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(@D 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
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Caution: This product uses SuperFlash® technology licensed from Silicon Storage Technology, Inc.

The information in this document is current as of December, 2006. The information is subject to
change without notice. For actual design-in, refer
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Readers

Purpose

Organization

How to Read This Manual

INTRODUCTION

This manual is intended for user engineers who wish to understand the functions of the
78K0/KC2 and design and develop application systems and programs for these devices.
The target products are as follows.

78K0/KC2: uPD78F0511, 78F0512, 78F0513, 78F0514, 78F0515, 78F0513D,
78F0515D, 78F0511(A), 78F0512(A), 78F0513(A), 78F0514(A),
78F0515(A), 78F0511(A2), 78F0512(A2), 78F0513(A2), 78F0514(A2),
78F0515(A2)

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

The 78K0/KC2 manual is separated into two parts: this manual and the instructions
edition (common to 78K0 microcontrollers).

78K0/KC2 78K/0 Series
User’s Manual User’s Manual
(This Manual) Instructions
¢ Pin functions ¢ CPU functions
¢ Internal block functions e Instruction set
o Interrupts o 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 When using this manual as the manual for (A) grade products and (A2) grade
products:

— Only the quality grade differs between standard products, (A) grade products, and
(A2) grade products. Read the part number as follows.

e uPD78F0511— ©PD78F0511(A), 78F0511(A2)

* uPD78F0512— 4PD78F0512(A), 78F0512(A2)

* uPD78F0513— 4PD78F0513(A), 78F0513(A2)

* uPD78F0514— ©PD78F0514(A), 78F0514(A2)

* uPD78F0515— 4PD78F0515(A), 78F0515(A2)
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 RA78KO0, and is defined as an sfr variable using the
#pragma sfr directive in the CC78KO0.

User's Manual U17336EJ5V0UD



<R>

Conventions

Related Documents

e To check the details of a register when you know the register name:
— See APPENDIX C REGISTER INDEX.
e To know details of the 78K0 microcontroller instructions:

— Refer to the separate document 78K/0 Series Instructions User’s Manual
(U12326E).

Data significance:

Active low representations:

Note:
Caution:
Remark:

Numerical representations:

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

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

Binary s XXXX OF XxxxB
Decimal “e XXXX
Hexadecimal ---xxxxH

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

However, preliminary versions are not marked as such.

Documents Related to Devices

Document Name Document No.
78K0/KC2 User's Manual This manual
78K/0 Series Instructions User's Manual U12326E
78K0/Kx2 Flash Memory Programming (Programmer) Application Note U17739E
78K0/Kx2 Flash Memory Self Programming User's Manual™*® U17516E
78K0/Kx2 EEPROM™ Emulation Application Note"™® U17517E

Note This document is under engineering management. For details, consult an NEC Electronics sales

representative.

Documents Related to Development Tools (Software) (User’s Manuals)

Document Name

Document No.

RA78KO0 Ver. 3.80 Assembler Package

Operation U17199E

Language U17198E

Structured Assembly Language | U17197E

CC78KO0 Ver. 3.70 C Compiler Operation U17201E
Language U17200E
SM+ System Simulator Operation U17246E
User Open Interface U17247E
ID78K0-QB Ver. 2.90 Integrated Debugger Operation U17437E
PM plus Ver. 5.20 U16934E

version of each document when designing.

Caution The related documents listed above are subject to change without notice. Be sure to use the latest
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Documents Related to Development Tools (Hardware) (User’s Manuals)

Document Name

Document No.

QB-78K0KX2 In-Circuit Emulator U17341E
QB-78KOMINI On-Chip Debug Emulator U17029E
QB-MINI2 On-Chip Debug Emulator with Programming Function U18371E

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

Document Name

Document No.

PG-FP4 Flash Memory Programmer

U15260E

PG-FPL3 Flash Memory Programmer

U17454E

Other Documents

Document Name

Document No.

SEMICONDUCTOR SELECTION GUIDE - Products and Packages — X13769X
Semiconductor Device 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 Device Mount Manual” website (http://www.necel.com/pkg/en/mount/index.html).

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

version of each document when designing.
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CHAPTER 1 OUTLINE

1.1 Features

O Minimum instruction execution time can be changed from high speed (0.1 us: @ 20 MHz operation with high-
speed system clock) to ultra low-speed (122 us: @ 32.768 kHz operation with subsystem clock)

O General-purpose register: 8 bits x 32 registers (8 bits x 8 registers x 4 banks)

O ROM, RAM capacities

ltem Program Memory Data Memory
Part Number (ROM) Internal High-Speed RAM"™™* | Internal Expansion RAM"®
4PD78F0511 Flash memory"™® | 16 KB 768 bytes -
uPD78F0512 24 KB 1 KB
#PD78F0513, 78F0513D 32 KB
uPD78F0514 48 KB 1 KB
uPD78F0515, 78F0515D 60 KB 2 KB

Note The internal flash memory, internal high-speed RAM capacities, and internal expansion RAM capacities
can be changed using the internal memory size switching register (IMS) and the internal expansion RAM
size switching register (IXS). For IMS and IXS, see 25.1 Memory Size Switching Register and 25.2
Internal Expansion RAM Size Switching Register.

O On-chip single-power-supply flash memory
O Self-programming (with boot swap function)
O On-chip debug function (#PD78F0513D and 78F0515D only)"**
O On-chip power-on-clear (POC) circuit and low-voltage detector (LVI)
O On-chip watchdog timer (operable with the on-chip internal low-speed oscillation clock)
O On-chip multiplier/divider (16 bits x 16 bits, 32 bits / 16 bits)
(«uPD78F0514, 78F0515, and 78F0515D only)
O On-chip key interrupt function
O On-chip clock output controller
O 1/O ports:
38-pin products: 31 (N-ch open drain: 4)
44-pin products: 37 (N-ch open drain: 4)
48-pin products: 41 (N-ch open drain: 4)

Note The xPD78F0513D and 78F0515D have on-chip debug functions. Do not use these products for mass
production because its reliability cannot be guaranteed after the on-chip debug function has been used, due
to issues with respect to the number of times the flash memory can be rewritten. NEC Electronics does not
accept complaints concerning these products.
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O Timer: 7 channels
¢ 16-bit timer/event counter: 1 channel
8-bit timer/event counter: 2 channels

e 8-bit timer: 2 channels
e Watch timer: 1 channel
e Watchdog timer: 1 channel

O Serial interface: 3 channels
e UART (LIN (Local Interconnect Network)-bus supported: 1 channel
e CSI/UART"™": 1 channel
e I’C: 1 channel
O 10-bit resolution A/D converter (AVrer = 2.3 to 5.5 V): 8 channels (38-pin products: 6 channels)
O Power supply voltage
e Standard products, (A) grade products: Voo =1.8t0 5.5V
¢ (A2) grade products: Vop=2.7t05.5V
O Operating ambient temperature
e Standard products, (A) grade products: Ta =—40 to +85°C
¢ (A2) grade products: Ta=-4010 +110°C, Ta =-40to +125°C

Note Select either of the functions of these alternate-function pins.

1.2 Applications
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CHAPTER 1 OUTLINE

1.3 Ordering Information

¢ Flash memory version

Part Number

Package

Quality Grade

1PD78F0511GA-8EU-A
4PD78F0511GB-UES-A
L4PD78F0511MC-GAA-AX"""
4PD78F0512GA-8EU-A
4PD78F0512GB-UES-A
LUPD78F0512MC-GAA-AX"""
4PD78F0513GA-8EU-A
4PD78F0513GB-UES-A
LPD78F0513MC-GAA-AX"""
uPD78F0514GA-8EU-A
1PD78F0515GA-8EU-A
(PD78F0513DGB-UES-A""*

,UPD78F051 SDMC-GAA_AXNOIes 1,2

(PD78F0515DGA-8EU-AY"?
uPD78F0511GA(A)-GAM-AX
4PD78F0511GB(A)-GAF-AX
4PD78F0512GA(A)-GAM-AX
uPD78F0512GB(A)-GAF-AX
4PD78F0513GA(A)-GAM-AX
PD78F0513GB(A)-GAF-AX
UPD78F0514GA(A)-GAM-AX
4PD78F0515GA(A)-GAM-AX
uPD78F0511GA(A2)-GAM-AX
uPD78F0511GB(A2)-GAF-AX
1PD78F0512GA(A2)-GAM-AX
uPD78F0512GB(A2)-GAF-AX
4PD78F0513GA(A2)-GAM-AX
(PD78F0513GB(A2)-GAF-AX
UPD78F0514GA(A2)-GAM-AX
UPD78F0515GA(A2)-GAM-AX

Notes 1. Under development
2. The 4PD78F0513D and 78F0515D have on-chip debug functions. Do not use these products for mass
production because its reliability cannot be guaranteed after the on-chip debug function has been used,
due to issues with respect to the number of times the flash memory can be rewritten. NEC Electronics

48-pin plastic LQFP (fine pitch) (7 x 7)
44-pin plastic LQFP (10 x 10)

38-pin plastic SSOP (7.62 mm (300))
48-pin plastic LQFP (fine pitch) (7 x 7)
44-pin plastic LQFP (10 x 10)

38-pin plastic SSOP (7.62 mm (300))
48-pin plastic LQFP (fine pitch) (7 x 7)
44-pin plastic LQFP (10 x 10)

38-pin plastic SSOP (7.62 mm (300))
48-pin plastic LQFP (fine pitch) (7 x 7)
48-pin plastic LQFP (fine pitch) (7 x 7)
44-pin plastic LQFP (10 x 10)

38-pin plastic SSOP (7.62 mm (300))
48-pin plastic LQFP (fine pitch) (7 x 7)
48-pin plastic LQFP (fine pitch) (7 x 7)
44-pin plastic LQFP (10 x 10)

48-pin plastic LQFP (fine pitch) (7 x 7)
44-pin plastic LQFP (10 x 10)

48-pin plastic LQFP (fine pitch) (7 x 7)
44-pin plastic LQFP (10 x 10)

48-pin plastic LQFP (fine pitch) (7 x 7)
48-pin plastic LQFP (fine pitch) (7 x 7)
48-pin plastic LQFP (fine pitch) (7 x 7)
44-pin plastic LQFP (10 x 10)

48-pin plastic LQFP (fine pitch) (7 x 7)
44-pin plastic LQFP (10 x 10)

48-pin plastic LQFP (fine pitch) (7 x 7)
44-pin plastic LQFP (10 x 10)

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

does not accept complaints concerning these products.

Standard
Standard
Standard
Standard
Standard
Standard
Standard
Standard
Standard
Standard
Standard
Standard
Standard
Standard
Special
Special
Special
Special
Special
Special
Special
Special
Special
Special
Special
Special
Special
Special
Special
Special

Remark Products with -A and -AX at the end of the part number are lead-free products.

Please refer to "Quality Grades on NEC Semiconductor Devices"
NEC Electronics Corporation to know the specification of the quality grade on the device and i
recommended applications.
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CHAPTER 1 OUTLINE

1.4 Pin Configuration (Top View)

<R> e 38-pin plastic SSOP (7.62 mm (300))

ANI1/P21 Oe——f

ANIO/P20 O=——
P01/TI010/TO00 O=———
PO0/TI000 O=——=
P120/INTPO/EXLVI O=——
RESET O——~
P124/XT2/EXCLKS O=—*
P123/XT1 O=~—+

FLMDO O———
P122/X2/EXCLK/OCDOBNet® Oe—n
P121/X1/OCDOANete Oe—
REGC O———

Vss O———

Voo O——

P60/SCLO O=+—

P61/SDAQ O—"{
P62/EXSCLO O+—

P63 O=—"
P33/TI51/TO51/INTP4 O~—""

0 N O 0o b~ ODN =
O

- a4 a4 4 a4 a4 a4 ©
© 0O N oo o~ N =+ O

38
37
36
35
34
33
32
31
30
29
28
27
26
25
24
23
22
21
20

O ANI2/P22

O ANI3/P23
~——O ANI4/P24

[~—0O ANI5/P25
—O AVss

—O AVrer

[~—O P10/SCK10/TxD0
[~—O P11/SI10/RxD0
[~—O P12/S0O10
[~——O P13/TxD6
[~—0O P14/RxD6
~—0O P15/TOHO
~—=0O P16/TOH1/INTP5
~—0O P17/TI50/TO50
~—0O P30/INTP1
=~—0O P31/INTP2/OCD1AN°te
«——=( P32/INTP3/0CD1BNt
~—0O P70/KRO
~—0O P71/KR1

Note 4PD78F0513D (product with on-chip debug function) only

Cautions 1. Make AVss the same potential as Vss.

2. Connect the REGC pin to Vss via a capacitor (0.47 to 1 uF: recommended).
3. ANIO/P20 to ANI5/P25 are set in the analog input mode after release of reset.
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CHAPTER 1 OUTLINE

Pin Identification

ANIO to ANI5:
AVREF:

AVss:
EXCLK:

EXCLKS:

EXLVI:

EXSCLO:
FLMDoO:
INTPO to INTP5:

KRO, KR1:

OCDOA™", OCDOB" ™,
OCD1A™, OCD1B"™":
P00, PO1:

P10 to P17:

P20 to P25:

P30 to P33:

P60 to P63:

Analog input

Analog reference voltage
Analog ground

External clock input
(main system clock)
External clock input
(subsystem clock)
External potential input
for low-voltage detector
External serial clock input
Flash programming mode
External interrupt input

Key return

On-chip debug input/output
Port 0
Port 1
Port 2
Port 3
Port 6

P70, P71:

P120 to P124:

REGC:
RESET:
RxDO0, RxD6:

SCK10, SCLO:

SDAO:

SI10:

SO10:
TI0O0O, TIO10,
TI50, TI51:
TOO00,

TO50, TO51,
TOHO, TOH1:
TxDO, TxD6:

Vob:
Vss:
X1, X2:

XT1, XT2:

Note 4PD78F0513D (product with on-chip debug function) only

User's Manual U17336EJ5V0UD

Port 7

Port 12

Regulator capacitance
Reset

Receive data

Serial clock input/output
Serial data input/output
Serial data input

Serial data output

Timer input

Timer output
Transmit data

Power supply
Ground

Crystal oscillator (main system

clock)

Crystal oscillator (subsystem clock)
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22

e 44-pin plastic LQFP (10 x 10)

R
NS
S =
o O
ESgaIJTIILLR
= = - o oo oo Qo
S55s 3883 ssec
a8 ozzzz=z=zz=z=
pda<c<c < <<<<C<
44 43 42 41 40 39 38 37 36 35 34
P41 O-~——1 O 33— AVss
P40 O=—— 2 32 ——O AVrer
RESET O———{ 3 31 f«—O P10/SCK10/TxDO0
P124/XT2/[EXCLKS O=—={ 4 30 f«—O P11/SI10/RxD0O
P123/XT1 O=—» 5 29 f«—0O P12/S010
FLMDO O—— 6 28 |«—O P13/TxD6
P122/X2/EXCLK/OCDOBNOte O=—-{ 7 27 f«——0O P14/RxD6
P121/X1/OCDOANete O=—=1 8 26 f«——O P15/TOHO
REGC O——— 9 25 f«—=O P16/TOH1/INTP5
Vss O——— 10 24 J+——O P17/TI50/TO50
Voo O 11 23 [«———=0O P30/INTP1
12 13 14 15 16 17 18 19 20 21 22
S298I8YERL s
O Q000 EYYY¥YXanx
2% Z2 8 4906 5 5
= o o
Sgu ZSEEREESO
o adQ 8 Q Q
[{e] = ™ N
o = o o
= E E
D z z
E S =
o g8
o

Note 4PD78F0513D (product with on-chip debug function) only

Cautions 1. Make AVss the same potential as Vss.

2. Connect the REGC pin to Vss via a capacitor (0.47 to 1 uF: recommended).
3. ANIO/P20 to ANI7/P27 are set in the analog input mode after release of reset.
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CHAPTER 1 OUTLINE

Pin Identification

ANIO to ANI7:
AVREF:

AVss:
EXCLK:

EXCLKS:

EXLVI:

EXSCLO:
FLMDoO:
INTPO to INTP5:

KRO to KR3:
OCDOA™", OCDOB" ™,
OCD1A™, OCD1B"™":
P00, PO1:

P10 to P17:

P20 to P27:

P30 to P33:

P40, P41:
P60 to P63:

Analog input

Analog reference voltage
Analog ground

External clock input
(main system clock)
External clock input
(subsystem clock)
External potential input
for low-voltage detector
External serial clock input
Flash programming mode
External interrupt input

Key return

On-chip debug input/output
Port 0
Port 1
Port 2

Port 3
Port 4
Port 6

P70 to P73:

P120 to P124:

REGC:
RESET:
RxDO0, RxD6:

SCK10, SCLO:

SDAO:

SI10:

SO10:
TI0O0O, TIO10,
TI50, TI51:
TOO00,

TO50, TO51,
TOHO, TOH1:
TxDO, TxD6:
Vob:

Vss:

X1, X2:

XT1, XT2:

Note 4PD78F0513D (product with on-chip debug function) only

User's Manual U17336EJ5V0UD

Port 7

Port 12

Regulator capacitance
Reset

Receive data

Serial clock input/output
Serial data input/output
Serial data input

Serial data output

Timer input

Timer output
Transmit data

Power supply
Ground

Crystal oscillator (main system clock)

Crystal oscillator (subsystem clock)
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24

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

ta ¢ s
<3 X d
o O O x
Qg X y
o % w S
0o ~& o
=5 _EE g
oX Iz x o =
h o0 ua=RJdNo-&
8 W~ NNT - —|WUF <~
S>S>OCoaoolboaoddo oo
4847 46 4544 4342 414039 38 37
P60/SCLO O~—{ 1 36 [=—=0O P140/PCL/INTP6
P61/SDA0 O~—+ 2 35— P00/TI000
P62/EXSCLO O=—~ 3 34— PO01/TI010/TO00
P63 O~—— 4 33——()P130
P33/TI51/TO51/INTP4 O=—+ 5 32l+—=( P20/ANIO
P75 O~—{ 6 31— ANI1/P21
P74 O=~—+ 7 30 f«——=O ANI2/P22
P73/KR3 O 8 29|=——=( ANI3/P23
P72/KR2 O~— 9 28— ANI4/P24
P71/KR1 O=——>10 27 ~—=0 ANI5/P25
P70/KRO O=—+{11 26 f~———= ANI6/P26
P32/INTP3/0CD1BNete O—]12 25f+—0O
1314151617181920212223 24 ANI7/P27
g ~ O MmO OwOwoOoOo h %
SESESR2528:2
czbzpoEbtaokExS
0a3=wvIPaS2
SEEoibiagg
o N~ t -
= - - =
z of a2
= o o
(22
o

Note 4«PD78F0515D (product with on-chip debug function) only

Cautions 1. Make AVss the same potential as Vss.

2. Connect the REGC pin to Vss via a capacitor (0.47 to 1 uF: recommended).
3. ANIO/P20 to ANI7/P27 are set in the analog input mode after release of reset.
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CHAPTER 1 OUTLINE

Pin Identification

ANIO to ANI7:
AVREF:

AVss:
EXCLK:

EXCLKS:

EXLVI:

EXSCLO:
FLMDoO:

INTPO to INTP®:

KRO to KRS3:
OCDOA™®,
OCDOB™™,
OCD1A™®,
OCD1B"™":
P00, PO1:
P10 to P17:
P20 to P27:
P30 to P33:
P40, P41:
P60 to P63:

Analog input

Analog reference voltage
Analog ground

External clock input
(main system clock)
External clock input
(subsystem clock)
External potential input
for low-voltage detector
External serial clock input
Flash programming mode
External interrupt input
Key return

On-chip debug input/output
Port 0
Port 1
Port 2
Port 3
Port 4
Port 6

P70 to P75:
P120 to P124:
P130:

P140:

PCL:

REGC:
RESET:
RxDO0, RxD6:
SCK10, SCLO:
SDAO:

SH0:

SO10:

TI000, TI010,
TI50, TI51:
TOO00,

TO50, TO51,
TOHO, TOH1:
TxDO, TxD6:
Vpb:

Vss:

X1, X2:

XT1, XT2:

Note 4«PD78F0515D (product with on-chip debug function) only

User's Manual U17336EJ5V0UD

Port 7

Port 12

Port 13

Port 14

Programmable clock output
Regulator capacitance
Reset

Receive data

Serial clock input/output
Serial data input/output
Serial data input

Serial data output

Timer input

Timer output
Transmit data
Power supply
Ground

Crystal oscillator (main system clock)
Crystal oscillator (subsystem clock)
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CHAPTER 1 OUTLINE

1.5 78K0/Kx2 Microcontroller Lineup

ROM | RAM 78K0/KB2 78K0/KC2 78K0/KD2 78KO0/KE2 78KO0/KF2
30/36 Pins 38/44 Pins 48 Pins 52 Pins 64 Pins 80 Pins
128 KB| 7 KB - - - 4PD78F0527D"" | uPD78F0537D"" | PD78F0547D""
uPD78F0527 uPD78F0537 uPD78F0547
96 KB| 5 KB - - - uPD78F0526 uPD78F0536 uPD78F0546
60 KB | 3KB - - 4PD78F0515D"" | 1PD78F0525 1PD78F0535 1PD78F0545
uPD78F0515
48 KB | 2 KB - - uPD78F0514 1PD78F0524 uPD78F0534 #PD78F0544
32KB| 1 KB | uPD78F0503D"" | xPD78F0513D"" | uPD78F0513 uPD78F0523 uPD78F0533 -
uPD78F0503 4PD78F0513

24KB| 1 KB uPD78F0502 uPD78F0512 uPD78F0522 uPD78F0532 -

16 KB|768B| wuPD78F0501 uPD78F0511 uPD78F0521 uPD78F0531 -

8KB [512B| xPD78F0500 - - -

Note Product with on-chip debug function

26
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CHAPTER 1 OUTLINE

The list of functions of the 78K0/Kx2 microcontrollers is shown below.

(1/2)
Part Number 78K0/KB2 78K0/KC2
Item 30/36 Pins 38/44 Pins 48 Pins
Flash memory (KB) 8 16 24 32 16 24 32 16 24 32 48 60
RAM (KB) 0.5 0.75 1 1 0.75 1 1 0.75 1 1 2 3
Bank (flash memory) -
Power supply voltage o Standard products, (A) grade products: Voo = 1.8t0 5.5V
® (A2) grade products: Voo =2.7t0 5.5V
Regulator Provided
Minimum instruction 0.1 us (20 MHz: Voo = 4.0 to 5.5 V)/0.2 us (10 MHz: Voo = 2.7 to 5.5 V)/
execution time 0.4 us (5 MHz: Voo = 1.8 to 5.5 V)
c High-speed system 20 MHz: Voo = 4.0 to 5.5 V/10 MHz: Voo = 2.7 t0 5.5 V/5 MHz: Voo = 1.8t0 5.5V
g Internal high-speed 8 MHz (TYP.): Voo =1.8t0 5.5V
§ oscillation
O | Subsystem - 32.768 kHz (TYP.): Voo =1.8t0 5.5V
Internal low-speed 240 kHz (TYP.): Voo = 1.8 10 5.5 V
oscillation
Total 23 31 (38 Pins)/ 41
g 37 (44 Pins)
& |N-chO.D. (6V 2 4 4
tolerance)
16 bits (TMO) 1ch
_ | 8 bits (TM5) 2ch
_é 8 bits (TMH) 2ch
. Watch - 1ch
WDT 1ch
3-wire CSI -
@ | Automatic transmit/ -
g receive 3-wire CSI
E | UART/3-wire CSI™* 1ch
% UART supporting LIN- 1ch
@ | bus
I’C bus 1ch
10-bit A/D 4 ch 6 ch (38 Pins)/ 8ch
8 ch (44 Pins)
% External 7 8
& | Internal 14 16
£
Key interrupt - 2 ch (38 Pins)/ 4 ch
4 ch (44 Pins)
RESET pin Provided
@ | POC 1.59 V +0.15 V (rise time to 1.8 V: 3.6 ms (MAX.))
E LVI The detection level of the supply voltage is selectable in 16 steps.
WDT Provided
Clock output/buzzer output - | Clock output only
Multiplier/divider - Provided
On-chip debug function uPD78F0503D only | #PD78F0513D only | #PD78F0515D only
Operating ambient e Standard products, (A) grade products: Ta = —40 to +85°C
temperature ® (A2) grade products: Ta =—40 to +110°C, Ta = —40 to +125°C
Note Select either of the functions of these alternate-function pins.
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(2/2)
Part Number 78K0/KD2 78KO0/KE2 78KO0/KF2
Item 52 Pins 64 Pins 80 Pins
Flash memory (KB) 16 | 24 | 32 | 48 | 60 | 96 |128| 16 | 24 | 32 | 48 | 60 | 96 [ 128 | 48 | 60 | 96 | 128
RAM (KB) 0.75| 1 1 2 3|5 7 10.75| 1 1 2 3|5 7 2 3|5 7
Bank (flash memory) - 4 6 - 4 6 - 4 6

Power supply voltage

e Standard products, (A) grade products: Voo = 1.8t0 5.5 V
® (A2) grade products: Voo =2.7t0 5.5V

Regulator

Provided

Minimum instruction
execution time

0.1 s (20 MHz: Voo = 4.0 t0 5.5 V)/0.2 us (10 MHz: Voo = 2.7 t0 5.5 V)/
0.4 s (5 MHz: Voo = 1.8 10 5.5 V)

c High-speed system 20 MHz: Voo = 4.0 to 5.5 V/10 MHz: Vop = 2.7 t0 5.5 V/5 MHz: Voo = 1.8t0 5.5 V
g Internal high-speed 8 MHz (TYP.): Voo =1.8t0 5.5V
%‘5 oscillation
O | Subsystem 32.768 kHz (TYP.): Voo = 1.8t0 5.5 V
Internal low-speed 240 kHz (TYP.): Voo =1.8t0 5.5V
oscillation
Total 45 55 71
E N-ch O.D. (6 V 4 4 4
tolerance)
16 bits (TMO) 1ch 2ch
_ | 8 bits (TM5) 2ch
é) 8 bits (TMH) 2ch
Watch 1ch
WDT 1ch
3-wire CSI - 1ch
& | Automatic transmit/ - 1ch
£ | receive 3-wire CSI
% UART/3-wire CSI™* 1ch
£ | UART supporting LIN- 1ch
@ | bus
I’C bus 1ch
10-bit A/D 8ch
‘% External 8 9
g Internal 16 19 20
Key interrupt 8ch
RESET pin Provided
§ POC 1.59 V £0.15 V (rise time to 1.8 V: 3.6 ms (MAX.))
< LVI The detection level of the supply voltage is selectable in 16 steps.
WDT Provided
Clock output/buzzer output Clock output only Provided
Multiplier/divider - Provided - Provided

On-chip debug function

4PD78F0527D only 4PD78F0537D only 4PD78F0547D only

Operating ambient
temperature

o Standard products, (A) grade products: Ta = —40 to +85°C
® (A2) grade products: Ta =—40 to +110°C, Ta = —40 to +125°C

Note Select either of the functions of these alternate-function pins.
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CHAPTER 1 OUTLINE

1.6 Block Diagram

TOO00/TI010/PO1 =—»
TI000/P0O0

16-bit timer/
event counter 00

RxD6/P14 (LINSEL)

TOHO/P15 ~—

8-bit timer HO

§;

TOH1/P16 ——

8-bit timer H1

i

L
Internal
low-speed
oscillator

1

Watchdog timer

TI50/TO50/P17 =—

8-bit timer/
event counter 50

TI51/TO51/P33 ~—~

8-bit timer/
event counter 51

Watch timer

RxDO/P11 ——»
TxDO/P10 ~—|

Serial
interface UARTO

RxD6/P14 ——
TxD6/P13 ~—f

Serial
interface UART6

LINSEL

SHO/P11 ——
SO10/P12 —|
SCK10/P10 ~—=

Serial
interface CSI10

EXSCLO/P62 ——
SDAO0/P61
SCL0/P60

-—

-—

Serial interface 11CO

ANIO/P20 to ANI5/P25,
ANI6/P26Nete 1 ANI7/P27Nete !

AVrer

AVss

A/D converter

R R VR VR VR

RxD6/P14 (LINSEL)
INTPO/P120

INTP1/P30 to
INTP4/P33

INTP5/P16 ——
INTP6/P140M2

.

Interrupt control

i

<R> Notes 1.

4.

78K/0
CPU
core

oo U
SN

Flash
memory

Internal Internal
high-speed expansion|
RAM RAMNote 3

Voo Vss FLMDO

Available only in the 44-pin and 48-pin products.
Available only in the 48-pin products.

Available only in the xPD78F0514, 78F0515, and 78F0515D.
Available only in the 4PD78F0513D and 78F0515D.

Port0 K 2" >P0o, Pot
Port 1 K8 >P10to P17
Port 2 K8~ >P20 to P25, P2ghete?, p27hete!
Port 3 K4 >P30to P33
Port 4 K2~ >paghote1, paqnote
Port 6 K4 >P60 to P63
Port 7 ,E;gh.ilj ’PI;Z‘%::: ’P75Note 2
Port 12 K5~ >P120 to P124
Port 13Nete2 | ——— pgQNetez
Port 14%etez |« pi4gnotez
g;‘;frkol‘,’ﬁffz”t PCL/P14QNete?
P‘?ﬁfﬁi‘iﬂlﬁé?" oot EXLVIP120
indicator
Key retur KRO/P70, KR1/P71,

KR2/P72Vete1, KR3/P73Nete !

Reset control

Multiplier &
dividerNete3

SOOI VI G I I U A S VR VN A A

On-chip debug™°te4

[+——— OCDOAN°t4/X1, OCD1ANete 4/P31
[———OCDOB"e* 4/X2, OCD1BNete 4/P32

System control

Internal
high-speed
oscillator

RESET

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

User's Manual U17336EJ5V0UD

Voltage regulator

REGC
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1.7 Outline of Functions
(1/2)
ltem 4PD78F0511 | 4PD78F0512 | uPD78F0513 | uPD78F0513D | 1PD78F0514 | uPD78F0515 ‘yPD78F0515D

Internal | Flash memory 16 K 24 K 32K 48 K 60 K
memory | (self-programming
(bytes) | supported)"*

High-speed RAM™™ | 768 1K
Expansion RAM"* - 1K 2K
Memory space 64 KB
Main High-speed X1 (crystal/ceramic) oscillation, external main system clock input (EXCLK)
zﬁiim z?:;im Standard | 1 to 20 MHz: Voo = 4.0t0 5.5 V, 1 to 10 MHz: Vop = 2.7 t0 5.5 V,
(osciliation '(D/;‘)’d‘;‘j;e 1105 MHz: Voo = 1.810 5.5 V
frequency) products
(A2) 1t020 MHz: Voo =4.0t0 5.5V, 1t0 10 MHz: Voo =2.7t0 5.5V
grade
products
Internal high- Internal oscillation

speed oscillation
clock | standard | 8 MHz (TYP.): Voo = 1.8 t0 5.5 V
products,
(A) grade
products
(A2) 8 MHz (TYP.): Voo =2.7t0 5.5V
grade

products

Subsystem clock XT1 (crystal) oscillation, external subsystem clock input (EXCLKS)
(oscillation Standard | 32.768 kHz (TYP.): Voo =1.8t0 5.5V

frequency) products,
(A) grade
products
(A2) 32.768 kHz (TYP.): Voo =2.7t0 5.5 V
grade
products

Internal low-speed Internal oscillation

oscillation clock Standard | 240 kHz (TYP.): Voo = 1.8 t0 5.5 V
(for TMH1, WDT) | products,
(A) grade
products
(A2) 240 kHz (TYP.): Voo =2.7t0 5.5V
grade

products

General-purpose registers 8 bits x 32 registers (8 bits x 8 registers x 4 banks)

Minimum instruction execution | 0.1 us (high-speed system clock: @ fx1 = 20 MHz operation)
time

0.25 us (internal high-speed oscillation clock: @ fr+ = 8 MHz (TYP.) operation)

122 us (subsystem clock: @ fsus = 32.768 kHz operation)

Note The internal flash memory capacity, internal high-speed RAM capacity, and internal expansion RAM capacity
can be changed using the internal memory size switching register (IMS) and the internal expansion RAM size
switching register (IXS).
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@/2)

Iltem

4PD78F0511 | 4PD78F0512 | xPD78F0513 | uPD78F0513D | xPD78F0514 | 4PD78F0515 ‘,uPD78F0515D

Instruction set

¢ 8-/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.

1/0 ports Total: 31 (38-pin products) 37 (44-pin products) 41 (48-pin products)
CMOS 1/0: 27 33 36
CMOS output: 0 0 1
N-ch open-drain 1/0
(6 V tolerance): 4 4 4
Timers ¢ 16-bit timer/event counter: 1 channel

¢ 8-bit timer/event counter: 2 channels

e 8-bit timer: 2 channels
¢ Watch timer: 1 channel
* Watchdog timer: 1 channel

Timer outputs

5 (PWM output: 4, PPG output: 1)

Clock output

(48-pin products only)

* 156.25 kHz, 312.5 kHz, 625 kHz, 1.25 MHz, 2.5 MHz, 5 MHz, 10 MHz
(peripheral hardware clock: @ fers = 20 MHz operation)
e 32.768 kHz (subsystem clock: @ fsus = 32.768 kHz operation)

A/D converter

* 38-pin products: 10-bit resolution x 6 channels (AVrer = 2.3 t0 5.5 V)
* 44-pin, 48-pin products: 10-bit resolution x 8 channels (AVrer = 2.3 t0 5.5 V)

Serial interface

* UART mode supporting LIN-bus: 1 channel
* 3-wire serial /0 mode/UART mode™*: 1 channel
* I°C bus mode: 1 channel

Multiplier/divider

- ¢ 16 bits x 16 bits = 32 bits
(multiplication)

¢ 32 bits + 16 bits = 32 bits
remainder of 16 bits (division)

Vectored

Internal

16

interrupt sources

External

7 (38-pin, 44-pin products), 8 (48-pin products)

Key interrupt

Key interrupt (INTKR) occurs by detecting falling edge of key input pins (KRO and KR1 (38-pin
products), KRO to KR3 (44-pin, 48-pin products)).

