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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 1/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
78K0/1x2 microcontrollers and design and develop application systems and programs for
these devices.

The target products are as follows.

e 78KO/Y2:  uPD78F0740, 78F0741, 78F0742, 78F0750, 78F0751, 78F0752
e 78K0/IA2:  ©PD78F0743, 78F0744, 78F0753, 78F0754
e 78K0/IB2:  uPD78F0745, 78F0746, 78F0755, 78F0756

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

The manual for the 78K0/Ix2 microcontrollers is separated into two parts: this manual and
the instructions edition (common to the 78K0 microcontrollers).

78K0/Ix2 78K/0 Series
User’s Manual User’s Manual
(This Manual) Instructions
¢ Pin functions e CPU functions
o Internal block functions o Instruction set
o Interrupts e Explanation of each instruction

o Other on-chip peripheral functions
o Electrical specifications

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

e To gain a general understanding of functions:

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

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.

¢ When you know a register name and want to confirm its details:
— Refer to APPENDIX B REGISTER INDEX.
e To know details of the 78K0 microcontroller instructions:

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

(U12326E).



Conventions Data significance:

Higher digits on the left and lower digits on the right

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

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

Decimal S X XXX

Hexadecimal ---xxxxH

Related Documents
However, preliminary versions are not marked as such.

Documents Related to Devices

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

Document Name

Document No.

78K0/1x2 User's Manual This manual
78K/0 Series Instructions User’'s Manual U12326E
78K0 Microcontrollers User's Manual Self Programming Library Type 01 U18274E

78K0 Microcontrollers Self Programming Library Type 01 Ver. 3.10 Operating Precautions (Notification
Document)

ZUD-CD-09-0122-E

78K0 Microcontrollers User's Manual EEPROM™ Emulation Library Type 01

U18275E

78K0 Microcontrollers EEPROM Emulation Library Type 01 Ver.2.10 Operating Precautions (Notification
Document)

ZUD-CD-09-0165-E

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

Document Name

Document No.

QB-MINI2 On-Chip Debug Emulator with Programming Function

U18371E

QB-Programmer Programming GUI

‘ Operation

U18527E

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

Document Name

Document No.

PG-FP5 Flash Memory Programmer

R20UTO008E

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

version of each document for designing.




<R>

Documents Related to Development Tools (Software)

Document Name Document No.
RA78KO0 Ver.3.80 Assembler Package User's ManualNOtE ! Operation U17199E
Language U17198E
Structured Assembly Language U17197E
78K0 Assembler Package RA78K0 Ver.4.01 Operating Precautions (Notification Document)NOte ! ZUD-CD-07-0181-E
CC78K0 Ver.3.70 C Compiler User's Manual' ' 2 Operation U17201E
Language U17200E
78K0 C Compiler CC78K0 Ver. 4.00 Operating Precautions (Notification Document)NOte 2 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.

2. This document is installed into the PC together with the tool when instaling 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.

3. PMplus Ver. 5.20 is the integrated development environment included with RA78K0 Ver. 3.80.

4. 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.

RENESAS MICROCOMPUTER GENERAL CATALOG R01CS00001E
Semiconductor Package Mount Manual Note

Quality Grades on NEC Semiconductor Devices C11531E

NEC Semiconductor Device Reliability/Quality Control System C10983E
Guide to Prevent Damage for Semiconductor Devices by Electrostatic Discharge (ESD) C11892E

Note See the “Semiconductor Package Mount Manual” website
(http://lwww.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.

All trademarks and registered trademarks are the property of their respective owners.
EEPROM is a trademark of Renesas Electronics Corporation.

Windows is a registered trademark or trademark of Microsoft Corporation in the United States and/or other countries.

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

and Japan.

Caution: This product uses SuperFlash® technology licensed from Silicon Storage Technology, Inc.
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78K0/Ix2 R01UH0010EJ0500
RENESAS MCU Rev.5.00
Feb 28, 2012

CHAPTER 1 OUTLINE

1.1 Features

O 78K0 CPU core
O /0 ports, ROM and RAM capacities

Item 1/0O ports Program Memory Data Memory (Internal
Products (Flash Memory) High-Speed RAM)
78K0/1Y2 (16 pins) 12 (CMOS 1/0: 9, CMOS input: 3) 4 KB to 16 KB 384 bytes to 768 bytes
78K0/1A2 (20 pins) 16 (CMOS I/0: 13, CMOS input: 3) 8 KB and 16 KB 512 bytes and 768 bytes
78K0/IB2 (30 pins) 25 (CMOS 1/0: 22, CMOS input: 3)
78K0/IB2 (32 pins) 23 (CMOS I/0: 20, CMOS input: 3)

O Low power consumption (Vop = 5.0 V)
e Internal high-speed oscillator operation mode: 350 zA (TYP.) (fcru = 1 MHz operation)

¢ STOP mode: 0.58 pA (TYP.) (fi. = 30 kHz operation)
O Clock
* High-speed system clock ... Selected from the following four sources
- Ceramic/crystal oscillator: 1 to 10 MHZ"°*®
- External clock: 1 to 10 MHZ"°*
- Internal high-speed oscillator: 4 MHz + 2 % (—20 to +70°C)"°'*®, or 8 MHz + 3 %(—40 to +85°C)

- Clock for 16-bit timers X0 and X1: 40 MHz (TYP.) (when using PLL)
e Internal low-speed oscillator 30 kHz + 10 % ... Watchdog timer, timer clock in intermittent operation

Note When using a 4 MHz clock, operation at 20 MHz is possible by using PLL.

O Timer

® 16-bit timer X ... PWM output (40 MHz (MAX.) clock operation), operation in conjunction with an
external signal, synchronous output of up to four channels, A/D conversion trigger
generation

* 16-bit timer/event counter ... PPG output, capture input, external event counter input

® 8-bit timer H1 ... PWM output, operable with low-speed internal oscillation clock

¢ 8-bit timer/event counter 51 ...  External event counter input

o Watchdog timer ... Operable with low-speed internal oscillation clock

Item 16-bit timer 16-bit timer/ 8-bit timer Watchdog timer

Products event counter

78K0/1Y2 (16 pins) 2ch 1ch Timer H1: 1 ch 1ch

78K0/1A2 (20 pins) Timer 51: 1 ch

78K0/IB2 (30 pins)

78K0/IB2 (32 pins)

RO1UHO010EJ0500 Rev.5.00 1
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O Serial interface

¢ UART®6 ... Asynchronous 2-wire serial interface

e DALI ... 2-wire serial interface for lighting control (slave)
o |ICA ... Clock synchronous 2-wire serial interface, multimaster supported
standby can be released upon address match in slave mode
¢ CSI11 ... Clock synchronous 3-wire serial interface, operable as SPI in slave mode
Item UART6/DALI IICA CSI11
Products

78K0/IY2 (16 pins)

78K0/IA2 (20 pins)
78K0/IB2 (30 pins)
78K0/IB2 (32 pins)

1ch

1ch

1ch

O Multiplier (8 bits x 8 bits = 16 bits, 16 bits x 16 bits = 32 bits, 1-clock operation)

O 10-bit resolution A/D conversion

¢ 78K0/1Y2: 5ch
o 78K0/IA2: 6 ch
¢ 78K0/IB2: 9 ch

Comparator: 3 ch

0O O0OOo

reached))

» Detection voltage: Selectable from ten levels between 2.84 and 4.22 V

Power-on-clear (POC) circuit

Operational amplifier (Products with operational amplifier only): 1 ch

*1.91 V is used only when the power is turned on when the LVI default start is set.

O Single-power-supply flash memory

¢ Flash self programming enabled

Low-voltage detector (LVI) circuit (An interrupt/reset (selectable) is generated when the detection voltage is

» Software protection function: Protected from outside party copying (no flash reading command)

O Safety function

* 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

e Equipped with option byte function

... Important system operation settings set in hardware

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

O Assembler and C language supported

O Enhanced development environment
» Support for full-function emulator (IECUBE), and simplified emulator (QB-MINI2)

O Power supply voltage: Voo =2.7t0 5.5V

O Operating ambient temperature: Ta = —40 to +105°C

RO1UHO010EJO0500 Rev.5.00
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1.2 Ordering Information
[Part Number]

1 PD78F07xy AA - xxx -AX

L

Semiconductor

] Product Type

F Flash memory version

[Example of Part Number]

4 PD78F0740 MA-FAA-AX
T T 1T L

-AX Lead- Product contains no lead in any area (Terminal
free finish is Ni/Pd/Au plating)
Xy AA - xxx Package Type
40, 41, 42 MA-FAA 16-pin plastic SSOP (5.72 mm (225))
50, 51, 52
(1Y2)
43, 44, 53, MC-CAA 20-pin plastic SSOP (7.62 mm (300))
54 (1A2) MC-GAB | 20-pin plastic SOP (7.62 mm (300))
45, 46, 55, MC-CAB 30-pin plastic SSOP (7.62 mm (300))
56 (1B2) K8-3B4 32-pin plastic WQFN (fine pitch) (5 x 5)
Xy Flash Memory High-speed Operational
Capacity RAM Capacity amplifier
40 4 KB 384 bytes Not
41,43, 45 8 KB 512 bytes mounted
42,44, 46 16 KB 768 bytes
50 4 KB 384 bytes Mounted
51, 53, 55 8 KB 512 bytes
52, 54, 56 16 KB 768 bytes
Lead-free

16-pin plastic SSOP (5.72 mm (225))
Flash Memory: 4 KB, high-speed RAM: 384 bytes,

operational amplifier: not mounted

Flash memory version

RO1UHO010EJO0500 Rev.5.00
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[List of Part Number]

78K0/1x2
Microcontrollers

Package

Part Number

78K0/1Y2 16-pin plastic SSOP LPD78F0740MA-FAA-AX, 78F0741MA-FAA-AX, 78F0742MA-FAA-AX,
(5.72 mm (225)) 78F0750MA-FAA-AX, 78F0751MA-FAA-AX, 78F0752MA-FAA-AX

78KO0/IA2 20-pin plastic SSOP LPD78F0743MC-CAA-AX, 78F0744MC-CAA-AX, 78F0753MC-CAA-AX,
(7.62 mm (300)) 78F0754MC-CAA-AX
20-pin plastic SOP LPD78F0743MC-GAB-AX, 78F0744MC-GAB-AX, 78F0753MC-GAB-AX,
(7.62 mm (300)) 78F0754MC-GAB-AX

78K0/IB2 30-pin plastic SSOP 4PD78F0745MC-CAB-AX, 78F0746MC-CAB-AX, 78F0755MC-CAB-AX,

(7.62 mm (300))

78F0756MC-CAB-AX

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

uPD78F0745K8-3B4-AX, 78F0746K8-3B4-AX, 78F0755K8-3B4-AX,
78F0756K8-3B4-AX

RO1UHO010EJO0500 Rev.5.00
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1.3 Pin Configuration (Top View)

1.3.1 78K0/1Y2

o 16-pin plastic SSOP (5.72 mm (225))

RESET/P125/<TI000>/<INTPO> O——=

P121/X1/TOOLCO/<TI000>/<INTPO> O——=

ANI5/P25/CMP1+ O=—
ANI4/P24/CMPO+ O=—»

P122/X2/EXCLK/TOOLDO O——

REGC O——
Vss O——f

o N o g b~ W N B

Vop O———

16
15
14
13
12
11
10

—O AVRer

~—=O ANIO/P20

~—=0 ANI1/P21/PGAINN°te

~—=0 ANI3/P23/CMP2+

~<—0 P31/TOX00/INTP2/TOOLC1
[=—=0 P32/TOX01/INTP3/TOOLD1
[~—=0 P33/TOX10

[=—0 P34/TOX11/INTP4/<TOH1>/<TI51>

PGAINNte: Programmable Gain
Amplifier Input

ANIO, ANI1,

ANI3 to ANI5: Analog Input

AVREF: Analog Reference
Voltage

EXCLK: External Clock Input

CMPO+ to CMP2+:
INTPO, INTP2 to INTP4:
P20, P21, P23 to P25:
P31 to P34:

P121, P122, P125:

Note PD78F0750, 78F0751, 78F0752 (products with operational amplifier) only

(Main System Clock)

Comparator Input

External Interrupt Input

Port 2
Port 3

Port 12

REGC:
RESET:

TIOO0O, TI51:
TOH1:

TOOLCO, TOOLC1:
TOOLDO, TOOLD1:

TOXO00, TOX01,
TOX10, TOX11:
Vob:

Vss:

X1, X2:

Regulator Capacitance

Reset

Timer Input

Timer Output

Clock Input for Tool

Data Input/Output for Tool

Timer Output

Power Supply
Ground

Crystal Oscillator
(Main System Clock)

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, ANI1/P21/PGAIN, ANI3/P23/CMP2+, ANI4/P24/CMP0+, and ANI5/P25/CMP1+ 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.

Remark Functions in angle brackets < > can be assigned by setting the input switch control register (MUXSEL).
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1.3.2 78K0/1A2

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

Cautions 1.

ANI5/P25/CMP1+ O=—1 20—O AVRer
ANI4/P24/CMPO+ O=—| 2 O 19 [=——=0 ANIO/P20/AMP-"®
P60/SCLAO/TXD6 O=~—3 18 |=—=0 ANI1/P21/AMPOUT"°e/PGAINNete
P61/SDAAQ/RXDE O~ 4 17 [=—0 ANI2/P22/AMP+Note
RESET/P125 0—~|5 16 [=—=0 ANI3/P23/CMP2+
P122/X2/EXCLK/TOOLDO O—— 6 15 [=——=O POO/TI000/INTPO/<TOH1>/<TI51>
P121/X1/TOOLCO/<TIO00>/<INTPO> O—= 7 14 [+=—=0 P31/TOX00/INTP2/TOOLC1
REGCO—8 13 |=—=0 P32/TOX01/INTP3/TOOLD1
Vss O— 9 12 |+=—0 P33/TOX10
Voo O—— 10 11 |=—=0 P34/TOX11/INTP4/<TOH1>/<TI51>
AMP-Note appNete . Amplifier Input REGC : Regulator Capacitance
AMPOUTN® Amplifier Output RESET : Reset
PGAINNte Programmable Gain RxD6 : Receive Data
Amplifier Input SCLAO : Serial Clock Input/Output
ANIO to ANI5 : Analog Input SDAAO : Serial Data Input/Output
AVREF : Analog Reference TIOOO, TI51 : Timer Input
Voltage TOH1 : Timer Output
EXCLK : External Clock Input TOOLCO, TOOLC1 : Clock Input for Tool
(Main System Clock) TOOLDO, TOOLD1 : Data Input/Output for Tool
CMPO+ to CMP2+ : Comparator Input TOX00, TOX01,

INTPO, INTP2 to INTP4 :

P00 :

P20 to P25 :
P31to P34 :

P60, P61 :

P121, P122, P125:

External Interrupt
Input

Port 0

Port 2

Port 3

Port 6

Port 12

a stabilized GND (=0 V).

2. Connect the REGC pin to Vss via a capacitor (0.47 to 1 uF).
3. ANIO/P20/AMP-, ANI1/P21/AMPOUT/PGAIN, ANI2/P22/AMP+, ANI3/P23/CMP2+, ANI4/P24/CMPO0+,

TOX10, TOX11 :
TxD6 :

Timer Output

Transmit Data

VDD : Power Supply
Vss: Ground
X1, X2: Crystal Oscillator

Note PD78F0753, 78F0754 (products with operational amplifier) only

(Main System Clock)

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

and ANI5/P25/CMP1+ 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.

Remark Functions in angle brackets < > can be assigned by setting the input switch control register (MUXSEL).
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1.3.3 78K0/1B2

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

AM P_Note‘ A'\/”:,_'_Note:

ANI6/P26/CMPCOM O=——
ANI5/P25/CMP1+ Ol

ANI4/P24/CMPO+ O=—

P60/SCLAQ/TXD6 O~——=

P61/SDAAO/RXD6 ©

P02/SSI11/INTP5 O=—n|

RESET/P125 0—|
P122/X2/EXCLK/TOOLDO O—=
P121/X1/TOOLCO/<TI000>/<INTPO> O—=
REGCo——| 10

Vss O—— 11

Voo O—— 12
P37/SO11 0=— 13
P36/SI11 O=—{ 14
P35/SCK11 O=—={ 15

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

[~—O ANI8/P70

[-~—>0 ANI7/P27

——0 AVss

—0 AVRer

[~—=0 ANI0/P20/AMP-Note

[=——>0 ANI1/P21/AMPOUTN'¢/PGAINNete
[~—=0 ANI2/P22/AMP+Note

[~—>=0 ANI3/P23/CMP2+

<—=0 PO0/TI000/INTPO

|«—=O P01/TO00/TI010

[-=—=0 P30/TOH1/TI51/INTP1
[«—0 P31/TOX00/INTP2/TOOLC1
[«—0 P32/TOX01/INTP3/TOOLD1
|-~—>0 P33/TOX10

[~—=0 P34/TOX11/INTP4

Amplifier Input

AMPOUTN® . Amplifier Output

PGAINN* . Programmable Gain
Amplifier Input

ANIO to ANI8 : Analog Input

AVREF : Analog Reference
Voltage

AVss: Analog Ground

EXCLK : External Clock Input
(Main System Clock)

CMPO+ to CMP2+ : Comparator Input

CMPCOM : Comparator Common Input

INTPO to INTP5 :
P00 to P02 :
P20 to P27 :
P30 to P37 :

P60, P61 :
P70:

P121, P122, P125:

External Interrupt Input
Port 0

Port 2

Port 3

Port 6

Port 7

Port 12

REGC :
RESET :
RxD6 :
SCLAO, SCK11
SDAAO :
SI1:

SO11:
SSI1 :

TIOO00, TIO10, TI51 :

TOO00, TOH1 :

TOOLCO, TOOLC1 :
TOOLDO, TOOLD1 :
, TOX10,

TOX00, TOX01
TOX11:

TxD6 :

VDD :

Vss:

X1, X2:

Regulator Capacitance
Reset
Receive Data
: Serial Clock Input/Output
Serial Data Input/Output
Serial Data Input
Serial Data Output
Serial Interface Chip
Timer Input
Timer Output
Clock Input for Tool
Data Input/Output for Tool

Timer Output
Transmit Data
Power Supply
Ground

Crystal Oscillator
(Main System Clock)

Note 1PD78F0755, 78F0756 (products with operational amplifier) only

Cautions 1.
2.

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

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

ANIO/P20/AMP-, ANI1/P21/AMPOUT/PGAIN, ANI2/P22/AMP+, ANI3/P23/CMP2+, ANI4/P24/CMP0+,
ANI5/P25/CMP1+, ANI6/P26/CMPCOM, ANI7/P27, and ANI8/P70 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.
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e 32-pin plastic WQFN (fine pitch) (5 x 5) (1/2)

© A
5 -
z [Lo]
z =
< Voo
A OO0
g £33
g [cNeNe
£ G EE
£ 32 +458¢0
LedfEEE
I
SS3mS8g8¢g
NNNNSFH
w &8 aa =
tsagas5EL
>ZZZZo0omm
T
TOOOOTTT
3231302928272625
AVss O——1  _ _ ___ __ 24|=—=(0 P33/TOX10
ICO O—{2 I 23]l«——=0O P34/TOX11/INTP4/<TOH1>/<TI51>
ANI7/P27 O=—={3 | | 22f~—=O P35/5CK11
ANI8IP70 O=—={4 | 21|~——=0O P36/SI11
IcO O—|5 I 20|~—=0O P37/SO11
ICO O—6 1 I 19——0O Voo
ANI6/P26/CMPCOM O 7 | 18f——0 Ico
ANI5/P25/CMP1+ O=—>1{8 17O Vss
910111213141516
8828888
EXxESaa
SExz&okb gy
OSa3S|IEFO0Z
F<ITWEV
N AL|FDNS A
a Qo gs
s8eQlrpg
2328 XF
taga &Y
NS
I ©
-
S0
2o
S
x
—
N
—
o

Note 4PD78F0755, 78F0756 (products with operational amplifier) only

Cautions 1. Connect the REGC pin to Vss via a capacitor (0.47 to 1 4F).

2. ANIO/P20/AMP-, ANI1/P21/AMPOUT/PGAIN, ANI2/P22/AMP+, ANI3/P23/CMP2+, ANI4/P24/CMPO+,
ANI5/P25/CMP1+, ANI6/P26/CMPCOM, ANI7/P27, and ANI8/P70 are set in the analog input mode
after release of reset.

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

4. For details about how to handle ICO0, see Table 2-5. Pin I/O Circuit Types (78K0/IB2 (32 Pins)).

Remark Functions in angle brackets < > can be assigned by setting the input switch control register (MUXSEL).
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e 32-pin plastic WQFN (fine pitch) (5 x 5) (2/2)

AMP-NOte, A'\/“:,_'_Note:
AMPOUTNCte .
PGAINNt .

ANIO to ANI8 :
AVREF :

AVss:
EXCLK :

CMPO+ to CMP2+ :
CMPCOM :
ICO:

INTPO, INTP2 to INTPS :

P00, P02 :

P20 to P27 :

P31 to P37 :

P60, P61 :

P70 :

P121, P122, P125:

Amplifier Input
Amplifier Output
Programmable Gain
Amplifier Input

Analog Input

Analog Reference
Voltage

Analog Ground
External Clock Input
(Main System Clock)
Comparator Input
Comparator Common Input
Internal Connection
External Interrupt Input
Port 0

Port 2

Port 3

Port 6

Port 7

Port 12

REGC :

RESET :

RxD6 :

SCLAO, SCK11 :
SDAAO :

SI11:

SO11:

SSIT:

TIOO0O, TI51 :

TOH1 :

TOOLCO, TOOLC1 :
TOOLDO, TOOLD1 :
TOX00, TOX01, TOX10,
TOX11 :

TxD6 :

VDD :

Vss:

X1,X2:

Note PD78F0755, 78F0756 (products with operational amplifier) only

Regulator Capacitance
Reset

Receive Data

Serial Clock Input/Qutput
Serial Data Input/Output
Serial Data Input

Serial Data Output

Serial Interface Chip
Timer Input

Timer Output

Clock Input for Tool

Data Input/Output for Tool

Timer Output
Transmit Data
Power Supply
Ground

Crystal Oscillator
(Main System Clock)

RO1UHO010EJO0500 Rev.5.00

Feb 28, 2012

RENESAS



78K0/1x2

CHAPTER 1 OUTLINE

1.4 Block Diagram

1.4.1 78K0/1Y2

TOXO00/P31 ~—
TOX01/P32 <—|

16-bit TIMER X0

TOX10/P33 =~—
TOX11/P34 —~—]

16-bit TIMER X1

<TI000>/P121 ——
<TI000>/P125 ——

16-bit TIMER/
EVENT COUNTER 00

<TI51>/P34 ——»

8-bit TIMER 51

<TOH1>/P34 -—|

8-bit TIMER H1

g 0 0 88

[}
INTERNAL
LOW-SPEED
OSCILLATOR

i

WATCHDOG TIMER

AVrer

ANI0/P20, ANI1/P21,
ANI3/P23 to ANI5/P25

A/D CONVERTER

PGAINNte/p2] ——

PROGRAMMABLE
GAIN AMPLIFIERN°te

CMPO+/P24,
CMP1+/P25,
CMP2+/P23

COMPARATOR

<INTPO>/P121 —
<INTP0>/P125 —

INTP2/P31,
INTP3/P32,

INTP4/P34

INTERRUPT
CONTROL

7é3PK(JO FLASH
S| | memory

g 4

g 4 0 g 8

g

INTERNAL
HIGH-SPEED
RAM

g 8 0

{

g

PORT 2 K5~ >P20, P21, P23 t0 P25
PORT 3 K4 »P31to P34
PORT 12 K 3 1P121, P122, P125
POWER ON CLEAR/
LOW VOLTAGE CF;%CT/;\SL
INDICATOR
RESET CONTROL

ON-CHIP DEBUG

[~—TOOLCO/X1, TOOLC1/P31
TOOLDO/X2, TOOLD1/P32

SYSTEM
CONTROL RESET/P125
X1/P121
INTERNAL X2/EXCLK/P122
HIGH-SPEED
OSCILLATOR
VOLTAGE
REGULATOR REGC

Note PD78F0750, 78F0751, 78F0752 (products with operational amplifier) 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, ANI1/P21/PGAIN, ANI3/P23/CMP2+, ANI4/P24/CMP0+, and ANI5/P25/CMP1+ 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

Remark Functions in angle brackets < > can be assigned by setting the input switch control register (MUXSEL).
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1.4.2 78K0/1A2

TOXO00/P31
TOX01/P32 ~—

16-bit TIMER X0

TOX10/P33 =—
TOX11/P34

16-bit TIMER X1

<TI000>/P121 ——

TI000/P0O
RXD6/P61 (LINSEL) T

16-bit TIMER/
EVENT COUNTER 00

<T151>/P00
<TI51>/P34 ——=

8-bit TIMER/
EVENT COUNTER 51

<TOH1>/P00 ~—
<TOH1>/P34 -~—

8-bit TIMER H1

GV VIR VY

[}
INTERNAL
LOW-SPEED
OSCILLATOR

)

WATCHDOG TIMER

RxD6/P61 ——
TxD6/P60 ~—{

SERIAL
INTERFACE UART6

LINSEL

SDAAO/P61 ~—=|
SCLAQO/P60 =—

SERIAL
INTERFACE IICA

AVRer

ANIO/P20 to ANIS/P25 6

A/D CONVERTER

PGAINNte/p21

PROGRAMMABLE
GAIN AMPLIFIERNt®

AMPOUT"'*/P21
AMP-+Noe/p22
AMP-Y /P20

OPERATIONAL
AMPLIFIERNt

O R A VN VI

CMPO+/P24,
CMP1+/P25, COMPARATOR
CMP2+/P23

TXD6/P60 (LINSEL)

INTPO/POOj—“ INTERRUPT
<INTPO>/P121 — CONTR%L

INTP2/P31, INTP3/P32,

INTP4/P34

U

7(?';60 FLASH
il MEMORY

S

4

INTERNAL
HIGH-SPEED
RAM

PORT 0

~— P00

PORT 2

K6 >P20to P25

PORT 3

K2 >p31to P34

g ¢ 8848

PORT 6

K2~ P60, P61

PORT 12

K 3 ]p121, P122, P125

g

POWER ON CLEAR/

-

LOW VOLTAGE C%?\ICEI'/I:\QL
INDICATOR
RESET CONTROL

-

ON-CHIP DEBUG

TOOLCO0/X1, TOOLC1/P31
TOOLDO0/X2, TOOLD1/P32

SYSTEM
CONTROL | RESET/P125
X1/P121
INTERNAL X2/EXCLK/P122
HIGH-SPEED
OSCILLATOR
VOLTAGE
REGULATOR REGC

Note PD78F0753, 78F0754 (products with operational amplifier) 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/AMP-, ANI1/P21/AMPOUT/PGAIN, ANI2/P22/AMP+, ANI3/P23/CMP2+, ANI4/P24/CMPO+,
and ANI5/P25/CMP1+ 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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1.4.3 78K0/1B2

e 30-pin - -
TOX00/P31 ~——
16-bit TIMER X0 K> PORT 0 P00 to P02
TOXO1/P32 ~— ! - (3>
TOX10/P33 =——| < porTz KB >P20t0P27
TOX11/P34 16-bit TIMER X1 [ )
TOOO/TIO10/POT ~—=[ K> PorTs 8 >P30t0 P37
<T1000>/P121 — | 16-bit TIMER/ <:>
TI000/PO0 EVENT COUNTER 00
RxD6/P61 (LINSEL)
<> PORT 6 K2 >pe60, P61
8-bit TIMER/
TI51/P30 —~
EVENT COUNTER 51 - —aKlo <> PORT 7 ~—~ P70
FLASH
cPu MEMORY
CORE
PORT 12 P121, P122, P125
TOHL/P30 ~——  8-bit TMERHL [ = ==
; g U
INTERNAL
LOW-SPEED
OSCILLATOR @
i
POWER ON CLEAR!/
POC/LVI
WATCHDOG TIMER K| INTERNAL <—>| LOWVOLTAGE CONTROL
HIGH-SPEED INDICATOR
RxD6/P61 SERIAL RAM
X .
INTERFACE UART6 RESET CONTROL
TXD6/P60 ~—| TINSEL - -
ON.CHIP DEBUG TOOLCO/X1, TOOLC1/P31
SDAAQ/P61 =—| SERIAL - - i |——— TOOLDO/X2, TOOLD1/P32
SCLAO/P60 —| INTERFACE IICA
e
T | SERIAL - CONTROL
S011/P37 = INTERFACE CSI11 55?52"125
SSI11/P02 INTERNAL X2/EXCLK/P122
HIGH-SPEED
AVier OSCILLATOR
AVss
ANIO/P20 to ANI7/P27 AID CONVERTER ()
ANIB/P70 — | VOLTAGE
REGULATOR REGC
PROGRAMMABLE
PGAIN™/P21 GAIN AMPLIFIER™ [
AMPOUTN*/P21 «— |
OPERATIONAL
AMP /P22 AMPLIFIERM [
AMP-N'e/p20
CMPO+/P24,
CMP1+/P25,
CMP2+/P23 coMPARATOR K
CMPCOM/P26 ~——
TXD6/P60 (LINSEL) 1]
INTPO/P0O
<INTPO>/P121 ——~|  INTERRUPT -
INTP1/P30 to INTP3/P32, ‘
INTP4/P34, INTP5/P02
Voo Vss

Note PD78F0755, 78F0756 (products with operational amplifier) only

Cautions 1.
2.

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

ANIO/P20/AMP-, ANI1/P21/AMPOUT/PGAIN, ANI2/P22/AMP+, ANI3/P23/CMP2+, ANI4/P24/CMPO0+,
ANI5/P25/CMP1+, ANI6/P26/CMPCOM, ANI7/P27, and ANI8/P70 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).

RO1UHO010EJO0500 Rev.5.00
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78K0/1x2

CHAPTER 1 OUTLINE

e 32-pin

TOX00/P31 ~—]
TOX01/P32 =—|

16-bit TIMER X0

g ¢ 4 44

TOX10/P33 .
Toxi1man 16-bit TIMER X1
<T“ﬁg;§;§é 16-bit TIMER/
RXDGIPGL (NG EVENT COUNTER 00
<TIS1>/P00 ——~| g it TIMER/
<TI51>/P34 — | EVENT COUNTER 51
<TOH1>/PO0 = |
8-bit TIMER H1
<TOH1>/P34 ~—|
*
INTERNAL
LOW-SPEED
OSCILLATOR

¥

WATCHDOG TIMER

RXD6/P61 — =
TxD6/P60 ~—|

SERIAL
INTERFACE UART6

LINSEL

SDAAO/P61 -—=
SCLAQO/P60 ~—

SERIAL
INTERFACE IICA

SCK11/P35 ~—=|
SI11/P36 ——~|
SO11/P37 ~——
SSI11/P02 —=

SERIAL
INTERFACE CSI11

g ¢ g ¢

AVrer
AVss

ANIO/P20 to ANI7/P27

ANI8/P70 ——

A/D CONVERTER

PGAINNo'e/P2] —— |

PROGRAMMABLE
GAIN AMPLIFIER Nete

AMPOUTN'®/P2] -]

OPERATIONAL

g ¢ 8 3

AMP /P22 AMPLIFIER Nte
AMP-Nete/p2Q
CMPO+/P24,
CMP1+/P25,
CMP2+/P23 COMPARATOR
CMPCOM/P26 ~——
TXD6/P60 (LINSEL)
INTPO/POO .
<INTPO>/P121 —~ ”\(‘:BE'\‘RT'E%T

INTP2/P31, INTP3/P32,

INTP4/P34, INTP5/P02

{

Note PD78F0755, 78F0756 (products with operational amplifier) only

Cautions 1.

78K/0
CPU
CORE

FLASH
MEMORY

g U

U

INTERNAL
HIGH-SPEED
RAM

Voo Vss

PORT 0

K2 >Poo, P02

PORT 2

K8 >P20to P27

PORT 3

K 7 >P31topP37

PORT 6

K2~ >pe0, P61

PORT 7

[~— P70

g g agedy

PORT 12

3 JP121, P122, P125

POWER ON CLEAR/

-

LOW VOLTAGE CF(;?\‘CT/E\SL
INDICATOR
RESET CONTROL

-

ON-CHIP DEBUG

TOOLCO0/X1, TOOLC1/P31
—— TOOLDO0/X2, TOOLD1/P32

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

SYSTEM
CONTROL L. REsET/P125
X1/P121
INTERNAL | ke Xo/EXCLK/P122
HIGH-SPEED
OSCILLATOR
VOLTAGE
REGULATOR REGC
Ico

2. ANIO/P20/AMP-, ANI1/P21/AMPOUT/PGAIN, ANI2/P22/AMP+, ANI3/P23/CMP2+, ANI4/P24/CMPO+,
ANI5/P25/CMP1+, ANI6/P26/CMPCOM, ANI7/P27, and ANI8/P70 are set in the analog input mode
after release of reset.

3. 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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78K0/1x2

CHAPTER 1 OUTLINE

1.5 Outline of Functions

(1/2
Item 78K0/1Y2 78K0/1A2 78K0/1B2
16 pins 20 pins 30 pins 32 pins
Internal | Flash memory 4 KB to 16 KB 8 KB and 16 KB
memory | (self-programming

supported)

High-Speed RAM

384 bytes to 768 bytes

512 bytes and 768 bytes

Memory space

64 KB

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

Main

1t0o 10 MHz: Vop=2.7t0 5.5V

Internal high-
speed oscillation

Clock

4 MHz 2 % (Ta = =20 to +70°C)""®, or 8 MHz + 3 % (Ta = —40 to +85°C): Voo = 2.7 to 5.5 V/

Internal low-speed
oscillation

30kHz £ 10 %: Voo =2.7t0 5.5V

Clock for 16-bit timers
X0 and X1

40 MHz (TYP.) (when using PLL)

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)

« BCD adjust, etc.

I/O ports

12
(CMOS 1/0: 9, CMOS
input: 3)

16
(CMOS 1/0: 13, CMOS
input: 3)

25
(CMOS 1/0: 22, CMOS
input: 3)

23
(CMOS I/0: 20, CMOS
input: 3)

16 bits (TMx)

2 ch (PWM output: 4)

16 bits (TMO)

1 ch (capture input: 1)

1 ch (PPG output: 1,
capture input: 2)

1 ch (capture input: 1)

Timer

8 bits (TM51)

1ch

8 bits (TMH1)

1 ch (PWM output: 1)

Watchdog (WDT)

1ch

Note When using a 4 MHz clock, operation at 20 MHz is possible by using PLL.

RO1UHO010EJO0500 Rev.5.00
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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

Voo =2.7t055V

Operating ambient
temperature

Ta=-40to +105°C

Package

16-pin plastic SSOP
(5.72 mm (225))

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

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

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

78K0/1x2 CHAPTER 1 OUTLINE
(2/2
Item 78K0/1Y2 78K0/1A2 78K0/1B2
16 pins 20 pins 30 pins 32 pins
Serial UART6/DALI - 1ch
interface IICA _ 1ch
Csli11 1ch
10-bit A/D converter 5ch 6 ch 9ch
Operational amplifier 1 ch (only PGA mode) | 1 ch (single amplifier mode and PGA mode)
(Products with operational
amplifier)
Comparator 3ch
Multiplier 8 bits x 8 bits = 16 bits, 16 bits x 16 bits = 32 bits
Vectored interrupt | External | 7 7 9 8
Internal sources
Internal | 8 12 13 13

R0O1UHO010EJ0500 Rev.5.00

Feb 28, 2012
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78K0/1x2

CHAPTER 2 PIN FUNCTIONS

2.1 Pin Function List

CHAPTER 2 PIN FUNCTIONS

There are two types of pin I/O buffer power supplies: AVrRer and Vob. The relationship between these power supplies

and the pins is shown below.

Table 2-1. Pin 1/0 Buffer Power Supplies

Power Supply Corresponding Pins
AVrer P20 to P27, P70N°*®
Voo Pins other than P20 to P27, P70 "

Note 78KO0/Y2: P20, P21, P23 to P25
78K0/IA2: P20 to P25
78K0/IB2: P20 to P27, P70

RO1UHO010EJO0500 Rev.5.00

Feb 28, 2012
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78K0/1x2

CHAPTER 2 PIN FUNCTIONS

2.1.1 78K0/1Y2

(1) Port functions: 78K0/1Y2

Function Name I/0 Function After Reset Alternate Function
P20 I/0 Port 2. Analog input | ANIO
521 5-bit 1/O port. ANI1/PGAINN
Input/output can be specified in 1-bit units.
P23 ANI3/CMP2+
P24 ANI4/CMPO+
P25 ANI5/CMP1+
P31 I/0 Port 3. Input port TOXO00/INTP2/TOOLC1
P32 4-bit /O port. TOX01/INTP3/TOOLD1
Input/output can be specified in 1-bit units.
P33 Use of an on-chip pull-up resistor can be specified by a TOX10
P34 software setting. TOX11/INTP4/<TOH1>/
<TI51>
P121 Input Port 12. Input port X1/TOOLCO0/<TI000>/
3-bit input-only port. <INTPO>
pP122 For only P125, use of an on-chip pull-up resistor can be X2/EXCLK/TOOLDO
specified by a software setting. p—
P125 RESET/<TI000>/
<INTPO>

(2) Non-port functions : 78K0/1Y2 (1/2)

Function Name 110 Function After Reset Alternate Function
ANIO Input A/D converter analog input Analog input | P20
ANI1 P21/PGAIN"*
ANI3 P23/CMP2+
ANI4 P24/CMPO+
ANI5 P25/CMP1+
CMPO+ Input Comparator input Analog input | P24/ANI4
CMP1+ P25/ANI5
CMP2+ P23/ANI3
PGAIN"t Input PGA (programmable gain amplifier) input Analog input | P21/ANI1

Note PD78F0750, 78F0751, 78F0752 (products with operational amplifier) only

Remark Functions in angle brackets < > can be assigned by setting the input switch control register (MUXSEL).
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78K0/1x2

CHAPTER 2 PIN FUNCTIONS

(2) Non-port functions : 78K0/1Y2 (2/2)

Function Name 110 Function After Reset Alternate Function
INTPO Input External interrupt request input for which the valid edge Input port P121/X1/TOOLCO/
(rising edge, falling edge, or both rising and falling <T1000>
edges) can be specified P125/RESET/<TI000>
INTP2 P31/TOX00/TOOLC1
INTP3 P32/TOX01/TOOLD1
INTP4 P34/TOX11/<TOH1>/
<TI51>
REGC - Connecting regulator output (2.0 V/2.4 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>/
<INTPO>
TI000 Input External count clock input to 16-bit timer/event counter Input port P121/X1/TOOLCO/
00 <INTPO>
Capture trlgger.ln;.Jut to capture registers (CR000, P125/RESET/<INTPO>
CRO010) of 16-bit timer/event counter 00
TI51 Input External count clock input to 8-bit timer/event counter 51 | Input port P34/TOX11/INTP4/
<TOH1>
TOH1 Output 8-bit timer H1 output Input port P34/TOX11/INTP4/
<TI51>
TOX00 Output 16-bit timer X0 output Input port P31/INTP2/TOOLC1
TOX01 P32/INTP3/TOOLD1
TOX10 16-bit timer X1 output P33
TOX11 P34/INTP4/<TOH1>/
<TI51>
X1 - Connecting resonator for main system clock Input port P121/TOOLCO/
<TI1000>/<INTPO>
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 - -
AVRer 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/<T1000>/
debugger <INTPO>
TOOLCA1 P31/TOX00/INTP2
TOOLDO /0 Data 1/O for flash memory programmer/on-chip debugger P122/X2/EXCLK
TOOLD1 P32/TOX01/INTP3

Remark Functions in angle brackets < > can be assigned by setting the input switch control register (MUXSEL).
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78K0/1x2

CHAPTER 2 PIN FUNCTIONS

2.1.2 78K0/1A2

(1) Port functions: 78K0/1A2

Function Name I/0 Function After Reset Alternate Function

P00 110 Port 0. Input port TIO00/INTPO/<TOH1>/
1-bit 1/0 port. <TI51>
Input/output can be specified in 1-bit units.
Use of an on-chip pull-up resistor can be specified by a
software setting.

P20 I/0 Port 2. Analog input | ANIO/AMP-N®

P21 6-bit 1/0 port. ANI/AMPOUTN'/
Input/output can be specified in 1-bit units. PGAINNte

P22 ANI2/AMP+"®

P23 ANI3/CMP2+

P24 ANI4/CMPO+

P25 ANI5/CMP1+

P31 110 Port 3. Input port TOXO00/INTP2/TOOLC1

P32 4-bit /O port. TOX01/INTP3/TOOLD1
Input/output can be specified in 1-bit units.

P33 Use of an on-chip pull-up resistor can be specified by a TOX10

P34 software setting. TOX11/INTP4/<TOH1>/

<TI51>

P60 I/0 Port 6. Input port SCLA0/TxD6

P61 2-bit I/ port. SDAAO/RXDE
Input/output can be specified in 1-bit units.
Input can be set to SMBus input buffer in 1-bit units.
Output can be set to N-ch open-drain output (Voo
tolerance).
Use of an on-chip pull-up resistor can be specified by a
software setting.

P121 Input Port 12. Input port X1/TOOLCO/<TI000>/
3-bit input-only port. <INTPO>
For only P125, use of an on-chip pull-up resistor can be

P122 o . X2/EXCLK/TOOLDO
specified by a software setting.

P125 RESET

Note 4PD78F0753, 78F0754 (products with operational amplifier) only

Remark Functions in angle brackets < > can be assigned by setting the input switch control register (MUXSEL).
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78K0/1x2

CHAPTER 2 PIN FUNCTIONS

(2) Non-port functions : 78K0/IA2 (1/2)

Function Name 110 Function After Reset Alternate Function
ANIO Input A/D converter analog input Analog input | P20/AMP-N°te
ANI1 P21/AMPOUTN"/
PGAIN"®
ANI2 P22/AMP+"t®
ANI3 P23/CMP2+
ANI4 P24/CMPO+
ANI5 P25/CMP1+
AMP-Nete Input Operational amplifier input Analog input | P20/ANIO
AMP+Nete P22/ANI2
AMPOUTNe*® Output | Operational amplifier output Analog input | P21/ANI1/PGAINN*®
CMPO+ Input Comparator input Analog input | P24/ANI4
CMP1+ P25/ANI5
CMP2+ P23/ANI3
PGAIN"t Input PGA (programmable gain amplifier) input Analog input | P21/ANI1/
AMPOUT"*®
INTPO Input External interrupt request input for which the valid edge Input port PO0/TIO00/<TOH1>/
(rising edge, falling edge, or both rising and falling <TI51>
edges) can be specified P121/X1/TOOLCO/
<TI000>
INTP2 P31/TOX00/TOOLC1
INTP3 P32/TOX01/TOOLD1
INTP4 P34/TOX11/<TOH1>/
<TI51>
REGC - Connecting regulator output (2.0 V/2.4 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
RxD6 Input Serial data input to UART6 Input port P61/SDAAO
TxD6 Output Serial data output from UART6 P60/SCLAO
SCLAO 1/0 Clock input/output for 1’c Input port P60/TxD6
SDAAOQ Serial data 1/O for I°C P61/RxD6

Note PD78F0753, 78F0754 (products with operational amplifier) only

Remark Functions in angle brackets < > can be assigned by setting the input switch control register (MUXSEL).
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78K0/1x2

CHAPTER 2 PIN FUNCTIONS

(2) Non-port functions : 78K0/IA2 (2/2)

Function Name 1/0 Function After Reset Alternate Function
TI000 Input External count clock input to 16-bit timer/event counter Input port POO/INTPO/<TOH1>/
00 <TI151>
Capture trigger input to capture registers (CR000, P121/X1/TOOLCO/
CRO010) of 16-bit timer/event counter 00
<INTPO>
TI51 Input External count clock input to 8-bit timer/event counter 51 | Input port POO/TIO00/INTPO/
<TOH1>
P34/TOX11/INTP4/
<TOH1>
TOH1 Output 8-bit timer H1 output Input port POO/TIO00/INTPO/
<TI51>
P34/TOX11/INTP4/
<TI51>
TOX00 Output 16-bit timer X0 output Input port P31/INTP2/TOOLC1
TOX01 P32/INTP3/TOOLD1
TOX10 16-bit timer X1 output P33
TOX11 P34/INTP4/<TOH1>/
<TI51>
X1 - Connecting resonator for main system clock Input port P121/TOOLCO/
<TI000>/<INTPO>
X2 P122/EXCLK/TOOLDO
EXCLK Input External clock input for main system clock Input port P122/X2/TOOLDO
Voo - Positive power supply for pins other than port 2 - -
AVRer A/D converter reference voltage input and positive power
supply for port 2 and A/D converter
Vss - Ground potential for pins other than port 2 - -
TOOLCO Input Clock input for flash memory programmer/on-chip Input port P121/X1/<T1000>/
debugger <INTPO>
TOOLCA1 P31/TOX00/INTP2
TOOLDO /10 Data 1/O for flash memory programmer/on-chip debugger P122/X2/EXCLK
TOOLD1 P32/TOX01/INTP3

Remark Functions in angle brackets < > can be assigned by setting the input switch control register (MUXSEL).
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78K0/1x2 CHAPTER 2 PIN FUNCTIONS

2.1.3 78K0/IB2 (30 pins)

(1) Port functions: 78K0/IB2 (30 pins)

Function Name I/0 Function After Reset Alternate Function

P00 110 Port 0. Input port TIOOO0/INTPO

PO1 3-bit VO port. TO00/TI010
Input/output can be specified in 1-bit units.

P02 Use of an on-chip pull-up resistor can be specified by a SSI11/INTPS
software setting.

P20 110 Port 2. Analog input | ANIO/AMP-N®

P21 8-bit 1/0 port. ANI/AMPOUTN'/
Input/output can be specified in 1-bit units. PGAINNte

P22 ANI2/AMP+"®

P23 ANI3/CMP2+

P24 ANI4/CMPO+

P25 ANI5/CMP1+

P26 ANI6/CMPCOM

P27 ANI7

P30 110 Port 3. Input port TOH1/TI51/INTP1

P31 8-bit I/ port, TOX00/INTP2/TOOLCH
Input/output can be specified in 1-bit units.

