock

Caution When switching the internal high-speed oscillation clock to the high-speed system clock, bit 2
(XSEL) of MCM must be set to 1 in advance. The value of XSEL can be changed only once after a
reset release.

Remarks 1. The number of clocks listed in Table 5-7 is the number of main system clocks before switchover.
2. Calculate the number of clocks in Table 5-7 by removing the decimal portion.

Example When switching the main system clock from the internal high-speed oscillation clock to the
high-speed system clock (@ oscillation with fiH = 8 MHz, fx4 = 10 MHz)
1+2fm/fxn=1+2x810=1+2x0.8=1+1.6=2.6 — 2clocks
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5.6.8 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
Internal high-speed MCS =1 RSTOP =1
oscillation clock (The CPU is operating on the high-speed system clock)
X1 clock MCS =0 MSTOP =1
External main system clock (The CPU is operating on the internal high-speed oscillation clock)

5.6.9 Peripheral hardware and source clocks
The following lists peripheral hardware and source clocks incorporated in the R7FOC30x, R7FOC31x.

Table 5-9. Peripheral Hardware and Source Clocks

Source Clock | Peripheral Hardware Clock Internal Low-Speed External Clock from Peripheral
(frrs) Oscillation Clock (fiL) Hardware Pins
Peripheral Hardware

16-bit timer/event counter 00 Y N Y (TI000 pin)"**
8-bit timer/event counter 51 Y N Y (TI51 pin)**
8-bit timer H1 Y Y

Watchdog timer N Y N

A/D converter Y N N

Serial interface UARTO Y N N

Note Do not start the peripheral hardware operation with the external clock from peripheral hardware pins when in the
STOP mode.

Remark Y: Can be selected, N: Cannot be selected
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CHAPTER 6 16-BIT TIMER/EVENT COUNTER 00

6.1 Functions of 16-Bit Timer/Event Counter 00

(1)

()

©)

4

(5)

(6)

16-bit timer/event counter 00 is mounted onto all R7FOC30x, R7FOC31x products.
16-bit timer/event counter 00 has the following functions.

Caution In 16-pin products, the timer I/O pins are available only when the TI000, TI010, and TO00 functions
are specified by using the MUXSEL register.

Interval timer
16-bit timer/event counter 00 generates an interrupt request at the preset time interval.

Square-wave output
16-bit timer/event counter 00 can output a square wave with any selected frequency.

External event counter
16-bit timer/event counter 00 can measure the number of pulses of an externally input signal.

One-shot pulse output
16-bit timer event counter 00 can output a one-shot pulse whose output pulse width can be set freely.

PPG output
16-bit timer/event counter 00 can output a rectangular wave whose frequency and output pulse width can be set freely.

Pulse width measurement
16-bit timer/event counter 00 can measure the pulse width of an externally input signal.
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6.2 Configuration of 16-Bit Timer/Event Counter 00
16-bit timer/event counter 00 includes the following hardware.

Table 6-1. Configuration of 16-Bit Timer/Event Counter 00

ltem Configuration
Time/counter 16-bit timer counter 00 (TMO00)
Register 16-bit timer capture/compare registers 000, 010 (CR000, CR010)
Timer input TI000, TIO10
Timer output TOO00, output controller
Control registers 16-bit timer mode control register 00 (TMCQ0)

16-bit timer capture/compare control register 00 (CRCO00)

16-bit timer output control register 00 (TOCO00)

Prescaler mode register 00 (PRMO00)

Port alternate switch control register (MUXSEL) (16-pin products only)
Port mode registers 3, 12 (PM3, PM12) "

Port registers 3, 12 (P3, P12)"

Notes 16-pin products: PM3, PM12, P3, P12
20-pin products: PM3, P3
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Figure 6-1. Block Diagram of 16-Bit Timer/Event Counter 00

(1) 16-pin products

§
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16-bit timer mode
control register 00
(TMCO00)

16-bit timer output
control register 00
(TOCO00)

<TO00>/P31/TxD0/
CMPCOMNete

§

Internal bus

Note R7F0C3034, R7F0C3044, R7F0C3054, R7FO0C3094, R7F0C3104, and R7F0C3114 (products with comparator)

only.

Cautions 1.

Remark Fu
(M

If clearing of bits 3 and 2 (TMC003 and TMC002) of 16-bit timer mode control register 00 (TMCO00)
to 00 and input of the capture trigger conflict, then the captured data is undefined.
To change the mode from the capture mode to the comparison mode, first clear the TMC003 and

TMCO002 bits to 00, and then change the setting.
A value that has been once captured remains stored in CR000 unless the device is reset. If the

mode has been changed to the comparison mode, be sure to set a comparison value.

nctions in angle brackets < > can be assigned by setting the input switch control register

UXSEL)

RO1UHO389EJ0120 Rev.1.20

Oct 09, 2014

RENESAS 133



R7FOC30x, R7FOC31x

CHAPTER 6 16-BIT TIMER/EVENT COUNTER 00

(2) 20-pin products

§

Internal bus S
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I

16-bit timer output
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§

Internal bus

Note R7F0C3036, R7F0C3046, R7F0C3056, R7F0C3096, R7F0C3106,

comparator) only.

and R7F0C3116 (products with

Cautions 1. The valid edge of TI010 and timer output (TO00) cannot be used for the P34 pin at the same time.

Select either of the functions.
2. If clearing of bits 3 and 2 (TMC003 and TMC002) of 16-bit timer mode control register 00 (TMCO00)
to 00 and input of the capture trigger conflict, then the captured data is undefined.
3. To change the mode from the capture mode to the comparison mode, first clear the TMC003 and
TMCO002 bits to 00, and then change the setting.
A value that has been once captured remains stored in CR000 unless the device is reset. If the
mode has been changed to the comparison mode, be sure to set a comparison value.
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(1) 16-bit timer counter 00 (TMO00)
TMOO is a 16-bit read-only register that counts count pulses.
The counter is incremented in synchronization with the rising edge of the count clock.

Figure 6-2. Format of 16-Bit Timer Counter 00 (TMO0O)

Address: FF10H, FF11H After reset: 0000H R

FF11H FF10H

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

moo | | [ ] [T

The count value of TM0O can be read by reading TM0O when the value of bits 3 and 2 (TMCO003 and TMCO002) of 16-
bit timer mode control register 00 (TMCOO) is other than 00. The value of TM0O is 0000H if it is read when TMCO003
and TMCO002 = 00.

The count value is reset to 0000H in the following cases.

At reset signal generation

If TMCO003 and TMCO002 are cleared to 00

If the valid edge of the TI000 pin is input in the mode in which the clear & start occurs when inputting the valid edge
to the TI1000 pin

If TMOO and CR0O00 match in the mode in which the clear & start occurs when TM00 and CR0O00 match

OSPTOO is set to 1 in one-shot pulse output mode or the valid edge is input to the TI0O00 pin

Caution Even if TMOO is read, the value is not captured by CR010.
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(2) 16-bit timer capture/compare register 000 (CR000), 16-bit timer capture/compare register 010 (CR010)
CRO000 and CR0O10 are 16-bit registers that are used with a capture function or comparison function selected by using
CRCO0o0.
Change the value of CR000 while the timer is stopped (TMC003 and TMCO002 = 00).
The value of CR010 can be changed during operation if the value has been set in a specific way. For details, refer to
6.5.1 Rewriting CR010 during TMOO operation.
These registers can be read or written in 16-bit units.
Reset signal generation clears these registers to 0000H.

Figure 6-3. Format of 16-Bit Timer Capture/Compare Register 000 (CR000)

Address: FF12H, FF13H After reset: 0000H R/W
FF13H FF12H

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
crooo | | | [ | o [ [ [ ]

(i) When CRO000 is used as a compare register
The value set in CRO00 is constantly compared with the TMOO count value, and an interrupt request signal
(INTTMOO0O) is generated if they match. The value is held until CR0OO is rewritten.

Caution CRO000 does not perform the capture operation when it is set in the comparison mode, even if a
capture trigger is input to it.

(ii) When CRO000 is used as a capture register
The count value of TMOO is captured to CR000 when a capture trigger is input.
As the capture trigger, an edge of a phase reverse to that of the TIO00 pin or the valid edge of the TI010 pin can
be selected by using CRC00 or PRMO0O.
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Figure 6-4. Format of 16-Bit Timer Capture/Compare Register 010 (CR010)

Address: FF14H, FF15H After reset: 0000H R/W
FF15H FF14H

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
oo | | [ [ [ | [ [ [ | [ [ I [ [ ] ]

(i) When CR010 is used as a compare register
The value set in CRO10 is constantly compared with the TMOO count value, and an interrupt request signal
(INTTMO10) is generated if they match.

Caution CRO010 does not perform the capture operation when it is set in the comparison mode, even if a
capture trigger is input to it.

(ii) When CRO010 is used as a capture register
The count value of TMOO is captured to CR010 when a capture trigger is input.
It is possible to select the valid edge of the TIO00 pin as the capture trigger. The TI000 pin valid edge is set by
PRMOO.

(iii) Setting range when CR000 or CR010 is used as a compare register
When CR000 or CR010 is used as a compare register, set it as shown below.

Operation CRO000 Register Setting Range CRO010 Register Setting Range
Operation as interval timer 0000H < N < FFFFH 0000H""* < M < FFFFH
Operation as square-wave output Normally, this setting is not used. Mask the

Operation as external event counter match interrupt signal (INTTMO10).

Operation in the clear & start mode 0000H"" < N < FFFFH 0000H"" < M < FFFFH
entered by TI000 pin valid edge input

Operation as free-running timer
Operation as PPG output M < N < FFFFH 0000H"™ <M < N
Operation as one-shot pulse output 0000H"" < N < FFFFH (N = M) 0000H"" < M < FFFFH (M = N)

Note When O000H is set, a match interrupt immediately after the timer operation does not occur and timer output is
not changed, and the first match timing is as follows. A match interrupt occurs at the timing when the timer
counter (TMOO register) is changed from 0000H to 0001H.

e When the timer counter is cleared due to overflow

¢ When the timer counter is cleared due to TI000 pin valid edge (when clear & start mode is entered by TI000
pin valid edge input)

e When the timer counter is cleared due to compare match (when clear & start mode is entered by match
between TM0OO and CR000 (CR000 = other than 0000H, CR010 = 0000H))
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Timer counter clear —

TMOO register

Compare register set value

(O000H)
. . .. Operation Operation enabled
Timer operation enable bit  isapled (00
(TMC003, TMC002) (00) (other than 00)
Interrupt request signal —|
Interrupt signal Interrupt signal
is not generated is generated

Remarks 1. N: CRO0O0O register set value, M: CRO010 register set value

2. For details of the operation enable bits (bits 3 and 2 (TMC003 and TMC002)), refer to 6.3 (1) 16-bit timer

mode control register 00 (TMCO00).
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00

Table 6-2. Capture Operation of CR000 and CR010

External Input
Signal

Capture
Operation

TI000 Pin Input Il ‘ |

TI010 Pin Input | | | |

Capture operation of
CR000

CRCO001 =1
TIO0O0 pin input
(reverse phase)

UL

Set values of ES010 and
ES000

Position of edge to be
captured

01: Rising
00: Falling

11: Both edges
(cannot be captured)

CRCO001 bit=0
TIO10 pin input

JUL

Set values of ES110 and
ES100

Position of edge to be
captured

01: Rising

E

00: Falling

:

11: Both edges

:

Interrupt signal

INTTMOOO signal is not
generated even if value
is captured.

Interrupt signal

INTTMOOO signal is
generated each time
value is captured.

Capture operation of
CR010

TI000 pin input"™

UL

Set values of ES010 and
ES000

Position of edge to be
captured

01: Rising

00: Falling

si
7

11: Both edges

1

=

Interrupt signal

INTTMO10 signal is
generated each time
value is captured.

Note The capture operation of CR010 is not affected by the setting of the CRCO001 bit.

Caution To capture the count value of the TMO0O register to the CR000 register by using the phase reverse to
that input to the TI0O00 pin, the interrupt request signal (INTTMO00O) is not generated after the value
has been captured. If the valid edge is detected on the TI010 pin during this operation, the capture
operation is not performed but the INTTMO00O signal is generated as an external interrupt signal. To
not use the external interrupt, mask the INTTMO00O signal.

Remark

CRCO001: Refer to 6.3 (2) Capture/compare control register 00 (CRCO00).

ES110, ES100, ES010, ES000: Refer to 6.3 (4) Prescaler mode register 00 (PRM00).
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6.3 Registers Controlling 16-Bit Timer/Event Counter 00
Registers used to control 16-bit timer/event counter 00 are shown below.

e 16-bit timer mode control register 00 (TMCO0)

o Capture/compare control register 00 (CRCO00)

e 16-bit timer output control register 00 (TOCO00)

o Prescaler mode register 00 (PRMO00)

o Port alternate switch control register (MUXSEL) (16-pin products only)
 Port mode registers 3, 12 (PM3, PM12)"*

« Port registers 3, 12 (P3, P12)""

Notes 16-pin products: PM3, PM12, P3, P12
20-pin products: PM3, P3

(1) 16-bit timer mode control register 00 (TMCO00)
TMCOO is an 8-bit register that sets the 16-bit timer/event counter 00 operation mode, TMOO clear mode, and output
timing, and detects an overflow.
Rewriting TMCOO is prohibited during operation (when TMC003 and TMCO002 = other than 00). However, it can be
changed when TMCO003 and TMCO002 are cleared to 00 (stopping operation) and when OVFOQO is cleared to 0.
TMCOO can be set by a 1-bit or 8-bit memory manipulation instruction.
Reset signal generation clears TMCO0O0 to O0H.

Caution 16-bit timer/event counter 00 starts operation at the moment TMC003 and TMCO002 are set to values
other than 00 (operation stop mode), respectively. Set TMC003 and TMC002 to 00 to stop the
operation.
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Address: FF86H

Figure 6-5. Format of 16-Bit Timer Mode Control Register 00 (TMCO00)

After reset: 00H R/W

Symbol 7 6 5 4 3 2 1 <0>
TMCO00 0 0 0 0 TMCO003 TMCO002 TMCO001 OVFO00
TMCO003 TMCO002 Operation enable of 16-bit timer/event counter 00
0 0 Disables 16-bit timer/event counter 00 operation. Stops supplying operating clock.
Clears 16-bit timer counter 00 (TMO00).
0 1 Free-running timer mode
1 0 Clear & start mode entered by TI000 pin valid edge input™*®
1 1 Clear & start mode entered upon a match between TM00 and CR000
TMCO001 Condition to reverse timer output (TOO00)
0 » Match between TM0O and CRO00 or match between TM0O and CR010
1 « Match between TM0O and CRO0O0 or match between TM0O and CR010
e Trigger input of TI000 pin valid edge
OVF00 TMOO overflow flag
Clear (0) Clears OVF00 to 0 or TMC003 and TMC002 = 00
Set (1) Overflow occurs.

OVFOO is set to 1 when the value of TM0O changes from FFFFH to 0000H in all the operation modes (free-running
timer mode, clear & start mode entered by TI000 pin valid edge input, and clear & start mode entered upon a match

between TM00 and CR000).
It can also be set to 1 by writing 1 to OVFOO.

Note The TIOO0O0 pin valid edge is set by bits 5 and 4 (ES010, ES000) of prescaler mode register 00 (PRMO00).

(2) Capture/compare control register 00 (CRC00)
CRCOO is the register that controls the operation of CR000 and CR010.
Changing the value of CRCOO is prohibited during operation (when TMC003 and TMCO002 = other than 00).
CRCO00 can be set by a 1-bit or 8-bit memory manipulation instruction.

Reset signal generation clears CRC00 to 00H.
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Figure 6-6. Format of Capture/Compare Control Register 00 (CRC00)

Address: FF88H  After reset: 00H R/W

Symbol 7 6 5 4 3 2 1 0
CRCO00 0 0 0 0 0 CRC002 CRCO001 CRC000
CRCO002 CRO010 operating mode selection
0 Operates as compare register
1 Operates as capture register
CRCO001 CRO000 capture trigger selection
0 Captures on valid edge of TI010 pin
1 Captures on valid edge of TI000 pin by reverse phase"*®

The valid edge of the TI010 and TI000 pin is set by PRMOO.

be detected.

If ES010 and ES000 are set to 11 (both edges) when CRCO001 is 1, the valid edge of the TIO00 pin cannot

CRCO000 CRO000 operating mode selection
0 Operates as compare register
1 Operates as capture register

CRO000), be sure to set CRC000 to 0.

If TMCO003 and TMCO002 are set to 11 (clear & start mode entered upon a match between TMOO and

Note When the valid edge is detected from the TIO10 pin, the capture operation is not performed but the INTTMO0O

signal is generated as an external interrupt signal.

Caution To ensure that the capture operation is performed properly, the capture trigger requires a pulse two
cycles longer than the count clock selected by prescaler mode register 00 (PRM00).

Figure 6-7. Example of CR010 Capture Operation (When Rising Edge Is Specified)

Valid edge

\Y
Count clock _I | | | | | 4\

——

!
™o f N-3 f N-2 f N-1 [/ lll

TI000 I

Rising edge detection

1
THT

CRoO10

<] -
=z
|

INTTMO10 \l |
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(3) 16-bit timer output control register 00 (TOCO00)
TOCOO is an 8-bit register that controls the TO00 output.
TOCOO0 can be rewritten while only OSPTOO is operating (when TMCO003 and TMCO002 = other than 00). Rewriting the
other bits is prohibited during operation.
However, TOC004 can be rewritten during timer operation as a means to rewrite CR010 (refer to 6.5.1 Rewriting
CRO010 during TMOO operation).
TOCO0O0 can be set by a 1-bit or 8-bit memory manipulation instruction.
Reset signal generation clears TOCO00 to O0H.

Caution Be sure to set TOCO00 using the following procedure.
<1> Set TOC004 and TOCO001 to 1.
<2> Set only TOEO0O to 1.
<3> Set either of LVS00 or LVRO0O to 1.
Figure 6-8. Format of 16-Bit Timer Output Control Register 00 (TOCO00) (1/2)

Address: FF89H  After reset: OOH R/W

Symbol 7 <6> <5> 4 <3> <2> 1 <0>
TOCO00 0 OSPT00 OSPEO00O TOC004 LVS00 LVR0OO TOCO001 TOEOO
OSPTO0 One-shot pulse output trigger via software
0 —
1 One-shot pulse output

The value of this bit is always “0” when it is read. Do not set this bit to 1 in a mode other than the one-
shot pulse output mode.
If it is set to 1, TMOO is cleared and started.

OSPE00 One-shot pulse output operation control
0 Successive pulse output
1 One-shot pulse output

One-shot pulse output operates correctly in the free-running timer mode or clear & start mode entered by
TI000 pin valid edge input.
The one-shot pulse cannot be output in the clear & start mode entered upon a match between TMOO and

CRO000.
TOCO004 TOO0O0 output control on match between CR010 and TM0O
0 Disables inversion operation
1 Enables inversion operation

The interrupt signal (INTTMO10) is generated even when TOC004 = 0.
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Figure 6-8. Format of 16-Bit Timer Output Control Register 00 (TOCO00) (2/2)

Address: FF89H  After reset: OOH R/W

Symbol 7 <6> <5> 4 <3> <2> 1 <0>
TOCO00 0 OSPTO0 OSPEO00 TOCO004 LVS00 LVROO TOCO001 TOEOO0
LVSO00 LVRO0O Setting of TO00 output status
0 0 No change
0 1 Initial value of TOO0O0 output is low level (TOO0O output is cleared to 0).
1 0 Initial value of TOOO output is high level (TOO0O0 output is set to 1).
1 1 Setting prohibited
e LVS00 and LVROO can be used to set the initial value of the TO0O0 output level. If the initial value does
not have to be set, leave LVS00 and LVRO0O as 00.
e Be sure to set LVS00 and LVR0O when TOEQO = 1.
LVSO00, LVRO0O0, and TOEOO being simultaneously set to 1 is prohibited.
e LVSO00 and LVROO are trigger bits. By setting these bits to 1, the initial value of the TO00 output level
can be set. Even if these bits are cleared to 0, TO00 output is not affected.
e The values of LVS00 and LVRO0O are always 0 when they are read.
e For how to set LVS00 and LVROO, refer to 6.5.2 Setting LVS00 and LVRO00.
¢ In 16-pin products, the actual <T0O00>/TxDO/CMPCOM"** /P31 pin output is determined depending on
PM31 and P31, besides TOO00 output.
e In 20-pin products, the actual TO00/TI010/CMPOUT""*?/P34 pin output is determined depending on
PM34 and P34, besides TOO00 output.
TOCO001 TOO00 output control on match between CR000 and TM0O
0 Disables inversion operation
1 Enables inversion operation
The interrupt signal (INTTMOO0O) is generated even when TOCO001 = 0.
TOEO00 TOO0O0 output control
0 Disables output (TO00 output fixed to low level)
1 Enables output
Notes 1. R7F0C3034, R7F0C3044, R7F0C3054, R7F0C3094, R7F0C3104, and R7F0C3114 (products with
comparator) only.
2. R7F0C3034, R7F0C3044, R7F0C3054, R7FO0C3096, R7FOC3106, and R7F0C3116 (products with
comparator) only.
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(4) Prescaler mode register 00 (PRMO00)
PRMOO is the register that sets the TM0O count clock and TIO00 and TI1010 pin input valid edges.
Rewriting PRMOO is prohibited during operation (when TMCO003 and TMCO002 = other than 00).
PRMOO can be set by a 1-bit or 8-bit memory manipulation instruction.
Reset signal generation clears PRMOO to O0H.

Cautions 1. Do not apply the following setting when setting the PRM001 and PRMO000 bits to 11 (to specify

the valid edge of the TI000 pin as a count clock).
o Clear & start mode entered by the TI000 pin valid edge
¢ Setting the TI000 pin as a capture trigger

2. If the operation of the 16-bit timer/event counter 00 is enabled when the TIO00 or TI0O10 pin is at
high level and when the valid edge of the TI000 or TI010 pin is specified to be the rising edge or
both edges, the high level of the TI0O00 or TI010 pin is detected as a rising edge. Note this when
the TIO00 or TIO10 pin is pulled up. However, the rising edge is not detected when the timer
operation has been once stopped and then is enabled again.

3. The valid edge of TI010 and timer output (TO00) cannot be used for the P34 pin of the 20-pin
products at the same time. Select either of the functions.
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Figure 6-9. Format of Prescaler Mode Register 00 (PRMO00)

Address: FF87H  Afterreset: OOH R/W

Symbol 7 6 5 4 3 2 1 0
PRMO00 ES110 ES100 ES010 ES000 0 0 PRMO001 PRMO000
ES110 ES100 TI010 pin valid edge selection
0 0 Falling edge
0 1 Rising edge
1 0 Setting prohibited
1 1 Both falling and rising edges
ES010 ES000 TIO0O0 pin valid edge selection
0 0 Falling edge
0 1 Rising edge
1 0 Setting prohibited
1 1 Both falling and rising edges
PRMO001 PRMO000 Count clock selection ™"
frrs = 2 MHz frrs = 5 MHz
0 0 frRs 2 MHz 5 MHz
0 1 frrs/2° 500 kHz 1.25 MHz
1 0 frrs/2° 7.81 kHz 19.53 kHz
1 1 TI000 valid edge™™*=**

Notes 1. If the peripheral hardware clock (frrs) operates on the high-speed system clock (fxH) (XSEL = 1), the frrs

operating frequency varies depending on the supply voltage.
e Vop =2.7 10 5.5 V: fPrs < 10 MHz
e Vpp=1.8102.7V:frrs <5 MHz

2. The external clock from the TIO00 pin requires a pulse longer than twice the cycle of the peripheral

hardware clock

(frms).

3. Do not start timer operation with the external clock from the TI000 pin when in the STOP mode.

Remark frrs: Peripheral hardware clock frequency

RO1UHO389EJ0120 Rev.1.20
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(5) Port alternate switch control register (MUXSEL) (16-pin products only)
This register assigns the TI000, TI010, and TOOQO pins function.
This register can be set by a 1-bit or 8-bit memory manipulation instruction.
Reset signal generation clears MUXSEL to O0H.

Figure 6-10. Format of Port Alternate Switch Control Register (MUXSEL)

Address: FF39H  After reset: 00H R/W

Symbol
MUXSEL

<7> <6> <5> <4> 3 2 <1>
INTP1SEL1 |INTP1SELO | TMOOSEL1 | TMOOSELO 0 0 TIO10SEL
TMOOSEL1 | TMOOSELO 16-bit timer/event counter 00 input (TI000) pin assignment
0 0 (default)
0 1 P121/TI1000
1 0 P125/T1000
1 1 Setting prohibited
TIO10SEL 16-bit timer/event counter 00 input (TI010) pin assignment
0 (default)
1 P32/TI010
TOOOSEL 16-bit timer/event counter 00 input (TO00) pin assignment
0 (default)
1 P31/TO00
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(6) Port mode registers 3, 12 (PM3, PM12)
This register sets port 3 and 12 input/output in 1-bit units.

e 16-pin products
When using the P31/TxD0/<TO00>/CMPCOM " pin for timer output, set PM31 and the output latches of P31 to
0.
When using the P32/RxD0/<TI010>/CMPIN"*® and P121/X1/<TI000>/<INTP1>/TOOLCO pins for timer input, set
PM32 and PM121 to 1. At this time, the output latches of P32 and P121 may be 0 or 1.

Note R7F0C3034, R7F0C3044, R7F0C3054, R7F0C3094, R7FO0C3104, and R7FO0C3114 (products with
comparator) only.

Remark When the timer input (TI000) function is assigned to the P125 pin by setting the input switch register
(MUXSEL), the port mode register and port register are not required to be set.

¢ 20-pin products
When using the P34/TO00/T1010/CMPOUT " pin for timer output, set PM34 and the output latches of P34 to 0.
When using the P33/TI000/INTP1 and P34/T1010/TO00/CMPOUT "* pins for timer input, set PM33 and PM34 to
1. At this time, the output latches of P33 and P34 may be 0 or 1.

Note R7F0C3036, R7F0C3046, R7FOC3056, R7F0C3096, R7FOC3106, and R7FOC3116 (products with
comparator) only.

PM3 and PM12 can be set by a 1-bit or 8-bit memory manipulation instruction.
Reset signal generation sets PM3 and PM12 to FFH.

Figure 6-11. Format of Port Mode Registers 3, 12 (PM3, PM12)

Address: FF23H After reset: FFH R/W

Symbol 7 6 5 4 3 2 1 0
PM3 1 1 1 PM34™" | PM33"* | PMm32 PM31 PM30
PM3n P3n pin I/O mode selection (n =0 to 4)
0 Output mode (output buffer on)
1 Input mode (output buffer off)

Address: FF2CH  Afterreset: FFH R/W

Symbol 7 6 5 4 3 2 1 0
PM12 1 1 1 1 1 PM122 PM121 1
PM12n P12n pin 1/0 mode selection (n =1, 2)
0 Output mode (output buffer on)
1 Input mode (output buffer off)
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6.4 Operation of 16-Bit Timer/Event Counter 00

6.4.1 Interval timer operation

If bits 3 and 2 (TMCO003 and TMCO002) of the 16-bit timer mode control register (TMCOO0) are set to 11 (clear & start
mode entered upon a match between TM00 and CRO000), the count operation is started in synchronization with the count

clock.

When the value of TMOO later matches the value of CR000, TMOO is cleared to 0000H and a match interrupt signal
(INTTMOO0O) is generated. This INTTMOOO signal enables TMOO to operate as an interval timer.

Remarks 1. For the setting of I/O pins, refer to 6.3 (6) Port mode registers 3, 12 (PM3, PM12).
2. For how to enable the INTTMOOO interrupt, refer to CHAPTER 14 INTERRUPT FUNCTIONS.

Figure 6-12. Block Diagram of Interval Timer Operation

Clear ¢—

16-bit counter (TMOO0)

Count clock )

Operable bits

ignal

{} Match s
i

TMCO003, TMC002

CROO0O register

INTTMOOO signal

Figure 6-13. Basic Timing Example of Interval Timer Operation

N — N — N N N N
TMOO register
0000H
Operable bits 00 11
(TMCO003, TMC002)
Compare register N
(CR000)
Compare match interrupt _| _| _| _|
(INTTMOO00)
Interval Interval Interval Interval
(N+1) (N+1) (N+1) (N+1)
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Figure 6-14. Example of Register Settings for Interval Timer Operation

(a) 16-bit timer mode control register 00 (TMCO00)

TMC003 TMC002 TMC001 _OVF00
Lo [ o[ o of «+ [+ ] o] o]

Clears and starts on match

between TM0O0 and CR000.

(b) Capture/compare control register 00 (CRC00)

CRCO002 CRCO001 CRCO000
L o [ o] of ol o o of o
[ CRO0O0 used as
compare register

(c) 16-bit timer output control register 00 (TOCO00)

OSPTO0 OSPEO0 TOC004 LVSO0 LVROO TOCO001 TOEOO

Lol ofofofo]ofofeo]

(d) Prescaler mode register 00 (PRMO0O0)

ES110 ES100 ES010  ESO000 3 2 PRM001 PRMO000

| 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0/1 ‘ 0/1 |

\—|—1— Selects count clock

(e) 16-bit timer counter 00 (TMO00)
By reading TMOO, the count value can be read.

(f) 16-bit capture/compare register 000 (CR000)
If M is set to CR0OO0O, the interval time is as follows.

o Interval time = (M + 1) x Count clock cycle

Setting CRO00 to 0000H is prohibited.

(g) 16-bit capture/compare register 010 (CR010)

Usually, CRO10 is not used for the interval timer function. However, a compare match interrupt (INTTMO10) is

generated when the set value of CR010 matches the value of TMO0O.
Therefore, mask the interrupt request by using the interrupt mask flag (TMMKO010).
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Figure 6-15. Example of Software Processing for Interval Timer Function

N — N — N R
TMOO register

0000H

Operable bits
(TMCO003, TMCO002)

CROO0O register x N
INTTMOOO signal —| —| —|

<1> <2>

00 11

<1> Count operation start flow

=

Reggt'\i(r)gn:’ttlazlissteet:lng Initial setting of these registers is performed before
CRCO0 register, setting the TMC003 and TMCO002 bits to 11.
CRO0OO register,

port setting
TMCO003, TMCO002 bits = 11 Starts count operation

<2> Count operation stop flow

The counter is initialized and counting is stopped

™ TMCO002 bits =
C003, TMC002 bits = 00 by clearing the TMCO003 and TMCO002 bits to 00.

=
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6.4.2 Square-wave output operation
When 16-bit timer/event counter 00 operates as an interval timer (refer to 6.4.1), a square wave can be output from the
TOO0O pin by setting the 16-bit timer output control register 00 (TOCO00) to 03H.
When TMC003 and TMCO002 are set to 11 (count clear & start mode entered upon a match between TM00 and CR000),

the counting operation is started in synchronization with the count clock.

When the value of TMOO later matches the value of CR000, TMOO is cleared to 0000H, an interrupt signal (INTTMOOO)
is generated, and TOOO output is inverted. This TO0O0 output that is inverted at fixed intervals enables TOOn to output a

square wave.

Remarks 1. For the setting of I/O pins, refer to 6.3 (6) Port mode registers 3, 12 (PM3, PM12).

2. For how to enable the INTTMOOO signal interrupt, refer to CHAPTER 14 INTERRUPT FUNCTIONS.

Figure 6-16. Block Diagram of Square-Wave Output Operation

Clear ¢—
Output TOOO0 output .
Count clock } 16-bit counter (TM0O) e Contr';"er = T000 pin
r {} Match signal INTTMOOO sianal
Operable bits {} signa
TMCO003, TMC002
CROO0O register
Figure 6-17. Basic Timing Example of Square-Wave Output Operation
N N — N — N A
TMOO register
0000H
Operable bits
(TMC003, TMC002) 90 11
Compare register N
(CR000)
TOO00 output
Compare match interrupt _| _| _|
(INTTMO0O00)
Interval Interval Interval Interval
(N+1) (N+1) (N+1) (N+1)
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Figure 6-18. Example of Register Settings for Square-Wave Output Operation

(a) 16-bit timer mode control register 00 (TMCO00)

TMC003 TMC002 TMCO001 _OVFO00
Lo [ o[ o] of «+ [+ ] o] o]

Clears and starts on match

between TM0O0 and CR000.

(b) Capture/compare control register 00 (CRC00)

CRC002_CRC001_CRC000
Lo [ o[ o] ol of o o o]

\— CRO000 used as
compare register

(c) 16-bit timer output control register 00 (TOCO00)

OSPTO0 OSPEOO0 TOC004 LVSO0 LVROO TOCO001 TOEOO

|o‘o‘o‘o‘0/1‘0/1‘1‘1|

\;J \— Enables TO0O output.
Inverts TOOO output on match

between TMO0O and CR000.

Specifies initial value of TO00 output F/F

(d) Prescaler mode register 00 (PRMO00)

ES110 ES100 ES010  ES000 3 2 PRM001 PRMO000

| 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0/1 ‘ 0/1 |

T

Selects count clock

(e) 16-bit timer counter 00 (TMO00)
By reading TMOO, the count value can be read.

(f) 16-bit capture/compare register 000 (CR000)
If M is set to CR0OO0O, the interval time is as follows.

e Square wave frequency = 1/[2 x (M + 1) x Count clock cycle]
Setting CRO00 to 0000H is prohibited.

(g) 16-bit capture/compare register 010 (CR010)
Usually, CRO10 is not used for the square-wave output function. However, a compare match interrupt
(INTTMO10) is generated when the set value of CR010 matches the value of TMO0O.
Therefore, mask the interrupt request by using the interrupt mask flag (TMMKO010).
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Figure 6-19. Example of Software Processing for Square-Wave Output Function

N — N — N -
TMOO register

0000H

Operable bits
(TMCO003, TMCO002) 00 1 00

CRO0O0O register x N

TOO00 output

INTTMOOO signal —l —l —l

TOON output control bit |
(TOCO001, TOEO00)

<1> <2>

<1> Count operation start flow

o

Register initial setting Initial setting of these registers is performed before
PRMOO register, setting the TMC003 and TMCO002 bits to 11.
CRCOO register,

TOCOO registeriote,
CROO0O register,
port setting

TMCO003, TMCO002 bits = 11 Starts count operation

<2> Count operation stop flow

The counter is initialized and counting is stopped

TMC003, TMCO02 bits = 00 by clearing the TMC003 and TMC002 bits to 00.

=

Note Care must be exercised when setting TOCO00. For details, refer to 6.3 (3) 16-bit timer output control
register 00 (TOCO00).
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6.4.3 External event counter operation

When bits 1 and 0 (PRM001 and PRMO000) of the prescaler mode register 00 (PRMO00) are set to 11 (for counting up
with the valid edge of the TI000 pin) and bits 3 and 2 (TMCO003 and TMCO002) of 16-bit timer mode control register 00
(TMCO00) are set to 11, the valid edge of an external event input is counted, and a match interrupt signal indicating
matching between TM0O and CR000 (INTTMO0QO) is generated.

To input the external event, the TI000 pin is used. Therefore, the timer/event counter cannot be used as an external
event counter in the clear & start mode entered by the TI000 pin valid edge input (when TMCO003 and TMC002 = 10).

The INTTMOOO signal is generated with the following timing.

¢ Timing of generation of INTTMOOO signal (second time or later)
= Number of times of detection of valid edge of external event x (Set value of CR000 + 1)

However, the first match interrupt immediately after the timer/event counter has started operating is generated with the
following timing.

¢ Timing of generation of INTTMOOO signal (first time only)
= Number of times of detection of valid edge of external event input x (Set value of CR000 + 2)

To detect the valid edge, the signal input to the TI000 pin is sampled during the clock cycle of frrs. The valid edge is
not detected until it is detected two times in a row. Therefore, a noise with a short pulse width can be eliminated.

Remarks 1. For the setting of I/O pins, refer to 6.3 (6) Port mode registers 3, 12 (PM3, PM12).
2. For how to enable the INTTMOOO signal interrupt, refer to CHAPTER 14 INTERRUPT FUNCTIONS.

Figure 6-20. Block Diagram of External Event Counter Operation

frrs
Clear

Output TOOO0 output .
. Edge S--om © TOO00 pin
T1000 pin ©—~ detection ) - 16-bit counter (TM0O) controller

r {} Match signal ]
Operable bits {} INTTMOOO signal
TMCO003, TMC002
CROO0O register
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Figure 6-21. Example of Register Settings in External Event Counter Mode (1/2)

(a) 16-bit timer mode control register 00 (TMCO00)

TMC003 TMC002 TMCO01 OVFO0
Lo [ ol of ol «+ [+ [ of o]

L’J

(b) Capture/compare control register 00 (CRC00)

Clears and starts on match
between TMO0O and CR00O.

CRC002 CRC001_CRC000
Lo [ o[ o of o of o] o]

\— CRO000 used as
compare register

(c) 16-bit timer output control register 00 (TOCO00)

OSPT00 OSPEOO TOCO004 LVS00 LVROO TOC001 TOEOO

| 0 ‘ 0 ‘ 0 ‘ 01 ‘ 01 ‘ 01 ‘ 0/1 ‘ 0/1 |

L

L 0: Disables TO00 output
1: Enables TO0O output

Specifies initial value of
TOO0O0 output F/F

‘ 00: Does not invert TO00 output on match

between TM0O and CR000/CR010.

01: Inverts TOO0O output on match between
TMOO0 and CR000.

10: Inverts TOOO output on match between
TMOO0 and CR010.

11: Inverts TO00 output on match between
TMO00 and CR0O00/CR010.

(d) Prescaler mode register 00 (PRMO00)

ES110 ES100 ES010 ES000 3 2 PRMO001 PRMO000

|o‘o‘0/1‘0/1‘0‘o‘1‘1|

— LIJ_
Selects count clock

(specifies valid edge of TI000).

00: Falling edge detection
01: Rising edge detection
10: Setting prohibited

11: Both edges detection
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Figure 6-21. Example of Register Settings in External Event Counter Mode (2/2)

(e) 16-bit timer counter 00 (TMO00)
By reading TMOO, the count value can be read.

(f) 16-bit capture/compare register 000 (CR000)
If M is set to CRO0O, the interrupt signal (INTTMOOO) is generated when the number of external events reaches
(M +1).
Setting CRO00 to 0000H is prohibited.

(g) 16-bit capture/compare register 010 (CR010)
Usually, CR010 is not used in the external event counter mode. However, a compare match interrupt
(INTTMO10) is generated when the set value of CR010 matches the value of TM0O.
Therefore, mask the interrupt request by using the interrupt mask flag (TMMKO010).
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Figure 6-22. Example of Software Processing in External Event Counter Mode

N — N — N R
TMOO register

0000H

Operable bits )
(TMC003, TMC002) ~ ° " 00

Compare register X N
(CR000)
TOO0O0 output

Compare match interrupt
(INTTMO000)

TOO0O0 output control bits |
(TOCO004, TOCO001, TOE00)

<1> <2>

<1> Count operation start flow

=

Register initial setting
PRMOO register,
CRCOO register,

TOCOO registerhete,
CRO0OO register,
port setting

Initial setting of these registers is performed before
setting the TMCO003 and TMCO002 bits to 11.

TMCO003, TMCO002 bits = 11 Starts count operation

<2> Count operation stop flow

The counter is initialized and counting is stopped

TMCO003, TMCO002 bits = 00 X >
s by clearing the TMCO003 and TMCO002 bits to 00.

=

Note Care must be exercised when setting TOCO00. For details, refer to 6.3 (3) 16-bit timer output control
register 00 (TOCO00).
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6.4.4 Operation in clear & start mode entered by TI0O00 pin valid edge input

When bits 3 and 2 (TMC003 and TMCO002) of 16-bit timer mode control register 00 (TMCO00) are set to 10 (clear & start
mode entered by the TI000 pin valid edge input) and the count clock (set by PRMOO) is supplied to the timer/event counter,
TMOO starts counting up. When the valid edge of the TI000 pin is detected during the counting operation, TMOO is cleared
to 0000H and starts counting up again. If the valid edge of the TI0O00 pin is not detected, TMOO overflows and continues

counting.

The valid edge of the TIO00 pin is a cause to clear TM0O. Starting the counter is not controlled immediately after the

start of the operation.

CRO000 and CR010 are used as compare registers and capture registers.

(a) When CR000 and CR010 are used as compare registers
Signals INTTMO0O and INTTMO10 are generated when the value of TMOO matches the value of CR0O00 and

CRo010.

(b) When CR000 and CR010 are used as capture registers
The count value of TMOO is captured to CR0O00 and the INTTMOOO signal is generated when the valid edge is
input to the TIO10 pin (or when the phase reverse to that of the valid edge is input to the TI000 pin).
When the valid edge is input to the TI0O00 pin, the count value of TMOO is captured to CR010 and the INTTMO010
signal is generated. As soon as the count value has been captured, the counter is cleared to 0000H.

Caution Do not set the count clock as the valid edge of the TI000 pin (PRM001 and PRMO000 = 11). When
PRMO001 and PRMO000 = 11, TMOO is cleared.

Remarks 1. For the setting of the I/O pins, refer to 6.3 (6) Port mode registers 3, 12 (PM3, PM12).

2. For how to enable the INTTMOOO signal interrupt, refer to CHAPTER 14 INTERRUPT FUNCTIONS.

(1) Operation in clear & start mode entered by TI000 pin valid edge input
(CR000: compare register, CR010: compare register)

Figure 6-23. Block Diagram of Clear & Start Mode Entered by TI000 Pin Valid Edge Input
(CR000: Compare Register, CR010: Compare Register)

Edge

TI000 pin O—= Jctection

Clear

Timer counter
(TMO00)

Count clock )

Operable bits
TMCO003, TMCO002

& Match signal

Interrupt signal

{}

!

TOO0O0 output

Compare register Output
(CR000) controller
Match signal i

(INTTMO00)
© TOO00 pin

Interrupt signal

ﬁ

Compare register
(CR010)

(INTTMO10)
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Figure 6-24. Timing Example of Clear & Start Mode Entered by TI000 Pin Valid Edge Input
(CR000: Compare Register, CR010: Compare Register)

(a) TOCO0 = 13H, PRMO00O = 10H, CRC00 = 00H, TMCO00 = 08H

vd M~ M~

; M
TMOO register N N~ N~ N

N\g

0000H

Operable bits <
(TMCO003, TMCO002) 00 10

Count clear input | _l _I_
(TI000 pin input)

Compare register >< M
(CR000)
Compare match interrupt
(INTTMO000) -l -l -l -l

Compare register

(CRO10) :X N

Compare match interrupt
(INTTMO10)

—
—
—
— |

TOO0O0 output

(b) TOCO00 = 13H, PRM00 = 10H, CRC00 = 00H, TMCO00 = 0AH

v M_1 M M_-1

; M
TMOO register N N~ N N

AN

0000H

Operable bits <
(TMCO003, TMCO002) 00 10

Count clear input | _l _I_
(TI000 pin input)

Compare register >< M
(CR000)
Compare match interrupt
(INTTMO000) -l -l _l -l

Compare register

(CRO10) :X N

Compare match interrupt
(INTTMO010)

—
—
—
—

TOO0O0 output

(a) and (b) differ as follows depending on the setting of bit 1 (TMCO001) of the 16-bit timer mode control register 00
(TMCO00).
(a) The TOOO output level is inverted when TMOO matches a compare register.
(b) The TOOO output level is inverted when TMOO matches a compare register or when the valid edge of the
TIO00 pin is detected.
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(2) Operation in clear & start mode entered by TI000 pin valid edge input
(CR000: compare register, CR010: capture register)

Figure 6-25. Block Diagram of Clear & Start Mode Entered by TI000 Pin Valid Edge Input
(CR000: Compare Register, CR010: Capture Register)

. Edge
T1000 pin © detegtor
Clear
Count clock \ Timer counter
r / (TMO00)
- {} Match signal Interrupt signal
Operable bits {} I (INTTMO000)
TMCO003, TMC002
Compare register Output M )
(CR000) controller ©T000 pin
Capture signal || Capture register Interrupt signal
(CR010) (INTTMO10)

Figure 6-26. Timing Example of Clear & Start Mode Entered by TI000 Pin Valid Edge Input
(CR000: Compare Register, CR010: Capture Register) (1/2)

(a) TOCO00 = 13H, PRM00 = 10H, CRC00 = 04H, TMCO00 = 08H, CR000 = 0001H

M N P Q

TMOO register

0000H

Operable bits 00 >
(TMCO003, TMC002)

Capture & count clear input _l _|
(TI000 pin input)

Compare register
(CR000) >< 0001H
Compare match interrupt '| '| '| '| '|
(INTTMO000)
Capture register
(CR010) 0000H M > N S P <
Capture interrupt '| '| '| '|
(INTTMO010)

TOO00 output

10

rolr—

This is an application example where the TO00 output level is inverted when the count value has been captured &
cleared.

The count value is captured to CR0O10 and TMOO is cleared (to 0000H) when the valid edge of the TIO00 pin is
detected. When the count value of TM0O is 0001H, a compare match interrupt signal (INTTMO0O) is generated, and
the TOOO output level is inverted.
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Figure 6-26. Timing Example of Clear & Start Mode Entered by TI000 Pin Valid Edge Input

(CR000: Compare Register, CR010: Capture Register) (2/2)

(b) TOCO00 = 13H, PRM00 = 10H, CRC00 = 04H, TMCO00 = 0AH, CR000 = 0003H

TMOO register

0003H
0000H

Operable bits
(TMCO003, TMCO002)

Capture & count clear input
(T1000 pin input)

Compare register
(CR000)

Compare match interrupt
(INTTMOO00)

Capture register
(CR010)

Capture interrupt
(INTTMO10)

TOO00 output

M N

P

00 > 10
>< 0003H
0000H M > S

o]l

This is an application example where the width set to CR000 (4 clocks in this example) is to be output from the TO00
pin when the count value has been captured & cleared.
The count value is captured to CR010, a capture interrupt signal (INTTMO10) is generated, TMOO is cleared (to
0000H), and the TOO0O0 output level is inverted when the valid edge of the TIO00 pin is detected. When the count
value of TMOO is 0003H (four clocks have been counted), a compare match interrupt signal (INTTMO000) is generated
and the TOO0O output level is inverted.
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(3) Operation in clear & start mode by entered TI000 pin valid edge input
(CR000: capture register, CR010: compare register)

Figure 6-27. Block Diagram of Clear & Start Mode Entered by TI000 Pin Valid Edge Input
(CRO000: Capture Register, CR010: Compare Register)

TI000 pin ©—~|  E998

detection

Count clock

Clear

D

Operable bits
TMCO003, TMC002

Capture signal

Timer counter
(TMO00)

{} Match signal

Interrupt signal

ﬁ

!

Compare register
(CR010)

-

Capture register

Output
controller

TOO00 output

(INTTMO10)

©) TOO00 pin

Interrupt signal

(CR000)

(INTTMO00)
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Figure 6-28. Timing Example of Clear & Start Mode Entered by TI000 Pin Valid Edge Input
(CR000: Capture Register, CR010: Compare Register) (1/2)

(a) TOCO0 = 13H, PRMO00 = 10H, CRC00 = 03H, TMCO00 = 08H, CR010 = 0001H

TMOO register
M S P

0000H N

Operable bits
(TMC003, TMC002) 00 >

Capture & count clear input
(T1000 pin input)

10

Capture register
(CR000) 0000H

Capture interrupt
(INTTMo00) L

Compare register
(CR010) >< 0001H
Compare match interrupt '| ‘| '| '| '|
(INTTMO010)

TOO00 output

This is an application example where the TO0O0 output level is to be inverted when the count value has been captured
& cleared.

TMOO is cleared at the rising edge detection of the TI000 pin and it is captured to CR00O at the falling edge detection
of the TI00O pin.

When bit 1 (CRCO001) of capture/compare control register 00 (CRCO00) is set to 1, the count value of TMOO is captured
to CRO0O0O in the phase reverse to that of the signal input to the TI000 pin, but the capture interrupt signal (INTTMOOO)
is not generated. However, the INTTMOOO signal is generated when the valid edge of the TI0O10 pin is detected.
Mask the INTTMOOO signal when it is not used.
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Figure 6-28. Timing Example of Clear & Start Mode Entered by TI000 Pin Valid Edge Input
(CR000: Capture Register, CR010: Compare Register) (2/2)

(b) TOCO00 = 13H, PRM00 = 10H, CRC00 = 03H, TMCO00 = 0AH, CR010 = 0003H

TMOO register

0003H
0000H

Operable bits
(TMCO003, TMCO002)

Capture & count clear input
(TI000 pin input)

Capture register
(CR000)

Capture interrupt
(INTTMO000)

Compare register
(CRO10)

Compare match interrupt
(INTTMO010)

TOO00 output

w "]

v

/

N

00>

10

0000H M

0003H

This is an application example where the width set to CR010 (4 clocks in this example) is to be output from the TO00

pin when the count value has been captured & cleared.
TMOO is cleared (to 0000H) at the rising edge detection of the TIO00 pin and captured to CR000 at the falling edge
detection of the TIO00 pin. The TOO0O output level is inverted when TMOQO is cleared (to 0000H) because the rising

edge of the TI000 pin has been detected or when the value of TM0O matches that of a compare register (CR010).

When bit 1 (CRC001) of capture/compare control register 00 (CRCO00) is 1, the count value of TMOO is captured to
CRO000 in the phase reverse to that of the input signal of the TI000 pin, but the capture interrupt signal (INTTMO0O0O) is
not generated. However, the INTTMOOO interrupt is generated when the valid edge of the TI010 pin is detected.
Mask the INTTMOOO signal when it is not used.
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(4) Operation in clear & start mode entered by TI0O00 pin valid edge input
(CR000: capture register, CR010: capture register)

Figure 6-29. Block Diagram of Clear & Start Mode Entered by TI000 Pin Valid Edge Input
(CR000: Capture Register, CR010: Capture Register)

Operable bits
TMCO003, TMC002

Count clock

N

)
|/

Clear

Timer counter
(TMO00)

Capture signal

T1000 pin © Edge |

detection

TI010 pin*** © delfgg?on

Selector

iy

Capture register
(CR010)

Interrupt signal

Capture

Capture register

(INTTMO010)

Output
controller

TOO00

t tNote
[ ouPutT ©) TOO00 pinNete

Interrupt signal

(CR000)

signal

(INTTMO000)

Note The timer output (TO00) cannot be used when detecting the valid edge of the TI010 pin is used.

Figure 6-30. Timing Example of Clear & Start Mode Entered by TI000 Pin Valid Edge Input
(CR000: Capture Register, CR010: Capture Register) (1/3)

(a) TOCO00 = 13H, PRM00 = 30H, CRC00 = 05H, TMCO00 = 0AH

TMOO register

0000H

Operable bits
(TMCO003, TMCO002)

Capture & count clear input
(TI000 pin input)

Capture register
(CR000)

Capture interrupt
(INTTMO000)

Capture register
(CR010)

Capture interrupt
(INTTMO10)

TOO0O0 output

TR B U0 0 B E0 0«
EREIEREE

This is an application example where the count value is captured to CR010, TMOO is cleared, and the TO0O0 output is

inverted when the rising or falling edge of the TIO00 pin is detected.
When the edge of the TI010 pin is detected, an interrupt signal (INTTMO0O0O) is generated. Mask the INTTMOOO signal

when it is not used.
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Figure 6-30. Timing Example of Clear & Start Mode Entered by TI000 Pin Valid Edge Input
(CR000: Capture Register, CR010: Capture Register) (2/3)

(b) TOCO00 = 13H, PRM00 = COH, CRCO00 = 05H, TMCO00 = 0AH

FFFFH
TMOO register

0000H
Operable bits
(TMCO003, TMC002)

Capture trigger input
(TI010 pin input)
Capture register

(CR000)
Capture interrupt
(INTTMO000)

Capture & count clear input
(T1000)

Capture register
(CR010)

Capture interrupt
(INTTMO010)

N

"

00>

10

0000H

0000H

L

This is a timing example where an edge is not input to the TIO00 pin, in an application where the count value is
captured to CRO00 when the rising or falling edge of the TI010 pin is detected.
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Figure 6-30. Timing Example of Clear & Start Mode Entered by TI000 Pin Valid Edge Input
(CR000: Capture Register, CR010: Capture Register) (3/3)

(c) TOCO00 = 13H, PRM00 = 00H, CRC00 = 07H, TMCO00 = 0AH

M_— O_ S _— W

TMOO register / / /
L N Q- g T

0000H P

Operable bits
(TMCO003, TMCO002)

Capture & count clear input
(TI000 pin input)

00 10

Capture register
(CRO00) 0000H L N P R T

Capture register
(CR010)

Capture interrupt
(INTTMO010)

Capture input
(Tlo10) L

0000H M O Q S

— =1

Capture interrupt
(INTTM000) L

This is an application example where the pulse width of the signal input to the TI000 pin is measured.

By setting CRCO00, the count value can be captured to CR00O0 in the phase reverse to the falling edge of the TI000 pin
(i.e., rising edge) and to CR010 at the falling edge of the TI000 pin.

The high- and low-level widths of the input pulse can be calculated by the following expressions.

¢ High-level width = [CR010 value] — [CR000 value] x [Count clock cycle]
¢ Low-level width = [CR00O0 value] x [Count clock cycle]

If the reverse phase of the TI000 pin is selected as a trigger to capture the count value to CR000, the INTTMO00O
signal is not generated. Read the values of CR0O00 and CR010 to measure the pulse width immediately after the
INTTMO10 signal is generated.

However, if the valid edge specified by bits 6 and 5 (ES110 and ES100) of prescaler mode register 00 (PRMO0O) is
input to the TI010 pin, the count value is not captured but the INTTMOOO signal is generated. To measure the pulse
width of the T1000 pin, mask the INTTMOOO signal when it is not used.
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Figure 6-31. Example of Register Settings in Clear & Start Mode Entered by TI000 Pin Valid Edge Input (1/2)

(a) 16-bit timer mode control register 00 (TMC00)

TMC003 TMC002 TMC001 OVFOO
[ o | o | o | o | 1+ ] o | on | o |

L]

0: Inverts TOO0O output on match
between TM00O and CR000/CR010.

1: Inverts TOOO output on match
between TM00 and CR000/CR010
and valid edge of TI000 pin.

Clears and starts at valid
edge input of TI000 pin.

(b) Capture/compare control register 00 (CRC00)

CRC002 CRC001 CRCO00
[ o [ o [ o | o | o [ ot | on | on |

—— 0: CRO0O00 used as compare register
1: CROO0O0 used as capture register

0: TIO10 pin is used as capture
trigger of CR000.

1: Reverse phase of TI000 pin is
used as capture trigger of CR000.

0: CR010 used as compare register
1: CRO10 used as capture register

(c) 16-bit timer output control register 00 (TOCO00)

OSPT00 OSPEOO0 TOCO004 LVS00 LVROO TOC001 TOEOO

| 0 ‘ 0 ‘ 0 ‘ 0/1 ‘ 0/1 ‘ 01 ‘ 0/1 ‘ 0/1 |

L

\— 0: Disables TO00 outputNete
1: Enables TOOO output

Specifies initial value of
TOO0O0 output F/F

00: Does not invert TO00 output on match
between TM00 and CR0O00/CR010.

01: Inverts TOO0O output on match between
TMOO0 and CRO000.

10: Inverts TOOO output on match between
TMOO and CR0O10.

11: Inverts TO00 output on match between
TMO0 and CR0O00/CR010.

Note The timer output (TO00) cannot be used when detecting the valid edge of the TI0O10 pin is used.
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Figure 6-31. Example of Register Settings in Clear & Start Mode Entered by TI000 Pin Valid Edge Input (2/2)

(d) Prescaler mode register 00 (PRMO00)

ES110 ES100 ES010 ES000 3 2 PRM001 PRMOOO
| 0 \ 0/ \ 0/1 \ 0/1 \ 0 0 \ 0 \ 0/ |
] ] ]

Count clock selection
(setting TI000 valid edge is prohibited)

00: Falling edge detection
01: Rising edge detection
10: Setting prohibited
11: Both edges detection
(setting prohibited when CRC001 = 1)

00: Falling edge detection
01: Rising edge detection
10: Setting prohibited

11: Both edges detection

(e) 16-bit timer counter 00 (TMO0O)
By reading TMOO, the count value can be read.

(f) 16-bit capture/compare register 000 (CR000)
When this register is used as a compare register and when its value matches the count value of TMOO, an
interrupt signal (INTTMOOO) is generated. The count value of TMOO is not cleared.
To use this register as a capture register, select either the TI000 or TIO10 pin"®* input as a capture trigger. When
the valid edge of the capture trigger is detected, the count value of TMOO is stored in CR00O.

