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The information contained herein is subject to change without notice.

Although LAPIS Semiconductor is continuously working to improve product reliability and quality, semiconductors can
break down and malfunction due to various factors. Therefore, in order to prevent personal injury or fire arising from failure,
please take safety measures such as complying with the derating characteristics, implementing redundant and fire
prevention designs, and utilizing backups and fail-safe procedures. LAPIS Semiconductor shall have no responsibility for
any damages arising out of the use of our Products beyond the rating specified by LAPIS Semiconductor.

Examples of application circuits, circuit constants and any other information contained herein are provided only to illustrate
the standard usage and operations of the Products.The peripheral conditions must be taken into account when designing
circuits for mass production.

The technical information specified herein is intended only to show the typical functions of the Products and examples of
application circuits for the Products. No license, expressly or implied, is granted hereby under any intellectual property
rights or other rights of LAPIS Semiconductor or any third party with respect to the information contained in this
document; therefore LAPIS Semiconductor shall have no responsibility whatsoever for any dispute, concerning such rights
owned by third parties, arising out of the use of such technical information.

The Products are intended for use in general electronic equipment (i.e. AV/OA devices, communication, consumer systems,
gaming/entertainment sets) as well as the applications indicated in this document.

The Products specified in this document are not designed to be radiation tolerant.

For use of our Products in applications requiring a high degree of reliability (as exemplified below), please contact and
consult with a LAPIS Semiconductor representative: transportation equipment (i.e. cars, ships, trains), primary
communication equipment, traffic lights, fire/crime prevention, safety equipment, medical systems, servers, solar cells, and
power transmission systems.

Do not use our Products in applications requiring extremely high reliability, such as aerospace equipment, nuclear power
control systems, and submarine repeaters.

LAPIS Semiconductor shall have no responsibility for any damages or injury arising from non-compliance with the
recommended usage conditions and specifications contained herein.

LAPIS Semiconductor has used reasonable care to ensure the accuracy of the information contained in this document.
However, LAPIS Semiconductor does not warrant that such information is error-free and LAPIS Semiconductor shall have
no responsibility for any damages arising from any inaccuracy or misprint of such information.

Please use the Products in accordance with any applicable environmental laws and regulations, such as the RoHS Directive.
For more details, including RoHS compatibility, please contact a ROHM sales office. LAPIS Semiconductor shall have no
responsibility for any damages or losses resulting non-compliance with any applicable laws or regulations.

When providing our Products and technologies contained in this document to other countries, you must abide by the
procedures and provisions stipulated in all applicable export laws and regulations, including without limitation the US

Export Administration Regulations and the Foreign Exchange and Foreign Trade Act.

This document, in part or in whole, may not be reprinted or reproduced without prior consent of LAPIS Semiconductor.
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Preface

This manual describes the operation of the hardware of the 16-bit microcontroller
ML620Q150A Series.

The following manuals are also available. Read them as necessary.

M nX-U16/100 Core Instruction Manual
Description on the basic architecture and the each instruction of the nX-U16/100 Core.

B MACUS Assembler Package User’s Manual
Description on the method of operating the relocatable assembler, the linker, the librarian,
and the object converter and also on the specifications of the assembler language.

B CCU8 User’s Manual
Description on the method of operating the compiler.

B CCU8 Programming Guide
Description on the method of programming.

B CCU8 Language Reference
Description on the language specifications.

M DTUS Debugger User’s Manual
Description on the method of operating the debugger DTUS.

M IDEUS User’s Manual
Description on the integrated development environment IDEUS.

B uEASE User’s Manual
Description on the on-chip debug tool uEASE.

B uEASE connection Manual
Description about the connection between uEASE.

B FWuEASE Flash Writer Host Program User’s Manual
Description on the Flash Writer host program.
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Notation
Classification Notation Description
¢ Numeric value xxh, xxH Indicates a hexadecimal number. x: Any value in the range of 0 to F
xxb Indicates a binary number; “b” may be omitted. x: A value 0 or 1
¢ Unit word, W 1 word = 16 bits
byte, B 1 byte = 8 bits
nibble, N 1 nibble = 4 bits
mega-, M 10°
kilo-, K 2'°=1024
kilo-, k 10° = 1000
milli-, m 107
micro-, 1 106
nano-, n 10°
second, s (lower case) second
¢ Terminology “H” level, “1” level Indicates high voltage signal levels Viy and Voy as specified by the electrical
characteristics.
“L” level, “0” level Indicates low voltage signal levels Vi and Vg as specified by the electrical
characteristics.

¢ Register description
R/W: Indicates that Read/Write attribute. “R” indicates that data can be read and “W” indicates that data can be written. “R/W”
indicates that data can be read or written.

TR Invalid bit: Write in an initial value when you write access
Register name

| i i R PR A ----=-==--- Bitname
| MSB! i : : : i i i LSB
FCONO — — OUTC1 | OUTCO | OSCM1 | OSCMO0 | SYSC1 | SYSCO
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Initial value 0 0 1 1 0 0 1 1

--------------------------- Initial value after reset
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1. Overview

1.1 Features

This LSI is a high-performance 16-bit CMOS microcontroller into which rich peripheral circuits, such as 10-bit A/D
converter, timer, PWM, synchronous serial port, UART, I2C bus interface (master), Low level detect circuit, are
incorporated around 16-bit CPU nX-U16/100.

The CPU nX-U16/100 is capable of efficient instruction execution in 1-instruction 1-clock mode by 3-stage pipe line
architecture parallel procesing. and, this LSI has a data flash-memory fill area by a software which can be written in. In
addition, it has an on-chip debugging function, which allows software debugging/rewriting with the LSI mounted on the
board.

® CPU
- 16-bit RISC CPU (CPU name: nX-U16/100)
- Instruction system:16-bit instructions
- Instruction set:Transfer, arithmetic operations, comparison, logic operations, multiplication/division,
bit manipulations, bit logic operations, jump, conditional jump, call return stack manipulations,
arithmetic shift, and so on
- On-Chip debug function
- Minimum instruction execution time
Approx 30.5 s (at 32.768kHz system clock)
Approx 0.122s (at 8.192MHz system clock)

® Internal memory
- Flash-memory

Product Program area Rewrite cycle
ML620Q151A/ML620Q154A/ML620Q157A 32-Kbyte* (16K x 16-bit)
ML620Q152A/ML620Q155A/ML620Q158A 48-Kbyte* (24K x 16-bit) 100
ML620Q153A/ML620Q156A/ML620Q159A 64-Kbyte* (32K x 16-bit)

* including unusable 1KByte TEST area
Internal 2-Kbyte Data Flash (1-Kbyte x 2) Rewrite cycle: 10,000 times
- SRAM: Internal 2-Kbyte RAM (2-Kbyte x 8 -bits)

® Interrupt controller
- 2 non-maskable interrupt sources (Internal source: BACK-UP CLOCK, WDT)
- maskable interrupt

Product Interrupt source

ML620Q151A/ML620Q154A/ML620Q157A 27 (Internal source: 20, External source: 7)
ML620Q152A/ML620Q155A/ML620Q158A 28 (Internal source: 20, External source: 8)
ML620Q153A/ML620Q156A/ML620Q159A 28 (Internal source: 20, External source: 8)

- 4 steps of interrupt level, and a mask function

® Time base counter
- Low-speed time base counter x 1 channel

® Watchdog timer
- Generates a non-maskable interrupt upon the first overflow and a system reset occurs upon the second
- Free running
- Overflow period: 4 types selectable (125ms, 500ms, 2s, 8s @32.768kHz)

® Timers
- 8 bits x 2ch (16-bits configuration available x 1ch)
- 16 bits x 4ch

FEUL620Q150A 1-1
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PWM
- 16 bits x 4ch
- The auto reload timer mode / PWM mode

- Timer start-stop function by the software and an external trigger.
- A pulse width can be measured using an external-trigger input.
- An external event can be selected as the counter clock.

- Complement synchronous PWM

Synchronous serial port

- 1ch

- Master/slave selectable

- LSB first/MSB first selectable

- 8-bit length/16-bit length selectable

UART

- Full-duplex x 1ch ( Half-duplex x 2ch )

- Bit length, parity/no parity, odd parity/even parity,
- Positive logic/negative logic selectable

- Built-in baud rate generator

12C bus interface
- Master function only
- Fast mode (400kbit/s), Standard mode (100kbit/s)

Successive approximation type A/D converter
- 10-bit A/D converter
- Input: 12ch (Maximum)

1 stop bit/2 stop bits

- Conversion time: 43us, 13.5 s per channel (conversion-time is selectable)

Analog Comparator
1ch

Edge for the interrupt and sampling function is selectable.

General-purpose ports (including multiple functions)
- Input-only ports

Input-only ports (including multiple functions)

Product

When not using the crystal
resonator

When using the crystal
resonator

ML620Q151A/ML620Q152A/ML620Q153A

6¢ch

5ch

ML620Q154A/ML620Q155A/ML620Q156A

7ch

6¢ch

ML620Q157A/ML620Q158A/ML620Q159A

7ch

6¢ch

- Output-only ports : 4ch
- Input/output ports

Input/output ports (including multiple functions)

Product

When not using the crystal
resonator

When using the crystal
resonator

ML620Q151A/ML620Q152A/ML620Q153A

31ch

30ch

ML620Q154A/ML620Q155A/ML620Q156A

34ch

33ch

ML620Q157A/ML620Q158A/ML620Q159A

46¢ch

45¢ch

Reset

- Reset through the RESET_N pin

- Power-on reset generation when powered on

- Reset by the watchdog timer (WDT) overflow
- Reset by the Low Level Detector (LLD)

LLD(Low Level Detector) function

- Threshold voltages: 4values (1.9V/2.55V/3.7V/4.2V)

- A threshold voltage is selected as Code-Option.

- LLD is a ready as a supply-voltage supervisory reset.
- Reset or an interrupt output is selectable as Code-Option.
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® Clock

- Low-speed clock (This LSI can not guarantee the operation without low-speed clock)
- Crystal oscillation (32.768 kHz) or Built-in RC oscillation (32.768kHz)
- Crystal oscillation or Built-in RC oscillation is selectable as Code-Option.

- High-speed clock

- Built-in RC oscillation (2.097MHz) or Built-in PLL oscillation (8.192MHz)

® Power management

- HALT mode: Instruction execution by CPU is suspended (peripheral circuits are in operating states).
- STOP mode: Stop of low-speed oscillation and high-speed oscillation (Operations of CPU and peripheral

circuits are stopped.)

- Clock gear: The frequency of high-speed system clock can be changed by software (1/1, 1/2, 1/4, or 1/8 of the

oscillation clock)

- Block control function: Operation of an intact functional block circuit is powerd down. (register reset and

clock stop)

®  Package

Product

Package

ML620Q151A/ML620Q152A/ML620Q153A

48pinTQFP (P-TQFP48-0707-0.50-QK)

ML620Q154A/ML620Q155A/ML620Q156A

52pinTQFP (P-TQFP52-1010-0.65-TK)

ML620Q157A/ML620Q158A/ML620Q159A

64pinQFP (P-QFP64-1414-0.80-UK)

®  Guaranteed operating range
- Operating temperature: —40°C to +105°C
- Operating voltage: Vpp = 1.8V to 5.5V

The difference point of this LSI is shown below.

function ML620Q151A/152A/153A ML620Q154A/155A/156A ML620Q157A/158A/159A
Shipment 48pinTQFP 52pinTQFP 64pinQFP
flash capacity 32Kbyte(ML620Q151A) 32Kbyte(ML620Q154A) 32Kbyte(ML620Q157A)
48Kbyte(ML620Q152A) 48Kbyte(ML620Q155A) 48Kbyte(ML620Q158A)
(program area) 52Kbyte(ML620Q153A) 52Kbyte(ML620Q156A) 52Kbyte(ML620Q159A)
maskable interrupt 27 28 28
Input-only port 6 7 7
(At the case of crystal unused)
| P05 port - Available Available
Input/output port
(At the c:se of c‘:ysth)al unused) 3 34 46
P36,P53,P64 ports - Available Available
P37 port - - Available
P50~ P52 ports - - Available
P65~ P67 ports - - Available
P70~P74 ports = - Available
—:none
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1.2 Configuration of Functional Blocks

1.2.1 Block Diagram of ML620Q151A/ML620Q152A/ML620Q153A(TQFP48)

CPU (nX-U16/100)
EPSW1~3 GREG | ELR1~3 | | ECSR1~3|
PSW 0~15 | LR | DSR/CSR
Timing ALU | EA | | PC | Program
Controller }\ | SP | Memory
BUS (FLASH)
On-Chip Instruction | | Instruction | | Gontroller 32/48/64Kbyte
ICE Decoder Register
Data-bus

Voo ) { SSIOx1 [« 5CKO*
Vss _77|7_ «—— SINO*
RAM —> SOUTO0*
2Kbyte INT l—— “
Voo €  Power U/?f:-l)-ﬂ R '?))((DD(())*
Interrupt NN -?;((811*
RESET N—" RESET & Controller .
TESTO* — TEST [2Cx1  [«—> SDAO
TEST1_N > «— SCLO*
XTO R 8b|t):I;mer — Im:ggﬂl
«— S *
XT1 0SC 16bit Timer
x4
LSCLK* +— N
OUTCLK* +— > PWMm4
16bitTimer > PWMS
— PWM6*
with PWMx4 —— PWM7*
—— PW45EV0*
> «—— PW45EV1*
Voo SA-ADC «—— PW67EV0*
VREF [— PW67EV1 *
AINO to AIN11

CMPOP ™|  Analog
—
CMPOM Comparator

x1

GPIO

| C—)
| —

P20 to P23
<— P30 1o P35
> P40 to P47
| C—)
| C—
| G

P54 to P57
P60 to P63

Secondary or tertiary or quaternary function P80 to P87

*! Full-duplex x 1ch ( Half-duplex x 2ch )
*2 Cannot be used as I/O port when connecting the crystal resonator
*3 Cannot be used as I/O port when connecting the UEASE(On-chip debug emualtor)

Figure 1-1 Block Diagram of ML620Q151A/ML620Q152A/ML620Q153A(TQFP48)
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1.2.2 Block Diagram of ML620Q154A/ML620Q155A/ML620Q156A(TQFP52)

CPU (nX-U16/100)

EPSW1~3 GREG | ELR1~3 | | ECSR1~3|

PSW 0~15 | LR | | DSR/CSR |

Timing ALU | EA | | PC | Program
Controller }\ | SP | Memory

BUS (FLASH)

On-Ghip Instruction Instru.ctlon Controller 32/48/64Kbyte
ICE Decoder Register

Data-bus

Y/DD SSIOx1 |« gCKO*
ss «—— SINO*
RAM —> SOUTO0*
2Kbyte l—— "
Voo ¥ Power UA(*R1T)X1 1B)>((|:E))8*
Interrupt ' ‘IB)>((DD11**
RESET N~ RESET & Controller .
TESTO*® — TEST 12Cx1 «— SDAO
TESTI_N ™ > SCLO”
- INT wDT INT,
6 8bit Timer — TMHAOUT*
XTO— | —
— x2 L TMHBOUT*
XT1 0SC 16bit Timer
x4
LSCLK* +— .
OUTCLK* «— INT > PWM4
4} | 16vitTimer — ﬁwg*
«—— PW45EV0*
— —— PW45EV1*
Voo SA-ADC «— PWB7EV0*
VREF__, INT «— PW67EV1*
AINO to AIN11
xd
(e P00 t20 P05
CMPOP | G — [ P12*
_ Analog e p13+2
CMPOM Comparator e p{4*°
T —> P20 to P23
> P30 to P36
= P40 to P47
(*==> P54 to P57
e P60 to P64
(e P80 to P87

Figure 1-2 Block Diagram of ML620Q154A/ML620Q155A/ML620Q156A(TQFP52)
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1.2.3 Block Diagram of ML620Q157A/ML620Q158A/ML620Q159A(QFP64)

CPU (nX-U16/100)

EPSW1~3 crec | LELR1~3 | [ECSR1~3 |
PSW 0~15 | R | | psmcsr |
Timing ALU | EA | | PC | Program
Controller }\ | SP | Memory
BUS (FLASH)
On-Chip Instruction Instruction Controller 32/48/64Kbyte
ICE Decoder Register
Data-bus INT
Voo 1 CE SSIOx1 [« gCKOo*
Vss ™1 | «—— SINO*
RAM —> SOUTO0*
2Kbyte INT —— .
—] UARTx1 RXDO
VooL Power 5 { (*1)x R
Interrupt — “— RXD1*
— TXD1*
RESET N~ | RESET & Controller )
TESTO®* ™ | TgsT 2cx1 [« SDAO
TEST1_N ’ «— SCLO*
XTO , 8bit Timer — TMHAOUT*
XT1 x2 L, TMHBOUT*
16bit Timer
OSC 4
LSCLK* +— X
OUTCLK* +— > PWM4*
16bitTimer [ PWM5
. — PWM6*
«—— PW45EV0*
V _ e—— PW45EV1*
> SA-ADC —— PWG67EV0*
Veer PWB7EV1*
AINO to AIN11 ]
(e P00 tzo P05
CMPOP:: Analog — E]g*z
CMPOM Comparator GPIO | by
x1 (= P20 to P23
[e=> P30 to P37
(o= P40 to P47
(&= P54 to P57
(e PG to P64
le=p P70 to P74
e P80 to P87

Figure 1-3 Block Diagram of ML620Q157A/ML620Q158A/ML620Q159A(QFP64)
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1.3 Pins

1.3.1 Pin Layout
1.3.1.1 Pin Layout of ML620Q151A/ML620Q152A/ML620Q153A TQFP48 package product

zz
=B
" 33
=5 e o 8 <
= Q0= XS >SS IZ
o D w o O= = =
S OS2 F0R I\LDS':
AQpN=2Dd< o<
X XXX=Z2004a==20ad
EEEZL Q000200
N OO ITOAN —-O MOAN — O
0O 0O 00 0 O O VO W W W ©
aoaoaoo0oaaaaa
© v < o N~ © O
DOOMOMmMMmMmom AN AN AN
POO/EXIO/PW45EV0 1 |37 24| == P57/SOUT0/PWM7
PO1/EXI1/PW6B7EV0 1 (38 23| = P56/SCKO0
P02/EXI2/RXD0 =1 (39 29| == P55/TXD0/SINO/TXD1
PO3/EXI3/RXD1 —— (40 21| == P54/RXD0
PO4/EXI4 1 |41 20| == P47/AIN11/T16CK1/PWM5
P20/LEDO/LSCLK/PWM4 —1—{ |42 (TOP VIEW) 19| |==2 P46/AIN10/T16CK0/SOUTO
P21/LED1/OUTCLK/PWM5 —1— |43 TQFP48 18| == P45/AIN9/T1P5CK/SCKO0
P22/LED2/TMHAOUT/PWM6 —1— |44 17| == P44/AIN8/TOP4CK/SINO
P23/LED3/TMHBOUT/PWM7 1 (45 16| == P43/AIN7/TXD0/PWM4/TXD1
P14/TEST0 = |46 15| == P42/AIN6/RXD0/SOUTO
RESET_N —— |47 14| == P41/SCL/SCK0/CMPOP
TEST1_N 1 (48 13| |=—= P40/SDA/SINO/CMPOM
—TAOTOLONDOOO =N
O — 2 42 L——0O0OFTW
k> f>Ennnass
oo Legsaa
- s2z:22
StaAaa<c<
ZZZZ3w
I I
RN
< X B &
wu
o
£ &

Figure 1-4 Pin Layout of ML620Q151A/ML620Q152A/ML620Q153A TQFP48 Package
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1.3.1.2 Pin Layout of ML620Q154A/ML620Q155A/ML620Q156A TQFP52 package product

S
: g
- 2 3
= 8 e 2 So - - 8 <
= 0= x> SS I
S 9 == E NN I N =
QxXx2228508s2z045
EEErL090022220
N OO TOAN —-—TO S OMOAN — O
0O 00 00 0O 00 0 W W W W W ©W O
oYY W W W o W W Y« W o s W s W
DONOITOAN— OO I~
HOOONDDOOMMm®OmANN
POO/EXIO/PWA5EV0 =1 (40 26| == P57/SOUTO/PWM7
PO1/EXI1/PW67EV0 —— |41 25| == P56/SCK0
P02/EXI2/RXD0 1 |42 24| == P55/TXD0/SINO/TXD1
PO3/EXI3/RXD1 =1 |43 23| == P54/RXD0
P04/EXI4 =1 (44 22| /= P53/TXD1/PWM6
PO5/EXI5 =1} (45 (TOP VIEW) 21| = P47/AIN11/T16CK1/PWM5
P20/LEDO/LSCLK/PWM4 —1— |46 TQFP52 20| == P46/AIN10/T16CK0/SOUTO0
P21/LED1/OUTCLK/PWM5 —1— |47 19| = P45/AIN9/T1P5CK/SCKO0
P22/LED2/TMHAOUT/PWM6 —1— (48 18| == P44/AIN8/TOP4CK/SINO
P23/LED3/TMHBOUT/PWM7 =t (49 17| == P43/AIN7/TXD0/PWM4/TXD1
P14/TESTO0 |50 16| == P42/AIN6/RXD0/SOUTO
RESET_N —— |51 @ 15| == P41/SCL/SCK0/CMPOP
TEST1_N |52 14| =—= P40/SDA/SINO/CMPOM
TAOFTOONODO -N®
o % 3 (=] '-Lh T OO Y X
CESESEREEEsS]
a o sessaaf
oo =S===3Ivo
oooozzoe
Scds<c<l
ZZZZ3wm
P I G GO
sSEqga®®
XNaa
S =
O m
Qo

Figure 1-5 Pin Layout of ML620Q154A/ML620Q155A/ML620Q156A TQFP52 Package
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1.3.1.3 Pin Layout of ML620Q157A/ML620Q158A/ML620Q159A QFP64 package product

34| /= P61/SCL/TMHBOUT/PWM7
33/ —— P60/SDA/TMHAQUT/PWM6

47| —— P86 /RXD0/SOUTO0
46| == P85/TXD1/SCKO0
45| == P84/RXD1/SINO
44| == P83 /PWM5

43| 1= P82/SOUTO
39| =— P66/OUTCLK/PWM6

38| —— P65/LSCK/PWM5

42| == P81/SCL/SCKO
41| == P80/SDA/SINO
40| = P67

37| == Pe4/PWM4

36| == P63/PWB7EV1
35| == P62/PWA4SEV1

~
© 4} —1t—1 P87/TXD0/PWM4

POO/EXI0O/PWA45EV0 —1—]
PO1/EXI1/PW67EV0 —— |50

P57/SOUTO/PWM7
P56/SCKO

>
Lk

P02/EXI2/RXD0 —1— 30 P55/TXD0/SINO/TXD1
PO3/EXI3/RXD1 —— |52 29| = P54/RXDO0
P04/EXI4 —— (53 28| F— P53/TXD1/PWM6

PO5/EXI5 —1— |54 27| E= P52/RXD1/SOUT0
P20/LEDO/LSCLK/PWM4 —— |55 26| =— P51/SCL/SCKO0
P21/LED1/OUTCLK/PWM5 1 |56 25| == P50/SDA/SINO
P22/LED2/TMHAOUT/PWM6 —1— |57 (TOP VIEW) 24| == P47/AIN11/T16CK1/PWM5
—1—|58 QFP64 23| == P46/AIN10/T16CK0/SOUTO
P72/RXD1/SIN0O = |59 22| == P45/AIN9/T1P5CK/SCKO0
P73/TXD1/SCKO/TXD0 =—— |60 21| E=2 P44/AIN8/TOP4CK/SINO
P74/SOUT0 —— |61 20| == P43/AIN7/TXD0/PWM4/TXD1
P14/TESTO0 = |62 19| = P42/AIN6/RXD0/SOUTO
RESET_N —— |63 18| F—= P41/SCL/SCK0/CMPOP
TEST1_N == |64 17 == P40/SDA/SINO/CMPOM
mevmwhwmg:ggggg
O — 2 d o lbL—r-r0O0OFWOXX ON
Sk ESrhEags2a3s:
N O fo¥saaf5aa
LG sEizzgales
S—as<<pt
s22253 °
sEqQa®®
SNaa
S =
o m
o a

Figure 1-6 Pin Layout of ML620Q157A/ML620Q158A/ML620Q159A QFP64 Package
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1.3.2 List of Pins
48| 52| 64 Primary function Secondary function Tertiary function Quaternary function
Pin| Pin| Pin Pin . Pin De- Pin De- Pin De-
No.| No.J No.l  name Vo Description name | /O scription name | 'O scription | name Vo scription
3 3 3 Vss o Negatlvg power o o o . . . . - o
supply pin
Positive power
5 5 5 Voo — | supply pin — — — — — — _ _ _
Power supply for
internal logic
ol IR Voo | (internally — — - - - - - - —
generated)
P14/ Input port/
46 1 50 | 62 TESTO I Input pin for testing _ _ _ _ _ _ - - -
47 | 51 | 63 | RESET N | | | Resetinputpin B S — =] = I
48 | 52 | 64 | TESTI N | Input pin for testing o o o . . B B B -
Input port/
1 1 1 P12/ | Low-speed clock — — — — — — — _ _
XTO o :
oscillation pin
P13/ Input/output port/
2 2 2 I/0 | Low-speed clock — — — — — — — _ _
XT1 Lo .
oscillation pin
Reference power
supply pin of
6161]6¢8 Vier | Successive-approxi - - - - - - - - -
mation type ADC
Input port /
37 ] 40 | 49 g&%gé{% | | External interrupt/ — — — — — — — _ _
PW45EV0 input
Input port /
38 | a1 | 50 [ EOCXU0 | 1| Extemalinterupt/ | — | — | — N I N I
PW67EVO0 input
Input port /
39 | 42 | 51 POFffD)gZ/ | | External interrupt — =] = _ | = S U
UARTO data input
Input port /
40 [ 43 | 52 | POIEXY 11 | External interrupt — =] = _ | = S U
UART1 data input
I /
41 | a4 | 53 | Poaexia | 1 | MPutPOrt ] = =] = ] =
External interrupt
Input port /
— | 45| 54| POSEXI ' | External interrupt — — — — - — - - -
Low-spe
P20/ Output port / LED PWM4
42 ]| 46 | 55 LEDO/ o drive LSCLK | O | edclock PWM4 0] output — — —
output
Low-spe
43 | 47| 56 P21/ o Output port / LED OouTC 0 | ed clock PWM5 o PWM5 . . .
LED1/ drive LK output
output
P22/ Output port / LED TMHAO TimerA PWM6
44148 | 57 LED2/ O | grive o o o uT © output PWM6 | O output
P23/ Output port / LED TMHBO TimerB PWM7
451 49 | 58 LED3/ o drive — — — uT o] output PWM7 | O output
Input/output port /
P30/EXI16 PW45EV1 input /
7 7 7 | PW45EV1/ | I/O | Successive — — — — — — _ _ _
AINO approximation type
ADC input
Input/output port /
P31/EXI7 PWB67EV1 input /
8 8 8 | PW6B7EV1/ | I/O | Successive — — — — — — _ _ _
AIN1 approximation type
ADC input
Input/output port /
P32/ PWA45EV0 input /
9 9 9 | PW45EV0/ | I/O | Successive — — — — — — — — _
AIN2 approximation type
ADC input
Input/output port /
P33/ PW67EVO0 input /
10 | 10 | 10 | PW67EVO0/ | I/O | Successive — — — — — — — _ _
AIN3 approximation type
ADC input
FEUL620Q150A
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48| 52| 64 Primary function Secondary function Tertiary function Quaternary function
Pin| Pin] Pin Pin ", Pin De- Pin De- Pin De-
No.| No.| No. name Vo Description name | VO scription name Vo scription | name Vo scription
Input/output port /
P34/ Successive PWM4
npugpn AIN4/ Vo approximation type o o T PWM4 o output T o o
ADC input
Input/output port /
P35/ Successive PWM5
L2 N AIN5/ Vo approximation type o o T PWMS o output T o o
ADC input
Low-spe
— ] 13 ] 13 P36 I/O | Input/output port LSCLK | O | ed clock — — — — — —
output
Low-spe
— | —1 14 P37 I/O | Input/output port OEI-(I—C O | edclock — — — — — —
output
P40/ Input/output port / I°C data SSI00
13 | 14| 17 CMPOM I/O | ComparatorO SDA | I/O | input/out SINO data — — —
inverting input put input
SSI00
P41/ Input/output port / I°C clock syr:)cuhsron
14 | 15| 18 CMPOP 1/0 Com'paratcl)rO' SCL I/O | input/out SCKO I/0 clock — — —
non-inverting input put input/out
put
Input/output port /
15|16 |19 P4 | o | Successive rxoo | 1| ama | souto | o | am | — || —
AIN6 approximation type .
ADC input input output
Input/output port /
1617 20| P4 | o | Successive oo | o | Cama | pome | o | P4 [ s | o | e
AIN7 approximation type output
ADC input output output
Input/output port /
P44/ Pns e SSI00
17 | 18 | 21 | ToP4ck/ | 11O gﬁgce';‘g‘\’le — | = — SINO data - | = —
AIN8 Y input
approximation type
ADC input
Input/output port / SSI00
P45/ PIWI\I:IS t/external synchron
clock inpu ous
18 | 19 | 22 T1APIZ%K/ I/0 Successive — — — SCKO0 11O clock — — —
approximation type input/out
ADC input put
Input/output port /
Timer8,A /
P46/ PWM6 external SSIO0
19 | 20 | 23 | T16CKO/ | I/O | clock input/ — — — SOUTOo e} data — — —
AIN10 Successive output
approximation type
ADC input
Input/output port /
Timer9,B /
P47/ PWM?7 external PWM5
20 | 21 24 T16CK1/ I/O | clock input/ — — — PWM5 (0] output — — —
AIN11 Successive
approximation type
ADC input
I°C data SSI00
— ] — 125 P50 I/O | Input/output port SDA I/O | input/out SINO data
put input
SSI00
synchron
I°C clock clock
— ] — ] 26 P51 I/0 | Input/output port SCL I/O | input/out SCKO0 I/0 inputiout
put put
UART1 SSI00
— | —127 P52 I/0O | Input/output port RXD1 data SOUTO O data
input output
UART1
_ 22|28 P53 | /0 | Inputioutput port TXD1 | 0 | data | PWMe | O E‘Lﬁ’m‘f = =
output
FEUL620Q150A

I-11




LAPIS Semiconductor Co., Ltd. ML620Q151A/2A/3A/4A/5A/6A/TA/8A/9A User's Manual
Chapter 1 Overview

48| 52| 64 Primary function Secondary function Tertiary function Quaternary function
Pin| Pin] Pin Pin ", Pin De- Pin De- Pin De-
No.| No.| No. name Vo Description name | VO scription name Vo scription | name Vo scription
UARTO
211231 29 P54 I/0 | Input/output port RXDO | data — — — — — —
input
UARTO SSIO0 UART1
22 124 ] 30 P55 I/0 | Input/output port TXDO | O data SINO data TXD1 (6] data
output input output
SSI00
synchron
23 | 25 | 31 P56 /0 | Input/output port - | = — SCKo | 1o | M8 - | = —
input/out
put
SSI00 PWM7
24 | 26 | 32 P57 I/0 | Input/output port — — — SOuUTo | O data PWM7 | O t
output output
25| 27| 33| Peo | 1O | Inputioutput port SDA | 10 iicuct’/ﬁ TMHAO | ¢ | TimerA | pyyyig | o | PWM8
P putp pput uTt output output
I°C clock :
. TMHBO TimerB PWM7
26 | 28 | 34 P61 I/0 | Input/output port SCL | I/O mpg;/tout uT ¢} output PWM7 | O output
P62/ Input/output port /
271291 35 | pwasevi | 7O | PW4sEVA input — || — — || — — || —
P63/ Input/output port /
28 130 | 36 | pwezEV1 | 'O | PWE7EVA input — || — — || — — || —
PWM4
— | 31| 37 P64 I/0 | Input/output port — — — PWM4 O output — — —
Low-spe PWM5
— 11— 1 38 P65 I/O | Input/output port LSCLK | O | ed clock PWM5 (0] tout — — —
output oulpu
Low-spe
— | —139 P66 I/0 | Input/output port oure O | edclock | PWM6 (0] PWME — — —
LK output
output
— | — ] 40 P67 I/O | Input/output port — — — — — — — — —
PWM6
— 11— 15 P70 I/O | Input/output port — — — PWM6 O output — — —
PWM7
— 11—\ 16 P71 I/O | Input/output port — — — PWM7 (@] output — — —
UART1 SSI00
— 11— 59 P72 I/0 | Input/output port RXD1 data SINO | data — — —
input input
SSI00
UART1 synchron UARTO
— ] — ] 60 P73 I/0 | Input/output port TXD1 O data SCKO0 I/0 clock TXDO | O data
output input/out output
put
SSI00
— | —1 61 P74 I/0 | Input/output port — — — SOUTO O data — — —
output
I°C data SSI00
29 | 32 | 41 P80 I/O | Input/output port SDA I/O | input/out SINO data — — —
put input
SSI00
2C clock synchron
30 | 33 | 42 P81 /0 | Input/output port SCL | 1O | inputiout | SCKO | VO | 5 - | = —
put input/out
put
SSI00
31| 34 ] 43 P82 I/O | Input/output port — — — SOUTO (0] data — — —
output
PWM5
32 ]| 35| 44 P83 I/O | Input/output port — — — PWM5 (0] output — — —
UART1 SSI00
33|36 | 45 P84 I/0 | Input/output port RXD1 data SINO data — — —
input input
SSI00
UART1 synchron
34 |37 ] 46 P85 /0 | Input/output port TXD1 | O | data SCKo | 1o | M8 - | = —
output input/out
put
FEUL620Q150A
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48| 52| 64 Primary function Secondary function Tertiary function Quaternary function
Pin| Pin] Pin Pin ", Pin De- Pin De- Pin De-
No.| No.| No. name Vo Description name | VO scription name Vo scription | name Vo scription

UARTO SSIO0
35| 38 | 47 P86 I/O | Input/output port RXDO | data SOUTO (0] data — — —
input output
UARTO PWM4
36 | 39 ] 48 P87 I/0O | Input/output port TXDO (0] data PWM4 (0] — — —
output
output
FEUL620Q150A
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1.3.3 Pin Descriptions

Table 1-2 Pin Descriptions (1/3)

Primary/
Pin name I/O Description Secor.wdary/ Logic
Tertiary/
Quaternary
Power supply
Vss — |Negative power supply pin — —
Vob — | Positive power supply pin — —_
VopL — | Positive power supply pin for internal logic (internally generated). Connect o .
capacitors (C,) (see Measuring Circuit 1) between this pin and Vss .
Test
TESTO | |Input/output pin for testing. — Positive
TEST1_N | |Input/output pin for testing. This pin has a pull-up resistor built in. — Negative
System
RESET_N | |Reset input pin. When this pin is set to a “L” level, the device is placed in
system reset mode and the internal circuit is initialized. If after that this pin is set — Negative
to a “H” level, program execution starts. This pin has a pull-up resistor built in.
XTO0 I |Crystal connection pin for low-speed clock. A 32.768 kHz crystal oscillator (see — —
XT1 O |measuring circuit 1) is connected to this pin. Capacitors CDL and CGL are
connected across this pin and VSS as required. o -
LSCLK* O |Low-speed clock output. This function is allocated to the secondary function of Secondary —
the P20/P36/P65 pin.
OUTCLK* O [High-speed clock output. This function is allocated to the secondary function of | Secondary —

the P21/P37/P66 pin.
General-purpose input port

P00 to P05* | |General-purpose input or output ports.
P12 I ; it
Primary Positive
P13 I/0
P14 I
General-purpose output port
P20 to P23 O |General-purpose output ports. Provided with a secondary or tertiary or Secondary/ | Positive
quaternary function for each port. Cannot be used as ports if their secondary Tertiary/
functions or tertiary or quaternary are used. Quaternary
General-purpose input/output port
P30 to P37* | I/O |General-purpose output ports. Provided with a secondary or tertiary or Secondary/ | Positive
P40 to P47 quaternary function for each port. Cannot be used as ports if their secondary Tertiary/
P50 to P57 functions or tertiary or quaternary are used. Quaternary
P60 to P67*
P70 to P74*
P80 to P87

*: ML620Q15XA have a different pin configuration for each package. See “LIST OF PINS” for more details.
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Table 1-2 Pin Descriptions (2/3)

Primary/
. - Secondary/ )
Pin name I/0 Description Tertiary/ Logic
Quaternary
UART
TXDO* o UARTO data output pin. Allocated to the secondary function of the P43, Secondary Positive
P55, P87 and the fourthly function of the P73. Quaternary
RXDO0* UARTO data input pin. Allocated to the secondary function of the P02, P42, .
| P54 and P86. Secondary | Positive
TXD1* o UART1 data output pin. Allocated to the secondary function of the P53, P73,| Secondary Positive
P85, and the fourthly function of the P43, P55. Quaternary
RXD1* UART1 data input pin. Allocated to the secondary function of the P03, P52, "
| P72 and P84. Secondary | Positive

I°C bus interface

SDA* I°C data input/output pin. This pin is used as the secondary function of the
1/0 | P40, P50, P60 and P80. This pin has an NMOS open drain output. When Secondary | Positive
using this pin as a function of the I°C, externally connect a pull-up resistor.
SCL* I°C clock output pin. This pin is used as the secondary function of the P41,
/0 |P51, P61 and P81. This pin has an NMOS open drain output. When using Secondary | Positive
this pin as a function of the I’C, externally connect a pull-up resistor.

Synchronous serial (SSIO)

SINO* Synchronous serial data input pin. Allocated to the tertiary function of the . "
' |P40, Pa4, P50, P55, P72, P80 and P84. Tertiary | Positive
SCKo* e Synchronous serial clock input/output pin. Allocated to the tertiary function Tertiar
of the P41, P45, P51, P56, P73, P81 and P85. any -
SOouTo* Synchronous serial data output pin. Allocated to the tertiary function of the . "
O |p42, P46, P52, P57, P74, P82 and P86 Tertiary | Positive
PWM
PWM4 0 PWM4 output pin. Allocated to the tertiary function of the P34, P43, P64, Tertiary Positive
and P87.
PWM5 0 PWMS5 output pin. Allocated to the tertiary function of the P35, P47, P65, Tertiary Positive
and P83.
PWM6* o PWMB6 output pin. Allocated to the tertiary function of the P53, P66, P70 and| Tertiary Positive
fourthly function of the P22 and P60. Quaternary
PWM7* o PWM?7 output pin. Allocated to the tertiary function of the P71 and fouthly Tertiary Positive
function of the P23, P57, and P61. Quaternary
PWA45EV0 | |Control start /stop/clear for PWM4 and PWMS. Allocated to the primary Primar _
PW45EV1 function of the P00, P30, P32 and P62. y
PW67EV0 | |Control start /stop/clear pin for PWM6 and PWM?. Allocated to the primary Primar _
PW67EV1 function of the P01, P31, P33, and P63. y
TOP4CK | Exter.nal clock input pin for timer 0 and PWM4. Allocated to the primary Primary _
function of the P44 pin.
T1P5CK | External clock input pin for timer 1 and PWM5. Allocated to the primary Primary _

function of the P45 pin.

*: ML620Q15XA have a different pin configuration for each package. See “LIST OF PINS” for more details.