P32 Use of an on-chip pull-up resistor can be specified by a TOXO01/INTP3/TOOLD1

P33 software setting. TOX10

P34 TOX11/INTP4

P35 SCK11

P36 SI1

P37 SO11

P60 I/0 Port 6. Input port SCLA0/TxD6

P61 2-bit /O port. SDAAO/RXD6
Input/output can be specified in 1-bit units.
Input can be set to SMBus input buffer in 1-bit units.
Output can be set to N-ch open-drain output (Voo
tolerance).
Use of an on-chip pull-up resistor can be specified by a
software setting.

P70 1/10 Port 7. Analog input | ANI8
1-bit I/O port.
Input/output can be specified in 1-bit units.

P121 Input Port 12. Input port X1/TOOLCO/<TI000>/
3-bit input port. <INTPO>

pP122 For only P125, use of an on-chip pull-up resistor can be X2/EXCLK/TOOLDO
specified by a software setting.

P125 RESET

Note PD78F0755, 78F0756 (products with operational amplifier) only

Remark Functions in angle brackets < > can be assigned by setting the input switch control register (MUXSEL).
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78K0/1x2

CHAPTER 2 PIN FUNCTIONS

(2) Non-port functions : 78K0/IB2 (30 pins) (1/2)

Function Name 110 Function After Reset Alternate Function
ANIO Input A/D converter analog input Analog input | P20/AMP-N°e
ANI1 P21/AMPOUTN"/
PGAIN"®
ANI2 P22/AMP+"t®
ANI3 P23/CMP2+
ANI4 P24/CMPO+
ANI5 P25/CMP1+
ANI6 P26/CMPCOM
ANI7 P27
ANI8 P70
AMP-Nete Input Operational amplifier input Analog input | P20/ANIO
AMP+Nete P22/ANI2
AMPOUTN Output Operational amplifier output Analog input | P21/ANI1/PGAINN*®
CMPO+ Input Comparator input Analog input | P24/ANI4
CMP1+ P25/ANI5
CMP2+ P23/ANI3
CMPCOM Input Comparator common input Analog input | P26/ANI6
PGAIN"t Input PGA (programmable gain amplifier) input Analog input | P21/ANI1/
AMPOUT"*®
INTPO Input External interrupt request input for which the valid edge Input port POO/TI000
(rising edge, falling edge, or both rising and falling P121/X1/TOOLCO/
edges) can be specified <TI000>
INTP1 P30/TOH1/TI51
INTP2 P31/TOX00/TOOLC1
INTP3 P32/TOX01/TOOLD1
INTP4 P34/TOX11
INTP5 P02/SSI11
REGC - Connecting regulator output (2.0 V/2.4 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
RxD6 Input Serial data input to UART6 Input port P61/SDAAO
TxD6 Output Serial data output from UART6 P60/SCLAO
SCLAO 1/0 Clock input/output for I°C Input port P60/TxD6
SDAAO Serial data 1/O for I°C P61/RxD6

Note 4PD78F0755, 78F0756 (products with operational amplifier) only

Remark Functions in angle brackets < > can be assigned by setting the input switch control register (MUXSEL).
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78K0/1x2 CHAPTER 2 PIN FUNCTIONS

(2) Non-port functions : 78K0/IB2 (30 pins) (2/2)

Function Name 110 Function After Reset Alternate Function
SCK11 1/0 Clock input/output for CSI11 Input port P35
Si1 Input Serial data input to CSI11 P36
SO11 Output Serial data output from CSI11 P37
'SSI11 Input Chip select input to CSI11 Inputport | PO2/INTP5
TI000 Input External count clock input to 16-bit timer/event counter Input port POO/INTPO
00 P121/X1/TOOLCO/

Capture trigger input to capture registers (CR000,
CRO010) of 16-bit timer/event counter 00

TI0O10 Capture trigger input to capture register (CR000) of 16- P01/TO00
bit timer/event counter 00

<INTPO>

TI51 Input External count clock input to 8-bit timer/event counter 51 | Input port P30/TOH1/INTP1

TOO00 Output 16-bit timer/event counter 00 output Input port P0O1/TI010

TOH1 Output 8-bit timer H1 output Input port P30/TI51/INTP1

TOX00 Output 16-bit timer X0 output Input port P31/INTP2/TOOLC1

TOX01 P32/INTP3/TOOLD1

TOX10 16-bit timer X1 output P33

TOX11 P34/INTP4

X1 - Connecting resonator for main system clock Input port P121/TOOLCO/
<TI000>/<INTPO>

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 ports 2, 7 - -

AVRer A/D converter reference voltage input and positive power

supply for ports 2, 7 and A/D converter

Vss - Ground potential for pins other than ports 2, 7 - -

AVss Ground potential for ports 2, 7 and A/D converter

TOOLCO Input Clock input for flash memory programmer/on-chip Input port P121/X1/<T1000>/
debugger <INTPO>

TOOLCA1 P31/TOX00/INTP2

TOOLDO /0 Data 1/O for flash memory programmer/on-chip debugger P122/X2/EXCLK

TOOLD1 P32/TOX01/INTP3

Remark Functions in angle brackets < > can be assigned by setting the input switch control register (MUXSEL).
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78K0/1x2

CHAPTER 2 PIN FUNCTIONS

2.1.4 78K0/IB2 (32 pins)

(1) Port functions: 78K0/IB2 (32 pins)

Function Name I/0 Function After Reset Alternate Function

P00 110 Port 0. Input port TIO00/INTPO/<TOH1>/
2-bit I/O port. <TI51>

P02 Input/output can be specified in 1-bit units. SSI1/INTP5
Use of an on-chip pull-up resistor can be specified by a
software setting.

P20 110 Port 2. Analog input | ANIO/AMP-N®

P21 8-bit 1/0 port. ANI/AMPOUTN'/
Input/output can be specified in 1-bit units. PGAINNte

P22 ANI2/AMP+"®

P23 ANI3/CMP2+

P24 ANI4/CMPO+

P25 ANI5/CMP1+

P26 ANI6/CMPCOM

P27 ANI7

P31 110 Port 3. Input port TOXO00/INTP2/TOOLC1

P32 7-bit /0 port. TOX01/INTP3/TOOLD1
Input/output can be specified in 1-bit units.

P33 Use of an on-chip pull-up resistor can be specified by a TOX10

P34 software setting. TOX11/INTP4/<TOH1>/

<TI51>

P35 SCK11

P36 SI11

P37 SO11

P60 I/0 Port 6. Input port SCLA0/TxD6

P61 2-bit I/ port. SDAAO/RXDE
Input/output can be specified in 1-bit units.
Input can be set to SMBus input buffer in 1-bit units.
Output can be set to N-ch open-drain output (Voo
tolerance).
Use of an on-chip pull-up resistor can be specified by a
software setting.

P70 110 Port 7. Analog input | ANI8
1-bit 1/0 port.
Input/output can be specified in 1-bit units.

P121 Input Port 12. Input port X1/TOOLCO/<TI000>/
3-bit input port. <INTPO>

P122 For only P125, use of an on-chip pull-up resistor can be X2/EXCLK/TOOLDO
specified by a software setting. ———

P125 RESET

Note 4PD78F0755, 78F0756 (products with operational amplifier) 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 : 78K0/IB2 (32 pins) (1/2)

Function Name 110 Function After Reset Alternate Function
ANIO Input A/D converter analog input Analog input | P20/AMP-N°e
ANI1 P21/AMPOUTN"/
PGAIN"®
ANI2 P22/AMP+"t®
ANI3 P23/CMP2+
ANI4 P24/CMPO+
ANI5 P25/CMP1+
ANI6 P26/CMPCOM
ANI7 P27
ANI8 P70
AMP-Nete Input Operational amplifier input Analog input | P20/ANIO
AMP+Nete P22/ANI2
AMPOUTN Output Operational amplifier output Analog input | P21/ANI1/PGAINN*®
CMPO+ Input Comparator input Analog input | P24/ANI4
CMP1+ P25/ANI5
CMP2+ P23/ANI3
CMPCOM Input Comparator common input Analog input | P26/ANI6
PGAIN"t Input PGA (programmable gain amplifier) input Analog input | P21/ANI1/
AMPOUT"*®
ICO - Internally connected pin - -
INTPO Input External interrupt request input for which the valid edge Input port POO/TI0O00/<TOH1>/
(rising edge, falling edge, or both rising and falling <TI51>
edges) can be specified P121/X1/TOOLCO/
<TI000>
INTP2 P31/TOX00/TOOLC1
INTP3 P32/TOX01/TOOLD1
INTP4 P34/TOX11/<TOH1>/
<TI51>
INTP5 P02/SSI11
REGC - Connecting regulator output (2.0 V/2.4 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
RxD6 Input Serial data input to UART6 Input port P61/SDAAO
TxD6 Output Serial data output from UART6 P60/SCLAO
SCLAO 1/0 Clock input/output for I°C Input port P60/TxD6
SDAAO Serial data 1/O for I°C P61/RxD6

Note 4PD78F0755, 78F0756 (products with operational amplifier) 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 : 78K0/IB2 (32 pins) (2/2)

Function Name 1/0 Function After Reset Alternate Function
SCK11 1/0 Clock input/output for CSI11 Input port P35
Si1 Input Serial data input to CSI11 P36
SO11 Output Serial data output from CSI11 P37
SSI11 Input Chip select input to CSI11 Input port PO2/INTP5
TI000 Input External count clock input to 16-bit timer/event counter Input port POO/INTPO/<TOH1>/
00 <TI51>
Capture trigger input to capture registers (CR000, P121/X1/TOOLCO/
CRO010) of 16-bit timer/event counter 00
<INTPO>
TI51 Input External count clock input to 8-bit timer/event counter 51 | Input port POO/TIO00/INTPO/
<TOH1>
P34/TOX11/INTP4/
<TOH1>
TOH1 Output 8-bit timer H1 output Input port POO/TIO00/INTPO/
<TI51>
P34/TOX11/INTP4/
<TI51>
TOX00 Output 16-bit timer X0 output Input port P31/INTP2/TOOLC1
TOX01 P32/INTP3/TOOLD1
TOX10 16-bit timer X1 output P33
TOX11 P34/INTP4/<TOH1>/
<TI51>
X1 - Connecting resonator for main system clock Input port P121/TOOLCO/
<TI000>/<INTPO>
X2 P122/EXCLK/TOOLDO
EXCLK Input External clock input for main system clock Input port P122/X2/TOOLDO
Voo - Positive power supply for pins other than ports 2, 7 - -
AVRer A/D converter reference voltage input and positive power
supply for ports 2, 7 and A/D converter
Vss - Ground potential for pins other than ports 2, 7 - -
AVss Ground potential for ports 2, 7 and A/D converter
TOOLCO Input Clock input for flash memory programmer/on-chip Input port P121/X1/<TI000>/
debugger <INTPO>
TOOLC1 P31/TOX00/INTP2
TOOLDO /10 Data 1/O for flash memory programmer/on-chip debugger P122/X2/EXCLK
TOOLD1 P32/TOX01/INTP3

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

Remark The pins mounted depend on the product.
Function List.

2.2.1 P00 to P02 (port 0)

Refer to 1.3 Pin Configuration (Top View) and 2.1

Pin

P00 to P02 function as an I/O port. These pins also function as timer 1/O, external interrupt request input, and chip

select input.
78K0/1Y2 78K0/1A2 78K0/IB2
16 Pins 20 Pins 30 Pins 32 Pins
- POO/TI000/INTPO/<TOH1> POO/TIO00/INTPO POO/TIO00/INTPO/<TOH1>/
/<T151> <TI51>
- - P01/TO00/TI010 -
- - P02/SSI11/INTP5 P02/SSI11/INTP5

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
P00 to P02 function as an I/O port. P00 to P02 can be set to input or output port in 1-bit units using port mode

()

register 0 (PM0). Use of an on-chip pull-up resistor can be specified by pull-up resistor option register 0 (PUO).

Control mode

P00 to P02 function as timer I/O, external interrupt request input, and chip select input.

(@)

TI000
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.

(b) TIO10
This is a pin for inputting a capture trigger signal to the capture register (CR000) of 16-bit timer/event counter Q0.
(c) TI51
This is a pin for inputting an external count clock to 8-bit timer/event counter 51.
(d) TOO00
This is a timer output pin of 16-bit timer/event counter 00.
(e) TOH1
This is a timer output pin of 8-bit timer H1
(f) INTPO, INTP5
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.
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(g) SSI1

This is a chip select input pin of serial interface CSI11.

2.2.2 P20 to P27 (port 2)

P20 to P27 function as an I/0O port. These pins also function as pins for A/D converter analog input, operational

amplifier 1/0, and PGA input.

78K0/1Y2

78K0/1A2

78K0/1B2

16 Pins

20 Pins

30 Pins/32 Pins

P20/ANIO

P20/ANIO/AMP-Not

P20/ANIO/AMP-NOt

P21/ANI1/PGAINNt

P21/ANI1/AMPOUTN®/pGAINNOt

P21/ANI1/AMPOUTN®e/PGAINNOE

P22/ANI2/AMP-+NOte

P22/ANI2/AMP+NOt

P23/ANI3/CMP2+

P23/ANI3/CMP2+

P23/ANI3/CMP2+

P24/ANI4/CMPO+

P24/ANI14/CMPO+

P24/ANI4/CMPO+

P25/ANI5/CMP1+

P25/ANI5/CMP1+

P25/ANI5/CMP1+

P26/ANI6/CMPCOM

P27/ANI7

Note Products with operational amplifier 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, operational amplifier /0, and PGA input.

(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 and ANI8/P70 in 11.6 Cautions for A/D Converter.

(b) AMP+, AMP-

These are operational amplifier input pins.

(c) AMPOUT

This is an operational amplifier output pin.

(d) PGAIN

This is a PGA (Programmable gain amplifier) input pin.

(e) CMPO+to CMP2+

These are comparator input pins.
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() CMPCOM

This is a comparator common input pin.

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

2.2.3 P30 to P37 (port 3)

P30 to P37 function as an I/O port. These pins also function as pins for external interrupt request input, timer I1/O, clock
input and data 1/O for flash memory programmer/on-chip debugger, and clock input and data I/O for serial interface.

78K0/1Y2

78K0/1A2

78K0/1B2

16 Pins

20 Pins

30 Pins

32 Pins

P30/TOH1/TI51/INTP1

P31/TOX00/INTP2/TOOLC1

P31/TOX00/INTP2/TOOLC1

P31/TOX00/INTP2/TOOLC1

P31/TOX00/INTP2/TOOLC1

P32/TOX01/INTP3/TOOLD1

P32/TOX01/INTP3/TOOLD1

P32/TOX01/INTP3/TOOLD1

P32/TOX01/INTP3/TOOLD1

P33/TOX10 P33/TOX10 P33/TOX10 P33/TOX10
P34/TOX11/INTP4/<TOH1>/ | P34/TOX11/INTP4/<TOH1>/ | P34/TOX11/INTP4 P34/TOX11/INTP4/<TOH1>/
<TI51> <TI51> <TI51>

- - P35/SCK11 P35/SCK11

- - P36/SI11 P36/SI11

- - P37/SO11 P37/SO11

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 P37 function as an I/O port. P30 to P37 can be set to input or output port in 1-bit units using port mode
register 3 (PM3). Use of an on-chip pull-up resistor can be specified by pull-up resistor option register 3 (PU3).

(2) Control mode

P30 to P37 function as external interrupt request input, timer I/O, clock input and data I/O for flash memory

programmer/on-chip debugger, and clock input and data I/O for serial interface.

(a) INTP1 to INTP4

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

(b) TI51

This is an external count clock input pin to 8-bit timer/event counter 51.

(c) TOH1

This is a timer output pin of 8-bit timer H1.

(d) TOXO00, TOX01

This is a timer output pin of 16-bit timer XO.

(e) TOX10, TOX11

This is a timer output pin of 16-bit timer X1.
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(ff) TOOLC1
This is a clock input pin for flash memory programmer/on-chip debugger.

(g) TOOLD1
This is a data I/O pin for flash memory programmer/on-chip debugger.

(h) SCK11
This is a serial clock 1/O pin of serial interface CSI11.

(i) SIM1
This is a serial data input pin of serial interface CSI11.

(j) Sso11
This is a serial data output pin of serial interface CSI11.

Remark For how to connect a flash memory programmer using TOOLC1/P31, TOOLD1/P32, refer to CHAPTER 25
FLASH MEMORY. For how to connect TOOLC1/P31, TOOLD1/P32 and an on-chip debug emulator, refer
to CHAPTER 26 ON-CHIP DEBUG FUNCTION.

2.2.4 P60 and P61 (port 6)

P60 and P61 function as an I/O port. These pins also function as pins for serial interface data 1/0, and clock 1/0.

Input to the P60 and P61 pins can be specified through a normal input buffer or an SMBus input buffer in 1-bit units,
using port input mode register 6 (PIM6).

Output from the P60 and P61 pins can be specified as normal CMOS output or N-ch open-drain output (Vob tolerance)
in 1-bit units, using port output mode register 6 (POM6).

78K0/1Y2 78K0/1A2 78K0/1B2
16 Pins 20 Pins 30 Pins/32 Pins
- P60/SCLAO0/TxD6 P60/SCLA0/TxD6
- P61/SDAAO/RxD6 P61/SDAAO/RxD6

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

(1) Port mode
P60 and P61 function as an I/O port. P60 and P61 can be set to input port or output port in 1-bit units using port
mode register 6 (PM6). Use of an on-chip pull-up resistor can be specified by pull-up resistor option register 6 (PU6).

(2) Control mode
P60 and P61 function as serial interface data I/O and clock 1/O.

(a) SDAAO
This is a serial data I/O pin for serial interface [ICA.

(b) SCLAO
This is a serial clock 1/O pin for serial interface 1ICA.
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(c) RxD6
This is a serial data input pin for serial interface UART6.

(d) TxD6
This is a serial data output pin for serial interface UART6.

2.2.5 P70 (port 7)
P70 functions as an I/O port. This pin also functions as pin for A/D converter analog input.

78K0/1Y2 78K0/1A2 78K0/1B2
16 Pins 20 Pins 30 Pins/32 Pins

- - P70/ANI8

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

(1) Port mode
P70 functions as an I/O port. P70 can be set to input or output port in 1-bit units using port mode register 7 (PM7).

(2) Control mode
P70 functions as A/D converter analog input.

(a) ANI8
This is an A/D converter analog input pin. When using this pin as analog input pin, refer to (5) ANI0/P20 to
ANI7/P27 and ANI8/P70 in 11.6 Cautions for A/D Converter.

Cautions 1. ANI8/P70 is set in the analog input mode after release of reset.
2. Make the AVRrer pin the same potential as the Voo pin when ANI8 is used.

2.2.6 P121, P122, and P125 (port 12)

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

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.

78K0/1Y2 78KO0/1A2 78K0/1B2
16 Pins 20 Pins 30 Pins/32 Pins

P121/X1/TOOLCO/<TI000>/<INTPO> P121/X1/TOOLCO/<TI000>/<INTPO> P121/X1/TOOLCO/<TI000>/<INTPO>
P122/X2/EXCLK/TOOLDO P122/X2/EXCLK/TOOLDO P122/X2/EXCLK/TOOLDO
P125/RESET/<TI000>/<INTPO> P125/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.
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(1) Port mode

P121, P122, and P125 function as an input port. Only for P125, use of an on-chip pull-up resistor can be specified by

pull-up resistor option register 12 (PU12).

(2) Control mode

P121, P122, and P125 function as pins for external interrupt request input, connecting resonator for main system

clock, external clock input for main system clock, external reset input, timer input, and clock input and data I/O for

flash memory programmer/on-chip debugger.

(a) INTPO

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

(b) X1, X2

These are pins for connecting a resonator for main system clock.

(c) EXCLK

This is an external clock input pin for main system clock.

(d) RESET

This is the active-low system reset input pin.

(e) TI0O0O

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.

() TOOLCO

This is a clock input pin for flash memory programmer/on-chip debugger.

(g) TOOLDO

This is a data I/O pin for flash memory programmer/on-chip debugger.

Caution Because RESET/P125 immediately after release of reset is set in the external reset input, 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 25
FLASH MEMORY. For how to connect TOOLCO0/X1, TOOLDO/X2 and an on-chip debug emulator, refer to
CHAPTER 26 ON-CHIP DEBUG FUNCTION.

2.2.7 AVREer, AVss, Vob, Vss

78K0/1Y2 78K0/IA2 78K0/IB2
16 Pins 20 Pins 30 Pins/32 Pins
AVRer AVRer AVRer
- - AVss
Voo Voo Voo
Vss Vss Vss
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(@) AVRer
This is the A/D converter reference voltage input pin, and the positive power supply pin of A/D converter and
ports 2 and 7.

When the A/D converter is not used, connect this pin directly to Voo,

Note Make the AVRer pin the same potential as the Vop pin when ports 2 and 7 are used as the digital ports.

(b) AVss
This is a ground potential pin of A/D converter and ports 2 and 7. Even when the A/D converter is not used,
always use this pin with the same potential as the Vss pin.

(c) Voo
Vop is a positive power supply pin.

(d) Vss

Vss is a ground potential pin"°'.

Note In the 78K0/IY2 and 78K0/IA2, Vss functions alternately as the ground potential of the A/D converter. Be
sure to connect Vss to a stabilized GND (= 0 V).

2.2.8 ICO
These are internally connected pins.

2.29 REGC
78K0/1Y2 78KO0/1A2 78K0/1B2
16 Pins 20 Pins 30 Pins/32 Pins
REGC REGC REGC
(a) REGC

This is a pin for connecting regulator output (2.0 V/2.4 V) stabilization capacitance for internal operation. Connect
this pin to Vss via a capacitor (0.47 to 1 u4F). However, when using the STOP mode that has been entered since
operation of the internal high-speed oscillation 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
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 to 2-5 show the types of pin I/O circuits and the recommended connections of unused pins.
See Figure 2-1 for the configuration of the I/O circuit of each type.

Table 2-2. Pin I/O Circuit Types (78K0/1Y2)

Pin Name I/O Circuit Type 110 Recommended Connection of Unused Pins
ANIO/P20 11-G 1/0 <Digital input setting>
ANI1/P21/PGAINNte ! 11-0 Independently connect to AVrer or Vss via a resistor.
ANI3/P23/CMP2+ 11-Q <Analog |np::tes§tt|ng and digital output setting>

Leave open .

ANI4/P24/CMPO+
ANI5/P25/CMP 1+
P31/TOX00/INTP2/TOOLC1 5-AQ Input:  Independently connect to Voo or Vss via a resistor.
P32/TOX01/INTP3/TOOLD1 Output:  Leave open.
P33/TOX10
P34/TOX11/INTP4/<TOH1>/
<TI151>
P121/X1/TOOLCON*% 37-A Input Independently connect to Voo or Vss via a resistor.
<T1000>/<INTPO>
P122/X2/EXCLK/TOOLDO""?
RESET/P125/<TI000>/<INTPO> | 42-A Connect directly to Voo or via a resistor.
AVRer - - Connect directly to Voo.

Notes 1. 1 PD78F0750, 78F0751, 78F0752 (products with operational amplifier) only
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. 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.

Cautions 1. ANIO/P20, ANI1/P21/PGAIN, ANI3/P23/CMP2+, ANI4/P24/CMP0+ and ANI5/P25/CMP1+ are set in the
analog input mode after release of reset.

2. Pin function of RESET/P125/<TI000>/<INTPO> is set in the external reset input after release of reset.

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 (78K0/IA2)

Pin Name 1/0O Circuit Type I/O Recommended Connection of Unused Pins
POO/TIO00/INTPO/<TOH1>/ 5-AQ /10 Input:  Independently connect to Voo or Vss via a resistor.
<TI51> Output: Leave open.

ANI0/P20/AMP-Nete ! 11-P <Digital input setting>
ANI1/P21/AMPOUTNe Y 11-0 Independently connect to AVrer or Vss via a resistor.
PGAINNete ! <Analog input setting and digital output setting>
— Leave open"°'?,
ANI2/P22/AMP+Nte 11-N
ANI3/P23/CMP2+ 11-Q
ANI4/P24/CMPO+
ANI5/P25/CMP1+
P31/TOX00/INTP2/TOOLC1 5-AQ Input:  Independently connect to Voo or Vss via a resistor.
P32/TOX01/INTP3/TOOLD1 Output: Leave open.
P33/TOX10
P34/TOX11/INTP4/<TOH1>/
<TI151>
P60/SCLAO/TxD6 5-AS Input:  Independently connect to Voo or Vss via a resistor.
P61/SDAAO/RXD6 Output: Leave this pin open at low-level output after clearing
the output latch of the port to 0.
P121/X1/TOOLCON "%/ 37-A Input Independently connect to Voo or Vss via a resistor.
<T1000>/<INTPO>
P122/X2/EXCLK/TOOLDOM"® 2
RESET/P125 42-A Connect directly to Voo or via a resistor.
AVReF - - Connect directly to Voo.

Notes 1. 1PD78F0753, 78F0754 (products with operational amplifier) only
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. 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.

Cautions 1. ANI0/P20/AMP-, ANI1/P21/AMPOUT/PGAIN, ANI2/P22/AMP+, ANI3/P23/CMP2+, ANI4/P24/CMP0+, and
ANI5/P25/CMP1+ are set in the analog input mode after release of reset.

2. Pin function of RESET/P125 is set in the external reset input after release of reset.

Remark Functions in angle brackets < > can be assigned by setting the input switch control register (MUXSEL).
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Table 2-4. Pin I/O Circuit Types (78K0/IB2 (30 Pins))

Pin Name 1/0O Circuit Type I/O Recommended Connection of Unused Pins
POO/TIO00/INTPO 5-AQ /10 Input:  Independently connect to Voo or Vss via a resistor.
P0O1/TO00/TI010 Output: Leave open.

P02/SSI11/INTP5

ANI0/P20/AMP-Nete ! 11-P <Digital input setting>

ANI1/P21/AMPOUTNe Y 11-0 Independently connect to AVrer or AVss via a resistor.

PGAINNete ! <Analog input setting and digital output setting>

ANI2/P22/AMP+Net® ! 11-N Leave open'*™®.

ANI3/P23/CMP2+ 11-Q

ANI4/P24/CMPO+

ANI5/P25/CMP1+

ANI6/P26/CMPCOM 11-R

ANI7/P27 11-G

P30/TOH1/TI51/INTP1 5-AQ Input:  Independently connect to Voo or Vss via a resistor.

P31/INTP2/TOX00/TOOLC1 Output:  Leave open.

P32/INTP3/TOX01/TOOLD1

P33/TOX10

P34/TOX11/INTP4

P35/SCK11

P36/S111

P37/SO11 5-AG

P60/SCLAO/TxD6 5-AS Input:  Independently connect to Voo or Vss via a resistor.

P61/SDAAO/RXD6 Output: Leave this pin open at low-level output after clearing

the output latch of the port to 0.

ANI8/P70 11-G <Digital input setting>
Independently connect to AVrer or AVss via a resistor.
<Analog input setting and digital output setting>
Leave open"°'?,

P121/X1/TOOLCO* %/ 37-A Input Independently connect to Voo or Vss via a resistor.

<T1000>/<INTPO>

P122/X2/EXCLK/TOOLDO""®

RESET/P125 42-A Connect directly to Voo or via a resistor.

AVRer - - Connect directly to Voo.

AVss - - Connect directly to Vss.

Notes 1. 4PD78F0755, 78F0756 (products with operational amplifier) only
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. 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.

Cautions 1. ANI0/P20/AMP-, ANI1/P21/AMPOUT/PGAIN, ANI2/P22/AMP+, ANI3/P23/CMP2+, ANI4/P24/CMP0+,
ANI5/P25/CMP1+, ANI6/P26/CMPCOM, ANI7/P27, and ANI8/P70 are set in the analog input mode after
release of reset.

2. Pin function of RESET/P125 is set in the external reset input after release of reset.

Remark Functions in angle brackets < > can be assigned by setting the input switch control register (MUXSEL).
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Table 2-5. Pin I/O Circuit Types (78K0/IB2 (32 Pins))

Pin Name 1/0O Circuit Type I/O Recommended Connection of Unused Pins
POO/TIO00/INTPO/<TOH1>/ 5-AQ /10 Input:  Independently connect to Voo or Vss via a resistor.
<TI51> Output: Leave open.

P02/SSI11/INTP5

ANI0/P20/AMP-"t ! 11-P <Digital input setting>

ANI1/P21/AMPOUTN 1/ 11-0 Independently connect to AVrer or AVss via a resistor.

PGAINNete ! <Analog input setting and digital output setting>

ANI2/P22/AMP+Note ! 11-N Leave open™**”

ANI3/P23/CMP2+ 11-Q

ANI4/P24/CMPO+

ANI5/P25/CMP1+

ANI6/P26/CMPCOM 11-R

ANI7/P27 11-G

P31/INTP2/TOX00/TOOLC1 5-AQ Input:  Independently connect to Voo or Vss via a resistor.

P32/INTP3/TOX01/TOOLDA Output: Leave open.

P33/TOX10

P34/TOX11/INTP4/<TOH1>/

<TI51>

P35/SCK11

P36/S111

P37/SO11 5-AG

P60/SCLAO/TxD6 5-AS Input:  Independently connect to Voo or Vss via a resistor.

P61/SDAAO/RXD6 Output: Leave this pin open at low-level output after clearing

the output latch of the port to 0.

ANI8/P70 11-G <Digital input setting>
Independently connect to AVrer or AVss via a resistor.
<Analog input setting and digital output setting>
Leave open"°t?,

P121/X1/TOOLCO* %/ 37-A Input Independently connect to Voo or Vss via a resistor.

<T1000>/<INTPO>

P122/X2/EXCLK/TOOLDQ""*?

RESET/P125 42-A Connect directly to Voo or via a resistor.

ICO - - Connect directly to Vss.

AVRer - - Connect directly to Voo.

AVss - - Connect directly to Vss.

Notes 1. 1PD78F0755, 78F0756 (products with operational amplifier) only
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. 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.

Cautions 1. ANI0/P20/AMP-, ANI1/P21/AMPOUT/PGAIN, ANI2/P22/AMP+, ANI3/P23/CMP2+, ANI4/P24/CMP0+,
ANI5/P25/CMP1+, ANI6/P26/CMPCOM, ANI7/P27, and ANI8/P70 are set in the analog input mode after
release of reset.

2. Pin function of RESET/P125 is set in the external reset input after release of reset.

Remark Functions in angle brackets < > can be assigned by setting the input switch control register (MUXSEL).
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Figure 2-1. Pin I/O Circuit List (1/3)

Type 5-AG

Type 5-AQ

SMBus I/O buffer
input enable
PIM

VoD VoD
pullup pullup
enable {>O I P-ch enable {>O I P-ch
VDD VDD
data 4‘:‘:}3—' P-ch data 4":‘:})—' P-ch
IN/OUT IN/OUT
output N-ch output N-ch
disable disable
Vss Vss
input input
enable enable
Type 5-AS Type 11-G
VbD
AVrer
pullup
VoD —CO INOUT
itput
CMOS/N-ch OD disable Ncn
data%—' P-ch
IN/OUT J_ y AVss
Comparator
output N-ch
disable
N-ch
SCHMIT
i Vss Series resistor string voltage
CH=——

D B

input enable

Type 11-N

AVrer

data — 4
P-ch

—O INJOUT

output
disable

AVss

Comparator

VREF
(Threshold voltage)

AVss

b
:
oP
AMP|

RO1UHO010EJO0500 Rev.5.00
Feb 28, 2012

RENESAS

39



78K0/1x2 CHAPTER 2 PIN FUNCTIONS

Figure 2-1. Pin I/O Circuit List (2/3)

Type 11-0 Type 11-P

AVrer
AVrer
data — 4
P-ch
data 44
P-ch
—O INJOUT
——O IN/OUT
output "
disable N-ch
output ~— N-ch
disable
AVss
AVss

..
Comparator p-ch
{ ¢ Comparator "

T N-ch
VREF T e
(Threshold voltage)
VREF
AVss (Threshold voltage)

. % ':|—<I
input enable
“ input enable
@ 7
» op
AMP|

>
oP
7AMP
Type 11-Q Type 11-R
AVer AViee
data 44
data % P-ch
»——O INOUT »——CO INJOUT
output output
doatle = N<h disable
AVss
Comparator

Comparator

J_ P-ch

T N-ch T N-ch
VREF VREF
(Threshold voltage) 7 / / (Threshold voltage)

AVss AVss

P S I
input enable input enable

Comparator input

Comparator |

Comparator -
:+
N-ch
Compare voltage
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Figure 2-1. Pin I/O Circuit List (3/3)

Type 37-A Type 42-A
‘—O< li VDD

O X2
input pullup 4[>©_{ = P-ch

enable enable

Yo-N 1
Yo-d ——

input enable

SCHMIT
<—QG_‘ O X1 reset
input reset mask

enable
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CHAPTER 3 CPU ARCHITECTURE

3.1 Memory Space

CHAPTER 3 CPU ARCHITECTURE

Products in the 78K0/Ix2 microcontrollers 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
78K0/Y2 78KO/IA2 78K0/IB2 RAM Capacity

uPD78F0740, - - 61H 4 KB 384 bytes

78F0750

uPD78F0741, HPD78F0743, uPD78F0745, 42H 8 KB 512 bytes

78F0751 78F0753 78F0755

uPD78F0742, ©PD78F0744, uPD78F0746, 04H 16 KB 768 bytes

78F0752 78F0754 78F0756
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Figure 3-1. Memory Map (¢PD78F0740, 78F0750)

FFFFH
Special function registers
(SFR)
256 x 8 bits
FFOOH
FEFFH General-purpose
registers
FEEOH 32 x 8 bits
FEDFH
—— Internal high-speed RAM —-
384 x 8 bits
FD80OH
FD7FH
CALLF entry area -
Data memory 2048 x 8 bits
space
Program area -+
1905 x 8 bits
~ Reserved
On-chip debug security
ID setting area Boot cluster gNote
10 x 8 bits
Option byte area
5 X 8 bits
CALLT table area
64 x 8 bits
1000H
? OFFFH
Program L Flash memory L Vector table area
memory space 4096 x 8 bits 64 x 8 bits
i 0000H 0000H

Note Writing boot cluster 0 can be prohibited depending on the setting of security (refer to 25.6 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.

0FFFH
Block 03H
0COO0H
0BFFH
Block 02H
0800H
07FFH
Block 01H
0400H
03FFH
Block O0OH 1KB
0000H
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Figure 3-2
FFFFH
Special function registers
(SFR)
256 x 8 bits
FFOOH
FEFFH General-purpose
registers
FEEOH 32 x 8 bits
FEDFH
Internal high-speed RAM
512 x 8 bits
FDOOH
FCFFH
Data memory
space
~ Reserved 4+
2000H
1FFFH
Program | Flash memory e
memory space a 8192 x 8 bits T
0000H

. Memory Map (#PD78F0741, 78F0743, 78F0745, 78F0751, 78F0753, 78F0755)

1FFFH
Program area ~
On-chip debug security
5 Note 1
ID setting area™¢ Boot cluster 1

10 x 8 bits

Option byte areaN°te
5 x 8 bits

Program area

CALLF entry area L
2048 x 8 bits

Program area ]
1905 x 8 bits T

On-chip debug security
ID setting areaN°te *
10 x 8 bits

Boot cluster oNote 2

Option byte areaN°te 1
5 x 8 bits

CALLT table area

64 x 8 bits
0040H
003FH
Vector table area
64 x 8 bits
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 008EH.

When boot swap is used:

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.
2. Writing boot cluster 0 can be prohibited depending on the setting of security (refer to 25.6 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.

LFFFH
1CO0H

Block 07H

1BFFH

Block 01H

Block OOH

1KB
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Figure 3-3. Memory Map (uPD78F0742, 78F0744, 78F0746, 78F0752, 78F0754, 78F0756)

Data memory
space

Prog

ram

memory space

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 o+
4000H
3FFFH

0000H

Flash memory
16384 x 8 bits

Program area

===

On-chip debug security
ID setting areaN°te
10 x 8 bits

Option byte areaN°te 1
5 x 8 bits

Program area

Boot cluster 1

CALLF entry area
2048 x 8 bits

Program area
1905 x 8 hits

0040H
003FH

On-chip debug security
ID setting areaN°te
10 x 8 bits

Option byte areaNote 1
5 X 8 bits

CALLT table area
64 x 8 bits

0000H

Vector table area
64 x 8 bits

Boot cluster QNote 2

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 008EH.

When boot swap is used:

debug security IDs to 0085H to 008EH and 1085H to 108EH.
2. Writing boot cluster 0 can be prohibited depending on the setting of security (refer to 25.6 Security Settings).

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

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.

3FFFH
3CO0H

Block OFH

3BFFH

Block 01H

o mo mo
I ITIT T

o o o
o W oo
o To To

Block OOH

1KB
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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
0CO0H to OFFFH 03H
1000H to 13FFH 04H
1400H to 17FFH 05H
1800H to 1BFFH 06H
1CO0H 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
3CO00H to 3FFFH OFH

Remark PD78F0740, 78F0750:
uPD78F0741, 78F0743, 78F0745, 78F0751, 78F0753, 78F0755:
uPD78F0742, 78F0744, 78F0746, 78F0752, 78F0754, 78F0756:

3.1.1 Internal program memory space

Block numbers 00H to 03H
Block numbers 00H to 07H
Block numbers 00H to OFH

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

counter (PC).
78K0/Ix2 microcontrollers incorporate internal ROM (flash memory), as shown below.

Table 3-3. Internal ROM Capacity

uPD78F0742, 78F0752 | PD78F0744, 78F0754 | PD78F0746, 78F0756

Product Internal ROM
78K0/1Y2 78K0/IA2 78K0/1B2 Structure Capacity
4PD78F0740, 78F0750 - - Flash memory 4096 x 8 bits
(O000H to OFFFH)
HPD78F0741, 78F0751 | 4PD78F0743, 78F0753 | uPD78F0745, 78F0755 8192 x 8 bits

(0000H to 1FFFH)

16384 x 8 bits
(0000H to 3FFFH)

The internal program memory space is divided into the following areas.
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(1) 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 78K0/1Y2 78KO0/IA2 78K0/IB2
Address 16 Pins 20 Pins 30 Pins 32 Pins
0000H RESET input, POC, LVI, WDT N N N N
0004H INTLVI J J \ \
0006H INTPO J J J J
0008H INTP1 - - J -
000AH INTP2 v J J J
000CH INTP3 J J J J
000EH INTP4 v J J J
0010H INTP5 - - J J
0012H INTSRE6 - J J J
0014H INTSR6 - J J J
0016H INTST6 - J Y Y
0018H INTCSI11 - - J J
001AH INTTMH1 V J J \
001CH INTTMXO «/ J J J
001EH INTTMX1 J J J \
0020H INTTMO00 v J J J
0022H INTTMO10 J J J J
0024H INTAD v J J J
002AH INTTM51 J J J J
002CH INTCMPO v J J J
002EH INTCMP1 J J J J
0030H INTCMP2 V J \ \
0034H INTIICAO - J J J
003EH BRK v J J \

Remark +: Mounted, —: Not mounted
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()

@)

(4)

®)

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 24 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 26 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).

3.1.2 Internal data memory space

(1)

78K0/1x2 microcontrollers incorporate the following RAMs.

Internal high-speed RAM

Table 3-5. Internal High-Speed RAM Capacity

Product Internal High-Speed RAM
78K0/1Y2 78K0/IA2 78K0/1B2

uPD78F0740, 78F0750 - - 384 x 8 bits (FD80H to FEFFH)
pPD78F0741, 78F0751 | 4PD78F0743, 78F0753 | xPD78F0745, 78F0755 | 512 x 8 bits (FDOOH to FEFFH)
HPD78F0742, 78F0752 | /PD78F0744, 78F0754 | uPD78F0746, 78F0756 | 768 x 8 bits (FCOOH to FEFFH)

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 Tables

3-6 to 3-9 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
78K0/1x2 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
(#PD78F0740, 78F0750)

FFFFH
Special function registers
(SFR) SFR addressing
256 x 8 bits
FF20H
[ 1 [ Y S
FFOOH
FEFFH General-purpose *
registers Register addressing
FEEOH 32 x 8 bits ¢ Short direct
FEDFH - addressing
=~ Internal high-speed RAM =
384 x 8 bits
FE20H
[ T
FD80H
FC7FH Direct addressing
Register indirect addressing
Based addressing
Based indexed addressing
i Reserved =
1000H
OFFFH
A Flash memory g
T 4096 x 8 bits T
0000H
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Figure 3-5. Correspondence Between Data Memory and Addressing
(uPD78F0741, 78F0743, 78F0745, 78F0751, 78F0753, 78F0755)
FFFFH
Special function registers
(SFR) SFR addressing
256 x 8 bits
FF20H
[ 1 [ Y S
FFOOH
FEFFH i
General-purpose 1 )
registers Register addressing
FEEOH 32 x 8 hits { Short direct
FEDFH - addressing
- Internal high-speed RAM -
512 x 8 bits
FE20H
[ T
FDOOH
FCFFH Direct addressing
Register indirect addressing
Based addressing
Based indexed addressing
0= Reserved =
2000H
1FFFH
A Flash memory L
T 8192 x 8 bits B
0000H
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Figure 3-6. Correspondence Between Data Memory and Addressing
(uPD78F0742, 78F0744, 78F0746, 78F0752, 78F0754, 78F0756)
FFFFH ]
Special function registers .
(SFR) SFR addressing
256 x 8 bits
FF20H | ..
FF1FH
FFOOH
FEFFH General-purpose | )
registers Register addressing
FEEOH 32 x 8 bits { Short direct
FEDFH - addressing
- Internal high-speed RAM L
768 x 8 bits B
FE20H |___ ...
FE1FH
FCOOH ; i
EBFFH Direct addressing
Register indirect addressing
Based addressing
Based indexed addressing
B Reserved -
4000H
3FFFH
i Flash memory 3
7 16384 x 8 bits -
0000H !
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3.2 Processor Registers

The 78K0/Ix2 microcontrollers 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

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

PSW IE z RBS1| AC | RBSO 0 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 |E flag is set to the interrupt enabled (El) 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 El instruction
execution.

(b) Zero flag (Z)
When the operation result is zero, this flag is set (1). It is reset (0) in all other cases.

(c) Register bank select flags (RBS0 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.

(d) Auxiliary carry flag (AC)
If the operation result has a carry from bit 3 or a borrow at bit 3, this flag is set (1). It is reset (0) in all other cases.
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(e) 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, PR1H) (refer to
18.3 (3) Priority specification flag registers (PROL, PROH, PR1L, PR1H)) can not be acknowledged. Actual
request acknowledgment is controlled by the interrupt enable flag (IE).

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

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

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

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

— FEEOH

FEDFH

Register pair higher

l«—— FEDEH

Register pair lower

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

SP

SP

SP

SP

— FEEOH

FEDFH

PC15 to PC8

l«—— FEDEH

PC7 to PCO

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

FEEOH — FEEOH
: FEDFH PSW
! FEDEH PC15to PC8
Y

FEDDH l«—— FEDDH PC7 to PCO
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SP

SP

SP

SP

SP

SP

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

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

~—— FEEOH

FEDFH

Register pair higher

——» FEDEH

Register pair lower

(b) RET instruction (when SP = FEDEH)

~—— FEEOH

FEDFH

PC15 to PC8

—— FEDEH

PC7 to PCO

FEEOH l~—— FEEOH
A
! FEDFH PSW
FEDEH PC15 to PC8
EEDDH ——» 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
FEE8H c
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
FEE8H
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.

1-bit manipulation

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

8-bit manipulation

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

16-bit manipulation

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

Tables 3-6 to 3-9 give a list of the special function registers. The meanings of items in the table are as follows.

Symbol

Symbol indicating the address of a special function register. It is a reserved word in the 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.

R/W

Indicates whether the corresponding special function register can be read or written.

R/W: Read/write enable

R:  Read only

W:  Write only

Manipulatable bit units

“« »

Indicates the manipulatable bit unit (1, 8, or 16). indicates a bit unit for which manipulation is not possible.
After reset

Indicates each register status upon reset signal generation.
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Table 3-6. Special Function Register List : 78K0/1Y2 (1/6)

Address Symbol Bit No. R/W Number of Bits After °
. o
Manipulated Reset § o}
Simultaneously < 3
14
7 6 5 4 3 2 1 0 1 8 16
FFOOH - - - - - - - - - - - - - - -
FFO1H - - - - - - - - - - - - - - -
FFO2H P2 0 0 P25 P24 P23 0 P21 P20 RW V \ - 00H 150
FFO3H P3 0 0 0 P34 P33 P32 P31 0 RW 3 \ - 00H 150
FFO4H
to FFO7H
FFO8H AD | ADCRL - - - - - - - - R - y - 00H 378
FFO9H CR 0 0 0 0 0 0 - - R - - 3 0000H 377
FFOAH - - - - - - - - - - - - - - -
FFOBH - - - - - - - - - - - - - - -
FFOCH P12 0 0 P125 0 0 P122 | P121 0 R R \ - 00H 150
FFODH ADCRH - - - - - - - - R - \/ - 00H 378
<V12S | <ADOA | <ADTR | <ADTR <ADS | <ADS | <ADS
FFOEH ADS Note 0 RW V \ - 00H 380, 409
EL> | S> G1> G0> 2> 1> 0>
FFOFH - - - - - - - - - - - - - - -
FF10H - - - - - - - -
TMO00 R - - V 0000H 258
FF11H - - - - - - - -
FF12H - - - - - - - -
CRO000 RW - - V 0000H 259
FF13H - - - - - - - -
FF14H - - - - - - - -
CRO010 RW - - V 0000H 259
FF15H - - - - - - - -
FF16H AD | ADCRX
- - - - - - - - R - \/ - 00H 379
CR|OL
FF17H X0 0 0 0 0 0 0 - - R - - V 0000H 379
FF18H AD | ADCRX
- - - - - - - - R - y - 00H 379
CR|1L
FF19H X1 0 0 0 0 0 0 - - R - - V 0000H 379
FF1AH | CMPO1 - - - - - - - - RW - N - 00H 340
FF1BH CMP11 - - - - - - - - RW - \/ - 00H 340
FF1CH to
FF1EH
FFIFH | TM51 - - - - - - - - R - v - 00H 329
FF20H - - - - - - - - - - - - - - -
FF21H - - - - - - - - - - - - - - -
FF22H PM2 1 1 PM25 | PM24 | PM23 1 PM21 | PM20 RW V \ - FFH 148
FF23H PM3 1 1 1 PM34 | PM33 | PM32 | PM31 1 RW V \ - FFH 148

Note This bit is incorporated only in products with operational amplifier.