Note The timer output (TO00) cannot be used when detection of the valid edge of the TI010 pin is used.

(g) 16-bit capture/compare register 010 (CR010)
When this register is used as a compare register and when its value matches the count value of TMOO, an
interrupt signal (INTTMO10) is generated. The count value of TMOO is not cleared.
When this register is used as a capture register, the TI000 pin input is used as a capture trigger. When the valid
edge of the capture trigger is detected, the count value of TMOO is stored in CR010.
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Figure 6-32. Example of Software Processing in Clear & Start Mode Entered by TI000 Pin Valid Edge Input

TMOO register N /M,/ N }/ N /M,/ N }

0000H —/ / / l/ /

Operable bits
(TMCO003, TMC002)

1

00 10

al

Count clear input
(T1000 pin input)

Compare register >< M
(CR000)
Compare match interrupt '| '| '| '|
(INTTMO00)

Compare register
(CR010) X N
Compare match interrupt
(INTTMO10)

TOO00 output L r

|
—

<1> <2> <2> <2> <2> <3>
<1> Count operation start flow <3> Count operation stop flow
) The counter is initialized
START TMC003, TMCO002 bits =00 | and counting is stopped
by clearing the TMC003
and TMCO002 bits to 00.
Register initial setting Initial setting of these
PRMOO register, registers is performed
CRCOO register, before setting the STOP
TOCOO registerhete, TMCO003 and TMC002

CR000, CR0O10 registers, bits to 10.
TMCO00.TMCO001 bit,
port setting

TMCO003, TMCO002 bits = 10 Starts count operation

<2> TMOO register clear & start flow

|

Edge input to TIO00 pin

|

When the valid edge is input to the TI000 pin,
the value of the TMOO register is cleared.

Note Care must be exercised when setting TOCO00. For details, refer to 6.3 (3) 16-bit timer output control register
00 (TOCO00).
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6.4.5 Free-running timer operation

When bits 3 and 2 (TMC003 and TMC002) of 16-bit timer mode control register 00 (TMCQO) are set to 01 (free-running
timer mode), 16-bit timer/event counter 00 continues counting up in synchronization with the count clock. When it has
counted up to FFFFH, the overflow flag (OVF00) is set to 1 at the next clock, and TMOO is cleared (to 0000H) and
continues counting. Clear OVF00 to 0 by executing the CLR instruction via software.

The following three types of free-running timer operations are available.

e Both CR000 and CR010 are used as compare registers.
¢ One of CRO00 or CRO10 is used as a compare register and the other is used as a capture register.
¢ Both CR0O00 and CR010 are used as capture registers.

Remarks 1. For the setting of the I/O pins, refer to 6.3 (6) Port mode registers 3, 12 (PM3, PM12).

2. For how to enable the INTTMOOO signal interrupt, refer to CHAPTER 14 INTERRUPT FUNCTIONS.

(1) Free-running timer mode ope

ration

(CR000: compare register, CR010: compare register)

Figure 6-33. Block Diagram of Free-Running Timer Mode
(CR000: Compare Register, CR010: Compare Register)

Count clock

)

Timer counter
(TMO00)

-

Operable bits
TMCO003, TMC002

{} Match signal

Interrupt signal

ﬁ

Compare register
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!
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controller
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ﬁ
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RO1UHO389EJ0120 Rev.1.20
Oct 09, 2014

RENESAS

172



R7FOC30x, R7FOC31x CHAPTER 6 16-BIT TIMER/EVENT COUNTER 00

Figure 6-34. Timing Example of Free-Running Timer Mode
(CR000: Compare Register, CR010: Compare Register)

¢ TOCO00 = 13H, PRM00 = 00H, CRC00 = 00H, TMCO00 = 04H

FFFFH

NM/‘/ Ny Ny NM/,

TMOO register

0000H
Operable bits

(TMCO003, TMCO002) 00 o1 ) COO
Compare register M
(CR000)

Compare match interrupt
(INTTMO000) -| -| -| -|

Compare register
(CR010) >< N

Compare match interrupt
(INTTMO10) -| -| -| -|

TOO00 output

OVFO00 bit —l —l _|_

T T ! ?

0 write clear 0 write clear 0 write clear 0 write clear

This is an application example where two compare registers are used in the free-running timer mode.
The TOOO output level is reversed each time the count value of TMOO matches the set value of CR000 or CR010.
When the count value matches the register value, the INTTMOO0O or INTTMO10 signal is generated.

(2) Free-running timer mode operation
(CR000: compare register, CR010: capture register)

Figure 6-35. Block Diagram of Free-Running Timer Mode
(CR000: Compare Register, CR010: Capture Register)

Count clock Timer counter
r (TMO00)

. {} Match signal Interrupt signal

Operable bits {} I (INTTMO00)
TMCO003, TMC002
Compare register Output  [TO00 output )
(CR000) controller ©T000 pin

. Edge Capture register Interrupt signal

T1000 pin O getection | Capture signal (CRO10) (INTTMO10)
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Figure 6-36. Timing Example of Free-Running Timer Mode
(CR000: Compare Register, CR010: Capture Register)

¢ TOCO00 = 13H, PRM00 = 10H, CRC00 = 04H, TMCO00 = 04H

FFFFH
M|
TMOO register N S £ L~

0000H

Operable bits
(TMCO003, TMCO002)

00 01

Capture trigger input
(T1000)

Compare register
(CRO00) >< 0000H

Compare match interrupt
(INTTMOO00) —l -| -| -|

Capture register
(CR010) 0000H M N S < P

Capture interrupt
(INTTMO10) -| -| -| -|
TOO0O0 output
Overflow flag
(OVF00) _l —l

T T T T

0 write clear 0 write clear 0 write clear 0 write clear

(2
|

This is an application example where a compare register and a capture register are used at the same time in the free-
running timer mode.

In this example, the INTTMOOO signal is generated and the TOO0O output level is reversed each time the count value of
TMOO matches the set value of CRO00 (compare register). In addition, the INTTMO10 signal is generated and the
count value of TMOO is captured to CR010 each time the valid edge of the TI000 pin is detected.
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(3) Free-running timer mode operation
(CR000: capture register, CR010: capture register)

Figure 6-37. Block Diagram of Free-Running Timer Mode
(CR000: Capture Register, CR010: Capture Register)

Operable bits
TMCO003, TMC002

L Timer counter
Count clock (TMO00)

Capture register Interrupt signal
(CR0O10) (INTTMO10)

Capture signal

Edge

TIO00 pin : =
Pin ©={ deteciion *§ Capture register Interrupt signal
_ Edge 3 Capture (CR000) (INTTMO000)
T1010 pin © detection @ signal
Remark If both CR000 and CR0O10 are used as capture registers in the free-running timer mode, the TO00 output
level is not inverted.
However, it can be inverted each time the valid edge of the TI000 pin is detected if bit 1 (TMCO001) of 16-bit
timer mode control register 00 (TMCOO) is set to 1.
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Figure 6-38. Timing Example of Free-Running Timer Mode
(CR000: Capture Register, CR010: Capture Register) (1/2)

(a) TOCO0 = 13H, PRMO0O = 50H, CRC00 = 05H, TMCO00 = 04H

FFFFH

M

TMOO register / N S E Q"
A L B / e b / £
0000H

Operable bits
(TMCO003, TMCO002)

Capture trigger input —l |—_
(TI000)
Capture register

(CR010)

Capture interrupt u
(INTTMO010) -| -| -|

Capture trigger input
(TI010) —l

Capture register
(CRoo0) 0000H A B C D

Capture interrupt _
(INTTMO000) -| -| -| -|

Overflow flag
(OVF00)

00 01

0000H M N S P

— )

m

T T ? T

0 write clear 0 write clear 0 write clear 0 write clear

This is an application example where the count values that have been captured at the valid edges of separate capture

trigger signals are stored in separate capture registers in the free-running timer mode.

The count value is captured to CR010 when the valid edge of the TI000 pin input is detected and to CR0O00 when the

valid edge of the TI010 pin input is detected.
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Figure 6-38. Timing Example of Free-Running Timer Mode
(CR000: Capture Register, CR010: Capture Register) (2/2)

(b) TOCO00 = 13H, PRM00 = COH, CRC00 = 05H, TMCO00 = 04H

FFFFH

1 o) /
MO0 it N Q /
register / /‘

0000H

Operable bits
(TMCO003, TMC002)

Capture trigger input
(T1010)

Capture register @ @
(CR000) 0000H M

00 01

Capture interrupt
(INTTMOO00)

()
1

—
—

Capture trigger input

(Tiooo) L
Capture register
(CR010) 0000H
Capture interrupt
(INTTMO10) L

This is an application example where both the edges of the TI010 pin are detected and the count value is captured to
CRO00O in the free-running timer mode.

When both CR000 and CRO010 are used as capture registers and when the valid edge of only the TI010 pin is to be
detected, the count value cannot be captured to CR010.
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Figure 6-39. Example of Register Settings in Free-Running Timer Mode (1/2)

(a) 16-bit timer mode control register 00 (TMCO00)

TMC003 TMC002 TMC001 OVFOO
[ o | o [ o | o | o | 1 | on | o |
L

0: Inverts TOOO output on match
between TM00O and CR000/CR010.

1: Inverts TO0O output on match
between TM00 and CRO00/CR010
valid edge of TI000 pin.

(b) Capture/compare control register 00 (CRC00)

Free-running timer mode

CRC002 CRCO001 CRCO000

Lo [ o[ o] ol o

01

ot | o |

(c) 16-bit timer output control register 00 (TOCO00)

OSPT00 OSPEOO TOCO004 LVS00

0: CRO00O0 used as compare register
1: CROO0O0 used as capture register

0: TIO10 pin is used as capture
trigger of CR000.

1: Reverse phase of TI000 pin is
used as capture trigger of CR000.

LVROO TOCO001

0: CRO10 used as compare register
1: CRO10 used as capture register

TOEOO

[ o | o] o

\ 0/ \ 0/1 \ 0/1 \ 0 \ 0 |

L]

\— 0: Disables TO00 output
1: Enables TO00 output

Specifies initial value of

TOO0O0 output F/F

00:

Does not invert TO00 output on match
between TM0O and CR000/CR010.
Inverts TOO0O output on match between
TMOO0 and CRO000.

Inverts TOOO output on match between
TMOO0 and CR010.

Inverts TOOO output on match between
TMOn and CR000/CR010.

01:

10:

11:
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Figure 6-39. Example of Register Settings in Free-Running Timer Mode (2/2)

(d) Prescaler mode register 00 (PRMO00)

ES110 ES100 ES010  ES000 3 2 PRMO001 PRMO0O
|0/1\0/1\0/1\0/1\0 0\0/1\0/1|

Count clock selection
(setting TI000 valid edge is prohibited)

00: Falling edge detection
01: Rising edge detection
10: Setting prohibited
11: Both edges detection
(setting prohibited when CRCO001 = 1)

00: Falling edge detection
01: Rising edge detection
10: Setting prohibited

11: Both edges detection

(e) 16-bit timer counter 00 (TMO00)
By reading TMOO, the count value can be read.

(f) 16-bit capture/compare register 000 (CR000)
When this register is used as a compare register and when its value matches the count value of TMOO, an
interrupt signal (INTTMOOO) is generated. The count value of TMOO is not cleared.
To use this register as a capture register, select either the TI000 or TI0O10 pin input as a capture trigger. When
the valid edge of the capture trigger is detected, the count value of TMOO is stored in CR00O.

(g) 16-bit capture/compare register 010 (CR010)
When this register is used as a compare register and when its value matches the count value of TMOO, an
interrupt signal (INTTMO10) is generated. The count value of TMOO is not cleared.
When this register is used as a capture register, the TI000 pin input is used as a capture trigger. When the valid
edge of the capture trigger is detected, the count value of TMOO is stored in CR010.
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Figure 6-40. Example of Software Processing in Free-Running Timer Mode

FFFFH
M M M

TMOO register N,_— N, N _—] N 1
0000H —/ .

Operable bits
(TMC003, TMC002) 00>< 01 >< 00

Compare register :>< M
(CROO0)

Compare match interrupt _l
(INTTMO00)

Compare register :>< N
(CR010)

Compare match interrupt
(INTTMO010)

Timer output control bits
(TOEO00, TOC004, TOCO001) J

TOO0O0 output

<1> <2>

<1> Count operation start flow

(o )

Register initial setting Initial setting of these registers is performed
PRMOO register, before setting the TMC003 and TMC002
CRCOO register, bits to 01.

TOCO0 registerNete,
CRO000/CRO010 register,
TMC00.TMCO001 bit,
port setting

TMCO003, TMCO002 bits = 0, 1 Starts count operation

<2> Count operation stop flow

) The counter is initialized and counting is stopped
TMC003, TMCO002 bits = 0, 0 by clearing the TMC003 and TMC002 bits to 00.

=

Note Care must be exercised when setting TOCO00. For details, refer to 6.3 (3) 16-bit timer output control

register 00 (TOCO00).
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6.4.6 PPG output operation
A square wave having a pulse width set in advance by CR010 is output from the TO00 pin as a PPG (Programmable

Pulse Generator) signal during a cycle set by CR000 when bits 3 and 2 (TMC003 and TMCO002) of 16-bit timer mode
control register 00 (TMCO00) are set to 11 (clear & start upon a match between TM0O0 and CR000).
The pulse cycle and duty factor of the pulse generated as the PPG output are as follows.

¢ Pulse cycle = (Set value of CR000 + 1) x Count clock cycle
e Duty = (Set value of CR010 + 1) / (Set value of CR000 + 1)

Caution To change the duty factor (value of CR010) during operation, refer to 6.5.1 Rewriting CR010 during
TMOO operation.

Remarks 1. For the setting of I/O pins, refer to 6.3 (6) Port mode registers 3, 12 (PM3, PM12).

2. For how to enable the INTTMOOO signal interrupt, refer to CHAPTER 14 INTERRUPT FUNCTIONS.

Count clock

Figure 6-41. Block Diagram of PPG Output Operation

Clear

)

Timer counter
(TMO00)

-

Operable bits
TMCO003, TMC002

iy

Match signal

Interrupt signal

ﬁ

!

Compare register
(CR000)

Match signal

Output
controller

TOO0O0 output

(INTTMOO00)
© TOO00 pin

Interrupt signal

ﬁ

Compare registe
(CR010)

r

(INTTMO10)
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Figure 6-42. Example of Register Settings for PPG Output Operation (1/2)

(a) 16-bit timer mode control register 00 (TMCO00)

TMC003 TMC002 TMCO01 OVFO0
Lo [ ol of ol «+ [+ [ of o]

L’J

(b) Capture/compare control register 00 (CRC00)

Clears and starts on match
between TMO0O and CR00O.

CRC002 CRC001 CRC000
Lo [ o[ o] ol of o o o]

—— CRO000 used as
compare register

CRO010 used as
compare register

(c) 16-bit timer output control register 00 (TOCO00)

OSPT00 OSPEOO0 TOCO004 LVS00 LVROO TOC001 TOEOO
| 0 ‘ 0 ‘ 0 ‘ 1 ‘ 01 ‘ 01 ‘ 1 ‘ 1 |

\;J \—’—‘ \— Enables TO00 output

Specifies initial value of
TOOO0 output F/F

‘ 11: Inverts TOOO output on
match between TMOO
and CR000/CR010.

00: Disables one-shot pulse
output

(d) Prescaler mode register 00 (PRMO00)

ES110 ES100 ES010  ESO000 3 2 PRM001 PRMO000

| 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0/1 ‘ 0/1 |

\—l—‘— Selects count clock
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Figure 6-42. Example of Register Settings for PPG Output Operation (2/2)

(e) 16-bit timer counter 00 (TMO0O)
By reading TMOO, the count value can be read.

(f) 16-bit capture/compare register 000 (CR000)
An interrupt signal (INTTMOOO) is generated when the value of this register matches the count value of TMOO.
The count value of TMOO is cleared.

(g) 16-bit capture/compare register 010 (CR010)
An interrupt signal (INTTMO010) is generated when the value of this register matches the count value of TMOO.
The count value of TMOO is not cleared.

Caution Set values to CR000 and CR010 such that the condition 0000H < CR010 < CR000 < FFFFH is
satisfied.
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Figure 6-43. Example of Software Processing for PPG Output Operation

M M M

TMOO register N / N / N /
0000H _/ / / / -

Operable bits o~ » >< 00

(TMC003, TMC002)
Compare register M

(CR000)

7N

Compare match interrupt _| _| _|
(INTTMOO00)

Compare register N
(CR010)

Compare match interrupt ‘| ‘| ‘|
(INTTMO010)

Timer output control bits
(TOE00, TOC004, TOC001) I_

TOO00 output

N+1 N+1 N+ 1
M+ 1 M+ 1 M+ 1

<1> <2>

<1> Count operation start flow <2> Count operation stop flow

) The counter is initialized

START TMCO003, TMCO002 bits = 00 and counting is stopped

by clearing the TMC003

and TMCO002 bits to 00.

Register initial setting Initial setting of these
PRMOO register, registers is performed C STOP )
CRCOO register, before setting the
TOCOO registerhete, TMCO003 and TMC002
CR000, CR0O10 registers, bits.
port setting

TMCO003, TMCO002 bits = 11 Starts count operation

Note Care must be exercised when setting TOC00. For details, refer to 6.3 (3) 16-bit timer output control
register 00 (TOCO00).

Remark PPG pulse cycle = (M + 1) x Count clock cycle
PPG duty = (N + 1)/(M + 1)
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6.4.7 One-shot pulse output operation

A one-shot pulse can be output by setting bits 3 and 2 (TMC003 and TMC002) of the 16-bit timer mode control register
00 (TMCO00) to 01 (free-running timer mode) or to 10 (clear & start mode entered by the TI000 pin valid edge) and setting
bit 5 (OSPEQO0) of 16-bit timer output control register 00 (TOCQO) to 1.

When bit 6 (OSPT00) of TOCOO is set to 1 or when the valid edge is input to the TIO00 pin during timer operation,
clearing & starting of TMOO is triggered, and a pulse of the difference between the values of CR0O00 and CR010 is output
only once from the TOOO pin.

Cautions 1. Do not input the trigger again (setting OSPTO00 to 1 or detecting the valid edge of the TI000 pin)
while the one-shot pulse is output. To output the one-shot pulse again, generate the trigger after
the current one-shot pulse output has completed.

2. To use only the setting of OSPT00 to 1 as the trigger of one-shot pulse output, do not change the
level of the TIO00 pin or its alternate function port pin. Otherwise, the pulse will be unexpectedly
output.

Remarks 1. For the setting of the I/O pins, refer to 6.3 (6) Port mode registers 3, 12 (PM3, PM12).
2. For how to enable the INTTMOOO signal interrupt, refer to CHAPTER 14 INTERRUPT FUNCTIONS.

Figure 6-44. Block Diagram of One-Shot Pulse Output Operation

TI000 edge detection Clear
OSPTOO bit 37

OSPEOQO bit

Timer counter

r ) - (TM00)
{} Match signal _ Interrupt signal

Operable bits ﬁ I (INTTMO000)

Count clock

TMCO003, TMCO002
Compare register Output | TOO0O output .
(CR000) controller ©T000 pin
Match signal I Interrupt signal

ﬁ * (INTTMO10)

Compare register
(CR010)
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Figure 6-45. Example of Register Settings for One-Shot Pulse Output Operation (1/2)

(a) 16-bit timer mode control register 00 (TMCO00)

TMC003 TMC002 TMCO001 _OVF00
[ o [ o [ o | o | on [ on | o | o |

LH

01: Free running timer mode
10: Clear and start mode by
valid edge of TI000 pin.

(b) Capture/compare control register 00 (CRC00)

CRC002_CRC001_CRC000
Lo [ o[ o] ol of o o o]

—— CRO000 used as
compare register

CRO010 used as
compare register

(c) 16-bit timer output control register 00 (TOCO00)

OSPT00 OSPEO0 TOCO004 LVS00 LVROO TOC001 TOEO0

|0‘0/1‘1‘1‘0/1‘0/1‘1‘1|

\— Enables TOO0O0 output

Specifies initial value of
TOO00 output

Inverts TOOO output on
match between TMOO
and CR000/CR010.

Enables one-shot pulse
output

Software trigger is generated
by writing 1 to this bit
(operation is not affected
even if O is written to it).

(d) Prescaler mode register 00 (PRMO00)

ES110 ES100 [ES010 ES000 3 2 PRMO001 PRMO0O
|o‘o‘o‘o‘o‘o‘0/1‘0/1|

\—|—1— Selects count clock
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Figure 6-45. Example of Register Settings for One-Shot Pulse Output Operation (2/2)

(e) 16-bit timer counter 00 (TMO00)
By reading TMOO, the count value can be read.

(f) 16-bit capture/compare register 000 (CR000)
This register is used as a compare register when a one-shot pulse is output. When the value of TM0O matches
that of CR000, an interrupt signal (INTTMOOO) is generated and the TOO0O0 output level is inverted.

(g) 16-bit capture/compare register 010 (CR010)
This register is used as a compare register when a one-shot pulse is output. When the value of TM0O matches

that of CRO10, an interrupt signal (INTTMO010) is generated and the TOO0O output level is inverted.

Caution Do not set the same value to CR000 and CR010.
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Figure 6-46. Example of Software Processing for One-Shot Pulse Output Operation (1/2)

N / N_y/ N /
TMOO register M / M / M /

FFFFH

0000H

Operable bits < >
(TMC003, TMC002) °°> Otlor 10 <°°

One-shot pulse enable bit
(OSPEO0)

One-shot pulse trigger bit ‘l
(OSPTO)

One-shot pulse trigger input
(TI000 pin)

Overflow plug '—l
(OVFO00)

Compare register
(CR000) N
Compare match interrupt _| ] _|
(INTTMO00)

Compare register >< M
(CR010)

Compare match interrupt _l _l _l
(INTTMO10)

TOO0O0 output

M+ 1 M+1 N-M

TOO0O0 output control bits | / |
(TOEQO, TOCO004, TOC001) TOO00 output level is not
¢ ? inverted because no one- ? ?

<1> <2> shot trigger is input.  <2> <3>

¢ Time from when the one-shot pulse trigger is input until the one-shot pulse is output
= (M + 1) x Count clock cycle

e One-shot pulse output active level width
= (N — M) x Count clock cycle
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Figure 6-46. Example of Software Processing for One-Shot Pulse Output Operation (2/2)

<1> Count operation start flow

(o )

Register initial setting
PRMOO register,
CRCOO register,

TOCOO registeriete,
CRO000, CR0O10 registers,
port setting

TMCO003, TMCO002 bits =
01or10

<2> One-shot trigger input flow

|

TOC00.0SPTOO bit = 1
or edge input to TIO0O pin

l

<3> Count operation stop flow

TMCO003, TMCO002 bits = 00

=

Initial setting of these registers is performed
before setting the TMC003 and TMCO002 bits.

Starts count operation

Write the same value to the bits other than the
OSPTO0O0 bit.

The counter is initialized and counting is stopped
by clearing the TMCO003 and TMCO002 bits to 00.

Note Care must be exercised when setting TOCO00. For details, refer to 6.3 (3) 16-bit timer output control

register 00 (TOCO00).
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6.4.8 Pulse width measurement operation

TMOO can be used to measure the pulse width of the signal input to the TIO00 and TI010 pins.

Measurement can be accomplished by operating the 16-bit timer/event counter 00 in the free-running timer mode or by

restarting the timer in synchronization with the signal input to the TI000 pin.
When an interrupt is generated, read the value of the valid capture register and measure the pulse width. Check bit 0

(OVFO00) of 16-bit timer mode control register 00 (TMCOQ0). If it is set (to 1), clear it to 0 by software.

Figure 6-47. Block Diagram of Pulse Width Measurement (Free-Running Timer Mode)

T1000 pin ©

TI010 pin ©

Operable bits
TMCO003, TMC002

L}

Timer counter
(TMO00)

iy

Capture register
(CR010)

Capture register

(CR000)

Count clock
Capture signal
Edge ,_
detection ]
3
Edge © Capture
detection @ signal

Figure 6-48. Block Diagram of Pulse Width Measurement

(Clear & Start Mode Entered by TI000 Pin Valid Edge Input)

Operable bits
TMCO003, TMCOO:!

2

Clear

N

N
|/

Timer counter

Interrupt signal
(INTTMO10)

Interrupt signal
(INTTMO000)

Count clock (TMO00)
Capture register Interrupt signal
Capture signal (CR010) (INTTMO10)
: Edge
TIO00 pin : =
Pin© detection § Capture register Interrupt signal
) Edge > Capture (CR000) (INTTMO000)
TI010 pin © detection @ signal
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A pulse width can be measured in the following three ways.

¢ Measuring the pulse width by using two input signals of the TI000 and TI010 pins (free-running timer mode)

¢ Measuring the pulse width by using one input signal of the TI000 pin (free-running timer mode)

e Measuring the pulse width by using one input signal of the TIO00 pin (clear & start mode entered by the TI000 pin
valid edge input)

Remarks 1. For the setting of the I/O pins, refer to 6.3 (6) Port mode registers 3, 12 (PM3, PM12).
2. For how to enable the INTTMOOO signal interrupt, refer to CHAPTER 14 INTERRUPT FUNCTIONS.

(1) Measuring the pulse width by using two input signals of the TI000 and TI010 pins (free-running timer mode)
Set the free-running timer mode (TMCO003 and TMC002 = 01). When the valid edge of the TI0O00 pin is detected, the
count value of TMOO is captured to CR010. When the valid edge of the TI0O10 pin is detected, the count value of
TMOO is captured to CR000. Specify detection of both the edges of the TI000 and TI010 pins.

By this measurement method, the previous count value is subtracted from the count value captured by the edge of
each input signal. Therefore, save the previously captured value to a separate register in advance.

If an overflow occurs, the value becomes negative if the previously captured value is simply subtracted from the
current captured value and, therefore, a borrow occurs (bit 0 (CY) of the program status word (PSW) is set to 1). If
this happens, ignore CY and take the calculated value as the pulse width. In addition, clear bit 0 (OVF00) of 16-bit
timer mode control register 00 (TMCO0O) to 0.

Figure 6-49. Timing Example of Pulse Width Measurement (1)

e TMCO00 = 04H, PRMO0O = FOH, CRC00 = 05H

FFFFH
TMOO register A / ; /N c } o /P - }/

0000H

Operable bits
(TMCO003, TMCO002)

Capture trigger input
(T1000)

00 01

Capture register
(CRO10) 0000H < M N S P

Capture interrupt

(INTTMO10)
Capture trigger input
(TI010)

— °)

Capture register
(CR000)

Capture interrupt '| '| '| '| ]
(INTTMO00)

Overflow flag

(OVF00)

0000H A B Cc D

m

0 write clear 0 write clear 0 write clear 0 write clear
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(2) Measuring the pulse width by using one input signal of the TI000 pin (free-running timer mode)
Set the free-running timer mode (TMCO003 and TMCO002 = 01). The count value of TMOO is captured to CROQO in the
phase reverse to the valid edge detected on the TI0O00 pin. When the valid edge of the TIO00 pin is detected, the

count value of TMOO is captured to CR010.

By this measurement method, values are stored in separate capture registers when a width from one edge to another

is measured. Therefore, the capture values do not have to be saved. By subtracting the value of one capture register

from that of another, a high-level width, low-level width, and cycle are calculated.

If an overflow occurs, the value becomes negative if one captured value is simply subtracted from another and,
therefore, a borrow occurs (bit 0 (CY) of the program status word (PSW) is set to 1). If this happens, ignore CY and
take the calculated value as the pulse width. In addition, clear bit 0 (OVFO00) of 16-bit timer mode control register 00

(TMCO00) to 0.

FFFFH
TMOO register

0000H

Operable bits
(TMC003, TMC002)

Capture trigger input
(T1000)

Capture register
(CR000)

Capture register
(CR010)

Capture interrupt
(INTTMO10)

Overflow flag
(OVF00)

Capture trigger input
(TI010)

Capture interrupt
(INTTMO000)

Figure 6-50. Timing Example of Pulse Width Measurement (2)

e TMCO00 = 04H, PRMO00 = 10H, CRC00 = 07H

v

e

e

o

=

01

0000H

m

X 0000H

0 write clear

0 write clear

0 write clear

T [®

0 write clear
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(3) Measuring the pulse width by using one input signal of the TI000 pin (clear & start mode entered by the TI000
pin valid edge input)
Set the clear & start mode entered by the TI000 pin valid edge (TMC003 and TMC002 = 10). The count value of
TMOO is captured to CR0OO0O in the phase reverse to the valid edge of the TIO00 pin, and the count value of TMOO is
captured to CR010 and TMOO is cleared (0000H) when the valid edge of the TI000 pin is detected. Therefore, a cycle
is stored in CRO10 if TMOO does not overflow.
If an overflow occurs, take the value that results from adding 10000H to the value stored in CR010 as a cycle. Clear
bit 0 (OVF00) of 16-bit timer mode control register 00 (TMCOQ0) to O.

Figure 6-51. Timing Example of Pulse Width Measurement (3)

e TMCO00 = 08H, PRMO00 = 10H, CRC00 = 07H

FFFFH o

N_ B = QA
TMOO register /M / . c” D /
A —

0000H

Operable bits
(TMCO003, TMCO002) oox 10 >@

<1> <1> <1> <1>

Capture & count clear input
(T1000)

<2>| <3> <2> <3> <2> <3> <2> <3>

Capture register
P CRooo)  0000H A B C D

Capture register
(CRO10) 0000H M N S P Q

Capture interrupt _| _| -| -| -|
(INTTMO10)

Overflow flag

(OVF00)

0 write clear
Capture trigger input
(To1oy L

Capture interrupt
(INTTMO000)

L

<1> Pulse cycle = (10000H x Number of times OVFOQO bit is set to 1 + Captured value of CR010) x Count
clock cycle

<2> High-level pulse width = (10000H x Number of times OVFO0O bit is set to 1 + Captured value of CR000) x Count
clock cycle

<3> Low-level pulse width = (Pulse cycle — High-level pulse width)
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Figure 6-52. Example of Register Settings for Pulse Width Measurement (1/2)

(a) 16-bit timer mode control register 00 (TMCO00)

TMC003 TMC002 TMC001 _OVF00
[ o | o [ o | o | on | on | o | o |

LH

01: Free running timer mode
10: Clear and start mode entered
by valid edge of TI000 pin.

(b) Capture/compare control register 00 (CRC00)

CRC002 CRC001 CRC000
[ o | o [ o | o | o | 1 | on | 1 |

—— 1: CRO0O00 used as capture register

0: TI010 pin is used as capture
trigger of CR00O.

1: Reverse phase of TI000 pin is
used as capture trigger of CR000.

1: CRO10 used as capture register

(c) 16-bit timer output control register 00 (TOCO00)

OSPT00 OSPEOO TOCO004 LVS00 LVROO TOC001 TOEOO
Lol o ofof ool o] o]

(d) Prescaler mode register 00 (PRMO0O0)

ES110 ES100 ES010  ES000 3 2 PRMO001 PRMO00O
|0/1\0/1\0/1\0/1\0\0\0/1\0/1|

Selects count clock
(setting valid edge of TI000 is prohibited)

00: Falling edge detection
01: Rising edge detection
10: Setting prohibited
11: Both edges detection
(setting when CRCO001 = 1 is prohibited)

00: Falling edge detection
01: Rising edge detection
10: Setting prohibited

11: Both edges detection
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Figure 6-52. Example of Register Settings for Pulse Width Measurement (2/2)

(e) 16-bit timer counter 00 (TMO00)
By reading TMOO, the count value can be read.

(f) 16-bit capture/compare register 000 (CR000)
This register is used as a capture register. Either the TI000 or TI010 pin is selected as a capture trigger. When a
specified edge of the capture trigger is detected, the count value of TMOO is stored in CR00O.

(g) 16-bit capture/compare register 010 (CR010)
This register is used as a capture register. The signal input to the TI000 pin is used as a capture trigger. When
the capture trigger is detected, the count value of TMOO is stored in CR010.
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Figure 6-53. Example of Software Processing for Pulse Width Measurement (1/2)

(a) Example of free-running timer mode

FFFFH
. Dw/ D11/ D12/ D13/
TMOO register Doo / D01/ Doz~ Dos/ Do

0000H
Operable bits
(TMC003, TMCo02) 90 01 <00

Capture trigger input
(T1000)

Capture register
(CR010)

Capture interrupt '| '| '| '|

(INTTMO010)
Capture trigger input
(TI010)

0000H D1o D11 D12 D13

Capture register D D D D D
(CR000) 0000H 00 o1 02 03 04

Capture interrupt '| _| '| '| '|
(INTTMOO0)

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

(b) Example of clear & start mode entered by TI000 pin valid edge

FFFFH

D2 _ D3 De = Dsg
. Do _— . Ds / Dz /
TMOO register Da

D1

0000H

Operable bits >
(TMCO003, TMC002) 00 10 @

Capture & count clear input
(TI1000)

Capture register
(CRO00) 0000H D+ Ds Ds D7

Capture interrupt
(INTTM000) L

Capture register

Capture interrupt _| _| _| -| -|
(INTTMO010)

<1> <2> <2> <2> <2> <2> <2> <2> <2> <2><3>
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Figure 6-53. Example of Software Processing for Pulse Width Measurement (2/2)

<1> Count operation start flow

(s )

Register initial setting Initial setting of these registers is performed
PRMOO register, before setting the TMC003 and TMCO002 bits.
CRCOO register,

port setting

TMCO003, TMCO002 bits =

01or10 Starts count operation

<2> Capture trigger input flow

|

Edge detection of TI000, TI010 pins

Stores count value to
CRO000, CR010 registers
Generates capture interruptNet

Calculated pulse width
from capture value

l

<3> Count operation stop flow

The counter is initialized and counting is stopped

TMC003, TMCO002 bits = 00 by clearing the TMC003 and TMCO002 bits to 00.

=

Note The capture interrupt signal (INTTMO0O) is not generated when the reverse-phase edge of the TI000 pin input
is selected to the valid edge of CR0OQO.
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6.5 Special Use of TM0O

6.5.1 Rewriting CR010 during TMOO operation

In principle, rewriting CR0O00 and CRO010 of the yPD79F7023, 79F7024 microcontrollers when they are used as
compare registers is prohibited while TMOO is operating (TMC003 and TMCO002 = other than 00).

However, the value of CR010 can be changed, even while TMOO is operating, using the following procedure if CR010 is
used for PPG output and the duty factor is changed. (When changing the value of CR010 to a smaller value than the
current one, rewrite it immediately after its value matches the value of TM00. When changing the value of CR010 to a
larger value than the current one, rewrite it immediately after the values of CR000 and TM0OO match. If the value of CR0O10
is rewritten immediately before a match between CR010 and TMO0O, or between CR000 and TMOQO, an unexpected
operation may be performed.).

| Procedure for changing value of CR010 |

<1> Disable interrupt INTTM010 (TMMKO10 = 1).

<2> Disable reversal of the timer output when the value of TM0OO matches that of CR010 (TOC004 = 0).
<3> Change the value of CR010.

<4> Wait for one cycle of the count clock of TMO0O.

<5> Enable reversal of the timer output when the value of TM00 matches that of CR010 (TOC004 = 1).
<6> Clear the interrupt flag of INTTM010 (TMIFO10 = 0) to 0.

<7> Enable interrupt INTTM010 (TMMKO010 = 0).

Remark For TMIFO10 and TMMKO10, refer to CHAPTER 14 INTERRUPT FUNCTIONS.
6.5.2 Setting LVS00 and LVR00
(1) Usage of LVS00 and LVR0O
LVS00 and LVROO are used to set the default value of the TO00 output and to invert the timer output without enabling

the timer operation (TMCO003 and TMCO002 = 00). Clear LVS00 and LVRO0O to 00 (default value: low-level output)
when software control is unnecessary.

LVS00 LVRO0O Timer Output Status
0 0 Not changed (low-level output)
0 1 Cleared (low-level output)
1 0 Set (high-level output)
1 1 Setting prohibited
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(2) Setting LVS00 and LVRO00
Set LVS00 and LVROO using the following procedure.

Figure 6-54. Example of Flow for Setting LVS00 and LVRO0O Bits

\

Setting TOC00.0SPE00, TOC004, TOC001 bits
\ <1> Setting of timer output operation
Setting TOC00.TOEOQO bit

|
Setting TOCO00.LVSO00, LVRO0O bits <2> Setting of timer output F/F
|
Setting TMC00.TMCO003, TMCO002 bits <3> Enabling timer operation

Caution Be sure to set LVS00 and LVRO0O following steps <1>, <2>, and <3> above.
Step <2> can be performed after <1> and before <3>.

Figure 6-55. Timing Example of LVR00 and LVS00

TOCO00.LVS0O0 bit

TOCO00.LVROO bit

Operable bits 00

(TMC003, TMC002) 01, 10, or 11

TOO0O0 output

INTTMOOO signal

<1> <2> <1> <3><4>  <4> <4>

<1> The TOO0O output goes high when LVS00 and LVR0O = 10.

<2> The TOOO output goes low when LVS00 and LVRO0O = 01 (the pin output remains unchanged from the high level
even if LVS00 and LVRO0O are cleared to 00).

<3> The timer starts operating when TMCO003 and TMCO002 are set to 01, 10, or 11. Because LVS00 and LVR0O
were set to 10 before the operation was started, the TO00 output starts from the high level. After the timer
starts operating, setting LVS00 and LVROO is prohibited until TMC003 and TMCO002 = 00 (disabling the timer
operation).

<4> The TOO0O output level is inverted each time an interrupt signal (INTTMO0O) is generated.
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6.6 Cautions for 16-Bit Timer/Event Counter 00

(1) Restrictions for each channel of 16-bit timer/event counter 00

Table 6-3 shows the restrictions for each channel.

Table 6-3. Restrictions for Each Channel of 16-Bit Timer/Event Counter 00

Operation

Restriction

As interval timer

As square-wave output

As external event counter

As clear & start mode entered by
TI000 pin valid edge input

Using timer output (TOO0O0) is prohibited when detection of the valid edge of the TI010 pin is
used. (TOCO0 = 00H)

As free-running timer

As PPG output

0000H < CP010 < CR000 < FFFFH

As one-shot pulse output

Setting the same value to CR000 and CP010 is prohibited.

As pulse width measurement

Using timer output (TOO00) is prohibited (TOCO00 = 00H)

(2) Timer start errors

An error of up to one clock may occur in the time required for a match signal to be generated after timer start. This is

because counting TMOO is started asynchronously to the count pulse.

Figure 6-56. Start Timing of TM0O Count

Countpuse _ | [ | [ | [ [ [[ |

TMOO countvalue  0000H X 0001H X 0002H X 0003H X 0004H

Timer start

(3) Setting of CR000 and CR010 (clear & start mode entered upon a match between TM00 and CR000)
Set a value other than 0000H to CR000 and CR010 (TMOO cannot count one pulse when it is used as an external

event counter).

RO1UHO389EJ0120 Rev.1.20
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(4) Timing of holding data by capture register

(a) When the valid edge is input to the TIO00/TI010 pin and the reverse phase of the TIO00 pin is detected while
CRO000/CR010 is read, CR0O10 performs a capture operation but the read value of CRO00/CR010 is not
guaranteed. At this time, an interrupt signal (INTTMOOO/INTTMO10) is generated when the valid edge of the
TI000/TI010 pin is detected (the interrupt signal is not generated when the reverse-phase edge of the TI000 pin is
detected).

When the count value is captured because the valid edge of the TI000/TI010 pin was detected, read the value of
CRO00/CRO010 after INTTMOOO/INTTMO10 is generated.

Figure 6-57. Timing of Holding Data by Capture Register

Count pulse _| L1 L] l_:_l |_| |_| I_
TMOO count value X N X N+1 X N+2 X :: X M XM+t XM+2
Edge input —| " |
INTTMO10 [ I [ ]
Capture read signal " |_|_
Value captured to CRO10 X X N +1 X
Capture lperation Capture Iperation is performed

but read value is not guaranteed.

(b) The values of CR000 and CR010 are not guaranteed after 16-bit timer/event counter 00 stops.

(5) Setting valid edge
Set the valid edge of the TIO00 pin while the timer operation is stopped (TMC003 and TMC002 = 00). Set the valid
edge by using ES000 and ES010.

(6) Re-triggering one-shot pulse
Make sure that the trigger is not generated while an active level is being output in the one-shot pulse output mode.
Be sure to input the next trigger after the current active level is output.
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(7) Operation of OVF00 flag

(a) Setting OVFOO flag (1)

The OVFOO flag is set to 1 in the following case, as well as when TMOO overflows.

Select the clear & start mode entered upon a match between TM0O and CR000.

\
Set CR000 to FFFFH.
"

When TM0O matches CR000 and TMOO is cleared from FFFFH to 0000H

Figure 6-58. Operation Timing of OVF00 Flag

Count pulse I

L

CR000 __FFFFH

T™Mo0  FFFEH X FFFFH X 0000H X 0001H X

OVF00

INTTMO00

[ ]

(b) Clearing OVF0O flag

Even if the OVFOO flag is cleared to 0 after TMOO overflows and before the next count clock is counted (before

the value of TM0O becomes 0001H), it is set to 1 again and clearing is invalid.

(8) One-shot pulse output

One-shot pulse output operates correctly in the free-running timer mode or the clear & start mode entered by the

TI000 pin valid edge. The one-shot pulse cannot be output in the clear & start mode entered upon a match between

TMOO0 and CRO000.
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(9) Capture operation

(a) When valid edge of TI0O0O0 is specified as count clock
When the valid edge of TI000 is specified as the count clock, the capture register for which TI000 is specified as
a trigger does not operate correctly.

(b) Pulse width to accurately capture value by signals input to TI010 and TI000 pins
To accurately capture the count value, the pulse input to the TIO00 and TI010 pins as a capture trigger must be
wider than two count clocks selected by PRMOO (refer to Figure 6-7).

(c) Generation of interrupt signal
The capture operation is performed at the falling edge of the count clock but the interrupt signals (INTTMO0O and
INTTMO10) are generated at the rising edge of the next count clock (refer to Figure 6-7).

(d) Note when CRCO001 (bit 1 of capture/compare control register 00 (CRC00)) is set to 1
When the count value of the TMOO register is captured to the CR0O0O register in the phase reverse to the signal
input to the TIOOO pin, the interrupt signal (INTTMOOO) is not generated after the count value is captured. If the
valid edge is detected on the TI010 pin during this operation, the capture operation is not performed but the
INTTMOOO signal is generated as an external interrupt signal. Mask the INTTMOO0O signal when the external
interrupt is not used.

(10) Edge detection

(a) Specifying valid edge after reset
If the operation of the 16-bit timer/event counter 00 is enabled after reset and while the TI0O00 or TI0O10 pin is at
high level and when the rising edge or both the edges are specified as the valid edge of the TIO00 or TI010 pin,
then the high level of the TI000 or TI0O10 pin is detected as the rising edge. Note this when the TI000 or TI0O10
pin is pulled up. However, the rising edge is not detected when the operation is once stopped and then enabled
again.

(b) Sampling clock for eliminating noise

The sampling clock for eliminating noise differs depending on whether the valid edge of TI0O00 is used as the
count clock or capture trigger. In the former case, the sampling clock is fixed to fers. In the latter, the count clock
selected by PRMOO is used for sampling.

When the signal input to the TIO00 pin is sampled and the valid level is detected two times in a row, the valid
edge is detected. Therefore, noise having a short pulse width can be eliminated (refer to Figure 6-7).

(11) Timer operation

The signal input to the TI0O00/TI010 pin is not acknowledged while the timer is stopped, regardless of the operation
mode of the CPU.

Remark frrs: Peripheral hardware clock frequency
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(12) Reading of 16-bit timer counter 00 (TMO0O0)
TMOO can be read without stopping the actual counter, because the count values captured to the buffer are fixed
when it is read. The buffer, however, may not be updated when it is read immediately before the counter counts up,
because the buffer is updated at the timing the counter counts up.

Count clock

TMOO count value

Figure 6-59. 16-bit Timer Counter 00 (TM00) Read Timing

X 0034H X 0035H X 0036H X 0037H X 0038H X 0039H X 003AH X 003BH

Read buffer X 0034H X 0035H X 0037H X 0038H X 003BH
Read signal | | | |
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CHAPTER 7 8-BIT TIMER/EVENT COUNTER 51

7.1 Functions of 8-Bit Timer/Event Counter 51

8-bit timer/event counter 51 is mounted onto all R7ZFOC30x, R7FOC31x products.
8-bit timer/event counter 51 has the following functions.

(1) Interval timer
(2) External event counter
(3) Square-wave output
(4) PWM output

Remark Square-wave output and PWM output are available only as a basic clock for UARTO.
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7.2 Configuration of 8-Bit Timer/Event Counter 51

8-bit timer/event counter 51 includes the following hardware.

Table 7-1. Configuration of 8-Bit Timer/Event Counter 51

ltem

Configuration

Timer register

8-bit timer counter 51 (TM51)

Timer input

TI51

Register

8-bit timer compare register 51 (CR51)

Control registers

Timer clock selection register 51 (TCL51)
8-bit timer mode control register 51 (TMC51)
Port mode register 3 (PM3)
Port register 3 (P3)

Figure 7-1 shows the block diagrams of 8-bit timer/event counter 51.

Figure 7-1. Block Diagram of 8-Bit Timer 51

Internal bus

g

8-bit timer compare —
register 51 (CR51) 3 Selector |-~ INTTM51
TI51/TOH1/INTPO/P30©—= Match E X ]
oRS - _ 2 Timer output F/F
fPRS/% — % s aQ .
frrs/2* —= @ — o]
frre2 —o| 3 | feitimer OVF L )—{inv 3 | 1o UARTO
fers/28 —= counter 51 (TM51) g
8-bit timer H1 output —
PWM output F/F
3 S | | level
R reverse
[ Clear ——
|
[ 1 ‘
[roLsi2ToLs1TeLs1q] [TCES1]TMCS16/TMCS11]
Timer clock selection 8-bit timer mode control
register 51 (TCL51) register 51 (TMC51)
0 Internal bus
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(1) 8-bit timer counter 51 (TM51)
TM51 is an 8-bit register that counts the count pulses and is read-only.
The counter is incremented in synchronization with the rising edge of the count clock.

Figure 7-2. Format of 8-Bit Timer Counter 51 (TM51)

Address: FF1FH After reset: 00H R

Symbol 7 6 5 4 3 2 1 0
™S | | | | | | | | |

In the following situations, the count value is cleared to 00H.

<1> Reset signal generation

<2> When TCE51 is cleared

<3> When TM51 and CR51 match in the mode in which clear & start occurs upon a match of the TM51 and CR51.

(2) 8-bit timer compare register 51 (CR51)
CR51 can be read and written by an 8-bit memory manipulation instruction.
The value set in CR51 is constantly compared with the 8-bit timer counter 51 (TM51) count value, and an interrupt
request (INTTM51) is generated if they match.
The value of CR51 can be set within 00H to FFH.
Reset signal generation clears CR51 to 00H.

Figure 7-3. Format of 8-Bit Timer Compare Register 51 (CR51)

Address: FFB1H After reset: 00H R/W

Symbol 7 6 5 4 3 2 1 0
crst | | | | | | | | |

Caution In the mode in which clear & start occurs on a match of TM5n and CR5n (TMC5n6 = 0), do not write
other values to CR5n during operation.
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7.3 Registers Controlling 8-Bit Timer/Event Counter 51
The following four registers are used to control 8-bit timer/event counter 51.

e Timer clock selection register 51 (TCL51)

o 8-bit timer mode control register 51 (TMC51)
e Port mode register 3 (PM3)

e Port register 3 (P3)

(1) Timer clock selection register 51 (TCL51)
This register sets the count clock of 8-bit timer/event counter 51 and the valid edge of the TI51 pin input.
TCL51 can be set by a 1-bit or 8-bit memory manipulation instruction.
Reset signal generation clears TCL51 to O0H.

Figure 7-4. Format of Timer Clock Selection Register 51 (TCL51)

Address: FFB2H  After reset: 00H R/W

Symbol 7 6 5 4 3 2 1 0
TCL51 0 0 0 0 | 0 | TCL512 | TCL511 | TCL510
TCL512 TCL511 TCL510 Count clock selection™™"
| fers = 2 MHz ‘ fers = 5 MHz ‘ frrs = 10 MHz

0 0 0 TI51 pin falling edge™**

0 0 1 TI51 pin rising edge"*°*

0 1 0 frRs 2 MHz 5 MHz 10 MHz

0 1 1 frRs/2 1 MHz 2.5 MHz 5 MHz

1 0 0 frrs/2° 125 kHz 312.5 kHz 625 kHz

1 0 1 frrs/2° 31.25 kHz 78.13 kHz 156.25 kHz

1 1 0 frrs/2° 7.81 kHz 19.53 kHz 39.06 kHz

1 1 1 TMH1 output

Notes 1. If the peripheral hardware clock (frrs) operates on the high-speed system clock (fx+) (XSEL = 1), the frrs
operating frequency varies depending on the supply voltage.
e Vop=2.71t05.5V: frrs < 10 MHz
e Vop=1.8102.7 V: fPrRs <5 MHz
2. Do not start timer operation with the external clock from the TI51 pin when in the STOP mode.

Cautions 1. When rewriting TCL51 to other data, stop the timer operation beforehand.
2. Be sure to clear bits 3 to 7 to “0”.

Remark frrs: Peripheral hardware clock frequency
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(2) 8-bit timer mode control register 51 (TMC51)
TMC51 is a register that performs 8-bit timer counter 51 (TM51) count operation control.

TMC51 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 8-Bit Timer Mode Control Register 51 (TMC51)

Address: FFB3H After reset: 00H R/W

Symbol <7> 6 5 4 3 2 1 0
TMC51 TCE51 TMC516 0 0 0 0 TMC511 0
TCE51 TM51 count operation control
0 After clearing to 0, count operation disabled (counter stopped)
1 Count operation start
TMC516 TM51 operating mode selection
0 Mode in which clear & start occurs on a match between TM51 and CR51
1 PWM (free-running) mode
TMC511 In other modes (TMC516 = 0) In PWM mode (TMC516 = 1)
Timer F/F control Active level selection
0 Inversion operation disabled Active-high
1 Inversion operation enabled Active-low

Cautions 1. Perform <1> to <2> below in the following order, not at the same time.
<1> Set TMC511, TMC516:Operation mode setting
<2> Set TCE51
2. When TCE51 = 1, setting the other bits of TMC51 is prohibited.

Remark In PWM mode, PWM output is made inactive by clearing TCE51 to 0.

(4) Port mode registers 3 (PM3)
This register sets port 3 input/output in 1-bit units.
PM3 can be set by a 1-bit or 8-bit memory manipulation instruction.
Reset signal generation sets this register to FFH.
When using the P30/T151/TOH1/INTPO pin for timer input, set PM30 to 1. The output latches of P30 at this time may
be O or 1.

Figure 7-6. Format of Port Mode Register 3 (PM3)

Address: FF23H After reset: FFH R/W

Symbol 7 6 5 4 3 2 1 0
PM3 | 1 | 1 | 1 | PM34™" | PM33"™" | PM32 | PM31 | PM30 |
PM3n P3n pin I/O mode selection (n = 0 to 4)
0 Output mode (output buffer on)
1 Input mode (output buffer off)

Note 20-pin products only.
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7.4 Operations of 8-Bit Timer/Event Counter 51

7.4.1 Operation as interval timer

8-bit timer/event counter 51 operates as an interval timer that generates interrupt requests repeatedly at intervals of the

count value preset to 8-bit timer compare register 51 (CR51).
When the count value of 8-bit timer counter 51 (TM51) matches the value set to CR51, counting continues with the
TM51 value cleared to 0 and an interrupt request signal (INTTM51) is generated.
The count clock of TM51 can be selected with bits 0 to 2 (TCL510 to TCL512) of timer clock selection register 51

(TCL51).
<1> Set the registers.
e TCL51: Select the count clock.
e CR51: Compare value
e TMC51:

and CR51.

(TMC51 = 0000xxx0B x = Don’t care)
<2> After TCE51 =1 is set, the count operation starts.
<3> |If the values of TM51 and CR51 match, INTTM51 is generated (TM51 is cleared to 00H).
<4> [INTTM51 is generated repeatedly at the same interval.

Set TCE51 to 0 to stop the count operation.

Caution Do not write other values to CR51 during operation.

Remark For how to enable the INTTM51 signal interrupt, refer to CHAPTER 14 INTERRUPT FUNCTIONS.

Figure 7-7. Interval Timer Operation Timing (1/2)

(I

camsose T[] S N N N R N

(a) Basic operation

Stop the count operation, select the mode in which clear & start occurs on a match of TM51

Oct 09, 2014

TMsn countvalue __ 00H X01HX X N _X0oHX01HYX X N XooHXoiHX X N X
N A A |
Count start Cllear Cllear !
CRS5n N - N - N N

TCES5n | | | |
INTTMS5n - ] - ] N [

. A . A |

1 Interrupt acknowledged 1 Interrupt acknowledged X

| Interval time | Interval time |

Remarks 1. Interval time = (N + 1) xt, N=01H to FFH
2. n=1
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Figure 7-7. Interval Timer Operation Timing (2/2)

Count clock ||||||||||||
[ |

(b) When CR51 = 00H

TM5n 00H ' 00H 1 O0H ! | | |
1 1 1 1 1 1
CR5n ' 00H ! OOH ! ! ! !
1 1 1 1 1 1
TCE5n [ | | | : :

INTTM5n Illlllllllll

1 1
-
1 1

Interval time

(c) When CR51 = FFH

Count clock ||||__||||||||||__||||||||||

TM5n [o1H | [ FEH | FFH | o0H | [ FEH | FFH | ooH |
1 1
CR5n FFH N FFH N FFH |
1 1
TCESn | o : o :
INTTM5n |_| |_|

Remark n=1

Interrupt acknowledged

Interval time

A

Interrupt
acknowledged

RO1UH0389EJ0120 Rev.1.20
Oct 09, 2014

RENESAS

211



R7FOC30x, R7FOC31x CHAPTER 7 8-BIT TIMER/EVENT COUNTER 51

7.4.2 Operation as external event counter

The external event counter counts the number of external clock pulses to be input to the TI51 pin by 8-bit timer counter
51 (TM51).

TM51 is incremented each time the valid edge specified by timer clock selection register 51 (TCL51) is input. Either the
rising or falling edge can be selected.

When the TM51 count value matches the value of 8-bit timer compare register 51 (CR51), TM51 is cleared to 0 and an
interrupt request signal (INTTM51) is generated.

Whenever the TM51 value matches the value of CR51, INTTM51 is generated.

<1> Set each register.
o Set the port mode register (PM30) to 1.
e TCL51: Select TI51 pin input edge.
TI51 pin falling edge — TCL51 = 00H
TI51 pin rising edge —» TCL51 = 01H
e CR51: Compare value
e TMC51: Stop the count operation, select the mode in which clear & start occurs on match of TM51 and
CR51, disable the timer F/F inversion operation, disable timer output.
(TMC51 = 00000000B)
<2> When TCE51 = 1 is set, the number of pulses input from the TI51 pin is counted.
<3> When the values of TM51 and CR51 match, INTTM51 is generated (TM51 is cleared to O0H).
<4> After these settings, INTTM51 is generated each time the values of TM51 and CR51 match.

Remark For how to enable the INTTM51 signal interrupt, refer to CHAPTER 14 INTERRUPT FUNCTIONS.

Figure 7-8. External Event Counter Operation Timing (with Rising Edge Specified)

o [T L LT L

A l
Count start !
- |
TM5n count value X 00H X 01H X 02H X 03H 041 osHX XN -1X N_XooH Xo1H X 02H X 03H X
|
CR5n N

INTTM5n []

Remarks 1. N =00H to FFH
2. n=1
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7.4.3 Square-wave output operation

A square wave with any selected frequency is output at intervals determined by the value preset to 8-bit timer compare
register 51 (CR51).

The timer 51 output status is inverted at intervals determined by the count value preset to CR51. This enables a
square wave with any selected frequency to be output (duty = 50%).

Remark  Square-wave output is available only as a basic clock for UARTO.

<1> Set each register.
o Clear the port output latch (P30) and port mode register (PM30) to 0.
e TCL51: Select the count clock.
e CR51: Compare value
e TMC51: Stop the count operation, select the mode in which clear & start occurs on a match of TM51 and
CR51. (TMC5n = 00000010B)

<2> After TCE51 = 1 is set, the count operation starts.
<3> The timer output F/F is inverted by a match of TM51 and CR51. After INTTM51 is generated, TM51 is cleared to
OOH.
<4> After these settings, the timer output F/F is inverted at the same interval and a square wave is output.
The frequency is as follows.
e Frequency = 1/2t (N + 1)
(N: OOH to FFH)

Caution Do not write other values to CR51 during operation.