FEUL620Q150A
1-15



LAPIS Semiconductor Co., Ltd. ML620Q151A/2A/3A/4A/SA/6A/TAI8A/9A User's Manual
Chapter 1 Overview

Table 1-2 Pin Descriptions (3/3)

Pi Vo Description Primary/ | ogic
in name escriptio Secondary g
External interrupt
EXI0~7* External maskable interrupt input pins. The interrupt is enabled and Positive/
| |interrupt edge is selectable by the software for each bit. Allocated to the Primary Negative
primary function of the P00 to P05 and P30 to P31. 9
Timer
T16CKO External clock input pin for 16bit timer 8, timer A and PWM6. Allocated to
| |the primary function of the P46 pin. Primary _
T16CK1 External clock input pin for 16bit timer 9, timer B and PWM?7. Allocated to .
| . : . Primary —
the primary function of the P47 pin.
TMHAOUT o Il%t())lt timer A output pin. Allocated to the tertiary function of the P22 andn Tertiary | Positive
TMHBOUT o ;%?It timer B output pin. Allocated to the tertiary function of the P23 and Tertiary | Positive
LED drive
LEDO to Pins for LED driving. Allocated to the primary function of the P20 to P23 . Positive/
O |. Primary .
LED3 pins. Negative
Successive-approximation type A/D converter
v | Reference power supply pin for successive approximation type A/D . .
REF converter.
AINO to Analog inputs to Ch0—Ch11 of the successive-approximation type A/D
| |converter. Allocated to the secondary function of the P30 to P35 and P42 to — —
AIN11 .
P47 pins.
Analog Comparator
Non-inverting input for comparator0. This pin is used as the primary
CMPOP | . . — —
function of the P41 pin.
CMPOM | Inverting mput for comparator0. This pin is used as the primary function of . .
the P40 pin.

*: ML620Q15XA have a different pin configuration for each package. See “LIST OF PINS” for more details.
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1.3.4 Handling of Unused Pins

Table 1-3 shows methods of terminating the unused pins.

Table 1-3 Termination of Unused Pins

Pin Recommended pin termination

RESET_N open
P14/TESTO open
TEST1_N open

VRer Connect to Vpp
P00 to PO5* Connect Vpp or Vss
P12 Connect Vpp or Vss
P13 open

P20 to P23 open

P30 to P37* open

P40 to P47 open

P50 to P57* open

P60 to P67* open

P70 to P74~ open

P80 to P87 open

*: ML620Q15XA have a different pin configuration for each package. See “LIST OF PINS” for more details.

Note:

For unused input ports or unused input/output ports, if the corresponding pins are configured as high-impedance inputs
and left open, the supply current may become excessively large. Therefore, it is recommended to configure those pins as

either inputs with a pull-down resistor/pull-up resistor or outputs.

FEUL620Q150A
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2 CPU and Memory Space

2.1 General Description

This LSI includes 16-bit CPU nX-U16/100 and the memory model is SMALL model.
For details of the CPU nX-U16/100, see “nX-U16/100 Core Instruction Manual”.

2.2 Program Memory Space

The program memory space is used to store program codes, table data (ROM window), or vector tables.

The program codes have a length of 16 bits and are specified by a 4-bit Code Segment Register (CSR) and 16-bit
Program Counter (PC).

The ROM window area data has a length of 8 bits and can be used as table data.

The vector table, which has 16-bit long data, can be used as reset vectors, hardware interrupt vectors, and software
interrupt vectors.

The program memory space consists of one segment. (§-Kword) capacity.

Figure 2-1 shows the configuration of ML620Q151A/ML620Q154A/ML620Q157A program memory space (32-Kbyte).
Figure 2-2 shows the configuration of ML620Q152A/ML620Q155A/ML620Q158A program memory space (48-Kbyte).
Figure 2-3 shows the configuration of ML620Q153A/ML620Q156A/ML620Q159A program memory space (64-Kbyte).

Segment 0
CSR:PC 0:0000H ~ 07FFFH
0:07FFFH
Test data area
0:07CO0H
0:07BFFH
Program code
or
ROM window area
0:0100H
0:00FFH Vector table area
or
Program code
0:0000H ROM window area

8bit

Figure 2-1 Configuration of ML620Q151A/ML620Q154A/ML620Q157A Program Memory Space (32-Kbyte)

Note:
* The 1024 bytes (512 words) test data area from 0:7COOH to 0:7FFFH cannot be used as a program code area.
0:7CO0H to 0:7DFFH is rewritable and erasable. 0:7EOOH to 0:7FFFH is not rewritable and not erasable. Ensure
to write “OFFH” to the rewritable area 0:7COOH to 0:7DFFH. If data in the area is uncertain or other data (i.e.
not OFFH), operating with the code cannot be guaranteed.
* Specify "OFFH" (BRK instruction) to unused are in the program memory space for failsafe purpose.
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Segment 0
CSR:PC 0:0000H ~ OBFFFH
0:0BFFFH
Test data area
0:0BCOOH
0:0BBFFH
Program code
or
ROM window area
0:0100H
0:00FFH Vector table area
or
Program code
0:0000H ROM window area

8bit

Figure 2-2 Configuration of ML620Q152A/ML620Q155A/ML620Q158A Program Memory Space (48-Kbyte)

Note:
* The 1024 bytes (512 words) test data area from 0:BCOOH to 0:BFFFH cannot be used as a program code area.
0:BCOOH to 0:BDFFH is rewritable and erasable. 0:BEOOH to 0:BFFFH is not rewritable and not erasable.
Ensure to write “OFFH” to the rewritable area 0:BCOOH to 0:BDFFH. If data in the area is uncertain or other
data (i.e. not OFFH), operating with the code cannot be guaranteed.
* Specify "OFFH" (BRK instruction) to unused are in the program memory space for failsafe purpose.
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Segment 0
CSR:PC 0:0000H ~ OFFFFH
0:0FFFFH
Test data area
0:0FCOOH
0:0FBFFH
Program code
or
ROM window area
0:0100H
0:00FFH Vector table area
or
Program code
0:0000H ROM window area

8bit

Figure 2-3 Configuration of ML620Q153A/ML620Q156A/ML620Q159A Program Memory Space (64-Kbyte)

Note:
* The 1024 bytes (512 words) test data area from 0:FCOOH to 0:FFFFH cannot be used as a program code area.
0:FCOOH to 0:FDFFH is rewritable and erasable. 0:FEQOOH to O:FFFFH is not rewritable and not erasable. Ensure
to write “OFFH” to the rewritable area 0:FCOOH to 0:FDFFH. If data in the area is uncertain or other data (i.e.
not OFFH), operating with the code cannot be guaranteed.
* Specify "OFFH" (BRK instruction) to unused are in the program memory space for failsafe purpose.
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2.3 Data Memory Space

The data memory space of this LSI consists of the ROM window area of Segment 0, 2KByte RAM area, SFR area, and
ROM reference area of segment 8.

The data memory has the 8-bit length and is specified by a 4-bit Data Segment Register (DSR) and 16-bit addressing
instructions.

Figure 2-4 shows the configuration of ML620Q151A/ML620Q154A/ML620Q157A data memory space.
Figure 2-5 shows the configuration of ML620Q152A/ML620Q155A/ML620Q158A data memory space.
Figure 2-6 shows the configuration of ML620Q153A/ML620Q156A/ML620Q159A data memory space.

DSR: Data address Segment 0 Segment 7
0:0FFFFH
SFR area
0:0FO00H
Unused area
0:0E7FFH
RAM are
2K Byte
0:0E000H Unused area
0:0DFFFH
Unused area
0:08000H
0:07FFFH
Test data area
0:07CO0H
ROM Window 7:07FFH
Data Flash area
area
2K Byte
7:0000H
8bit 8bit
Segment 8 Segment F
8:07FFFH OF:0FFFFH
Test data are
8:07CO0H
Unused area
ROM Reference
area
OF:07FFH
Data Flash area
2K Byte
8:0000H 0F:0000H
8bit 8bit

Figure 2-4 Configuration of ML620Q151A/ML620Q154A/ML620Q157A Data Memory Space

Note:
* The contents of the 2K Byte RAM area are undefined at system reset. Initialize this area by software.
* The segment O of program memory is readable from the ROM Reference area of segment 8.
* The segment 7 of program memory is readable from the ROM Reference area of segment F.
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DSR: Data address Segment 0 Segment 7
0:0FFFFH
SFR are
0:0FO00H
Unused area
0:0E7FFH
RAM area
2K Byte
0:0E000H Unused area
0:0DFFFH
Unused area
0:0C000H
0:0BFFFH
Test data area
0:0BCOOH
ROM Window 7:07FFH
Data Flash area
area
2K Byte
7:0000H
8bit 8bit
Segment 8 Segment F
8:0BFFFH OF:0FFFFH
Test data area
8:0BCOOH
Unused area
ROM Reference
area
OF:07FFH
Data Flash area
2K Byte
8:0000H 0F:0000H
8bit 8bit

Figure 2-5 Configuration of ML620Q152A/ML620Q155A/ML620Q158A Data Memory Space

Note:
* The contents of the 2K Byte RAM area are undefined at system reset. Initialize this area by software.
* The segment O of program memory is readable from the ROM Reference area of segment 8.
* The segment 7 of program memory is readable from the ROM Reference area of segment F.
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DSR: Data address Segment 0 Segment 7
0:0FFFFH
SFR area
0:0FO00H
Unused area
0:0E7FFH
RAM area
0:0E000H 2K Byte Unused area
ROM Window
area
7:07FFH
Data Flash area
2K Byte
0:0000H 7-:0000H
8bit 8bit
Segment 8 Segment F
8:0FFFFH OF:0FFFFH
Test data area
8:0FCO0H
Unused area
ROM Reference
area
OF:07FFH
Data Flash area
2K Byte
8:0000H 0F:0000H
8bit 8bit

Figure 2-6 Configuration of ML620Q153A/ML620Q156A/ML620Q159A Data Memory Space

Note:
* The contents of the 2K Byte RAM area are undefined at system reset. Initialize this area by software.
* The segment O of program memory is readable from the ROM Reference area of segment 8.
* The segment 7 of program memory is readable from the ROM Reference area of segment F.
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2.4 Instruction Length

The length of an instruction is 16 bits.

2.5 Data Type

The data types supported include byte (8 bits) and word (16 bits).
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2.6 Description of Registers

2.6.1 List of Registers

Address Name Symbol (Byte) Symbol (Word) R/W | Size | Initial
value
OFO00OH Data segment register DSR — R/W 8 O00H
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2.6.2 Data Segment Register (DSR)

Address: OFOOOH
Access: R'W

Access size: 8-bit
Initial value: 0OH

7 6 5 4 3 2 1 0
DSR — — — — DSR3 DSR2 DSR1 DSRO
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Initial value 0 0 0 0 0 0 0 0

DSR is a special function register (SFR) to retain a data segment.
For details of DSR, see “nX-U16/100 Core Instruction Manual”.

[Description of Bits]
o DSR3-DSRO (bits 3 to 0)

DSR3 DSR2 DSR1 DSRO Description
0 0 0 0 Data segment 0 (Initial value)
0 0 0 1
0 0 1 0
0 0 1 1 -
Prohibited

0 1 0 0

0 1 0 1

0 1 1 0

0 1 1 1 Data segment 7

1 0 0 0 Data segment 8

1 0 0 1

1 0 1 0

1 0 1 1 .
Prohibited

1 1 0 0

1 1 0 1

1 1 1 0

1 1 1 1 Data segment F

FEUL620Q150A 29
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3 Reset Function

3.1 General Description

This LSI has the five reset functions. If any of the four reset conditions is satisfied, this LSI enters system reset mode.

e Reset by the RESET_N pin

e Reset by power-on detection
e Reset by the 2™ watchdog timer (WDT) overflow
e Reset by Low Level Detector(LLD)
e Software reset by execution of the BRK instruction

3.1.1 Features

3.1.2 Configuration

The RESER_N pin has an internal pull-up resistor
125 ms, 500ms, 2 sec, or 8 sec can be selected as the watchdog timer (WDT) overflow period
Built-in reset status register (RSTAT) indicating the reset generation causes
Only the CPU is reset by the BRK instruction (neither the RAM area nor the SFR area are reset).

Figure 3-1 shows the configuration of the reset generation circuit.

Power-on reset reset I

Low level detecotor
reset

(LLD reset)

WDTreset

RSTAT:Reset status register

3.1.3 List of Pin

Figure 3-1

}7‘

|

RSTAT Data bus

RESET

Configuration of Reset Generation Circuit

Pin name

I/O

Description

RESET_N

Reset input pin

3.2 Description of Registers

3.2.1 List of Registers

Address

Name

Symbol (Byte)

Symbol (Word)

R/W Size Initial value

OF00CH

Reset status register

RSTAT

R/W 8 —

FEUL620Q150A

3-1



LAPIS Semiconductor Co., Ltd. ML620Q151A/2A/3A/4A/5A/6A/TA/8A/9A User's Manual
Chapter 3 Reset Function

3.2.2 Reset Status Register (RSTAT)

Address: OFOOCH
Access: R‘'W

Access size: 8 bits
Initial value: Undefined

7 6 5 4 3 2 1 0
RSTAT — RSTR — LLDR — WDTR — POR
R/W R R/W R R/W R R/W R R/W
Initial value 0 X 0 0 0 0 0 1

*)The initial value depends on the reset factor

RSTAT is a special function register (SFR) that indicates the causes set to the system reset mode.

At the occurrence of reset, the contents of RSTAT are not initialized, while the bit indicating the cause of the reset is set
to ”’1”. When checking the reset cause using this function, perform write operation to RSTAT in advance and initialize the
each reset cause flag of RSTAT to “0”.

[Description of Bits]

e PSTR (bit 6)
The PSTR bit is a flag that indicates that the RESET_N pin reset is generated. This bit is set to “1” when the RESET_N
pin reset is generated.

RSTR Description
0 RESET_N pin reset not occurred
1 RESET_N pin reset occurred
sLLDR (bit 4)

The LLDR is a flag that indicates that the Low Level Detector reset is generated. This bit is set to “1” when the reset by
overflow of the Lowe Level Detector is generated. Also, when the power is turned on is undefind.

LLDR Description
0 Low Level Detector reset not occurred
1 Low Level Detector reset occurred

e WDTR (bit 2)
The WSDTR is a flag that indicates that the watchdog timer reset is generated. This bit is set to “1” when the reset by
overflow of the watchdog timer is generated.

WDTR Description
0 Watchdog timer reset not occurred
1 Watchdog timer reset occurred

e POR (bit 0)
The POR bit is a flag that indicates that the power-on reset is generated. This bit is set to “1” when powered on.

POR Description
0 Power-on reset not generated
1 Power-on reset generated
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3.3 Description of Operation

3.3.1 Operation of System Reset Mode

System reset has the highest priority among all processings and any other processing will be cancelled.
The system reset mode is set by any of the following causes.

*Reset by the RESET_N pin

* Reset by power-on detection

* Reset by the 2nd watchdog timer (WDT) overflow
*Reset by Low Level Detector(LLD)

* Software reset by execution of the BRK instruction

In system reset mode, the following processing is performed.

(1) The power circuit is initialized. However, it is not initialized by the reset by the BRK instruction execution. For the
details of the power circuit, refer to Chapter 27, “Power Circuit”.

(2) All the special function registers (SFRs) whose initial value is not undefined are initialized. However, the
initialization is not performed by software reset due to execution of the BRK instruction. See Appendix A
“Registers” for the initial values of the SFRs.

(3) CPU is initialized.

e All the registers in CPU are initialized.

e The contents of addresses 0000H and 0001H in the program memory are set to the stack pointer (SP).

*  The contents of addresses 0002H and 0003H in the program memory are set to the program counter (PC).
However, when the interrupt level (ELEVEL) of the program status word (PSW) at reset by the BRK instruction
is 1 or lower, the contents of addresses 0004H and 0005H of the program memory are set in the program counter
(PC). For the BRK instruction, see “nX-U16/100 Core Instruction Manual”.

Note:
In system reset mode, the contents of data memory and those of any SFR whose initial value is undefined are not
initialized and are undefined. Initialize them by software.
In system reset mode by the BRK instruction, no special function register (SFR) that has a fixed initial value is
initialized either. Therefore initialize such an SFR by software.
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4 MCU Control Function

4.1 General Description

The operating states of this LSI are classified into the following 4 modes including system reset mode:
(1) System reset mode
(2) Program run mode
(3) HALT mode
(4) STOP mode

For the System reset mode, see Chapter 3, "Reset Function".
Also, the LSI has a block control function, which power downs the circuits of unused peripherals (reset registers and stop

clock supplies) to make even more reducing the current consumption.

41.1 Features

HALT mode, where the CPU stops operating and only the peripheral circuit is operating

STOP mode, where both low-speed oscillation and high-speed oscillation stop

Stop code acceptor function, which controls transition to STOP mode

Block control function, which power downs the circuits of unused function blocks (reset registers and stop clock

supplies)

4.1.2 Configuration

Figure 4-1 shows an operating state transition diagram.

Release reset

Program run

Power on

>

System reset

mode mode

Reset or BRK
instruction

Reset HLT="1”" Interrupt

STP="1"

External
Interrupt

STOP mode HALT mode

Figure 4-1 Operating State Transition Diagram
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4.2 Description of Registers

4.2.1 List of Registers

Address Name Symbol (Byte) | Symbol (Word) | RW | Size \'/’;tl'f;
O0F008H Stop code acceptor STPACP - w 8 -

OF009H Standby control register SBYCON - w 8 OO0H
0F068H Block control register 0 BLKCONO - R/W 8 O0H
OF06AH Block control register 2 BLKCON2 - R/W 8 OO0H
0F06BH Block control register 3 BLKCONS3 - R/W 8 O0H
0F06CH Block control register 4 BLKCON4 - R/W 8 OO0H
OF06EH Block control register 6 BLKCONG - R/W 8 O00H
OF06FH Block control register 7 BLKCON?7 - R/W 8 04H
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4.2.2 Stop Code Acceptor (STPACP)

Address: OFOOSH

Access: W

Access size: 8 bits

Initial value: -(Undefined)

7 6 5 4 3 2 1 0
STPACP - - - - - - - B,
R/W W W W W W W W W
Initial value - - - - - - - -

STPACEP is a write-only special function register (SFR) that is used for setting a STOP mode.

When STPACP is read, “O0H” is read.

When data is written to STPACP in the order of “5nH” and “OAnH” (where n is 0 to OFH), the stop code acceptor is
enabled. When the STP bit of the standby control register (SBYCON) is set to ““1” in this state, the mode is changed to
the STOP mode. When the STOP mode is set, the STOP code acceptor is disabled.

When another instruction is executed between the instruction that writes “5nH” to STPACP and the instruction that
writes “OAnH”, the stop code acceptor is enabled after “OAnH” is written. Note that, if data other than “OAnH” is written
to STPACP after “5nH” is written, the “5nH” writing process becomes invalid and “5nH” should be written again.
During a system reset, the stop code acceptor is disabled.

[Note]

*The STOP code acceptor cannot be enabled on the condition that any interrupt enable flag and the
corresponding interrupt request flag are both “1” (for example, an interrupt request occurs when the MIE

flag is ”07).
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4.2.3 Standby Control Register (SBYCON)

Address: OFOO9H
Access: W

Access size: 8 bits
Initial value: 0OH

7 6 5 4 3 2 1 0

SBYCON - - - - HLTH DHLT STP HLT
R/W W W W W W W W W
Initial value 0 0 0 0 0 0 0 0

SBYCON is a special function register (SFR) to control the operation mode of MCU.

Description of Bits
e HLT (bit 0)
The HLT bit is used for setting the HALT mode. When the HLT bit is set to “1”, the mode is changed to the
HALT mode. Writing “0” to the HLT bit does not change the mode to the HALT mode.

e STP (bit1)
The STP bit is used for setting the STOP mode. When the STP bit is set to “1”, the mode is changed to the
STOP mode. Writing “0” to the STP bit does not change the mode to the STOP mode.
Writing to the STP bit should be performed when the stop code acceptor is enabled by using STPACP.
If writing to the STP bit is performed when the stop code acceptor is disabled, the writing becomes invalid.

STP HLT Description
0 0 Program run mode (initial value)
0 1 HALT mode
1 0 STOP mode
1 1 Setting prohibited

[Note]
*The mode is not changed to the STOP mode or HALT mode on the condition that any interrupt enable
flag and the corresponding interrupt request flag are both ”1” (for example, an interrupt request occurs
when the MIE flag is "0”).
*When a maskable interrupt source (interrupt with enable bit) occurs while the MIE flag of the program
status word (PSW) in the nX-U16/100 core is “0”, the STOP mode or HALT mode is simply released and
interrupt processing is not performed. For details of PSW, see “nX-U16/100 Core Instruction Manual”.
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4.2.4 Block Control Register 0 (BLKCONO)
Address: OFO68H

Access: R'W

Access size: 8 bit
Initial value: OOH

BLKCONO

R/W
Initial value

7 6 5 4 3 2 1 0
- - - - - - DTM1 DTMO

R R R R R/W R/W
0 0 0 0 0 0 0 0

BLKCONO is a special function register (SFR) to control each block operation.

Description of Bits
e DTMI (bits 1)

DTM1

Description

0

Enable operating the timer 1 (initial value)

1

Disable operating the timer 1

e DTMO (bits 0)

DTMO

Description

0

Enable operating the timer 0 (initial value)

1

Disable operating the timer 0

[Note]

* When any flag is set to “1” (disable operation), the function of the applicable block is reset (all registers
are initialized) and the clock supply to that block stops. While the flag is set to “1”, the writing to the
registers of the block becomes invalid. To use the function of the block, reset the applicable flag of the

block control register to “0” (enable operation).
* For more detail about the timer operation, see Chapter 8, "8bit Timer".
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4.2.5 Block Control Register 2 (BLKCONZ2)

Address: OFO6AH
Access: R'W

Access size: 8 bit
Initial value: 0OH

7 6 5 4 3 2 1 0
BLKCON2 DI2C0 - - - DUA1 DUAO - DSIO0
R/W R/W R R R R/W R/W R R/W
Initial value 0 0 0 0 0 0 0 0

BLKCON?2 is a special function register (SFR) to control each block operation.

Description of Bits
e DI2CO (bits 7)
The DI2CO bit is used to control the I’C bus interface operation.

DI2CO Description
0 Enable operating the I°C bus interface (initial value)
1 Disable operating the I°C bus interface

e DUALI (bits 3)
The DUAL1 bit is used to control the UART1 operation.

DUA1 Description
0 Enable operating UART1 (initial value)
1 Disable operating UART1

e DUAO (bits 2)
The DUAQO bit is used to control the UARTO operation.

DUAO Description
0 Enable operating UARTO (initial value)
1 Disable operating UARTO

e DSIOO (bit 0)
The DSIOO bit is used to control the operation of the synchronous serial port operation.

DSIO0 Description
0 Enable operating the synchronous serial port 0 (initial value)
1 Disable operating the synchronous serial port 0

[Note]
* When any flag is set to “1” (disable operation), the function of the applicable block is reset (all registers
are initialized) and the clock supply to that block stops. While the flag is set to “1”, the writing to the
registers of the block becomes invalid. To use the function of the block, reset the applicable flag of the
block control register to “0” (Zenable operation).
« For more detail about the I°C operation, see Chapter 14, " I°C Bus Interface".
* For more detail about the UART operation, see Chapter 13, "UART".
* For more detail about the SSIO operation, see Chapter 12, "Synchronous Serial Port (SSIO)".
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4.2.6 Block Control Register 3 (BLKCON3)

Address: OFO6BH(BLKCON?3)
Access: R'W

Access size: 8 bit

Initial value: 0OH

7 6 5 4 3 2 1 0

BLKCONS3 - DCMP - - - - - -
R/W R R/W R R R R R R
Initial value 0 0 0 0 0 0 0 0

BLKCONS3 is a special function register (SFR) to control each block operation.
Description of Bits

e DCMP (bit 6)
The DCMP bit is used to control the operation of the analogue comparator 0.

DCMP Description
0 Enable operating the analog comparator (initial value)
1 Disable operating the analog comparator

[Note]
* When any flag is set to “1” (disable operation), the function of the applicable block is reset (all registers
are initialized) and the clock supply to that block stops. While the flag is set to “1”, the writing to the
registers of the block becomes invalid. To use the function of the block, reset the applicable flag of the
block control register to “0” (enable operation).
* For more detail about the comparator operation, see Chapter 25, " Analog Comparator".
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4.2.7 Block Control Register 4 (BLKCON4)

Address: OFO6CH(BLKCON4)
Access: R'W

Access size: 8 bit

Initial value: 0OH

7 6 5 4 3 2 1 0
BLKCON4 - - - - - - - DSAD
R/W R R R R R R R R/W
Initial value 0 0 0 0 0 0 0 0

BLKCON4 is a special function register (SFR) to control each block operation.

Description of Bits
e DSAD (bit 0)
The DSAD bit is used to control the successive approximation type (SA type) A/D converter operation.

DSAD Description
0 Enable operating the SA type A/D converter (initial value)
1 Disable operating the SA type A/D converter

[Note]
* When any flag is set to “1” (disable operation), the function of the applicable block is reset (all registers
are initialized) and the clock supply to that block stops. While the flag is set to “1”, the writing to the
registers of the block becomes invalid. To use the function of the block, reset the applicable flag of the
block control register to “0” (enable operation).
 For more detail about the SA type A/D converter operation, see Chapter 24, " Successive approximation
type A/D converter".
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4.2.8 Block Control Register 6 (BLKCONB)

Address: OFOGEH(BLKCONG6)
Access: R'W

Access size: 8 bit

Initial value: 0OH

7 6 5 4 3 2 1 0
BLKCONG6 - - - - DTMB DTMA DTM9 DTM8
R/W R R R R R/W R/W R/W R/W
Initial value 0 0 0 0 0 0 0 0

BLKCONG is a special function register (SFR) to control each block operation.

Description of Bits
e  DTMB (bit 3)
The DTMB bit is used to control the timer B.

DTMB Description
0 Enable operating the timer B (initial value)
1 Disable operating the timer B

e DTMA (bit 2)
The DTMA bit is used to control the timer A.

DTMA Description
0 Enable operating the timer A (initial value)
1 Disable operating the timer A

e DTM?I (bit 1)
The DTMO9 bit is used to control the timer 9.

DTM9 Description
0 Enable operating the timer 9 (initial value)
1 Disable operating the timer 9

e DTMS (bit 0)
The DTMS bit is used to control the timer 8.

DTM8 Description
0 Enable operating the timer 8 (initial value)
1 Disable operating the timer 8

[Note]
* When any flag is set to “1” (disable operation), the function of the applicable block is reset (all registers
are initialized) and the clock supply to that block stops. While the flag is set to “1”, the writing to the
registers of the block becomes invalid. To use the function of the block, reset the applicable flag of the
block control register to “0” (enable operation).
* For more detail about the timer B to timer 8, see Chapter 9, " 16bit Timer".
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4.2.9 Block Control Register 7 (BLKCON?7)

Address: OFO6FH(BLKCON7)
Access: R'W

Access size: 8 bit

Initial value: 0OH

7 6 5 4 3 2 1 0
BLKCON? - - - - DPW7 DPWe6 DPW5 DPW4
R/W R R R R R/W R/W R/W R/W
Initial value 0 0 0 0 0 0 0 0

BLKCONT7 is a special function register (SFR) to control each block operation.

Description of Bits
e DPW?7 (bit 3)
The DPW?7 bit is used to control the PWM7.

DPW7 Description
0 Enable operating the PWM? (initial value)
1 Disable operating the PWM7

e  DPWG6 (bit 2)
The DPW6 bit is used to control the PWMG6.

DPW6 Description
0 Enable operating the PWMS (initial value)
1 Disable operating the PWM6

e DPWS (bit 1)
The DPWS5 bit is used to control the PWMS.

DPW5 Description
0 Enable operating the PWMS5 (initial value)
1 Disable operating the PWM5

e DPW4 (bit 0)
The DPW4 bit is used to control the PWM4.

DPW4 Description
0 Enable operating the PWM4 (initial value)
1 Disable operating the PWM4

[Note]
* When any flag is set to “1” (disable operation), the function of the applicable block is reset (all registers
are initialized) and the clock supply to that block stops. While the flag is set to “1”, the writing to the
registers of the block becomes invalid. To use the function of the block, reset the applicable flag of the
block control register to “0” (enable operation).
* For more detail about the timer PWM7 to PWM4, see Chapter 11, " PWM".
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4.3

Description of Operation

4.3.1 Program Operating Mode

The program run mode is the state where the CPU executes instructions sequentially.

At power-on reset, low-speed oscillation stop detect reset, WDT overflow reset, or RESET_N pin reset, the CPU
executes instructions from the addresses that are set in addresses 0002H and 0003H of program memory (ROM)
after the system reset mode is released.

At reset by the BRK instruction, the CPU executes instructions from the addresses that are set in the addresses
0004H and 0005H of the program memory after the system reset mode is released. However, when the value of
the interrupt level bit (ELEVEL) of the program status word (PSW) is 02H or higher at execution of the BRK
instruction (after the occurrence of the WDT interrupt), the CPU executes instructions from the addresses that
are set in the addresses 0002H and 0003H.

For details of the BRK instruction and PSW, see the “nX-U8/100 Core Instruction Manual” and for the reset
function, see Chapter 3, “Reset Function”.

4.3.2 HALT Mode

During the HALT mode, the CPU interrupts execution of instructions and only the peripheral circuits are running.
When the HLT bit of the standby control register (SBYCON) is set to ““1”, the mode changes to the HALT mode.

When a WDT interrupt request, or an interrupt request enabled by an interrupt enable register (IE1 to IE7) is issued, the
HLT bit is set to “0” on the falling edge of the next system clock (SYSCLK), the HALT mode is released, and the mode
returns to the program run mode.

Figure 4-2 shows the operation waveforms in the HALT mode.

System clock

SYSCLK [ L] I s N S B I
CPUCLK [ [ [] [
SBYCON.HLT
Interrupt A
Program run mode HALT mode . _Program run mode

Figure 4-2 Operation Waveforms in HALT Mode

[Note]
+ Since up to two instructions are executed during the period between HALT mode release and a transition
to interrupt processing, place two NOP instructions next to the instruction that sets the HLT bit to “1”.
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4.3.3 STOP Mode

During the STOP mode, the low-speed oscillation and high-speed oscillation stop and the CPU and peripheral circuits
stop the operation.

When the stop code acceptor is enabled by successively writing “SnH” and “OAnH” (where n is 0 to OFH) to the stop
code acceptor (STPACP) and the STP bit of the standby control register (SBYCON) is set to “1”, the STOP mode is
entered. When the STOP mode is set, the STOP code acceptor is disabled.

When an external pin interrupt request that is interrupt-enabled (the interrupt enable flag is “1”) is issued, the STP bit is
set to “0”, the STOP mode is released, and the mode is returned to the program run mode.

4.3.3.1 Stop mode when the CPU runs with low-speed clock

When the stop code acceptor is in the enabled state and the STP bit of SBYCON is set to “17, the STOP mode is entered,
stopping low-speed oscillation and high-speed oscillation.

When an external pin interrupt request that is interrupt-enabled (the interrupt enable flag is “1”) is issued, the STP bit is
set to “0”, and the low-speed oscillation restarts. If the high-speed clock was oscillating before the STOP mode is entered,
the high-speed oscillation restarts. When the high-speed clock was not oscillating before entering the Stopped state,
high-speed oscillation does not start.

After the interrupt request occurs and counting the low-speed clock, , the STOP mode is released to go back to the
program run mode and the low-speed clock (LSCLK) restarts supply to the peripheral circuits. If the high-speed clock
already started oscillation at this time, the high-speed clocks (OSCLK and HSCLK) also restart supply to the peripheral
circuits. In the case of that the low-speed crystal oscillation is selected by Code-Option, the low-speed clock (LSCLK)
can be changed from the internal RC oscillation clock to the low-speed crystal oscillation clock after waiting for
low-speed oscillation start time (Txr) and the low-speed crystal oscillation stabilization time (8192-pulse count). At that
time, clock backup interrupt (CKCINT) occurs. For the low-speed oscillation start time (Txry), see Appendix C
“Electrical Characteristics”. For CKCINT, see Chapter 5, “Interrupts”. In the case of that the internal RC oscillation is
selected by Code-Option, the low-speed clock (LSCLK) restarts after waiting for the internal RC oscillation stabilization
time (16-pulse count).

Figure 4-3 shows the operation waveforms in STOP mode when CPU runs with the low-speed clock.

Low-speed crystal < Hiz_ __oscillation waveform | [ [ | [1[1]1[1[1]]

oscillation / Low-speed Low-speed crystal oscillation: 8192 counts
Tyt _Low-speed internal RG oscillation: 16 counts

internal RC oscillation

High-speed internal RC
oscillation / Internal PLL

High-speed internal RC oscillation: 16 counts

oscillation Internal PLL oscillation: 8192 counts
Lsol UL L L L
svscu JULIULT ihinhnEhEhhin
High-speed oscillation | Oscillation waveform r< Oscillation waveform

HSCLK | HSCLK waveform HSCLK waveform

SBYCON.STP bit

Interrupt request

Program run mode STOP mode._ | ~ Program run mode

Low-speed oscillation
clock change interrupt ¢_|
(CKCINT) request

Figure 4-3 Operation Waveforms in STOP Mode When CPU runs with Low-Speed Clock
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4.3.3.2 Stop mode when the CPU runs with high-speed clock

When the STP bit of SBYCON is set to “1” with the stop code acceptor enabled while the high-speed clock is operating,
the mode changes to the STOP mode and the high-speed oscillation and low-speed oscillation stop.

When an external pin interrupt request that is interrupt-enabled (the interrupt enable flag is “1”) is issued, the STP bit is
set to “0”, and the high-speed oscillation and low-speed oscillation restart.

When an interrupt request is issued, the STOP mode is released after the elapse of the high-speed oscillation start time
(Txrtn) and the high-speed clock (OSCLK) oscillation stabilization time (4096-pulse count), the mode is returned to the
program run mode, and the high-speed clocks (OSCLK and HSCLK) restart supply to the peripheral circuits.

The low-speed clock (LSCLK) restarts to be supplied to the peripheral circuits after counting 128-pulse of the low-speed

internal RC oscillation clock.

After waiting for the low-speed oscillation start time (Txr.) and low-speed clock (LSCLK) oscillation stabilization time
(8192 count), the low-speed clock (LSCLK) is changed from the low-speed internal RC oscillation clock to the
low-speed crystal oscillation clock. At that time, clock backup interrupt (CKCINT) occurs.

For the high-speed oscillation start time (Txty) and low-speed oscillation start time (Tx.), see the “Electrical
Characteristics” Section in Appendix C. For CKCINT, see Chapter 5, “Interrupts”.

Figure 4-4 shows the operation waveforms in STOP mode when CPU runs with the high-speed clock.

High-speed oscillation

OSCLK, HSCLK

SYSCLK

Low-speed crystal
oscillation / Low-speed
internal RC oscillation

High-speed internal RC
oscillation / Internal PLL
oscillation

LSCLK

SBYCON.STP bit

Interrupt request

High-speed oscillation /—ﬁ High-speed oscillation
Tﬁ’H
OSCLK, HSCLK waveform OSCLK, HSCLK waveform
‘// High-speed oscillation 4096 counts
HSCLK waveform <> HSCLK waveform
; < Low-speed |
Hiz ; osvgillgtion
TXTL |
Low-speed crystal oscillation: 8192counts
Low-speed interngl RC oscillation: 16 counts
High-speed fnternal RC oscillation: 16 counts
Internal PLL oscillation: 8192 counts
Program run mode STOP mode Program run mode

Figure 4-4 Operation Waveforms in STOP Mode When CPU runs with High-Speed Clock

[Note]

*The STOP mode is entered two cycles after the instruction that sets the STP bit to “1” and up to two
instructions are executed during the period between STOP mode release and a transition to interrupt
processing. Therefore, place two NOP instructions next to the instruction that set the STP bit to “1”.
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4.3.3.3 Note on Return Operation from STOP/HALT Mode

The operation of returning from the STOP or HALT mode depends on the condition of interrupt level (ELEVEL) of the
program status word (PSW), master interrupt enable flag (MIE), the contents of the interrupt enable register (IEO to IE3),
and whether the interrupt is a non-maskable interrupt or a maskable interrupt.

For details of PSW and the IE and IRQ registers, see “nX-U16/100 Core Instruction Manual” and Chapter 5, “Interrupt”,
respectively.

Table 4-1 and Table 4-2 show the return operations from the STOP/HALT/DEEP-HALT/HALT-H mode.

Table 4-1 Return Operation from STOP/HALT Mode (Non-Maskable Interrupt)
ELEVEL | MIE | IEn.m | IRQn.m Return operation from STOP/HALT mode
* * - 0 Not returned from STOP/HALT mode.

After the mode is returned from the STOP/HALT mode, the program
operation restarts from the instruction following the instruction that
sets the STP/HLT bit to “1”. The program operation does not go to the
interrupt routine.

After the mode is returned from the STOP/HALT mode, program
0,1,2 * - 1 operation restarts from the instruction following the instruction that
sets the STP/HLT bit to “1”, then goes to the interrupt routine.

Table 4-2 Return Operation from STOP/HALT Mode (Maskable Interrupt)
ELEVEL | MIE | IEn.m | IRQn.m Return operation from STOP/HALT/DEEP-HALT/HALT-H mode

" " 0 ? Not returned from STOP/HALT/DEEP-HALT/HALT-H mode.
* 0 1 1 After the mode is returned from the
STOP/HALT/DEEP-HALT/HALT-H mode, the program operation
o3 ’ ’ ’ restarts from the instruction following the instruction that sets the

STP/HLT/DHLT/HLTH bit to “1”. The program operation does not go
to the interrupt routine.

After the mode is returned from the STOP/HALT mode, program

0,1 1 1 1 operation restarts from the instruction following the instruction that
sets the STP/HLT bit to “1”, then goes to the interrupt routine.

[Note]
+If the ELEVEL bit is OH, it indicates that the CPU is performing neither non-maskable interrupt processing
nor maskable interrupt processing nor software interrupt processing.
+If the ELEVEL bit is 1H, it indicates that the CPU is performing maskable interrupt processing or software
interrupt processing. (ELEVEL is set during interrupt transition cycle.)
«If the ELEVEL bit is 2H, it indicates that the CPU is performing non-maskable interrupt processing.
(ELEVEL is set during interrupt transition cycle.)
+If the ELEVEL bit is 3H, it indicates that the CPU is performing interrupt processing specific to the
emulator. This setting is not allowed in normal applications.

FEUL620Q150A
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4.3.4 Block Control Function

This LSI has a block control function, which resets and completely turns operating circuits of unused peripherals off to
make even more reducing current consumption.

For each block control register, the initial value of each flag is “0”, meaning the operation of each block is enabled.
When any flag is set to “1” (disable operation), the function of the applicable block is reset (all registers are initialized)
and the clock supply to such block stops. When this flag is set to “1”, the writing to all registers in the applicable block
becomes invalid. When using the function of the applicable block, ensure to reset the applicable flag of this block
control register to “0”, (enable operation).

BLKCONO, 6 register: Controls (enables/disables) the circuit operation of timers.

BLKCON?2 register: Controls (enables/disables) the circuit operation of I12C, UART and SSIO.

BLKCONS3 register: Controls (enables/disables) the circuit operation of analog comparator.

BLKCON4 register: Controls (enables/disables) the circuit operation of successive approximation type A/D converter.
BLKCONT register: Controls (enables/disables) the circuit operation of PWMs.

[Note]
*When certain bits of block control registers are set to 17, corresponding peripherals are reset (all
registers are reset) and operating clocks for the peripherals stop.
*See each chapter for detail about the operation of each block and relevant notes.
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5 Interrupt

5.1 General Description

This LSI has external interrupts, internal interrupts, and a software interrupt (SWI).
For details of each interrupt, see the following chapters:

Chapter 7, "Time Base Counter"

Chapter 8, "8-bit Timer"

Chapter 9, "16-bit Timer"

Chapter 10, "Watchdog Timer"

Chapter 11, "PWM"

Chapter 12, "Synchronous Serial Port"

Chapter 13, "UART"

Chapter 14, "T2C Bus Interface"

Chapter 15, "Port 0"

Chapter 16, "Port 1"

Chapter 17, "Port 2"

Chapter 18, "Port 3"

Chapter 19, "Port 4"

Chapter 20, "Port 5"

Chapter 21, "Port 6"

Chapter 22, "Port 7"

Chapter 23, "Port 8"

Chapter 24, "Successive Approximation Type A/D Converter"

Chapter 25, "Analogue Comparator”

Chapter 26, "LLD Circuit"

5.1.1 Features

e Non-maskable interrupt source: 2 (Internal sources: 2)
e Maskable interrupts (See the table below)

Product Number of interrupt sources
ML620Q151A/ML620Q152A/ML620Q153 | 27 sources (Internal sources: 20,
A External sources: 7)
ML620Q154A/ML620Q155A/ML620Q156 | 28 sources (Internal sources: 20,
A External sources: 8)
ML620Q157A/ML620Q158A/ML620Q159 | 28 sources (Internal sources: 20,
A External sources: 8)

e Software interrupt (SWI): maximum 64 sources

o External interrupts allow edge selection and sampling selection (see Chapter 15, "Port 0")
e Maskable interrupts allow selection from four interrupt levels for each interrupt source

e The occurrence of interrupts with a specified interrupt level value or less can be masked

FEUL620Q150A 5-1



LAPIS Semiconductor Co.,Ltd.