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 : 78K0/IY2 (2/6)

Address Symbol Bit No. R/W Number of Bits After g
Manipulated Reset 5 g
Simultaneously "% 3

o

FFoBH |FPCTL 0 0 0 0 0 0 0 RW v v - 00H 670

FF2DH | RSTMASK 0 0 RSTM 0 0 0 0 0 RW Y Y - OO0H 155
ADPCS | ADPCS | ADPCS ADPCS | ADPCS 155, 382,
FF2EH | ADPCO 0 0 0 RW R R - 00H
5 4 3 1 0 408, 425

<INTPO | <INTPO | <TMOO | <TM00 <TM5 <TMH 157, 270,
FF39H MUXSEL 0 0 RW R R - 00H | 332, 344,
SEL1> | SELO> | SEL1> | SELO> SELO> SELO> 562
FF3CH |PU12 0 0 PU125 0 0 0 0 0 RW R R - 20H 152
FF3DH |RMC - - - - - - - - RW - v - 00H 649

e Jorst | - | - | - | - | -] -] - | - Jew| - [ v ] -] om| a0 |

Frin |mwost  oese| o | o | o | o | o | o] o Jrw| v | v ] -] o | s |
|

FF48H |EGPCTLO | EGP7 | EGP6 0 EGP4 | EGP3 | EGP2 | 0 | EGPO | RW i J - 00H 593
FF49H |EGNCTLO | EGN7 | EGN6 | 0 EGN4 | EGN3 | EGN2 | 0 | EGNO | RW i i - 00H 593
FF4AH  |EGPCTL1 0 0 0 0 0 0 0 | EGP8 | RW i % - 00H 593
FF4BH |EGNCTL1 0 0 0 0 0 0 0 EGN8 | RW N N - 00H 593

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 : 78K0/1Y2 (3/6)

Number of Bits

@
Bit No. Manipulated After | 5 9
Address Symbol R/W ) o @
Simultaneously Reset E:': o
7 6 5 4 3 2 1 0 1 8 16
Note <PGAE <AMPO | <AMPO
FF60H | AMPOM 0 0 0 0 0 RW R V - 00H 407
N> VG1> | VGO>
FF61H _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
<CMPO | <CODF | <CODF | <COMO | <COMO <COIN
FF62H | COCTL 0 |<COOE> RW N N - 00H 416
EN> S1> SO> | DSEL1> | DSELO> V>

<COVR | <COVR | <COVR | <COVR | <COVR
FF63H CORVM <CVRE> 0 0 RW N ~\ — 00H 420
S4> S3> S2> S1> S0>

<CMP1 | <C1DF | <C1DF | <C1MO | <C1MO <C1IN
FF64H C1CTL 0 <C10E> RW v v - 00H 416
EN> S1> S0> | DSEL1> | DSELO> V>

<C1VR | <C1VR | <C1VR | <C1VR | <C1VR
FF65H C1RWM 0 0 0 RW N N - 00H 420
S4> S3> S2> S1> S0>

<CMP2 | <C2DF | <C2DF | <C2MO | <C2MO <C2IN
FFe6H C2CTL 0 <C20E> RW v v - 00H 416
EN> S1> S0> | DSEL1> | DSELO> V>

<C2VR | <C2VR | <C2VR | <C2VR | <C2VR
FF67H C2RVM 0 0 0 RW N N - 00H 420
S4> S3> S2> S1> S0>

FF68H _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
<CMP2 | <CMP1 | <CMPO
FF69H | CMPFLG 0 0 0 0 0 R N N - 00H 424
F> F> F>
FF6AH _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
FF6BH _ _ - _ _ _ _ _ _ - _ _ _ _ _
<TMHE TMMD | TMMD | <TOLE | <TOEN
FF6CH | TMHMD1 CKS12 | CKS11 | CKS10 RW N N _ 00H 341
1> 11 10 V1> 1>
FF6DH | TMCYC1 0 0 0 0 0 RMC1 | NRZB1 | <NRz1>| RW N N _ 00H 343
<HIZTR
FF6EH | HIZTREN 0 0 0 0 0 0 0 RW N N _ 00H 250
ENO>
<HIZTR | <HIZTR <HIZPT | <HIZPT | <HIZPT | <HIZPT
FF6FH | HIZTRS 0 0 RW N N _ 00H 251
S1> S0> S3> S2> S1> S0>
FF70H MU | MULAL - - — _ _ _ _ _ RW _ N 00H 574
\/
FF71H  |LA [MULAH|  — - - - _ _ _ _ RW _ N 00H 574
FF72H  |mu|MULBL | — _ _ _ _ _ _ _ RW - N 00H 574
N
FF73H LB [MuLBH| — - - - _ _ _ _ RW _ N 00H 574
FF74H - _ _ _ _ _ _ _
MULOH R - - v 0000H 573
FF75H - - - - - - - -
FF76H _ _ _ _ _ _ _ _
MULOL R - - v 0000H 573
FF77H _ - - - - - - -
<HZAO | <HZAO | <HZAO | <HZAO | <HZAO | <HZAO <HZAO0
FF78H | HZAOCTLO 0 RW R R - 00H 252
DCEO> | DCMO> | DCNO> | DCPO> | DCTO> | DCCO> DCF0>

Note This register is incorporated only in products with operational amplifier.

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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Table 3-6. Special Function Register List : 78K0/1Y2 (4/6)

Number of Bits °
Bit No. Manipulated After | 5 9
Address Symbol R/W . o @
Simultaneously Reset T =
04
7 6 5 4 3 2 1 0 1 8 16
FF79H to
FF7DH
<TX0 <TX0 | <TX0 | <TX0
FF7EH | TXOCTLO 0 0 0 0 R/W R R - O0H 206
T™MC> CKS2> | CKS1> | CKS0>
<TXO0IN <TXOPW | <TXOPW | <TXOP
FF7FH | TXOCTL1 0 0 0 0 RW d V - 00H 208
TPST> MCE> | MCINV> [ WM>
<TXO0T <TXOA | <TX0C
FF80H | TXOCTL2 0 0 0 0 0 R/W R R - O0H 209
RGS> DEN> CS>
<TXO0C | <TX0C <TXOIN | <TXOIN | <TXOC | <TX0C
FF81H | TXOCTL3 0 |MPLDS| MPLD 0 |[TPORM|TPORM| MP2R | MP2R | R/W # y - 00H 211
ET1> | SETO> 1> 0> M1> | MO>
<TXOCM | <TXOCM | <TXOCM | <TXOCM | <TXOCM | <TXOCM
FF82H | TXOCTL4 0 0 RW d V - 00H 213
P1RP> | PARM1> | PIRMO> | PORP> | PORM1> | PORMO>
<TXOT | <TXOT | <TXOT | <TXOT
FF83H | TX0IOCO 0 0 0 0 RW v R - 00H 215
OC1> | OC0> | OL1> | OLO>
FF84H - - - - - - - -
TXOCRO R/W - - R 0000H 204
FF85H - - - - - - - -
FF86H - - - - - - - -
TXOCR1 RW - - V 0000H 204
FF87H - - - — - - - -
FF88H - - - - - - - - - - - - - - -
FF89H - - = = - = = = - - - - - = =
FF8AH - - - - - - - -
TXOCR2 RW - - V 0000H 204
FF8BH - - - - - - - -
FF8CH |TCL51 0 0 0 0 0 | TCL512 | TCL511 | TCL510 | RW V R - O0H 331
FF8DH to
FF8FH
FF90H - - - - - - - -
TXOCR3 R/W - - R 0000H 204
FF91H - - - - - - - -
FF92H - - - - - - - -
TXOCCRO R/W - - R 0000H 204
FF93H - - - - - - - -
<TX1T <TX1C | <TX1C | <TX1S
FF94H | TX1CTLO 0 0 0 0 RW d V - 00H 206
MC> KS2> | KS1> | KSO0>
<TX1PW <TX1P <TX1IM | <TX1M
FF95H | TX1CTL1 0 0 0 0 R/W R R - O0H 208
MCE> WM> D1> DO>
<TX1A | <TX1C
FF96H | TX1CTL2 0 0 0 0 0 0 RW v v - 00H 209
DEN> | CS>
FF97H - - = = - = = = - - - - - = =
FF98H - - - - - - - - - - - - - - -
1AH/
FFO9H |WDTE - - - - - - - - | RW - v - Noto | 364
9AH

Note The reset value of WDTE is determined by setting of option byte.
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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Table 3-6. Special Function Register List : 78K0/1Y2 (5/6)

Number of Bits °
Bit No. Manipulated After | 5
Address Symbol R/W . o @
Simultaneously Reset T =
14
7 6 5 4 3 2 1 0 1 8 16
<TX1C | <TX1C <TX1C | <TX1C
FFOAH | TX1CTL4 0 0 0 MP1R | MP1R 0 MPOR | MPOR | R/W \ \ - OOH 213
M1> | MO> M1> | Mo>
<TXAT | <TXAT | <TX1T | <TX1T
FF9BH | TX110C0 0 0 0 0 RW V V - OOH 215
OC1> | OC0> | OL1> | OLO>
FFOCH - - - - - - - -
TX1CRO RW - - v 0000H 204
FFODH - - - - - - - -
FF9EH - - - - - - - - - - - - - - -
<EXCL | <OSCS
FFOFH | OSCCTL 0 0 0 0 0 0 RW y N - O0H 172
K> EL>
<PLLO | <SELP <LSR | <RSTO Note
FFAOH |RCM <RSTS>| 0 |<PLLS> 0 R/W y Y - | 80H 174
N> LL> STOP>| P>
<MCM
FFATH |MCM 0 0 0 0 0 |<XSEL>|<MCS> 0 RW y \ - 00H 177
>
<MST
FFA2H |MOC op 0 0 0 0 0 0 0 RW y V - 80H 176
>
MOST1 [MOST1| MOST | MOST |MOST1
FFA3H |OSTC 0 0 0 R y \ - 00H 178, 606
1 3 14 15 6
FFA4H |OSTS 0 0 0 0 0 |OSTS2|0STS1|0OSTSO| RW - N - 05H 179, 607
FFA5H
to FFABH
FFACH |RESF 0 0 0 |WDTRF| © 0 0 LVIRF R - N — | oonMNt? | g28
FFADH to
FFAFH
FFBOH - - - - - - - -
TX1CR1 RIW - - v 0000H 204
FFB1H - - - - - - - -
FFB2H - - - - - - - -
TX1CR2 RW - - V 0000H 204
FFB3H - - - - - - - -
FFB4H - - - - - - - -
TX1CR3 RW - - v 0000H 204
FFB5H - - - - - - - -
FFB6H - - - - - - - -
TX1CCRO RW - - d 0000H 204
FFB7H - - - - - - - -
FFBSH - - - - - - - - - - - - - - -
FFBOH - - - - - - - - - - - - - - -
<OVFO
FFBAH | TMCO00 0 0 0 0 TMCO03 | TMC002 0 o RW y \ - 00H 263
>
FFBBH | PRMO0O 0 0 ES010 | ES000 0 0 | PRMOO1 | PRM0O00 | R/W y N - 00H 268
FFBCH | CRCO00 0 0 0 0 0 | CRCO02 | CRCOO1T | CRCO00 | R/W y \ - 00H 264

Notes 1. 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.
2. The reset value of RESF varies depending on the reset source.

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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Table 3-6. Special Function Register List : 78K0/1Y2 (6/6)

Address Symbol Bit No. R/W Number of Bits After °
Manipulated Reset § 2
Simultaneously % d
o
7 6 5 4 3 2 1 0 1 8 16
FFBDH - - - - - - - - - - - - - - -
<LVIO <LVIM
FFBEH |LVIM 0 0 0 0 0 <LVIF> | RW N N — | oon™* | 636
N> D>
FFBFH |LVIS 0 0 0 0 LVIS3 | LVIS2 | LVIST | LVISO | R/W R y — | oon™**| 638
FFCOH to
FFDFH
FFEOH IFOL 0 0 |[<PIF4>|<PIF3>|<PIF2>| 0 |<PIFO>|<LVIIF>| R/W R y 00H 582
IFO <TMIFO | <TMIFO | <TMIFX | <TMIFX [<TMIFH v
FFE1H IFOH 0 0 0 RW S y 00H 582
10> 00> 1> 0> 1>
<CMPIF |<CMPIF |<CMPIF| <TMIF5
FFE2H |IF1L 0 0 0 |<ADIF>| RW R y y 00H 582
2> 1> 0> 1>
FFE3H - - - - - - - - - - - - - - -
<PMK | <PMK | <PMK <PMK | <LVIM
FFE4H MKOL 1 1 1 RW R y FFH 586
MK 4> 3> 2> 0> K> .
0 <TMMK | <TMMK | <TMMK | <TMMK | <TMMK
FFE5H MKOH 1 1 1 RW R y FFH 586
010> | 000> | X1> X0> H1>
<CMPM |[<CMPM [<CMPM | <TMMK <ADM
FFE6H | MK1L 1 1 1 RW 3 y y FFH 586
K2> K1> KO> 51> K>
FFE7H - - - - - - - - - - - - - - -
<PPR | <PPR | <PPR <PPR | <LVIP
FFESH PROL 1 1 1 RW 3 y FFH 589
PR 4> 3> 2> 0> R> \/
0 <TMPR | <TMPR | <TMPR | <TMPR | <TMPR
FFE9H PROH 1 1 1 RW R Y FFH 589
010> | 000> | X1> X0> H1>
<CMPP | <CMPP | <CMPP | <TMPR <ADP
FFEAH |PRIL 1 1 1 RIW v v v FFH 589
R2> R1> RO> 51> R>
FFEBH to
FFEFH ~
FFFOH  |IMS RAM2 | RAM1 | RAMO 0 ROM3 | ROM2 | ROM1 | ROMO | RW - y — | crr"®| 657
FFF1H to
FFFAH
FFFBH |PCC 0 0 0 0 0 PCC2 | PCC1 | PCCO | R/W R y - 01H 173

Notes 1. The reset values of LVIM vary depending on the reset source and setting of option byte.
2. The reset values of LVIS vary depending on the reset source.
3. 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.

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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Table 3-7. Special Function Register List :

78K0/IA2 (1/7)

Address Symbol Bit No. R/W Number of Bits After °
Manipulated Reset § 2
Simultaneously % d
o
7 6 5 4 3 2 1 0 1 8 16
FFOOH |PO 0 0 0 0 0 0 0 P00 RW V V - 00H 150
FFO1H - - - - - = - - = = - - - - =
FFO2H |P2 0 0 P25 P24 P23 P22 P21 P20 RW R R - 00H 150
FFO3H |P3 0 0 0 P34 P33 P32 P31 0 RW V - OOH 150
FFO4H - - - B - - - -
RXBDL R - - v FFFFH 438
FFO5H - - - - - - - -
FFO6H |P6 0 0 0 0 0 0 P61 P60 RW R R - O0H 150
FFO7H - - - - - - - - - - - - - - -
FFO8H |AD |ADCRL - - - - - - - - R - V - OOH 378
FFO9H |CR 0 0 0 0 0 0 - - R - - R 0000H 377
FFOAH |RXB6 - - - - - - - - R - V - FFH 438
FFOBH |TXB6 - - - - - - - - RW - R - FFH 438
FFOCH |P12 0 0 P125 0 0 P122 | P121 0 R V V - OOH 150
FFODH |ADCRH - - - - - - - - R - R - O0H 378
<V12S | <ADOA | <ADTR | <ADTR <ADS | <ADS | <ADS
FFOEH |ADS ot 0 RW v v - 00H | 380, 409
EL> | S>™* | G1> GO> 2> 1> 0>
FFOFH - - - - - - - - - - - - - - -
FF10H - - - - - - - -
TMOO R - - v 0000H 258
FF11H - - - B - - - -
FF12H - - - - - - - -
CRO000 RW - - V 0000H 259
FF13H - - - - - - - —
FF14H - - - - - - - -
CRO010 RW - - y 0000H 259
FF15H - - - - - - - -
FF16H |AD |ADCR
- - - - - - - - R - R - O0H 379
CR | X0L
FF17H | X0 0 0 0 0 0 0 - - R - - V 0000H 379
FF18H |AD [ADCR
- - - - - - - - R - V - 00H 379
CR|XI1L
FF19H | X1 0 0 0 0 0 0 - - R - - R 0000H 379
FF1AH | CMPO1 - - - - - - - - RW - - OOH 340
FF1BH |CMP11 - - - - - - - - R/W - - O0H 340
FF1CH to
FF1EH
FF1FH | TM51 - - - - - - - - R - - 00H 329
FF20H |PMO 1 1 1 1 1 1 1 PM0O | RW R - FFH 148
FF21H - - - - - = - - = = - - - - =
FF22H |PM2 1 1 PM25 | PM24 | PM23 | PM22 | PM21 | PM20 | RW R R - FFH 148
FF23H |PM3 1 1 1 PM34 | PM33 | PM32 | PM31 1 RW V - FFH 148

Note This bit is incorporated only in products with operational amplifier.

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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78K0/1x2

CHAPTER 3 CPU ARCHITECTURE

Table 3-7. Special Function Register List : 78K0/IA2 (2/7)

Address

Symbol

Bit No.

R/W

Number of Bits
Manipulated
Simultaneously

After
Reset

Reference
page

|
Fraon lewe | 1 | 1 | 4 | 0 | 9 | 1 Jewerleweo Rw | v | v | - | e | wee |

rroon_|aovo_|woos| o | Rz | eri | R0 | vt | o socel mw | v [ v ] - | oo | ars |

POMS6 | POM6 155, 449,
FF2AH | POM6 0 0 0 0 0 R/W R R O0H
1 0 496
<FLMD
FEoBH |FPCTL 0 0 0 0 0 0 PUP> R/W V v OOH 670

FF2DH |RSTMASK 0 RSTM 0 0 0 0 0 R/W Y Y 00H 155
ADPC | ADPC | ADPC | ADPC | ADPC | ADPC 155, 382,
FF2EH |ADPCO 0 R/W \/ R O0H
S5 sS4 S3 S2 S1 S0 408, 425

|
Froon lwo | 0 | o | o | o | o | o | o lewolrw | v | v | - | oo | 152 |
|

rrson Jpus | o | o | o Jeusseuseuszleun | o Jrw | v [ v | - | om | 1 |

e e | o | o | o | o | o | o leusr|eusolrw | v | v | - | om | 1 |

FF39H

MUXSEL

<INTPO
SELO>

<TMO00
SELO>

<TM5
SEL1>

<TM5
SELO>

<TMH
SEL1>

<TMH
SELO>

00H

157, 270,
332, 344,
592

FF3CH |PU12 0 PU125 0 0 0 0 0 R/W \ 20H 152
FF3DH |RMC - - - - - - - R/W - 00H 649
FF3EH PIM6 0 0 0 0 0 PIM61 | PIMG0 | R/W y 00H 154, 495

e Joror | - | - | - ] - | -] -] - | Jew] - [ v ] -] on| a0 |

rrean_Jtvost |acesel 0 | o | o | o [ o | o | o Jerw] v [ v ] -] om | s |

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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78K0/Ix2 CHAPTER 3 CPU ARCHITECTURE

Table 3-7. Special Function Register List : 78K0/IA2 (3/7)

Address Symbol Bit No. R/W Number of Bits After °
Manipulated Reset § 2
Simultaneously % d
o
7 6 5 4 3 2 1 0 1 8 16
FF48H |EGPCTLO | EGP7 | EGP6 0 EGP4 | EGP3 | EGP2 0 EGPO | RW y V - 00H 593
FF49H |EGNCTLO | EGN7 | EGN6 0 EGN4 | EGN3 | EGN2 0 EGNO | RW Y V - 00H 593
FF4AH |EGPCTL1 0 0 0 0 0 0 0 EGP8 | R/W y R - 00H 593
FF4ABH |EGNCTL1 0 0 0 0 0 0 0 EGN8 | R/W Y V - 00H 593
FF4CH to
FF4EH
FF4FH |ISC 0 0 0 0 0 0 ISC1 | ISCO | RW y V - O0H 448
FF50H | ASIM6 <POWERG>| <TXE6> | <RXE6>| PS61 | PS60 | CL6 SL6 | ISRM6 | RW y R - 01H 440
FF51H - - - - - - - - - - - - - - -
FF52H - = = - - - = - = - = - = - =
FF53H | ASIS6 MFE 0 0 0 0 PE6 FE6 | OVE6 R - R - O0H 442
FF54H - - - - - - - - - - - - - - -
FF55H | ASIF6 0 0 0 0 0 0 TXBF6 | TXSF6 | R - R - 00H 443
FF56H | CKSR6 0 0 0 0 TPS63 | TPS62 | TPS61 | TPS60 | R/W - V - O0H 443
FF57H |BRGC6 MDL67 | MDL66 | MDL65 | MDL64 | MDL63 | MDL62 | MDL61 | MDL60 | R/W - V - FFH 445
FF58H | ASICL6 <SBRF6> | <SBRT6> | SBTT6 | SBL62 | SBL61 | SBL60 | DIR6 | TXDLV6| R/W y R - 16H 446
FF59H to
FF5AH
<UADL
FF5BH | UADLCTL 0 0 0 0 0 0 0 SEL R/W y R - 00H 439
>
FF5CH to
FF5FH
oo | <OPA | <PGAE <AMPO | <AMPO
FF60H | AMPOM 0 0 0 0 R/W y R - 00H 407
MPOE>| N> VG1> | VGos
FF61H - - - - - - - - - - - - - - -
<CMPO | <CODF | <CODF | <COMO | <COMO <COIN
FF62H | COCTL 0 <COOE> RW y V - OOH 416
EN> S1> S0> | DSEL1> | DSELO> V>
<COVR | <COVR | <COVR | <COVR | <COVR
FF63H | CORVM <CVRE>| 0 0 RW y R - 00H 420
S4> S3> S2> S1> S0>
<CMP1 | <C1DF | <C1DF | <C1MO | <C1MO <C1IN
FF64H |C1CTL 0 <C10E> RW Y 3 - O0H 416
EN> S1> S0> | DSEL1> | DSELO> V>
<C1VR | <C1VR | <C1VR | <C1VR | <C1VR
FF65H |C1RVM 0 0 0 R/W y R - 00H 420
S4> s3> S2> S1> S0>
<CMP2 | <C2DF | <C2DF | <C2MO | <C2MO <C2IN
FF66H | C2CTL 0 <C20E> RW y V - O0H 416
EN> S1> S0> | DSEL1> | DSELO> V>
<C2VR | <C2VR | <C2VR | <C2VR | <C2VR
FF67H |C2RVM 0 0 0 RW y V - OOH 420
S4> S3> S2> S1> S0>
FF68H - - - - - - - - - - - - - - -
FF69H |CMPFLG 0 0 0 0 0 | <CMP2F>| <CMP1F>| <CMPOF>| R y V - OOH 424

Note This register is incorporated only in products with operational amplifier.

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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78K0/1x2 CHAPTER 3 CPU ARCHITECTURE
Table 3-7. Special Function Register List : 78KO0/IA2 (4/7)
Address Symbol Bit No. R/W Number of Bits After °
Manipulated Reset % g
Simultaneously ~‘3.—§ s
14
7 6 5 4 3 2 1 0 1 8 16
FFBAH - - - - - - - - - - - - - - -
FF6BH = = - = = - - = = = = = = - =
<TMHE TMMD | TMMD | <TOLE | <TOEN
FF6CH | TMHMD1 CKS12 | CKS11 | CKS10 RW Y \ - 00H 341
1> 11 10 V1> 1>
FF6DH | TMCYC1 0 0 0 0 0 RMC1 | NRZB1 | <NRZ1> | R/W y V - OOH 343
<HIZT
FF6EH |HIZTREN 0 0 0 0 0 0 0 RW y \ - O0H 250
RENO>
<HIZT | <HIZT <HIZP | <HIZP | <HIZP | <HIZP
FF6FH |HIZTRS 0 0 RW y N - O00H 251
RS1> | RS0> TS3> | TS2> | TS1> | TSO0>
FF70H | MU|MULAL - - - - - - - - R/W - \ y 00H 574
FF71H  |LA [MULAH - - - - - - - - RW - d 00H 574
FF72H | MU |MULBL - - - - - - - - RW - V y OOH 574
FF73H |LB |MULBH - - - - - - - - RW - N 00H 574
FF74H - - - - - - - -
MULOH R - - y 0000H 573
FF75H - - - - - - - -
FF76H - - - - - - - -
MULOL R - - y 0000H 573
FF77H - - - - - - - —
<HZAO | <HZAO | <HZAO | <HZAO | <HZAO | <HZAO <HZAO
FF78H | HZAOCTLO 0 RW y N - O0H 252
DCEO> | DCMO> | DCNO> | DCP0> | DCTO> | DCCO> DCFO0>
FF79H to
FF7DH
<TX0 <TX0 | <TX0 | <TX0
FF7EH | TXOCTLO 0 0 0 0 RW Y V - OOH 206
T™C> CKS2> | CKS1> | CKS0>
<TXO0IN <TXOPW | <TXOPW | <TXOP
FF7FH | TXOCTLA1 0 0 0 0 RW Y \ - 00H 208
TPST> MCE> | MCINV> | WM>
<TXO0T <TX0A | <TX0C
FF80H | TXOCTL2 0 0 0 0 0 RW Y N - 00H 209
RGS> DEN> CS>
<TXOC | <TX0C <TXOIN | <TXOIN | <TXO0C | <TX0C
FF81H | TXOCTL3 0 |MPLDS| MPLD 0 |TPORM|TPORM| MP2R | MP2R | RW V N - 00H 211
ET1> | SETO> 1> 0> M1> | MO>
<TXOCM | <TXOCM | <TXOCM | <TXOCM | <TXOCM | <TXOCM
FF82H | TXOCTL4 0 0 RW y N - 00H 213
P1RP> | PIRM1> | PIRMO> | PORP> | PORM1> | PORMO>
<TXOT | <TXOT | <TXOT | <TXOT
FF83H | TX0IOCO 0 0 0 0 RW y V - OOH 215
oc1> | 0Co> | OL1> | OLO>
FF84H - - - - - — - -
TXOCRO RW - - Y 0000H 204
FF85H - - - - - - - -
FF86H - - - - - - - -
TXOCR1 RW - - y 0000H 204
FF87H - - - - - - - -
FF88H - - - - - - - - - - - - - - -
FF89H - - - - - - - - - - - - - - -

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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78K0/Ix2 CHAPTER 3 CPU ARCHITECTURE

Table 3-7. Special Function Register List : 78K0/I1A2 (5/7)

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

Manipulated Reset

Reference
page

Simultaneously

7 6 5 4 3 2 1 0 1 8 16
FF8AH - - - - - - - -
TXOCR2 R/W - - y 0000H 556
FF8BH - - - - - - - -
FF8CH |TCL51 0 0 0 0 0 | TCL512| TCL511 | TCL510 | RW d y - 00H 557
FF8DH to
FF8FH
FF90H - - - - - - - -
TXOCR3 RW - - Y 0000H 204
FF91H - - - - - - - -
FF92H - - - - - - - -
TXOCCRO R/W - - y 0000H 204
FF93H - - - - - - - -
<TX1T <TX1C | <TX1C | <TX1S
FF94H | TX1CTLO 0 0 0 0 RW d y - OOH 206
MC> KS2> | KS1> | KSO>
<TX1PW <TX1P <TX1M | <TX1M
FF95H | TX1CTL1 0 0 0 0 R/W d y - O0H 208
MCE> WM> D1> DO>
<TX1A | <TX1C
FF96H | TX1CTL2 0 0 0 0 0 0 RW d y - 00H 209
DEN> CS>
FFO7H = = - = = - = = - - - = = - =
FF98H = = = = = = = = = = = = = = =
1AH/
FF99H |WDTE - - - - - - - - R/W - V - Notet | 364
9AH
<TX1C | <TX1C <TX1C | <TX1C
FFOAH |TX1CTL4 0 0 0 MP1R | MP1R 0 MPOR | MPOR | R/W Y y - O0H 213
M1> | MO> M1> | Mo>

<TXAT | <TX1T | <TX1T | <TX1T
FFO9BH | TX110C0 0 0 0 0 RW v N - O00H 215
0oC1> | 0C0> | OL1> | OLO>

FFOCH - - - - - - - -
TX1CRO RW - - y 0000H 204
FFODH - - - - - - - -
FF9EH - - - - - - - - - - - - - - -
<EXCL | <OSCS
FFOFH | OSCCTL 0 0 0 0 0 0 RW V y - OOH 172
K> EL>
<PLLO | <SELP <LSR |<RSTO Note2
FFAOH |RCM <RSTS>| 0 <PLLS> 0 RW Y Y - | 80H 174
N> LL> STOP>| P>
<MCM
FFATH |MCM 0 0 0 0 0 <XSEL> | <MCS> o RW d Y - O0H 177
>
<MST
FFA2H |MOC op 0 0 0 0 0 0 0 R/W v y - 80H 176
>
MOST | MOST | MOST | MOST | MOST
FFA3H |OSTC 0 0 0 R V V - 00H 178, 606
11 13 14 15 16
FFA4H |OSTS 0 0 0 0 0 |OSTS2|0STS1|0OSTSO| RW - y - 05H 179, 607

Notes 1. The reset value of WDTE is determined by setting of option byte.
2. 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 RA78KO0, and is
defined as an sfr variable using the #pragma sfr directive in the CC78K0.
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78K0/Ix2

CHAPTER 3 CPU ARCHITECTURE

Table 3-7. Special Function Register List : 78K0/IA2 (6/7)

Address Symbol Bit No. R/W Number of Bits After °
Manipulated Reset é %
Simultaneously § =
7 6 5 4 3 2 1 0 1 8 16
FFA5H |IICA - - - - - - - - R/W - v - O0H 482
FFA6H |SVAO - - - - - - - 0 RW - v - O0H 482
<LREL | <WREL <WTIM | <ACKE
FFA7H |IICACTLO | <IICE0> <SPIE0> <STTO0> | <SPT0> | R/W V v - O0H 484
0> 0> 0> 0>
FFA8H |IICACTL1 |<WUP>| 0 <CLDO> | <DADO> | <SMCO> | <DFC0> | 0 0 RW y v - O0H 493
<llCBS <STCE | <IICRS
FFA9H |IICAFO <STCF> 0 0 0 0 RIW y v - 00H 491
Y> N> V>
<MSTS <ACKD
FFAAH |IICASO 0 <ALDO> | <EXCO0> | <COI0> | <TRCO> 0> <STDO> | <SPDO>| R y d - O0H 489
>
FFABH = = = = = = = = = = = = = = =
FFACH |RESF 0 0 0 |WDTRF| © 0 0 LVIRF R - v - ooHN 628
FFADH |llCWL - - - - - - - - R/W - v - FFH 495
FFAEH |IICWH - - - - - - - - R/W - v - FFH 495
FFAFH = = = = = = = = = = = = = = =
FFBOH B - - - - - - -
TX1CR1 R/W - - V 0000H 204
FFB1H - - - - - - - -
FFB2H - - - - - - — -
TX1CR2 RW - - y 0000H 204
FFB3H - - - - - — - -
FFB4H - - - - - - - -
TX1CR3 RW - - y 0000H 204
FFB5H B - - - - - - -
FFB6H - - - - - - - -
TX1CCRO R/W - - y 0000H 204
FFB7H - - - - - - - -
FFB8H = = = = = = = = = = = = = = =
FFBYH = = = = = = = = = = = = = = =
TMCO0 | TMC00 <OVFO0
FFBAH | TMCO00 0 0 0 0 0 R/W y d - O0H 263
3 2 0>
FFBBH |PRMO0 0 0 ES010 | ES000 0 0  |PRM001|PRMO000| R/W y - 00H 268
FFBCH |CRCO00 0 0 0 0 0 | CRCO02 | CRCOO1 | CRCO00 | R/W - O0H 264
Note The reset value of RESF varies depending on the reset source.

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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78K0/Ix2 CHAPTER 3 CPU ARCHITECTURE

Table 3-7. Special Function Register List : 78K0/IA2 (7/7)

Address Symbol Bit No. R/W Number of Bits After °
Manipulated Reset § o
Simultaneously % 8
04
7 6 5 4 3 2 1 0 1 8 16
FFBDH - - - - - - - - - - - - - - -
<LVIO <LVIM RIW ooHNot!
FFBEH |LVIM 0 0 0 0 0 <LVIF> V d - 636
N> D>
FFBFH |LVIS 0 0 0 0 LVIS3 | LVIS2 | LVIS1 | LVISO | R/W \ d — | oonMer2 638
FFCOH to
FFDFH
<SREI
FFEOH IFOL o 0 <PIF4> | <PIF3> | <PIF2> 0 <PIFO> | <LVIIF>| R/W y v 00H 582
>
IFO v
<TMIFO | <TMIFO | <TMIFX | <TMIFX [<TMIFH <STIF | <SRIF
FFE1H IFOH 0 RIW N d 00H 582
10> 00> 1> 0> 1> 6> 6>
<CMPIF |<CMPIF |<CMPIF| <TMIF5
FFE2H IF1L 0 0 0 |<ADIF>| RW V V 00H 582
2> 1> 0> 1>
IF1 v
<lICAI
FFE3H IF1H 0 0 0 0 0 0 0 Fo RIW \ v 00H 582
>
<SRE <PMK | <PMK | <PMK <PMK | <LVIM
FFE4H MKOL 1 1 RIW \ d FFH 586
MK MK6> 4> 3> 2> 0> K> v
0 <TMMK | <TMMK | <TMMK | <TMMK | <TMMK <STMK | <SRM
FFE5H MKOH 1 RW \ v FFH 586
010> | 000> | X1> X0> H1> 6> K6>
<CMPM [<CMPM|<CMPM | <TMMK <ADM
FFE6H MK1L 1 1 1 RIW N v FFH 586
MK K2> K1> KO> 51> K> ’
1 <lICAM
FFE7H MK1H 1 1 1 1 1 1 1 Ko R/W V R FFH 586
>
<SREP <PPR | <PPR | <PPR <PPR | <LVIP
FFESH PROL 1 1 RIW \ V FFH 589
PR R6> 4> 3> 2> 0> R> J
0 <TMPR | <TMPR | <TMPR | <TMPR | <TMPR <STPR | <SRPR
FFE9H PROH 1 R/W V V FFH 589
010> | 000> | X1> X0> H1> 6> 6>
<CMPP | <CMPP | <CMPP | <TMPR <ADP
FFEAH PRI1L 1 1 1 RW N v FFH 589
PR R2> R1> RO> 51> R> v
1 <IICAP
FFEBH PR1H 1 1 1 1 1 1 1 R0 RIW V d FFH 589
>
FFECH
to FFEFH
FFFOH |IMS RAM2 | RAM1 | RAMO 0 ROM3 | ROM2 | ROM1 | ROMO | R/W - d — | crH™*?| 657
FFF1H to
FFFAH
FFFBH |PCC 0 0 0 0 0 PCC2 | PCC1 | PCCO | R/W N d - 01H 173

Notes 1. The reset values of LVIM vary depending on the reset source and setting of option byte.
2. The reset values of LVIS vary depending on the reset source.
3. 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.

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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78K0/Ix2 CHAPTER 3 CPU ARCHITECTURE

Table 3-8. Special Function Register List : 78K0/IB2 (30 Pins) (1/7)

Address Symbol Bit No. R/W Number of Bits After °
Manipulated Reset % g
Simultaneously < 3
14
7 6 5 4 3 2 1 0 1 8 16
FFOOH PO 0 0 0 0 0 P02 P01 P00 R/W N v - 00H 150
FFO1H - - - - - - - - - - - - - - -
FFO2H P2 P27 P26 P25 P24 P23 P22 P21 P20 R/W N N - 00H 150
FFO3H P3 P37 P36 P35 P34 P33 P32 P31 P30 R/W N v - 00H 150
FF04H - - - - - - - -
RXBDL R - - N FFFFH 438
FFO5H - - - - - - - -
FFO6H P6 0 0 0 0 0 0 P61 P60 R/W y y - 00H 150
FFO7H |P7 0 0 0 0 0 0 0 P70 | RW y y - 00H 150
FFO8H AD | ADCRL - - - - - - - - R - v - 00H 378
FFO9H CR 0 0 0 0 0 0 - - R - - N 0000H 377
FFOAH |RXB6 - - - - - - — - R - N - FFH 438
FFOBH |TXB6 - - - - - - - - R/W - N - FFH 438
FFOCH P12 0 0 P125 0 0 P122 P121 0 R N v - 00H 150
FFODH |ADCRH - - - - - - - - R - y - 00H 378
<V12S | <ADOA | <ADTR | <ADTR | <ADS | <ADS | <ADS | <ADS
FFOEH |ADS Note R/W v v - 00H | 380, 409
EL> S> G1> GO0> 3> 2> 1> 0>
FFOFH SI011 - - - - - - - - R - y - 00H 556
FF10H - - - - - - - -
TM00 R - - y 0000H 258
FF11H - - - - - - - -
FF12H - - - - - - - -
CR000 R/W - - v 0000H 259
FF13H - - - - - - - -
FF14H - - - - - - - -
CRO10 R/W - - N 0000H 259
FF15H - - - - - - - -
FF16H AD [ADCR
- - - - - - - - R - N - O00H 379
CR | XOL
FF17H X0 0 0 0 0 0 0 - - R - - N 0000H 379
FF18H AD [ADCR
- - - - - - - - R - v - 00H 379
CR|X1L
FF19H X1 0 0 0 0 0 0 - - R - - N 0000H 379
FF1AH CMPO1 - - - - - - - - R/W - v - 00H 340
FF1BH |CMP11 - - - - - - - - R/W - y - 00H 340
FF1CH to
FF1EH
FFIFH | TM51 - - - - - - - - R - 3 - 00H 329
FF20H PMO 1 1 1 1 1 PMO02 | PMO1 | PMOO R/W N N - FFH 148
FF21H - - - - - - - - - - - - - - -
FF22H PM2 PM27 | PM26 | PM25 | PM24 | PM23 | PM22 | PM21 | PM20 | R/W y \ - FFH 148
FF23H PM3 PM37 | PM36 | PM35 | PM34 | PM33 | PM32 | PM31 | PM30 R/W N v - FFH 148

Note This bit is incorporated only in products with operational amplifier.

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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78K0/1x2 CHAPTER 3 CPU ARCHITECTURE

Table 3-8. Special Function Register List : 78K0/IB2 (30 Pins) (2/7)

Address Symbol Bit No. R/W Number of Bits After
) 8
Manipulated Reset S 9
Simultaneously < 8
14

FF26H |PM6 1 1 1 1 1 1 PM61 | PM60 | R/W v v - FFH 148
FF27H |PM7 1 1 1 1 1 1 1 PM70 | RW V v - FFH 148
FF28H | ADMO <ADCS>| 0 FR2 | FR1 FRO | LV1 LVO |[<ADCE>| R/W V v - 00H 373
POMS6 | POM6 155, 449,
FF2AH |POM6 0 0 0 0 0 0 R/W v v - 00H
1 0 496
FPCTL 0 0 0 0 0 0 0 <FLMD R/W N N 00H 670
FF2BH PUP>
FF2DH |RSTMASK 0 0 RSTM 0 0 0 0 0 R/W v v - 00H 155
ADPC | ADPC | ADPC | ADPC | ADPC | ADPC | ADPC | ADPC 155, 382,
FF2EH | ADPCO R/W N N - 00H
s7 S6 S5 sS4 s3 S2 S1 S0 408, 425
ADPC
FF2FH | ADPC1 0 0 0 0 0 0 0 8 R/W v v - 00H | 155, 382
FF30H |PUO 0 0 0 0 0 PUO2 | PUO1 | PUOO | RW V V - 00H 152

157, 270,
332, 344,
592

FF3CH |PU12 0 0 |PuU125| o0 0 0 0 0 R/W V J - 20H 152
FF3DH |RMC - - - - - - - - R/W - V - 00H 649
FF3EH |PIM6 0 0 0 0 0 0 | PIM61 | PIMBO | RW V V - 00H | 154,495

Fram Jorst | - | - | - | - | - | - | - | - Jew] - | v | -] oo | w0 |

rreon_Jtwost acesel 0 | o | o | o | o | o | o Jew | v [ v ] - | om | s |

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 CC78K0.
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78K0/Ix2 CHAPTER 3 CPU ARCHITECTURE

Table 3-8. Special Function Register List : 78K0/IB2 (30 Pins) (3/7)

Address Symbol Bit No. R/W Number of Bits After °
Manipulated Reset % g
Simultaneously < 3
o
7 6 5 4 3 2 1 0 1 8 16
FF48H |EGPCTLO | EGP7 | EGP6 | EGP5 | EGP4 | EGP3 | EGP2 | EGP1 | EGPO | R/W V V - 00H 593
FF49H |EGNCTLO | EGN7 | EGN6 | EGN5 | EGN4 | EGN3 | EGN2 | EGN1 | EGNO | R/W R R - O0H 593
FF4AH |EGPCTL1 0 0 0 0 0 0 0 EGP8 | RW V y - 00H 593
FF4ABH |EGNCTL1 0 0 0 0 0 0 0 EGN8 | RW V V - 00H 593
FF4CH to
FF4EH
FF4FH |ISC 0 0 0 0 0 0 ISC1 | I1SCO | RW V V - 00H 448
FF50H |ASIM6 <POWERG>| <TXE6> | <RXE6>| PS61 | PS60 | CL6 SL6 | ISRM6 | R/W R R - 01H 440
FF51H - - - - - - - - - - - - - - -
FF52H - - - - - - - - - - - - - - -
FF53H | ASIS6 MFE 0 0 0 0 PE6 FE6 | OVE6 R - R - 00H 442
FF54H - = - - - - - = = - - - = - =
FF55H | ASIF6 0 0 0 0 0 0 TXBF6 | TXSF6 | R - R - 00H 443
FF56H | CKSR6 0 0 0 0 TPS63 | TPS62 | TPS61 | TPS60 | R/W - y - 00H 443
FF57H |BRGC6 MDL67 | MDL66 | MDL65 | MDL64 | MDL63 | MDL62 | MDL61 | MDL60 | R/W - v - FFH 445
FF58H | ASICL6 <SBRF6> | <SBRT6> | SBTT6 | SBL62 | SBL61 | SBL60 | DIR6 | TXDLV6 | R/W V V - 16H 446
FF59H to
FF5AH
<UADL
FF5BH |UADLCTL 0 0 0 0 0 0 0 SEL RIW R v - 00H 439
>
FF5CH to
FF5FH
oo | <OPA | <PGAE <AMPO | <AMPO
FF60H | AMPOM 0 0 0 0 R/W R R - O0H 407
MPOE>| N> VG1> | VGO>
FF61H - - - - - - - - - - - - - - -
<CMPO | <CODF | <CODF | <COMO | <COMO <COIN
FF62H |COCTL 0 <COOE> RW R R - 00H 416
EN> S1> S0> | DSEL1> | DSELO> V>
<COVR | <COVR | <COVR | <COVR | <COVR
FF63H | CORVM <CVRE>| 0 0 RW v R - O0H 420
S4> S3> S2> S1> S0>
<CMP1 | <C1DF | <C1DF | <C1MO | <C1IMO <C1IN
FF64H |C1CTL 0 |<C10E> RW V V - 00H 416
EN> S1> S0> | DSEL1> | DSELO> V>
<C1VR | <C1VR | <C1VR | <C1VR | <C1VR
FF65H |C1RVM 0 0 0 RW R R - O0H 420
S4> S3> S2> S1> S0>
<CMP2 | <C2DF | <C2DF | <C2MO | <C2MO <C2IN
FF66H |C2CTL 0 |<C20E> RW V V - O0H 416
EN> S1> S0> | DSEL1> | DSELO> V>
<C2VR | <C2VR | <C2VR | <C2VR | <C2VR
FF67H |C2RVM 0 0 0 R/W R R - 00H 420
S4> s3> S2> S1> S0>
FF68H - - - - - - - - - - - - - - -
FF69H |CMPFLG 0 0 0 0 0  |<CMP2F>|<CMP1F> | <CMPOF>| R V V - OOH 424

Note This register is incorporated only in products with operational amplifier.