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 - Provided

Power supply voltage

Standard products, (A) grade products: Voo = 1.810 5.5V
(A2) grade products: Voo =2.7t0 5.5V

Operating ambient
temperature

Standard products, (A) grade products: Ta = —40 to +85°C
(A2) grade products: Ta =—40 to +110°C, Ta = —-40 to +125°C

Package

38-pin plastic SSOP (7.62 mm (300))
44-pin plastic LQFP (10 x 10)
48-pin plastic LQFP (fine pitch) (7 x 7)

Note Select either of the functions of these alternate-function pins.
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An outline of the timer is shown below.

16-bit Timer/ 8-bit Timer/ 8-bit Timers HO and H1 Watch Watchdog
Event Counter Event Counters Timer Timer
00 50 and 51
TMOO TM50 TM51 TMHO TMHA1
Function | Interval timer 1 channel 1 channel | 1 channel | 1 channel | 1 channel |1 channel™’ -
External event 1 channel 1 channel | 1 channel - - - -
counter
PPG output 1 output - - - - - -
PWM output - 1 output 1 output 1 output 1 output - -
Pulse width 2 inputs - - - - - -
measurement
Square-wave 1 output 1 output 1 output 1 output 1 output - -
output
Carrier generator - - - - 1 output"**? - -
Watch timer - - - - - 1 channel™*" -
Watchdog timer - - - - - - 1 channel
Interrupt source 2 1 1 1 1 1 -

Notes 1.

In the watch timer, the watch timer function and interval timer function can be used simultaneously.

2. TM51 and TMH1 can be used in combination as a carrier generator mode.
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2.1 Pin Function List

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 I/O Buffer Power Supplies

Power Supply Corresponding Pins
AVRer P20 to P27
Voo Pins other than P20 to P27
(1) Port functions (1/2)
Function Name I/0 Function After Reset | Alternate Function
P00 110 Port 0. Input port TI000
PO1 2-bit 1/O port. TI010/TO00
Input/output can be specified in 1-bit units.
Use of an on-chip pull-up resistor can be specified by a software
setting.
P10 110 Port 1. Input port SCK10/TxD0
P11 8-bit 1/0 port. SI110/RxDO0
P12 Input/output can be specified in 1-bit units. 5010
Use of an on-chip pull-up resistor can be specified by a software
P13 setting. TxD6
P14 RxD6
P15 TOHO
P16 TOH1/INTP5
P17 TI50/TO50
P20 to P25 110 Port 2. Analog input | ANIO to ANI7
pogtte! poptee! 8-bit 110 port. ANIE™®" AN|7™"
Input/output can be specified in 1-bit units.
P30 1/0 Port 3. Input port INTP1
P31 4-bit 1/0 port. o o INTP2/OCD1AM"?
Input/output can be specified in 1-bit units. —
p32 Use of an on-chip pull-up resistor can be specified by a software INTP3/OCD1B
P33 setting. TI51/TO51/INTP4
<R> Notes 1. 44-pin and 48-pin products only

For the 38-pin products, be sure to set bits 6 and 7 of PM2 to “1”, and bits 6 and 7 of P2 to “0”.
2. yPD78F0513D and 78F0515D only
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(1) Port functions (2/2)

Function Name I/0 Function After Reset | Alternate Function
P40™*" and 1/10 Port 4. Input port -
P41t 2-bit I/0 port.

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

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

software setting.
P60 1/0 Port 6. Input port SCLO
P61 4-bit I/O port. SDAO

Output of P60 to P63 is N-ch open-drain output (6 V tolerance).
P62 e I EXSCLO

Input/output can be specified in 1-bit units.
P63 -
P70, P71 110 Port 7. Input port KRO, KR1
P72%*" and 6-bit 1/O port. KR2"*" and
p73het Input/output can be specified in 1-bit units. KR3"""

Use of an on-chip pull-up resistor can be specified by a
P74"*°* and i ppul-dp P y -
- software setting.
P120 110 Port 12. Input port INTPO/EXLVI
P121 5-bit I/0 pOf‘t. X1/OCDOANete3
b Input/output can be specified in 1-bit units. XO/EXCLKIOCDOR™™

122 Only for P120, use of an on-chip pull-up resistor can be 0
P123 specified by a software setting. XT1
P124 XT2/EXCLKS
P130""* Output | Port 13. Output port -

1-bit output-only port.
P140""*? 1/10 Port 14. Input port | PCL/INTP6""*
1-bit I/O port.
Input/output can be specified in 1-bit units.
Use of an on-chip pull-up resistor can be specified by a
software setting.

<R> Notes 1.

44-pin and 48-pin products only

For the 38-pin products, be sure to set bits 0 and 1 of PM4, bits 2 and 3 of PM7, bits 0 and 1 of P4, and bits
2 and 3 of P7 to “0”".

2. 48-pin products only

3. uPD78F0513D and 78F0515D only
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(2) Non-port functions (1/2)

Function Name 110 Function After Reset | Alternate Function
ANIO to ANI5 Input A/D converter analog input Analog input | P20 to P25
ANIGNOIEI’ ANI7NoleI P26Ncle|’ P27Nole1
EXLVI Input Potential input for external low-voltage detection Input port P120/INTPO
EXSCLO Input External clock input for serial interface. Input port P62

To input an external clock, input a clock of 6.4 MHz.
FLMDO - Flash memory programming mode setting - -
INTPO Input External interrupt request input for which the valid edge (rising | Input port P120/EXLVI
INTP1 edge, falling edge, or both rising and falling edges) can be P30
specified N
INTP2 P31/OCD1A""?
INTP3 P32/0CD1B""*
INTP4 P33/TI151/TO51
INTP5 P16/TOH1
INTPg""* P140/PCL""®
KRO, KR1 Input Key interrupt input Input port P70, P71
KR2"*" and P72"*" and
KRBNole 1 P73Nule 1
pPCL"*® Output | Clock output (for trimming of high-speed system clock, Input port P140/INTP6""?
subsystem clock)
REGC - Connecting regulator output (2.5 V) stabilization capacitance - -
for internal operation.
Connect to Vss via a capacitor (0.47 to 1 uF: recommended).
RESET Input System reset input - -
RxDO Input Serial data input to asynchronous serial interface Input port P11/S110
RxD6 P14
SCK10 1/0 Clock input/output for serial interface Input port P10/TxDO
SCLO P60
SDAO 1/0 Serial data 1/O for serial interface Input port P61
S0 Input Serial data input to serial interface Input port P11/RxDO
SO10 Output Serial data output from serial interface Input port P12
TI000 Input External count clock input to 16-bit timer/event counter 00 Input port P00
Capture trigger input to capture registers (CR000, CR010) of
16-bit timer/event counter 00
TIO10 Capture trigger input to capture register (CR000) of 16-bit P01/TO00
timer/event counter 00
TI50 Input External count clock input to 8-bit timer/event counter 50 Input port P17/TO50
TI51 External count clock input to 8-bit timer/event counter 51 P33/TO51/INTP4
TOO00 Qutput 16-bit timer/event counter 00 output Input port P0O1/TI010

Notes 1. 44-pin and 48-pin products only
For the 38-pin products, be sure to set bits 6 and 7 of PM2 to “1”, and bits 2 and 3 of PM7, bits 6 and 7 of
P2, and bits 2 and 3 of P7 to “0”.
2. 4PD78F0513D and 78F0515D only
3. 48-pin products only
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(2) Non-port pins (2/2)

Function Name I/0 Function After Reset | Alternate Function

TO50 Output 8-bit timer/event counter 50 output Input port P17/T150

TO51 8-bit timer/event counter 51 output P33/TI51/INTP4

TOHO Output 8-bit timer HO output Input port P15

TOH1 8-bit timer H1 output P16/INTP5

TxDO Output Serial data output from asynchronous serial interface Input port P10/SCK10

TxD6 P13

X1 Input Connecting resonator for main system clock Input port P121/OCDOA""

X2 - P122/EXCLK/
OCDOB"™*

EXCLK Input External clock input for main system clock Input port P122/X2/
OoCDoB"™™*

XT1 Input Connecting resonator for subsystem clock Input port P123

XT2 - Input port P124/EXCLKS

EXCLKS Input External clock input for subsystem clock Input port P124/XT2

Vop - Positive power supply for pins other than P20 to P27 - -

AVREF Input A/D converter reference voltage input and positive power - -

supply for P20 to P27 and A/D converter
Vss - Ground potential for pins other than P20 to P27 - -
AVss - A/D converter ground potential. Make the same potential as - -
Vss.

OCDOA"™ Input | Connection for on-chip debug mode setting pins Input port P121/X1

OCD1AN°te (ﬂPD78F051 3D and 78F0515D Only) P31/INTP2

ocboB™™* - P122/X2/EXCLK

ocD1B™* P32/INTP3

Note 4PD78F0513D and 78F0515D only

2.2 Description of Pin Functions

2.2.1 P00 and P01 (port 0)
P00 and P01 function as a 2-bit I/O port. These pins also function as timer I/O.

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

(1) Port mode

P00 and P01 function as a 2-bit I/O port. P00 and P01 can be set to input or output port in 1-bit units using port
mode register 0 (PMO0). Use of an on-chip pull-up resistor can be specified by pull-up resistor option register 0

(PUO).

(2) Control mode
P00 and P01 function as timer 1/O.

(a) TI000

This is a pin for inputting an external count clock to 16-bit timer/event counter and is also for inputting a
capture trigger signal to the capture registers (CR000, CR010) of 16-bit timer/event counter 00.
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(b) TIO10
This is a pin for inputting a capture trigger signal to the capture register (CR000) of 16-bit timer/event counter
00.

(c) TOO0
This is a timer output pin of 16-bit timer/event counter 00.

2.2.2 P10 to P17 (port 1)

P10 to P17 function as an 8-bit I/O port. These pins also function as pins for external interrupt request input, serial
interface data /0, clock I/O, and timer I/O.

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

(1) Port mode
P10 to P17 function as an 8-bit I/O port. P10 to P17 can be set to input or output port in 1-bit units using port
mode register 1 (PM1). Use of an on-chip pull-up resistor can be specified by pull-up resistor option register 1
(PU1).

(2) Control mode
P10 to P17 function as external interrupt request input, serial interface data 1/O, clock I/O, and timer 1/O.

(a) Si10
This is a serial data input pin of serial interface CSI10.

(b) SO10
This is a serial data output pin of serial interface CSI10.

(c) SCK10
This is a serial clock 1/O pin of serial interface CSI10.

(d) RxDO
This is a serial data input pin of serial interface UARTO.

(e) RxD6
This is a serial data input pin of serial interface UART®.

(f) TxDO
This is a serial data output pin of serial interface UARTO.

(g) TxD6
This is a serial data output pin of serial interface UART®6.

(h) TI50
This is the pin for inputting an external count clock to 8-bit timer/event counter 50.

(i) TOS50
This is a timer output pin of 8-it timer/event counter 50.
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(j) TOHO, TOH1
These are the timer output pins of 8-bit timers HO and H1.

(k) INTP5
This is an external interrupt request input pin for which the valid edge (rising edge, falling edge, or both rising
and falling edges) can be specified.

2.2.3 P20 to P27 (port 2)
P20 to P27 function as an 8-bit I/O port. These pins also function as pins for A/D converter analog input.
The following operation modes can be specified in 1-bit units.

(1) Port mode
P20 to P27 function as an 8-bit 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 pins (ANIO to ANI7). When using these pins as analog input
pins, see (5) ANIO/P20 to ANI7/P27 in 12.6 Cautions for A/D Converter.

<R> Cautions 1. For the 38-pin products, be sure to set bits 6 and 7 of PM2 to “1”, and bits 6 and 7 of P2 to
“0”.
2. ANIO/P20 to ANI7/P27 are set in the analog input mode after release of reset.

<R> Remark 38-pin products: ANIO/P20 to ANI5/P05
44-pin and 48-pin products: ANIO/P20 to ANI7/P07

2.2.4 P30 to P33 (port 3)

P30 to P33 function as a 4-bit I/O port. These pins also function as pins for external interrupt request input and
timer 1/0.

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

(1) Port mode
P30 to P33 function as a 4-bit /O port. P30 to P33 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 P33 function as external interrupt request input and timer 1/O.

(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.
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(c) TO51
This is a timer output pin from 8-bit timer/event counter 51.

Cautions 1. In the products with an on-chip debug function (#PD78F0513D and 78F0515D), be sure

to pull the P31/INTP2/0CD1A"" pin down before a reset release, to prevent malfunction.
2. For products without an on-chip debug function, with the flash memory of 48 KB or

more (uPD78F0514 and 78F0515), and having a product rank of “I”’, “K”, or “E”, and for
the products with an on-chip debug function (uPD78F0513D and 78F0515D), connect
P31/INTP2/0OCD1A™" as follows when writing the flash memory with a flash memory
programmer.
e P31/INTP2/0CD1A"": Connect to Vss via a resistor (10 kQ: recommended).
The above connection is not necessary when writing the flash memory by means of self
programming.

Note OCD1A is provided to the £PD78F0513D and 78F0515D only.

Remarks 1. For the product ranks, consult an NEC Electronics sales representative.

2. Only for the 4uPD78F0513D and 78F0515D, P31 and P32 can be used as on-chip debug mode
setting pins (OCD1A, OCD1B) when the on-chip debug function is used. For how to connect
an in-circuit emulator supporting on-chip debugging (QB-78KOMINI or QB-MINI2), see
CHAPTER 26 ON-CHIP DEBUG FUNCTION (4PD78F0513D AND 78F0515D ONLY).

2.2.5 P40 and P41 (port 4) (44-pin and 48-pin products only)
P40 and P41 function as a 2-bit I/O port. P40 and P41 can be set to input or output port in 1-bit units using port
mode register 4 (PM4). Use of an on-chip pull-up resistor can be specified by pull-up resistor option register 4 (PU4).

Caution For the 38-pin products, be sure to set bits 0 and 1 of PM4 and P4 to “0”.

2.2.6 P60 to P63 (port 6)

P60 to P63 function as a 4-bit I/0O port. These pins also function as pins for serial interface data I/O, clock 1/0, and
external clock input.

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

(1) Port mode
P60 to P63 function as a 4-bit I/O port. P60 to P63 can be set to input port or output port in 1-bit units using port
mode register 6 (PM6).
Output of P60 to P63 is N-ch open-drain output (6 V tolerance).

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

(a) SDAO
This is a serial data I/O pin for serial interface 11CO.

(b) SCLO
This is a serial clock I/O pin for serial interface 11CO.
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(c) X1, X2
These are the pins for connecting a resonator for main system clock.

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

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

(f) EXCLKS
This is an external clock input pin for subsystem clock.

<R> Caution For products without an on-chip debug function, with the flash memory of 48 KB or more

(uPD78F0514 and 78F0515), and having a product rank of “I”, “K”, or “E”, and for the

product with an on-chip debug function (4PD78F0513D and 78F0515D), connect

P121/X1/OCDOA"™" as follows when writing the flash memory with a flash memory

programmer.

e P121/X1/0CDOA™": When using this pin as a port, connect it to Vss via a resistor (10 kQ:
recommended) (in the input mode) or leave it open (in the output
mode).

The above connection is not necessary when writing the flash memory by means of self

programming.

Note OCDOA is provided to the #PD78F0513D and 78F0515D only.

Remarks 1. For the product ranks, consult an NEC Electronics sales representative.
2. Only for the xPD78F0513D and 78F0515D, X1 and X2 can be used as on-chip debug mode
setting pins (OCDOA, OCDO0B) when the on-chip debug function is used. For how to connect
<R> an in-circuit emulator supporting on-chip debugging (QB-78KOMINI or QB-MINI2), see
CHAPTER 26 ON-CHIP DEBUG FUNCTION (4PD78F0513D AND 78F0515D ONLY).

2.2.9 P130 (port 13) (48-pin products only)
P130 functions as a 1-bit output-only port.

Remark When the device is reset, P130 outputs a low level. Therefore, to output a high level from P130 before
the device is reset, the output signal of P130 can be used as a pseudo reset signal of the CPU (see the
figure for Remark in 4.2.9 Port 13 (48 pin products only)).

2.2.10 P140 (port 14) (48-pin products only)
P140 functions as a 1-bit I/O port. This pin also functions as external interrupt request input, and clock output.
The following operation modes can be specified in 1-bit units.

(1) Port mode
P140 functions as a 1-bit I/O port. P140 can be set to input or output port in 1-bit units using port mode register

14 (PM14). Use of an on-chip pull-up resistor can be specified by pull-up resistor option register 14 (PU14).

(2) Control mode
P140 functions as external interrupt request input, and clock output.
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(a) INTP6
This is an external interrupt request input pin for which the valid edge (rising edge, falling edge, or both rising
and falling edges) can be specified.

(b) PCL
This is a clock output pin.

2.2.11 AVRer

This is the A/D converter reference voltage input pin and the positive power supply pin of P20 to P27 and A/D
converter.

When the A/D converter is not used, connect this pin directly to Vop"*.

Note Make the AVRer pin the same potential as the Vop pin when port 2 is used as a digital port.

2.2.12 AVss
This is the A/D converter ground potential pin. Even when the A/D converter is not used, always use this pin with
the same potential as the Vss pin.

2.2.13 RESET
This is the active-low system reset input pin.

2.2.14 REGC

This is the pin for connecting regulator output (2.5 V) stabilization capacitance for internal operation. Connect this
pin to Vss via a capacitor (0.47 to 1 uF: recommended).

: f REGC
1
1
1
1
1
1
!

H;""' Vss

Caution Keep the wiring length as short as possible for the broken-line part in the above figure.

2.2.15 Voo
Vo is the positive power supply pin for pins other than P20 to P27.

2.2.16 Vss
Vss is the ground potential pin for pins other than P20 to P27.

2.2.17 FLMDO
This is a pin for setting flash memory programming mode.
Connect FLMDO to Vss in the normal operation mode.
In flash memory programming mode, connect this pin to the flash memory programmer.
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2.3 Pin I/0 Circuits and Recommended Connection of Unused Pins

Table 2-2 shows the types of pin I/O circuits and the recommended connections of unused pins.
See Figure 2-1 for the configuration of the 1/O circuit of each type.

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

Pin Name I/0 Circuit Type I/0 Recommended Connection of Unused Pins
POO0/TI000 5-AH 1/0 Input:  Independently connect to Voo or Vss via a resistor.
PO1/TI010/TO00 Output: Leave open.

P10/SCK10/TxD0

P11/S110/RxD0O

P12/SO10 5-AG

P13/TxD6

P14/RxD6 5-AH

P15/TOHO 5-AG

P16/TOH1/INTP5 5-AH

P17/TI50/TO50

ANIO/P20 to ANI5/P25"™*" | 11-G <Analog setting>

ANI6/P26 Connect to AVRrer or AVss.

ANI7/P27"es 1.2 <Digital setting>
Input:  Independently connect to Voo or Vss via a resistor.
Output: Leave open.

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

P31/INTP2/OCD1 ANt * Output: Leave open.

P32/INTP3/0OCD1B""*

P33/TI51/TO51/INTP4

P40 and P41""? 5-AG

P60/SCLO 13-AD Input:  Connect to Vss.

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

the output latch of the port to 0.
P62/EXSCLO
P63 13-P

Notes 1. ANIO/P20 to ANI7/P27 are set to the analog input mode after a reset is released.
2. ANI6/P26, ANI7/P27, P40, and P41 are for 44-pin and 48-pin products only.

3. For products without an on-chip debug function, with the flash memory of 48 KB or more (4PD78F0514 and
78F0515), and having a product rank of “I”, “K”, or “E”, and for the products with an on-chip debug function
(uPD78F0513D and 78F0515D), connect P31/INTP2/OCD1A""** as follows when writing the flash memory

with a flash memory programmer.

e P31/INTP2/OCD1A""**: Connect to Vss via a resistor (10 kQ: recommended).

The above connection is not necessary when writing the flash memory by means of self programming.
4. OCD1A and OCD1B are provided to the #PD78F0513D and 78F0515D only.

Remark

For the product ranks, consult an NEC Electronics sales representative.
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Table 2-2. Pin I/O Circuit Types (2/2)

Pin Name I/0 Circuit Type lfe} Recommended Connection of Unused Pins
P70/KR0, P71/KR1 5-AH 1/0 Input:  Independently connect to Voo or Vss via a resistor.
P72/KRO, P73/KR3""" Output: Leave open.

P74, P75""*
P120/INTPO/EXLVI
P121/X1/OCDOA""™**" |37 Input:  Independently connect to Voo or Vss via a resistor.
P122/X2/EXCLK/ OQutput: Leave open.
ocDoB™*=*7
P123/XT1""®
P124/XT2/EXCLKS""**
P130""? 3-C Output | Leave open.
P140/PCL/INTP6""? 5-AH 1’0 Input:  Independently connect to Voo or Vss via a resistor.
Output: Leave open.
AVRer - - Connect directly to Voo "*°®.
AVss Connect directly to Vss.
FLMDO 38 - Connect to Vss"*°*.
RESET 2 Input Connect directly to Voo or via a resistor.
Notes 1. P72/KR0 and P73/KR3 are for 44-pin and 48-pin products only.

2. P74, P75, P130, and P140/PCL/INTP6 are for 48-pin products only.

3. Use recommended connection above in I/O port mode (see Figure 5-2 Format of Clock Operation
Mode Select Register (OSCCTL)) when these pins are not used.

4. For products without an on-chip debug function, with the flash memory of 48 KB or more («PD78F0514
and 78F0515), and having a product rank of “I”, “K”, or “E”, and for the product with an on-chip debug
function (uPD78F0513D and 78F0515D), connect P121/X1/OCDOA™" " as follows when writing the
flash memory with a flash memory programmer.

e P121/X1/OCDOA™" ": When using this pin as a port, connect it to Vss via a resistor (10 kQ:
recommended) (in the input mode) or leave it open (in the output mode).
The above connection is not necessary when writing the flash memory by means of self programming.

5. Make the same potential as the Vop pin when port 2 is used as a digital port.

6. FLMDO is a pin that is used to write data to the flash memory. To rewrite the data of the flash memory
on-board, connect this pin to Vss via a resistor (10 kQ: recommended). The same applies when
executing on-chip debugging with a product with an on-chip debug function (#PD78F0513D and
78F0515D).

7. OCDOA and OCDOB are provided to the £PD78F0513D and 78F0515D only.

Remark For the product ranks, consult an NEC Electronics sales representative.
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Figure 2-1. Pin I/O Circuit List (1/2)
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Figure 2-1. Pin I/O Circuit List (2/2)
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3.1 Memory Space

CHAPTER 3 CPU ARCHITECTURE

Products in the 78K0/KC2 can access a 64 KB memory space. Figures 3-1 to 3-7 show the memory maps.

Caution

Regardless of the internal memory capacity, the initial values of the internal memory size

switching register (IMS) and internal expansion RAM size switching register (IXS) of all products

in the 78K0/KC2 are fixed (IMS = CFH, IXS = OCH). Therefore, set the value corresponding to
each product as indicated below.

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

Flash Memory Version

IMS IXS ROM Internal High-Speed Internal Expansion
(78K0/KC2) Capacity RAM Capacity RAM Capacity
uPD78F0511 04H OCH 16 KB 768 bytes -
#PD78F0512 C6H 24 KB 1 KB
4PD78F0513, 78F0513D""° | C8H 32 KB
uPD78F0514 CCH 0AH 48 KB 1KB
4PD78F0515, 78F0515D™* | CFH 08H 60 KB 2 KB

<R>

products.
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Note The ROM and RAM capacities of the products with the on-chip debug function can be debugged by setting

IMS and IXS, according to the debug target products. Set IMS and IXS according to the debug target
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Figure 3-1. Memory Map (¢#PD78F0511)

1 FFFFH
Special function registers
(SFR)
256 x 8 bits
FFOOH
FEFFH General-purpose
registers
FEEQH 32 x 8 bits
3FFFH
FEDFH
=~ Bt - Program area - —
Internal high-speed RAM 1FFFH
768 x 8 bits 1085H :
1084H Option byte areaN°te?
1080H 5 x 8 bits
FCOOH 107FH Boot cluster 1
FBFFH
Program area
Data memory
space 1000H
0FFFH
-+ CALLF entry area -
2048 x 8 bits
= Reserved =0 0800H
07FFH
L Program area A
T 1915 x 8 bits T
0085H
0084H Option byte area™®” Boot cluster QNote 2
0080H 5 x 8 bits
007FH
;g 2 g: CALLT table area
64 x 8 bits
0040H
Program A Flash memory L 003FH
memory space T 16384 x 8 bits T Vector table area
64 x 8 bits
0000H 0000H Y

Notes 1. When boot swap is not used: Set the option bytes to 0080H to 0084H.
When boot swap is used: Set the option bytes to 0080H to 0084H and 1080H to 1084H.
2. Writing boot cluster 0 can be prohibited depending on the setting of security (see 25.8 Security
Setting).

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

3FFFH

3CO00H
3BFFH

Block OFH

Block 01H

Block 00H 1KB
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Figure 3-2. Memory Map (¢#PD78F0512)

Data memory
space

Program

FFFFH
Special function registers
(SFR)
256 x 8 bits
FFOOH
FEFFH General-purpose
registers
FEEOH 32 x 8 bits
FEDFH
Internal high-speed RAM
1024 x 8 bits
FBOOH
FAFFH
-0~ Reserved
6000H
T 5FFFH
m Flash memory
memory space T 24576 x 8 bits
j 0000H

5FFFH
P Program area - _
1FFFH
1085H
1084H Option byte areaN°te?
5 x 8 bits
}g?g: Boot cluster 1
Program area
1000H
OFFFH
L CALLF entry area -~
2048 x 8 bits
0800H
07FFH
1 Program area 1
T 1915 x 8 bits T
0085H
0084H Option byte areaN°te! Boot cluster 0**
0080H 5 x 8 bits
007FH
CALLT table area
64 x 8 bits
0040H
003FH
Vector table area
64 x 8 bits
0000H Y

Notes 1.

2.

When boot swap is not used: Set the option bytes to 0080H to 0084H.

When boot swap is used:

Set the option bytes to 0080H to 0084H and 1080H to 1084H.

Writing boot cluster 0 can be prohibited depending on the setting of security (see 25.8 Security

Setting).

Remark The flash memory is divided into blocks (one block = 1 KB). For the address values and block numbers,

5FFFH

Block 17H

5C00H
5BFFH

Block 01H

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

Block O0H

1KB
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Figure 3-3. Memory Map (¢#PD78F0513)

FFFFH
Special function registers
(SFR)
256 x 8 bits
FFOOH
FEFFH General-purpose
registers
FEEOH 32 x 8 bits TEFEH
FEDFH
== 0 -~ Program area -
Internal high-speed RAM {085k 1FFFH
1024 x 8 bit
S 1084H Option byte areaN°te?
1080H 5 x 8 bits
FBOOH 107FH Boot cluster 1
FAFFH
Program area
Data memory
space 1000H
0FFFH
-+ CALLF entry area -
2048 x 8 bits
=~ Reserved Pt 0800H
07FFH
gy Program area iy
T 1915 x 8 bits T
0085H
0084H Option byte area™” Boot cluster QNote2
0080H 5 x 8 bits
8000H 007FH
TFFFH CALLT table area
64 x 8 bits
0040H
Program L Flash memory L 003FH
memory space 32768 x 8 bits
Vector table area
64 x 8 bits
0000H 0000H Y
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Notes 1. When boot swap is not used: Set the option bytes to 0080H to 0084H.
When boot swap is used: Set the option bytes to 0080H to 0084H and 1080H to 1084H.
2. Writing boot cluster 0 can be prohibited depending on the setting of security (see 25.8 Security
Setting).

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

TFFFH

7C00H
7BFFH

Block 1FH

Block 01H

Block 00H 1KB
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Figure 3-4. Memory Map (¢#PD78F0513D)

FFFFH
Special function registers
(SFR)
256 x 8 bits
FFOOH
FEFFH General-purpose
registers
FEEOH 32 x 8 bits
FEDFH
-L  Internal high-speed RAM L
B 1024 x 8 bits B
Data memory
space
FBOOH
FAFFH
~ Reserved -
8000H
1 7FFFH
Program L Flash memory 1
memory space | 32768 x 8 bits T
J 0000H

TFFFH

108FH
108EH

1085H
1084H
1080H
107FH

1000H
OFFFH

0800H
07FFH

008FH
008EH

0085H
0084H

0080H
007FH

0040H
003FH

0000H

) )

Program area
1FFFH

On-chip debug security
ID setting areaN°te?
10 x 8 bits
Option byte areaN°te?
5 x 8 bits

Boot cluster 1

Program area

CALLF entry area h
2048 x 8 bits T

Program area
I 1905 x 8 bits T

On-chip debug security
ID setting areaNote? Boot cluster QNete2
10 x 8 bits

Option byte areaM°te
5 x 8 bits

CALLT table area
64 x 8 bits

Vector table area
64 x 8 bits

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:

Setting).

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 (see 25.8 Security

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

TFFFH
7CO0H

Block 1FH

7BFFH

Block 01H

Block 00H

1KB
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Figure 3-5. Memory Map (¢#PD78F0514)

Boot cluster QNete 2

FFFFH
Special function registers
(SFR)
256 x 8 bits
FFOOH
FEFFH General-purpose
registers
32 x 8 bits
FEEOH ikl BFFFH
FEDFH
-LInternal high-speed RAM | - Program area -~
B 1024 x 8 bits T " 1FFFH
ooyt
1084H Option byte areaN°te?
5 x 8 bits
:ggg: Boot cluster 1
ot Reserved A
Program area
Data memory
Space F800H 1000H
T F7FFH OFFFH
-+ CALLF entry area -
RAM space in . 2048 x 8 bits
which instruction  ~— Internal expansion RAM A .
can be fetched 1024 x 8 bits
07FFH
l 1 Program area L
F400H T 1915 x 8 bits -
F3FFH 0085H
1 ] 0084H Option byte areaM°te?
- Reserved B 0080H 5 x 8 bits
007FH
Bcg 22 H CALLT table area
T 64 x 8 bits
0040H
Program 1 Flash memory i 003FH
memory space T 49152 x 8 bits ] Vector table area
64 x 8 bits
0000H 0000H Y
Notes 1. When boot swap is not used: Set the option bytes to 0080H to 0084H.

52

When boot swap is used:

Set the option bytes to 0080H to 0084H and 1080H to 1084H.

2. Writing boot cluster 0 can be prohibited depending on the setting of security (see 25.8 Security

Setting)

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

BFFFH

Block 2FH

BCOOH
BBFFH

Block 01H

Block O0H

1KB
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Figure 3-6. Memory Map (¢#PD78F0515)

Boot cluster QNete 2

FFFFH
Special function registers
(SFR)
256 x 8 bits
FFOOH
FEFFH General-purpose
registers
FEEQH 32 x 8 bits EFFFH
FEDFH
L Internal high-speed RAM _| i Program area e W
T 1024 x 8 bits a " 1FFFH
FBOOH
FAFFH 1085H
1084H Option byte areaN°te?
5 x 8 bits
Jggg: Boot cluster 1
0= Reserved 3
Program area
Data memory
F7FFH
L CALLF entry area -~
. 2048 x 8 bits
RAM space in L Internal expansion RAM | 0800H
which instruction - 2048 x 8 bits a 07FFH
can be fetched 7
1 Program area 1
T 1915 x 8 bits T
Y FOO0H 0085H
EFFFH 0084H Option byte areaMte?
0080H 5 x 8 bits
007FH
CALLT table area
Program A Flash memory | 64 x 8 bits
memory space 61440 x 8 bits a 0040H
003FH
Vector table area
64 x 8 bits
0000H 0000H Y
Notes 1. When boot swap is not used: Set the option bytes to 0080H to 0084H.

When boot swap is used:

Set the option bytes to 0080H to 0084H and 1080H to 1084H.

2. Writing boot cluster 0 can be prohibited depending on the setting of security (see 25.8 Security

Setting).

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

EFFFH
ECO0H

Block 3BH

EBFFH

Block 01H

Block O0OH

1 KB
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Figure 3-7. Memory Map (¢xPD78F0515D)

FFFFH

FFOOH

Special function registers
(SFR)
256 x 8 bits

FEFFH

FEEOH

General-purpose
registers
32 x 8 bits

FEDFH

Internal high-speed RAM —

1024 x 8 bits

FBOOH

Data memory FAFFH

space

3 Reserved
F800H
F7FFH
RAM space in

Program

which instruction =
can be fetched

FOOOH

memory space

Internal expansion RAM
2048 x 8 bits

EFFFH

0000H

Flash memory
61440 x 8 bits
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EFFFH

108FH
108EH

1085H
1084H
1080H
107FH

1000H
OFFFH

0800H
07FFH

008FH
008EH

0085H
0084H

0080H
007FH

0040H
003FH

0000H

T 2048 x 8 bits T

Program area -
1FFFH

On-chip debug security
ID setting areaMete!
10 x 8 bits
Option byte areaNete!
5 x 8 bits

Boot cluster 1

Program area

CALLF entry area

Program area
- 1905 x 8 bits T

On-chip debug security
ID setting areaNote! Boot cluster QNete2
10 x 8 bits

Option byte areaM°t!
5 x 8 bits

CALLT table area
64 x 8 bits

Vector table area
64 x 8 bits

Notes 1. When boot swap is not used: Set the option bytes to 0080H to 0084H, and the on-chip debug security
IDs to 0085H to O08EH.