ML620Q151A/2A/3A/4A/5A/6A/TA/8A/9A User's Manual
Chapter 5 Interrupts

5.2 Description of Registers

5.2.1 List of Registers

Address Name Symbol (Byte) Symbol (Word) R/W Size Initial
value
OFO010H Interrupt enable register 0 IEO - R/W 8 00H
OFO011H Interrupt enable register 1 IE1 - R/W 8 OO0H
0FO012H Interrupt enable register 2 IE2 - R/W 8 OO0H
0FO013H Interrupt enable register 3 IE3 - R/W 8 OO0H
0FO014H Interrupt enable register 4 IE4 - R/W 8 OO0H
0FO015H Interrupt enable register 5 IE5 - R/W 8 OO0H
0FO016H Interrupt enable register 6 IE6 - R/W 8 OO0H
0FO017H Interrupt enable register 7 IE7 - R/W 8 OO0H
0FO018H Interrupt request register 0 IRQO - R/W 8 00H
OFO019H Interrupt request register 1 IRQ1 - R/W 8 00H
OFO01AH Interrupt request register 2 IRQ2 - R/W 8 00H
0F01BH Interrupt request register 3 IRQ3 - R/W 8 00H
0OF01CH Interrupt request register 4 IRQ4 - R/W 8 00H
OF01DH Interrupt request register 5 IRQ5 - R/W 8 00H
OFO1EH Interrupt request register 6 IRQ6 - R/W 8 00H
OFO01FH Interrupt request register 7 IRQ7 - R/W 8 00H
0F020H Interrupt level control enable register ILENL ILEN R/W 8/16 O0H
0F021H Reserved register - - 8 OO0H
0F022H E;Lg,:(:: interrupt request level CILL oL R/W 8/16 00H
0F023H Reserved register - - 8 OO0H
0F024H Reserved register - - - - -
0F025H Interrupt level control register 01 ILCO1 - R/W 8 OO0H
0F026H Interrupt level control register 10 ILC10 ILCAW R/W 8/16 OO0H
0F027H Interrupt level control register 11 ILC11 R/W 8 O0H
0F028H Interrupt level control register 20 ILC20 ILCOW R/W 8/16 OO0H
0F029H Interrupt level control register 21 ILC21 R/W 8 OO0H
0F02AH Interrupt level control register 30 ILC30 ILC3W R/W 8/16 OO0H
0F02BH Interrupt level control register 31 ILC31 R/W 8 OO0H
0F02CH Interrupt level control register 40 ILC40 ILCAW R/W 8/16 00H
0F02DH Reserved register - - 8 OO0H
OF02EH Reserved register - ILC5W - 8/16 00H
0F02FH Interrupt level control register 51 ILC51 R/W 8 OO0H
0FO030H Interrupt level control register 60 ILC60 ILCEW R/W 8/16 OO0H
0FO031H Interrupt level control register 61 ILC61 R/W 8 OO0H
0F032H Interrupt level control register 70 ILC70 ILC7W R/W 8/16 OO0H
0FO033H Reserved register - - 8 OO0H
[Note]
Writing to a reserved register is disabled. "0" is read when reading the register.
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5.2.2 Interrupt Enable Register 0 (IEQ)

Address: OFO10H
Access: R'W

Access size: 8 bits
Initial value: 0OH

7 6 5 4 3 2 1 0

IEO - ELLD - - - - - -
R/W R R/W R R R R R R
Initial value 0 0 0 0 0 0 0 0

IEO is a special function register (SFR) used to control enable/disable for each interrupt request.
When an interrupt is accepted, the master interrupt enable flag (MIE) is set to "0", but the corresponding flag of IEO is
not reset.

Description of bits
e ELLD (bit 6)
ELLD is the enable flag for the LLD interrupt (LLDINT).

ELLD Description
0 Disabled (initial value)
1 Enabled
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5.2.3 Interrupt Enable Register 1 (IE1)

Address: OFO11H
Access: R'W

Access size: 8 bits
Initial value: 0OH

7 6 5 4 3 2 1 0
IE1 EP31 EP30 EPO5 EPO4 EPO3 EPO2 EPO1 EPOO
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Initial value 0 0 0 0 0 0 0 0

IE1 is a special function register (SFR) used to control enable/disable for each interrupt request.
When an interrupt is accepted, the master interrupt enable flag (MIE) is set to "0", but the corresponding flag of IE1 is

not reset.

Description of bits
o EP31 (bit7)

EP31 is the enable flag for the input port P31 pin interrupt (P31INT).

EP31 Description
0 Disabled (initial value)
1 Enabled

o EP30 (bit 6)

EP30 is the enable flag for the input port P30 pin interrupt (P30INT).

EP30 Description
0 Disabled (initial value)
1 Enabled

o EPO5 (bit 5)

EPOS is the enable flag for the input port POS pin interrupt (POSINT).

EPO05 Description
0 Disabled (initial value)
1 Enabled

o EP04 (bit4)

EPO04 is the enable flag for the input port PO4 pin interrupt (PO4INT).

EP04 Description
0 Disabled (initial value)
1 Enabled

e EPO3 (bit 3)

EPO3 is the enable flag for the input port PO3 pin interrupt (PO3INT).

EPO3 Description
0 Disabled (initial value)
1 Enabled
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o EPO2 (bit2)
EPO02 is the enable flag for the input port PO2 pin interrupt (PO2INT).

EP02 Description
0 Disabled (initial value)
1 Enabled

e EPO1 (bit1)
EPOL1 is the enable flag for the input port PO1 pin interrupt (PO1INT).

EPO1 Description
0 Disabled (initial value)
1 Enabled

o EP00 (bit 0)
EPOO is the enable flag for the input port POO pin interrupt (POOINT).

EPOO Description
0 Disabled (initial value)
1 Enabled

[Note]
EPOS5 is not included in ML620Q151/ML620Q152/ML620Q153.
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5.2.4 Interrupt Enable Register 2 (IE2)

Address: OFO12H
Access: R’'W

Access size: 8 bits
Initial value: 0OH

7 6 5 4 3 2 1 0
IE2 EI2C0 - - - - ESAD - ESIOO0
R/W R/W R R R R R/W R R/W
Initial value 0 0 0 0 0 0 0 0

IE2 is a special function register (SFR) used to control enable/disable for each interrupt request.
When an interrupt is accepted, the master interrupt enable flag (MIE) is set to "0", but the corresponding flag of IE2 is
not reset.

Description of bits
o EI2CO0 (bit 7)
EI2CO0 is the enable flag for the I’C bus 0 interrupt (I2COINT).

El2C0 Description
0 Disabled (initial value)
1 Enabled

e ESAD (bit2)
ESAD is the enable flag for the successive approximation type A/D converter interrupt (SADINT).

ESAD Description
0 Disabled (initial value)
1 Enabled

e ESIOO0 (bit 0)
ESIOO is the enable flag for the synchronous serial port O interrupt (SIOOINT).

ESIO0 Description
0 Disabled (initial value)
1 Enabled
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5.2.5 Interrupt Enable Register 3 (IE3)

Address: OFO13H
Access: R’'W

Access size: 8 bits
Initial value: 0OH

7 6 5 4 3 2 1 0
IE3 - ECMPO - - ETM9 ETM8 ETMA1 ETMO
R/W R R/W R R R/W R/W R/W R/W
Initial value 0 0 0 0 0 0 0 0

IE3 is a special function register (SFR) used to control enable/disable for each interrupt request.
When an interrupt is accepted, the master interrupt enable flag (MIE) is set to "0", but the corresponding flag of IE3 is
not reset.

Description of bits
e ECMPO (bit 6)
ECMPO is the enable flag for the comparator 0 interrupt (CMPOINT).

ECMPO Description
0 Disabled (initial value)
1 Enabled

e ETMD (bit 3)
ETMO is the enable flag for the timer 9 interrupt (TM9INT).

ETM9 Description
0 Disabled (initial value)
1 Enabled

e ETMS (bit 2)
ETMBS is the enable flag for the timer 8 interrupt (TMSINT).

ETMS8 Description
0 Disabled (initial value)
1 Enabled

e ETMI (bit 1)
ETM1 is the enable flag for the timer 1 interrupt (TM1INT).

ETM1 Description
0 Disabled (initial value)
1 Enabled

o ETMO (bit 0)
ETMO is the enable flag for the timer O interrupt (TMOINT).

ETMO Description
0 Disabled (initial value)
1 Enabled
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5.2.6 Interrupt Enable Register 4 (IE4)

Address: OF014H
Access: R’'W

Access size: 8 bits
Initial value: 0OH

7 6 5 4 3 2 1 0
IE4 - - - - - - EUA1 EUAO
R/W R R R R R R R/W R/W
Initial value 0 0 0 0 0 0 0 0

IE4 is a special function register (SFR) used to control enable/disable for each interrupt request.
When an interrupt is accepted, the master interrupt enable flag (MIE) is set to "0", but the corresponding flag of IE4 is
not reset.

Description of bits
o EUAL1 (bit 1)
EUAL is the enable flag for the UART1 interrupt (UA1INT).

EUA1 Description
0 Disabled (initial value)
1 Enabled

e EUAO (bit 0)
EUAO is the enable flag for the UARTO interrupt (UAOINT).

EUAQ Description
0 Disabled (initial value)
1 Enabled
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5.2.7 Interrupt Enable Register 5 (IE5)

Address: OFO15H
Access: R’'W

Access size: 8 bits
Initial value: 0OH

7 6 5 4 3 2 1 0

IE5 - - ETMB ETMA - - - -
R/W R R R/W R/W R R R R
Initial value 0 0 0 0 0 0 0 0

IES is a special function register (SFR) used to control enable/disable for each interrupt request.
When an interrupt is accepted, the master interrupt enable flag (MIE) is set to "0", but the corresponding flag of IES is
not reset.

Description of bits
e ETMB (bit5)
ETMB is the enable flag for the timer B interrupt (TMBINT).

ETMB Description
0 Disabled (initial value)
1 Enabled

e ETMA (bit4)
ETMA is the enable flag for the timer A interrupt (TMAINT).

ETMA Description
0 Disabled (initial value)
1 Enabled
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5.2.8 Interrupt Enable Register 6 (IE6)
Address: OFO16H

Access: R‘'W

Access size: 8 bits
Initial value: OOH

IE6

R/W
Initial value

7 5 4 3 2 1 0
ELTBC1 ELTBCO - EPW7 EPW6 EPWS EPW4
R/W R/W R/W R/W R/W R/W
0 0 0 0 0 0 0

IEG6 is a special function register (SFR) used to control enable/disable for each interrupt request.
When an interrupt is accepted, the master interrupt enable flag (MIE) is set to "0", but the corresponding flag of IE6 is

not reset.

Description of bits
e ELTBCI1 (bit7)
ELTBCI is the enable flag for the time base counter 1 interrupt (LTBCIINT).

ELTBC1 Description
0 Disabled (initial value)
1 Enabled
ELTBCO (bit 5)

ELTBCO is the enable flag for the time base counter O interrupt (LTBCOINT).

ELTBCO Description
0 Disabled (initial value)
1 Enabled
EPW?7 (bit 3)

EPW?7 is the enable flag for the PWM7 interrupt (PW7INT).

EPW7 Description
0 Disabled (initial value)
1 Enabled
EPWG6 (bit 2)

EPWoG6 is the enable flag for the PWMG6 interrupt (PW6INT).

EPW6

Description

0

Disabled (initial value)

1

Enabled

FEUL620Q150A
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o EPWS5 (bit 1)
EPWS5 is the enable flag for the PWMS interrupt (PWSINT).

EPW5 Description
0 Disabled (initial value)
1 Enabled

e EPW{4 (bit 0)
EPW4 is the enable flag for the PWM4 interrupt (PW4INT).

EPW4 Description
0 Disabled (initial value)
1 Enabled
FEUL620Q150A
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5.2.9 Interrupt Enable Register 7 (IE7)

Address: OF017H
Access: R‘'W

Access size: 8 bits

Initial value: OOH

7 6 4 3 2 1 0

IE7 - - - ELTBC2 - - -
R/W R R/W R R R
Initial value 0 0 0 0 0 0 0

IE7 is a special function register (SFR) used to control enable/disable for each interrupt request.
When an interrupt is accepted, the master interrupt enable flag (MIE) is set to "0", but the corresponding flag of IE7 is

not reset.

Description of bits

e ELTBC2 (bit3)
ELTBC?2 is the enable flag for the time base counter 2 interrupt (LTBC2INT).

ELTBC2

Description

0

Disabled (initial value)

1

Enabled
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5.2.10 Interrupt Request Register 0 (IRQO)

Address: OFO18H
Access: R’'W

Access size: 8 bits
Initial value: 0OH

7 6 5 4 3 2 1 0
IRQO - QLLD - - - QCKC - QWDT
R/W R R/W R R R R/W R R/W
Initial value 0 0 0 0 0 0 0 0

IRQO is a special function register (SFR) used to request an interrupt for each interrupt source.

The watchdog timer interrupt (WDTINT) and the clock backup interrupt (CKCINT) are non-maskable interrupts that do
not depend on MIE. In this case, an interrupt is requested to the CPU regardless of the value of the Mask Interrupt
Enable flag (MIE).

The LLD interrupt (LLDINT) is a maskable interrupt. In this case, an interrupt is requested to the CPU when the related
flag of the interrupt enable register (IEO) is set to "1" and the master interrupt enable flag (MIE) is set to "1".

Each IRQO request flag is set to "1" regardless of the MIE value when an interrupt is generated. By setting the IRQO
request flag to "1" by software, an interrupt can be generated.

The corresponding flag of IRQO is set to "0" by hardware when the interrupt request is accepted by the CPU.

Description of bits
e QLLD (bit 6)
QLLD is the request flag for the LLD interrupt (LDDINT).

QLLD Description
0 No request (initial value)
1 Request

e QCKC (bit 2)
QCKC is the request flag for the clock backup interrupt (CKCINT).

QCKC Description
0 No request (initial value)
1 Request

e  QWDT (bit 0)
QWDT is the request flag for the watchdog timer interrupt (WDTINT).

QwWDT Description
0 No request (initial value)
1 Request

[Note]
When an interrupt is generated by the write instruction to the interrupt request register (IRQO), the interrupt shift
cycle starts after the next 1 instruction is executed.
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5.2.11 Interrupt Request Register 1 (IRQ1)

Address: OFO19H
Access: R’'W

Access size: 8 bits
Initial value: 0OH

7 6 5 4 3 2 1 0
IRQ1 QP31 QP30 QP05 QP04 QP03 QP02 QPO1 QP00
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Initial value 0 0 0 0 0 0 0 0

IRQ1 is a special function register (SFR) used to request an interrupt for each interrupt source.

Each IRQ1 request flag is set to "1" regardless of the IE1 and MIE values when an interrupt is generated. In this case, an
interrupt is requested to the CPU when the related flag of the interrupt enable register (IE1) is set to "1" and the master
interrupt enable flag (MIE) is set to "1".

By setting the IRQ1 request flag to "1" by software, an interrupt can be generated.

The corresponding flag of IRQ1 is set to "0" by hardware when the interrupt request is accepted by the CPU.

Description of bits
e QP31 (bit7)
QP31 is the request flag for the input port P31 pin interrupt (P31INT).

QP31 Description
0 No request (initial value)
1 Request

e QP30 (bit6)
QP30 is the request flag for the input port P30 pin interrupt (P30INT).

QP30 Description
0 No request (initial value)
1 Request

e QP05 (bit5)
QP05 is the request flag for the input port POS pin interrupt (POSINT).

QP05 Description
0 No request (initial value)
1 Request

o QP04 (bit4)
QP04 is the request flag for the input port PO4 pin interrupt (PO4INT).

QP04 Description
0 No request (initial value)
1 Request

e QP03 (bit 3)
QP03 is the request flag for the input port PO3 pin interrupt (PO3INT).

QP03 Description
0 No request (initial value)
1 Request
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e QP02 (bit2)
QP02 is the request flag for the input port PO2 pin interrupt (PO2INT).

QP02 Description
0] No request (initial value)
1 Request

e QP01 (bit1)
QPOL is the request flag for the input port PO1 pin interrupt (PO1INT).

QP01 Description
0 No request (initial value)
1 Request

e QP00 (bit 0)
QPOO is the request flag for the input port POO pin interrupt (POOINT).

QP00 Description
0 No request (initial value)
1 Request

[Note]

When an interrupt is generated by the write instruction to the interrupt request register (IRQ1) or to the interrupt
enable register (IE1), the interrupt shift cycle starts after the next 1 instruction is executed.
* QP05 is not included in ML620Q151/ML620Q152/ML620Q153.
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5.2.12 Interrupt Request Register 2 (IRQ2)

Address: OFO1AH
Access: R’'W

Access size: 8 bits
Initial value: 0OH

7 6 5 4 3 2 1 0
IRQ2 Ql2Co - - - - QSAD - QSIO0
R/W R/W R R R R/W R R/W
Initial value 0 0 0 0 0 0 0 0

IRQ?2 is a special function register (SFR) used to request an interrupt for each interrupt source.
Each IRQ2 request flag is set to "1" regardless of the IE2 and MIE values when an interrupt is generated. In this case, an
interrupt is requested to the CPU when the related flag of the interrupt enable register (IE2) is set to "1" and the master

interrupt enable flag (MIE) is set to "1".

By setting the IRQ2 request flag to "1" by software, an interrupt can be generated.
The corresponding flag of IRQ?2 is set to "0" by hardware when the interrupt request is accepted by the CPU.

Description of bits
e QI2CO0 (bit 7)

QI2CO is the request flag for the I*C bus 0 interrupt (I2COINT).

Ql2Co Description
0 No request (initial value)
1 Request

e QSAD (bit2)

QSAD is the request flag for the successive approximation type A/D converter interrupt (SADINT).

QSAD Description
0 No request (initial value)
1 Request

e QSIOO (bit 0)

QSIOO is the request flag for the synchronous serial port O interrupt (SIOOINT).

QSI00 Description
0 No request (initial value)
1 Request

[Note]

When an interrupt is generated by the write instruction to the interrupt request register (IRQ2) or to the interrupt
enable register (IE2), the interrupt shift cycle starts after the next 1 instruction is executed.
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5.2.13 Interrupt Request Register 3 (IRQ3)

Address: OFO1BH
Access: R’'W

Access size: 8 bits
Initial value: 0OH

7 6 4 3 2 1 0
IRQ3 - QCMPO - QTM9 QTM8 QTM1 QTMO
R/W R R/W R/W R/W R/W R/W
Initial value 0 0 0 0 0 0 0

IRQ3 is a special function register (SFR) used to request an interrupt for each interrupt source.

Each IRQ3 request flag is set to "1" regardless of the IE3 and MIE values when an interrupt is generated. In this case, an
interrupt is requested to the CPU when the related flag of the interrupt enable register (IE3) is set to "1" and the master
interrupt enable flag (MIE) is set to "1".
By setting the IRQ3 request flag to "1" by software, an interrupt can be generated.

The corresponding flag of IRQ3 is set to "0" by hardware when the interrupt request is accepted by the CPU.

Description of bits

e QCMPO (bit 6)
QCMPO is the request flag for the compare O interrupt (CMPOINT).

QCMPO

Description

0

No request (initial value)

1

Request

o QTMY (bit 3)
QTMO is the request flag for the timer 9 interrupt (TM9INT).

QTM9

Description

0

No request (initial value)

1

Request

e QTMS (bit2)
QTMS is the request flag for the timer 8 interrupt (TMSINT).

QTM8

Description

0

No request (initial value)

1

Request

e QTMI (bit 1)
QTM1 is the request flag for the timer 1 interrupt (TM1INT).

QTM1

Description

0

No request (initial value)

1

Request

e QTMO (bit 0)
QTMO is the request flag for the timer O interrupt (TMOINT).

QTMO

Description

0

No request (initial value)

1

Request

FEUL620Q150A
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[Note]
When an interrupt is generated by the write instruction to the interrupt request register (IRQ3) or to the interrupt
enable register (IE3), the interrupt shift cycle starts after the next 1 instruction is executed.
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5.2.14 Interrupt Request Register 4 (IRQ4)

Address: OFO1CH
Access: R’'W

Access size: 8 bits
Initial value: 0OH

7 6 5 4 3 2 1 0
IRQ4 - - - - - - QUA1 QUAO
R/W R R R R R R/W R/W
Initial value 0 0 0 0 0 0 0 0

IRQ4 is a special function register (SFR) used to request an interrupt for each interrupt source.
Each IRQ4 request flag is set to "1" regardless of the IE4 and MIE values when an interrupt is generated. In this case, an
interrupt is requested to the CPU when the related flag of the interrupt enable register (IE4) is set to "1" and the master

interrupt enable flag (MIE) is set to "1".

By setting the IRQ4 request flag to "1" by software, an interrupt can be generated.
The corresponding flag of IRQ4 is set to "0" by hardware when the interrupt request is accepted by the CPU.

Description of bits
e QUAI1 (bit 1)

QUAL is the request flag for the UART1 interrupt (UATINT).

QUA1 Description
0 No request (initial value)
1 Request

e QUAO (bit 0)

QUADO is the request flag for the UARTO interrupt (UAOINT).

QUAO0 Description
0 No request (initial value)
1 Request

[Note]

When an interrupt is generated by the write instruction to the interrupt request register (IRQ4) or to the interrupt
enable register (IE4), the interrupt shift cycle starts after the next 1 instruction is executed.
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5.2.15 Interrupt Request Register 5 (IRQ5)

Address: OFO1DH
Access: R’'W

Access size: 8 bits
Initial value: 0OH

7 6 5 4 3 2 1 0

IRQ5 - - QTMB QTMA - - - -
R/W R R R/W R/W R R R R
Initial value 0 0 0 0 0 0 0 0

IRQ)5 is a special function register (SFR) used to request an interrupt for each interrupt source.

Each IRQS request flag is set to "1" regardless of the IES and MIE values when an interrupt is generated. In this case, an
interrupt is requested to the CPU when the related flag of the interrupt enable register (IES) is set to "1" and the master
interrupt enable flag (MIE) is set to "1".

By setting the IRQS request flag to "1" by software, an interrupt can be generated.

The corresponding flag of IRQS5 is set to "0" by hardware when the interrupt request is accepted by the CPU.

Description of bits
e QTMB (bit 5)
QTMB is the request flag for the timer B interrupt (TMBINT).

QTMB Description
0 No request (initial value)
1 Request

o QTMA (bit4)
QTMA is the request flag for the timer A interrupt (TMAINT).

QTMA Description
0 No request (initial value)
1 Request

[Note]
When an interrupt is generated by the write instruction to the interrupt request register (IRQ5) or to the interrupt
enable register (IES), the interrupt shift cycle starts after the next 1 instruction is executed.
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5.2.16 Interrupt Request Register 6 (IRQ6)
Address: OFO1EH

Access: R‘'W

Access size: 8 bits
Initial value: OOH

IRQ6

R/W
Initial value

7 5 4 3 2 1 0
QLTBCH QLTBCO - QPW7 QPW6 QPW5 QPw4
R/W R/W R/W R/W R/W R/W
0 0 0 0 0 0 0

IRQ6 is a special function register (SFR) used to request an interrupt for each interrupt source.
Each IRQ6 request flag is set to "1" regardless of the IE6 and MIE values when an interrupt is generated. In this case, an
interrupt is requested to the CPU when the related flag of the interrupt enable register (IE6) is set to "1" and the master

interrupt enable flag (MIE) is set to "1".

By setting the IRQ6 request flag to "1" by software, an interrupt can be generated.
The corresponding flag of IRQ6 is set to "0" by hardware when the interrupt request is accepted by the CPU.

Description of bits
e QLTBC1 (bit 7)
QLTBCI is the request flag for the time base counter 1 interrupt (LTBC1INT).

LTBC1

Description

0

No request (initial value)

1

Request

e QLTBCO (bit 5)

QLTBCO is the request flag for the time base counter 0 interrupt (LTBCOINT).
QLTBCO Description
0 No request (initial value)

1

Request

e QPWT7 (bit 3)
QPW?7 is the request flag for the PWM?7 interrupt (PW7INT).

QPw7

Description

0

No request (initial value)

1

Request

e QPWG6 (bit2)
QPW6 is the request flag for the PWMB6 interrupt (PW6INT).

QPW6

Description

0

No request (initial value)

1

Request

e  QPWS5 (bitl)
QPWS5 is the request flag for the PWMS interrupt (PWSINT).

QPW5

Description

0

No request (initial value)

1

Request

e QPW{4 (bit 0)
QPW4 is the request flag for the PWM4 interrupt (PW4INT).

QPwW4

Description

0

No request (initial value)

1

Request
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[Note]
When an interrupt is generated by the write instruction to the interrupt request register (IRQ6) or to the interrupt
enable register (IE6), the interrupt shift cycle starts after the next 1 instruction is executed.
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5.2.17 Interrupt Request Register 7 (IRQ7)

Address: OFO1FH
Access: R’'W

Access size: 8 bits
Initial value: 0OH

7 6 5 4 3 2 1 0

IRQ7 - - - - QLTBC2 - - -
R/W R R R R R/W R R R
Initial value 0 0 0 0 0 0 0 0

IRQ7 is a special function register (SFR) used to request an interrupt for each interrupt source.

Each IRQ7 request flag is set to "1" regardless of the IE7 and MIE values when an interrupt is generated. In this case, an
interrupt is requested to the CPU when the related flag of the interrupt enable register (IE7) is set to "1" and the master
interrupt enable flag (MIE) is set to "1".

By setting the IRQ7 request flag to "1" by software, an interrupt can be generated.

The corresponding flag of IRQ7 is set to "0" by hardware when the interrupt request is accepted by the CPU.

Description of bits
e  QLTBC2 (bit 3)
QLTBC?2 is the request flag for the time base counter 2 interrupt (LTBC2INT).

QLTBC2 Description
0 No request (initial value)
1 Request

[Note]
When an interrupt is generated by the write instruction to the interrupt request register (IRQ7) or to the interrupt
enable register (IE7), the interrupt shift cycle starts after the next 1 instruction is executed.
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5.2.18 Interrupt Level Control Enable Register (ILENL)

Address: OF020H
Access: R'W

Access size: 8 bits
Initial value: 0OH

7 6 5 4 3 2 1 0
ILENL — — — — — — — ILE
R/W R R R R R R R R/W
Initial value 0 0 0 0 0 0 0 0

The interrupt level control enable register (ILENL) is a special function register (SFR) used to control enable/disable for
the interrupt level control.

Description of bits

e ILE (bit0)

The ILE bit controls enable/disable for the interrupt level control.
Enable this bit setting to use the interrupt level control.

If this bit setting is disabled, do not access the CILL and ILC registers.

[Note]
A write instruction to the interrupt level control enable register (ILENL) should be executed only during the period
from the reset release until the interrupt request signal is allowed by writing "1" to the interrupt enable register (IE1
to IE7).
Proper operation cannot be guaranteed if a write instruction to the interrupt level control enable register (ILEN or
ILENL) is executed at other times.
To disable the interrupt level control function, set both the values of CILL and ILC registers to O0H.
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5.2.19 Current Interrupt Request Level Register (CILL)

Address: OF022H
Access: R’'W

Access size: 8 bits
Initial value: 0OH

7 6 5 4 3 2 1 0
CILL CILN — — — | CILI\/II[S:O] |
R/W R/W R R R R/W | R/W | R/W | R/W
Initial value 0 0 0 0 0 0 0 0

The current interrupt request level register (CILL) indicates the interrupt level of the interrupt currently being processed
by the processor.

Access to this register is possible only when the interrupt level control is enabled by the ILENL register. If a write/read
access is made while the interrupt level control is disabled, a write access is ignored and a read access reads either the
value when the register was enabled or the initial value if the register has never been enabled.

Description of bits

e CILN (bit 7)
Indicates that the processor is currently processing an interrupt request with the highest level. An interrupt with the
highest level refers to non-maskable interrupt.

e CILM (bits 3-0)
Indicates that the processor is currently processing a maskable interrupt request with the level corresponding to the
bit position set to "1".

CILM[3] CILM[2] CILM[1] CILMI[O]
Interrupt level 4 Interrupt level 3 Interrupt level 2 Interrupt level 1

When "1" has been set in any bit position of CILL, the acceptance of interrupt requests is prohibited below the interrupt
level indicated by the highest order bit position set to "1". It indicates that the processing is being done for an interrupt
with the level corresponding to the bit position.

When "1"s have been set at several bit positions of CILL, it indicates that multiple interrupts are being processed.

<<Condition for setting>>

When the processor accepts an interrupt, "1" is set to the CILN bit if the interrupt request is non-maskable interrupt. If
the interrupt request is maskable interrupt, "1" is set to the bit position of CILM corresponding to the level of the
interrupt source.

<<Condition for clearing>>
When a write access is made, the highest order bit set to "1" is cleared. After the interrupt handler processing is
completed, execute a write access once.
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5.2.20 Interrupt Level Control Register 01 (ILCO1)

Address: OF025H
Access: R’'W

Access size: 8 bits
Initial value: 0OH

7 6 5 4 3 2 1 0

ILCO1 - - ILCOI1 [5:4] - - - -
R/W R R R/W | R/W R R R R
Initial value 0 0 0 0 0 0 0 0

The interrupt level control register 01 (ILCO1) sets the interrupt level for the specific maskable interrupt source.
Access to this register is possible only when the interrupt level control is enabled by the ILENL register. If a write/read
access is made while the interrupt level control is disabled, a write access is ignored and a read access reads either the
value when the register was enabled or the initial value if the register has never been enabled.

The correspondence between the values of ILCO1[n] (n = 5:4) and the levels is as follows:

Table 5-1 Correspondence between Values of ILCO1[n] and Levels

Interrupt
ILCO1[n] Level priority
level
2’b00 1 Low
2’001 2 )
2'b10 3 J
2b11 4 High

For the correspondence with interrupt sources, refer to Table 5-13 "Interrupt Sources".

[Note]
A write instruction to the interrupt level control register 01 (ILCO1) should be executed only during the period from
the reset until the interrupt request signal is allowed by writing "1" to the interrupt enable register (IE1 to IE7).
Proper operation cannot be guaranteed if a write instruction to the interrupt level control register 01 (ILCO1) is
executed at other times.
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5.2.21 Interrupt Level Control Register 10 (ILC10)

Address: OF026H
Access: R’'W

Access size: 8 bits
Initial value: 0OH

7 6 5 4 3 2 1 0
ILC10 ILC1(I)[7:6] ILC1(I)[5:4] ILC1(I)[3:2] ILC16[1 :0]
R/W R/W | R/W R/W | R/W R/W | R/W R/W | R/W
Initial value 0 0 0 0 0 0 0 0

The interrupt level control register 10 (ILC10) sets the interrupt level for the specific maskable interrupt source.
Access to this register is possible only when the interrupt level control is enabled by the ILENL register. If a write/read
access is made while the interrupt level control is disabled, a write access is ignored and a read access reads either the
value when the register was enabled or the initial value if the register has never been enabled.

The correspondence between the values of ILC10[n] (n = 7:6, 5:4, 3:2, 1:0) and the levels is as follows:

Table 5-2 Correspondence between Values of ILC10[n] and Levels

Interrupt
ILC10[n] Level priority
level
2’b00 1 Low
2’001 2 )
2'b10 3 J
2b11 4 High

For the correspondence with interrupt sources, refer to Table 5-13 "Interrupt Sources".

[Note]
A write instruction to the interrupt level control register 10 (ILC10) should be executed only during the period from
the reset until the interrupt request signal is allowed by writing "1" to the interrupt enable register (IE1 to IE7).
Proper operation cannot be guaranteed if a write instruction to the interrupt level control register 10 (ILC10) is
executed at other times.
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5.2.22 Interrupt Level Control Register 11 (ILC11)

Address: OF027H
Access: R’'W

Access size: 8 bits
Initial value: 0OH

7 6 5 4 3 2 1 0
ILC11 ILC1%[7:6] ILC1I1[5:4] ILC1I1[3:2] ILC1I1[1 :0]
R/W R/W | R/W R/W | R/W R/W | R/W R/W | R/W
Initial value 0 0 0 0 0 0 0 0

The interrupt level control register 11 (ILC11) sets the interrupt level for the specific maskable interrupt source.
Access to this register is possible only when the interrupt level control is enabled by the ILENL register. If a write/read
access is made while the interrupt level control is disabled, a write access is ignored and a read access reads either the
value when the register was enabled or the initial value if the register has never been enabled.

The correspondence between the values of ILC11[n] (n =7:6, 5:4, 3:2, 1:0) and the levels is as follows:

Table 5-3 Correspondence between Values of ILC11[n] and Levels

Interrupt
ILC11[n] Level priority
level
2’b00 1 Low
2’001 2 )
2'b10 3 J
2b11 4 High

For the correspondence with interrupt sources, refer to Table 5-13 "Interrupt Sources".

[Note]
A write instruction to the interrupt level control register 11 (ILC11) should be executed only during the period from
the reset until the interrupt request signal is allowed by writing "1" to the interrupt enable register (IE1 to IE7).
Proper operation cannot be guaranteed if a write instruction to the interrupt level control register 11 (ILC11) is
executed at other times.
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5.2.23 Interrupt Level Control Register 20 (ILC20)

Address: OF028H

Access: R‘'W

Access size: 8 bits
Initial value: OOH

ILC20

R/W
Initial value

7 5 4 3 1 0
- ILC20[5:4] - ILG20[1:0]

R RW  RW R AW RW
0 0 0 0 0 0

The interrupt level control register 20 (ILC20) sets the interrupt level for the specific maskable interrupt source.
Access to this register is possible only when the interrupt level control is enabled by the ILENL register. If a write/read
access is made while the interrupt level control is disabled, a write access is ignored and a read access reads either the
value when the register was enabled or the initial value if the register has never been enabled.

The correspondence between the values of ILC20[n] (n = 5:4, 1:0) and the levels is as follows:

For the correspondence with interrupt sources, refer to Table 5-13 "Interrupt Sources".

[Note]

Interrupt
ILC20[n] Level priority
level
2’b00 1 Low
2’001 2 )
2'b10 3 J
2b11 4 High

Table 5-4 Correspondence between Values of ILC20[n] and Levels

A write instruction to the interrupt level control register 20 (ILC20) should be executed only during the period from
the reset until the interrupt request signal is allowed by writing "1" to the interrupt enable register (IE1 to IE7).
Proper operation cannot be guaranteed if a write instruction to the interrupt level control register 20 (ILC20) is

executed at other times.
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5.2.24 Interrupt Level Control Register 21 (ILC21)

Address: OF029H
Access: R’'W

Access size: 8 bits
Initial value: 0OH

7 6 5 4 3 2 1 0

ILC21 ILC2% [7:6] - - - - - -
R/W R/W | R/W R R R R R R
Initial value 0 0 0 0 0 0 0 0

The interrupt level control register 21 (ILC21) sets the interrupt level for the specific maskable interrupt source.
Access to this register is possible only when the interrupt level control is enabled by the ILENL register. If a write/read
access is made while the interrupt level control is disabled, a write access is ignored and a read access reads either the
value when the register was enabled or the initial value if the register has never been enabled.

The correspondence between the values of ILC21[n] (n = 7:6) and the levels is as follows:

Table 5-5 Correspondence between Values of ILC21[n] and Levels

Interrupt
ILC21[n] Level priority
level
2’b00 1 Low
2’001 2 )
2'b10 3 J
2b11 4 High

For the correspondence with interrupt sources, refer to Table 5-13 "Interrupt Sources".

[Note]
A write instruction to the interrupt level control register 21 (ILC21) should be executed only during the period from
the reset until the interrupt request signal is allowed by writing "1" to the interrupt enable register (IE1 to IE7).
Proper operation cannot be guaranteed if a write instruction to the interrupt level control register 21 (ILC21) is
executed at other times.
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5.2.25 Interrupt Level Control Register 30 (ILC30)

Address: OFO2AH
Access: R’'W

Access size: 8 bits
Initial value: 0OH

7 6 5 4 3 2 1 0
ILC30 ILC3(|)[7:6] ILCB(I)[5:4] ILCS(I)[3:2] ILC36[1 :0]
R/W R/W | R/W R/W | R/W R/W | R/W R/W | R/W
Initial value 0 0 0 0 0 0 0 0

The interrupt level control register 30 (ILCOS) sets the interrupt level for the specific maskable interrupt source.
Access to this register is possible only when the interrupt level control is enabled by the ILENL register. If a write/read
access is made while the interrupt level control is disabled, a write access is ignored and a read access reads either the
value when the register was enabled or the initial value if the register has never been enabled.

The correspondence between the values of ILC30[n] (n = 7:6, 5:4, 3:2, 1:0) and the levels is as follows:

Table 5-6 Correspondence between Values of ILC30[n] and Levels

Interrupt
ILC30[n] Level priority
level
2’b00 1 Low
2’001 2 )
2'b10 3 J
2b11 4 High

For the correspondence with interrupt sources, refer to Table 5-13 "Interrupt Sources".

[Note]
A write instruction to the interrupt level control register 30 (ILC30) should be executed only during the period from
the reset until the interrupt request signal is allowed by writing "1" to the interrupt enable register (IE1 to IE7).
Proper operation cannot be guaranteed if a write instruction to the interrupt level control register 30 (ILC30) is
executed at other times.
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5.2.26 Interrupt Level Control Register 31 (ILC31)

Address: OFO2BH
Access: R’'W

Access size: 8 bits
Initial value: 0OH

7 6 5 4 3 2 1 0

ILC31 - - ILCSI1 [5:4] - - - -
R/W R R R/W | R/W R R R R
Initial value 0 0 0 0 0 0 0 0

The interrupt level control register 31 (ILC31) sets the interrupt level for the specific maskable interrupt source.
Access to this register is possible only when the interrupt level control is enabled by the ILENL register. If a write/read
access is made while the interrupt level control is disabled, a write access is ignored and a read access reads either the
value when the register was enabled or the initial value if the register has never been enabled.

The correspondence between the values of ILC31[n] (n = 5:4) and the levels is as follows:

Table 5-7 Correspondence between Values of ILC31[n] and Levels

Interrupt
ILC31[n] Level priority
level
2’b00 1 Low
2’001 2 )
2'b10 3 J
2b11 4 High

For the correspondence with interrupt sources, refer to Table 5-13 "Interrupt Sources".

[Note]
A write instruction to the interrupt level control register 31 (ILC31) should be executed only during the period from
the reset until the interrupt request signal is allowed by writing "1" to the interrupt enable register (IE1 to IE7).
Proper operation cannot be guaranteed if a write instruction to the interrupt level control register 31 (ILC31) is
executed at other times.
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5.2.27 Interrupt Level Control Register 40 (ILC40)

Address: 0OF02CH

Access: R‘'W

Access size: 8 bits
Initial value: OOH

ILC40

R/W
Initial value

7 5 4 3 2 1 0
- - - ILC40[3:2] ILGA40[1:0]

R R R RW  RW AW RW
0 0 0 0 0 0 0

The interrupt level control register 40 (ILC40) sets the interrupt level for the specific maskable interrupt source.
Access to this register is possible only when the interrupt level control is enabled by the ILENL register. If a write/read
access is made while the interrupt level control is disabled, a write access is ignored and a read access reads either the
value when the register was enabled or the initial value if the register has never been enabled.