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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78K0/Ix2

CHAPTER 3 CPU ARCHITECTURE

Table 3-8. Special Function Register List : 78K0/IB2 (30 Pins) (4/7)

Address Symbol Bit No. R/W Number of Bits After °
Manipulated Reset % o}
Simultaneously £ 3
14
7 6 5 4 3 2 1 0 1 8 16
FF6AH = = = = = - = = - = - - - = -
FF6BH - - - - - - - - - - - - - - -
<TMHE TMMD | TMMD | <TOLE | <TOEN
FF6CH | TMHMD1 CKS12 | CKS11 | CKS10 RIW y R - 00H 341
1> 11 10 V1> 1>
FF6DH | TMCYC1 0 0 0 0 0 RMC1 |NRZB1 | <NRz1> | R/W V Y - 00H 343
<HIZT
FF6EH |HIZTREN 0 0 0 0 0 0 0 R/W R d - 00H 250
RENO>
<HIZT | <HIZT <HIZP | <HIZP | <HIZP | <HIZP
FF6FH | HIZTRS 0 0 RIW V Y - 00H 251
RS1> | RSO> TS3> | TS2> | TS1> | TS0>
FF70H |MU |MULAL - - - - - - - - R/W - R N 00H 574
FF71H |LA [MULAH - - - - - - - - R/W - \ 00H 574
FF72H  |Mu |MULBL - - - - - - - - R/W - v v 00H 574
FF73H [LB |MULBH - - - - - - - - R/W - d 00H 574
FF74H - - - - - - - -
MULOH R - - v 0000H 573
FF75H - - - - - - - -
FF76H - - - - - - - -
MULOL R - - V 0000H 573
FF77H - - - - - - - -
<HZAO | <HZAO | <HZAO | <HZAO | <HZAO | <HZAO <HZAO0
FF78H |HZAOCTLO 0 R/W R v - 00H 252
DCEO> | DCMO0> | DCNO> | DCPO> | DCTO0> | DCCO0> DCFO0>
FF79H to
FF7BH
FF7CH |SOTB11 - - - - - - - - | RW | - v - O0H 585
FF7DH - - - - - - - - - - - - - - -
<TX0 <TX0 | <TX0 | <TX0
FF7EH | TXOCTLO 0 0 0 0 R/W V V - 00H 206
T™C> CKS2> | CKS1> | CKS0>
<TXO0IN <TXOPW | <TXOPW | <TXOP
FF7FH | TXOCTL1 0 0 0 0 R/W v d - 00H 208
TPST> MCE> | MCINV> | WM>
<TXOT <TX0A | <TX0C
FF80H | TXOCTL2 0 0 0 0 0 RIW y d - 00H 209
RGS> DEN> CS>
<TX0C | <TX0C <TXOIN | <TXOIN | <TX0C | <TX0C
FF81H |TXOCTL3 0 MPLD | MPLD 0 |TPORM|TPORM| MP2R | MP2R | RW R V - 00H 211
SET1> | SETO> 1> 0> M1> | MO>
<TXOCM | <TXOCM | <TXOCM | <TXOCM | <TXOCM | <TXOCM
FF82H | TXOCTL4 0 0 R/W V d - 00H 213
P1RP> | PIRM1> | PIRMO>| PORP> | PORM1> | PORMO>
<TXOT | <TXOT | <TXOT | <TXOT
FF83H | TX0IOCO 0 0 0 0 RIW V Y - 00H 215
oc1> | 0Co> | OL1> | OLO>
FF84H - - - - - - - -
TXOCRO RIW - - V 0000H 204
FF85H - - - - - - - -
FF86H - - - - - - - -
TXOCR1 R/W - - R 0000H 204
FF87H - - - - - - - -

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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78K0/Ix2 CHAPTER 3 CPU ARCHITECTURE

Table 3-8. Special Function Register List : 78K0/IB2 (30 Pins) (5/7)

Address Symbol Bit No. R/W Number of Bits After °
. [}
Manipulated Reset @ %
Simultaneously g{g =3
7 6 5 4 3 2 1 0 1 8 16
<CSIE | TRMD CSOT1
FF88H |CSIM11 » » SSE11 | DIR11 0 0 0 ) R/W V V - 00H 556
>
CKS11 | CKS11 | CKS11
FF89H | CSIC11 0 0 0 | CKP11|DAP11 5 ) 0 R/W \ R - O0H 557
FF8AH - - - - - - - -
TXOCR2 RIW - - y 0000H 204
FF8BH - - - - - - - -
TCL51 | TCL51 | TCL51
FF8CH |TCL51 0 0 0 0 0 ) ) 0 RIW N R - 00H 331
FF8DH to
FF8FH
FF90H - - - - - - - -
TXOCR3 RIW - - Y 0000H 204
FF91H - - - - - - - -
FF92H - - - - - - - -
TXOCCRO RIW - - y 0000H 204
FF93H - - - - - - - -
<TX1T <TX1C | <TX1C | <TX1S
FF94H |TX1CTLO 0 0 0 0 RIW V V - 00H 206
MC> KS2> | KS1> | KSO0>
<TX1PW <TX1P <TX1M | <TX1M
FF95H | TX1CTL1 0 0 0 0 RW \ R - 00H 208
MCE> WM> D1> DO>
<TX1A | <TX1C
FF96H |TX1CTL2 0 0 0 0 0 0 RW N y - 00H 209
DEN> | CS>
FFO7H - - - - - - - - - - - - - - -
FF98H - - - - - - - - - - - - - - -
1AH/
FF99H |WDTE - - - - - - - - RW - V = | ganert 364
<TX1C | <TX1C <TX1C | <TX1C
FFOAH |TX1CTL4 0 0 0 MP1R | MP1R 0 MPOR | MPOR | R/W \ v - 00H 213
M1> MO> M1> MO>
<TXAT | <TXAT | <TX1T | <TX1T
FFO9BH | TX110C0 0 0 0 0 RW V V - 00H 215
OC1> | OC0> | OL1> | OLO>
FFOCH - - - - - - - -
TX1CRO RIW - - Y 0000H 204
FF9DH - - - - - - - -
FFOEH - - - - - - - - - - - - - - -
<EXCL |<0SCS
FFOFH |OSCCTL 0 0 0 0 0 0 RIW \ v - 00H 172
K> EL>
<PLLO | <SELP <LSR |<RSTO Note2
FFAOH |RCM <RSTS>| 0 <PLLS> 0 RIW V 3 - 80H 174
N> LL> STOP>| P>

Notes 1. The reset value of WDTE is determined by setting of option byte.
2. 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 RA78KO0, and is
defined as an sfr variable using the #pragma sfr directive in the CC78K0.
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78K0/Ix2 CHAPTER 3 CPU ARCHITECTURE

Table 3-8. Special Function Register List : 78K0/IB2 (30 Pins) (6/7)

Address Symbol Bit No. R/W Number of Bits After °
Manipulated Reset % g
Simultaneously < 3
o
7 6 5 4 3 2 1 0 1 8 16
<MCM
FFATH |MCM 0 0 0 0 0 | <XSEL>|<MmCS> 0 RIW y V - 00H 177
>
<MST
FFA2H |MOC op> 0 0 0 0 0 0 0 R/W y R - 80H 176
MOST | MOST | MOST | MOST | MOST
FFA3H |OSTC 0 0 0 R Y 3 - 00H 178, 606
11 13 14 15 16
FFA4H |OSTS 0 0 0 0 0 |OSTS2|0STS1|0STSO| R/W - V - 05H 179, 607
FFA5H |lICA - - - - - - - - RIW - R - 00H 482
FFA6H |SVAO - - - - - - - - RIW - V - 00H 482
<LREL | <WREL <WTIM | <ACKE
FFA7H |lICACTLO | <IICEO> <SPIEO> <STT0> | <SPT0> | R/W y R - 00H 484
0> 0> 0> 0>
FFA8H |IICACTL1 |<WUP>| 0 <CLDO> | <DADO> | <SMCO> | <DFC0> | 0 0 RIW y V - 00H 493
<IICBS <STCE | <lICRS
FFASH | lICAFO <STCF> 0 0 0 0 RIW y R - 00H 491
Y> N> V>
<MSTS <ACKD
FFAAH | lICASO o <ALDO> | <EXCO> | <COI0> | <TRCO0> 0> <STDO> | <SPD0>| R y R - 00H 489
FFABH - = = - - - - = - - = - = - =
WDTR Note
FFACH |RESF 0 0 0 - 0 0 0 LVIRF R - R - 00H 628
FFADH |liCWL - - - - - - - - RIW - y - FFH 495
FFAEH |lIICWH - - - - - - - - R/W - R - FFH 495
FFAFH - - - - - - - - - - - - - - -
FFBOH - - - - - - - -
TX1CR1 R/W - - y 0000H 204
FFB1H - - - - - - - -
FFB2H - - - - - - - -
TX1CR2 R/W - - y 0000H 204
FFB3H - - B - - - - -
FFB4H - - - - - - - -
TX1CR3 RIW - - y 0000H 204
FFB5H - - - - - - - -
FFB6H - - - - - - - -
TX1CCRO RIW - - y 0000H 204
FFB7H - - - - - - - -
FFB8H - - - - - - - - - - - - - - -
FFB9H - = = - - - - = - - = - = - =
TMCO0 | TMCO0 | TMCOO0 | <OVFO | R/W
FFBAH | TMCO0 0 0 0 0 y R - 00H 263
3 2 1 0>
PRMO00 | PRMO0O | R/W
FFBBH |PRMO0 ES110 | ES100 | ES010 | ES000 0 0 1 o y V - 00H 268
CRCO00 | CRC00 | CRC00 | R/W
FFBCH |CRCO00 0 0 0 0 0 ) ) 0 y R - 00H 264

Note The reset value of RESF varies depending on the reset source.

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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78K0/Ix2 CHAPTER 3 CPU ARCHITECTURE

Table 3-8. Special Function Register List : 78K0/IB2 (30 Pins) (7/7)

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

Reference
page

Simultaneously

7 6 5 4 3 2 1 0 1 8 16
<OSPT | <OSPE | TOCO00 | <LVSO0 | <LVRO | TOCO00 | <TOEO | R/W
FFBDH |TOC00 0 V V - 00H 266
00> 00> 4 0> 0> 1 0>
<LVIO <LVIM R/W ooHNot!
FFBEH |LVIM 0 0 0 0 0 <LVIF> V V - 636
N> D>
FFBFH |LVIS 0 0 0 0 LVIS3 | LVIS2 | LVIS1 | LVISO | R/W R V — | oonMer2 638
FFCOH to
FFDFH
<SREI RIW
FFEOH IFOL o <PIF5> | <PIF4> | <PIF3> | <PIF2> | <PIF1> | <PIFO> |<LVIIF> v Y 00H 582
>
IFO d
<TMIFO | <TMIFO | <TMIFX | <TMIFX [<TMIFH| <CSIIF | <STIF | <SRIF
FFE1H IFOH RIW R d 00H 582
10> 00> 1> 0> 1> 11> 6> 6>
<CMPIF |<CMPIF |<CMPIF | <TMIF5
FFE2H IF1L 0 0 0 |<ADIF>| RW R V O0H 582
2> 1> 0> 1>
IF1 v
<lICAI
FFE3H IF1H 0 0 0 0 0 0 0 Fo RIW v v 00H 582
>
<SRE [<PMK5| <PMK | <PMK | <PMK |<PMK1| <PMK | <LVIM | R/W
FFE4H MKOL R V FFH 586
MK MK6> > 4> 3> 2> > 0> K> J
0 <TMMK | <TMMK | <TMMK | <TMMK | <TMMK | <CSIM | <STMK | <SRM
FFE5H MKOH RIW v d FFH 586
010> 000> X1> X0> H1> K11> 6> K6>
<CMPM [<CMPM |<CMPM | <TMMK <ADM
FFE6H MK1L 1 1 1 RIW V d FFH 586
MK K2> K1> KO0> 51> K> ’
1 <IICAM
FFE7H MK1H 1 1 1 1 1 1 1 Ko RIW Y Y FFH 586
>
<SREP | <PPR | <PPR | <PPR | <PPR | <PPR | <PPR | <LVIP | R/W
FFESH PROL V V FFH 589
PR R6> 5> 4> 3> 2> 1> 0> R> v
0 <TMPR | <TMPR | <TMPR | <TMPR | <TMPR | <CSIP | <STPR |<SRPR
FFE9H PROH RIW 3 d FFH 589
010> | 000> | X1> X0> H1> | R11> 6> 6>
<CMPP | <CMPP | <CMPP | <TMPR <ADP
FFEAH PRI1L 1 1 1 RIW R v FFH 589
PR R2> R1> RO> 51> R> v
1 <IICAP
FFEBH PR1H 1 1 1 1 1 1 1 R0 RIW V V FFH 589
>
FFECH
to FFEFH
FFFOH |IMS RAM2 | RAM1 | RAMO 0 ROM3 | ROM2 | ROM1 | ROMO | R/W - Y — | crH™*®? | 657
FFF1H to
FFFAH
FFFBH |PCC 0 0 0 0 0 PCC2 | PCC1 | PCCO | R/W R v - 01H 173

Notes 1. The reset values of LVIM vary depending on the reset source and setting of option byte.
2. The reset values of LVIS vary depending on the reset source.
3. 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.
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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78K0/Ix2 CHAPTER 3 CPU ARCHITECTURE
Table 3-9. Special Function Register List : 78K0/IB2 (32 Pins) (1/7)
Address Symbol Bit No. R/W Number of Bits After °
Manipulated Reset % g
Simultaneously < 3
14
7 6 5 4 3 2 1 0 1 8 16
FFOOH PO 0 0 0 0 0 P02 0 P00 R/W Y v - 00H 150
FFO1H - - - - - - - - - - - - - - -
FFO2H P2 P27 P26 P25 P24 P23 P22 P21 P20 R/W y N - 00H 150
FFO3H P3 P37 P36 P35 P34 P33 P32 P31 0 R/W Y - 00H 150
FF04H - - - - - - - -
RXBDL R - - N FFFFH 438
FFO5H - - - - - - - -
FFO6H P6 0 0 0 0 0 0 P61 P60 R/W V 3 - 00H 150
FFO7H P7 0 0 0 0 0 0 0 P70 R/W y - 00H 150
FFO8H AD | ADCRL - - - - - - - - - - 00H 378
FFO9H CR 0 0 0 0 0 0 - - - - \/ 0000H 377
FFOAH |RXB6 - - - - - - — - - N - FFH 438
FFOBH |TXB6 - - - - - - - - R/W - v - FFH 438
FFOCH |P12 0 0 P125 0 0 P122 | P121 0 R v v - 00H 150
FFODH |ADCRH - - - - - - - - R - \/ - 00H 378
<V12S | <ADOA | <ADTR | <ADTR | <ADS | <ADS | <ADS | <ADS
FFOEH |ADS Note R/W v v - 00H | 380, 409
EL> | S> G1> G0> 3> 2> 1> 0>
FFOFH SIO11 - - - - - - - - R - \/ - 00H 556
FF10H - - - - - - - -
TMO00 R - - v 0000H 258
FF11H - - - - - - - -
FF12H - - - - - - - -
CR000 R/W - - v 0000H 259
FF13H - - - - - - - -
FF14H - - - - - - - -
CR010 R/W - - \/ 0000H 259
FF15H - - - - - - - -
FF16H AD |ADCR
- - - - - - - - R - N - O00H 379
CR | X0OL
FF17H X0 0 0 0 0 0 0 - - R - - N 0000H 379
FF18H AD [ADCR
- - - - - - - - R - y - 00H 379
CR|X1L
FF19H X1 0 0 0 0 0 0 - - R - - N 0000H 379
FF1AH CMPO1 - - - - - - - - R/W - v - 00H 340
FF1BH |CMP11 - - - - - - - - R/W - \/ - 00H 340
FF1CH to
FF1EH
FFIFH | TM51 - - - - - - - - R - V - 00H 329
FF20H PMO 1 1 1 1 1 PM02 | PMO1 | PMOO R/W y N - FFH 148
FF21H - - - - - - - - - - - - - - -
FF22H PM2 PM27 | PM26 | PM25 | PM24 | PM23 | PM22 | PM21 | PM20 | R/W V \ - FFH 148
FF23H PM3 PM37 | PM36 | PM35 | PM34 | PM33 | PM32 | PM31 | PM30 R/W Y v - FFH 148

Note This bit is incorporated only in products with operational amplifier.

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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78K0/1x2 CHAPTER 3 CPU ARCHITECTURE

Table 3-9. Special Function Register List : 78K0/IB2 (32 Pins) (2/7)

Address Symbol Bit No. R/W Number of Bits After
) 8
Manipulated Reset S 9
Simultaneously < 8
14

FF26H |PM6 1 1 1 1 1 1 PM61 | PM60 | R/W v v - FFH 148
FF27H |PM7 1 1 1 1 1 1 1 PM70 | RW V v - FFH 148
FF28H | ADMO <ADCS>| 0 FR2 | FR1 FRO | LV1 LVO |[<ADCE>| R/W V v - 00H 373
POMS6 | POM6 155, 449,
FF2AH |POM6 0 0 0 0 0 0 R/W v v - 00H
1 0 496
<FLMD
FF2BH |FPCTL 0 0 0 0 0 0 0 R/W N N - 00H 670
PUP>
FF2DH |RSTMASK 0 0 RSTM 0 0 0 0 0 R/W v v - 00H 155
ADPC | ADPC | ADPC | ADPC | ADPC | ADPC | ADPC | ADPC 155, 382,
FF2EH | ADPCO R/W N N - 00H
s7 S6 S5 sS4 s3 S2 S1 S0 408, 425
ADPC
FF2FH | ADPC1 0 0 0 0 0 0 0 8 R/W v v - 00H | 155, 382
FF30H |PUO 0 0 0 0 0 PU02 0 PUOO | RW V V - 00H 152

157, 270,
332, 344,
592

FF3CH |PU12 0 0 |PuU125| o0 0 0 0 0 R/W V J - 20H 152
FF3DH |RMC - - - - - - - - R/W - V - 00H 649
FF3EH |PIM6 0 0 0 0 0 0 | PIM61 | PIMBO | RW V V - 00H | 154,495

Fram Jorst | - | - | - | - | - | - | - | - Jew] - | v | -] oo | w0 |

rreon_Jtwost acesel 0 | o | o | o | o | o | o Jew | v [ v ] - | om | s |

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 CC78K0.
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78K0/Ix2 CHAPTER 3 CPU ARCHITECTURE

Table 3-9. Special Function Register List : 78K0/IB2 (32 Pins) (3/7)

Address Symbol Bit No. R/W Number of Bits After °
Manipulated Reset % g
Simultaneously < 3
o
7 6 5 4 3 2 1 0 1 8 16
FF48H |EGPCTLO | EGP7 | EGP6 | EGP5 | EGP4 | EGP3 | EGP2 0 EGPO | RW V V - 00H 593
FF49H |EGNCTLO | EGN7 | EGN6 | EGN5 | EGN4 | EGN3 | EGN2 0 EGNO | RW R R - 00H 593
FF4AH |EGPCTL1 0 0 0 0 0 0 0 EGP8 | RW V y - 00H 593
FF4ABH |EGNCTL1 0 0 0 0 0 0 0 EGN8 | RW V V - 00H 593
FF4CH to
FF4EH
FF4FH |ISC 0 0 0 0 0 0 ISC1 | I1SCO | RW V V - 00H 448
FF50H |ASIM6 <POWERG>| <TXE6> | <RXE6>| PS61 | PS60 | CL6 SL6 | ISRM6 | R/W R R - 01H 440
FF51H - - - - - - - - - - - - - - -
FF52H - - - - - - - - - - - - - - -
FF53H | ASIS6 MFE 0 0 0 0 PE6 FE6 | OVE6 R - R - 00H 442
FF54H - = - - - - - = = - - - = - =
FF55H | ASIF6 0 0 0 0 0 0 TXBF6 | TXSF6 | R - R - 00H 443
FF56H | CKSR6 0 0 0 0 TPS63 | TPS62 | TPS61 | TPS60 | R/W - y - 00H 443
FF57H |BRGC6 MDL67 | MDL66 | MDL65 | MDL64 | MDL63 | MDL62 | MDL61 | MDL60 | R/W - v - FFH 445
FF58H | ASICL6 <SBRF6> | <SBRT6> | SBTT6 | SBL62 | SBL61 | SBL60 | DIR6 | TXDLV6 | R/W V V - 16H 446
FF59H to
FF5AH
<UADL
FF5BH |UADLCTL 0 0 0 0 0 0 0 SEL RIW R v - 00H 439
>
FF5CH to
FF5FH
oo | <OPA | <PGAE <AMPO | <AMPO
FF60H | AMPOM 0 0 0 0 R/W R R - O0H 407
MPOE>| N> VG1> | VGO>
FF61H - - - - - - - - - - - - - - -
<CMPO | <CODF | <CODF | <COMO | <COMO <COIN
FF62H |COCTL 0 <COOE> RW R R - 00H 416
EN> S1> S0> | DSEL1> | DSELO> V>
<COVR | <COVR | <COVR | <COVR | <COVR
FF63H | CORVM <CVRE>| 0 0 RW v R - O0H 420
S4> S3> S2> S1> S0>
<CMP1 | <C1DF | <C1DF | <C1MO | <C1IMO <C1IN
FF64H |C1CTL 0 |<C10E> RW V V - 00H 416
EN> S1> S0> | DSEL1> | DSELO> V>
<C1VR | <C1VR | <C1VR | <C1VR | <C1VR
FF65H |C1RVM 0 0 0 RW R R - O0H 420
S4> S3> S2> S1> S0>
<CMP2 | <C2DF | <C2DF | <C2MO | <C2MO <C2IN
FF66H |C2CTL 0 |<C20E> RW V V - O0H 416
EN> S1> S0> | DSEL1> | DSELO> V>
<C2VR | <C2VR | <C2VR | <C2VR | <C2VR
FF67H |C2RVM 0 0 0 R/W R R - 00H 420
S4> s3> S2> S1> S0>
FF68H - - - - - - - - - - - - - - -
FF69H |CMPFLG 0 0 0 0 0  |<CMP2F>|<CMP1F> | <CMPOF>| R V V - OOH 424

Note This register is incorporated only in products with operational amplifier.

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 3-9. Special Function Register List : 78K0/IB2 (32 Pins) (4/7)

Address Symbol Bit No. R/W Number of Bits After °
Manipulated Reset % o}
Simultaneously £ 3
14
7 6 5 4 3 2 1 0 1 8 16
FF6AH = = = = = - = = - = - - - = -
FF6BH - - - - - - - - - - - - - - -
<TMHE TMMD | TMMD | <TOLE | <TOEN
FF6CH | TMHMD1 CKS12 | CKS11 | CKS10 RIW y R - 00H 341
1> 11 10 V1> 1>
FF6DH | TMCYC1 0 0 0 0 0 RMC1 |NRZB1 | <NRz1> | R/W V Y - 00H 343
<HIZT
FF6EH |HIZTREN 0 0 0 0 0 0 0 R/W R d - 00H 250
RENO>
<HIZT | <HIZT <HIZP | <HIZP | <HIZP | <HIZP
FF6FH | HIZTRS 0 0 RIW V Y - 00H 251
RS1> | RSO> TS3> | TS2> | TS1> | TS0>
FF70H |MU |MULAL - - - - - - - - R/W - R N 00H 574
FF71H |LA [MULAH - - - - - - - - R/W - \ 00H 574
FF72H  |Mu |MULBL - - - - - - - - R/W - v v 00H 574
FF73H [LB |MULBH - - - - - - - - R/W - d 00H 574
FF74H - - - - - - - -
MULOH R - - v 0000H 573
FF75H - - - - - - - -
FF76H - - - - - - - -
MULOL R - - V 0000H 573
FF77H - - - - - - - -
<HZAO | <HZAO | <HZAO | <HZAO | <HZAO | <HZAO <HZAO0
FF78H |HZAOCTLO 0 R/W R v - 00H 252
DCEO> | DCMO0> | DCNO> | DCPO> | DCTO0> | DCCO0> DCFO0>
FF79H to
FF7BH
FF7CH |SOTB11 - - - - - - - - | RW | - v - O0H 585
FF7DH - - - - - - - - - - - - - - -
<TX0 <TX0 | <TX0 | <TX0
FF7EH | TXOCTLO 0 0 0 0 R/W V V - 00H 206
T™C> CKS2> | CKS1> | CKS0>
<TXO0IN <TXOPW | <TXOPW | <TXOP
FF7FH | TXOCTL1 0 0 0 0 R/W v d - 00H 208
TPST> MCE> | MCINV> | WM>
<TXOT <TX0A | <TX0C
FF80H | TXOCTL2 0 0 0 0 0 RIW y d - 00H 209
RGS> DEN> CS>
<TX0C | <TX0C <TXOIN | <TXOIN | <TX0C | <TX0C
FF81H |TXOCTL3 0 MPLD | MPLD 0 |TPORM|TPORM| MP2R | MP2R | RW R V - 00H 211
SET1> | SETO> 1> 0> M1> | MO>
<TXOCM | <TXOCM | <TXOCM | <TXOCM | <TXOCM | <TXOCM
FF82H | TXOCTL4 0 0 R/W V d - 00H 213
P1RP> | PIRM1> | PIRMO>| PORP> | PORM1> | PORMO>
<TXOT | <TXOT | <TXOT | <TXOT
FF83H | TX0IOCO 0 0 0 0 RIW V Y - 00H 215
oc1> | 0Co> | OL1> | OLO>
FF84H - - - - - - - -
TXOCRO RIW - - V 0000H 204
FF85H - - - - - - - -
FF86H - - - - - - - -
TXOCR1 R/W - - R 0000H 204
FF87H - - - - - - - -

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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Table 3-9. Special Function Register List : 78K0/IB2 (32 Pins) (5/7)

Address Symbol Bit No. R/W Number of Bits After °
. [}
Manipulated Reset @ %
Simultaneously g{g =3
7 6 5 4 3 2 1 0 1 8 16
<CSIE | TRMD CSOT1
FF88H |CSIM11 » » SSE11 | DIR11 0 0 0 ) R/W V V - 00H 556
>
CKS11 | CKS11 | CKS11
FF89H | CSIC11 0 0 0 | CKP11|DAP11 5 ) 0 R/W \ R - O0H 557
FF8AH - - - - - - - -
TXOCR2 RIW - - y 0000H 204
FF8BH - - - - - - - -
TCL51 | TCL51 | TCL51
FF8CH |TCL51 0 0 0 0 0 ) ) 0 RIW N R - 00H 331
FF8DH to
FF8FH
FF90H - - - - - - - -
TXOCR3 RIW - - Y 0000H 204
FF91H - - - - - - - -
FF92H - - - - - - - -
TXOCCRO RIW - - y 0000H 204
FF93H - - - - - - - -
<TX1T <TX1C | <TX1C | <TX1S
FF94H |TX1CTLO 0 0 0 0 RIW V V - 00H 206
MC> KS2> | KS1> | KSO0>
<TX1PW <TX1P <TX1M | <TX1M
FF95H | TX1CTL1 0 0 0 0 RW \ R - 00H 208
MCE> WM> D1> DO>
<TX1A | <TX1C
FF96H |TX1CTL2 0 0 0 0 0 0 RW N y - 00H 209
DEN> | CS>
FFO7H - - - - - - - - - - - - - - -
FF98H - - - - - - - - - - - - - - -
1AH/
FF99H |WDTE - - - - - - - - RW - V = | ganert 364
<TX1C | <TX1C <TX1C | <TX1C
FFOAH |TX1CTL4 0 0 0 MP1R | MP1R 0 MPOR | MPOR | R/W \ v - 00H 213
M1> MO> M1> MO>
<TXAT | <TXAT | <TX1T | <TX1T
FFO9BH | TX110C0 0 0 0 0 RW V V - 00H 215
OC1> | OC0> | OL1> | OLO>
FFOCH - - - - - - - -
TX1CRO RIW - - Y 0000H 204
FF9DH - - - - - - - -
FFOEH - - - - - - - - - - - - - - -
<EXCL |<0SCS
FFOFH |OSCCTL 0 0 0 0 0 0 RIW \ v - 00H 172
K> EL>
<PLLO | <SELP <LSR |<RSTO Note2
FFAOH |RCM <RSTS>| 0 <PLLS> 0 RIW V 3 - 80H 174
N> LL> STOP>| P>

Notes 1. The reset value of WDTE is determined by setting of option byte.
2. 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 RA78KO0, and is
defined as an sfr variable using the #pragma sfr directive in the CC78K0.
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Table 3-9. Special Function Register List : 78K0/IB2 (32 Pins) (6/7)

Address Symbol Bit No. R/W Number of Bits After °
Manipulated Reset % g
Simultaneously < 3
o
7 6 5 4 3 2 1 0 1 8 16
<MCM
FFATH |MCM 0 0 0 0 0 | <XSEL>|<MmCS> 0 RIW y V - 00H 177
>
<MST
FFA2H |MOC op> 0 0 0 0 0 0 0 R/W y R - 80H 176
MOST | MOST | MOST | MOST | MOST
FFA3H |OSTC 0 0 0 R Y 3 - 00H 178, 606
11 13 14 15 16
FFA4H |OSTS 0 0 0 0 0 |OSTS2|0STS1|0STSO| R/W - V - 05H 179, 607
FFA5H |lICA - - - - - - - - RIW - R - 00H 482
FFA6H |SVAO - - - - - - - - RIW - V - 00H 482
<LREL | <WREL <WTIM | <ACKE
FFA7H |lICACTLO | <IICEO> <SPIEO> <STT0> | <SPT0> | R/W y R - 00H 484
0> 0> 0> 0>
FFA8H |IICACTL1 |<WUP>| 0 <CLDO> | <DADO> | <SMCO> | <DFC0> | 0 0 RIW y V - 00H 493
<IICBS <STCE | <lICRS
FFASH | lICAFO <STCF> 0 0 0 0 RIW y R - 00H 491
Y> N> V>
<MSTS <ACKD
FFAAH | lICASO o <ALDO> | <EXCO> | <COI0> | <TRCO0> 0> <STDO> | <SPD0>| R y R - 00H 489
FFABH - = = - - - - = - - = - = - =
WDTR Note
FFACH |RESF 0 0 0 - 0 0 0 LVIRF R - R - 00H 628
FFADH |liCWL - - - - - - - - RIW - y - FFH 495
FFAEH |lIICWH - - - - - - - - R/W - R - FFH 495
FFAFH - - - - - - - - - - - - - - -
FFBOH - - - - - - - -
TX1CR1 R/W - - y 0000H 204
FFB1H - - - - - - - -
FFB2H - - - - - - - -
TX1CR2 R/W - - y 0000H 204
FFB3H - - B - - - - -
FFB4H - - - - - - - -
TX1CR3 RIW - - y 0000H 204
FFB5H - - - - - - - -
FFB6H - - - - - - - -
TX1CCRO RIW - - y 0000H 204
FFB7H - - - - - - - -
FFB8H - - - - - - - - - - - - - - -
FFB9H - = = - - - - = - - = - = - =
TMCO0 | TMCO0 <OVF0| RW
FFBAH | TMCO0 0 0 0 0 0 y R - 00H 263
3 2 0>
PRMO00 | PRMO0O | R/W
FFBBH |PRMO0 0 0 ES010 | ES000 0 0 1 o y V - 00H 268
CRCO00 | CRC00 | CRC00 | R/W
FFBCH |CRCO00 0 0 0 0 0 ) ) 0 y R - 00H 264

Note The reset value of RESF varies depending on the reset source.

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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Table 3-9. Special Function Register List : 78K0/IB2 (32 Pins) (7/7)

Address Symbol Bit No. R/W Number of Bits After °
Manipulated Reset § o
Simultaneously % 8
04
7 6 5 4 3 2 1 0 1 8 16
FFBDH - - - - - - - - - - - - - - -
<LVIO <LVIM R/W ooHNot!
FFBEH |LVIM 0 0 0 0 0 <LVIF> V V - 636
N> D>
FFBFH |LVIS 0 0 0 0 LVIS3 | LVIS2 | LVIS1 | LVISO | R/W R v — | oonMer2 638
FFCOH to
FFDFH
<SREI RIW
FFEOH IFOL o <PIF5> | <PIF4> | <PIF3> | <PIF2>| 0 | <PIFO> |<LVIIF> v V O0H 582
>
IFO d
<TMIFO | <TMIFO | <TMIFX | <TMIFX [<TMIFH| <CSIIF | <STIF | <SRIF
FFE1H IFOH RIW R d 00H 582
10> 00> 1> 0> 1> 11> 6> 6>
<CMPIF |<CMPIF |<CMPIF | <TMIF5
FFE2H IF1L 0 0 0 |<ADIF>| R/W R V O0H 582
2> 1> 0> 1>
IF1 v
<lICAI
FFE3H IF1H 0 0 0 0 0 0 0 Fo RIW R v 00H 582
>
<SRE |<PMK5| <PMK | <PMK | <PMK <PMK | <LVIM | R/W
FFE4H MKOL 0 V V FFH 586
MK MK6> > 4> 3> 2> 0> K> J
0 <TMMK | <TMMK | <TMMK | <TMMK | <TMMK | <CSIM | <STMK | <SRM
FFE5H MKOH RIW v d FFH 586
010> 000> X1> X0> H1> K11> 6> K6>
<CMPM [<CMPM |<CMPM | <TMMK <ADM
FFE6H MK1L 1 1 1 RIW V d FFH 586
MK K2> K1> Ko> 51> K> v
1 <lICAM
FFE7H MK1H 1 1 1 1 1 1 1 Ko RIW Y Y FFH 586
>
<SREP | <PPR | <PPR | <PPR | <PPR <PPR | <LVIP | RW
FFESH PROL 0 V V FFH 589
PR R6> 5> 4> 3> 2> 0> R> v
0 <TMPR | <TMPR | <TMPR | <TMPR | <TMPR | <CSIP | <STPR |<SRPR
FFE9H PROH RIW 3 d FFH 589
010> | 000> | X1> X0> H1> | R11> 6> 6>
<CMPP | <CMPP | <CMPP | <TMPR <ADP
FFEAH PRI1L 1 1 1 RIW R v FFH 589
PR R2> R1> RO> 51> R> v
1 <IICAP
FFEBH PR1H 1 1 1 1 1 1 1 R0 RIW V V FFH 589
>
FFECH
to FFEFH
FFFOH |IMS RAM2 | RAM1 | RAMO 0 ROM3 | ROM2 | ROM1 | ROMO | R/W - d — | cru™*®? | 657
FFF1H to
FFFAH
FFFBH |PCC 0 0 0 0 0 PCC2 | PCC1 | PCCO | R/W R v - 01H 173

Notes 1. The reset values of LVIM vary depending on the reset source and setting of option byte.
2. The reset values of LVIS vary depending on the reset source.
3. 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.
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.

[lllustration]

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.

[lllustration]

In the case of CALL !addr16 and BR !addr16 instructions

PC

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

In the case of CALLF !addr11 instruction

7 6 4 3 0
4{ faio-s CALLF
far-o
15 11 10 87
PC| O 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.

[Mustration]

15 6 5 10

add'5 |0 0 0 0 0 0 O O O 1 tas-o 0

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

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

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.

[Mustration]

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 78K0/Ix2 microcontroller 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 (RBSO 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
P 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 1 00 0 1 0|
L |

—— Register specify code

INCW DE; when selecting DE register pair as rp

Operation code 10 00 0 10 0|

LL 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 'addr16 to FEOOH

Operation code | 100 01 110 | OP code
| 0000 O0O0OTO0OTP O | 00H
| 11111110 | FEH
[lllustration]
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.

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 00H 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.

Internal high-speed RAM and special function

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
| 00110000 | 30H (saddr-offset)

[Mustration]

OP code

saddr-offset ﬁ

Short direct memory

Effective address 1 1

When 8-bit immediate data is 20H to FFH, =0
When 8-bit immediate data is 00H to 1FH, a =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 |1 111 0 1 1 0| OP code
|0 01 00 0O 0| 20H (sfr-offset)
[Mustration]
7 0
OP code
sfr-offset
SFR
15 8 7 0
Effective address 1 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

(RBSO 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 10 0 0 0 1 0
[lustration]
16 8 7 0
DE D E
7 Memory 0
The contents of the memory
addressed are transferred.
7 0
A

The memory address
specified with the
register pair DE
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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 (RBS0 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

[Mustration]

16

HL H

The contents of the memory
addressed are transferred.

7 Memory

+10
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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 (RBS0 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 101 01 0 1 1
[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 1 010 1
[Mustration]
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: AVrRer and Vob. The relationship between these power supplies
and the pins is shown below.

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

Power Supply Corresponding Pins
AVrer P20 to P27, P70N°*®
Voo Pins other than P20 to P27, P70 N

Note 78KO0/IY2: P20, P21, P23 to P25
78K0/IA2: P20 to P25
78K0/1B2: P20 to P27, P70

78K0/1x2 microcontrollers are provided with digital /0 ports, which enable variety of control operations. The functions
of each port are shown in Tables 4-2 to 4-5.

In addition to the function as digital I/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 (78K0/1Y2)

Function Name 110 Function After Reset Alternate Function
P20 I/0 Port 2. Analog input | ANIO
Iy 5-bit /O port. ANI1/PGAINN
Input/output can be specified in 1-bit units.
P23 ANI3/CMP2+
P24 ANI4/CMPO+
P25 ANI5/CMP1+
P31 110 Port 3. Input port TOXO00/INTP2/TOOLC1
P32 4-bit /0 port. TOX01/INTP3/TOOLD1
Input/output can be specified in 1-bit units.
P33 Use of an on-chip pull-up resistor can be specified by a TOX10
P34 software setting. TOX11/INTP4/<TOH1>/
<TI51>
P121 Input Port 12. Input port X1/TOOLCO/<TI000>/
3-bit input-only port. <INTPO>
pP122 For only P125, use of an on-chip pull-up resistor can be X2/EXCLK/TOOLDO
specified by a software setting. p—
P125 RESET/<TI000>/
<INTPO>

Note PD78F0750, 78F0751, 78F0752 (products with operational amplifier) only

Remark Functions in angle brackets < > can be assigned by setting the input switch control register (MUXSEL).
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Table 4-3. Port Functions (78K0/1A2)

Function Name 110 Function After Reset Alternate Function

P00 110 Port 0. Input port TIO00/INTPO/<TOH1>/
1-bit 1/0 port. <TI51>
Input/output can be specified in 1-bit units.
Use of an on-chip pull-up resistor can be specified by a
software setting.

P20 110 Port 2. Analog input | ANIOJAMP-Nt

P21 6-bit I/0 pOI’t ANH/AMPOUTNote/
Input/output can be specified in 1-bit units. PGAIN"°t

P22 ANI2/AMP+"®

P23 ANI3/CMP2+

P24 ANI4/CMPO+

P25 ANI5/CMP1+

P31 110 Port 3. Input port TOXO00/INTP2/TOOLCA1

P32 4-bit /0 port. TOX01/INTP3/TOOLD1
Input/output can be specified in 1-bit units.

P33 Use of an on-chip pull-up resistor can be specified by a TOX10

P34 software setting. TOX11/INTP4/<TOH1>/

<TI51>

P60 I/0 Port 6. Input port SCLA0/TxD6

P61 2-bit /O port. SDAAO/RXD6
Input/output can be specified in 1-bit units.
Input can be set to SMBus input buffer in 1-bit units.
Output can be set to N-ch open-drain output (Voo
tolerance).
Use of an on-chip pull-up resistor can be specified by a
software setting.

P121 Input Port 12. Input port X1/TOOLCO/<TI000>/
3-bit input-only port. <INTPO>
For only P125, use of an on-chip pull-up resistor can be

P122 o ) X2/EXCLK/TOOLDO
specified by a software setting.

P125 RESET

Note PD78F0753, 78F0754 (products with operational amplifier) only

Remark Functions in angle brackets < > can be assigned by setting the input switch control register (MUXSEL).
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Table 4-4. Port Functions (78K0/IB2 (30 Pins))

Function Name I/0 Function After Reset Alternate Function

P00 110 Port 0. Input port TIOOO0/INTPO

PO1 3-bit /O port. TOO00/TI010
Input/output can be specified in 1-bit units. p—

P02 ) ) . SSI11/INTP5
Use of an on-chip pull-up resistor can be specified by a
software setting.

P20 /O Port 2. Analog input | ANIO/AMP-""*

P21 8-bit /O port. ANIT/AMPOUT®/
Input/output can be specified in 1-bit units. PGAIN"°t

P22 ANI2/AMP+"®

P23 ANI3/CMP2+

P24 ANI4/CMPO+

P25 ANI5/CMP1+

P26 ANI6/CMPCOM

p27 ANI7

P30 110 Port 3. Input port TOH1/TI51/INTP1

P31 8-bit I/0 port. TOX00/INTP2/TOOLCA
Input/output can be specified in 1-bit units.

P32 Use of an on-chip pull-up resistor can be specified by a TOXO01/INTP3/TOOLD1

P33 software setting. TOX10

P34 TOX11/INTP4

P35 SCK11

P36 S

P37 SO11

P60 I/0 Port 6. Input port SCLA0/TxD6

P61 2-bit I/ port. SDAAO/RXDE
Input/output can be specified in 1-bit units.
Input can be set to SMBus input buffer in 1-bit units.
Output can be set to N-ch open-drain output (Voo
tolerance).
Use of an on-chip pull-up resistor can be specified by a
software setting.

P70 110 Port 7. Analog input | ANI8
1-bit 1/O port.
Input/output can be specified in 1-bit units.

P121 Input Port 12. Input port X1/TOOLCO/<TI000>/
3-bit input port. <INTPO>

pP122 For only P125, use of an on-chip pull-up resistor can be X2/EXCLK/TOOLDO
specified by a software setting. ———

P125 RESET

Note 4PD78F0755, 78F0756 (products with operational amplifier) only

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

R0O1UHO010EJ0500 Rev.5.00

Feb 28, 2012

RENESAS

100



78K0/1x2

CHAPTER 4 PORT FUNCTIONS

Table 4-5. Port Functions (78K0/IB2 (32 Pins))

Function Name 110 Function After Reset Alternate Function

P00 I/0 Port 0. Input port TIO00/INTPO/<TOH1>/
3-bit I/O port. <TI51>

P02 Input/output can be specified in 1-bit units. SSI11/INTP5
Use of an on-chip pull-up resistor can be specified by a
software setting.

P20 110 Port 2. Analog input | ANIOJAMP-Nt

P21 8-bit I/0 pOI’t ANH/AMPOUTNote/
Input/output can be specified in 1-bit units. PGAIN"°t

P22 ANI2/AMP+"®

P23 ANI3/CMP2+

P24 ANI4/CMPO+

P25 ANI5/CMP1+

P26 ANI6/CMPCOM

p27 ANI7

P31 110 Port 3. Input port TOXO00/INTP2/TOOLC1

P32 8-bit I/0 port. TOX01/INTP3/TOOLD1
Input/output can be specified in 1-bit units.

P33 Use of an on-chip pull-up resistor can be specified by a TOX10

P34 software setting. TOX11/INTP4/<TOH1>/

<TI51>

P35 SCK11

P36 SI11

P37 SO11

P60 I/0 Port 6. Input port SCLA0/TxD6

P61 2-bit /O port. SDAAO/RXD6
Input/output can be specified in 1-bit units.
Input can be set to SMBus input buffer in 1-bit units.
Output can be set to N-ch open-drain output (Voo
tolerance).
Use of an on-chip pull-up resistor can be specified by a
software setting.

P70 110 Port 7. Analog input | ANI8
1-bit 1/0 port.
Input/output can be specified in 1-bit units.

P121 Input Port 12. Input port X1/TOOLCO/<TI000>/
3-bit input port. <INTPO>

pP122 For only P125, use of an on-chip pull-up resistor can be X2/EXCLK/TOOLDO
specified by a software setting. ———

P125 RESET

Note 4PD78F0755, 78F0756 (products with operational amplifier) only

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

Ports include the following hardware.

Table 4-6. Port Configuration

Item Configuration
Control registers o 78K0/1Y2
Port mode registers(PMxx): PM2, PM3
Port registers (Pxx): P2, P3, P12

Pull-up resistor option registers (PUxx): PU3, PU12
Reset pin mode register (RSTMASK)

A/D port configuration register 0 (ADPCO)

Port alternate switch control register (MUXSEL)

o 78K0/IA2
Port mode registers (PMxx): PMO, PM2, PM3, PM6
Port registers (Pxx): PO, P2, P3, P6, P12

Pull-up resistor option registers (PUxx): PUO, PU3, PU6, PU12
Port input mode register 6 (PIM6)

Port output mode register 6 (POM®6)

Reset pin mode register (RSTMASK)

A/D port configuration register 0 (ADPCO)

Port alternate switch control register (MUXSEL)

* 78K0/I1B2
Port mode registers (PMxx): PMO, PM2, PM3, PM6, PM7
Port registers (Pxx): PO, P2, P3, P6, P7, P12

Pull-up resistor option registers (PUxx): PUO, PU3, PU6, PU12
Port input mode register 6 (PIM6)

Port output mode register 6 (POM®6)

Reset pin mode register (RSTMASK)

A/D port configuration register 0 (ADPCO0)

A/D port configuration register 1 (ADPC1)

Port alternate switch control register (MUXSEL)

Port

e 78K0/IY2:  Total: 12 (CMOS 1/0O: 9, CMOS input: 3)

e 78K0/IA2:  Total: 16 (CMOS 1/0O: 13, CMOS input: 3)

e 78K0/IB2 (30 Pins):  Total: 25 (CMOS 1/0: 22, CMOS input: 3)
e 78K0/IB2 (32 Pins) :  Total: 23 (CMOS 1/0: 20, CMOS input: 3)

Pull-up resistor

e 78K0/IY2:  Total: 5
e 78K0/IA2:  Total: 8
o 78K0/IB2 (30 Pins): Total: 14
e 78K0/IB2 (32 Pins) :  Total: 12
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4.2.1 Port0
78K0/1Y2 78KO/IA2 78K0/IB2
16 Pins 20 Pins 30 Pins 32 Pins
- POO/TIO00/INTPO/<TOH1>/<TI51> | POO/TIO00/INTPO POO/TIO00/INTPO/<TOH1>/<TI51>
- - PO1/TO00/TI010 -
- - P02/SSI11/INTP5 P02/SSI11/INTP5

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

Port 0 is an I/O port with an output latch. Port 0 can be set to the input mode or output mode in 1-bit units using port
mode register 0 (PM0). When the P00 to P02 pins are used as an input port, use of an on-chip pull-up resistor can be
specified in 1-bit units by pull-up resistor option register 0 (PUO).

This port can also be used for timer /O, external interrupt request input, and serial interface chip select input.

The timer input or timer output can be assigned to P00 of the 78K0/IA2 and 78K0/IB2 (32 Pins) by setting the port
alternate switch control register (MUXSEL).

Reset signal generation sets port 0 to input mode.

Figures 4-1 to 4-3 show block diagrams of port 0.

Caution When using the 78K0/IB2 (32 pins), be sure to clear bit 1 of port mode register 0 (PMO0) to 0 after the
reset status is released.

Figure 4-1. Block Diagram of P00 (1/2)
(1) 78K0/1A2, 78K0/IB2 (32 Pins)

WRepu
i PUO
PUOO

|Alternate function|
(TI00, INTPO)

*~— Input signal from P34/TI51

|Alternate function|
(TI51)

Selector

[ 1
RD
i TM5SELL [ TM5SELO

/I MUXSEL
~

MUXSEL

TMHSEL1 | TMHSELO

Internal bus

Sell
!