Remark For how to enable the INTTM51 signal interrupt, refer to CHAPTER 14 INTERRUPT FUNCTIONS.
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Figure 7-9. Square-Wave Output Operation Timing

ot 1

I ———

o | o |
TMs1 countvalue _ 00H JotH oY ~~ YN-1] N IXOOHX01HX02HX S OB i IXOOH
Coun%start E E

Timer 51 output |

7.4.4 PWM output operation

8-bit timer/event counter 51 operates as a PWM output when bit 6 (TMC516) of 8-bit timer mode control register 51

(TMC51) is set to 1.
The duty pulse determined by the value set to 8-bit timer compare register 51 (CR51) is output.

Set the active level width of the PWM pulse to CR51; the active level can be selected with bit 1 (TMC511) of TMC51.

The count clock can be selected with bits 0 to 2 (TCL510 to TCL512) of timer clock selection register 51 (TCL51).

Caution In PWM mode, make the CR51 rewrite period 3 count clocks of the count clock (clock selected by

TCL51) or more.

Remark PWM output is available only as a basic clock for UARTO.
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(1) PWM output basic operation

<1> Set each register.

o Clear the port output latch (P30) and port mode register (PM30) to 0.
Select the count clock.
Compare value

e TCL51:
e CR51:

e TMC51: Stop the count operation, select PWM mode.

TMC511

Active Level Selection

0

Active-high

1

Active-low

(TMC51 = 01000000B or 01000010B)

<2> The count operation starts when TCE51 = 1.
Clear TCE51 to 0 to stop the count operation.

[ PWM output operation |

<1> PWM output (timer 51 output) outputs an inactive level until an overflow occurs.

<2> When an overflow occurs, the active level is output. The active level is output untii CR51 matches the count
value of 8-bit timer counter 51 (TM51).

<3> After the CR51 matches the count value, the inactive level is output until an overflow occurs again.

<4> Operations <2> and <3> are repeated until the count operation stops.

<5> When the count operation is stopped with TCE51 = 0, PWM output becomes inactive.

For details of timing, refer to Figures 7-10 and 7-11.
The cycle, active-level width, and duty are as follows.
e Cycle = 2%
o Active-level width = Nt
e Duty = N/2°

(N = O0H to FFH)
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Figure 7-10. PWM Output Operation Timing

(a) Basic operation (active level = H)

|t|

Count clock |||| |||||||||| |||||| |||||||||| ||||||
TM5n __00H[01H] |FFH|OOH|01H|02H| | N |N+1| |FFH|00H|01H|02H| |M| 00H
1
1

CR5n N . . . .

| | | | | |
TCE5n _I ; ; 1 1 ; |
1 1 1 1 1 1
1 1 1 1 1 1
INTTMS5n - 1 ! - . 1 : !
1 1 1 1

TOSN . - R m I
4

<1> Inactive level <2> Active level <3> Inactive level <5> Inactive level

<2> Active level

(b) CR5n = 00H
| 1 |
Countclock_l LI L. _|_|_|_|_|_|_|_|_|_L _|_|_|_|_|_|_|_|_|_L JLLL
TMsn _0H [oTA] - TFFAJGoATOTHT0ZH] |FFH|00H|01H|02H| |M|00H
.

CR5n 00H

1

TCE5n __| :

1

INTTM5n [ M

i

TO5n L (Inactive level)

(c) CR5n = FFH

TM5n __00H [01H] |FFH|00H|01H|02H| |FFH|00H|01H|02H| |M|00H
1
1

CR5n FFH o . .
1 1 1 1 1 :
TCE5n _I o ; 1 o ; 1 1 o |
1 1 1 1 1 1
1
INTTM5n I I R o
1 1 1 1
TO5n [ o L] I
' o atoe e |
<1> Inactive level <2> Active level <2> Active level

<5> Inactive level
<3> Inactive level

Remarks 1. <1>to <3> and <5> in Figure 7-10 (a) and (c) correspond to <1> to <3> and <5> in | PWM output operation|

in 7.4.4 (1) PWM output basic operation.
2. n=1
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(2) Operation with CR51 changed
Figure 7-11. Timing of Operation with CR51 Changed

(a) CR51 value is changed from N to M before clock rising edge of FFH
— Value is transferred to CR51 at overflow immediately after change.

[

||
1 1
Count clock |||||||_||_||—||—||—||—||—||—||—||—||—||—||—||—|I—||—||—||—|I—|I—|I—||—|I—|
1 1 1 1 1 1 1 1
TMsn _T N Ve 1IN~ " TEFHTOHTOTHT02HT -~ T M W f]We2 _~ - —TFEH]O0HTOTHT02HT -~ T M W [ 2]
! 1 1 1 1 1

CRSn N__ A M : : : :
TCE5Sn H : : : 1 1 : 1 1
INTTM5n ' ! 1 ' : Il ' '
Tosn ™| | | f 1 f |

f b <2>

<1> CR5n change (N — M)

(b) CR51 value is changed from N to M after clock rising edge of FFH
— Value is transferred to CR51 at second overflow.

[N

-

Countclock|||||||||||||||||||||||||||||||||||||||||||||||||||||||

1 1 1 1

TMsn TN Ve TIN:2] ~”~ _TFEATOORTOTHTOHT 17~ [N IN=f]Ne2 -~ —TFFHTO0HTOTH]OPHT  ~ -~ T M T+ T[]
1
| 1 1 1 1

1

CR5n . N : X : N : ).( . M .
1 1 1 1 1 1 1
TCE5n H : : 1 1 : 1 1
INTTM5n ' 1 ' : Il ' '
1 1 1 1 1 1 1
TOSn | | f 1 | f |

<1> CR5n change (N — M) <2>

Caution When reading from CR51 between <1> and <2> in Figure 7-11, the value read differs from the actual

value (read value: M, actual value of CR51: N).

Remark n=1

RO1UH0389EJ0120 Rev.1.20 R NS
Oct 09, 2014 ENES

217



R7FOC30x, R7FOC31x CHAPTER 7 8-BIT TIMER/EVENT COUNTER 51

7.5 Cautions for 8-Bit Timer/Event Counter 51

(1) Timer start error
An error of up to one clock may occur in the time required for a match signal to be generated after timer start. This is

because 8-bit timer counter 51 (TM51) is started asynchronously to the count clock.

Figure 7-12. 8-Bit Timer Counter 51 (TM51) Start Timing

Count clock | | | | | | | |

TM5n count value 00H X otH X 02H X 03H X 04H

Timer start

(2) Reading of 8-bit timer counter 51 (TM51)
TM51 can be read without stopping the actual counter, because the count values captured to the buffer are fixed
when it is read. The buffer, however, may not be updated when it is read immediately before the counter counts up,

because the buffer is updated at the timing the counter counts up.

Figure 7-13. 8-bit Timer Counter 51 (TM51) Read Timing

Conteock __ [ | [ | _| L[| L L[| L_I:
TM5n count value X 340 X 35H X s6H X 37H X 3sH X 3oH X sAH X 3BH
Read buffer X 3aH X 35H X_aH X 38H X__3BH

Read signal | | | |

Remark n=1
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CHAPTER 8 8-BIT TIMER H1

8.1 Functions of 8-Bit Timer H1

8-bit timer H1 is mounted onto all R7FOC30x, R7FOC31x products.
8-bit timer H1 has the following functions.

o Interval timer

e Square-wave output
o PWM output

o Carrier generator

8.2 Configuration of 8-Bit Timer H1

8-bit timer H1 includes the following hardware.

Table 8-1. Configuration of 8-Bit Timer H1

ltem

Configuration

Timer register

8-bit timer counter H1

Registers

8-bit timer H compare register 01 (CMPO01)
8-bit timer H compare register 11 (CMP11)

Timer output

TOHA1, output controller

Control registers

8-bit timer H mode register n (TMHMD1)

8-bit timer H carrier control register 1 (TMCYC1)
Port mode register 3 (PM3)

Port register 3 (P3)
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(1)

()

8-bit timer H compare register 01 (CMPO01)

This register can be read or written by an 8-bit memory manipulation instruction. This register is used in all of the
timer operation modes.

This register constantly compares the value set to CMPO1 with the count value of the 8-bit timer counter H1 and,
when the two values match, generates an interrupt request signal (INTTMH1) and inverts the output level of TOH1.
Rewrite the value of CMPO1 while the timer is stopped (TMHE1 = 0).

A reset signal generation clears this register to 00H.

Figure 8-2. Format of 8-Bit Timer H Compare Register 01 (CMPO01)

Address: FF1AH  After reset: 00H R/W

Symbol 7 6 5 4 3 2 1 0
omPot | | | | | | | | |

Caution CMPO1 cannot be rewritten during timer count operation. CMP01 can be refreshed (the same value
is written) during timer count operation.

8-bit timer H compare register 11 (CMP11)

This register can be read or written by an 8-bit memory manipulation instruction. This register is used in the PWM
output mode and carrier generator mode.

In the PWM output mode, this register constantly compares the value set to CMP11 with the count value of the 8-bit
timer counter H1 and, when the two values match, inverts the output level of TOH1. No interrupt request signal is
generated.

In the carrier generator mode, the CMP11 register always compares the value set to CMP11 with the count value of
the 8-bit timer counter H1 and, when the two values match, generates an interrupt request signal (INTTMH1). At the
same time, the count value is cleared.

CMP11 can be refreshed (the same value is written) and rewritten during timer count operation.

If the value of CMP11 is rewritten while the timer is operating, the new value is latched and transferred to CMP11
when the count value of the timer matches the old value of CMP11, and then the value of CMP11 is changed to the
new value. If matching of the count value and the CMP11 value and writing a value to CMP11 conflict, the value of
CMP11 is not changed.

A reset signal generation clears this register to O0H.

Figure 8-3. Format of 8-Bit Timer H Compare Register 11 (CMP11)

Address: FF1BH After reset: 00H R/W

Symbol 7 6 5 4 3 2 1 0
ouPT1 | | | | | | | | |

Caution In the PWM output mode and carrier generator mode, be sure to set CMP11 when starting the timer
count operation (TMHE1 = 1) after the timer count operation was stopped (TMHE1 = 0) (be sure to set
again even if setting the same value to CMP11).
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8.3 Registers Controlling 8-Bit Timer H1
The following four registers are used to control 8-bit timer H1.

o 8-bit timer H mode register 1 (TMHMD1)

8-bit timer H carrier control register 1 (TMCYC1)
e Port mode register 3 (PM3)

Port register 3 (P3)

(1) 8-bit timer H mode register n (TMHMD1)
This register controls the mode of timer H.
This register can be set by a 1-bit or 8-bit memory manipulation instruction.
Reset signal generation clears this register to 00H.
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Note

Figure 8-4. Format of 8-Bit Timer H Mode Register 1 (TMHMD1)

Address: FF6CH  After reset: OOH R/W

<7>

6 5

4

3

2 <1> <0>

TMHMD1 | TMHE1 | Cks12 | CKS11 | CKS10 | TMMD11|TMMD10| TOLEV1 | TOENT |

TMHE1 Timer operation enable
0 Stops timer count operation (counter is cleared to 0)
1 Enables timer count operation (count operation started by inputting clock)

CKS12 | CKS11 | CKS10 Count clock selection Nete

frrs = 2 MHz | frrs = 5 MHz | fers = 10 MHz

0 0 0 fers 2 MHz 5 MHz 10 MHz
0 0 1 fers/22 | 500 kHz 1.25 MHz 2.5 MHz
0 1 0 frrs/24 | 125 kHz 312.5 kHz 625 kHz
0 1 1 fers/26 | 31.25 kHz 78.13 kHz 156.25 kHz
1 0 0 frrs/212 | 0.49 kHz 1.22 kHz 2.44 kHz
1 0 1 fi/2” 1.88 kHz (TYP.)
1 1 0 fi/2° 0.47 kHz (TYP.)
1 1 1 fiL 240 kHz (TYP.)

TMMD11| TMMD10 Timer operation mode
0 0 Interval timer mode
0 1 Carrier generator mode
1 0 PWM output mode
1 1 Setting prohibited

TOLEVA Timer output level control (in default mode)
0 Low level
1 High level

TOEN1 Timer output control
0 Disables output
1 Enables output

operating frequency varies depending on the supply voltage.
e Vop=2.71t05.5V: frrs < 10 MHz
e Vop=1.8102.7 V: fPrs <5 MHz

If the peripheral hardware clock (frrs) operates on the high-speed system clock (fxH) (XSEL = 1), the frrs
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Cautions 1. When TMHE1 = 1, setting the other bits of TMHMD1 is prohibited. However, TMHMD1 can be
refreshed (the same value is written).

2. In the PWM output mode and carrier generator mode, be sure to set the 8-bit timer H compare
register 11 (CMP11) when starting the timer count operation (TMHE1 = 1) after the timer count
operation was stopped (TMHE1 = 0) (be sure to set again even if setting the same value to
CMP11).

3. When the carrier generator mode is used, set so that the count clock frequency of TMH1
becomes more than 6 times the count clock frequency of TM51.

4. The actual TOH1/TI51/INTPO/P30 pin output is determined depending on PM30 and P30, besides
TOH1 output.

Remarks 1. frrs: Peripheral hardware clock frequency
2. iz Internal low-speed oscillation clock frequency

(2) 8-bit timer H carrier control register 1 (TMCYC1)
This register controls the remote control output and carrier pulse output status of 8-bit timer H1.

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

Figure 8-5. Format of 8-Bit Timer H Carrier Control Register 1 (TMCYC1)

Address: FF71H  After reset: 00H  R/W\®

7 6 5 4 3 2 1 <0>
T™CYCT | 0 0 0 0 o | RMCt | NRzB1 | NRZ1 |

RMCH1 NRZB1 Remote control output

0 0 Low-level output

0 1 High-level output at rising edge of INTTM51 signal input

1 0 Low-level output

1 1 Carrier pulse output at rising edge of INTTM51 signal input
NRZ1 Carrier pulse output status flag

0 Carrier output disabled status (low-level status)

1 Carrier output enabled status

(RMCH1 = 1: Carrier pulse output, RMC1 = 0: High-level status)

Note Bit 0 is read-only.

Caution Do not rewrite RMC1 when TMHE = 1. However, TMCYC1 can be refreshed (the same value is
written).
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(3) Port mode register 3 (PM3)
This register sets port 3 input/output in 1-bit units.
When using the P30/TOH1/TI51/INTPO pin for timer output, clear PM30 and the output latches of P30 to O.
PMS3 can be set by a 1-bit or 8-bit memory manipulation instruction.
Reset signal generation sets this register to FFH.

Figure 8-6. Format of Port Mode Register 3 (PM3)

Address: FF23H  After reset: FFH R/W

Symbol 7 6 5 4 3 2 1 0
PM3 | 1 | 1 | 1 | PM34™" | PM33™" | PM32 | PM31 | PM30 |
PM3n P3n pin I/O mode selection (n =0 to 4)
0 Output mode (output buffer on)
1 Input mode (output buffer off)

Note 20-pin products only.
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8.4 Operation of 8-Bit Timer H1

8.4.1 Operation as interval timer/square-wave output

When the 8-bit timer counter H1 and compare register 01 (CMPO01) match, an interrupt request signal (INTTMH1) is
generated and the 8-bit timer counter H1 is cleared to O0H.

Compare register 11 (CMP11) is not used in interval timer mode. Since a match of the 8-bit timer counter H1 and the
CMP11 register is not detected even if the CMP11 register is set, timer output is not affected.

By setting bit 0 (TOENT1) of timer H mode register n (TMHMD?1) to 1, a square wave of any frequency (duty = 50%) is
output from TOH1.

<1> Set each register.
Figure 8-7. Register Setting During Interval Timer/Square-Wave Output Operation

(i) Setting timer H mode register 1 (TMHMD1)

TMHE1 CKS12 CKS11 CKS10 TMMD11 TMMD10 TOLEV1 TOEN1
TMHMD1| 0 ‘ 01 ‘ (V4 ‘ 0/1 ‘ 0 ‘ 0 ‘ 01 ‘ 01 |

Timer output setting

Default setting of timer output level

Interval timer mode setting

Count clock (fent) selection

Count operation stopped

(ii) CMPO1 register setting

The interval time is as follows if N is set as a comparison value.

e Interval time = (N +1)/fcnt

<2> Count operation starts when TMHE1 = 1.

<3> When the values of the 8-bit timer counter H1 and the CMPO1 register match, the INTTMH1 signal is generated
and the 8-bit timer counter H1 is cleared to O0H.

<4> Subsequently, the INTTMH1 signal is generated at the same interval. To stop the count operation, clear TMHE1
to 0.

Remarks 1. For the setting of the output pin, refer to 8.3 (3) Port mode register 3 (PM3).
2. For how to enable the INTTMH1 signal interrupt, refer to CHAPTER 14 INTERRUPT FUNCTIONS.
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Figure 8-8. Timing of Interval Timer/Square-Wave Output Operation (1/2)

(a) Basic operation (Operation When 01H < CMPO01 < FEH)

Count clock ||||S|||||||| ||||||

f Count start

) X N X ooH X otH X X N X ooH XotHfooH

8-bit timer counter Hn 00H X 01H X

CMPOn ! N

INTTMHn | ( | |
E , Interval time :
! ' < !
TOHn ! (
<1> <2> <2> <3>
Level inversion, Level inversion,

match interrupt occurrence, match interrupt occurrence,
8-bit timer counter Hn clear 8-bit timer counter Hn clear

<1> The count operation is enabled by setting the TMHE1 bit to 1. The count clock starts counting no more than 1
clock after the operation is enabled.

<2> When the value of the 8-bit timer counter H1 matches the value of the CMPO1 register, the value of the timer
counter is cleared, and the level of the TOH1 output is inverted. In addition, the INTTMH1 signal is output at the
rising edge of the count clock.

<3> If the TMHE1 bit is cleared to 0 while timer H is operating, the INTTMH1 signal and TOH1 output are set to the
default level. If they are already at the default level before the TMHE1 bit is cleared to 0, then that level is
maintained.

Remarks 1. 01H <N < FEH
2. n=1
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Figure 8-8. Timing of Interval Timer/Square-Wave Output Operation (2/2)

(b) Operation when CMPO1 = FFH

Count clock ||||g(||||||||s(||||||

,‘ Count start

8-bit timer counter Hn I00HX 01H X X FEH X FFHX 00H X X FEH X FFH X OOHX:
' A A

. Clear i Clear

CMPON FFH

TMHEN |
INTTMHnN | |

[ ]
TOHnN | I

Interval time

(c) Operation when CMP0O1 = 00H

Count clock ||||||||||||||||||||||

Count start

L-----»

8-bit timer counter Hn 00H

CMPON 00H

TMHEn J
INTTMHn |_
TOHn L LT [T

' '
!

Interval time

Remark n=1
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8.4.2 Operation as PWM output

In PWM output mode, a pulse with an arbitrary duty and arbitrary cycle can be output.

The 8-bit timer compare register 01 (CMPO01) controls the cycle of timer output (TOH1). Rewriting the CMPO1 register
during timer operation is prohibited.

The 8-bit timer compare register 11 (CMP11) controls the duty of timer output (TOH1). Rewriting the CMP11 register
during timer operation is possible.

The operation in PWM output mode is as follows.

PWM output (TOH1 output) outputs an active level and 8-bit timer counter H1 is cleared to 0 when 8-bit timer counter
H1 and the CMPO1 register match after the timer count is started. PWM output (TOH1 output) outputs an inactive level
when 8-bit timer counter H1 and the CMP11 register match.

<1> Set each register.
Figure 8-9. Register Setting in PWM Output Mode

(i) Setting timer H mode register 1 (TMHMD1)

TMHE1 CKS12 CKS11 CKS10 TMMD11 TMMD10 TOLEV1 TOENH1
TMHMD1 | 0 ‘ 0N ‘ on ‘ 0/1 ‘ 1 ‘ 0 ‘ 01 ‘ 1 |

Timer output enabled

Default setting of timer output level

PWM output mode selection

Count clock (fcnt) selection

Count operation stopped

(ii) Setting CMPO1 register
e Compare value (N): Cycle setting

(iii) Setting CMP11 register
e Compare value (M): Duty setting

Remarks 00H < CMP11 (M) < CMPO1 (N) < FFH

<2> The count operation starts when TMHE1 = 1.

<3> The CMPO1 register is the compare register that is to be compared first after counter operation is enabled. When
the values of the 8-bit timer counter H1 and the CMPO1 register match, the 8-bit timer counter H1 is cleared, an
interrupt request signal (INTTMH1) is generated, and an active level is output. At the same time, the compare
register to be compared with the 8-bit timer counter H1 is changed from the CMPO1 register to the CMP11
register.

<4> When the 8-bit timer counter H1 and the CMP11 register match, an inactive level is output and the compare
register to be compared with the 8-bit timer counter H1 is changed from the CMP11 register to the CMPO1
register. At this time, the 8-bit timer counter H1 is not cleared and the INTTMH1 signal is not generated.
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<5> By performing procedures <3> and <4> repeatedly, a pulse with an arbitrary duty can be obtained.

<6> To stop the count operation, set TMHE1 = 0.
If the setting value of the CMPO1 register is N, the setting value of the CMP11 register is M, and the count clock
frequency is fent, the PWM pulse output cycle and duty are as follows.

o PWM pulse output cycle = (N + 1)/fenT
e Duty=(M+ 1)/(N + 1)

Cautions 1. The set value of the CMP11 register can be changed while the timer counter is operating.
However, this takes a duration of three operating clocks (signal selected by the CKSn2 to CKSn0
bits of the TMHMD1 register) from when the value of the CMP11 register is changed until the
value is transferred to the register.

2. Be sure to set the CMP11 register when starting the timer count operation (TMHE1 = 1) after the
timer count operation was stopped (TMHE1 = 0) (be sure to set again even if setting the same
value to the CMP11 register).

3. Make sure that the CMP11 register setting value (M) and CMPO1 register setting value (N) are
within the following range.
00H < CMP11 (M) < CMPO1 (N) < FFH

Remarks 1. For the setting of the output pin, refer to 8.3 (3) Port mode register 3 (PM3).
2. For details on how to enable the INTTMH1 signal interrupt, refer to CHAPTER 14 INTERRUPT
FUNCTIONS.
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8-bit timer counter Hn ~ 00H ' @@

<1>

<2>

<3>

<4>

Count clock | | | | g

Figure 8-10. Operation Timing in PWM Output Mode (1/4)

(a) Basic operation

SRS S R RN . N —

A5H

CMPON ( (
CMP1n 01H
TMHEN _| E E E E B
INTTMHn ¢ I | ; I | ; |_|
TOHn ! ' ' " " I—l
(TOLEVn =0) _ " ( ‘ T
<1> <> <3 E E | <4>
TOHn ‘ ' ' ; ' ' R '
(TOLEVn = 1) |_| |_| |_|

The count operation is enabled by setting the TMHE1 bit to 1. Start the 8-bit timer counter H1 by masking one

count clock to count up. At this time, PWM output outputs an inactive level.

When the values of the 8-bit timer counter H1 and the CMPO1 register match, an active level is output. At this

time, the value of the 8-bit timer counter H1 is cleared, and the INTTMH1 signal is output.

When the values of the 8-bit timer counter H1 and the CMP11 register match, an inactive level is output. At this

time, the 8-bit timer counter value is not cleared and the INTTMH1 signal is not output.

Clearing the TMHE1 bit to 0 during timer H1 operation sets the INTTMH1 signal to the default and PWM output to

an inactive level.

Remark n=1
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Figure 8-10. Operation Timing in PWM Output Mode (2/4)

(b) Operation when CMP01 = FFH, CMP11 = 00H

JUuui Uy U U

00H

8-bit timer counter Hn

FFH

(
)

CMPON

00H

(

CMP1n

INTTMHnN

(TOLEVn = 0)

(c) Operation when CMP0O1 = FFH, CMP11 = FEH

Juyuusyuud e T

FFH

CMPON

FEH

(

CMP1n

I

INTTMHnN
=0)

(TOLEVn

Remark n=1
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Figure 8-10. Operation Timing in PWM Output Mode (3/4)

(d) Operation when CMP01 = 01H, CMP11 = 00H

8-bit timer counter Hn  00H @

(

CMPON “01H

CMP1n 00H

e [ L

INTTMHn ¢ | |
o [ L LT LITL
(TOLEVn =0)

Remark n=1

RO1UH0389EJ0120 Rev.1.20 R NS
Oct 09, 2014 ENES

233



R7FOC30x, R7FOC31x CHAPTER 8 8-BIT TIMER H1

Figure 8-10. Operation Timing in PWM Output Mode (4/4)

(e) Operation by changing CMP11 (CMP11 = 02H — 03H, CMPO01 = A5H)

St tmer (sroororraoerifoar). Yesroor)orrozroar)

CMPO1 A5H

CMP11 ozt X 02H (03H) %( 03H '
--SS ------------------- (¢ (¢
TMHE1 | § 5

A
N
\

INTTMH1

]

TOH1

(TOLEV1 = 0) T g 4 ﬁﬁ—l ' '—l_—\*

<1> <3> <4> <5> <6>

<1> The count operation is enabled by setting TMHE1 = 1. Start the 8-bit timer counter H1 by masking one count
clock to count up. At this time, PWM output outputs an inactive level.

<2> The CMP11 register value can be changed during timer counter operation. This operation is asynchronous to the
count clock.

<3> When the values of the 8-bit timer counter H1 and the CMPO1 register match, the value of the 8-bit timer counter
H1 is cleared, an active level is output, and the INTTMH1 signal is output.

<4> If the CMP11 register value is changed, the value is latched and not transferred to the register. When the values
of the 8-bit timer counter H1 and the CMP11 register before the change match, the value is transferred to the
CMP11 register and the CMP11 register value is changed (<2>).
However, three count clocks or more are required from when the CMP11 register value is changed to when the
value is transferred to the register. If a match signal is generated within three count clocks, the changed value
cannot be transferred to the register.

<5> When the values of the 8-bit timer counter H1 and the CMP11 register after the change match, an inactive level is
output. The 8-bit timer counter H1 is not cleared and the INTTMH1 signal is not generated.

<6> Clearing the TMHE1 bit to 0 during timer H1 operation sets the INTTMH1 signal to the default and PWM output to
an inactive level.
Remark n=1
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8.4.3 Carrier generator operation

In the carrier generator mode, the 8-bit timer H1 is used to generate the carrier signal of an infrared remote controller,

and the 8-bit timer/event counter 51 is used to generate an infrared remote control signal (time count).
The carrier clock generated by the 8-bit timer H1 is output in the cycle set by the 8-bit timer/event counter 51.

In carrier generator mode, the output of the 8-bit timer H1 carrier pulse is controlled by the 8-bit timer/event counter 51,

and the carrier pulse is output from the TOH1 output.

(1) Carrier generation

In carrier generator mode, the 8-bit timer H compare register 01 (CMPO1) generates a low-level width carrier pulse

waveform and the 8-bit timer H compare register 11 (CMP11) generates a high-level width carrier pulse waveform.

Rewriting the CMP11 register during the 8-bit timer H1 operation is possible but rewriting the CMPO1 register is

prohibited.

(2) Carrier output control

Carrier output is controlled by the interrupt request signal (INTTM51) of the 8-bit timer/event counter 51 and the
NRZB1 and RMC1 bits of the 8-bit timer H carrier control register (TMCYC1). The relationship between the outputs is

shown below.

RMC1 Bit NRZB1 Bit Output

0 0 Low-level output

0 1 High-level output at rising edge of
INTTM51 signal input

1 0 Low-level output

1 1 Carrier pulse output at rising edge of
INTTM51 signal input
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To control the carrier pulse output during a count operation, the NRZ1 and NRZB1 bits of the TMCYC1 register have
a master and slave bit configuration. The NRZ1 bit is read-only but the NRZB1 bit can be read and written. The
INTTM51 signal is synchronized with the 8-bit timer H1 count clock and is output as the INTTM5H1 signal. The
INTTM5H1 signal becomes the data transfer signal of the NRZ1 bit, and the NRZB1 bit value is transferred to the
NRZ1 bit. The timing for transfer from the NRZB1 bit to the NRZ1 bit is as shown below.

Figure 8-11. Transfer Timing

TMHET _|

8-bit timer H1 ||||||||||||||||||||

count clock ' ! | ]
INTTM51 _,_!_rl I_!_ﬂ—

INTTM5H1 | |, | |,
<> !

NRZ1 0 X 1 X 0
//22> /

NRZB1 1 )f( 0 X 1
<3>
RMC1

<1> The INTTM51 signal is synchronized with the count clock of the 8-bit timer H1 and is output as the INTTM5H1
signal.

<2> The value of the NRZB1 bit is transferred to the NRZ1 bit at the second clock from the rising edge of the
INTTM5H1 signal.

<3> Write the next value to the NRZB1 bit in the interrupt servicing program that has been started by the INTTM5H1
interrupt or after timing has been checked by polling the interrupt request flag. Write data to count the next time
to the CR51 register.

Cautions 1. Do not rewrite the NRZB1 bit again until at least the second clock after it has been rewritten, or
else the transfer from the NRZB1 bit to the NRZ1 bit is not guaranteed.
2. When the 8-bit timer/event counter 51 is used in the carrier generator mode, an interrupt is
generated at the timing of <1>. When the 8-bit timer/event counter 51 is used in a mode other
than the carrier generator mode, the timing of the interrupt generation differs.

Remark INTTM5H1 is an internal signal and not an interrupt source.
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<1> Set each register.

Figure 8-12. Register Setting in Carrier Generator Mode

(i) Setting 8-bit timer H mode register 1 (TMHMD1)

TMHE1 CKS12 CKS11 CKS10 TMMD11 TMMD10 TOLEV1 TOEN1

TMHMD1 | 0 ‘ 01 ‘ 01 ‘ 0/1 ‘ 0 ‘ 1 ‘ 01 ‘ 1 |

| | L] L

Timer output enabled

Default setting of timer output level

Carrier generator mode selection

Count clock (fenr) selection

Count operation stopped

(ii) CMPO1 register setting
e Compare value

(iii) CMP11 register setting
e Compare value

(iv) TMCYC1 register setting
¢ RMC1 =1 ... Remote control output enable bit
e NRZB1 = 0/1 ... carrier output enable bit

(v) TCL51 and TMC51 register setting
o Refer to 7.3 Registers Controlling 8-Bit Timer/Event Counter 51.

<2> When TMHE1 = 1, the 8-bit timer H1 starts counting.

<3> When TCE51 of the 8-bit timer mode control register 51 (TMC51) is set to 1, the 8-bit timer/event counter 51
starts counting.

<4> After the count operation is enabled, the first compare register to be compared is the CMPO1 register. When
the count value of the 8-bit timer counter H1 and the CMPO1 register value match, the INTTMH1 signal is
generated, the 8-bit timer counter H1 is cleared. At the same time, the compare register to be compared with
the 8-bit timer counter H1 is switched from the CMPO01 register to the CMP11 register.

<5> When the count value of the 8-bit timer counter H1 and the CMP11 register value match, the INTTMH1 signal is
generated, the 8-bit timer counter H1 is cleared. At the same time, the compare register to be compared with
the 8-bit timer counter H1 is switched from the CMP11 register to the CMPO1 register.

<6> By performing procedures <4> and <5> repeatedly, a carrier clock is generated.

<7> The INTTM51 signal is synchronized with count clock of the 8-bit timer H1 and output as the INTTM5H1 signal.
The INTTM5H1 signal becomes the data transfer signal for the NRZB1 bit, and the NRZB1 bit value is
transferred to the NRZ1 bit.

<8> Write the next value to the NRZB1 bit in the interrupt servicing program that has been started by the INTTM5H1
interrupt or after timing has been checked by polling the interrupt request flag. Write data to count the next time
to the CR51 register.

<9> When the NRZ1 bit is high level, a carrier clock is output by TOH1 output.
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<10> By performing the procedures above, an arbitrary carrier clock is obtained. To stop the count operation, clear
TMHE1 to 0.

If the setting value of the CMPO1 register is N, the setting value of the CMP11 register is M, and the count clock
frequency is fcnt, the carrier clock output cycle and duty are as follows.

o Carrier clock output cycle = (N + M + 2)/fcnt
¢ Duty = High-level width/carrier clock output width = (M + 1)/(N + M + 2)

Cautions 1. Be sure to set the CMP11 register when starting the timer count operation (TMHE1 = 1)
after the timer count operation was stopped (TMHE1 = 0) (be sure to set again even if
setting the same value to the CMP11 register).

2. Set so that the count clock frequency of TMH1 becomes more than 6 times the count clock
frequency of TM51.

3. Set the values of the CMP01 and CMP11 registers in a range of 01H to FFH.

4. The set value of the CMP11 register can be changed while the timer counter is operating.
However, it takes the duration of three operating clocks (signal selected by the CKS12 to
CKS10 bits of the TMHMD1 register) since the value of the CMP11 register has been
changed until the value is transferred to the register.

5. Be sure to set the RMC1 bit before the count operation is started.

Remarks 1. For the setting of the output pin, refer to 8.3 (3) Port mode register 3 (PM3).
2. For how to enable the INTTMH1 signal interrupt, refer to CHAPTER 14 INTERRUPT
FUNCTIONS.
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Figure 8-13. Carrier Generator Mode Operation Timing (1/3)

(a) Operation when CMP01 =N, CMP11 =N

8-bit timer H1
count clock ,_|_|_
8-bit timer counter
H1 count value 00HX_, Y N XooB) (_N_XO00H) (_N_XO0O0H) (_N_X00H) (N X0, XN
CMPO1 ‘ ; N ‘
CMP11 X N
TMHE11 |
INTTMH1 3 4|
<o> <4>
<1><2> | | . S
Carrierclock — I\ | |
g-bitimer 51 [ [ ™ '
count clock
TM51 count value 00H>-<
CR51 K [ X T X M X N
TCE51 | '
L <5>
INTTM51 : / [
INTTMSH1 : "
NRZB1 0 X i X 0 X i X 0
N | |
NRZ1 Q \ 1 0 1 0
14
Carrier clock ||||||||||||||||||||||||||||||||||||
TOHT ML= ML

<1> When TMHE1 = 0 and TCE51 = 0, the 8-bit timer counter H1 operation is stopped.

<2> When TMHE1 = 1 is set, the 8-bit timer counter H1 starts a count operation. At that time, the carrier clock
remains default.

<3> When the count value of the 8-bit timer counter H1 matches the CMPO1 register value, the first INTTMH1 signal
is generated, the carrier clock signal is inverted, and the compare register to be compared with the 8-bit timer
counter H1 is switched from the CMPO1 register to the CMP11 register. The 8-bit timer counter H1 is cleared to
OOH.

<4> When the count value of the 8-bit timer counter H1 matches the CMP11 register value, the INTTMH1 signal is
generated, the carrier clock signal is inverted, and the compare register to be compared with the 8-bit timer
counter H1 is switched from the CMP11 register to the CMPO1 register. The 8-bit timer counter H1 is cleared to
O00H. By performing procedures <3> and <4> repeatedly, a carrier clock with duty fixed to 50% is generated.

<5> When the INTTM51 signal is generated, it is synchronized with the 8-bit timer H1 count clock and is output as the
INTTM5H1 signal.

<6> The INTTM5H1 signal becomes the data transfer signal for the NRZB1 bit, and the NRZB1 bit value is transferred
to the NRZ1 bit.

<7> When NRZ1 =0 is set, the TOH1 output becomes low level.

Remark INTTM5H1 is an internal signal and not an interrupt source.
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Figure 8-13. Carrier Generator Mode Operation Timing (2/3)

(b) Operation when CMP01 =N, CMP11 =M

(YR ;:Zt%
o N M ;

CMP11 ; M j

8-bit timer H1

count clock J
8-bit timer counter
H1 count value EX:

CMPO1

TMHE1 |

INTTMH1

<3> <4>
<1><2>
Carrierclock — |\

8-bit timer 51
count clock

TM51 count value 00HX01HX

CR51 K

TCE51 |

INTTM51

INTTM5H1

NRzB1 0 X T >0 X X0

NRZ1 q ' 1 0, 1

0
e T T T ot e s B T T T F T P T e T Ty
<6>
TOH1 I A N |y i | )

<1> When TMHE1 = 0 and TCE51 = 0, the 8-bit timer counter H1 operation is stopped.

<2> When TMHE1 = 1 is set, the 8-bit timer counter H1 starts a count operation. At that time, the carrier clock
remains default.

<3> When the count value of the 8-bit timer counter H1 matches the CMPO1 register value, the first INTTMH1 signal
is generated, the carrier clock signal is inverted, and the compare register to be compared with the 8-bit timer
counter H1 is switched from the CMPO1 register to the CMP11 register. The 8-bit timer counter H1 is cleared to
OOH.

<4> When the count value of the 8-bit timer counter H1 matches the CMP11 register value, the INTTMH1 signal is
generated, the carrier clock signal is inverted, and the compare register to be compared with the 8-bit timer
counter H1 is switched from the CMP11 register to the CMPO1 register. The 8-bit timer counter H1 is cleared to
00H. By performing procedures <3> and <4> repeatedly, a carrier clock with duty fixed to other than 50% is
generated.

<5> When the INTTM51 signal is generated, it is synchronized with the 8-bit timer H1 count clock and is output as the
INTTM5H1 signal.

<6> A carrier signal is output at the first rising edge of the carrier clock if NRZ1 is set to 1.

<7> When NRZ1 = 0, the TOH1 output is held at the high level and is not changed to low level while the carrier clock
is high level (from <6> and <7>, the high-level width of the carrier clock waveform is guaranteed).

Remark INTTM5H1 is an internal signal and not an interrupt source.
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<1>

<2>

<3>

<4>

<5>

Figure 8-13. Carrier Generator Mode Operation Timing (3/3)

(c¢) Operation when CMP11 is changed

8-bit timer H1
count clock

Pt countvaive YooKt YoororH) (1 Xoork, XN XoorRotrX X L Joor

CMPO1 ( . N ( (
<3> <3>’
e\ e Spmmmmmmne it g
CMP11 M ML) XL )
TMHE1

INTTMH1 ( _| . _I_l _| (

<> . <4> . <5>

Carrier clock <1>

When TMHE1 = 1 is set, the 8-bit timer H1 starts a count operation. At that time, the carrier clock remains default.
When the count value of the 8-bit timer counter H1 matches the value of the CMPO1 register, the INTTMH1
signal is output, the carrier signal is inverted, and the timer counter is cleared to OOH. At the same time, the
compare register whose value is to be compared with that of the 8-bit timer counter H1 is changed from the
CMPO1 register to the CMP11 register.

The CMP11 register is asynchronous to the count clock, and its value can be changed while the 8-bit timer H1 is
operating. The new value (L) to which the value of the register is to be changed is latched. When the count
value of the 8-bit timer counter H1 matches the value (M) of the CMP11 register before the change, the CMP11
register is changed (<3>).

However, it takes three count clocks or more since the value of the CMP11 register has been changed until the
value is transferred to the register. Even if a match signal is generated before the duration of three count clocks
elapses, the new value is not transferred to the register.

When the count value of 8-bit timer counter H1 matches the value (M) of the CMP11 register before the change,
the INTTMH1 signal is output, the carrier signal is inverted, and the timer counter is cleared to 00H. At the same
time, the compare register whose value is to be compared with that of the 8-bit timer counter H1 is changed from
the CMP11 register to the CMPO1 register.

The timing at which the count value of the 8-bit timer counter H1 and the CMP11 register value match again is
indicated by the value after the change (L).
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CHAPTER 9 WATCHDOG TIMER

9.1 Functions of Watchdog Timer

The watchdog timer operates on the internal low-speed oscillation 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)

o If data other than “ACH” is written to WDTE

o If data is written to WDTE during a window close period

e If the instruction is fetched from an area not set by the IMS register (detection of an invalid check while the CPU
hangs up)

¢ If the CPU accesses an area that is not set by the IMS register (excluding FBOOH to FFFFH) by executing a
read/write instruction (detection of an abnormal access during a CPU program loop)

When a reset occurs due to the watchdog timer, bit 4 (WDTRF) of the reset control flag register (RESF) is set to 1. For
details of RESF, refer to CHAPTER 16 RESET FUNCTION.
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9.2 Configuration of Watchdog Timer

The watchdog timer includes the following hardware.

Table 9-1. Configuration of Watchdog Timer

ltem

Configuration

Control register

Watchdog timer enable register (WDTE)

How the counter operation is controlled, overflow time, and window open period are set by the option byte.

Table 9-2. Setting of Option Bytes and Watchdog Timer

Setting of Watchdog Timer

Option Byte (0080H)

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)

Remark For the option byte, refer to CHAPTER 20 OPTION BYTE.

CPU access signal

Figure 9-1. Block Diagram of Watchdog Timer

CPU access
error detector

WDCS2 to WDCSO of
option byte (0080H) l
Clock 17-bit 2101 to 217/ ggﬁgllow Reset
fi/2 input | | Selector output
controller counter controller
Count clear Window size
signal determination
signal
WINDOW1 and WINDOWO
of option byte (0080H) —|  Clear, reset control
WDTON of option Watchdog timer enable
byte (0080H) register (WDTE)
2 Internal bus 2

—— Internal reset signal
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9.3 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 WDTE clears the watchdog timer counter and starts counting again.

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

Note

Reset signal generation sets this register to 9AH or 1AH™".

Figure 9-2. Format of Watchdog Timer Enable Register (WDTE)

Address: FF99H  After reset: 9AH/1AHN"®  R/W
Symbol 7 6 5 4 3

WDTE

Note The WDTE reset value differs depending on the WDTON setting value of the option byte (0080H).

operate watchdog timer, set WDTON to 1.

WDTON Setting Value

WDTE 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 WDTE, an internal reset signal is generated.

To

If the

source clock to the watchdog timer is stopped, however, an internal reset signal is generated
when the source clock to the watchdog timer resumes operation.
2. If a 1-bit memory manipulation instruction is executed for WDTE, an internal reset signal is
generated. If the source clock to the watchdog timer is stopped, however, an internal reset

signal is generated when the source clock to the watchdog timer resumes operation.
3. The value read from WDTE is 9AH/1AH (this differs from the written value (ACH)).
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9.4 Operation of Watchdog Timer

9.4.1 Controlling operation of watchdog timer
1.  When the watchdog timer is used, its operation is specified by the option byte (0080H).

¢ Enable counting operation of the watchdog timer by setting bit 4 (WDTON) of the option byte (0080H) to 1 (the
counter starts operating after a reset release) (for details, refer to CHAPTER 20).

WDTON Operation Control of Watchdog Timer Counter/lllegal Access Detection
0 Counter operation disabled (counting stopped after reset), illegal access detection operation disabled
1 Counter operation enabled (counting started after reset), illegal access detection operation enabled

e Set an overflow time by using bits 3 to 1 (WDCS2 to WDCSO0) of the option byte (0080H) (for details, refer to
9.4.2 and CHAPTER 20).

e Set a window open period by using bits 6 and 5 (WINDOW1 and WINDOWO) of the option byte (0080H) (for
details, refer to 9.4.3 and CHAPTER 20).

2. After a reset release, the watchdog timer starts counting.

3. By writing “ACH” to 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 WDTE the second time or later after a reset release during the window open period. If WDTE is
written during a window close period, an internal reset signal is generated.

5. If the overflow time expires without “ACH” written to WDTE, an internal reset signal is generated.
A internal reset signal is generated in the following cases.

If a 1-bit manipulation instruction is executed on the watchdog timer enable register (WDTE)

If data other than “ACH” is written to WDTE

If the instruction is fetched from an area not set by the IMS register (detection of an invalid check during a CPU
program loop)

If the CPU accesses an area not set by the IMS register (excluding FBOOH to FFFFH) by executing a read/write

instruction (detection of an abnormal access during a CPU program loop)

Cautions 1. The first writing to WDTE after a reset release clears the watchdog timer, if it is made before the
overflow time regardless of the timing of the writing, and the watchdog timer starts counting
again.

2. If the watchdog timer is cleared by writing “ACH” to WDTE, 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 (FFFFH).
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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 (LSROSC) of the option byte.

LSROSC = 0 (Internal Low-Speed LSROSC = 1 (Internal Low-Speed
Oscillator Can Be Stopped by Software) Oscillator Cannot Be Stopped)
In HALT mode Watchdog timer operation stops. Watchdog timer operation continues.
In STOP mode

If LSROSC = 0, the watchdog timer resumes counting after the HALT or STOP mode is released.
At this time, the counter is not cleared to 0 but starts counting from the value at which it was
stopped.
If oscillation of the internal low-speed oscillator is stopped by setting LSRSTOP (bit 1 of the
internal oscillation mode register (RCM) = 1) when LSROSC = 0, the watchdog timer stops
operating. At this time, the counter is not cleared to 0.

5. The watchdog timer continues its operation during self-programming of the flash memory.
During processing, the interrupt acknowledge time is delayed. Set the overflow time and window
size taking this delay into consideration.

9.4.2 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 (0080H).

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 WDTE during the window open period before the overflow time.

The following overflow time is set.

Table 9-3. Setting of Overflow Time of Watchdog Timer

WDCS2 WDCSH WDCSO0 Overflow Time of Watchdog Timer

0 0 0 2" (3.88 ms)

0 0 1 2"/fiL (7.76 ms)

0 1 0 2"%/fiL (15.52 ms)

0 1 1 2% (31.03 ms)

1 0 0 2"/fiL (62.06 ms)

1 0 1 2%/fi (124.12 ms)

1 1 0 2"°/fiL (248.24 ms)

1 1 1 2"/fiL (496.48 ms)

Cautions 1. The combination of WDCS2 = WDCS1 = WDCSO0 = 0 and WINDOW1 = WINDOWO = 0 is
prohibited.

2. The watchdog timer continues its operation during self-programming of the flash
memory. During processing, the interrupt acknowledge time is delayed. Set the
overflow time and window size taking this delay into consideration.

Remarks 1. fi: Internal low-speed oscillation clock frequency
2. (): fi=33 kHz (MAX.)
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9.4.3 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

(0080H). The outline of the window is as follows.

o If “ACH” is written to WDTE during the window open period, the watchdog timer is cleared and starts counting again.
e Even if “ACH” is written to WDTE during the window close period, an abnormality is detected and an internal reset

signal is generated.

Example: If the window open period is 25%

Counting Overflow
starts time

) ) o Window open
’7 Window close period (75%) ——————»f= period (25%) ’<

T T

Internal reset signal is generated Counting starts again when
if ACH is written to WDTE. ACH is written to WDTE.

Caution The first writing to WDTE after a reset release clears the watchdog timer, if it is made before the
overflow time regardless of the timing of the writing, and the watchdog timer starts counting again.

The window open period to be set is as follows.

Table 9-4. Setting Window Open Period of Watchdog Timer

WINDOWA WINDOWO Window Open Period of Watchdog Timer
0 0 25%
0 1 50%
1 0 75%
1 1 100%
Cautions 1. The combination of WDCS2 = WDCS1 = WDCSO0 = 0 and WINDOW1 = WINDOWO = 0 is
prohibited.

2. The watchdog timer continues its operation during self-programming of the flash
memory. During processing, the interrupt acknowledge time is delayed. Set the
overflow time and window size taking this delay into consideration.
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Remark If the overflow time is set to 2'/fiL, the window close time and open time are as follows.

Setting of Window Open Period

25% 50% 75% 100%

Window close time 0to7.11 ms 0to4.74 ms 0t02.37 ms None

Window open time 711t07.76 ms |4.74t07.76 ms |2.37t07.76 ms Oto7.76 ms

<When window open period is 25%>
o Overflow time:
2"/fiL (MAX.) = 2"/264 kHz (MAX.) = 7.76 ms
o Window close time:
0to 2"/fit (MIN.) x (1 — 0.25) = 0 to 2'"/216 kHz (MIN.) x 0.75 =010 7.11 ms
* Window open time:

2"/ (MIN.) x (1 — 0.25) to 2'/fiL (MAX.) = 2"'/216 kHz (MIN.) x 0.75 to 2'/264 kHz (MAX.)

=711t07.76 ms
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CHAPTER 10 A/D CONVERTER

Item 16 pins 20 pins

10-bit A/D converter 6 ch 5ch

10.1 Function of A/D Converter

The A/D converter converts an analog input signal into a digital value, and consists of up to 6 channels (ANIO to ANI2,
ANI5 to ANI7) with a resolution of 10 bits.

ANI1 function alternately as operational amplifier 0 output (AMPOOUT) in products with operational amplifier (In 16-pin
products, ANI6 is also used as the operational amplifier 1 output (AMP10UT)). This enables using operational amplifier
output as an analog input source.

The A/D converter has the following function.

¢ 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,
operational amplifier output. Each time an A/D conversion operation ends, an interrupt request (INTAD) is generated.

Remark A/D converter analog input pins differ depending on products.
¢ 16-pin products:  ANIO to ANI2, ANI5 to ANI7
e 20-pins products: ANIO to ANI4
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Figure 10-1. Block Diagram of A/D Converter

(1) 16-pin products

$—© AVrer
ADCS bit —

ANIO/P20 ©—~ o :
ANI1/AMPOOUT"***/P21 @1 Sample & hold cirouit

ANI2/P22 @] A/D voltage comparator s

ANI5/P25 ©—— 3 _L ' 18is
ANIG/AMP1OUT" /P26 @~ : : ADGE bit R

ANI7/P27 @ £ : Vss & 351 P

Rt | Ll :

3 Successive [ % !
approximation HE T Vss
register (SAR) [

Controller f— INTAD

A/D conversion

result register
3 5 (ADCR, ADCRH)

8

[ 1 T T 1 1 1 1
| ADPC7 ‘ ADPC6 ‘ ADPCS‘ ADPC4 ‘ ADPC3 ‘ ADPC2 ‘ ADPC1 ‘ADPCO |

|ADCS‘ FR2 ‘ FR1 ‘ FRO ‘ LV1 ‘ Lvo ‘ADCEl

ADSO

Analog input channel A/D converter mode
specification register (ADS) register (ADM)

ADS2 | ADS1

A/D port configuration
register (ADPC)

S Internal bus

Note R7F0C3034, R7F0C3044, R7F0C3054, R7F0C3094, R7FO0C3104, and R7FOC3114 (products with operational

amplifier) only.

Caution Vss functions alternately as the ground potential of the A/D converter. Be sure to connect Vss to a
stabilized GND (= 0 V).

(2) 20-pin products

ﬂ AVrer
ADCS bit —
ANIO/P20 ©—= o
ANI/AMPOOUT"*/P21 ©——| Sample & hold circuit
ANI2/P22 ©—»] ‘ . A/D voltage comparator

: ‘ ‘5
ANI3/P23 ©—] 3 _L ; 18is
ANI4/P24 ©— : T : ADCE bit AR
! Vss 3 ' E‘ O

s
3 SS
e | = % :
& Successive o i
approximation [ T Vss
register (SAR) [
Controller f— INTAD

A/D conversion

result register
8 5 (ADCR, ADCRH)

8

[ 1 T T ! 1 1 |
| ADPC7 ‘ ADPC6 ‘ ADPCS‘ ADPC4 ‘ ADPC3 ‘ ADPC2 ‘ ADPC1 ‘ADPCO |

ADCE |

|ADCS‘ FR2 ‘ FR1 ‘ FRO ‘ LV1 ‘ Lvo

ADSO

Analog input channel A/D converter mode
specification register (ADS) register (ADM)

ADS2 | ADS1

A/D port configuration
register (ADPC)

S Internal bus

Note R7F0C3036, R7F0C3046, R7F0C3056, R7F0C3096, R7FOC3106, and R7FOC3116 (products with operational

amplifier) only.

Caution Vss functions alternately as the ground potential of the A/D converter. Be sure to connect Vss to a
stabilized GND (= 0 V).
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10
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.2 Configuration of A/D Converter

The A/D converter includes the following hardware.

ANIO to ANI7 pins
These are the analog input pins of the 8-channel A/D converter. They input analog signals to be converted into digital
signals. Pins other than the one selected as the analog input pin can be used as I/O port pins.

Remark A/D converter analog input pins differ depending on products.
¢ 16-pin products: ~ ANIO to ANI2, ANI5 to ANI7
e 20-pin products:  ANIO to ANI4

AMPOOUT pin (products with operational amplifier only)

AMPOOUT is the output pin of operational amplifier 0.

This functions alternately as ANI1. The A/D converter can perform A/D conversion by selecting the output signal of
operational amplifier 0 as the analog input source.

AMP10UT pin (products with operational amplifier of 16-pin products only)

AMP10UT is the output pin of operational amplifier 1.

This functions alternately as ANI6. The A/D converter can perform A/D conversion by selecting the output signal of
operational amplifier 1 as the analog input source.

Sample & hold circuit
The sample & hold circuit samples the input voltage of the analog input pin selected by the selector when A/D
conversion is started, and holds the sampled voltage value during A/D conversion.

Series resistor string
The series resistor string is connected between AVRrer and Vss, and generates a voltage to be compared with the
sampled voltage value.

Figure 10-2. Circuit Configuration of Series Resistor String

AVRer ©

P-ch = | o<} ADCS

Series resistor string
Vss ©

Voltage comparator
The voltage comparator compares the sampled voltage value and the output voltage of the series resistor string.

Successive approximation register (SAR)

This register converts the result of comparison by the voltage comparator, starting from the most significant bit (MSB).
When the voltage value is converted into a digital value down to the least significant bit (LSB) (end of A/D conversion),
the contents of the SAR register are transferred to the A/D conversion result register (ADCR).
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(8) 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 stores the A/D conversion result in its higher 10 bits (the lower 6 bits
are fixed to 0).

(9) 8-bit A/D conversion result register H (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.

Caution When data is read from ADCR and ADCRH, a wait cycle is generated. Do not read data from ADCR
and ADCRH when the peripheral hardware clock (frrs) is stopped. For details, refer to CHAPTER 26
CAUTIONS FOR WAIT.

(10) 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.

(11) AVREer pin
This pin inputs an analog power/reference voltage to the A/D converter. Make this pin the same potential as the Vop
pin when port 2 is used as a digital port.
The signal input to ANIO to ANI7 is converted into a digital signal, based on the voltage applied across AVRrer and Vss.

(12) Vss pin
This is the ground potential pin. Vss functions alternately as the ground potential of the A/D converter. Be sure to
connect Vss to a stabilized GND (= 0 V).
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10.3 Registers Used in A/D Converter
The A/D converter uses the following six registers.

e A/D converter mode register (ADM)

e 10-bit A/D conversion result register (ADCR)

e 8-bit A/D conversion result register H (ADCRH)

¢ Analog input channel specification register (ADS)
e A/D port configuration register (ADPC)

o Port mode register 2 (PM2)

(1) A/D converter mode register (ADM)

This register sets the conversion time for analog input to be A/D converted, and starts/stops conversion.

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

Figure 10-3. Format of A/D Converter Mode Register (ADM)

Address: FF9OH  After reset: OOH R/W

Symbol <7> 6 5 4 3 2 1
ADM | ADCS 0 FRoMtet | FRiNoiet | FRoNotet | Lyqneet | |yoneet | ADCE

ADCS A/D conversion operation control
0 Stops conversion operation
1 Enables conversion operation

ADCE Voltage comparator operation controlN°te 2
0 Stops voltage comparator operation
1 Enables voltage comparator operation

Notes 1. For details of FR2 to FRO, LV1, LVO, and A/D conversion, refer to Table 10-2 A/D Conversion Time

Selection.

2. The operation of the voltage comparator is controlled by ADCS and ADCE, and it takes 1 us from
operation start to operation stabilization. Therefore, when ADCS is set to 1 after 1 us or more has
elapsed from the time ADCE is set to 1, the conversion result at that time has priority over the first

conversion result. Otherwise, ignore data of the first conversion.

Table 10-1. Settings of ADCS and ADCE

ADCS ADCE A/D Conversion Operation
0 0 Stop status (DC power consumption path does not exist)
0 1 Conversion waiting mode (only voltage comparator consumes power)
1 0 Conversion mode (comparator operation is stopped N""’)
1 1 Conversion mode (voltage comparator operation)

Note Ignore the first conversion data.
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Figure 10-4. Timing Chart When Comparator Is Used

ADCE |
Comparator 5/ - :\

Comparator operation ]

Conversion , Conversion , Conversion | Conversion
' operation waiting 1 operation ! stopped

ADCS

Note To stabilize the internal circuit, the time from setting ADCE to 1 to setting ADCS to 1 must be 1 us or longer.