The correspondence between the values of ILC40[n] (n = 3:2, 1:0) and the levels is as follows:

For the correspondence with interrupt sources, refer to Table 5-13 "Interrupt Sources".

[Note]

Interrupt
ILC40[n] Level priority
level
2’b00 1 Low
2’001 2 )
2'b10 3 J
2b11 4 High

Table 5-8 Correspondence between Values of ILC40[n] and Levels

A write instruction to the interrupt level control register 40 (ILC40) should be executed only during the period from
the reset until the interrupt request signal is allowed by writing "1" to the interrupt enable register (IE1 to IE7).
Proper operation cannot be guaranteed if a write instruction to the interrupt level control register 40 (ILC40) is

executed at other times.
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5.2.28 Interrupt Level Control Register 51 (ILC51)

Address: OFO2FH

Access: R‘'W

Access size: 8 bits
Initial value: OOH

ILC51

R/W
Initial value

7 5 4 3 2 1 0
- - - ILC51[3:2] ILC51[1:0]

R R R AW RW AW RW
0 0 0 0 0 0 0

The interrupt level control register 51 (ILC51) sets the interrupt level for the specific maskable interrupt source.
Access to this register is possible only when the interrupt level control is enabled by the ILENL register. If a write/read
access is made while the interrupt level control is disabled, a write access is ignored and a read access reads either the
value when the register was enabled or the initial value if the register has never been enabled.

The correspondence between the values of ILC51[n] (n = 3:2, 1:0) and the levels is as follows:

For the correspondence with interrupt sources, refer to Table 5-13 "Interrupt Sources".

[Note]

Interrupt
ILC51[n] Level priority
level
2’b00 1 Low
2’001 2 )
2'b10 3 J
2b11 4 High

Table 5-9 Correspondence between Values of ILC51[n] and Levels

A write instruction to the interrupt level control register 51 (ILC51) should be executed only during the period from
the reset until the interrupt request signal is allowed by writing "1" to the interrupt enable register (IE1 to IE7).
Proper operation cannot be guaranteed if a write instruction to the interrupt level control register 51 (ILC51) is

executed at other times.
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5.2.29 Interrupt Level Control Register 60 (ILC60)

Address: OFO30H
Access: R’'W

Access size: 8 bits
Initial value: 0OH

7 6 5 4 3 2 1 0
ILC60 ILC6(I)[7:6] ILCG(I)[5:4] ILCG(I)[3:2] ILC66[1 :0]
R/W R/W | R/W R/W | R/W R/W | R/W R/W | R/W
Initial value 0 0 0 0 0 0 0 0

The interrupt level control register 60 (ILC60) sets the interrupt level for the specific maskable interrupt source.
Access to this register is possible only when the interrupt level control is enabled by the ILENL register. If a write/read
access is made while the interrupt level control is disabled, a write access is ignored and a read access reads either the
value when the register was enabled or the initial value if the register has never been enabled.

The correspondence between the values of ILC60[n] (n = 7:6, 5:4, 3:2, 1:0) and the levels is as follows:

Table 5-10 Correspondence between Values of ILC60[n] and Levels

Interrupt
ILC60[n] Level priority
level
2’b00 1 Low
2’001 2 )
2'b10 3 J
2b11 4 High

For the correspondence with interrupt sources, refer to Table 5-13 "Interrupt Sources".

[Note]
A write instruction to the interrupt level control register 60 (ILC60) should be executed only during the period from
the reset until the interrupt request signal is allowed by writing "1" to the interrupt enable register (IE1 to IE7).
Proper operation cannot be guaranteed if a write instruction to the interrupt level control register 60 (ILC60) is
executed at other times.
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5.2.30 Interrupt Level Control Register 61 (ILC61)

Address: OFO31H
Access: R’'W

Access size: 8 bits
Initial value: 0OH

7 6 5 4 3 2 1 0

ILC61 ILCGI1 [7:6] - - ILCGI1 [3:2] - -
R/W R/W | R/W R R R/W | R/W R R
Initial value 0 0 0 0 0 0 0 0

The interrupt level control register 61 (ILC61) sets the interrupt level for the specific maskable interrupt source.
Access to this register is possible only when the interrupt level control is enabled by the ILENL register. If a write/read
access is made while the interrupt level control is disabled, a write access is ignored and a read access reads either the
value when the register was enabled or the initial value if the register has never been enabled.

The correspondence between the values of ILC61[n] (n = 7:6, 3:2) and the levels is as follows:

Table 5-11 Correspondence between Values of ILC61[n] and Levels

Interrupt
ILC61[n] Level priority
level
2’b00 1 Low
2’001 2 )
2'b10 3 J
2b11 4 High

For the correspondence with interrupt sources, refer to Table 5-13 "Interrupt Sources".

[Note]
A write instruction to the interrupt level control register 61 (ILC61) should be executed only during the period from
the reset until the interrupt request signal is allowed by writing "1" to the interrupt enable register (IE1 to IE7).
Proper operation cannot be guaranteed if a write instruction to the interrupt level control register 61 (ILC61) is
executed at other times.
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5.2.31 Interrupt Level Control Register 70 (ILC70)

Address: OF032H
Access: R’'W

Access size: 8 bits
Initial value: 0OH

7 6 5 4 3 2 1 0

ILC70 ILC7(I)[7:6] - - - - - -
R/W R/W | R/W R R R R R R
Initial value 0 0 0 0 0 0 0 0

The interrupt level control register 70 (ILC70) sets the interrupt level for the specific maskable interrupt source.
Access to this register is possible only when the interrupt level control is enabled by the ILENL register. If a write/read
access is made while the interrupt level control is disabled, a write access is ignored and a read access reads either the
value when the register was enabled or the initial value if the register has never been enabled.

The correspondence between the values of ILC70[n] (n = 7:6) and the levels is as follows:

Table 5-12 Correspondence between Values of ILC70[n] and Levels

Interrupt
ILC70[n] Level priority
level
2’b00 1 Low
2’001 2 )
2'b10 3 J
2b11 4 High

For the correspondence with interrupt sources, refer to Table 5-13 "Interrupt Sources".

[Note]
A write instruction to the interrupt level control register 70 (ILC70) should be executed only during the period from
the reset until the interrupt request signal is allowed by writing "1" to the interrupt enable register (IE1 to IE7).
Proper operation cannot be guaranteed if a write instruction to the interrupt level control register 70 (ILC70) is
executed at other times.
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5.3 Description of Operation

With the exceptions of the watchdog timer interrupt (WDTINT) and clock backup interrupt (CKCINT), interrupt
enable/disable for 28 sources is controlled by the master interrupt enable flag (MIE) and the individual interrupt enable
registers (IE1 to 7). WDTINT and CKCINT are non-maskable interrupts.
When the interrupt conditions are satisfied, the CPU calls a branching destination address from the vector table
determined for each interrupt source and the interrupt shift cycle starts to branch to the interrupt processing routine.
Table 5-1 lists the interrupt sources.

Table 5-13 Interrupt Sources
Interrupt Register assignment Int i Mask Int " Interrupt
source MEMUR | gnabledy | Mo Interrupt source source
IRQ IE ILC address . external

number disabled symbol
1 IRQOI0] - - 0008H | Disabled Internal WDT interrupt WDTINT
2 IRQO[2] - - 000AH | Disabled source CKC interrupt CKCINT
3 IRQO[6] | IEQ[6] | ILCO1[5:4] 000CH | Enabled LLD interrupt LLDINT
4 IRQ1[0] | IE1[0] | ILC10[1:0] 0010H Enabled POO interrupt POOINT
5 IRQ1[1] | IE1[1] | ILC10[3:2] 0012H Enabled PO1 interrupt PO1INT
6 IRQ1[2] | IE1[2] | ILC10[5:4] 0014H Enabled P02 interrupt PO2INT
7 IRQ1[3] | IE1[3] | ILC10[7:6] 0016H Enabled | External P03 interrupt PO3INT
8 IRQ1[4] | IE1[4] | ILC11[1:0] 0018H Enabled pin P04 interrupt PO4INT
9 IRQ1[5] | IE1[5] | ILC11[3:2] 001AH Enabled PO5 interrupt POSINT
10 IRQ1[6] | IE1[6] | ILC11[5:4] 001CH Enabled P30 interrupt P30INT
11 IRQ1[7] | IE1[7] | ILC11[7:6] 001EH Enabled P31 interrupt P31INT
12 IRQ2[0] | IE2[0] | ILC20[1:0] 0020H Enabled SIOQ interrupt SIOO0INT
13 IRQ2[2] | IE2[2] | ILC20[5:4] 0024H Enabled SA-ADC interrupt ADCINT
14 IRQ2[7] | IE2[7] | ILC21[7:6] 002EH Enabled 12C0 interrupt I2COINT
15 IRQ3[0] | IE3[0] | ILC30[1:0] 0030H Enabled Timer 0 interrupt TMOINT
16 IRQ3[1] | IE3[1] | ILC30[3:2] 0032H Enabled Timer 1 interrupt TMAINT
17 IRQ3[2] | IE3[2] | ILC30[5:4] 0034H Enabled Timer 8 interrupt TMS8INT
18 IRQ3[3] | IE3[3] | ILC30[7:6] 0036H Enabled Timer 9 interrupt TMOINT
19 | IRQ3[6] | IE3[6] | ILC31[5:4] | 003CH | Enabled Ci‘r’]rtg‘;irsto CMPOINT
20 IRQ4[0] | IE4[0] | ILC40[1:0] 0040H Enabled | Internal UARTO interrupt UAOINT
21 IRQ4[1] | IE4[1] | ILC40[3:2] 0042H Enabled | source UART1 interrupt UATINT
22 IRQ5[4] | IE5[4] | ILC51[1:0] 0058H Enabled Timer A interrupt TMAINT
23 IRQ5[5] | IE5[5] | ILC51[3:2] 005AH | Enabled Timer B interrupt TMBINT
24 IRQ6[0] | IE6[0] | ILC60[1:0] 0060H Enabled PWM4 interrupt PWM4INT
25 IRQ6[1] | IE6[1] | ILC60[3:2] 0062H Enabled PWMS5 interrupt PWMS5INT
26 IRQ6[2] | IE6[2] | ILC60[5:4] 0064H Enabled PWMB6 interrupt PWMGINT
27 IRQ6[3] | IE6[3] | ILC60[7:6] 0066H Enabled PWM? interrupt PWM7INT
28 IRQ6[5] | IE6[5] | ILC61[3:2] 006AH Enabled LTBCO interrupt LTBCOINT
29 IRQ6[7] | IE6[7] | ILC61[7:6] 006EH Enabled LTBC1 interrupt LTBC1INT
30 IRQ7[3] | IE7[3] | ILC70[7:6] 0076H Enabled LTBC2 interrupt LTBC2INT

[Note]

* If multiple interrupts are generated concurrently when the interrupt level control is disabled, they are processed
starting from the interrupt with the highest priority level (lowest interrupt source number), and the lower- priority
interrupts (higher interrupt source number) are pending.

» If multiple interrupts are generated concurrently when the interrupt level control is enabled, they are processed
starting from the interrupt with the highest interrupt level and the highest priority level, and the lower- priority
interrupts are pending.

* Please define vector tables for all unused interrupts for fail safe.
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5.3.1 Maskable Interrupt Processing

When an interrupt is generated with the MIE flag set to "1", the following processing is executed by hardware and the
processing of program shifts to the interrupt destination.

(1) Transfer the program counter (PC) to ELR1
(2) Transfer PSW to EPSW1

(3) Set the MIE flag to "0"

(4) Set the ELEVEL field to "1"

(5) Load the interrupt beginning address into PC

5.3.2 Non-Maskable Interrupt Processing

When an interrupt is generated regardless of the state of MIE flag, the following processing is performed by hardware
and the processing of program shifts to the interrupt destination.

(1) Transfer PC to ELR2

(2) Transfer PSW to EPSW2

(3) Setthe ELEVEL field to "2"

(4) Load the interrupt beginning address into PC

5.3.3 Software Interrupt Processing

A software interrupt is generated as required within an application program. When the SWI instruction is performed
within the program, a software interrupt is generated, the following processing is performed by hardware, and the
processing program shifts to the interrupt destination. The vector table is specified by the SWI instruction.

(1) Transfer PC to ELR1

(2) Transfer PSW to EPSW1

(3) Set the MIE flag to "0"

(4) Set the ELEVEL field to "1"

(5) Load the interrupt beginning address into PC

[Reference]
For the MIE flag, Program Counter (PC), CSR, PSW, and ELEVEL, see "nX-U16/100 Core Instruction Manual".
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5.3.4 Notes on Interrupt Routine (When Interrupt Level Control Disabled)

If ILE of the interrupt level control enable register (ILENL) is set to disable the interrupt level control, notes are different
in programming depending on whether a subroutine is called or not by the program in executing an interrupt routine,
whether multiple interrupts are enabled or disabled, and whether such interrupts are maskable or non-maskable.

Status A: Maskable interrupt is being processed

A-1: When a subroutine is not called by the program in executing an interrupt routine
A-1-1: When multiple interrupts are disabled
* Processing immediately after the start of interrupt routine execution
No specific notes.
* Processing at the end of interrupt routine execution
Specify the RTI instruction to return the contents of the ELR register to the PC and those of the EPSW
register to PSW.
A-1-2: When multiple interrupts are enabled
* Processing immediately after the start of interrupt routine execution
Specify "PUSH ELR, EPSW" to save the interrupt return address and the PSW status in the stack.
* Processing at the end of interrupt routine execution
Specify "POP PC, PSW" instead of the RTI instruction to return the contents of the stack to PC and PSW.

Example of description: Status A-1-1 Example of description: Status A-1-2
Intrpt_A-1-1; ; A-1-1 state Intrpt_A-1-2; ; Start
DI . Disable interrupt PUSH ELR EPSw >ave ELRand EPSWatthe
beginning
El ; Enable interrupt
RTI ; Return PC from ELR
; Return PSW form EPSW
; End
POP PC, PSW ; Return PC from the stack
; Return PSW from the stack
; End
FEUL620Q150A
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A-2: When a subroutine is called by the program in executing an interrupt routine
A-2-1: When multiple interrupts are disabled
* Processing immediately after the start of interrupt routine execution
Specify the "PUSH LR" instruction to save the subroutine return address in the stack.
* Processing at the end of interrupt routine execution
Specify "POP LR" immediately before the RTI instruction to return from the interrupt processing after
returning the subroutine return address to LR.
A-2-2: When multiple interrupts are enabled
* Processing immediately after the start of interrupt routine execution
Specify "PUSH LR, ELR, EPSW" to save the interrupt return address, the subroutine return address, and
the EPSW status in the stack.
* Processing at the end of interrupt routine execution
Specify "POP PC, PSW, LR" instead of the RTI instruction to return the saved data of the interrupt return
address to PC, the saved data of EPSW to PSW, and the saved data of LR to LR.

Example of description: Status A-2-2

Intrpt_A-2-2; ; Start
PUSH ; Save ELR, EPSW, LR
ELR,EPSW,LR at the beginning
El ; Enable interrupt
Sub_1; ;
/ DI ; Disable interrupt
/ _
BL Sub_1 ; Call subroutine Sub_1 El ; Enable interrupt
: é— RT ; Return PC from LR
POP PC, PSW, LR ; Return PC from the stack ; End of subroutine
; Return PSW from the stack
; Return LR from the stack
; End

FEUL620Q150A
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Status B: Non-maskable interrupt is being processed

B-1: When a subroutine is not called
* Processing immediately after the start of interrupt routine execution
No specific notes.
* Processing at the end of interrupt routine execution
Specify the RTI instruction to return the contents of the ELR register to the PC and those of the EPSW
register to PSW.
B-2: When a subroutine is called
¢ Processing immediately after the start of interrupt routine execution
Specify the "PUSH LR" instruction to save the subroutine return address in the stack.
* Processing at the end of interrupt routine execution
Specify "POP LR" immediately before the RTI instruction to return from the interrupt processing after
returning the subroutine return address to LR.

Example of description: Status B-2

Intrpt_B-2; ; Start

PUSH LR ; Save LR at the beginning
/ Sub_1;
BL Sub_1 ; Gall subroutine Sub_1 :
: RT ; Return PC from LR
POP LR ; Return LR from the stack ; End of subroutine
RTI ; End
FEUL620Q150A
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5.3.5 Interrupt Processing When Interrupt Level Control Enabled

@Interrupt processing
The interrupt handler carries out the following processing.
i. The following processing is made when multiple interrupts are enabled.
When a higher level interrupt request occurs, that request should be processed with priority. For this reason, the
general-purpose registers are saved to memory and the EPW and EPSW registers are pushed in order to retain the
processor state at return.
ii. When multiple interrupts are ready to be processed, the EI instruction is executed to enable the processor interrupt.

@Return from interrupt

The interrupt handler carries out the following processing.

i. After the desired processing is completed by the interrupt, the processor interrupt is disabled.

ii. A write access is made to the current interrupt request level register (CILN) to clear the highest current interrupt
request level.

iii. If the interrupt is in the highest level, the general-purpose registers are restored from memory, and the RTI
instruction is executed to return from the interrupt. Otherwise, the general-purpose registers are restored from
memory, and the PC and PSW registers are popped.

The following processing is made on the hardware.

i. When a write access is made to the current interrupt request level register (CILN), the highest order set bit of the
CILN register is cleared.

ii. If there is an interrupt request flag with a higher interrupt level than the current interrupt request level of the CILN
register among the interrupt request flags which are pending in the interrupt request register (IRQ), an interrupt
request is made to the U16 processor. In this case, if there are multiple interrupt request flags with higher interrupt
levels than the current interrupt request level of the CILL register, the interrupt with the highest priority (lowest
interrupt source number) is requested to the U16 processor.

[Note] For the “interrupt source number”, see Table 5-13 Interrupt Sources.
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5.3.6 Flow Chart When Interrupt Level Control Enabled

The figure below shows the flow chart of the software processing of a maskable interrupt when the interrupt level
control is enabled. The EI and DI instructions allow the execution of multiple interrupts by a higher-level maskable
interrupt request during the "execution of the desired processing". Note that a non-maskable interrupt can be made for a
maskable interrupt regardless of the execution of EI and DI instructions due to the specification of U16 processor.

i When multiple interrupts are disabled i i When multiple interrupts are enabled |
< Maskable interrupt > < Maskable interrupt >
A 4 \ 4
Save general-purpose Save general-purpose
registers to memory registers to memory
A

Save ELR1 (return PC) and
EPSW1 (pre-interrupt PSW)
to stack

A 4
El instruction: Enable interrupt

A 4 A 4
Execute desired processing Execute desired processing

A
Dl instruction: Disable interrupt

\ 4 A 4
Write access to Write access to
current interrupt level register (CILL) current interrupt level register (CILL)
v l
Restore general-purpose Restore general-purpose
registers from memory registers from memory
v v
RTl instruction Restore return PC

to PC and pre-interrupt PSW
to PSW from stack

v

A4

Interrupt processing Interrupt processing
end end
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< Non-maskable interrupt >

y
Save general-purpose registers to memory

v

Execute desired processing

Write access to
current interrupt level register (CILL)

!

Restore general-purpose registers from memory

A
RTI instruction

Interrupt processing
end
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5.3.7 How To Write Interrupt Processing When Interrupt Level Control Enabled

When ILE of the interrupt level control enable register (ILENL) is set to enable the interrupt level control, the interrupt
function should be written as below. For more details and notes on how to write the interrupt processing, refer to "CCUS8
Programming Guide".

® Writing interrupt function to disable multiple interrupts

When writing an interrupt function to disable multiple interrupts, specify "1" in the category field of the
INTERRUPT and SWI pragmas. If the built-in function __EI is called in an interrupt function that disables
multiple interrupts, CCU8 generates an error.

After the desired interrupt processing is completed, the highest current interrupt request level (CILN bit) must
be cleared by writing to CILL register. Otherwise, the current highest level or lower interrupt will not be
accepted.

Example of description
static void intr_fn_0A(void);
#pragma interrupt intr_fn_0A 0x0A 1
volatile unsigned short TM1msec;
static void intr_fn_0A(void)
{
TM1msec++;
CILL =0; /*Clear the highest current interrupt request level*/

}

When writing as shown in the example, intr_fn_0A is handled as interrupt processing function that disables
multiple interrupts.

CCUBS outputs the assembly code as shown below.
Example of output

_intr_fn_0A
push erQ
5 TMI1msec++;
1 er0, NEAR TMIlmsec
add er0, #1
st er0, NEAR _TMIl1msec
55
5 CILL =0;
mov 10, #00h
st r0, 0f022h
55}
pop er0
rti

Interrupt functions save registers that may be used in the interrupt processing (here, only ERO) in the stack.
To return from an interrupt function that disables multiple interrupts, "RTI" is used.
The example below shows how to call other functions from an interrupt function.

Example of description

static void intr_fn_10(void);
#pragma interrupt intr_fn_10 0x10 1
void func(void);

static void intr_fn_10(void)

{

func();

CILL =0; /*Clear the highest current interrupt request level*/
}
Example of output
_intr_fn_10

push Ir, ea
FEUL620Q150A
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push
1
push

5o func();
bl

xr0
10,
r0

_func

5 CILL = 0;

mov
st

pop
st
pop
pop
rti

10,
10,

r0
r0
xr0
ea

DSR

#00h
0f022h

DSR

Ir

When calling other functions from an interrupt function, the output code becomes more redundant, which
results in a longer interrupt processing time. This is because CCU8 does not know which register is used by
func and thus saves all possible registers that may be changed by calling the func function in the stack.

Note

Ensure that no interrupt is enabled in a function which is called from another function disabling multiple
interrupts. If it is enabled, the program may run out of control when multiple interrupts are generated.

@ Writing interrupt function to enable multiple interrupts

When writing an interrupt function to enable multiple interrupts, specify "2" in the

category field of the INTERRUPT and SWI pragmas. Even when the specification of the category field is
omitted, multiple interrupts are enabled. The built-in function __EI can be called in an interrupt function that

enables multiple interrupts.

Example of description

static void intr_fn_20(void);

volatile unsigned short TM2msec;
#pragma interrupt intr_fn_20 0x20 2

static void intr_fn_20(void)

/* Enable multiple interrupts */

/* Disable multiple interrupts */
/* Clear the highest current interrupt request level */

{
__EIQ;
TM2msec++;
__DI0);
CILL = 0;

}

When writing as shown in the example, intr_fn_20() is handled as interrupt processing function that enables
multiple interrupts.

CCUS outputs the assembly code as shown below.

Example of output

epsw

5 __EI(); /* Enable multiple interrupts */

_intr_fn_20
push elr,
push erQ
ei

3 TMI1msec++;
1 er0,
add er0,
st er0,

5 __DI();

NEAR TM2msec
#1
NEAR _TM2msec

/* Disable multiple interrupts */

FEUL620Q150A
5-47



LAPIS Semiconductor Co., Ltd. ML620Q151A/2A/3A/4A/5A/6A/TA/8A/9A User's Manual
Chapter 5 Interrupts

di
5}
5 CILL =0;
mov 10, #00h
st r0, 0f022h
5}
pop er0
pop psw, pc

An interrupt function enabling multiple interrupts should save ELR and EPSW in the stack
so that ELR and EPSW are not destroyed by multiple interrupts. This is different from the case for interrupt
functions disabling multiple interrupts.

Besides, "POP PSW, PC" is used to return from the interrupt function, instead of "RTI".

5.3.8 Interrupt Disable State

Even if the interrupt conditions are satisfied, an interrupt may not be accepted depending on the operating state. This is
called an interrupt disabled state. See below for the interrupt disabled state and the handling of interrupts in this state.

Interrupt disabled state 1:Between the interrupt shift cycle and the instruction at the beginning of the interrupt routine
When the interrupt conditions are satisfied in this interval, an interrupt is generated immediately following the
execution of the instruction at the beginning of the interrupt routine corresponding to the interrupt that has already
been enabled.

Interrupt disabled state 2:Between the DSR prefix instruction and the next instruction
When the interrupt conditions are satisfied in this interval, an interrupt is generated immediately after execution of

the instruction following the DSR prefix instruction.

For the DSR prefix instruction, see "nX-U16/100 Core Instruction Manual".
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6 Clock Generation Circuit

6.1 General Description

The clock generation circuit generates and provides the low-speed clock (LSCLK), the high-speed clock (HSCLK), the
system clock (SYSCLK), and the high-speed output clock (OUTCLK). LSCLK and HSCLK are time base clocks for the
peripheral circuits, SYSCLK is a basic operation clock of CPU, and OUTCLK is a clock that is output from a port.

For the OUTCLK output port, see Chapter 17, "Port 2".

For the STOP mode described in this chapter, see Chapter 4, "MCU Control Function".

6.1.1 Features

e Low-speed clock generation circuit:
- Crystal oscillation mode (32.738kHz)
- Built-in RC oscillation mode (32.768kHz)
e High-speed clock generation circuit:
- Built-in PLL oscillation mode (8.192MHz)
- Built-in RC oscillation mode (2.097MHz)
e Low-speed /High-Speed Clock backup-mode function:

- The backup function for the low-speed clock is available when selecting the low-speed crystal oscillation by
Code-Option. A divided clock of the high-speed internal RC oscillation clock is used for the backup

clock(Approx. 30kHz).

- The backup function for the high-speed clock is available when selecting the low-speed crystal oscillation by
Code-Option and selecting the internal PLL oscillation by FCON registers. The high-speed internal RC
oscillation clock is used for the backup clock (The rrequency depends on the setting of FCONO register).

6.1.2 Configuration

Figure 6-1 shows the configuration of the clock generation circuit.

FSTAT register

: Lowilfl"t?ed LOSC bit
1 oscillation

P12/XT0 ¢ Low-speed Low-speed backup-mode T
: crystal Internal RG circuit
: oscillation Osc. Gircuit T

P13/XT1 ?— circuit <¢—>| (32.768kHz) . —>
: ] 3
; \MPX,/<——+— Code-Option
§ M
i | PLL oscillation = Divigin .
1 S g selection Py
1 Circuit 2 14,1/2,1/4.1/8
Pl (8192MHz) |
: A o
— Dividing selection
: mg;nzﬁesg 11,1/2,1/4,1/8
: Oscillation (<o A )
Circuit * )
b (2.097MHz) 4o [DViGe(12) ]I
: High-speed I
: oscillation [,
; Backup-mode |3
E Circuit 2

V

—1FCONO,FCON1 ,FCONS,FSTATI——

FCONO : Frequency control register 0
FCONT1 : Frequency control register 1
FCONS : Frequency control register 3
FSTAT : Frequency status register

Figure 6-1 Configuration of Clock Generation Circuit

Data Bus

Low-speed clock
(LSCLK)

System clock
(SYSCLK)

High-speed
clock(HSCLK)

High-speed clock
output (OUTCLK)

12C control clock

Timer, PWM and
etc. (OSCLK)
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[Note]
After power-on or system reset, the operation starts by the clock supplied from the built-in high-speed clock generation
circuit with the frequency divided by 8. Change it as needed by setting the FCONO, FCON1 and FCON2 register.
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6.1.3 List of Pins

Pin Name | 1/O Function
P12/XTO | Pin for connecting a crystal for low-speed clock.
P13/XT1 /0 Pin for connecting a crystal for low-speed clock.

6.1.4 Clock Configuration Diagram

Figure 6-2 shows the clock system diagram.

System clock(SYSCLK)

4 > U6

Register access

Low-speed clock (LSCLK) ® LSCLK TBC
High-speed clock (HSCLK) Py HSCLK
Register access
2| 8bit Timer
LSCLK EHTBCLK \

High-speed clock (source)

Register access

LSCLK | Pw™Mo

High-speed clock (source)

Register access

LSCLK 7| WDT  T256HZ

Register access
LSCLK UART
HSCLK

Register access

I°’C
High-speed clock (source) T Divide 1/2
Register access
LSCLK Analog
comparator
Register access .
LSCLK 10bit-ADC
HSCLK
Register access
LSCLK > SIo
HSCLK

Figure 6-2 Clock System Diagram
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6.2 Description of Registers

6.2.1 List of Registers

Address Name Symbol (Byte) Symbol (Word) R/W Size Initial
value
0F002H Frequency control register 0 FCONO ECONOT R/W 8/16 33H
0FO003H Frequency control register 1 FCONT1 R/W 8 03H
0FO005H Frequency control register 3 FCONS3 - R/W 8 OO0H
OFO00AH Frequency status register FSTAT - R 8 04H
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6.2.2 Frequency Control Register 0 (FCONO)

Address: OFO02H (FCONO)
Access: R/'W

Access size: 8/16 bit

Initial value: 33H

7 6 5 4 3 2 1 0
FCONO - - OouTC1 OuTCo OSCM1 OSCMO SYSCH SYSCO
R/W R R R/W R/W R/W R/W R/W R/W
Initial value 0 0 1 1 0 0 1 1

FCONO is a special function register (SFR) used to control the high-speed clock generation circuit and to select system

clock.

Description of Bits

OUTC 1, OUTC 0 (bits 5,4)

The OUTC1 and OUTCO bits select the frequency of the high-speed output clock (OUTCLK) output when the
secondary function of the port is used. 1/10SCLK, 1/20SCLK, 1/40SCLK, or 1/80SCLK can be selected.

At system reset, 1/80SCLK is selected.

OUTCH ouTCo Description
0 0 1/10SCLK
0 1 1/20SCLK
1 0 1/40SCLK
1 1 1/80SCLK (initial value)

OSCM1, OSCMO (bits 3, 2)
The OSCM1 and OSCMO bits are used to select the high-speed clock mode, Built-in RC oscillation mode, or
Built-in PLL oscillation mode.

OSCMI1 and OSCMO can be rewritten only when high-speed oscillation is being stopped (ENOSC bit of
FCONT1 is "0").

At system reset, the built-in RC oscillation mode is selected.
When switching the high-speed clock mode, please first switch the system clock back to the low-speed clock
before switching to other high-speed clock (set the ENOSC and SYSCLK bits of the FCON1 register to "0").

OSCM1 OSCMo Description
0 0 Built-in RC oscillation mode (initial value)
0 1 Do not use
1 0 Built-in PLL oscillation mode
1 1 Do not use

SYSC1, SYSCO (bits 1, 0)
The SYSCI, and SYSCO bits are used to select the frequency of the high-speed clock (HSCLK) used for system
clock and peripheral circuits. OSCLK, 1/20SCLK, 1/40SCLK or 1/80SCLK can be selected.

At system reset, 1/8§OSCLK is selected.

SYSC2 SYSCH1 SYSCO Description
0 0 0 OSCLK
0 0 1 1/20SCLK
0 1 0 1/40SCLK
0 1 1 1/80SCLK (initial value)
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[Note]

*To switch the high-speed clock mode using the OSCM1 and OSCMO bits, stop the high-speed oscillation and set the
system clock to the low-speed clock (set the ENOSC and SYSCLK bits of the FCONT register to "0").

* Supply 2.2V or higher to VDD pin when driving the 8.192MHz to the ports.
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6.2.3 Frequency Control Register 1 (FCON1)
Address: OFOO3H (FCON1)

Access: R/'W
Access size: 8 bit
Initial value: 03H

7 6 5 4 2 1 0
FCON1 LPLL - - - - ENOSC | SYSCLK
R/W R R R R R R/W R/W
Initial value 0 0 0 0 0 1 1

FCONOI is a special function register (SFR) used to control the high-speed clock generation circuit and to select system

clock.

Description of Bits

e LPLL (bit7)
The LPLL bit is used as a flag to indicate the oscillation state of PLL oscillation.
When the LPLL bit is set to “1”, this indicates that the PLL oscillation frequency is locked within * 2.5%.

When the LPLL bit is set to “0”, this indicates that the PLL oscillation is inactive or the PLL oscillation

frequency is not within +2.5%. LPLL is a read-only bit.

LPLL

Description

0

(initial value)

PLL oscillation is inactive or the PLL oscillation frequency is not within + 2.0%

1

PLL oscillation frequency is locked within + 2.0%.

e ENOSC (bit 1)
The ENOSC bit is used to select enable/disable of the oscillation of the high-speed clock oscillator circuit.

ENOSC

Description

0

Disables high-speed oscillation

1

Enables high-speed oscillation (initial value)

e SYSCLK (bit 0)

The SYSCLK bit is used to select system clock. The low-speed clock (LSCLK) or the HSCLK (1/nOSCLK: n =

1,2, 4, 8) selected by the FCONO high-speed clock frequency selection bit (SYSC1,0) can be selected.
When the oscillation of high-speed clock is stopped (ENOSC bit = "0"), the SYSCLK bit is fixed to "0" and the
low-speed clock (LSCLK) is selected for system clock.

SYSCLK

Description

0

LSCLK

1

HSCLK (initial value)
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6.2.4 Frequency Control Register 3(FCON3)

Address: OFOO5SH(FCON3)
Access: R/'W

Access size: 8 bits

Initial Value: OOH

7 6 5 4 3 2 1 0

FCONS3 - - - - - LOSCB HOSCB -
R/W R R R R R R/W R/W

Initial value 0 0 0 0 0 0 0 0

FCON3 is a special function register (SFR) to control the high-speed clock generation circuit and to select system clock.
FCON3 works only when the low-speed crystal oscillation circuit is selected by Code-Option. No need to use when
selecting the low-speed internal RC oscillation circuit by Code-Option.

Description of Bits
e LOSCB 6it2)

The LOSCB bit shows the low-speed clock backup mode, and it is used to cancel the backup mode by clearing
the LOSCB bit(by writing “1” to the LOSCB bit).
The LOSCB bit works only when the low-speed crystal oscillation circuit is selected by Code-Option.
When the LOSCB bit is “1” it indicates that the low-speed clock works in the backup mode. The backup mode
means that external low-speed crystal oscillation stopped for a reason and instead a divided clock of the
high-speed internal RC oscillation clock (Approx. 30kHz) is supplied as the low-speed clock.

The status of external low-speed crystal oscillation can be checked by LOSCS bit of Frequency Status (FSTAT)
register. The LOSCS bit becomes “1” after the powering-up the LSI, .when the external low-speed crystal
oscillation has stopped, or the LSI has entered into STOP mode. “0” in LOSCS bit means the external low-speed
crystal oscillation normally works, therefore, check the LOSCS bit is “0” before cancelling the backup mode.

The cancelling the backup mode can be executed by writing “1” to the LOSCB bit, change the low-speed clock
to the crystal oscillation clock and the LOSCB bit also changes to “0”.  Writing “0” to the LOSCB bit does not
work to change the mode.

LOSCB Description
0 The low-speed clock is running by the low-speed 32.768kHz crystal oscillation clock
(initial value)
1 The low-speed clock is running by the divided clock of high-speed internal RC
oscillation clock (Approx. 30kHz).
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e HOSCB 0Gitl)
The HOSCB bit shows the high-speed clock backup mode, and it is used to cancel the backup mode by clearing
the HOSCB bit(by writing “1” to the HOSCB bit).
The HOSCB bit works only when the low-speed crystal oscillation circuit is selected by Code-Option and PLL
oscillation is selected as the high-speed clock by FCON registers. When the HOSCB bit is “1” it indicates that the
high-speed clock works in the backup mode. The backup mode means that PLL oscillation stopped for a reason
and instead the high-speed internal RC oscillation clock is supplied as the high-speed clock.

The status of PLL oscillation can be checked by HOSCS bit of Frequency Status (FSTAT) register. The HOSCS
bit becomes “1” when the PLL oscillation has stopped, or the LSI has entered into STOP mode. “0” in HOSCS
bit means the PLL oscillation normally works, therefore, check the HOSCS bit is “0” before cancelling the
backup mode.

The cancelling the backup mode can be executed by writing “1” to the HOSCB bit, change the high-speed clock
to the PLL oscillation clock and the HOSCB bit also changes to “0”.  Writing “0” to the HOSCB bit does not
work to change the mode.

The HOSCB bit remains “1” after STOP mode is released, need to have a process to cancel the backup-mode.

HOSCB Description
0 The high-speed clock is running by the PLL oscillation clock (initial value)
1 The high-speed clock is running by the high-speed internal RC oscillation backup
clock (2.097MHz)

[Note]
» When the low-speed crystal oscillation circuit is selected by Code-Option, the LSI always enters to the RC oscillation
backup mode after the power-up, therefore, make sure to cancel the backup mode.

FEUL620Q150A 6-9



LAPIS Semiconductor Co., Ltd. ML620Q151A/2A/3A/4A/5A/6A/TA/8A/9A User's Manual
Chapter 6 Clock Generation Circuit

6.2.5 Frequency Status Register (FSTAT)

Address: OFOOAH
Access: R

Access size: 8 bits
Initial value: 06H

7 6 5 4 3 2 1 0

FSTAT - - - - - LOSCS HOSCS -
R/W R R R R R R R R
Initial value 0 0 0 0 0 1 1 0

FSTAT is a special function register (SFR) used to show the clock generation circuit state.

Description of Bits
e LOSCS (bit 2)
LOSCS indicates the oscillation status of the low-speed oscillation circuit. LOSCS changes when the clock
backup interrupt (CKCINT) occurs. The LOSCS bit becomes "1" when the LSI enters the STOP mode, but the
CKCINT does not occur.  For CKCINT, see Chapter 5, “Interrupts”.

LOSCS Description
0 The low-speed crystal oscillation circuit is supplying the clock after counting
8192-pulse.
1 Indicates one of following status. (initial value)

The low-speed crystal oscillation is stopped or oscillation circuit is counting the
oscillation stabilization time.

The low-speed clock is working by the internal RC oscillation backup clock.

e HOSCS (bit 1)
HOSCS indicates the oscillation status of the PLL oscillation circuit. The HOSCS bit works only when the
low-speed crystal oscillation circuit is selected by Code-Option and PLL oscillation is selected as the high-speed

clock by FCON registers.
HOSCS Description
0 The PLL oscillation normally works or the PLL oscillation is disabled.
1 After the PLL oscillation enabled, the PLL oscillation has stopped for a reason or the
LS| has entered into the STOP mode.

FEUL620Q150A
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6.3 Description of Operation

6.3.1 Low-Speed Clock
6.3.1.1 Low-Speed Crystal Oscillation Circuit

Figure 6-3 shows the low-speed clock generation circuit configuration.

The low-speed clock generation circuit requires an external 32.768 kHz crystal to work. To match the oscillation
frequency by using a trimmer capacitor, connect external capacitors (Cg. and Cpy) as required.

The 32.768kHz crystal oscillation is selectable by Code-Option, in which low-speed backup-mode function is available.

E VooL
32.768kHz :
Crystal Resonator ! ¢
: Control Gircuit || Low-speed — STOP mode
"""""""""""""""" i oscillation
Cat ~ P12/XTO | R l_DO_T'_i 5_ backup-mode | Low-speed
f : circuit clock (LSCLK)

Re

'
™
Lt

P13/XT1 .
CoL :

+—0F—
.

Vss

Figure 6-3 Circuit Configuration of the Low-Speed Crystal Oscillation
[Note]

*Install a crystal as close to the LSI as possible and make sure that signals causing noise and power supply wiring are
not near the crystal and its wiring.

*Note that oscillation may stop due to condensation.

6.3.1.2 Low-Speed Built-In RC Oscillation Circuit

Figure 6-4 shows the block diagram of the built-in low-speed clock RC oscillation.

When the RC oscillation clock is counted to 16, the low-speed oscillation clock (LSCLK) starts to be supplied.
The low-speed RC oscillation circuit is always selected after the power-up or after the STOP mode is released.
When the low-speed RC oscillation is selected by Code-Option, the backup-mode function is not available.

VDDL

LOW-Speed < STOP mode
RC Oscillation
Circuit —

LSCLK (low-speed

16 counts oscillation clock)

Figure 6-4 Block Diagram of the Built-in Low-Speed RC Oscillation
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6.3.1.3 Operation of Low-Speed Clock Generation Circuit

The low-speed clock generation circuit is activated by the occurrence of power ON reset.

After the power-on, it waits for the low-speed oscillation start time (Txrr) and the low-speed clock (LSCLK)
oscillation stabilization time (8192 counts). Then, the low-speed clock (LSCLK) is supplied to the peripheral circuits.
The low-speed clock generation circuit stops oscillation when it shifts to the STOP mode by software.