JAlternate function

(TOH1) Output signal to P34/TOH1

WRporT

PO +——O) PO0/TIO00/INTPO/<TOH1>/<TI51>

Output latch
(P0O0)

Selector I

WRem
PMO

A= PM00

PO: Port register 0

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

MUXSEL: Port alternate switch control register
RD: Read signal

WRxx:  Write signal
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Figure 4-1. Block Diagram of P00 (2/2)
(2) 78K0/IB2 (30 Pins)

WRru
l PUO
© PUOO
P-ch
Alternate function
RD
l |

WRpoRT

Selector

Internal bus

PO

Output latch
(POO) © POOITIO00/INTPO

®

PMO

PMO00O

(¢

PO: Port register 0

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

RD: Read signal

WRxx:  Write signal
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78K0/Ix2
Figure 4-2. Block Diagram of P01
Vob
M WRpu
l PUO
O PUO1
Alternate
function
RD
I g :] :] |
Pary o
o [0 | 2
a (%}
] WRpoRrT
i PO
£
A Output latch
~ (PO1) ——O PO1/TI010/TO00
WRpm
PMO
S PMO1
Alternate
function
N4
PO: Port register 0
PUO: Pull-up resistor option register 0
PMO:  Port mode register 0
RD: Read signal
WRxx: Write signal
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78K0/1x2
Figure 4-3. Block Diagram of P02
Vob
™1 WRpu
l PUO
© PU02
Alternate
function
RD
4 | § O< I—O< :: |‘
o Vany 8
B ~ <
' 3
= WRPpoRrT
PO
A Qutput latch _
~ (P02) © P02/SSI11/INTPS
WRpm
PMO
S PMO02
~_
PO: Port register 0
PUO: Pull-up resistor option register 0
PMO:  Port mode register O
RD: Read signal
WRxx: Write signal
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4.2.2 Port 2
78K0/IY2 78K0/IA2 78K0/IB2
16 Pins 20 Pins 30 Pins/32 Pins
P20/ANIO P20/ANIO/AMP-NOt P20/ANIO/AMP-NOte

P21/ANI1/PGAINNt

P21/ANI1/AMPOUTN®/pGAINNOtE

P21/ANI1/AMPOUTN®/PGAINNOE

P22/ANI2/AMP+NOte

P22/ANI2/AMP+NOt®

P23/ANI3/CMP2+

P23/ANI3/CMP2+

P23/ANI3/CMP2+

P24/ANI4/CMPO+

P24/ANI14/CMPO+

P24/ANI4/CMPO+

P25/ANI5/CMP1+

P25/ANI5/CMP1+

P25/ANI5/CMP1+

P26/ANI6/CMPCOM
P27/ANI7

Note Products with operational amplifier only

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

This port can also be used for A/D converter analog input, operational amplifier I/O, PGA (Programmable Gain
Amplifier) input, comparator input, and comparator common input.

When using P20/AMP-/ANIO to P27/ANI7, set the registers according to the pin function to be used (refer to Tables 4-7
to 4-11).

To use P20/AMP-/ANIO to P27/ANI7 as a digital input or a digital output, it is recommended to select a pin to use
starting with the furthest ANI4 pin from AVrer. To use P20/AMP-/ANIO to P27/ANI7 as an analog input, it is recommended
to select a pin to use starting with the closest pin to AVss.

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

ADPCO PM2 Register | OPAMPOE ADS Register P20/ANIO/AMP-,

Register bit \°te (n=0,2) P22/ANI2/AMP+ Pins
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

Analog input Input mode 0 Selects ANIn. Analog input (to be converted into digital signal)
selection

Does not select ANIn. Analog input (not to be converted into digital signal)

1 Selects ANIn. Analog input (to be converted into digital signal), and

operational amplifier input

Does not select ANIn. Operational amplifier input

Output mode - - Setting prohibited

Note 78K0/1A2, 78K0/IB2 only

Remark ADPCO: A/D port configuration register 0
PM2: Port mode register 2
OPAMPOE: Bit 7 of operational amplifier O control register (AMPOM)
ADS: Analog input channel specification register
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Table 4-8. Setting Functions of P21/ANI1/AMPOUT/PGAIN Pin

ADPCO PM2 OPAMPOE | PGAEN ADS Register P21/ANI1/AMPOUT/PGAIN Pin
. . ., Note .
Register Register bit bit
Digital Input mode | 0 - Selects ANI1. Setting prohibited
Vo Does not select ANI1. Digital input
selection
1 - - Setting prohibited
Output mode | 0 - Selects ANI1. Setting prohibited
Does not select ANI1. Digital output
1 - - Setting prohibited
Analog Input mode | 0 0 Selects ANI1. Analog input (to be converted into digital signal)
selection Does not select ANI1. Analog input (not to be converted into digital signal)
0 1 Selects PGA output. PGA input (to be converted into digital signal)
Does not select PGA PGA input (not to be converted into digital signal)
output.
1 0 Selects ANI1. Operational amplifier output (to be converted into
digital signal)
Does not select ANI1. Operational amplifier output (not to be converted into
digital signal)
1 1 Selects PGA output. Operational amplifier output, and PGA input (to be
converted into digital signal)
Selects ANI1. Operational amplifier output (to be converted into
digital signal)
Does not select PGA Operational amplifier output (not to be converted into
output and ANI1. digital signal)
Output mode - - Setting prohibited
Note 78KO0/IA2, 78K0/IB2 only

Remark

ADPCO:
PM2:
OPAMPOE:
PGAEN:
ADS:

Port mode register 2

A/D port configuration register 0

Analog input channel specification register

Bit 7 of operational amplifier 0 control register (AMPOM)
Bit 6 of AMPOM
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Table 4-9. Setting Functions of P23/ANI3/CMP2+, P24/ANI4/CMP0+, P25/ANI5S/CMP1+ Pins

ADPCO PM2 Register | CMPmEN bit ADS Register P23/ANI3/CMP2+, P24/ANI4/CMPO+,
Register (m=0to2) (n =310 5) P25/ANI5/CMP1+ Pins
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
Analog input | Input mode 0 Selects ANIn. Analog input (to be converted into digital signal)
selection Does not select ANIn. | Analog input (not to be converted into digital signal)
1 Selects ANIn. Analog input (to be converted into digital signal), and
comparator input
Does not select ANIn. | Comparator input
Output mode - - Setting prohibited

Remark ADPCO: A/D port configuration register 0

PM2: Port mode register 2
CMPmMEN: Bit 7 of comparator m control register (CmCTL)
ADS: Analog input channel specification register
Table 4-10. Setting Functions of P26/ANI6/CMPCOM Pin
ADPCO PM2 Register | CmMODSEL1 CmMODSELO ADS Register P26/ANI6/CMPCOM Pin
Register bit(m=0to2) | bit(m=0to2)
Digital I/O Input mode - Selects ANI6. Setting prohibited
selection Does not select ANI6. | Digital input
Output mode - Selects ANI6. Setting prohibited
Does not select ANI6. | Digital output
Analog input | Input mode CmMODSEL1 =0, or Selects ANI6. Analog input (to be converted into
selection CmMODSELO = 0 digital signal)

Does not select ANIG.

Analog input (not to be converted
into digital signal)

CmMODSEL1 =1, and
CmMODSELO =1

Selects ANIG.

Analog input (to be converted into
digital signal), and comparator
common input

Does not select ANI6.

Comparator common input

Output mode

Setting prohibited

Remark ADPCO: A/D port configuration register 0

PM2: Port mode register 2
CmMODSEL1, CmMODSELO: Bits 4, 3 of comparator m control register (CmCTL)
ADS: Analog input channel specification register
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Table 4-11. Setting Functions of P27/ANI7 Pin

ADPCO Register PM2 Register ADS Register P27/ANI7 Pin
Digital I/O selection | Input mode Selects ANI7. Setting prohibited
Does not select ANI7. Digital input
Output mode Selects ANI7. Setting prohibited
Does not select ANI7. Digital output
Analog input Input mode Selects ANI7. Analog input (to be converted into digital signal)
selection Does not select ANI7. Analog input (not to be converted into digital signal)
Output mode - Setting prohibited

Remark ADPCO: A/D port configuration register 0
PM2: Port mode register 2
ADS: Analog input channel specification register

Reset signal generation sets port 2 to analog input.
Figures 4-4 to 4-11 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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Figure 4-4. Block Diagram of P20

(1) 78K0/IY2

A
RD
S
| | : —
2 | 3
>3
o)
= WRpoRT
c P2
[
= Output latch
& (ppzo) © P20/ANIO
WRewMm
PM2
& PM20
A/D converter
S
(2) 78K0/1A2, 78K0/1B2
A
RD
S
! | : |
| ©
[%] (%]
>
o)
= WRpoRrT
c P2
Q
= QOutput latch
& (P20) © P20/ANIO/AMP-Note
WRem
PM2
& PM20
A/D converter
NS

Operational amplifier (-) inputNote
Note Products with operational amplifier only

P2: Port register 2

PM2:  Port mode register 2
RD: Read signal

WRxx: Write signal
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Figure 4-5. Block Diagram of P21

(1) 78K0/IY2

N
RD
Fany I g ;
O | <@
[0}
%] (2]
>
= WRepoRT
g )
g
[
S OUt(‘;uztll?tCh © P21/ANIL/PGAINNote
WRpm
PM2
& PM21
A/D converter
—~ PGA inputNote
(2) 78KO0/1A2, 78K0/IB2
N\
RD
X | g NG
A @
| <
]
WRpoRT
) P2
Ko}
T
£ & O”t(ppuztl'?tc“ | © P21/ANIL/AMPOUTNOte/pGAINNote
€
- WRem
PM2
& PM21
WRamPom
AMPOM
Operational
ifi N
Vo OPAMPOE amplifier outputNote
A/D converter *+—1
I~/ PGA inputNote «+—— |
P2: Port register 2
PM2: Port mode register 2
AMPOM:  Operational amplifier O control register
RD: Read signal

WRxx: Write signal
Note Products with operational amplifier only

Remark PGA: Programmable Gain Amplifier
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Figure 4-6. Block Diagram of P22

1
RD
S
" ~ 3
=}
Qo
T WRpoRT
= P2
e
c
= Output latch
& P N © P22/ANI2/AMP-+Note
(P22)
WRem
PM2
S PM22
A/D converter
gy Operational amplifier (+) input

Note Products with operational amplifier only

Figure 4-7. Block Diagram of P23

A
RD
S \
& A g
. N 3
>
= WRpoRT
g P2
o
C
u Output latch I © P23/ANIZ/CMP2+
(P23)
WReM
PM2
e PM23
A/D converter
Ny Comparator 2 (+) input
P2: Port register 2

PM2:  Port mode register 2
RD: Read signal
WRxx: Write signal
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78K0/Ix2
Figure 4-8. Block Diagram of P24
A
RD
S
O A 3 NG
. ~ 8
=}
o]
= WRpoRT
c P2
e
c
& Output latch I © P24/ANIA/ICMPO+
(P24)
WReM
PM2
S PM24
A/D converter
gy Comparator 0 (+) input
Figure 4-9. Block Diagram of P25
A
RD
& A % NG
. ~ 3
>
= WRpoRT
g P2
Q
c
& Output latch N © P25/ANIS/ICMPL+
(P25)
WRpm
PM2
S PM25
A/D converter
- Comparator 1 (+) input
P2: Port register 2

PM2:  Port mode register 2
RD: Read signal
WRxx: Write signal
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CHAPTER 4 PORT FUNCTIONS

78K0/1x2
Figure 4-10. Block Diagram of P26
1
RD
Y ~—
| 5
[%] n
=}
2 WRpoRT
g P2
]
c
= Output latch
A (P26) @ P26/ANI6/CMPCOM
WRpm
PM2
S PM26
A/D converter
gy Comparator common (-) input
Figure 4-11. Block Diagram of P27
A
RD
. N 3
=}
o
= WRpoRT
c P2
£ N
c
= Output latch
& ;27) © P27/ANI7
WRem
PM2
S PM27
A/D converter
N
P2: Port register 2

PM2:  Port mode register 2
RD: Read signal
WRxx: Write signal
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CHAPTER 4 PORT FUNCTIONS

4.2.3 Port3

78K0/1Y2

78K0/1A2

78K0/1B2

16 Pins

20 Pins

30 Pins

32 Pins

P30/TOH1/TI5S1/INTP1

P31/TOX00/INTP2/TOOLC1

P31/TOX00/INTP2/TOOLC1

P31/TOX00/INTP2/TOOLC1

P31/TOX00/INTP2/TOOLC1

P32/TOX01/INTP3/TOOLD1

P32/TOX01/INTP3/TOOLD1

P32/TOX01/INTP3/TOOLD1

P32/TOX01/INTP3/TOOLD1

P33/TOX10

P33/TOX10

P33/TOX10

P33/TOX10

P34/TOX11/INTP4/<TOH1>/ | P34/TOX11/INTP4/<TOH1>/ | P34/TOX11/INTP4 P34/TOX11/INTP4/<TOH1>/
<TI51> <TI51> <TI51>

- - P35/SCK11 P35/SCK11

- - P36/S111 P36/S111

- - P37/SO11 P37/SO11

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 P37 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, clock 1/0 and data I/O for serial interface, and
clock input and data I/O for flash memory programmer/on-chip debugger.

The timer input or timer output can be assigned to P34 of 78K0/1Y2, 78K0/IA2, and 78K0/IB2 (32 Pins) by setting the
port alternate switch control register (MUXSEL).

Reset signal generation sets port 3 to input mode.

Figures 4-12 to 4-19 show block diagrams of port 3.

Cautions 1. To use P35/SCK11 and P37/SO11 of 78K0/IB2 as general-purpose ports, set serial operation mode
register 11 (CSIM11) and serial clock selection register 11 (CSIC11) to the default status (00H).
2. When using the 78K0/IB2 (32 pins), be sure to clear bit 0 of port mode register 3 (PM3) to 0 after

the reset status is released.

Remark For how to connect a flash memory programmer using TOOLC1/P31, TOOLD1/P32, refer to CHAPTER 25
FLASH MEMORY. For how to connect TOOLC1/P31, TOOLD1/P32 and an on-chip debug emulator, refer
to CHAPTER 26 ON-CHIP DEBUG FUNCTION.
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CHAPTER 4 PORT FUNCTIONS

78K0/Ix2
Figure 4-12. Block Diagram of P30
Vop
M\ WReru
l PU3
O PU30
}D—' P-ch
Alternate
function
RD
| 5 o<]—o@]—
rany 8
N —_
Z | 8
§ WRPpoRT
I3 P3
£
A Output latch
~ (P30) —© P30/TOHL/TISL/INTPL
WRpm
PM3
S PM30
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
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78K0/1x2 CHAPTER 4 PORT FUNCTIONS

Figure 4-13. Block Diagram of P31

Vob
M|  WReu
l PU3
> PU31 boch
b—l -C
Alternate
function
RD
5 M—
& | 3
2 | @
2 0
‘_C" WRPporT
5 P3
=
A Output latch
~ (P31) —©O P31/TOX00/INTP2/TOOLC1
WRem
PM3
& PM31
Alternate
function
AN

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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Figure 4-14. Block Diagram of P32

Vob
M|  WReu
l PU3
> PU32 boch
b—l -C
Alternate
function
RD
| <t
(8]
yany o)
2 - | e
2 n
§ WRPpoRT
i P3
£
A Output latch
~ (P32) —©O P32/TOX01/INTP3/TOOLD1
WRem
PM3
& PM32
Alternate
function
AN

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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78K0/I1x2 CHAPTER 4 PORT FUNCTIONS
Figure 4-15. Block Diagram of P33
Voo
M\A WReru

l PU3
N PU33
RD
Fany /I % L
N\ —

g ~ 3

g WRPpoRT p3

£
A Output latch
~ (P33) ——O P33/TOX10

WRem
PM3
S PM33
Alternate
function
AN

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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78K0/1x2 CHAPTER 4 PORT FUNCTIONS

Figure 4-16 Block Diagram of P34 (1/2)

(1) 78KO0/1Y2, 78K0/IA2, 78K0/IB2 (32 Pins)

Voo
(A
WRepu
J PU3
O PU34
P-ch
Alternate
function (INTP4)
5 [=—— Input signal from POO/TI51Nt®
Alternate g
function (TI51) o)
n
RD [TmssELLY] TMsSELO |
MUXSEL 5 O<L }—(K ~|7
sl g
2 ~ 3
£
Q
2 WRporT ]
- P3
P! Output latch
~ (P34)
l\ @ P34/TOX11/INTP4/<TOH1>/<TI51>
Alternate
function (TOX11) <]
8
& Output signal to
Alternate POO/TOH1Note
function (TOH1)
WRewm [ 1
PM3 [mHsEL1Ye] TMHSELO |
MUXSEL
PM34
I~/
P3: Port register 3

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

RD: Read signal

WRxx: Write signal

Note 78K0/IA2 and 78K0/IB2 (32 Pins) only
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CHAPTER 4 PORT FUNCTIONS

Figure 4-16 Block Diagram of P34 (2/2)

(2) 78K0/IB2 (30 Pins)

M\A WReru
l PU3
\ PU34 ) | P-ch
-C
Alternate
function
RD
| SR
& 3
| 3
3
° WRPpoRT
g P3
g (0] latch
c utput latc
© (P34) ——O P34/TOX11/INTP4
WRem
PM3
S PM34
Alternate
function
%
P3: Port register 3
PUS3: Pull-up resistor option register 3
PM3:  Port mode register 3
RD: Read signal
WRxx: Write signal
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78K0/1x2 CHAPTER 4 PORT FUNCTIONS

Figure 4-17. Block Diagram of P35

Vob
M\A WReru
l PU3
N PU35
P-ch
Alternate
function
RD
j : o<l
& o
! g
(2]
>
2 WRpoRT
g P3
[J]
IS A Output latch -
- (P35) ] —© P35/SCK11
WRem
PM3
S PM35
Alternate
function
AN

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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78K0/1x2 CHAPTER 4 PORT FUNCTIONS

Figure 4-18. Block Diagram of P36

Vop
™ WRpu
l PU3
O PU36
b—l P-ch
Alternate
function
RD
o] =
i< :
k5 0
= WRpoRT
P3
A Output latch
- (P36) O P36/SI11
WRem
PM3
S PM36
~_
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

78K0/Ix2
Figure 4-19. Block Diagram of P37
Voo
M\A WRpu
l PU3
O PU37
RD
1 g ~—
S @
\I o)
p %)
° WRpoRT
g P3
@
S A Output latch
© (P37) ——© P37/S011
WRpm
PM3
S PM37
Alternate
function
AN
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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78K0/I1x2 CHAPTER 4 PORT FUNCTIONS
4.2.4 Port6
78K0/1Y2 78KO0/1A2 78K0/1B2
16 Pins 20 Pins 30 Pins/32 Pins
- P60/SCLAQ/TxD6 P60/SCLAO/TxD6
- P61/SDAAO/RxD6 P61/SDAAO/RxD6

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

mode register 6 (PM6). When the P60 and P61 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 6 (PUB).
Input to the P60 and P61 pins can be specified through a normal input buffer or an SMBus input buffer in 1-bit units,

using port input mode register 6 (PIM6).

Output from the P60 and P61 pins can be specified as normal CMOS output or N-ch open-drain output (Vob tolerance)

in 1-bit units, using port output mode register 6 (POM6).

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

Reset signal generation sets port 6 to input mode.

Caution To use P60/SCLAO0/TxD6 of 78K0/IA2 and 78K0/IB2 as general-purpose port, clear bit 0 (TXDLV6) of
asynchronous serial interface control register 6 (ASICL6) to 0 (normal output of TxD6).

Figures 4-20 and 4-21 show block diagrams of port 6.
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78K0/Ix2 CHAPTER 4 PORT FUNCTIONS
Figure 4-20. Block Diagram of P60
Vob
M\ WRpu
l PU6
O PUGO
P-ch
PIM6
Alternate
function PIM60
RD I
& ks
9 $ POM6
= | WReorr POM60
c P6
e
£ A Output latch
~ (P60) | —Q P60/SCLAO/TXD6
WRpm
PM6
S PM60
Alternate
function
N
P6: Port register 6
PUG: Pull-up resistor option register 6
PM6:  Port mode register 6
PIM6:  Port input mode register 6
POMG6: Port output mode register 6
RD: Read signal
WRxx: Write signal
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78K0/Ix2 CHAPTER 4 PORT FUNCTIONS
Figure 4-21. Block Diagram of P61
Voo
M WRpu
l PU6
O PUG1
P-ch
PIM6
Alternate
function PIM61
RD J
Fany 8
N\ —_
o | 8 POM6
2| WReorr POM61
g P6
e
< A Output latch
- (P61) ] .—© P61/SDAAD/RXDS
WRpm
PM6
S PM61
Alternate
function
N
P6: Port register 6
PUG: Pull-up resistor option register 6
PM6:  Port mode register 6
PIM6:  Port input mode register 6
POMG6: Port output mode register 6
RD: Read signal
WRxx: Write signal
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78K0/1x2 CHAPTER 4 PORT FUNCTIONS

4.2.5 Port7

78K0/1Y2 78KO0/1A2 78K0/1B2
16 Pins 20 Pins 30 Pins/32 Pins

- - P70/ANI8

Port 7 is an 1/O port with an output latch. Port 7 can be set to the input mode or output mode in 1-bit units using port
mode register 7 (PM7).

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

When using P70/AM8, set the registers according to the pin function to be used (refer to Table 4-12).

Table 4-12. Setting Functions of P70/ANI8 Pins

ADPC1 Register PM7 Register ADS Register P70/ANI8 Pin
Digital I/O selection | Input mode Selects ANIS8. Setting prohibited
Does not select ANI8. Digital input
Output mode Selects ANI8. Setting prohibited
Does not select ANI8. Digital output
Analog input Input mode Selects ANIS8. Analog input (to be converted into digital signal)
selection Does not select ANIS. Analog input (not to be converted into digital signal)
Output mode - Setting prohibited

Remark ADPC1: A/D port configuration register 1
PM7: Port mode register 7
ADS: Analog input channel specification register

Reset signal generation sets port 7 to analog input.
Figure 4-22 shows a block diagram of port 7.
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CHAPTER 4 PORT FUNCTIONS

78K0/I1x2
Figure 4-22. Block Diagram of P70
A
RD
S
& A E NG
g N 8
o)
© WRPpoRT
c
E P7
o
- Output latch I\
& (P70) © P70/ANI8
WRemMm
PM7
S PM70
A/D converter
S

P7: Port register 7

PM7:  Port mode register 7
RD: Read signal

WRxx: Write signal
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78K0/1x2 CHAPTER 4 PORT FUNCTIONS

4.2.6 Port12

78K0/1Y2 78K0/1A2 78K0/1B2
16 Pins 20 Pins 30 Pins/32 Pins

P121/X1/TOOLCO/<TI000>/<INTPO> P121/X1/TOOLCO/<TIO00>/<INTP0O> P121/X1/TOOLCO/<TIO00>/<INTPO>
P122/X2/EXCLK/TOOLDO P122/X2/EXCLK/TOOLDO P122/X2/EXCLK/TOOLDO
P125/RESET/<TI000>/<INTPO> P125/RESET P125/RESET

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

P121, P122, P125 function as an Input port.

When used as an input port only 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 potential input 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.

The timer input or external interrupt request input can be assigned to P121 of the 78K0/Ix2 and P125 of the 78K0/1Y2
by setting the port alternate switch control register (MUXSEL).

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 4-23, 4-24 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 00H (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 immediately after release of reset is set in the external reset input, 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 25
FLASH MEMORY. For how to connect TOOLCO0/X1, TOOLDO/X2 and an on-chip debug emulator, refer to
CHAPTER 26 ON-CHIP DEBUG FUNCTION.
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CHAPTER 4 PORT FUNCTIONS

78K0/Ix2
Figure 4-23. Block Diagram of P121, P122
A
1
OSCCTL
OSCSEL
RD
ay | (
~ | \ ———+—4—© P122/X2/EXCLK/TOOLDO
3 osceTL
o
g R
s EXCLK, OSCSEL
g o)
=
RD
& | { J
| N © P121/X1/TOOLCO/<TIO00>/<INTPO>
MUXSEL
[InTPosEL1]iINTPOSELO frmoosEL1™] Tmo0SELO |
[ [ [ ]
Alternate 4 O 4 O ﬂ
function
™~

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

Note 78KO0/IY2 only

RO1UHO010EJO0500 Rev.5.00 132

Feb 28, 2012 :{ENESAS



78K0/1x2 CHAPTER 4 PORT FUNCTIONS

Figure 4-24. Block Diagram of P125
(1) 78K0/1Y2

Vobp
|
WRpu
l PU12
& PU125 { P-ch
MUXSEL
[INTPOSEL1]INTPOSELO| TMOOSEL1 | TMOOSELO |
[ [ J
2 RD Alternate —H—Mi 04 oﬂ —
a function
T
5 l |
£ o | ©) P125/RESET/<TI000>/<INTPO>
Internal reset < 7 ‘
WRpm
l RSTMASK
5 RSTM
—_

(2) 78KO0/IA2, 78K0/IB2

Vob
-1
WRepu
l PU12
& PU125 { P-ch
3 RD
o)
6 /J\
£ | .
2 & | © P125/RESET
Internal reset C ] '
WRewMm
l RSTMASK
& RSTM
™~
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 immediately after release of reset is set in the external reset input, 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.

RO1UHO010EJO0500 Rev.5.00 133
Feb 28, 2012 /-{ENESAS
]



78K0/1x2 CHAPTER 4 PORT FUNCTIONS

4.3 Registers Controlling Port Function
Port functions are controlled by the following eight types of registers.

e Port mode registers (PMxx)

e Port registers (Pxx)

e Pull-up resistor option registers (PUxx)

e Port input mode register 6 (PIM6&)N°* !

e Port output mode register 6 (POM6)V°te !

e Reset pin mode register (RSTMASK)

 A/D port configuration registers 0, 1V°*? (ADPC0, ADPC 1"t %)
e Port alternate switch control register (MUXSEL)

Notes 1. 78KO0/IA2, 78K0/IB2 only
2. 78KO0/IB2 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.

Figure 4-25. Format of Port Mode Register (78K0/1Y2)

Symbol 7 6 5 4 3 2 1 0 Address  After reset R/W
PM2 | 1 \ 1 ‘PM25N°‘9 PM24Nete| pp23hote 1 ‘PMZlee PM20N°‘9| FF22H FFH R/IW
M3 | 1 | 1 | 1 | Pv34 | Pm33 | Pm32 | Pm31 | 1 | FR2sH FFH RIW

PMmn Pmn pin /0 mode selection

(m=2,3;n=0to5)

0 Output mode (output buffer on)

1 Input mode (output buffer off)

Note If this pin is set as an analog input by using the ADPCO register, be sure to set it to input mode.

Caution Be sure to set bits 2, 6, 7 of PM2, bits 0, 5 to 7 of PM3 to 1.
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78K0/1x2 CHAPTER 4 PORT FUNCTIONS

Figure 4-26. Format of Port Mode Register (78K0/1A2)

Symbol 7 6 5 4 3 2 1 0  Address Afterreset  R/W
o | 1 | 1 | 1 | 1 | 1 | 1 | 1 |pPmoo | Fr2oH  FFH RIW
ez [ 1 | 1 [omaoee| puzen pwza e ovzze ovaie ewzo | Fr22d FEH R
M3 | 1 | 1 | 1 | Pv34 | Pm33 | Pm32 | Pm31 | 1 | FR2sH FFH RIW
pme | 1 | 1 | 1 | 1 | 1 | 1 | Pmer | Pmeo | FF26H  FFH RIW

PMmn Pmn pin /O mode selection

(m=0,2,3,6;,n=0to5)

0 Output mode (output buffer on)

1 Input mode (output buffer off)

Note If this pin is set as an analog input by using the ADPCO register, be sure to set it to input mode.
Caution Be sure to set bits 1 to 7 of PMO, bits 6, 7 of PM2, bits 1, 5 to 7 of PM3, bits 2 to 7 of PM6 to 1.

Figure 4-27. Format of Port Mode Register (78K0/IB2)

Symbol 7 6 5 4 3 2 1 0 Address  After reset R/W
PMO | 1 ‘ 1 ‘ 1 ‘ 1 ‘ 1 ‘ PMO02 ‘PMOlNmE1 PMO0 | FF20H FFH R/W

PM2 |F>M27N°‘“F>|\/|26N°‘“F>|v|25“°lez PM24™? V23" 2 [pm22"te ? PM21N°‘“PM20N°‘”| FF22H FFH R/W

PM3 | PM37 | PM36 | PM35 | PM34 | PM33 | PM32 | PM31 |PM30“°!| FF23H  FFH RIW

pme | 1 | 1 | 1 | 1 | 1 | 1 | pver | pweo | FF26H  FFH RIW

e S S S O P 7 ™
PMmn Pmn pin /O mode selection

(m=0,2,3,6,7,n=0t07)

0 Output mode (output buffer on)

1 Input mode (output buffer off)

Notes 1. 78K0/IB2 (30 pins) only
2. If this pin is set as an analog input by using the ADPC1 or ADPCO register, be sure to set it to input
mode.

Cautions 1. Be sure to set bits 3 to 7 of PMO0, bits 2 to 7 of PM6, bits 1 to 7 of PM7 to 1.
2. When using the 78K0/IB2 (32 pins), be sure to clear bit 1 of PM0 and bit 0 of PM3 to 0.
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78K0/1x2 CHAPTER 4 PORT FUNCTIONS

(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. [fit 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 4-28. Format of Port Register (78K0/1Y2)

Symbol 7 6 5 4 3 2 1 0 Address After reset R/W
2| o | | paster | pogrerer [ pogeer | g | pprveet | pooet | FFO2H OOH (output latch) RIW

o

P3| o | o | o | P | P33 | P32 | P31 | 0 | FFosH  O0OH (outputlatch) R
P12 | 0 \ 0 \ P125 \ 0 \ 0 \P122N°tez p12ghote? 0 | FFOCH 00H R
Pmn m=2,3,122;n=0to5
Output 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.
Figure 4-29. Format of Port Register (78K0/1A2)

Symbol 7 6 5 4 3 2 1 0 Address After reset R/W
po| o | o | o | o | o | o | o | poo | FFooH  00H (outputlatch) R
P2 | 0 \ 0 \stNmel \ p2ghetet | ppghotel \Pzz“"tel \ p2qNetet P20N°‘“| FFO2H  OOH (output latch) R/W
P3| o | o | o | paa | P33 | Pa2 | P31 | o | FFOSH  O0OH (outputlatch) R
| o | o | o | o | o | o | pe1 | P60 | FFO6H  0OH (outputlaich) RMW
P2 | o | o [pPws| o | o [prz2vezlprarvezl o | FrocH 00H R

Pmn m=0,2,3,6,12;n=0to5
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.
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Figure 4-30. Format of Port Register (78K0/IB2)
Symbol 7 6 5 4 3 2 1 0  Address After reset RIW
PO | 0 \ 0 \ 0 \ 0 \ 0 \ P02 ‘POlN‘”“ P00 | FFOOH  OOH (output latch) ~ R/W
P2 |p27"ie? [ poghe? | posiote | pagherez | pogiote | pogietez | ppyvetez| pogheez | FRO2H  OOH (outputlatch)  RAW
P3| P37 | P36 | P35 | Paa | P33 | P32 | P31 |P30™°'| FFOBH OOM (outputlatch) RMW
e[ o [ o [ o [ o [ o [ o [ per [ Peo | FrosH 00H (outputlaich) R
[ o ] o [ o | o [ o | o [ o [ Po | Fro7H o0oH (outputiatch) R
P2 | o | o [pPws| o | o [prz2etprarer] o | FrocH 00H R
Pmn m=0,236,7,12n=0t07

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. 78K0/IB2 (30 pins) only
2. |If this pin is set as an analog input and to input mode, do not access the output latch.
3. “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 4-31. Format of Pull-up Resistor Option Register (78K0/1Y2)

Symbol 7 6 5 4 3 2 1 0 Address  After reset R/W
pus | o | o | o | pusa| puss|pus | Pust| o | Fraad 00H RIW
PUI2 [ o 0o |Puizs| o 0 0 0 o | FracH 20H RIW

PUmn Pmn pin on-chip pull-up resistor selection

(m=3,12;n=1to05)

0 On-chip pull-up resistor not connected

1 On-chip pull-up resistor connected
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Figure 4-32. Format of Pull-up Resistor Option Register (78K0/1A2)

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

o[ o [ o [ o [ o [ o [ o [ o [ruw|rraw om  rw

pus [0 | 0 | o | puss | pum |pum | puai | o | FesH oon Rw

Pus [ 0 [ o [ o [ o [ o [ o [eust[ruso|rrasn on  rw

Pu2 [ o | o [euis| o [ o [ o [ o | o ]rracH 28  RW
PUMN Pmn pin on-chip pull-up resistor selection

(m=0,3,6,12;n=0to5)

0 On-chip pull-up resistor not connected

1 On-chip pull-up resistor connected

Figure 4-33. Format of Pull-up Resistor Option Register (78K0/IB2)

Symbol 7 6 5 4 3 2 1 0  Address Afterreset  RIW
po| o | o | o | o | o [ puoz [Puor™e| puoo | FFaoH  ooH RIW
Pus | Pus7 | Puss | Puss | Pusa | PU33 | Pus2 | Pusl |Puso™c| FFasH  ooH RIW
Pus [ o | o | o | o | o | o | puer | pPuso | FFaeH  ooH RIW
Pu2 | o | o |puizs| o | o | o | o | o | FrecH 20w RIW

PUMN Pmn pin on-chip pull-up resistor selection

(m=0,3,6,12;n=0t0 7)

0 On-chip pull-up resistor not connected

1 On-chip pull-up resistor connected

Note 78KO0/IB2 (30 pins) only
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(4) Port input mode register 6 (PIM6)"°*®
This register sets the input buffer of P60 and P61 in 1-bit units.
When using an input compliant with the SMBus specifications in I°C communication, set PIM60 and PIM61 to 1.
This register can be set by a 1-bit or 8-bit memory manipulation instruction.
Reset signal generation clears this register to 00H.

Note 78KO0/IA2, 78K0/IB2 only
Figure 4-34. Format of Port Input Mode Register 6 (PIM6) (78K0/IA2, 78K0/IB2 only)

Address: FF3EH Afterreset: OOH R/W

Symbol 7 6 5 4 3 2 1 0
PIM6 0 0 0 0 0 0 PIM61 PIM60
PIM6n P6n pin input buffer selection (n =0, 1)
0 Normal input (Schmitt) buffer
1 SMBus input buffer
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(5) Port output mode register 6 (POM6) '

(6)

™

This register sets the output mode of P60 and P61 in 1-bit units.

During 1°C communication, set POM60 and POM61 to 1.

When using the P60/TxD6/SCLAO pin as the data output of serial interface UART6/DALI, clear POM60 to 0.
This register can be set by a 1-bit or 8-bit memory manipulation instruction.

Reset signal generation clears this register to 00H.

Note 78KO0/IA2, 78K0/IB2 only

Figure 4-35. Format of Port Output Mode Register 6 (POM6) (78K0/IA2, 78K0/IB2 only)

Address: FF2AH  After reset: 0O0OH R/W

Symbol 7 6 5 4 3 2 1 0
POM6 0 0 0 0 0 0 POM61 POM60
POM®6nN P6n pin output mode selection (n =0, 1)
0 Normal output (CMOS output) mode
1 N-ch open drain output (Voo tolerance) mode

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 4-36. Format of Reset Pin Mode Register (RSTMASK)

Address: FF2DH  After reset: 00H 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)

A/D port configuration registers 0, 1"°** (ADPC0, ADPC1"°")

ADPCO switches the P20/AMP-/ANIO to P27/ANI7 pins to digital I/O or analog input of port. Each bit of ADPCO
corresponds to a pin of port 2 and can be specified in 1-bit units.

ADPC1 switches the P70/ANI8 pins to digital I/O or analog input of port and can be specified in 1-bit units.

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

Reset signal generation clears ADPCO and ADPC1 to 00H.

Note 78K0/IB2 only
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Figure 4-37. Format of A/D Port Configuration Register 0 (ADPCO0)

(1) 78K0/IY2

Address: FF2EH  After reset: OOH R/W

Symbol 7 6 5 4 3 2 1 0
ADPCO 0 0 ADPCS5 ADPCS4 ADPCS3 0 ADPCSH1 ADPCSO0
(2) 78KO0/1A2
Address: FF2EH  After reset: 00H R/W
Symbol 7 6 5 4 3 2 1 0
ADPCO 0 0 ADPCS5 ADPCS4 ADPCS3 ADPCS2 ADPCS1 ADPCSO0
(3) 78K0/1B2
Address: FF2EH After reset: 00H R/W
Symbol 7 6 5 4 3 2 1 0

ADPCO ADPCS7 ADPCS6 ADPCS5 ADPCS4 ADPCS3 ADPCS2 ADPCS1 ADPCSO0

ADPCSn Digital I/O or analog input selection (n = 0 to 7)
0 Analog input
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 ADPCO0, a wait cycle is generated. Do not write data to ADPCO when the
peripheral hardware clock is stopped. For details, refer to CHAPTER 31 CAUTIONS FOR WAIT.
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Symbol
ADPC1

Figure 4-38. Format of A/D Port Configuration Register 1 (ADPC1) (78K0/IB2 Only)

Address: FF2FH  Afterreset: 00H R/W
7 6 5 4 3 2 1 0
0 0 0 0 0 0 0 ADPCS8
ADPCS8 Digital I/O or analog input selection
0 Analog input
1 Digital /0

Cautions 1. Set the pin set to analog input to the input mode by using port mode register 7 (PM7).
If data is written to ADPC1, a wait cycle is generated. Do not write data to ADPC1 when the

2.

peripheral hardware clock is stopped. For details, refer to CHAPTER 31 CAUTIONS FOR WAIT.

(8) Port alternate switch control register (MUXSEL)
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 00H.

(1) 78K0/Y2

Figure 4-39. Format of Port Alternate Switch Control Register (MUXSEL) (1/2)

Address: FF39H Afterreset: 00H R/W

Symbol
MUXSEL

<7> <6> <5> <4> 3 <2> 1 <0>
INTPOSEL1 [INTPOSELO | TMOOSEL1 | TMOOSELO 0 TM5SELO 0 TMHSELO
INTPOSEL1 [INTPOSELO External interrupt input (INTPO) pin assignment
0 0 (default)
0 1 P121/INTPO
1 0 P125/INTPO
1 1 Setting prohibited
TMOOSEL1 | TMOOSELO 16-bit timer/event counter 00 input (TI000) pin assignment
0 0 (default)
0 1 P121/TI1000
1 0 P125/TI1000
1 1 Setting prohibited
TM5SELO 8-bit timer/event counter 51 input (T151) pin assignment
0 (default)
1 P34/T151
TMHSELO 8-bit timer H1 output (TOH1) pin assignment
0 (default)
1 P34/TOH1
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Figure 4-39. Format of Port Alternate Switch Control Register (MUXSEL) (2/2)

(2) 78K0/IA2, 78K0/IB2 (32 pins)

Address: FF39H Afterreset: 0OH R/W

Symbol 7 <6> 5 <4> <3> <2> <1> <0>
MUXSEL 0 INTPOSELO 0 TMOOSELO | TM5SEL1 | TM5SELO | TMHSEL1 | TMHSELO

INTPOSELO External interrupt input (INTPO) pin assignment
0 (default)
1 P121/INTPO

TMOOSELO 16-bit timer/event counter 00 input (TI000) pin assignment
0 (default)
1 P121/T1000

TM5SELO | TM5SELO 8-bit timer/event counter 51 input (T151) pin assignment
0 0 (default)
0 1 P34/T151
1 0 POO/TI51
1 1 Setting prohibited

TMHSELO | TMHSELO 8-bit timer H1 output (TOH1) pin assignment
0 0 (default)
0 1 P34/TOH1
1 0 POO/TOH1
1 1 Setting prohibited

(3) 78K0/IB2 (30 pins)
Address: FF39H  Afterreset: 00H R/W
Symbol 7 <6> 5 <4> 3 2 1 0
MUXSEL | 0 ’INTPOSELO 0 TMOOSELO 0 0 0 0

INTPOSELO External interrupt input (INTPO) pin assignment
0 (default)
1 P121/INTPO

TMOOSELO 16-bit timer/event counter 00 input (TI000) pin assignment
0 (default)
1 P121/T1000
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4.4 Port Function Operations

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

4.4.1 Writing to 1/0O port

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

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

4.4.2 Reading from /O port

(1) Output mode
The output latch contents are read by a transfer instruction. The output latch contents do not change.

(2) Input mode
The pin status is read by a transfer instruction. The output latch contents do not change.

4.4.3 Operations on I/O port

(1) Output mode
An operation is performed on the output latch contents, and the result is written to the output latch. The output latch
contents are output from the pins.
Once data is written to the output latch, it is retained until data is written to the output latch again.
The data of the output latch is cleared when a reset signal is generated.

(2) Input mode
The pin level is read and an operation is performed on its contents. The result of the operation is written to the output
latch, but since the output buffer is off, the pin status does not change.
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 Tables 4-13 to 4-16.

Table 4-13. Settings of Port Mode Register and Output Latch When Using Alternate Function (78K0/1Y2) (1/2)

Pin Name Alternate Function PMxx Pxx
Function Name 1/0
P20 ANIQ"*? Input 1 x
P21 AN|Note? Input 1 x
PGAINNetes 2.3 Input 1 x
P23 AN|3Note 4 Input 1 x
CMPp2+Note Input 1 x
P24 ANlghore4 Input 1 x
CMPpO+Nete4 Input 1 x
P25 AN|5NoE4 Input 1 x
CMP1+Nete 4 Input 1 x
P31 TOX00 Output 0 0
INTP2 Input 1 X
TOOLC1 Input x x
P32 TOXO01 Output 0 0
INTP3 Input 1 x
TOOLD1 /0 x x
P33 TOX10 Output 0 0
P34 TOX11 Output 0 0
INTP4 Input 1 X
<TOH1> Output 0 0
<TI51> Input 1 X

Notes 1. The pin function can be selected by using ADPCO register, PM2 register, and ADS register. Refer to Table
4-7in4.2.2 Port 2.
2. The pin function can be selected by using ADPCO register, PM2 register, ADS register, and PGAEN bit.
Refer to Table 4-8 in 4.2.2 Port 2.
3. uPD78F0750, 78F0751, 78F0752 (products with operational amplifier) only
4. The pin function can be selected by using ADPCO register, PM2 register, ADS register, and CMPmEN (m =
0-2) bit. Refer to Table 4-9 in 4.2.2 Port 2.

Remarks 1. x: Don't care
PMxx: Port mode register
Pxx:  Port output latch
2. Functions in angle brackets < > can be assigned by setting MUXSEL register.
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Table 4-13. Settings of Port Mode Register and Output Latch When Using Alternate Function (78K0/1Y2) (2/2)
Pin Name Alternate Function PMxx Pxx
Function Name 110
P121 xqhete ! - x x
TOOLCO Input x x
<TI000> Input X X
<INTPO> Input x x
P122 xaNete ! - x x
EXCLKN"*®" Input x x
TOOLDO I/0 x x
P125 RESETNete2 Input x x
<TI1000> Input X X
<INTPO> 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

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).

Remarks 1. x: Don’t care

PMxx: Port mode register
Pxx:  Port output latch

2. Functions in angle brackets < > can be assigned by setting MUXSEL register.
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Table 4-14. Settings of Port Mode Register and Output Latch When Using Alternate Function (78K0/1A2) (1/2)
Pin Name Alternate Function PMxx Pxx
Function Name 1/0
P00 TIO0O Input 1 x
INTPO Input 1 x
<TOH1> Output 0 0
<TI51> Input 1 x
P20 ANIQ"ee? Input 1 x
AMp-Notes 1.2 Input 1 x
P21 AN|Note? Input 1 x
AMPQUTNetes 23 Output 1 x
PGAINYetes 23 Input 1 x
P22 AN|2Nere? Input 1 x
AMP-Notes 1.2 Input 1 x
P23 AN|3Neret Input 1 x
CMPp2+Note# Input 1 x
P24 AN|gNete 4 Input 1 x
CMPQ-+Nte# Input 1 x
P25 AN|5NorE4 Input 1 x
CMP1Note Input 1 x
P31 TOX00 Output 0 0
INTP2 Input 1 x
TOOLCA1 Input x x
P32 TOXO01 Output 0 0
INTP3 Input 1 x
TOOLD1 110 x x
P33 TOX10 Output 0 0
P34 TOX11 Output 0 0
INTP4 Input 1 x
<TOH1> Output 0 0
<TI51> Input 1 x

Notes 1. The pin function can be selected by using ADPCO register, PM2 register, ADS register, and OPAMPOE bit.
Refer to Table 4-7 in 4.2.2 Port 2.

2. PD78F0753, 78F0754 (products with operational amplifier) only

3. The pin function can be selected by using ADPCO register, PM2 register, ADS register, OPAMPOE bit, and

PGAEN bit. Refer to Table 4-8 in 4.2.2 Port 2.

4. The pin function can be selected by using ADPCO register, PM2 register, ADS register, and CMPmEN (m = 0-2)

bit. Refer to Table 4-9 in 4.2.2 Port 2.

Remarks 1. x:
PMxx:
Pxx:

Don’t care

Port mode register
Port output latch

2. Functions in angle brackets < > can be assigned by setting MUXSEL register.
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Table 4-14. Settings of Port Mode Register and Output Latch When Using Alternate Function (78K0/1A2) (2/2)

Pin Name Alternate Function PMxx Pxx
Function Name 1/10
P60 SCLAQNetes "2 110 0 1
TxDe"*e? Output 0 1
P61 SDAAQNtes -2 110 0 1
RxD6 Input 1 X
P121 XqNote4 - x x
TOOLCO Input x x
<TI000> Input X x
<INTPO> Input x x
P122 Xx2Noted - x x
EXCLKNete 4 Input x x
TOOLDO 1/0 x x
P125 RESETN®® Input N x

Notes 1. During I°C communication, set SCLAO and SDAAO to N-ch open drain output (Vop tolerance) mode by using
POMBG register (refer to 4.3 (5) Port output mode register 6 (POM6)).