When boot swap is used:

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 (see 25.8 Security
Setting).

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

EFFFH
Block 3BH
ECOO0H
EBFFH
07FFH
Block 01H
0400H
03FFH
Block O0OH 1 KB
0000H
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Correspondence between the address values and block numbers in the flash memory are shown below.

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

Address Value Block Address Value Block Address Value Block Address Value Block
Number Number Number Number
0000H to 03FFH 00H 4000H to 43FFH 10H 8000H to 83FFH 20H CO00H to C3FFH | 30H
0400H to 07FFH 01H 4400H to 47FFH 11H 8400H to 87FFH 21H C400H to C7FFH | 31H
0800H to OBFFH 02H 4800H to 4BFFH 12H 8800H to 8BFFH | 22H C800H to CBFFH | 32H
0COOH to OFFFH 03H 4COO0H to 4FFFH 13H 8COO0H to 8FFFH | 23H CCOOH to CFFFH | 33H
1000H to 13FFH 04H 5000H to 53FFH 14H 9000H to 93FFH 24H DOOOH to D3FFH | 34H
1400H to 17FFH 05H 5400H to 57FFH 15H 9400H to 97FFH 25H D400H to D7FFH | 35H
1800H to 1BFFH 06H 5800H to 5BFFH 16H 9800H to 9BFFH | 26H D800H to DBFFH | 36H
1COOH to 1FFFH 07H 5CO00H to 5FFFH 17H 9CO0H to 9FFFH | 27H DCOOH to DFFFH | 37H
2000H to 23FFH 08H 6000H to 63FFH 18H AOOOH to ASFFH | 28H EOOOH to E3FFH | 38H
2400H to 27FFH 09H 6400H to 67FFH 19H A400H to A7FFH | 29H E400H to E7FFH 39H
2800H to 2BFFH 0AH 6800H to 6BFFH 1AH A800H to ABFFH | 2AH E800H to EBFFH | 3AH
2CO00H to 2FFFH 0BH 6CO0H to 6FFFH 1BH ACOOH to AFFFH | 2BH ECOOH to EFFFH | 3BH
3000H to 33FFH 0CH 7000H to 73FFH 1CH BOOOH to BBFFH | 2CH
3400H to 37FFH ODH 7400H to 77FFH 1DH B400H to B7FFH | 2DH
3800H to 3BFFH OEH 7800H to 7BFFH 1EH B800H to BBFFH | 2EH
3CO0H to 3FFFH OFH 7CO0H to 7FFFH 1FH BCOOH to BFFFH | 2FH
Remark 4PD78F0511: Block numbers 00H to OFH
uPD78F0512: Block numbers 00H to 17H
uPD78F0513, 78F0513D: Block numbers 00H to 1FH
uPD78F0514: Block numbers 00H to 2FH

uPD78F0515, 78F0515D: Block numbers 00H to 3BH
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3.1.1 Internal program memory space

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

78K0/KC2 products incorporate internal ROM (flash memory), as shown below.

Table 3-3. Internal ROM Capacity

Part Number Internal ROM
Structure Capacity
#PD78F0511 Flash memory 16384 x 8 bits (0000H to 3FFFH)
uPD78F0512 24576 x 8 bits (0000H to 5FFFH)
uPD78F0513, 78F0513D 32768 x 8 bits (0000H to 7FFFH)
1PD78F0514 49152 x 8 bits (0000H to BFFFH)
uPD78F0515, 78F0515D 61440 x 8 bits (0000H to EFFFH)

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

(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 Address Interrupt Source Vector Table Address Interrupt Source
0000H RESET input, POC, LVI, WDT 001CH INTTMHO
0004H INTLVI 001EH INTTM50
0006H INTPO 0020H INTTMO0O
0008H INTP1 0022H INTTMO10
000AH INTP2 0024H INTAD
000CH INTP3 0026H INTSRO
000EH INTP4 0028H INTWTI
0010H INTP5 002AH INTTM51
0012H INTSRE6 002CH INTKR
0014H INTSR6 002EH INTWT
0016H INTST6 0030H INTPE" "'
0018H INTCSIHO/INTSTO 0034H INTIICO/INTDMU™"?
001AH INTTMH1 003EH BRK

Notes 1. Available only in the 48-pin products.
2. Available only in the 4PD78F0514, 78F0515, and 78F0515D.
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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, see CHAPTER 24 OPTION BYTE.

CALLF instruction entry area
The area 0800H to OFFFH can perform a direct subroutine call with a 2-byte call instruction (CALLF).

On-chip debug security ID setting area (4#PD78F0513D and 78F0515D only)

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, see CHAPTER 26 ON-CHIP
DEBUG FUNCTION (4PD78F0513D AND 78F0515D ONLY).
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3.1.2 Internal data memory space
78K0/KC2 products incorporate the following RAMSs.

(1) Internal high-speed RAM

Table 3-5. Internal High-Speed RAM Capacity

Part Number Internal High-Speed RAM
uPD78F0511 768 x 8 bits (FCOOH to FEFFH)
uPD78F0512 1024 x 8 bits (FBOOH to FEFFH)
uPD78F0513, 78F0513D
HPD78F0514
uPD78F0515, 78F0515D

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.

(2) Internal expansion RAM

Table 3-6. Internal Expansion RAM Capacity

Part Number Internal Expansion RAM
uPD78F0511 -
uPD78F0512
uPD78F0513, 78F0513D
4PD78F0514 1024 x 8 bits (F400H to F7FFH)
uPD78F0515, 78F0515D 2048 x 8 bits (FOOOH to F7FFH)

The internal expansion RAM can also be used as a normal data area similar to the internal high-speed RAM, as
well as a program area in which instructions can be written and executed.
The internal expansion RAM cannot be used as a stack memory.
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3.1.3 Special function register (SFR) area
On-chip peripheral hardware special function registers (SFRs) are allocated in the area FFOOH to FFFFH (see
Table 3-7 Special Function Register List in 3.2.3 Special function registers (SFRs)).

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

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/KC2, 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 3-8 to 3-14 show correspondence between data memory and addressing. For details of
each addressing mode, see 3.4 Operand Address Addressing.
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Figure 3-8. Correspondence Between Data Memory and Addressing (xPD78F0511)

FFFFH
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FF1FH
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Special function registers (SFR)
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General-purpose registers
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FE1FH

FCOOH

Internal high-speed RAM
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FBFFH
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3FFFH

Reserved

0000H

Flash memory
16384 x 8 bits

Register addressing

'

Short direct
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Direct addressing
Register indirect addressing
Based addressing

Based indexed addressing
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FFFFH

FF20H
FF1FH

FFOOH
FEFFH

FEEOH
FEDFH

FE20H
FE1FH

FBOOH
FAFFH

6000H
5FFFH

0000H

Figure 3-9. Correspondence Between Data Memory and Addressing (uPD78F0512)
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Figure 3-10. Correspondence Between Data Memory and Addressing (#PD78F0513 and 78F0513D)
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FFFFH
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F3FFH
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BFFFH

0000H

Figure 3-11 . Correspondence Between Data Memory and Addressing (4PD78F0514)
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Figure 3-12. Correspondence Between Data Memory and Addressing (#PD78F0515 and 78F0515D)
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3.2 Processor Registers
The 78K0/KC2 products incorporate the following processor registers.

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

(1) Program counter (PC)
The program counter is a 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 3-13. Format of Program Counter

15 0

PC |PC15|PC14|PC13|PC12|PC11|PC10|PC9|PC8 |PC7 |PC6 |[PC5|PC4 |PC3|PC2|PC1|PCO

(2) Program status word (PSW)
The program status word is an 8-bit register consisting of various flags set/reset by instruction execution.
Program status word contents are stored in the stack area upon interrupt request generation 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 3-14. Format of Program Status Word

PSW IE 4 RBS1| AC | RBSO 0 ISP CcY

(a) Interrupt enable flag (IE)
This flag controls the interrupt request acknowledge operations of the CPU.
When 0, the IE flag is set to the interrupt disabled (DI) state, and all maskable interrupt requests are disabled.
When 1, the IE flag is set to the interrupt enabled (El) state and 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.
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SP

SP

Figure 3-16. Data to Be Saved to Stack Memory

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

= FEEOH

FEDFH

l«—— FEDEH

Register pair higher

Register pair lower

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

SP

SP

SP

SP

— FEEOH

FEDFH

l«—— FEDEH

FEEOH — FEEOH
i FEDFH
3 FEDEH
Y

FEDDH l«—— FEDDH

PC15 to PC8

PC7 to PCO

PSW

PC15 to PC8

PC7 to PCO
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SP

SP

SP

SP

SP

SP

Figure 3-17. 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 <—— FEEOH
A
: FEDFH
FEDEH — FEDEH

PC15 to PC8

PC7 to PCO

(c) RETI, RETB instructions (when SP = FEDDH)

FEEOH +—— FEEOH
A
! FEDFH
3 FEDEH
FEDDH — FEDDH

PSW

PC15 to PC8

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 3-18. Configuration of General-Purpose Registers

(a) Function name

16-bit processing 8-bit processing
FEFFH
H
Register bank 0 HL
L
FEF8H
D
Register bank 1 DE
E
FEFOH
B
Register bank 2 BC
C
FEE8SH
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.

70

Each manipulation bit unit can be specified as follows.

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

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

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

Table 3-7 gives a list of the special function registers. The meanings of items in the table are as follows.

e Symbol
Symbol indicating the address of a special function register. It is a reserved word in the RA78K0, and is defined
as an sfr variable using the #pragma sfr directive in the CC78K0. When using the RA78KO0, ID78K0-QB, and
SM+ for 78K0/KX2, symbols can be written as an instruction operand.
e RW
Indicates whether the corresponding special function register can be read or written.
R/W: Read/write enable
R:  Read only
W:  Write only
e Manipulatable bit units
Indicates the manipulatable bit unit (1, 8, or 16). “~” indicates a bit unit for which manipulation is not possible.
o After reset
Indicates each register status upon reset signal generation.
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Table 3-7. Special Function Register List (1/4)

Address Special Function Register (SFR) Name Symbol R/W Manipulatable Bit Unit After

1Bit 8Bits | 16Bits | Heset
FFOOH | Port register 0 PO R/W y \ - 00H
FFO1H Port register 1 P1 R/W v v - 00H
FFO2H | Port register 2 P2 R/W y y - 00H
FFO3H Port register 3 P3 R/W v v - 00H
FFO4H | Port register 4 P4 R/W y y - 00H
FFO6H Port register 6 P6 R/W v v - 00H
FFO7H | Port register 7 P7 R/W y y - 00H
FFO8H 10-bit A/D conversion result register ADCR R - - v 0000H
FFO9H 8-bit A/D conversion result register | ADCRH - v - 00H
FFOAH Receive buffer register 6 RXB6 R - v - FFH
FFOBH Transmit buffer register 6 TXB6 R/W - v - FFH
FFOCH | Port register 12 P12 R/W \/ y - 00H
FFODH | Port register 13" P13 RW v v - 00H
FFOEH | Port register 14" P14 R/W y y - 00H
FFOFH Serial 1/O shift register 10 SI010 - y - 00H
FF10H 16-bit timer counter 00 TMOO0 R - - v 0000H
FF11H
FF12H 16-bit timer capture/compare register 000 CR000 R/W - - y 0000H
FF13H
FF14H 16-bit timer capture/compare register 010 CRo010 R/W - - v 0000H
FF15H
FF16H 8-bit timer counter 50 TM50 R - v - 00H
FF17H | 8-bit timer compare register 50 CR50 R/W - y - 00H
FF18H 8-bit timer H compare register 00 CMPO00 R/W - v - O00H
FF19H | 8-bit timer H compare register 10 CMP10 R/W - y - 00H
FF1AH 8-bit timer H compare register 01 CMPO1 R/W - v - 00H
FF1BH 8-bit timer H compare register 11 CMP11 R/wW - y - 00H
FF1FH 8-bit timer counter 51 TM51 R - v - 00H
FF20H Port mode register 0 PMO R/W v v - FFH
FF21H Port mode register 1 PM1 R/W \/ y - FFH
FF22H Port mode register 2 PM2 R/W v v - FFH
FF23H Port mode register 3 PM3 R/W \/ y - FFH
FF24H Port mode register 4 PM4 R/W v v - FFH
FF26H Port mode register 6 PM6 R/W \/ y - FFH
FF27H Port mode register 7 PM7 R/W v v - FFH
FF28H A/D converter mode register ADM R/W v v - 00H
FF29H | Analog input channel specification register ADS R/W y y - 00H
FF2CH | Port mode register 12 PM12 R/W \/ y - FFH
FF2EH | Port mode register 14" PM14 R/W v v - FFH
FF2FH | A/D port configuration register ADPC R/W \/ y - 00H

Note Available only in the 48-pin products.
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Table 3-7. Special Function Register List (2/4)

register O

Address Special Function Register (SFR) Name Symbol R/W Manipulatable Bit Unit After
1Bit 8Bits | 16Bits | Heset
FF30H Pull-up resistor option register 0 PUO R/W N N - 00H
FF31H Pull-up resistor option register 1 PU1 R/W v v - 00H
FF33H Pull-up resistor option register 3 PU3 R/W \/ V - 00H
FF34H Pull-up resistor option register 4 PU4 R/W v v - 00H
FF37H Pull-up resistor option register 7 PU7 R/W N N - O0H
FF3CH | Pull-up resistor option register 12 PU12 R/W v v - 00H
FF3EH | Pull-up resistor option register 14" PU14 RW N N - 00H
FF40H Clock output selection register"™" CKS R/W V \/ - 00H
FF41H 8-bit timer compare register 51 CR51 R/W - \/ - 00H
FF43H 8-bit timer mode control register 51 TMC51 R/W N N - 00H
FF48H External interrupt rising edge enable register EGP R/W N N - O0H
FF49H External interrupt falling edge enable register EGN R/W v N - 00H
FF4FH Input switch control register ISC R/W N N - 00H
FF50H Asynchronous serial interface operation mode ASIM6 R/W v v - 01H
register 6
FF53H Asynchronous serial interface reception error ASIS6 R - v - 00H
status register 6
FF55H Asynchronous serial interface transmission ASIF6 R - N - O00H
status register 6
FF56H Clock selection register 6 CKSR6 R/W - N - O0H
FF57H Baud rate generator control register 6 BRGC6 R/W - N - FFH
FF58H Asynchronous serial interface control register 6 | ASICL6 R/W v v - 16H
FF60H Remainder data register 0"** SDRO |SDROL R - \/ < 00H
FF61H SORH - N OOH
FF62H Multiplication/division data register AQ""** MDAOL |MproL | R/W - N y O0H
FF63H MDA - N OO0H
FF64H MDAOH(MDAOH. | R/W - x/ x/ O0H
FF65H MDAOH - N OO0H
FF66H Multiplication/division data register BO"™** MDBO |MpBoL | R/W - N y O0H
FF67H MDBH - N OOH
FF68H Multiplier/divider control register 0"*°? DMUCO R/W N N - 00H
FF69H 8-bit timer H mode register 0 TMHMDO R/W v v - 00H
FF6AH | Timer clock selection register 50 TCL50 R/W N N - 00H
FF6BH | 8-bit timer mode control register 50 TMC50 R/W v v - 00H
FF6CH | 8-bit timer H mode register 1 TMHMD1 R/W N N - 00H
FF6DH | 8-bit timer H carrier control register 1 TMCYC1 R/W V V - 0OH
FF6EH | Key return mode register KRM R/W N N - 00H
FF6FH | Watch timer operation mode register WTM R/W v v - 00H
FF70H Asynchronous serial interface operation mode ASIMO R/W N N - 01H

Notes 1. Available only in the 48-pin products.
2. Available only in the xPD78F0514, 78F0515, and 78F0515D.
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Table 3-7. Special Function Register List (3/4)

Address Special Function Register (SFR) Name Symbol R/W Manipulatable Bit Unit After
1Bit 8Bits | 16Bits | Heset
FF71H Baud rate generator control register 0 BRGCO R/W - v - 1FH
FF72H Receive buffer register 0 RXBO R - v - FFH
FF73H Asynchronous serial interface reception error ASISO R - v - 00H
status register 0
FF74H Transmit shift register 0 TXS0 w - v - FFH
FF80H | Serial operation mode register 10 CSIM10 RW v v - 00H
FF81H Serial clock selection register 10 CsIc10 R/W v v - 00H
FF84H Transmit buffer register 10 SOTB10 R/W - v - 00H
FF8CH | Timer clock selection register 51 TCL51 R/W v v - 00H
FF99H Watchdog timer enable register WDTE R/W - v - 1AH /gﬁ_}
FF9FH | Clock operation mode select register OSCCTL R/W v v - O0H
FFAOH | Internal oscillation mode register RCM RW v v - 80H""*
FFA1H | Main clock mode register MCM R/W v v - 00H
FFA2H | Main OSC control register MOC RW v v - 80H
FFA3H | Oscillation stabilization time counter status register| OSTC R v v - 00H
FFA4H Oscillation stabilization time select register OSTS R/W - v - 05H
FFA5H IIC shift register 0 liIco R/W - v - 00H
FFAGH | IIC control register 0 licco RW v v - 00H
FFA7H | Slave address register 0 SVAO R/W - v - O0H
FFA8H | IIC clock selection register 0 lICCLO R/W v v - 00H
FFA9H | IIC function expansion register 0 1ICX0 RW v v - 00H
FFAAH | IIC status register 0 11CS0 R v v - 00H
FFABH | IIC flag register 0 IICFO R/W v v - 00H
FFACH | Reset control flag register RESF R - v - 00H""?
FFBAH | 16-bit timer mode control register 00 TMCO00 RW v v - 00H
FFBBH | Prescaler mode register 00 PRMO0 R/W v v - 00H
FFBCH | Capture/compare control register 00 CRCO00 R/W v v - O0H
FFBDH | 16-bit timer output control register 00 TOC00 R/W v v - 00H
FFBEH | Low-voltage detection register LVIM RW v v - 00H""*
FFBFH | Low-voltage detection level selection register LVIS R/W v v - 00H""*
FFEOH | Interrupt request flag register OL IFO |IFOL | R/W v v v 00H
FFE1H | Interrupt request flag register OH IFOH | RW v v O0H
FFE2H | Interrupt request flag register 1L IF1 |IFIL | RW v v v 00H
FFE3H | Interrupt request flag register 1H IF1H | RW v v O0H
FFE4H Interrupt mask flag register OL MKO | MKOL | R'W v v v FFH
FFE5H | Interrupt mask flag register OH MKOH| R/W v v FFH
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.
3. The reset values of RESF, LVIM, and LVIS vary depending on the reset source.
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Table 3-7. Special Function Register List (4/4)

Address Special Function Register (SFR) Name Symbol R/W Manipulatable Bit Unit After
1Bit 8Bits | 16Bits | Heset
FFE6H | Interrupt mask flag register 1L MK1 | MK1L| R'W N \/ \ FFH
FFE7H | Interrupt mask flag register 1H MK1H| R'W v v FFH
FFE8H | Priority specification flag register OL PRO | PROL| R/W y y y FFH
FFE9H Priority specification flag register OH PROH| R/W v v FFH
FFEAH | Priority specification flag register 1L PR1 | PR1L| R/W y y y FFH
FFEBH Priority specification flag register 1H PR1H| R/W v v FFH
FFFOH Internal memory size switching register’ IMS R/W - y - CFH
FFF4H Internal expansion RAM size switching IXS R/W - v - OCH
register"™’
FFFBH | Processor clock control register PCC R/W N v - O1H

Notes 1. Regardless of the internal memory capacity, the initial values of the internal memory size switching register
(IMS) and internal expansion RAM size switching register (IXS) of all products in the 78K0/KC2 are fixed

(IMS = CFH, IXS = 0CH). Therefore, set the value corresponding to each product as indicated below.

Flash Memory Version IMS IXS ROM Internal High-Speed Internal Expansion
(78K0/KC2) Capacity RAM Capacity RAM Capacity
HPD78F0511 04H OCH 16 KB 768 bytes -
uPD78F0512 C6H 24 KB 1 KB
4PD78F0513, 78F0513D""°* | C8H 32 KB
HPD78F0514 CCH 0AH 48 KB 1 KB
4PD78F0515, 78F0515D""°* | CFH 08H 60 KB 2 KB
<R> 2. The ROM and RAM capacities of the products with the on-chip debug function can be debugged by setting

IMS and IXS, according to the debug target products.

products.
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CHAPTER 3 CPU ARCHITECTURE

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.

[MMustration]

15 0
PC indicates 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 x 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.

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

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

PC

In the case of CALLF !addr11 instruction

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

PCfO 0 O 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 stored in the memory table from 40H to 7FH, and allows branching to
the entire memory space.

[Mustration]

7 6 5 10
Operation code 1 1 tas-o 1
15 8 7 6 5 l 10
Effectiveaddress |0 0 0 0 0 0 O O |0 1 0
7 Memory (Table) 0
Low Addr.
Effective address+1 High Addr. T
15 { 8 7 0

PC

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.

[lustration]

p A X

15 8 7 0

PC
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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/KC2 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 A register and X register is stored in AX. In this example,
the A and AX registers are specified by implied addressing.
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3.4.2 Register addressing

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

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

[Operand format]
Identifier Description
r X,A C,B,ED,LH
fe} 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 O|
L] ]

——Register specify code

INCW DE; when selecting DE register pair as rp

Operation code 1000 O0T1TO0 O|

LIL Register specify code
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3.4.3 Direct addressing
[Function]
The memory to be manipulated is directly addressed with immediate data in an instruction word becoming an

operand address.

[Operand format]

Identifier Description

addr16 Label or 16-bit immediate data

[Description example]
MOV A, I0FEOOH; when setting !laddr16 to FEOOH

Operation code |1 000 1 11 0| OP code
|O 0 00 O0O0O O| 00H
|1 11 1 1 1 1 0| FEH

[llustration]
7 0
OP code

addr16 (lower)

addr16 (upper)

Memory
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3.4.4 Short direct addressing

[Function]
The memory to be manipulated in the fixed space is directly addressed with 8-bit data in an instruction word.
This addressing is applied to the 256-byte space FE20H to FF1FH. Internal high-speed RAM and special
function registers (SFRs) are mapped at FE20H to FEFFH and FFOOH to FF1FH, respectively.
The SFR area (FFOOH to FF1FH) where short direct addressing is applied is a part of the overall SFR area.
Ports that are frequently accessed in a program and compare and capture registers of the timer/event counter
are mapped in this area, allowing SFRs to be manipulated with a small number of bytes and clocks.
When 8-bit immediate data is at 20H to FFH, bit 8 of an effective address is set to 0. When it is at 00H to 1FH,
bit 8 is set to 1. See the [lllustration] shown below.

[Operand format]

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

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

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

Operation code |1 111 0 0 1 O| OP code
|O 011000 O| 30H (saddr-offset)
[llustration]

7 0

OP code

saddr-offset ﬁ

Short direct memory

15 8 7 0

Effectiveaddress |1 1 1 1 1 1 1 |« .

When 8-bit immediate data is 20H to FFH, =0
When 8-bit immediate data is 00H to 1FH, o= 1
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3.4.5 Special function register (SFR) addressing

[Function]
A memory-mapped special function register (SFR) is addressed with 8-bit immediate data in an instruction word.
This addressing is applied to the 240-byte spaces FFOOH to FFCFH and FFEOH to FFFFH. However, the SFRs
mapped at FFOOH to FF1FH can be accessed with short direct addressing.

[Operand format]

Identifier Description
sfr Special function register name
sfrp 16-bit manipulatable special function register name (even address only)

[Description example]

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

Operation code |1 111 0 1 1 0| OP code
|O 01 00 0O O| 20H (sfr-offset)
[lllustration]

7 0

OP code

sfr-offset

SFR

15 8 7 0

Effective address 11 1 1 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.

[Operand format]

Identifier Description
- [DE], [HL]
[Description example]
MOV A, [DE]; when selecting [DE] as register pair
Operation code 1 0 0 0 0 1 0
[lllustration]
16 8 7
DE D E
7 Memory

The contents of the memory

addressed are transferred.
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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 (RBS0O 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.

[Operand format]

Identifier

Description

[HL + byte]

[Description example]

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

[lustration]

16

Operation code

HL

The contents of the memory
addressed are transferred.

7 Memory
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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.

[Operand format]

Identifier Description

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

[Description example]

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

Operation code 101010 11
[MMustration]
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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<R>

4.1 Port Functions

There are two types of pin I/O buffer power supplies: AVrer and Voo.

CHAPTER 4 PORT FUNCTIONS

supplies and the pins is shown below.

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

Power Supply Corresponding Pins
AVRer P20 to P27
Vop Pins other than P20 to P27

The relationship between these power

78K0/KC2 products are provided with the ports shown in Figure 4-1, which enable variety of control operations.
The functions of each port are shown in Table 4-2.
In addition to the function as digital 1/0 ports, these ports have several alternate functions.

alternate functions, see CHAPTER 2 PIN FUNCTIONS.

Port 6

Port 7 <

Port 12

Port 13

Port 14

Notes 1.
2.

Figure 4-1. Port Types

- P60

-— P63

~— P70

~—={ P71

P72Nole 1
P73Nole 1

<« =] pygyNote2

P75Note 2

P120

P124

P1 30N0te 2

P1 40N0te 2

P00
PO1

P10

P17

P20

P26Note1
P27Note1

P30

P33

P40Note1
P41 Note 1

} Porto

Port 1

Port 2

Port 3

} Port 4

44-pin and 48-pin products only

48-pin products only
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Table 4-2. Port Functions (1/2)

Function Name I/0 Function After Reset | Alternate Function
POO 1/0 Port 0. Input port | TI000
PO 2-bit VO port, TI010/TO00

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

setting.

P10 1/0 Port 1. Input port | SCK10/TxD0O

P11 8-bit 1/0 port. SI110/RxDO0
Input/output can be specified in 1-bit units.

P12 Use of an on-chip pull-up resistor can be specified by a software §010

P13 setting. TxD6

P14 RxD6

P15 TOHO

P16 TOH1/INTP5

P17 TI50/TO50

P20 to P25 110 Port 2. Analog ANIO to ANI5

P26™*" and P27 8-bit I/O port. input ANIE™" and ANI7*"
Input/output can be specified in 1-bit units.

P30 110 Port 3. Input port | INTP1

P31 4-bit 110 port. INTP2/0OCD1 A2
Input/output can be specified in 1-bit units. ooz

P32 . . - INTP3/0CD1B"™"
Use of an on-chip pull-up resistor can be specified by a software

P33 setting. TI51/TO51/INTP4

P40™*" and P41"*" | I/O Port 4. Input port -
2-bit 1/0 port.

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

setting.
P60 110 Port 6. Input port | SCLO
P61 4-bit I/O port. SDAO

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

P62 Input/output can be specified in 1-bit units. EXSCLO
P63 -
P70 and P71 110 Port 7. Input port KRO and KR1
P72%* ! and P73 6-bit /0O port. KR2"™"*" and KR3"""
Input/output can be specified in 1-bit units.
P74"** and P75"*° P P 06 SP . o -
Use of an on-chip pull-up resistor can be specified by a software
setting.
P120 l{e] Port 12. Input port | INTPO/EXLVI
P121 5-bit I/O port. X1/OCDOA""?
b Input/output can be specified in 1-bit units. EXOL i
122 Only for P120, use of an on-chip pull-up resistor can be X2/EXCLK/OCDO
P123 specified by a software setting. XT1
P124 XT2/EXCLKS
P130"** Output | Port 13. Output port -

1-bit output-only port.

<R> Notes 1. 44-pin and 48-pin products only
For the 38-pin products, be sure to set bits 6 and 7 of PM2 to “1”, and bits 0 and 1 of PM4, bits 2 and 3 of
PM?7, bits 6 and 7 of P2, bits 0 and 1 of P4, and bits 2 and 3 of P7 to “0”.
2. 4PD78F0513D and 78F0515D only
3. 48-pin products only
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CHAPTER 4 PORT FUNCTIONS

Table 4-2. Port Functions (2/2)

Function Name I/0

Function After Reset | Alternate Function

P140™* /10 Port 14. Input port | PCL/INTP6 "™
1-bit I/O port.

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

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

Note 48-pin products only

4.2 Port Configuration

Ports include the following hardware.

Table 4-3. Port Configuration

Iltem

Configuration

Control registers

Port mode register (PMO to PM4, PM6, PM7, PM12, PM14"")

Port register (PO to P4, P6, P7, P12, P13"", P14"")

Pull-up resistor option register (PUO, PU1, PU3, PU4, PU7, PU12, PU14"")
A/D port configuration register (ADPC)

<R> | Port

« 38-pin products

Total: 31 (CMOS I/0: 27, CMOS output: 0, N-ch open drain I/O: 4)
« 44-pin products

Total: 37 (CMOS I/0O: 33, CMOS output: 0, N-ch open drain I/O: 4)
« 48-pin products

Total: 41 (CMOS I/O: 36, CMOS output: 1, N-ch open drain I/O: 4)

<R> | Pull-up resistor

« 38-pin products Total: 17
« 44-pin products Total: 21
« 48-pin products Total: 24

Note  48-pin products only
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4.2.1 Port0
Port 0 is a 2-bit 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 and P01 pins are used as an input port, use of an on-chip pull-up
resistor can be specified in 1-bit units by pull-up resistor option register 0 (PUO).

This port can also be used for timer I/O.

Reset signal generation sets port 0 to input mode.

Figures 4-2 and 4-3 show block diagrams of port 0.

Figure 4-2. Block Diagram of P00

Vob
™1 WReu
l PUO
S PUOO
P-ch
Alternate function
RD
(2]
=} — ,
2 l | g :] :]
Er—9 | 2
2 9]
£
WRPpoRT
PO
Qutput latch
S (P0O) © P00/TI000
WRem
PMO
S PMO00
~_/
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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Figure 4-3. Block Diagram of P01

—© PO01/TI010/TO00

WRepu
l PUO
> PUO1
Alternate function
RD
1 S
%) S E
3 | 2
B
g WRPpoRrT
£ PO
A Output latch
~ (PO1)
WRpm
PMO
S PMO1
Alternate function
%
PO: Port register 0
PUOQ: Pull-up resistor option register 0
PMO:  Port mode register 0
RD: Read signal
WRxx: Write signal
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4.2.2 Port1
Port 1 is an 8-bit I/0 port with an output latch. Port 1 can be set to the input mode or output mode in 1-bit units

using port mode register 1 (PM1). When the P10 to P17 pins are used as an input port, use of an on-chip pull-up

resistor can be specified in 1-bit units by pull-up resistor option register 1 (PU1).
This port can also be used for external interrupt request input, serial interface data 1/0O, clock 1/O, and timer 1/O.

Reset signal generation sets port 1 to input mode.
Figures 4-4 to 4-8 show block diagrams of port 1.

Caution To use P10/SCK10/TxD0 and P12/SO10 as general-purpose ports, set serial operation mode
register 10 (CSIM10) and serial clock selection register 10 (CSIC10) to the default status (00H).

Figure 4-4. Block Diagram of P10

Vop
M-  WReu
PU1
© PU10
P-ch
Alternate
function
RD
5 o<]—o@]7
& | 3
2 ! 8
o
§ WRpoRT
k3 P1
[
- N Output latch
- (P10) ] ———© P10/SCK10/TXDO
WRem
l PM1
O PM10
Alternate
function
%
P1: Port register 1
PU1: Pull-up resistor option register 1

PM1:  Port mode register 1
RD: Read signal
WRxx: Write signal
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CHAPTER 4 PORT FUNCTIONS

Figure 4-5. Block Diagram of P11 and P14

Selector

P-ch

© P11/SI10/RxDO,

WRru
l PU1
O PU11, PU14
Alternate
function
RD
[2]
3
S 4 I
© ~J |
£
2
= WRPpoRT
P1
A Output latch
~ (P11, P14)
WRpm
PM1
&S PM11, PM14
%
P1: Port register 1
PU1: Pull-up resistor option register 1
PM1:  Port mode register 1
RD: Read signal
WRxx: Write signal
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Figure 4-6. Block Diagram of P12 and P15

Vop
M-  WRru
PU1
S PU12, PU15
P-ch
RD
S
Fany | © L
> | <@
[
17}
g WRPpoRT
3 P1
c
o A Qutput latch
£ ~ (P12, P15) ——O P12/S010
WRem P15/TOHO
PM1
S PM12, PM15
Alternate
function
AN
P1: Port register 1

PU1: Pull-up resistor option register 1
PM1:  Port mode register 1

RD: Read signal

WRxx: Write signal
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Figure 4-7. Block Diagram of P13

PU1: Pull-up resistor option register 1
PM1:  Port mode register 1

RD: Read signal

WRxx: Write signal
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Voo
M-  WRru
PU1
S PU13
P-ch
RD
S
M | 3} ;
© o2
| ©
%) w
]
2 WRPpoRT
g P1
2
£ Pary Output latch
= (P13) ——O P13/TxD6
WRem
PM1
S PM13
Alternate
function
AN
P1: Port register 1
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Figure 4-8. Block Diagram of P16 and P17
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M~  WRpu
J PU1
S PU16, PU17 ) |
Alternate
function
RD
I 2 i] i] |
& 8
) | 3
o
§ WRroRT
8 P1
C
- A Output latch
~ (P16, P17)
WRem
PMA1
&S PM16, PM17
Alternate
function
%
P1: Port register 1
PU1: Pull-up resistor option register 1
PM1:  Port mode register 1
RD: Read signal
WRxx: Write signal
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CHAPTER 4 PORT FUNCTIONS

4.2.3 Port 2

Port 2 is an 8-bit I1/0 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.

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

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

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

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

All P20/ANIO to P27/ANI7"" are set in the analog input mode when the reset signal is generated.
Figure 4-9 shows a block diagram of port 2.