When oscillation is resumed by releasing of the STOP mode by external interrupt, after the high-speed RC oscillation
clock is counted to 16, a divided clock of the RC oscillation (approx. 30kHz) is supplied to the peripheral as the LSCLK.
In parallel, after the elapse of the low-speed oscillation start period (Txtr) and low-speed clock (LSCLK) oscillation
stabilization time (8192 counts), the clock backup interrupt CKCINT occurs. Change from the RC oscillation clock to
the crystal oscillation clock by writing “1” to LOSCB bit of Frequency Control register 3 (FCON3).

For STOP mode and CKCINT, see Chapter 4, “MCU Control Function” and Chapter 5, “Interrupts”.

Figure 6-3 shows the timing chart of the low-speed clock generation circuit. For the low-speed oscillation start

time (Txr), see Appendix C, “Electrical Characteristics”.

Voo
RESET
Txr: Oscillation start time Txr.: Oscillation start time
Low-speed crystal <>
oscillation ~ ——<>  Waveform (32.768kHz) —<_ Waveform (32.768kHz)
U <«
Oscillation Osciliation
32.768kHz crystal 14096 counts 4096 counts
oscillation start signal
Oscillation Oscillation
8192 counts 8192 counts
High-speed built-in R 16 counts
C oscillation | Waveform éﬁ| Waveform
CKCINT signal . A A CKCINT occurrence
Low-speed clock ‘ — —
LSCLK @ Built-in RC Oscillation : |Crystal | Built-in RC Oscillation Crystal
<« approx.16ms ,
‘ PP STOP External interrupt
mode occurrence
LOSCS
LOSCB ,

S e

LSCLK changes from low-speed built-in RC oscillation to
low-speed crystal oscillation.

Figure 6-5 Operation of Low-Speed Clock Generation Circuit
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6.3.2 High-Speed Clock

For the high-speed clock generation circuit, the built-in RC oscillation mode or the PLL (Phase Locked Loop) oscillation
mode can be selected.

6.3.2.1 High-Speed Built-in RC Oscillation Circuit

Figure 6-6 shows the block diagram of high-speed built-in RC oscillation circuit.

When the RC oscillation clock is counted to 16, the high-speed oscillation clock (HSCLK) starts to be supplied.

The high-speed RC oscillation circuit is always selected after the power-up.

When the high-speed RC oscillation is selected by the software, the high-speed backup-mode function is not available.

VDDL

High-speed <—— STOP mode
Built-in RC

oscillation circuit | | 16 counts —> HSCLK (High-speed oscillation
(2.097MHz) clock)

Figure 6-6 Block diagram of High-speed Built-In RC Oscillation Circuit

6.3.2.2 PLL Oscillation Circuit

The PLL oscillation circuit generates a clock of 16MHz (LSCLK x 500).

In built-in PLL oscillation mode (OSCMO = “0”, OSCM1 = “17), supply of OSCLK (high-speed oscillation clock) is
started when PLL oscillation clock pulse count reaches 8192 after oscillation is enabled (ENOSC is set to “17).
When the low-speed crystal oscillation circuit is selected by Code-Option and PLL oscillation is selected as the
high-speed clock by FCON registers, the high-speed backup-mode is available.

Figure 6-7 shows the block diagram of PLL oscillation circuit.

VDDL
|
<«—— STOP mode
Low-speed [} Low-speed PLL Oscillation
Crystal RC Oscillation - <—— ENOSC (Enable oscillation)
Oscillation Circuit Circuit
Circuit 5| 4096 counts High-speed — oscLKk
16.384MHz Nati
Oscillation (High-speed
> Backup clcok)
Low-speed > -mode
Circuit

) backup
Code-Option clock

LOSCB

Figure 6-7 Block diagram of PLL Oscillation circuit
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6.3.2.3 Operation of High-Speed Clock

The high-speed clock generation circuit is activated in the built-in RC oscillation mode (2.097MHz) by power-on reset
generation.

As a result of the occurrence of power-on reset, the circuit goes into system reset mode and then shifts to program
operating mode after the elapse of the high-speed oscillation start time (Txty) and the oscillation stabilization time
(Count: 32,768) of the high-speed RC oscillation clock (OSCLK) and at the same time, a high-speed clock (HSCLK) is
supplied to the peripheral circuits.

Figure 6-8 shows the waveforms of the high-speed clock generation circuit at power on. For the high-speed oscillation
start time (Txry), see Appendix C, “Electrical Characteristics”.

Vbp
RESET
. Txru: High-speed oscillation start time Txru: High-speed oscillation start time
High-speed 1 ;
Oscillation 5 5
‘ Oscillation waveform 3 Oscillation waveform
<> <
High-speed oscillation 32768 counts High-speed oscillation 16 counts
High-speed Clock HSCLK waveform HSCLK waveform
HSCLK
System Clock SYSCLK f SYSCLK f
waveform waveform
SYSCLK
Ar A A A Ar
High-speed CPU start STOP mode CPU start
Oscillaﬁon

External Interrupt
occurrence

Figure 6-8 Operation of High-Speed Clock when Powering-up

The high-speed clock generation circuit allows the start/stop control of oscillation by using the frequency control
registers 1 (FCON1). Oscillation can be started by setting the ENOSC bit of FCONI1 to "1". After the start of oscillation,
HSCLK starts supply of a clock to the peripheral circuits following the elapse of the high-speed oscillation start time in
each mode (Txtu/TExT) and the oscillation stabilization time.

The high-speed clock generation circuit stops oscillation when it shifts to the STOP mode by software. When the STOP
mode is released by external interrupt, HSCLK supplies clocks to peripheral circuits following the elapse of the
high-speed oscillation start time in each mode (Txru/TExT) and the oscillation stabilization time. The oscillation
stabilization time is for 4096 clocks in the case of PLL oscillation mode and 16 clocks in the case of built-in RC
oscillation mode.

Figure 6-9 shows the waveforms of the high-speed clock generation circuit in the mode of “external low-speed crystal
oscillation + built-in PLL oscillation”.

Figure 6-10 shows the waveforms of the high-speed clock generation circuit in the mode of “internal low-speed RC
oscillation + built-in PLL oscillation”.

[Note]
« In the PLL oscillation mode, note that the LS| behaves differently, depending on the type of low-speed clock.
* In the mode of “external low-speed crystal oscillation + built-in PLL oscillation” and after releasing the STOP

mode, the high-speed RC oscillation clock is selected as the high-speed backup clock, therefore as needed,
change the clock to the PLL oscillation clock by the software.

FEUL620Q150A
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High-speed oscillation
enable bit ENOSC —— —
Txmu: High-speed oscillation start time Txmu: High-speed oscillation start time
High-speed <> <>
A " Builtin PLL oscillation " Built-in PLL oscillation
e < > High-speed oscillation 4096
High-speed oscillation 4096 counts : .
) 16 counts
High-speed PLL oscillation waveform | 4 | PLL oscillation
clock 7
Built-in RC oscillation
CKCINT signal A CKCINT occurrence
Low-speed illati Oscillation waveform
oscillation Oscillation waveform +
T T HSCLK changes from T
) high-speed built-in RC )
High-speed STOP mode oscillation to PLL High-speed
oscillation illati oscillation
start !External oscillation. stop
interrupt
occurrence

Figure 6-9 High-speed built-in PLL oscillation behavior (External low-speed crystal oscillation selected)

High-speed oscillation
enable bit ENOSC ' ) o i T
Txru: High-speed oscillation start time Txmu: High-speed oscillation start time
High-speed <> <>
oscillation : ‘Built—in PLL oscillation j ‘ Built-in PLL oscillation
<> <
High-speed oscillation 4096 counts High-speed oscillation 4096 counts
High-speed PLL oscillation waveform r HSCLK waveform
clock
Low-speed ot : —
oscillation Oscillation waveform Oscillation waveform
High-speed STOP mode High-speed
oscillation oscillation
start External stop
interrupt
occurrence

Figure 6-10 High-speed built-in PLL oscillation behavior (Internal low-speed RC oscillation selected)
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6.3.3 Switching of System Clock

The system clock can be switched between high-speed clock (HSCLK) and low-speed clock (LSCLK) by using the
frequency control registers (FCONO, FCON1).

Figure 6-11 shows the flow chart of the system clock switching processing (HSCLK—LSCLK), and Figure 6-12 shows
the flow chart of the system clock switching processing (LSCLK—HSCLK).

(System clock switching)

|
SYSCLK&"0" s Switches the system clock (high-speed clock to low-speed clock)

ENOSC«"0" |

Stops high-speed oscillation
(Not needed to stop in the case when the high-speed clock
is used by something other than the CPU)

Low-speed
operation mode

Figure 6-11 Flow Chart of System Clock Switching Processing (HSCLK—LSCLK)

[Note]
Immediately after the recovery from the STOP mode, if the system clock is switched from HSCLK to
LSCLK, the CPU becomes inactive until LSCLK starts clock supply to the peripheral circuits. Therefore, It is
recommended to switch to LSCLK after confirming that the LSCLK is oscillating by checking that the time
base counter interrupt request bit (Select T128H for QLTBCO0-2 ) is “1”.

Gystem clock switchinQ """"" Before switching the system clock, set the high-speed oscillation
1 mode.

ENOSC«"1" | High-speed oscillation start

Wait of the oscillation

,,,,,,,,,,,,,, @PLL oscillation mode: 2ms

stabilization time @RC oscillation mode: 10us

(Twair)
I

SYSCLK"" o Switches the system clock (low-speed clock to high-speed clock)

High-speed

operation mode

Figure 6-12 Flow Chart of System Clock Switching Processing (LSCLK—HSCLK)

[Note]
If the system clock is switched from a low-speed clock to a high-speed clock before the high-speed clock
(HSCLK) starts oscillation, the CPU becomes inactive until HSCLK starts clock supply to the peripheral
circuits.

FEUL620Q150A
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6.4 Specifying Port Registers

To enable the clock output function, each related port register bit needs to be set. See Chapter 17, "Port 2" and Chapter
18, "Port 3" for detail about the port registers.

6.4.1 Functioning P21(OUTCLK) as the high-speed clock output
Set P21MD bit (bitl of P2MOD register) to “1” for specifying the high-speed clock output as the secondary function of

P21.
Register name P2MOD register (Address: 0F214H)
Bit 7 6 5 4 3 2 1 0
Bit name - - - - P23MD P22MD P21MD P20MD
Setting value - - - - * * 1 *

Set the P21Cl1 bit (P2CON1 register's bit 1) to "1" and the P21CO bit (P2CONO register's bit 1) to "1" for specifying the
state mode of the P21 pin to CMOS output.

Register name P2CONT1 register (Address: 0F213H)
Bit 7 6 5 4 3 2 1 0
Bit name - - - - P23C1 P22C1 P21C1 P20C1
Setting value - - - - * * 1 *
Register name P2CONO register (Address: 0F212H)
Bit 7 6 5 4 3 2 1 0
Bit name - - - - P23C0 P22C0 P21CO0 P20CO0
Setting value - - - - * * 1 *

The P21D bit (P2D register bit 1) data can either be "0" or "1".

Register name P2D register (Address: 0F210H)
Bit 7 6 5 4 3 2 1 0
Bit name - - - - P23D P22D P21D P20D
Setting value - - - - * * *x *

- : Bit that does not exist
* : Bit not related to the high-speed clock function
**: Don'’t care

[Note]
P21 (Port 2) is an output-only port and does not have the register to select the data direction(input or output).

FEUL620Q150A
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6.4.2 Functioning P20 (LSCLK) as the low-speed clock output

Set P20MD bit (bit0 of P2MOD register) to “1” for specifying the low-speed clock output as the secondary function of

P20.
Register name P2MOD register (Address: 0F214H)
Bit 7 6 5 4 3 2 1 0
Bit name - - - - P23MD P22MD P21MD P20MD
Setting value - - - - * * * 1

Set the P20C1 bit (P2CON1 register bit 0) to "1" and the P20CO0 bit (P2CONO register bit 0) to "1" for selecting the P20
pin state mode to CMOS output.

Register name P2CONT1 register (Address: 0F213H)
Bit 7 6 5 4 3 2 1 0
Bit name - - - - P23C1 P22C1 P21C1 P20C1
Setting value - - - - * * * 1
Register name P2CONO register (Address: OF212H)
Bit 7 6 5 4 3 2 1 0
Bit name - - - - P23C0 P22C0 P21C0 P20CO
Setting value - - - - * * * 1

Data of P20D bit (bitO of P2D register) does not affect to the low speed clock output function, so don’t care the data for
the function.

Register name P2D register (Address: 0F210H)
Bit 7 6 5 4 3 2 1 0
Bit name - - - - P23D P22D P21D P20D
Setting value - - - - * * * **

- : Bit that does not exist
* : Bit not related to the low-speed clock function
**: Don’t care

[Note]
P20 (Port 2) is an output-only port and does not have the register to select the data direction(input or output).

FEUL620Q150A
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6.4.3 Functioning P36 (LSCLK) as the low-speed clock output

Set P36MD1 bit (bit6 of P3AMODI register) to “0” and Set P36MDO bit (bit6 of P3AMODO register) to “1”for specifying
the low-speed clock output as the secondary function of P36.

Register name P3MOD1 register (Address: 0F21DH)
Bit 7 6 5 4 3 2 1 0
Bit name - P36MD1 P35MD1 P34MD1 P33MD1 P32MD1 P31MD1 P30MD1
Setting value - 0 * * * * * *
Register name P3MODO register (Address: 0F21CH)
Bit 7 6 5 4 3 2 1 0
Bit name - P36MDO P35MDO P34MDO P33MDO P32MDO P31MDO P30MDO
Setting value - 1 * * * * * *

Set the P36C1 bit (P3CONI register bit 6) to "1" and the P36CO0 bit (P3CONO register bit 6) to "1" for selecting the P36
pin state mode to CMOS output.

Register name P3CONT1 register (Address: 0F21AH)
Bit 7 6 5 4 3 2 1 0
Bit name - P36C1 P35C1 P34C1 P33C1 P32C1 P31C1 P30CH1
Setting value - 1 * * * * * *
Register name P3CONO register (Address: 0F21BH)
Bit 7 6 5 4 3 2 1 0
Bit name - P36C0 P35C0 P34C0 P33C0 P32C0 P31C0 P30CO0
Setting value - 1 * * * * * *

Set the P36DIR bit (P3DIR register bit 6) to "0" for selecting the I/O direction of P36 pin to output.

Register name P3DIR register (Address: 0F219H)
Bit 7 6 5 4 3 2 1 0
Bit name - P36DIR P35DIR P34DIR P33DIR P32DIR P31DIR P30DIR
Setting value - 0 * * * * * *

Data of P36D bit (bit6 of P3D register) does not affect to the low speed clock output function, so don’t care the data for
the function.

Register name P3D register (Address: 0F218H)
Bit 7 6 5 4 3 2 1 0
Bit name - P36D P35D P34D P33D P32D P31D P30D
Setting value - > * * * * * *

- : Bit that does not exist
* 1 Bit not related to the low-speed clock function
**: Don’t care
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7 Time Base Counter

7.1 General Description

This LSI includes a low-speed time base counter (LTBC) that generate base clocks for peripheral circuits and periodical
interrupts. For the input clock, see Chapter 6, “Clock Generation Circuit”. For interrupt permission, interrupt request
flags, etc. described in this chapter, see Chapter 5, “Interrupt”.

7.1.1 Features

e LTBC generates T32KHZ to T1HZ signals by dividing the low-speed clock (LSCLK).

e LTBC allows frequency adjustment (Adjustment range: Approx. 488ppm to +488ppm. Adjustment accuracy: Approx.
0.48ppm) by using the low-speed time base counter frequency adjustment registers (LTBADJH and LTBADIJL).

e 3clocks between 128Hz and 1Hz can be used as interrupt signal.

7.1.2 Configuration

Figure 7-1 show the configuration of a low-speed time base counter respectively.

T32KHZ
T16KHZ
T8KHZ
T4KHZ
T2KHZ
T1KHZ
T512HZ
T256HZ

T128HZ
T64HZ
T32HZ
T16HZ
T8HZ
T4HZ
T2HZ
| T1HZ

7-bit Counter LTBR LTBINTO
LSCLK 8-bit Counter LTBINT
(32.768 kHz) T R > R -+ s> LTBINT2

A \i
LTBDJ LTBINT
RESET —
(Internal signal) —’_Di 8

LTBR Write

w7

~ 8/16 + 8/16

<L
~ 7
L

Data bus

LTBR : Low-speed time base counter register
LTBADJ : Low-speed time base counter frequency adjust register
LTBINT : Low-speed time base counter interrupt select

Figure 7-1 Configuration of Low-Speed Time Base Counter (LTBC)
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7.2 Description of Registers

7.2.1 List of Registers

Address Name Symbol (Byte) | Symbol (Word) | R/W Size Initial value

OFO60H Lovy-speed time base counter LTBR . R/W 8 00H
register
Low-speed time base counter

OF062H frequency adjustment register 0 LTBADJL LTBADJ RIW 8/16 O0H
Low-speed time base counter

OFO063H frequency adjustment register 1 LTBADJH RIW 8 00H
Low speed time base counter

O0F064H | interrupt select resister 0 LTBINTL R/W 8/16 30H
Low speed time base counter LTBINT

0F065H | interrupt select resister 1 LTBINTH R/W 8 06H

FEUL620Q150A
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7.2.2 Low-Speed Time Base Counter (LTBR)

Address: OFO60H
Access: R’'W

Access size: 8 bits
Initial value: 0OH

7 6 5 4 3 2 1 0
LTBR T1HZ T2HZ T4HZ T8HZ T16HZ T32HZ T64HZ T128HZ
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Initial value 0 0 0 0 0 0 0 0

LTBR is a special function register (SFR) to read the T128HZ-T1HZ outputs of the low-speed time base counter.
The T128HZ-T1HZ outputs are set to “0” when write operation is performed for LTBR.

[Note]
* LTBC interrupts may occur depending on the LTBR write timing. See the notes on software programming described in the
section 7.3.1 “Low-Speed Time Base Counter”.
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7.2.3 Low-Speed Time Base Counter Frequency Adjustment Registers (LTBADJ)

Address: OFO62H(LTBADIJL), OFO63H(LTBADJH)
Access: R'W

Access size: 8/16 bits

Initial value: 0000H

7 6 5 4 3 2 1 0
LTBADJL LADJ7 LADJ6 LADJ5 LADJ4 LADJ3 LADJ2 LADJ1 LADJO

R/W R/W R/W R/W R/W R/W R/W R/W R/W
Initial value 0 0 0 0 0 0 0 0
15 14 13 12 11 10 9 8
LTBADJH — — — — — LADJ10 LADJ9 LADJ8
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Initial value 0 0 0 0 0 0 0 0

LTBADIJL and LTBADJH are special function registers (SFRs) to set the frequency adjustment values of the low-speed time
base clock.

[Description of Bits]

e LADJ10-LADJO (bits 10-0)
The LADJ10 to LADIJO bits are used to adjust frequency.
Adjustment range: Approx. —488ppm to +488ppm.
Adjustment accuracy:  Approx. 0.48ppm

Table 7-1 Correspondence between Frequency Adjustment Values (LTBADJH, LTBADJL)
and Adjustment Ratio

LADJ101to 0 Hexadecimal | Frequency adjustment ratio (ppm)

0 1 1 1 1 1 1 1 1 1 1 3FFH +487.80
0 1 1 1 1 1 1 1 1 1 0] 3FEH +487.33
0 0 0 0 0 0 0 0 0 1 1 003H +1.43
0 0 0 0 0 0 0 0 0 1 0 002H +0.95
0 0 0 0 0 0 0 0 0 0 1 001H +0.48
0 0 0 0 0 0 0 0 0 0 0 000H 0

1 1 1 1 1 1 1 1 1 1 1 7FFH -0.48
1 1 1 1 1 1 1 1 1 1 0 7FEH -0.95
1 0 0 0 0 0 0 0 0 0 1 401H -487.80
1 0 0 0 0 0 0 0 0 0 0 400H -488.28
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The adjustment values (LADJ10 to LADJO) to be set in LTBADJH and LTBADIJL can be obtained by using the following
equations:

Adjustment value= Frequency adjustment ratio x 2097152 (decimal)
=Frequency adjustment ratio x 200000h (hexadecimal)

Example 1: When adjusting +15.0ppm (gaining time)
Adjustment value= +15.0ppm x 2097152 (decimal)
=+15.0 x 107 x 2097152
=+31.45728 (decimal)
~(01Fh (hexadecimal)

Example 2: When adjusting —25.5ppm (losing time)
Adjustment value= —25.5ppm x 2097152 (decimal)
=-25.5x 107° x 2097152
—53.477376 (decimal)
7CCh (hexadecimal)

e

[Note]
* The low-speed clock (LSCLK) and the outputs of T32KHZ and T16KHZ of LTBC are not adjusted by the frequency adjust

function. The frequency adjustment accuracy does not guarantee the accuracy including the frequency variation of the crystal
oscillation (32.768kHz) due to temperature variations.
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7.2.4 Low-Speed Time Base Counter Interrupt select Registers (LTBINT)

Address: OFO64H(LTBINTL), OFO65H(LTBINTH)
Access: R'W

Access size: 8/16 bits

Initial value: 0630H

7 6 5 4 3 2 1 0
LTBINTL — LTI1S2 LTI1ST LTI1SO — LTIOS2 LTIOST LTIOSO
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Initial value 0 0 1 1 0 0 0 0
15 14 13 12 11 10 9 8
LTBINTH — — — — — LTI2S2 LTI2S1 LT2S0
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Initial value 0 0 0 0 0 1 1 0

LTBINT is a special function register(SFR) which specify low speed time base clock which is used as an interrupt signal.
[Description of Bits]
e LADJ10-LADJO (bits 10-0)s
e LTI2S2 ~LTI2S0 (bit 10 ~8)

The bits specify an assignable clock to LTBINT?2. Initical value is T2HZ.

e LTI1S2 ~LTI1S0 (bit 6 ~4)
The bits specify an assignable clock to LTBINY 1. Initial value is TI6HZ.

e LTIOS2 ~LTIOSO (bit2 ~0)
The bits specify an assignable clock to LTBINTO. Initial value is T128HZ.,

LTInS2 LTInS1 LTInSO )
Assignable clock
0 0 0 T128HZ
0 0 1 T64HZ
0 1 0 T32HZ
0 1 1 T16HZ
1 0 0 T8HZ
1 0 1 T4HZ
1 1 0 T2HZ
1 1 1 T1HZ

* an interrupt may occur at setting.
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7.3 Description of Operation

7.3.1 Low-Speed Time Base Counter

The low-speed time base counter (LTBC) starts counting from 0000H on the LSCLK falling edge after system reset.

The T128HZ, T64HZ, T32HZ, T16HZ, T8HZ, T4HZ, T2HZ, and TIHZ outputs of LTBC are used as time base interrupts
and an interrupt is requested on the falling edge of each output. Each of LTBC outputs is also used as an operation clock for
peripheral circuits.

The output data of TI28HZ to TIHZ of LTBC can be read from the low-speed time base counter register (LTBR). When
reading the data, read LTBR twice and check that the two values coincide to prevent reading of undefined data during
counting.

Figure 7-2 shows an example of program to read LTBR.

LEA offset LTBR ; EA<~LTBR address
MARK:
L RO, [EA] ; Ist read
L R1, [EA] ; 2nd read
CMP RO, R1 ; Comparison for LTBR
BNE MARK ; To MARK when the values do not coincide

Figure 7-2 Programming Example for Reading LTBR

LTBR is reset when write operation is performed and the T128HZ to T1HZ outputs are set to “0”. At this time, Interrupt
occurs when clock is assigned to LTBC interrupt changing from “1” to “0”. Therefore, when LTBR is reset, After prohibits
each TBC interrupts of interrupt controller, LTBR is reset and the processing which clears LTBR interrupt request which
occurred by reset is needed. Figure 7-3 shows the sequence to clear the LTBC interrupt request.

One CPU cycle is needed after LTBR interrupt occurs until LTBC interrupt request flag of interrupt controller is set. When
LTBC interrupt request is cleared after the writing LTBR, Please do not put the instruction that clears the interrupt request
flag just after the instruction that writes to LTBR, and place an NOP instruction to have time before clearing the interrupt
request flag.

All LTBC interrupt is prohibited
(ELTBCO0,1,2 bits of IE7 register is set to “0”)

'

Low-speed time base counter is reset
(Write access to LTBR)

'

NOP

v

ALL LTBC interrupt request is clears
(QLTBCO,1,2 bits of IRQ7 register is set to “0”)

v

ALL LTBC interrupts is permitted
(ELTBCO0,1,2 bits of IE7 register is set to “1”)

Figure 7-3 Sequence to Clear the LTBC Interrupt Request which Occurred by LTBR Reset
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Figure 7-4 shows interrupt generation timing and reset timing of the time base counter output by writing to LTBR.

LTBR Write

T256HZ
T128HZ
T64HZ
T32HZ
T16HZ

T16HZ
T8HZ
T4HZ
T2HZ
T1HZ

| VIV VIV VIV IV IVIV VIV VIV VIV VIV VIV IVIVIVIVIV VIV VIV VY
L ry ryryvryvrviriyyvryryryryvyryvrvyrvyvrv

I L [ 1 | L J 1 ] 1 I L [

| VIV IVIVIVIVIVIVIVIVIVIVIVIVIVIVIVIVIVVIVIVIVVIVVV]VV]V
e rrrer1ee s re e e e rere

I 1 [ 1 I L ] [ [ L ] L ] L

0 0 0 0 I

] 1

“Y_ Indicates interrupt timing

Figure 7-4 Interrupt Timing and Reset Timing by Writing to LTBR
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8 8bit Timer

8.1 General Description

This LSI includes two channels of 8-bit timers.
For the input clock, see Chapter 6, “Clock Generation Circuit”.

8.1.1 Features

timer data register (TMnD) coincide.

8.1.2 Configuration

Figure 8-1 show the configuration of the timer.

The timer interrupt (TMnINT, n=0 to 7) is generated when the values of timer counter register (TMnC) and

A timer configured by combining timer 0 and timer 1 can be used as a 16-bit timer.

Low-speed clock (LSCLK) or high-speed clock (OSCLK) is selectable for the timer clock.
Dividing of the timer clock is selectable(1/2, 1/4, 1/8, 1/16 1/32 and 1/64).
Auto-reload timer mode or one shot timer mode is selectable.

Match TMnINT
Write TMnC
Comparator
TMnCON r oA
LSCLK TMSTRO T8 T8
OSCLK: TMSTPO | TnCK
TMSTATO ——>g= TMnC TMnD
)
+ 8 Y 8 n=0to 1
Data bus
Figure 8-1 (a) 8-bit Timer Mode (Timers 0 to 1)
TMmINT
Write TMRG Match
Write TMmC Comparator
N
<. 16
TMnCON X ¢16
TMSTRO (8 ts
LSCLK _s| TMSTPO J T 8 T8
OSCLK —| TmsTATO | T"CK R . R
TMnC TMmC TMnD TMmD
1o 1s
8 8
Data bus M ¢’
Figure 8-1 (b) 16-bit Timer Mode (Timers 0 to 1)
TMnCON: Timer control register TMSTRO:  Timer start register O
TMmD, TMnD: Timer data registers TMSTPO:  Timer stop register 0
TMmC, TMnC: Timer counter registers TMSTATO: Timer status register 0

Figure 8-1

Configuration of Timers
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8.2 Description of Registers

8.2.1 List of Registers
Address Name Symbol (Byte) Symbol (Word) R/W Size | Initial value
0F300H Timer 0 data register TMOD TMO1D R/W 8/16 OFFH
0F301H Timer 1 data register TM1D R/W 8 OFFH
0F310H Timer 0 counter register TMOC TMO1C R/W 8/16 00H
0F311H Timer 1 counter register TM1C R/W 8 00H
0F320H Timer 0 control register TMOCON TMO1CON R/W 8/16 00H
0F321H Timer 1 control register TM1CON R/W 8 00H
0F330H Timer start register 0 TMSTRO - R/W 8 00H
0F332H Timer stop register 0 TMSTPO - R/W 8 00H
0F334H Timer status register 0 TMSTATO - R/W 8 00H

FEUL620Q150A
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8.2.2 Timer n Data Register (TMOD)

Address: OF300H
Access: R'W
Access size: 8 bits
Initial value: OFFH

7 6 5 4 3 2 1 0
TMOD TOD7 TOD6 TODS TOD4 TOD3 TOD2 TOD1 TODO
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Initial value 1 1 1 1 1 1 1 1

TMOD is a special function register (SFR) to set the value to be compared with the timer n counter register (TMOC) value.

[Note]
Set TMOD when the timer stops(when TOSTAT bit of TMSTATO register is “0”).
When “00H” is written in TMOD, TMOD is set to “O1H”.
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8.2.3 Timer n Data Register (TM1D)

Address: OF300H
Access: R'W
Access size: 8 bits
Initial value: OFFH

7 6 5 4 3 2 1 0
TM1D T1D7 T1D6 T1D5 T1D4 T1D3 T1D2 T1D1 T1DO
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Initial value 1 1 1 1 1 1 1 1

TMI1D is a special function register (SFR) to set the value to be compared with the timer n counter register (TM1C) value.

[Note]
Set TM1D when the timer stops(when TISTAT bit of TMSTATO register is “0”).
When “00H” is written in TM 1D, TM1D is set to “01H”.
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8.2.4 Timer 0 Counter Register (TM0C)

Address: OF308H
Access: R'W

Access size: 8 bits
Initial value: 0OH

7 6 5 4 3 2 1 0
TMOC TOC7 TOC6 TOC5 TOC4 TOC3 TOC2 TOCH TOCO
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Initial value 0 0 0 0 0 0 0 0

TMOC is a special function register (SFR) that functions as an 8-bit binary counter.

When write operation to TMOC is performed, TMOC is set to “O0H”. The data that is written is meaningless.

In 16-bit timer mode, if write operation is performed to either the low-order TMOC or high-order TM1C, both the
low-order and the high-order are set to “0000H”.

During timer operation, the contents of TMOC may not be read depending on the conditions of the timer clock and the
system clock.

Table 8-1 shows whether a TMOC read is enabled or disabled during timer operation for each condition of the timer clock
and system clock.

Table 8-1 TMOC Read Enable/Disable during Timer Operation

T'”‘T%rgfc" Sy;fénc‘i'?k TMOC read enable/disable
LSCLK LSCLK Read enabled
Read enabled. However, to prevent the reading of undefined data
LSCLK HSCLK during incremental counting, read consecutively TMOC twice until
the last data coincides the previous data.
OSCLK LSCLK Read disabled
OSCLK HSCLK Read enabled
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8.2.5 Timer 1 Counter Register (TM1C)

Address: OF309H
Access: R'W

Access size: 8 bits
Initial value: 0OH

7 6 5 4 3 2 1 0
TM1C T1C7 T1C6 T1C5 T1C4 T1C3 T1C2 T1CH T1CO
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Initial value 0 0 0 0 0 0 0 0

TMI1C is a special function register (SFR) that functions as an 8-bit binary counter.

When write operation to TM1C is performed, TMOC is set to “O0H”. The data that is written is meaningless.

In 16-bit timer mode, if write operation is performed to either the low-order TMOC or high-order TM1C, both the
low-order and the high-order are set to “0000H”.

During timer operation, the contents of TM1C may not be read depending on the conditions of the timer clock and the
system clock.

Table 8-2 shows whether a TM1C read is enabled or disabled during timer operation for each condition of the timer clock
and system clock.

Table 8-2 TM1C Read Enable/Disable during Timer Operation

T'ﬁirgf oK Sy;:fénc‘ilﬁ‘:k TM1C read enable/disable
LSCLK LSCLK Read enabled
Read enabled. However, to prevent the reading of undefined data
LSCLK HSCLK during incremental counting, read consecutively TM1C twice until
the last data coincides the previous data.
OSCLK LSCLK Read disabled
OSCLK HSCLK Read enabled
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8.2.6 Timer 0 Control Register

Address: OF320H
Access: R'W

Access size: 8 bits
Initial value: 0OH

7 6 5 4 3 2 1 0
TMOCON TOOST TO1M16 TODIV2 TODIV1 TODIVO — — TOCSO
R/W R/W R/W R/W R/W R/W R R R/W
Initial value 0 0 0 0 0 0 0 0

TMOCON is a special function register (SFR) to control timer 0.
Write the TMOCON after clearing the TMOC when the timer stops(when the TOSTAT bit of TMSTATO register is “0”).

[Description of Bits]

e TOOST (bit 7)
The TOOST bit is used for selecting a normal timer mode or a one-shot timer mode. When the TOOST bit is set to “1”,
timer O is selected as a one-shot timer mode.

TOOST Description
0 normal timer mode (initial value)
1 one-shot timer mode

e T01M16 (bit 6)
The TOIM16 bit is used for selecting a 8-bit timer mode or a 16-bit timer mode. When the TO1M16 bit is set to “1”,
timer 0 and timer 1 are connected and they operate as a 16-bit timer.
In 16-bit timer mode, timer 1 is incremented by a timer O overflow signal. At that time, the timer O interrupt (TMOINT)
is not generated.

TO1M16 Description
0 8-bit timer mode (initial value)
1 16-bit timer mode

e TODIV2 to TODIVO (bit 5 to 3)
TODIV2 ~ TODIVO bits determines dividing rate of operation clock .
The timer 0 works with the divided clock in 8bit timer mode.

TnDIV2 TnDIV1 TnDIVO Description

0 0 0 Clock selected by TOCSO bit (initial value)
0 0 Clock selected by TOCSO bit divide by 2

0 1 0 Clock selected by TnCSO0 bit divide by 4

0 1 1 Clock selected by TnCSO0 bit divide by 8

1 0 0 Clock selected by TnCSO0 bit divide by 16
1 0 1 Clock selected by TnCS0 bit divide by 32
1 1 0 Clock selected by TnCSO0 bit divide by 64
1 1 1 Do not use (Clock selected by TOCSO bit)

e TOCSO (bit 0)
The TOCSO bits is used for selecting the operation clock of timer 0.

TOCSO0 Description
0 LSCLK (initial value)
1 OSCLK
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8.2.7 Timer 1 Control Register

Address: OF321H
Access: R'W

Access size: 8 bits
Initial value: 0OH

7 6 5 4 3 2 1 0
TM1CON T10ST — T1DIV2 T1DIV1 T1DIVO — — T10CS0
R/W R/W R/W R/W R/W R/W R R R/W
Initial value 0 0 0 0 0 0 0 0

TMI1CON is a special function register (SFR) to control timer 1.
Write the TM1CON after clearing the TM1C when the timer stops(when the TISTAT bit of TMSTATO register is “0”).

[Description of Bits]

e T10ST (bit 7)
The T1OST bit is used for selecting a normal timer mode or a one-shot timer mode. When the T1OST bit is set to “17,
timer 1 is selected as a one-shot timer mode.

T1OST Description
0 normal timer mode (initial value)
1 one-shot timer mode

e TIDIV2 to TIDIVO (bit 5 to 3)
T1DIV2 ~ T1DIVO bits determines dividing rate of operation clock .
The timer 1 works with the divided clock in 8bit timer mode.

TnDIV2 TnDIV1 TnDIVO Description

0 0 0 Clock selected by TOCS1 bit (initial value)
0 0 Clock selected by TOCS1 bit divide by 2

0 1 0 Clock selected by TnCS1 bit divide by 4

0 1 1 Clock selected by TnCS1 bit divide by 8

1 0 0 Clock selected by TnCS1 bit divide by 16
1 0 1 Clock selected by TnCS1 bit divide by 32
1 1 0 Clock selected by TnCS1 bit divide by 64
1 1 1 Do not use (Clock selected by TOCS1 bit)

e T1CSO0 (bit 0)
The T1CSO bits is used for selecting the operation clock of timer 1.
When 16bit timer mode is selected (when TOIM16 bit of TMOCON is “1”), data in TOCSO bit has priority.

T1CS0 Description
0 LSCLK (initial value)
1 OSCLK
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8.2.8 Timer Start Register 0 (TMSTRO)

Address: OF330H
Access: W

Access size: 8 bits
Initial value: 0OH

7 6 5 4 3 2 1 0
TMSTRO — — — — — — T1RUN TORUN
R/W W W W W W W W W
Initial value 0 0 0 0 0 0 0 0

TMSTRO is a special function register (SFR) to control starting the count-up of timer 0 and timer 1.

[Description of Bits]

e T1RUN (bit 1)
TIRUN bit controls starting the Timer 1.
In 8bit timer mode, the timer 1 starts counting up by setting the TIRUN bit to “1”.
In 16bit timer mode, setting the TIRUN bit is invalid and the timer 1 counts up by overflow signal of timer 0.

T1RUN Description
0 Keep current status (initial)
1 Start count

e TORUN (bit 0)

TORUN bit controls starting the Timer 0.
In 8bit timer mode and 16bit timer mode, the timer O starts counting up by setting the TORUN bit to “1”.

TORUN Description
0 Keep current status (initial)
1 Start count

8-9

FEUL620Q150A



LAPIS Semiconductor Co., Ltd. ML620Q151A/2A/3A/4A/5A/6A/TA/8A/9A User's Manual
Chapter 8 8bit Timer

8.2.9 Timer Stop Register 0 (TMSTPO)

Address: OF332H
Access: W

Access size: 8 bits
Initial value: 0OH

7 6 5 4 3 2 1 0

TMSTPO — — — — — — TISTP | TOSTP
R/W RW w w w w w w w
Initial value 0 0 0 0 0 0 0 0

TMSTPO is a special function register (SFR) to control stopping the count-up of timer 0 and timer 1.

[Description of Bits]
o TI1STP (bit 1)
T1STP bit controls stopping the Timer 1.
In 8bit timer mode, the timer 1 stops counting up by setting the TISTP bit to “1”.
In 16bit timer mode, setting the TISTP bit is invalid and the timer stops the count-up by setting TOSTP bit to “1”.
The timer stops at intial state after power on. Setting to the T1STP is invalid while the counter stops.

T1STP Description
0 Keep current status (initial)
1 Stop count

e TOSTP (bit 0)
TOSTP bit controls stopping the Timer 0.
In 8bit timer mode and 16bit timer mode, the timer stops counting up by setting the TOSTP bit to “1”.
The timer stops at intial state after power on. Setting to the TOSTP is invalid while the counter stops.

TOSTP Description
0 Keep current status (initial)
1 Stop count
FEUL620Q150A
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8.2.10 Timer Status Register 0 (TMSTATO)

Address: OF334H
Access: R

Access size: 8 bits
Initial value: 0OH

7 6 5 4 3 2 1 0

TMSTATO — — — — — — T1STAT | TOSTAT
R/W R R R R R R R R
Initial value 0 0 0 0 0 0 0 0

TMSTATO is a special function register (SFR) that shows the status of timer O and timer 1.

[Description of Bits]
e  TISTAT (bit 1)
TISTAT bit indicate status of timer 1(counting/stopping) in 8-bit timer mode. “0” is read in 16-bit timer mode.

T1STAT Description
0 Stopping
1 counting

e  TOSTAT (bit 0)
TOSTAT bit indicate status of timer O(counting/stopping) in 8-bit timer mode and 16-bit timer mode.

TOSTAT Description
0 Stopping
1 counting
FEUL620Q150A

8-11



LAPIS Semiconductor Co., Ltd. ML620Q151A/2A/3A/4A/5A/6A/TA/8A/9A User's Manual
Chapter 8 8bit Timer

8.3 Description of operation

The timer counters(TMnC) starts the falling edge of the timer clock(TnCK) that are selected by the Timer control
register(TMnCON) when the TnRUN bit of timer n registerO(TMSTRO) are set to 1.

When the count value of TMnC and the timer data register (TMnD) coincide, timer interrupt (TMnINT) occurs on the
next timer clock falling edge, TMnC are reset to “00H” and incremental counting continues.