2. When using an input compliant with the SMBus Specifications in I’C communication, select the SMBus input
buffer by using PIM6 register (refer to 4.3 (4) Port input mode register 6 (PIM6)).

3. During UART/DALI communication, set TxD6 to normal output (CMOS output) mode by using POM®6 register
(refer to 4.3 (5) Port output mode register 6 (POM6)).

4. 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).

5. 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 MUXSEL register.
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Table 4-15. Settings of Port Mode Register and Output Latch When Using Alternate Function (78K0/IB2 (30 pins)) (1/2)

Pin Name Alternate Function PMxx Pxx
Function Name 1/0
P00 TIO0O Input 1 x
INTPO Input 1 x
P01 TI010 Input 1 X
TO00 Output 0 0
P02 SSI11 Input 1 X
INTP5 Input 1 x
P20 ANIQ"ee? Input 1 x
AMP-Notes 1,2 Input 1 X
P21 AN|Note? Input 1 x
AMPOUTNtes 2.3 Output 1 x
PGAINYotes 23 Input 1 x
P22 AN|2Nere? Input 1 x
AMP-Notes 1.2 Input 1 x
P23 AN|3Nete4 Input 1 x
CMPp2+Note# Input 1 x
P24 AN|gNete4 Input 1 x
CMPQ+Nte Input 1 x
P25 AN|5NorE4 Input 1 x
CMP14Note Input 1 x
P26 ANlgNo*e S Input 1 x
CMPCOMMe® Input 1 x
P27 AN|7Nete® Input 1 x
P30 INTP1 Input 1 x
TI51 Input 1 X
TOH1 Output 0 0
Notes 1. The pin function can be selected by using ADPCO register, PM2 register, ADS register, and OPAMPOE bit.

Remark

Refer to Table 4-7 in 4.2.2 Port 2.
uPD 78F0755, 78F0756 (products with operational amplifier) only
The pin function can be selected by using ADPCO register, PM2 register, ADS register, OPAMPOE bit, and
PGAEN bit. Refer to Table 4-8 in 4.2.2 Port 2.
The pin function can be selected by using ADPCO register, PM2 register, ADS register, and CMPmEN (m =
0-2) bit. Refer to Table 4-9 in 4.2.2 Port 2.
The pin function can be selected by using ADPCO register, PM2 register, ADS register, and CmMODSELA1,
CmMODSELO (m = 0-2) bit. Refer to Table 4-10 in 4.2.2 Port 2.
The pin function can be selected by using ADPCO register, PM2 register, and ADS register. Refer to Table

4-11in 4.2.2 Port 2.

X

Don’t care

PMxx: Port mode register

Pxx:

Port output latch
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Table 4-15. Settings of Port Mode Register and Output Latch When Using Alternate Function (78K0/IB2 (30 pins)) (2/2)

Pin Name Alternate Function PMxx Pxx
Function Name 110

P31 TOX00 Output 0 0
INTP2 Input 1 x

TOOLCA1 Input x X

P32 TOX01 Output 0 0
INTP3 Input 1 X

TOOLD1 110 X X

P33 TOX10 Output 0 0
P34 TOX11 Output 0 0
INTP4 Input 1 X

P35 SCK11 Input 1 x
Output 0 1

P36 SI11 Input 1 x
P37 SO11 Output 0 0
P60 SCLAQNets "2 /0 0 1
TxDe"*e? Output 0 1

P61 SDAAQN "2 /O 0 1
RxD6 Input 1 X

P70 ANIghore4 Input 1 x
P121 xqhoes - x x
TOOLCO Input x x

<TI000> Input x x

<INTPO> Input x x

P122 x2Noes - x x
EXCLKNt® Input x x

TOOLDO I/0 x x

P125 RESET"te® Input x x

Notes 1. During I°C communication, set SCLAO and SDAAO to N-ch open drain output (Vop tolerance) mode by using

Remark

POMBG register (refer to 4.3 (5) Port output mode register 6 (POM6)).

When using an input compliant with the SMBus Specifications in I°C communication, select the SMBus input
buffer by using PIM6 register (refer to 4.3 (4) Port input mode register 6 (PIM6)).

During UART/DALI communication, set TxD6 to normal output (CMOS output) mode by using POM6 register
(refer to 4.3 (5) Port output mode register 6 (POMS6)).

The pin function can be selected by using ADPC1 register, PM7 register, and ADS register. Refer to Table
4-12 0f 4.2.5 Port 7.

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).

Clear RSTM bit (bit 5 of RSTMASK register) to 0 when using P125 as an external reset input (RESET).

Don't care

X:
PMxx: Port mode register

Pxx:  Port output latch
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Table 4-16. Settings of Port Mode Register and Output Latch When Using Alternate Function (78K0/IB2 (32 pins)) (1/2)

Pin Name Alternate Function PMxx Pxx
Function Name 1/0
P00 TIO0O Input 1 x
INTPO Input 1 x
<TOH1> Output 0 0
<TI51> Input 1 x
P02 SSI11 Input 1 X
INTP5 Input 1 x
P20 ANIQ"ee? Input 1 x
AMP-Notes 1,2 Input 1 X
P21 AN|Note? Input 1 x
AMPOUTNtes 2.3 Output 1 x
PGAINYotes 23 Input 1 x
P22 AN|2Nere? Input 1 x
AMP-Notes 1.2 Input 1 x
P23 AN|3Nete4 Input 1 x
CMPp2+Note# Input 1 x
P24 AN|gNete4 Input 1 x
CMPQ+Nte Input 1 x
P25 AN|5NorE4 Input 1 x
CMP14Note Input 1 x
P26 ANlgNo*e S Input 1 x
CMPCOMMe® Input 1 x
P27 AN|7Nete® Input 1 x
Notes 1. The pin function can be selected by using ADPCO register, PM2 register, ADS register, and OPAMPOE bit.

Refer to Table 4-7 in 4.2.2 Port 2.

2. uPD 78F0755, 78F0756 (products with operational amplifier) only
3. The pin function can be selected by using ADPCO register, PM2 register, ADS register, OPAMPOE bit, and
PGAEN bit. Refer to Table 4-8 in 4.2.2 Port 2.
4. The pin function can be selected by using ADPCO register, PM2 register, ADS register, and CMPmEN (m =
0-2) bit. Refer to Table 4-9 in 4.2.2 Port 2.
5. The pin function can be selected by using ADPCO register, PM2 register, ADS register, and CmMODSEL1,
CmMODSELO (m = 0-2) bit. Refer to Table 4-10in 4.2.2 Port 2.
6. The pin function can be selected by using ADPCO register, PM2 register, and ADS register. Refer to Table
4-11in 4.2.2 Port 2.
Remark x: Don’t care
PMxx: Port mode register
Pxx:  Port output latch
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Table 4-16. Settings of Port Mode Register and Output Latch When Using Alternate Function (78K0/IB2 (32 pins)) (2/2)

Pin Name Alternate Function PMxx Pxx
Function Name 110

P31 TOX00 Output 0 0
INTP2 Input 1 x

TOOLCA1 Input x X

P32 TOX01 Output 0 0
INTP3 Input 1 X

TOOLD1 I/0 x X

P33 TOX10 Output 0 0
P34 TOX11 Output 0 0
INTP4 Input 1 X

<TOH1> Output 0 0

<TI51> Input 1 X

P35 SCK11 Input 1 x
Output 0 1

P36 S Input 1 x
P37 SO11 Output 0 0
P60 SCLAQ"' "2 /O 0 1
TxDeVote 3 Output 0 1

P61 SDAAQN's "2 /0 0 1
RxD6 Input 1 X

P70 AN|gNete 4 Input 1 x
P121 xqhete s - x x
TOOLCO Input x X

<TI000> Input X X

<INTPO> Input x x

P122 xoNete s - x x
EXCLK"*®® Input x x

TOOLDO I/0 x x

P125 RESETNote ¢ Input x x

Notes 1. During I°C communication, set SCLAO and SDAAO to N-ch open drain output (Vop tolerance) mode by using
POMBG register (refer to 4.3 (5) Port output mode register 6 (POM6)).

2. When using an input compliant with the SMBus Specifications in I°C communication, select the SMBus input
buffer by using PIM6 register (refer to 4.3 (4) Port input mode register 6 (PIM6)).

3. During UART/DALI communication, set TxD6 to normal output (CMOS output) mode by using POM6 register
(refer to 4.3 (5) Port output mode register 6 (POMS6)).

4. The pin function can be selected by using ADPC1 register, PM7 register, and ADS register. Refer to Table
4-12 0f 4.2.5 Port 7.

5. 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).

6. Clear RSTM bit (bit 5 of RSTMASK register) to 0 when using P125 as an external reset input (RESET).

Remark 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 78K0/Ix2 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 4-40. 1-Bit Manipulation Instruction (P20)
1-bit manipulation
P20 @ instruction P20 @
; (setl P2.0) -~
Low-level output is executed for P20 High-level output
bit.
P21 to P27 O :> P21 to P27 O

Pin status: High level

Port 2 output latch

[ofofofoofofo]o]

Pin status: High level

Port 2 output latch

(oo fafefafafa]s]

<2> Set the P20 bitto 1.

in 8-bit units.

1-bit manipulation instruction for P20 bit

<1> Port register 1 (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.
e In the case of P21 to P27, input ports, the pin status (1) is read.

<3> Write the results of <2> to the output latch of port register 2 (P2)

Remark The following instructions are 1-bit manipulation instructions.
¢ MOV1, AND1, OR1, XOR1, SET1, CLR1, NOT11, 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
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).

<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 fin = 4 MHz (TYP.)/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/PLL control register (RCM).
<3> External main system clock input
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.
<4> Multiplication function using PLL (phase locked loop)
If 4 MHz is selected for the main system clock, the PLL mode can be used. In this mode, a clock of ten times
the main system clock (40 MHz) can be supplied as the count clock of 16-bit timers X0 and X1, and a clock of
ten times the main system clock times 1/2 (20 MHz) can be supplied for all other clocks.

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

This circuit oscillates a clock of fii = 30 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/PLL control 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.

* Watchdog timer
o 8-bit timer H1 (when fiL, fi/28, or fi/2'%is selected)

Remark fx: X1 clock oscillation frequency
fiH: Internal hi-speed oscillation clock frequency
fexcik: External main system clock frequency
fiL: 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/PLL control 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 Hi-speed system clock oscillator
Internal high-speed oscillator
Internal low-speed oscillator

The register settings specify the clocks to be supplied as the main system clock, peripheral hardware clock, and TMX
control clock as follows.

Table 5-2. Clocks Supplied to Main System Clock, Peripheral Hardware Clock, and TMX Control Clock

XSEL MCMO |SELPLL Main system clock (fxp) Peripheral hardware clock (frrs) TMX control clock (frmx)
0 0 0 Internal high-speed oscillator clock (fiH)
1
0 0 1 10 times the internal high-speed oscillation clock (fi) X 1/2 10 times the internal high-
1 speed oscillation clock (fi)
1 0 0 Internal high-speed oscillator | High-speed system clock (fx+)
clock (fin)
1 0 1 Setting prohibited
1 1 0 High-speed system clock (fx+)
1 1 1 10 times the high-speed system clock (fxx) X 1/2 10 times the high-speed
system clock (fx)

Remark XSEL: Bit 2 of the main clock mode register (MCM)
MCMO: Bit 0 of MCM
SELPLL: Bit 3 of the internal oscillation mode/PLL control register (RCM)
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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
fiL: Internal low-speed oscillation clock frequency
fepu: CPU clock frequency
frrs: Peripheral hardware clock frequency
frvx: TMX control clock frequency

5.3 Registers Controlling Clock Generator

The following seven registers are used to control the clock generator.

e Clock operation mode select register (OSCCTL)

e Processor clock control register (PCC)

o Internal oscillation mode/PLL control register (RCM)

e Main OSC control register (MOC)

e Main clock mode register (MCM)

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

(1) Clock operation mode select register (OSCCTL)
This register selects the operation modes of the high-speed system.

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

Address: FFOFH  After reset: 00H R/W

Symbol <7> <6> 5 4 3 2 1 0
OSCCTL EXCLK OSCSEL 0 0 0 0 0 0
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.

Remark fx1: High-speed system clock frequency

(2) Processor clock control register (PCC)
This register is used to select the CPU clock, 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 Afterreset: 01H R/W

Symbol 7 6 5 4 3 2 1 0
PCC 0 0 0 0 0 pPCC2 PCC1 PCCO
PCC2 PCC1 PCCO CPU clock (fcru) selection

0 0 0 fxp

0 0 1 fxe/2 (default)

0 1 0 fxp/2?

0 1 1 fxp/2°

1 0 0 fxp/2*

Other than above Setting prohibited

Cautions 1. Be sure to clear bits 3to 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
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The fastest instruction can be executed in 2 clocks of the CPU clock in the 78K0/Ix2 microcontrollers. Therefore, the

relationship between the CPU clock (fcru) and the minimum instruction execution time is as shown in Table 5-3.

Table 5-3. Relationship between CPU Clock and Minimum Instruction Execution Time

CPU Clock (fceu)

Minimum Instruction Execution Time: 2/fcru

Main System Clock (fxp)

High-Speed System Clock (fxx)'"

Internal High-Speed Oscillation Clock (fix

)Note 1

At 10 MHz At 20 MHz At4 MHz (TYP.) At 20 MHz (TYP.)
Operation N2 Operation"°*? Operation™®** Operation"°*®
fxp 0.2 us 0.1 us 0.5 us (TYP.) 0.1 us (TYP.)
fxp/2 0.4 us 0.2 us 1.0 s (TYP.) 0.2 us (TYP.)
fxp/22 0.8 us 0.4 us 2.0 us (TYP.) 0.4 us (TYP.)
fxp/2 16 us 0.8 us 4.0 us (TYP.) 0.8 s (TYP.)
fxp/2* 3.2 u8 1.6 us 8.0 us (TYP.) 1.6 us (TYP.)
Notes 1. 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).

2. When using clock-through mode (during fxp = fx1 = 10 MHz operation)

3. When using PLL mode (during operation at fxp = fxi X5, fxH = 4 MHz)

4. When using clock-through mode (during fxp = fiH = 4 MHz (TYP.) operation)

5. When using PLL mode (during operation at fxr = fiX5, fxp = fin =4 MHz (TYP.))

(3) Internal oscillation mode/PLL control register (RCM)

This register sets the operation mode of internal oscillator and controls the PLL function.
RCM can be set by a 1-bit or 8-bit memory manipulation instruction.

Reset signal generation sets this register to 8oHN°*e ",
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Figure 5-4. Format of Internal Oscillation Mode/PLL control Register (RCM)

Address: FFAOH  After reset: 80HN"®"'  R/wNete?

Symbol <7> 6 <5> <4> <3> 2 <1> <0>
RCM RSTS 0 PLLS PLLON SELPLL 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

PLLS Status of PLL clock mode

0 Clock-through mode
1 PLL mode

PLLON Control of PLL operation"°ts**
0 Stops PLL operation
1 Enables PLL operation

SELPLL PLL clock mode selection“*®
0 Clock-through mode
1 PLL mode

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. Bits 7 and 5 are read-only.
3. A 10 us wait occurs as an internal stabilization wait time after PLLON = 1 is set.
4. Only 4 MHz can be used for the PLL reference clock oscillation frequency.
5. The PLL clock mode is actually switched when the following time has elapsed after SELPLL
was set.
e SELPLL 0 — 1: One clock of the clock before the mode was switched to PLL clock mode
(MAX.)
e SELPLL 1 — 0: Three clocks of the clock before the mode was switched to PLL clock mode
(MAX.)
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Caution When setting RSTOP to 1, be sure to confirm that the CPU operates with a clock other
(MCS = 1) than the internal high-speed oscillation clock. Specifically, set under either of
the following conditions.

In addition, stop peripheral hardware that is operating on the internal high-speed

oscillation clock before setting RSTOP to 1.

Remarks 1.

2.

The source clock supplied to the peripheral hardware differs depending on the SELPLL

setting.
SELPLL 16 bit timer X0, X1 Peripheral hardware
0 fers = fxp fers = fxp
1 e When TXnCKSO0 = 0: frmx = 10 fxp frrs = 10 fxp X 1/2
(40 MHz: fxr = 4 MHz operation) (20 MHz: fxr = 4 MHz operation)
e When TXnCKSO = 0: frrs = 10 fxp X 1/2
(20 MHz: fxe = 4 MHz operation)
TXnCKSO0: Bit 0 of the 16 bit timer Xn operation control register 0 (TXnCTLO)

(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.

Address: FFA2H  After reset: 80H R/W

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

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. Clear MSTOP to 0 while the regulator mode control register (RMC) is 00H.
2. When setting MSTOP to 1, be sure to confirm that the CPU operates with a clock
other (MCS = 0) than the high-speed system clock.
In addition, stop peripheral hardware that is operating on the high-speed system
clock before setting MSTOP to 1.
3. Do not clear MSTOP to 0 while bit 6 (OSCSEL) of the clock operation mode select
register (OSCCTL) is 0 (input port mode).
4. 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.

RO1UHO010EJO0500 Rev.5.00

Feb 28, 2012

RENESAS

162



78K0/1x2 CHAPTER 5 CLOCK GENERATOR

(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/WN°*®

Symbol 7 6 5 4 3 <2> <1> <0>
MCM 0 0 0 0 0 XSEL MCS MCMO
XSEL MCMO Selection of clock supplied to main system clock and peripheral hardware
Main system clock (fxe) Peripheral hardware clock (fers)
0 0 Internal high-speed oscillation clock Internal high-speed oscillation clock
0 1 (fir) (fir)
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. Setting XSEL and MCMO to 1 and 0, respectively, is prohibited in PLL mode.
3. 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)
o When “frmx” is selected as the count clock for 16-bit timers X0 and X1 (operates
with TMX control clock)
e When “fiL”, “fu_lZG”, or “fiL/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 TMO0O0 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: FFA3H Afterreset: O0OH 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 15 min.

1 1 0 0 0 2"%/fx min. 819.2 15 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 0STS2 0STS1 OSTS0
OSTS2 OSTSH1 OSTS0 Oscillation stabilization time selection
fx = 10 MHz

0 0 1 2"fix 204.8 us

0 1 0 2"3x 819.2 us

0 1 1 2"fix 1.64 ms

1 0 0 2"« 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 (clock-through mode: 1 to 10 MHz, PLL mode:
4 MHz) connected to the X1 and X2 pins.

An external clock can also be input. In this case, input the clock signal (clock-through mode: 1 to 10 MHz, PLL mode: 4
MHz) 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

frrammrens

X2

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-
9 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.

Figure 5-10 shows examples of incorrect resonator connection.

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

(a) Too long wiring (b) Crossed signal line

PORT

Vss X1 Vss X1 X2

3 u

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

(c) Wiring near high alternating current (d) Current flowing through ground line of oscillator
(potential at points A, B, and C fluctuates)

Vo

Pmn

Vs X2

P I:l Ii r— Vs X2
L —_

A PDP
e

S
A . B TC
High current
7 7771 Hg

High current

(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 78K0/Ix2 microcontrollers. Oscillation can be controlled by the
internal oscillation mode/PLL control register (RCM).

After a reset release, the internal high-speed oscillator automatically starts oscillation.
Internal high-speed oscillation clock frequency (4 MHz (TYP.)/8 MHz (TYP.)) can be set by the option byte.
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5.4.3 Internal low-speed oscillator

The internal low-speed oscillator is incorporated in the 78K0/Ix2 microcontrollers.

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/PLL control register (RCM).

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

5.4.4 Prescaler
The prescaler generates the clock to be supplied to the CPU by dividing the main system clock.

5.4.5 PLL (Phase Locked Loop)
The PLL can be used to multiply the internal high-speed oscillation clock or high-speed system clock.
Set as follows to use or stop the PLL.

(a) When using PLL
* The PLL is set to be stopped (PLLON = 0) after reset is released. After reset is released, check the oscillation
stability of the clock to be multiplied and then set the PLL to operate (PLLON = 1)N°te. After the PLL starts
operating, check that the PLL operation stabilization time (90 us) has elapsed in clock-through mode (SELPLL =
0) and then change the mode to PLL mode (SELPLL = 1).

» To shift to STOP mode, execute the STOP instruction after making sure that the mode has been changed to
clock-through mode (SELPLL = 0) and the PLL has been stopped (PLLON = 0). To return from STOP mode,
start operating the PLL (PLLON = 1), check that the PLL operation stabilization time (90 us) has elapsed, and
then change the mode to PLL mode (SELPLL = 1).

(b) When stopping PLL
« Stop the PLL (PLLON = 0) after making sure that the mode has been switched to clock-through mode (SELPLL =
0). Do not simultaneously write 0 to the SELPLL and PLLON bits by using an 8-bit memory manipulation
instruction.

Note X1 clock: Use the oscillation stabilization time counter status register (OSTC) to check
the oscillation stabilization time.
Internal high-speed oscillator: Use bit 7 (RSTS) of the internal oscillation mode/PLL control register (RCM)
to check the accuracy of the oscillation stabilization operation.

Caution Only 4 MHz can be used for the PLL reference clock oscillation frequency.
Remarks 1. A 10 us wait occurs as an internal stabilization wait time after PLLON = 1 is set.

2. SELPLL: Bit 3 of the internal oscillation mode/PLL control register (RCM)
PLLON: Bit4 of RCM
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Here is an example when using PLL (flow chart).

Figure 5-11. Setting Example When Using PLL (Flow Chart)
(When Multiplying Internal High-Speed Oscillation Clock)

Reset release

No RSTS = 12 Waits for the accuracy of the internal
- high-speed oscillation to stabilize.
Yes
: Starts to operate the PLL.
PLLON«<1 (Clock-through mode)
Not elapsed Has PLL operation

stabilization time
(90 us) elapsed?

Elapsed

SELPLL«1Note : Set to the PLL mode

Sets a MCM register,
PCC register

Operation by multiplied clock of PLL

Note After starting to operate the PLL, check that the PLL operation stabilization time (90 us) has elapsed and then
set to PLL mode (SELPLL = 1).

Remark A 10 us wait occurs as an internal stabilization wait time after PLLON = 1 is set.
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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
¢ Internal low-speed oscillation clock fi
e CPU clock fcpu
e Peripheral hardware clock fers
e TMX control clock frmx

The CPU starts operation when the internal high-speed oscillator starts outputting after a reset release in the 78K0/Ix2
microcontrollers, 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 5-12 and 5-13.
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Figure 5-12. 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 (Vpbp)

oV

Internal reset signal <1>

1<3> Waiting for
1voltage stabilization . Switched by
1(0.93t03.7ms) T Reset processing (12 to 51 ps) 5>  software

CPU clock 3 : éntemal high-speed oscillation clock>< High-speed system clock

3<2>

Internal high-speed
oscillation clock (fiH) ;

-—

Waiting for oscillation

High-speed accuracy stabilization <4>
system clock (fxw) (102 to 407 us)™e?
(when X1 oscillation !

selected) 1 X1 clock
, oscillation stabilization time:
f 2%/fx to 2'8/fNte 2
Starting X1 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 1.61 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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Cautions1. If the rise of the voltage to reach 2.7 V after turning on the power is more gradual than 0.5 V/ms

(MIN.), perform one of the following operations.

¢ Input a low level to the RESET pin until 2.7 V is reached after turning on the power.
e Set the LVI default start function to operate (LVISTART = 1) using the option byte and perform a
wait processing until the supply voltage rises from 1.91 V (TYP.) to 2.7 V (see Figure 5-13).

When a low level has been input to the RESET pin until the voltage reaches 2.7 V, the CPU
operates with the same timing as <2> and thereafter in Figure 5-12, 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 (Vbp)

Internal reset signal  <1> |

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

Figure 5-13. 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.)

<4>

oV

3<3> Reset processing (12 to 51 pus)

Switched by
software
' <6>
CPU clock : < lnfsrgﬁlazigr?ggﬁfd X High-speed system clock
<2>

Internal high-speed
oscillation clock (fin)

Waiting for oscillation — ‘

High-speed accuracy stabilization ‘
system clock (fxw) (102 to 407 us) <5>

(when X1 oscillation

selected) : X1 clock '
' oscillation stabilization time: '
/ 28/fx to 218/fxNete
Starting X1 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 1.91 V (TYP.), the reset is released and the internal high-speed
oscillator automatically starts oscillation.
<3> After the reset is released and reset processing is performed, the CPU starts operation on the internal high-speed
oscillation clock.
<4> Wait for the specified time using software or wait using the LVI function until the supply voltage rises from 1.91 V
(TYP.)to 2.7 V.
<5> 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).
<6> 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 (0.93 to 3.7 ms) is required after the supply voltage
reaches 1.61 V (TYP.). If the supply voltage rises from 1.61 V (TYP.) to 1.91 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.
3. Do not change the PCC register until the supply voltage exceeds 2.7 V.

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, and (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.
e 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

Remark See 5.4.5 PLL (phase locked loop) when using the PLL.
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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 MSTOP 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 28 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 MSTOP 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 28 ELECTRICAL SPECIFICATIONS).

(3) 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 The setting of <1> is not necessary when high-speed system clock is already operating.

RO1UHO010EJO0500 Rev.5.00 174
Feb 28, 2012 /-{ENESAS
]



78K0/1x2

CHAPTER 5 CLOCK GENERATOR

<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 (fers)

1

1

High-speed system clock (fx+)

High-speed system clock (fxn)

Caution

<3> Setting the main system clock as the CPU clock and selecting the division ratio (PCC register)

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.

When CSS is cleared to 0, the main system clock is supplied to the CPU. To select the CPU clock division
ratio, use PCCO0, PCC1, and PCC2.

CSs PCC2 PCC1 PCCO CPU Clock (fceu) Selection
0 0 0 0 fxp
0 0 1 fxe/2 (default)
0 1 0 fxp/2?
0 1 1 fxe/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.
e 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 19 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 (MCM registers)
Confirm with MCS that the CPU is operating on a clock other than the internal hi-speed oscillation clock.
When MCS = 1, the high-speed system clock is supplied to the CPU, so change the CPU clock to the
internal hi-speed oscillation clock.

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

Caution Be sure to confirm that MCS = 0 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

Remark See 5.4.5 PLL (phase locked loop) when using the PLL.
(1) Example of setting procedure when restarting oscillation of the internal high-speed oscillation clockMote!
<1> Setting restart of oscillation of the internal high-speed oscillation clock (RCM register)

When RSTORP 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).
« Oscillating the high-speed system clock"°'®
(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
system clock is already operating.

<2> Selecting the clock supplied as the main system clock and peripheral hardware clock (MCM register)
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 0 Internal high-speed oscillation clock | Internal high-speed oscillation clock
0 1 (fin) (fin)
1 0 High-speed system clock (fx+)

<3> Selecting the CPU clock division ratio (PCC register)
When CSS is cleared to 0, the main system clock is supplied to the CPU. To select the CPU clock division
ratio, use PCCO0, PCC1, and PCC2.

CSS PCC2 PCCA1 PCCO CPU Clock (fcru) Selection
0 0 0 0 fxp
0 0 1 fxp/2 (default)
0 1 0 fxpl2?
0 1 1 fxpl2®
1 0 0 fxe/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.
e Executing the STOP instruction to set the STOP mode
e Setting RSTOP to 1 and stopping the internal high-speed oscillation clock

(a) To execute a STOP instruction
<1> 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 19 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. 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.

<3> 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 (MCM registers)
Confirm with MCS that the CPU is operating on the high-speed system clock.
When MCS = 0, the internal high-speed oscillation clock is supplied to the CPU, so change the CPU
clock to the 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 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.
* Watchdog timer
o 8-bit timer H1 (if fi 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
(30 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 LSRSTOP 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 LSRSTOP 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 CPU clock status transition diagram
Figure 5-14 shows the CPU clock status transition diagram of this product.

Figure 5-14. CPU Clock Status Transition Diagram (When LVI Default Start Mode Function Stopped Is Set
(Option Byte: LVISTART = 0))

Internal low-speed oscillation: Woken up

Power ON Internal high-speed oscillation: Woken up
X1 oscillation/EXCLK input: Stops (input port mode)
PLL: Stops

_________________________________________________ Ve NoesEEIVAYR) L
A Voo 21.61V (TYP.)
QY Reset release

Internal low-speed oscillation: Operating
Internal high-speed oscillation: Operating
X1 oscillation/EXCLK input: Stops (input port mode)
PLL: Stops

(F) Internal low-speed oscillation: Operable (B) Voo 2 2.7V (MIN.)

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

CPU: Operating

(H)

CPU: Operating

with Internal high- Selectable by CPU with mlernal h'_gh’ CPU: Operating Internal low-speed oscillation
speed oscillation PLL: Stops speed oscillation with Internal high- Operable
(PLL mode)—> HALT, speed oscillation gﬂeme'ﬂ high-speed oscillation:
(D) — HALT peratng
X1 oscillation/EXCLK input: Operable
Internal low-speed oscillation: PLL: Stops
Operable CPU: Operating (J)
Internal high-speed oscillation: with internal high-
Operating ot CPU: Operatin Internal low-speed oscillation:
X1 oscillation/EXCLK input: speed oscillation ith P | hi Qh Operable
(PLL mode) ©) with Internal high- : o
Operable speed oscillation Internal high-speed oscillation:
PLL: Operating Stops
| . . - STOP X1 oscillation/EXCLK input: Stops
K ) nternal low-speed oscillation: Operable CPU: Operating PLL: Stops
(G) CPU: Operating Internal high-speed oscillation: Operating with X1 oscillation or -
with X1 oscillation or X1 oscillation/EXCLK input: Operable EXCLK input
EXCLK input PLL: Operating (|)
(PLL mode)— HALT CPU: Operating
(E) with X1 oscillation Internal low-speed oscillation:
| m P /EXCLK input Operable .
nternal low-speed oscillation CPU: Operating S HALT Internal high-speed oscillation:
Operable ) with X1 oscillation or Internal low-speed oscillation: Operable Operable
Internal high-speed oscillation: EXCLK input Internal high-speed oscillation: X1 oscillation/EXCLK input:Operating
Operable P Selectable by CPU (K) PLL: Stops
él US‘;‘"aUU"/EXCLK input (PLL mode) X1 oscillation/EXCLK input: Operating
perating PLL: Stops CPU: Operating
PLL: Operating with X1 oscillation -
JEXCLK input Internal low-speed oscillation:
Internal low-speed oscillation: Operable _, STOP Operable
Internal high-speed oscillation: Operable Internal high-speed oscillation:Stops
X1 oscillation/EXCLK input: Operating X1 oscillation/EXCLK input: Stops
PLL: Operating PLL: Stops

Cautions 1. Be sure to stop the operation of the PLL before shifting to STOP mode.
2. When transitioning to the STOP mode, it is possible to achieve low power consumption by
setting RMC = 56H.
3. Be sure to stop the operation of the PLL when switching the main system clock.
4. Only 4 MHz can be used for the PLL reference clock oscillation frequency.

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 1.91 V (TYP.), and to (B) after reset processing (12
to 51 us).

Wait for the specified time using software or wait using the LVI function until the supply voltage rises from
1.91V (TYP.)to 2.7 V.
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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 (1/3)

(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 28 ELECTRICAL SPECIFICATIONS).

(3) 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 XSELM*® 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
hd N
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 28 ELECTRICAL SPECIFICATIONS).

Remarks 1. (A)to (K)in Table 5-4 correspond to (A) to (K) in Figure 5-14.
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 (2/3)

(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

Status Transition

RSTOP

RSTS

MCMO

(C)—»(B)

Confirm this flag is 1.

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

(5) CPU clock changing from internal high-speed oscillation clock (B) to internal high-speed oscillation clock

(PLL mode) (D)

CPU clock changing from high-speed system clock (C) to high-speed system clock (PLL mode) (E)

(Setting sequence of SFR registers)

v

Setting Flag of SFR Register SELPLL PLLON Waiting for SELPLL
Status Transition Oscillation
Stabilization
(B) > (D) 0 1 Necessary 1
(C)— (E) (90 us)
N J
Y

Unnecessary if
these registers

Unnecessary if the CPU is operating
with the PLL
are already set

(6) CPU clock changing from internal high-speed oscillation clock (PLL mode) (D) to internal high-speed
oscillation clock (B)
CPU clock changing from high-speed system clock (PLL mode) (E) to high-speed system clock (C)

v

(Setting sequence of SFR registers)

Setting Flag of SFR Register SELPLL PLLON
Status Transition
(D)~ (B) 0 0
(E)—> ()

Remarks 1. (A) to (K) in Table 5-4 correspond to (A) to (K) in Figure 5-14.
2. A 10 us wait occurs as an internal stabilization wait time after PLLON = 1 is set.
3. RSTS, PLLON, SELPLL, RSTOP: Bits 7, 4, 3, and 0 of the internal oscillation mode register (RCM)

MCMO: Bit 0 of the main clock mode register (MCM)
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Table 5-4. CPU Clock Transition and SFR Register Setting Examples (3/3)

(7) ¢ HALT mode (H) set while CPU is operating with internal high-speed oscillation clock (B)
e HALT mode (l) set while CPU is operating with high-speed system clock (C)
¢ HALT mode (F) set while CPU is operating with internal high-speed oscillation clock (PLL mode) (D)
¢ HALT mode (G) set while CPU is operating with high-speed system clock (PLL mode) (E)

Status Transition

Setting

(B)—(H)
(OEZ0)
(B)— (F)
(E)—>(G)

Executing HALT instruction

(8) ¢ STOP mode (J) set while CPU is operating with internal high-speed oscillation clock (B)
¢ STOP mode (K) set while CPU is operating with high-speed system clock (C)

(Setting sequence)

v

Status Transition

Setting

B)—> )
(C)~ (K)

Stopping peripheral functions that
cannot operate in STOP mode

Executing STOP instruction

Caution When transitioning to the STOP mode, it is possible to achieve low power consumption by setting

RMC = 56H.

Remark

(A) to (K) in Table 5-4 correspond to (A) to (K) in Figure 5-14.

5.6.5 Condition before changing CPU clock and processing after changing CPU clock
Condition before changing the CPU clock and processing after changing the CPU clock are shown below.

Table 5-5. Changing CPU Clock

oscillation clock

¢ MSTOP =0, OSCSEL =1, EXCLK =0
o After elapse of oscillation stabilization
time

CPU Clock Condition Before Change Processing After Change
Before Change After Change
Internal high-speed X1 clock Stabilization of X1 oscillation Internal high-speed oscillator can be

stopped (RSTOP = 1).

External main
system clock

Enabling input of external clock from
EXCLK pin
¢ MSTOP =0, OSCSEL = 1, EXCLK = 1

Internal high-speed oscillator can be
stopped (RSTOP = 1).

X1 clock Internal high-
External main system | SPeed oscillation
clock

clock

Oscillation of internal high-speed oscillator
¢ RSTOP =0

X1 oscillation can be stopped (MSTOP = 1).

External main system clock input can be
disabled (MSTOP = 1).

RO1UHO010EJO0500 Rev.5.00
Feb 28, 2012

RENESAS

183



78K0/1x2 CHAPTER 5 CLOCK GENERATOR

5.6.6 Time required for switchover of CPU clock and main system clock

By setting bits 0 to 2 (PCCO to PCC2) and bit 4 (CSS) 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 CPU Clock and 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.

Caution Be sure to stop the operation of the PLL when switching the main system clock.

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 + 2fxn/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 = 4 MHz, fxx = 10 MHz)
1+ 2fmfxi=1+2x4/10=1+2x04=1+08=18 — 1clock
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5.6.7 Conditions before clock oscillation is stopped
The following lists the register flag settings for stopping the clock oscillation (disabling external clock input) and
conditions before the clock oscillation is stopped.

Table 5-8. Conditions Before the Clock Oscillation Is Stopped and Flag Settings

Clock Conditions Before Clock Oscillation Is Stopped Flag Settings of SFR
(External Clock Input Disabled) Register
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)

5.6.8 Peripheral hardware and source clocks
The following lists peripheral hardware and source clocks incorporated in the 78K0/Ix2 microcontrollers.

Remark The peripheral hardware depends on the product. Refer to 1.4 Block Diagram and 1.5 Outline of

Functions.
Table 5-9. Peripheral Hardware and Source Clocks
Source Clock Peripheral Hardware Internal Low-Speed TMX control clock External Clock from
Clock (frrs) Oscillation Clock (fiL) (frmx) Peripheral Hardware
Peripheral Hardware Pins
16-bit timers X0 and X1 Y N Y N
16-bit timer/event counter 00 Y N N Y (TI000 pin)“°*
8-bit timer/event counter 51 Y N N Y (TI51 pin)N°*e
8-bit timer H1 Y Y N N
Watchdog timer N Y N N
A/D converter Y N N N
Serial interface UART6/ Y N N N
DALI
csi1 Y N N Y (SCK11 pin)°*®
IICA Y N N Y (SCLAO pin)N°te

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 TIMERS X0 AND X1

6.1 Functions of 16-Bit Timers X0 and X1

16-bit timers X0 and X1 are mounted onto all 78K0/Ix2 microcontroller products.

16-bit timers X0 and X1 are dedicated PWM output timers and have two outputs each, enabling the generation of up to
four PWM outputs. Complementary PWM output can also be generated to control a half-bridge circuit (2 outputs) or full-
bridge circuit (4 outputs). Also, by linking with a comparator or INTPO, PFC control and PWM output can be stopped
urgently.

16-bit timers X0 and X1 are provided with the following functions.

(1) PWM output
» A variable pulse with any duty or cycle can be output while the timer is operating.
e The default timer output level (high or low level) can be set.

(2) A/D conversion start timing signal output
The A/D conversion start timing signal can be output by using a compare register (TXnCCRO register: n =0, 1).

(3) Capture function
This function captures the count value to the capture register by detecting a comparator output or an external interrupt
input (INTPO).

(4) Timer start synchronization function
Up to 4 PWM outputs can be simultaneously started by combining two timer units (16-bit timers X0 and X1).

(5) Timer start/clear synchronization function
Up to 4 PWM output cycles can be synchronized by combining two timer units (16-bit timers X0 and X1).

(6) Timer output gating function (by interlocking with 8-bit timer H1)
Timer output can be gate-controlled by using the output of 8-bit timer H1 (the TOH1 output).

(7) Timer reset mode (comparator, INTPO interlocking mode 1)
Timer output can be reset and the timer counter cleared while the comparator 0 to 2 outputs or the INTPO input is high
level. When the comparator 0 to 2 outputs or the INTPO input go to low level, timer output restarts.

(8) Timer restart mode (comparator, INTPO interlocking mode 2)
Timer can be restarted upon detection of the rising edge of the comparator 0 to 2 outputs or the INTPO input.

(9) Timer output reset mode (comparator, INTPO interlocking mode 3)
Timer output can be reset upon detection of the rising edge of the comparator 0 to 2 outputs or the INTPO input. The
reset status is cleared when the next timer interrupt occurs and timer output restarts.

(10) High-impedance output control function (by interlocking with comparator and INTPO0)
Timer output can be made high impedance upon detection of the valid edge of the comparator 0 to 2 outputs or the
INTPO input.
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6.2 Configuration of 16-Bit Timers X0 and X1

16-bit timers X0 and X1 include the following hardware.

(1) 16-bit timer X0

Table 6-1. Configuration of 16-Bit Timers X0 and X1

Iltem

Configuration

Time/counter

16-bit timer counter X0

Register

16-bit timer X0 capture/compare register 0 (TXOCCRO)
16-bit timer X0 compare registers 0 to 3 (TXOCRO to TXOCR3)

Timer output

TOX00, TOX01

Control registers

16-bit timer X0 operation control registers 0 to 4 (TXOCTLO to TXO0CTL4)
16-bit timer X0 output control register 0 (TX0IOCO)

Port mode register 3 (PM3)

Port register 3 (P3)

(2) 16-bit timer X1

Iltem

Configuration

Time/counter

16-bit timer counter X1

Register

16-bit timer X1 capture/compare register 0 (TX1CCRO)
16-bit timer X1 compare registers 0 to 3 (TX1CRO0 to TX1CR3)

Timer output

TOX10, TOX11

Control registers

16-bit timer X1 operation control registers 0 to 2, 4 (TX1CTLO to TX1CTL2, TX1CTL4)
16-bit timer X1 output control register 0 (TX110CO)

Port mode register 3 (PM3)

Port register 3 (P3)

Figures 6-1 to 6-3 show the block diagrams.
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frrs —
frrs/2 —
fers/4 —1
frrs/8 —
frrs/16 —
frrs/32 —

Selector

Figure 6-1. Block Diagram of 16-Bit Timer X0
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Note For details, see Figure 6-34 Block Diagram of 16-Bit Timer X0 Output Configuration.

Figure 6-2. Block Diagram of 16-Bit Timer X1
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Note For details, see Figure 6-35 Block Diagram of 16-Bit Timer X1 Output Configuration.
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Figure 6-3. Block Diagram of 16-Bit Timers X0 and X1
(TMX0 and TMX1 Synchronous Start/clear Mode, TMX0 and TMX1 Synchronous Start Mode)
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Note For details, see Figure 6-36 Block Diagram of 16-Bit Timers X0 and X1 Output Configuration.
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(1) 16-bit timer Xn capture/compare register 0 (TXnCCRO)
This is a 16-bit register that can switch between being used for the capture function and the compare function.
TXnCTL2 is used to switch between the capture function and compare function.
This register can be read or written in 16-bit units.
Reset signal generation clears this register to 0000H.

Figure 6-4. Format of 16-bit timer Xn capture/compare register 0 (TXnCCRO0)

Address: FF92H, FF93H (TXOCCRO), FFB6H, FFB7H (TXICCRO)  After reset: 0000H  R/W
FF93H (TXOCCRO), FFB7H (TX1CCRO) FF92H (TXOCCRO), FFB6H (TX1CCRO)

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
acero| [ | | L [ [ 0 [ [ [ [ [ |

(i) Using TXnCCRO as a compare register
TXnCCRO can be refreshed (writing the same value) and its value can be rewritten while the timer is counting
(TXnTMC = 1). When the value of TXnCCRO is rewritten while the timer is operating, that value is latched,
transferred to TXnCCRO at the following timing, and the value of TXnCCRO is changed.

¢ The counter value and TXnCR1 setting value match (TXnPWM = 0)
¢ The counter value and TXnCR3 setting value match (TXnPWM = 1)

In interlocking mode 2, the latched value is transferred to TXnCCRO and the value of TXnCCRO is changed at the
timing of the comparator output by setting the TXOCMPLDSET1 and TXOCMPLDSETO bits.

(i) Using TXnCCRO as a capture register
The count value is captured to TXnCCRO by inputting a capture trigger.

Caution When reading TXnCCRO continuously, wait for at least 3 clock cycles of the 16-bit timer Xn
count clock between reads.

Remark n=0, 1

(2) 16-bit timer Xn compare register m (TXnCRm)
TXnCRm can be refreshed (writing the same value) and its value can be rewritten while the timer is counting
(TXnTMC = 1). When the value of TXnCRm is rewritten while the timer is operating, that value is latched, transferred
to TXnCRm at the following timing, and the value of TXnCRm is changed.

e The counter value and TXnCR1 setting value match (TXnPWM = 0)
o The counter value and TXnCR3 setting value match (TXnPWM = 1)

In interlocking mode 2, the latched value is transferred to TXnCRm and the value of TXnCRm is changed at the timing
of the comparator output by setting the TXOCMPLDSET1 and TXOCMPLDSETO bits.

This register can be read or written in 16-bit units.

Reset signal generation clears this register to 0000H.
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Figure 6-5. Format of 16-bit timer Xn compare register m (TXnCRm)

Address: FF84H, FF85H (TX0CRO), FF86H, FF87H (TX0CR1), FF8AH, FF8BH (TX0CR2), FF90H, FF91H (TX0CR3),

FFI9CH, FF9DH (TX1CRO0), FFBOH, FFB1H (TX1CR1), FFB2H, FFB3H (TX1CR2), FFB4H, FFB5H (TX1CR3)
After reset: 0000H R/W

FF85H (TXOCRO), FF87H (TXOCRL), FF84H (TXOCRO), FF86H (TXOCR1),
FF8BH (TXOCR2), FF91H (TXOCRS3), FF8AH (TXOCR2), FF90H (TXOCRS3),
FF9DH (TX1CRO), FFB1H (TX1CR1), FFOCH (TX1CRO), FFBOH (TX1CR1),
FFB3H (TX1CR2), FFB5H (TX1CR3), FFB2H (TX1CR2), FFB4H (TX1CR3),

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
s N O I O N

Remark n=0,1, m=0to 3
6.3 Registers Controlling 16-Bit Timers X0 and X1

Registers used to control the 16-Bit Timers X0 and X1 are shown below.

e 16-bit timer X0
» 16-bit timer X0 operation control registers 0 to 4 (TXOCTLO to TXOCTL4)
* 16-bit timer X0 output control register 0 (TX0IOCO)
¢ Port mode register 3 (PM3)
o Port register 3 (P3)

e 16-bit timer X1
* 16-bit timer X1 operation control registers 0 to 2, 4 (TX1CTLO to TX1CTL2, TX1CTL4)
¢ 16-bit timer X1 output control register 0 (TX110CO0)
¢ Port mode register 3 (PM3)
o Port register 3 (P3)
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(1) 16-bit timer Xn operation control register 0 (TXnCTLO0)
TXnCTLO is a register that controls the count operation and sets the count clock of 16-bit timer Xn.
TXnCTLO can be set by a 1-bit or 8-bit memory manipulation instruction.
Reset signal generation clears TXnCTLO to 00H.