Cautions 1. A/D conversion must be stopped before rewriting bits FRO to FR2, LV1, and LVO0 to values other
than the identical data.
2. If data is written to ADM, a wait cycle is generated. Do not write data to ADM when the peripheral
hardware clock (frrs) is stopped. For details, refer to CHAPTER 26 CAUTIONS FOR WAIT.
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Table 10-2. A/D Conversion Time Selection

(1) 2.7 V< AVRer < 5.5 V (LVO = 0)

A/D Converter Mode Register (ADM) Conversion Time Selection Conversion Clock (fap)
FR2 FR1 FRO LVA1 LVo frrs = 2 MHz fers = 10 MHz

0 0 0 0 0 264/frrs Setting prohibited 26.4 us frrs/12

0 0 1 0 0 176/frrs 17.6 us frrs/8

0 1 0 0 0 132/fers 13.2 us fers/6

0 1 1 0 0 |88/fens 8.8 us" fers/4

1 0 0 0 0 |66/fers 33.0 s 6.6 us""® frrs/3

1 0 1 0 0 44/fers 22.0 us Setting prohibited frrs/2

Other than above Setting prohibited

(2) 2.3V < AVrer <2.7 V (LVO = 1)

A/D Converter Mode Register (ADM) Conversion Time Selection Conversion Clock
FR2 | FR1 | FRO | LV1 | LVO fors = 2 MHz fors = 5 MHz (fao)
0 0 0 0 1 480/frrs Setting prohibited Setting prohibited frrs/12
0 0 1 0 1 320/fers 64.0 us frrs/8
0 1 0 0 1 240/fers 48.0 us frRs/6
0 1 1 0 1 160/frrs 32.0 us frrs/4
1 0 0 0 1 120/frrs 60.0 us Setting prohibited frrs/3
1 0 1 0 1 80/frrs 40.0 us Setting prohibited frrs/2
Other than above Setting prohibited
Note This can only be set when 4.0 V< AVRrer <5.5V.
Cautions 1. Specify the conversion time so that the following conditions are satisfied:

When 4.0 V< AVRer < 5.5 V:
When 2.7 V<AVrer < 4.0V: fap=0.6V to 1.8 MHz
When 2.3V <AVRer <2.7V: fap=0.6V to 1.48 MHz

2. When rewriting FR2 to FRO, LV1, and LVO to other than the same data, stop A/D conversion once
(ADCS = 0) beforehand.

3. Change LVO from the default value, when 2.3 V < AVRrer < 2.7 V.

4. The above conversion time does not include clock frequency errors. Select conversion time,
taking clock frequency errors into consideration.

fap = 0.6 V to 3.6 MHz

Remark frrs: Peripheral hardware clock frequency
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ADCS

Sampling
timing

INTAD

Figure 10-5. A/D Converter Sampling and A/D Conversion Timing

ADCS « 1 or ADS rewrite

1

[ (
))

Wait
periodNote

SAR Sampling Successive conversion
clear

((

Transfer
to ADCR,
INTAD
generation

SAR Sampling
clear

))
Conversion time

Note For details of wait period, refer to CHAPTER 26 CAUTIONS FOR WAIT.

(2) 10-bit A/D conversion result register (ADCR)
This register is a 16-bit register that stores the A/D conversion result. The lower 6 bits are fixed to 0. Each time A/D

Conversion time

conversion ends, the conversion result is loaded from the successive approximation register. The higher 8 bits of the
conversion result are stored in FFO9H and the lower 2 bits are stored in the higher 2 bits of FFO8H.
ADCR can be read by a 16-bit memory manipulation instruction.

Reset signal generation clears this register to 0000H.

Figure 10-6. Format of 10-Bit A/D Conversion Result Register (ADCR)

Address: FFO8H, FFO9H  After reset: 0000H R

Symbol

FFO9H
A

FFO8H
N

ADCR

Cautions 1. When writing to the A/D converter mode register (ADM), analog input channel specification
register (ADS), and A/D port configuration register (ADPC), the contents of ADCR may become
undefined. Read the conversion result following conversion completion before writing to ADM,
ADS, and ADPC. Using timing other than the above may cause an incorrect conversion result to

be read.

If data is read from ADCR, a wait cycle is generated. Do not read data from ADCR when the
peripheral hardware clock (frrs) is stopped. For details, see CHAPTER 26 CAUTIONS FOR WAIT.
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(3) 8-bit A/D conversion result register H (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.

ADCRH can be read by an 8-bit memory manipulation instruction.
Reset signal generation clears this register to 00H.

Cautions 1.

Figure 10-7. Format of 8-Bit A/D Conversion Result Register (ADCRH)

Address: FFO9H  After reset: 00H R

Symbol 7 6 5 4 3 2 1 0
ADCRH | | | | | | | | |

When writing to the A/D converter mode register (ADM), analog input channel specification
register (ADS), and A/D port configuration register (ADPC), the contents of ADCRH may become
undefined. Read the conversion result following conversion completion before writing to ADM,
ADS, and ADPC. Using timing other than the above may cause an incorrect conversion result to
be read.

If data is read from ADCRH, a wait cycle is generated. Do not read data from ADCRH when the
peripheral hardware clock (fers) is stopped. For details, refer to CHAPTER 26 CAUTIONS FOR
WAIT.

(4) Analog input channel specification register (ADS)
This register specifies the input channel of the analog voltage to be A/D converted.

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

Reset signal generation clears this register to 00H.
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Figure 10-8. Format of Analog Input Channel Specification Register (ADS)

(a) 16-pin products

Address: FFOEH After reset: 00H R/W

Symbol 7 6 5 4 3 <2> <1> <0>
ADS 0 0 0 0 0 ADS2 ADS1 ADSO
ADS2 ADS1 ADSO Analog input Input source
channel

0 0 0 ANIO P20/ANIO pin

0 0 1 AN it s g

0 1 0 ANI2 P22/ANI2 pin

1 0 1 ANI5 P25/ANI5 pin
P26/ANI6 pin or operational

1 1 0 ANI6 amplifier 1 cl>utput signall Note

1 1 1 ANI7 P27/ANI7 pin

Other than above Setting prohibited

Note R7F0C3034, R7F0C3044, R7F0C3054, R7F0C3094, R7F0C3104, and R7F0C3114 (products with operational
amplifier) only.

Cautions 1.
2.

Be sure to clear bits 3 to 7 to “0”.

Set a channel to be used for A/D conversion in the input mode by using port mode register 2
(PM2).

If data is written to ADS, a wait cycle is generated. Do not write data to ADS when the peripheral
hardware clock (frrs) is stopped. For details, refer to CHAPTER 26 CAUTIONS FOR WAIT.

(b) 20-pin products

Address: FFOEH  After reset: 00H R/W

Symbol 7 6 5 4 3 <2> <1> <0>
ADS 0 0 0 0 0 ADS2 ADS1 ADSO
ADS2 ADS1 ADSO Analog input Input source
channel
0 0 0 ANIO P20/ANIO pin
0 0 1 AN Ertter s s
0 1 0 ANI2 P22/ANI2 pin
0 1 1 ANI3 P23/ANI3 pin
1 0 0 ANI4 P24/ANI4 pin
Other than above Setting prohibited

Note R7F0C3036, R7F0C3046, R7FOC3056, R7F0C3096, R7F0C3106, and R7F0C3116 (products with operational
amplifier) only.

Cautions 1. Be sure to clear bits 3 to 7 to “0”.
2. Set a channel to be used for A/D conversion in the input mode by using port mode register 2
(PM2).
3. If data is written to ADS, a wait cycle is generated. Do not write data to ADS when the peripheral
hardware clock (frrs) is stopped. For details, refer to CHAPTER 26 CAUTIONS FOR WAIT.
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(5) A/D port configuration register (ADPC)
ADPC switches the P20/AMPO0-/ANIO to P24/ANI4 pins (P20/AMPO-/ANIO to P22/ANI2/AMPO+, P25/ANI5/AMP1- to
P27/ANI7/AMP1+ for 16-pin products) to digital /0O or analog I/O of port. Each bit of ADPC corresponds to a pin of
port 2 and can be specified in 1-bit units.
This register can be set by a 1-bit or 8-bit memory manipulation instruction.
Reset signal generation clears ADPC to 00H.

Figure 10-9. Format of A/D Port Configuration Register (ADPC)

Address: FF97H  After reset: 00H R/W

Symbol 7 6 5 4 3 2 1 0
ADPC ADPC7 ADPC6 ADPC5 | ADPC4"™* | ADPC3"™™" | ADPC2 ‘ ADPC1 ‘ ADPCO
ADPCn Digital I/O or analog I/O selection (n =0 to 7)
0 Analog I/O
1 Digital I/O

Note 20-pin products only.

Cautions 1. Set the pin set to analog I/O to the input mode by using port mode register 2 (PM2).
2. If data is written to ADPC, a wait cycle is generated. Do not write data to ADPC when the
peripheral hardware clock is stopped. For details, refer to CHAPTER 26 CAUTIONS FOR WAIT.

(6) Port mode register (PM2)
(a) 16-pin products

When using the ANIO/AMPO-/P20 to ANI2/AMP0+/P22, ANI5/AMP1-/P25 to ANI7/AMP1+/P27 pins for analog input
port, set PM20 to PM22 and PM25 to PM27 to 1. The output latches of P20 to P22 and P25 to P27 at this time may
beOor 1.

If PM20 to PM22, PM25 to PM27 are set to 0, they cannot be used as analog input port pins.

PM2 can be set by a 1-bit or 8-bit memory manipulation instruction.

Reset signal generation sets this register to FFH.

Figure 10-10. Format of Port Mode Register 2 (PM2) (16-pin products)

Address: FF22H After reset: FFH R/W

Symbol 7 6 5 4 3 2 1 0
PM2 PM27 PM26 PM25 1 1 PM22 PM21 PM20
PM2n P2n pin I/O mode selection (n=0t0 2, 5to 7)
0 Qutput mode (output buffer on)
1 Input mode (output buffer off)

When using P20/AMPO0-/ANIO to P22/AMPO0+/ANI2, P25/AMP1-/ANI5 to P27/AMP1+/ANI7 set the registers according
to the pin function to be used (refer to Tables 10-3 and 10-4).
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Table 10-3. Setting Functions of P20/ANIO/AMPO-, P22/ANI2/AMPO+, P25/ANI5/AMP1-, P27/ANI7/AMP1+ Pins

ADPC Register | PM2 Register | OPAMPmME bit ADS Register P20/ANIO/AMPO-,

(m=0,1) (n=0,2,5,7) P22/ANI2/AMPO+,

P25/ANI5/AMP1-,

P27/ANI7/AMP1+ Pins
Analog input Input mode 0 Selects ANIn. Analog input (to be converted into
selection digital signals)
Does not select ANIn. Analog input (not to be converted
into digital signals)

1 Selects ANIn. Analog input (to be converted into
digital signals), Operational
amplifier m input

Does not select ANIn. Operational amplifier m input
Output mode - - Setting prohibited
Digital I/0 Input mode - Selects ANIn. Setting prohibited
selection Does not select ANIn. Digital input
Output mode - Selects ANIn. Setting prohibited
Does not select ANIn. Digital output

Remark ADPC: A/D port configuration register

PM2: Port mode register 2
OPAMPmME: Bits 3 and 7 of operational amplifier control register (AMPM)
ADS: Analog input channel specification register

Table 10-4. Setting Functions of P21/ANI1/AMPOOUT, P26/ANI6/AMP10UT Pins

ADPC Register | PM2 Register | OPAMPmE ADS Register P21/ANI1/AMPOOUT,
bit (n=1,6) P26/ANI6/AMP10UT Pins
(m=0,1)
Analog I/0 Input mode 0 Selects ANIn. Analog input (to be converted into digital
selection signals)
Does not select ANIn. | Analog input (not to be converted into
digital signals)
1 Selects ANIn. Operational amplifier m output (to be
converted into digital signals)
Does not select ANIn. Operational amplifier m output (not to be
converted into digital signals)
Output mode - Setting prohibited
Digital I/0 Input mode 0 Selects ANIn. Setting prohibited
selection Does not select ANIn. Digital input
1 - Setting prohibited
Output mode |0 Selects ANIn. Setting prohibited
Does not select ANIn. Digital output
1 - Setting prohibited

Remark ADPC: A/D port configuration register
PM2: Port mode register 2
OPAMPmME: Bits 3 and 7 of operational amplifier control register (AMPM)

ADS: Analog input channel specification register
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(b) 20-pin products

When using the ANIO/AMPOQ-/P20 to ANI4/P24 pins for analog input port, set PM20 to PM24 to 1. The output latches

of P20 to P24 at this time may be 0 or 1.

If PM20 to PM24 are set to 0, they cannot be used as analog input port pins.
PM2 can be set by a 1-bit or 8-bit memory manipulation instruction.

Reset signal generation sets this register to FFH.

Figure 10-11. Format of Port Mode Register 2 (PM2) (20-pin products)

Address: FF22H  After reset: FFH R/W

Symbol 7 6 5 4 3 2 1 0
PM2 PM27 PM26 PM25 PM24 PM23 PM22 PM21 PM20
PM2n P2n pin I/O mode selection (n =0 to 7)
0 Output mode (output buffer on)
1 Input mode (output buffer off)

When using P20/AMPO0-/ANIO to P24/ANI4, set the registers according to the pin function to be used (refer to Tables

10-5 to 10-7).

Table 10-5. Setting Functions of P20/ANIO/AMPO-, P22/ANI2/AMPO+ Pins

ADPC Register | PM2 Register | OPAMPOE bit ADS Register P20/ANIO/AMPO-,

(n=0,2) P22/ANI2/AMPO+ Pins
Analog input Input mode 0 Selects ANIn. Analog input (to be converted into
selection digital signals)

Does not select ANIn. Analog input (not to be converted
into digital signals)

Selects ANIn. Analog input (to be converted into
digital signals), Operational
amplifier 0 input

Does not select ANIn. Operational amplifier 0 input

Output mode - - Setting prohibited
Digital I/O Input mode - Selects ANIn. Setting prohibited
selection Does not select ANIn. Digital input
Output mode - Selects ANIn. Setting prohibited
Does not select ANIn. Digital output

Remark ADPC:
PM2:

OPAMPOE:

ADS:

A/D port configuration register

Port mode register 2

Analog input channel specification register

Bit 7 of operational amplifier control register (AMPM)
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Table 10-6. Setting Functions of P21/ANI1/AMPOOUT Pin

ADPC Register | PM2 Register | OPAMPOE ADS Register P21/ANI1/AMPOOUT Pin
bit
Analog I/0 Input mode 0 Selects ANI1. Analog input (to be converted into digital
selection signals)
Does not select ANI1. | Analog input (not to be converted into
digital signals)
1 Selects ANIT1. Operational amplifier 0 output (to be
converted into digital signals)
Does not select ANIT1. Operational amplifier O output (not to be
converted into digital signals)
Output mode - Setting prohibited
Digital I/0 Input mode 0 Selects ANI1. Setting prohibited
selection Does not select ANI1. Digital input
1 - Setting prohibited
Output mode | 0 Selects ANI1. Setting prohibited
Does not select ANI1. Digital output
1 - Setting prohibited
Remark ADPC: A/D port configuration register
PM2: Port mode register 2
OPAMPOE: Bit 7 of operational amplifier control register (AMPM)
ADS: Analog input channel specification register

Table 10-7. Setting Functions of P23/ANI3 and P24/ANI4 Pins

ADPC Register | PM2 Register ADS Register (n = 3, 4) P23/ANI3 and P24/ANI4 Pins
Analog input Input mode Selects ANIn. Analog input (to be converted into
selection digital signals)

Does not select ANIn. Analog input (not to be converted
into digital signals)
Output mode - Setting prohibited
Digital I/0 Input mode Selects ANIn. Setting prohibited
selection Does not select ANIn. Digital input
Qutput mode Selects ANIn. Setting prohibited
Does not select ANIn. Digital output
Remark ADPC: A/D port configuration register

PM2: Port mode register 2

ADS: Analog input channel specification register
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10.4 A/D Converter Operations

10.4.1 Basic operations of A/D converter

<1>

<2>

<3>

<4>

<5>

<6>

<7>

<8>

<9>

<10>

<11>
<12>

<13>

Set the A/D conversion time and the operation mode by using bits 5 to 1 (FR2 to FRO, LV1, and LVO) of the A/D
converter mode register (ADM).

Set bit 0 (ADCE) of ADM to 1 to start the operation of the voltage comparator.

Set channels for A/D conversion to analog I/0 by using the A/D port configuration register (ADPC) and set to
input mode by using port mode register 2 (PM2).

Select one channel for A/D conversion by using the analog input channel specification register (ADS).

Start the conversion operation by setting bit 7 (ADCS) of ADM to 1.

(<6> to <13> are operations performed by hardware.)

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 of SAR remains set to 1. If the
analog input is smaller than (1/2) AVreF, the MSB is reset to 0.

Next, bit 8 of SAR 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) AVRrer

e Bit9=0: (1/4) AVRer

The voltage tap and sampled voltage are compared and bit 8 of SAR is manipulated as follows.

e Analog input voltage > Voltage tap: Bit8 =1

¢ Analog input voltage < Voltage tap: Bit8 =0

Comparison is continued in this way up to bit 0 of SAR.

Upon completion of the comparison of 10 bits, an effective digital result value remains in SAR, 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 generated.

Repeat steps <6> to <12>, until ADCS is cleared to 0.

To stop the A/D converter, clear ADCS to 0.

To restart A/D conversion from the status of ADCE = 1, start from <5>. To start A/D conversion again when
ADCE = 0, set ADCE to 1, wait for 1 us or longer, and start <5>. To change a channel of A/D conversion, start
from <4>.

Cautions 1. Make sure the period of <2> to <5> is 1 us or more.

2. If the timing of <2> is earlier than that of <4>, <2> may be performed any time.
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Figure 10-12. Basic Operation of A/D Converter

Conversion time
Sampling time

A/D converter
operation

~E=00000000O0E"

ADCR, Conversion
ADCRH result

ADCS J
INTAD I_I—

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.

Sampling A/D conversion
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10.4.2 Input voltage and conversion results
The relationship between the analog input voltage input to the analog input pins (ANIO to ANI7) and the theoretical A/D
conversion result (stored in the 10-bit A/D conversion result register (ADCR)) is shown by the following expression.

VaIN

ADCR = INT ( x 1024 + 0.5)
AVREF
or
AV AV
(ADCR - 0.5) x ~"5" < \/ain < (ADCR + 0.5) x e
1024 1024

where, INT(): Function which returns integer part of value in parentheses
Van: Analog input voltage
AVRer:  AVREer pin voltage
ADCR: 10-bit A/D conversion result register (ADCR) value

Remark A/D converter analog input pins differ depending on products.
¢ 16-pin products: ~ ANIO to ANI2, ANI5 to ANI7
e 20-pin products:  ANIO to ANI4

Figure 10-13 shows the relationship between the analog input voltage and the A/D conversion result.

Figure 10-13. Relationship between Analog Input Voltage and A/D Conversion Result

SAR ADCR
1028 ————+—F——+——F-------- FFCOH
1022 ———+ 7 1 [~ FF80H
o v, FF40H
A/D conversion result A
PN S S S SN S SN S SN NS N S N VOt
21— [~ 0080H
Ll e s R 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
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10.4.3 A/D converter operation mode

One channel of analog input is selected from ANIO to ANI7 by the analog input channel specification register (ADS) and
A/D conversion is executed.

Remark A/D converter analog input pins differ depending on products.
¢ 16-pin products: ~ ANIO to ANI2, ANI5 to ANI7
e 20-pin products:  ANIO to ANI4

(1) A/D conversion operation
By setting bit 7 (ADCS) of the A/D converter mode register (ADM) to 1, the A/D conversion operation of the voltage,
which is applied to the analog input pin specified by the analog input channel specification register (ADS), is started.
When A/D conversion has been completed, the result of the A/D conversion is stored in the A/D conversion result
register (ADCR, ADCRH), and an interrupt request signal (INTAD) is generated. When one A/D conversion has been
completed, the next A/D conversion operation is immediately started.
If ADS is rewritten during A/D conversion, the A/D conversion operation under execution is stopped and restarted
from the beginning.
If 0 is written to ADCS during A/D conversion, A/D conversion is immediately stopped. At this time, the conversion
result immediately before is retained.

Figure 10-14. A/D Conversion Operation

Rewriting ADMO

ADCS =1 Rewriting ADS ADCS =0
A/D conversion ANIn ANIn ANIn ANIm ANIm
o
Conversion is stopped Stopped
Conversion result immediately Conversion result
before is retained immediately before
1 1 1 is retained
ADCR,
ADCRH ANIn ANIn ANIm
INTAD —| —| —|

Remarks 1. n =0 to 7 (it depends on products)
2. m=0to 7 (it depends on products)
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The setting methods are described below.

<1> Set the A/D conversion time and the operation mode by using bits 5 to 1 (FR2 to FRO, LV1, and LVO0) of the
A/D converter mode register (ADM).
<2> Set bit 0 (ADCE) of ADM to 1.
<3> Set the channel to be used to analog input by using the A/D port configuration register (ADPC) and port
mode register 2 (PM2).
<4> Select a channel to be used by using the analog input channel specification register (ADS).
<5> Set bit 7 (ADCS) of ADM to 1 to start A/D conversion.
<6> When one A/D conversion has been completed, an interrupt request signal (INTAD) is generated.
<7> Transfer the A/D conversion data to the A/D conversion result register (ADCR, ADCRH).
<Change the channel>
<8> Set bit 0 (ADMK) of the interrupt mask flag register 1L (MK1L) to 1"°*.
<9> Change the channel by using ADS to start A/D conversion.
<10> Clear bit 0 (ADIF) of the interrupt request flag register 1L (IF1L) to 0.
<11> Clear ADMK to 0"".
<12> When one A/D conversion has been completed, an interrupt request signal (INTAD) is generated.
<13> Transfer the A/D conversion data to the A/D conversion result register (ADCR, ADCRH).
<Complete A/D conversion>
<14> Clear ADCS to 0.
<15> Clear ADCE to 0.

Note Execute this only if interrupt servicing is used for A/D conversion.

Cautions 1. Make sure the period of <2> to <5> is 1 us or more.
2. If the timing of <2> is earlier than that of <4>, <2> may be performed any time.
3. <2> can be omitted. However, ignore data of the first conversion after <5> in this case.
4. The period from <6> to <12> differs from the conversion time set using bits 5 to 1 (FR2 to
FRO, LV1, LVO) of ADM. The period from <9> to <12> is the conversion time set using FR2 to
FRO, LV1, and LVO.
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10.5 How to Read A/D Converter Characteristics Table
Here, special terms unique to the A/D converter are explained.

(1) Resolution
This is the minimum analog input voltage that can be identified. That is, the percentage of the analog input voltage
per bit of digital output is called 1LSB (Least Significant Bit). The percentage of 1LSB with respect to the full scale is
expressed by %FSR (Full Scale Range).

1LSB is as follows when the resolution is 10 bits.

1LSB = 1/2"° = 1/1024
= 0.098%FSR

Accuracy has no relation to resolution, but is determined by overall error.

(2) Overall error
This shows the maximum error value between the actual measured value and the theoretical value.
Zero-scale error, full-scale error, integral linearity error, and differential linearity errors that are combinations of these
express the overall error.
Note that the quantization error is not included in the overall error in the characteristics table.

(3) Quantization error
When analog values are converted to digital values, a £1/2LSB error naturally occurs. In an A/D converter, an analog
input voltage in a range of +1/2LSB is converted to the same digital code, so a quantization error cannot be avoided.
Note that the quantization error is not included in the overall error, zero-scale error, full-scale error, integral linearity
error, and differential linearity error in the characteristics table.

Figure 10-15. Overall Error Figure 10-16. Quantization Error
11 1ol
Ideal line
g z
51 ER .,
s Overall s T /_\
()} Ks) |
a error §’ 1/2LSB—=1"] Quantization error
1 =—1/2LSB
[0 T 0 N [0 0 ))
0 AVRrer 0 n AVRer
Analog input Analog input

(4) Zero-scale error
This shows the difference between the actual measurement value of the analog input voltage and the theoretical
value (1/2LSB) when the digital output changes from O0......000 to 0......001.
If the actual measurement value is greater than the theoretical value, it shows the difference between the actual
measurement value of the analog input voltage and the theoretical value (3/2LSB) when the digital output changes
from O...... 001 to O...... 010.
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(5) Full-scale error
This shows the difference between the actual measurement value of the analog input voltage and the theoretical
value (Full-scale — 3/2LSB) when the digital output changes from 1......110 to 1......111.

(6) Integral linearity error
This shows the degree to which the conversion characteristics deviate from the ideal linear relationship. It expresses
the maximum value of the difference between the actual measurement value and the ideal straight line when the zero-
scale error and full-scale error are 0.

(7) Differential linearity error

While the ideal width of code output is 1LSB, this indicates the difference between the actual measurement value and
the ideal value.

Figure 10-17. Zero-Scale Error Figure 10-18. Full-Scale Error
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Figure 10-19. Integral Linearity Error Figure 10-20. Differential Linearity Error
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(8) Conversion time
This expresses the time from the start of sampling to when the digital output is obtained.
The sampling time is included in the conversion time in the characteristics table.

(9) Sampling time
This is the time the analog switch is turned on for the analog voltage to be sampled by the sample & hold circuit.

. Sampling ___|
time

Conversion time —=
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10.6 Cautions for A/D Converter

(1) Operating current in STOP mode
To satisfy the DC characteristics of the power supply current in STOP mode, clear bits 7 (ADCS) and 0 (ADCE) of A/D
converter mode register (ADM) to 0 before executing a STOP instruction.
To restart from the standby status, clear bit 0 (ADIF) of interrupt request flag register 1L (IF1L) to 0 and start operation.

(2) Input range of ANIO to ANI7
Observe the rated range of the ANIO to ANI7 input voltage. If a voltage of AVrer or higher and Vss or lower (even in
the range of absolute maximum ratings) is input to an analog input channel, the converted value of that channel
becomes undefined. In addition, the converted values of the other channels may also be affected.

(3) Conflicting operations

<1> Conflict between A/D conversion result register (ADCR, ADCRH) write and ADCR, ADCRH read by instruction
upon the end of conversion
ADCR, ADCRH read has priority. After the read operation, the new conversion result is written to ADCR,
ADCRH.

<2> Conflict between ADCR, ADCRH write and A/D converter mode register (ADM) write, analog input channel
specification register (ADS), or A/D port configuration register (ADPC) write upon the end of conversion
ADM, ADS, or ADPC write has priority. ADCR, ADCRH write is not performed, nor is the conversion end
interrupt signal (INTAD) generated.

(4) Noise countermeasures
To maintain the 10-bit resolution, attention must be paid to noise input to the AVrer pin and pins ANIO to ANI7.
<1> Connect a capacitor with a low equivalent resistance and a good frequency response to the power supply.
<2> The higher the output impedance of the analog input source, the greater the influence. To reduce the noise,
connecting external C as shown in Figure 10-21 is recommended.
<3> Do not switch these pins with other pins during conversion.
<4> The accuracy is improved if the HALT mode is set immediately after the start of conversion.

Remark A/D converter analog input pins differ depending on products.
¢ 16-pin products:  ANIO to ANI2, ANI5 to ANI7
e 20-pin products:  ANIO to ANI4
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Figure 10-21. Analog Input Pin Connection

If there is a possibility that noise equal to or higher than AVrer or
equal to or lower than Vss may enter, clamp with a diode with a
small Vr value (0.3 V or lower).

Reference

voltage O ' AVrer
input /

ANIO to ANI7

C =100 to 1,000 pF

J; Vss

(5) ANIO/P20 to ANI7/P27

<1> The analog input pins (ANIO to ANI7) are also used as digital /O port pins (P20 to P27). When A/D conversion
is performed with any of ANIO to ANI7 selected, do not access P20 to P27 while conversion is in progress;
otherwise the conversion resolution may be degraded.

<2> To use the ANIO/P20 to ANI7/P27 pins for digital I/O port, it is recommended to use starting with the furthest pin
from AVRer (16-pin products: ANI7/P27 pin, 20-pin products: ANI4/P24 pin). To use these pins as analog input,
it is recommended to use starting with the closest pin to Vss (16-pin products: ANI7/P27 pin, 20-pin products:
ANI4/P24 pin).

<3> |If a digital pulse is applied to the pins adjacent to the pins currently used for A/D conversion, the expected value
of the A/D conversion may not be obtained due to coupling noise. Therefore, do not apply a pulse to the pins
adjacent to the pin undergoing A/D conversion.

(6) Input impedance of ANIO to ANI7 pins
This A/D converter charges a sampling capacitor for sampling during sampling time.
Therefore, only a leakage current flow when sampling is not in progress, and a current that charges the capacitor
flows during sampling. Consequently, the input impedance fluctuates depending on whether sampling is in progress,
and on the other states.
To make sure that sampling is effective, however, it is recommended to keep the output impedance of the analog
input source to within 10 kQ, and to connect a capacitor of about 100 pF to the ANIO to ANI7 pins (refer to Figure 10-
21).

Remark A/D converter analog input pins differ depending on products.
e 16-pin products: ~ ANIO to ANI2, ANI5 to ANI7
e 20-pin products: ~ ANIO to ANI4
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@)

@

(9

AVREF pin input impedance

A series resistor string of several tens of kQ is connected between the AVRrer and Vss pins.

Therefore, if the output impedance of the reference voltage source is high, this will result in a series connection to the
series resistor string between the AVRrer and Vss pins, resulting in a large reference voltage error.

Interrupt request flag (ADIF)

The interrupt request flag (ADIF) is not cleared even if the analog input channel specification register (ADS) is
changed.

Therefore, if an analog input pin is changed during A/D conversion, the A/D conversion result and ADIF for the pre-
change analog input may be set just before the ADS rewrite. Caution is therefore required since, at this time, when
ADIF is read immediately after the ADS rewrite, ADIF is set despite the fact A/D conversion for the post-change
analog input has not ended.

When A/D conversion is stopped and then resumed, clear ADIF before the A/D conversion operation is resumed.

Figure 10-22. Timing of A/D Conversion End Interrupt Request Generation

ADS rewrite ADS rewrite ADIF is set but ANIm conversion
(start of ANIn conversion) (start of ANIm conversion)K has not ended.
A/D conversion ANIn ANIn i ANIm ANIm

. \
)

ADCR, >< ANIn
ADCRH

i
) ) )

ANIn ANIm >< ANIm

ADIF

Remarks 1. n =0 to 7 (it depends on products)
2. m=0to 7 (it depends on products)

Conversion results just after A/D conversion start

The first A/D conversion value immediately after A/D conversion starts may not fall within the rating range if the ADCS
bit is set to 1 within 1 us after the ADCE bit was set to 1, or if the ADCS bit is set to 1 with the ADCE bit = 0. Take
measures such as polling the A/D conversion end interrupt request (INTAD) and removing the first conversion result.

(10) A/D conversion result register (ADCR, ADCRH) read operation

When a write operation is performed to the A/D converter mode register (ADM), analog input channel specification
register (ADS), and A/D port configuration register (ADPC), the contents of ADCR, ADCRH may become undefined.
Read the conversion result following conversion completion before writing to ADM, ADS, and ADPC. Using a timing
other than the above may cause an incorrect conversion result to be read.
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(11) Internal equivalent circuit

The equivalent circuit of the analog input block is shown below.

Figure 10-23. Internal Equivalent Circuit of ANIn Pin

1]

Table 10-8. Resistance and Capacitance Values of Equivalent Circuit (Reference Values)

AVRer

R1

C1

Cc2

2.3V <AVrer<55V

11.5kQ

8.0 pF

8.0 pF

Remarks 1. The resistance and capacitance values shown in Table 10-8 are not guaranteed values.

2. n=0to 7 (it depends on products)
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CHAPTER 11 OPERATIONAL AMPLIFIERS

11.1 Function of Operational Amplifier

Operational amplifiers 0 and 1 are mounted onto R7FOC303x, R7F0C304x, R7FOC305x, R7FOC309x, R7F0C310x,
and R7FOC311x.

Operational amplifiers 0 and 1 both have two input pins (the AMPn- pin and the AMPn+ pin) and one output pin (the
AMPRNOUT pin), and can be used as single-power supply amplifiers that can be externally connected.

The amplified voltage can be used as an analog input of the A/D converter, because the AMPOOUT pin is alternatively
used with analog input pin of the A/D converter (In R7F0C3034, R7F0C3044, R7F0C3054, R7F0C3094, R7F0C3104, and
R7F0C3114, AMP10UT is also used as the analog input pin of A/D converter).

Remark n=0, 1
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11.2 Configuration of Operational Amplifier

The operational amplifiers consist of the following hardware.

Table 11-1. Configuration of Operational Amplifier

ltem

Configuration

Operational amplifier input

AMPnN— pin, AMPn+ pin

Operational amplifier output

AMPNOUT pin

Control registers

Operational amplifier control register (AMPM)
A/D configuration register (ADPC)
Analog input channel specification register (ADS)

Port mode register 2 (PM2)

Remark n=0,1
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Figure 11-1. Block Diagram of Operational Amplifier

(1) R7F0C3034, R7F0C3044, R7F0C3054, R7F0C3094, R7F0C3104, R7F0C3114

Operational amplifier 0

1
AMPOOUT/ANI1/P21 @ L
1

AMPO-/ANI0/P20 !

AMPO+/ANI2/P22 @+
1

Operational amplifier 1

OPAM

Operational amplifier O control register
(AMPM)

To A/D converter
(Analog input channel: ANI1)

To A/D converter
(Analog input channel: ANI6)

Internal bus

(2) R7F0C3036, R7F0C3046, R7F0C3056, R7F0C3096, R7F0C3106, R7FOC3116

Operational amplifier 0

1
AMPOOUT/ANI1/P21 @ L
1

AMPO-/ANI0/P20 !

AMPO+/ANI2/P22 @+
1

Operational amplifier 1

To A/D converter
(Analog input channel: ANI1)

OPAM | OPAM
POE P1E
Operational amplifier O control register
(AMPM)
8 Internal bus 8
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11.3 Registers Used in Operational Amplifier

The operational amplifiers use the following four registers.

e Operational amplifier control register (AMPM)

o A/D port configuration register (ADPC)

¢ Analog input channel specification register (ADS)
e Port mode register 2 (PM2)

(1) Operational amplifier control register (AMPM)
This register controls the operations of operational amplifiers 0 and 1.
AMPM can be set by a 1-bit or 8-bit memory manipulation instruction.
Reset signal generation clears this register to 00H.

Figure 11-2. Format of Operational Amplifier Control Register (AMPM)

Address: FF60H After reset: 00H R/W

Symbol <7> 6 5 4 <3> 2 1 0
AMPM OPAMPOE 0 0 0 OPAMP1E 0 0 0
OPAMPOE Operational amplifier 0 operation control
0 Stops operational amplifier 0 operation
1 Enables operational amplifier 0 operation
OPAMP1E Operational amplifier 1 operation control
0 Stops operational amplifier 1 operation
1 Enables operational amplifier 1 operation

Caution When using as digital inputs the pins of port 2, which are not used with the operational ampilifier,
when the operational amplifier is used, make sure that the input levels of digital input ports are fixed
to prevent degradation of the A/D conversion resolution.
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(2) A/D port configuration register (ADPC)
ADPC switches the P20/AMPO-/ANIO to P24/ANI4 pins (P20/AMPO-/ANIO to P22/ANI2/AMPO+, P25/ANI5/AMP1- to
P27/ANI7/AMP1+ for R7FOC3034, R7F0C3044, R7F0C3054, R7F0C3094, R7F0C3104, and R7F0C3114) to digital
I/0 or analog I/O of ports. Each bit of ADPC corresponds to a pin of port 2 and can be specified in 1-bit units.
Reset signal generation clears ADPC to 00H.

Figure 11-3. Format of A/D Port Configuration Register (ADPC)

Address: FF97H  After reset: 00H R/W

Symbol 7 6 5 4 3 2 1 0
ADPC ADPC7 ADPC6 ADPC5 | ADPC4“ | ADPC3"" | ADPC2 ADPC1 ADPCO
ADPCn Digital I/0 or analog /O selection (n=0to 7)
0 Analog I/0
1 Digital I/O

Note R7F0C3036, R7F0C3046, R7FOC3056, R7FOC3096, R7FOC3106, and R7FOC3116 only.

Cautions 1. Set the pin set to analog I/O to the input mode by using port mode register 2 (PM2).
2. If data is written to ADPC, a wait cycle is generated. Do not write data to ADPC when the
peripheral hardware clock is stopped. For details, refer to CHAPTER 26 CAUTIONS FOR WAIT.
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(3) Analog input channel specification register (ADS)
This register specifies the input channel of the analog voltage to be A/D converted.
ADS can be set by a 1-bit or 8-bit memory manipulation instruction.
Reset signal generation clears this register to 00H.

Figure 11-4. Format of Analog Input Channel Specification Register (ADS)

(a) R7F0C3034, R7F0C3044, R7F0C3054, R7F0C3094, R7F0C3104, R7F0C3114

Address: FFOEH After reset: 00H R/W

Symbol 7 6 5 4 3 <2> <1> <0>
ADS 0 0 0 0 0 ADS2 ADS1 ADSO
ADS2 ADS1 ADSO Analog input Input source
channel
0 0 0 ANIO P20/ANIO pin
P21/ANI1 pin or operational
0 0 1 AN amplifier 0 (I)utput signall
0 1 0 ANI2 P22/ANI2 pin
1 0 1 ANI5 P25/ANI5 pin
P26/ANI6 pin or operational
1 1 0 ANI6 amplifier 1 output signal
1 1 1 ANI7 P27/ANI7 pin
Other than above Setting prohibited

(b) R7F0C3036, R7F0C3046, R7F0C3056, R7F0C3096, R7F0C3106, R7F0C3116

Address: FFOEH After reset: 00H R/W

Symbol 7 6 5 4 3 <2> <1> <0>
ADS 0 0 0 0 0 ADS2 ADSH1 ADSO
ADS2 ADS1 ADSO Analog input Input source
channel

0 0 0 ANIO P20/ANIO pin

0 0 1 AN Eotter Covms

0 1 0 ANI2 P22/ANI2 pin

0 1 1 ANI3 P23/ANI3 pin

1 0 0 ANI4 P24/ANI4 pin

Other than above Setting prohibited

Cautions 1. Be sure to clear bits 3 to 7 to “0”.
2. Set a channel to be used for A/D conversion in the input mode by using port mode register 2
(PM2).
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(4) Port mode register 2 (PM2)
(a) R7F0C3034, R7F0C3044, R7F0C3054, R7F0C3094, R7F0C3104, R7F0C3114

When using AMPO-/ANI0/P20, AMPOOUT/ANI1/P21, and AMPO+/ANI2/P22 pins for the operational amplifier 0, set
PM20 to PM22 to 1.

When using AMP1-/ANI5/P25, AMP10OUT/ANI6/P26, and AMP1+/ANI7/P27 pins for the operational amplifier 1, set
PM25 to PM27 to 1.

The output latches of P20 to P22 and P25 to P27 at this time may be 0 or 1.

If PM20 to PM22 and PM25 to PM27 are set to 0, they cannot be used as the operational amplifier 0 and 1 pins.

PM2 can be set by a 1-bit or 8-bit memory manipulation instruction.

Reset signal generation sets this register to FFH.

Figure 11-5. Format of Port Mode Register 2 (PM2)

Address: FF22H  After reset: FFH R/W

Symbol 7 6 5 4 3 2 1 0
PM2 PM27 PM26 PM25 1 1 ‘ PM22 ‘ PM21 PM20
PM2n P2n pin I/O mode selection (n=0t0 2, 5to 7)
0 Output mode (output buffer on)
1 Input mode (output buffer off)

When using P20/ANIO/AMPO- to P22/ANI2/AMPO+, P25/ANI5/AMP1- to P27/ANI7/AMPO+, set the registers according
to the pin function to be used (refer to Tables 11-2 and 11-3).
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Table 11-2. Setting Functions of P20/ANIO/AMPO-, P22/ANI2/AMPO+, P25/ANI5S/AMP1-, P27/ANI7/AMP1+ Pins

ADPC Register | PM2 Register | OPAMPmME bit ADS Register P20/ANIO/AMPO-,
(m=0,1) (n=0,2,5,7) P22/ANI2/AMPO+,
P25/ANI5/AMP1-,
P27/ANI7/AMP1+ Pins
Analog input Input mode 0 Selects ANIn. Analog input (to be converted into
selection digital signals)
Does not select ANIn. Analog input (not to be converted
into digital signals)
1 Selects ANIn. Analog input (to be converted into
digital signals), operation amplifier
m input
Does not select ANIn. Operational amplifier m input
Output mode - - Setting prohibited
Digital I/0 Input mode - Selects ANIn. Setting prohibited
selection Does not select ANIn. Digital input
Output mode - Selects ANIn. Setting prohibited
Does not select ANIn. Digital output

Table 11-3. Setting Functions of P21/ANI1/AMPOOUT, P26/ANI6/AMP10UT Pin

ADPC Register | PM2 Register | OPAMPmE ADS Register P21/ANI1/AMPOOUT,
bit (n=1,6) P26/ANI6/AMP10UT Pins
(m=0,1)
Analog I/0 Input mode 0 Selects ANIn. Analog input (to be converted into digital
selection signals)
Does not select ANIn. Analog input (not to be converted into
digital signals)
1 Selects ANIn. Operational amplifier m output (to be
converted into digital signals)
Does not select ANIn. Operational amplifier m output (not to be
converted into digital signals)
Output mode - - Setting prohibited
Digital I/0 Input mode 0 Selects ANIn. Setting prohibited
selection Does not select ANIn. Digital input
1 - Setting prohibited
Output mode | 0 Selects ANIn. Setting prohibited
Does not select ANIn. Digital output
1 - Setting prohibited

Remark ADPC:
PM2: Port mode register 2
OPAMPmME: Bits 3 and 7 of operational amplifier control register (AMPM)
ADS:

A/D port configuration register

Analog input channel specification register
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(b) R7F0C3036, R7F0C3046, R7F0C3056, R7F0C3096, R7F0C3106, R7F0C3116

When using AMPO0-/ANI0/P20, AMPOOUT/ANI1/P21, and AMPO+/ANI2/P22 pins for the operational amplifier 0, set
PM20 to PM22 to 1.

When using AMP1-/P25, AMP10UT/P26, and AMP1+/P27 pins for the operational amplifier 1, set PM25 to PM27 to 1.
The output latches of P20 to P22 and P25 to P27 at this time may be 0 or 1.

If PM20 to PM22 and PM25 to PM27 are set to 0, they cannot be used as the operational amplifier 0 and 1 pins.

PM2 can be set by a 1-bit or 8-bit memory manipulation instruction.

Reset signal generation sets this register to FFH.

Figure 11-6. Format of Port Mode Register 2 (PM2)

Address: FF22H After reset: FFH R/W

Symbol 7 6 5 4 3 2 1 0
PM2 PM27 PM26 PM25 PM24 PM23 ‘ PM22 ‘ PM21 PM20
PM2n P2n pin I/O mode selection (n =0 to 7)
0 Output mode (output buffer on)
1 Input mode (output buffer off)

When using P20/ANIO/AMPO-, P21/ANI1/AMPOOUT, P22/ANI2/AMPO+, P25/AMP1-, P26/AMP10UT, and
P27/AMP7+, set the registers according to the pin function to be used (refer to Tables 11-4 to 11-7).

Table 11-4. Setting Functions of P20/ANIO/AMPO-, P22/ANI2/AMPO+ Pins

ADPC Register | PM2 Register | OPAMPOE bit ADS Register P20/ANIO/AMPO-,

(n=0,2) P22/ANI2/AMPO+ Pins
Analog input Input mode 0 Selects ANIn. Analog input (to be converted into
selection digital signals)

Does not select ANIn. Analog input (not to be converted
into digital signals)

1 Selects ANIn. Analog input (to be converted into
digital signals), operational
amplifier 0 input

Does not select ANIn. Operational amplifier O input

Output mode - - Setting prohibited
Digital I/O Input mode - Selects ANIn. Setting prohibited
selection Does not select ANIn. Digital input
Output mode - Selects ANIn. Setting prohibited
Does not select ANIn. Digital output
Remark ADPC: A/D port configuration register
PM2: Port mode register 2
OPAMPOE: Bit 7 of operational amplifier control register (AMPM)
ADS: Analog input channel specification register
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Table 11-5. Setting Functions of P21/ANI1/AMPOOUT Pin

ADPC Register | PM2 Register | OPAMPOE ADS Register P21/ANI1/AMPOOUT Pin

bit
Analog I/0 Input mode 0 Selects ANI1. Analog input (to be converted into digital
selection signals)

Does not select ANI1. | Analog input (not to be converted into
digital signals)

1 Selects ANIT1. Operational amplifier 0 output (to be
converted into digital signals)

Does not select ANI1. Operational amplifier 0 output (not to be
converted into digital signals)

Output mode - - Setting prohibited
Digital I/0 Input mode 0 Selects ANI1. Setting prohibited
selection Does not select ANI1. Digital input
1 - Setting prohibited
Output mode | 0 Selects ANI1. Setting prohibited
Does not select ANI1. Digital output
1 - Setting prohibited
Remark ADPC: A/D port configuration register
PM2: Port mode register 2
OPAMPOE: Bit 7 of operational amplifier control register (AMPM)
ADS: Analog input channel specification register
Table 11-6. Setting Functions of P25/AMP1-, P27/AMP1+ Pins
ADPC Register PM2 Register OPAMP1E bit P25/AMP1-, P27/AMP1+ Pins
Analog input Input mode 0 Analog input (not to be converted into digital signals)
selection 1 Operational amplifier 1 input
Output mode - Setting prohibited
Digital I/O Input mode - Digital input
selection Output mode - Digital output
Table 11-7. Setting Functions of P26/AMP10UT Pin
ADPC Register PM2 Register OPAMP1E bit P26/AMP10UT Pin
Analog I/0 Input mode 0 Analog input (not to be converted into digital signals)
selection 1 Operational amplifier 1 output
Output mode - Setting prohibited
Digital I/0 Input mode 0 Digital input
selection 1 Setting prohibited
Output mode 0 Digital output
1 Setting prohibited
Remark ADPC: A/D port configuration register
PM2: Port mode register 2

OPAMP1E: Bit 3 of operational amplifier control register (AMPM)
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11.4 Operational Amplifier Operations

Operational amplifiers 0 and 1 both have two input pins (the AMPn- pin and the AMPn+ pin) and one output pin (the
AMPROUT pin), and can be used as single-power supply amplifiers that can be externally connected.

The amplified voltage can be used as an analog input of the A/D converter, because the AMPOOUT pin is alternatively
used with analog input pin of the A/D converter (In R7F0C3034, R7F0C3044, R7F0C3054, R7F0C3094, R7F0C3104, and
R7F0C3114, AMP10UT is also used as the analog input pin of A/D converter).

The procedure for starting operation is described below.
<1> Use the ADPC register to set the pins (AMPn—, AMPn+, AMPnOUT) to be used as analog I/O.
<2> Use the PM2 register to set the pins (AMPn—, AMPn+, AMPnOUT) to be used to input mode.

<3> Set (1) the OPAMPNE bit and enable operation.

Caution To use as an input of the A/D converter a voltage that has been amplified, enable operation before
selecting an analog input channel by using the ADS register.

Remark n=0,1
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CHAPTER 12 COMPARATOR

12.1 Features of Comparator

Comparator is mounted onto R7FOC303x, R7F0C304x, R7F0C305x, R7FO0C309x, R7FOC310x, and R7F0C311x.
Comparator has the following functions.

* The following reference voltages can be selected.
<1> Internal reference voltage
<2> Input voltage from comparator common pin (CMPCOM)

* An interrupt signal can be generated by detecting the valid edge of the comparator output. The valid edge can be
set by using the EGP2 and EGN2 bits (refer to CHAPTER 14 INTERRUPT FUNCTIONS).

¢ The elimination width of the noise elimination digital filter can be selected.
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Figure 12-1. Block Diagram of Comparator

(1) R7F0C3034, R7F0C3044, R7F0C3054, R7F0C3094, R7F0C3104, R7FOC3114

External interrupt falling edge External interrupt rising
I i EGN I i EGP,
Comparator port configuration enable registers (EGN) edge enable registers (EGP)

register (CMPPC) EGN2 EGP2

CMPIN |CMPCOM

PC PC
Edge detection
o circuit INTCMP
CMPIN/P32/RxD0/
CMPCOM/P31/TxD0/ - 0 o
<TO00> S 1 Noise filter
: T
[
’ !
Internal
comparison
voltage
CREG
CMPOEN| CDFS1 | CDFSO 0 SEL CFLG |COUTEN| CINV

Comparator control register (CMPCTL)

(2) R7F0C3036, R7F0C3046, R7FOC3056, R7F0C3096, R7FOC3106, R7FOC3116

External interrupt falling edge External interrupt rising
I st EGN I i EGP
Comparator port configuration enable registers (EGN) edge enable registers (EGP)

register (CMPPC) EGN2 EGP2

CMPIN |CMPCOM
PC PC

Edge detection

circuit INTGMP
CMPIN/P32/RxD0 @—@— +

CMPCOM/P31/TxD0

Noise filter

CMPOUT/P34/
TO00/TI010

Selector
_—

Internal
comparison
voltage

CMP CREG
|CMPOEN‘ CDFS1 ‘CDFSO ‘OUTEN‘ SEL ‘ CFLG ‘COUTEN‘ CINV |

Comparator control register (CMPCTL)
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12.2 Configuration of Comparator

The comparator consists of the following hardware.

Table 12-1. Configuration of Comparator

ltem

Configuration

Control registers

Comparator control register (CMPCTL)
Comparator port configuration register (CMPPC)
Port mode register 3 (PM3)

Port register 3 (P3)
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12.3 Registers Controlling Comparator

The comparator uses the following three registers.

» Comparator control register (CMPCTL)
* Comparator port configuration register (CMPPC)
* Port mode register 3 (PM3)

)

Address:

Symbol
CMPCTL

Comparator control register (CMPCTL)

CMPCTL is used to control the operation of comparator n, enable or disable comparator output, reverse the output,

and set the noise elimination width.
CMPCTL can be set by a 1-bit or 8-bit memory manipulation instruction.
Reset signal generation clears CMPCTL to 0O0H.

Figure 12-2. Format of Comparator Control Register (CMPCTL) (1/2)

FF61H After reset: 00H R/W
<7> <6> <5> <4> <3> 2 <1> <0>
CMPOEN CDFSH CDFS0 CMPOUTEN"| CREGSEL CFLG COUTEN CINV
CMPOEN Comparator 0 operation control
0 Stops operation
1 Enables operation
Enables input to the external pins (CMPIN) on the positive and negative sides of comparator 0

CDFSH1 CDFS0 Noise elimination width setting
0 0 Noise filter unused
0 1 2/Fprs
1 0 2%/Fprs
1 1 2%/Fprs
CMPOUTEN Comparator output pin control
Note
0 Disables comparator output to external pin
1 Enables comparator output to external pin
CREGSEL Reference voltage selection
0 External reference voltage CMPCOM
1 Internal reference voltage (Regulator voltage: Refer to CHAPTER 19 REGULATOR)
CFLG Comparator output flag monitor
0 Comparator output value is “0”
1 Comparator output value is “1”
COUTEN Enabling or disabling of comparator output
0 Disables output (output signal = fixed to low level)
1 Enables output

Note R7F0C3036, R7F0C3046, R7FOC3056, R7FOC3096, R7FOC3106, and R7FOC3116 only. Be sure to set bits 4 to

“0” in R7FOC3034, R7F0C3044, R7F0C3054, R7F0C3094, R7F0C3104, and R7F0C3114.
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Figure 12-2. Format of Comparator Control Register (CMPCTL) (2/2)

CINV Output reversal setting
0 Forward
1 Reverse

Cautions 1. Rewrite CDFS1, CDFS0, CMPOUTEN, CREGSEL, COUTEN, CINV after setting the comparator
operation to the disabled state (CMPOEN = 0).
2. With the noise elimination width, an extra peripheral hardware clock frequency (frrs) may be
eliminated from the setting value.
3. If the comparator output noise interval is within “set noise elimination width + 1 clock”, an
illegal waveform may be output.

Remark frrs: peripheral hardware clock frequency

(2) Comparator port configuration register (CMPPC)
CMPPC switches the comparator input pin to digital I/O or analog input.
CMPPC is read-only by a 1-bit or 8-bit memory manipulation instruction.
<R> Reset signal generation clears CMPPC to 00H. In case of without a comparator products (R7FOC300x, R7FOC301x,
R7F0C302x, R7FOC306x, R7FOC307x, R7F0C308Xx), these products digital function are in an invalid state. When
you use these Pin as a digital function, please set "1" to CMPCOMPC and CMPINPC.

Figure 12-3. Format of Comparator output flag register (CMPPC)

Address: FF62H After reset: 00H R/W

Symbol 7 6 5 4 3 2 <1> <0>
CMPPC 0 0 0 0 0 0 CMPCOM | CMPINPC
PC

CMPCOM Analog (A) or digital (D) selection for P31/TxD0/CMPCOM/<TO00>""*
PC

0 Analog (A) (Default)
1 Digital (D)

CMPINPC Analog (A) or digital (D) selection for P32/RxDO/CMPIN/<TI010>""

0 Analog (A) (Default)
1 Digital (D)
Note R7F0C3034, R7F0C3044, R7F0C3054, R7F0C3094, R7FO0C3104, and R7FOC3114 only.

<R> Caution Because P31 and P32 are analog mode at default, When using P31 and P32 as
digital function, CMPCOMPC and CMPINPC should be set to “1”.
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(3) Port mode register 3 (PM3)
PM3 is used to set port 3 input or output in 1-bit units.
When CMPIN/P32/RxD0/<TI010>""° pin, and CMPCOM/P31/TxD0/<TO00>""° pin are used for the comparator
input and comparator common input respectively, set PM31, PM32 bits to 1.
The output latches of P31, P32 at this time may be 0 or 1.
PM3 can be set by a 1-bit or 8-bit memory manipulation instruction.
Reset signal generation sets PM3 to FFH.

Note R7F0C3034, R7F0C3044, R7F0C3054, R7F0C3094, R7F0C3104, and R7FOC3114 only.
Figure 12-4. Format of Port Mode Register 3 (PM3)

Address: FF23H Afterreset: FFH R/W
Symbol 7 6 5 4 3 2 1 0

Note Note

PM3 1 1 1 PM34 PM33 PM32 PM31 PM30

Note R7F0C3036, R7F0C3046, R7F0C3056, R7FOC3096, R7FOC3106, and R7FOC3116 only.

Caution Be sure to set bits 3 to 7 for R7F0C3034, R7F0C3044, R7F0C3054, R7F0C3094, R7F0C3104, and

R7F0C3114, bits 5 to 7 for R7F0C3036, R7F0C3046, R7F0C3056, R7F0C3096, R7F0C3106, and
R7F0C3116 to “1”.

PM3n P3n pin I/O mode selection (n =0 to 4)
0 QOutput mode (output buffer on)
1 Input mode (output buffer off)

Caution If the internal reference voltage is used, the port function shared by the CMPCOM pin can be used in
input mode. Using the port function in output mode, however, is prohibited. Also, accessing port
register 3 (P3) is prohibited.
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When using P32/RxDO/CMPIN/<TI010>"""* and P31/TxDO/CMPCOM/<TO00>"", set the registers according to the pin

function to be used (refer to Tables 12-2 and 12-3).

Table 12-2. Setting Functions of P32/RxD0/CMPIN/<TI010>""* Pin

CMPPC PM3 Register | CMPOEN bit P32/RxDO/CMPIN/<TI010>"* Pin
Register
Digital I/O Input mode 0 Digital input
selection 1 Setting prohibited
Output mode | 0 Digital output
1 Setting prohibited
Analog input | Input mode 0 Comparator input (Disabled)
selection 1 Comparator input (Enabled)
Output mode - Setting prohibited

Note R7F0C3034, R7F0C3044, R7FO0C3054, R7F0C3094, R7FO0C3104, and R7FOC3114 only.