When the TnSTP bits are set to “1”, TMnC stop counting after counting once the falling of the timer clock (TnCK) and
timer status regoster 0(TMSTATO) TnSTAT bit becomes “0”.

When the TnRUN bits are set to “1” again, TMnC restart incremental counting from the previous values. To initialize
TMnC to “00H”, perform write operation in TMnC.

The timer interrupt period (Tryy) is expressed by the following equation.

TMnD + 1
TnCK (Hz)

Trm = (n=0~1)

TMnD:  Timer O to 1 data register (TMnD) setting value (O1H to OFFH)
TnCK:  Clock frequency selected by the Timer O to 1 control register 0 (TMnCON)

After TnRUN bit are set to "1", timer counter are synchronized by the timer clock and counting starts so that an error of
a maximum of 1 clock period occurs until the first timer interrupt. The timer interrupt periods from the second time are
constant.

Figure 8-2 shows the normal timer mode operation timing diagram of Timer O to 1

LA V2 B A 2 V2 74 V2 2 2 V24 2 2 B I B

TnRUN _« — ,_
TnSTP §— —
) —4
TnSTAT K
Write TMnC «

9

TMnC ~ xx 00 X 01 Y 02 Xé 88 X 00 X 01 }Y\5F ) 60 X 61 X 62
TMnD — Y 88 -\ 88 jﬂ 88
TMnINT M «

(.
) n
(( <«
)

TTMI TTMI

(n=0~1)
Figure 8-2 Normal Timer Mode Operation Timing Diagram of Timer 0 to 1
[Note]

Even if “1” is written to the TnSTP bit, counting operation continues up to the falling edge of the next timer clock
pulse(the timer O to 1 status flag TnSTA is in a “1” state). Therefore, the timer O to 1 interrupt (TMnINT) may occur.

FEUL620Q150A
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Figure 8-3 shows the one-shot timer mode operation timing diagram

TneK ﬂﬂﬂﬂﬂﬂ?ﬁﬂﬂﬂ?ﬁﬂﬂﬂﬂﬂ_

TnRUN

)

TnSTP g «

7

TnSTAT 7

Write TMnC « «

1) N

TMNC XX 00 X o1 Y 02 {87 X 8 0 oo X o1 X
TMAD X 88 § 8 Y 88
TMnINT « «

N )
(«(

0~ S

(n=0~1) Trmi 7 T

Figure 8-3 One-Shot Timer Mode Operation Timing Diagram

[Note]
TnSTAT bit is automatically cleared when the data of TMnC and TMnD matches.
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9 16bit Timer

9.1 General Description

This LSI includes four channels of 16-bit timers.
For the input clock, see Chapter 6, “Clock Generation Circuit”.

9.1.1 Features

e  The timer interrupt (TMnINT, n=0 to 7) is generated when the values of timer counter register
(TMHnCH,TMHnCL n=8,9,A,B) and timer data register (TMHnDH,TMHnDL) coincide.
Low-speed clock (LSCLK) or high-speed clock (OSCLK) is selectable for the timer clock.
Dividing of the timer clock is selectable(1/2, 1/4, 1/8, 1/16 1/32 and 1/64).

Timer outputs (TMHAOUT, TMHBOUT) are available.

Auto-reload timer mode or one shot timer mode is selectable.

9.1.2 Configuration

Figure 9-1 show the configuration of the timer.

. TMHNINT
L TMHmMNEG

L P22,P60/TMHAQUT
ouT 4) > ’
: P23,P61/TMHBOUT

§ Write TMHNCL Match
Write TMHNCH Comparator
: /
1 16 ¢16
LSCLK —>I TMHncoN ) 1,
© OSCLK N > N o
, —>| TMHSTRO $ l g L s
Ext | clock b TMHSTPO [THnCK = 2
X O SITMHSTATO——>% TMHNCH [>% TMHnCL TMHnDH TMHnDL
P46,P47
. 0 r
' T8 8 + 8 + 8
Data bus 2
n=8,9,A,B
m=A,B
TMHnCON :16bit timer control register
TMHSTRO :16bit timer start register 0
TMHSTPO :16bit timer stop register 0
TMHSTATO :16bit timer status register 0

TMHnDH, TMHnDL :16bit timer data register
TMHnCH, TMHnCL :16bit timer counter register

Figure 9-1 Configuration of 16bit timer (Timer 8, 9, A,B)

FEUL620Q150A 9-1



LAPIS Semiconductor Co., Ltd. ML620Q151A/2A/3A/4A/5A/6A/TA/8A/9A User's Manual
Chapter 9 16bit Timer

9.2 Description of Registers

9.2.1 List of Registers

Address Name Symbol (Byte) Symbol (Word) R/W Size Initial
value
0F340H 16bit timer 8 data register L TMH8DL TMHSD R/W 8 OFFH
OF341H 16bit timer 8 data register H TMH8DH R/W 8/16 OFFH
O0F342H 16bit timer 9 data register L TMH9DL TMHSD R/W 8 OFFH
O0F343H 16bit timer 9 data register H TMH9DH R/W 8/16 OFFH
0F344H 16bit timer A data register L TMHADL TMHAD R/W 8 OFFH
OF345H 16bit timer A data register H TMHADH R/W 8/16 OFFH
O0F346H 16bit timer B data register L TMHBDL TMHBED R/W 8 OFFH
0F347H 16bit timer B data register H TMHBDH R/W 8/16 OFFH
0F350H 16bit timer 8 counter register L TMH8CL TMHSC R/W 8 00H
0F351H 16bit timer 8 counter register H TMH8CH R/W 8/16 O0H
0F352H 16bit timer 9 counter register L TMHOCL TMHIG R/W 8 00H
0F353H 16bit timer 9 counter register H TMHOCH R/W 8/16 OO0H
0F354H 16bit timer A counter register L TMHACL TMHAG R/W 8 00H
0F355H 16bit timer A counter register H TMHACH R/W 8/16 OO0H
0F356H 16bit timer B counter register L TMHBCL TMHBG R/W 8 00H
0F357H 16bit timer B counter register H TMHBCH R/W 8/16 OO0H
0F360H 16bit timer 8 control register TMH8CON - R/W 8 OO0H
0F361H Reserve — - - - -
0F362H 16bit timer 9 control register TMHOCON - R/W 8 OO0H
0F363H Reserve — - - - -
0F364H 16bit timer A control register TMHACON - R/W 8 OO0H
0F365H Reserve — - - - -
0F366H 16bit timer B control register TMHBCON - R/W 8 OO0H
0F367H Reserve — - - - -
0F370H 16bit timer start register 0 TMHSTRO - R/W 8 OO0H
0F372H 16bit timer stop register 0 TMHSTPO - R/W 8 OO0H
0F374H 16bit timer status register 0 TMHSTATO - R/W 8 OO0H
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9.2.2 16bit timer 8 data register L,H (TMH8DL,H)

Address: 0F340H
Access: R‘'W
Access size: 8 bits
Initial value: OFFH

7 6 5 4 3 2 1 0
TMH8DL TH8D7 TH8D6 TH8D5 TH8D4 TH8D3 TH8D2 TH8D1 TH8DO
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Initial value 1 1 1 1 1 1 1 1

Address: OF341H
Access: R'W
Access size: 8 bits
Initial value: OFFH

7 6 5 4 3 2 1 0
TMH8DH TH8D15 | TH8D14 | TH8D13 | TH8D12 | TH8D11 TH8D10 TH8D9 TH8D8
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Initial value 1 1 1 1 1 1 1 1

TMHS8DL,H is a special function register (SFR) to set the value to be compared with the 16bit timer 8 counter register L,
H(TMHS8CL,H) value.

[Note]
Set TMH8DL, H when the 16bit timer 8 stops(when TH8STAT bit of TMHSTATO register is “0”).
When “0000H” is written to TMH8DL, H, TMH8DL, H is set to “0001H”.
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9.2.3 16bit timer 9 data register L,H (TMH9DL,H)

Address: OF342H
Access: R'W
Access size: 8 bits
Initial value: OFFH

7 6 5 4 3 2 1 0
TMH9DL THOD7 THID6 TH9D5 THID4 THID3 TH9D2 THID1 TH9DO
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Initial value 1 1 1 1 1 1 1 1
Address: 0F343H
Access: R'W
Access size: 8 bits
Initial value: OFFH
7 6 5 4 3 2 1 0
TMH9DH THOD15 | TH9D14 | TH9D13 | TH9D12 | TH9D11 THID10 THIOD9 THOD8
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Initial value 1 1 1 1 1 1 1 1

TMHO9DL,H is a special function register (SFR) to set the value to be compared with the 16bit timer 9 counter register L,
H(TMHOCL,H) value.

[Note]
Set TMHODL, H when the 16bit timer 8 stops(when THISTAT bit of TMHSTATO register is “0”).
When “0000H” is written to TMH9DL, H, TMHODL, H is set to “0001H”.
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9.2.4 16bit timer A data register L,H (TMHADL,H)

Address: OF344H
Access: R'W
Access size: 8 bits
Initial value: OFFH

7 6 5 4 3 2 1 0
TMHADL THAD7 THADG6 THAD5 THAD4 THADS3 THAD2 THAD1 THADO
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Initial value 1 1 1 1 1 1 1 1
Address: 0F345H
Access: R'W
Access size: 8 bits
Initial value: OFFH
7 6 5 4 3 2 1 0
TMHADH THAD15 | THAD14 | THAD13 | THAD12 | THAD11 THAD10 THAD9 THADS8
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Initial value 1 1 1 1 1 1 1 1

TMHADL,H is a special function register (SFR) to set the value to be compared with the 16bit timer A counter register
L, H(TMHACL,H) value.

[Note]
Set TMHADL, H when the 16bit timer 8 stops(when THASTAT bit of TMHSTATO register is “0”).
When “0000H” is written to TMHADL, H, TMHADL, H is set to “0001H”.
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9.2.5 16bit timer B data register L,H (TMHBDL,H)

Address: OF346H
Access: R'W
Access size: 8 bits
Initial value: OFFH

7 6 5 4 3 2 1 0
TMHBDL THBD7 THBDG6 THBD5 THBD4 THBD3 THBD2 THBD1 THBDO
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Initial value 1 1 1 1 1 1 1 1
Address: 0F347H
Access: R'W
Access size: 8 bits
Initial value: OFFH
7 6 5 4 3 2 1 0
TMHBDH THBD15 | THBD14 | THBD13 | THBD12 | THBD11 THBD10 THBD9 THBDS8
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Initial value 1 1 1 1 1 1 1 1

TMHBDL,H is a special function register (SFR) to set the value to be compared with the 16bit timer B counter register
L, H(TMHBCL,H) value.

[Note]
Set TMHBDL, H when the 16bit timer 8 stops(when THBSTAT bit of TMHSTATO register is “0”).
When “0000H” is written to TMHBDL, H, TMHBDL, H is set to “0001H”.
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9.2.6 16bit timer 8 counter register L,H (TMH8CL,H)

Address: OF350H
Access: R'W

Access size: 8 bits
Initial value: 00H

7 6 5 4 3 2 1 0
TMH8CL TH8C7 TH8C6 TH8C5 TH8C4 TH8C3 TH8C2 TH8CH TH8CL
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Initial value 0 0 0 0 0 0 0 0
Address: OF351H
Access: R'W
Access size: 8 bits
Initial value: O0OH
7 6 5 4 3 2 1 0
TMH8CH TH8C15 | TH8C14 | TH8C13 | TH8C12 | TH8C11 TH8C10 TH8C9 TH8C8
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Initial value 0 0 0 0 0 0 0 0

TMHSCL,H is a special function register (SFR) that functions as an 16-bit binary counter.

If write operation is performed to either the low-order TMH8CL or high-order TMHS8CH, both the low-order and the
high-order are set to “0000H”. The written data is meaningless.

During timer operation, the contents of TMH8CL,H may not be read depending on the conditions of the timer clock and
the system clock.

Table 9-1 shows whether reading TMH8CL,H is enabled or disabled during timer operation for each condition of the
timer clock and system clock.

Table 9-1 TMHS8CL,H Read Enable/Disable during Timer Operation

Timer clock System clock TMHSCL H read ble/disabl

THSCK SYSCLK o read enablerdisable

LSCLK LSCLK Read enabled
Read enabled. However, to prevent the reading of undefined data

LSCLK HSCLK during incremental counting, read consecutively TMH8CL,H twice
until the last data coincides the previous data.

OSCLK LSCLK Read disabled

OSCLK HSCLK Read enabled
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9.2.7 16bit timer 9 counter register L,H (TMHOCL,H)

Address: OF352H
Access: R'W

Access size: 8 bits
Initial value: 00H

7 6 5 4 3 2 1 0
TMH9CL THOC7 THIC6 TH9C5 THI9C4 THIC3 TH9C2 THIOCH THICL
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Initial value 0 0 0 0 0 0 0 0
Address: 0F353H
Access: R'W
Access size: 8 bits
Initial value: O0OH
7 6 5 4 3 2 1 0
TMH9CH TH9C15 | TH9C14 | TH9C13 | TH9C12 | TH9C11 TH9C10 TH9C9 TH9C8
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Initial value 0 0 0 0 0 0 0 0

TMHOCL,H is a special function register (SFR) that functions as an 16-bit binary counter.

If write operation is performed to either the low-order TMHOCL or high-order TMHO9CH, both the low-order and the
high-order are set to “0000H”. The written data is meaningless.

During timer operation, the contents of TMH9CL,H may not be read depending on the conditions of the timer clock and
the system clock.

Table 9-1 shows whether reading TMHI9CL,H is enabled or disabled during timer operation for each condition of the
timer clock and system clock.

Table 9-1 TMH9CL,H Read Enable/Disable during Timer Operation

Timer clock System clock TMHICL H read ble/disabl

THICK SYSCLK o read enablerdisable

LSCLK LSCLK Read enabled
Read enabled. However, to prevent the reading of undefined data

LSCLK HSCLK during incremental counting, read consecutively TMHICL,H twice
until the last data coincides the previous data.

OSCLK LSCLK Read disabled

OSCLK HSCLK Read enabled
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9.2.8 16bit timer A counter register L,H (TMHACL,H)

Address: OF354H
Access: R'W

Access size: 8 bits
Initial value: 00H

7 6 5 4 3 2 1 0
TMHACL THAC7 THACG6 THAC5 THAC4 THAC3 THAC2 THACH THACL
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Initial value 0 0 0 0 0 0 0 0
Address: 0F355H
Access: R'W
Access size: 8 bits
Initial value: O0OH
7 6 5 4 3 2 1 0
TMHACH THAC15 | THAC14 | THAC13 | THAC12 | THACI11 THAC10 THAC9 THACS8
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Initial value 0 0 0 0 0 0 0 0

TMHACL,H is a special function register (SFR) that functions as an 16-bit binary counter.

If write operation is performed to either the low-order TMHACL or high-order TMHACH, both the low-order and the
high-order are set to “0000H”. The written data is meaningless.

During timer operation, the contents of TMHACL,H may not be read depending on the conditions of the timer clock and
the system clock.

Table 9-1 shows whether reading TMHACL,H is enabled or disabled during timer operation for each condition of the
timer clock and system clock.

Table 9-1 TMHACL,H Read Enable/Disable during Timer Operation

Timer clock System clock TMHACL H read ble/disabl

THACK SYSCLK o read enaplefdisable

LSCLK LSCLK Read enabled
Read enabled. However, to prevent the reading of undefined data

LSCLK HSCLK during incremental counting, read consecutively TMHACL,H twice
until the last data coincides the previous data.

OSCLK LSCLK Read disabled

OSCLK HSCLK Read enabled
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9.2.9 16bit timer B counter register L,H (TMHBCL,H)

Address: OF356H
Access: R'W

Access size: 8 bits
Initial value: 00H

7 6 5 4 3 2 1 0
TMHBCL THBC7 THBCG6 THBC5 THBC4 THBC3 THBC2 THBCH THBCL
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Initial value 0 0 0 0 0 0 0 0
Address: 0F357H
Access: R'W
Access size: 8 bits
Initial value: O0OH
7 6 5 4 3 2 1 0
TMHBCH THBC15 | THBC14 | THBC13 | THBC12 | THBC11 THBC10 THBC9 THBCS8
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Initial value 0 0 0 0 0 0 0 0

TMHBCL,H is a special function register (SFR) that functions as an 16-bit binary counter.

If write operation is performed to either the low-order TMHBCL or high-order TMHBCH, both the low-order and the
high-order are set to “0000H”. The written data is meaningless.

During timer operation, the contents of TMHBCL,H may not be read depending on the conditions of the timer clock and
the system clock.

Table 9-1 shows whether reading TMHBCL,H is enabled or disabled during timer operation for each condition of the
timer clock and system clock.

Table 9-1 TMHBCL,H Read Enable/Disable during Timer Operation

Timer clock System clock )

THBCK SYSCLK TMHBCL,H read enable/disable

LSCLK LSCLK Read enabled
Read enabled. However, to prevent the reading of undefined data

LSCLK HSCLK during incremental counting, read consecutively TMHBCL,H twice
until the last data coincides the previous data.

OSCLK LSCLK Read disabled

OSCLK HSCLK Read enabled

FEUL620Q150A
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9.2.10 16bit timer 8 control register (TMH8CON)

Address: OF360H
Access: R'W

Access size: 8 bits
Initial value: 00H

7 6 5 4 3 2 1 0
TMH8CON | TH8OST — TH8DIV2 | TH8DIV1 | TH8DIVO - TH8CSH1 TH8CSO0
R/W R/W R R/W R/W R/W R R/W R/W
Initial value 0 0 0 0 0 0 0 0

TMHSCON is a special function (SFR) to control the 16bit timer 8.
Write the TMH8CON after clearing the TMH8CON when the timer stops(when the TH8STAT bit of TMHSTATO
register is “0”).

[Description of Bits]
e THSOST (bit 7)
The TH8OST bit is used for selecting a normal timer mode or a one-shot timer mode. When the TH8OST bit is
set to “1”, timer 8 works in the one-shot timer mode.

TH8OST Description
0 normal timer mode (initial value)
1 one-shot timer mode

e THSDIV2~THSDIVO0 (bit5 to 3)
TH8DIV2~THSDIV bits determine dividing rate of operation clock .

TH8DIV2 | TH8DIV1 | TH8DIVO Description

0 0 0 Clock selected by TH8CS1~TH8CSO bit (initial value)
0 0 1 Clock selected by TH8CS1~TH8CSO0 bit divide by 2

0 1 0 Clock selected by TH8CS1~TH8CSO bit divide by 4

0 1 1 Clock selected by TH8CS1~TH8CSO0 bit divide by 8

1 0 0 Clock selected by TH8CS1~TH8CSO bit divide by 16
1 0 1 Clock selected by TH8CS1~TH8CSO0 bit divide by 32
1 1 0 Clock selected by TH8CS1~TH8CSO bit divide by 64
1 1 1 Do not use (Clock selected by TH8CS1~TH8CSO bit)

e THS8CS1~TH8CS0 (bit1to0)
The TH8CS1~THS8CSO bits are used for selecting the operation clock of timer 8. One of LSCLK, OSCLK or the
external clock (supplied from P46) is selectable.

TH8CS1 | TH8CSO Description
0 0 LSCLK (initial value)
0 1 OSCLK
1 0 Do not use (LSCLK)
1 1 External clock (supplied from P46)

FEUL620Q150A
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9.2.11 16bit timer 9 control register (TMHI9CON)

Address: OF362H
Access: R'W

Access size: 8 bits
Initial value: 00H

7 6 5 4 3 2 1 0
TMH9CON | TH9OST — THODIV2 | THODIV1 | TH9DIVO - THOCSH THICSO0
R/W R/W R R/W R/W R/W R R/W R/W
Initial value 0 0 0 0 0 0 0 0

TMHOICON is a special function (SFR) to control the 16bit timer 9.
Write the TMHI9CON after clearing the TMH9CON when the timer stops(when the THOSTAT bit of TMHSTATO
register is “0”).

[Description of Bits]
e THIOST (bit 7)
The TH9OST bit is used for selecting a normal timer mode or a one-shot timer mode. When the THOOST bit is
set to “1”, timer 8 works in the one-shot timer mode.

TH9OST Description
0 normal timer mode (initial value)
1 one-shot timer mode

e THIDIV2~THYIDIVO (bit 5 to 3)
THODIV2~TH9DIV bits determine dividing rate of operation clock .

THODIV2 | TH9DIV1 | TH9DIVO Description

0 0 0 Clock selected by TH9CS1~THICSO bit (initial value)
0 0 1 Clock selected by TH9CS1~TH9CSO bit divide by 2

0 1 0 Clock selected by TH9CS1~THICSO bit divide by 4

0 1 1 Clock selected by TH9CS1~TH9CSO bit divide by 8

1 0 0 Clock selected by TH9CS1~TH9CSO bit divide by 16
1 0 1 Clock selected by TH9CS1~THICSO bit divide by 32
1 1 0 Clock selected by TH9CS1~TH9CSO bit divide by 64
1 1 1 Do not use (Clock selected by TH9CS1~TH9CSO bit)

e THY9CS1~-THICSO0 (bit 1 to 0)
The THICS1~THICSO bits are used for selecting the operation clock of timer 8. One of LSCLK, OSCLK or the
external clock (supplied from P46) is selectable.

TH9CS1 | TH9CSO Description
0 0 LSCLK (initial value)
0 1 OSCLK
1 0 Do not use (LSCLK)
1 1 External clock (supplied from P46)

FEUL620Q150A
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9.2.12 16bit timer A control register (TMHACON)

Address: OF364H
Access: R'W

Access size: 8 bits
Initial value: 00H

7 6 5 4 3 2 1 0
TMHACON | THAOST | THANEG | THADIV2 | THADIV1 | THADIVO - THACS1 | THACSO
R/W R/W R R/W R/W R/W R R/W R/W
Initial value 0 0 0 0 0 0 0 0

TMHACON is a special function (SFR) to control the 16bit timer A.
Write the TMHACON after clearing the TMHACON when the timer stops(when the THASTAT bit of TMHSTATO
register is “0”).

[Description of Bits]
e THAOST (bit 7)
The THAOST bit is used for selecting a normal timer mode or a one-shot timer mode. When the THAOST bit is
set to “1”, timer 8 works in the one-shot timer mode.

THAOST Description
0 normal timer mode (initial value)
1 one-shot timer mode

e THANEG (bit 6)
The THANEG bit is used for selecting the logic of output signal TMHAOUT. When the THANEG bit is “0”,
the initial logic of TMHAOUT is “0”

THANEG Description
0 Positive logic (initial value)
1 Negative logic

e THADIV2~THADIVO (bit5to3)
THADIV2~THADIV bits determine dividing rate of operation clock .

THADIV2 | THADIV1 | THADIVO Description

0 0 0 Clock selected by THACS1~THACSO bit (initial value)
0 0 1 Clock selected by THACS1~THACSO bit divide by 2

0 1 0 Clock selected by THACS1~THACSO bit divide by 4

0 1 1 Clock selected by THACS1~THACSO bit divide by 8

1 0 0 Clock selected by THACS1~THACSO bit divide by 16
1 0 1 Clock selected by THACS1~THACSO bit divide by 32
1 1 0 Clock selected by THACS1~THACSO bit divide by 64
1 1 1 Do not use (Clock selected by THACS1~THACSO bit)

e THACS1-THACSO0 (bit1 to0)
The THACS1~THACSO bits are used for selecting the operation clock of timer 8. One of LSCLK, OSCLK or
the external clock (supplied from P46) is selectable.

THACS1 | THACSO Description
0 0 LSCLK (initial value)
0 1 OSCLK
1 0 Do not use (LSCLK)
1 1 External clock (supplied from P46)

FEUL620Q150A
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9.2.13 16bit timer B control register (TMHBCON)

Address: OF366H
Access: R'W

Access size: 8 bits
Initial value: 00H

7 6 5 4 3 2 1 0
TMHBCON | THBOST | THBNEG | THBDIV2 | THBDIV1 | THBDIVO - THBCS1 | THBCSO
R/W R/W R R/W R/W R/W R R/W R/W
Initial value 0 0 0 0 0 0 0 0

TMHBCON is a special function (SFR) to control the 16bit timer B.
Write the TMHBCON after clearing the TMHBCON when the timer stops(when the THBSTAT bit of TMHSTATO
register is “0”).

[Description of Bits]
e THBOST (bit 7)
The THBOST bit is used for selecting a normal timer mode or a one-shot timer mode. When the THBOST bit is
set to “1”, timer 8 works in the one-shot timer mode.

THBOST Description
0 normal timer mode (initial value)
1 one-shot timer mode

e THBNEG (bit 6)
The THBNEG bit is used for selecting the logic of output signal TMHBOUT. When the THBNEG bit is “0”, the
initial logic of TMHBOUT is “0”

THBNEG Description
0 Positive logic (initial value)
1 Negative logic

e THBDIV2~THBDIVO (bit 5 to 3)
THBDIV2~THBDIV bits determine dividing rate of operation clock .

THBDIV2 | THBDIV1 | THBDIVO Description

0 0 0 Clock selected by THBCS1~THBCSO bit (initial value)
0 0 1 Clock selected by THBCS1~THBCSO bit divide by 2

0 1 0 Clock selected by THBCS1~THBCSO bit divide by 4

0 1 1 Clock selected by THBCS1~THBCSO bit divide by 8

1 0 0 Clock selected by THBCS1~THBCSO bit divide by 16
1 0 1 Clock selected by THBCS1~THBCSO bit divide by 32
1 1 0 Clock selected by THBCS1~THBCSO bit divide by 64
1 1 1 Do not use (Clock selected by THBCS1~THBCSO bit)

e THBCS1~-THBCSO0 (bit1to0)
The THBCS1~THBCSO bits are used for selecting the operation clock of timer 8. One of LSCLK, OSCLK or
the external clock (supplied from P46) is selectable.

THBCS1 | THBCSO Description
0 0 LSCLK (initial value)
0 1 OSCLK
1 0 Do not use (LSCLK)
1 1 External clock (supplied from P46)

FEUL620Q150A
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9.2.14 16bit timer start register 0 (TMHSTRO)

Address: OF370H
Access: R'W

Access size: 8 bits
Initial value: 00H

7 6 5 4 3 2 1 0

TMHSTRO - - — — THBRUN | THARUN | TH9RUN | TH8RUN
R/W W W W W W W W W
Initial value 0 0 0 0 0 0 0 0

TMHSTRO is a special function (SFR) to control starting count of 16bit timer 8, 9, A and B.

[Description of Bits]

THBRUN (bit 3)
THBRUN bit controls starting the timer B.
The timer B starts counting up by setting the THBRUN bit to “1”.

THBRUN Description

0 Keep current status (initial)

1 Stop count

THARUN (bit 2)
THARUN bit controls starting the timer A.
The timer A starts counting up by setting the THARUN bit to “1”.

THARUN Description
0 Keep current status (initial)
1 Stop count

THIRUN (bit 1)
THIORUN bit controls starting the timer 9.
The timer 9 starts counting up by setting the THORUN bit to “1”.

THO9RUN Description

0 Keep current status (initial)

1 Stop count

THS8RUN (bit 0)
TH8RUN bit controls starting the timer 8.
The timer 8 starts counting up by setting the THSRUN bit to “1”.

TH8RUN Description
0 Keep current status (initial)
1 Stop count
FEUL620Q150A
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9.2.15 16bit timer stop register 0 (TMHSTPO)

Address: OF372H
Access: R'W

Access size: 8 bits
Initial value: 00H

7 6 5 4 3 2 1 0

TMHSTPO - - - — THBSTP | THASTP | TH9STP | TH8STP
R/W W W W W W W W
Initial value 0 0 0 0 0 0 0 0

TMHSTRO is a special function (SFR) to control stopping count of 16bit timer 8, 9, A and B.

[Description of Bits]

e THBSTP (bit 3)
THBSTP bit controls stopping the timer B.

The timer B stops counting up by setting the THBSTP bit to “1”.
The timer stops at intial state after power on. Setting to the THBSTP is invalid while the counter stops.

THBSTP Description
0 Keep current status (initial)
1 Stop count
THASTP (bit 2)

THASTP bit controls stopping the timer A.
The timer A stops counting up by setting the THASTP bit to “1”.
The timer stops at intial state after power on. Setting to the THASTP is invalid while the counter stops.

THASTP Description
0 Keep current status (initial)
1 Stop count

THISTP (bit 1)

THOSTP bit controls stopping the timer 9.

The timer 9 stops counting up by setting the THISTP bit to “1”.

The timer stops at intial state after power on. Setting to the THISTP is invalid while the counter stops.

THIOSTP Description
0 Keep current status (initial)
1 Stop count
THSSTP (bit 0)

THASTP bit controls stopping the timer 8.
The timer 8 stops counting up by setting the TH8STP bit to “1”.
The timer stops at intial state after power on. Setting to the TH8STP is invalid while the counter stops.

TH8STP Description

0

Keep current status (initial)

1

Stop count

FEUL620Q150A
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9.2.16 16bit timer status register 0 (TMHSTATO)

Address: OF374H
Access: R'W

Access size: 8 bits
Initial value: 00H

7 6 5 4 3 2 1 0

TMHSTATO - - - - THBSTAT | THASTAT | TH9STAT | TH8STAT
R/W R R R R R R R R
Initial value 0 0 0 0 0 0 0 0

TMHSTATO is a special function (SFR) that shows status of 16bit timer 8, 9, A and B.
[Description of Bits]

e THBSTAT (bit 3)
THBSTAT bit indicates the status of timer B(counting/stopping).

THBSTAT Description
0 Stopping
1 counting

e THASTAT (bit 2)
THASTAT bit indicates the status of timer A(counting/stopping).

THASTAT Description
0 Stopping
1 counting

o THISTAT (bit 1)
THOSTAT bit indicates the status of timer 9(counting/stopping).

THOSTAT Description
0 Stopping
1 counting

e THSSTAT (bit 0)
TH8STAT bit indicates the status of timer 8(counting/stopping).

TH8STAT Description
0 Stopping
1 counting
FEUL620Q150A
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9.3 Description of operation

The timer counters(TMHnNC) starts the falling edge of the timer clock(THnCK) that are selected by the Timer control
register(TMHnCON) when the THnRUN bit of timer n registerO(TMHSTRO) are set to 1.

When the count value of TMHnC and the timer data register (TMHnD) coincide, timer interrupt (TMHnINT) occurs on
the next timer clock falling edge, TMHNC are reset to “0000H” and incremental counting continues.

When the THnSTP bits are set to “1”, TMHnC stop counting after counting once the falling of the timer clock (THnCK)
and timer status regoster 0(TMHSTATO0) THnSTAT bit becomes “0”.

When the THnRUN bits are set to “1” again, THMnC restart incremental counting from the previous values. To initialize
TMHnC to “0000H”, perform write operation in TMHnC.

The timer interrupt period (Tryy) is expressed by the following equation.

T TMHND + 1
™= THNCK (Hz)

(n=8,9,A,B)

TMHnD: Timer 8, 9, A, B data register (TMHnD) setting value (0001H to OFFFFH)
THnCK: Clock frequency selected by the Timer 8, 9, A, B control register 0 (TMHnCON)

After THnRUN bit are set to "1", timer counter are synchronized by the timer clock and counting starts so that an error
of a maximum of 1 clock period occurs until the first timer interrupt. The timer interrupt periods from the second time
are constant.

Figure 9-2 shows the normal timer mode operation timing diagram of Timer 8, 9, A and B.

THncK [V [V T TV T TV Y TV [V TV TV [V [

THNRUN « « « «
THnSTP $ & & %
U 17 I7a ()()

THNSTAT ” " ”

Write TMHNC |—l % & %

¢ _
TMMnCH,L xxxx 0600 X 0001 )§oss) 0000 (toss ) 0000 (§oss ) 0000)osF) 0oso o061 Yooe2)_

TMHRDH,L — ) 0088
TMHNINT ‘ L L L
N n n n
n=8,9,AB) < ——— %> I —
| ) T % 4 T
TMHMOUT «
N
(m=A,B) 7

Stopping the timer returns the logic
of output signal to the initial value.

Figure 9-2 Normal Timer Mode Operation Timing Diagram of Timer 8, 9, A, B

[Note]

Even if “1” is written to the THnSTP bit, counting operation continues up to the falling edge of the next timer clock
pulse(the timer O to 1 status flag THnSTA is in a “1” state). Therefore, the 16bit timer 8, 9, A and B interrupt
(TMHnINT) may occur.
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F N B2 B2 2 V2 2 7 B2 2 2 78 B B I 2 I I

THnRUN

« «
Dl N

THNSTP g g

i

THNSTAT ”

«
N

Write TMHNC [

u~

=

«
7

TMMNCH,L XXXX X 0000 00010002 X§087 {0088 0000 Y(ooot)(
TMHnDH,L X 0088
TMHNINT « «
0 N
L
(n=8,9,A,B) » <
Trmi 4« Trmi
TMHmMOUT
(m=A,B) 7 , 7
Reverse by starting Stopping the timer returns the logic of output
the timer signal to the initial value.

Figure 9-3 One-Shot Timer Mode Operation Timing Diagram

[Note]
TnSTAT bit is automatically cleared when the data of TMHnCH, L and TMHnDH, L matches.

FEUL620Q150A
9-19



Chapter 10 Watchdog Timer




LAPIS Semiconductor Co. Ltd. ML620Q151A/2A/3A/4A/5A/6A/TA/8A/9A User's Manual

Chapter 10 Watchdog Timer

10 Watchdog Timer

10.1 General Description

This LSI incorporates a watchdog timer (WDT) that operates at a system reset unconditionally (free-run operation) in
order to detect an undefined state of the MCU and return from that state.

If the WDT counter overflows due to the failure of clearing of the WDT counter within the WDT overflow period, the
watchdog timer requests a WDT interrupt (non-maskable interrupt). When the second overflow occurs, the watchdog
timer generates a WDT reset signal and shifts the mode to a system reset mode.

For interrupts see Chapter 5, “Interrupts,” and for WDT interrupt see Chapter 3, “Reset Function”.

10.1.1 Features

Free running (cannot be stopped)

One of four types of overflow periods (125ms, 500ms, 2s, and 8s) selectable by software
Requests a WDT interrupt (non-maskable interrupt) by the first overflow

WDT reset generated by the second overflow

10.1.2 Configuration

Figure 10-1 shows the configuration of the watchdog timer.

WDT counter | _ |Reset interrupt——> WDT reset
T256HZ ——> R control WDTINT

Non-maskable interrupt
WDT overflow
— [ ReseT N
WDTCON System reset
“5AH” “0AsH" | [ || WDP
WDTMOD detection —>| detection
o) P> an
A A

f A !

T i WDTCON Write
A4 Data bus

WDTCON : Watchdog timer control register
WDTMOD : Watchdog timer mode register

Figure 10-1 Configuration of Watchdog Timer

FEUL620Q150A
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10.2 Description of Registers

10.2.1 List of Registers

Address Name Symbol (Byte) | Symbol (Word) R/W Size |Initial value

OFO00EH Watchdog timer control register WDTCON — R/W 8 00H

OFO0OFH Watchdog timer mode register WDTMOD — R/W 8 02H
FEUL620Q150A
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10.2.2 Watchdog Timer Control Register (WDTCON)

Address: OFOOEH
Access: R'W

Access size: 8 bits
Initial value: 00H

7 6 5 4 3 2 1 0
WDTCON d7 d6 d5 d4 d3 d2 di WDP/d0
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Initial value 0 0 0 0 0 0 0 0

WDTCON is a special function register (SFR) to control the WDT counter.
When WDTCON is read, the value of the internal pointer (WDP) is read from bit 0.

[Description of Bits]

e WDP/d0 (bit 0)
The value of the internal pointer (WDP) is read from this bit. The WDP is reset to “0” at the system reset or Watch
Dog Timer overflow and is inverted every writing to WDTCON.

e d7-d0 (bits 7-0)
This bit is used to write data to clear the WDT counter. If writing to the WDTCON, the WDP value is inverted.
Write “SAH” on the condition of WDP is “0” and then write “OA5H” on the condition of WDP is “1”.Then WDT
counter will be clear.

[Note]

When the WDT interrupt (WDTINT) occurs by the first WDT counter overflow, the counter and the internal pointer
(WDP) are initialiaed for a half cycle of low speed clock (about 15.25us). During the time period that they are initialized,
writing to WDTCON is disable and the logic of WDP does not change. Therefore, in the case of that you have
program codes handle to clear the WDT when the first overflow WDT interrupt occurs and also the codes run at
high-speed system clock, please check the WDP gets reversed after writing to WDTCON to see if the writing was surely
successful. For example of the program code, see Section 10.3.1, "Handling example when not using the watch dog
timer".

FEUL620Q150A
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10.2.3 Watchdog Timer Mode Register (WDTMOD)

Address: OFOOFH
Access: R'W

Access size: 8 bits
Initial value: 02H

7 6 5 4 3 2 1 0
WDTMOD — — — — — — WDT1 WDTO
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Initial value 0 0 0 0 0 0 1 0

WDTMOD is a special function register to set the overflow period of the watchdog timer.

[Description of Bits]
e WDT1-0 (bits 1-0)
These bits are used to select an overflow period of the watchdog timer.
The WDT1 and WDTO bits set a overflow period (Twov) of the WDT counter.

WDT1 WDTO Description
0 0 125 ms
0 1 500 ms
1 0 2 s (initial value)
1 1 8s
FEUL620Q150A
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10.3 Description of operation

The WDT counter starts counting after the system reset has been released and the low-speed clock oscillation start.

Write "SAH" when the internal pointer (WDP) is "0"and then the WDT counter is cleared by writing "0ASH" when WDP
is"1".

WDP is reset to “0” at the time of system reset or when the WDT counter overflows and is inverted whenever data is
written to WDTCON.

When the WDT counter cannot be cleared within the WDT counter overflow period (Twov), a watchdog timer interrupt
(WDTINT) occurs. If the WDT counter is not cleared even by the software processing performed following the watchdog
timer interrupt and overflow occurs again, WDT reset occurs and the mode shifts to a system reset mode.

For the overflow period (TWOV) of the WDT counter, one of 125ms, 500ms, 2s, and 8s can be selected by the watchdog
mode register (WDTMOD).

Clear the WDT counter within the clear period of the WDT counter (Tycr) shown in Table 10-1.

Table 10-1 Clear Period of WDT Counter

WDT1 | WDTO Twov TweL
0 0 125 ms Approx. 121 ms
0 1 500 ms Approx. 496 ms
1 0 2000 ms Approx. 1996 ms
1 1 8000 ms Approx. 7996 ms
FEUL620Q150A
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Figure 10-2 shows an example of watchdog timer operation.

Low-Speed Program
Clock Occurrence of Start
Oscillation abnormality
RESET_S y @wbpTMOD l WDTMOD
System reset J Setting J Setting
©) @ ® ® @
. Data: 5A A5 5A 5A A5 5A A5
WDTCON Write ﬂ ﬂ
WDTP |
Internal pointer Overflow
WDT counter Ty ] \
WDTINT ®Occurrence of WDTINT
) ~| ®O0Occurrence of WDT reset
WDT interrupt
WDT reset
Twov Twov
Overflow period Overflow period

Figure 10-2 Example of Watchdog Timer Operation

(D The WDT counter starts counting after the system reset has been released and the low-speed clock oscillation start.

@ The overflow period of the WDT counter (Twov) is set to WDTMOD.

@ “5AH” is written to WDTCON. (Internal pointer 0 to 1)

@ “0AS5H” is written to WDTCON and the WDT counter is cleared. (Internal pointer 1 to 0)

® “5AH” is written to WDTCON. (Internal pointer O to 1)

® When “5AH” is written to WDTCON after the occurrence of abnormality, it cannot be accepted as the internal pointer
is set to “1”. (Internal pointer 1 to 0)

@ Although “0A5H” is written to WDTCON, the WDT counter is not cleared since the internal pointer is “0” and the
writing of “SAH” is not accepted in . (Internal pointer O to 1)

The WDT counter overflows and a watchdog timer interrupt request (WDTINT) is generated. In this case, the WDT
counter and the internal pointer (WDP) are initialiaed for a half cycle of low speed clock (about 15.26us).