Figure 6-6. Format of 16-Bit Timer X0 Operation Control Register 0 (TX0CTLO)

Address: FF7EH After reset: 00H R/W

Symbol <7> 6 5 4 3 <2> <1> <0>
TXOCTLO TX0TMC 0 0 0 0 TX0CKS2 TX0CKS1 TX0CKSO0
TX0TMC TMXO0 count operation control
0 Stops timer count operation (counter is cleared to 0)
1 Enables timer count operation
SELPLL TXOCKS2 TXO0CKS1 TX0CKSO0 TMXO count clock selection
frrs = 4 MHz frrs = 20 MHz
(when using PLL)
0 0 0 0 frrs 4 MHz -
0 0 0 1 frrs/2 2 MHz -
0 0 1 0 fers/2° 1 MHz -
0 0 1 1 fors/2® 500 kHz -
0 1 0 0 fers/2* 250 kHz -
0 1 0 1 fors/2° 125 kHz -
0 1 1 0 fors/2° 62.5 kHz -
0 1 1 1 fors/2” 31.25 kHz -
1 0 0 0 frmx - 40 MHz
(frmx = 10 fxe)
1 0 0 1 frrs - 20 MHz
Other than above Setting prohibited

Cautions 1. Only 4 MHz can be used for the PLL reference clock oscillation frequency.

2. When rewriting TX0CKS2 to TXOCKSO bits to other data, stop the timer operation beforehand

(TXOTMC = 0).

Remark SELPLL: Bit 3 of the internal oscillation mode/PLL control register (RCM)

fers: Peripheral hardware clock frequency
frmx: TMX control clock frequency

fxp: Main system clock frequency
n=0,1
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Figure 6-7. Format of 16-Bit Timer X1 Operation Control Register 0 (TX1CTLO0)

Address: FF94H After reset: 00H

Symbol <7> 6 5 4 3 <2> <1> <0>
TX1CTLO TX1TMC 0 0 0 0 TX1CKS2 TX1CKS1 TX1CKSO0
TX1TMC TMX1 count operation control
0 Stops timer count operation (counter is cleared to 0)
1 Enables timer count operation
TX1 TX1 SEL X1 X1 X1 TMX1 count clock selection
MD1 MDO PLL CKS2 | CKS1 | CKSO fers = 4 MHz fers = 20 MHz
(when using PLL)
0 0/1 0 0 0 0 fers 4 MHz -
0 0 0 1 frrs/2 2 MHz -
0 0 1 0 | fersr2® 1 MHz -
0 0 1 1| fers/2® 500 kHz -
0 1 0 0 | fersr2* 250 kHz -
0 1 0 1| fersi2® 125 kHz -
0 1 1 0 |fersr2® 62.5 kHz -
0 1 1 1| fersi2” 31.25 kHz -
1 0 0 0 frmx - 40 MHz
(frmx = 10 fxp)
1 0 0 1 frrs - 20 MHz
1 0 X X X X TMXO0 count clock (see Figure 6-6 Format of 16-Bit
Timer X0 Operation Control Register 0 (TX0CTLO))
Other than above Setting prohibited

Cautions 1. Only 4 MHz can be used for the PLL reference clock oscillation frequency.

2. When rewriting TX1CKS2 to TX1CKSO0 bits to other data, stop the timer operation beforehand
(TX1TMC = 0).

Remark SELPLL:

TX1MD1, TX1MDO:

fers:
frmx:

fxp:

Bit 3 of the internal oscillation mode/PLL control register (RCM)

Peripheral hardware clock frequency

TMX control clock frequency
Main system clock frequency

Bits 1 and 0 of the 16-bit timer X1 operation control register 1
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(2) 16-bit timer Xn operation control register 1 (TXnCTL1)
TXnCTL1 is a register that sets timer start via detection of INTPO rising edge, output gate function by TOH1 output,
the PWM output operation, and synchronous operation mode.

TXnCTL1 can be set by a 1-bit or 8-bit memory manipulation instruction.

Reset signal generation clears TXnCTL1 to O0H.

Remark n=0, 1

Figure 6-8. Format of 16-Bit Timer X0 Operation Control Register 1 (TX0CTL1)

Address: FF7FH After reset: 00H R/W

Symbol <7> 6 <5> <4> <3> 2 1 0
TXOCTL1 | TXOINTPST 0 TXOPWM TXOPWM TXOPWM 0 0 0
CE CINV
TXOINTPST Control of timer start operation via detection of INTPO rising edge
0 Disables timer start operation via detection of INTPO rising edge (starts timer via setting (1) of
TxXoTMC)Nte T,
1 Enables timer start operation via detection of INTPO rising edge Note 2
TXOPWM Control of TOXO0n output gate function by TOH1 output (n =0, 1)
CE
0 Does not use output gate function.
1 Use output gate function.
TXOPWM Setting of TOXmn output by TOH1 output (mn = 00, 01, 10, 11)
CINV
0 e Performs PWM output from TOXmn while the TOH1 output is high level.
e Outputs a default level of TOXmn while the TOH1 output is low level.
1 e Performs PWM output from TOXmn while the TOH1 output is low level.
o Outputs a level that is the inverse of the default level of TOXmn while the TOH1 output is high
level.
TXOPWM TMX0 PWM output operation setting
0 e Single output (TOX00 pin only)
e INTTMXO is generated upon match of counter and TXOCR1 register
1 e Dual output (TOX00 and TOX01 pins)
e INTTMXO is generated upon match of counter and TXOCRS3 register
Notes 1. In TMXO0 or TMX1 synchronous start mode, a timer start operation via detection of INTPO rising edge
cannot be performed, so set TXOINTPST to 0.
2. If1is setto TXOTMC after setting 1 to TXOINTPST, detection of INTPO rising edge will be waited for. If the
INTPO rising edge is detected, 16-bit timer X0 will start counting up.
Caution 1. During timer operation, setting the other bits of TXOCTL1 is prohibited. However, TXOCTL1 can
be refreshed (the same value is written).
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Cautions 2. Be sure to clear bits 0 to 2, 6 to 0.
3. When using the output gate function, set bit 0 (TOEN1) of the TMHMD1 register to 1 (enable the
TOH1 output).
Figure 6-9. Format of 16-Bit Timer X1 Operation Control Register 1 (TX1CTL1)

Address: FF95H After reset: 00H R/W

Symbol 7 6 <5> 4 <3> 2 <1> <0>
TX1CTL1 0 0 TX1PWM 0 TX1PWM 0 TX1MD1 TX1MDO
CE
TX1PWM Control of TOX1n output gate function by TOH1 output (n =0, 1)
CE
0 Does not use output gate function.
1 Use output gate function.
TX1PWM TMX1 PWM output operation setting
0 e Single output (TOX10 pin only)
e INTTMX1 is generated upon match of counter and TX1CR1 register
1 e Dual output (TOX10 and TOX11 pins)
e INTTMX1 is generated upon match of counter and TX1CRS3 register
TX1MD1 TX1MDO Operation mode setting
0 0 TMX1-only start mode
0 1 TMXO0 and TMX1 Synchronous start mode
1 0 TMXO0 and TMX1 Synchronous start/clear mode
1 1 Setting prohibited

Cautions 1. During the timer operation, setting the other bits of TX1CTL1 is prohibited. However, TX1CTL1
can be refreshed (the same value is written).
2. Be sure to clear bits 2, 4, 6 and 7 to 0.
3. When using the output gate function, set bit 0 (TOEN1) of the TMHMD1 register to 1 (enable the
TOH1 output).

(3) 16-bit timer Xn operation control register 2 (TXnCTL2)
TXnCTL2 is a register that selects the capture trigger source, controls the generation of the A/D conversion
synchronization trigger, and sets the TXnCCRO register.
TXnCTL2 can be set by a 1-bit or 8-bit memory manipulation instruction.
Reset signal generation clears TXnCTL2 to 00H.

RO1UHO010EJO0500 Rev.5.00 195
Feb 28, 2012 /-{ENESAS
]



78K0/1x2 CHAPTER 6 16-BIT TIMERS X0 AND X1

Remarks 1. The capture trigger sources are as follows, according to the operation mode.

Operation mode Capture trigger sources
TMXO0-only start mode INTCMP2, INTPO
TMX1-only start mode INTCMP1
TMXO0 and TMX1 Synchronous start TMX0 INTCMP2, INTPO
mode TMX1 | INTCMP1
TMXO0 and TMX1 Synchronous TMX0 INTCMP2, INTPO
start/clear mode TMXA1 INTCMP1

2. n=0,1
Figure 6-10. Format of 16-Bit Timer X0 Operation Control Register 2 (TX0CTL2)

Address: FF80H After reset: 00H R/W

Symbol 7 <6> 5 4 3 2 <1> <0>
TX0CTL2 0 TXO0TRGS 0 0 0 0 TXOADEN TX0CCS

TXOTRGS TMXO capture trigger source selection
0 INTCMP2
1 INTPO

TXOADEN Control of generating A/D conversion synchronization trigger from TMX0
0 Disables generating A/D conversion synchronization trigger
1 Enables generating A/D conversion synchronization triggerNtJte

TX0CCS TXO0CCRO register control

0 Operates as compare regist(—;rNc'te
1 Operates as capture register

Note When enabling generation of the A/D conversion synchronization trigger (TXOADEN = 1), set the TXOCCRO
register to operate as a compare register (TXOCCS = 0), because the A/D conversion synchronization trigger is
generated upon a match between the counter and the TXOCCRO register.

Cautions 1. During the 16-bit timer X0 operation, setting the other bits of TXOCTL2 is prohibited. However,
TXO0CTL2 can be refreshed (the same value is written).
2. The registers used by the A/D converter (ADMO0, ADPC0, ADPC1, ADS) can be rewritten while the
16-bit timer X0 is operating.
3. A/D conversion synchronization triggers that occur while A/D conversion is stopped (ADCS = 0)
are invalid. A/D conversion synchronization triggers that occur after A/D conversion has been
enabled (ADCS = 1) are valid.
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Figure 6-11. Format of 16-Bit Timer X1 Operation Control Register 2 (TX1CTL2)

Address: FF96H After reset: 00H R/W

Symbol 7 6 5 4 3 2 <1>
TX1CTL2 0 0 0 0 0 0 TX1ADEN
TX1ADEN Control of generating A/D conversion synchronization trigger from TMX1
0 Disables generating A/D conversion synchronization trigger
1 Enables generating A/D conversion synchronization triggerNOte
TX1CCS TX1CCRO register operation
0 Operates as compare register"°'
1 Operates as capture register

Note When enabling generation of the A/D conversion synchronization trigger (TX1ADEN = 1), set the TX1CCRO
register to operate as a compare register (TX1CCS = 0), because the A/D conversion synchronization trigger is
generated upon a match between the counter and the TX1CCRO register.

Cautions 1. During the 16-bit timer operation, setting the other bits of TX1CTL2 is prohibited. However,
TX1CTL2 can be refreshed (the same value is written).

2. The registers used by the A/D converter (ADMO0, ADPC0, ADPC1, ADS) can be rewritten while the

16-bit timer X1 is operating.

3. A/D conversion synchronization triggers that occur while A/D conversion is stopped (ADCS = 0)

are invalid. A/D conversion synchronization triggers that occur after A/D conversion has been

enabled (ADCS = 1) are valid.

(4) 16-bit timer X0 operation control register 3 (TX0CTL3)
TXOCTLS is a register that sets the mode of the interlocking function with comparator 2 and INTPO, and sets the
operation when restarting upon comparator output.

TXOCTL3 can be set by a 1-bit or 8-bit memory manipulation instruction.
Reset signal generation clears TXOCTL3 to 00H.
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Address: FF81H

Symbol
TXOCTL3

Notes 1.

Caution

Figure 6-12. Format of 16-Bit Timer X0 Operation Control Register 3 (TX0CTL3)

After reset: 00H R/W
7 <6> <5> <3> <2> <1> <0>
0 TXOCMPLD | TXOCMPLD TXOINTPOR | TXOINTPOR | TXOCMP2R | TXOCMP2R
SET1 SETO M1 MO M1 MO
TXOCMPLD | TXOCMPLD Change of compare register when restarting upon comparator output
SET1 SETO (When interlocking mode 2 (timer restart mode) is set)
0 0 Does not change compare register value when restarting.
0 1 Rewrites values of all compare registers (TXnCRO to TXnCR3, TXnCCRO)Nme ! at
. Notes 2, 3
once when restarting upon comparator 0 output .
1 0 Rewrites values of all compare registers (TXnCRO to TXnCR3, TXnCCRO)N"te ! at
. Notes 2, 3
once when restarting upon comparator 1 output .
1 1 Rewrites values of all compare registers (TXnCRO to TXnCR3, TXnCCRO)N°te ! at
. Notes 2, 3
once when restarting upon comparator 2 output .
TXOINTPOR | TXOINTPOR Operation mode of interlocking function via INTPO (interlocking with TMXO0 timer)
M1 MO
0 0 Disables operation of interlocking function via INTPO.
0 1 Interlocking mode 1 (timer reset mode): Resets timer when INTPO is at high level.
1 0 Interlocking mode 2 (timer restart mode): Restarts timer when INTPO rising edge is
detected.
1 1 Interlocking mode 3 (timer output reset mode): Resets timer output from detection of
INTPO rising edge to generation of next interrupt™°t 4.
TXOCMP2R | TXOCMP2R Operation mode of interlocking function via comparator 2 output (interlocking with
M1 MO TMXO timer)
0 0 Disables operation of interlocking function via comparator 2 output.
0 1 Interlocking mode 1 (timer reset mode): Resets timer when comparator 2 output is at
high level (CMP2F flag = 1).
1 0 Interlocking mode 2 (timer restart mode): Restarts timer when rising edge of
comparator 2 output is detected.
1 1 Interlocking mode 3 (timer output reset mode): Resets timer output from detection of
. . . Note 4
rising edge of comparator 2 output to generation of next interrupt .

The values of TX1CRO to TX1CR3 and TX1CCRO are rewritten at once only in the TMX0 and TMX1
synchronous start/clear mode.

For TMX0 single output, the values of the compare registers are rewritten at once upon restart by
comparator output after TXOCR1 is rewritten.

For TMX0 dual output, the values of the compare registers are rewritten at once upon restart by
comparator output after TXOCR3 is rewritten.
Do not set to interlocking mode 3 when in TMX0 and TMX1 synchronous start/clear mode.

During the timer operation, setting the other bits of TXOCTL3 is prohibited. However, TXOCTL3 can
be refreshed (the same value is written).
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(5) 16-bit timer Xn operation control register 4 (TXnCTL4)
TXnCTL4 is a register that sets the mode of the interlocking function with comparator 0 and comparator 1.
TXnCTL4 can be set by a 1-bit or 8-bit memory manipulation instruction.
Reset signal generation clears TXnCTL4 to 00H.

Remark n=0,1

Figure 6-13. Format of 16-Bit Timer X0 Operation Control Register 4 (TX0CTL4)

Address: FF82H After reset: 00H R/W
Symbol 7 6 <5> <4> <3> <2> <1> <0>
TXOCTL4 0 0 TXOCMP1RP | TXOCMP1R | TXOCMP1R | TXOCMPORP | TXOCMPOR | TXOCMPOR
M1 MO M1 MO
TXOCMP1RP Selection of timer interlocking with comparator 1 output
0 Comparator 1 output interlocks with TMXO timer.
1 Comparator 1 output interlocks with TMX1 timer.
TXOCMP1R | TXOCMP1R Operation mode of interlocking function via comparator 1 output (interlocking with
M1 MO TMXO timer)
0 0 Disables operation of interlocking function via comparator 1 output.
0 1 Interlocking mode 1 (timer reset mode): Resets timer when comparator 1 output is at
high level (CMP1F flag = 1).
1 0 Interlocking mode 2 (timer restart mode): Restarts timer when rising edge of
comparator 1 output is detected.
1 1 Interlocking mode 3 (timer output reset mode): Resets timer output from detection of
rising edge of comparator 1 output to generation of next interruptN°te.
TXO0CMPORP Selection of timer interlocking with comparator 0 output
0 Comparator 0 output interlocks with TMXO timer.
1 Comparator 0 output interlocks with TMX1 timer.
TXOCMPOR | TXOCMPOR Operation mode of interlocking function via comparator 0 output (interlocking with
M1 MO TMXO timer)
0 0 Disables operation of interlocking function via comparator 0 output.
0 1 Interlocking mode 1 (timer reset mode): Resets timer when comparator 0 output is at
high level (CMPOF flag = 1).
1 0 Interlocking mode 2 (timer restart mode): Restarts timer when rising edge of

comparator 0 output is detected.

Interlocking mode 3 (timer output reset mode): Resets timer output from detection of
rising edge of comparator 0 output to generation of next interruptN°te.

Note Do not set to interlocking mode 3 when in TMX0 and TMX1 synchronous start/clear mode.

Caution During the timer operation, setting the other bits of TXOCTL4 is prohibited. However, TXOCTL4 can
be refreshed (the same value is written).
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Figure 6-14. Format of 16-Bit Timer X1 Operation Control Register 4 (TX1CTL4)

Address: FFOAH After reset: 00H R/W
Symbol 7 6 5 <4> <3> 2 <1> <0>
TX1CTL4 0 0 0 TX1CMP1R | TX1CMP1R 0 TX1CMPOR | TX1CMPOR
M1 MO M1 MO
TX1CMP1R | TX1CMP1R Operation mode of interlocking function via comparator 1 output (interlocking with
M1 MO TMX1 timer)
0 0 Disables operation of interlocking function via comparator 1 output.
0 1 Interlocking mode 1 (timer reset mode): Resets timer when comparator 1 output is at
high level (CMP1F flag = 1).
1 0 Interlocking mode 2 (timer restart mode): Restarts timer when rising edge of
comparator 1 output is detected.
1 1 Interlocking mode 3 (timer output reset mode): Resets timer output from detection of
. . . Note
rising edge of comparator 1 output to generation of next interrupt™ .
TX1CMPOR | TX1CMPOR Operation mode of interlocking function via comparator 0 output (interlocking with
M1 MO TMX1 timer)
0 0 Disables operation of interlocking function via comparator 0 output.
0 1 Interlocking mode 1 (timer reset mode): Resets timer when comparator 0 output is at
high level (CMPOF flag = 1).
1 0 Interlocking mode 2 (timer restart mode): Restarts timer when rising edge of
comparator 0 output is detected.
1 1 Interlocking mode 3 (timer output reset mode): Resets timer output from detection of
. . . Note
rising edge of comparator 0 output to generation of next interrupt™ .

Note Do not set to interlocking mode 3 when in TMX0 and TMX1 synchronous start/clear mode.

Caution During the timer operation, setting the other bits of TX1CTL4 is prohibited. However, TX1CTL4 can
be refreshed (the same value is written).
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(6) 16-bit timer Xn output control register 0 (TXnlOCO0)
TXnlOCO is a register that sets the timer output.
TXnlOCO can be set by a 1-bit or 8-bit memory manipulation instruction.
Reset signal generation clears TXnlOCO to 00H.
Remark n=0,1

Figure 6-15. 16-bit timer X0 output control register 0 (TX01OCO0)

Address: FF83H After reset: 00H R/W

Symbol 7 6 5 4 <3> <2> <1> <0>
TX0IOCO 0 0 0 0 TX0TOCH1 TX0TOCO TXO0TOL1 TX0TOLO
TX0TOC1 TOXO01 output control
0 Disables timer output (Fixes to low-level output when TXOTOL1 = 0, and fixes to high-level output

when TXO0TOL1 =1.)

1 Enables timer output (PWM output)
TX0TOCO TOXO00 output control
0 Disables timer output (Fixes to low-level output when TXOTOLO = 0, and fixes to high-level output

when TXOTOLO = 1.)

1 Enables timer output (PWM output)

TXO0TOL1 Default TOX01 output state setting
0 Normal output (low level)
1 Inverted output (high level)

TX0TOLO Default TOX00 output state setting
0 Normal output (low level)
1 Inverted output (high level)

Cautions 1. During the timer operation, setting the other bits of TX0IOCO is prohibited. However, TX0IOC0

can be refreshed (the same value is written).

2. The actual TOX00/P31/INTP2/TOOLC1 and TOX01/P32/INTP3/TOOLD1 pin outputs are determined

depending on PM31, P31, PM32, and P32 besides TOX00 and TOX01 outputs.
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Figure 6-16. 16-bit timer X1 output control register 0 (TX110CO0)

Address: FF9BH After reset: 00H R/W

Symbol 7 6 5 4 <3> <2> <1> <0>
TX110C0 0 0 0 0 TX1TOC1 TX1TOCO TX1TOL1 TX1TOLO
TX1TOC1 TOX11 output control
0 Disables timer output (Fixes to low-level output when TX1TOL1 = 0, and fixes to high-level output

when TX1TOL1 =1.)

1 Enables timer output (PWM output)
TX1TOCO TOX10 output control
0 Disables timer output (Fixes to low-level output when TX1TOLO = 0, and fixes to high-level output

when TX1TOLO =1.)

1 Enables timer output (PWM output)

TX1TOLA1 Default TOX11 output state setting
0 Normal output (low level)
1 Inverted output (high level)

TX1TOLO Default TOX10 output state setting
0 Normal output (low level)
1 Inverted output (high level)

Cautions 1. During the timer operation, setting the other bits of TX1I0CO is prohibited. However, TX110C0
can be refreshed (the same value is written).
2. The actual TOX10/P33 and TOX11/P34/INTP4 pin outputs are determined depending on PM33, P33,
PM34, and P34 besides TOX10 and TOX11 outputs.
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(7) Port mode register 3 (PM3)
This register sets port 3 input/output in 1-bit units.
When using the P31/TOX00/INTP2/TOOLC1, P32/TOX01/INTP3/TOOLD1, P33/TOX10, and P34/TOX11/INTP4 pins
for timer output, set PM31 to PM34 and the output latches of P31 to P34 to 0.
PM3 can be set by a 1-bit or 8-bit memory manipulation instruction.
Reset signal generation sets PM3 to FFH.

Figure 6-17. Format of Port Mode Register 3 (PM3)

Address: FF23H Afterreset: FFH R/W

Symbol 7 6 5 4 3 2 1 0
PM3 PM37 PM36 PM35 PM34 PM33 PM32 PM31 PM30
PM3n P3n pin I/O mode selection (n =0 to 7)
0 Output mode (output buffer on)
1 Input mode (output buffer off)

Remark The figure shown above presents the format of port mode register 3 of the 78K0/IB2 (30 pins)
products. For the format of port mode register 3 of other products, refer to (1) Port mode
registers (PMxx) in 4.3 Registers Controlling Port Function.
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The following table shows how the operation modes (TMXO0-only mode, TMX1-only mode, TMX0 and TMX1

synchronous start mode, TMX0 and TMX1 synchronous start/clear mode) and register setting bits controlling 16-bit timers

X0 and X1 relate to each other.

Table 6-2. Register Setting Bits Controlling Operation Mode and 16-bit Timers X0 and X1 (1/2)

Register Bit Operation mode
TMXn-only mode Synchronous start mode Synchronous start/clear
(n=0,1) mode
TMXO0 TMX1 Master Slave Master Slave
(TMX0) (TMX1) (TMX0) (TMX1)
TXOCTLO TXO0TMC Setting - Setting Setting
TXO0CKS?2 to Setting - Setting - Setting
TX0CKSO0
TX1CTLO TX1TMC - Setting - - - -
TX1CKS2 to - Setting - Setting - -
TX1CKS0
TXOCTL1 TXOINTPST Setting - 0 Setting
TXOPWMCE Setting - Setting - Setting -
TXOPWMCINV Setting - Setting Setting
TXOPWM Setting - Setting - Setting -
TX1CTL1 TX1PWMCE - Setting - Setting - Setting
TX1PWM - Setting - Setting - Setting
TX1MD1 - 0 - 0 - 1
TX1MDO - 0 - 1 - 0
TXOCTL2 TXO0TRGS Setting - Setting - Setting -
TXOADEN Setting - Setting - Setting -
TX0CCS Setting - Setting - Setting -
TX1CTL2 TX1ADEN - Setting - Setting - Setting
TX1CCS - Setting - Setting - Setting
TXOCTL3 TXOCMPLDSETT1, Setting - Setting - Setting
TXOCMPLDSETO
TXOINTPORM1, Setting - Setting - Setting (setting
TXOINTPORMO TXOINTPORM1 =1 and
TXOINTPORMO = 1 is
prohibited)
TXOCMP2RM1, Setting - Setting - Setting (setting
TX0CMP2RMO TXO0CMP2RM1 = 1 and
TXOCMP2RMO = 1 is
prohibited)
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Table 6-2. Register Setting Bits Controlling Operation Mode and 16-bit Timers X0 and X1 (2/2)

Register Bit Operation mode
TMXn-only mode Synchronous start mode Synchronous start/clear
(n=0,1) mode
TMXO0 TMX1 Master Slave Master Slave
(TMXO0) (TMX1) (TMX0) (TMX1)
TXOCTL4 TXOCMP1RP Setting Setting - -
TXOCMP1RM1, Setting is - Setting is - - -
TXO0CMP1RMO valid valid
when when
TXOCMP TXOCMP
1RP =0 1RP =0
TXOCMPORP Setting Setting - -
TXO0CMPORM1, Setting is - Setting is - - -
TXO0CMPORMO valid valid
when when
TXO0CMP TXOCMP
ORP=0 ORP=0
TX1CTL4 TX1CMP1RM1, - Setting is - Setting is - -
TX1CMP1RMO valid valid
when when
TXOCMP TXOCMP
1RP =1 1RP =1
TX1CMPORM1, - Setting is - Setting is - -
TX1CMPORMO valid valid
when when
TXO0CMP TXO0CMP
ORP =1 ORP =1
TX0IOCO TX0TOCA1 Setting - Setting - Setting -
TX0TOCO Setting - Setting - Setting -
TX0TOL1 Setting - Setting - Setting -
TX0TOLO Setting - Setting - Setting -
TX110C0O TX1TOC1 - Setting - Setting - Setting
TX1TOCO - Setting - Setting - Setting
TX1TOL1 - Setting - Setting - Setting
TX1TOLO - Setting - Setting - Setting
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The following tables show how the operation modes (TMXO0-only mode, TMX1-only mode, TMX0 and TMX1
synchronous start mode, TMX0 and TMX1 synchronous start/clear mode) and the trigger source of each operation (start,

capture, interlocking function) relate to each other.

Table 6-3. Operation mode and trigger source

(1) Timer start

Trigger source Operation mode
TMXn-only mode Synchronous start mode Synchronous start/clear
(n=0,1) mode
TMXO0 TMX1 Master Slave Master Slave
(TMXO0) (TMX1) (TMXO0) (TMX1)
INTPO Usable Not Not usable Usable
usable

(2) Capture

Trigger source Operation mode
TMXn-only mode Synchronous start mode Synchronous start/clear
(n=0,1) mode
TMX0 TMX1 Master Slave Master Slave
(TMXO0) (TMX1) (TMXO0) (TMX1)
INTPO Usable Not Usable Not Usable Not
usable usable usable
INTCMP1 Not Usable Not Usable Not Usable
usable usable usable
INTCMP2 Usable Not Usable Not Usable Not
usable usable usable

(3) Interlocking function

Trigger source Operation mode
TMXn-only mode Synchronous start mode Synchronous start/clear
(n=0,1) mode
TMXO0 TMX1 Master Slave Master Slave
(TMXO0) (TMX1) (TMXO0) (TMX1)
INTPO Usable Not Usable Not Usable
usable usable
INTCMPO Usable Usable Not usable
INTCMP1
INTCMP2 Not Not Usable
usable usable
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<R> 6.4 Operation of 16-Bit Timer/Event Counter 00

(1) Interval timer operation

If bit 7 (TXnTMC) of the 16-bit timer Xn operation control register 0 (TXnCTLO) is set to 1, the count operation is started
in synchronization with the count clock.

When the value of the 16-bit timer counter Xn (TMXn) later matches the value of TXnCRm, TMXn is cleared to 0000H
and a match interrupt signal (INTTMXn) is generated. This INTTMXn signal enables TMXn to operate as an interval timer.

Remarks 1. For how to enable the INTTMXn interrupt, refer to CHAPTER 17 INTERRUPT FUNCTIONS.
2. m=1,3
n=0,1

Figure 6-18. Basic Timing Example of Interval Timer Operation

N — N N — N —

16-bit timer counter Xn

0000H

Operable bits 0 1
(TXnTMC)

Compare register N
(TXnCRm)
Compare match interrupt _| _| _| _|
(INTTMXn)

Interval Interval Interval Interval
(N+1) (N+1) (N+1) (N+1)

Remark m=1,3
n=0,1
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Figure 6-19. Example of Register Settings for Interval Timer Operation

(a) 16-bit timer Xn operation control register 0 (TXnCTLO)

TXnTMC TXnCKS2 TXnCKS1 TXnCKSO0
[ 1+ ] o [ o | o | o | ot | o1 | on |
\ ! \
I Selects count clock

(b) 16-bit timer X0 operation control register 1 (TXOCTL1)

TXONTPST TOPWHCE  TXOPWMCINV__ TXOPM
[ o | o [ o | o | on | o | o | o |

— Select target compare register of INTTMX0

0 : INTTMXO is generated upon match of counter and TXOCR1 register
1: INTTMXO is generated upon match of counter and TXOCR3 register

(c) 16-bit timer X1 operation control register 1 (TX1CTL1)

TXIPWICE TXIPWM TXNDE TXINDO
[ o [ o | o | o | on | o [ o1 | on |

T

Operation mode setting
00 : TMX1-only start mode

11 : Setting prohibited

L— Select target compare register of INTTMX1

0 : INTTMX1 is generated upon match of counter and TX1CR1 register
1: INTTMX1 is generated upon match of counter and TX1CRS3 register

(d) 16-bit timer Xn capture/compare register m (TXnCRm)
If N is set to TXnCRm, the interval time is as follows.

o Interval time = (N + 1) x Count clock cycle

Setting TXnCRm to 0000H is prohibited.

Remark m=1,3
n=0,1

Starts timer count operation

01 : TMX0 and TMX1 Synchronous start mode
10 : TMX0 and TMX1 Synchronous start/clear mode
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Figure 6-20. Example of Software Processing for Interval Timer Function

N — N — N —
16-bit timer counter Xn

0000H

Operable bits
(TXnTMC)

TXnCRm register x N
INTTMXn signal —| —| —|

<1> <2>

0 1 0

<1> Count operation start flow

C s )

Register initial setting
TXnCTL1 register, Initial setting of these registers is performed before
TXnCRm register Setting the TXnTMC bit to 1.
TXnTMC bit =1 Starts count operation

<2> Count operation stop flow

The counter is initialized and counting is stopped

TXnTMC bit =
nTMC bit = 0 by clearing the TXnTMC bit to 0.

=

Remark m=1,3
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(2) A/D conversion start timing signal output
If bit 1 (TXnADEN) of the 16-bit timer Xn operation control register 2 (TXnCTL2) is set to 1, the generation of the A/D

conversion synchronization trigger is enabled. If bit 7 (TXnTMC) of the 16-bit timer Xn operation control register 0
(TXnCTLO) is set to 1, the count operation is started in synchronization with the count clock.

When the value of the 16-bit timer counter Xn (TMXn) later matches the value of TXnCCRO, the A/D conversion
synchronization trigger is generated. When the value of TMXn matches the value of TXnCRm, TMXn is cleared to 0000H.
To output the A/D conversion start timing signal, satisfy the relationship between TXnCCRO and TXnCRm as follows.

e TXnCCRO < TXnCRm
If this relationship is not satisfied, the A/D conversion trigger is not generated.

Remarks 1. For details of the A/D conversion in combination with 16 bit timer X0 or X1, refer to 11.4.2 Basic
operation of A/D converter (timer trigger mode).
22.m=1,3
n=0,1

Figure 6-21. Basic Timing Example of A/D Conversion Start Timing Signal Output

N

N —— N —— N N _
16-bit timer counter Xn M Z M 72 M 72 M S~

0000H

A/D conversion synchronization 0 1
trigger enable bits (TXnADEN)

Operable bits 0 1
(TXnTMC)

Compare register N
(TXNnCRm)

Compare register M
(TXnCCRO)

Compare match interrupt _| _| _| _|
(INTTMXn)

A/D conversion synchronization trigger _| _| _| _|

Remark m=1,3
n=0,1
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Figure 6-22. Example of Register Settings for A/D Conversion Start Timing Signal Output

(a) 16-bit timer Xn operation control register 0 (TXnCTLO)

TXnTMC TXnCKS2 TXnCKS1 TXnCKSO
[ + ] o [ o | o | o | ot | o1 | on |

\ | |
.
Selects count clock

Starts timer count operation

(b) 16-bit timer Xn operation control register 2 (TXnCTL2)

TXnADEN TXnCCS
Lo [ o] of o o of 1 [ o]
L TXnCCRO used as compare register.

—— Enable generates
A/D conversion synchronization trigger.

(c) 16-bit timer X0 operation control register 1 (TXOCTL1)

TXOINTPST TXOPWNCE TXIPWHCINY_ TXOPWM
[ o | o [ o | o | on | o | o | o |

Select target compare register of INTTMX0
0: INTTMXO is generated upon match of counter and TXOCR1 register
1: INTTMXO is generated upon match of counter and TXOCRS3 register

(d) 16-bit timer X1 operation control register 1 (TX1CTL1)

THIPWNCE TXIPWM TXINDI TIMDO
[ o | o [ o | o | on | o | o1 | on |

T

— Select target compare register of INTTMX1
0: INTTMXT1 is generated upon match of counter and TX1CR1 register
1: INTTMX1 is generated upon match of counter and TX1CR3 register

Operation mode setting
00 : TMX1-only start mode

(e) 16-bit timer Xn compare register m (TXnCRm)
If N is set to TXnCRm, the A/D conversion synchronization trigger generation period is as follows.

e The A/D conversion synchronization trigger generation period = (N + 1) x Count clock cycle

Setting TXnCRm to 0000H is prohibited.

(f) 16-bit timer Xn capture/compare register 0 (TXnCCRO0)

If M is set to TXnCCRO, the A/D conversion synchronization trigger is generated at a time later than counting

0000H only for M.

Remarks 1. m=1,3
n=0,1

2. For details of A/D conversion in combination with 16 bit timer X0 or X1, refer to 11.4.2 Basic operation
of A/D converter (timer trigger mode).
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Figure 6-23. Example of Software Processing for A/D Conversion Start Timing Signal Output

N — N — N —
16-bit timer counter Xn M Z M Z M Z

0000H

Operable bits
(mxnTMC) _° 1 0

Compare register N
(TXnCRm)

Compare register M
(TXnCCRO)

Compare match interrupt _| _| _|
(INTTMXn)

A/D conversion synchronization trigger —| —| —|

T T

<1> <2>

<1> Count operation start flow

o

Register initial setting
TXnCTL2 register, Initial setting of these registers is performed before
TXnCTL1 register, setting the TXnTMC bit to 1.

TXnCRm register,
TXnCCRQO register

TXnTMC bit = 1 Starts count operation

<2> Count operation stop flow

o The counter is initialized and counting is stopped
TXnTMC bit =0 by clearing the TXnTMC bit to 0.

(s )

Remarks 1. m=1,3
n=0,1
2. For details of A/D conversion in combination with 16 bit timer X0 or X1, refer to 11.4.2 Basic operation

of A/D converter (timer trigger mode).
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(3) Capture function

If bit 7 (TXnTMC) of the 16-bit timer Xn operation control register 0 (TXnCTLO) is set to 1, the count operation is started
in synchronization with the count clock.

Then, when the rising edge of the comparator m output or the INTPO input is detected, the count value of the 16-bit
timer counter Xn (TMXn) is captured to a 16-bit timer Xn capture/compare register 0 (TXnCCRO) .

When the value of TMXn later matches the value of TXnCRk, TMXn is cleared to 0000H.

Remarks 1. m=1,2
n=0,1
k=1,3
2. Capture trigger of 16-bit timer X0 : Rising edge of the comparator 2 output or the INTPO input
Capture trigger of 16-bit timer X1 : Rising edge of the comparator 1 output

Figure 6-24. Basic Timing Example of Capture Function Operation

N N N

C
16-bit timer counter Xn A / E
D
0000H X |} 8 Z
Operable bits
(mxnTmc) 0 \ | \ \

Compare register N
(TxnCRk)  ©

Capture trigger
(rising edge of the comparator m
output or the INTPO input) / / /

|
\\__‘_//

A
o
o

AN
m

Capture register 6’ 4
(TXnCCRO) 0000H A B

Remarks 1. m=1,2
n=0,1
k=1,3
2. Capture trigger of 16-bit timer X0 : Rising edge of the comparator 2 output or the INTPO input
Capture trigger of 16-bit timer X1 : Rising edge of the comparator 1 output
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Figure 6-25. Example of Register Settings for Capture Function Operation

(a) 16-bit timer Xn operation control register 0 (TXnCTLO)

TXnTMC TXnCKS2 TXnCKS1 TXnCKSO
[ 1+ ] o [ o | o | o | ot | o1 | on |

\ | |
I Selects count clock

Starts timer count operation

(b) 16-bit timer X0 operation control register 1 (TXOCTL1)

TXOINTPST TXOPWNCE TXIPWHICINY_ TXOPWM
[ o | o [ o | o | on | o | o | o |

Select target compare register of INTTMX0
0: INTTMXO is generated upon match of counter and TXOCR1 register
1: INTTMXO is generated upon match of counter and TXOCRS3 register

(c) 16-bit timer X1 operation control register 1 (TX1CTL1)

TXIPWHCE TXIPWM TXNDE TXINDD
[ o | o [ o | o | on | o | o1 | on |

\—iOperation mode setting

00 : TMX1-only start mode

Select target compare register of INTTMX1
0: INTTMXT1 is generated upon match of counter and TX1CR1 register
1: INTTMX1 is generated upon match of counter and TX1CR3 register

(d) 16-bit timer Xn operation control register 2 (TXnCTL2)

Note

TXOTRGS TXnADEN TXnCCS
[ o | on [ o | o | o | o | o | 1 |

\—TXnCCRO used as
compare register.

TMXO capture trigger source selection
0: INTCMP2
1:INTPO

Note The TXOTRGS bit is not provided in the TX1CTL2 register.

Remarks 1. m=1,2
n=0,1
2. Capture trigger of 16-bit timer X0 : INTCMP2 or INTPO
Capture trigger of 16-bit timer X1 : INTCMP1
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Figure 6-26. Example of Software Processing for Capture Function Operation

N — N—5—
/ c
16-bit timer counter Xn A /
0000H EA
Operable bit 0 \ \ 1 \ ) 0
(TXnTMC)
Compare register
(TXnCRk)  © \ N
Capture trigger
(rising edge of the comparator m —| —| —|
output or the INTPO input) / / /
Capture register W A W B W c
(TXnCCRO) 0000H
<1> <2>
<1> Count operation start flow
C START )
\
Register initial setting
TXnCTL2 register, Initial setting of these registers is performed before
TXnCTL1 register, setting the TXnTMC bit to 1.
TXnCRK register
TXnTMC bit = 1 Starts count operation

<2> Count operation stop flow

The counter is initialized and counting is stopped

TXnTMC bit=0 by clearing the TXnTMC bit to O.

o

Remarks 1. m=1,2
n=0,1
k=1,3

2. Capture trigger of 16-bit timer X0 : Rising edge of the comparator 2 output or the INTPO input

Capture trigger of 16-bit timer X1 : Rising edge of the comparator 1 output
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6.5 Operation of PWM output operation of 16-Bit Timers X0 and X1

(1) PWM output operation (TMXn-only mode, single output)
PWM output is started from TOXnO0 if bit 7 (TXnTMC) of TXnCTLO is set to 1 after setting the count value of the
inverted output to TXnCRO and the count value of the cycle to TXnCR1.

e Pulse cycle = (Set value of TXnCR1 + 1) x Count clock cycle

o Duty = (Set value of TXnCR1"*® ! _ Set value of TXnCRO " ') / (Set value of TXnCR1 + 1)
TXnCRO and TXnCR1 can be rewritten while the timers are operating, and the duty and the pulse cycle can be
changed. When rewriting both TXnCRO and TXnCR1, be sure to rewrite TXnCRO before rewriting TXnCR1. If only
TXnCR1 needs to be changed, there is no need to rewrite TXnCRO. If only TXnCRO needs to be changed, rewrite
TXnCRO and then write the same value to TXnCR1.
The output is changed when the INTTMXn interrupt is generated immediately after TXnCR1 is written. However, if
TXnCR1 is rewritten during the clock°¢ 2 cycle in which the INTTMXn interrupt was generated, or during the previous
two clock 2 cycles, the output will be changed when the INTTMXn interrupt subsequent to this INTTMXn interrupt
is generated. Note also that if TXnCRO or TXnCR1 is written with a different value in the period between when
TXnCR1 is written and when the output changes, the output will be changed to this different value, not the originally
specified value.
To specify PWM output from TOXn0, set TXnCRO and TXnCR1 to a value in the following range:
0000H < TXnCRO < TXnCR1 < FFFFH
If TXnCRO = TXnCR1 is specified, the output will be set to the default status (fixed).
Notes 1. The output is inverted when the counter reaches TXnCRm + 1.
2. Count clock of 16-bit timer Xn
Figure 6-27. Example of Register Settings for PWM Output Operation (Single Mode) (1/2)
(a) 16-bit timer Xn operation control register 0
TXnTMC TXNCKS2 TXnCKS1 TXnCKSO
TXnCTLO | 1 ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0/1 ‘ 0/1 ‘ 0/1 |
| |
Selects count clock
Starts timer count operation
Remark n=0,1
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Figure 6-27. Example of Register Settings for PWM Output Operation (Single Mode) (2/2)

(b) 16-bit timer Xn operation control register 1

o PWM output: TOXO00 pin

TXOINTPST TXOPWMCE TXOPWMCINV TXOPWM

TXOCTL1 | 0/1 ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0 |

Single output
Using the TOXOn output gate function by
TOH1 output is prohibited.

0: Starts counting when TXOTMC bit = 1.
1: Starts timer counting when TXOTMC bit = 1
and INTPO rising edge is detected.

o PWM output: TOX10 pin

TX1IPWMCE TX1PWM TX1IMD1 TX1MDO
TXlCTLllO‘O‘O‘O‘O‘O‘O‘Ol

TMX1-only start mode

Single output

Using the TOX1n output gate function by
TOH1 output is prohibited.

(c) 16-bit timer Xn output control register 0

TXnTOC1 TXnTOCO TXnTOL1 TXnTOLO

TXnlOCO | 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ 1 ‘ 0 ‘ 0/1 |

_

0: Normal output (low level)
1: Inverted output (high level)

Enables timer output

Disables timer output

Remark n=0, 1
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Figure 6-28. PWM Output Timing (TMXn-only Operation, PWM output: TOXnO0 pin)

FFFFH D1 D1 D1

— [~ B Dll
16-bit timer counter Xn Do / Do / > / /*

0000H

16-bit timer Xn compare D X Dy
register 0 (TXnCRO) 0 0

16-bit timer Xn compare

buffer register 0 Do Do

16-bit timer Xn compare X Dy
1

register 1 (TXnCR1) D:

16-bit timer Xn compare

buffer register 1 D1 Dr'

TOXnO pin output
(TXnTOLO = 0) —

TOXnO0 pin output
(TXnTOLO = 1) Do+1

<R> D+l

INTTMXn signal _l —l _l _I_

Remark n=0, 1

(2) PWM output operation (TMXn-only mode, dual output)
PWM outputs are started when the count value of the inverted output of TOXnO0 is set to TXnCRO and TXnCRH1, the
count value of the inverted output of TOXn1 and the count value of the cycle are set to TXnCR2 and TXnCR3, and 1
is set to bit 7 (TXnTMC) of TXnCTLO.

e Pulse cycle and duty of TOXn0
ePulse cycle = (Set value of TXnCR3 + 1) x Count clock cycle
<R> «Duty = (Set value of TXnCR1 " _ Set value of TXnCR0O “*** ) / (Set value of TXnCR3 + 1)

e Pulse cycle and duty of TOXn1
ePulse cycle = (Set value of TXnCR3 + 1) x Count clock cycle
<R> «Duty = (Set value of TXnCR3"**® " _ Set value of TXnCR2"**® ") / (Set value of TXnCR3 + 1)

TXnCRO to TXnCR3 can be rewritten while the timers are operating, and the duty and the pulse cycle can be changed.
When rewriting TXnCRO to TXnCR3, be sure to rewrite TXnCRO to TXnCR2 before rewriting TXnCR3. Registers
among TXnCRO to TXnCR2 that are not to be changed do not have to be rewritten. If one of TXnCRO to TXnCR2
needs to be changed but TXnCR3 does not need to be changed, be sure to write the same value to TXnCR3.

The output is changed when the INTTMXn interrupt is generated immediately after TXnCR3 is written. However, if
TXnCR3 is rewritten during the clock ¢ 2 cycle in which the INTTMXn interrupt was generated, or during the previous
ote 2 cycles, the output will be changed when the INTTMXn interrupt subsequent to this INTTMXn interrupt
is generated. Note also that if TXnCRO to TXnCR3 are written with a different value in the period between when

TXnCR3 is written and when the output changes, the output will be changed to this different value, not the originally

N
two clock

specified value.
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To specify PWM output from TOXn0, set TXnCRO and TXnCR1 to a value in the following range:
0000H < TXnCRO < TXnCR1 < TXnCR3

If TXnCRO = TXnCR1 is specified, the output will be set to the default status (fixed).

To specify PWM output from TOXn1, set TXnCR2 and TXnCR3 to a value in the following range:
0000H < TXnCR2 < TXnCR3 < FFFFH

If TXnCR2 = TXnCRa3 is specified, the output will be set to the default status (fixed).

<R> Notes 1. The output is inverted when the counter reaches TXnCRm + 1.
2. Count clock of 16-bit timer Xn

Figure 6-29. Example of Register Settings for PWM Output Operation (Dual Mode) (1/2)
(a) 16-bit timer Xn operation control register 0

TXNTMC TXNCKS2 TXnCKS1 TXNCKSO
TXnCTLOl 1 ‘ 0 ‘ 0 ‘ 0‘0‘0/1‘0/1‘0/1|

Selects count clock

Starts timer count operation
(b) 16-bit timer Xn operation control register 1

e PWM output: TOX00 and TOX01 pins

TXOINTPST TXOPWMCE TXOPWMCINV TXOPWM
mocris [ or [ o | o | o | 1 | o | o | o |

‘ Dual output

Using the TOXO0n output gate function by
TOH1 output is prohibited.