Remark CMPPC: Comparator port configuration register
PM3: Port mode register 3
CMPOEN:  Bit 7 of comparator control register (CMPCTL)
ADS: Analog input channel specification register
Table 12-3. Setting Functions of P31/TxDO/CMPCOM/<TO00>""° Pin
CMPPC PM3 Register CMPOEN bit CREGSELbit | P31/TxDO/CMPCOM/<TO00>""® Pin
Register
Digital I/O Input mode 0 Digital input
selection 1
0 Setting prohibited
1 Digital input / Comparator common
input (Disabled)
Output mode 0 Digital output
1
0 Setting prohibited
1 Digital output / Comparator common
input (Disabled)
Analog input | Input mode 0 Comparator common input
selection 1 (Disabled)
0 Comparator common input
(Disabled)
1 Comparator common input (Enabled)
Output mode - Setting prohibited

Note R7F0C3034, R7F0C3044, R7F0C3054, R7F0C3094, R7FO0C3104, and R7FOC3114 only.

Remark CMPPC:
PMS:
CMPOEN:
ADS:

Comparator port configuration register
Port mode register 3
Bit 7 of comparator control register (CMPCTL)
Analog input channel specification register
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12.4 Operation of Comparator

12.4.1 Starting comparator operation (using internal reference voltage for comparator reference voltage)

Note Setthe COUTEN bit to 1 when at least 20 s have elapsed after having set the CREGSEL bit.

Figure 12-5. Example of Setting Procedure when Starting Comparator Operation

(Using Internal Reference Voltage for Comparator Reference Voltage)

(

Start

)

CMPPC register setting

PMS3 register setting

CMPCTL register setting

CMPOEN bit setting

COUTEN bit settingNete

(

Operation start

)

Setting the pin to be used as
a comparator input to analog input.

Setting the pin to be used as
a comparator input to input mode.

Use the CINV bit of CMPCTL to select forwarding or
reversing of the output. Setting to the internal reference
voltage by using the CREGSEL bit. Use the CDFS0 and
CDFS1 bits to select the noise elimination width.

(Output disabled state)

Enable the comparator operation by setting (1) the
CMPOEN bit of CMPCTL. Input to the CMPIN pin will be
enabled at the same time.

Setting (1) the COUTEN bit of CMPCTL and enabling
the comparator output.
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12.4.2 Starting comparator operation (using input voltage from CMPCOM pin for comparator reference voltage)

Figure 12-6. Example of Setting Procedure when Starting Comparator Operation
(Using Input Voltage from Comparator Common (CMPCOM) Pin
for Comparator Reference Voltage)

C = )

CMPPC register setting

PM3 register setting

Setting the pin to be used as a comparator input and
comparator common input to analog input.

Setting the pin to be used as a comparator and
comparator common input to input mode.

| Use the CINV bit of CMPCTL to select forwarding or
reversing of the output. Setting the external reference
voltage by using the CREGSEL bit. Use the CDFS0
and CDFS1 bits to select the noise elimination width.
(Output disabled state)

CMPCTL register setting

Enable the comparator operation by setting (1) the
CMPOEN bit setting CMPOEN bit of CMPCTL. Input to the CMPIN pin will
be enabled at the same time.

COUTEN bit settingNote

( Operation start )

Note Setthe COUTEN bit to 1 when at least 1 u s have elapsed after having set the CMPOEN bit.

Setting (1) the COUTEN bit of CMPCTL and enabling
the comparator output.

12.4.3 Stopping comparator operation

Figure 12-7. Example of Setting Procedure when Stopping Comparator Operation

( Operation in progress )

COUTEN bit setting Clear (0) the COUTEN bit of CMPCTL.

CMPOEN bit setting Clear (0) the CMPOEN bit of CMPCTL.

( Operation stop )
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CHAPTER 13 SERIAL INTERFACE UARTO

13.1 Functions of Serial Interface UARTO

Serial interface UARTO has the following two modes.

(1) Operation stop mode
This mode is used when serial communication is not executed and can enable a reduction in the power consumption.
For details, see 13.4.1 Operation stop mode.

(2) Asynchronous serial interface (UART) mode

The functions of this mode are outlined below.
For details, see 13.4.2 Asynchronous serial interface (UART) mode and 13.4.3 Dedicated baud rate generator.

Maximum transfer rate: 625 kbps

e Two-pin configuration TxDO: Transmit data output pin

RxDO0: Receive data input pin

e Length of communication data can be selected from 7 or 8 bits.
* Dedicated on-chip 5-bit baud rate generator allowing any baud rate to be set
e Transmission and reception can be performed independently (full-duplex operation).

e Fixed to LSB-first communication

Cautions 1. If clock supply to serial interface UARTO is not stopped (e.g., in the HALT mode), normal

operation continues. If clock supply to serial interface UARTO is stopped (e.g., in the STOP
mode), each register stops operating, and holds the value immediately before clock supply was
stopped. The TxDO pin also holds the value immediately before clock supply was stopped and
outputs it. However, the operation is not guaranteed after clock supply is resumed. Therefore,
reset the circuit so that POWERO = 0, RXEO = 0, and TXEO = 0.

. Set POWERO = 1 and then set TXEO = 1 (transmission) or RXEO = 1 (reception) to start

communication.

. TXEO and RXEO are synchronized by the base clock (fxcLko) set by BRGCO. To enable

transmission or reception again, set TXEO or RXEO to 1 at least two clocks of base clock after
TXEO or RXEO has been cleared to 0. If TXEO or RXEOQ is set within two clocks of base clock, the
transmission circuit or reception circuit may not be initialized.

4. Set transmit data to TXSO at least one base clock (fxcLko) after setting TXEO = 1.
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13.2 Configuration of Serial Interface UARTO
Serial interface UARTO includes the following hardware.

Table 13-1. Configuration of Serial Interface UARTO

ltem Configuration

Registers Receive buffer register 0 (RXBO)
Receive shift register 0 (RXS0)
Transmit shift register 0 (TXS0)

Control registers Asynchronous serial interface operation mode register 0 (ASIMO)
Asynchronous serial interface reception error status register 0 (ASIS0)
Baud rate generator control register 0 (BRGCO)

Port mode register 3 (PM3)

Port register 3 (P3)
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(1)

)

©)

Receive buffer register 0 (RXBO0)

This 8-bit register stores parallel data converted by receive shift register 0 (RXS0).

Each time 1 byte of data has been received, new receive data is transferred to this register from receive shift register
0 (RXS0).

If the data length is set to 7 bits the receive data is transferred to bits 0 to 6 of RXB0 and the MSB of RXBO is always
0.

If an overrun error (OVEQ) occurs, the receive data is not transferred to RXBO.

RXBO can be read by an 8-bit memory manipulation instruction. No data can be written to this register.

Reset signal generation and POWERQO = 0 set this register to FFH.

Receive shift register 0 (RXS0)
This register converts the serial data input to the RxDO pin into parallel data.
RXSO0 cannot be directly manipulated by a program.

Transmit shift register 0 (TXS0)

This register is used to set transmit data. Transmission is started when data is written to TXSO0, and serial data is
transmitted from the TxDO pins.

TXSO0 can be written by an 8-bit memory manipulation instruction. This register cannot be read.

Reset signal generation, POWERO = 0, and TXEO = 0 set this register to FFH.

Cautions 1. Set transmit data to TXSO at least one base clock (fxcLko) after setting TXEOQ = 1.
2. Do not write the next transmit data to TXS0 before the transmission completion interrupt signal
(INTSTO) is generated.
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13.3 Registers Controlling Serial Interface UARTO
Serial interface UARTO is controlled by the following five registers.

e Asynchronous serial interface operation mode register 0 (ASIMO)

¢ Asynchronous serial interface reception error status register 0 (ASIS0)
o Baud rate generator control register 0 (BRGCO)

e Port mode register 3 (PM3)

o Port register 3 (P3)

(1) Asynchronous serial interface operation mode register 0 (ASIMO)
This 8-bit register controls the serial communication operations of serial interface UARTO.

This register can be set by a 1-bit or 8-bit memory manipulation instruction.
Reset signal generation sets this register to 01H.

Figure 13-2. Format of Asynchronous Serial Interface Operation Mode Register 0 (ASIMO) (1/2)

Address: FF50H After reset: 01H R/W

Symbol <7> <6> <5> 4 3 2 1 0
ASIMO POWERO TXEO RXEO PS01 PS00 CLO SLO 1
POWERO Enables/disables operation of internal operation clock
ot Disables operation of the internal operation clock (fixes the clock to low level) and asynchronously
resets the internal circuit"*?.
1 Enables operation of the internal operation clock.
TXEO Enables/disables transmission
0 Disables transmission (synchronously resets the transmission circuit).
1 Enables transmission.
RXEO Enables/disables reception
0 Disables reception (synchronously resets the reception circuit).
1 Enables reception.

Notes 1. The input from the RxDO pin is fixed to high level when POWERO = 0.
2. Asynchronous serial interface reception error status register 0 (ASIS0), transmit shift register 0 (TXS0), and
receive buffer register 0 (RXBO) are reset.
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Figure 13-2. Format of Asynchronous Serial Interface Operation Mode Register 0 (ASIMO) (2/2)

PS01 PS00 Transmission operation Reception operation
0 0 Does not output parity bit. Reception without parity
0 1 Outputs 0 parity. Reception as 0 parity"™
1 0 Outputs odd parity. Judges as odd parity.

1 1 Outputs even parity. Judges as even parity.

CLO Specifies character length of transmit/receive data
0 Character length of data = 7 bits
1 Character length of data = 8 bits

SLO Specifies number of stop bits of transmit data
0 Number of stop bits = 1
1 Number of stop bits = 2

Note If “reception as O parity” is selected, the parity is not judged. Therefore, bit 2 (PEO) of asynchronous serial

interface reception error status register 0 (ASISO0) is not set and the error interrupt does not occur.

Cautions 1. To start the transmission, set POWERO to 1 and then set TXEO to 1. To stop the transmission,
clear TXEO to 0, and then clear POWERO to 0.
2. To start the reception, set POWERO to 1 and then set RXEO to 1. To stop the reception, clear
RXEO to 0, and then clear POWERUO to 0.
3. Set POWERO to 1 and then set RXEO to 1 while a high level is input to the RxD0 pin. If POWERO
is set to 1 and RXEO is set to 1 while a low level is input, reception is started.
4. TXE0O and RXEO are synchronized by the base clock (fxcLko) set by BRGCO. To enable
transmission or reception again, set TXEO or RXEO to 1 at least two clocks of base clock after
TXEO or RXEO has been cleared to 0. If TXEO or RXEO is set within two clocks of base clock, the
transmission circuit or reception circuit may not be initialized.
5. Set transmit data to TXSO0 at least one base clock (fxcLko) after setting TXEO = 1.
6. Clear the TXEO and RXEO bits to 0 before rewriting the PS01, PS00, and CLO bits.
7. Make sure that TXEO = 0 when rewriting the SLO bit. Reception is always performed with
“number of stop bits = 1”, and therefore, is not affected by the set value of the SLO0 bit.
8. Be sure to set bit 0 to 1.
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(2) Asynchronous serial interface reception error status register 0 (ASIS0)
This register indicates an error status on completion of reception by serial interface UARTO. It includes three error
flag bits (PEO, FEO, OVEQ).
This register is read-only by an 8-bit memory manipulation instruction.
Reset signal generation, or clearing bit 7 (POWERQO) or bit 5 (RXEQ) of ASIMO to 0 clears this register to 00H. 00H is
read when this register is read. If a reception error occurs, read ASISO and then read receive buffer register 0 (RXBO0)
to clear the error flag.

Figure 13-3. Format of Asynchronous Serial Interface Reception Error Status Register 0 (ASIS0)

Address: FF53H After reset: 00H R

Symbol 7 6 5 4 3 2 1 0
ASISO 0 0 0 0 0 PEO FEO OVEO
PEO Status flag indicating parity error
0 If POWERO = 0 or RXEO = 0, or if ASISO register is read.
1 If the parity of transmit data does not match the parity bit on completion of reception.
FEO Status flag indicating framing error
0 If POWERO = 0 or RXEO = 0, or if ASISO register is read.
1 If the stop bit is not detected on completion of reception.
OVEO Status flag indicating overrun error
0 If POWERO = 0 and RXEO = 0, or if ASISO register is read.
1 If receive data is set to the RXBO register and the next reception operation is completed before the
data is read.

Cautions 1. The operation of the PEO bit differs depending on the set values of the PS01 and PS00 bits of

asynchronous serial interface operation mode register 0 (ASIMO).

2. Only the first bit of the receive data is checked as the stop bit, regardless of the number of stop
bits.

3. If an overrun error occurs, the next receive data is not written to receive buffer register 0 (RXB0)
but discarded.

4. If data is read from ASISO0, a wait cycle is generated. Do not read data from ASISO when the
peripheral hardware clock (frrs) is stopped. For details, see CHAPTER 26 CAUTIONS FOR WAIT.
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(3) Baud rate generator control register 0 (BRGCO0)
This register selects the base clock of serial interface UARTO and the division value of the 5-bit counter.
BRGCO can be set by an 8-bit memory manipulation instruction.
Reset signal generation sets this register to 1FH.

Figure 13-4. Format of Baud Rate Generator Control Register 0 (BRGCO0)

Address: FF51H After reset: 1FH R/W

Symbol 7 6 5 4 3 2 1 0
BRGCO TPSO01 TPS00 0 MDLO04 | MDLO3 | MDL02 | MDLO1 | MDLO0
TPSO1 TPSO00 Base clock (fxcLko) selection
‘ frrs = 2 MHz | frrs = 5 MHz ‘ frrs = 10 MHz
0 0 TM51 output"™™®
0 1 frrs/2 1 MHz 2.5 MHz 5 MHz
1 0 frrs/2° 250 kHz 625 kHz 1.25 MHz
1 1 frrs/2° 62.5 kHz 156.25 kHz 312.5 kHz
MDLO4 MDLO3 MDLO02 MDLO1 MDLOO k Selection of 5-bit counter
output clock
0 0 x x x x | Setting prohibited
0 1 0 0 0 8 | fxcLko/8
0 1 0 0 1 9 | fxciko/9
0 1 0 1 0 10 | fxcko/10
. . . . . . .
. . . . . . .
. . . . . . .
. . . . . . .
. . . . . . .
1 1 0 1 0 26 | fxcLko/26
1 1 0 1 1 27 | fxcLko/27
1 1 1 0 0 28 | fxcLko/28
1 1 1 0 1 29 | fxcLko/29
1 1 1 1 0 30 | fxcLko/30
1 1 1 1 1 31 | fxcLko/31

Note Note the following points when selecting the TM51 output as the base clock.
¢ Mode in which the count clock is cleared and started upon a match of TM51 and CR51 (TMC516 = 0)
Start the operation of 8-bit timer/event counter 51 first and then enable the timer F/F inversion operation
(TMC511 =1).
¢ PWM mode (TMC516 = 1)
Start the operation of 8-bit timer/event counter 51 first and then set the count clock to make the duty = 50%.

Cautions 1. Make sure that bit 6 (TXE0) and bit 5 (RXEO) of the ASIMO register = 0 when rewriting the MDL04
to MDLOO bits.
2. Make sure that bit 7 (POWERO0) of the ASIMO register = 0 when rewriting the TPS01 and TPS00
bits.
3. The baud rate value is the output clock of the 5-bit counter divided by 2.
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Remarks 1. fxciko: Frequency of base clock selected by the TPS01 and TPSO00 bits
frrs:  Peripheral hardware clock frequency

k: Value set by the MDL04 to MDLOO bits (k =8, 9, 10, ..., 31)

X: Don’t care

TMC516: Bit 6 of 8-bit timer mode control register 51 (TMC51)
TMC511: Bit 1 of TMC51

a ks wbd

(4) Port mode register 3 (PM3)
This register sets port 3 input/output in 1-bit units.
When using the P31/TxDO/CMPCOM "' (if 16-pin products, P31/TxD0/<TO00>/CMPCOM "**?) pin for serial
interface data output, clear PM31 to 0 and set the output latch of P31 to 1.
When using the P32/RxDO/CMPIN ™" (if 16-pin products, P32/RxD0/<TI010>/CMPIN “*?) pin for serial interface
data input, set PM32 to 1. The output latch of P32 at this time may be 0 or 1.
PM3 can be set by a 1-bit or 8-bit memory manipulation instruction.
Reset signal generation sets this register to FFH.

Figure 13-5. Format of Port Mode Register 3 (PM3)

Address: FF23H After reset: FFH R/W

Symbol 7 6 5 4 3 2 1 0
PM3 | 1 | 1 | 1 | PM34"°® | PM33""®|  pM32 | PM31 | PM30 |
PM3n P3n pin I/O mode selection (n = 0 to 4)
0 Output mode (output buffer on)
1 Input mode (output buffer off)

Notes 1. R7F0C3036, R7F0C3046, R7FOC3056, R7F0C3096, R7FOC3106, and R7FOC3116 (products with
comparator) only

2. R7F0C3034, R7F0C3044, R7F0C3054, R7FO0C3094, R7FO0C3104, and R7F0C3114 (products with
comparator) only
3. 20-pin products only

Remark Functions in angle brackets < > can be assigned by setting the input switch control register (MUXSEL).
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13.4 Operation of Serial Interface UARTO
Serial interface UARTO has the following two modes.

e Operation stop mode
e Asynchronous serial interface (UART) mode

13.4.1 Operation stop mode

In this mode, serial communication cannot be executed, thus reducing the power consumption. In addition, the pins
can be used as ordinary port pins in this mode. To set the operation stop mode, clear bits 7, 6, and 5 (POWERO, TXEO,
and RXEOQ) of ASIMO to 0.

(1) Register used
The operation stop mode is set by asynchronous serial interface operation mode register 0 (ASIMO).
ASIMO can be set by a 1-bit or 8-bit memory manipulation instruction.
Reset signal generation sets this register to 01H.

Address: FF50H After reset: 01H R/W

Symbol <7> <6> <5> 4 3 2 1 0
ASIMO POWERO TXEO RXEO PSo01 PS00 CLo SLO 1
POWERO Enables/disables operation of internal operation clock
ot Disables operation of the internal operation clock (fixes the clock to low level) and asynchronously

Note 2

resets the internal circuit

TXEO Enables/disables transmission

0 Disables transmission (synchronously resets the transmission circuit).
RXEO Enables/disables reception

0 Disables reception (synchronously resets the reception circuit).

Notes 1. The input from the RxDO pin is fixed to high level when POWERO = 0.
2. Asynchronous serial interface reception error status register 0 (ASIS0), transmit shift register 0 (TXS0), and
receive buffer register 0 (RXBO) are reset.

Caution Clear POWERO to 0 after clearing TXEO and RXEO to 0 to set the operation stop mode.
To start the communication, set POWERO to 1, and then set TXEO or RXEO to 1.

Remark To use the RxDO/CMPIN/P32 and TxDO/CMPCOM/P31 (if 16-pin products, RxD0/<TI010>/CMPIN/P32,
TxD0/<TO00>/CMPCOM/P31) pins as general-purpose port pins, sese CHAPTER 4 PORT FUNCTIONS.
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13.4.2 Asynchronous serial interface (UART) mode

In this mode, 1-byte data is transmitted/received following a start bit, and a full-duplex operation can be performed.

A dedicated UART baud rate generator is incorporated, so that communication can be executed at a wide range of
baud rates.

(1) Registers used

e Asynchronous serial interface operation mode register 0 (ASIMO)

¢ Asynchronous serial interface reception error status register 0 (ASIS0)

Baud rate generator control register 0 (BRGCO)

e Port mode register 3 (PM3)

Port register 3 (P3)

The basic procedure of setting an operation in the UART mode is as follows.

<1>
<2>
<3>

<4>

<5>

Set the BRGCO register (see Figure 13-4).

Set bits 1 to 4 (SLO, CLO, PS00, and PS01) of the ASIMO register (see Figure 13-2).

Set bit 7 (POWERQO) of the ASIMO register to 1.

Set bit 6 (TXEO) of the ASIMO register to 1. — Transmission is enabled.
Set bit 5 (RXEO) of the ASIMO register to 1. — Reception is enabled.
Write data to the TXSO register. — Data transmission is started.

Caution Take relationship with the other party of communication when setting the port mode register and

port register.

RO1UH0389EJ0120 Rev.1.20 - (EN ESANS
Oct 09, 2014

305



R7FOC30x, R7FOC31x CHAPTER 13 SERIAL INTERFACE UARTO

The relationship between the register settings and pins is shown below.

Table 13-2. Relationship Between Register Settings and Pins (16-pin products)

POWERO| TXEO RXEO PM31 P31 PM32 P32 UARTO Pin Function
Operation TXDO/<TO00>/ RxDO/<TI0105/
CMPCOM " '/P31 CMPIN"™""/P32
0 0 0 xNere? xNere? xNore? xNote Stop <TO00>/ <TI010>/
CMPCOM™" /P31 CMPIN™"*"/P32
1 0 1 xNote? xNoe2 1 x Reception <TO00>/ RxDO
CMPCOM™*"/P31
1 0 0 1 xNere? xNote Transmission TxDO <TI010>/
CMPIN"™""/P32
1 1 0 1 1 X Transmission/ TxDO RxDO
reception

Table 13-3. Relationship Between Register Settings and Pins (20-pin products)

POWERO| TXEO RXEOQ PM31 P31 PM32 P32 UARTO Pin Function

Operation TXDO/ RxDO/
CMPCOM™*%/P31 CMPIN""**/P32
0 0 0 XNo!elJ XNo!elJ XNetell ><Noletl S'[Op CMPCOM NoteS/P31 CMPIN NeteG/P32

1 0 1 et e 1 x Reception CMPCOM™"**/P31 RxDO
1 0 0 1 xNote s xNote s Transmission TxDO CMPIN""**/P32

1 1 0 1 1 X Transmission/ TxDO RxDO

reception

Notes 1. R7F0C3034, R7F0C3044, R7F0C3054, R7F0C3094, R7F0C3104, and R7FOC3114 (products with
operational amplifier/comparator) only
2. Can be set as port function, comparator or timer.
3. R7F0C3036, R7F0C3046, R7F0C3056, R7FO0C3096, R7FOC3106, and R7FOC3116 (products with
operational amplifier/comparator) only
4. Can be set as port function or comparator.

Remarks 1. Functions in angle brackets < > can be assigned by setting the input switch control register (MUXSEL).
2. x don’t care
POWERQO: Bit 7 of asynchronous serial interface operation mode register 0 (ASIMO)
TXEO: Bit 6 of ASIMO
RXEO: Bit 5 of ASIMO
PM3x: Port mode register
P3x: Port output latch
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(2) Communication operation

(a) Format and waveform example of normal transmit/receive data
Figures 13-6 and 13-7 show the format and waveform example of the normal transmit/receive data.

Figure 13-6. Format of Normal UART Transmit/Receive Data

1 data frame

Start | g | py | p2 | p3 | pa | D5 | pe | D7 |PAY

bit bit Stop bit

Character bits

One data frame consists of the following bits.

o Start bit ... 1 bit

e Character bits ... 7 or 8 bits (LSB first)

o Parity bit ... Even parity, odd parity, O parity, or no parity
e Stop bit ... 1 or 2 bits

The character bit length, parity, and stop bit length in one data frame are specified by asynchronous serial
interface operation mode register 0 (ASIMO).

Figure 13-7. Example of Normal UART Transmit/Receive Data Waveform

1. Data length: 8 bits, Parity: Even parity, Stop bit: 1 bit, Communication data: 55H

1 data frame

2. Data length: 7 bits, Parity: Odd parity, Stop bit: 2 bits, Communication data: 36H

1 data frame

o
S
O
=
Q
M)
O
%)
O
S
o
&
o
&
nJ
]
<
)]
.
3
S
@
3
kS

3. Data length: 8 bits, Parity: None, Stop bit: 1 bit, Communication data: 87H

1 data frame

Start DO : D1 ! D2 D3 : D4 : D5 : D6 D7  Stop !
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(b) Parity types and operation
The parity bit is used to detect a bit error in communication data. Usually, the same type of parity bit is used on
both the transmission and reception sides. With even parity and odd parity, a 1-bit (odd number) error can be
detected. With zero parity and no parity, an error cannot be detected.

(i) Even parity
e Transmission
Transmit data, including the parity bit, is controlled so that the number of bits that are “1” is even.
The value of the parity bit is as follows.

If transmit data has an odd number of bits that are “1”: 1
If transmit data has an even number of bits that are “1”: 0

o Reception
The number of bits that are “1” in the receive data, including the parity bit, is counted. If it is odd, a parity
error occurs.

(ii) Odd parity
e Transmission
Unlike even parity, transmit data, including the parity bit, is controlled so that the number of bits that are
“1” is odd.

If transmit data has an odd number of bits that are “1”: 0
If transmit data has an even number of bits that are “1”: 1

o Reception
The number of bits that are “1” in the receive data, including the parity bit, is counted. If it is even, a parity
error occurs.

(iii) O parity
The parity bit is cleared to 0 when data is transmitted, regardless of the transmit data.
The parity bit is not detected when the data is received. Therefore, a parity error does not occur regardless
of whether the parity bit is “0” or “1”.

(iv) No parity
No parity bit is appended to the transmit data.
Reception is performed assuming that there is no parity bit when data is received. Because there is no
parity bit, a parity error does not occur.
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(c) Transmission
If bit 7 (POWERQO) of asynchronous serial interface operation mode register 0 (ASIMO) is set to 1 and bit 6 (TXEOQ)
of ASIMO is then set to 1, transmission is enabled. Transmission can be started by writing transmit data to
transmit shift register 0 (TXS0). The start bit, parity bit, and stop bit are automatically appended to the data.
When transmission is started, the start bit is output from the TxDO pin, and the transmit data is output followed by
the rest of the data in order starting from the LSB. When transmission is completed, the parity and stop bits set
by ASIMO are appended and a transmission completion interrupt request (INTSTO) is generated.
Transmission is stopped until the data to be transmitted next is written to TXSO0.
Figure 13-8 shows the timing of the transmission completion interrupt request (INTSTO). This interrupt occurs as
soon as the last stop bit has been output.

Caution After transmit data is written to TXS0, do not write the next transmit data before the
transmission completion interrupt signal (INTSTO) is generated.

Figure 13-8. Transmission Completion Interrupt Request Timing

1. Stop bit length: 1

TxDO (output) \ Start/ DO X D1 X D2 ngx D6 X D7 XParity StopI
INTSTO —|

2. Stop bit length: 2

\ \
TxDO (output) Start/ DO X D1 X D2 gx D6 X D7 XParity/ Stop

INTSTO
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(d) Reception
Reception is enabled and the RxDO pin input is sampled when bit 7 (POWERO) of asynchronous serial interface
operation mode register 0 (ASIMO) is set to 1 and then bit 5 (RXEQ) of ASIMO is set to 1.
The 5-bit counter of the baud rate generator starts counting when the falling edge of the RxDO pin input is
detected. When the set value of baud rate generator control register 0 (BRGCO) has been counted, the RxDO0 pin
input is sampled again (7 in Figure 13-9). If the RxDO pin is low level at this time, it is recognized as a start bit.
When the start bit is detected, reception is started, and serial data is sequentially stored in receive shift register 0
(RXS0) at the set baud rate. When the stop bit has been received, the reception completion interrupt (INTSRO) is
generated and the data of RXSO0 is written to receive buffer register 0 (RXBO0). If an overrun error (OVEO) occurs,
however, the receive data is not written to RXBO.
Even if a parity error (PEO) occurs while reception is in progress, reception continues to the reception position of
the stop bit, and an reception error interrupt (INTSRO) is generated after completion of reception.
INTSRO occurs upon completion of reception and in case of a reception error.

Figure 13-9. Reception Completion Interrupt Request Timing

RxDO (input) Start « DO

INTSRO |_|

RXBO X

Cautions 1. If a reception error occurs, read asynchronous serial interface reception error status
register 0 (ASIS0) and then read receive buffer register 0 (RXBO0) to clear the error flag.
Otherwise, an overrun error will occur when the next data is received, and the reception
error status will persist.
2. Reception is always performed with the “number of stop bits = 1”. The second stop bit is
ignored.
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(e) Reception error

)

Three types of errors may occur during reception: a parity error, framing error, or overrun error. If the error flag of
asynchronous serial interface reception error status register 0 (ASISO) is set as a result of data reception, a
reception error interrupt (INTSRO) is generated.

Which error has occurred during reception can be identified by reading the contents of ASISO in the reception
error interrupt (INTSRO) servicing (see Figure 13-3).

The contents of ASISO are cleared to 0 when ASISO is read.

Table 13-4. Cause of Reception Error

Reception Error Cause
Parity error The parity specified for transmission does not match the parity of the receive data.
Framing error Stop bit is not detected.
Overrun error Reception of the next data is completed before data is read from receive buffer
register 0 (RXBO).

Noise filter of receive data

The RxDO signal is sampled using the base clock output by the prescaler block.

If two sampled values are the same, the output of the match detector changes, and the data is sampled as input
data.

Because the circuit is configured as shown in Figure 13-10, the internal processing of the reception operation is
delayed by two clocks from the external signal status.

Figure 13-10. Noise Filter Circuit

(1) 16-pin products

RxDO0/<T1010>/CMPIN/P32 © In Q

Base clock

Internal signal A In ol Internal signai B

Match detector LD_EN

(2) 20-pin products

RxDO/CMPIN/P32 © In Q

Base clock

Internal signal A

In Q |———= Internal signal B

Match detector LD_EN

Remark Functions in angle brackets < > can be assigned by setting the input switch control register (MUXSEL).
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13.4.3 Dedicated baud rate generator
The dedicated baud rate generator consists of a source clock selector and a 5-bit programmable counter, and

generates a serial clock for transmission/reception of UARTO.

Separate 5-bit counters are provided for transmission and reception.

(1) Configuration of baud rate generator

Base clock

The clock selected by bits 7 and 6 (TPS01 and TPS00) of baud rate generator control register 0 (BRGCO) is
supplied to each module when bit 7 (POWERO0) of asynchronous serial interface operation mode register 0
(ASIMO) is 1. This clock is called the base clock and its frequency is called fxciko. The base clock is fixed to
low level when POWERO = 0.

Transmission counter

This counter stops operation, cleared to 0, when bit 7 (POWERO) or bit 6 (TXEOQ) of asynchronous serial interface
operation mode register 0 (ASIMO) is 0.

It starts counting when POWERO = 1 and TXEO = 1.

The counter is cleared to 0 when the first data transmitted is written to transmit shift register 0 (TXSO0).

Reception counter

This counter stops operation, cleared to 0, when bit 7 (POWERQO) or bit 5 (RXEOQ) of asynchronous serial interface
operation mode register 0 (ASIMO) is 0.

It starts counting when the start bit has been detected.

The counter stops operation after one frame has been received, until the next start bit is detected.

Figure 13-11. Configuration of Baud Rate Generator

POWERO
Baud rate generator
fPRS/2 :.--------------------------------------:
+ POWERO, TXEO (or RXEO) :
frrs/23 by E l E
Selector 5-bit counter
frrs/25 fxouko H H
8-bit timer/ : :
event counter ' :
51 output : Match detector 1/2 [=— Baudrate
BRGCO: TPS01, TPS00 BRGCO: MDL04 to MDL0O

Remark POWERQO: Bit 7 of asynchronous serial interface operation mode register 0 (ASIMO)
TXEO: Bit 6 of ASIMO
RXEOQ: Bit 5 of ASIMO
BRGCO: Baud rate generator control register 0
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(2) Generation of serial clock
A serial clock to be generated can be specified by using baud rate generator control register 0 (BRGCO).
Select the clock to be input to the 5-bit counter by using bits 7 and 6 (TPS01 and TPS00) of BRGCO.
Bits 4 to 0 (MDL04 to MDL00) of BRGCO can be used to select the division value (fxciko/8 to fxciko/31) of the 5-bit

counter.
13.4.4 Calculation of baud rate

(1) Baud rate calculation expression
The baud rate can be calculated by the following expression.

fxcLk

e Baud rate = 0 [bps]

2 x k

fxciko:  Frequency of base clock selected by the TPS01 and TPS00 bits of the BRGCO register
k: Value set by the MDL04 to MDLOO bits of the BRGCO register (k =8, 9, 10, ..., 31)

Table 13-5. Set Value of TPS01 and TPS00

TPSO1 TPS00 Base clock (fxciko) selection
frrs=2 MHz | fers =5 MHz | frrRs = 10 MHz

0 0 TM51 output™*®

0 1 frRs/2 1 MHz 2.5 MHz 5 MHz

1 0 frrs/2° 250 kHz 625 kHz 1.25 MHz
1 1 frrs/2° 62.5 kHz 156.25 kHz 312.5 kHz

Note Note the following points when selecting the TM51 output as the base clock.
¢ Mode in which the count clock is cleared and started upon a match of TM51 and CR51 (TMC516 = 0)
Start the operation of 8-bit timer/event counter 51 first and then enable the timer F/F inversion operation
(TMC511 =1).
¢ PWM mode (TMC516 = 1)
Start the operation of 8-bit timer/event counter 51 first and then set the count clock to make the duty =
50%.
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(2) Error of baud rate
The baud rate error can be calculated by the following expression.

e Error (%) =

Cautions 1.

(baud rate with error)

Actual baud rate
Desired baud rate (correct baud rate)

—]x'IOO[%]

Keep the baud rate error during transmission to within the permissible error range at the

reception destination.

Make sure that the baud rate error during reception satisfies the range shown in (4) Permissible
baud rate range during reception.

Example: Frequency of base clock = 2.5 MHz = 2,500,000 Hz
Set value of MDL04 to MDLOO bits of BRGCO register = 10000B (k = 16)

(3) Example of setting baud rate

Target baud rate = 76,800 bps

Baud rate = 2.5 M/(2 x 16)

= 2,500,000/(2 x 16) = 78,125 [bps]

Error = (78,125/76,800 — 1) x 100
=1.725 [%)]

Table 13-6. Set Data of Baud Rate Generator

Baud fers = 2.0 MHz fers = 5.0 MHz frrs = 10.0 MHz
Rate |1psot1,| k |Calculated| ERR |TPS01,| k |Calculated| ERR [TPSO1,| k |Calculated| ERR
[bps] [ tpsoo Value | [%] |TPS00 value | [%] |TPS00 Value | [%]
4800 2H 26 4808 0.16 3H 16 4883 1.73 - - - -
9600 2H 13 9615 0.16 3H 8 9766 1.73 3H 16 9766 1.73
10400 | 2H 12 | 10417 | 0.16 2H 30 | 10417 | 0.16 3H 15 10417 | 0.16
19200 [ 1H | 26 | 19231 | 016 | 2H | 16 | 19531 | 1.73 | 3H | 8 | 19531 | 1.73
24000 | 1H | 21 | 23810 |-0.79| 2H | 13 | 24038 | 0.16 | 2H | 26 | 24038 | 0.16
31250 1H 16 | 31250 0 2H 10 | 31250 0 2H 20 | 31250 0
33600 1H 15 | 33333 |-0.79| 2H 9 34722 | 3.34 2H 19 | 32895 | -2.1
38400 1H 13 | 38462 | 0.16 2H 8 39063 | 1.73 2H 16 | 39063 | 1.73
56000 1H 9 55556 |[-0.79| 1H 22 | 56818 | 1.46 2H 11 56818 | 1.46
62500 1H 8 62500 0 1H 20 | 62500 0 2H 10 | 62500 0
76800 - - - - 1H 16 | 78125 | 1.78 2H 8 78125 | 1.73
115200 - - - - 1H | 11 | 113636 |-1.36| 1H | 22 | 113636 |-1.36
153600 - - - - 1H 8 | 156250 | 1.73 1H 16 | 156250 | 1.73
312500 - - - - - - - - 1H 8 | 312500 0
625000 - - - - - - - - - - - -
Remark

fers:

ERR:

(fxcLko))

Value set by the MDL04 to MDLOQO bits of BRGCO (k =8, 9, 10, ..., 31)

Peripheral hardware clock frequency
Baud rate error

TPS01, TPS00: Bits 7 and 6 of baud rate generator control register 0 (BRGCO) (setting of base clock
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(4) Permissible baud rate range during reception
The permissible error from the baud rate at the transmission destination during reception is shown below.

Caution Make sure that the baud rate error during reception is within the permissible error range, by using
the calculation expression shown below.

Figure 13-12. Permissible Baud Rate Range During Reception

Latch timing
4 Y% 4 Y Y #7
I
Data frame length \ . . . x x . - .
of UARTO Start bit /< Bit 0 X Bit 1 Bit 7 XParlty bit y Stop bit \
FL

1 data frame (11 x FL)

Minimum permissible Startbit [ Bit0 Bit 1 Bit7 ) Parity bit) Stop bi
data frame length

FLmin

Maximum permissible \ Start bit /< Bit 0 X Bit 1 Bit 7 XParitybity Stop bit
data frame length

FLmax

—

As shown in Figure 13-12, the latch timing of the receive data is determined by the counter set by baud rate generator
control register 0 (BRGCO) after the start bit has been detected. If the last data (stop bit) meets this latch timing, the
data can be correctly received.

Assuming that 11-bit data is received, the theoretical values can be calculated as follows.

FL = (Brate)™

Brate: Baud rate of UARTO

k: Set value of BRGCO
FL: 1-bit data length
Margin of latch timing: 2 clocks

RO1UH0389EJ0120 Rev.1.20 R NS 315
Oct 09, 2014 ENES



R7FOC30x, R7FOC31x CHAPTER 13 SERIAL INTERFACE UARTO

k-2 x FL

Minimum permissible data frame length: FLmin =11 x FL -

=21k+2 FL

2k

2k

Therefore, the maximum receivable baud rate at the transmission destination is as follows.

) , 22k
BRmax = (FLmin/11)™" =
21k +

Similarly, the maximum permissible data frame length can be calculated as follows.

10, Flmax=11xFL_K*2, p - 21k-2
11 2 xk 2 xk

FL

FLmax = k=2 ¢ 44
20k

Therefore, the minimum receivable baud rate at the transmission destination is as follows.

BRmin = (FLmax/11)™" = v

The permissible baud rate error between UARTO and the transmission destination can be calculated from the above

minimum and maximum baud rate expressions, as follows.

Table 13-7. Maximum/Minimum Permissible Baud Rate Error

Division Ratio (k) Maximum Permissible Baud Rate Error Minimum Permissible Baud Rate Error
8 +3.53% -3.61%
16 +4.14% -4.19%
24 +4.34% —4.38%
31 +4.44% -4.47%

Remarks 1. The permissible error of reception depends on the number of bits in one frame, input clock frequency,

and division ratio (k). The higher the input clock frequency and the higher the division ratio (k), the

higher the permissible error.
2. k: Set value of BRGCO
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CHAPTER 14 INTERRUPT FUNCTIONS

14.1 Interrupt Function Types
The following two types of interrupt functions are used.

(1) Maskable interrupts
These interrupts undergo mask control. Maskable interrupts can be divided into a high interrupt priority group and a
low interrupt priority group by setting the priority specification flag registers (PROL, PROH, PR1L).
Multiple interrupt servicing can be applied to low-priority interrupts when high-priority interrupts are generated. If two
or more interrupt requests, each having the same priority, are simultaneously generated, then they are processed
according to the priority of vectored interrupt servicing. For the priority order, refer to Table 14-1.
A standby release signal is generated and STOP and HALT modes are released.
External interrupt requests and internal interrupt requests are provided as maskable interrupts.

(2) Software interrupt
This is a vectored interrupt generated by executing the BRK instruction. It is acknowledged even when interrupts are
disabled. The software interrupt does not undergo interrupt priority control.

14.2 Interrupt Sources and Configuration

The interrupt sources consist of maskable interrupts and software interrupts. In addition, they also have up to four
reset sources (refer to Table 14-1).
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Table 14-1. Interrupt Source List (1/2)
Interrupt | Internal/ Basic Default Interrupt Source Vector
. . : 1 Note2
Type | External | Configuration | Priority Name Trigger Table
Type"™' Address
Maskable|Internal (A) 0 INTLVI Low-voltage detection"™** 0004H
External (B) 1 INTPO Pin input edge detection 0006H
2 INTP1 0008H
3 INTCMP  |Comparator edge detection"** 000AH
Note 4 Note 4
- - 4 - - 000CH
5 - 000EH
6 - 0010H
7 - 0012H
Internal (A) 8 INTSRO |End of UARTO reception/reception 0014H
error generation
9 INTSTO End of UARTO transmission 0016H
- - 10 - - 0018H
Internal (A) 11 INTTMH1 |Match between TMH1 and CMPO1 001AH
(when compare register is specified)
- - 12 - - 001CH
13 001EH
Internal (A) 14 INTTMOOO |Match between TM0O and CR000 0020H
(when compare register is specified),
TI010 pin valid edge detection
(when capture register is specified)
15 INTTMO10 |Match between TM00 and CR010 0022H
(when compare register is specified),
TIO0O0 pin valid edge detection
(when capture register is specified)
16 INTAD End of A/D conversion 0024H
- - 17 - - 0026H
18 0028H
Internal (A) 19 INTTM51 |Match between TM51 and CR51 002AH
Notes (when compare register is specified)
- - 20 - - 002CH

Notes 1. Basic configuration types (A) to (C) correspond to (A) to (C) in Figure 14-1.
2. The default priority determines the sequence of processing vectored interrupts if two or more maskable

interrupts occur simultaneously. Zero indicates the highest priority and 28 indicates the lowest priority.

3. When bit 1 (LVIMD) of the low-voltage detection register (LVIM) is cleared to 0.

4. R7F0C303x, R7FO0C304x, R7F0C305x, R7FO0C309x, R7FOC310x, and R7FOC311x (products with

comparator) only
5. When 8-bit timer/event counter 51 is used in the carrier generator mode, an interrupt is generated upon the
timing when the INTTM5H1 signal is generated (refer to Figure 8-11 Transfer Timing).
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Table 14-1. Interrupt Source List (2/2)

Interrupt | Internal/ Basic Default Interrupt Source Vector
Type |External | Configuration| Priority"***|  \ame Trigger Table
Type"*' Address
Maskable - - 21 - - 002EH
22 0030H
23 0032H
24 0034H
25 0036H
26 0038H
27 003AH
28 003CH
Software - (C) - BRK BRK instruction execution 003EH
Reset - - - RESET Reset input 0000H
POC Power-on clear
LVI Low-voltage detection"*®®
WDT WDT overflow

Notes 1. Basic configuration types (A) to (C) correspond to (A) to (C) in Figure 14-1.
2. The default priority determines the sequence of processing vectored interrupts if two or more maskable
interrupts occur simultaneously. Zero indicates the highest priority and 28 indicates the lowest priority.
3. When bit 1 (LVIMD) of the low-voltage detection register (LVIM) is set to 1.
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Figure 14-1. Basic Configuration of Interrupt Function (1/2)

(A) Internal maskable interrupt

S Internal bus S

MK IE PR ISP

Interrupt ;CD Priority controller Vector table
IF address generator

request

Standby release signal

(B) External maskable interrupt (INTPn, INTCMP "°*)

S Internal bus S

AV

External interrupt edge
enable register MK IE PR ISP
(EGP, EGN)

! i

Interrupt Edge IF Priority controller |
request detector

Vector table
address generator

Standby release signal
Note R7F0C303x, R7F0C304x, R7FOC305x, R7FOC309x, R7FOC310x, and R7FOC311x (products with comparator)
only

Remark n=0, 1

IF: Interrupt request flag

IE: Interrupt enable flag
ISP:  In-service priority flag
MK:  Interrupt mask flag

PR:  Priority specification flag
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Figure 14-1. Basic Configuration of Interrupt Function (2/2)

(C) Software interrupt

S Internal bus S

Interrupt Priority controller Vector table
request address generator
IF: Interrupt request flag
IE: Interrupt enable flag

ISP:  In-service priority flag
MK:  Interrupt mask flag
PR:  Priority specification flag
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14.3 Registers Controlling Interrupt Functions

The following 6 types of registers are used to control the interrupt functions.

o Interrupt request flag registers (IFOL, IFOH, IF1L)

o Interrupt mask flag registers (MKOL, MKOH, MK1L)
o Priority specification flag registers (PROL, PROH, PR1L)
o External interrupt rising edge enable registers (EGP)

o External interrupt falling edge enable registers (EGN)
e Program status word (PSW)

Table 14-2 shows a list of interrupt request flags, interrupt mask flags, and priority specification flags corresponding to

interrupt request sources.

Notes 1.

Table 14-2. Flags Corresponding to Interrupt Request Sources

Interrupt Interrupt Request Flag Interrupt Mask Flag | Priority Specification Flag
Source Register Register Register
INTLVI LVIIF IFOL LVIMK MKOL  [LVIPR PROL
INTPO PIFO PMKO PPRO
INTP1 PIF1 PMK1 PPR1
INTCMP """ | CMPIF """ CMPMK ! CMPPR """
INTSR6 SRIFO IFOH SRMKO MKOH |SRPRO PROH
INTSTO STIFO STMKO STPRO
INTTMH1 | TMIFH1 TMMKH1 TMPRHA1
INTTMO00 | TMIFO00 TMMKO000 TMPRO000
INTTMO10 |TMIFO10 TMMKO10 TMPRO10
INTAD ADIF IF1L ADMK MK1L |ADPR PR1L
INTTM51""**| TMIF51 TMMKS51 TMPR51

R7F0C303x, R7FO0C304x, R7FOC305x, R7FOC309x, R7FO0C310x, and R7FOC311x (products with

comparator) only

When 8-bit timer/event counter 51 is used in the carrier generator mode, an interrupt is generated upon the

timing when the INTTM5H1 signal is generated (refer to Figure 8-11 Transfer Timing).
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(1) Interrupt request flag registers (IFOL, IFOH, IF1L)
The interrupt request flags are set to 1 when the corresponding interrupt request is generated or an instruction is
executed. They are cleared to 0 when an instruction is executed upon acknowledgment of an interrupt request or
upon reset signal generation.
When an interrupt is acknowledged, the interrupt request flag is automatically cleared and then the interrupt routine is
entered.
IFOL, IFOH, and IF1L are set by a 1-bit or 8-bit memory manipulation instruction. When IFOL and IFOH are combined
to form 16-bit register IFO, they are set by a 16-bit memory manipulation instruction.
Reset signal generation clears these registers to 00H.

Cautions 1. When operating a timer, serial interface, or A/D converter after standby release, operate it once

after clearing the interrupt request flag. An interrupt request flag may be set by noise.
2. When manipulating a flag of the interrupt request flag register, use a 1-bit memory manipulation

instruction (CLR1). When describing in C language, use a bit manipulation instruction such as
“IFOL.0 = 0;” or “_asm(“cir1 IFOL, 0”);” because the compiled assembler must be a 1-bit memory
manipulation instruction (CLR1).
If a program is described in C language using an 8-bit memory manipulation instruction such as
“IFOL &= Oxfe;” and compiled, it becomes the assembler of three instructions.

mov a, IFOL
and a, #OFEH
mov IFOL, a

In this case, even if the request flag of another bit of the same interrupt request flag register
(IFOL) is set to 1 at the timing between “mov a, IFOL” and “mov IFOL, a”, the flag is cleared to 0 at
“mov IFOL, a”. Therefore, care must be exercised when using an 8-bit memory manipulation
instruction in C language.
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Figure 14-2. Format of Interrupt Request Flag Registers (IFOL, IFOH, IF1L)

Address: FFEOH  After reset: 00H R/W

Symbol 7 6 5 4 <3> <2> <1> <0>
IFOL 0 0 0 0 CMPIF™* PIF1 PIFO LVIIF
Address: FFE1H  After reset: 00H R/W
Symbol <7> <6> 5 4 <3> 2 <1> <0>
IFOH TMIF010 TMIF000 0 0 TMIFH1 0 STIFO SRIFO
Address: FFE2H  After reset: 00H R/W
Symbol 7 6 5 4 <3> 2 1 <0>
IF1L 0 0 0 0 TMIF51 0 0 ADIF
XXIFX Interrupt request flag
0 No interrupt request signal is generated
1 Interrupt request is generated, interrupt request status

Note R7F0C303x, R7F0C304x, R7FOC305x, R7FO0C309x, R7FOC310x, and R7FOC311x (products with comparator)
only

Caution Be sure to clear bits 4 and 7 of IFOL, bits 2, 4 and 5 of IFOH, and bits 1,2, 4 to 7 of IFIL to 0.
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(2) Interrupt mask flag registers (MKOL, MKOH, MK1L)
The interrupt mask flags are used to enable/disable the corresponding maskable interrupt servicing.

MKOL, MKOH, and MK1L are set by a 1-bit or 8-bit memory manipulation instruction. When MKOL and MKOH are
combined to form 16-bit register MKO, they are set by a 16-bit memory manipulation instruction.

Reset signal generation sets these registers to FFH.

Figure 14-3. Format of Interrupt Mask Flag Registers (MKOL, MKOH, MK1L)

Address: FFE4H  After reset: FFH R/W

Symbol 7 6 5 4 <3> <2> <1> <0>
MKOL 1 1 1 1 CMPMK"™ |  PMK1 PMKO LVIMK
Address: FFES5H  After reset: FFH R/W

Symbol <7> <6> 5 4 <3> 2 <1> <0>
MKOH TMMKO010 | TMMKO000 1 1 TMMKHA1 1 STMKO SRMKO
Address: FFE6H  After reset: FFH R/W

Symbol 7 6 5 4 <3> 2 1 <0>
MK1L 1 1 1 1 TMMKS51 1 1 ADMK

XXMKX Interrupt servicing control
0 Interrupt servicing enabled

Interrupt servicing disabled

Note R7F0C303x, R7F0C304x, R7FOC305x, R7FOC309x, R7FOC310x, and R7FOC311x (products with comparator)

only

Caution Be sure to set bits 4 to 7 of MKOL, bits 2, 4 and 5 of MKOH, and bits 1, 2, 4 to 7 of MK1L to 1.
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(3) Priority specification flag registers (PROL, PROH, PR1L)
The priority specification flag registers are used to set the corresponding maskable interrupt priority order.
PROL, PROH, and PR1L are set by a 1-bit or 8-bit memory manipulation instruction. If PROL and PROH are combined
to form 16-bit register PRO, they are set by a 16-bit memory manipulation instruction.
Reset signal generation sets these registers to FFH.

Figure 14-4. Format of Priority Specification Flag Registers (PROL, PROH, PR1L)

Address: FFE8H After reset: FFH R/W
Symbol 7 6 5 4 <3> <2> <1> <0>
PROL 1 1 1 1 CMPPR"™ ™" PPR1 PPRO LVIPR

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

PROH TMPR010 | TMPRO0O 1 1 TMPRH1 1 STPRO SRPRO

Address: FFEAH  After reset: FFH R/W

Symbol 7 6 5 4 <3> 2 1 <0>
PR1L 1 1 1 1 TMPR51 1 1 ADPR
XXPRX Priority level selection
0 High priority level
1 Low priority level

Note R7F0C303x, R7F0C304x, R7FOC305x, R7FO0C309x, R7FOC310x, and R7FOC311x (products with comparator)
only

Caution Be sure to set bits 4 to 7 of PROL, bits 2, 4 and 5 of PROH, and bits 1, 2, 4 to 7 of PR1L to 1.
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(4) External interrupt rising edge enable registers (EGP), external interrupt falling edge enable registers (EGN)
These registers specify the valid edge for INTPn.
EGP and EGN are set by a 1-bit or 8-bit memory manipulation instruction.
Reset signal generation clears these registers to 00H.

Figure 14-5.  Format of External Interrupt Rising Edge Enable Registers (EGP)
and External Interrupt Falling Edge Enable Registers (EGN)

Address: FF48H  After reset: 00H R/W

Symbol 7 6 5 4 3 2 1 0
EGP 0 0 0 0 0 EGP2 EGP1 EGPO
Address: FF49H  After reset: 00H R/W
Symbol 7 6 5 4 3 2 1 0
EGN 0 0 0 0 0 EGN2 EGN1 EGNO
EGPn EGNn INTPn pin valid edge selection

0 0 Edge detection disabled

0 1 Falling edge

1 0 Rising edge

1 1 Both rising and falling edges

Caution Be sure to clear bits 3 to 7 of EGP and EGN to 0.
Remark n=0to2
Table 14-3 shows the ports corresponding to EGPn and EGNn.

Table 14-3. Ports Corresponding to EGPn and EGNn

Detection Enable Register Edge Detection Interrupt
Port Request Signal

EGPO EGNO P30 INTPO

EGP1 EGN1 P33 INTP1

EGP2 EGN2 - INTCMP "

Note R7F0C303x, R7F0C304x, R7FOC305x, R7FOC309x, R7FOC310x, and R7FOC311x (products with comparator)
only

Caution Select the port mode by clearing EGPn and EGNn to 0 because an edge may be detected when the
external interrupt function is switched to the port function.

Remark n=0to2
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(5) Program status word (PSW)
The program status word is a register used to hold the instruction execution result and the current status for an

interrupt request. The IE flag that sets maskable interrupt enable/disable and the ISP flag that controls multiple

interrupt servicing are mapped to the PSW.

Besides 8-bit read/write, this register can carry out operations using bit manipulation instructions and dedicated

instructions (El and DI). When a vectored interrupt request is acknowledged, if the BRK instruction is executed, the
contents of the PSW are automatically saved into a stack and the IE flag is reset to 0. If a maskable interrupt request
is acknowledged, the contents of the priority specification flag of the acknowledged interrupt are transferred to the ISP

flag. The PSW contents are also saved into the stack with the PUSH PSW instruction. They are restored from the
stack with the RETI, RETB, and POP PSW instructions.

Reset signal generation sets PSW to 02H.

<7> <6> <5>

<4>

<3>

<1>

0

PSW| IE Z |RBS1

AC

RBSO

ISP

cY

Figure 14-6. Format of Program Status Word

After reset

02H

Used when normal instruction is executed

ISP

Priority of interrupt currently being serviced

High-priority interrupt servicing (low-priority
interrupt disabled)

Interrupt request not acknowledged, or low-
priority interrupt servicing (all maskable
interrupts enabled)

Interrupt request acknowledgment enable/disable

Disabled

Enabled
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14.4 Interrupt Servicing Operations

14.4.1 Maskable interrupt acknowledgment

A maskable interrupt becomes acknowledgeable when the interrupt request flag is set to 1 and the mask (MK) flag
corresponding to that interrupt request is cleared to 0. A vectored interrupt request is acknowledged if interrupts are in the
interrupt enabled state (when the IE flag is set to 1). However, a low-priority interrupt request is not acknowledged during
servicing of a higher priority interrupt request (when the ISP flag is reset to 0).

The times from generation of a maskable interrupt request until vectored interrupt servicing is performed are listed in
Table 17-4 below.

For the interrupt request acknowledgment timing, refer to Figures 14-8 and 14-9.

Table 14-4. Time from Generation of Maskable Interrupt Until Servicing

Minimum Time Maximum Time"**®
When xxPR =0 7 clocks 32 clocks
When xxPR = 1 8 clocks 33 clocks

Note If an interrupt request is generated just before a divide instruction, the wait time becomes longer.
Remark 1 clock: 1/fcpu (fcru: CPU clock)

If two or more maskable interrupt requests are generated simultaneously, the request with a higher priority level
specified in the priority specification flag is acknowledged first. If two or more interrupts requests have the same priority
level, the request with the highest default priority is acknowledged first.

An interrupt request that is held pending is acknowledged when it becomes acknowledgeable.

Figure 14-7 shows the interrupt request acknowledgment algorithm.

If a maskable interrupt request is acknowledged, the contents are saved into the stacks in the order of PSW, then PC,
the |E flag is reset (0), and the contents of the priority specification flag corresponding to the acknowledged interrupt are
transferred to the ISP flag. The vector table data determined for each interrupt request is the loaded into the PC and
branched.

Restoring from an interrupt is possible by using the RETI instruction.
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Figure 14-7. Interrupt Request Acknowledgment Processing Algorithm

Yes (interrupt request generation)

No

(Interrupt request held pending)

Yes (High priority)

No (Low priority)

Any high-priority
/interrupt request among Yes
those simultaneously generated
with xxPR = 0?2

Any high-priority
interrupt request among those
simultaneously generated
with xxPR = 0?

Yes

(Interrupt request held pending)

No

Any high-priority
Interrupt request among Yes
hose simultaneously
generated?

No (Interrupt request held pending)

(Interrupt request held pending)

(Interrupt request held pending)

] - No
C Vectored interrupt servicing )

Y
es (Interrupt request held pending)

No

Y
es (Interrupt request held pending)

( Vectored interrupt servicing )

xxIF:  Interrupt request flag

xxMK: Interrupt mask flag

xxPR: Priority specification flag

IE: Flag that controls acknowledgment of maskable interrupt request (1 = Enable, 0 = Disable)

ISP:  Flag that indicates the priority level of the interrupt currently being serviced (0 = high-priority interrupt servicing,
1 = No interrupt request acknowledged, or low-priority interrupt servicing)
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Figure 14-8. Interrupt Request Acknowledgment Timing (Minimum Time)

6 clocks

PSW and PC saved, | |nterrupt servicing

CPU processing Instruction Instruction jump to interrupt
servicing program

e [TTTTTIITT]
\
\

8 clocks ‘

PR = 0) NN/ IENEEEE |
|
\

7 clocks ‘

Remark 1 clock: 1/fcpu (fcpu: CPU clock)

Figure 14-9. Interrupt Request Acknowledgment Timing (Maximum Time)

25 clocks 6 clocks
CPU processing Instruction Divide instruction jz’fp://;\)i/c%nfnzgusﬁved' L’}fé::ﬁf servicing
o [TTTTTTITTT \, \
| 33 clocks !
o [T e
! 32 clocks !