@ 1If the WDT counter is not cleared even by the software processing performed following a watchdog timer interrupt and
the WDT counter overflows again, WDT reset occurs and the mode is shifted to a system reset mode.

[Note]

*In STOP mode, the watchdog timer operation also stops.

*In HALT mode, the watchdog timer operation does not stop. When the WDT interrupt occurs, the HALT mode is
released.

* The watchdog timer cannot detect all the abnormal operations. Even if the CPU loses control, the watchdog timer cannot
detect the abnormality in the operation state in which the WDT counter is cleared.

FEUL620Q150A
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10.3.1 Handling example when not using the watch dog timer

WDT counter is a free-run counter that starts count-up automatically after the system reset released and the low-speed
clock (LSCLK) starts oscillating. If the WDT counter gets overflow, the WDT non-maskable interrupt occurs and then a
system reset occurs. Therefore, it is needed to clear the WDT counter even if you do not want to use the WDT as a
fale-safe function.

See following example programming codes to clear the WDT counter in the interrupt routine.

Program example:

__DIQ; // Disable interrupts
do {

WDTCON = 0x5a;

} while(WDP = 1)

WDTCON = 0xa5;

=

FEUL620Q150A
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11 PWM

11.1 General Description

This LSI includes four channels of 16-bit PWM (Pulse Width Modulation).

The PWM4 output (PWM4) is assigned to P20(Port 2), P34(Port 3), P43(Port 4), P64(Port 6) and P87(Port 8) as the
tertiary function.

The PWMS output (PWMYS) is assigned to P21(Port 2), P35(Port 3), P47(Port 4), P65(Port 6) and P83(Port 8) as the
tertiary function.

The PWMG6 output (PWMG6) is assigned to P22(Port 2), P53(Port 5), P60(Port 6), P66(Port 6) and P70(Port 7) as the
tertiary function.

The PWM7 output (PWM7) is assigned to P23(Port 2), P57(Port 5), P61(Port 6), and P71(Port 7) as the quaternary
function.

For the functions of port 2, port 3, port 4, port 5, port 6, port 7 and port 8, see Chapter 17, “Port 2”, Chapter 18, “Port 3”,
Chapter 19, “Port 4”, Chapter 20, “Port 5, Chapter 22, “Port 7" and Chapter 23, “Port 8”.

11.1.1 Features

e  The PWM signals with the periods of approximately 244 ns (@ OSCLK=8.192MHz) to 2s
(@LSCLK=32.768kHz) can be generated and output outside of the LSI.

The output logic of the PWM signal can be switched to the positive or negative logic.

At the coincidence of PWM signal period, duties, and period & duty, a PWM interrupt (PWnINT) occurs.
Repeate mode / One shot mode (Auto-reload PWM mode /One shot PWM mode) is selectable.
Low-speed clock (LSCLK), high-speed clock (OSCLK) or an external clock is selectable for the PWM clock.
Dividing of the PWM clock is selectable(1/2, 1/4, 1/8, 1/16 1/32 and 1/64).

PWM4 and PWMS coupled mode with a specified dead-time is selectable.

PWM6 and PWM?7 coupled mode with a specified dead-time is selectable.

Start/Stop/Clear control from the external input is available.

Emergency stop from the external input and the interrupt occurrence in the coupled mode is available.
Sampling time of the external input is selectable (when the PWM clock is OSCLK).
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11.1.2 Configuration
Figure 11-1 shows the configuration of PWM 4 and PWMS5.
PnNEG B
PnFLG j > > : P20/PWM4
Lor
Write PWnCH i P34/PWM4
Write PWnCL Output control circuit PWAINT £ or
: i P43/PWM4
'EMGINT| Emergency ¢ ! or
POO/PW45EV0 | <— stop control ! PE4/PWM4
: circuit :
or . A v or
: Period Duty i P87/PWM4
P32/PW45EV0 D_|. H Port. Cor.]tr0| match match :
P30/PW45EV1 o—>—>| circuit | | P21/PWM5
or | Comparator| | Comparator ' or
P62/PW45EV1 | A 71 ' P35/PWM5
i Sampling circuit /I\ (F)’ZW/PWM5
| PWnCONO 16 [~ 16 - 16 or
i LSCLK—>| PWnCON1 |pnck [R P65/PWM5
| 0SCLK—| pyrmaons 2 8 PWCHL | —>|PwnPBUF[>|PwnDBUF| ™
>
External clock : PW4CON3 P83/PWM5
P44/TOP4CK | PWnCON4
P45/T1P5CK PWnCONS5
: PWnCON6
. 7 v
. PWnCH
s || [Punes] [punon ]
(8 8 \ts Ls Js 4~8
| Data bus N \ Y
PWnPL PWDMn period register L PWnPH PWDMn period register H
PWnPBUF PWMn period buffer
PWnDL PWMn duty register L PWnDH PWMn duty register H
PWnDBUF  PWMn duty buffer
PWnCL PWDMn counter register L PWnCH PWMn counter register H
PWnCONO  PWMn control register 0 PWnCON1  PWDMn control register 1
PWnCON2 PWMn control register 2 PW4CON3  PWM4 control register 3
PWnCON4  PWMn control register 4 PWnCONS5  PWDMn control register 5
PWnCON6  PWMn control register 6
n=4to5
Figure 11-1 (a) Configuration of PWM4 and PWM5 / Single mode
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P20/PWM4
or
P34/PWM4
or
P43/PWM4
or ;
P64/PWM4 |
or ;
P87/PWM4 :
PmNEG _%,j > I;l
P21/PWM5 §
or ;
P35/PWM5 |
or ;
P47/PWM5
or ;
P6SIPWM5 |
or 5
PANEG P83/PWM5 D
PnFLG ] > ;
Write PWnCH PWnINT _PmFLG !
Write PWnCL Output control circuit —T Output control circuit
—
‘EmMGINT| Emergency
: stop control
PO0/PWA45EVO0 | circuit
or . A .
; Period Dut
P32/PW45EV0 o—{>—>| Port control mirt'gh m‘;ﬁéh delay1 delay2
; circuit
P30/PW45EV1 o—>—> g
1 Comparator || Comparator || Comparator Comparator
or i Sampling circuit
' A / / ) /r /
P62/PW45EV |
| PWnCONO T 16 T 16 T 16 T 16 16
LSCLK —>| PWnCON?1
030LK —| pwnconz [PPSR PwacHL | [PwnPBUF |>PWnDBUFjPWMPBUF> [PWmDBUF
External clock &——— | PW4CON3 p A N
P44/TOP4CK PWnCON4
| PWnCON5
! PWnCON6 ,
'R PWnCH
' Read PWnCL — 1| /Y10 [ PwnPHL | [ PWnDH/L || PWmPHIL | [PWmDHIL |
i y 1 A N 7
i 48 s 48 s s 4~8 8 8 s s
! Data bus N \4 \4 \ )V ’ "
Figure 11-1 (b) Configuration of PWM4 and PWMS5 / Coupled mode
FEUL620Q150A 11-3



LAPIS Semiconductor Co.,Ltd.

ML620Q151A/2A/3A/4A/5A/6A/TA/8A/9A User's Manual

Chapter 11 PWM
Figure 11-2 shows the configuration of PWM 6 and PWM7.
PnNEG g
PnFLG j > > E P22/PWM6
v or
Write PWnCH i P53/PWM6
Write PWnCL:D Output control circuit MNT ;or
: i P60/PWM6
'EMGINT| Emergency ¢ 'or
PO1/PW67EV0 | < stop control ! P66/PWM6
: circuit :
or . A v or
. Period Duty . P70/PWM6
P33/PW67EV0 D_|. H Port. Contro| match match E
P31/PWB7EV1 —>—>|  circuit | ! P23/PWM7
or | Comparator| | Comparator b or
P63/PWE7EV1 | ) 771 ' P57/PWM7
i Sampling circuit /I\ gr61/PWM7
f PWNnCONO [~16 > 16 " 16 or
i LSCLK—>| PWnCON1 |pnck [R P71/PWM7
| OSOLK | pymcong o2 R PwncHIL | —>|PwnPBUF}>|PWnDBUF|
>
External clock : PW4CON3
P46/T16CK PWnCON4
P47/T16CK ! PWnCONS5
: PWnCONG6
| A A
: PWnCH
' Read PWCL || lath | PWnPj/L | | P)/\VnDH/\L |
| L8 8 \ts +8 8 4~8
i Data bus 4
PWnPL PWDMn period register L PWnPH PWDMn period register H
PWnPBUF PWMn period buffer
PWnDL PWMn duty register L PWnDH PWMn duty register H
PWnDBUF  PWMn duty buffer
PWnCL PWMn counter register L PWnCH PWDMn counter register H
PWnCONO PWMn control register 0 PWnCONI1  PWMn control register 1
PWnCON2  PWMn control register 2 PW4CON3  PWM4 control register 3
PWnCON4  PWMn control register 4 PWnCONS5  PWDMn control register 5
PWnCON6  PWMn control register 6
n=6to 7
Figure 11-2 (a) Configuration of PWM6 and PWM?7 / Single mode
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P22/PWM6
or
P53/PWM6
or
P60/PWM6
or ;
P66/PWM6 |
or ;
P70/PWM6 :
PmNEG _7)) > I;\
P23/PWM7 §
or ;
P57/PWM7 |
or ;
P61/PWM7
or ;
P7TIIPWM7 |
PNNEG f
PnFLG ] > o
Write PWnCH PWnINT _PmFLG !
Write PWnCL Output control circuit —T Output control circuit
—>
‘EmMGINT| Emergency
: stop control
PO1/PW67EVO circuit
or i A .
: Period Dut
P33/PW67EV0—{>—>| Port control mirt'gh matih delay1 delay2
I circuit
P31/PW67EV1 o—>—> g
1 Comparator || Comparator || Comparator Comparator
or i Sampling circuit
' A A / N /I\ A
P63/PWE7EV |
’ PWNnCONO T16 T 16 T 16 T 16 ~ 16
LSCLK —>| PWnCON?1
030LK —| pwnconz [PPSR PwacHL | [PwnPBUF |>PWnDBUFjPWMPBUF> [PWmDBUF
External clock &——— | PW4CON3 p A N
P46/T16CKO PWnCON4
| PWnCONS5
! PWnCONS ,
i PWnCH
' Read PWnCL — 1| /Y10 [ PwnPHL | [ PWnDH/L || PWmPHIL | [PWmDHIL |
i 1 A N y
i 48 8 ds s 8 4~8 8 +8 s s
| Data bus N 4 v y YV

Figure 11-2 (b) Configuration of PWM6 and PWM7 / Coupled mode

FEUL620Q150A



LAPIS Semiconductor Co.,Ltd.

ML620Q151A/2A/3A/4A/5A/6A/TA/8A/9A User's Manual

Chapter 11 PWM
11.1.3 List of Pins
Pin name I/0 Function
P44/TOP4CK | Used for an external clock input for PWM4.
P45/T1P5CK | Used for an external clock input for PWMS5.
P46/ T16CKO | Used for an external clock input for PWM6.
P47/ T16CK1 | Used for an external clock input for PWM7.
PO0/PW45EV0 | Used for an external clock input for PWM4 and PWMS5.
P32/PW45EV0 | Used for an external clock input for PWM4 and PWMS5.
P30/PW45EV1 | Used for an external clock input for PWM4 and PWMS5.
P62/PW45EV1 | Used for an external clock input for PWM4 and PWMS5.
P0O1/PW67EVO0 | Used for an external clock input for PWM6 and PWM?7.
P33/PW67EV0 | Used for an external clock input for PWM6 and PWM?7.
P31/PW67EV1 | Used for an external clock input for PWM6 and PWM?7.
P63/PW67EV1 | Used for an external clock input for PWM6 and PWM?7.
P20/PWM4 (0] PWM4 output pin, used as the tertiary function of P20.
P34/PWM4 (0] PWM4 output pin, used as the tertiary function of P34.
P43/PWM4 (0] PWM4 output pin, used as the tertiary function of P43.
P64/PWM4 (0] PWM4 output pin, used as the tertiary function of P64.
P87/PWM4 (0] PWM4 output pin, used as the tertiary function of P87.
P21/PWM5 (0] PWMS5 output pin, used as the tertiary function of P21.
P35/PWM5 (0] PWMS5 output pin, used as the tertiary function of P35.
P47/PWMS5 (0] PWMS5 output pin, used as the tertiary function of P47.
P65/PWM5 (0] PWMS5 output pin, used as the tertiary function of P65.
P83/PWM5 (0] PWMS5 output pin, used as the tertiary function of P83.
P22/PWM6 (0] PWMB6 output pin, used as the quartic function of P22.
P53/PWM6 (0] PWMB®6 output pin, used as the tertiary function of P53.
P60/PWM6 (0] PWMB6 output pin, used as the quartic function of P60.
P66/PWM6 O PWMB®6 output pin, used as the tertiary function of P66.
P67/PWM6 (0] PWMB6 output pin, used as the tertiary function of P67.
P23/PWM7 @) PWM7 output pin, used as the quartic function of P23.
P57/PWM7 (0] PWM?7 output pin, used as the quartic function of P57.
P61/PWM7 O PWM?7 output pin, used as the quartic function of P61.
P71/PWM7 (0] PWM?7 output pin, used as the tertiary function of P71.
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11.2 Description of Registers
11.2.1 List of Registers
Address Name Symbol (Byte) Symbol (Word) R/W Size Initial
value
0F4A0H PWM4 period register L PW4PL PW4P R/W 8/16 OFFH
0F4A1H PWM4 period register H PW4PH R/W 8 OFFH
0F4A2H PWM4 duty register L PW4DL PW4D R/W 8/16 00H
O0F4A3H PWM4 duty register H PW4DH R/W 8 00H
0F4A4H PWM4 counter register L PW4CL PWAG R/W 8/16 00H
0F4A5H PWM4 counter register H PW4CH R/W 8 OO0H
F4A | regi PW4CON R/W 1 H
0F4A6H PWM4 control register 0 CONO PWACONOW / 8/16 00
OF4A7H PWM4 control register 1 PW4CONT1 R/W 8 40H
F4A i 2 PW4CON2 R/W 1 H
0F4A8H PWM4 control register CcoO PWACON2W / 8/16 00
0F4A9H PWM4 control register 3 PW4CON3 R/W 8 10H
F4AAH PWM4 | regi 4 PW4CON4 R/W 1 H
0 control register CO PWACONAW / 8/16 00
OF4ABH PWM4 control register 5 PW4CON5 R/W 8 OO0H
OF4ACH PWM4 control register 6 PW4CONG6 — R/W 8 00H
0F4BOH PWMS5 period register L PW5PL PW5P R/W 8/16 OFFH
0F4B1H PWMS5 period register H PW5PH R/W 8 OFFH
0F4B2H PWMS5 duty register L PW5DL PW5D R/W 8/16 00H
0F4B3H PWMS5 duty register H PW5DH R/W 8 OO0H
0F4B4H PWMS5 counter register L PW5CL PW5C R/W 8/16 00H
0F4B5H PWMS5 counter register H PW5CH R/W 8 OO0H
F4B6H PWM | regi PW N R/W 16 00H
0F4B6 5 control register 0 5CONO PWSCONOW / 8/
0F4B7H PWMS5 control register 1 PW5CONT1 R/W 8 40H
0F4B8H PWMS5 control register 2 PW5CON2 - R/W 8 OO0H
F4ABAH PWM | regi PW N4 R/W 8/16 00H
0 5 control register 3 5CO PWECONAW /
0F4BBH PWMS5 control register 4 PW5CON5 R/W 8 OO0H
0F4BCH PWMS5 control register 5 PW5CONG6 — R/W 8 OO0H
0F4COH PWMB@6 period register L PW6PL PWEP R/W 8/16 OFFH
0F4C1H PWM®6 period register H PW6PH R/W 8 OFFH
0F4C2H PWM6 duty register L PW6DL PWED R/W 8/16 00H
0F4C3H PWM®6 duty register H PW6DH R/W 8 OO0H
0F4C4H PWM®6 counter register L PW6CL PWEC R/W 8/16 00H
0F4C5H PWM®6 counter register H PW6CH R/W 8 OO0H
F4 i PW N R/W 1 H
0F4C6H PWMB6 control register 0 6CONO PWECONOW / 8/16 00
0F4C7H PWMB®6 control register 1 PW6CONT1 R/W 8 40H
F4 PWM | regi 2 PW N2 R/W 1 H
0F4C8H 6 control register 6CO PWECON2W / 8/16 00
0F4C9H PWMB®6 control register 3 PW6CONS3 R/W 8 10H
FACAH PWM | regi 4 PW N4 R/W 1 00H
0F4C 6 control register 6CO PWECONAW / 8/16
0F4CBH PWM6 control register 5 PW6CON5 R/W 8 OO0H
0F4CCH PWM6 control register 6 PW6CONG6 — R/W 8 OO0H
O0F4DOH PWM?7 period register L PW7PL PW7P R/W 8/16 OFFH
OF4D1H PWM?7 period register H PW7PH R/W 8 OFFH
OF4D2H PWM?7 duty register L PW7DL PW7D R/W 8/16 00H
0F4D3H PWM?7 duty register H PW7DH R/W 8 OO0H
0F4D4H PWM?7 counter register L PW7CL PW7C R/W 8/16 00H
FEUL620Q150A 11-7



LAPIS Semiconductor Co., Ltd. ML620Q151A/2A/3A/4A/SA/6A/TAI8A/9A User's Manual
Chapter 11 PWM

0F4D5H PWM7 counter register H PW7CH R/W 8 O00H

0F4D6H PWM?7 control register 0 PW7CONO R/W 8/16 00H
control register PW7CONOW

0F4D7H PWM?7 control register 1 PW7CONT1 R/W 8 40H

0F4D8H PWM7 control register 2 PW7CON2 - R/W 8 00H

OF4DAH PWM?7 control register 3 PW7CON4 R/W 8/16 00H
control register PW7CONAW

0F4DBH PWM7 control register 4 PW7CON5 R/W 8 00H

0F4DCH PWM?7 control register 6 PW7CON6 — R/W 8 O00H
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11.2.2 PWM4 period register (PW4PL, PW4PH)

Address: OF4AOH
Access: R'W

Access size: 8/16 bits
Initial value: OFFH

7 6 5 4 3 2 1 0
PW4PL P4P7 P4P6 P4P5 P4P4 P4P3 P4p2 P4P1 P4P0O
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Initial value 1 1 1 1 1 1 1 1
Address: OF4A1H
Access: R‘'W
Access size: 8 bits
Initial value: OFFH
7 6 5 4 3 2 1 0
PW4PH P4P15 P4P14 P4P13 P4P12 P4P11 P4P10 P4P9 P4P8
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Initial value 1 1 1 1 1 1 1 1

PW4PH and PW4PL are special function registers (SFRs) to set the PWM4 periods.

Note:
When PW4PH or PW4PL is set to “0000H”, the PWM4 period buffer (PW4PBUF) is set to “0001H”.
Execute a word type transfer instruction to set the register.
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11.2.3 PWM4 duty register (PW4DL, PW4DH)

Address: OF4A2H
Access: R'W

Access size: 8/16 bits
Initial value: 0OH

7 6 5 4 3 2 1 0
PW4DL P4D7 P4D6 P4D5 P4D4 P4D3 P4D2 P4D1 P4D0
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Initial value 0 0 0 0 0 0 0 0
Address: OF4A3H
Access: R'W
Access size: 8 bits
Initial value: OOH
7 6 5 4 3 2 1 0
PW4DH P4D15 P4D14 P4D13 P4D12 P4D11 P4D10 P4D9 P4D8
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Initial value 0 0 0 0 0 0 0 0

PW4DH and PW4DL are special function registers (SFRs) to set the PWM4 duties.
In the coupled mode (P45MD=1) and when the dead-time is set (PADTMD=1), the duty of PWM4 is determined by
setting data of PW4D plus PWS5D, and the period of PWMS is determined by the setting data of PW4D.

Note:
Set PW4DH and PW4DL to values smaller than those to which PW4PH and PW4PL are set.
Execute a word type transfer instruction to set the register.
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11.2.4 PWM4 counter register (PW4CL, PW4CH)

Address: OF4A4H
Access: R'W

Access size: 8/16 bits
Initial value: 0OH

7 6 5 4 3 2 1 0
PW4CL P4C7 P4C6 P4C5 P4C4 P4C3 P4C2 P4C1 P4CO
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Initial value 0 0 0 0 0 0 0 0
Address: OF4ASH
Access: R'W
Access size: 8 bits
Initial value: OOH
7 6 5 4 3 2 1 0
PW4CH P4C15 P4C14 P4C13 P4C12 P4C11 P4C10 P4C9 P4C8
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Initial value 0 0 0 0 0 0 0 0

PWA4CL and PW4CH are special function registers (SFRs) that function as 16-bit binary counters.

When data is written to either PW4CL or PW4CH, PW4CL and PW4CH is set to “O000H”. The data that is written is
meaningless.

When data is read from PW4CL, the value of PW4CH is latched. When reading PW4CH and PW4CL, use a word type
instruction or pre-read PW4CL.

The contents of PW4CH and PW4CL during PWM operation cannot be read depending on the combination of the

PWM clock and system clock. Table 11-1 shows PW4CH and PW4CL read enable/disable for each combination of the
PWM clock and system clock.

Table 11-1 PW4CH and PW4CL Read Enable/Disable during PWM4 Operation

PV\Q\:&?CK Sy;:{eénct'ﬁc" PWA4CH and PWACL read enable/disable
LSCLK LSCLK Read enabled
Read enabled. However, to prevent the reading of undefined data
LSCLK HSCLK during counting, read consecutively PW4CH or PW4CL twice
until the last data coincides the previous data.
HTBCLK LSCLK Read disabled
HTBCLK HSCLK Read enabled
LSCLK .
External clock HSCLK Read disabled
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11.2.5 PWM4 control register 0 (PW4CONO)

Address: OF4A6H
Access: R'W

Access size: 8/16 bits
Initial value: 0OH

7 6 5 4 3 2 1 0
PW4CONO P4ACLIG |P4STPSEL P4INI PANEG P4IS1 P41S0 P4CS1 P4CS0
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Initial value 0 0 0 0 0 0 0 0

PW4CONO is a special function register (SFR) to control the PWM4.

[Description of Bits]

e P4CLIG (bit 7)
The PACLIG bit is used to enable or disable the external clear input when the mode is software start mode or external
input clear mode and the PWM4 output flag (PAFLG) is “H” level. In the coupled mode (P45MD="H"), this setting is
also applied to the PWMS5.

P4CLIG Description
0 The external clear input is enable (Initial)
1 The external clear input is disable

e P4STPSEL (bit 6)
The PASTPSEL bit is used to select the PWM4 output level while the PWM4 output is being temporarilly suspended,
which holds the level or gets it back to an initial level. The initial level is determined by P4INI bit and the level is
reversed when PANEG bit is “1”.

P4STPSEL Description
0 Holds the PWM4 output level during the temporary suspension (Initial)
1 Gets the PWM4 output back to the initial level during the temporary suspension

o P4INI (bit 5)
The P4INI bit is used to select the initial level of PWM4. When P4ANEG bit is “1” the initial level is also reversed.

P4INI Description
0 The initial level of PWM4 output is “H” (Initial)
1 The initial level of PWM4 output is “L”

e P4ANEG (bit 4)
The PANEG bit is used to select the output logic. When the positive logic is selected, the initial value of PWM4
output is “H”, and when the negative logic is selected, the initial value of PWM4 output is “L”.

PONEG Description
0 Positive logic (initial value)
1 Negative logic

o P41IS1, P41S0 (bits 3, 2)
The P4IS1 and P4ISO bits are used to select the point at which the PWM4 interrupt occurs. “When the periods

LLINT3

coincide”, “when the duties coincide”, or “when the periods and duties coincide” can be selected.

P41S1 P41S0 Description
0 0 When the periods coincide. (Initial value)
0 1 When the duties coincide.
1 * When the periods and duties coincide.
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e P4CS1, P4CS0 (bits 1, 0)
The PACS1 and P4CSO bits are used to select the PWM4 operation clocks. LSCLK, OSCLK, or the external clock
(P44/TOP4CK) can be selected. When the OSCLK is selected for the PWM4 clock, external triggers (external input
start or clear) are sampled by the OSCLK. When other clocks are selected for the PWM4 clock, they are sampled by
the LSCLK.
In the coupled mode (P45MD="H"), this setting is also applied to the PWMS.

P4CSH P4CS0 Description
0 0 LSCLK (initial value)
0 1 OSCLK
1 0 Do not use
1 1 External clock (P44/TOP4CK)
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11.2.6 PWM4 control register 1 (PW4CON1)

Address: OF4A7H
Access: R'W

Access size: 8 bits
Initial value: 40H

7 6 5 4 3 2 1 0
PWA4CON1 | P4STAT P4FLG - - - - - P4RUN
R/W R R R R R R R R/W
Initial value 0 1 0 0 0 0 0 0

PWA4CONI1 is a special function register (SFR) to control PWM4.

[Description of Bits]
e P4STAT (bit 7)
The PASTAT bit indicates “‘counting stopped or “counting in progress” of PWM4.

P4STAT Description
0 Counting stopped. (Initial value)
1 Counting in progress.

e P4FLG (bit 6)
The PAFLG bit is used to read the output flag(internal level) of PWM4.
This bit is set to “1” when write operation to PW4CH or PW4CL is performed,

P4FLG Description
0 PWM4 output flag = “0”
1 PWM4 output flag = “1” (initial value)

e P4RUN (bit 0)
The P4RUN bit is used to control count stop/start of PWM4.

P4RUN Description
0 Stops counting. (Initial value)
1 Starts counting.
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11.2.7 PWM4 control register 2 (PW4CON2)

Address: OF4A8H
Access: R'W

Access size: 8/16 bits
Initial value: 0OH

7 6 5 4 3 2 1 0
PW4CON2 P45MD P4MD - PATGSEL | P4STM1 P4STMO P4ATGET P4ATGEO
R/W R/W R/W R R/W R/W R/W R/W R/W
Initial value 0 0 0 0 0 0 0 0

PW4CON?2 is a special function register (SFR) to control PWM4.

[Description of Bits]

e P45 MD (bit 7)
The PA5SMD bit is used to select single mode or coupled mode of PWM4 and PWMS. Setting “1” to the PASMD bit
enables PWM4 work in conjunction with PWMS5.

P45MD Description
0 Single mode of PWM4 or PWM5 (Initial value)
1 Coupled mode of PWM4 and PWM5

e P4 MD (bit 6)
The PAMD bit is used to select one shot mode or repeate mode of PWM4. Setting “1” to the PAMD bit selects the one
shot mode. In the coupled mode (P45MD=1), this setting is also applied to the PWMS.

P4MD Description
0 Reapet mode of PWM4 (Initial value)
1 One shot mode of PWM4

e PATGSEL (bit 4)
PATGSEL is used to select the hardware control pin. In the coupled mode (P45MD=1), this setting is also applied to

the PWMS.
P4TGSEL Description
External input start / External input clear Emergency stop control
control
0 Use PW45EV0 pin (Initial value) Use PW45EV1 pin (Initial value)
1 Use PWA45EV1 pin Use PWA45EVO0 pin

e P4STMI, P4STMO (bit 3, bit 2)

P4STM1 and P4STMO are used to select the count start mode of PWM4. In the coupled mode (P45MD=1), this
setting is also applied to the PWMS.

P4STM1 P4STMO Description
0 0 Software start mode (Initial value)
0 1 Software start mode or External input start mode
1 0 External input start mode
1 1 Software start mode or External input clear mode
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e P4TGEL, P4TGEO (bit 1, bit 0)
PATGE!1 and PATGEQO are used to select the trigger edge of PWM4 external input control. In the coupled mode
(P45MD=1), this setting is also applied to the PWMS5.

P4TGE1 P4TGEO Description
During the external input start mode During the external input clear mode
(P4STM1,P4STMO = "01” or "10”) (P4STM1,P4STMO = "117)
0 0 External input start is disable(Initial) External input clear is disable(Initial)
0 1 Rising edge start Falling edge clear
Falling edge stop & clear
1 0 Falling edge start Rising edge clear

Rising edge stop & clear

External input start is disable

Both edge clear
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11.2.8 PWM4 control register 3 (PW4CONB3)
Address: OF4A9H

Access: R'W

Access size: 8 bits
Initial value: 10H

7

6 5 4 3 1 0
PWA4CON3 | P4SDST - - P4DTMD - P4SDE1 | P4SDEO
R/W R/W R R R/W R/W R/W
Initial value 0 0 0 1 0 0 0

PW4CON?3 is a special function register (SFR) to control PWM4.

[Description of Bits]
o P4SDST (bit 7)

P4SDST bit indicates that emergency stop interrupt occurred. Writing “1” to this bit clears the bit.

The emergency stop function is enable in the coupled mode (P45MD=1).

P4SDST

Description

0

No emergency stop interrupt occurred (Initial)

1

Emergency stop interrupt occurred

e P4ADTMD (bit 4)
P4DTMD bit is used to determine if the PWM has the dead-time or not in the coupled mode(P45MD=1).

When the PWM has the dead-time, the setting data of PWMS5 duty register(PW5D) is applied for the dead-time.
This function is available in the coupled mode (P45MD=1).

e P4SDE1, P4SDEOQ (bit 1, bit 0)
P4SDEI1 bit and P4SDEQ bit are used to enable / disable the emrgency stop function and select the operating edge of
the emergency stop. The emergency stop function is enable in the coupled mode (P45MD=1).

P4SDE1 P4SDEO Description
0 0 Emrgency stop function is disabled (Initial)
0 1 Rising edge
1 0 Falling edge
1 1 Both edge
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11.2.9 PWM4 control register 4 (PW4CON4)

Address: OF4AAAH
Access: R'W

Access size: 8/16 bits
Initial value: 0OH

7 6 5 4 3 2 1 0
PW4CON4 - - — - — P4T1SELO - P4TOSELO
R/W R R R R R R/W R R/W

Initial value

o
o
o
o
o

0 0 0
PW4CON4 is a special function register (SFR) to control PWM4.

[Description of Bits]
e P4T1SELO (bit 2)
P4TI1SELO bit is used to select the external input PW45EV1 pin.
In the coupled mode (P45MD=1), this setting is also applied to the PWMS5.

P4T1SELO Description
0 Specify PW45EV1 pin to P30 pin (Initial)
1 Specify PW45EV1 pin to P62 pin

e P4TOSELO (bit 0)
P4TOSELO bit is used to select the external input PW45EVO0 pin.
In the coupled mode (P45MD=1), this setting is also applied to the PWMS5.

P4TOSELO Description
0 Specify PW45EV0 pin to P00 pin (Initial)
1 Specify PW45EV0 pin to P32 pin
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11.2.10 PWM4 control register 5 (PW4CONS5)
Address: 0OF4AABH
Access: R'W
Access size: 8 bits
Initial value: OOH
7 6 5 4 3 1 0
PW4CON5 — — P4T1S1 P4T1S0 — P4T0S1 P4T0S0
R/W R R R/W R/W R R/W R/W
Initial value 0 0 0 0 0 0 0

PW4CONS is a special function register (SFR) to control PWM4.

[Description of Bits]
e P4T1S 1, P4T1S0 (bit 5, bit 4)
P4T1S1 and PAT1SO0 determines sampling time for the external input PW45EV1 pin. This function is available when

the PWM4 operating clock is OSCLK (P4CS1=0, P4CS0=1) and the sampling time in other case is fixed to the max.
LSCLK x 2.

In the coupled mode (P45MD=1), this setting is also applied to the PWMS5.

P4T1S1 P4T1S0
0 0

Description

OSCLK x max. 2 clock (Initial)
0 1 OSCLK x max. 4 clock

1 0 OSCLK x max. 8 clock

1 1 OSCLK x max. 16 clock

o P4TOS 1, P4T0S0 (bit 1, bit 0)
P4ATOS1 and PATOSO determines sampling time for the external input PW45EVO0 pin. This function is available when
the PWM4 operating clock is OSCLK (P4CS1=0, P4CS0=1) and the sampling time in other case is fixed to the max.
LSCLK x 2.
In the coupled mode (P45MD=1), this setting is also applied to the PWMS.

P4T0S1 P4T0S0 &5 EA
0 0 OSCLK x max. 2 clock (Initial)
0 1 OSCLK x max. 4 clock
1 0 OSCLK x max. 8 clock
1 1 OSCLK x max. 16 clock

Note:

This function is available when the PWM4 operating clock is OSCLK (P4CS1=0, PACSO=1) and the sampling time in
other case is fixed to the max. LSCLK x 2.
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11.2.11 PWM4 control register 6 (PW4CONG6)

Address: OF4AACH
Access: R'W
Access size: 8 bits
Initial value: 0OH

7 6 5 4 3 2 1 0
PW4CONG6 - — — - — P4DIV2 P4DIV1 P4DIVO
R/W R R R R R R/wW R/W R/W
Initial value 0 0 0 0 0 0 0 0

PW4CONG is a special function register (SFR) to control PWM4.

[Description of Bits]

e P4DIV2 ~P4DIVO0 (bit 2 to bit 0)
PADIV2~P4DIVO are used to select division ratio of PWM4 operating clock.
PWM4 works with the divided clock of that selected by P4ACS1 and P4CSO0 bit.
In the coupled mode (P45MD=1), this setting is also applied to the PWMS5.

P4DIV2 P4DIV1 P4DIVO Description
0 0 0 1/1 Clock selected by P4CS1 and P4CSO0 bit (Initial)
0 0 1 1/2 Clock selected by P4ACS1 and P4CSO0 bit
0 1 0 1/4 Clock selected by P4CS1 and P4CSO0 bit
0 1 1 1/8 Clock selected by P4ACS1 and P4CSO0 bit
1 0 0 1/16 Clock selected by P4CS1 and P4CS0 bit
1 0 1 1/32 Clock selected by P4CS1 and P4CS0 bit
1 1 0 1/64 Clock selected by P4CS1 and P4CS0 bit
1 1 1 Do not use
(1/1 Clock selected by P4CS1 and P4CS0 bit)
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11.2.12 PWMS5 period register (PW5PL, PW5PH)

Address: OF4BOH
Access: R'W

Access size: 8/16 bits
Initial value: OFFH

7 6 5 4 3 2 1 0
PW5PL P5P7 P5P6 P5P5 P5P4 P5P3 P5P2 P5P1 P5P0O
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Initial value 1 1 1 1 1 1 1 1
Address: OF4B1H
Access: R'W
Access size: 8 bits
Initial value: OFFH
7 6 5 4 3 2 1 0
PW5PH P5P15 P5P14 P5P13 P5P12 P5P11 P5P10 P5P9 P5P8
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Initial value 1 1 1 1 1 1 1 1

PWS5PH and PWS5PL are special function registers (SFRs) to set the PWMS5 periods.

Note:
When PW5PH or PW5PL is set to “0000H”, the PWMS period buffer (PW5PBUF) is set to “0001H”.
Execute a word type transfer instruction to set the register.
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11.2.13 PWMS5 duty register (PWS5DL, PW5DH)
Address: 0F4B2H
Access: R'W
Access size: 8/16 bits
Initial value: OOH
7 6 5 4 3 2 1 0
PW5DL P5D7 P5D6 P5D5 P5D4 P5D3 P5D2 P5D1 P5D0
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Initial value 0 0 0 0 0 0 0 0
Address: 0OF4B3H
Access: R'W
Access size: 8 bits
Initial value: OOH
7 6 5 4 3 2 1 0
PW5DH P5D15 P5D14 P5D13 P5D12 P5D11 P5D10 P5D9 P5D8
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Initial value 0 0 0 0 0 0 0 0

PWS5DH and PWS5DL are special function registers (SFRs) to set the PWM4 duties.
In the coupled mode (P45SMD=1) and when the dead-time is set (PADTMD=1), PW5D is used as the setting data of

dead-time.

Note:

Set PW5DH and PWS5DL to values smaller than those to which PW5PH and PWS5PL are set.
Execute a word type transfer instruction to set the register.
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11.2.14 PWMS5 counter register (PW4CL, PW4CH)

Address: OF4B4H
Access: R'W

Access size: 8/16 bits
Initial value: 00H

7 6 5 4 3 2 1 0
PW5CL P5C7 P5C6 P5C5 P5C4 P5C3 P5C2 P5C1 P5C0
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Initial value 0 0 0 0 0 0 0 0
Address: 0OF4B5H
Access: R'W
Access size: 8 bits
Initial value: OOH
7 6 5 4 3 2 1 0
PW5CH P5C15 P5C14 P5C13 P5C12 P5C11 P5C10 P5C9 P5C8
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Initial value 0 0 0 0 0 0 0 0

PWS5CL and PW5CH are special function registers (SFRs) that function as 16-bit binary counters.

When data is written to either PW5CL or PW5CH, PW5CL and PWS5CH is set to “O000H”. The data that is written is
meaningless.

When data is read from PW5CL, the value of PW5CH is latched. When reading PW5CH and PW5CL, use a word type
instruction or pre-read PW5CL.

The contents of PW5CH and PWS5CL during PWM operation cannot be read depending on the combination of the

PWM clock and system clock. Table 11-2 shows PW5CH and PWS5CL read enable/disable for each combination of the
PWM clock and system clock.

Table 11-2 PW5CH and PW5CL Read Enable/Disable during PWM5 Operation

PV\Q\QS:SCK Sy;:{eénct'ﬁc" PW5CH and PW5CL read enable/disable
LSCLK LSCLK Read enabled
Read enabled. However, to prevent the reading of undefined data
LSCLK HSCLK during counting, read consecutively PW5CH or PW5CL twice
until the last data coincides the previous data.
HTBCLK LSCLK Read disabled
HTBCLK HSCLK Read enabled
LSCLK .
External clock HSCLK Read disabled
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11.2.15 PWMS5 control register 0 (PW5CONQO)

Address: OF4B6H
Access: R'W

Access size: 8/16 bits
Initial value: 0OH

7 6 5 4 3 2 1 0
PW5CONO P5CLIG | P5STPSEL P5INI P5NEG P5IS1 P5IS0 P5CS1 P5CS0
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Initial value 0 0 0 0 0 0 0 0

PWS5CONO is a special function register (SFR) to control the PWMS.

[Description of Bits]

e P5CLIG (bit 7)
The PSCLIG bit is used to enable or disable the external clear input when the mode is software start mode or external
input clear mode and the PWMS5 output flag (PSFLG) is “H” level. In the coupled mode (P45MD="H”), this bit is
ignored and the setting of PACLIG bit is applied.

P5CLIG Description
0 The external clear input is enable (Initial)
1 The external clear input is disable

e PSSTPSEL (bit 6)
The PSSTPSEL bit is used to select the PWMS5 output level while the PWMS5 output is being temporarilly suspended,
which holds the level or gets it back to an initial level. The initial level is determined by P5INI bit and the level is
reversed when PSNEG bit is “1”. In the coupled mode (P45MD="H"), the setting of this bit is applied when PARUN
bit is “0”.

P5STPSEL Description
0 Holds the PWMS5 output level during the temporary suspension (Initial)
1 Gets the PWM5 output back to the initial level during the temporary suspension

e P5INI (bit 5)
The P5INI bit is used to select the initial level of PWMS5. When PSNEG bit is “1” the initial level is also reversed.

P5INI Description
0 The initial level of PWMS5 output is “H” (Initial)
1 The initial level of PWMS5 output is “L”

o P5NEG (bit 4)
The PSNEG bit is used to select the output logic. When the positive logic is selected, the initial value of PWMS5
output is “H”, and when the negative logic is selected, the initial value of PWMS5 output is “L”.

P5NEG Description
0 Positive logic (initial value)
1 Negative logic

e P5IS1, PSISO (bits 3, 2)
The P5IS1 and P5SISO bits are used to select the point at which the PWMS5 interrupt occurs. “When the periods

LLIY3

coincide”, “when the duties coincide”, or “when the periods and duties coincide” can be selected.