0: Starts counting when TXOTMC bit = 1.
1: Starts timer counting when TXOTMC bit =1
and INTPO rising edge is detected.

o PWM output: TOX10 and TOX11 pins

TX1IPWMCE TX1IPWM TX1IMD1 TX1MDO
TX1CTL1 | 0 ‘ 0 ‘ 0 ‘ 0 ‘ 1 ‘ 0 ‘ 0 ‘ 0 |

—— TMX1-only start mode

Dual output

Using the TOX1n output gate function by
TOH1 output is prohibited.

Remark n=0, 1
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Figure 6-29. Example of Register Settings for PWM Output Operation (Dual Mode) (2/2)

(c) 16-bit timer Xn output control register 0

TXnTOC1 TXnTOCO TXnTOL1 TXnTOLO

TXnIOCOl 0 ‘ 0 ‘ 0 ‘ 0 ‘ 1 ‘ 1 ‘ 0/1 ‘ 0/1 |

\—|——‘ 0: Normal output (low level)

1: Inverted output (high level)

Enables timer output

Remark n=0, 1

Figure 6-30. PWM Output Timing (TMXn-only Operation, PWM output: TOXn0 and TOXn1 pins)

FFFFH D3 Ds Ds
e D2 D/ D/ o Ds'
16-bit timer counter Xn D1 D1 _—~ D1 _—= /

0000H = = =

16-bit timer Xn compare X
register 0 (TXnCRO) Do

16-bit timer Xn compare

buffer register 0 Do Do’

16-bit timer Xn compare Dy X Dy
register 1 (TXnCR1)

16-bit timer Xn compare

buffer register 1 D b

16-bit timer Xn compare X Dy
2

register 2 (TXnCR2) D2

16-bit timer Xn compare

buffer register 2 D2 D2

16-bit timer Xn compare b X Ds
register 3 (TXnCR3) s 8

16-bit timer Xn compare

buffer register 3 Ds D4

TOXnO0 pin output
(TXnTOLO = 0)

TOXnO pin output
(TXnTOLO = 1)

<R> Do+1 |«

D1+l

TOXn1 pin output
(TXnTOL1 = 0) |

TOXn1 pin output
(TXnTOL1 =1)

INTTMXn signal _| _l _| —I_

Remark n=0, 1
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(3) PWM output operation (TMX0 and TMX1 synchronous start mode)
Output from the two timer outputs of TMX0 and TMX1 (up to 4 outputs) is simultaneously started.
Setting bit 7 (TXOTMC) of TXOCTL1 to 1 starts PWM output.
Setting bit 7 (TXOTMC) of TXOCTL1 to 0 stops PWM output.

Remark This mode is simultaneously used when starting or stopping output.
While the TMX0 and TMX1 are operating, output control is performed according to the setting of each
timer. See (1) PWM output operation (TMXn-only mode, single output) and (2) PWM output
operation (TMXn-only mode, dual output) for the setting of TXnCRm.

Figure 6-31. Example of Register Settings for PWM Output Operation
(TMXO0 and TMX1 Synchronous Start Mode) (1/2)

(a) 16-bit timer Xn operation control register 0

TX0TMC TXOCKS2 TXOCKS1 TX0CKSO0
™cmo [ 1 | o | o | o | o | o | o | on |
Selects count clock
Starts timer count operation
TX1TMC TX1CKS2 TX1CKS1 TX1CKS0
TX1CTLO | 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0/1 ‘ 0/1 ‘ 0/1 |

Selects count clock

(Invalid setting)

(b) 16-bit timer Xn operation control register 1

TXOINTPST TXOPWMCE TXOPWMCINV TXOPWM
TXOCTL1 | 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0/1 ‘ 0 ‘ 0 ‘ 0 |
‘ 0: Single output
1: Dual output
Using the TOXOn output gate function by
TOH1 output is prohibited.
Starts counting when TXOTMC bit = 1.
TX1PWMCE TX1PWM TX1MD1 TX1MDO
TX1CTL1 | 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0/1 ‘ 0 ‘ 0 ‘ 1 |

\—\——‘ TMXO0 and TMX1 synchronous start mode

0: Single output
1: Dual output

Using the TOX1n output gate function by
TOH1 output is prohibited.

Remark n=0, 1
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Figure 6-31. Example of Register Settings for PWM Output Operation
(TMX0 and TMX1 Synchronous Start Mode) (2/2)
(c) 16-bit timer Xn output control register 0
TXNTOC1 TXnTOCO TXnTOL1 TXnTOLO
TXnlOCO | 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0/1 ‘ 0/1 ‘ 0/1 ‘ 0/1 |
\— 0: Normal output (low level)
1: Inverted output (high level)
0: Disables timer output
1: Enables timer output
Remark n=0, 1
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Figure 6-32. PWM Output Timing (Synchronous Start mode, TMX0 dual output, TMX1 dual output)

Synchronous Start

FFFFH

16-bit timer counter X0 =T =

- Doz - Dos
Do / b /
Do Do

0000H
FFFFH

—Das — D13
7
o Dis L] [/ 5 L~
16-bit timer counter X1 2 Dz 12

Dig Dag D1o~

0000H

16-bit timer X0 compare
buffer register 0

16-bit timer X0 compare
buffer register 1

16-bit timer X0 compare
buffer register 2

16-bit timer X0 compare
buffer register 3

16-bit timer X1 compare
buffer register 0

16-bit timer X1 compare
buffer register 1 D11

16-bit timer X1 compare
buffer register 2 D12

16-bit timer X1 compare
buffer register 3 Da1s

TOXO00 pin output
(TXOTOLO = 0)

<R> Doot+1 =
Doj+1

TOXO01 pin output
(TX0TOL1 =0)

TOX10 pin output
(TX1TOLO = 0)

TOX11 pin output
(TX1TOL1 = 0)

INTTMXO signal —l —I_

INTTMX1 signal —l —l
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(4) PWM output operation (TMX0 and TMX1 synchronous start/clear mode)

Output cycles from the two timer outputs of TMX0 and TMX1 (up to 4 outputs) are synchronized.
Setting bit 7 (TXOTMC) of TXOCTL1 to 1 starts PWM output.
Setting bit 7 (TXOTMC) of TXOCTL1 to 0 stops PWM output.

TXnCRm can be rewritten while the timers are operating, and the duty and the pulse cycle can be changed.
(a) TMXO single output, TMX1 single output or dual output

e Pulse cycle and duty of TOX00

e Pulse cycle = (Set value of TXOCR1 + 1) x Count clock cycle

o Duty = (Set value of TXOCR1N®®" _ Set value of TXOCRO"*® ") / (Set value of TXOCR1 + 1)
e Pulse cycle and duty of TOX10

e Pulse cycle = (Set value of TXOCR1 + 1) x Count clock cycle

o Duty = (Set value of TX1CR1N®®" _ Set value of TXICRO"*® ") / (Set value of TXOCR1 + 1)
e Pulse cycle and duty of TOX11V*¢ 2

o Pulse cycle = (Set value of TXOCR1 + 1) x Count clock cycle

o Duty = (Set value of TX1CR3"°*" _ Set value of TXICR2"**® ") / (Set value of TXOCR1 + 1)

When changing TXnCRm, be sure to rewrite TXOCR1 after rewriting the registers other than TXOCR1. The registers
other than TXOCR1 that are not to be changed do not have to be rewritten. If one of the registers other than TXOCR1
needs to be changed but TXOCR1 does not need to be changed, be sure to write the same value to TXOCR1.

The output is changed when the INTTMXO interrupt is generated immediately after TXOCR1 is written. However, if

TXOCR1 is rewritten during the clock™°t 3
Note 3

cycle in which the INTTMXO interrupt was generated, or during the previous
cycles, the output will be changed when the INTTMXO interrupt subsequent to this INTTMXO interrupt
is generated. Note also that if TXnCRm is written with a different value in the period between when TXOCR1 is
written and when the output changes, the output will be changed to this different value, not the originally specified
value.

two clock

To specify PWM output from TOX00, set TXOCRO and TXOCR1 to a value in the following range:
0000H < TXOCRO < TXOCR1 < FFFFH
If TXOCRO = TXOCR1 is specified, the output will be set to the default status (fixed).

To specify PWM output from TOX10, set TX1CRO and TX1CR1 to a value in the following range:
0000H < TX1CRO < TX1CR1 < TXOCR1

If TX1CRO = TX1CR1 is specified, the output will be set to the default status (fixed).

To specify PWM output from TOX1 Note 2 set TX1CR2 and TX1CRS3 to a value in the following range:
0000H < TX1CR2 < TX1CR3 < TXO0CR1

If TX1CR2 = TX1CR3 is specified, the output will be set to the default status (fixed).

Notes 1. The output is inverted when the counter reaches TXnCRm + 1.
2. TMX1 dual output only
3. Count clock of 16-bit timer Xn
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(b) TMXO0 dual output, TMX1 single output or dual output

e Pulse cycle and duty of TOX00

¢ Pulse cycle = (Set value of TXOCR3 + 1) x Count clock cycle

o Duty = (Set value of TXOCR1N®® " _ Set value of TXOCRON*® ') / (Set value of TXOCR3 + 1)
e Pulse cycle and duty of TOX01

¢ Pulse cycle = (Set value of TXOCR3 + 1) x Count clock cycle

o Duty = (Set value of TXOCR3"°® " _ Set value of TXOCR2V**® ") / (Set value of TXOCR3 + 1)
e Pulse cycle and duty of TOX10

¢ Pulse cycle = (Set value of TXOCR3 + 1) x Count clock cycle

o Duty = (Set value of TX1CR1N°® " _ Set value of TXICRON*® ") / (Set value of TXOCR3 + 1)
e Pulse cycle and duty of TOX11V*¢2

¢ Pulse cycle = (Set value of TXOCR3 + 1) x Count clock cycle

o Duty = (Set value of TX1CR3"°® " _ Set value of TXICR2V**® ") / (Set value of TXOCR3 + 1)

When changing TXnCRm, be sure to rewrite TXOCRS3 after rewriting the registers other than TXOCR3. The registers
other than TXOCR3 that are not to be changed do not have to be rewritten. If one of the registers other than TXOCR3
needs to be changed but TXOCR3 does not need to be changed, be sure to write the same value to TXOCRS3.

The output is changed when the INTTMXO interrupt is generated immediately after TXOCR3 is written. However, if
TXOCRS is rewritten during the clock"¢3 cycle in which the INTTMXO interrupt was generated, or during the previous

Note 3
two clock '

cycles, the output will be changed when the INTTMXO interrupt subsequent to this INTTMXO interrupt
is generated. Note also that if TXnCRm is written with a different value in the period between when TXOCR3 is
written and when the output changes, the output will be changed to this different value, not the originally specified

value.

To specify PWM output from TOX00, set TXOCRO and TXOCR1 to a value in the following range:
0000H < TXOCRO < TXOCR1 < TXOCR3
If TXOCRO = TXOCR1 is specified, the output will be set to the default status (fixed).

To specify PWM output from TOX01, set TXOCR2 and TXOCR3 to a value in the following range:
0000H < TXOCR2 < TXOCR3 < FFFFH
If TXOCR2 = TXOCR3 is specified, the output will be set to the default status (fixed).

To specify PWM output from TOX10, set TX1CRO and TX1CR1 to a value in the following range:
0000H < TX1CRO < TX1CR1 < TXOCR3

If TX1CRO = TX1CR1 is specified, the output will be set to the default status (fixed).

To specify PWM output from TOX1 Note 2 set TX1CR2 and TX1CRS3 to a value in the following range:
0000H < TX1CR2 < TX1CR3 < TXOCR3

If TX1CR2 = TX1CR3 is specified, the output will be set to the default status (fixed).

Notes 1. The output is inverted when the counter reaches TXnCRm + 1.
2. TMX1 dual output only
3. Count clock of 16-bit timer X0
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Figure 6-33. Example of Register Settings for PWM Output Operation (TMX0 and TMX1 synchronous start/clear

mode)
(a) 16-bit timer X0 operation control register 0
TXO0TMC TXOCKS2 TXOCKS1 TX0CKSO0
TXOCTLO | 1 ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0/1 ‘ 0/1 ‘ 0/1 |
Selects count clock
Starts timer count operation
(b) 16-bit timer Xn operation control register 1
TXOINTPST TXOPWMCE TXOPWMCINV TXOPWM
et | o | o | o | o [ o | o | o | o |
‘ 0: Single output
1: Dual output
Using the TOXOn output gate function by
TOH1 output is prohibited.
0: Starts counting when TXOTMC bit = 1.
1: Starts timer counting when TXOTMC bit = 1
and INTPO rising edge is detected.
TX1PWMCE TX1IPWM TX1IMD1 TX1MDO
TX1CTL1 | 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0/1 ‘ 0 ‘ 1 ‘ 0 |

L]

TMXO0 and TMX1 synchronous
start/clear mode

0: Single output

1: Dual output

Using the TOX1n output gate function by
TOH1 output is prohibited.

(c) 16-bit timer Xn output control register 0

TXnTOC1 TXnTOCO TXnTOL1 TXnTOLO

TXnIOCOl 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0/1 ‘ 0/1 ‘ 0/1 ‘ 0/1 |

\— 0: Normal output (low level)

1: Inverted output (high level)

0: Disables timer output
1: Enables timer output

Remark n=0, 1
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Figure 6-34. PWM Output Timing (Synchronous start/clear mode, TMX0 dual output, TMX1 dual output)

- Dos - Dos
D/ D/

16-bit timer counter X0 Do1 _= Do1 =

FFFFH

0000H
FFFFH

16-bit timer counter X1

0000H

16-bit timer X0 compare
buffer register 0

16-bit timer X0 compare
buffer register 1 Do1

16-bit timer X0 compare

buffer register 2 Doz

16-bit timer X0 compare

buffer register 3 Doz

16-bit timer X1 compare

buffer register 0 Do

16-bit timer X1 compare
buffer register 1 Du

16-bit timer X1 compare

buffer register 2 D12

16-bit timer X1 compare

buffer register 3 D1

TOXO00 pin output
(TXOTOLO = 0)

Doo+1 f=—|
<R>
Do1+1

TOXO01 pin output
(TXO0TOL1 =0) —

TOX10 pin output
(TX1TOLO = 0)

TOX11 pin output
(TX1TOL1 = 0)

INTTMXO signal —l —I_
INTTMX1 signal —l —l

Remark n=0, 1
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(5) PWM output operation (PWM output from TOX0n when TOH1 output is at high level)

A square wave is output from the TOXOn pin by combining 8-bit timer H1 and 16-bit timer X0, only when the TOH1
output is at high level.

See (1) PWM output operation (single output) through (4) PWM output operation (TMX0 and TMX1
synchronous start mode) for the setting of outputting a square wave.

Remarks 1. n=0, 1

2. For the setting of TOH1 output, see CHAPTER 9 8-BIT TIMER H1.

Figure 6-35. Example of Register Settings for PWM Output Operation (TMX0-Only Operation (Dual Output), PWM
Output from TOX00 and TOX01 When TOH1 Output Is at High Level)

(a) 16-bit timer X0 operation control register 0

TXOTMC
TXOCTLOll‘O‘O‘O‘O

TXOCKS2 TXOCKS1 TX0CKSO0

Selects count clock

Starts timer count operation
(b) 16-bit timer X0 operation control register 1

TXOINTPST TXOPWMCE TXOPWMCINV TXOPWM
TXOCTL1 | 0/1 ‘ 0 ‘ 1 ‘ 0 ‘ 1 ‘ 0 ‘ 0 ‘

Dual output

Performs PWM output from TOXmn pin
when TOH1 output is high level.

Using the TOXO0n output gate function by
TOH1 output is enabled.

0: Starts counting when TXOTMC bit = 1.
1: Starts timer counting when TXOTMC bit = 1
and INTPO rising edge is detected.

(c) 16-bit timer X0 output control register 0

TXOTOC1 TXOTOCO TXOTOL1 TXOTOLO
TXO0IOCO | 0 ‘ 0 ‘ 0 ‘ 0 ‘ 1 ‘ 1

‘ 0/ ‘ 0/ |

\—|——‘ 0: Normal output (low level)

1: Inverted output (high level)

Enables timer output

Remark n=0,1, mn=00,01, 10, 11
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Figure 6-36. PWM Output Timing (TMX0-Only Operation (Dual Output), PWM Output
from TOX00 and TOX01 When TOH1 Output Is at High Level)

TOH1 output
(intarnal output)

TOXO00 output 1 M1 M1 — S _
(intarnal output) AR ANE U0 LL

TOXO00 pin output ;
(TXoTOLO=0) ——— — — — — | —

TOXO00 pin output
(TXOTOLO = 1)

TOX01 output nnnon: =
(intarnal output) L HEnR
TOXO1 pin output |
(rxotoLi=0) — AL AL L1 UL

TOXO01 pin output
(TXOTOL1 = 1)

(6) PWM output operation (PWM output from TOX0On when TOH1 output is at low level)
A square wave is output from the TOXOn pin by combining 8-bit timer H1 and 16-bit timer X0, only when the TOH1
output is at low level.
See (1) PWM output operation (single output) through (4) PWM output operation (TMX0 and TMX1
synchronous start mode) for the setting of outputting a square wave.

Remarks 1. n=0, 1
2. For the setting of TOH1 output, see CHAPTER 9 8-BIT TIMER HA1.

Figure 6-37. Example of Register Settings for PWM Output Operation (TMX0-Only Operation (Dual Output), PWM
Output from TOX00 and TOX01 When TOH1 Output Is at Low Level) (1/2)

(a) 16-bit timer X0 operation control register 0

TX0TMC TX0CKS2 TXOCKS1 TXOCKSO
TXOCTLOl 1 ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0/1 ‘ 0/1 ‘ 0/1 |

Selects count clock

Starts timer count operation
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Figure 6-37. Example of Register Settings for PWM Output Operation (TMX0-Only Operation (Dual Output),
PWM Output from TOX00 and TOX01 When TOH1 Output Is at Low Level) (2/2)

(b) 16-bit timer X0 operation control register 1

TXOINTPST TXOPWMCE TXOPWMCINV TXOPWM

1 1 1

TXOCTL1 | 0/1 ‘ 0 ‘ ‘ ‘

Dual output

Performs PWM output from TOXmn pin
when TOH1 output is low level.

Using the TOXOn output gate function by
TOH1 output is enabled.

0: Starts counting when TXOTMC bit = 1.
1: Starts timer counting when TXOTMC bit =1
and INTPO rising edge is detected.

(c) 16-bit timer X0 output control register 0

TXOTOC1 TXOTOCO TXOTOL1 TXOTOLO

TXOIOCOl 0 ‘ 0 ‘ 0 ‘ 0 ‘ 1 ‘ 1 ‘ 0/1 ‘ 0/1 |

\—\——‘ 0: Normal output (low level)

1: Inverted output (high level)

Enables timer output

Remark n=0,1, mn=00,01, 10, 11

Figure 6-38. PWM Output Timing (TMX0-Only Operation (Dual Output), PWM Output
from TOX00 and TOX01 When TOH1 Output Is at Low Level)

TOH1 output
(intarnal output)

TOXO00 output
(intarnal output)

TOXO00 pin output
(TXOTOLO = 0)

TOXO00 pin output
(TXOTOLO = 1)

TOXO01 output
(intarnal output)

TOXO01 pin output
(TXOTOL1 = 0)

TOXO01 pin output
(TXOTOL1 = 1)
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(7) PWM output operation (PWM output from TOX1n when TOH1 output is at high level)

A square wave is output from the TOX1n pin by combining 8-bit timer H1 and 16-bit timer X1, only when the TOH1
output is at high level.

See (1) PWM output operation (single output) through (4) PWM output operation (TMX0 and TMX1
synchronous start mode) for the setting of outputting a square wave.

Remarks 1. n=0,1

2. For the setting of TOH1 output, see CHAPTER 9 8-BIT TIMER H1.

Figure 6-39. Example of Register Settings for PWM Output Operation (TMX1-Only Operation (Dual Output), PWM
Output from TOX10 and TOX11 When TOH1 Output Is at High Level) (1/2)

(a) 16-bit timer X1 operation control register 0

TX1TMC TX1CKS2 TX1CKS1 TX1CKSO0
macro [ 1 | o | o | o | o | on | o1 | on |

Selects count clock

Starts timer count operation
(b) 16-bit timer Xn operation control register 1

TXOINTPST TXOPWMCE TXOPWMCINV TXOPWM
TXOCTLll o1 ‘ 0 ‘ 0/ ‘ 0 ‘ o/ ‘

o
o
o

0: TMXO Single output
1: TMXO Dual output

Performs PWM output from TOXmn pin
when TOH1 output is high level.

0: Using the TOXO0n output gate function by
TOH1 output is prohibited.

1: Using the TOXOn output gate function by
TOH1 output is enabled.

0: Starts counting when TXOTMC bit = 1.
1: Starts timer counting when TXOTMC bit = 1
and INTPO rising edge is detected.

TXIPWMCE TX1IPWM TX1IMD1 TX1MDO
macrs [ 0 [ o ] 1 ] o ] 1 ] o ] o ] o]

\—\——‘ TMX1-only start mode

Dual output

Using the TOX1n output gate function by
TOH1 output is enabled.

Remark n=0, 1, mn =00, 01, 10, 11
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Figure 6-39. Example of Register Settings for PWM Output Operation (TMX1-Only Operation (Dual Output), PWM

Output from TOX10 and TOX11 When TOH1 Output Is at High Level) (2/2)

(c) 16-bit timer X1 output control register 0

TX1TOC1 TX1TOCO TX1TOL1 TX1TOLO

maoco [0 1 o | o | o | 1 | 1 | o ] on]

\— 0: Normal output (low level)

1: Inverted output (high level)

Enables timer output

Figure 6-40. PWM Output Timing (TMX1-Only Operation (Dual Output), PWM Output
from TOX10 and TOX11 When TOH1 Output Is at High Level)

TOH1 output
(intarnal output)

TOX10 output
(intarnal output)

5
g
g’

TOX10 pin output
(TX1TOLO = 0)

TOX10 pin output
(TX1TOLO = 1)

TOX11 output IR IHIBIBINI

(intarnal output) ; I L JL

TOX11 pin output :
(TX1TOL1 = 0)

TOX11 pin output
(TX1TOL1 =1)

LE
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(8) PWM output operation (PWM output from TOX00, TOX01, TOX10, and TOX11 when TOH1 output is at high
level)

A square wave is output from the TOX00, TOX01, TOX10, and TOX11 pins by combining 8-bit timer H1 and 16-bit
timers X0 and X1, only when the TOH1 output is at high level.

See (1) PWM output operation (single output) through (4) PWM output operation (TMX0 and TMX1
synchronous start mode) for the setting of outputting a square wave.

Remark For the setting of TOH1 output, see CHAPTER 9 8-BIT TIMER HA1.

Figure 6-41. Example of Register Settings for PWM Output Operation
(TMXO0 and TMX1 synchronous start/clear mode, PWM Output
from TOX00, TOX01, TOX10, and TOX11 When TOH1 Output Is at High Level) (1/2)

(a) 16-bit timer X0 operation control register 0

TX0TMC TXOCKS2 TXOCKS1 TXO0CKSO
TXOCTLO | 1 ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0/1 ‘ 0/1 ‘ 0/1 |

Selects count clock

Starts timer count operation

(b) 16-bit timer Xn operation control register 1

TXOINTPST TXOPWMCE TXOPWMCINV TXOPWM

TXOCTL1 | 0/1 ‘ 0 ‘ 1 ‘ 0 ‘ 1 ‘ 0 ‘ 0 ‘ 0 |
TMXO Dual output
Performs PWM output from TOXmn pin
when TOH1 output is high level.
Using the TOXOn output gate function by
TOH1 output is enabled.
0: Starts counting when TXOTMC bit = 1.
1: Starts timer counting when TXOTMC bit = 1

and INTPO rising edge is detected.
TX1IPWMCE TX1PWM TX1IMD1 TX1MDO
TX1CTL1 | 0 ‘ 0 ‘ 1 ‘ 0 ‘ 1 ‘ 0 ‘ 1 ‘ 0 |

\—\——‘ TMXO0 and TMX1 synchronous

start/clear mode

Dual output

Using the TOX1n output gate function by
TOH1 output is enabled.

Remark n=0, 1, mn =00, 01, 10, 11
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Figure 6-41. Example of Register Settings for PWM Output Operation
(TMX0 and TMX1 synchronous start/clear mode, PWM Output
from TOX00, TOX01, TOX10, and TOX11 When TOH1 Output Is at High Level) (2/2)

(c) 16-bit timer Xn output control register 0
TXnTOC1 TXnTOCO TXnTOL1 TXnTOLO

TXnIOCOl 0 ‘ 0 ‘ 0 ‘ 0 ‘ 1 ‘ 1 ‘ 0/1 ‘ 0/1 |

L]
\— 0: Normal output (low level)

1: Inverted output (high level)

Enables timer output

Remark n=0, 1

Figure 6-42. PWM Output Timing (TMX0 and TMX1 synchronous start/clear mode, PWM Output
from TOX00, TOX01, TOX10, and TOX11 When TOH1 Output Is at High Level)

wwwercomeno 1V ANNNNNNNNNANANNY

S

TOH1 outputd |
(intarnal output)

TOX00 outputd] '
(intarnal output) _

TOXO01 output(] |
(intarnal output)

TOX10 outputd
(intarnal output)

TOX11 outputd |
(intarnal output) __

LLLLL]
UL
nnmn

TOXO00 pin output
(TXOTOLO = 0)

TOXO01 pin output
(TXOTOLL1 = 0)

TOX10 pin output
(TX1TOLO = 0)

TOX11 pin output
(TX1TOL1 = 0)
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6.6 Interlocking Function with Comparator or INTPO

16-bit timers X0 and X1 can control PWM waveforms by interlocking with the output of comparators 0 to 2 or the INTPO
input signal, without involving the CPU.

TMXO0 and TMX1, comparators 0 to 2, and INTPO can be combined as follows.

Timer counter clear signal -—|

Notes 1.

e 16-bit timer X0 (TMXO0-Only operation mode, synchronous start mode):
¢ 16-bit timer X1 (TMX1-Only operation mode, synchronous start mode):
e 16-bit timers X0 and X1 (synchronous start/clear mode):

CMPOQ, CMP1, CMP2, INTPO
CMPO, CMP1
CMP2, INTPO

Figure 6-43. Block Diagram of 16-Bit Timer X0 Output Configuration

TOH1

(from TMH1)

Notel

TOTX0CO
TOTX0C1

Level
controller

Output latch
(P31)

PM31

Notel

Output gate
control circuit

TOX00/P31

—

TOTX0C2
TOTX0C3

Level
controller

l

Output latch
(P32)

PM32

Output gate
control circuit

Note2
Mode

—L):}[é© TOX01/P32

selector

Timer clear

Notezf;

Mode

controller

Comparator O output

selector

Note2 *;

Comparator 1 output

Mode

selector

Comparator 2 output

Capture trigger signal

INTTMXO #

INTPO

Timer output is controlled by the level controller according to the value of the compare register and the

mode selector output.

Resetting timer output (interlocking modes 1 and 3) and clearing the timer counter (interlocking modes 1
and 2) are controlled by the mode selector according to the comparator output or INTPO input.
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Figure 6-44. Block Diagram of 16-Bit Timer X1 Output Configuration

Output latch

Notel
TOTX1CO
Level LDS—@ TOX10/P33
TOTX1C1 controller

Output latch
| I P PM34

(P34)
Notel
TOTX1C2
Leve! LD&@ TOX11/P34
TOTX1C3 controller
Note2
—| Mode
selector Comparator O output
: ) Timer clear ‘ e
Timer counter clear signal=——{  qntoller Note2
L~ Mode
i ; lector Comparator 1 output
Capture trigger signal se

INTTMX1 Ai

Figure 6-45. Block Diagram of 16-Bit Timers X0 and X1 Output Configuration

TOH1

(from TMH1)
Notel |Output latch (P31)| |PM31|
TOTX0CO
Level Output gate ) OIS Toxoorat
TOTX0C1 controller control circuit
orer | — [output latch (P32)| | Pm32 |
TOTX0C2 Level Output gate D >’ © TOX01/P32
TOTX0C3 controller control circuit
Nmel* * |Output latch (P33)| |PM33|
TOTX1CO
Level Output gate ) OIS Tox1o/p33
TOTX1C1 controller control circuit
oo | * [output latch (P34)| [PMm34 |
TOTX1C2 g
Level Output gate ) > >0 TOX11/P34
TOTX1C3 controller control circuit
|
Note2
) . Timer clear
Timer counter clear signal controller Mode Comparator 2 output
selector
Capture trigger signal INTPO

Notes 1.

INTTMXO 4T

INTTMX1

Timer output is controlled by the level controller according to the value of the compare register and the
mode selector output.

Resetting timer output (interlocking modes 1 and 3) and clearing the timer counter (interlocking modes 1
and 2) are controlled by the mode selector according to the comparator output or INTPO input.

The modes controlled by comparator output or external interrupt input (INTPO) are described below.

(1) Interlocking mode 1 (timer reset mode)

This mode sets the output of the corresponding timer to the reset state while the output of comparators 0 to 2 or

INTPO input is at high level, and restarts the timer when the detection signal is stopped.
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Figure 6-46. Example of Register Settings for Interlocking mode 1 (timer reset mode)

e Using CMP2 and INTPO as triggers

TXOCTL3 | 0 ‘ 0 ‘ 0 ‘

]

\—|——‘ Uses CMP?2 as trigger

Uses INTPO as trigger

Remark When interlocking the timers with either CMP2 or INTPO, set all bits of CMP2 or INTPO, whichever is

not used, to 0.

e Using CMPO and CMP1 as triggers

TXOCMP1RP TXOCMPORP

TXOCTL4 | 0 ‘ ‘ 0/1 ‘

Uses CMPO as trigger
TXOCMPORP = 0: Interlocks with TMX0
TXOCMPORP = 1: Interlocks with TMX1

Uses CMP1 as trigger
TXOCMP1RP = 0: Interlocks with TMXO0
TXOCMP1RP = 1: Interlocks with TMX1

Remark When interlocking the timers with either CMPO or CMP1, set all bits of CMPO or CMP1, whichever is

not used, to 0.

Figure 6-47. Timing of Interlocking mode 1 (timer reset mode)

FFFFH

16-bit timer counter Xn =T
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(2) Interlocking mode 2 (timer restart mode)
This mode restarts the corresponding timer when the rising edge of the comparators 0 to 2 outputs or the INTPO
input is detected.

Figure 6-48. Example of Register Settings for Interlocking mode 2 (timer restart mode)

e Using CMP2 and INTPO as triggers

TXOCTL3 | 0 ‘ 0 ‘ 0 ‘ 0 ‘ 1 ‘ 0 ‘ 1 ‘ 0 |

Uses CMP?2 as trigger

Uses INTPO as trigger

Remark When interlocking the timers with either CMP2 or INTPO, set all bits of CMP2 or INTPO, whichever is
not used, to 0.

e Using CMPO and CMP1 as triggers

TXOCMP1RP TXOCMPORP

TXOCTL4 | 0 ‘ 0 ‘ 0/1 ‘ 1 ‘ 0 ‘ 0/1 ‘ 1 ‘ 0 |

Uses CMPO as trigger
TXOCMPORP = 0: Interlocks with TMXO0
TXOCMPORP = 1: Interlocks with TMX1

Uses CMP1 as trigger

TXOCMP1RP = 0: Interlocks with TMX0
TXOCMP1RP = 1: Interlocks with TMX1
Remark When interlocking the timers with either CMPO or CMP1, set all bits of CMP0O or CMP1, whichever is

not used, to 0.
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Figure 6-49. Timing of Interlocking mode 2 (timer restart mode)
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(3) Interlocking mode 3 (timer output reset mode)
This mode sets the output of the corresponding timer to the reset state from when the rising edge of the
comparators 0 to 2 outputs or the INTPO input is detected until the next interrupt is generated.
Caution Do not set to interlocking mode 3 when in TMX0 and TMX1 synchronous start/clear mode.

Figure 6-50. Example of Register Settings for Interlocking mode 3 (timer output reset mode)

e Using CMP2 and INTPO as triggers

mocs [ 0 | o | o | o [ 1 ] 1+ | 1 | 1]

Uses CMP2 as trigger

Uses INTPO as trigger

Remark When interlocking the timers with either CMP2 or INTPO, set all bits of CMP2 or INTPO, whichever is
not used, to 0.

e Using CMPO and CMP1 as triggers

TXOCMP1RP TXOCMPORP

TXOCTL4 | 0 ‘ 0 ‘ 0/1 ‘ 1 ‘ 1 ‘ 0/1 ‘ 1 ‘ 1 |

Uses CMPO as trigger
TXOCMPORP = 0: Interlocks with TMX0
TXOCMPORP = 1: Interlocks with TMX1

Uses CMP1 as trigger
TXOCMP1RP = 0: Interlocks with TMXO0
TXOCMP1RP = 1: Interlocks with TMX1

Remark When interlocking the timers with either CMPO or CMP1, set all bits of CMPO or CMP1, whichever is
not used, to 0.
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FFFFH
16-bit timer counter Xn
0000H

16-bit timer X0 compare
buffer register 0

16-bit timer X0 compare
buffer register 1

16-bit timer X0 compare
buffer register 2

16-bit timer X0 compare
buffer register 3

TOXnO pin output
(TXnTOLO = 0)

TOXn1 pin output
(TXnTOL1 = 0)

Comparator output or
INTPO input

Remark n=0, 1

Figure 6-51. Timing of Interlocking mode 3 (timer output reset mode)
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(4) Priority when multiple interlocking modes occur

If multiple interlocking modes have been specified for TMX0 or TMX1, the priority order is as follows:

Interlocking mode 1 > Interlocking mode 2 > Interlocking mode 3

(a) Priority of interlocking modes 1 and 2

If interlocking modes 1 and 2 occur at the same time, or if interlocking mode 2 occur while the timer is being

reset in interlocking mode 1, interlocking mode 1 has priority and interlocking mode 2 is invalid.

Figure 6-52. Priority When Interlocking Mode 1 Conflicts with Interlocking Mode 2
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TOXn1 pin output
(TXnTOL1 = 0)

INTTMXn signal

Comparator output or
INTPO input
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INTPO input
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Remark n=0, 1
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(b) Priority of interlocking modes 1 and 3

If interlocking modes 1 and 3 occur at the same time, or if interlocking mode 3 occur while the timer is being

reset in interlocking mode 1, interlocking mode 1 has priority and interlocking mode 3 is invalid.

Figure 6-53. Priority When Interlocking Mode 1 Conflicts with Interlocking Mode 3
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(c) Priority of interlocking modes 2 and 3

If interlocking modes 2 and 3 occur at the same time, interlocking mode 2 has priority and interlocking

mode 3 is invalid.

Figure 6-54. Priority When Interlocking Mode 2 Conflicts with Interlocking Mode 3
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If interlocking mode 2 is triggered by the detection of an edge while the timer
is being reset in interlocking mode 3, interlocking mode 2 is valid.

Remark n=0, 1
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6.7 High-Impedance Output Control Function
The high-impedance output control function changes the outputs of 16-bit timers X0 and X1 to a high-impedance state
at the generation of an external interrupt input (INTPO) or comparator output (INTCMPO to INTCMP2) and executes

functions such as the PWM output emergency stop function.

6.7.1 Configuration of High-Impedance Output Controller
The high-impedance output control circuit includes the following hardware.

Table 6-4. Configuration of High-Impedance Output Control Controller

Item Configuration

Control registers High-impedance output function enable register (HIZTREN)
High-impedance output mode select register (HIZTRS)
High-impedance output function control register 0 (HZAOCTLO)

Figure 6-55. Block Diagram of High-Impedance Output Controller
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Output latch
P !
O
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6.7.2 Registers Controlling High-Impedance Output Controller
Registers used to control the High-Impedance Output Controller are shown below.

» High-impedance output function enable register (HIZTREN)
¢ High-impedance output mode select register (HIZTRS)
¢ High-impedance output function control register 0 (HZAOCTLO)

(1) High-impedance output function enable register (HIZTREN)

HIZTREN is a register that enables/disables the input of the trigger signal used for controlling high-impedance output.

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

Figure 6-56. Format of High-impedance Output Function Enable Register (HIZTREN)

Address: FF6EH After reset: 00H R/W

Symbol <7> 6 5 4 3 2 1
HIZTREN HIZTRENO 0 0 0 0 0 0
HIZTRENO Input control of trigger signal used for high-impedance output control
0 Disables input
1 Enables input
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(2) High-impedance output mode select register (HIZTRS)
HIZTRS is a register that selects the signal to be used as the high-impedance control trigger and the pin to be set to
the high-impedance output state.
HIZTRS can be set by a 1-bit or 8-bit memory manipulation instruction.
Reset signal generation clears HIZTRS to 00H.

Figure 6-57. Format of High-impedance Output Mode Select Register (HIZTRS)

Address: FF6FH After reset: 00H R/W

Symbol <7> <6> 5 4 <3> <2> <1> <0>
HIZTRS HIZTRS1 HIZTRSO 0 0 HIZPTS3 HIZPTS2 HIZPTS1 HIZPTSO
HIZTRSA1 HIZTRSO Selection of signal to be used as trigger
0 0 INTPO
0 1 Comparator 0 output
1 0 Comparator 1 output
1 1 Comparator 2 output
HIZPTS3 P34/TOX11 pin control
0 Normal output
1 Can be used as high-impedance output
HIZPTS2 P33/TOX10 pin control
0 Normal output
1 Can be used as high-impedance output
HIZPTS1 P32/TOX01 pin control
0 Normal output
1 Can be used as high-impedance output
HIZPTSO0 P31/TOXO00 pin control
0 Normal output
1 Can be used as high-impedance output
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(3) High-impedance output function control register 0 (HZAOCTLO)
HZAOCTLO is a register that controls the high-impedance state of the output buffers.
HZAOCTLO can be set by a 1-bit or 8-bit memory manipulation instruction.
Reset signal generation clears HZAOCTLO to O0H.

Figure 6-58. Format of High-impedance Output Function Control Register 0 (HZAOCTLO) (1/2)

Address: FF78H

Symbol

Note1

After reset: 00H R/W

<7> <6> <5> <4> <3> <2> 1 <0>

HZAOCTLO

HZAODCEO | HZAODCMO | HZAODCNO | HZAODCPO | HZAODCTO | HZAODCCO 0 HZAODCFO

HZAODCEO High-impedance output control

0 Disables high-impedance output control operation. Output of target pin can be performed.

1 Enables high-impedance output control operation

HZAODCMO
Note2

Condition of releasing high-impedance state by HZAODCCO bit

0 HZAODCCO bit setting is valid regardless of signal to be used.

1 HZAODCCO bit setting is invalid while signal to be used holds abnormal detection level (active level).

HZAODCNO
Note2

HZAODCPO
Note2

Valid-edge specification during high-impedance controlN°*es % *

0

0

No valid edge (disables setting (1) HZAODCFO bit by INTPO or comparator output).

0

1

Enables rising edge of signal to be used (abnormal detection at rising edge).

1

0

Enables falling edge of signal to be used (abnormal detection at falling edge).

1

1

Setting prohibited

Notes 1.
2.
3.

Bit O is read only.
The HZAODCMO, HZAODCNO, and HZAODCPO bits should be rewritten when HZAODCEO = 0.

For the valid edge for INTPO, and INTCMPO to INTCMP2, see 18. 3 (5) External interrupt rising edge
enable registers 0, 1 (EGPCTLO, EGPCTL1), external interrupt falling edge enable registers 0, 1
(EGNCTLO, EGNCTLA1).

High-impedance output control will be performed if a valid edge is detected after the high-impedance output
control operation is enabled (HZAODCEO = 1). Consequently, if the trigger signal to be used is at the active

level when the operation is enabled, high-impedance output control will not be performed.
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Figure 6-58. Format of High-impedance Output Function Control Register 0 (HZAOCTLO) (2/2)

HZAODCTO
Notes1 to 4

High-impedance output trigger bit

Does not operate.

Sets target pin to high-impedance output state and sets (1) HZAODCFO bit.

HZAODCCO
Notes2 to 6

High-impedance output control clear bit

Does not operate.

Enables output of target pin and clears (0) HZAODCFO bit.

HZAODCFO

High-impedance output state flag

Output of target pin is enabled.
o Clears (0) when HZAODCEO = 0.
e Clears (0) when HZAODCCO = 1.

Target pin is in high-impedance output state.
e Sets (1) when HZAODCTO = 1.

e Sets (1) when edge indicating abnormality is detected from trigger signal (when valid edge set by
HZAODCNO and HZAODCPO bits is detected).

Notes 1.

Al

This is invalid even if the HZAODCTO bit is set (1), when an edge indicating an abnormality is detected from
the trigger signal to be used (when the valid edge set by the HZAODCNO and HZAODCPO bits is detected).
This is invalid even if the HZAODCTO and HZAODCCO bits are set (1) when HZAODCEO = 0.
0 is read from the HZAODCTO and HZAODCCO bits.

Do not simultaneously set the HZAODCTO0 and HZAODCCO bits to 1.

If the HZAODCCO bit is set (1) when HZAODCMO = 0, the high-impedance output state of the target pin will
be released regardless of the signal to be used as the trigger.
This is invalid even if the HZAODCCO bit is set (1), when an edge indicating an abnormality is detected from
the signal to be used as the trigger (when the valid edge set by the HZAODCNO and HZAODCPO bits is
detected) when HZAODCMO = 1.
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6.7.3 High-impedance output control circuit setting procedure

(1) Transitioning to the high-impedance output state by detecting the valid edge of the INTPO input or the output
of comparators 0 to 2

<1> Set the HIZTRS1, HSTRSO0, and HIZPTS3 to HIZPTSO bits (select the trigger source and the high-impedance
target pin).

<2> Set the HZAODCMO0, HZAODCNO, and HZAODCPO bits (select the high-impedance state release condition and
valid edge).

<3> Set (1) the HIZTRENO bit (enable the input of the trigger signal).

<4> Set (1) the HZAODCEDO bit (enable the high-impedance output control operation).

(2) Changing the settings after enabling the high-impedance output control operation

<1> Clear (0) the HZAODCEDO bit (disable the high-impedance output control operation).

<2> Clear (0) the HIZTRENO bit (disable the input of the trigger signal).

<3> Change the HIZTRS1, HSTRSO, and HIZPTS3 to HIZPTSO bits (change the trigger source and high-
impedance target pin).

<4> Set the HZAODCMO, HZAODCNO, and HZAODCPO bits (select the high-impedance state release condition and
valid edge).

<5> Set (1) the HIZTRENO bit (re-enable the input of the trigger signal).

<6> Set (1) the HZAODCEDQO bit (re-enable the high-impedance output control operation).

(3) Restarting output while a pin is in the high-impedance output state
The impedance output state can be released only when the valid edge of the trigger to be used is detected when
HZAODCMO = 1 and the HZAODCCO bit is set (1) after the trigger signal is set to the inactive level.
When HZAODCMO = 0, the impedance output state is released when the HZAODCCO bit is set (1), regardless of the
level of the trigger signal.

(a) HZAODCMO =1
<1> Set (1) the HZAODCCO bit (generate the instruction signal releasing the high-impedance state).
<2> Read the HZAODCFO bit and check the flag status.
<3> If HZAODCFO = 1, return to operation <1>. The level of the trigger signal must be checked.
If HZAODCFO = 0, pin output can be performed.

(b) HZAODCMO =0
* Set (1) the HZAODCCO bit (the instruction signal releasing the high-impedance state is generated -> pin output
can be performed).

Caution If the trigger signal is at the inactive level and the timing of setting (1) the HZAODCCO bit and the
timing at which the valid edge of the trigger signal is detected match, setting (1) the HZA0DCCO
bit may be given precedence.
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(4) Transitioning to the high-impedance output state by using the HZAODCTO bit
To set the pin to the high-impedance output state by using the HZAODCTO bit, the HZAODCTO bit must be set (1)
while the trigger signal is in the inactive-level state. When not using the trigger signal (HZAODCNO = HZAODCPO = 0),
however, the high-impedance output state can be entered by setting (1) the HZAODCTO bit.

(a) HZAODCNO = 0 and HZAODCPO = 1, or HZAODCNO = 1 and HZAODCPO =0
<1> Set (1) the HZAODCTO bit (generate the high-impedance output instruction signal).
<2> Read the HZAODCFO bit and check the flag status.
<3> |If HZAODCFO = 1, return to operation <1>. The level of the trigger signal must be checked.
If HZAODCFO = 0, the high-impedance output state is entered.

(b) HZAODCNO = HZAODCPO0 =0
e Set (1) the HZAODCTO bit (the high-impedance output instruction signal is generated -> the high-impedance
output state is entered).
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CHAPTER 7 16-BIT TIMER/EVENT COUNTER 00

7.1 Functions of 16-Bit Timer/Event Counter 00

16-bit timer/event counter 00 is mounted onto all 78K0/Ix2 microcontroller products.
16-bit timer/event counter 00 has the following functions.

(1) Interval timer
16-bit timer/event counter 00 generates an interrupt request at the preset time interval.

(2) Square-wave output™°'®

16-bit timer/event counter 00 can output a square wave with any selected frequency.

(3) External event counter
16-bit timer/event counter 00 can measure the number of pulses of an externally input signal.

(4) One-shot pulse output"°*

16-bit timer event counter 00 can output a one-shot pulse whose output pulse width can be set freely.

(5) PPG output™°'®
16-bit timer/event counter 00 can output a rectangular wave whose frequency and output pulse width can be set freely.

(6) Pulse width measurement
16-bit timer/event counter 00 can measure the pulse width of an externally input signal.

Note 78K0/IB2 (30 pins) only
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7.2 Configuration of 16-Bit Timer/Event Counter 00
16-bit timer/event counter 00 includes the following hardware.

Table 7-1. 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, TI010N*®

Timer output

TO00N*, output controller™®*

Control registers

16-bit timer mode control register 00 (TMCO00)

16-bit timer capture/compare control register 00 (CRCO00)
16-bit timer output control register 00 (TOC00)*'*®
Prescaler mode register 00 (PRMO00)

Port alternate switch control register (MUXSEL)

Port mode register 0 (PMO0)

Port register 0 (P0O)

Note 78KO0/IB2 (30 pins) only
Figure 7-1 shows the block diagram.

Figure 7-1. Block Diagram of 16-Bit Timer/Event Counter 00
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