Remark 1 clock: 1/fcpu (fcpu: CPU clock)
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14.4.2 Software interrupt request acknowledgment

A software interrupt acknowledge is acknowledged by BRK instruction execution. Software interrupts cannot be
disabled.

If a software interrupt request is acknowledged, the contents are saved into the stacks in the order of the program
status word (PSW), then program counter (PC), the IE flag is reset (0), and the contents of the vector table (003EH,
003FH) are loaded into the PC and branched.

Restoring from a software interrupt is possible by using the RETB instruction.

Caution Do not use the RETI instruction for restoring from the software interrupt.

14.4.3 Multiple interrupt servicing

Multiple interrupt servicing occurs when another interrupt request is acknowledged during execution of an interrupt.

Multiple interrupt servicing does not occur unless the interrupt request acknowledgment enabled state is selected (IE =
1). When an interrupt request is acknowledged, interrupt request acknowledgment becomes disabled (IE = 0). Therefore,
to enable multiple interrupt servicing, it is necessary to set (1) the IE flag with the El instruction during interrupt servicing to
enable interrupt acknowledgment.

Moreover, even if interrupts are enabled, multiple interrupt servicing may not be enabled, this being subject to interrupt
priority control. Two types of priority control are available: default priority control and programmable priority control.
Programmable priority control is used for multiple interrupt servicing.

In the interrupt enabled state, if an interrupt request with a priority equal to or higher than that of the interrupt currently
being serviced is generated, it is acknowledged for multiple interrupt servicing. If an interrupt with a priority lower than that
of the interrupt currently being serviced is generated during interrupt servicing, it is not acknowledged for multiple interrupt
servicing. Interrupt requests that are not enabled because interrupts are in the interrupt disabled state or because they
have a lower priority are held pending. When servicing of the current interrupt ends, the pending interrupt request is
acknowledged following execution of at least one main processing instruction execution.

Table 14-5 shows relationship between interrupt requests enabled for multiple interrupt servicing and Figure 14-10
shows multiple interrupt servicing examples.

Table 14-5. Relationship Between Interrupt Requests Enabled for Multiple Interrupt Servicing
During Interrupt Servicing

Multiple Interrupt Request Maskable Interrupt Request Software
PR=0 PR = 1 Interrupt
. ) Request
Interrupt Being Serviced IE=1 IE=0 IE=1 IE=0
Maskable interrupt ISP=0 @) x x x @)
ISP =1 O X O X O
Software interrupt @) x @) x (@)

Remarks1. O: Multiple interrupt servicing enabled

2. x: Multiple interrupt servicing disabled

3. ISP and IE are flags contained in the PSW.
ISP = 0: An interrupt with higher priority is being serviced.
ISP = 1: No interrupt request has been acknowledged, or an interrupt with a lower priority is

being serviced.

IE=0: Interrupt request acknowledgment is disabled.
IE=1: Interrupt request acknowledgment is enabled.

4. PRis aflag contained in PROL, PROH, and PR1L.
PR = 0: Higher priority level
PR =1: Lower priority level
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Figure 14-10. Examples of Multiple Interrupt Servicing (1/2)

Example 1. Multiple interrupt servicing occurs twice

Main processing INTxx servicing INTyy servicing INTzz servicing

E:l IE=0 |_E_I_| IE=0 E IE=0

INTxx —= INTyy — INTzz —
(PR=1) (PR=0) (PR=0)

]

IE=1
IE=1 | RETI | IE=1 | RETI

During servicing of interrupt INTxx, two interrupt requests, INTyy and INTzz, are acknowledged, and multiple interrupt
servicing takes place. Before each interrupt request is acknowledged, the El instruction must always be issued to enable
interrupt request acknowledgment.

Example 2. Multiple interrupt servicing does not occur due to priority control

Main processing INTxx servicing INTyy servicing
| El | IE=0
| El |
INTXX —» INTyy ——=
PR=0 PR =1
( ) ( ) RETI
IE=1
|1 instruction executionl IE=0

Interrupt request INTyy issued during servicing of interrupt INTxx is not acknowledged because its priority is lower than
that of INTxx, and multiple interrupt servicing does not take place. The INTyy interrupt request is held pending, and is
acknowledged following execution of one main processing instruction.

PR = 0: Higher priority level
PR =1: Lower priority level
IE =0: Interrupt request acknowledgment disabled
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Figure 14-10. Examples of Multiple Interrupt Servicing (2/2)

Example 3. Multiple interrupt servicing does not occur because interrupts are not enabled

Main processing INTxx servicing INTyy servicing

INTXX —» (PR=0)
(PR = 0) RETI

IE=1

1 instruction execution

Interrupts are not enabled during servicing of interrupt INTxx (EI instruction is not issued), therefore, interrupt request
INTyy is not acknowledged and multiple interrupt servicing does not take place. The INTyy interrupt request is held
pending, and is acknowledged following execution of one main processing instruction.

PR = 0: Higher priority level
IE =0: Interrupt request acknowledgment disabled
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14.4.4 Interrupt request hold

There are instructions where, even if an interrupt request is issued for them while another instruction is being executed,
request acknowledgment is held pending until the end of execution of the next instruction. These instructions (interrupt
request hold instructions) are listed below.

o MOV PSW, #byte

e MOV A, PSW

e MOV PSW, A

¢ MOV1 PSW. bit, CY

¢ MOV1 CY, PSW. bit

e AND1 CY, PSW. bit

e OR1CY, PSW. bit

¢ XOR1 CY, PSW. bit

e SET1 PSW. bit

e CLR1 PSW. bit

¢ RETB

e RETI

o PUSH PSW

o POPPSW

e BT PSW. bit, $addr16

e BF PSW. bit, $addr16

e BTCLR PSW. bit, $addr16
e EI

e DI

e Manipulation instructions for the IFOL, IFOH, IF1L, MKOL, MKOH, MK1L, PROL, PROH, and PR1L registers.

Caution The BRK instruction is not one of the above-listed interrupt request hold instructions. However, the
software interrupt activated by executing the BRK instruction causes the IE flag to be cleared.
Therefore, even if a maskable interrupt request is generated during execution of the BRK instruction,
the interrupt request is not acknowledged.

Figure 14-11 shows the timing at which interrupt requests are held pending.

Figure 14-11. Interrupt Request Hold

PSW and PC saved, jump | Interrupt servicing
to interrupt servicing program

I [ \

Remarks 1. Instruction N: Interrupt request hold instruction
2. Instruction M: Instruction other than interrupt request hold instruction

CPU processing Instruction N Instruction M

3. The xxPR (priority level) values do not affect the operation of xxIF (interrupt request).
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CHAPTER 15 STANDBY FUNCTION

15.1 Standby Function and Configuration

15.1.1 Standby function
The standby function is designed to reduce the operating current of the system. The following two modes are available.

(1) HALT mode
HALT instruction execution sets the HALT mode. In the HALT mode, the CPU operation clock is stopped. If the high-
speed system clock oscillator, internal high-speed oscillator, or internal low-speed oscillator is operating before the
HALT mode is set, oscillation of each clock continues. In this mode, the operating current is not decreased as much
as in the STOP mode, but the HALT mode is effective for restarting operation immediately upon interrupt request
generation and carrying out intermittent operations frequently.

(2) STOP mode

STOP instruction execution sets the STOP mode. In the STOP mode, the high-speed system clock oscillator and
internal high-speed oscillator stop, stopping the whole system, thereby considerably reducing the CPU operating
current.

Because this mode can be cleared by an interrupt request, it enables intermittent operations to be carried out.
However, because a wait time is required to secure the oscillation stabilization time after the STOP mode is released
when the X1 clock is selected, select the HALT mode if it is necessary to start processing immediately upon interrupt
request generation.

In either of these two modes, all the contents of registers, flags and data memory just before the standby mode is set
are held. The I/O port output latches and output buffer statuses are also held.

Cautions 1. When shifting to the STOP mode, be sure to stop the peripheral hardware operation operating
with main system clock before executing STOP instruction.

2. The following sequence is recommended for operating current reduction of the A/D converter
when the standby function is used: First clear bit 7 (ADCS) and bit 0 (ADCE) of the A/D converter
mode register 0 (ADMO) to 0 to stop the A/D conversion operation, and then execute the STOP
instruction.

3. Stop the operational amplifier before executing the STOP instruction.

RO1UH0389EJ0120 Rev.1.20 R NS 336
Oct 09, 2014 ENES



R7FOC30x, R7FOC31x CHAPTER 15 STANDBY FUNCTION

15.1.2 Registers controlling standby function
The standby function is controlled by the following two registers.

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

Remark For the registers that start, stop, or select the clock, refer to CHAPTER 5 CLOCK GENERATOR.

(1) Oscillation stabilization time counter status register (OSTC)
This is the register that indicates the count status of the X1 clock oscillation stabilization time counter. When X1 clock
oscillation starts with the internal high-speed oscillation clock used as the CPU clock, the X1 clock oscillation
stabilization time can be checked.
OSTC can be read by a 1-bit or 8-bit memory manipulation instruction.
When reset is released (reset by RESET input, POC, LVI, and WDT), the STOP instruction and MSTOP (bit 7 of MOC
register) = 1, clear OSTC to 00H.
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Figure 15-1. Format of Oscillation Stabilization Time Counter Status Register (OSTC)

Address: FFA3SH Afterreset: 00H R

Symbol 7 6 5 4 3 2 1 0
OSTC 0 0 0 MOST11 MOST13 MOST14 MOST15 MOST16
MOST11 MOST13 MOST14 MOST15 MOST16 Oscillation stabilization time status
fx=10 MHz
1 0 0 0 0 2"/ min. | 204.8 us min.
1 1 0 0 0 2%fx min. | 819.2 us min.
1 1 1 0 0 2%fxmin. | 1.64 ms min.
1 1 1 1 0 2%fx min. | 3.27 ms min.
1 1 1 1 1 2°/fx min. | 6.55 ms min.

Cautions 1. After the above time has elapsed, the bits are set to 1 in order from MOST11 and
remain 1.

2. The oscillation stabilization time counter counts up to the oscillation stabilization
time set by OSTS. If the STOP mode is entered and then released while the internal
high-speed oscillation clock is being used as the CPU clock, set the oscillation
stabilization time as follows.

o Desired OSTC oscillation stabilization time < Oscillation stabilization time set
by OSTS
Note, therefore, that only the status up to the oscillation stabilization time set by
OSTS is set to OSTC after 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 pin voltage l
waveform

Remark fx: X1 clock oscillation frequency

(2) 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 waits for the time set using OSTS after the STOP
mode is released.
When the internal high-speed oscillation clock is selected as the CPU clock, confirm with 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 OSTC.
OSTS can be set by an 8-bit memory manipulation instruction.
Reset signal generation sets OSTS to 05H.
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Figure 15-2. Format of Oscillation Stabilization Time Select Register (OSTS)

Address: FFA4H  After reset: 05H R/W

Symbol 7 6 5 4 3 2 1 0
OSTS 0 0 0 0 0 OSTS2 OSTS1 OSTSO0
0OSTS2 OSTSH1 OSTSO0 Oscillation stabilization time selection
fx =10 MHz

0 0 1 2" /fx 204.8 us

0 1 0 2"/fx 819.2 us

0 1 1 2"ffx 1.64 ms

1 0 0 2%%/fx 3.27ms

1 0 1 2"°/fx 6.55 ms

Other than above Setting prohibited

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

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

3. The oscillation stabilization time counter counts up to the oscillation stabilization
time set by OSTS. If the STOP mode is entered and then released while the internal
high-speed oscillation clock is being used as the CPU clock, set the oscillation
stabilization time as follows.

¢ Desired OSTC oscillation stabilization time < Oscillation stabilization time set
by OSTS
Note, therefore, that only the status up to the oscillation stabilization time set by
OSTS is set to OSTC after STOP mode is released.

4. The X1 clock oscillation stabilization wait time does not include the time until clock

oscillation starts (“a” below).

STOP mode release

X1 pin voltage l
waveform

Remark fx: X1 clock oscillation frequency
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15.2 Standby Function Operation

15.2.1 HALT mode

(1) HALT mode

The HALT mode is set by executing the HALT instruction. HALT mode can be set regardless of whether the
clock before the setting was the high-speed system clock, or internal high-speed oscillation clock.
The operating statuses in the HALT mode are shown below.

Table 15-1. Operating Statuses in HALT Mode

ltem

HALT Mode Setting

When HALT Instruction Is Executed While CPU |s Operating on Main System Clock

When CPU Is Operating on
Internal High-Speed
Oscillation Clock (fi)

When CPU Is Operating on
X1 Clock (fx)

When CPU Is Operating on
External Main System Clock

(fexcLk)

System clock

Clock supply to the CPU is stopped

Main system clock | f

Operation continues (cannot
be stopped)

Status before HALT mode was set is retained

fx

Status before HALT mode
was set is retained

Operation continues (cannot
be stopped)

Status before HALT mode
was set is retained

fexcik

Operates or stops by external clock input

Operation continues (cannot
be stopped)

fi Status before HALT mode was set is retained
CPU Operation stopped
Flash memory
RAM Status before HALT mode was set is retained
Port (latch)

16-bit timer/event counter 00

8-bit timer/event counter51

8-bit timer H1

Operable

Watchdog timer

Operable. Clock supply to watchdog timer stops when “internal low-speed oscillator can be
stopped by software” is set by option byte.

A/D converter

Operational amplifiers 0, 1"

ote

Comparator N

Serial interface UARTO

Power-on-clear function

Low-voltage detection function

External interrupt

Operable

CPU

Note R7F0C303x, R7F0C304x, R7FOC305x, R7FOC309x, R7FOC310x, and R7FOC311x (products with operational
amplifier/comparator) only

Remark fiH:

Internal high-speed oscillation clock,

fexcik:  External main system clock,

fx: X1 clock

fi.:  Internal low-speed oscillation clock
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(2) HALT mode release
The HALT mode can be released by the following two sources.

(a) Release by unmasked interrupt request
When an unmasked interrupt request is generated, the HALT mode is released. If interrupt acknowledgment is
enabled, vectored interrupt servicing is carried out. If interrupt acknowledgment is disabled, the next address
instruction is executed.

Figure 15-3. HALT Mode Release by Interrupt Request Generation

Interrupt
HALT request

instruction
Standby :
release signal T
Normal operation HALT mode Waithete Normal operation
Status of CPU P ‘ P

High-speed system clock, Oscillation

or internal high-speed oscillation clock

Note The wait time is as follows:
* When vectored interrupt servicing is carried out: 11 or 12 clocks
* When vectored interrupt servicing is not carried out: 4 or 5 clocks

Remark The broken lines indicate the case when the interrupt request which has released the standby mode is
acknowledged.
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(b) Release by reset signal generation
When the reset signal is generated, HALT mode is released, and then, as in the case with a normal reset
operation, the program is executed after branching to the reset vector address.

Figure 15-4. HALT Mode Release by Reset

(1) When high-speed system clock is used as CPU clock

 HALT
instruction
((
Reset signal »
Normal operation r(?czssztin Normal operation
(high-speed Reset |° g (internal high-speed
Status of CPU system clock) HALT mode period |84 oscillation clock)
High-speed Oscillation |Oscillation
system clock Oscillates stopped | stopped | Oscillates
(X1 oscillation) N J

) Oscillation stabilization time

" 16 /¢, \Note 2
Starting X1 oscillation is (2 /fx to 2 /f><)

specified by software.

Notes 1. When executing a reset by inputting a signal from the ﬁpin or by using POC, the system must
wait for the voltage to stabilize (which takes 1.61 to 5.27 ms) before reset processing starts.
2. Oscillation stabilization time is not required when using the external main system clock (fexcLk) as the
high-speed system clock.

(2) When internal high-speed oscillation clock is used as CPU clock

_ HALT
instruction
l (
Reset signal d
‘Normal operation Rese? Normal operation
(internal high-speed Reset |POCESSNG) (internal high-speed
Status of CPU oscillation clock) HALT mode period ul 130\593 s) oscillation clock)
) Oscillation
Internal high-speed Oscillates stopped Oscillates
oscillation clock

Wait for oscillation
accuracy stabilization
(90 to 482 us)

Note When executing a reset by inputting a signal from the RESET pin or by using POC, the system must wait
for the voltage to stabilize (which takes 1.61 to 5.27 ms) before reset processing starts.
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Table 15-2. Operation in Response to Interrupt Request in HALT Mode

Release Source MKxx | PRxx IE ISP Operation
Maskable interrupt 0 0 0 X Next address
request instruction execution

0 0 1 X Interrupt servicing
execution

0 1 0 1 Next address

0 1 « 0 instruction execution

0 1 1 1 Interrupt servicing
execution

1 X X X HALT mode held

Reset - - x X Reset processing
: don’t care
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15.2.2 STOP mode

(1) STOP mode setting and operating statuses
The STOP mode is set by executing the STOP instruction, and it can be set only when the CPU clock before the
setting was the main system clock.

Caution Because the interrupt request signal is used to clear the standby mode, if there is an interrupt
source with the interrupt request flag set and the interrupt mask flag reset, the standby mode is

immediately cleared if set.

Thus, the STOP mode is reset to the HALT mode immediately after

execution of the STOP instruction and the system returns to the operating mode as soon as the
wait time set using the oscillation stabilization time select register (OSTS) has elapsed.

The operating statuses in the STOP mode are shown below.

Table 15-3. Operating Statuses in STOP Mode

ltem

STOP Mode Setting

When STOP Instruction Is Executed While CPU Is Operating on Main System Clock

When CPU Is Operating on
Internal High-Speed
Oscillation Clock (fiH)

When CPU Is Operating on
X1 Clock (fx)

When CPU Is Operating on
External Main System Clock

(fexcik)

System clock

Clock supply to the CPU is stopped

Main system clock | fix Stopped
fx
fexcik | Input invalid
fiL Status before STOP mode was set is retained
CPU Operation stopped
Flash memory
RAM Status before STOP mode was set is retained
Port (latch)

16-bit timer/event counter 00

Operation stopped

8-bit timer/event counter51

Operable only when TI51 is selected as the count clock

8-bit timer H1

Operable only when fi, fi/2’, fi/2° is selected as the count clock

Watchdog timer

Operable. Clock supply to watchdog timer stops when “internal low-speed oscillator can be
stopped by software” is set by option byte.

A/D converter

Operation stopped

Operational amplifiers 0, 1"

Operable

Not
Comparator

Operation prohibited

Serial interface UARTO

Operable only when TM51 output is selected as the serial clock during 8-bit timer/event counter
51 operation

Power-on-clear function

Low-voltage detection function

External interrupt

Operable

Note R7F0C303x, R7F0C304x, R7FO0C305x, R7F0C309x, R7FOC310x, and R7FOC311x (products with operational
amplifiers/comparator) only

Remark fiH:
fExcLk:

Internal high-speed oscillation clock, fx:
External main system clock, fiL:

X1 clock
Internal low-speed oscillation clock
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Cautions 1.

To use the peripheral hardware that stops operation in the STOP mode, and the peripheral hardware
for which the clock that stops oscillating in the STOP mode after the STOP mode is released, restart
the peripheral hardware.

Even if “internal low-speed oscillator can be stopped by software” is selected by the option byte,
the internal low-speed oscillation clock continues in the STOP mode in the status before the STOP
mode is set. To stop the internal low-speed oscillator’s oscillation in the STOP mode, stop it by
software and then execute the STOP instruction.

To shorten oscillation stabilization time after the STOP mode is released when the CPU operates
with the high-speed system clock (X1 oscillation), switch the CPU clock to the internal high-speed
oscillation clock before the execution of the STOP instruction using the following procedure.

<1> Set RSTOP to 0 (starting oscillation of the internal high-speed oscillator) —» <2> Set MCMO to 0
(switching the CPU from X1 oscillation to internal high-speed oscillation) —» <3> Check that MCS is 0
(checking the CPU clock) — <4> Check that RSTS is 1 (checking internal high-speed oscillation
operation) —» <5> Execute the STOP instruction

Before changing the CPU clock from the internal high-speed oscillation clock to the high-speed
system clock (X1 oscillation) after the STOP mode is released, check the oscillation stabilization
time with the oscillation stabilization time counter status register (OSTC).

Execute the STOP instruction after having confirmed that the internal high-speed oscillator is
operating stably (RSTS = 1).
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(2) STOP mode release

Figure 15-5. Operation Timing When STOP Mode Is Released (When Unmasked Interrupt Request Is

ez oMM

clock (X1 oscillation) l_l‘ I |

High-speed system
clock (external clock ||| lljJ- |||||||||||||| -I--I_

input)

Generated)

STOP mode release

STOP mode

LR

| I
AT AR

| — —

Internal high-speed | | | | | | | | | | | | | | |
oscillation clock | 1 L1 L1 L L1 L L L

| '
| Wait for oscillation

High-speed system jaccuracy stabilizationNote !

clock (X1 oscillation)

|
is selected as CPU ! HALT status :
— High-speed system clock
clock when STOP \ (oscillation stabilization time set by OSTS) >< Igh-speed system cloc

instruction is executed |
High-speed system |
clock (external clock |
input) is selected as
CPU clock when STOP
instruction is executed

|

I

1

|

Internal high-speed !
oscillation clock is |
|

|

Clock switched by software

%

\ High-speed system clock
|

‘ WaitNote 2

V Internal high-speed ><

selected as CPU clock \ oscillation clock High-speed system clock
when STOP instruction > s\
is executed WaithNete 2 Clock switched by software
Notes 1. Wait time for oscillation accuracy stabilization: 90 to 482 us
2. The wait time is as follows:
* When vectored interrupt servicing is carried out: 17 or 18 clocks
* When vectored interrupt servicing is not carried out: 11 or 12 clocks
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The STOP mode can be released by the following two sources.

(a) Release by unmasked interrupt request
When an unmasked interrupt request is generated, the STOP mode is released. After the oscillation stabilization
time has elapsed, if interrupt acknowledgment is enabled, vectored interrupt servicing is carried out. If interrupt
acknowledgment is disabled, the next address instruction is executed.

Figure 15-6. STOP Mode Release by Interrupt Request Generation (1/2)

(1) When high-speed system clock (X1 oscillation) is used as CPU clock

Interrupt Wait
request (set by OSTS)

. STOP
instruction
))
| U T
1
. 1
Standby release signal Normal operation . o . Normal operation
(high-speed Oscillation stabilization wait (high-speed
Status of CPU system clock) STOP mode (HALT mode status) system clock)
High-speed  Gggjjjates Oscillation stopped Oscillates
system clock
(X1 oscillation) N _J

Oscillation stabilization time (set by OSTS)

(2) When high-speed system clock (external clock input) is used as CPU clock

Interrupt
STOP request
instruction

Standby release signal | H

No(rrr;r)arl1 opera(tjion Normal operation
igh-spee high-speed
Status of CPU sys’?em (F:)Iock) STOP mode Waithote s(ys?em glock)

High-speed Oscillates Oscillation stopped Oscillates
system clock
(external clock input)

Note The wait time is as follows:
* When vectored interrupt servicing is carried out: 17 or 18 clocks
* When vectored interrupt servicing is not carried out: 11 or 12 clocks

Remark The broken lines indicate the case when the interrupt request that has released the standby mode is
acknowledged.
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Figure 15-6. STOP Mode Release by Interrupt Request Generation (2/2)

(3) When internal high-speed oscillation clock is used as CPU clock

Interrupt
STOP request
instruction

Standby release signal | H

Normal operation Normal operation
(internal high-speed (internal high-speed
Status of CPU oscillation clock) STOP mode WaitNete 1| - oscillation clock)
Internal high-speed Oscillates Oscillation stopped Oscillates
oscillation clock \ /

Wait for oscillation
accuracy stabilizationNete 2

Notes 1. The wait time is as follows:
* When vectored interrupt servicing is carried out: 17 or 18 clocks
* When vectored interrupt servicing is not carried out: 11 or 12 clocks
2. Wait time for oscillation accuracy stabilization: 90 to 482 us

Remark The broken lines indicate the case when the interrupt request that has released the standby mode is
acknowledged.

(b) Release by reset signal generation
When the reset signal is generated, STOP mode is released, and then, as in the case with a normal reset
operation, the program is executed after branching to the reset vector address.
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Figure 15-7. STOP Mode Release by Reset

(1) When high-speed system clock is used as CPU clock

STOP
instruction
(L
Reset signal »
Normal operation r(iee:tm Normal operation
(high-speed Reset [P g (internal high-speed
Status of CPU system clock) STOP mode period (108349) oscillation clock)
Oscillation |Oscillation
High-speed Oscillates Oscillation stopped | stopped | stopped | Oscillates
system clock I\ J
(X1 oscillation) ) Oscillation stabilization time

" 16¢, \Note 2
Starting X1 oscillation is & /*1027/%)

specified by software.
Notes 1. When executing a reset by inputting a signal from the RESET pin or by using POC, the system must
wait for the voltage to stabilize (which takes 1.61 to 5.27 ms) before reset processing starts.
2. Oscillation stabilization time is not required when using the external main system clock (fexck) as the
high-speed system clock.

Remark fx: X1 clock oscillation frequency

(2) When internal high-speed oscillation clock is used as CPU clock

STOP
instruction
l (
Reset signal »
Normal operation Hese@ Normal operation
(internal high-speed Reset [Processing (internal high-speed
Status of CPU oscillation clock) STOP mode period |(111634s) oscillation clock)
Oscillation
Internal high-speed Oscillates Oscillation stopped| stopped Oscillates
oscillation clock \ )

Wait for oscillation
accuracy stabilization
(90 to 482 us)

Note When executing a reset by inputting a signal from the RESET pin or by using POC, the system must wait
for the voltage to stabilize (which takes 1.61 to 5.27 ms) before reset processing starts.
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Table 15-4. Operation in Response to Interrupt Request in STOP Mode

Release Source MKxx | PRxx IE ISP Operation
Maskable interrupt 0 0 0 X Next address
request instruction execution

0 0 1 X Interrupt servicing
execution

0 1 0 1 Next address

0 1 « 0 instruction execution

0 1 1 1 Interrupt servicing
execution

1 X X x STOP mode held

Reset - - x X Reset processing
: don’t care
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CHAPTER 16 RESET FUNCTION

The following four operations are available to generate a reset signal.

(1) External reset input via RESET pin

(2) Internal reset by watchdog timer program loop detection

(3) Internal reset by comparison of supply voltage and detection voltage of power-on-clear (POC) circuit
(4) Internal reset by comparison of supply voltage of the low-voltage detector (LVI) and detection voltage

External and internal resets start program execution from the address at 0000H and 0001H when the reset signal is
generated.

A reset is applied when a low level is input to the RESET pin, the watchdog timer overflows, or by POC and LVI circuit
voltage detection, and each item of hardware is set to the status shown in Tables 16-1 and 16-2. Each pin is high
impedance during reset signal generation or during the oscillation stabilization time just after a reset release.

When a low level is input to the RESET pin, the device is reset. It is released from the reset status when a high level is

input to the RESET pin and program execution is started with the internal high-speed oscillation clock after reset
processing. A reset by the watchdog timer is automatically released, and program execution starts using the internal high-
speed oscillation clock (refer to Figures 16-2 to 16-4) after reset processing. Reset by POC and LVI circuit power supply
detection is automatically released when Vop > Vror or Vop > Vivi after the reset, and program execution starts using the
internal high-speed oscillation clock (refer to CHAPTER 17 POWER-ON-CLEAR CIRCUIT and CHAPTER 18 LOW-
VOLTAGE DETECTOR) after reset processing.

Cautions 1. For an external reset, input a low level for 10 us or more to the RESET pin.

(If an external reset is effected upon power application, the period during which the supply
voltage is outside the operating range (Vob < 1.8 V) is not counted in the 10 us. However, the low-
level input may be continued before POC is released.)

2. During reset signal generation, the X1 clock, internal high-speed oscillation clock, and internal
low-speed oscillation clock stop oscillating. External main system clock input becomes invalid.

3. When the STOP mode is released by a reset, the RAM contents in the STOP mode are held during
reset input. However, because SFR is initialized, the port pins become high-impedance.
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Figure 16-2. Timing of Reset by RESET Input

Wait for oscillation
accuracy stabilization
(90 to 482 ps)

Internal high-speed
oscillation clock
' ﬁStarting X1 oscillation is specified by software.
High-speed system clock | '
(when X1 oscillation is selected)

Wait for voltage ,  Reset ]
Reset period stabilization _: processing Normal operation

(oscillation stop) ! (161105.27ms) * (11063ps) ® (internal high-speed oscillation clock)

RESET —L—/

Internal reset signal

Status of CPU Normal operation

Hi-Z
Port pin >— -------------------- L T T L TP

Figure 16-3. Timing of Reset Due to Watchdog Timer Overflow

Wait for oscillation
accuracy stabilization

(90 to 482 us)
Internal high-speed
oscillation clock
: ﬁStarting X1 oscillation is specified by software.
High-speed system clock !
(when X1 oscillation is selected) '
' Reset | N |
; ' Reset period processing_ ormal operation
Status of CPU Normal operation (oscillation stop) ! (11to63s) | (internal high-speed oscillation clock)

Watchdog timer ‘
overflow ‘
Internal reset signal :\ /

Port pin >— ------------------- R

Caution A watchdog timer internal reset resets the watchdog timer.

'
'
'
'
'
'
'
|
'
'
'
'
'
'
'
'
'
'
L
v
'
'
'
h
'
'
'
'
'
'
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Figure 16-4. Timing of Reset in STOP Mode by RESET Input

Wait for oscillation

STOP instruction execution acc‘tig%c%/os‘tlasglilz;non

Internal high-speed
oscillation clock

! o Starting X1 oscillation is specified by software.
High-speed system clock '
(when X1 oscillation is selected)
" Wait for voltage ~~ Reset

Normal __ Stop status Reset period | stabilization” : processing_: Normal operation
operation + (oscillation stop): ~ (oscillation stop) ! (161t05.27ms) : (111063 s (internal high-speed oscillation clock)

Status of CPU

RESET

Internal reset signal

Port pin

Remark For the reset timing of the power-on-clear circuit and low-voltage detector, refer to CHAPTER 17 POWER-
ON-CLEAR CIRCUIT and CHAPTER 18 LOW-VOLTAGE DETECTOR.
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Table 16-1. Operation Statuses During Reset Period

ltem

During Reset Period

System clock

Clock supply to the CPU is stopped.

Operation stopped

Operation stopped (X1 and X2 pins are input port mode)

Clock input invalid (EXCLK pin is input port mode)

Main system clock | f
fx
fexcLk
fi
CPU

Flash memory

Operation stopped

16-bit timer/event counter 00

8-bit timer/event counter51

8-bit timer H1

Watchdog timer

A/D converter

Operational amplifier 0 (AMPO)

Note

Operational amplifier 1 (AMP1)

Note

ote

Comparator N

Serial interface UARTO

External interrupt

RAM Operation stopped (The value, however, is retained when the voltage is at least the power-on
clear detection voltage.)
Port (latch) Operation stopped

Power-on-clear function

Operable

Low-voltage detection function

Operation stopped (however, operation continues at LVI reset)

On-chip debug function

Operation stopped

Note R7FO0C303x, R7F0C304x, R7FOC305x, R7FOC309x, R7FOC310x, and R7FOC311x (products with operational
amplifier/comparator) only

Remark fix: Internal high-speed oscillation clock, fx: X1 clock

fexcik:  External main system clock, fii:  Internal low-speed oscillation clock
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Table 16-2. Hardware Statuses After Reset Acknowledgment (1/3)

Hardware

After Reset
Acknowledgment

Note 1

Program counter (PC)

The contents of the
reset vector table
(O000H, 0001H) are set.

Stack pointer (SP)

Undefined

Program status word (PSW)

02H

RAM Data memory Undefined"***
General-purpose registers Undefined"**?

Port registers 2, 3, 12 (P2, P3, P12) (output latches) 00H

Port mode registers 2, 3, 12 (PM2, PM3, PM12) FFH

Pull-up resistor option registers 3 (PU3) 00H

Pull-up resistor option register 12 (PU12) 20H

Reset pin mode register (RSTMASK) 00H

Port alternate switch control register (MUXSEL)"*** 00H

Internal memory size switching register (IMS) CFH""*

Notes 1.

i

During reset signal generation or oscillation stabilization time wait, only the PC contents among the hardware
statuses become undefined. All other hardware statuses remain unchanged after reset.
When a reset is executed in the standby mode, the pre-reset status is held even after reset.

16-pin products only

Reset signal generation makes the setting of the ROM area undefined.

corresponding to each product as indicated below after release of reset.

Therefore, set the value

Products IMS ROM Internal High-Speed
Capacity RAM Capacity
R7F0C3004, R7F0C3034, R7F0C3006, R7FOC3036, 41H 4 KB 512 bytes
R7F0C3064, R7F0C3094, R7F0C3066, R7FOC3096
R7F0C3014, R7F0C3044, R7F0C3016, R7F0C3046, 42H 8 KB 512 bytes
R7F0C3074, R7F0C3104, R7F0C3076, R7FOC3106
R7F0C3024, R7F0C3054, R7F0C3026, R7FOC3056, 04H 16 KB 768 bytes
R7F0C3084, R7F0C3114, R7F0C3086, R7FOC3116
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Table 16-2. Hardware Statuses After Reset Acknowledgment (2/3)

Hardware Status After Reset
Acknowledgment""
Clock operation mode select register (OSCCTL) 00H
Processor clock control register (PCC) 01H
Internal oscillation mode register (RCM) 80H
Main OSC control register (MOC) 80H
Main clock mode register (MCM) O00H
Oscillation stabilization time counter status register (OSTC) 00H
Oscillation stabilization time select register (OSTS) 05H
16-bit timer/event counter | Timer counter 00 (TMO0O) 0000H
00 Capture/compare registers 000, 010 (CR000, CR010) 0000H
Mode control register 00 (TMCO00) 00H
Prescaler mode register 00 (PRMOQO0) 00H
Capture/compare control register 00 (CRCO00) 00H
Timer output control register 00 (TOC00) O00H
8-bit timer/event counter | Timer counter 51 (TM51) 00H
51 Compare register 51 (CR51) 00H
Timer clock selection register 51 (TCL51) O00H
Mode control register 51 (TMC51) O00H
8-bit timer H1 Compare registers 01, 11 (CMP01, CMP11) 00H
Mode register (TMHMD1) O00H
Carrier control register 1 (TMCYC1) 00H
Watchdog timer Enable register (WDTE) 1AH/QAH""*
A/D converter 10-bit A/D conversion result register (ADCR) 0000H
8-bit A/D conversion result register H (ADCRH) 00H
Mode register (ADM) 00H
Analog input channel specification register (ADS) 00H
A/D port configuration register (ADPC) 00H
Operational amplifier 0 Operational amplifier control register (AMPM) 00H
(AMPO) "2
Operational amplifier 1
(AMP1)Me?
Comparator"*°* Comparator control register (CMPCTL) 00H
<R> Comparator port configuration register (CMPPC)"*** O00H
Serial interface UARTO Receive buffer register 0 (RXBO0) FFH
Transmit buffer register 0 (TXS0) FFH
Asynchronous serial interface operation mode register 0 (ASIMO) 01H
Asynchronous serial interface reception error status register 0 (ASIS0) 00H
Baud rate generator control register 0 (BRGCO0) 1FH

Notes 1. During reset signal generation or oscillation stabilization time wait, only the PC contents among the hardware
statuses become undefined. All other hardware statuses remain unchanged after reset.
2. The reset value of WDTE is determined by the option byte setting.
3. R7F0C303x, R7F0C304x, R7F0C305x, R7FOC309x, R7FOC310x, and R7F0C311x (products with operational
amplifier/comparator) only.
<R> 4. CMPPC register is open to all products.
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Table 16-2. Hardware Statuses After Reset Acknowledgment (3/3)

Hardware Status After Reset
Acknowledgment""
Reset function Reset control flag register (RESF) 00H""*
Low-voltage detector Low-voltage detection register (LVIM) 00H""?
Low-voltage detection level selection register (LVIS) 00H""*
Interrupt Request flag registers OL, OH, 1L (IFOL, IFOH, IF1L) 00H
Mask flag registers OL, OH, 1L (MKOL, MKOH, MK1L) FFH
Priority specification flag registers OL, OH, 1L (PROL, PROH, PR1L) FFH
External interrupt rising edge enable register (EGP) 00H
External interrupt falling edge enable register (EGN) 00H
Notes 1. During reset signal generation or oscillation stabilization time wait, only the PC contents among the hardware

statuses become undefined. All other hardware statuses remain unchanged after reset.
2. These values vary depending on the reset source.

Reset Source | RESET Input Reset by POC Reset by WDT Reset by LVI Reset by LVI

Register (Except Reset Default Start
by LVI Default Function
Start Function)

RESF WDTRF flag | Cleared (0) Cleared (0) Set (1) Held Cleared (0)

LVIRF flag Held Set (1)
LVIM Cleared (00H) Cleared (00H) Cleared (00H) Held Cleared (00H)
LVIS
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16.1 Register for Confirming Reset Source

Many internal reset generation sources exist in the R7FOC30x, R7FOC31x microcontrollers.

register (RESF) is used to store which source has generated the reset request.
RESF can be read by an 8-bit memory manipulation instruction.
RESET input, reset by power-on-clear (POC) circuit, and reading RESF set RESF to 00H.

Figure 16-5. Format of Reset Control Flag Register (RESF)

Address: FFACH  After reset: 00H"™ R

The reset control flag

Symbol 7 6 5 4 3 2 0
RESF 0 0 0 WDTRF 0 ‘ 0 ‘ ‘ LVIRF
WDTRF Internal reset request by watchdog timer (WDT)
0 Internal reset request is not generated, or RESF is cleared.
1 Internal reset request is generated.
LVIRF Internal reset request by low-voltage detector (LVI)
0 Internal reset request is not generated, or RESF is cleared.
1 Internal reset request is generated.
Note The value after reset varies depending on the reset source.
Caution Do not read data by a 1-bit memory manipulation instruction.
The status of RESF when a reset request is generated is shown in Table 16-3.
Table 16-3. RESF Status When Reset Request Is Generated
Reset Source | RESET Input Reset by POC Reset by WDT Reset by LVI Reset by LVI
Flag (Except Reset Default Start
by LVI Default Function
Start Function)
WDTRF Cleared (0) Cleared (0) Set (1) Held Cleared (0)
LVIRF Held Set (1)
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CHAPTER 17 POWER-ON-CLEAR CIRCUIT

17.1 Functions of Power-on-Clear Circuit

The power-on-clear circuit (POC) has the following functions.

(1) When LVI default start function stopped is set (option byte: LVISTART = 0)
¢ An internal reset signal is generated on power application. When the supply voltage (Vop) exceeds the detection
voltage (Vroc = 1.59 V £0.15 V), the reset status is released.
¢ The supply voltage (Vop) and detection voltage (Vroc = 1.59 V £0.15 V) are compared. When Vob < Vpoc, the
internal reset signal is generated. It is released when Vop > Vproc.

(2) When LVI default start function enabled is set (option byte: LVISTART = 1)
¢ An internal reset signal is generated on power application. When the supply voltage (Vop) exceeds the detection
voltage (Vooroc = 2.7 V 0.2 V), the reset status is released.
¢ The supply voltage (Vop) and detection voltage (Vroc = 1.59 V £0.15 V) are compared. When Vob < Vpoc, the
internal reset signal is generated. It is released when Vpp > Vbproc.

Caution If an internal reset signal is generated in the POC circuit, the reset control flag register (RESF) is
cleared to 00H.

Remark The R7F0C30x, R7FOC31x microcontrollers incorporate multiple hardware functions that generate an
internal reset signal. A flag that indicates the reset source is located in the reset control flag register
(RESF) for when an internal reset signal is generated by the watchdog timer (WDT) and low-voltage-
detector (LVI). RESF is not cleared to 00H and the flag is set to 1 when an internal reset signal is
generated by WDT or LVI. For details of RESF, refer to CHAPTER 16 RESET FUNCTION.
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17.2 Configuration of Power-on-Clear Circuit
The block diagram of the power-on-clear circuit is shown in Figure 17-1.

Figure 17-1. Block Diagram of Power-on-Clear Circuit

Vob

+ .
Do—— Internal reset signal

Reference
voltage
source

o

17.3 Operation of Power-on-Clear Circuit

¢ An internal reset signal is generated on power application. When the supply voltage (Vop) exceeds detection
voltage (Vroc = 1.59 V £0.15 V), the reset status is released.

Caution If the LVI default function enabled is set by using an option byte, the reset signal is not released
until the supply voltage (Vop) exceeds 2.7 V +0.1 V.

e The supply voltage (Vbp) and detection voltage (Vroc = 1.59 V £0.15 V) are compared. When Vob < Vpbr, the
internal reset signal is generated.

The timing of generation of the internal reset signal by the power-on-clear circuit and low-voltage detector is shown
below.
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Figure 17-2. Timing of Generation of Internal Reset Signal by Power-on-Clear Circuit
and Low-Voltage Detector (1/2)

(1) When LVI is OFF upon power application (option byte: LVISTART = 0)
Set LVI to be Set LVl to be Set LVI to be
used for reset used for interrupt used for reset
Supply voltage
(Vob)

Vvwvi oo N N

qgyNeet S W A S A U
VPoC = 1.59 V (TYP) ~====~~ 5 (e e

1 0.5 V/ms (MIN,)""®2

ov L4 N ———_—_—_—————,_——— B il Vi

EWan for oscillation : \Wait for oscillation H 3 Wait for oscillation
raccuracy stabilization : \accuracy stabilization . 1accuracy stabilization
1(90 to 482 pis)"e? ' 1(90 to 482 us) 1(90 to 482 ps)"e?
— i — | —
Internal high-speed
oscillation clock (fi+)
H " Nation i ! ! Starting oscillation is ! ' i illation i !
Starting oscillation is ' ' i ' Starting oscillation is '
.  specified by soﬂware\ ; ' r specified by software ! ! specified by soﬁware\ :
High-speed ! v ' '
system clock (fxn) H . ' I ' '
(when X1 oscillation L a _ . . et §
is selected) 1 ese(‘ﬁrf; 3 ) Normal operation | "e°e! : Normal operation ! Eif.ﬁé L o oo e Normal operation
) ! Wait for voltage |, , (internal high-speed : oscillation: . (internal high-speed % gilaion; Wait for voltage . (internal high-speed
Operation | stabilization ! 'oscillation clock)®*: stop) ' oscillation clock)*'*®* " siop) | stabilization i oscillation clock)Note 4 :

stops 1 (161t05.27ms) | 16110527 ms) Operation stops

" Reset processing(11 to 63 us)

Internal reset signal

Notes 1. The operation guaranteed range is 1.8 V < Voo < 5.5 V. To make the state at lower than 1.8 V reset state

when the supply voltage falls, use the reset function of the low-voltage detector, or input the low level to the
‘RESET pin.

2. If the rate at which the voltage rises to 1.8 V after power application is slower than 0.5 V/ms (MIN.), input a
low level to the RESET pin before the voltage reaches to 1.8 V.

3. The internal voltage stabilization wait time includes the oscillation accuracy stabilization time of the internal
high-speed oscillation clock.

4. The internal high-speed oscillation clock or high-speed system clock can be selected as the CPU clock. To
use the X1 clock, use the OSTC register to confirm the lapse of the oscillation stabilization time.

Caution Set the low-voltage detector by software after the reset status is released (refer to CHAPTER 18
LOW-VOLTAGE DETECTOR).

Remark Vivi: LVI detection voltage
Vroc: Detection voltage
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Figure 17-2. Timing of Generation of Internal Reset Signal by Power-on-Clear Circuit
and Low-Voltage Detector (2/2)

(2) When LVI is ON upon power application (option byte: LVISTART = 1)
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(Vob)

4 A e E— . B
2.7V / : T NS o E\--
fgyNeet S NS N\
Vpoc=1.59 V (TYP.) -~ e A R
OV i REREERE P o S ST
I Wait for oscillation i + Wait for oscillation i ' Wait for oscillation
¢ accuracy stabilization | 1 accuracy stabilization ; ;1 accuracy stabilization
' (90 to 482 ps) 1 (90 to 482 pis) ! | 1(90to 482 ps)

Internal high-speed
oscillation clock (fir) ;

. i Starting oscillation is : Starting oscillation is [ Starting oscillation is
High-speed Vo '/ specified by softwar ; '/ specified by software b '/ specified by software
system clock (fxx) . : ‘
(when X1 oscillation - : .
is selected) Normal operation ! Hes,e"d Normal operation 1 Hese; Lo Normal operation !
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= . (11to63us) 1 ' Reset processing time ‘ o (11 to 63 us) !
; POC processing time 3 1 (11to 63 pus) ; Do POC processing time
(1.61t0 5.27 ms) ; : ; L1 (1.61105.27 ms)

Internal reset signal

Notes 1. The operation guaranteed range is 1.8 V < Voo < 5.5 V. To make the state at lower than 1.8 V reset state
when the supply voltage falls, use the reset function of the low-voltage detector, or input the low level to the
RESET pin.

2. The internal high-speed oscillation clock or high-speed system clock can be selected as the CPU clock. To
use the X1 clock, use the OSTC register to confirm the lapse of the oscillation stabilization time.
3. The following times are required between reaching the POC detection voltage (1.59 V (TYP.)) and starting
normal operation.
e When the time to reach 2.7 V (TYP.) from 1.59 V (TYP.) is less than 5.27 ms:
A processing time of about 1.6 to 5.3 ms is required between reaching 1.59 V (TYP.) and starting normal
operation.
o When the time to reach 2.7 V (TYP.) from 1.59 V (TYP.) is greater than 5.27 ms:
A reset processing time of about 11 to 63 us is required between reaching 2.7 V (TYP.) and starting
normal operation.

Caution Set the low-voltage detector by software after the reset status is released (refer to CHAPTER 18
LOW-VOLTAGE DETECTOR).

Remark Viwvi: LVI detection voltage
Vpoc: Detection voltage
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17.4 Cautions for Power-on-Clear Circuit

In a system where the supply voltage (Vop) fluctuates for a certain period in the vicinity of the detection voltage (Vroc),
the system may be repeatedly reset and released from the reset status. In this case, the time from release of reset to the
start of the operation of the microcontroller can be arbitrarily set by taking the following action.

<Action>
After releasing the reset signal, wait for the supply voltage fluctuation period of each system by means of a software

counter that uses a timer, and then initialize the ports.

Figure 17-3. Example of Software Processing After Reset Release (1/2)

o If supply voltage fluctuation is 50 ms or less in vicinity of detection voltage

(e )

Initialization ; Check the reset sourceNete2
processing <1>

Power-on-clear

; fers = Internal high-speed oscillation clock (default)

Setting 8-bit timer H1 Set the count clock and compare value so that
(to measure 50 ms) INTTMH1 occurs after 50 ms have elapsed.

Timer starts (TMHE1 = 1).

Clearing WDT

Note 1

50 ms has passed?
(TMIFH1 = 1?)

Initialization ; Initial setting for ports,
processing <2> setting of division ratio of system clock,
such as setting of timer or A/D converter.

Notes 1. If reset is generated again during this period, initialization processing <2> is not started.
2. Aflowchart is shown on the next page.
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Figure 17-3. Example of Software Processing After Reset Release (2/2)

( Check reset source )

¢ Checking reset source

WDTRF of RESF Yes

register = 1?

Reset processing by
watchdog timer

Yes
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Reset processing by
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CHAPTER 18 LOW-VOLTAGE DETECTOR

18.1 Functions of Low-Voltage Detector

The low-voltage detector has the following functions.

e The LVI circuit compares the supply voltage (Vop) with the LVI detection voltage (VLvi) and generates an internal
reset or internal interrupt signal.

e The low-voltage detector (LVI) can be set to ON by an option byte by default. If it is set to ON to raise the power
supply from the detection voltage (Vroc = 1.59 V (TYP.)) or lower, the internal reset signal is generated when the
supply voltage (Vob) < the LVI detection voltage (Vuvi = 2.7 V £0.1 V). After that, the internal reset signal is
generated when the supply voltage (Vob) < the LVI detection voltage (Vwvi=2.7 V £0.1 V).

o Areset or an interrupt can be selected to be generated after detection by software.

o Detection levels (VLvi, 16 levels) of supply voltage can be changed by software.

Operable in STOP mode.

Selects reset (LVIMD = 1).

Selects interrupt (LVIMD = 0).

Generates an internal reset
signal when Voo < Vivi and
releases the reset signal when

Generates an internal interrupt
signal when Voo drops lower
than Vivi (Voo < Vivi) or when

The reset and interrupt signals are generated as follows depending on selection by software.

Vob > Viwi. Voo becomes Vwvi or higher

(Vob > Viw).

Remark LVISEL: Bit 2 of low-voltage detection register (LVIM)
LVIMD: Bit 1 of LVIM

While the low-voltage detector is operating, whether the supply voltage or the input voltage from an external input pin is
more than or less than the detection level can be checked by reading the low-voltage detection flag (LVIF: bit 0 of LVIM).

When the low-voltage detector is used to reset, bit 0 (LVIRF) of the reset control flag register (RESF) is set to 1 if reset
occurs. For details of RESF, refer to CHAPTER 16 RESET FUNCTION.
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18.2 Configuration of Low-Voltage Detector
The block diagram of the low-voltage detector is shown in Figure 18-1.

Figure 18-1. Block Diagram of Low-Voltage Detector

Voo
.§ N-eh = Internal reset signal
85 o
338 2
53 3
£ @
B
2 INTLVI
o
)
Reference
4 voltage
source
|LVI83| LVI82|LVIS1 | LVISOl / / / | LVION |LVIMD I LVIF |
Low-voltage detection level Low-voltage detection register
selection register (LVIS) (LVIM)
2 Internal bus 2
RO1UHO0389EJ0120 Rev.1.20 ‘.{ENESAS 367

Oct 09, 2014



R7FOC30x, R7FOC31x CHAPTER 18 LOW-VOLTAGE DETECTOR

18.3 Registers Controlling Low-Voltage Detector
The low-voltage detector is controlled by the following registers.

o Low-voltage detection register (LVIM)
o Low-voltage detection level select register (LVIS)

(1) Low-voltage detection register (LVIM)
This register sets low-voltage detection and the operation mode.
This register can be set by a 1-bit or 8-bit memory manipulation instruction.

The generation of a reset signal other than an LVI reset clears this register to 00H.
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Figure 18-2. Format of Low-Voltage Detection Register (LVIM)

Address: FFBEH  After reset: 0QHNete1  R/\yyNote2

Symbol <7> 6 5 4 3 2 <1> <0>
LVIM LVION 0 0 0 0 o | mp | LvF
LVION™®* Enables low-voltage detection operation
0 Disables operation
1 Enables operation
LVIMD""** Low-voltage detection operation mode (interrupt/reset) selection
0 Generates an internal interrupt signal when the supply voltage (Voo) drops lower than the

LVI detection voltage (Vivi) (Voo < Vivi) or when Voo becomes Vivi or higher (Voo > Vivi).

1 Generates an internal reset signal when the supply voltage (Voo) < the LVI detection
voltage (Vwvi) and releases the reset signal when Vop > Vivi.

LVIF Low-voltage detection flag
0 Supply voltage (Vob) > LVI detection voltage (Vivi), or when LVI operation is disabled
1 Supply voltage (Vob) < LVI detection voltage (Vivi)

Notes 1. The reset value changes depending on the reset source and the setting of the option byte.

This register is not cleared (00H) by LVI resets (except resets by the LVI default start function).
The value of this register is reset to “00H” by other resets.

2. BitO0is read-only.

3. LVION and LVIMD are cleared to 0 in the case of a reset other than an LVI reset. These are not cleared
to 0 in the case of an LVI reset.

4. When LVION is set to 1, operation of the comparator in the LVI circuit is started. Use software to wait for
an operation stabilization time (10 xs (MAX.)) from when LVION is set to 1 until operation is stabilized.
After the operation stabilizes, an external input (minimum pulse width: 200 wus) of 200 us or more is
required until LVIF is set (1) after the voltage drops to the LVI detection voltage or less.

Cautions 1. To stop LVI, follow either of the procedures below.
o When using 8-bit memory manipulation instruction: Write 00H to LVIM.
e When using 1-bit memory manipulation instruction: Clear LVION to 0.
2. If LVI operation is disabled (clears LVION) when LVI is used in interrupt mode (LVIMD = 0) and
the supply voltage (Vob) is less than or equal to the detection voltage (VLvi), an interrupt request
signal (INTLVI) is generated and LVIIF may be set to 1.
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(2) Low-voltage detection level select register (LVIS)
This register selects the low-voltage detection level.
This register can be set by a 1-bit or 8-bit memory manipulation instruction.
Reset signal generation input sets this register to O0OH.

Figure 18-3. Format of Low-Voltage Detection Level Select Register (LVIS)

Address: FFBFH  After reset: 00HN°t®  R/W

Symbol 7 6 5 4 3 2 1 0
LVIS 0 0 0 0 LVIS3 LVIS2 LVIS1 LVISO
LVIS3 LVIS2 LVIS1 LVISO Detection level
0 0 0 0 Vivio (4.24 £0.1 V)
0 0 0 1 Vivir (4.09 £0.1 V)
0 0 1 0 Viviz (3.93 £0.1 V)
0 0 1 1 Vuwvis (3.78 +0.1 V)
0 1 0 0 Vivis (3.62 £0.1 V)
0 1 0 1 Vuwvis (3.47 £0.1 V)
0 1 1 0 Vivie (3.32 £0.1 V)
0 1 1 1 Viviz (3.16 £0.1 V)
1 0 0 0 Vivie (3.01 £0.1 V)
1 0 0 1 Vivie (2.85 £0.1 V)
1 0 1 0 Vwvito (2.70 £0.1 V)
1 0 1 1 Vit (2.55 £0.1 V)
1 1 0 0 Vw2 (2.39 £0.1 V)
1 1 0 1 Vivins (2.24 £0.1 V)
1 1 1 0 Viviia (2.08 £0.1 V)
1 1 1 1 Vuivits (1.93 £0.1 V)

Note The reset value changes depending on the reset source.
If the LVIS register is reset by LVI resets (except resets by the LVI default start function), it is not reset but
holds the current value. The value of this register is reset to “00H” by other resets.

Cautions 1. Be sure to clear bits 4 to 7 to 0.
2. Do not change the value of LVIS during LVI operation.
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18.4 Operation of Low-Voltage Detector
The low-voltage detector can be used in the following two modes.

(1) Used as reset (LVIMD = 1)
e Compares the supply voltage (Vop) and LVI detection voltage (VLvi), generates an internal reset signal when Vobp <
Vivi, and releases internal reset when Vob > Vivi.

Remark The low-voltage detector (LVI) can be set to ON by an option byte by default. If it is set to ON to raise
the power supply from the detection voltage (Vroc = 1.59 V (TYP.)) or lower, the internal reset signal is
generated when the supply voltage (Vob) < detection voltage (Vivi=2.70 V £0.1 V).

(2) Used as interrupt (LVIMD = 0)
e Compares the supply voltage (Vop) and LVI detection voltage (Vivi). When Vop drops lower than Vivi (Vob < Vivi)

or when Vop becomes Vivi or higher (Vop > Vwvi), generates an interrupt signal (INTLVI).

While the low-voltage detector is operating, whether the supply voltage is more than or less than the detection level can
be checked by reading the low-voltage detection flag (LVIF: bit 0 of LVIM).

Remark LVIMD: Bit 1 of low-voltage detection register (LVIM)
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18.4.1 When used as reset

(1) When LVI default start function stopped is set (LVISTART = 0)
e When starting operation
<1> Mask the LVI interrupt (LVIMK = 1).
<2> Set the LVI detection voltage using bits 3 to 0 (LVIS3 to LVISO) of the low-voltage detection level
selection register (LVIS).
<3> Set bit 7 (LVION) of LVIM to 1 (enables LVI operation).
<4> Use software to wait for an operation stabilization time (10 us (MAX.)).
<56> Wait until it is checked that (supply voltage (Vop) > LVI detection voltage (VLvi)) by bit 0 (LVIF) of LVIM.
<6> Setbit 1 (LVIMD) of LVIM to 1 (generates reset when the level is detected).