<R> Note 38-pin products: P20/ANIO to P25/ANI5
44-pin and 48-pin products: P20/ANIO to P27/ANI7

Cautions 1. Make the AVrer pin the same potential as the Voo pin when port 2 is used as a digital port.
<R> 2. For the 38-pin products, be sure to set bits 6 and 7 of PM2 to “1”, and bits 6 and 7 of P2 to “0”.
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Figure 4-9. Block Diagram of P20 to P27

A
RD
S
Fany | ° ;
[0}

a »
]
e
= WRPpoRT
s P2
9
C

~ (%;t(’)) Ltg IS;C;) © P20/ANIO to

P27/ANI7N*®
WRem
PM2
S PM20 to PM27
A/D converter
S
<R> Note 38-pin products: P20/ANIO to P25/ANI5

44-pin and 48-pin products: P20/ANIO to P27/ANI7

P2: Port register 2

PM2:  Port mode register 2
RD: Read signal

WRxx: Write signal
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4.2.4 Port3

Port 3 is a 4-bit I/0O port with an output latch. Port 3 can be set to the input mode or output mode in 1-bit units
using port mode register 3 (PM3). When the P30 to P33 pins are used as an input port, use of an on-chip pull-up
resistor can be specified in 1-bit units by pull-up resistor option register 3 (PU3).

This port can also be used for external interrupt request input and timer 1/0.

Reset signal generation sets port 3 to input mode.

Figures 4-10 and 4-11 show block diagrams of port 3.

Cautions 1. In the products with an on-chip debug function (4PD78F0513D and 78F0515D), be sure to pull

the P31/INTP2/0CD1A™" pin down before a reset release, to prevent malfunction.

<R> 2. For products without an on-chip debug function, with the flash memory of 48 KB or more
(uPD78F0514 and 78F0515), and having a product rank of “I”, “K”, or “E”, and for the
products with an on-chip debug function (#PD78F0513D and 78F0515D), connect
P31/INTP2/0OCD1A™" as follows when writing the flash memory with a flash memory
programmer.
¢ P31/INTP2/0CD1A™": Connect to Vss via a resistor (10 kQ: recommended).
The above connection is not necessary when writing the flash memory by means of self
programming.

Note OCD1A is provided to the 4PD78F0513D and 78F0515D only.

Remarks 1. For the product ranks, consult an NEC Electronics sales representative.

2. Only for the uPD78F0513D and 78F0515D, P31 and P32 can be used as on-chip debug mode

setting pins (OCD1A, OCD1B) when the on-chip debug function is used. For how to connect an in-

<R> circuit emulator supporting on-chip debugging (QB-78KOMINI or QB-MINI2), see CHAPTER 26
ON-CHIP DEBUG FUNCTION (4PD78F0513D AND 78F0515D ONLY).
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Figure 4-10. Block Diagram of P30 to P32

Selector

P-ch

© P30/INTP1,

WRPpu
l PU3
© PU30 to PU32
Alternate
function
RD
[}
=}
Ke)
ﬁ yany
E N>
2
£
WRepoRrT
P3
A Output latch
~ (P30 to P32)
WRem
PM3
S PM30 to PM32
—~_

Note £PD78F0513D and 78F0515D only
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P3:
PUS:
PM3:
RD:
WRxx:

Port register 3
Pull-up resistor option register 3
Port mode register 3

Read signal
Write signal
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Figure 4-11. Block Diagram of P33

P-ch
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——© P33/INTP4/TI51/TO51

M-  WRkru
l PU3
&S PU33 ) |
Alternate
function
RD
| g CQ CQ |
[&]
o [0 | 2
2 »
E] WRPpoRT
g P3
IS
A Output latch
~ (P33)
WRem
PM3
S PM33
Alternate
function
0 Y%
P3: Port register 3
PUS: Pull-up resistor option register 3
PM3:  Port mode register 3
RD: Read signal
WRxx: Write signal
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4.2.5 Port 4 (44-pin and 48-pin products only)

Port 4 is a 2-bit I/0O port with an output latch. Port 4 can be set to the input mode or output mode in 1-bit units
using port mode register 4 (PM4). When the P40 and P41 pins are used as an input port, use of an on-chip pull-up

resistor can be specified in 1-bit units by pull-up resistor option register 4 (PU4).
Reset signal generation sets port 4 to input mode.
Figure 4-12 shows a block diagram of port 4.

<R> Caution For the 38-pin products, be sure to set bits 0 and 1 of PM4 and P4 to “0”.

Figure 4-12. Block Diagram of P40, P41 (44-Pin and 48-Pin Products Only)

Vop
WRpu PU4
N\
PU40, PU41
P-ch
RD
§ Selector \
©
g |
(V] s
£ WRProRT P4
Output latch [
(P40, P41)
WRpem PM4
PM40, PM41
/_\_/
P4: Port register 4

PU4: Pull-up resistor option register 4
PM4:  Port mode register 4

RD: Read signal

WRxx: Write signal
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4.2.6 Port6

Port 6 is a 4-bit /0O port with an output latch. Port 6 can be set to the input mode or output mode in 1-bit units

using port mode register 6 (PM6).

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

This port can also be used for serial interface data I/O, clock 1/0, and external clock input.
Reset signal generation sets port 6 to input mode.
Figures 4-13 to 4-15 show block diagrams of port 6.

Remark When using P62/EXSCLO as an external clock input pin of the serial interface, input a clock of 6.4 MHz

toit.

Figure 4-13. Block Diagram of P60 and P61

Selector

<J g

M
Alternate
function
RD
-
WRPpoRT
3 P6
Ke)
e & Output latch
I3 (P60, P61)
£
WRem
PM6
&S PM60, PM61
Alternate
function
—~_
P6: Port register 6

PM6:  Port mode register 6
RD: Read signal
WRxx: Write signal
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Figure 4-14. Block Diagram of P62

<J g

Selector

A
Alternate
function
RD
b
(]
=}
Qo
o WRPpoRT
5] P6
=
Qutput latch
~ (P62)
WRem
PM6
S PM62
S
Pé6: Port register 6

PM6:  Port mode register 6
RD: Read signal
WRxx: Write signal

Figure 4-15. Block Diagram of P63

Selector

© P62/EXSCLO

© P63

-
RD
5 @<|_@C
[2]
]
el
= WReroRT
S P6
2
= N Output latch
~ (P63)
WRem
PM6
O PM63
S
P6: Port register 6

PM6:  Port mode register 6
RD: Read signal
WRxx: Write signal
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4.2.7 Port7
Port 7 is a 6-bit I/O port with an output latch. Port 7 can be set to the input mode or output mode in 1-bit units

using port mode register 7 (PM7). When the P70 to P75"" 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 7 (PU7).

P70 to P73 can also be used for key return input.

Reset signal generation sets port 7 to input mode.

Figure 4-16 shows a block diagram of port 7.

<R> Note 38-pin products: P70/KR0, P71/KR1
44-pin products: P70/KRO to P73/KR3
48-pin products: P70/KR0 to P73/KR3, P74, P75

<R> Caution For the 38-pin products, be sure to set bits 2 and 3 of PM7 and P7 to “0”.

Figure 4-16. Block Diagram of P70 to P75

Vbb
™1 WRepu
J PU7
Note 2
S PU70 to PU75 ) | poch
Alternate
function™ete®

RD
S | g
i S 2
5 ! 3
[=
- WRPORT

4 Output latch Note 1

© (P70 to P75N°tes 2:4) ©) Z%@P ?7';335}1(% ’

WRem
PM7
2. PM70 to PM75"etes 2.4
N
<R> Notes 1. 38-pin products: P70/KR0, P71/KR1
44-pin products: P70/KRO to P73/KR3
48-pin products: P70/KR0 to P73/KR3, P74, P75
2. P74, P75, PM74, PM75, PU74, and PU75 are available only in the 48-pin products.
3. The alternate function is available only in the P70 to P73 pins.
P7: Port register 7

PU7: Pull-up resistor option register 7
PM7:  Port mode register 7

RD: Read signal

WRxx: Write signal
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4.2.8 Port 12

Port 12 is a 5-bit I/0 port with an output latch. Port 12 can be set to the input mode or output mode in 1-bit units
using port mode register 12 (PM12). When used as an input port only for P120, 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 external interrupt request input, potential input for external low-voltage
detection, connecting resonator for main system clock, connecting resonator for subsystem clock, external clock input

for main system clock, and external clock input for subsystem clock.

Reset signal generation sets port 12 to input mode.

Figures 4-17 and 4-18 show block diagrams of port 12.

Cautions 1. When using the P121 to P124 pins to connect a resonator for the main system clock (X1, X2)

or subsystem clock (XT1, XT2), or to input an external clock for the main system clock
(EXCLK) or subsystem clock (EXCLKS), the X1 oscillation mode, XT1 oscillation mode, or
external clock input mode must be set by using the clock operation mode select register
(OSCCTL) (for details, see 5.3 (1) Clock operation mode select register (OSCCTL) and (3)
Setting of operation mode for subsystem clock pin). The reset value of OSCCTL is 00H (all of
the P121 to P124 pins are I/O port pins). At this time, setting of the PM121 to PM124 and
P121 to P124 pins is not necessary.

. For products without an on-chip debug function, with the flash memory of 48 KB or more

(uPD78F0514 and 78F0515), and having a product rank of “I”, “K”, or “E”, and for the product

with an on-chip debug function (4PD78F0513D and 78F0515D), connect P121/X1/OCDOA"™" as

follows when writing the flash memory with a flash memory programmer.

¢ P121/X1/0CDOA™": When using this pin as a port, connect it to Vss via a resistor (10 kQ:
recommended) (in the input mode) or leave it open (in the output
mode).

The above connection is not necessary when writing the flash memory by means of self

programming.

Note OCDOA is provided to the 4PD78F0513D and 78F0515D only.

Remarks 1. For the product ranks, consult an NEC Electronics sales representative.

106

2. The X1 and X2 pins of the xPD78F0513D and 78F0515D can be used as on-chip debug mode

setting pins (OCDOA, OCDO0B) when the on-chip debug function is used. For how to connect an in-
circuit emulator supporting on-chip debugging (QB-78KOMINI or QB-MINI2), see CHAPTER 26 ON-
CHIP DEBUG FUNCTION (4PD78F0513D AND 78F0515D ONLY).
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Figure 4-17. Block Diagram of P120
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Vop
™ WReu
l PU12
O PU120
Alternate
function
RD
3 5 o<]—o@]‘
a 2
-t | 5
5 ! 3
£
WRProRT
P12
A Qutput latch
< (P120) © P120/INTPO/EXLVI
WRpm
PM12
S PM120
~_
P12: Port register 12
PU12:  Pull-up resistor option register 12
PM12: Port mode register 12
RD: Read signal
WRxx: Write signal
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Figure 4-18. Block Diagram of P121 to P124

M 7
OSCCTL
OSCSEL/
RD OSCSELS
S
a | g p
| o
D |e—
WRporT L
P12
tout latch
=4 (CF),LJES,P?ZCM © P122/X2/EXCLK/OCDOBN",
P124/XT2/EXCLKS
WRem
PM12
& PM122/PM124 ‘! ~N
OSCCTL
OSCSEL/
OSCSELS OSCCTL
3 EXCLK, OSCSEL/ | %
= EXCLKS, OSCSELS "o
c
8 L
=
RD
S
a | g L
| 3
w
WReporT
P12 __|
& Output latch o Note
(P121/P123) P121/X1/0OCDOANete,
P123/XT1
WRem
PM12
@ PM121/PM123
OSCCTL
OSCSEL/
OSCSELS
N/

Note 4PD78F0513D and 78F0515D only

P12: Port register 12

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

OSCCTL: Clock operation mode select register
RD: Read signal

WRxx:  Write signal
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4.2.9 Port 13 (48-pin products only)
Port 13 is a 1-bit output-only port.
Figure 4-19 shows a block diagram of port 13.

Figure 4-19. Block Diagram of P130 (48-Pin Products Only)

i
RD
1)
=
o
©
<
)
£ WRepoRT P13
Output latch | o
(P130) I © P130
—J

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

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

Reset signal

P130

!

Set by software
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4.2.10 Port 14 (48-pin products only)
Port 14 is a 1-bit I/O port with an output latch. Port 14 can be set to the input mode or output mode in 1-bit units

using port mode register 14 (PM14). When the P140 pin is used as an input port, use of an on-chip pull-up resistor
can be specified in 1-bit units by pull-up resistor option register 14 (PU14).
This port can also be used for external interrupt request input and clock output.

Reset signal generation sets port 14 to input mode.

Figures 4-20 shows a block diagram of port 14.

Figure 4-20. Block Diagram of P140 (48-Pin Products Only)

——O P140/PCL/INTP6

™  WReu
l PU14
O PU140
Alternate
function
RD
S
S 3
E &
E WRPoRT
o P14
£
A Output latch
~ (P140)
WRem
PM14
S PM140
Alternate
function
N
P14: Port register 14
PU14: Pull-up resistor option register 14
PM14: Port mode register 14
RD: Read signal
WRxx: Write signal
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4.3 Registers Controlling Port Function
Port functions are controlled by the following four types of registers.

e Port mode registers (PMO to PM4, PM6, PM7, PM12, PM14")

¢ Port registers (PO to P4, P6, P7, P12, P13"", P14"")

¢ Pull-up resistor option registers (PUO, PU1, PU3, PU4, PU7, PU12, PU14"")
e A/D port configuration register (ADPC)

Note 48-pin products only

(1) Port mode registers (PMO to PM4, PM6, PM7, PM12, and PM14"")
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.

Note 48-pin products only
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Symbol
PMO

PM1

PM2

PM3

PM4

PM6

PM7

PM12

PM14Nete
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Figure 4-21. Format of Port Mode Register

7 6 5 4 3 2 1 0 Address  After reset R/W
[ + |+ |+ | + [ 1+ | 1 | pvor|pmoo | FFooH  FFH RIW
[ Pmi7 | Pmis | Pmis | Pmi4 | PM13 | Pm12 | PM11 | P10 | FF21H FFH RIW
[ Pm27 | Pm26 | PM2s | Pm2s | PM23 | Pm22 | Pm21 | Pm20 | FR22H FFH R/W
[ + | + | 1+ | 1 [ pvss|pPma2 | Pw3t | Pmso | FrasH FFH RIW
[« 1+ [ 1+ ] 1+ [ 1+ | 1 | pvar | pwao | Froan FFH RIW
[ + | 1+ | 1 | 1+ [ pves | pPwe2 | Pve1 | Pmeo | FFoeH  FFH RIW
[ 1+ | 1 [pmzs"[pmza™e| pm7s | Pm72 | PM71 | PM7O | FR27H FFH RIW
[ + | 1+ | 1 |ewiza|pwizs | pmizz | w121 | Pmi2o | FRacH FFH R/W
[+ |+ |+ | 1+ [ 1 [ 1 | 1 |pwiao| FreEn  FFH RIW
PMmn Pmn pin /0 mode selection

(m=0t04,6,7,12,14;,n=01t07)

0 Output mode (output buffer on)

1 Input mode (output buffer off)

Note  48-pin products only

Caution For the 38-pin products, be sure to set bits 2 to 7 of PMO, bits 6 and 7 of PM2, bits 4 to 7
of PM3, bits 2 to 7 of PM4, bits 4 to 7 of PM6, bits 4 to 7 of PM7, and bits 5 to 7 of PM12
to “1”. Also, be sure to set bits 0 and 1 of PM4, and bits 2 and 3 of PM7 to “0”.

For the 44-pin products, be sure to set bits 2 to 7 of PMO, bits 4 to 7 of PM3, bits 2 to 7 of

PM4, bits 4 to 7 of PM6, bits 4 to 7 of PM7, and bits 5 to 7 of PM12 to “1”.

For the 48-pin products, be sure to set bits 2 to 7 of PMO, bits 4 to 7 of PM3, bits 2 to 7 of
PM4, bits 4 to 7 of PM6, bits 6 and 7 of PM7, bits 5 to 7 of PM12, and bits 1 to 7 of PM14

tO 551 ”.

User's Manual U17336EJ5V0UD




CHAPTER 4 PORT FUNCTIONS

(2) Port registers (PO to P4, P6, P7, P12, P13", and P14™")
These registers write the data that is output from the chip when data is output from a port.
If the data is read in the input mode, the pin level is read. If it is read in the output mode, the value of the output
latch is read.
These registers can be set by a 1-bit or 8-bit memory manipulation instruction.
Reset signal generation sets these registers to 00H.

Note 48-pin products only

Figure 4-22. Format of Port Register

Symbol 7 6 5 4 3 2 1 0 Address Afterreset R/
o o T o T o T o T o T o TrorTrm] rroon omriomtmen
v (o [ [ vis [ o [ 7o [ vz [ it T 7o ] rromt  oonoupuiaan
e o Tom [ 7 [ o [ oo [ [ oo [ om | oo oot
o [0 [ o [ o [ o [ v [ v [ o [ 7o | rromt oonoupuiaen n
o [T o T o [ o[ o [ o v [ v ] rrom  oovcopuionn
Pe | 0 | o | o | o | Pe3 | Pe2 | Pt | P60 | FFOGH  O0OH (outputlatch) AW
oy [ [0 T [ o [ e [ o] rrom  oon oo
P2 | o | o | o [pr2avedpragieezlproote2prartez] prao | FFOCH  0OH (output latch) R/W

pig@e | o | o | o | o | o | o | o [P130™| FFoDH  00H (outputlaich) RMW
piaeet [0 [ o | o [ o | o [ o | o [P140™' FFOEH  00H (outputlaich) RMW
Pmn m=0t04,6,7,12t014;n=0t0 7
Qutput 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. 48-pin products only
2. “0” is always read from the output latch of P121 to P124 if the pin is in the external clock input
mode.

<R> Caution For the 38-pin products, be sure to set bits 6 and 7 of P2, bits 0 and 1 of P4, and bits 2 and
3 of P7 to “0”.
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(3) Pull-up resistor option registers (PUO, PU1, PU3, PU4, PU7, PU12, and PU14"")
These registers specify whether the on-chip pull-up resistors of P00, P01, P10 to P17, P30 to P33, P40, P41, P70
to P73, P74"", P75"", P120, and P140™" 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 PUO, PU1, PU3, PU4, PU7, PU12, and PU14""*. 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 PUO, PU1,
PU3, PU4, PU7, PU12, and PU14™",
These registers can be set by a 1-bit or 8-bit memory manipulation instruction.
Reset signal generation sets these registers to 00H.

Note 48-pin products only

Figure 4-23. Format of Pull-up Resistor Option Register

Symbol 7 6 5 4 3 2 1 0 Address  After reset R/W
oo o | o | o | o | o | o | Puot | Puoo | FFaoH 0OH RIW

Put | PU17 | PUte | PU1s | PU14 | PU1B | PUt2 | PUT1 | PUt0 | FF31H oo RW

s [ T o T o [ o [vum [vom Lot oo ] reom  oon

i [0 o T o [ o[ o T o [romlrmm]mmom om aw

v 5[5 Tl e e (R [ ] e o

e [5 T o T o T o [ o [ o T o Trwm]rmaon oon

oo [ 5 T o T o [ o [ o T o [ o [rom]emen o  aw
PUMN Pmn pin on-chip pull-up resistor selection

(m=0,1,3,4,7,12,14,n=0107)

0 On-chip pull-up resistor not connected

1 On-chip pull-up resistor connected

Note 48-pin products only
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(4) A/D port configuration register (ADPC)
This register switches the P20/ANIO to P27/ANI7"* pins to digital I/O of port or analog input of A/D converter.
ADPC can be set by a 1-bit or 8-bit memory manipulation instruction.
Reset signal generation sets this register to 00H.

<R> Note 38-pin products: P20/ANIO to P25/ANI5 pins
44-pin and 48-pin products: P20/ANIO to P27/ANI7 pins

Figure 4-24. Format of A/D Port Configuration Register (ADPC)

Address: FF2FH After reset: OOH R/W

Symbol 7 6 5 4 3 2 1 0
ADPC 0 0 0 0 ADPC3 ADPC2 ADPC1 ADPCO
ADPC3 ADPC2 ADPCA1 ADPCO Digital I/O (D)/analog input (A) switching
P27/ | P26/ | P25/ | P24/ | P23/ | P22/ | P21/| P20/
ANI7 |ANI6 | ANI5| ANI4 |ANI3| ANI2 | ANI1 |ANIO
0 0 0 0 A A A A A A A
0 0 0 1 A A A A A A D
0 0 1 0 A A A A A A D D
0 0 1 1 A A A A A D D D
0 1 0 0 A A A A D D D D
0 1 0 1 A A A D D D D D
0 1 1 0 A A D D D D D D
0 1 1 1 A D D D D D D D
1 0 0 0 D D D D D D D D
Other than above Setting prohibited

Cautions 1. Set the channel used for A/D conversion to the input mode by using port mode register 2
(PM2).

2. If data is written to ADPC, a wait cycle is generated. Do not write data to ADPC when the CPU
is operating on the subsystem clock and the peripheral hardware clock is stopped. For
details, see CHAPTER 34 CAUTIONS FOR WAIT.

<R> 3. For the 38-pin products, setting ADPC3, ADPC2, ADPC1, ADPC0t0 0,1,1,10r1,0,0,0 is
prohibited.
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4.4 Port Function Operations
Port operations differ depending on whether the input or output mode is set, as shown below.
4.4.1 Writing to I/O port

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

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

4.4.2 Reading from I/O port

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

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

4.4.3 Operations on 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 Table 4-5.

Table 4-5. Settings of Port Mode Register and Output Latch When Using Alternate Function

Pin Name Alternate Function PMxx Pxx
Function Name I/0

P00 TI000 Input 1 X
PO1 TIO10 Input 1 X
TOO00 Output 0 0

P10 SCK10 Input 1 X
Output 0 1

TxDO Output 0 1

P11 Si1o Input 1 X
RxDO Input 1 X

P12 5010 Output 0 0
P13 TxD6 Output 0 1
P14 RxD6 Input 1 X
P15 TOHO Output 0 0
P16 TOHA1 Output 0 0
INTP5 Input 1 X

P17 TI50 Input 1 X
TO50 Output 0 0

P20 to P27"****| ANIO to ANI7""*"? Input 1 X
P30 to P32 INTP1 to INTP3 Input 1 X
P33 INTP4 Input 1 X
TI51 Input 1 X

TO51 Output 0 0

P60 SCLO /0 0 0
P61 SDAO 1/0 0 0
P62 EXSCLO Input 1 X
P70 to P73""*" | KRO to KR3""" Input 1 x
P120 INTPO Input 1 X
EXLVI Input 1 X

P121 Xqhees - X X
P122 xXanere? - X X
EXCLK""*? Input X X

P123 XTqMee? - X X
P124 XT2Me? - X X
EXCLKS""?* Input X

P14Q"** PCL Output 0
INTP6 Input 1 X
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CHAPTER 4 PORT FUNCTIONS

Notes 1.

38-pin products: P20/ANIO to P25/ANI5, P70/KRO, P71/KR1

44-pin and 48-pin products: P20/ANIO to P27/ANI7, P70/KRO0 to P73/KR3

The function of the ANIO/P20 to ANI7/P27 pins can be selected by using the A/D port configuration
register (ADPC), the analog input channel specification register (ADS), and PM2.

Table 4-6. Setting Functions of ANI0O/P20 to ANI7/P27 Pins

ADPC PM2 ADS ANIO/P20 to ANI7/P27 Pins

Analog input selection Input mode Selects ANI. Analog input (to be converted)

Does not select ANI. Analog input (not to be converted)

Output mode Selects ANI. Setting prohibited

Does not select ANI.

Digital I/0 selection Input mode - Digital input

Output mode - Digital output

Remarks

118

When using the P121 to P124 pins to connect a resonator for the main system clock (X1, X2) or
subsystem clock (XT1, XT2), or to input an external clock for the main system clock (EXCLK) or
subsystem clock (EXCLKS), the X1 oscillation mode, XT1 oscillation mode, or external clock input
mode must be set by using the clock operation mode select register (OSCCTL) (for details, see 5.3 (1)
Clock operation mode select register (OSCCTL) and (3) Setting of operation mode for
subsystem clock pin). The reset value of OSCCTL is O0H (all of the P121 to P124 are I/O port pins).
At this time, setting of PM121 to PM124 and P121 to P124 is not necessary.

48-pin products only

1. x: Don’t care
PMxx: Port mode register
Pxx: Port output latch

2. The X1, X2, P31, and P32 pins of the #PD78F0513D and 78F0515D can be used as on-chip debug
mode setting pins (OCDOA, OCDO0B, OCD1A, OCD1B) when the on-chip debug function is used. For
how to connect an in-circuit emulator supporting on-chip debugging (QB-78KOMINI or QB-MINI2),
see CHAPTER 26 ON-CHIP DEBUG FUNCTION (4PD78F0513D and 78F0515D ONLY).
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4.6 Cautions on 1-bit Manipulation Instruction for Port Register n (Pn)

When a 1-bit manipulation instruction is executed on a port that provides both input and output functions, the
output latch value of an input port that is not subject to manipulation may be written in addition to the targeted bit.
Therefore, it is recommended to rewrite the output latch when switching a port from input mode to output mode.

<Example>  When P10 is an output port, P11 to P17 are input ports (all pin statuses are high level), and the port
latch value of port 1 is O0H, if the output of output port P10 is changed from low level to high level
via a 1-bit manipulation instruction, the output latch value of port 1 is FFH.

Explanation: The targets of writing to and reading from the Pn register of a port whose PMnm bit is 1 are the
output latch and pin status, respectively.
A 1-bit manipulation instruction is executed in the following order in the 78K0/KC2.
<1> The Pn register is read in 8-bit units.
<2> The targeted one bit is manipulated.
<3> The Pn register is written in 8-bit units.
In step <1>, the output latch value (0) of P10, which is an output port, is read, while the pin statuses
of P11 to P17, which are input ports, are read. If the pin statuses of P11 to P17 are high level at
this time, the read value is FEH.
The value is changed to FFH by the manipulation in <2>.
FFH is written to the output latch by the manipulation in <3>.

Figure 4-25. Bit Manipulation Instruction (P10)
1-bit manipulation
P10 @ instruction P10 @
g (set1 P1.0) —
Low-level output is executed for P10 High-level output
bit.
P11to P17 O :> P11to P17 O

Pin status: High level

Port 1 output latch

[ofofofoefo]o]o]

Pin status: High level

Port 1 output latch

EEENERENERERENED

<2> Set the P10 bitto 1.

in 8-bit units.

1-bit manipulation instruction for P10 bit

<1> Port register 1 (P1) is read in 8-bit units.
e In the case of P10, an output port, the value of the port output latch (0) is read.
e In the case of P11 to P17, input ports, the pin status (1) is read.

<3> Write the results of <2> to the output latch of port register 1 (P1)
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CHAPTER 5 CLOCK GENERATOR

5.1 Functions of Clock Generator

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

(1) Main system clock

<1> X1 oscillator
This circuit oscillates a clock of fx = 1 to 20 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 frRH = 8 MHz (TYP.). After a reset release, the CPU always starts
operating with this internal high-speed oscillation clock. Oscillation can be stopped by executing the
STOP instruction or using the internal oscillation mode register (RCM).

An external main system clock (fexcik = 1 to 20 MHz) can also be supplied from the EXCLK/X2/P122 pin. An
external main system clock input can be disabled by executing the STOP instruction or using RCM.

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

(2) Subsystem clock
e Subsystem clock oscillator
This circuit oscillates at a frequency of fxt = 32.768 kHz by connecting a 32.768 kHz resonator across XT1
and XT2. Oscillation can be stopped by using the processor clock control register (PCC) and clock
operation mode select register (OSCCTL).

An external subsystem clock (fexcLks = 32.768 kHz) can also be supplied from the EXCLKS/XT2/P124 pin. An
external subsystem clock input can be disabled by setting PCC and OSCCTL.

Remarks 1. fx: X1 clock oscillation frequency
2. fRH: Internal high-speed oscillation clock frequency
3. fexcik:  External main system clock frequency
4. fxt: XT1 clock oscillation frequency
5. fexciks:  External subsystem clock frequency
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(3) Internal low-speed oscillation clock (clock for watchdog timer)
¢ Internal low-speed oscillator

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

* Watchdog timer
e TMH1 (when frL, fr/27, or fr/2°is selected)

Remark fr.: Internal low-speed oscillation clock frequency

5.2 Configuration of Clock Generator
The clock generator includes the following hardware.

Table 5-1. Configuration of Clock Generator

Item Configuration

Control registers Clock operation mode select register (OSCCTL)

Processor clock control register (PCC)

Internal oscillation mode register (RCM)

Main OSC control register (MOC)

Main clock mode register (MCM)

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

Oscillators X1 oscillator

XT1 oscillator

Internal high-speed oscillator
Internal low-speed oscillator
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CHAPTER 5 CLOCK GENERATOR

Remarks 1. fx: X1 clock oscillation frequency
2. fru: Internal high-speed oscillation clock frequency
3. fexck:  External main system clock frequency
4. fxu: High-speed system clock frequency
5. fxp: Main system clock frequency
6. fprrs: Peripheral hardware clock frequency
7. fcpu: CPU clock frequency
8. fxm XT1 clock oscillation frequency
9. fexciks: External subsystem clock frequency

10. fsus: Subsystem clock frequency
11. fRL: Internal low-speed oscillation clock frequency

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

o Clock operation mode select register (OSCCTL)

e Processor clock control register (PCC)

¢ |Internal oscillation mode register (RCM)

e Main OSC control register (MOC)

e Main clock mode register (MCM)

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

(1) Clock operation mode select register (OSCCTL)
This register selects the operation modes of the high-speed system and subsystem clocks, and the gain of the
on-chip oscillator.
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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<R>

<R>

124

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

Address: FF9FH After reset: 0O0H R/W

<7> <6> <5> <4> 3 2 1 <0>
EXCLK | OSCSEL |Exciks™ |oscsets™| o | o | o | AwpH
EXCLK OSCSEL | High-speed system clock P121/X1 pin P122/X2/EXCLK pin
pin operation mode
0 0 1/0 port mode 1/0 port
1 X1 oscillation mode Crystal/ceramic resonator connection
1 0 1/0 port mode 1/0 port
1 1 External clock input 1/0 port External clock input
mode

AMPH Operating frequency control

0 1 MHz < fxi < 10 MHz

1 10 MHz < fxu <20 MHz

Note EXCLKS and OSCSELS are used in combination with XTSTART (bit 6 of the processor
clock control register (PCC)). See (3) Setting of operation mode for subsystem clock

pin.

Cautions 1. Be sure to set AMPH to 1 if the high-speed system clock oscillation frequency
exceeds 10 MHz.

2. Set AMPH before setting the peripheral functions after a reset release. The value
of AMPH can be changed only once after a reset release. When the high-speed
system clock (X1 oscillation) is selected as the CPU clock, supply of the CPU
clock is stopped for 4.06 to 16.12 us after AMPH is set to 1. When the high-
speed system clock (external clock input) is selected as the CPU clock, supply of
the CPU clock is stopped for the duration of 160 external clocks after AMPH is
setto 1.

3. If the STOP instruction is executed when AMPH = 1, supply of the CPU clock is
stopped for 4.06 to 16.12 us after the STOP mode is released when the internal
high-speed oscillation clock is selected as the CPU clock, or for the duration of
160 external clocks when the high-speed system clock (external clock input) is
selected as the CPU clock. When the high-speed system clock (X1 oscillation) is
selected as the CPU clock, the oscillation stabilization time is counted after the
STOP mode is released.

4. 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).

Remark fxH: High-speed system clock frequency
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(2) Processor clock control register (PCC)

This register is used to select the CPU clock, the division ratio, and operation mode for subsystem clock.
PCC is set by a 1-bit or 8-bit memory manipulation instruction.
Reset signal generation sets PCC to 01H.

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

Address: FFFBH  After reset: 01H  R/W"™'

Symbol 7 6 <5> <4> 3 2 1 0
PCC 0 XTSTART " CLS CSs 0 PCC2 PCC1 PCCO
CLS CPU clock status
0 Main system clock
1 Subsystem clock
CSSs PCC2 PCC1 PCCO CPU clock (fcru) selection
0 0 0 0 fxp
0 0 1 fxp/2 (default)
0 1 0 fxp/2?
0 1 1 fxe/2°
1 0 0 fxp/2*
1 0 0 0 fsue/2
0 0 1
0 1 0
0 1 1
1 0 0
Other than above Setting prohibited

Notes 1. Bit 5 is read-only.
2. XTSTART is used in combination with EXCLKS and OSCSELS (bits 5 and 4 of the clock
operation mode select register (OSCCTL)). See (3) Setting of operation mode for
subsystem clock pin.

Caution Be sure to clear bits 3 and 7 to “0”.

Remarks 1. fxp: Main system clock oscillation frequency
2. fsue: Subsystem clock oscillation frequency

The fastest instruction can be executed in 2 clocks of the CPU clock in the 78K0/KC2. Therefore, the relationship
between the CPU clock (fcpu) and the minimum instruction execution time is as shown in Table 5-2.
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Table 5-2. Relationship Between CPU Clock and Minimum Instruction Execution Time

CPU Clock (fcpu) Minimum Instruction Execution Time: 2/fcru
Main System Clock Subsystem Clock
High-Speed System Clock"™ Internal High-Speed
Oscillation Clock™*
At 10 MHz At 20 MHz At 8 MHz (TYP.) Operation At 32.768 kHz Operation
Operation Operation
fxp 0.2 us 0.1 us 0.25 us (TYP.) -
fxp/2 0.4 us 0.2 us 0.5 us (TYP.) -
fxp/2? 0.8 us 0.4 us 1.0 us (TYP.) -
fxp/2° 1.6 us 0.8 us 2.0 us (TYP.) -
fxp/2* 3.2 us 1.6 us 4.0 us (TYP.) -
fsus/2 - - 122.1 us

Note The main clock mode register (MCM) is used to set the main system clock supplied to CPU clock (high-
speed system clock/internal high-speed oscillation clock) (see Figure 5-6).