Figure 18-4 shows the timing of the internal reset signal generated by the low-voltage detector. The numbers in
this timing chart correspond to <1> to <6> above.

Cautions 1. Be sure to execute <1>. When LVIMK = 0, an interrupt may occur immediately after the
processing in <3>.
2. If supply voltage (Vop) > LVI detection voltage (VLvi) when LVIMD is set to 1, an internal
reset signal is not generated.

¢ When stopping operation
Either of the following procedures must be executed.

« When using 8-bit memory manipulation instruction:
Write O0OH to LVIM.

« When using 1-bit memory manipulation instruction:
Clear LVIMD to 0 and then LVION to 0.
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Figure 18-4. Timing of Low-Voltage Detector Internal Reset Signal Generation (LVISTART = 0)
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! <65\ [ ' ! iCleared

LVIRF flaghote3

LVI reset signal

j : Cleared by . + Cleared by
! ' software ! ' software [

POC reset signal

Internal reset signal

Notes 1. The LVIMK flag is set to “1” by reset signal generation.
2. The LVIIF flag of the interrupt request flag registers and the LVIF flag may be set (1).
3. LVIRF is bit 0 of the reset control flag register (RESF). For details of RESF, refer to CHAPTER 16 RESET
FUNCTION.

Remarks 1. <1> to <6> in Figure 18-4 above correspond to <1> to <6> in the description of “When starting
operation” in 18.4.1 (1) When LVI default start function stopped is set (LVISTART = 0).
2. Vpoc: Detection voltage
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(2) When LVI default start function enabled is set (LVISTART = 1)
The setting when operation starts and when operation stops is the same as that described in 18.4.1 (1) When LVI
default start function stopped is set (LVISTART = 0).

Figure 18-5. Timing of Low-Voltage Detector Internal Reset Signal Generation (LVISTART = 1)

Set LVI to be
used for reset

Supply voltage (Vob)

Vivi

LVIMK flag
(set by software)

LVION flag S NP ! Not cleared

(set by software) AN B7 SO A . . . i

1 Cleared

i e <4> Wait time! ! ! !

'
:
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]

LVIF flag P :
Do s :
L Noe2 1 ' ' '
LVIMD flag ! ' Not cleared ' Not cleared
(set by software) — : ' : '
o <6> ' ' :

LVIRF flag o3

LVI reset signal | |
Cleared by Cleared by ||

' software ' software

POC reset signal

-

Internal reset signal

Notes 1. The LVIMK flag is set to “1” by reset signal generation.
2. The LVIIF flag of the interrupt request flag registers and the LVIF flag may be set (1).
3. LVIRF is bit 0 of the reset control flag register (RESF).
For details of RESF, refer to CHAPTER 16 RESET FUNCTION.

Remarks 1. <1> to <6> in Figure 18-5 above correspond to <1> to <6> in the description of “When starting
operation” in 18.4.1 (1) When LVI default start function stopped is set (LVISTART = 0).
2. Vroc: Detection voltage
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18.4.2 When used as interrupt

(1) When LVI default start function stopped is set (LVISTART =0)
e When starting operation

<1>

<2>

<3>

<4>
<5>

<6>

<7>
<8>

<9>

Mask the LVI interrupt (LVIMK = 1).

Set the LVI detection voltage using bits 3 to 0 (LVIS3 to LVISO) of the low-voltage detection level
selection register (LVIS).

Clear bit 1 (LVIMD) of LVIM to O (generates interrupt signal when the level is detected)
(default value).

Set bit 7 (LVION) of LVIM to 1 (enables LVI operation).

Use software to wait for an operation stabilization time (10 us (MAX.)).

Confirm that “supply voltage (Vop) > LVI detection voltage (VLvi)” when detecting the falling edge of Vob,
or “supply voltage (Vop) < LVI detection voltage (VLvi)” when detecting the rising edge of Vop, at bit 0
(LVIF) of LVIM.

Clear the interrupt request flag of LVI (LVIIF) to 0.

Release the interrupt mask flag of LVI (LVIMK).

Execute the El instruction (when vector interrupts are used).

Figure 18-6 shows the timing of the interrupt signal generated by the low-voltage detector. The numbers in this
timing chart correspond to <1> to <8> above.

¢ When stopping operation

Either of the following procedures must be executed.

. When using 8-bit memory manipulation instruction:
Write O0OH to LVIM.

. When using 1-bit memory manipulation instruction:
Clear LVION to 0.
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Figure 18-6. Timing of Low-Voltage Detector Interrupt Signal Generation (LVISTART = 0)
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LVIMD flag i !
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Notes 1. The LVIMK flag is set to “1” by reset signal generation.
2. The interrupt request signal (INTLVI) is generated and the LVIF and LVIIF flags may be set (1).
3. If LVI operation is disabled (clears LVION) when the supply voltage (Vop) is less than or equal to the
detection voltage (VLvi), an interrupt request signal (INTLVI) is generated and LVIIF may be set to 1.

Remarks 1. <1> to <8> in Figure 18-6 above correspond to <1> to <8> in the description of “When starting
operation” in 18.4.2 (1) When LVI default start function stopped is set (LVISTART = 0).
2. Vpoc: Detection voltage
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(2) When LVI default start function enabled is set (LVISTART = 1)
The setting when operation starts and when operation stops is the same as that described in 18.4.2 (1) When
LVI default start function stopped is set (LVISTART = 0).

Figure 18-7. Timing of Low-Voltage Detector Interrupt Signal Generation (LVISTART = 1)

Supply voltage (Vob)

V=270V (TYP.)
Veoc=1.59 V (TYP.)

LVIMK flag !

(set by software) 1 ISP . | |
111 <8> Cleared by software : : o

LVIONfag T = T <& | ! 5 : 5

(setby software) 1 {c4si : : - - :
P e <55 Waittime | | b

LVIF flag I

; L<B> ! : : : C
' Note 2 ' ' . , | |
INTLVI 5 ¥ -| -| -| -| -| :

. . ' L P L L
LVIIF flag ! Pl | ;
! [ L] 1

<7>
Note2  Cleared by software :

LVIMDflag | & i
(set by software) H

Internal reset signal |

Notes 1. The LVIMK flag is set to “1” by reset signal generation.
2. The LVIIF flag of the interrupt request flag registers and the LVIF flag may be set (1).
3. If LVI operation is disabled (clears LVION) when the supply voltage (Vob) is less than or equal to the

<3>

detection voltage (Vivi), an interrupt request signal (INTLVI) is generated and LVIIF may be set to 1.

Remarks 1. <1> to <8> in Figure 18-7 above correspond to <1> to <8> in the description of “When starting
operation” in 18.4.2 (1) When LVI default start function stopped is set (LVISTART = 1).
2. Vpoc: Detection voltage

RO1UH0389EJ0120 Rev.1.20 R NS 377
Oct 09, 2014 ENES



R7FOC30x, R7FOC31x CHAPTER 18 LOW-VOLTAGE DETECTOR

18.5 Cautions for Low-Voltage Detector

In a system where the supply voltage (Vob) fluctuates for a certain period in the vicinity of the LVI detection voltage
(Vwwi), the operation is as follows depending on how the low-voltage detector is used.

Operation example 1: When used as reset
The system may be repeatedly reset and released from the reset status.
The time from reset release through microcontroller operation start can be set arbitrarily by the following action.

<Action>
After releasing the reset signal, wait for the supply voltage fluctuation period of each system by means of a software

counter that uses a timer, and then initialize the ports (refer to Figure 18-8).
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Figure 18-8. Example of Software Processing After Reset Release (1/2)

o If supply voltage fluctuation is 50 ms or less in vicinity of LVI detection voltage

()

Initialization ; Check the reset source™°t
processing <1>
‘ LVI reset
. ; Setting of detection level by LVIS.
Setting LVI The low-voltage detector operates (LVION = 1).
; fers = Internal high-speed oscillation clock (default)
Setting 8-bit timer H1 Set the count clock and compare value so that
(to measure 50 ms) INTTMH1 occurs after 50 ms have elapsed.
Timer starts (TMHE1 = 1).
Clearing WDT

Detection
voltage or higher
(LVIF = 07?)

Restarting timer H1 ; The timer counter is cleared and the timer is started.
(TMHE1 =0 —» TMHE1 = 1)

]

50 ms has passed?
(TMIFH1 =17?)

; Initial setting for ports,
setting of division ratio of system clock,
such as setting of timer or A/D converter.

Initialization
processing <2>

Note A flowchart is shown on the next page.
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Figure 18-8. Example of Software Processing After Reset Release (2/2)

¢ Checking reset source

( Check reset source )

WDTRF of RESF Yes

register =1?

No

Reset processing by
watchdog timer

LVIRF of RESF No

register = 1?

Yes
Power-on-clear/external
reset generated
Reset processing by
low-voltage detector

Operation example 2: When used as interrupt
Interrupt requests may be generated frequently.
Take the following action.

<Action>
Confirm that “supply voltage (Vob) > LVI detection voltage (VLvi)” when detecting the falling edge of Voo, or
“supply voltage (Vob) < LVI detection voltage (VLvi)” when detecting the rising edge of Vop, in the servicing routine
of the LVI interrupt by using bit 0 (LVIF) of the low-voltage detection register (LVIM). Clear bit 1 (LVIIF) of interrupt
request flag register OL (IFOL) to 0.
For a system with a long supply voltage fluctuation period near the LVI detection voltage, take the above action

after waiting for the supply voltage fluctuation time.
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CHAPTER 19 REGULATOR

19.1 Regulator Overview

The R7F0C30x, R7FOC31x microcontrollers contain a circuit for operating the device with a constant voltage. At this
time, in order to stabilize the regulator output voltage, connect the REGC pin to Vss via a capacitor (0.47 to 1 uF).
However, when using the STOP mode that has been entered since operation of the internal high-speed oscillation clock
and external main system clock, 0.47 uF is recommended. Also, use a capacitor with good characteristics, since it is used
to stabilize internal voltage.
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CHAPTER 20 OPTION BYTE

20.1 Functions of Option Bytes

The flash memory at 0080H, 0081H, and 0084H of the R7FOC30x, R7FOC31x is an option byte area. When power is
turned on or when the device is restarted from the reset status, the device automatically references the option bytes and
sets specified functions. When using the product, be sure to set the following functions by using the option bytes.

When the boot swap operation is used during self-programming, 0080H, 0081H, and 0084H are switched to 1080H,
1081H, and 1084H. Therefore, set values that are the same as those of 0080H, 0081H, and 0084H to 1080H, 1081H, and
1084H in advance.

(1) 0080H/1080H
O Internal low-speed oscillator operation
e Can be stopped by software
e Cannot be stopped
O Watchdog timer interval time setting
O Watchdog timer counter operation
e Enabled counter operation
o Disabled counter operation
O Watchdog timer window open period setting

Caution Set a value that is the same as that of 0080H to 1080H because 0080H and 1080H are switched
during the boot swap operation.

(2) 0081H/1081H
O LVI default start operation control

o During LVI default start function enabled (LVISTART = 1)
The device is in the reset state after reset release or upon power application and until the supply voltage reaches
2.7V (TYP.). ltis released from the reset state when the voltage exceeds 2.7 V (TYP.).
If the supply voltage rises to 2.7 V after reset release or power application at a rate slower than 0.5 V/ms (MIN.),
LVI default start function operation is recommended.

e During LVI default start function stopped (LVISTART = 0)
The device is in the reset state after reset release or upon power application and until the supply voltage reaches
1.59 V (TYP.). ltis released from the reset state when the voltage exceeds 1.59 V (TYP.).

Caution LVISTART can only be written by using a dedicated flash memory programmer. It cannot be set
or change during self-programming or boot swap operation during self-programming. However,
because 0081H and 1081H are switched during the boot swap operation, set a value that is the
same as that of 0081H to 1081H.
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(3) 0082H/1082H
Be sure to set to 00H.

Caution Set a 00H to 1082H because 0082H and 1082H are switched during the boot swap operation.

(4) 0083H/1083H
O On-chip debug mode
o Disabling on-chip debug mode
e Forcibly setting to on-chip debug mode

O Clock supply to UARTO when STOP instruction is executed

* Supply
e Stop

Caution Set a value that is the same as that of 0083H to 1083H because 0083H and 1083H are switched
during the boot swap operation.

(5) 0084H/1084H
O On-chip debug operation control
¢ Disabling on-chip debug operation
e Enabling on-chip debug operation and erasing data of the flash memory in case authentication of the on-chip
debug security ID fails
e Enabling on-chip debug operation and not erasing data of the flash memory even in case authentication of the
on-chip debug security ID fails

Caution Set a value that is the same as that of 0084H to 1084H because 0084H and 1084H are switched
during the boot swap operation.

20.2 Format of Option Byte

The format of the option byte is shown below.
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Address: 0080H/1080H""

Figure 20-1. Format of Option Byte (1/3)

7 6 5 4 3 2 1 0
0 WINDOW1 | WINDOWO WDTON WDCS2 | WDCSH | WDCSO0 LSROSC
WINDOW1 | WINDOWO Watchdog timer window open period
0 0 25%
0 1 50%
1 0 75%
1 1 100%
WDTON Operation control of watchdog timer counter/illegal access detection
0 Counter operation disabled (counting stopped after reset), illegal access detection operation
disabled
1 Counter operation enabled (counting started after reset), illegal access detection operation enabled
WDCS2 WDCS1 WDCSO0 Watchdog timer overflow time
0 0 0 2"/ (4.27 ms)
0 0 1 2"/fiL (8.53 ms)
0 1 0 2%/ (17.07 ms)
0 1 1 2"/ (34.13 ms)
1 0 0 2"/fiL (68.27 ms)
1 0 1 2%/ (136.53 ms)
1 1 0 2"/iL (273.07 ms)
1 1 1 2"/ (546.13 ms)
LSROSC Internal low-speed oscillator operation
0 Can be stopped by software (stopped when 1 is written to bit 1 (LSRSTOP) of RCM register)
1 Cannot be stopped (not stopped even if 1 is written to LSRSTOP bit)

Note Set a value that is the same as that of 0080H to 1080H because 0080H and 1080H are switched during the boot

swap operation.

Cautions 1. The combination of WDCS2 = WDCS1 = WDCSO0 = 0 and WINDOW1 = WINDOWO = 0 is prohibited.

2. When using the output clock at 1.8 V < Vop < 2.7 V, WINDOW1 = WINDOWO = 0 is prohibited.

3. The watchdog timer continues its operation during self-programming of the flash memory.
During processing, the interrupt acknowledge time is delayed. Set the overflow time and window
size taking this delay into consideration.

4. If LSROSC = 0 (oscillation can be stopped by software), the count clock is not supplied to the
watchdog timer in the HALT and STOP modes, regardless of the setting of bit 0 (LSRSTOP) of the
internal oscillation mode register (RCM).

When 8-bit timer H1 operates with the internal low-speed oscillation clock, the count clock is
supplied to 8-bit timer H1 even in the HALT/STOP mode.

5. Be sure to clear bit 7 to 0.

Remarks 1. fi: Internal low-speed oscillation clock frequency

2. ():fi=240kHz (TYP.)
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Figure 20-1. Format of Option Byte (2/3)

Address: 0081H/1081H""*"?

7 6 5 4 3 2 1 0

0 0 0 0 0 | 0 | 0 LVISTART
LVISTART LVI default start operation control

0 LVI is OFF by default upon power application (LVI default start function stopped)

1 LVl is ON by default upon power application (LVI default start function enabled)

Notes 1. LVISTART can only be written by using a dedicated flash memory programmer. It cannot be set during
self-programming or boot swap operation during self-programming. However, because 0080H and 1080H
are switched during the boot swap operation, set a value that is the same as that of 0080H to 1080H.

2. To change the setting for the LVI default start, set the value to 0081H again after batch erasure (chip
erasure) of the flash memory. The setting cannot be changed after the memory of the specified block is
erased.

Caution Be sure to clear bits 7 to 1 to “0”.

Address: 0082H/1082H""
7 6 5 4 3 2 1 0
0 0 0 0 0 0 0 0

Note Seta O0H to 1082H because 0082H and 1082H are switched during the boot swap operation.

Caution Be sure to set to “00H”.

Address: 0083H/1083H""

7 6 5 4 3 2 1 0

0 0 0 OCDCKSTP 1 1 1 OCDONB
OCDCKST Clock supply to UARTO when STOP instruction is executed in on-chip debug mode

P

0 If STOP instruction is executed, internal oscillator is not stopped, and clock supply to UARTO is

continued. CPU and peripheral circuits are stopped.

1 Internal oscillator is stopped and clock supply to UARTO is stopped.
OCDONB On-chip debug mode

0 Disables on-chip debug mode

1 Forcibly sets to on-chip debug mode

Note Set a value that is the same as that of 0083H to 1083H because 0083H and 1083H are switched during the boot
swap operation.

Caution Be sure to clear bits 7 to 5 and 0 to “0” and set bits 4 to 2 to “1”.
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Figure 20-1. Format of Option Byte (3/3)

Address: 0084H/1084H""

7 6 5 4 3 2 1 0

0 0 0 0 0 0 OCDENT1 OCDENO
OCDEN1 OCDENO On-chip debug operation control

0 0 Operation disabled

0 1 Setting prohibited

1 0 Operation enabled. Does not erase data of the flash memory in case authentication

of the on-chip debug security ID fails.

1 1 Operation enabled. Erases data of the flash memory in case authentication of the
on-chip debug security ID fails.

Note Set a value that is the same as that of 0084H to 1084H because 0084H and 1084H are switched during the boot
swap operation.

Caution Be sure to clear bits 7 to 2 to “0”.

Remark For the on-chip debug security ID, refer to CHAPTER 22 ON-CHIP DEBUG FUNCTION.

RO1UH0389EJ0120 Rev.1.20 R NS 386
Oct 09, 2014 ENES



R7FOC30x,

R7FOC31x CHAPTER 20 OPTION

BYTE

Here is an example of description of the software for setting the option bytes.

OPT
OPTION:

CSEG AT 0080H

DB 30H ; Enables watchdog timer operation (illegal access detection operation),
; Window open period of watchdog timer: 50%,
; Overflow time of watchdog timer: 2"/,
; Internal low-speed oscillator can be stopped by software.

DB O00H ; LVI default start function stopped

DB 00H ; Internal high-speed oscillation clock frequency 8 MHz (TYP.)

DB 1EH ; Use the TOOLCO0/X1, TOOLDO/X2 pins

DB 02H ; Operation enabled. Does not erase data of the flash memory in case

; authentication of the on-chip debug security ID fails.

Remark Referencing of the option byte is performed during reset processing. For the reset processing timing, refer to

CHAPTER 16 RESET FUNCTION.
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CHAPTER 21 FLASH MEMORY

The R7F0C30x, R7FOC31x incorporates the flash memory to which a program can be written, erased, and overwritten

while mounted on the board.

21.1 Internal Memory Size Switching Register

Select the internal memory capacity using the internal memory size switching register (IMS).

IMS is set by an 8-bit memory manipulation instruction.

Reset signal generation sets IMS to CFH.

Caution Reset signal generation makes the setting of the ROM area undefined. Therefore, set the value
corresponding to each product as indicated Table 21-1 after release of reset.

Figure 21-1. Format of Internal Memory Size Switching Register (IMS)

Address: FFFOH  After reset: CFH R/W

Symbol 7 6 5 4 3 2 1 0
IMS RAM2 RAM1 RAMO 0 ROMS3 ROM2 ROM1 ROMO
RAM2 RAM1 RAMO Internal high-speed RAM capacity selection
0 0 0 768 bytes
0 1 0 512 bytes
1 1 0 (Default value)
Other than above Setting prohibited
ROM3 ROM2 ROM!1 ROMO Internal ROM capacity selection
0 0 0 1 4 KB
0 0 1 0 8 KB
0 1 0 0 16 KB
1 1 1 1 (Default value)
Other than above Setting prohibited
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Table 21-1. Set Values of Internal Memory Size Switching Register

R7F0C3074, R7F0C3104, R7F0C3076, R7FOC3106

Products IMS Setting
R7F0C3004, R7FO0C3034, R7F0C3006, R7F0C3036, 41H
R7F0C3064, R7FOC3094, R7FOC3066, R7F0C3096
R7F0C3014, R7F0C3044, R7F0C3016, R7F0C3046, 42H
R7F0C3084, R7F0C3114, R7F0C3086, R7FOC3116
R7F0C3024, R7FO0C3054, R7F0C3026, R7F0C3056, 04H

21.2 Writing with Flash Memory Programmer

Data can be written to the flash memory on-board or off-board, by using a dedicated flash memory programmer.

(1) On-board programming

The contents of the flash memory can be rewritten after the R7FOC30x, R7FOC31x have been mounted on the target
system. The connectors that connect the dedicated flash memory programmer must be mounted on the target

system.

(2) Off-board programming

Data can be written to the flash memory with a dedicated program adapter (FA series) before the R7FOC30x,

R7FO0C31x are mounted on the target system.

Remark The FA series is a product of Naito Densei Machida Mfg. Co., Ltd. The FA series supports only SSOP

package products.
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21.3 Programming Environment

The environment required for writing a program to the flash memory of the R7FOC30x, R7FOC31x are illustrated below.

Host machine

Figure 21-2. Environment for Writing Program to Flash Memory

RS

Note QB-MINI2 only

= ] =

Vob

Vop
Vss

FlashPro5  QB-MINI2 GND
JRESET

RESET

DATANDte J
Dedicated flash -

TOOLDO R7FOC30x,
R7FOC31x

microcontrollers

memory programmer CLK

TOOLCO

A host machine that controls the dedicated flash memory programmer is necessary.
To interface between the dedicated flash memory programmer and the R7F0C30x, R7F0C31x, the TOOLDO pins is
used for manipulation such as writing and erasing via a dedicated single-line UART. To write the flash memory off-board,
a dedicated program adapter (FA series) is necessary.

Table 21-2. Pin Connection

Dedicated Flash memory programmer R7F0C30x, R7FOC31x
microcontrollers
Signal Name I/0 Pin Function Pin Name
CLK Output Clock output to R7FOC30x, R7FOC31x microcontrollers | TOOLCO/
Sl Input Receive signal TOOLDO
SO Output Transmit signal
DATAM"® I/0 Input/output signal for data communication during
debugging
/RESET Output Reset signal RESET
Voo I/0 Voo voltage generation/power monitoring Voo
GND - Ground Vss
Note QB-MINI2 only
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21.4 Connection of Pins on Board

To write the flash memory on-board, connectors that connect the dedicated flash memory programmer must be

provided on the target system.
programming mode on the board.

First provide a function that selects the normal operation mode or flash memory

When the flash memory programming mode is set, all the pins not used for programming the flash memory are in the
same status as immediately after reset. Therefore, if the external device does not recognize the state immediately after

reset, the pins must be handled as described below.

21.4.1 TOOL pins

The pins used for communication in flash memory programming mode are shown in the table below.

Table 21-3. Pins Used for Communication in Flash Memory Programming Mode

Pin Name Connection of Pins
TOOLCO Connect this pin directly to the dedicated flash
memory programmer or pull it down by connecting it
to Vss via a resistor (10 kQ)
TOOLDO Connect this pin directly to the dedicated flash
memory programmer or pull it up by connecting it to
VDD via a resistor (3 k to 10 kQ)

To connect the dedicated flash memory programmer to the pins of a serial interface that is connected to another device

on the board, care must be exercised so that signals do not collide or that the other device does not malfunction.

(1) Signal collision

If the dedicated flash memory programmer is connected to the TOOL pin that is connected to another device, signal
collision takes place. To avoid this collision, either isolate the connection with the other device, or make the other

device go into a high-impedance state.

R7FOC30x,
R7FOC31x

Figure 21-3. Signal Collision (TOOL Pin)

Dedicated flash memory

TOOL pin

Signal collision progra(r)nmer connection pin

Other device

/ Input pin or
‘ output pin

In the flash memory programming mode, the signal of the other device
collides with the signal of the dedicated flash programmer. Therefore,
isolate the signal of the other device.
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21.4.2 RESET pin

If the reset signal of the dedicated flash memory programmer is connected to the RESET pin that is connected to the
reset signal generator on the board, signal collision takes place. To prevent this collision, isolate the connection with the
reset signal generator.

If the reset signal is input from the user system while the flash memory programming mode is set, the flash memory will
not be correctly programmed. Do not input any signal other than the reset signal of the dedicated flash memory
programmer.

Figure 21-4. Signal Collision (RESET Pin)

R7F0C30x,
R7F0C31x
Dedicated flash memory
_ Signal collision programmer connection signal
RESET O

Reset signal generator

\/ T Output pin

In the flash memory programming mode, the signal output by the reset
signal generator collides with the signal output by the dedicated flash
memory programmer. Therefore, isolate the signal of the reset signal
generator.

21.4.3 Port pins

When the flash memory programming mode is set, all the pins not used for flash memory programming enter the same
status as that immediately after reset. If external devices connected to the ports do not recognize the port status
immediately after reset, the port pin must be connected to Vob or Vss via a resistor.

21.4.4 REGC pin

Connect the REGC pin to GND via a capacitor (0.47 to 1 u4F) in the same manner as during normal operation.
However, when using the STOP mode that has been entered since operation of the internal high-speed oscillation clock
and external main system clock, 0.47 uF is recommended. Also, use a capacitor with good characteristics, since it is used
to stabilize internal voltage.

21.4.5 Other signal pins
Connect X1, X2 in the same status as in the normal operation mode.

Remark In the flash memory programming mode, the internal high-speed oscillation clock (fiH) is used.

21.4.6 Power supply

To use the supply voltage output of the flash memory programmer, connect the Voo pin to Vop of the flash memory
programmer, and the Vss pin to GND of the flash memory programmer.

To use the on-board supply voltage, connect in compliance with the normal operation mode.

However, be sure to connect the Vop and Vss pins to Voo and GND of the flash memory programmer to use the power
monitor function with the flash memory programmer, even when using the on-board supply voltage.

Supply the same other power supplies (AVRer, Vss) as those in the normal operation mode.
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21.4.7 On-board writing when connecting crystal/ceramic resonator

To write the flash memory on-board, connectors that connect the dedicated flash memory programmer must be
provided on the target system. First provide a function that selects the normal operation mode or flash memory
programming mode on the board.

When the flash memory programming mode is set, all the pins not used for programming the flash memory are in the
same status as immediately after reset. Therefore, if the external device does not recognize the state immediately after
reset, the pins must be processed as described below.

The state of the pins in the self programming mode is the same as that in the HALT mode.

When using the X1 (TOOLCO) and X2 (TOOLDO) pins as the serial interface for flash memory programming, signals
will collide if an external device is connected. To prevent the conflict of signals, isolate the connection with the external
device.

Similarly, when a capacitor is connected to the X1 and X2 pins, the waveform during communication is changed, and
thus communication may be disabled depending on the capacitor capacitance. Make sure to isolate the connection with
the capacitor during flash programming.

In cases when a crystal or ceramic resonator has been selected to generate the system clock, and the decision has
been made to execute on-board flash programming with the resonator mounted on the device because it is difficult to
isolate the resonator, be sure to thoroughly evaluate the flash memory programming with the resonator mounted on the
device before executing the processing described next.

¢ Mount the minimum-possible test pads between the device and the resonator, and connect the programmer via the
test pad. Keep the wiring as short as possible (refer to Figure 21-5 and Table 21-4).

Figure 21-5. Example of Mounting Test Pads

Test pad
Xt 1 X

| vss (rooLco)!irooLpo)|

[
-l

[

777

Table 21-4. Clock to Be Used and Mounting of Test Pads

Clock to Be Used Mounting of Test Pads

High-speed internal oscillation clock Not required

External clock

Crystal/ceramic oscillation Before resonator is mounted

clock After resonator is mounted Required
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21.5 Programming Method

21.5.1 Controlling flash memory
The following figure illustrates the procedure to manipulate the flash memory.

Figure 21-6. Flash Memory Manipulation Procedure

( e )

Flash memory programming
mode is set

Manipulate flash memory

No

o

21.5.2 Flash memory programming mode

To rewrite the contents of the flash memory by using the dedicated flash memory programmer, set the R7FOC30x,
R7FOC31x in the flash memory programming mode. The system switches to the flash memory programming mode once
the dedicated flash memory programmer is connected and communication starts.

Change the mode by using a jumper when writing the flash memory on-board.

21.5.3 Communication commands

The R7FO0C30x, R7FOC31x communicate with the dedicated flash memory programmer by using commands. The
signals sent from the flash memory programmer to the R7FOC30x, R7FOC31x are called commands, and the signals sent
from the R7FOC30x, R7FO0C31x to the dedicated flash memory programmer are called response.

Figure 21-7. Communication Commands
FlashPro5 QB-MINI2

<>

Dedicated flash R7FOC30x,
memory programmer R7FOC31x

Command

Response

The flash memory control commands of the R7FOC30x, R7FOC31x are listed in the table below. All these commands
are issued from the programmer and the R7FOC30x, R7FOC31x perform processing corresponding to the respective
commands.
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Table 21-5. Flash Memory Control Commands

Classification

Command Name

Function

Verify Verify Compares the contents of a specified area of the flash memory with
data transmitted from the programmer.
Erase Chip Erase Erases the entire flash memory.
Block Erase Erases a specified area in the flash memory.
Blank check Block Blank Check Checks if a specified block in the flash memory has been correctly
erased.
Write Programming Writes data to a specified area in the flash memory.

Getting information

Silicon Signature

Gets R7FOC30x, R7FOC31x information (such as the part number and
flash memory configuration).

Version Get Gets the R7FOC30x, R7FOC31x version and firmware version.
Checksum Gets the checksum data for a specified area.

Security Security Set Sets security information.

Others Reset Used to detect synchronization status of communication.

Baud Rate Set

Sets baud rate when UART communication mode is selected.

The R7FOC30x, R7FOC31x return a response for the command issued by the dedicated flash memory programmer.
The response names sent from the R7FOC30x, R7FOC31x are listed below.

Table 21-6. Response Names

Response Name

Function

ACK

Acknowledges command/data.

NAK

Acknowledges illegal command/data.
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21.6 Security Settings

The R7F0C30x, R7FOC31x support a security function that prohibits rewriting the user program written to the internal
flash memory, so that the program cannot be changed by an unauthorized person.

The operations shown below can be performed using the Security Set command. The security setting is valid when the
programming mode is set next.

¢ Disabling batch erase (chip erase)
Execution of the block erase and batch erase (chip erase) commands for entire blocks in the flash memory is
prohibited by this setting during on-board/off-board programming. Once execution of the batch erase (chip erase)
command is prohibited, all of the prohibition settings (including prohibition of batch erase (chip erase)) can no longer
be cancelled.

Caution After the security setting for the batch erase is set, erasure cannot be performed for the device. In
addition, even if a write command is executed, data different from that which has already been
written to the flash memory cannot be written, because the erase command is disabled.

¢ Disabling block erase
Execution of the block erase command for a specific block in the flash memory is prohibited during on-board/off-board
programming. However, blocks can be erased by means of self programming.

¢ Disabling write
Execution of the write and block erase commands for entire blocks in the flash memory is prohibited during on-
board/off-board programming. However, blocks can be written by means of self programming.

¢ Disabling rewriting boot cluster 0
Execution of the block erase command and write command on boot cluster 0 (0000H to OFFFH) in the flash memory
is prohibited by this setting. Execution of the batch erase (chip erase) command is also prohibited by this setting.

The batch erase (chip erase), block erase, write commands, and rewriting boot cluster 0 are enabled by the default
setting when the flash memory is shipped. Security can be set by on-board/off-board programming and self programming.
Each security setting can be used in combination.

All the security settings are cleared by executing the batch erase (chip erase) command.

Table 21-7 shows the relationship between the erase and write commands when the R7FOC30x, R7FOC31x security
function is enabled.
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Table 21-7. Relationship Between Enabling Security Function and Command

(1) During on-board/off-board programming

Valid Security

Executed Command

Batch Erase (Chip Erase)

Block Erase

Write

Prohibition of batch erase (chip erase)

Cannot be erased in batch

Prohibition of block erase

Can be erased in batch.

Prohibition of writing

Blocks cannot be
erased.

Note

Can be performed

Can be performed.

Cannot be performed.

Prohibition of rewriting boot cluster 0

Cannot be erased in batch

Boot cluster 0 cannot be
erased.

Boot cluster 0 cannot be
written.

Note Confirm that no data has been written to the write area. Because data cannot be erased after batch erase

(chip erase) is prohibited, do not write data if the data has not been erased.

(2) During self programming

Valid Security

Executed Command

Block Erase

Write

Prohibition of batch erase (chip erase)

Blocks can be erased.

Prohibition of block erase

Prohibition of writing

Can be performed.

Prohibition of rewriting boot cluster 0

Boot cluster 0 cannot be erased.

Boot cluster 0 cannot be written.

Table 21-8 shows how to perform security settings in each programming mode.

Table 21-8. Setting Security in Each Programming Mode

(1) On-board/off-board programming

Security

Security Setting

How to Disable Security Setting

Prohibition of batch erase (chip erase)

Prohibition of block erase

Prohibition of writing

Prohibition of rewriting boot cluster 0

Set via GUI of dedicated flash memory
programmer, etc.

Cannot be disabled after set.

Execute batch erase (chip erase)
command

Cannot be disabled after set.

(2) Self programming

Security

Security Setting

How to Disable Security Setting

Prohibition of batch erase (chip erase)

Prohibition of block erase

Prohibition of writing

Prohibition of rewriting boot cluster 0

Set by using information library.

Cannot be disabled after set.

Execute batch erase (chip erase)
command during on-board/off-board
programming (cannot be disabled during
self programming)
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21.7 Flash Memory Programming by Self Programming

The R7F0C30x, R7FOC31x support a self programming function that can be used to rewrite the flash memory via a
user program. Because this function allows a user application to rewrite the flash memory by using the R7FO0C30x,
R7FOC31x self programming library, it can be used to upgrade the program in the field.

If an interrupt occurs during self programming, self programming can be temporarily stopped and interrupt servicing can
be executed. If an unmasked interrupt request is generated in the El state, the request branches directly from the self
programming library to the interrupt routine. After the self programming mode is later restored, self programming can be
resumed. However, the interrupt response time is different from that of the normal operation mode.

Cautions 1. To prohibit an interrupt during self programming, in the same way as in the normal operation
mode, execute the self programming library in the state where the IE flag is cleared (0) by the DI
instruction. To enable an interrupt, clear (0) the interrupt mask flag to accept in the state where
the IE flag is set (1) by the El instruction, and then execute the self programming library.

2. The power supply voltage range in which the flash memory can be rewritten is 2.7 V< Voo < 5.5 V.

Remark For details of the self programming function and the self programming library, refer to “78KO0
Microcontrollers User’s Manual Self Programming Library Type 01 (U18274E)” and “78KO0
Microcontrollers Self Programming Library Type 01 Ver. 3.10 Operating Precautions (notification
document) (ZUD-CD-09-0122)”.
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21.7.1 Register controlling self programming mode

The self programming mode is controlled by the self programming mode control register (FPCTL).

FPCTL can be set by a 1-bit or 8-bit memory manipulation instruction.
Reset signal generation clears FPCTL to O0H.

Address: FF2BH

Symbol
FPCTL

Figure 21-8. Format of Self Programming Mode Control Register (FPCTL)

7

After reset: 00H R/W

6 5 4 3 2

<0>
0 0 0 0 0 0 FLMDPUP
Note
FLMDPUP Self programming mode control
Note
0 Normal operation mode

1

Self programming mode

Note The FLMDPUP bit must be set to 0 (normal operation mode) while the regular user program is being executed,
and set to 1 (self programming mode) while self programming is being executed. The flash memory rewrite

circuit does not operate in normal operation mode, so even though the firmware and software for rewriting will
work, no actual rewriting will take place.

21.7.2 Flow of self programming (Rewriting Flash Memory)

The following figure illustrates a flow of rewriting the flash memory by using a self programming library.
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Figure 21-9. Flow of Self Programming (Rewriting Flash Memory)

(Start of self programming)

¥

Setting FLMDPUP to 1

i

FlashStart

¥

Setting operating environment

¥

FlashEnv

i

CheckFLMD

i

FlashBlockBlankCheck

Normal completion? No
Yes
FlashBlockErase
3
FlashWordWrite
!
FlashBlockVerify
Normal completion? No
Yes
FlashBlockErase
i1
FlashWordWrite
!
FlashBlockVerify
Normal completion?
Yes

Normal <
completion

—
FlashEnd
¥
Clearing FLMDPUP to 0
¥

( End of self programming )

Remark For details of the self programming function and the self programming library, refer to “78KO0
Microcontrollers User’'s Manual Self Programming Library Type 01 (U18274E)” and “78KO0
Microcontrollers Self Programming Library Type 01 Ver. 3.10 Operating Precautions (notification
document) (ZUD-CD-09-0122)”.
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21.7.3 Boot swap function
If rewriting the boot area failed by temporary power failure or other reasons, restarting a program by resetting or

overwriting is disabled due to data destruction in the boot area.
The boot swap function is used to avoid this problem.

Before erasing boot cluster 0

Note

, Which is a boot program area, by self programming, write a new boot program to boot

cluster 1 in advance. When the program has been correctly written to boot cluster 1, swap this boot cluster 1 and boot
cluster 0 by using the set information function of the firmware of the R7FOC30x, R7FOC31x microcontrollers, so that boot
cluster 1 is used as a boot area. After that, erase or write the original boot program area, boot cluster 0.

As a result, even if a power failure occurs while the boot programming area is being rewritten, the program is executed

correctly because it is booted from boot cluster 1 to be swapped when the program is reset and started next.

Note A boot cluster is a 4 KB area and boot clusters 0 and 1 are swapped by the boot swap function.

Caution The products whose ROM size is 4 KB can not use the boot swap function.

XXXXH

User program
2000H

User program
1000H prog

Boot program
0000H | (boot cluster 0)

Self-programming
to boot cluster 1

—

Boot

Figure 21-10. Boot Swap Function

User program

New boot program
(boot cluster 1)

Boot program
(boot cluster 0)

In an example of above figure, it is as follows.
Boot cluster 0: Boot program area before boot swap

Boot cluster 1: Boot program area after boot swap

Execution of boot
swap by firmware

—

=,

Boot

User program

Boot program
(boot cluster 0)

New boot program
(boot cluster 1)

Self-programming
to boot cluster 0

-

< Boot

User program

New user program
(boot cluster 0)

New boot program
(boot cluster 1)

Boot:
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Block number

7
Boot 6
cluster 1 5
4
3
Boot 2
cluster 0 1
0

Program

Program

Program

Program 1000H

Boot program

Boot program

Boot program

Boot program | 0000H

Booted by boot cluster 0
Writing blocks 4 to 7

New boot program

New boot program
New boot program

New boot program

Boot program
Boot program
Boot program
Boot program

O=Nwhoo~N

Erasing block 6

O=NWhuoO~N

Boot program

New boot program
New boot program
New boot program

New boot program |:>

Figure 21-11. Example of Executing Boot Swapping

o

o)

Erasing block 4

Program
Program

Program

Boot program |:>

Boot program
Boot program
Boot program

O=Nwhuio~N

Boot swap

Boot program
Boot program
Boot program
Boot program
New boot program

New boot program
New boot program
New boot program

O=NWwWwhoo~N

Erasing block 5

O=Nwhuo~N

0000H

Booted by boot cluster 1
Writing blocks 4 to 7

Erasing block 7

O=Nwhuo~N

New boot program |:>

New boot program

New boot program

New boot program

O=NWhuioN

Program

Program

Boot program

Boot program

Boot program

Boot program

7
6
5
4
1000H
) 3
2
1
0

Erasing block 4

O=Nwhuio~N

Boot program

Boot program

Boot program

New boot program

New boot program

New boot program

New boot program

New program

New program

New program

New program

1000H

New boot program

New boot program

New boot program

New boot program| 0000H

Erasing block 6

Program

Boot program |:>

Boot program

Boot program

Boot program

Erasing block 5

7
6
5
4
) 3
2
1
0

Boot program

Boot program

New boot program

New boot program

New boot program

New boot program

Erasing block 7

O=Nwhoo~N

Boot program

Boot program

Boot program

Boot program
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CHAPTER 22 ON-CHIP DEBUG FUNCTION

22.1 Connecting QB-MINI2 to R7F0C30x, R7FOC31x

The R7FOC30x, R7FOC31x use the Vop, RESET, TOOLCO0/X1, TOOLDO0/X2, and Vss pins to communicate with the host
machine via an on-chip debug emulator (QB-MINI2).

Cautions 1. The R7F0C30x, R7F0C31x have 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.

2. When transitioning to STOP mode during on-chip debugging, oscillation of the internal high-speed
oscillator continues, but the on-chip debug operation is not affected.
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Figure 22-1. Connection Example of QB-MINI2 and R7F0C30x, R7F0C31x (1/2)

(1) When using the TOOLCO and TOOLDO pins (X1 oscillator or EXCLK input clock is not used, both debugging
and programming are performed)

Voo

Target connector Target device

%Sktowkﬁ Voo
L

ﬁum 1
l TOOLDO(X2)""*

GND
RESET_OUT
RxD

Voo

w [N | =

<

TxD
R.FU.
R.FU. |
R.FU. |

CLKNete2

Tk 1 ;

R.F.U.

R.FU. |
FLMD1

;

—_
w

10 kQ"**

% 10 KQ"*e®

Voo

1 KQNee®

TOOLCO(X1)"**

Notes 1.

= ;|7'

Note 5

DATA

FLMDO
RESET_IN""**

—_
E>

I

Reset connector

L RESET

—_
()]

;

R.F.U.

If there are capacitance elements such as capacitors, on-chip debugging might not operate normally.

. Aclock signal provided on the 78K0-OCD board, a 4 or 8 MHz clock signal generated in QB-MINI2, or the clock

signal generated by the internal high-speed oscillator of the device can be used for the clock signal of the target
device during on-chip debugging.

Only the internal high-speed oscillator of the device can be used during flash programming.

During on-chip debugging, the settings specified by the user program are ignored, because these pins are used
as pins dedicated to on-chip debugging. However, if the pins are specified as input pins, the pins must be
processed (because they are left open when QB-MINI2 is not connected.)

This is the processing for the pin that is unused (the input is left open) when the target device operates (when
QB-MINI2 is not connected). (This processing is not required if an oscillator circuit is used.)

This connection is designed assuming that the reset signal is output from the N-ch open-drain buffer (output
resistance: 100 Q or less).
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Figure 22-1. Connection Example of QB-MINI2 and R7F0C30x, R7F0C31x (2/2)

(2) When using the TOOLCO and TOOLDO pins (with X1/X2 oscillator is used, both debugging and
programming are performed)

Notes 1.
2.

Voo

Target connector Target device
GND 1 Voo
2 7 __
RESET_OUT 2 @ RESET"¢!
RxD 3 v 9 Q== TOOLDO(X2)""*3
i o
Voo s Note 5
TXD fr— . -
RFU. 6%( i IE%E
R.F.U. 7%( 1= ;'i
R.F.U. HB _______ B
cLitee2 L2 @t TOOLCO(X1)"*?
R.F.U. %( %10 Lo
R.FU. %( Voo
FLMDL %( GND
DATA 1kt ;|7'
FLMDO #( Reset connector*®*
RESET_INNt* 15 ® RESET
R.FU. %{

If there are capacitance elements such as capacitors, on-chip debugging might not operate normally.

A clock signal provided on the 78K0-OCD board, a 4 or 8 MHz clock signal generated in QB-MINI2, or the clock
signal generated by the internal high-speed oscillator of the device can be used for the clock signal of the target
device during on-chip debugging.

Only the internal high-speed oscillator of the device can be used during flash programming.

During on-chip debugging, the settings specified by the user program are ignored, because these pins are used
as pins dedicated to on-chip debugging. However, if the pins are specified as input pins, the pins must be
processed (because they are left open when QB-MINI2 is not connected.)

This connection is designed assuming that the reset signal is output from the N-ch open-drain buffer (output
resistance: 100 Q or less). For details, refer to 4.1.3 Connection of reset pin of QB-MINI2 On-Chip Debug
Emulator with Programming Function (18371E).

Never connect an oscillation circuit to the 78K0-OCD board during on-chip debugging and flash programming.
To prevent an oscillation circuit from not oscillating due to wiring capacitance when the target device operates
(when QB-MINI2 is not connected), also consider countermeasures such as disconnecting the oscillation circuit
from the target connectors by setting the jumpers.

A program that was downloaded using the debugger does not operate when QB-MINI2 is not connected.

Caution The bold lines in the figure (TOOLDO and TOOLCO0) must be designed so that the device pins are less

than 30 mm from the QB-MINI2 connectors or the paths must be shielded by connecting them to GND.
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22.2 On-Chip Debug Security ID

The R7F0C30x, R7FOC31x have an on-chip debug operation control bit in the flash memory at 0084H (refer to
CHAPTER 20 OPTION BYTE) and an on-chip debug security ID setting area at 0085H to 008EH, to prevent third parties

from reading memory content.

When the boot swap function is used, also set a value that is the same as that of 1084H and 1085H to 108EH in

advance, because 0084H, 0085H to 008EH and 1083H, and 1085H to 108EH are switched.

For details on the on-chip debug security ID, refer to the QB-MINI2 On-Chip Debug Emulator with Programming

Function User’s Manual (U18371E).

Table 22-1. On-Chip Debug Security ID

Address

On-Chip Debug Security ID

0085H to 008EH

1085H to 108EH

Any ID code of 10 bytes

RO1UHO389EJ0120 Rev.1.20
Oct 09, 2014

RENESAS

406



R7FOC30x, R7FOC31x CHAPTER 22 ON-CHIP DEBUG FUNCTION

22.3 Securing of User Resources

QB-MINI2 uses the user memory spaces (shaded portions in Figure 22-2) to implement communication with the target
device, or each debug functions. The areas marked with a dot (¢) are always used for debugging, and other areas are
used for each debug function used.

These areas can be secured by using user programs or the linker option.

For details on the securing of these areas, refer to the QB-MINI2 On-Chip Debug Emulator with Programming
Function User’s Manual (U18371E).

Figure 22-2. Reserved Area Used by QB-MINI2

Internal ROM space Internal RAM space
. 9 bytes (max.) Stack area for debugging
290H
28FH
128 bytes Pseudo RRM area
18FH
18EH
256 bytes Debug monitor area
8FH
8EH
. 10 bytes Security ID area

85H

84H . 1 byte Option byte area

7FH 2 bt

7EH e Software break area

03H

02H @ 2vytes Debug monitor area

. : Area that must be reserved

O00H
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CHAPTER 23 INSTRUCTION SET

This chapter lists each instruction set of the R7FOC30x, R7FOC31x in table form. For details of each operation and
operation code, refer to the separate document 78K/0 Series Instructions User’s Manual (U12326E).

23.1 Conventions Used in Operation List

23.1.1 Operand identifiers and specification methods

Operands are written in the “Operand” column of each instruction in accordance with the specification method of the
instruction operand identifier (refer to the assembler specifications for details). When there are two or more methods,
select one of them. Uppercase letters and the symbols #, !, $ and [ ] are keywords and must be written as they are. Each
symbol has the following meaning.

o #: Immediate data specification
e |1 Absolute address specification
e $: Relative address specification

[1I: Indirect address specification

In the case of immediate data, describe an appropriate numeric value or a label. When using a label, be sure to write
the #, !, $, and [ ] symbols.

For operand register identifiers r and rp, either function names (X, A, C, etc.) or absolute names (names in parentheses
in the table below, RO, R1, R2, etc.) can be used for specification.

Table 23-1. Operand Identifiers and Specification Methods

Identifier Specification Method
r X (R0), A (R1), C (R2), B (R3), E (R4), D (R5), L (R6), H (R7)
p AX (RP0), BC (RP1), DE (RP2), HL (RP3)
sfr Special function register symbol"*
sfrp Special function register symbol (16-bit manipulatable register even addresses only)""*
saddr FE20H to FF1FH Immediate data or labels
saddrp FE20H to FF1FH Immediate data or labels (even address only)
addr16 0000H to FFFFH Immediate data or labels

(Only even addresses for 16-bit data transfer instructions)

addr11 0800H to OFFFH Immediate data or labels
addr5 0040H to 007FH Immediate data or labels (even address only)
word 16-bit immediate data or label
byte 8-bit immediate data or label
bit 3-bit immediate data or label
RBn RBO to RB3

Note Addresses from FFDOH to FFDFH cannot be accessed with these operands.

Remark For special function register symbols, refer to Table 3-6 Special Function Register List.
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23.1.2 Description of operation column

PSW:
CY:
AC:

RBS:
IE:

()

XH, XL:
Al

Vi

M

A register; 8-bit accumulator

X register

B register

C register

D register

E register

H register

L register

AX register pair; 16-bit accumulator
BC register pair

DE register pair

HL register pair

Program counter

Stack pointer

Program status word

Carry flag

Auxiliary carry flag

Zero flag

Register bank select flag

Interrupt request enable flag
Memory contents indicated by address or register contents in parentheses
Higher 8 bits and lower 8 bits of 16-bit register
Logical product (AND)

Logical sum (OR)

Exclusive logical sum (exclusive OR)
Inverted data

addr16: 16-bit immediate data or label

jdisp8:

Signed 8-bit data (displacement value)

23.1.3 Description of flag operation column
(Blank): Not affected

0: Cleared to 0
1: Setto 1
Xt Set/cleared according to the result
R: Previously saved value is restored
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23.2 Operation List
Instruction Mnemonic Operands Bytes Clocks Operation Flag
Group Note 1 | Note 2 Z ACCY
8-bit data MOV r, #byte 2 4 - r < byte
transfer saddr, #byte 3 6 7  |(saddr) « byte
sfr, #byte 3 - 7 sfr < byte
Ar Nete3 | 2 - |A<«r
r,A Rt 2 - |reA
A, saddr 2 4 5 A « (saddr)
saddr, A 2 4 5 (saddr) « A
A, sfr 2 - 5 A « sfr
sfr, A 2 - 5 sfr« A
A, laddr16 3 8 9 A <« (addr16)
laddr16, A 3 8 9 (addr16) « A
PSW, #byte 3 - 7 PSW « byte X x X
A, PSW 2 - 5 A« PSW
PSW, A 2 - 5 PSW « A X X X
A, [DE] 1 4 5 A « (DE)
[DE], A 1 4 5 (DE) « A
A, [HL] 1 4 5 A « (HL)
[HL], A 1 4 5 (HL) « A
A, [HL + byte] 2 8 9 |A« (HL + byte)
[HL + byte], A 2 8 9 (HL + byte) « A
A, [HL + B] 1 6 7 |A<(HL+B)
[HL + B, A 1 6 7 |(HL+B)« A
A, [HL +C] 1 6 7 |A<(HL+0)
[HL + C], A 1 6 7 |(HL+C)« A
XCH Ar Neted | 2 - |Aeor
A, saddr 2 4 6 A < (saddr)
A, sfr 2 - 6 A < (sfr)
A, laddr16 3 8 10 |A < (addri6)
A, [DE] 1 4 6 |A< (DE)
A, [HL] 1 4 A o (HL)
A, [HL + byte] 2 8 10 |A o (HL + byte)
A, [HL + B] 2 8 10 |Ao (HL+B)
A, [HL + C] 2 8 10 |Ao (HL+C)
Notes 1. When the internal high-speed RAM area is accessed or for an instruction with no data access

2. When an area except the internal high-speed RAM area is accessed
3. Exceptr=A”

Remarks 1. One instruction clock cycle is one cycle of the CPU clock (fcru) selected by the processor clock control
register (PCC).
2. This clock cycle applies to the internal ROM program.
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Instruction Mnemonic Operands Bytes Clocks Operation Flag
Group Note 1 | Note 2 Z ACCY
16-bit data | MOVW rp, #word 3 6 - rp < word
transfer saddrp, #word 4 8 10 | (saddrp) « word
sfrp, #word 4 - 10 |sfrp < word
AX, saddrp 2 8 AX « (saddrp)
saddrp, AX 2 8 (saddrp) <« AX
AX, sfrp 2 - 8 AX « sfrp
sfrp, AX 2 - 8 sfrp < AX
AX, rp R 4 - |AX<«<1p
p, AX noes | o 4 - |rp <« AX
AX, laddr16 3 10 12 |AX « (addr16)
laddr16, AX 3 10 12 |(addr16) « AX
XCHW AX, rp Nowes | 4 - |AXormp
8-bit ADD A, #byte 2 4 - |A,CY « A +byte X X X
operation saddr, #byte 3 6 8 |[(saddr), CY « (saddr) + byte X X X
Ar sl 2 4 - |ACY<«<A+r X X X
r, A 2 4 - LCY<«r+A X X X
A, saddr 2 4 5 A, CY « A + (saddr) X X X
A, laddr16 3 8 9 |A CY « A+ (addri6) X x X
A, [HL] 1 4 5 |A CY« A+(HL) X X X
A, [HL + byte] 2 8 9 A, CY « A + (HL + byte) X X X
A, [HL + B] 2 8 9 |[ACY«A+(HL+B) X X X
A, [HL + C] 2 8 9 |ACY«<A+(HL+C) X X X
ADDC A, #byte 2 4 - A, CY « A + byte + CY X X X
saddr, #byte 3 6 8 (saddr), CY « (saddr) + byte + CY X X X
Ar Noes | 2 4 - |A,CY<«<A+r+CY X X X
r, A 2 4 - r,CY«r+A+CY X x X
A, saddr 2 4 5 A, CY « A + (saddr) + CY X X X
A, laddr16 3 8 9 A, CY « A + (addr16) + C X X X
A, [HL] 1 4 5 |A,CY <« A+ (HL)+CY X X X
A, [HL + byte] 2 8 9 A, CY « A+ (HL + byte) + CY X X X
A, [HL + B] 2 8 9 |ACY«A+(HL+B)+CY X X X
A, [HL + C] 2 8 9 |ACY«<A+(HL+C)+CY X x X
Notes 1. When the internal high-speed RAM area is accessed or for an instruction with no data access

2. When an area except the internal high-speed RAM area is accessed

Only when rp = BC, DE or HL

4. Exceptr=A”

Remarks 1. One instruction clock cycle is one cycle of the CPU clock (fcru) selected by the processor clock control

register (PCC).