(3) Setting of operation mode for subsystem clock pin
The operation mode for the subsystem clock pin can be set by using bit 6 (XTSTART) of the processor clock
control register (PCC) and bits 5 and 4 (EXCLKS, OSCSELS) of the clock operation mode select register
(OSCCTL) in combination.

Table 5-3. Setting of Operation Mode for Subsystem Clock Pin

PCC OSCCTL Subsystem Clock Pin P123/XT1 Pin P124/XT2/EXCLKS
Bit 6 Bit5 Bit 4 Operation Mode Pin
XTSTART | EXCLKS | OSCSELS
0 0 0 1/0 port mode 1/0 port
0 0 1 XT1 oscillation mode Crystal resonator connection
0 1 0 1/0 port mode 1/0 port
0 1 1 External clock input mode 1/0 port ‘ External clock input
1 X X XT1 oscillation mode Crystal resonator connection
Caution Confirm that bit 5 (CLS) of the processor clock control register (PCC) is 0 (CPU is operating
with main system clock) when changing the current values of XTSTART, EXCLKS, and
OSCSELS.
Remark x: don’t care
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(4) Internal oscillation mode register (RCM)
This register sets the operation mode of internal oscillator.
RCM can be set by a 1-bit or 8-bit memory manipulation instruction.
Reset signal generation sets this register to 80H""".

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

Address: FFAOH  After reset: 80H"™ "' R/W""?

Symbol <7> 6 5 4 3 2 <1> <0>
RCM RSTS 0 0 0 0 ‘ 0 ‘ LSRSTOP ‘ RSTOP

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

LSRSTOP Internal low-speed oscillator oscillating/stopped

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

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

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

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

e When MCS = 1 (when CPU operates with the high-speed system clock)

e When CLS =1 (when CPU operates with the subsystem clock)

In addition, stop peripheral hardware that is operating on the internal high-speed
oscillation clock before setting RSTOP to 1.
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(5) 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.

128

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

Address: FFA2H  After reset: 80H R/W

Symbol <7> 6 5 4 3 2 1 0
MOC MSTOP 0 0 0 0 0 0 0
MSTOP Control of high-speed system clock operation
X1 oscillation mode External clock input mode
0 X1 oscillator operating External clock from EXCLK pin is enabled
1 X1 oscillator stopped External clock from EXCLK pin is disabled

Cautions 1. When setting MSTOP to 1, be sure to confirm that the CPU operates with a clock

other than the high-speed system clock. Specifically, set under either of the
following conditions.

e When MCS = 0 (when CPU operates with the internal high-speed oscillation
clock)

e When CLS =1 (when CPU operates with the subsystem clock)

In addition, stop peripheral hardware that is operating on the high-speed system
clock before setting MSTOP to 1.

2. Do not clear MSTOP to 0 while bit 6 (OSCSEL) of the clock operation mode select

register (OSCCTL) is 0 (I/O port mode).

3. The peripheral hardware cannot operate when the peripheral hardware clock is

stopped. To resume the operation of the peripheral hardware after the peripheral
hardware clock has been stopped, initialize the peripheral hardware.
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(6) 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: FFA1H  After reset: 00H R/W"*

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 (fx) Peripheral hardware clock (fers)
0 0 Internal high-speed oscillation clock Internal high-speed oscillation clock
0 1 (frH) (frH)
1 0 High-speed system clock (fx+)
1 1 High-speed system clock (fx+)
MCS Main system clock status
0 Operates with internal high-speed oscillation clock
1 Operates with high-speed system clock

Note Bit 1 is read-only.

Cautions 1. XSEL can be changed only once after a reset release.

2. A clock other than frrs is supplied to the following peripheral functions

regardless of the setting of XSEL and MCMO.
o Watchdog timer (operates with internal low-speed oscillation clock)

e When “frL”, “fr/27”, or “frU/2°” is selected as the count clock for 8-bit timer H1

(operates with internal low-speed oscillation clock)
o Peripheral hardware selects the external clock as the clock source

(Except when the external count clock of TMOO is selected (TI000 pin valid

edge))
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(7) 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 or subsystem 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: OOH 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=10MHz | fx=20 MHz
1 0 0 0 0 2"/fx min. | 204.8 s min.| 102.4 us min,
1 1 0 0 0 2°fx min. | 819.2 us min.| 409.6 s min.
1 1 1 0 0 2"/fx min. | 1.64 ms min. | 819.2 us min.
1 1 1 1 0 2%fx min. | 3.27 ms min. | 1.64 ms min.
1 1 1 1 1 2fx min. | 6.55 ms min. | 3.27 ms min.

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

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

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

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

clock oscillation starts (“a” below).

STOP mode release

X1 pin voltage l
waveform

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

This register is used to select the X1 clock oscillation stabilization wait time when the STOP mode is released.
When the X1 clock is selected as the CPU clock, the operation waits for the time set using OSTS after the STOP

mode is released.

When the internal high-speed oscillation clock is selected as the CPU clock, confirm with OSTC that the desired
oscillation stabilization time has elapsed after the STOP mode is released. The oscillation stabilization time can

be checked up to the time set using OSTC.
OSTS can be set by an 8-bit memory manipulation instruction.
Reset signal generation sets OSTS to 05H.

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

Address: FFA4H  After reset: 05H R/W

Symbol 7 6 5 4 3 2 1 0
OSTS 0 0 0 0 0 OSTS2 OSTSH1 OSTS0
OSTS2 OSTSH1 OSTSO0 Oscillation stabilization time selection
fx =10 MHz fx =20 MHz
0 0 1 2" fix 204.8 us 102.4 us
0 1 0 2%/fx 819.2 us 409.6 us
0 1 1 2"/fx 1.64 ms 819.2 us
1 0 0 2%/fx 3.27ms 1.64 ms
1 0 1 2"°/x 6.55 ms 3.27 ms
Other than above Setting prohibited

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

before executing the STOP instruction.

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

stabilization time.

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

set the oscillation stabilization time as follows.

¢ Desired OSTC oscillation stabilization time < Oscillation stabilization time

set by OSTS

Note, therefore, that only the status up to the oscillation stabilization time set by

OSTS is set to OSTC after STOP mode is released.

4. The X1 clock oscillation stabilization wait time does not include the time until

clock oscillation starts (“a” below).
STOP mode release

X1 pin voltage l
waveform

Remark fx: X1 clock oscillation frequency
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5.4 System Clock Oscillator

5.4.1 X1 oscillator

The X1 oscillator oscillates with a crystal resonator or ceramic resonator (1 to 20 MHz) connected to the X1 and X2
pins.

An external clock can also be input. In this case, input the clock signal to the EXCLK pin.
Figure 5-9 shows an example of the external circuit of the X1 oscillator.

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

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

| Vss
i
: —

I X2 External clock ———— | EXCLK

Crystal resonator
or
ceramic resonator

Cautions are listed on the next page.

5.4.2 XT1 oscillator

The XT1 oscillator oscillates with a crystal resonator (standard: 32.768 kHz) connected to the XT1 and XT2 pins.
An external clock can also be input. In this case, input the clock signal to the EXCLKS pin.
Figure 5-10 shows an example of the external circuit of the XT1 oscillator.

Figure 5-10. Example of External Circuit of XT1 Oscillator

(a) Crystal oscillation (b) External clock

Vss

1
] T XT1
' 32.768
I = kHz
1
[
1 M XT2 External clock EXCLKS

Cautions are listed on the next page.
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Caution 1. When using the X1 oscillator and XT1 oscillator, wire as follows in the area enclosed by the
broken lines in the Figures 5-9 and 5-10 to avoid an adverse effect from wiring capacitance.

¢ Keep the wiring length as short as possible.

¢ Do not cross the wiring with the other signal lines. Do not route the wiring near a signal
line through which a high fluctuating current flows.

e Always make the ground point of the oscillator capacitor the same potential as Vss. Do
not ground the capacitor to a ground pattern through which a high current flows.

¢ Do not fetch signals from the oscillator.

Note that the XT1 oscillator is designed as a low-amplitude circuit for reducing power
consumption.

Figure 5-11 shows examples of incorrect resonator connection.

Figure 5-11. Examples of Incorrect Resonator Connection (1/2)

(a) Too long wiring (b) Crossed signal line
PORT
Vss X1 X2 Vss X1 X2

= =

Remark When using the subsystem clock, replace X1 and X2 with XT1 and XT2, respectively. Also, insert
resistors in series on the XT2 side.
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Figure 5-11. 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)

Vop

Pmn
X2

PD% — vs
A N

Vss

i o |
- s
T

S
A . B TC
High current
e cali

High current

(e) Signals are fetched

Vs! X2

Yo
T

[

e

Remark When using the subsystem clock, replace X1 and X2 with XT1 and XT2, respectively. Also, insert
resistors in series on the XT2 side.

Caution 2. When X2 and XT1 are wired in parallel, the crosstalk noise of X2 may increase with XT1,
resulting in malfunctioning.
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5.4.3 When subsystem clock is not used
If it is not necessary to use the subsystem clock for low power consumption operations, or if not using the
subsystem clock as an 1/O port, set the XT1 and XT2 pins to I/O mode (OSCSELS = 0) and connect them as follows.

Input (PM123/PM124 =1):  Independently connect to Vob or Vss via a resistor.
Output (PM123/PM124 = 0): Leave open.

Remark OSCSELS: Bit 4 of clock operation mode select register (OSCCTL)
PM123, PM124: Bits 3 and 4 of port mode register 12 (PM12)

5.4.4 Internal high-speed oscillator

The internal high-speed oscillator is incorporated in the 78K0/KC2. Oscillation can be controlled by the internal
oscillation mode register (RCM).

After a reset release, the internal high-speed oscillator automatically starts oscillation (8 MHz (TYP.)).

5.4.5 Internal low-speed oscillator

The internal low-speed oscillator is incorporated in the 78K0/KC2.

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

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

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

5.4.6 Prescaler

The prescaler generates various clocks by dividing the main system clock when the main system clock is selected
as the clock to be supplied to the CPU.
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5.5

Clock Generator Operation

The clock generator generates the following clocks and controls the operation modes of the CPU, such as standby

mode (see Figure 5-1).

Main system clock fxp
e High-speed system clock fxH
X1 clock fx

[External main system clock fexcik
¢ Internal high-speed oscillation clock frH
Subsystem clock fsus
e XT1 clock fxr
e External subsystem clock fexciks
Internal low-speed oscillation clock faL
CPU clock fcru
Peripheral hardware clock frrs

The CPU starts operation when the internal high-speed oscillator starts outputting after a reset release in the
78K0/KC2, thus enabling the following.

Q)

()

136

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.

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 Figure 5-12.
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Power supply 1.8 \Notes 1,2
voltage (Vbb)

Internal reset signal <1

Figure 5-12. Clock Generator Operation When Power Supply Voltage Is Turned On
(When 1.59 V POC Mode Is Set (Option Byte: POCMODE = 0))

1.59 V
(TYP.) _i

0.5 V/ms
' (MIN.)No(esLZ:

oV

Reset processing

<3> Waiting for (1110 45 ) Switched by
|voltage stabilization: / (5>  Software -

I (1.93105.39ms) | ./

CPU clock ; ‘\Internal high-speed oscillation clock>< High-speed system clock X Subsystem clock

1<2>

-

Internal high-speed
oscillation clock (frH) .

Note 3 :

selected)

High-speed ‘ ‘
system clock (fxH) <4>
(when X1 oscillation

' X1 clock
oscillation stabilization time:

Subsystem clock (fsus) . e 21ty to 216/fNote 4
(when XT1 oscillation iStarttlnbg X1 f?imr"atlon T4>_‘_|_|J—|_‘_|_|—|_|_|_I_|_r
selected) S set by software.

<1>

<2>

<3>

<4>

<5>

Starting XT1 oscillation
is set by software.

When the power is turned on, an internal reset signal is generated by the power-on-clear (POC) circuit.
When the power supply voltage exceeds 1.59 V (TYP.), the reset is released and the internal high-speed
oscillator automatically starts oscillation.

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.

Set the start of oscillation of the X1 or XT1 clock via software (see (1) in 5.6.1 Example of controlling high-
speed system clock and (1) in 5.6.3 Example of controlling subsystem clock).

When switching the CPU clock to the X1 or XT1 clock, wait for the clock oscillation to stabilize, and then set
switching via software (see (3) in 5.6.1 Example of controlling high-speed system clock and (3) in 5.6.3
Example of controlling subsystem clock).

Notes 1. With standard and (A) grade products, if the voltage rises with a slope of less than 0.5 V/ms (MIN.)

from power application until the voltage reaches 1.8 V, input a low level to the RESET pin from power
application until the voltage reaches 1.8 V, or set the 2.7 V/1.59 V POC mode by using the option byte
(POCMODE = 1) (see Figure 5-13). When a low level has been input to the RESET pin until the
voltage reaches 1.8 V, the CPU operates with the same timing as <2> and thereafter in Figure 5-12,
after the reset has been released by the RESET pin.

2. With (A2) grade products, if the voltage rises with a slope of less than 0.75 V/ms (MIN.) from power
application until the voltage reaches 2.7 V, input a low level to the RESET pin from power application
until the voltage reaches 2.7 V. 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.
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Notes 3. The internal voltage stabilization time includes the oscillation accuracy stabilization time of the internal
high-speed oscillation clock.

4. 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).

Caution It is not necessary to wait for the oscillation stabilization time when an external clock input from
the EXCLK and EXCLKS pins is used.

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

Figure 5-13. Clock Generator Operation When Power Supply Voltage Is Turned On
(When 2.7 V/1.59 V POC Mode Is Set (Option Byte: POCMODE = 1))

2.7V (TYP.)
Power supply
voltage (Vop)

oV

‘
Internal reset signal |

<1>
3> Reset processing )
' (11 to 45 us) Switched by
! . g software 5
CPU clock < In:)esrgﬁ;tr;;%hjggke d X High-speed system clock X Subsystem clock
:<2> '
Internal high-speed
oscillation clock (frH)
High-speed v ' '
system clock (fxH) Waiting for oscillation accuracy 4
(when X1 oscillation stabilization (86 to 361 us) <
selected) : ‘

' X1 clock '
oscillation stabilization time:

2"/fx to 2'¢/fxNete
Subsystem clock (fsus) Starting X1 oscillation <4>
(when XT1 oscillation is set by software.

selected)

Starting XT1 oscillation
is set by software.

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

<2> When the power supply voltage exceeds 2.7 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> Set the start of oscillation of the X1 or XT1 clock via software (see (1) in 5.6.1 Example of controlling high-
speed system clock and (1) in 5.6.3 Example of controlling subsystem clock).

138 Users Manual U17336EJ5V0UD



CHAPTER 5 CLOCK GENERATOR

<5> When switching the CPU clock to the X1 or XT1 clock, wait for the clock oscillation to stabilize, and then set
switching via software (see (3) in 5.6.1 Example of controlling high-speed system clock and (3) in 5.6.3
Example of controlling subsystem clock).

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 of 1.93 to 5.39 ms is required after the supply voltage
reaches 1.59 V (TYP.). If the supply voltage rises from 1.59 V (TYP.) to 2.7 V (TYP.) within 1.93
ms, the power supply oscillation stabilization time of 0 to 5.39 ms 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 and EXCLKS pins is used.

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

5.6.1 Controlling high-speed system clock
The following two types of high-speed system clocks are available.
* X1 clock: Crystal/ceramic resonator is connected across the X1 and X2 pins.
¢ 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 I/O port
pins.

Caution The X1/P121 and X2/EXCLK/P122 pins are in the I/O 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

(1) Example of setting procedure when oscillating the X1 clock
<1> Setting frequency (OSCCTL register)
Using AMPH, set the gain of the on-chip oscillator according to the frequency to be used.

AMPH" " Operating Frequency Control
0 1 MHz < fxu £ 10 MHz
1 10 MHz < fxu < 20 MHz

Note Set AMPH before setting the peripheral functions after a reset release. The value of AMPH can
be changed only once after a reset release. When AMPH is set to 1, the clock supply to the CPU
<R> is stopped for 4.06 to 16.12 us.

Remark fxH: High-speed system clock frequency

<2> 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

<3> Controlling oscillation of X1 clock (MOC register)
If MSTORP is cleared to 0, the X1 oscillator starts oscillating.

<4> 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.
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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 (see CHAPTER 28 ELECTRICAL SPECIFICATIONS (STANDARD PRODUCTS) to

CHAPTER 31

+125°C)).

(2) Example of setting procedure when using the external main system clock
<1> Setting frequency (OSCCTL register)
Using AMPH, set the frequency to be used.

AMPH""*

Operating Frequency Control

0

1 MHz < fxn < 10 MHz

1

10 MHz < fxn < 20 MHz

ELECTRICAL SPECIFICATIONS ((A2) GRADE PRODUCTS: Ta = —40 to

Note Set AMPH before setting the peripheral functions after a reset release. The value of AMPH can
be changed only once after a reset release. The clock supply to the CPU is stopped for the
duration of 160 external clocks after AMPH is set to 1.

Remark fxH: High-speed system clock frequency

<2> 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
Speed System Clock Pin

P122/X2/EXCLK Pin

1 External clock input mode | I/O port

External clock input

<3> Controlling external main system clock input (MOC register)
When MSTORP is cleared to 0, the input of the external main system clock is enabled.

Cautions 1. Do not change the value of EXCLK and OSCSEL while the external main system clock is
operating.

2. Set the external main system clock after the supply voltage has reached the operable

voltage of the clock to be used (see CHAPTER 28 ELECTRICAL SPECIFICATIONS
(STANDARD PRODUCTS) to CHAPTER 31 ELECTRICAL SPECIFICATIONS ((A2) GRADE

PRODUCTS: Ta = —40 to +125°C)).

(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

Note

(See 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.
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<2> Setting the high-speed system clock as the main system clock (MCM register)

When XSEL and MCMO are set to 1, the high-speed system clock is supplied as the main system clock

and peripheral hardware clock.

XSEL MCMO Selection of Main System Clock and Clock Supplied to Peripheral Hardware
Main System Clock (fxp) Peripheral Hardware Clock (fers)
1 1 High-speed system clock (fxH) High-speed system clock (fxH)
Caution If the high-speed system clock is selected as the main system clock, a clock other than

the high-speed system clock cannot be set as the peripheral hardware clock.

<3> Setting the main system clock as the CPU clock and selecting the division ratio (PCC register)

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.

CSSs PCC2 PCCA1 PCCO CPU Clock (fcru) Selection
0 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

(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.

142

¢ 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, see CHAPTER 20 STANDBY FUNCTION).

<2> Setting the X1 clock oscillation stabilization time after standby release

When the CPU is operating on the X1 clock, set the value of the OSTS register before the STOP

instruction is executed.

<3> Executing the STOP instruction

When the STOP instruction is executed, the system is placed in the STOP mode and X1 oscillation

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

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

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

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

5.6.2 Example of controlling internal high-speed oscillation clock

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

(1)
@)

(3)

Q)

&)

When restarting oscillation of the internal high-speed oscillation clock

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

When stopping the internal high-speed oscillation clock

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

<2> Waiting for the oscillation accuracy stabilization time of internal high-speed oscillation clock (RCM
register)
Wait until RSTS is set to 1""**,

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.

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™"*
(See 5.6.2 (1) Example of setting procedure when restarting 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.
See 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
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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 (frrs)
0 Internal high-speed oscillation clock | Internal high-speed oscillation clock
1 (frH) (frH)
1 0 High-speed system clock (fxH)

<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.

CSSs PCC2 PCCA1 PCCO CPU Clock (fcru) Selection
0 0 0 0 fxp
0 1 fxp/2 (default)
0 1 0 fxp/2?
0 1 1 fxp/2°
1 0 0 fxp/2*
Other than above Setting prohibited

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

(@) 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, see CHAPTER 20 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 internal high-
speed oscillation clock is stopped.
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(b) To stop internal high-speed oscillation clock by setting RSTOP to 1
<1> Confirming the CPU clock status (PCC and MCM registers)
Confirm with CLS and MCS that the CPU is operating on a clock other than the internal high-speed
oscillation clock.
When CLS = 0 and MCS = 0, the internal high-speed oscillation clock is supplied to the CPU, so
change the CPU clock to the high-speed system clock or subsystem clock.

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

<2> Stopping the internal high-speed oscillation clock (RCM register)
When RSTOP is set to 1, internal high-speed oscillation clock is stopped.

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

5.6.3 Example of controlling subsystem clock
The following two types of subsystem clocks are available.
® XT1 clock: Crystal/ceramic resonator is connected across the XT1 and XT2 pins.
¢ External subsystem clock: External clock is input to the EXCLKS pin.

When the subsystem clock is not used, the XT1/P123 and XT2/EXCLKS/P124 pins can be used as 1/O port pins.
Caution The XT1/P123 and XT2/EXCLKS/P124 pins are in the I/O port mode after a reset release.

The following describes examples of setting procedures for the following cases.
(1) When oscillating XT1 clock

(2) When using external subsystem clock

(3) When using subsystem clock as CPU clock

(4) When stopping subsystem clock

(1) Example of setting procedure when oscillating the XT1 clock
<1> Setting XT1 and XT2 pins and selecting operation mode (PCC and OSCCTL registers)
When XTSTART, EXCLKS, and OSCSELS are set as any of the following, the mode is switched from
port mode to XT1 oscillation mode.

XTSTART | EXCLKS |OSCSELS | Operation Mode of P123/XT1 Pin P124/XT2/
Subsystem Clock Pin EXCLKS Pin
0 0 1 XT1 oscillation mode | Crystal/ceramic resonator connection
1 X X

Remark x: don’t care

<2> Waiting for the stabilization of the subsystem clock oscillation
Wait for the oscillation stabilization time of the subsystem clock by software, using a timer function.

Caution Do not change the value of XTSTART, EXCLKS, and OSCSELS while the subsystem clock is
operating.
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(2) Example of setting procedure when using the external subsystem clock

<1> Setting XT1 and XT2 pins, selecting XT1 clock/external clock and controlling oscillation (PCC and
OSCCTL registers)
When XTSTART is cleared to 0 and EXCLKS and OSCSELS are set to 1, the mode is switched from
port mode to external clock input mode. In this case, input the external clock to the EXCLKS/XT2/P124

pins.
XTSTART | EXCLKS | OSCSELS | Operation Mode of P123/XT1 Pin P124/XT2/
Subsystem Clock Pin EXCLKS Pin
0 1 1 External clock input I/O port External clock input
mode

Caution Do not change the value of XTSTART, EXCLKS, and OSCSELS while the subsystem clock is
operating.

(3) Example of setting procedure when using the subsystem clock as the CPU clock

Note

<1> Setting subsystem clock oscillation
(See 5.6.3 (1) Example of setting procedure when oscillating the XT1 clock and (2) Example of
setting procedure when using the external subsystem clock.)

Note The setting of <1> is not necessary when while the subsystem clock is operating.

<2> Switching the CPU clock (PCC register)
When CSS is set to 1, the subsystem clock is supplied to the CPU.

CSS PCC2 PCC1 PCCO CPU Clock (fcru) Selection
1 0 0 0 fsue/2
0 1
0 1 0
0 1 1
1 0 0
Other than above Setting prohibited

(4) Example of setting procedure when stopping the subsystem clock

146

<1> Confirming the CPU clock status (PCC and MCM registers)
Confirm with CLS and MCS that the CPU is operating on a clock other than the subsystem clock.
When CLS = 1, the subsystem clock is supplied to the CPU, so change the CPU clock to the internal
high-speed oscillation clock or high-speed system clock.

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

<2> Stopping the subsystem clock (OSCCTL register)
When OSCSELS is cleared to 0, XT1 oscillation is stopped (the input of the external clock is disabled).

Cautions 1. Be sure to confirm that CLS = 0 when clearing OSCSELS to 0. In addition, stop the watch
timer if it is operating on the subsystem clock.
2. The subsystem clock oscillation cannot be stopped using the STOP instruction.
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5.6.4 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 frL is selected as the count clock)

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

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

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

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

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

of registers.

Table 5-4. Clocks Supplied to CPU and Peripheral Hardware, and Register Setting

Supplied Clock XSEL CSS MCMO EXCLK
Clock Supplied to CPU Clock Supplied to Peripheral Hardware

Internal high-speed oscillation clock 0 0 X X
Internal high-speed oscillation clock X1 clock 1 0 0 0
External main system clock 1 0 0 1

X1 clock 1 0 1 0
External main system clock 1 0 1 1
Subsystem clock Internal high-speed oscillation clock 0 1 X X
X1 clock 1 1 0 0

1 1 1 0

External main system clock 1 1 0 1

1 1 1 1

Remarks 1. XSEL: Bit 2 of the main clock mode register (MCM)
2. CSS: Bit 4 of the processor clock control register (PCC)
3. MCMO0: Bit 0 of MCM
4. EXCLK: Bit 7 of the clock operation mode select register (OSCCTL)
5. x: don’t care
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5.6.6 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 1.59 V POC Mode Is Set (Option Byte: POCMODE = 0))

Internal low-speed oscillation: Woken up
Power ON Internal high-speed oscillation: Woken up
X1 oscillation/EXCLK input: Stops (I/O port mode)

XT1 oscillation/EXCLKS input: Stops (I/O port mode)
Voo < 1.59 V (TYP.)

Voo > 1.59 V (TYP.

Internal low-speed oscillation: Operating

Internal high-speed oscillation: Operating

X1 oscillation/EXCLK input: Stops (I/O port mode)
XT1 oscillation/EXCLKS input: Stops (/O port mode)

Vop = 1.8 V (MIN.)Nete

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

CPU: Operating
with internal high-

(H)

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

) ke D Selectable by CPU AT
Internal high-speed oscillation: ( ) XT1 oscillation/EXCLKS input: speed oscillatiol \ CPU: Internal high- Operable
Selectable by CPU Selectable by CPU Internal high-speed oscillation:

X1 oscillation/EXCLK input: / speed gﬁ_cci)llglion Stops
Selectable by CPU — - —

L N " 5 : X1 oscillation/EXCLK input: Stops
XT1 oscillation/EXCLKS input: Operating CPU: Operating XT1 oscillation/EXCLKS input:

with XT1 oscillation or (E) Operable

EXCLKS input

I \ CPU: Internal high-
speed oscillation

(@) ©

— HALT
CPU: XT1 CPU: Operating
oscillation/EXCLKS with X1 oscillation or

Internal low-speed oscillation:
Operable

Internal high-speed oscillation:
Operating

X1 oscillation/EXCLK input: Operable
XT1 oscillation/EXCLKS input:

input — HALT EXCLK input Operable
Internal low-speed oscillation: Operable — ‘\£|)
Internal high-speed oscillation: Operable Internal low-speed oscillation: Operable
X1 oscillation/EXCLK input: Operable Internal high-speed oscillation: CPU: X1
XT1 oscillation/EXCLKS input: Selectable by CPU , oscillation/EXCLK
Operating X1 oscillation/EXCLK input: Operating (F) input — STOP
XT1 oscillation/EXCLKS input: CPU: X1
Selectable by CPU oscillatior;/EXCLK g:}eer:waz:)llfw-speed oscillation:
input — HALT Internal high-speed oscillation:
Stops
— X1 oscillation/EXCLK input: Stops
Internal low-speed oscillation: XT1 oscillation: Operable
Operable
Internal high-speed oscillation:
Operable
X1 oscillation/EXCLK input: Operating
XT1 oscillation/EXCLKS input: Operable

<R> Note 1.8V (Standard and (A) grade products), 2.7 V ((A2) grade products)
Remark Inthe 2.7 V/1.59 V POC mode (option byte: POCMODE = 1), the CPU clock status changes to (A) in the

above figure when the supply voltage exceeds 2.7 V (TYP.), and to (B) after reset processing (11 to
45 us).
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Table 5-5 shows transition of the CPU clock and examples of setting the SFR registers.

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

(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 immediately after a reset release (B).)

v

(Setting sequence of SFR registers)

Setting Flag of SFR Register | AMPH EXCLK | OSCSEL | MSTOP OSTC XSEL MCMO
Status Transition Register
(A) = (B) = (C) (X1 clock: 1 MHz < fx1 < 0 0 1 0 Must be 1 1
10 MHz) checked
(A) = (B) — (C) (external main clock: 1 MHz < 0 1 1 0 Must not be 1 1
fxH < 10 MHz) checked
(A) = (B) = (C) (X1 clock: 10 MHz < fxu < 1 0 1 0 Must be 1 1
20 MHz) checked
(A) — (B) = (C) (external main clock: 10 MHz < 1 1 1 0 Must not be 1 1
fx1 < 20 MHz) checked

Caution Set the clock after the supply voltage has reached the operable voltage of the clock to be set (see
CHAPTER 28 ELECTRICAL SPECIFICATIONS (STANDARD PRODUCTS) to CHAPTER 31
ELECTRICAL SPECIFICATIONS ((A2) GRADE PRODUCTS: Ta = —40 to +125°C)).

(38) CPU operating with subsystem clock (D) after reset release (A)
(The CPU operates with the internal high-speed oscillation clock immediately after a reset release (B).)

v

(Setting sequence of SFR registers)

Setting Flag of SFR Register | XTSTART EXCLKS OSCSELS Waiting for CSSs
Oscillation
Status Transition Stabilization
(A) — (B) — (D) (XT1 clock) 0 0 1 Necessary 1
1 X X
(A) — (B) — (D) (external subsystem clock) 0 1 1 Unnecessary 1

Remarks 1. (A) to (I) in Table 5-5 correspond to (A) to (l) in Figure 5-14.
2. EXCLK, OSCSEL, EXCLKS, OSCSELS, AMPH:
Bits 7 to 4 and 0 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)
XTSTART, CSS: Bits 6 and 4 of the processor clock control register (PCC)
X: Don’t care
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Table 5-5. CPU Clock Transition and SFR Register Setting Examples (2/4)

(4) 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 | AMPH"™"® | EXCLK | OSCSEL | MSTOP OSTC | XSEL™ | MCMO
Status Transition Register
(B) — (C) (X1 clock: 1 MHz < fx+ < 10 MHz) 0 0 1 0 Must be 1 1
checked
(B) — (C) (external main clock: 1 MHz < fxn < 0 1 1 0 Must not be 1 1
10 MHz) checked
(B) — (C) (X1 clock: 10 MHz < fx1 < 20 MHz) 1 0 1 0 Must be 1 1
checked
(B) — (C) (external main clock: 10 MHz < fx1 < 1 1 1 0 Must not be 1 1
20 MHz) checked
N

Unnecessary if these registers
are already set

Unnecessary if the
CPU 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 (see
CHAPTER 28 ELECTRICAL SPECIFICATIONS (STANDARD PRODUCTS) to CHAPTER 31
ELECTRICAL SPECIFICATIONS ((A2) GRADE PRODUCTS: Ta = —40 to +125°C)).

(5) CPU clock changing from internal high-speed oscillation clock (B) to subsystem clock (D)

v

(Setting sequence of SFR registers)

Setting Flag of SFR Register | XTSTART EXCLKS OSCSELS Waiting for CSS
Oscillation
Status Transition Stabilization
(B) — (D) (XT1 clock) 0 0 1 Necessary 1
1 X X
(B) — (D) (external subsystem clock) 0 1 1 Unnecessary 1

Unnecessary if the CPU is operating
with the subsystem clock

Remarks 1. (A) to (I) in Table 5-5 correspond to (A) to (l) in Figure 5-14.
2. EXCLK, OSCSEL, EXCLKS, OSCSELS, AMPH:
Bits 7 to 4 and 0 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)
XTSTART, CSS: Bits 6 and 4 of the processor clock control register (PCC)
X: Don’t care
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Table 5-5. CPU Clock Transition and SFR Register Setting Examples (3/4)

(6) 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

(7) CPU clock changing from high-speed system clock (C) to subsystem clock (D)

(Setting sequence of SFR registers)

v

Setting Flag of SFR Register

Status Transition

XTSTART

EXCLKS

OSCSELS

Waiting for
Oscillation
Stabilization

CSSs

(C) — (D) (XT1 clock)

Necessary

(C) — (D) (external subsystem clock)

Unnecessary

Unnecessary if the CPU is operating

with the subsystem clock

(8) CPU clock changing from subsystem clock (D) to internal high-speed oscillation clock (B)

(Setting sequence of SFR registers)

v

Setting Flag of SFR Register

Status Transition

RSTOP

RSTS

MCMo

CSs

(D) - (B)

is 1.

Confirm this flag

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

oscillation clock

Remarks 1. (A) to (I) in Table 5-5 correspond to (A) to (I) in Figure 5-14.

2. MCMO:
EXCLKS, OSCSELS:
RSTS, RSTOP:
XTSTART, CSS:

X: Don’t care

User's Manual U17336EJ5V0UD

1

Unnecessary if

XSEL is 0

Bit 0 of the main clock mode register (MCM)

Bits 7 and 0 of the internal oscillation mode register (RCM)
Bits 6 and 4 of the processor clock control register (PCC)

Bits 5 and 4 of the clock operation mode select register (OSCCTL)
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Table 5-5. CPU Clock Transition and SFR Register Setting Examples (4/4)

(9) CPU clock changing from subsystem clock (D) to high-speed system clock (C)

(Setting sequence of SFR registers)

etting Flag of SFR Register | AMPH""® | EXCLK | OSCSEL | MSTOP | OSTC | XSEL“ | MCMO CSS
Status Transition Register
(D) — (C) (X1 clock: 1 MHz < fxu < 0 0 1 0 Must be 1 1 0
10 MHz) checked
(D) — (C) (external main clock: 1 MHz < 0 1 1 0 Must not be 1 1 0
fx1 < 10 MHz checked
(D) — (C) (X1 clock: 10 MHz < fxn < 1 0 1 0 Must be 1 1 0
20 MHz) checked
(D) — (C) (external main clock: 10 MHz < 1 1 1 0 Must not be 1 1 0
fx1 < 20 MHz) checked

Unnecessary if these registers  Unnecessary if the Unnecessary if this register
are already set CPU is operating is already set
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 (see
CHAPTER 28 ELECTRICAL SPECIFICATIONS (STANDARD PRODUCTS) to CHAPTER 31
ELECTRICAL SPECIFICATIONS ((A2) GRADE PRODUCTS: Ta = —40 to +125°C)).