2. This clock cycle applies to the internal ROM program.
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Instruction Mnemonic Operands Bytes Clocks Operation Flag
Group Note 1 | Note 2 Z ACCY
8-bit sSuB A, #byte 2 4 - |A CY « A-byte X X X
operation saddr, #byte 3 6 8 |(saddr), CY « (saddr) — byte X X X
Ar sl 2 4 - |ACY«A-r X X X
r, A 2 4 - LCY<«r-A X X X
A, saddr 2 4 5 A, CY « A — (saddr) X X X
A, laddr16 3 8 9 |A CY <« A—(addri6) X x X
A, [HL] 1 4 5 |A CY«A-(HL) X X X
A, [HL + byte] 2 8 9 |A CY <« A—(HL +byte) X X X
A, [HL + B] 2 8 9 |ACY«A-(HL+B) X X X
A, [HL + C] 2 8 9 |ACY«<A-(HL+C) X X X
SUBC A, #byte 2 4 - |A,CY <« A-byte-CY X X X
saddr, #byte 3 6 8 (saddr), CY « (saddr) — byte — CY X X X
Ar Nees | 2 4 - |A,CY«<A-r-CY X X X
r, A 2 4 - r,CY«r-A-CY X x X
A, saddr 2 4 5 A, CY « A — (saddr) - CY X X X
A, laddr16 3 8 9 |A CY <« A-(addri6) - CY X X X
A, [HL] 1 4 5 |A,CY«A-(HL)-CY X X X
A, [HL + byte] 2 8 9 |A CY« A-(HL +byte) - CY X x X
A, [HL + B] 2 8 9 |ACY«A-(HL+B)-CY X X X
A, [HL +C] 2 8 9 |ACY«A-HL+C)-CY X x X
AND A, #byte 2 4 - |A«< Anbyte x
saddr, #byte 3 6 8 (saddr) « (saddr) A byte x
Ar Nees | 2 4 - |A<Anr x
r, A 2 4 - rerahA X
A, saddr 2 4 5 A < A A (saddr) X
A, laddr16 3 8 9 |A<« AAa(addri6) x
A, [HL] 1 4 5 |[A«<AA(HL) x
A, [HL + byte] 2 8 9 |A<« AA(HL +byte) x
A, [HL + B] 2 8 9 |A<AAHL+B) x
A, [HL + C] 2 8 9 |A<~AAHL+C) x
Notes 1. When the internal high-speed RAM area is accessed or for an instruction with no data access

2. When an area except the internal high-speed RAM area is accessed
3. Exceptr=A"

Remarks 1. One instruction clock cycle is one cycle of the CPU clock (fcru) selected by the processor clock control
register (PCC).
2. This clock cycle applies to the internal ROM program.
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Instruction Mnemonic Operands Bytes Clocks Operation Flag
Group Note 1 | Note 2 Z ACCY
8-bit OR A, #byte 2 4 - |A«Avhbyte x
operation saddr, #byte 3 6 8 |[(saddr) « (saddr) v byte x
Ar sl 2 4 - |A<Avr x
r, A 2 4 - rrvA x
A, saddr 2 4 5 A < A v (saddr) x
A, laddr16 3 8 9 A« A v (addr16) X
A, [HL] 1 4 5 |A«Av(HL) x
A, [HL + byte] 2 8 9 |A« Av(HL +byte) x
A, [HL + B] 2 8 9 |A<AvV(HL+B) x
A, [HL + C] 2 8 9 |A<Av(HL+C) x
XOR A, #byte 2 4 - A <« A~ byte x
saddr, #byte 3 6 8 (saddr) « (saddr) v byte x
Ar Nees | 2 4 - A—Axr x
r, A 2 4 - rerxA x
A, saddr 2 4 5 A < A~ (saddr) x
A, laddr16 3 8 9 A <« A~ (addr16) x
A, [HL] 1 4 5 |A<« Aw(HL) x
A, [HL + byte] 2 8 9 |A<« Awv(HL + byte) x
A, [HL + B] 2 8 9 |A«Aw(HL+B) x
A, [HL + C] 2 8 9 |A<Av(HL+C) x
CMP A, #byte 2 4 - A — byte X x X
saddr, #byte 3 6 8 (saddr) — byte X X X
Ar Nte3 | o 4 - A-r X X X
r, A 2 4 - r—A X X X
A, saddr 2 4 5 A — (saddr) X X X
A, laddr16 3 8 9 A — (addr16) X X X
A, [HL] 1 4 5 |A-(HL) X X x
A, [HL + byte] 2 8 9 |A-(HL + byte) X X x
A, [HL + B] 2 8 9 A - (HL + B) X X X
A, [HL + C] 2 8 9 |A-(HL+C) x x x
Notes 1. When the internal high-speed RAM area is accessed or for an instruction with no data access
2. When an area except the internal high-speed RAM area is accessed
3. Exceptr=A"

Remarks 1. One instruction clock cycle is one cycle of the CPU clock (fcru) selected by the processor clock control
register (PCC).
2. This clock cycle applies to the internal ROM program.

RO1UH0389EJ0120 Rev.1.20
Oct 09, 2014

RENESAS

413



R7FOC30x, R7FOC31x CHAPTER 23 INSTRUCTION SET
Instruction Mnemonic Operands Bytes Clocks Operation Flag
Group Note 1 | Note 2 Z ACCY
16-bit ADDW AX, #word 3 6 - AX, CY « AX + word X X X
operation | sUBW AX, #word 3 6 - |AX, CY « AX - word X X X
CMPW AX, #word 3 6 - AX — word X X X
Multiply/ MULU X 2 16 - AX«— AxX
divide DIVUW o} 2 25 — | AX (Quotient), C (Remainder) «— AX = C
Increment/ [INC r 1 2 - rer+1 X %
decrement saddr 2 4 6 |(saddr) « (saddr) + 1 X x
DEC r 1 2 - rer-1 X %
saddr 2 4 6 (saddr) « (saddr) — 1 X X
INCW p 1 4 - p<«rp+1
DECW rp 1 4 - mp«rp-1
Rotate ROR A1 1 2 - (CY, A7 < Ao, Am-1 <« Am) x 1 time x
ROL A1 1 2 —  |(CY, Ao« A7, Am+1 < Am) x 1 time x
RORC A1 1 2 - (CY « Ao, A7 < CY, An-1« Am) x 1 time x
ROLC A1 1 2 - (CY < A7, Ao <~ CY, Am+1 < Am) x 1 time x
ROR4 [HL] 2 10 12 [As-0« (HL)s-o, (HL)7-4 « As-o,
(HL)3-0 « (HL)7-4
ROL4 [HL] 2 10 12 [As-o0« (HL)7-4, (HL)3-0 < As-o,
(HL)7-4 < (HL)3-o0
BCD ADJBA 2 - Decimal Adjust Accumulator after Addition | x x x
adjustment | ApJBS 2 — | Decimal Adjust Accumulator after Subtract | x x x
Bit MOV1 CY, saddr.bit 3 7 CY « (saddr.bit) x
manipulate CY, sfr.bit 3 - 7 |CY « sfr.bit x
CY, A.bit 2 4 - CY « A.bit X
CY, PSW.bit 3 - 7 | CY « PSW.bit x
CY, [HL].bit 2 6 7 | CY « (HL).bit x
saddr.bit, CY 3 8 (saddr.bit) <« CY
sfr.bit, CY 3 - 8 sfr.bit « CY
A.bit, CY 2 4 - A.bit « CY
PSW.bit, CY 3 - 8 |PSW.bit < CY X x
[HL].bit, CY 2 6 8 (HL).bit < CY
Notes 1. When the internal high-speed RAM area is accessed or for an instruction with no data access

2. When an area except the internal high-speed RAM area is accessed

Remarks 1. One instruction clock cycle is one cycle of the CPU clock (fcru) selected by the processor clock control

register (PCC).

2. This clock cycle applies to the internal ROM program.
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Instruction Mnemonic Operands Bytes Clocks Operation Flag
Group Note 1 | Note 2 Z ACCY
Bit AND1 CY, saddr.bit 3 6 7 CY « CY A (saddr.bit) X
manipulate CY, sfr.bit 3 - 7 | CY « CY A sfrbit x
CY, A.bit 2 4 - CY « CY A A.bit X
CY, PSW.bit 3 - 7 CY « CY A PSW.bit X
CY, [HL].bit 2 6 7 CY « CY A (HL).bit X
OR1 CY, saddr.bit 3 7 CY « CY v (saddr.bit) x
CY, sfr.bit 3 - 7 CY « CY v sfr.bit x
CY, A.bit 2 4 - CY « CY v A.bit X
CY, PSW.bit 3 - 7 CY « CY v PSW.bit X
CY, [HL].bit 2 7 CY « CY v (HL).bit X
XOR1 CY, saddr.bit 3 6 7 | CY « CY ~ (saddr.bit) x
CY, sfr.bit 3 - 7 CY « CY « sfr.bit x
CY, A.bit 2 4 - CY « CY ~ A.bit X
CY, PSW. bit 3 - 7 CY « CY & PSW.bit X
CY, [HL].bit 2 7 CY « CY ~ (HL).bit X
SET1 saddr.bit 2 4 6 (saddr.bit) « 1
sfr.bit 3 - 8 sfr.bit « 1
A.bit 2 4 - A.bit « 1
PSW.bit 2 - 6 PSW.bit « 1 X X X
[HL].bit 2 8 | (HL).bit « 1
CLR1 saddr.bit 2 6 (saddr.bit) < 0
sfr.bit 3 - 8 sfr.bit < 0
A.bit 2 4 - A.bit <0
PSW.bit 2 - 6 PSW.bit «- 0 X X X
[HL].bit 2 6 8 |(HL).bit« 0
SET1 CcY 1 2 - CY «1 1
CLR1 CcY 1 2 - CY«O0 0
NOT1 cY 1 2 - |cy«oy x
Notes 1. When the internal high-speed RAM area is accessed or for an instruction with no data access

2. When an area except the internal high-speed RAM area is accessed

Remarks 1. One instruction clock cycle is one cycle of the CPU clock (fcru) selected by the processor clock control
register (PCC).
2. This clock cycle applies to the internal ROM program.
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Instruction . Clocks . Flag
Mnemonic Operands Bytes Operation
Group Note 1 | Note 2 Z ACCY
Call/return | CALL laddr16 3 7 - (SP — 1) « (PC + 3)n, (SP — 2) «— (PC + 3).,

PC « addr16, SP «- SP -2

CALLF laddr11 2 5 - (SP — 1) « (PC + 2)n, (SP — 2) «— (PC + 2).,
PCis5-11 <~ 00001, PC10-0 « addrii,
SP«SP-2

CALLT [addr5] 1 6 - (SP —1) « (PC + 1)1, (SP — 2) «— (PC + 1),
PCH « (addr5 + 1), PCL « (addr5),
SP <SP -2

BRK 1 6 - (SP — 1) « PSW, (SP - 2) « (PC + 1),

(SP - 3) < (PC + 1), PCh < (003FH),
PCL < (003EH), SP <~ SP - 3, IE < 0

RET 1 6 —  |PCh <« (SP + 1), PCL < (SP),
SP « SP +2
RETI 1 6 ~  |PCh« (SP + 1), PCL « (SP), R R R
PSW « (SP +2),SP < SP + 3
RETB 1 6 —  |PCh<« (SP + 1), PCL <« (SP), R R R
PSW « (SP +2), SP « SP + 3
Stack PUSH PSW 1 2 - (SP—1) « PSW, SP « SP -1
manipulate ) 1 4 - [(SP=1) < rpn, (SP - 2) « rpL,
SP « SP-2
POP PSW 1 2 - PSW « (SP), SP < SP +1 R R R
p 1 - rpH < (SP + 1), rpL « (SP),
SP <SP +2
MOovw SP, #word 4 - 10 |SP « word
SP, AX 2 - 8 SP « AX
AX, SP 2 - AX « SP
Unconditional| BR laddr16 3 6 - PC « addr16
branch $addri6 2 6 - |PC« PC+2+jdisp8
AX 2 8 - PCH « A, PCL« X
Conditional |BC $addr16 2 6 - PC « PC + 2 +jdisp8 if CY =1
branch BNC $addri6 2 6 - |PC« PC+2+jdisp8if CY =0
Bz $addr16 2 6 - PC < PC +2 +jdisp8if Z=1
BNZ $addr16 2 6 - PC« PC+2 +jdisp8ifZ=0

Notes 1. When the internal high-speed RAM area is accessed or for an instruction with no data access
2. When an area except the internal high-speed RAM area is accessed

Remarks 1. One instruction clock cycle is one cycle of the CPU clock (fcru) selected by the processor clock control
register (PCC).
2. This clock cycle applies to the internal ROM program.
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Instruction Mnemonic Operands Bytes Clocks Operation Flag
Group Note 1 | Note 2 Z ACCY
Conditional | BT saddr.bit, $addr16 3 8 9 PC « PC + 3 + jdisp8 if (saddr.bit) = 1
branch sfr.bit, $addr16 4 - 11 |PC « PC + 4 + jdisp8 if sfr.bit = 1
A.bit, $addr16 3 8 - PC « PC + 3 + jdisp8 if A.bit =1
PSW.bit, $addr16 3 - 9 PC « PC + 3 + jdisp8 if PSW.bit = 1
[HL].bit, $addr16 3 10 11 PC « PC + 3 + jdisp8 if (HL).bit = 1
BF saddr.bit, $addr16 4 10 11 |PC « PC + 4 + jdisp8 if (saddr.bit) = 0
sfr.bit, $addr16 4 - 11 |PC « PC + 4 + jdisp8 if sfr.bit=0
A.bit, $addr16 3 8 - PC « PC + 3 + jdisp8 if A.bit=0
PSW.bit, $addr16 4 - 11 PC « PC + 4 + jdisp8 if PSW. bit = 0
[HL].bit, $addr16 3 10 11 PC « PC + 3 + jdisp8 if (HL).bit =0
BTCLR saddr.bit, $addr16 4 10 12 |PC « PC + 4 + jdisp8 if (saddr.bit) = 1

then reset (saddr.bit)

sfr.bit, $addr16 4 - 12 |PC « PC + 4 + disp8 if sfr.bit = 1
then reset sfr.bit
A.bit, $addr16 3 8 - PC « PC + 3 + jdisp8 if A.bit =1
then reset A.bit
PSW.bit, $addr16 4 - 12 |PC « PC + 4 + jdisp8 if PSW.bit = 1 x x X
then reset PSW.bit
[HL].bit, $addr16 3 10 12 |PC « PC + 3 + jdisp8 if (HL).bit = 1
then reset (HL).bit
DBNZ B, $addr16 2 6 - B« B -1, then
PC <« PC +2 +jdisp8if B=0
C, $addr16 2 6 - C « C -1, then
PC < PC +2 +jdisp8if C=0
saddr, $addr16 3 8 10 |(saddr) « (saddr) — 1, then
PC « PC + 3 + jdisp8 if (saddr) = 0
CPU SEL RBn 2 4 - RBS1,0«n
control NOP 1 2 — | No Operation
El 2 - 6 |IE < 1 (Enable Interrupt)
DI 2 - 6 |IE < 0 (Disable Interrupt)
HALT 2 — | Set HALT Mode
STOP 2 - Set STOP Mode

Notes 1. When the internal high-speed RAM area is accessed or for an instruction with no data access
2. When an area except the internal high-speed RAM area is accessed

Remarks 1. One instruction clock cycle is one cycle of the CPU clock (fcru) selected by the processor clock control
register (PCC).
2. This clock cycle applies to the internal ROM program.
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23.3 Instructions Listed by Addressing Type

(1) 8-bit instructions
MOV, XCH, ADD, ADDC, SUB, SUBC, AND, OR, XOR, CMP, MULU, DIVUW, INC, DEC, ROR, ROL, RORC, ROLC,
ROR4, ROL4, PUSH, POP, DBNZ

Second Operand | #byte A i sfr saddr |laddri6| PSW [DE] [HL] |[HL+byte]| $addri6 1 None
[HL + B]
First Operand [HL + C]
A ADD MOV |MOV |[MOV |MOV |[MOV |MOV [MOV |MOV ROR
ADDC XCH |XCH [XCH |XCH XCH |XCH |[XCH ROL
SuB ADD ADD |ADD ADD |ADD RORC
SUBC ADDC ADDC [ADDC ADDC [ADDC ROLC
AND SuB SUB |SUB SUB |SUB
OR SUBC SUBC |SUBC SUBC |SUBC
XOR AND AND |[AND AND |[AND
CMP OR OR OR OR OR
XOR XOR |XOR XOR | XOR
CMP CMP |CMP CMP |CMP
r MOV | MOV INC
ADD DEC
ADDC
SuB
SUBC
AND
OR
XOR
CMP
B, C DBNZ
sfr MOV | MOV
saddr MOV | MOV DBNZ INC
ADD DEC
ADDC
SuB
SUBC
AND
OR
XOR
CMP
laddr16 MOV
PSW MOV | MOV PUSH
POP
[DE] MOV
[HL] MOV ROR4
ROL4
[HL + byte] MOV
[HL + B]
[HL + C]
N MULU
C DIVUW

Note Except “r=A"
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(2) 16-bit instructions
MOVW, XCHW, ADDW, SUBW, CMPW, PUSH, POP, INCW, DECW
Second Operand #word AX rp sfrp saddrp laddr16 SP None
First Operand
AX ADDW MOVW MOVW MOVW MOVW MOVW
SuBw XCHW
CMPW
rp MOVW MOVW"* INCW
DECW
PUSH
POP
sfrp MOVW MOVW
saddrp MOVW MOVW
laddr16 MOVW
SP MOVW MOVW
Note Only when rp = BC, DE, HL
(3) Bit manipulation instructions
MOV1, AND1, OR1, XOR1, SET1, CLR1, NOT1, BT, BF, BTCLR
Second Operand A.bit sfr.bit saddr.bit PSW.bit [HL].bit CcY $addr16 None
First Operand
A.bit MOVA1 BT SET1
BF CLR1
BTCLR
sfr.bit MOVA BT SETH
BF CLR1
BTCLR
saddr.bit MOVA1 BT SET1
BF CLR1
BTCLR
PSW.bit MOVA BT SETH
BF CLR1
BTCLR
[HL].bit MOVA BT SETH
BF CLR1
BTCLR
cY MOVA MOVA MOVA MOVA MOVA SETH
AND1 AND1 AND1 AND1 AND1 CLR1
OR1 OR1 OR1 OR1 OR1 NOT1
XOR1 XOR1 XOR1 XOR1 XOR1
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(4) Call instructions/branch instructions

CALL, CALLF, CALLT, BR, BC, BNC, BZ, BNZ, BT, BF, BTCLR, DBNZ

Second Operand

First Operand

AX

laddr16

laddr11

[addr5]

$addr16

Basic instruction

BR

CALL
BR

CALLF

CALLT

BR
BC
BNC
BZ
BNZ

Compound
instruction

BT

BF
BTCLR
DBNZ

(5) Other instructions

ADJBA, ADJBS, BRK, RET, RETI, RETB, SEL, NOP, El, DI, HALT, STOP
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CHAPTER 24 ELECTRICAL SPECIFICATIONS

Cautions 1. The R7F0C30x, R7F0C31x microcontrollers have 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.

2. The pins mounted depend on the product as follows.

(1) Port functions

Port 16-pin 20-pin
Port 2 P20 to P22, P25 to P27 P20 to P27
Port 3 P30 to P32 P30 to P34
Port 12 P121, P122, P125 P121, P122, P125

(2) Non-port functions

Function 16-pin 20-pin

Power supply, Vop, Vss, AVRer
ground
Regulator REGC
Reset RESET
Clock oscillation | EXCLK
Interrupt INTPO, INTP1
= TMO0O0 TI000, TI010, TO0O
iqé TM51 TI51

TMH1 TOHA1
A/D converter ANIO to ANI2, ANI5 to ANI7 ‘ ANIO to ANI7
Operational AMPO+, AMPO-, AMPOOUT, AMP1+, AMP1-, AMP10OUT
amplifier"*
Comparator™® | CMPCOM, CMPIN ‘ CMPCOM, CMPIN, CMPOUT

On-chip debug
function

TOOLCO, COOLDO

Note R7FO0C303x, R7F0C304x, R7F0C305x, R7FOC309x, R7FOC310x, and R7FO0C311x (products with operational
amplifier/comparator) only
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Absolute Maximum Ratings (Ta = 25°C) (1/2)

Parameter Symbols Conditions Ratings Unit
Supply voltage Vob -0.5t0+6.5
Vss -0.5t0+0.3 \Y
AVrer -0.5to Voo + 0.3 "' Vv
REGC pin input voltage | Vireac -0.5t0+ 3.6 \
e and —0.5 to Voo
Input voltage Vit P30 to P34, P121, P122, P125, X1, X2, RESET ~0.3 to Voo + 0.3 ™"
Vi P20 to P27 -0.3 to AVRer + 0.3 ™'
and -0.3 to Voo + 0.3 "'
Output voltage Vor P30 to P34, P121, P122 —0.3to Voo + 0.3 "' v
Vo2 P20 to P27 —-0.3 to AVREF + 0.3 \Y
Notes 1. Mustbe 6.5V or lower.

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

This value regulates the absolute

maximum rating of the REGC pin. Do not use this pin with voltage applied to it.

Caution

Product quality may suffer if the absolute maximum rating is exceeded even momentarily for any

parameter. That is, the absolute maximum ratings are rated values at which the product is on the
verge of suffering physical damage, and therefore the product must be used under conditions that

ensure that the absolute maximum ratings are not exceeded.

Remark

Unless specified otherwise, the characteristics of alternate-function pins are the same as those of port pins.
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Absolute Maximum Ratings (Ta = 25°C) (2/2)

Parameter Symbols Conditions Ratings Unit

Output current, high low1 Per pin P31 to P34 -10 mA

Total of all pins -25 mA

loHz2 Per pin P30 -10 mA

Total of all pins -10 mA

loHs Per pin P20 to P27 -0.5 mA

Total of all pins -2 mA

loHa Per pin P121, P122 -1 mA

Total of all pins -4 mA

Output current, low loL1 Per pin P31 to P34 30 mA

Total of all pins 55 mA

loL2 Per pin P30 30 mA

Total of all pins 30 mA

los Per pin P20 to P27 1 mA

Total of all pins 5 mA

loHa Per pin P121, P122 4 mA

Total of all pins 10 mA

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

Storage temperature Tstg —65 to +150 °C

Cautions 1. Product quality may suffer if the absolute maximum rating is exceeded even momentarily for any
parameter. That is, the absolute maximum ratings are rated values at which the product is on the
verge of suffering physical damage, and therefore the product must be used under conditions

that ensure that the absolute maximum ratings are not exceeded.
. The value of the current that can be run per pin must satisfy the value of the current per pin and

the total value of the currents of all pins.

Remark Unless specified otherwise, the characteristics of alternate-function pins are the same as those of port pins.
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X1 Oscillator Characteristics
(TA=-40to +85°C, 1.8V <Vpbp <5.5V, Vss =0 V)

Resonator | Recommended Circuit Parameter Conditions MIN. TYP. MAX. Unit
Ceramic | X1 clock 27V <Vop<55V 1.0 10.0 MHz
resonator, YSS X1 X2; oscillation
crystal : frequency (fx)"°
resonator : 110
(| C1ip C2T 1.8V<Vop<55V 1.0 5.0 MHz
.4 ______________________
ez

Note Indicates only oscillator characteristics. Refer to AC Characteristics for instruction execution time.

Cautions 1.

When using the X1 oscillator, wire as follows in the area enclosed by the broken lines in the above
figures 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.

Since the CPU is started by the internal high-speed oscillation clock after a reset release, check the
X1 clock oscillation stabilization time using the oscillation stabilization time counter status register
(OSTC) by the user. Determine the oscillation stabilization time of the OSTC register and oscillation
stabilization time select register (OSTS) after sufficiently evaluating the oscillation stabilization time

with the resonator to be used.

Remark For the resonator selection and oscillator constant, customers are requested to either evaluate the oscillation

themselves or apply to the resonator manufacturer for evaluation.
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R7F0C30x, R7TFOC31x CHAPTER 24 ELECTRICAL SPECIFICATIONS

Internal High-speed Oscillator Characteristics
(TA=-40to +85°C, 1.8V <Vpbp <5.5V, Vss =0 V)

Resonator Parameter Conditions MIN. | TYP. | MAX. | Unit
Internal high-speed | Oscillation frequency | RSTS =1 | Package | Ta=-20to +70°C (+2%) | 7.84 8 8.16 | MHz
oscillator (fin = 8 MHz) " SSOP | TA=-40t0+85°C (+3%) | 7.76 | 8 | 8.24 | MHz

Package | Ta =0 to +40°C (+2%) 7.84 8 8.16 | MHz
Sop Ta=-40 to +85°C (+5%) | 7.6 8 84 | MHz

Note Indicates only oscillator characteristics. Refer to AC Characteristics for instruction execution time.

Internal Low-speed Oscillator Characteristics
(Ta=-40to +85°C,1.8 V<Vbb<5.5V,Vss=0V)

Resonator Parameter Conditions MIN. | TYP. | MAX. | Unit
Internal low-speed | Oscillation frequency | 2.7V <Vbb<55V 216 240 264 kHz
oscillator (fir) 1.8V<VbD<27V 192 | 240 | 264 | kHz
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DC Characteristics (1/6) (16-pin products)
(Ta =-40 to +85°C, 1.8 V< Vpp < 5.5 V, AVrer < Vbp, Vss = 0 V)

Parameter Symbol Conditions MIN. TYP. | MAX. Unit
Output current, high">*®' low1 Per pin for P31, P32 40V<Vop<55V -3.0 mA
27V<Vopb<4.0V -2.5 mA
1.8V<Vp<27V -1.0 mA
Total of P31, P32"*° 40V<Vop<55V -4.5 mA
27V<Vopb<4.0V -4.0 mA
1.8V<Vop<27V -1.5 mA
loHz Per pin for P30 40V<Vop<55V -3.0 mA
27V<Vop<4.0V -2.5 mA
1.8V<Vp<27V -1.0 mA
loHs Per pin for P20 to P22, AVRer = Vop -100 HA
P25 to P27
Per pin for P121, P122 -100 LA
Output current, low"**? lot1 Per pin for P31, P32 40V<Vop<55V 8.5 mA
27V<Vopb<4.0V 5.0 mA
1.8V<Vp<27V 1.0 mA
Total of P31, P32"*° 40V<Vop<55V 15.0 mA
27V<Vopb<4.0V 8.0 mA
1.8V<Vp<27V 15 mA
loH2 Per pin for P30 40V<Vop<55V 8.5 mA
27V<Vop<4.0V 5.0 mA
1.8V<Vp<27V 1.0 mA
loHs Per pin for P122 40V<Vop<55V 8.5 mA
27V<Vopb<4.0V 5.0 mA
1.8V<Vp<27V 1.0 mA
loLs Per pin for P20 to P22, AVrer = Vob 400 LA
P25 to P27
Per pin for P121 400 LA

Notes 1. Value of current at which the device operation is guaranteed even if the current flows from Vop to an output pin.
2. Value of current at which the device operation is guaranteed even if the current flows from an output pin to GND.
3. Specification under conditions where the duty factor is 70% (time for which current is output is 0.7 x t and time
for which current is not output is 0.3 x t, where t is a specific time). The total output current of the pins at a duty
factor of other than 70% can be calculated by the following expression.
o Where the duty factor of loH is n%: Total output current of pins = (loH x 0.7)/(n x 0.01)
<Example> Where the duty factor is 50%, lon = —-20.0 mA
Total output current of pins = (-20.0 x 0.7)/(50 x 0.01) = -28.0 mA
However, the current that is allowed to flow into one pin does not vary depending on the duty factor. A current
higher than the absolute maximum rating must not flow into one pin.

Remark Unless specified otherwise, the characteristics of alternate-function pins are the same as those of port pins.
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DC Characteristics (2/6) (20-pin products)
(Ta =-40 to +85°C, 1.8 V< Vpp < 5.5 V, AVrer < Vbp, Vss = 0 V)

Parameter Symbol Conditions MIN. TYP. | MAX. Unit
Output current, high">*®' loH1 Per pin for P31 to P34 40V<Vop<55V -3.0 mA
27V<Vopb<4.0V -2.5 mA

1.8V<Vop<27V -1.0 mA

Total of P31 to P34""* 40V<Vop<55V -6.0 mA

27V<Vopb<4.0V -4.5 mA

1.8V<Vop<27V -3.5 mA

loHz Per pin for P30 40V<Vop<55V -3.0 mA

27V<Vop<4.0V -2.5 mA

1.8V<Vop<27V -1.0 mA

loHs Per pin for P20 to P27 AVRer = Vop -100 HA

Per pin for P121, P122 -100 LA

Output current, low"**? loLt Per pin for P31 to P34 40V<Vop<55V 8.5 mA
27V<Vop<4.0V 5.0 mA

1.8V<Vop<27V 1.0 mA

Total of P31 to P34 "*? 40V<Vop<55V 15.0 mA

27V<Vopb<4.0V 10.0 mA

1.8V<Vp<27V 3.5 mA

loHz Per pin for P30 40V<Vopb<55V 8.5 mA

27V<Vop<4.0V 5.0 mA

1.8V<Vop<27V 1.0 mA

loHs Per pin for P122 40V<Vop<55V 8.5 mA

27V<Vop<4.0V 5.0 mA

1.8V<Vop<27V 1.0 mA

loLa Per pin for P20 to P27 AVRer = Vop 400 LA

Per pin for P121 400 HA

Notes 1. Value of current at which the device operation is guaranteed even if the current flows from Vop to an output pin.
2. Value of current at which the device operation is guaranteed even if the current flows from an output pin to GND.
3. Specification under conditions where the duty factor is 70% (time for which current is output is 0.7 x t and time
for which current is not output is 0.3 x t, where t is a specific time). The total output current of the pins at a duty
factor of other than 70% can be calculated by the following expression.
¢ Where the duty factor of loH is n%: Total output current of pins = (loH x 0.7)/(n x 0.01)
<Example> Where the duty factor is 50%, loH = —20.0 mA
Total output current of pins = (-20.0 x 0.7)/(50 x 0.01) = -28.0 mA
However, the current that is allowed to flow into one pin does not vary depending on the duty factor. A current
higher than the absolute maximum rating must not flow into one pin.

Remark Unless specified otherwise, the characteristics of alternate-function pins are the same as those of port pins.
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CHAPTER 24 ELECTRICAL SPECIFICATIONS

DC Characteristics (3/6)

(Ta =-40 to +85°C, 1.8 V< Vpp < 5.5 V, AVrer < Vbp, Vss = 0 V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Input voltage, high Vi1 P122"", P31 0.7Vop Vop Y
ViHz P20 to P27 | AVRerF = Vop 0.7AVrer AVRer \Y
ViH3 P121, P125 0.7Vop Voo \'
Vira P30, P32 to P34, RESET, EXCLK 0.8Voo Voo Vv
ViHs X1, X2 Voo - 0.1 Vob \'
Input voltage, low Vi1 P122"* P31 0 0.3Vop Y
Viez P20 to P27 AVrer = Vob 0 0.3AVRer \Y
Vs P121, P125 0 0.3Vop \'
ViLa P30, P32 to P34, RESET, EXCLK 0 0.2Vop \
Vis X1, X2 0 0.1 Vv
Output voltage, high VoH1 P30 to P34 40V<Vop<55YV, Voo - 0.7 \Y
loHt = -3.0 mA
27V<Vob<4.0V, Voo - 0.5 \'
loHt = -2.5 mA
1.8V<Vop<27V, Voo - 0.5 \'
loHt = -1.0 mA
VoH2 P20 to P27 AVRrer = Vop, Vob - 0.5 \
loH2 = -100 A
P121, P122 loHz = =100 £A Voo — 0.5 \
Output voltage, low VoH1 P30 to P34, P122 40V<Vop<55V, 0.8 \'
lot = 8.5 mA
27V<Vop<4.0V, 0.7 \Y
lott = 5.0 mA
1.8V<Vmp<27V, 0.5 \
lott = 1.0 mA
VoHz2 P20 to P27 AVRerF = Vop, 0.4 \'
loL2 = 400 pA
P121 loL2 = 400 pA 0.4 \

Note ViHand ViL of P122/EXCLK differ between the input port mode and external clock mode.

Remark Unless specified otherwise, the characteristics of alternate-function pins are the same as those of port pins.
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DC Characteristics (4/6)
(Ta =-40 to +85°C, 1.8 V< Vpp < 5.5 V, AVrer < Vbp, Vss = 0 V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit

Input leakage current, ILim P30 to P34, P125/RESET | Vi= Voo 3 7.
high Iz P20 to P27 Vi = AVrer = Voo 3 LA
ILima P121, P122 Vi = Voo | I/O port mode 3 LA

X1, X2 OSC mode 20 LA

Input leakage current, IiLt P30 to P34, P125/RESET | Vi = Vss -3 7.
low ILiz P20 to P27 Vi = Vss, AVRer = Vop -3 LA
lus P121, P122 Vi=Vss | I/O port mode -3 LA

X1, X2 OSC mode -20 LA

Pull-up resistor RpLut P30 to P34 Vi = Vss 10 20 100 kQ
Reiz | P125/RESET 75 150 300 kQ

Remark Unless specified otherwise, the characteristics of alternate-function pins are the same as those of port pins.
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CHAPTER 24 ELECTRICAL SPECIFICATIONS

DC Characteristics (5/6)

(Ta =-40 to +85°C, 1.8 V< Vpp < 5.5 V, AVrer < Vbp, Vss = 0 V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Supply current™® lop1 Operating | fxi = 10 MHz Square wave input 1.1 2.7 mA
mode Resonator connection 1.3 3.2 mA
fxn =5 MHz Square wave input 0.63 1.6 mA
Resonator connection 0.8 2.0 mA
fin = 8 MHz 1.2 2.7 mA
Iop2 HALT fxn =10 MHz Square wave input 0.13 1.3 mA
mode Resonator connection 0.36 2.4 mA
fxH =5 MHz Square wave input 0.09 0.65 mA
Resonator connection 0.27 1.1 mA
fin =8 MHz 0.22 1.2 mA
Ibps STOP Voo =5.0V, 1.2 10 LA
mode When POC operation only
Note Total current flowing into the internal power supply (Vob, AVrer), including the input leakage current flowing when

the level of the input pin is fixed to Vob or Vss. However, the current flowing into the pull-up resistors, the pull-

down resistors and the output current of the port are not included. Below the TYP. column are the values when
Voo = 3.0 V and the CPU is operating. The values below the MAX. column include the peripheral operation

current.

amplifiers, and comparator.

Remark

Unless specified otherwise, the characteristics of alternate-function pins are the same as those of port pins.

However, not including the current flowing into the A/D converter, watchdog timer, LVI, operational
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R7F0C30x, R7TFOC31x CHAPTER 24 ELECTRICAL SPECIFICATIONS

DC Characteristics (6/6)
(Ta =-40 to +85°C, 1.8 V< Vpp < 5.5 V, AVrer < Vbp, Vss = 0 V)

Parameter Symbol Conditions MIN. TYP. | MAX. Unit
Watchdog timer Iwot Voo =3.0V | In 240 kHz internal low-speed oscillation 5 10 LA
operating current™" clock operation
LVI operating ILvi 9 18 LA
current'*?

A/D converter lanc 0.86 1.9 mA
operating current"®®

Operational amplifier lamp With 1 operational amplifier AVrer = Vop =5.0V 250 380 LA
operating current"*® operating AVrer = Voo = 3.0 V 230 301 LA
Comparator operating | lewp AVRrer = Voo =5.0V 80 240 HA

Note 3
current AVrer = Voo = 3.0 V 70 200 | uA

Notes 1. Current flowing only to the watchdog timer (including the operating current of the 240 kHz internal oscillator).
The current value of the R7FOC30x, R7FOC31x microcontrollers is the sum of Ibb1, Ibp2 or Iops and Iwot when
the watchdog timer operates.

2. Current flowing only to the LVI circuit. The current value of the R7FOC30x, R7FOC31x microcontrollers is the
sum of Ipp1, Ibb2 or Iops and I.vi when the LVI circuit operates.
3. Current flowing only to the A/D converter (AVREF).
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CHAPTER 24 ELECTRICAL SPECIFICATIONS

AC Characteristics

(1) Basic operation

(Ta =—-40 to +85°C, 1.8 V< Voo < 5.5 V, Vss = 0 V)

ltems Symbol Conditions MIN. TYP. | MAX. | Unit
Instruction cycle (minimum Tev Main 27V<Vop<55V 0.2 32 us
instruction execution time) system 1.8V <Vop<5.5V 0.4 32 s
clock (fxp)
operation
Peripheral hardware clock frrs frRs=fxr | 2.7V <Vop <55V 10 MHz
frequency 1.8V <Von<55V 5 | MHz
fers = fiH 7.76 8.24 MHz
External main system clock fexcLk 27V<Vop<55V 1.0 10.0 MHz
frequency 1.8V <Vop<55V 1.0 50 | MHz
External main system clock input | texctkH, (1/fexcrk x1/2) ns
high-level width, low-level width tExcLKL -1
TI000, TI010 input high-level triHo, 27V<Vop<55V 2/fsam+0.2" us
width, low-level width triLo 18V<Von<55V S ffsam+0.5"° s
TI51 input frequency fris 27V<Vop<55V 10.0 MHz
1.8V<Vp<55V 5.0 MHz
TI51 input high-level width, low- | triHs 27V<Vop<55V 50 ns
level width 18V<Vop<55V 100 ns
Interrupt input high-level width, tiNTH, 1 us
low-level width tiNTL
RESET low-level width thst 10 us

Note Selection of fsam = frrs,

frrs/4, frrs/256 is possible using bits 0 and 1 (PRM000, PRMO001) of prescaler
register 00 (PRMO00). Note that when selecting the TIO00 valid edge as the count clock, fsam= frrs.

mode
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Tcy vs. Vob (Main System Clock Operation)
100

32 oo

10

5.0

Guaranteed

20 operation range

Cycle time Tcy [ us]
5

oo
A1

0.2 5 .

0.1 : :

0.01 : : :

0 10 /20,30 40 505560
18 27
Supply voltage Voo [V]

AC Timing Test Points

0.8Voo 0.8Voo
Test points
>< 0.2Vop > < 0.2Vop

RO1UHO0389EJ0120 Rev.1.20 R NS 433
Oct 09, 2014 ENES



R7F0C30x, R7TFOC31x

CHAPTER 24 ELECTRICAL SPECIFICATIONS

External Main System Clock Timing

1/fexcik

texcLkL

|| texcLkH

EXCLK \

0.7Voo(MIN.)
K 0-3Voo (MAX.)

Tl Timing

TI000, TIO10

triLo

/{//L/________ji:f________\sL\\\------

1/fnis

TI51 \

Interrupt Request Input Timing

INTPO, INTP1

RESET Input Timing

RESET

tris

| t1iHs
/ N

tINTL

tINTH

trRsL
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CHAPTER 24 ELECTRICAL SPECIFICATIONS

(2) Serial interface

(TA=-40to +85°C, 1.8V <Vbp<5.5V, Vss =0 V)

(a) UARTO (dedicated baud rate generator output)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Transfer rate 3125 kbps
(b) OCD (UARTO)
Parameter Symbol Conditions MIN. TYP. MAX. Unit
Transfer rate fok/32 fok/8 bps
In OCD mode 125/250/500 kbps
(fck =4 M, Voo=22.7 V, Co = 50
pF)
In Writer mode 125/250/500 kbps

(fck =4 M, Voo=22.7 V, Co = 50
pF)
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Analog Characteristics

(1) A/D Converter (for Package SSOP Product)
(TA=-40to +85°C, 2.3 V< AVRer< VoD <5.5V,Vss=0V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Resolution Res 10 bit
Overall error*®="? Anc 40V<AVRer<55V +0.4 %FSR

27V <AVrer<55V +0.6 %FSR
23V <AVrer<2.7V +1.2 %FSR
Conversion time tcony 40V <AVRe<55V 6.1 36.7 s
2.7V <AVrer<55V 6.1 36.7 us
23V<AVrr<27V 27 66.6 1S
Zero-scale error'*™*="? Ezs 40V <AVRer<55V +0.4 %FSR
27V <AVrer <55V +0.6 %FSR
23V<AVRr<27V +0.6 %FSR
Full-scale error'="? Ers 40V <AVRer<55V +0.4 %FSR
27V<AVrer<55V +0.6 %FSR
23V <AVrer<2.7V +0.6 %FSR
Analog input voltage Vain AVss AVRer \Y

Notes 1. Excludes quantization error (+1/2 LSB).
2. This value is indicated as a ratio (%FSR) to the full-scale value.

(2) A/D Converter (for Package SOP Product)
(Ta=-40to +85°C, 2.3 V< AVRer < VoD <5.5V, Vss =0 V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Resolution Res 10 bit
Overall error*>®"? A 40V <AVRer<55V 0.2 | %FSR

27V<AVrer<55V +0.3"%° | %FSR
23V <AVRr<27V +0.6™° | %FSR
Conversion time tconv 40V <AVrer<55V 6.1 36.7 J7:]
27V <AVrer<55V 6.1 36.7 S
23V <AVrer<2.7V 27 66.6 us
Zero-scale error"®*="? Ezs 40V<AVRer<55V +0.2"° | %FSR
2.7V <AVrer <55V +0.3"* | %FSR
23V <AVRer <27V +0.3"* | %FSR
Full-scale error™*="? Ers 40V<AVRer<55V +0.2™ | %FSR
27V <AVRer <55V +0.3"* | %FSR
23V<AVrr<27V +0.3"° | %FSR
Analog input voltage Vain AVss AVRrer \Y

Notes 1. Excludes quantization error (+1/2 LSB).
2. This value is indicated as a ratio (%FSR) to the full-scale value.
3. MAX. value is the average value +3c at normlized distribution. Not tested in production.
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CHAPTER 24 ELECTRICAL SPECIFICATIONS

(8) Operational amplifier 0, 1

(Ta =-40 to +85°C,2.2V <Vbp<5.5V,2.2V <AVRer <5.5V, Vss = 0 V, Output load: RL = 47 kQ), CL = 50 pF)

Parameter Symbol Conditions MIN. TYP. MAX. Unit

Input offset voltage "' Vioro Veias = 1/2 Voo, AVrer = 3.0 V +3 mV

Power supply voltage rejection ratio | PSRRoro | AVRer = 3.0 V 70 dB

Output voltage, high VoHoro AVRrer =3.0V/2.2 YV, AVRer-0.2 \Y
lon = -500 zA

Output voltage, low VoLoro AVrer =3.0V/2.2V, 0.1 Vv
loL = 500 LA

Common-mode input voltage Vicmoro AVRrer =3.0V/2.2V 0 AVRrer—0.6 \Y

Slew rate SRoro AVRer = 3.0V 1.8 V/us
AVRer = 5.0V 2.0 V/us

Input noise spectral density (Inoise) AVRer=3.0V,Vn=0.1V,f=1kHz 73
AVRer = 3.0V, Vin=AVrer/2 V, f =1 kHz 60 nVv/
AVrer = 3.0 V, Vin = AVrer 0.6 V, 55 JHz
f=1kHz

Phase margin AVrer = 3.0V 40 deg

Large-amplitude voltage gain AVoro AVRrer = 3.0V 100 dB

Gain-bandwidth product GBWoro | AVRer =5.0 V/3.0V/2.2V 3.0 MHz

Operation stabilization wait time "“***| toro AVrer = 3.0 V 10 us

Notes 1.

Data based on characterization results, not tested in production.

2. Time required until a state is entered where the DC and AC specifications of the operational amplifier 0 are
satisfied after the operational amplifier operation has been enabled (OPAMPOE/OPAMP1E = 1).
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R7F0C30x, R7TFOC31x CHAPTER 24 ELECTRICAL SPECIFICATIONS

(4) CMP
(Ta=-40to +85°C, 2.7 V<Vpop < AVRer < 5.5V, Vss =0 V)
Parameter Symbol Conditions MIN. TYP. MAX. Unit
Input offset voltage Viocmp +5 +40 mV
Input voltage range Vicup CMPIN 0 AVrer \"
CMPCOM 0.045 0.9AVRer Vv
Response time ter, tcF Input amplitude £100 mV 70 150 ns
Operation stabilization wait time"* | tcue 1 1S
Comparator input high-level width, | tcveL 125 ns
low-level width

Note Time required until a state is entered where the DC and AC specifications of the comparator are satisfied after the
comparator operation has been enabled (CMPOEN bit = 1).

AVrervoltage ~  -----------------ooooy
Output voltage Vo
oV
tcr
+100mV. -
Input voltage Vi CMPREF  -------ommemooo o
-itoomy =~ —M8M
(5) POC
(TAa =-40 to +85°C, Vss =0 V)
Parameter Symbol Conditions MIN. TYP. MAX. Unit
Detection voltage Vroco 1.44 1.59 1.74 \
Power supply voltage rise teTH Change inclination of Voo: 0 V — Veoco 0.5 V/ms
inclination
Minimum pulse width trw When the voltage drops 200 us
POC Circuit Timing
Supply voltage
(Vob)

Detection voltage (MAX.)

Detection voltage (TYP.) b --ccccommmo oo e\
Detection voltage (MIN.)[ === =777 " m fmmmmmmm oo\ m oo

tPTH tow

Time
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(6) Supply Voltage Rise Time
(Ta =-40 to +85°C, Vss =0 V)

Parameter Symbol Conditions MIN. | TYP. | MAX. | Unit
Maximum time to rise to 1.8 V (Voo (MIN.))"**® | trup LVI default start function stopped is 3.6 ms
(Vop: 0V - 1.8V) set (LVISTART (Option Byte) = 0),
when RESET input is not used
Maximum time to rise to 1.8 V (Voo (MIN.))"* | teurz LVI default start function stopped is 1.9 ms
(releasing RESET input — Voo: 1.8 V) set (LVISTART (Option Byte) = 0),

when RESET input is used

Note Make sure to raise the power supply in a shorter time than this.

Supply Voltage Rise Time Timing

¢ When RESET pin input is not used e When RESET pin input is used (when external reset is
released by the RESET pin, after POC has been
released)
Supply voltage ; Supply voltage
(Voo) i (Voo)

18Y [esesrmrnooesy F o 18V [omeememeooesy S SCSREEETEEEE P EEEEEE PP RRPEP

oV Time 0 V Time
POC internal POC internal '
signal & signal
— e

RESET signall
‘tpupzl

Internal reset

signal
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CHAPTER 24 ELECTRICAL SPECIFICATIONS

(7) LvI
(Ta =-40 to +85°C, VpoR < VDD < 5.5V, Vss =0 V)
Parameter Symbol Conditions MIN. | TYP. | MAX. Unit
Detection Supply voltage level Vivio 4.24+0.1
voltage Vi 4.0940.1 v
Viviz 3.9340.1 \Y
Vivia 3.7840.1 \Y
Vivia 3.62+0.1 \Y
Vivis 3.4740.1 \Y
Vivie 3.32+0.1 \Y
Viviz 3.16+0.1 \Y
Vivis 3.01£0.1 \Y
Vivie 2.85+0.1 \Y
Vwvito 2.70£0.1 \Y
Vit 2.55+0.1 \Y
Vivitz 2.3940.1 \Y
Vivits 2.2440.1 \Y
Vivita 2.08+0.1 \Y
Vivits 1.93+0.1 \Y
Supply voltage when | Voowvi When LVI default start function enabled 25 2.7 2.9 \Y
power supply voltage is set (LVISTART =1)
is turned on
Minimum pulse width tw 200 )7
Operation stabilization wait ime"® | tiwarr 10 us

Note Time required from setting bit 7 (LVION) of the low-voltage detection register (LVIM) to 1 to operation stabilization

Remark Vwin-1)>Viwin:n=11t015

LVI Circuit Timing

Supply voltage
(Vop)

Detection voltage (MAX.) |- -----

Detection voltage (TYP.) | ------=----------/---m---- S RRGEt CEEEEEETREES SEERERREEEREREE
Detection voltage (MIN.) [ ==~~~ """""" /" ==""""=""~ ,' """"""""""""""""""""""
E , tiw '
i towarr E i
LVION « 1 Time
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Data Memory STOP Mode Low Supply Voltage Data Retention Characteristics (Ta = —40 to +85°C)

Parameter

Symbol

Conditions

MIN.

TYP.

MAX.

Unit

Data retention supply voltage

VoopR

1 .44Note

5.5

Note The value depends on the POC detection voltage. When the voltage drops, the data is retained until a POC reset
is effected, but data is not retained when a POC reset is effected.

T

STOP instruction execution

Standby release signal

(interrupt request)

STOP mode

VooDR

Data retention mode ——

Operation mode

Flash Memory Programming Characteristics
(TA=-40to0 +85°C,2.7V<Vpp<5.5V,Vss=0V)

e Basic characteristics

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Voo supply current| Ioo 4.5 11.0 mA
Erase per chip | teraca 20 200 ms
time per terasa 20 200 ms

sector
Write time (in unit | twwa 10 100 )7
of 8 bit)
Number of Cerwr 1 erase + When a flash memory Retention: 100 Times
rewrites per 1 write after erase = | programmer is used, and | 15 years
chip"® 1 rewrite the self-programming
libraries provided by
Renesas Electronics are
used
Operating When a flash memory programmer is used: 10 to 40 °C, during self-programming: —40 to +85 °C
temperature

Note When a product is first written after shipment, “erase — write” and “write only” are both taken as one rewrite.

RO1UHO389EJ0120 Rev.1.
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CHAPTER 25 PACKAGE DRAWINGS

25.1 16-pin products

¢ R7FOC30042ESP, R7FOC30342ESP, R7FOC30142ESP, R7FOC30442ESP, R7FOC30242ESP, R7FOC30542ESP

JEITA Package Code RENESAS Code Previous Code MASS (TYP) [g]
P-SSOP16-4.4x5-0.65 PRSP0016JC-A P16MA-65-FAA-2 0.08
D1
D

MM detail of lead end
16 9 ) k

R
O ] L

+
m
—

-
o

zb bp

- A2 L1

|
TOHIEEAr 5 /A u——

(UNIT:mm)
A1~ oly[Ss] [e] ITEM DIMENSIONS
D 5.00+0.15
D1 5.20+0.15
E 4.40+0.20
HE 6.40+0.20
A 1.725 MAX.
A1 0.125+0.05
A2 1.50
0.25
[e] 0.65
bp 0.22+-98
o 01srg
L 0.50

Lp  0.60%0.10
L1 1.00+0.20

X 0.13
y 0.10
. +5°
[ 3°_30
ZD 0.325

©2012 Renesas Electronics Corporation. All rights reserved.
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* R7FOC30642ESN, R7FOC30942ESN, R7FOC30742ESN, R7FOC31042ESN, R7FOC30842ESN, R7FOC31142ESN

JEITA Package code

RENESAS code

Previous code

MASS(TYP.)[g]

P-SOP16-3.9x9.9-1.27

PRSP0016DP-A

T16MF-127-DAA

0.15

|
|

D
—A
Ao ‘
[ e \ o \
Binininininininl]
Aq— E bp

............................. ]

detail of lead end

L

(

L

I

o]

He

L1

4R

—C

Referance| Dimension in Millimeters
Symbol | Min | Nom | Max
D 9.70 9.90 | 10.10
E 3.70 3.90 4.10
Az 1.30 1.40 1.50
A1 0.10 0.225
A — — 1.75
— 0.25 —
bp 0.39 — 0.48
b1 0.38 0.41 0.43
c 0.21 — 0.26
C1 0.19 0.20 0.21
0 0° — 8°
He 5.80 6.00 6.20
Lp 0.50 — 0.80
Le] — 127 | —
L1 - 1.05 —

RO1UH0389EJ0120 Rev.1.20
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25.2 20-pin products

 R7FOC30062ESP, R7FOC30362ESP, R7FOC30162ESP, R7FOC30462ESP, R7FOC30262ESP, R7FOC30562ESP

20-PIN PLASTIC SSOP (7.62 mm (300))

[nnnnnnnn |

20 11

detail of lead end

|

mf
—71

&

NOTE

Each lead centerline is located within 0.13 mm
of its true position (T.P.) at maximum material

condition.

(UNIT:mm)

ITEM DIMENSIONS

A

6.50£0.10

0.325

0.65 (T.P.)

+0.10
0.2275'p5

0.10+0.05

1.30+0.10

1.20

8.10£0.20

6.10+0.10

1.00+0.20

+0.05
0157001

0.50

0.13

0.10

0 +5°
33

0.25(T.P)

0.60+0.15

0.25 MAX.

si<|clHd|lv |Zz|Z2|r| X |la|—|T|O|M|mM| O|0|w

0.15 MAX.

© 2010 Renesas Electronics Corporation.

P20MC-65-CAA-1

All rights reserved .
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* R7FOC30662ESN, R7FOC30962ESN, R7FOC30762ESN, R7FOC31062ESN, R7FOC30862ESN, R7FOC31162ESN

JEITA Package code RENESAS code

Previous code

MASS(TYP.)[g]

PRSP0020DP-A

P-SOP20-7.5x12.8-1.27

T20MR-127-PAB

0.54

AAAARAARARGF

ERERERREEE

7A2

Aq- E bp

Terminal cross section

Fbp

HH

detail of lead end

\

I

=il

+J

~

|

L1

Referance| Dimension in Millimeters
Symbol | Min | Nom | Max
D 12.60 | 12.80 | 13.00
E 7.30 7.50 7.70
Az 225 2.30 2.35
A1 0.10 — 0.30
A — — 2.65
— 0.25 —
bp 0.35 — 0.44
b1 0.34 0.37 0.39
c 0.25 — 0.31
C1 0.24 0.25 0.26
0 0° — 8°
He 10.10 | 10.30 | 10.50
Lp 0.70 — 1.00
Le] — 127 | —
L1 — 1.40 —

RO1UH0389EJ0120 Rev.1.20
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CHAPTER 26 CAUTIONS FOR WAIT

26.1 Cautions for Wait

This product has two internal system buses.

One is a CPU bus and the other is a peripheral bus that interfaces with the low-speed peripheral hardware.

Because the clock of the CPU bus and the clock of the peripheral bus are asynchronous, unexpected illegal data may
be passed if an access to the CPU conflicts with an access to the peripheral hardware.

When accessing the peripheral hardware that may cause a conflict, therefore, the CPU repeatedly executes processing,
until the correct data is passed.

As a result, the CPU does not start the next instruction processing but waits. If this happens, the number of execution
clocks of an instruction increases by the number of wait clocks (for the number of wait clocks, refer to Table 26-1). This
must be noted when real-time processing is performed.
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26.2 Peripheral Hardware That Generates Wait

Table 26-1 lists the registers that issue a wait request when accessed by the CPU, and the number of CPU wait clocks.

Table 26-1. Registers That Generate Wait and Number of CPU Wait Clocks

Peripheral Register Access Number of Wait Clocks
Hardware
Serial interface ASISO Read 1 clock (fixed)
UARTO
A/D converter ADMO Write 1 to 5 clocks (when fap = frrs/2 is selected)
ADS Write 1 to 7 clocks (when fap = fers/3 is selected)

1 to 9 clocks (when fap = fers/4 is selected)

ADPC Write 2 to 13 clocks (when fap = frrs/6 is selected)

ADCRH Read 2 to 17 clocks (when fao = fers/8 is selected)
2 to 25 clocks (when fap = frrs/12 is selected)

The above number of clocks is when the same source clock is selected for fcru and frrs. The number of wait
clocks can be calculated by the following expression and under the following conditions.

<Calculating number of wait clocks>

2 f
e Number of wait clocks = fAchu +1

* Fraction is truncated if the number of wait clocks < 0.5 and rounded up if the number of wait clocks > 0.5.
fao:  A/D conversion clock frequency (frrs to frrs/12)
fcru:  CPU clock frequency
fers:  Peripheral hardware clock frequency
fxr:  Main system clock frequency
<Conditions for maximum/minimum number of wait clocks>
e Maximum number of times: Maximum speed of CPU (fxr), lowest speed of A/D conversion clock (frrs/12)
o Minimum number of times: Minimum speed of CPU (fsus), highest speed of A/D conversion clock (frrs)

Caution When the peripheral hardware clock (frrs) is stopped, do not access the registers listed above using an
access method in which a wait request is issued.

Remark The clock is the CPU clock (fcpu).
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APPENDIX A REVISION HISTORY

A.1 Major Revisions in This Edition

Page Description Classification

CHAPTER 2 PIN FUNCTIONS

p.14 Addition of note to (2) Non-port functions: 20-pin products (c)

CHAPTER 4 PORT FUNCTIONS

p.41 Modification of error of Table 3-6. Special Function Register List (2/4) (a)

p.74 Addition of caution to 4.2.2 Port 3 (c)

p.88 Modification of error of Figure 4-18. Format of Port Mode Register (16-pin products) (a)

p.88 Modification of error of Figure 4-19. Format of Port Mode Register (20-pin products) (a)

p.89 Modification of error of Figure 4-20. Format of Port Register (16-pin products) (a)

p.89 Modification of error of Figure 4-21. Format of Port Register (20-pin products) (a)

p.95 Addition of note 3 to Table 4-12. Settings of Port Mode Register and Output Latch When (c)
Using Alternate Function (16-pinprodcts) (1/2)

p.97 Addition of note 3 to Table 4-13. Settings of Port Mode Register and Output Latch When (c)
Using Alternate Function (20-pin prodcts) (1/2)

CHAPTER 12 COMPARATOR

p.289 Addition of description of (2) Comparator port configuration register (CMPPC) (c)

p.289 Addition of caution to Figure 12-3. Format of Comparator output flag register (CMPPC) (c)

CHAPTER 16 RESET FUNCTION

p.357 | Addition of note 4 to Table 16-2. Hardware Statuses After Reset Acknowledgment (2/3) (c)

Remark “Classification” in the above table classifies revisions as follows.
(a): Error correction, (b): Addition/change of specifications, (c): Addition/change of description or note,
(d): Addition/change of package, part number, or management division, (e): Addition/change of related
documentsd
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A.2 Revision History of Preceding Editions

Here is the revision history of the preceding editions. Chapter indicates the chapter of each edition.

(1/1)
Edition Description Chapter
Rev.1.10 | Addition of SOP package Throughout
Addition of descriptions to 1.2 List of Part Numbers CHAPTER 1
OUTLINE
Change of descriptions in 2.1.1 (2) Non-port functions: 16-pin products 1 (1/2) CHAPTER 2 PIN
Change of descriptions in 2.1.2 (2) Non-port functions: 20-pin products FUNCTIONS
Change of descriptions in 2.2.5 (a) REGC
Change the whole descriptions CHAPTER 19
REGULATOR
Change of Cautions in 21.7 Flash Memory Programming by Self Programming CHAPTER 21 FLASH
MEMORY
Change of SSOP package CHAPTER 25
PACKAGE
DRAWINGS
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