(10) e HALT mode (E) set while CPU is operating with internal high-speed oscillation clock (B)
e HALT mode (F) set while CPU is operating with high-speed system clock (C)
¢ HALT mode (G) set while CPU is operating with subsystem clock (D)

Status Transition Setting

(B) - (E)
(C) = (Fs
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5.6.7 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 5-6. Changing CPU Clock

CPU Clock Condition Before Change Processing After Change
Before Change After Change
Internal high- X1 clock Stabilization of X1 oscillation o Internal high-speed oscillator can be

speed oscillation
clock

¢ MSTOP =0, OSCSEL =1, EXCLK =0
o After elapse of oscillation stabilization time

stopped (RSTOP = 1).
e Clock supply to CPU is stopped for 4.06
to 16.12 us after AMPH has been set to 1.

External main
system clock

Enabling input of external clock from EXCLK
pin
¢ MSTOP =0, OSCSEL =1, EXCLK = 1

e Internal high-speed oscillator can be
stopped (RSTOP = 1).

o Clock supply to CPU is stopped for the
duration of 160 external clocks from the
EXCLK pin after AMPH has been set to 1.

X1 clock

External main
system clock

Internal high-
speed oscillation
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).

Internal high- XT1 clock Stabilization of XT1 oscillation Operating current can be reduced by

speed oscillation ¢ XTSTART =0, EXCLKS =0, stopping internal high-speed oscillator
clock OSCSELS =1, or XTSTART =1 (RSTOP =1).

X1 clock * After elapse of oscillation stabilization time | y{ yscillation can be stopped (MSTOP = 1).
External main External main system clock input can be
system clock disabled (MSTOP = 1).

Internal high- External Enabling input of external clock from Operating current can be reduced by

speed oscillation
clock

X1 clock

External main
system clock

subsystem clock

EXCLKS pin
o XTSTART =0, EXCLKS =1,
OSCSELS =1

stopping internal high-speed oscillator
(RSTOP =1).

X1 oscillation can be stopped (MSTOP = 1).

External main system clock input can be
disabled (MSTOP = 1).

XT1 clock,
external
subsystem clock

Internal high-
speed oscillation
clock

Oscillation of internal high-speed oscillator
and selection of internal high-speed
oscillation clock as main system clock

¢ RSTOP =0, MCS =0

XT1 oscillation can be stopped or external
subsystem clock input can be disabled
(OSCSELS = 0).

X1 clock

Stabilization of X1 oscillation and selection
of high-speed system clock as main system
clock

¢ MSTOP =0, OSCSEL =1, EXCLK =0

» After elapse of oscillation stabilization time
e MCS =1

o XT1 oscillation can be stopped or external
subsystem clock input can be disabled
(OSCSELS = 0).

o Clock supply to CPU is stopped for 4.06
to 16.12 us after AMPH has been set to 1.

External main
system clock

Enabling input of external clock from EXCLK
pin and selection of high-speed system
clock as main system clock

¢ MSTOP =0, OSCSEL =1, EXCLK = 1

e MCS =1

o XT1 oscillation can be stopped or external
subsystem clock input can be disabled
(OSCSELS = 0).

o Clock supply to CPU is stopped for the
duration of 160 external clocks from the
EXCLK pin after AMPH has been set to 1.

User's Manual U17336EJ5V0UD

153




CHAPTER 5 CLOCK GENERATOR

5.6.8 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 CPU clock
can be switched (between the main system clock and the subsystem clock) and 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 (see Table 5-7).

Whether the CPU is operating on the main system clock or the subsystem clock can be ascertained using bit 5
(CLS) of the PCC register.

Table 5-7. Time Required for Switchover of CPU Clock and Main System Clock Cycle Division Factor

Set Value Before Set Value After Switchover
Switchover
CSS |PCC2|PCC1{PCCO| CSS |PCC2|PCC1|PCCO| CSS [PCC2|PCC1{PCCO| CSS [PCC2|PCC1|PCCO| CSS [PCC2|PCC1{PCCO| CSS [PCC2|PCC1{PCCO| CSS [PCC2|PCC1{PCCO
ofofofofofofof1|ofOof1|OofOofOf1|{1|{O|1]|]O|O|1|x]|x]x
0o|j0|0]|O 16 clocks 16 clocks 16 clocks 16 clocks 2fxp/fsus clocks
0|01 8 clocks 8 clocks 8 clocks 8 clocks fxp/fsus clocks
o|1}|0 4 clocks 4 clocks 4 clocks 4 clocks fxp/2fsus clocks
o 1|1 2 clocks 2 clocks 2 clocks 2 clocks fxp/4fsus clocks
100 1 clock 1 clock 1 clock 1 clock fxr/8fsus clocks
1 x| x| x 2 clocks 2 clocks 2 clocks 2 clocks 2 clocks

Caution Selection of the main system clock cycle division factor (PCCO to PCC2) and switchover from the
main system clock to the subsystem clock (changing CSS from 0 to 1) should not be set
simultaneously.

Simultaneous setting is possible, however, for selection of the main system clock cycle division
factor (PCCO to PCC2) and switchover from the subsystem clock to the main system clock
(changing CSS from 1 to 0).

Remarks 1. The number of clocks listed in Table 5-7 is the number of CPU clocks before switchover.
2. When switching the CPU clock from the main system clock to the subsystem clock, calculate the
number of clocks by rounding up to the next clock and discarding the decimal portion, as shown
below.

Example When switching CPU clock from fxp/2 to fsus/2 (@ oscillation with fxr = 10 MHz, fsus =
32.768 kHz)
fxp/fsus = 10000/32.768 = 305.1 — 306 clocks

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 (see Table 5-8).

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.
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Table 5-8. Maximum Time Required for Main System Clock Switchover

Set Value Before Switchover Set Value After Switchover

MCMO MCMO

0 1

1 + 2frr/fxn clock

1 + 2fxn/frH 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 5-8 is the number of main system clocks before switchover.
2. Calculate the number of clocks in Table 5-8 by removing the decimal portion.

Example When switching the main system clock from the internal high-speed oscillation clock to the

1+ 2fr/fxi=1+2x810=1+2x08=1+1.6=2.6 — 2clocks

5.6.9 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.

high-speed system clock (@ oscillation with frH = 8 MHz, fxH = 10 MHz)

Table 5-9. Conditions Before the Clock Oscillation Is Stopped and Flag Settings

External subsystem clock

Clock Conditions Before Clock Oscillation Is Stopped Flag Settings of SFR
(External Clock Input Disabled) Register
Internal high-speed MCS=1o0rCLS =1 RSTOP =1
oscillation clock (The CPU is operating on a clock other than the internal high-speed
oscillation clock)
X1 clock MCS=0o0rCLS =1 MSTOP = 1
External main system clock (The CPU is operating on a clock other than the high-speed system clock)
XT1 clock CLS=0 OSCSELS =0

(The CPU is operating on a clock other than the subsystem clock)
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5.6.10 Peripheral hardware and source clocks
The following lists peripheral hardware and source clocks incorporated in the 78K0/KC2.

Table 5-10. Peripheral Hardware and Source Clocks

Source Clock Peripheral Subsystem Clock Internal Low- TM50 Output External Clock
Hardware Clock (fsus) Speed Oscillation from Peripheral
Peripheral Hardware (frrs) Clock (frL) Hardware Pins
16-bit timer/ Y N N N Y (TI000 pin)**’
event counter 00
8-bit timer/ 50 Y N N N Y (TI50 pin)"**’
event counter 51 Y N N N Y (TI51 pin)**’
8-bit timer HO Y N N Y N
H1 Y N Y N N
Watch timer Y Y N N N
Watchdog timer N N Y N N
Clock output™*? Y Y N N N
A/D converter Y N N N N
Serial interface UARTO Y N N Y N
UART6 Y N N Y N
csl10 Y N N N Y (SCK10 pin)™*"
1ICO Y N N N Y (EXSCLO,
SCLO pin)"**’

Notes 1.

When the CPU is operating on the subsystem clock and the internal high-speed oscillation clock has

been stopped, do not start operation of these functions on the external clock input from peripheral

hardware pins.

2. 48-pin products only

Remark Y: Can be selected, N: Cannot be selected
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6.1 Functions of 16-bit Timer/Event Counter 00

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.
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6.2 Configuration of 16-bit Timer/Event Counter 00
16-bit timer/event counter 00 includes the following hardware.

Table 6-1. Configuration of 16-bit Timer/Event Counter 00

Item Configuration
Time/counter 16-bit timer counter 00 (TM0O0)
Register 16-bit timer capture/compare registers 000, 010 (CR000, CR010)
Timer input TI000, TI010 pins
Timer output TOOO pin, output controller
Control registers 16-bit timer mode control register 00 (TMCO00)
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)

()

Cautions 2. If clearing of bits 3 and 2 (TMC003 and TMCO002) of 16-bit timer mode control register 00
(TMCO00) to 00 and input of the capture trigger conflict, then the captured data is undefined.
3. To change the mode from the capture mode to the comparison mode, first clear the TMC003
and TMCO002 bits to 00, and then change the setting.
A value that has been once captured remains stored in CR000 unless the device is reset. If
the mode has been changed to the comparison mode, be sure to set a comparison value.

16-bit timer counter 00 (TMO00)

TMOO is a 16-bit read-only register that counts count pulses.

The counter is incremented in synchronization with the rising edge of the count clock.

If the count value is read during operation, then input of the count clock is temporarily stopped, and the count
value at that point is read.

Figure 6-2. Format of 16-bit Timer Counter 00 (TMO0O0)

Address: FF10H, FF11H After reset: 0000H R
FF11H FF10H

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

woo | | | [ [ [ L P[]

The count value of TMOO can be read by reading TMOO when the value of bits 3 and 2 (TMCO003 and TMC002) of
16-bit timer mode control register 00 (TMCOO) is other than 00. The value of TM0O is 0000H if it is read when
TMCO003 and TMC002 = 00.

The count value is reset to 0000H in the following cases.

At reset signal generation

If TMCO003 and TMCO002 are cleared to 00

If the valid edge of the TI000 pin is input in the mode in which the clear & start occurs when inputting the valid
edge to the TI000 pin

If TMOO and CR0O00 match in the mode in which the clear & start occurs when TM00 and CR0O00 match
OSPTO0O0 is set to 1 in one-shot pulse output mode or the valid edge is input to the TI000 pin

Caution Even if TMOO is read, the value is not captured by CR010.

16-bit timer capture/compare register 000 (CR000), 16-bit timer capture/compare register 010 (CR010)
CRO000 and CR010 are 16-bit registers that are used with a capture function or comparison function selected by
using CRCO00.

Change the value of CR000 while the timer is stopped (TMC003 and TMCO002 = 00).

The value of CR010 can be changed during operation if the value has been set in a specific way. For details, see
6.5.1 Rewriting CR010 during TMOO operation.

These registers can be read or written in 16-bit units.

Reset signal generation sets these registers to 0000H.
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Figure 6-3. Format of 16-bit Timer Capture/Compare Register 000 (CR000)

Address: FF12H, FF13H  After reset: 0000H  R/W
FF13H FF12H

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
orooo | | | [ [ T P[P

(i) When CRO000 is used as a compare register
The value set in CROO0O0 is constantly compared with the TMOO count value, and an interrupt request signal
(INTTMOO0O) is generated if they match. The value is held until CROOQO is rewritten.

Caution CRO000 does not perform the capture operation when it is set in the comparison mode, even
if a capture trigger is input to it.

(ii) When CRO00O is used as a capture register
The count value of TMOO is captured to CR000 when a capture trigger is input.
As the capture trigger, an edge of a phase reverse to that of the TI000 pin or the valid edge of the TI010 pin
can be selected by using CRC00 or PRMOO.

Figure 6-4. Format of 16-bit Timer Capture/Compare Register 010 (CR010)

Address: FF14H, FF15H  After reset: 0000H R/W

FF15H FF14H

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

oo | | | [ [ | [ [ [ [ [ [ T [ ] ]

(i) When CR010 is used as a compare register
The value set in CR010 is constantly compared with the TM0OO count value, and an interrupt request signal
(INTTMO10) is generated if they match.

Caution CRO010 does not perform the capture operation when it is set in the comparison mode, even
if a capture trigger is input to it.

(i) When CRO010 is used as a capture register
The count value of TMOO is captured to CR010 when a capture trigger is input.
It is possible to select the valid edge of the TI000 pin as the capture trigger. The TI000 pin valid edge is set
by PRMO0O.
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(iii) Setting range when CR000 or CR010 is used as a compare register
When CR000 or CR010 is used as a compare register, set it as shown below.

Operation

CRO000 Register Setting Range

CRO010 Register Setting Range

Operation as interval timer

0000H < N < FFFFH

Operation as square-wave

output

Operation as external event counter

0000H"" <M < FFFFH
Normally, this setting is not used. Mask the
match interrupt signal (INTTM010).

Operation in the clear & start mode 0000H"" < N < FFFFH

entered by TI000 pin valid

edge input

Operation as free-running timer

0000H"" < M < FFFFH

Operation as PPG output

M < N < FFFFH

0000H"™* <M < N

Operation as one-shot pulse output 0000H"" < N < FFFFH (N = M)

0000H"" < M < FFFFH (M # N)

Note When 0000H is set, a match interrupt immediately after the timer operation does not occur and timer output
is not changed, and the first match timing is as follows. A match interrupt occurs at the timing when the

timer counter (TMOO register) is changed from 0000H to 0001H.

e When the timer counter is cleared due to overflow

e When the timer counter is cleared due to TIO00 pin valid edge (when clear & start mode is entered by
TIO00 pin valid edge input)

¢ When the timer counter is cleared due to compare match (when clear & start mode is entered by match
between TM0OO and CR000 (CR000 = other than 0000H, CR010 = 0000H))

Timer counter clear —,

TMOO register

Compare register set value

Remarks 1. N: CROO0O register set value, M: CRO010 register set value

(0000H)

Operation Operation enabled
(other than 00)

Timer operation enable bit disabled (00)
(TMCO003, TMC002)

Interrupt request signal

|

Interrupt signal
is not generated

t

Interrupt signal
is generated

2. For details of TMC003 and TMCO002, see 6.3 (1) 16-bit timer mode control register 00 (TMCO00).
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Table 6-2. Capture Operation of CR000 and CR010

External Input
Signal
Capture
Operation

TI000 Pin Input Il | |

TI010 Pin Input | | | |

Capture operation of
CR000

CRCO001 =1
TI000 pin input
(reverse phase)

UL

Set values of ES001 and
ES000

Position of edge to be
captured

01: Rising

00: Falling

ULk
Hinsj

11: Both edges
(cannot be captured)

CRCO001 bit=0
TI010 pin input

JuL

Set values of ES101 and
ES100

Position of edge to be
captured

01: Rising

E

00: Falling

E

11: Both edges

E

Interrupt signal

INTTMOOO signal is not
generated even if value
is captured.

Interrupt signal

INTTMOOO signal is
generated each time
value is captured.

Capture operation of
CR010

TI000 pin input™™*

L

Set values of ES001 and
ES000

Position of edge to be
captured

01: Rising

-

00: Falling

-
e

11: Both edges

1

=

Interrupt signal

INTTMO10 signal is
generated each time
value is captured.

Note The capture operation of CR010 is not affected by the setting of the CRCO001 bit.

Caution To capture the count value of the TMOO register to the CR000 register by using the phase
reverse to that input to the TIO00 pin, the interrupt request signal (INTTMO0O00) is not generated
after the value has been captured. If the valid edge is detected on the TI010 pin during this
operation, the capture operation is not performed but the INTTMO00O signal is generated as an
external interrupt signal. To not use the external interrupt, mask the INTTMO000 signal.

Remark

CRCO001: See 6.3 (2) Capture/compare control register 00 (CRC00).

ES101, ES100, ES001, ES000: See 6.3 (4) Prescaler mode register 00 (PRMO00).
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6.3 Registers Controlling 16-bit Timer/Event Counter 00
Registers used to control 16-bit timer/event counter 00 are shown below.

e 16-bit timer mode control register 00 (TMCO00)
o Capture/compare control register 00 (CRCO00)
¢ 16-bit timer output control register 00 (TOCO00)
e Prescaler mode register 00 (PRMO0O0)

e Port mode register 0 (PMO0)

e Port register 0 (P0)

(1) 16-bit timer mode control register 00 (TMCO00)
TMCOO is an 8-bit register that sets the 16-bit timer/event counter 00 operation mode, TMOO clear mode, and
output timing, and detects an overflow.
Rewriting TMCOO is prohibited during operation (when TMCO003 and TMCO002 = other than 00). However, it can
be changed when TMC003 and TMCO002 are cleared to 00 (stopping operation) and when OVFOO is cleared to 0.
TMCOO can be set by a 1-bit or 8-bit memory manipulation instruction.
Reset signal generation sets TMCOO0 to O0H.

Caution 16-bit timer/event counter 00 starts operation at the moment TMC002 and TMCO003 are set to

values other than 00 (operation stop mode), respectively. Set TMC002 and TMCO003 to 00 to
stop the operation.
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Figure 6-5. Format of 16-bit Timer Mode Control Register 00 (TMCO00)

Address: FFBAH After reset: 00H R/W

Symbol 7 6 5 4 3 2 1 <0>
TMCO0 0 0 0 0 TMCO003 ‘ TMC002 | TMCO001 ‘ OVF00
TMCO003 TMC002 Operation enable of 16-bit timer/event counter 00
0 0 Disables 16-bit timer/event counter 00 operation. Stops supplying operating clock.

Clears 16-bit timer counter 00 (TM0O).

0 1 Free-running timer mode

1 0 Clear & start mode entered by TI000 pin valid edge input"™®

1 1 Clear & start mode entered upon a match between TM00 and CR000
TMCO001 Condition to reverse timer output (TO00)

0 e Match between TM0O and CR0O00O or match between TM0O and CR010

1 e Match between TM0O and CR0O00O or match between TM0O and CR010

e Trigger input of TI0O0O pin valid edge

OVF00 TMOO overflow flag

Clear (0) Clears OVF00 to 0 or TMC003 and TMC002 = 00

Set (1) Overflow occurs.

OVFOO is set to 1 when the value of TMOO changes from FFFFH to 0000H in all the operation modes (free-running
timer mode, clear & start mode entered by TI000 pin valid edge input, and clear & start mode entered upon a match
between TM00 and CR000).

It can also be set to 1 by writing 1 to OVF00.

Note The TIOO0O0 pin valid edge is set by bits 5 and 4 (ES001, ES000) of prescaler mode register 00 (PRMO0O0).
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(2) Capture/compare control register 00 (CRC00)
CRCOO0 is the register that controls the operation of CR000 and CR010.

Changing the value of CRCOO is prohibited during operation (when TMC003 and TMCO002 = other than 00).

CRCOO0 can be set by a 1-bit or 8-bit memory manipulation instruction.
Reset signal generation clears CRC00 to 00H.

Figure 6-6. Format of Capture/Compare Control Register 00 (CRC00)

Address: FFBCH  After reset: 00H R/W

Symbol 7 6 5 4 3 2 1 0
CRCO00 0 0 0 0 0 | CRCO002 | CRCO001 | CRCO000
CRCO002 CRO010 operating mode selection
0 Operates as compare register
1 Operates as capture register
CRCO001 CRO0O00 capture trigger selection
0 Captures on valid edge of TI010 pin
1 Captures on valid edge of TI000 pin by reverse phase"*®

The valid edge of the TI010 and TI000 pin is set by PRMOO.

be detected.

If ES001 and ES000 are set to 11 (both edges) when CRCO001 is 1, the valid edge of the TI0O00 pin cannot

CRCO000 CRO000 operating mode selection
0 Operates as compare register
1 Operates as capture register

CRO000), be sure to set CRC000 to 0.

If TMCO003 and TMCO002 are set to 11 (clear & start mode entered upon a match between TM00 and

Note When the valid edge is detected from the TI0O10 pin, the capture operation is not performed but the

INTTMOOO signal is generated as an external interrupt signal.

Caution To ensure that the capture operation is performed properly, the capture trigger requires a pulse
two cycles longer than the count clock selected by prescaler mode register 00 (PRMO00).
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Figure 6-7. Example of CR010 Capture Operation (When Rising Edge Is Specified)

Valid edge

\Y
Count clock _I | | | | | {\

™o J N-3 Y n~N-2 ] ~N-1 ]/

TI000 | |
Rising edge detection

CRO10 AN

INTTMO10 \l |

X
/

I
N+ 1
L

|
1
N
|
1
1
1

(3) 16-bit timer output control register 00 (TOCO00)
<R> TOCOO is an 8-bit register that controls TO00 output.
TOCO00 can be rewritten while only OSPTOO is operating (when TMCO003 and TMCO002 = other than 00).
Rewriting the other bits is prohibited during operation.
However, TOC004 can be rewritten during timer operation as a means to rewrite CR010 (see 6.5.1 Rewriting
CRO010 during TMOO operation).
TOCOO0 can be set by a 1-bit or 8-bit memory manipulation instruction.
Reset signal generation clears TOCO00 to O0H.

Caution Be sure to set TOCO00 using the following procedure.
<1> Set TOC004 and TOCO001 to 1.
<2> Set only TOEO0O to 1.
<3> Set either of LVS00 or LVROO to 1.
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Figure 6-8. Format of 16-bit Timer Output Control Register 00 (TOCO00)

Address: FFBDH  After reset: 00H R/W

Symbol
TOCO00

7 <6> <5> 4 <3> <2> 1 <0>

0 OSPTO00 OSPEQO TOC004 LVSO00 | LVROO | TOCO001 | TOEO0
OSPTO0 One-shot pulse output trigger via software

0 —

1 One-shot pulse output

The value of this bit is always “0” when it is read. Do not set this bit to 1 in a mode other than the one-

shot pulse output mode.
If it is set to 1, TMOO is cleared and started.

OSPEOQO One-shot pulse output operation control
0 Successive pulse output
1 One-shot pulse output

One-shot pulse output operates correctly in the free-running timer mode or clear & start mode entered by

TIO0O0 pin valid edge input.

The one-shot pulse cannot be output in the clear & start mode entered upon a match between TMOO and

CRO000.
TOCO004 TOO0O0 output control on match between CR010 and TM0O
0 Disables inversion operation
1 Enables inversion operation

The interrupt signal (INTTMO010) is generated even when TOC004 = 0.

LVSO00 LVRO0O Setting of TO00 output status
0 0 No change
0 1 Initial value of TOO0O0 output is low level (TOO0O output is cleared to 0).
1 0 Initial value of TOOO output is high level (TOO0O0 output is set to 1).
1 1 Setting prohibited

e LVS00 and LVROO can be used to set the initial value of the TO0O0 output level. If the initial value does

not have to be set, leave LVS00 and LVRO0O as 00.
e Be sure to set LVS00 and LVR0O when TOEQO = 1.
LVS00, LVRO00, and TOEOO being simultaneously set to 1 is prohibited.

e LVSO00 and LVROO are trigger bits. By setting these bits to 1, the initial value of the TO00 output level

can be set. Even if these bits are cleared to 0, TO00 output is not affected.
e The values of LVS00 and LVRO0O are always 0 when they are read.
e For how to set LVS00 and LVROO, see 6.5.2 Setting LVS00 and LVRO00.

e The actual TO00/T1010/P01 pin output is determined depending on PMO1 and P01, besides TO00

output.
TOCO001 TOOO0 output control on match between CR000 and TM0O
0 Disables inversion operation
1 Enables inversion operation

The interrupt signal (INTTMOOO) is generated even when TOCO001 = 0.

TOEOO TOO0O0 output control
0 Disables output (TOO00 output fixed to low level)
1 Enables output
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(4)

168

Prescaler mode register 00 (PRMO00)

PRMOO is the register that sets the TMOO count clock and TI000 and TI010 pin input valid edges.
Rewriting PRMOO is prohibited during operation (when TMCO003 and TMCO002 = other than 00).
PRMOO can be set by a 1-bit or 8-bit memory manipulation instruction.

Reset signal generation clears PRMO0O0 to 00H.

Cautions 1. Do not apply the following setting when setting the PRM001 and PRMO000 bits to 11 (to

specify the valid edge of the TI000 pin as a count clock).
¢ Clear & start mode entered by the TI000 pin valid edge
o Setting the TI000 pin as a capture trigger

2. If the operation of the 16-bit timer/event counter 00 is enabled when the TI000 or TI010 pin is
at high level and when the valid edge of the TI0O00 or TI010 pin is specified to be the rising
edge or both edges, the high level of the TIO00 or TI0O10 pin is detected as a rising edge.
Note this when the TI0O00 or TI010 pin is pulled up. However, the rising edge is not detected
when the timer operation has been once stopped and then is enabled again.

3. The valid edge of TI010 and timer output (TO00) cannot be used for the P01 pin at the same
time. Select either of the functions.
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Figure 6-9. Format of Prescaler Mode Register 00 (PRMO00)

Address: FFBBH  After reset: 00H R/W

Symbol 7 6 5 4 3 2 1 0
PRMO00O ES101 ES100 ES001 ES000 0 | 0 | PRMO001 | PRMO000
ES101 ES100 TI010 pin valid edge selection
0 0 Falling edge
0 1 Rising edge
1 0 Setting prohibited
1 1 Both falling and rising edges
ES001 ES000 TI0O00 pin valid edge selection
0 0 Falling edge
0 1 Rising edge
1 0 Setting prohibited
1 1 Both falling and rising edges
PRMO001 PRMO000 Count clock selection™*"
frrRs =2 MHz | frrs =5 MHz | frrs = 10 MHz | frrs = 20 MHz
0 0 fers"™®? 2 MHz 5 MHz 10 MHz 20 MHz
0 1 frrs/2? 500 kHz 1.25 MHz 2.5 MHz 5 MHz
1 0 frrs/2° 7.81 kHz 19.53 kHz 39.06 kHz 78.12 kHz
1 1 TI000 valid edge™*®

Notes 1.

frrs operating frequency varies depending on the supply voltage.

e Vbop=4.0t05.5V: frrs < 20 MHz
e VoD =2.7t04.0 V: fPRs < 10 MHz

e Vob =1.8102.7 V: frrs < 5 MHz (Standard and (A) grade products only)
2. If the peripheral hardware clock (frrs) operates on the internal high-speed oscillation clock (frH) (XSEL

=0), when 1.8 V < Vbp < 2.7 V, the setting of PRM001 = PRMO000 = 0 (count clock: frrs) is prohibited.
3. The external clock from the TIO00 pin requires a pulse longer than twice the cycle of the peripheral

hardware clock (frrs).

Remark frrs: Peripheral hardware clock frequency
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(5) Port mode register 0 (PMO)
This register sets port 0 input/output in 1-bit units.
When using the P01/TO00/T1010 pin for timer output, set PM01 and the output latches of P01 to 0.
When using the PO0/TI000 and P01/TO00/TI010 pins for timer input, set PM0O and PMO1 to 1. At this time, the
output latches of P00 and PO1 may be 0 or 1.
PMO can be set by a 1-bit or 8-bit memory manipulation instruction.
Reset signal generation sets PMO to FFH.

Figure 6-10. Format of Port Mode Register 0 (PMO)

Address: FF20H After reset: FFH R/W

Symbol 7 6 5 4 3 2 1 0
PMO 1 1 1 1 1 1 PMO1 |PMOO

PMONn POn pin /0O mode selection (n =0, 1)

0 Output mode (output buffer on)

1 Input mode (output buffer off)
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6.4 Operation of 16-bit Timer/Event Counter 00

6.4.1 Interval timer operation

If bits 3 and 2 (TMC003 and TMCO002) of the 16-bit timer mode control register (TMCOQO0) are set to 11 (clear & start
mode entered upon a match between TMOO and CRO000), the count operation is started in synchronization with the

count clock.

When the value of TMOO later matches the value of CR000, TMOO is cleared to 0000H and a match interrupt signal
(INTTMOO0O) is generated. This INTTMOOO signal enables TMOO to operate as an interval timer.

Remarks 1. For the setting of I/O pins, see 6.3 (5) Port mode register 0 (PMO0).

2. For how to enable the INTTMOOO interrupt, see CHAPTER 18 INTERRUPT FUNCTIONS.

Figure 6-11. Block Diagram of Interval Timer Operation

Clear ¢—

Count clock

)

16-bit counter (TM0O)

-

Operable bits
TMCO003, TMC002

{} Match signal
1Y

CROO0O register

INTTMOOO signal

Figure 6-12. Basic Timing Example of Interval Timer Operation

TMOO register

0000H

Operable bits
(TMCO003, TMC002)

Compare register
(CR000)

Compare match interrupt
(INTTMO000)
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Figure 6-13. Example of Register Settings for Interval Timer Operation

(a) 16-bit timer mode control register 00 (TMCO00)

TMC003 TMCO002 TMC001 OVFO0O
Lo [ o] o] ol + [+ [ o] o]

Clears and starts on match

between TMO00 and CR000.

(b) Capture/compare control register 00 (CRC00)

CRC002 CRCO001 CRCO000
L o [ ol of o o of ol o
| CRO00O0 used as
compare register

(c) 16-bit timer output control register 00 (TOCO00)

OSPT00 OSPEOO TOC004 LVS00 LVROO TOC001 TOEOO

Lol ol ofofo] o] ofeco]

(d) Prescaler mode register 00 (PRMO00)

ES101 ES100 ES001 ES000 3 2 PRMO001 PRMO000

| 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0/1 ‘ 0/1 |

\—l—l— Selects count clock

(e) 16-bit timer counter 00 (TMO0O)
By reading TMOO, the count value can be read.

(f) 16-bit capture/compare register 000 (CR000)
If M is set to CR0O0O, the interval time is as follows.

e Interval time = (M + 1) x Count clock cycle
Setting CR000 to 0000H is prohibited.
(g) 16-bit capture/compare register 010 (CR010)
Usually, CR010 is not used for the interval timer function. However, a compare match interrupt (INTTM010)

is generated when the set value of CR010 matches the value of TMOO.
Therefore, mask the interrupt request by using the interrupt mask flag (TMMKO010).
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Figure 6-14. Example of Software Processing for Interval Timer Function

N
TMOO register

0000H

N N — N —

Operable bits

(TMCo03, TMCo02) . °

11

CROO0O register X

INTTMOOO signal

<1>

<1> Count operation start flow

=

Register initial setting
PRMOO register,
CRCOO register,
CROOO register,

port setting

TMCO003, TMCO002 bits = 11

<2> Count operation stop flow

TMCO003, TMCO002 bits = 00

=

<2>

Initial setting of these registers is performed before
setting the TMCO003 and TMCO002 bits to 11.

Starts count operation

The counter is initialized and counting is stopped
by clearing the TMC003 and TMCO002 bits to 00.
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6.4.2 Square wave output operation

When 16-bit timer/event counter 00 operates as an interval timer (see 6.4.1), a square wave can be output from the
TOO0O pin by setting the 16-bit timer output control register 00 (TOCO00) to 03H.

When TMC003 and TMCO002 are set to 11 (count clear & start mode entered upon a match between TM0OO and
CRO000), the counting operation is started in synchronization with the count clock.

When the value of TMOO later matches the value of CR000, TMOO is cleared to 0000H, an interrupt signal

<R> (INTTMOOO) is generated, and TOOO output is inverted. This TO00 output that is inverted at fixed intervals enables

TOO0O0 to output a square wave.

Remarks 1. For the setting of I/O pins, see 6.3 (5) Port mode register 0 (PMO0).
2. For how to enable the INTTMOOQO signal interrupt, see CHAPTER 18 INTERRUPT FUNCTIONS.

<R> Figure 6-15. Block Diagram of Square Wave Output Operation
Clear ¢—
Output | TOOO output )
Count clock )=  16-bit counter (TM0O) 1 contraller © TO00 pin
r {} Match signal INTTMOOO sianal
Operable bits {} signa
TMCO003, TMC002
CROOO register

<R> Figure 6-16. Basic Timing Example of Square Wave Output Operation

N — N — N — N —
TMOO register

0000H

Operable bits
(TMC003, TMC002) 90 "

Compare register N
(CR000)
TOO00 output

Compare match interrupt _| _| _|
(INTTMOO0O)

‘

Interval Interval Interval Interval
(N+1) (N+1) (N+1) (N+1)
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Figure 6-17. Example of Register Settings for Square Wave Output Operation

(a) 16-bit timer mode control register 00 (TMCO00)

TMC003 TMC002 TMCO001 _OVFO00
Lo [ o [ o of «+ [+ ] o] o]

LH

(b) Capture/compare control register 00 (CRC00)

Clears and starts on match
between TM0O0 and CR000.

CRC002 CRC001 CRC000
Lo [ o[ o] ol of o o] o]

\— CRO000 used as
compare register

(c) 16-bit timer output control register 00 (TOCO00)

OSPTO0 OSPE0O0 TOC004 LVS00 LVROO TOC001 TOEQO
|o\o\0\o\0/1\0/1\1\1|

\— Enables TOO0O output.

Inverts TOOO output on match
between TMOO and CR000.

Specifies initial value of TO00 output F/F

(d) Prescaler mode register 00 (PRMO0O0)

ES101 ES100 ES001 ES000 3 2 PRM001 PRMO000

| 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0/1 ‘ 0/1 |

T

Selects count clock

(e) 16-bit timer counter 00 (TMO0O)
By reading TMOO, the count value can be read.

(f) 16-bit capture/compare register 000 (CR000)
If M is set to CR0OO0O, the interval time is as follows.

e Square wave frequency = 1/[2 x (M + 1) x Count clock cycle]
Setting CR000 to 0000H is prohibited.
(g) 16-bit capture/compare register 010 (CR010)
Usually, CR010 is not used for the square wave output function. However, a compare match interrupt

(INTTMO10) is generated when the set value of CR010 matches the value of TMO0O.
Therefore, mask the interrupt request by using the interrupt mask flag (TMMKO010).

User's Manual U17336EJ5V0UD 175



CHAPTER 6 16-BIT TIMER/EVENT COUNTER 00

<R> Figure 6-18. Example of Software Processing for Square Wave Output Function

N — N — N —
TMOO register

0000H

Operable bits
(TMC003, TMC002) 22 ' 00

CROO0O register x N

TOO0O0 output

INTTMOOO signal —| —| —|

TOO00 output control bit |
(TOCO001, TOE00)

<1> <2>

<1> Count operation start flow

=

Register initial setting Initial setting of these registers is performed before
PRMOO register, setting the TMCO003 and TMCO002 bits to 11.
CRCOO register,

TOCOO registeriote,
CROO0O register,
port setting

TMCO003, TMCO002 bits = 11 Starts count operation

<2> Count operation stop flow

L The counter is initialized and counting is stopped
TMC003, TMC002 bits = 00 by clearing the TMC003 and TMCO002 bits to 00.

=

Note Care must be exercised when setting TOCO00. For details, see 6.3 (3) 16-bit timer output control
register 00 (TOCO00).
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6.4.3 External event counter operation

When bits 1 and 0 (PRM001 and PRMO00O) of the prescaler mode register 00 (PRMO0O0) are set to 11 (for counting
up with the valid edge of the TI000 pin) and bits 3 and 2 (TMC003 and TMC002) of 16-bit timer mode control register
00 (TMCO00) are set to 11, the valid edge of an external event input is counted, and a match interrupt signal indicating
matching between TMOO and CRO000 (INTTMO0OO) is generated.

To input the external event, the TIO00 pin is used. Therefore, the timer/event counter cannot be used as an
external event counter in the clear & start mode entered by the TIO00 pin valid edge input (when TMCO003 and
TMCO002 = 10).

The INTTMOOO signal is generated with the following timing.

¢ Timing of generation of INTTMOOQO signal (second time or later)
= Number of times of detection of valid edge of external event x (Set value of CR000 + 1)

However, the first match interrupt immediately after the timer/event counter has started operating is generated with
the following timing.

e Timing of generation of INTTMOOO signal (first time only)
= Number of times of detection of valid edge of external event input x (Set value of CR000 + 2)

To detect the valid edge, the signal input to the TI0O00 pin is sampled during the clock cycle of frrs. The valid edge
is not detected until it is detected two times in a row. Therefore, a noise with a short pulse width can be eliminated.

Remarks 1. For the setting of I/O pins, see 6.3 (5) Port mode register 0 (PMO0).
2. For how to enable the INTTMOO0O signal interrupt, see CHAPTER 18 INTERRUPT FUNCTIONS.

Figure 6-19. Block Diagram of External Event Counter Operation

frrs
Clear l—
O— Output | TOOO output '
. o P © TOO00 pin
TIO0O pin detection >—~ 16-bit counter (TM0O) controller
r {} Match signal )
Operable bits {} INTTMOOQO signal
TMCO003, TMC002
CROO0O register
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Figure 6-20. Example of Register Settings in External Event Counter Mode (1/2)

(a) 16-bit timer mode control register 00 (TMCO00)

TMC003 TMC002 TMC001 _OVF00
Lo [ o[ o ol «+ [+ ] o] o]

LH

(b) Capture/compare control register 00 (CRC00)

Clears and starts on match
between TMO0 and CR000.

CRC002 CRC001 CRC000
Lo [ o[ o] ol of o o o]

\— CRO000 used as
compare register

(c) 16-bit timer output control register 00 (TOCO00)

OSPTO0 OSPE0O0 TOC004 LVS00 LVROO TOC001 TOEQO
|0\0\0\0/1\0/1\0/1\0/1\0/1|

L]

\— 0: Disables TOO00 output
1: Enables TO0O output

Specifies initial value of
TOO00 output F/F

00: Does not invert TO00 output on match
between TM00 and CR0O00/CR010.

01: Inverts TOOO output on match between
TMOO0 and CRO000.

10: Inverts TO00 output on match between
TMOO0 and CRO010.

11: Inverts TOOO output on match between
TMOO0 and CRO00/CRO010.

(d) Prescaler mode register 00 (PRM0O0)

ES101 ES100 ESO001 ES000 3 2 PRMO001 PRMO000

|o‘o‘0/1‘0/1‘0‘o‘1‘1|

L
Selects count clock

(specifies valid edge of TI000).

00: Falling edge detection
01: Rising edge detection
10: Setting prohibited

11: Both edges detection

(e) 16-bit timer counter 00 (TMO0O0)
By reading TMOO, the count value can be read.

(f) 16-bit capture/compare register 000 (CR000)
If M is set to CRO0O, the interrupt signal (INTTMOOO) is generated when the number of external events
reaches (M + 1).
Setting CR0O00 to 0000H is prohibited.
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Figure 6-20. Example of Register Settings in External Event Counter Mode (2/2)

(g) 16-bit capture/compare register 010 (CR010)
Usually, CR010 is not used in the external event counter mode. However, a compare match interrupt
(INTTMO10) is generated when the set value of CR010 matches the value of TM0O.
Therefore, mask the interrupt request by using the interrupt mask flag (TMMKO010).

<R> Figure 6-21. Example of Software Processing in External Event Counter Mode

N — N — N N
TMOO register

0000H

Operable bits
(TMCO003, TMCO002)

Compare register x N
(CR000)

TOO0O0 output

00 11 ) 00

Compare match interrupt
(INTTMO00)

TOOO0 output control bits |
(TOC004, TOC001, TOEO00)

<1> <2>

<1> Count operation start flow

o

Register initial setting
PRMOO register,
CRCOO register,

TOCOO registerhete,
CROOO register,
port setting

Initial setting of these registers is performed before
setting the TMC003 and TMCO002 bits to 11.

TMCO003, TMCO002 bits = 11 Starts count operation

<2> Count operation stop flow

The counter is initialized and counting is stopped

™ TMCO002 bits =
003, TMCOO02 bits = 00 by clearing the TMC003 and TMCO002 bits to 00.

=

Note Care must be exercised when setting TOCO00. For details, see 6.3 (3) 16-bit timer output control
register 00 (TOCO00).
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6.4.4 Operation in clear & start mode entered by TI000 pin valid edge input

When bits 3 and 2 (TMC003 and TMCO002) of 16-bit timer mode control register 00 (TMCO0) are set to 10 (clear &
start mode entered by the TIO00 pin valid edge input) and the count clock (set by PRMO0O0) is supplied to the
timer/event counter, TMOO starts counting up. When the valid edge of the TI000 pin is detected during the counting
operation, TMOO is cleared to 0000H and starts counting up again. If the valid edge of the TI0O00 pin is not detected,
TMOO overflows and continues counting.

The valid edge of the TIO00 pin is a cause to clear TM00. Starting the counter is not controlled immediately after
the start of the operation.

CRO000 and CR010 are used as compare registers and capture registers.

(a) When CR000 and CR010 are used as compare registers
Signals INTTMO0O and INTTMO10 are generated when the value of TMOO matches the value of CR000 and
CRO010.

(b) When CR000 and CR010 are used as capture registers
The count value of TMO0O is captured to CR000 and the INTTMOOO signal is generated when the valid edge is
input to the TI0O10 pin (or when the phase reverse to that of the valid edge is input to the TI000 pin).
When the valid edge is input to the TIO0O0 pin, the count value of TMOO is captured to CR0O10 and the
INTTMO10 signal is generated. As soon as the count value has been captured, the counter is cleared to
0000H.

Caution Do not set the count clock as the valid edge of the TI0O00 pin (PRM001 and PRMO000 = 11). When
PRMO001 and PRMO000O = 11, TMOO is cleared.

Remarks 1. For the setting of the I/O pins, see 6.3 (5) Port mode register 0 (PMO).
2. For how to enable the INTTMOOO signal interrupt, see CHAPTER 18 INTERRUPT FUNCTIONS.

(1) Operation in clear & start mode entered by TI000 pin valid edge input
(CR000: compare register, CR010: compare register)

<R> Figure 6-22. Block Diagram of Clear & Start Mode Entered by TI000 Pin Valid Edge Input
(CR000: Compare Register, CR010: Compare Register)

. Edge
T1000 pin © detection
Clear
Count clock Timer counter
r (TMO0O0)
- {} Match signal . Interrupt signal
Operable bits ﬁ I (INTTMOO00)
TMCO003, TMCO002
Compare register Output | TOO00 output .
(CR000) controller ©T000 pin
Match signal I Interrupt signal

ﬁ * (INTTMO10)

Compare register
(CR010)
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<R> Figure 6-23. Timing Example of Clear & Start Mode Entered by TI000 Pin Valid Edge Input
(CR000: Compare Register, CR010: Compare Register)

(a) TOCO00 = 13H, PRM00 = 10H, CRCO00, = 00H, TMCO00 = 08H

v M_~T M, 1 M_1

; M
TMOO register N A N~ N~ N

N

0000H

Operable bits <
(TMCO003, TMCO002) 00 10

Count clear input | _l
(TI000 pin input)

Compare register M
(CR000) > (

Compare match interrupt .|

(INTTMO00)

Compare register

(CR0O10) :X N

Compare match interrupt
(INTTMO10) -| -| -| -|

TOO0O0 output

(b) TOCO0 = 13H, PRMO00 = 10H, CRC00, = 00H, TMCO00 = 0AH

v M _~ M1 M_1

; M
TMOO register N A N~ N~ N

N

0000H

Operable bits 00 <
(TMCO003, TMC002)

Count clear input | _l
(TI000 pin input)

Compare register >< M
(CR000)
Compare match interrupt .|

(INTTMO00)

Compare register

(CR0O10) :X N

Compare match interrupt
(INTTMO10) -| -| -|

—

TOO0O0 output

(a) and (b) differ as follows depending on the setting of bit 1 (TMCO001) of 16-bit timer mode control register 01
(TMCOQO0).
(a) The TOOO output level is inverted when TMOO matches a compare register.
(b) The TOOO output level is inverted when TMOO matches a compare register or when the valid edge of the
TIO00 pin is detected.
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(2) Operation in clear & start mode entered by TI000 pin valid edge input
(CR000: compare register, CR010: capture register)

<R> Figure 6-24. Block Diagram of Clear & Start Mode Entered by TI000 Pin Valid Edge Input
(CR000: Compare Register, CR010: Capture Register)

. Edge
T1000 pin © detector
Clear
Count clock \ Timer counter
r ) (TMO0O)
{} Match signal _ Interrupt signal
Operable bits ﬁ I (INTTMOOO)
TMCO003, TMCO002
Compare register Output M )
(CR000) controller ©7000 pin
Capture signal || Capture register Interrupt signal
(CRO10) (INTTMO10)
<R> Figure 6-25. Timing Example of Clear & Start Mode Entered by TI000 Pin Valid Edge Input

(CR000: Compare Register, CR010: Capture Register) (1/2)

(a) TOCO00 = 13H, PRMO00 = 10H, CRC00 = 04H, TMCO00 = 08H, CR000 = 0001H

M N P Q

TMOO register

0000H

Operable bits
(TMCO003, TMC002)

00 10

Capture & count clear input
(TI1000 pin input)

Compare register
(CRO000) X 0001H
Compare match interrupt
(INTTMO000)

Capture register
(CR010) 0000H X M > N S P

Capture interrupt '|
(INTTMO010)

P
ol

TOO00 output

This is an application example where the TO00 output level is inverted when the count value has been captured
& cleared.

The count value is captured to CR010 and TMOO is cleared (to 0000H) when the valid edge of the TIO00 pin is
detected. When the count value of TMOO is 0001H, a compare match interrupt signal (INTTMO0OO) is generated,
and the TOOO output level is inverted.
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<R> Figure 6-25. Timing Example of Clear & Start Mode Entered by TI0O00 Pin Valid Edge Input
(CR000: Compare Register, CR010: Capture Register) (2/2)

(b) TOCO0 = 13H, PRMO00 = 10H, CRC00 = 04H, TMCO00 = 0AH, CR0O00 = 0003H

M N P Q

TMOO register

0003H
0000H

Operable bits 00 >
(TMCO003, TMC002)

Capture & count clear input —l _l
(TI000 pin input)

Compare register
(CR000) X 0003H

Compare match interrupt '| ] '| '| '|
(INTTMO000)

Capture register
(CR010) 0000H M > N

Capture interrupt '| '| '| '|
(INTTMO10)

TOOO0 output

10

This is an application example where the width set to CR0O00 (4 clocks in this example) is to be output from the
TOO00 pin when the count value has been captured & cleared.

The count value is captured to CRO10, a capture interrupt signal (INTTMO010) is generated, TMOO is cleared (to
0000H), and the TOOO output level is inverted when the valid edge of the TIO00 pin is detected. When the count
value of TM0O is 0003H (four clocks have been counted), a compare match interrupt signal (INTTMOOO) is
generated and the TOOO output level is inverted.
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(3) Operation in clear & start mode entered by TI000 pin valid edge input
(CRO000: capture register, CR010: compare register)

<R>

(CR000: Capture Register, CR010: Compare Register)

Edge

T1000 pin ©— detection

Count clock

Clear

D

Operable bits
TMCO003, TMC002

Capture signal

184

Timer counter
(TMO0)

iy

Match signal

Figure 6-26. Block Diagram of Clear & Start Mode Entered by TI000 Pin Valid Edge Input

Interrupt signal

ﬁ

!

(INTTMO10)

Compare register
(CR010)

]

Capture register
(CR000)

Output
controller

TOOO0 output

©) TOO00 pin

Interrupt signal
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Figure 6-27. Timing Example of Clear & Start Mode Entered by TI000 Pin Valid Edge Input
(CR000: Capture Register, CR010: Compare Register) (1/2)

(a) TOCO00 = 13H, PRM00 = 10H, CRC00 = 03H, TMCO00 = 08H, CR010 = 0001H

TMOO register

0000H

Operable bits
(TMCO003, TMCO002)

Capture & count clear input
(TI1000 pin input)

Capture register
(CR000)

Capture interrupt
(INTTMO000)

Compare register
(CRO10)

Compare match interrupt
(INTTMO10)

TOO00 output

v

N

v

7

00>

10

0000H M

X

0001H

L

This is an application example where the TO00 output level is to be inverted when the count value has been

captured & cleared.

TMOO is cleared at the rising edge detection of the TIO0O0 pin and it is captured to CRO0O at the falling edge

detection of the TI000 pin.
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<R> Figure 6-27. Timing Example of Clear & Start Mode Entered by TI000 Pin Valid Edge Input
(CR000: Capture Register, CR010: Compare Register) (2/2)

(b) TOCO0 = 13H, PRMO00 = 10H, CRC00 = 03H, TMC00 = 0AH, CR010 = 0003H

TMOO register
M S P

0003H
0000H N

Operable bits
(TMCO003, TMCO002)

00 10

Capture & count clear input
(TI000 pin input)

Capture register
(CR000) 0000H M N S P

Capture interrupt
(INTTMoo0) _L

Compare register
(CR010) X 0003H

Compare match interrupt '| '| '| '|
(INTTMO010)

TOOO0 output

This is an application example where the width set to CR010 (4 clocks in this example) is to be output from the
TOO0O0 pin when the count value has been captured & cleared.

TMOO is cleared (to 0000H) at the rising edge detection of the TI000 pin and captured to CR0O0O at the falling
edge detection of the TI000 pin. The TOO00 output level is inverted when TMOO is cleared (to 0000H) because the
rising edge of the TIO00 pin has been detected or when the value of TMOO matches that of a compare register
(CR0O10).

When bit 1 (CRC001) of capture/compare control register 00 (CRCO00) is 1, the count value of TMOO is captured
to CRO0O0 in the phase reverse to that of the input signal of the TIO00 pin, but the capture interrupt signal
(INTTMOO0O) is not generated. However, the INTTMOOO interrupt is generated when the valid edge of the TI010
pin is detected. Mask the INTTMOOO signal when it is not used.
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(4) Operation in clear & start mode entered by TI000 pin valid edge input
(CRO000: capture register, CR010: capture register)

Figure 6-28. Block Diagram of Clear & Start Mode Entered by TI000 Pin Valid Edge Input

(CR000: Capture Register, CR010: Capture Register)

Clear

N
J

Timer counter

(TMO0O)

Capture signal

g

Capture register
(CR010)

Interrupt signal

I (INTTMO010)

Capture

Capture register

(CR000)

Output TOO0O0 output

inNote
controller © TO00 pin

Interrupt signal

signal

(INTTMO000)

Note The timer output (TO00) cannot be used when detecting the valid edge of the TI010 pin is used.

<R>
Operable bits
TMC003, TMC002
Count clock

) Edge =

T1000 pin ©—={ yetection £

(0]

- Not Edge K

TI010 pin™*O—={ ;e ction @
<R>

Figure 6-29. Timing Example of Clear & Start Mode Entered by TI000 Pin Valid Edge Input

(CR000: Capture Register, CR010: Capture Register) (1/3)

(a) TOCO00 = 13H, PRM00 = 30H, CRC00 = 05H, TMCO00 = 0AH

TMOO register

0000H

Operable bits
(TMCO003, TMCO002)

Capture & count clear input
(TI000 pin input)

Capture register
(CR000)

Capture interrupt
(INTTMO00)

Capture register
(CR010)

Capture interrupt
(INTTMO10)

TOO0O0 output

L
N_—
M_—— O-, P_ O R S _— T4
00 10
0000H
L
R G R 00O

||

|

(RXs
1

]

I =

This is an application example where the count value is captured to CR010, TMOO is cleared, and TOO0O output is

inverted when the rising or falling edge of the TI0O00 pin is detected.

When the edge of the TI010 pin is detected, an interrupt signal (INTTMOOO) is generated. Mask the INTTMO00O

signal when it is not used.
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Figure 6-29. Timing Example of Clear & Start Mode Entered by TI000 Pin Valid Edge Input
(CR000: Capture Register, CR010: Capture Register) (2/3)

(b) TOCO00 = 13H, PRMO00 = COH, CRC00 = 05H, TMCO00 = 0AH

FFFFH
L] o R T
TMOO register /N/ Q / /
0000H > e >

Operable bits
(TMCO003, TMCO002)

00 10

Capture trigger input
(TI010 pin input)

Capture register

AT €9 €.0. 0.0 6 &) €3 ¢

Capture interrupt
(INTTMO000) -| -| -I_-I_-l -| -| -| -|_
Capture & count clear input

(Tlooo) L

Capture register
(CR010) 0000H

Capture interrupt
(INTTMO10) L

This is a timing example where an edge is not input to the TI000 pin, in an application where the count value is
captured to CR0O00 when the rising or falling edge of the TI010 pin is detected.

User's Manual U17336EJ5V0UD



CHAPTER 6 16-BIT TIMER/EVENT COUNTER 00

Figure 6-29. Timing Example of Clear & Start Mode Entered by TI000 Pin Valid Edge Input
(CR000: Capture Register, CR010: Capture Register) (3/3)

(c) TOCO00 = 13H, PRM00 = 00H, CRC00 = 07H, TMCO00 = 0AH

M o S W

TMOO register L / N / Q- R / P /

0000H P

Operable bits
(TMCO003, TMCO002)

00 10

Capture & count clear input
(TI000 pin input) -

Capture register
(CR000)

Capture register C
(CR010) 0000H M 0] Q S w

Capture interrupt ‘| '| '| ‘|
(INTTMO010) -|_

Capture input
(TI010)

Capture interrupt
(INTTMO000)

0000H L N P R T

This is an application example where the pulse width of the signal input to the TIO00 pin is measured.

By setting CRCO00, the count value can be captured to CR0OO0O in the phase reverse to the falling edge of the
TI000 pin (i.e., rising edge) and to CR010 at the falling edge of the TI000 pin.

The high- and low-level widths of the input pulse can be calculated by the following expressions.

¢ High-level width = [CR010 value] — [CR000 value] x [Count clock cycle]
¢ Low-level width = [CR0O0O0 value] x [Count clock cycle]

If the reverse phase of the TI000 pin is selected as a trigger to capture the count value to CR000, the INTTM000
signal is not generated. Read the values of CR000 and CR010 to measure the pulse width immediately after the
INTTMO10 signal is generated.

However, if the valid edge specified by bits 6 and 5 (ES101 and ES100) of prescaler mode register 00 (PRMO00) is
input to the TI010 pin, the count value is not captured but the INTTMOOO signal is generated. To measure the
pulse width of the TIO00 pin, mask the INTTMOOO signal when it is not used.
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Figure 6-30. Example of Register Settings in Clear & Start Mode Entered by TI000 Pin Valid Edge Input (1/2)

(a) 16-bit timer mode control register 00 (TMCO00)

TMC003 TMC002 TMC001 OVFOO
[ o [ o [ o | o | 1 [ o | on | o |

L]

0: Inverts TOOO output on match
between TM0O0 and CR0O00/CR010.

1: Inverts TOO0O output on match
between TM0OO and CR0O00/CR010
and valid edge of TI0O00 pin.

Clears and starts at valid
edge input of TI000 pin.

(b) Capture/compare control register 00 (CRC00)

CRC002 CRC001 CRCO00
[ o | o [ o | o | o [ ot | on | on |

—— 0: CRO0O00 used as compare register
1: CROO0O used as capture register

0: TIO10 pin is used as capture
trigger of CR0O0O.

1: Reverse phase of TI0O00 pin is
used as capture trigger of CR000.

0: CRO010 used as compare register
1: CRO10 used as capture register

(c) 16-bit timer output control register 00 (TOCO00)

OSPT00 OSPE00 TOCO004 LVS00 LVROO TOC001 TOEOO

|o\0\0\0/1\0/1\0/1\0/1\0/1|

L]

\— 0: Disables TOO0O outputN°te
1: Enables TOO0O output

Specifies initial value of
TOO0O0 output F/F

‘ 00: Does not invert TO00 output on match

between TM00 and CR0O00/CR010.

01: Inverts TOOO output on match between
TMOO0 and CRO000.

10: Inverts TO00 output on match between
TMOO0 and CRO010.

11: Inverts TOOO output on match between
TMOO0 and CRO00/CR010.

Note The timer output (TO00) cannot be used when detecting the valid edge of the TI010 pin is used.
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Figure 6-30. Example of Register Settings in Clear & Start Mode Entered by TI000 Pin Valid Edge Input (2/2)

(d) Prescaler mode register 00 (PRMO00)

ES101 ES100 ES001  ES000 3 2 PRMO001 PRMO0O
|0/1\0/1\0/1\0/1\0\0\0/1\0/1|

L Count clock selection
(setting TI000 valid edge is prohibited)

00: Falling edge detection
01: Rising edge detection
10: Setting prohibited
11: Both edges detection
(setting prohibited when CRC001 = 1)

00: Falling edge detection
01: Rising edge detection
10: Setting prohibited

11: Both edges detection

(e) 16-bit timer counter 00 (TMO00)
By reading TMOO, the count value can be read.

(f) 16-bit capture/compare register 000 (CR000)
When this register is used as a compare register and when its value matches the count value of TM0O, an
interrupt signal (INTTMOOO) is generated. The count value of TMOO is not cleared.

Note

To use this register as a capture register, select either the TIO00 or TI010 pin™* input as a capture trigger.
When the valid edge of the capture trigger is detected, the count value of TMOO is stored in CR000.

Note The timer output (TO00) cannot be used when detection of the valid edge of the TI010 pin is used.

(g) 16-bit capture/compare register 010 (CR010)
When this register is used as a compare register and when its value matches the count value of TM0O, an
interrupt signal (INTTMO10) is generated. The count value of TMOO is not cleared.
When this register is used as a capture register, the TI000 pin input is used as a capture trigger. When the
valid edge of the capture trigger is detected, the count value of TMOO is stored in CR010.
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<R> Figure 6-31. Example of Software Processing in Clear & Start Mode Entered by TI000 Pin Valid Edge Input

TMOO register N /M,/ N }/ N /M,/ N }

0000H —/ / / l/ /

Operable bits
(TMC003, TMC002) 00 < 10 ( 00

Count clear input
(TI000 pin input)

Compare register :>< M
(CRO000)

Compare match interrupt

(INTTMOO00)

Compare register
(CR010) >< N
Compare match interrupt '| '| ‘|
(INTTMO10)

1

|
—

—

TOO0O0 output

<1> <2> <2> <2> <2> <3>
<1> Count operation start flow <3> Count operation stop flow
) The counter is initialized
START TMCO003, TMC002 bits =00 | and counting is stopped
by clearing the TMC003

and TMCO002 bits to 00.

Register initial setting Initial setting of these
PRMOO register, registers is performed
CRCOO register, before setting the C STOP >
TOCOO registerh°te, TMCO003 and TMC002
CR000, CR0O10 registers, bits to 10.
TMCO00.TMCO01 bit,
port setting

TMCO003, TMCO002 bits = 10 Starts count operation

<2> TMOO register clear & start flow

|

Edge input to TIO00 pin

l

When the valid edge is input to the TI000 pin,
the value of the TMOO register is cleared.

Note Care must be exercised when setting TOCO00. For details, see 6.3 (3) 16-bit timer output control register
00 (TOCO00).
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6.4.5 Free-running timer operation

When bits 3 and 2 (TMC003 and TMCO002) of 16-bit timer mode control register 00 (TMCO0O0) are set to 01 (free-
running timer mode), 16-bit timer/event counter 00 continues counting up in synchronization with the count clock.
When it has counted up to FFFFH, the overflow flag (OVF0O) is set to 1 at the next clock, and TMOO is cleared (to
0000H) and continues counting. Clear OVFO0O to 0 by executing the CLR instruction via software.

The following three types of free-running timer operations are available.

¢ Both CR0O00 and CR0O10 are used as compare registers.
¢ One of CR000 or CRO10 is used as a compare register and the other is used as a capture register.

¢ Both CR000 and CRO010 are used as capture registers.

Remarks 1. For the setting of the 1/O pins, see 6.3 (5) Port mode register 0 (PMO0).
2. For how to enable the INTTMOOO signal interrupt, see CHAPTER 18 INTERRUPT FUNCTIONS.

(1) Free-running timer mode operation
(CR000: compare register, CR010: compare register)

Figure 6-32. Block Diagram of Free-Running Timer Mode
(CR000: Compare Register, CR010: Compare Register)

Count clock Timer counter
r (TMO0)

. {} Match signal _ Interrupt signal
Operable bits ﬁ I (INTTMO00)
TMCO003, TMC002
Compare register Output | TOO0 output .
(CR000) controller © 7000 pin
Match signal i Interrupt signal

ﬁ ¢ (INTTMO10)

Compare register
(CR010)
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<R> Figure 6-33. Timing Example of Free-Running Timer Mode
(CR000: Compare Register, CR010: Compare Register)

¢ TOCO00 = 13H, PRM00 = 00H, CRC00 = 00H, TMCO00 = 04H

FFFFH

| A Wl W8 Wt
TMOO register

0000H

Operable bits ><
(TMCO003, TMCO002) 00 o 00

Compare register M
(CR000) x

Compare match interrupt
(INTTMO00) -| -| -| -|

Compare register
(CR010) >< N

Compare match interrupt
(INTTMO10) -| -| -| -|

TOO00 output

OVFOO bit —l —l _|_

? ? ? T

0 write clear 0 write clear 0 write clear 0 write clear

This is an application example where two compare registers are used in the free-running timer mode.
The TOOO output level is inverted each time the count value of TMOO matches the set value of CR000 or CR010.
When the count value matches the register value, the INTTMOOO or INTTMO10 signal is generated.

(2) Free-running timer mode operation
(CR000: compare register, CR010: capture register)

<R> Figure 6-34. Block Diagram of Free-Running Timer Mode
(CR000: Compare Register, CR010: Capture Register)

Count clock Timer counter
r (TMO0)

& Match signal Interrupt signal
Operable bits ﬁ I (INTTMOOO)
TMCO003, TMCO002
Compare register Output | TO0O output .
(CR000) controller ©T000 pin
in© Edge Capture register Interrupt signal
Tiooo pin detection Capture S|gna| (CR01 O) (IN-I—I-MO1 0)
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<R>

FFFFH
TMOO register

0000H

Operable bits
(TMCO003, TMCO002)

Capture trigger input
(T1000)

Compare register
(CR000)

Compare match interrupt
(INTTMO000)

Capture register
(CR010)

Capture interrupt
(INTTMO010)

TOO00 output

Overflow flag
(OVF00)

Figure 6-35. Timing Example of Free-Running Timer Mode
(CR000: Compare Register, CR010: Capture Register)

« TOCO00 = 13H, PRM00 = 10H, CRC00 = 04H, TMCO00 = 04H

M
N P. a /
00 01
X 0000H
0000H M N < P

(a
L

=

—

T T

0 write clear

0 write clear

T

0 write clear

T

0 write clear

This is an application example where a compare register and a capture register are used at the same time in the

free-running timer mode.
In this example, the INTTMOOO signal is generated and the TOO0O output level is inverted each time the count

value of TMOO matches the set value of CRO00 (compare register).

In addition, the INTTMO10 signal is

generated and the count value of TMOO is captured to CR010 each time the valid edge of the TIO00 pin is

detected.
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(3) Free-running timer mode operation
(CRO000: capture register, CR010: capture register)

Figure 6-36. Block
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FFFFH
TMOO register

0000H
Operable bits
(TMCO003, TMC002)

Capture trigger input
(T1000)

Capture register
(CRO010)

Capture interrupt
(INTTMO10)

Capture trigger input
(TI010)

Capture register
(CR000)

Capture interrupt
(INTTMO000)

Overflow flag
(OVFO00)

Figure 6-37. Timing Example of Free-Running Timer Mode
(CR000: Capture Register, CR010: Capture Register) (1/2)

(a) TOCO00 = 13H, PRM00 = 50H, CRC00 = 05H, TMCO00 = 04H

M

A T T .

N S
Q
/ ) / . S . / ] %
00 01
0000H M N S P <CZ
0000H A B E
0 write clear 0 write clear 0 write clear 0 write clear

This is an application example where the count values that have been captured at the valid edges of separate

capture trigger signals are stored in separate capture registers in the free-running timer mode.

The count value is captured to CR010 when the valid edge of the TI000 pin input is detected and to CR0O00 when
the valid edge of the TIO10 pin input is detected.
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198

Figure 6-37. Timing Example of Free-Running Timer Mode
(CR000: Capture Register, CR010: Capture Register) (2/2)

(b) TOCO00 = 13H, PRMO00 = COH, CRC00 = 05H, TMCO00 = 04H

e )74 T /
TMOO register N Q /
M / P / S

0000H

Operable bits
(TMCO003, TMC002)

FFFFH

\f?

00 01

Capture trigger input
(TI010)

. T 000006000
R

Capture interrupt
(INTTMO000)

—
—

Capture trigger input
(Tiooo) L

Capture register
(CR010) 0000H

Capture interrupt
(INTTMO010) L

This is an application example where both the edges of the TIO10 pin are detected and the count value is
captured to CROO0O in the free-running timer mode.

When both CR000 and CR010 are used as capture registers and when the valid edge of only the TI010 pin is to
be detected, the count value cannot be captured to CR010.
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<R> Figure 6-38. Example of Register Settings in Free-Running Timer Mode (1/2)

(a) 16-bit timer mode control register 00 (TMCO00)

TMC003 TMC002 TMCO01 OVFOO
[ o | o [ o | o | o | 1 | on | o |

L]

0: Inverts TOOO output on match
between TM0OO and CR0O00/CR010.

1: Inverts TOOO output on match
between TMOO and CR000/CR010 and
valid edge of TI000 pin.

Free-running timer mode

(b) Capture/compare control register 00 (CRC00)

CRC002 CRC001 CRCO00
[ o [ o [ o | o | o [ ot | on | on |

—— 0: CRO0O00 used as compare register
1: CROO0O0 used as capture register

0: TIO10 pin is used as capture
trigger of CR000.

1: Reverse phase of TI000 pin is
used as capture trigger of CR00O.

0: CR010 used as compare register
1: CRO10 used as capture register

(c) 16-bit timer output control register 00 (TOCO00)

OSPTO0 OSPEOO0 TOC004 LVS00 LVROO TOC001 TOEOO

| o | o | o [ ot | on | on | o | on |
\;J \— 0: Disables TO00 output

1: Enables TOO0O output

Specifies initial value of
TOOO0 output F/F

00: Does not invert TO00 output on match
between TM0O and CR000/CR010.

01: Inverts TOO0O output on match between
TMOO0 and CR000.

10: Inverts TOOO output on match between
TMOO and CR0O10.

11: Inverts TOOO output on match between
TMO00 and CR000/CR010.
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Figure 6-38. Example of Register Settings in Free-Running Timer Mode (2/2)

(d) Prescaler mode register 00 (PRM00)

ES101 ES100 ES001  ES000 3 2 PRMO001 PRMO0O
|0/1\0/1\0/1\0/1\o 0\0/1\0/1|

L Count clock selection
(setting TI000 valid edge is prohibited)

00: Falling edge detection
01: Rising edge detection
10: Setting prohibited
11: Both edges detection
(setting prohibited when CRC001 = 1)

00: Falling edge detection
01: Rising edge detection
10: Setting prohibited

11: Both edges detection

(e) 16-bit timer counter 00 (TMO0O)
By reading TMOO, the count value can be read.

(f) 16-bit capture/compare register 000 (CR000)
When this register is used as a compare register and when its value matches the count value of TM0O, an
interrupt signal (INTTMOOO) is generated. The count value of TMOO is not cleared.
To use this register as a capture register, select either the TI000 or TI010 pin input as a capture trigger.
When the valid edge of the capture trigger is detected, the count value of TMOO is stored in CR000.

(g) 16-bit capture/compare register 010 (CR010)
When this register is used as a compare register and when its value matches the count value of TMOO, an
interrupt signal (INTTMO10) is generated. The count value of TMOO is not cleared.
When this register is used as a capture register, the TI000 pin input is used as a capture trigger. When the
valid edge of the capture trigger is detected, the count value of TMOO is stored in CR010.
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<R> Figure 6-39. Example of Software Processing in Free-Running Timer Mode
FFFFH
M M M
TMOO register N / N / N / N _—]

0000H _/ |
Operable bits
(TMC003, TMC002) EX ot >@
Compare register :>< M
(CR000)

Compare match interrupt _| _l _l
(INTTMO00O)

Compare register :>< N
(CRO10)
Compare match interrupt _l _l _l _l
(INTTM010)

Timer output control bits
(TOEO, TOCO004, TOCO001) J

TOO00 output

<1> <2>

<1> Count operation start flow

(s )

Register initial setting Initial setting of these registers is performed
PRMOO register, before setting the TMC003 and TMC002
CRCOO register, bits to 01.

TOCOO registerhte,
CRO00/CRO010 register,
TMCO00.TMCO001 bit,
port setting

TMCO003, TMCO002 bits = 0, 1 Starts count operation

<2> Count operation stop flow

) The counter is initialized and counting is stopped
TMCO003, TMC002 bits =0, 0 by clearing the TMC003 and TMCO02 bits to 00.

=

Note Care must be exercised when setting TOCO00. For details, see 6.3 (3) 16-bit timer output control
register 00 (TOCO00).
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6.4.6 PPG output operation

A square wave having a pulse width set in advance by CRO010 is output from the TOO00 pin as a PPG
(Programmable Pulse Generator) signal during a cycle set by CR000 when bits 3 and 2 (TMC003 and TMC002) of 16-
bit timer mode control register 00 (TMCO0O) are set to 11 (clear & start upon a match between TMOO and CR000).

The pulse cycle and duty factor of the pulse generated as the PPG output are as follows.

¢ Pulse cycle = (Set value of CR000 + 1) x Count clock cycle
e Duty = (Set value of CR010 + 1) / (Set value of CR000 + 1)

Caution To change the duty factor (value of CR010) during operation, see 6.5.1 Rewriting CR010 during
TMOO operation.

Remarks 1. For the setting of I/O pins, see 6.3 (5) Port mode register 0 (PMO0).
2. For how to enable the INTTMOOQO signal interrupt, see CHAPTER 18 INTERRUPT FUNCTIONS.

<R> Figure 6-40. Block Diagram of PPG Output Operation
Clear
Count clock Timer counter
r (TMO0)
. & Match signal Interrupt signal
Operable bits {} I (|NTTMOOO)
TMCO003, TMCO002
Compare register Output | TOOO output )
(CRO000) controller ©T000 pin
Match signal i Interrupt signal

ﬁ (INTTMO10)

Compare register
(CR010)
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Figure 6-41. Example of Register Settings for PPG Output Operation

(a) 16-bit timer mode control register 00 (TMCO00)

TMCO003 TMC002 TMC001 _OVFO0
Lo [ o [ o o «+ [+ ] o] o]

Clears and starts on match

between TMO0O and CR00QO.

(b) Capture/compare control register 00 (CRC00)

CRC002 CRC001 CRC000
Lo [ o[ o] ol of o o] o]

—— CRO000 used as
compare register

CRO010 used as
compare register

(c) 16-bit timer output control register 00 (TOCO00)

OSPT00 OSPEOO0 TOCO004 LVS00 LVROO TOC001 TOEOO

| 0 ‘ 0 ‘ 0 ‘ 1 ‘ 01 ‘ 01 ‘ 1 ‘ 1 |

\;J \—’—‘ \— Enables TO00 output
Specifies initial value of

TOOO0 output F/F

‘ 11: Inverts TOOO output on
match between TMOO
and CR000/CRO010.

00: Disables one-shot pulse
output

(d) Prescaler mode register 00 (PRMO00)

ES101 ES100 ES001 ES000 3 2 PRM001 PRMO000

| 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0/1 ‘ 0/1 |

\—|—‘— Selects count clock

(e) 16-bit timer counter 00 (TMO0O)
By reading TMOO, the count value can be read.

(f) 16-bit capture/compare register 000 (CR000)

An interrupt signal (INTTMOOO) is generated when the value of this register matches the count value of TMOO.

The count value of TMOO is not cleared.

(g) 16-bit capture/compare register 010 (CR010)

An interrupt signal (INTTMO10) is generated when the value of this register matches the count value of TMOO.

The count value of TMOO is not cleared.

Caution Set values to CR000 and CR010 such that the condition 0000H < CR010 < CR000 < FFFFH is

satisfied.
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<R>

TMOO register

0000H

B

Operable bits
(TMCO003, TMC002)

.

/

/

.

/

N/

Figure 6-42. Example of Software Processing for PPG Output Operation

M

11

Compare register
(CR000)

X

Compare match interrupt
(INTTMO000)

Compare register
(CR010)

X

Compare match interrupt
(INTTMO010)

Timer output control bits
(TOEO00, TOC004, TOCO001)

|

TOO00 output

N+1

N+1 N+1

M+ 1

<1>

<1> Count operation start flow

C )

START

Register initial setting
PRMOO register,
CRCOO register,

TOCOO0 registerNote,
CR000, CR0O10 registers,
port setting

Initial setting of these
registers is performed
before setting the
TMCO003 and TMC002
bits.

TMCO003, TMCO002 bits = 11

Starts count operation

Note Care must be exercised when setting TOCO00. For details, see 6.3 (3) 16-bit timer output control

register 00 (TOCO00).

M +1 M +1

<2> Count operation stop flow

<2>

TMCO003, TMCO002 bits = 00

The counter is initialized
and counting is stopped

by clearing the TMC003

STOP

C )

Remark PPG pulse cycle = (M + 1) x Count clock cycle
PPGduty=(N+1)/(M+ 1)
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6.4.7 One-shot pulse output operation

A one-shot pulse can be output by setting bits 3 and 2 (TMC003 and TMCO002) of the 16-bit timer mode control
register 00 (TMCOQO0) to 01 (free-running timer mode) or to 10 (clear & start mode entered by the TI000 pin valid edge)
and setting bit 5 (OSPEOO) of 16-bit timer output control register 00 (TOCO0) to 1.

When bit 6 (OSPTO00) of TOCOO is set to 1 or when the valid edge is input to the TI000 pin during timer operation,
clearing & starting of TMOO is triggered, and a pulse of the difference between the values of CR000 and CR010 is

output only once from the TOOO pin.

Cautions 1. Do not input the trigger again (setting OSPT00 to 1 or detecting the valid edge of the TI000
pin) while the one-shot pulse is output. To output the one-shot pulse again, generate the
trigger after the current one-shot pulse output has completed.

2. To use only the setting of OSPTO00 to 1 as the trigger of one-shot pulse output, do not change

the level of the TIOOO pin or its alternate function port pin.
unexpectedly output.

Remarks 1. For the setting of the I/O pins, see 6.3 (5) Port mode register 0 (PMO).
2. For how to enable the INTTMOOO signal interrupt, see CHAPTER 18 INTERRUPT FUNCTIONS.

<R> Figure 6-43. Block Diagram of One-Shot Pulse Output Operation

TIO00 edge detection Clear

OSPEOO bit

Count clock

Timer counter
(TMO00)

-

Operable bits
TMCO003, TMC002

& Match signal

Interrupt signal

ﬁ

!

Compare register

(CR000)

Match signal

Output
controller

!

(INTTMO00)

TOO0O0 output
P © TOO00 pin

Interrupt signal

ﬁ

Compare register
(CR010)
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Figure 6-44. Example of Register Settings for One-Shot Pulse Output Operation (1/2)

(a) 16-bit timer mode control register 00 (TMCO00)

TMC003 TMC002 TMC001 _OVF00
[ o | o | o | o | on | on | o | o |

LH

01: Free running timer mode
10: Clear and start mode by
valid edge of TI0O00 pin.

(b) Capture/compare control register 00 (CRC00)

CRC002 CRC001 CRC000
Lo [ o[ o] ol of o] o] o]

—— CRO000 used as
compare register

CRO010 used as
compare register

<R> (c) 16-bit timer output control register 00 (TOCO00)

OSPT00 OSPEOO TOCO004 LVS00 LVROO TOC001 TOEOO
| 0 ‘ 01 ‘ 1 ‘ 1 ‘ 01 ‘ 01 ‘ 1 ‘ 1 |

L]

\— Enables TOO0O output

Specifies initial value of
TOOO0 output

Inverts TOOO output on
match between TM0O
and CRO00/CR010.

Enables one-shot pulse
output

Software trigger is generated
by writing 1 to this bit
(operation is not affected
even if 0 is written to it).

(d) Prescaler mode register 00 (PRMO00)

ES101 ES100  ES001 ES000 3 2 PRMO001 PRMO000
| 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0/1 ‘ 0/1 |

\—|—1— Selects count clock
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<R> Figure 6-44. Example of Register Settings for One-Shot Pulse Output Operation (2/2)

(e) 16-bit timer counter 00 (TMO0O)
By reading TMOO, the count value can be read.

(f) 16-bit capture/compare register 000 (CR000)
This register is used as a compare register when a one-shot pulse is output. When the value of TMOO
matches that of CR000, an interrupt signal (INTTMOOO) is generated and the TOOO output level is inverted.
(g) 16-bit capture/compare register 010 (CR010)
This register is used as a compare register when a one-shot pulse is output. When the value of TMOO

matches that of CR010, an interrupt signal (INTTMO010) is generated and the TOOO output level is inverted.

Caution Do not set the same value to CR000 and CR010.

User’s Manual U17336EJ5V0UD 207



CHAPTER 6 16-BIT TIMER/EVENT COUNTER 00

<R> Figure 6-45. Example of Software Processing for One-Shot Pulse Output Operation (1/2)

FFFFH
N / N N /
TMOO register M / M/é M/

0000H

Operable bits
(TMCO003, TMCO002)

One-shot pulse enable bit
(OSPEO0)

L L

< O1jor 10 >@
L

One-shot pulse trigger bit ‘|
(OSPTO)

One-shot pulse trigger input
(TI000 pin)

Overflow plug —l
(OVF00)

Compare register
(CR000) N
Compare match interrupt '|
(INTTMO000)

Compare register M
(CR010) X

Compare match interrupt _l _| _l
(INTTMO10) L

TOO0O0 output

M+ 1 M+ 1

TOO0O0 output control bits |

(TOEQD, TOC004, TOCO01) ? ? TOOO output level is not T T

inverted because no one-
<1> <2> shot trigger is input. <2> <3>

¢ Time from when the one-shot pulse trigger is input until the one-shot pulse is output
= (M + 1) x Count clock cycle

¢ One-shot pulse output active level width
= (N — M) x Count clock cycle
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Figure 6-45. Example of Software Processing for One-Shot Pulse Output Operation (2/2)

<1> Count operation start flow

(s )

Register initial setting
PRMOO register,
CRCOO register,

TOCOO registerite,
CR000, CR010 registers,
port setting

TMCO003, TMCO002 bits =
01or10

<2> One-shot trigger input flow

|

TOCO00.0SPTOO0 bit = 1
or edge input to TIO0O pin

|

<3> Count operation stop flow

TMCO003, TMCO002 bits = 00

=

Initial setting of these registers is performed
before setting the TMC003 and TMCO002 bits.

Starts count operation

Write the same value to the bits other than the
OSTPOO bit.

The counter is initialized and counting is stopped
by clearing the TMCO003 and TMCO002 bits to 00.

Note Care must be exercised when setting TOC00. For details, see 6.3 (3) 16-bit timer output control

register 00 (TOCO00).
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6.4.8 Pulse width measurement operation
TMOO can be used to measure the pulse width of the signal input to the TIO00 and TI010 pins.
Measurement can be accomplished by operating the 16-bit timer/event counter 00 in the free-running timer mode

or by restarting the timer in synchronization with the signal input to the TI000 pin.
When an interrupt is generated, read the value of the valid capture register and measure the pulse width. Check

bit 0 (OVFO00) of 16-bit timer mode control register 00 (TMCO00). If it is set (to 1), clear it to 0 by software.

Figure 6-46. Block Diagram of Pulse Width Measurement (Free-Running Timer Mode)

Operable bits
TMCO003, TMC002

L Timer counter
Count clock (TMO0)

Capture register Interrupt signal
(CR010) (INTTMO10)

Capture signal

Edge

TI000 pin © ; 5
detection % Capture register Interrupt signal
) Edge o Capture (CR000) (INTTMO000)
T1010 pin © detection @ signal

Figure 6-47. Block Diagram of Pulse Width Measurement
(Clear & Start Mode Entered by TI000 Pin Valid Edge Input)

Operable bits
TMCO003, TMC002
L Clear
\ Timer counter
Count clock / (TM00)
Capture register Interrupt signal
Capture signal (CRO10) (INTTMO010)
; Edge
TI000 pin © € =
" detection % Capture register Interrupt signal
[ Edge © Capture (CR000) (INTTMOOO)
T1010 pin @ getection * signal
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A pulse width can be measured in the following three ways.

¢ Measuring the pulse width by using two input signals of the TI000 and TI010 pins (free-running timer mode)

¢ Measuring the pulse width by using one input signal of the TI000 pin (free-running timer mode)

e Measuring the pulse width by using one input signal of the TIO00 pin (clear & start mode entered by the TIO00 pin
valid edge input)

Remarks 1. For the setting of the 1/O pins, see 6.3 (5) Port mode register 0 (PMO0).
2. For how to enable the INTTMOO0O signal interrupt, see CHAPTER 18 INTERRUPT FUNCTIONS.

(1) Measuring the pulse width by using two input signals of the TI000 and TI010 pins (free-running timer
mode)
Set the free-running timer mode (TMC003 and TMCO002 = 01). When the valid edge of the TI000 pin is detected,
the count value of TMO0O is captured to CR010. When the valid edge of the TI010 pin is detected, the count value
of TMOO is captured to CR000. Specify detection of both the edges of the TI000 and TI010 pins.
By this measurement method, the previous count value is subtracted from the count value captured by the edge
of each input signal. Therefore, save the previously captured value to a separate register in advance.
If an overflow occurs, the value becomes negative if the previously captured value is simply subtracted from the
current captured value and, therefore, a borrow occurs (bit 0 (CY) of the program status word (PSW) is set to 1).
If this happens, ignore CY and take the calculated value as the pulse width. In addition, clear bit 0 (OVFO00) of
16-bit timer mode control register 00 (TMCO00) to 0.

Figure 6-48. Timing Example of Pulse Width Measurement (1)

e TMCO00 = 04H, PRMO0O = FOH, CRC00 = 05H

FFFFH
: M / / / P /
TMOO register A / ; /N c } . / _

0000H

Operable bits
(TMCO003, TMC002)

Capture trigger input
(T1000)

\e
\

00 01

Capture register
(CRO10) 0000H < M N S P

Capture interrupt

(INTTMO10)
Capture trigger input
(T1010)

=

Capture register
(CR000)

Capture interrupt '| '| '| '| ]
(INTTMO000)

Overflow flag

(OVF00)

0000H A B C D

m

t

0 write clear 0 write clear 0 write clear 0 write clear

User's Manual U17336EJ5V0UD 211



CHAPTER 6 16-BIT TIMER/EVENT COUNTER 00

(2) Measuring the pulse width by using one input signal of the TI000 pin (free-running mode)
Set the free-running timer mode (TMCO003 and TMCO002 = 01). The count value of TMOO is captured to CR00O in
the phase reverse to the valid edge detected on the TIO00 pin. When the valid edge of the TI000 pin is detected,
the count value of TMOO is captured to CR010.
By this measurement method, values are stored in separate capture registers when a width from one edge to
another is measured. Therefore, the capture values do not have to be saved. By subtracting the value of one
capture register from that of another, a high-level width, low-level width, and cycle are calculated.
If an overflow occurs, the value becomes negative if one captured value is simply subtracted from another and,
therefore, a borrow occurs (bit 0 (CY) of the program status word (PSW) is set to 1). If this happens, ignore CY
and take the calculated value as the pulse width. In addition, clear bit 0 (OVFO00) of 16-bit timer mode control
register 00 (TMCO0O0) to 0.

Figure 6-49. Timing Example of Pulse Width Measurement (2)

e TMCO00 = 04H, PRMO00 = 10H, CRC00 = 07H

FFFFH ; / / / i / _

. N

TMOO register S Q
° }‘/ B / C / D / E /
0000H

Operable bits
(TMCO003, TMCO002) 00 * o

Capture trigger input
(T1000)

Capture register
(CR000)

Capture register
(CR010) X 0000H

Capture interrupt '|
(INTTMO10)

0000H A B C D

PN
<
b
(0]
o

Overflow flag
(OVF00)

T ey

0 write clear 0 write clear 0 write clear O write clear
Capture trigger input
(mo10) L

Capture interrupt
(NTTMo00) L
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(3) Measuring the pulse width by using one input signal of the TI000 pin (clear & start mode entered by the
TIO00 pin valid edge input)
Set the clear & start mode entered by the TI000 pin valid edge (TMC003 and TMC002 = 10). The count value of
TMOO is captured to CRO0O in the phase reverse to the valid edge of the TIO00 pin, and the count value of TM0O
is captured to CR010 and TMOO is cleared (0000H) when the valid edge of the TI0O00 pin is detected. Therefore,

a cycle is stored in CR010 if TMOO does not overflow.

If an overflow occurs, take the value that results from adding 10000H to the value stored in CR010 as a cycle.

Clear bit 0 (OVF00) of 16-bit timer mode control register 00 (TMCOO) to 0.

Figure 6-50. Timing Example of Pulse Width Measurement (3)

FFFFH
TMOO register

0000H

Operable bits
(TMCO003, TMCO002)

Capture & count clear input
(TI1000)

Capture register
(CRO000)

Capture register
(CR010)

Capture interrupt
(INTTMO010)

Overflow flag
(OVF00)

Capture trigger input
(TI010)

Capture interrupt
(INTTMO000)

<1> Pulse cycle =

<3> Low-level pulse width = (Pulse cycle — High-level pulse width)

e TMCO00 = 08H, PRMO00 = 10H, CRC00 = 07H

N B P Q4
M- / c o |
/ A S5
00 )k 10 )@
<1> <1> <1> <1>
<2>|  <3> <2> <3> <2> <3> <2> <3>
0000H C D
0000H M N S P Q
0 write clear

L

L

(10000H x Number of times OVFOQO bit is set to 1 + Captured value of CR010) x
Count clock cycle
<2> High-level pulse width = (10000H x Number of times OVFOQO bit is set to 1 + Captured value of CR000) x
Count clock cycle
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Figure 6-51. Example of Register Settings for Pulse Width Measurement (1/2)

(a) 16-bit timer mode control register 00 (TMCO00)

TMC003 TMC002 TMCO001 _OVF00
[ o [ o | o | o | on | on | o | o |

LH

01: Free running timer mode
10: Clear and start mode entered
by valid edge of TI000 pin.

(b) Capture/compare control register 00 (CRC00)

CRC002 CRC001 CRC000
[ o [ o [ o | o | o [ 1 [ on | 1 |

—— 1: CRO0O0O0 used as capture register

0: TIO10 pin is used as capture
trigger of CR000.

1: Reverse phase of TI000 pin is
used as capture trigger of CR000.

1: CRO10 used as capture register

(c) 16-bit timer output control register 00 (TOCO00)

OSPTO0 OSPEOO TOC004 LVSO0 LVROO TOCO001 TOEOO

Lol ol ofofo]ofofeo]

(d) Prescaler mode register 00 (PRM0O)

ES101  ES100 ES001  ES000 3 2 PRMO0O1 PRMOO0O
|0/1\0/1\0/1\0/1\0\0\0/1\0/1|

L Selects count clock
(setting valid edge of TI000 is prohibited)

00: Falling edge detection
01: Rising edge detection
10: Setting prohibited
11: Both edges detection
(setting when CRCO001 = 1 is prohibited)

00: Falling edge detection
01: Rising edge detection
10: Setting prohibited

11: Both edges detection
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Figure 6-51. Example of Register Settings for Pulse Width Measurement (2/2)

(e) 16-bit timer counter 00 (TMO0O)
By reading TMOO, the count value can be read.

(f) 16-bit capture/compare register 000 (CR000)
This register is used as a capture register. Either the TI0O00 or TI010 pin is selected as a capture trigger.
When a specified edge of the capture trigger is detected, the count value of TMOO is stored in CR000.

(g) 16-bit capture/compare register 010 (CR010)

This register is used as a capture register. The signal input to the TIO00 pin is used as a capture trigger.
When the capture trigger is detected, the count value of TMOO is stored in CR010.
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Figure 6-52. Example of Software Processing for Pulse Width Measurement (1/2)

FFFFH
TMOO register

0000H
Operable bits
(TMCO003, TMCO002)

Capture trigger input
(T1000)

Capture register
(CR010)

Capture interrupt
(INTTMO010)

Capture trigger input
(TI010)

Capture register
(CR000)

Capture interrupt
(INTTMO00)

(a) Example of free-running timer mode

D1o /

D11 D12 D13
Doo / Dor / Doz / Dos / Dos
00 01 < 00
0000H Do D11 D12 D13
0000H Doo Do1 Doz Do3 Do
<1><2> <2> <2> <2> <2> <2> 2>  <2> <2><3>

(b) Example of clear & start mode entered by TI000 pin valid edge

FFFFH
TMOO register

0000H

Operable bits
(TMC003, TMC002)

Capture & count clear input
(T1000)

Capture register
(CR000)

Capture interrupt
(INTTMO000)

Capture register
(CR010)

Capture interrupt
(INTTMO10)

216

D2 __ Ds Ds Ds A~
Do 2 L] Ds ) Dy /
D+ Da

00 > 10 @
0000H D+ Ds Ds D7

L
0000H Do D2 D4 De Ds

<1> <2><2> <2> <2> <2> <2> <2> <2> <2><3>
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Figure 6-52. Example of Software Processing for Pulse Width Measurement (2/2)

<1> Count operation start flow

(o )

Register initial setting Initial setting of these registers is performed
PRMOO register, before setting the TMC003 and TMCO002 bits.
CRCOO register,

port setting

TMCO003, TMCO002 bits =

01 or 10 Starts count operation

<2> Capture trigger input flow

|

Edge detection of TI0O00, TI010 pins

Stores count value to
CR000, CR0O10 registers
Generates capture interrupthete

Calculated pulse width
from capture value

l

<3> Count operation stop flow

The counter is initialized and counting is stopped

TMC003, TMCO02 bits = 00 by clearing the TMC003 and TMCO02 bits to 00.

=

Note The capture interrupt signal (INTTMOOO) is not generated when the reverse-phase edge of the TI000 pin

input is selected to the valid edge of CR00O.
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6.5 Special Use of TM00

6.5.1 Rewriting CR010 during TMOO operation

In principle, rewriting CR0O00 and CR010 of the 78K0/KC2 when they are used as compare registers is prohibited
while TMOO is operating (TMC003 and TMCO002 = other than 00).

However, the value of CR010 can be changed, even while TMOO is operating, using the following procedure if
CRO010 is used for PPG output and the duty factor is changed. (When changing the value of CR010 to a smaller value
than the current one, rewrite it immediately after its value matches the value of TM00. When changing the value of
CRO010 to a larger value than the current one, rewrite it immediately after the values of CR0O00 and TM0O match. If the
value of CRO10 is rewritten immediately before a match between CR010 and TMOO, or between CR000 and TMOO, an
unexpected operation may be performed.).

| Procedure for changing value of CR010 |

<1> Disable interrupt INTTM010 (TMMKO010 = 1).

<2> Disable reversal of the timer output when the value of TMOO matches that of CR010 (TOC004 = 0).
<3> Change the value of CR010.

<4> Wait for one cycle of the count clock of TMO0O.

<5> Enable reversal of the timer output when the value of TM0OO matches that of CR010 (TOC004 = 1).
<6> Clear the interrupt flag of INTTM010 (TMIF010 = 0) to O.

<7> Enable interrupt INTTM010 (TMMKO010 = 0).

Remark For TMIFO10 and TMMKO010, sece CHAPTER 18 INTERRUPT FUNCTIONS.
6.5.2 Setting LVS00 and LVR00
(1) Usage of LVS00 and LVR0O
LVS00 and LVROO are used to set the default value of TO00 output and to invert the timer output without enabling

the timer operation (TMC003 and TMCO002 = 00). Clear LVS00 and LVRO0O to 00 (default value: low-level output)
when software control is unnecessary.

LVS00 LVROO Timer Output Status
0 0 Not changed (low-level output)
0 1 Cleared (low-level output)
1 0 Set (high-level output)
1 1 Setting prohibited
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(2) Setting LVS00 and LVR00
Set LVS00 and LVROO using the following procedure.

Figure 6-53. Example of Flow for Setting LVS00 and LVRO0O Bits

\

Setting TOC00.OSPE00, TOC004, TOCO001 bits
\ <1> Setting of timer output operation
Setting TOC00.TOEOO bit

|
Setting TOC00.LVS00, LVRO0O bits <2> Setting of timer output F/F
|
Setting TMC00.TMCO003, TMCO002 bits <3> Enabling timer operation

Caution Be sure to set LVS00 and LVRO0O0 following steps <1>, <2>, and <3> above.
Step <2> can be performed after <1> and before <3>.

Figure 6-54. Timing Example of LVR00 and LVS00

TOCO00.LVSO00 bit

TOCO00.LVROO bit

Operable bits
(TMC003, TMC002) 00 X 01,10, or 11

TOO00 output

INTTMOOO signal

<1> <2> <1> <3><4>  <4> <4>

<1> TOO0O0 output goes high when LVS00 and LVROO = 10.

<2> TOO00 output goes low when LVS00 and LVROO = 01 (the pin output remains unchanged from the high level

even if LVS00 and LVROO are cleared to 00).

<3> The timer starts operating when TMC003 and TMCO002 are set to 01, 10, or 11. Because LVS00 and
LVROO were set to 10 before the operation was started, TO00 output starts from the high level. After the
timer starts operating, setting LVS00 and LVRO0O is prohibited until TMC003 and TMCO002 = 00 (disabling

the timer operation).
<4> The TOO0O output level is inverted each time an interrupt signal (INTTMO0O) is generated.

User's Manual U17336EJ5VOUD

219



CHAPTER 6 16-BIT TIMER/EVENT COUNTER 00

6.6 Cautions for 16-bit Timer/Event Counter 00

(1) Restrictions for each channel of 16-bit timer/event counter 00
Table 6-3 shows the restrictions for each channel.

Table 6-3. Restrictions for Each Channel of 16-bit Timer/Event Counter 00

Operation Restriction

As interval timer _

As square wave output

As external event counter

As clear & start mode entered by | Using timer output (TOOQO) is prohibited when detection of the valid edge of the TI010 pin is
TIO0O0 pin valid edge input used. (TOCO00 = 00H)

As free-running timer -

As PPG output 0000H < CR0O10 < CR000 < FFFFH
As one-shot pulse output Setting the same value to CR000 and CR010 is prohibited.
As pulse width measurement Using timer output (TOO00) is prohibited (TOCO00 = 00H)

(2) Timer start errors
An error of up to one clock may occur in the time required for a match signal to be generated after timer start.
This is because counting TMOO is started asynchronously to the count pulse.

Figure 6-55. Start Timing of TM0O Count

Countpuse | [ [ [ [ [ [ [[ |

TMOO count value  0000H X 0001H X 0002H X 0003H X 0004H

Timer start
(3) Setting of CR000 and CR010 (clear & start mode entered upon a match between TM00 and CR000)

Set a value other than 0000H to CR000 and CR0O10 (TMOO cannot count one pulse when it is used as an external
event counter).
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(4) Timing of holding data by capture register

(5)

(6)

(a) When the valid edge is input to the TIO00/TI010 pin and the reverse phase of the TI000 pin is detected while

CRO0O00/CR010 is read, CR010 performs a capture operation but the read value of CRO00/CR010 is not
guaranteed. At this time, an interrupt signal (INTTMOOO/INTTMO010) is generated when the valid edge of the
TIO00/TI010 pin is detected (the interrupt signal is not generated when the reverse-phase edge of the TI000
pin is detected).

When the count value is captured because the valid edge of the TI000/TI010 pin was detected, read the

value of CRO00/CR010 after INTTMOOO/INTTMO10 is generated.

Figure 6-56. Timing of Holding Data by Capture Register

Count pulse _| L1 L1 1 I_:_l |_| |_| |_

TMOO count value X N XN+1 XN+2 X © X M XM+1 X M+2
Edge input | . |
INTTMO10 []

Capture read signal | |

Value captured to CR0O10 X X . N+ 1 ¢
Capture operation Capture operation is performed

but read value is not guaranteed.

(b) The values of CR0O00 and CR010 are not guaranteed after 16-bit timer/event counter 00 stops.

Setting valid edge

Set the valid edge of the TI000 pin while the timer operation is stopped (TMC003 and TMC002 = 00). Set the

valid edge by using ES000 and ES001.

Re-triggering one-shot pulse

Make sure that the trigger is not generated while an active level is being output in the one-shot pulse output mode.

Be sure to input the next trigger after the current active level is output.
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(7) Operation of OVFO0O flag

(a) Setting OVFO0O0 flag (1)
The OVFOO flag is set to 1 in the following case, as well as when TMOO overflows.

Select the clear & start mode entered upon a match between TM00O and CRO00O.

d
Set CR000 to FFFFH.
d
When TM00 matches CR000 and TMOO is cleared from FFFFH to 0000H

Figure 6-57. Operation Timing of OVF00 Flag

Count pulse _| | | | | | | | |_

CR000 __ FFFFH

T™Mo0  FFFEH X FFFFH X 0000H X 0001H X

OVF00
INTTMOOO []

(b) Clearing OVFO0O flag
Even if the OVF0O flag is cleared to O after TMOO overflows and before the next count clock is counted

(before the value of TM0O becomes 0001H), it is set to 1 again and clearing is invalid.

(8) One-shot pulse output
One-shot pulse output operates correctly in the free-running timer mode or the clear & start mode entered by the
TIO00 pin valid edge. The one-shot pulse cannot be output in the clear & start mode entered upon a match
between TM0O and CR000.
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(9) Capture operation

(a) When valid edge of TI000 is specified as count clock
When the valid edge of TIO00 is specified as the count clock, the capture register for which TI000 is specified
as a trigger does not operate correctly.

(b) Pulse width to accurately capture value by signals input to TI010 and TI000 pins
To accurately capture the count value, the pulse input to the TIO00 and TI010 pins as a capture trigger must
be wider than two count clocks selected by PRMOO (see Figure 6-7).

(c) Generation of interrupt signal
The capture operation is performed at the falling edge of the count clock but the interrupt signals (INTTMOOO
and INTTMO010) are generated at the rising edge of the next count clock (see Figure 6-7).

(d) Note when CRCO001 (bit 1 of capture/compare control register 00 (CRC00)) is set to 1
When the count value of the TMOO register is captured to the CRO0O register in the phase reverse to the
signal input to the TIO00 pin, the interrupt signal (INTTMOOO) is not generated after the count value is
captured. If the valid edge is detected on the TI010 pin during this operation, the capture operation is not
performed but the INTTMOOO signal is generated as an external interrupt signal. Mask the INTTMOO0O signal
when the external interrupt is not used.

(10) Edge detection

(a) Specifying valid edge after reset
If the operation of the 16-bit timer/event counter 00 is enabled after reset and while the TIO00 or TI010 pin is
at high level and when the rising edge or both the edges are specified as the valid edge of the TI000 or TI0O10
pin, then the high level of the TIO00 or TI010 pin is detected as the rising edge. Note this when the TI000 or
TI010 pin is pulled up. However, the rising edge is not detected when the operation is once stopped and
then enabled again.

(b) Sampling clock for eliminating noise
The sampling clock for eliminating noise differs depending on whether the valid edge of TI000 is used as the
count clock or capture trigger. In the former case, the sampling clock is fixed to frrs. In the latter, the count
clock selected by PRMOO is used for sampling.
When the signal input to the TIO00 pin is sampled and the valid level is detected two times in a row, the valid
edge is detected. Therefore, noise having a short pulse width can be eliminated (see Figure 6-7).

(11) Timer operation
The signal input to the TIO00/TIO10 pin is not acknowledged while the timer is stopped, regardless of the

operation mode of the CPU.

Remark frrs: Peripheral hardware clock frequency
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7.1 Functions of 8-bit Timer/Event Counters 50 and 51
8-bit timer/event counters 50 and 51 have the following functions.
e Interval timer
o External event counter
e Square-wave output
e PWM output

7.2 Configuration of 8-bit Timer/Event Counters 50 and 51

8-bit timer/event counters 50 and 51 include the following hardware.

Table 7-1. Configuration of 8-bit Timer/Event Counters 50 and 51

ltem Configuration

Timer register 8-bit timer counter 5n (TM5n)

Register 8-bit timer compare register 5n (CR5n)

Timer input TI5n

Timer output TO5n

Control registers Timer clock selection register 5n (TCL5n)
8-bit timer mode control register 5n (TMC5n)
Port mode register 1 (PM1) or port mode register 3 (PM3)
Port register