P5IS1 P5I1S0 Description
0 0 When the periods coincide. (Initial value)
0 1 When the duties coincide.
1 * When the periods and duties coincide.
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e P5CS1, P5CS0 (bits 1, 0)

The PSCS1 and P5CSO bits are used to select the PWMS5 operation clocks. LSCLK, OSCLK, or the external clock
(P45/T1P5CK) can be selected. When the OSCLK is selected for the PWMS clock, external triggers (external input
start or clear) are sampled by the OSCLK. When other clocks are selected for the PWMS5 clock, they are sampled by

the LSCLK.
P4CS1 P4CS0 Description
0 0 LSCLK (initial value)
0 1 OSCLK
1 0 Do not use
1 1 External clock (P45/T1P5CK)
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11.2.16 PWMS5 control register 1 (PW5CONT1)

Address: OF4B7H
Access: R'W

Access size: 8 bits
Initial value: 40H

7 6 5 4 3 2 1 0
PW5CON1 | P5STAT P5FLG - - - - - P5RUN
R/W R R R R R R R R/W
Initial value 0 1 0 0 0 0 0 0

PWS5CONI1 is a special function register (SFR) to control PWMS.

[Description of Bits]
e P5STAT (bit 7)
The PSSTAT bit indicates “counting stopped or “counting in progress” of PWMS.

P5STAT Description
0 Counting stopped. (Initial value)
1 Counting in progress.

e PSFLG (bit 6)
The PSFLG bit is used to read the output flag (internal level) of PWMS5.
This bit is set to “1” when write operation to PW5CH or PW5CL is performed,

P5FLG Description
0 PWM5 output flag = “0”
1 PWM5 output flag = “1” (initial value)

e P5RUN (bit 0)
The PSRUN bit is used to control count stop/start of PWMS.

P5RUN Description
0 Stops counting. (Initial value)
1 Starts counting.
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11.2.17 PWMS5 control register 2 (PW5CON2)

Address: OF4BSH
Access: R'W

Access size: 8/16 bits
Initial value: 0OH

7 6 5 4 3 2 1 0
PW5CON2 - P5MD - P5TGSEL | P5STM1 P5STMO P5TGET P5TGEO
R/W R R/W R R/W R/W R/W R/W R/W
Initial value 0 0 0 0 0 0 0 0

PWS5CON?2 is a special function register (SFR) to control PWMS.

[Description of Bits]

e P5 MD (bit 6)
The PSMD bit is used to select one shot mode or repeate mode of PWMS. Setting “1” to the PSMD bit selects the one
shot mode. In the coupled mode (P45MD="H"), this bit is ignored and the setting of PAMD bit is applied.

P5MD Description
0 Reapet mode of PWM5 (Initial value)
1 One shot mode of PWM5

o P5TGSEL (bit 4)

P5STGSEL is used to select the hardware control pin. In the coupled mode (P45MD="H"), this bit is ignored and the
setting of PATGSEL bit is applied.

P5TGSEL . Descrlptlon'
External input start / External input clear control
0 Use PW45EV0 pin (Initial value)
1 Use PW45EV1 pin

e P5STMI1, P5STMO (bit 3, bit 2)
P5STM1 and PSSTMO are used to select the count start mode of PWMS. In the coupled mode (P45MD=1), this bit

is ignored.
P5STM1 P5STMO Description
0 0 Software start mode (Initial value)
0 1 Software start mode or External input start mode
1 0 External input start mode
1 1 Software start mode or External input clear mode
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e PSTGEL. P5TGEO (bit 1, bit 0)
P5STGE!1 and PSTGEQ are used to select the trigger edge of PWMS external input control. In the coupled mode
(P45MD-=1), this bit is ignored.

P5TGE1 P5TGEO Description
During the external input start mode During the external input clear mode
(P5STM1,P5STMO = "01” or "10”) (P5STM1,P5STMO = "117)
0 0 External input start is disable(Initial) External input clear is disable(Initial)
0 1 Rising edge start Falling edge clear
Falling edge stop & clear
1 0 Falling edge start Rising edge clear

Rising edge stop & clear

External input start is disable

Both edge clear
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11.2.18 PWMS5 control register 4 (PW5CON4)

Address: OF4ABAH
Access: R'W

Access size: 8/16 bits
Initial value: 0OH

7 6 5 4 3 2 1 0
PW5CON4 - - — - — P5T1SELO - P5TOSELO
R/W R R R R R R/W R R/W

Initial value

o
o
o
o
o

0 0 0
PW5CON4 is a special function register (SFR) to control PWMS.

[Description of Bits]
e PSTI1SELO (bit 2)
P5STISELO bit is used to select the external input PW45EV1 pin.
In the coupled mode (P45MD=1), this bit is ignored and the setting of PAT1SELO bit is applied.

P5T1SELO Description
0 Specify PW45EV1 pin to P30 pin (Initial)
1 Specify PW45EV1 pin to P62 pin

e P5TOSELO (bit 0)
P5TOSELO bit is used to select the external input PW45EVO0 pin.
In the coupled mode (P45MD=1), this bit is ignored and the setting of PATOSELO bit is applied.

P5TOSELO Description
0 Specify PW45EV0 pin to P00 pin (Initial)
1 Specify PW45EV0 pin to P32 pin
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11.2.19 PWMS5 control register 5 (PW5CONS5)

Address: OF4ABBH
Access: R'W
Access size: 8 bits
Initial value: 0OH

7 6 5 4 3 2 1 0
PW5CON5 - - P5T1S51 P5T1S0 - - P5T0S1 P5T0SO
R/W R R R/W R/W R R R/W R/W
Initial value 0 0 0 0 0 0 0 0

PWS5CONS is a special function register (SFR) to control PWMS.

[Description of Bits]
e P5STI1S 1, PST1S0 (bit 5, bit 4)
P5T1S1 and PST1SO0 determines sampling time for the external input PW45EV1 pin. This function is available when

the PWMS operating clock is OSCLK (P5SCS1=0, P5CS0=1) and the sampling time in other case is fixed to the max.
LSCLK x 2.

In the coupled mode (P45MD=1), these bits are ignored and the setting of PAT1S1 and P4T1S0 bit are applied.

P5T1S1 P5T1S0 Description
0 0 OSCLK x max. 2 clock (Initial)
0 1 OSCLK x max. 4 clock
1 0 OSCLK x max. 8 clock
1 1 OSCLK x max. 16 clock

e P5STOS 1, PST0SO (bit 1, bit 0)
P5TOS1 and P5TOSO determines sampling time for the external input PW45EVO0 pin. This function is available when
the PWMS operating clock is OSCLK (P5CS1=0, PSCS0=1) and the sampling time in other case is fixed to the max.
LSCLK x 2.
In the coupled mode (P45MD=1), these bits are ignored and the setting of PATOS1 and P4T0SO bit are applied.

P5T0S1 P5T0S0 Description
0 0 OSCLK x max. 2 clock (Initial)
0 1 OSCLK x max. 4 clock
1 0 OSCLK x max. 8 clock
1 1 OSCLK x max. 16 clock

Note:

This function is available when the PWMS5 operating clock is OSCLK (PSCS1=0, PSCS0=1) and the sampling time in
other case is fixed to the max. LSCLK x 2.
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11.2.20 PWMS5 control register 6 (PW5CONG)

Address: OF4ABCH
Access: R'W

Access size: 8 bits
Initial value: 0OH

7 6 5 4 3 2 1 0
PW5CONG6 - — — - — P5DIV2 P5DIV1 P5DIVO
R/W R R R R R R/wW R/W R/W
Initial value 0 0 0 0 0 0 0 0

PWS5CONG is a special function register (SFR) to control PWMS.

[Description of Bits]
e P5DIV2 ~P5DIVO (bit 2 to bit 0)
P5DIV2~P5DIVO0 are used to select division ratio of PWMS5 operating clock.
PWMS works with the divided clock of that selected by PSCS1 and P5CSO0 bit.
In the coupled mode (P45MD=1), these bits are ignored and the setting of PADIV2~P4DIVO bit are applied.

P5DIV2 P5DIV1 P5DIVO Description
0 0 0 1/1 Clock selected by P5CS1 and P5CSO0 bit (Initial)
0 0 1 1/2 Clock selected by P5CS1 and P5CSO0 bit
0 1 0 1/4 Clock selected by P5CS1 and P5CSO0 bit
0 1 1 1/8 Clock selected by P5CS1 and P5CSO0 bit
1 0 0 1/16 Clock selected by P5CS1 and P5CS0 bit
1 0 1 1/32 Clock selected by P5CS1 and P5CS0 bit
1 1 0 1/64 Clock selected by P5CS1 and P5CS0 bit
1 1 1 Do not use
(1/1 Clock selected by P5CS1 and P5CSO0 bit)
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11.2.21 PWM6 period register (PW6PL, PW6PH)

Address: OF4COH
Access: R'W

Access size: 8/16 bits
Initial value: OFFH

7 6 5 4 3 2 1 0
PW6PL PeP7 P6P6 P6P5 P6P4 P6P3 P6P2 P6P1 P6PO
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Initial value 1 1 1 1 1 1 1 1
Address: OF4C1H
Access: R'W
Access size: 8 bits
Initial value: OFFH
7 6 5 4 3 2 1 0
PW6PH P6P15 P6P14 P6P13 P6P12 P6P11 P6P10 P6P9 P6P8
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Initial value 1 1 1 1 1 1 1 1

PW6PH and PW6PL are special function registers (SFRs) to set the PWMG6 periods.

Note:
When PW6PH or PW6PL is set to “0000H”, the PWMG6 period buffer (PW6PBUF) is set to “0001H”.
Execute a word type transfer instruction to set the register.
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11.2.22 PWM6 duty register (PW6DL, PW6DH)

Address: OF4C2H
Access: R'W

Access size: 8/16 bits
Initial value: 00H

7 6 5 4 3 2 1 0
PWeDL PeD7 P6D6 P6D5 P6eD4 P6D3 P6eD2 P6eD1 P6DO
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Initial value 0 0 0 0 0 0 0 0
Address: 0OF4C3H
Access: R'W
Access size: 8 bits
Initial value: OOH
7 6 5 4 3 2 1 0
PW6DH P6D15 P6D14 P6D13 P6D12 PeD11 P6D10 P6D9 P6D8
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Initial value 0 0 0 0 0 0 0 0

PW6DH and PW6DL are special function registers (SFRs) to set the PWMG6 duties.
In the coupled mode (P67MD=1) and when the dead-time is set (P6DTMD=1), the duty of PWMS6 is determined by
setting data of PW6D plus PW7D, and the period of PWM?7 is determined by the setting data of PW6D.

Note:
Set PW6DH and PW6DL to values smaller than those to which PW6PH and PW6PL are set.
Execute a word type transfer instruction to set the register.
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11.2.23 PWMS6 counter register (PW6CL, PW6CH)

Address: OF4C4H
Access: R'W

Access size: 8/16 bits
Initial value: 00H

7 6 5 4 3 2 1 0
PW6CL P6C7 P6C6 P6C5 P6C4 P6C3 P6C2 P6C1 P6CO
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Initial value 0 0 0 0 0 0 0 0
Address: 0OF4C5H
Access: R'W
Access size: 8 bits
Initial value: OOH
7 6 5 4 3 2 1 0
PW6CH P6C15 P6C14 P6C13 P6C12 P6C11 P6C10 P6C9 P6C8
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Initial value 0 0 0 0 0 0 0 0

PW6CL and PW6CH are special function registers (SFRs) that function as 16-bit binary counters.

When data is written to either PW6CL or PW6CH, PW6CL and PW6CH is set to “O000H”. The data that is written is
meaningless.

When data is read from PW6CL, the value of PW6CH is latched. When reading PW6CH and PW6CL, use a word type
instruction or pre-read PW6CL.

The contents of PW6CH and PW6CL during PWM operation cannot be read depending on the combination of the

PWM clock and system clock. Table 11-3 shows PW6CH and PW6CL read enable/disable for each combination of the
PWM clock and system clock.

Table 11-3 PW6CH and PW6CL Read Enable/Disable during PWM6 Operation

PV\QQ;:SCK Sy;:{eénct'ﬁc" PW6CH and PW6CL read enable/disable
LSCLK LSCLK Read enabled
Read enabled. However, to prevent the reading of undefined data
LSCLK HSCLK during counting, read consecutively PW6CH or PW6CL twice
until the last data coincides the previous data.
HTBCLK LSCLK Read disabled
HTBCLK HSCLK Read enabled
LSCLK .
External clock HSCLK Read disabled

FEUL620Q150A 11-34



LAPIS Semiconductor Co.,Ltd.

ML620Q151A/2A/3A/4A/5A/6A/TA/8A/9A User's Manual

Chapter 11 PWM

11.2.24 PWM6 control register 0 (PW6CONO)

Address: OF4C6H
Access: R'W

Access size: 8/16 bits
Initial value: 0OH

7 6 5 4 3 2 1 0
PW6CONO P6CLIG |P6STPSEL P6INI PBNEG P6IS1 P6IS0 P6CS1 P6CS0
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Initial value 0 0 0 0 0 0 0 0

PW6CONO is a special function register (SFR) to control the PWM6.

[Description of Bits]

e P6CLIG (bit 7)
The P6CLIG bit is used to enable or disable the external clear input when the mode is software start mode or external
input clear mode and the PWMG6 output flag (P6FLG) is “H” level. In the coupled mode (P67MD="H"), this setting is
also applied to the PWM?7.

P6CLIG Description
0 The external clear input is enable (Initial)
1 The external clear input is disable

e P6STPSEL (bit 6)
The P6STPSEL bit is used to select the PWMBG6 output level while the PWMBG6 output is being temporarilly suspended,
which holds the level or gets it back to an initial level. The initial level is determined by P6INI bit and the level is
reversed when PONEG bit is “1”.

P6STPSEL Description
0 Holds the PWM®6 output level during the temporary suspension (Initial)
1 Gets the PWM6 output back to the initial level during the temporary suspension

e P6INI (bit 5)
The P6INI bit is used to select the initial level of PWM6. When PONEG bit is “1” the initial level is also reversed.

P6INI Description
0 The initial level of PWM®6 output is “H” (Initial)
1 The initial level of PWM®6 output is “L”

e PONEG (bit 4)
The PONEG bit is used to select the output logic. When the positive logic is selected, the initial value of PWMG6
output is “H”, and when the negative logic is selected, the initial value of PWM®6 output is “L”.

PONEG Description
0 Positive logic (initial value)
1 Negative logic

e P6IS1, P6ISO (bits 3, 2)
The P6IS1 and P6ISO bits are used to select the point at which the PWMG6 interrupt occurs. “When the periods

LLINT3

coincide”, “when the duties coincide”, or “when the periods and duties coincide” can be selected.

P61S1 P61SO Description
0 0 When the periods coincide. (Initial value)
0 1 When the duties coincide.
1 * When the periods and duties coincide.
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e P6CS1, P6CSO0 (bits 1, 0)
The P6CS1 and P6CSO bits are used to select the PWM6 operation clocks. LSCLK, OSCLK, or the external clock
(P46/T16CKO0) can be selected. When the OSCLK is selected for the PWMB6 clock, external triggers (external input
start or clear) are sampled by the OSCLK. When other clocks are selected for the PWM®6 clock, they are sampled by
the LSCLK.
In the coupled mode (P67TMD="H"), this setting is also applied to the PWM?7.

P6CS1 P6CS0 Description
0 0 LSCLK (initial value)
0 1 OSCLK
1 0 Do not use
1 1 External clock (P46/T16CKO0)
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11.2.25 PWMS6 control register 1 (PW6CONT1)

Address: OF4C7H
Access: R'W

Access size: 8 bits
Initial value: 40H

7 6 5 4 3 2 1 0
PW6CON1 | PE6STAT P6FLG - - - - - P6RUN
R/W R R R R R R R R/W
Initial value 0 1 0 0 0 0 0 0

PW6CONI1 is a special function register (SFR) to control PWMS6.

[Description of Bits]
e P6STAT (bit 7)
The P6STAT bit indicates “counting stopped or “counting in progress” of PWM6.

P6STAT Description
0 Counting stopped. (Initial value)
1 Counting in progress.

e PO6FLG (bit 6)
The P6FLG bit is used to read the output flag (internal level) of PWM6.
This bit is set to “1” when write operation to PW6CH or PW6CL is performed,

P6FLG Description
0 PWM®6 output flag = “0”
1 PWM®6 output flag = “1” (initial value)

e P6RUN (bit 0)
The P6RUN bit is used to control count stop/start of PWMS6.

P6RUN Description
0 Stops counting. (Initial value)
1 Starts counting.
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11.2.26 PWM®6 control register 2 (PW6CON2)

Address: OF4C8H
Access: R'W

Access size: 8/16 bits
Initial value: 0OH

7 6 5 4 3 2 1 0
PW6CON2 P67MD P6MD - P6TGSEL | P6STM1 P6STMO P6TGET P6TGEO
R/W R/W R/W R R/W R/W R/W R/W R/W
Initial value 0 0 0 0 0 0 0 0

PW6CON?2 is a special function register (SFR) to control PWMS6.

[Description of Bits]

e P67 MD (bit 7)
The P67MD bit is used to select single mode or coupled mode of PWM6 and PWM?7. Setting “1” to the P67MD bit
enables PWMG6 work in conjunction with PWM7.

P67MD Description
0 Single mode of PWM6 or PWM7 (Initial value)
1 Coupled mode of PWM6 and PWM7

e P6 MD (bit 6)
The P6MD bit is used to select one shot mode or repeate mode of PWMBS6. Setting “1” to the POMD bit selects the one
shot mode. In the coupled mode (P67MD=1), this setting is also applied to the PWM?7.

Pe6MD Description
0 Reapet mode of PWMS6 (Initial value)
1 One shot mode of PWM6

e P6TGSEL (bit 4)
P6TGSEL is used to select the hardware control pin. In the coupled mode (P67MD=1), this setting is also applied to

the PWMT7.
P6TGSEL Description
External input start / External input clear Emergency stop control
control
0 Use PW67EVO pin (Initial value) Use PW67EV1 pin (Initial value)
1 Use PW67EV1 pin Use PW67EVO0 pin

o P6STMI1, P6STMO (bit 3, bit 2)
P6STMI1 and P6STMO are used to select the count start mode of PWMS6. In the coupled mode (P67MD=1), this
setting is also applied to the PWM?7.

P6STM1 P6STMO Description
0 0 Software start mode (Initial value)
0 1 Software start mode or External input start mode
1 0 External input start mode
1 1 Software start mode or External input clear mode
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e P6TGEIL, P6TGEDO (bit 1, bit 0)
P6TGE!1 and P6TGEO are used to select the trigger edge of PWMG6 external input control. In the coupled mode
(P67MD=1), this setting is also applied to the PWM?7.

P6TGE1 P6TGEO Description
During the external input start mode During the external input clear mode
(P6STM1,P6STMO = "01” or "10”) (P6STM1,P6STMO = "117)
0 0 External input start is disable(Initial) External input clear is disable(Initial)
0 1 Rising edge start Falling edge clear
Falling edge stop & clear
1 0 Falling edge start Rising edge clear

Rising edge stop & clear

External input start is disable

Both edge clear
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11.2.27 PWMB6 control register 3 (PW6CONS3)
Address: OF4C9H

Access: R'W

Access size: 8 bits
Initial value: 10H

7

6 5 4 3 1 0
PW6CON3 | P6SDST - - P6DTMD - P6SDE1 | P6SDEO
R/W R/W R R R/W R/W R/W
Initial value 0 0 0 1 0 0 0

PW6CON3 is a special function register (SFR) to control PWM6.

[Description of Bits]
o P6SDST (bit 7)

P6SDST bit indicates that emergency stop interrupt occurred. Writing “1” to this bit clears the bit.

The emergency stop function is enable in the coupled mode (P67MD=1).

P6SDST

Description

0

No emergency stop interrupt occurred (Initial)

1

Emergency stop interrupt occurred

e P6DTMD (bit 4)
P6DTMD bit is used to determine if the PWM has the dead-time or not in the coupled mode(P67MD=1).

When the PWM has the dead-time, the setting data of PWM?7 duty register(PW7D) is applied for the dead-time.
This function is available in the coupled mode (P67MD=1).

e P6SDE1, P6SDEOQ (bit 1, bit 0)
P6SDEI1 bit and P6SDEQ bit are used to enable / disable the emrgency stop function and select the operating edge of
the emergency stop. The emergency stop function is enable in the coupled mode (P67MD=1).

P6SDE1 P6SDEQ Description
0 0 Emrgency stop function is disabled (Initial)
0 1 Rising edge
1 0 Falling edge
1 1 Both edge
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11.2.28 PWM6 control register 4 (PW6CON4)

Address: OF4ACAH
Access: R'W

Access size: 8/16 bits
Initial value: 0OH

7 6 5 4 3 2 1 0
PW6CON4 - - — - — P6T1SELO - P6TOSELO
R/W R R R R R R/W R R/W

Initial value

o
o
o
o
o

0 0 0
PW6CON4 is a special function register (SFR) to control PWM6.

[Description of Bits]
e P6TISELO (bit 2)
P6TISELO bit is used to select the external input PW67EV 1 pin.
In the coupled mode (P67MD=1), this setting is also applied to the PWM?7.

P6T1SELO Description
0 Specify PW67EV1 pin to P30 pin (Initial)
1 Specify PW67EV1 pin to P62 pin

e P6TOSELO (bit 0)
P6TOSELO bit is used to select the external input PW67EVO0 pin.
In the coupled mode (P67MD=1), this setting is also applied to the PWM?7.

P6TOSELO Description
0 Specify PW67EV0 pin to P00 pin (Initial)
1 Specify PW67EVO0 pin to P32 pin
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11.2.29 PWM6 control register 5 (PW6CONS5)
Address: 0F4CBH
Access: R'W
Access size: 8 bits
Initial value: OOH
7 6 5 4 3 1 0
PW6CON5 — — P6T1S1 P6T1S0 — P6TOS1 P6T0SO
R/W R R R/W R/W R R/W R/W
Initial value 0 0 0 0 0 0 0

PW6CONS is a special function register (SFR) to control PWMS6.

[Description of Bits]
e P6T1S 1, P6T1S0 (bit 5, bit 4)
P6T1S1 and P6T1S0 determines sampling time for the external input PW67EV1 pin. This function is available when

the PWMG6 operating clock is OSCLK (P6CS1=0, P6CS0=1) and the sampling time in other case is fixed to the max.
LSCLK x 2.

In the coupled mode (P67MD=1), this setting is also applied to the PWM7.

P6T1S1 P6T1S0
0 0

Description

OSCLK x max. 2 clock (Initial)
0 1 OSCLK x max. 4 clock

1 0 OSCLK x max. 8 clock

1 1 OSCLK x max. 16 clock

e P6TOS 1, P6T0SO0 (bit 1, bit 0)
P6TOS1 and P6TOSO determines sampling time for the external input PW67EVO0 pin. This function is available when
the PWMG6 operating clock is OSCLK (P6CS1=0, P6CS0=1) and the sampling time in other case is fixed to the max.
LSCLK x 2.
In the coupled mode (P67MD=1), this setting is also applied to the PWM7.

P6TO0S1 P6T0S0O &5 EA
0 0 OSCLK x max. 2 clock (Initial)
0 1 OSCLK x max. 4 clock
1 0 OSCLK x max. 8 clock
1 1 OSCLK x max. 16 clock

Note:

This function is available when the PWMG6 operating clock is OSCLK (P6CS1=0, P6CS0=1) and the sampling time in
other case is fixed to the max. LSCLK x 2.
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11.2.30 PWMS6 control register 6 (PW6CONG)

Address: OF4CCH
Access: R'W

Access size: 8 bits
Initial value: 0OH

7 6 5 4 3 2 1 0
PW6CONG6 - — — - — P6DIV2 P6DIV1 P6DIVO
R/W R R R R R R/wW R/W R/W
Initial value 0 0 0 0 0 0 0 0

PW6CONG is a special function register (SFR) to control PWMS6.

[Description of Bits]

e P6DIV2 ~P6DIVO (bit 2 to bit 0)
P6DIV2~P6DIVO are used to select division ratio of PWMG6 operating clock.
PWMG6 works with the divided clock of that selected by P6CS1 and P6CSO bit.
In the coupled mode (P67MD=1), this setting is also applied to the PWM?7.

P6DIV2 P6DIV1 P6DIVO Description
0 0 0 1/1 Clock selected by P6CS1 and P6CSO0 bit (Initial)
0 0 1 1/2 Clock selected by P6CS1 and P6CSO bit
0 1 0 1/4 Clock selected by P6CS1 and P6CSO0 bit
0 1 1 1/8 Clock selected by P6CS1 and P6CSO bit
1 0 0 1/16 Clock selected by P6CS1 and P6CS0 bit
1 0 1 1/32 Clock selected by P6CS1 and P6CSO0 bit
1 1 0 1/64 Clock selected by P6CS1 and P6CS0 bit
1 1 1 Do not use
(1/1 Clock selected by P6CS1 and P6CSO0 bit)
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11.2.31 PWM?Y period register (PW7PL, PW7PH)

Address: OF4ADOH
Access: R'W

Access size: 8/16 bits
Initial value: OFFH

7 6 5 4 3 2 1 0
PW7PL P7P7 P7P6 P7P5 P7P4 P7P3 P7P2 P7P1 P7P0O
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Initial value 1 1 1 1 1 1 1 1
Address: OF4B1H
Access: R'W
Access size: 8 bits
Initial value: OFFH
7 6 5 4 3 2 1 0
PW7PH P7P15 P7P14 P7P13 P7P12 P7P11 P7P10 P7P9 P7P8
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Initial value 1 1 1 1 1 1 1 1

PW7PH and PW7PL are special function registers (SFRs) to set the PWM?7 periods.

Note:
When PW7PH or PW7PL is set to “0000H”, the PWM7 period buffer (PW7PBUF) is set to “0001H”.
Execute a word type transfer instruction to set the register.
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11.2.32 PWM?7 duty register (PW7DL, PW7DH)
Address: OF4D2H
Access: R'W
Access size: 8/16 bits
Initial value: OOH
7 6 5 4 3 2 1 0
PW7DL P7D7 P7D6 P7D5 P7D4 P7D3 P7D2 P7D1 P7DO0
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Initial value 0 0 0 0 0 0 0 0
Address: OF4D3H
Access: R'W
Access size: 8 bits
Initial value: OOH
7 6 5 4 3 2 1 0
PW7DH P7D15 P7D14 P7D13 P7D12 P7D11 P7D10 P7D9 P7D8
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Initial value 0 0 0 0 0 0 0 0

PW7DH and PW7DL are special function registers (SFRs) to set the PWM6 duties.
In the coupled mode (P67MD=1) and when the dead-time is set (P6DTMD=1), PW7D is used as the setting data of

dead-time.

Note:

Set PW7DH and PW7DL to values smaller than those to which PW7PH and PW7PL are set.
Execute a word type transfer instruction to set the register.
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11.2.33 PWM?7 counter register (PW4CL, PW4CH)

Address: OF4AD4H
Access: R'W

Access size: 8/16 bits
Initial value: 00H

7 6 5 4 3 2 1 0
PW7CL pP7C7 P7C6 P7C5 P7C4 P7C3 pP7C2 P7C1 P7CO
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Initial value 0 0 0 0 0 0 0 0
Address: OF4D5H
Access: R'W
Access size: 8 bits
Initial value: OOH
7 6 5 4 3 2 1 0
PW7CH P7C15 P7C14 P7C13 P7C12 P7C11 P7C10 P7C9 P7C8
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Initial value 0 0 0 0 0 0 0 0

PW7CL and PW7CH are special function registers (SFRs) that function as 16-bit binary counters.

When data is written to either PW7CL or PW7CH, PW7CL and PW7CH is set to “O000H”. The data that is written is
meaningless.

When data is read from PW7CL, the value of PW7CH is latched. When reading PW7CH and PW7CL, use a word type
instruction or pre-read PW7CL.

The contents of PW7CH and PW7CL during PWM operation cannot be read depending on the combination of the

PWM clock and system clock. Table 11-4 shows PW7CH and PW7CL read enable/disable for each combination of the
PWM clock and system clock.

Table 11-4 PW7CH and PW7CL Read Enable/Disable during PWM7 Operation

PV\QQ;:SCK Sy;:{eénct'ﬁc" PW7CH and PW7CL read enable/disable
LSCLK LSCLK Read enabled
Read enabled. However, to prevent the reading of undefined data
LSCLK HSCLK during counting, read consecutively PW7CH or PW7CL twice
until the last data coincides the previous data.
HTBCLK LSCLK Read disabled
HTBCLK HSCLK Read enabled
LSCLK .
External clock HSCLK Read disabled
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11.2.34 PWM?7 control register 0 (PW7CONO)

Address: OF4AD6H
Access: R'W

Access size: 8/16 bits
Initial value: 0OH

7 6 5 4 3 2 1 0
PW7CONO P7CLIG |P7STPSEL P7INI P7NEG P7IS1 P71S0 P7CS1 P7CS0
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Initial value 0 0 0 0 0 0 0 0

PW7CONO is a special function register (SFR) to control the PWM?7.

[Description of Bits]

e P7CLIG (bit 7)
The P7CLIG bit is used to enable or disable the external clear input when the mode is software start mode or external
input clear mode and the PWM?7 output flag (P7FLG) is “H” level. In the coupled mode (P67MD="H"), this bit is
ignored and the setting of P6CLIG bit is applied.

P7CLIG Description
0 The external clear input is enable (Initial)
1 The external clear input is disable

e P7STPSEL (bit 6)
The P7STPSEL bit is used to select the PWM?7 output level while the PWM?7 output is being temporarilly suspended,
which holds the level or gets it back to an initial level. The initial level is determined by P7INI bit and the level is
reversed when P7NEG bit is “1”. In the coupled mode (P67MD="H"), the setting of this bit is applied when PORUN
bit is “0”.

P7STPSEL Description
0 Holds the PWM?7 output level during the temporary suspension (Initial)
1 Gets the PWM?7 output back to the initial level during the temporary suspension

e P7INI (bit 5)
The P7INI bit is used to select the initial level of PWM?7. When P7NEG bit is “1” the initial level is also reversed.

P7INI Description
0 The initial level of PWM?7 output is “H” (Initial)
1 The initial level of PWM?7 output is “L”

e P7NEG (bit 4)
The P7NEG bit is used to select the output logic. When the positive logic is selected, the initial value of PWM7
output is “H”, and when the negative logic is selected, the initial value of PWM?7 output is “L”.

P7NEG Description
0 Positive logic (initial value)
1 Negative logic

e P7IS1, P7ISO0 (bits 3, 2)
The P7IS1 and P7ISO bits are used to select the point at which the PWM?7 interrupt occurs. “When the periods

LLIY3

coincide”, “when the duties coincide”, or “when the periods and duties coincide” can be selected.

P71S1 P71S0 Description
0 0 When the periods coincide. (Initial value)
0 1 When the duties coincide.
1 * When the periods and duties coincide.
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e P7CS1, P7CS0 (bits 1, 0)

The P7CS1 and P7CSO bits are used to select the PWM7 operation clocks. LSCLK, OSCLK, or the external clock
(P47/T16CK1) can be selected. When the OSCLK is selected for the PWM7 clock, external triggers (external input
start or clear) are sampled by the OSCLK. When other clocks are selected for the PWM?7 clock, they are sampled by

the LSCLK.
P4CS1 P4CS0 Description
0 0 LSCLK (initial value)
0 1 OSCLK
1 0 Do not use
1 1 External clock (P47/T16CK1)
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11.2.35 PWM?7 control register 1 (PW7CON1)

Address: OF4AD7H
Access: R'W

Access size: 8 bits
Initial value: 40H

7 6 5 4 3 2 1 0
PW7CON1 | P7STAT P7FLG - - - - - P7RUN
R/W R R R R R R R R/W
Initial value 0 1 0 0 0 0 0 0

PW7CONI1 is a special function register (SFR) to control PWM?7.

[Description of Bits]
e P7STAT (bit 7)
The P7STAT bit indicates “counting stopped or “counting in progress” of PWM7.

P7STAT Description
0 Counting stopped. (Initial value)
1 Counting in progress.

e P7FLG (bit 6)
The P7FLG bit is used to read the output flag (internal level) of PWM?7.
This bit is set to “1” when write operation to PW7CH or PW7CL is performed,

P7FLG Description
0 PWM?7 output flag = “0”
1 PWM?7 output flag = “1” (initial value)

e P7RUN (bit 0)
The P7RUN bit is used to control count stop/start of PWM?7.

P7RUN Description
0 Stops counting. (Initial value)
1 Starts counting.
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11.2.36 PWM?7 control register 2 (PW7CON2)

Address: OF4AD8H
Access: R'W

Access size: 8/16 bits
Initial value: 0OH

7 6 5 4 3 2 1 0
PW7CON2 - P7MD - P7TGSEL | P7STM1 P7STMO P7TGET1 P7TGEO
R/W R R/W R R/W R/W R/W R/W R/W
Initial value 0 0 0 0 0 0 0 0

PW7CON?2 is a special function register (SFR) to control PWM?7.

[Description of Bits]

e P7 MD (bit 6)
The P7MD bit is used to select one shot mode or repeate mode of PWM?7. Setting “1” to the P7MD bit selects the one
shot mode. In the coupled mode (P67MD="H"), this bit is ignored and the setting of P6MD bit is applied.

P7MD Description
0 Reapet mode of PWM?7 (Initial value)
1 One shot mode of PWM7

o P7TGSEL (bit 4)

P7TGSEL is used to select the hardware control pin. In the coupled mode (P67MD="H"), this bit is ignored and the
setting of POTGSEL bit is applied.

P7TGSEL . Descrlptlon'
External input start / External input clear control
0 Use PW67EVO pin (Initial value)
1 Use PW67EV1 pin

e P7STMI1, P7STMO (bit 3, bit 2)
P7STM1 and P7STMO are used to select the count start mode of PWM?7. In the coupled mode (P67MD=1), this bit

is ignored.
P7STM1 P7STMO Description
0 0 Software start mode (Initial value)
0 1 Software start mode or External input start mode
1 0 External input start mode
1 1 Software start mode or External input clear mode
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e P7TGEL, P7TGEO (bit 1, bit 0)
P7TGE1 and P7TGEQO are used to select the trigger edge of PWM?7 external input control. In the coupled mode
(P67MD=1), this bit is ignored.

P7TGE1 P7TGEO Description
During the external input start mode During the external input clear mode
(P7STM1,P7STMO = "01” or "10”) (P7STM1,P7STMO = "117)
0 0 External input start is disable(Initial) External input clear is disable(Initial)
0 1 Rising edge start Falling edge clear
Falling edge stop & clear
1 0 Falling edge start Rising edge clear

Rising edge stop & clear

External input start is disable

Both edge clear
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11.2.37 PWM?7 control register 4 (PW7CON4)

Address: OF4ADAH
Access: R'W

Access size: 8/16 bits
Initial value: 0OH

7 6 5 4 3 2 1 0
PW7CON4 - - — - — P7T1SELO - P7TOSELO
R/W R R R R R R/W R R/W

Initial value

o
o
o
o
o

0 0 0
PW7CON4 is a special function register (SFR) to control PWM?7.

[Description of Bits]
e P7T1SELO (bit 2)
P7TISELO bit is used to select the external input PW67EV 1 pin.
In the coupled mode (P67MD=1), this bit is ignored and the setting of P6T1SELO bit is applied.

P7T1SELO Description
0 Specify PW67EV1 pin to P31 pin (Initial)
1 Specify PW67EV1 pin to P63 pin

e P7TOSELO (bit 0)
P7TOSELO bit is used to select the external input PW67EVO0 pin.
In the coupled mode (P67MD=1), this bit is ignored and the setting of POTOSELO bit is applied.

P7TOSELO Description
0 Specify PW67EV0 pin to P01 pin (Initial)
1 Specify PW67EVO0 pin to P33 pin
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11.2.38 PWM?7 control register 5 (PW7CONS5)

Address: OF4ADBH
Access: R'W
Access size: 8 bits
Initial value: 0OH

7 6 5 4 3 2 1 0
PW7CON5 - - P7T151 P7T1S0 - - P7T0SH P7T0SO
R/W R R R/W R/W R R R/W R/W
Initial value 0 0 0 0 0 0 0 0

PW7CONS is a special function register (SFR) to control PWM?7.

[Description of Bits]
e P7T1S 1, P7T1S0 (bit 5, bit 4)
P7T1S1 and P7T1S0 determines sampling time for the external input PW67EV1 pin. This function is available when

the PWM?7 operating clock is OSCLK (P7CS1=0, P7CS0=1) and the sampling time in other case is fixed to the max.
LSCLK x 2.

In the coupled mode (P67MD=1), these bits are ignored and the setting of P6T1S1 and P6T1S0 bit are applied.

P7T1S1 P7T1S0 Description
0 0 OSCLK x max. 2 clock (Initial)
0 1 OSCLK x max. 4 clock
1 0 OSCLK x max. 8 clock
1 1 OSCLK x max. 16 clock

e P7TOS 1, P7T0S0 (bit 1, bit 0)
P7T0S1 and P7TOSO determines sampling time for the external input PW67EVO0 pin. This function is available when
the PWM?7 operating clock is OSCLK (P7CS1=0, P7CS0=1) and the sampling time in other case is fixed to the max.
LSCLK x 2.
In the coupled mode (P67MD=1), these bits are ignored and the setting of P6TOS1 and P6T0SO bit are applied.

P7T0S1 P7T0SO Description
0 0 OSCLK x max. 2 clock (Initial)
0 1 OSCLK x max. 4 clock
1 0 OSCLK x max. 8 clock
1 1 OSCLK x max. 16 clock

Note:

This function is available when the PWM7 operating clock is OSCLK (P7CS1=0, P7CS0O=1) and the sampling time in
other case is fixed to the max. LSCLK x 2.
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11.2.39 PWM?7 control register 6 (PW7CONB6)

Address: OF4ADCH
Access: R'W
Access size: 8 bits
Initial value: 0OH

7 6 5 4 3 2 1 0
PW7CONG6 - — — - — P7DIV2 P7DIVA P7DIVO
R/W R R R R R R/wW R/W R/W
Initial value 0 0 0 0 0 0 0 0

PW7CONG is a special function register (SFR) to control PWM?7.

[Description of Bits]
e P7DIV2 ~P7DIVO (bit 2 to bit 0)
P7DIV2~P7DIVO are used to select division ratio of PWM?7 operating clock.
PWM7 works with the divided clock of that selected by P7CS1 and P7CSO0 bit.
In the coupled mode (P67MD=1), these bits are ignored and the setting of P6DIV2~P6DIVO bit are applied.

P7DIV2 P7DIV1 P7DIVO Description
0 0 0 1/1 Clock selected by P7CS1 and P7CSO0 bit (Initial)
0 0 1 1/2 Clock selected by P7CS1 and P7CSO0 bit
0 1 0 1/4 Clock selected by P7CS1 and P7CS0 bit
0 1 1 1/8 Clock selected by P7CS1 and P7CSO0 bit
1 0 0 1/16 Clock selected by P7CS1 and P7CS0 bit
1 0 1 1/32 Clock selected by P7CS1 and P7CS0 bit
1 1 0 1/64 Clock selected by P7CS1 and P7CS0 bit
1 1 1 Do not use
(1/1 Clock selected by P7CS1 and P7CSO0 bit)
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11.3 Description of Operation

The operation of PWM4 and PWMS are categorized into six modes. For more details about each operation mode, see the

section 11.3.1 to 11.3.6.

in Coupled mode
Dead-time* specified

P45MD P4DTMD PnMD Operation mode Description
0 - 0 Repeat mode PWM4 and PWM5 repeats working independently.
in Single mode
- 1 One shot mode PWM4 and PWMS5 works in one shot (one period
in Single mode cycle) and automatically stops, independently.
1 0 0 Repeat mode PWM4 repeats working in conjunction with PWMS5.
in Coupled mode Each duty of PWM4 and PWMS5 is configurable
No dead-time* specified | independently.
1 One shot mode PWM4 works in one shot (one period cycle) and
in Coupled mode automatically stops, in conjunction with PWM5. Each
No dead-time* specified duty of PWM4 and PWMS5 is configurable
independently.
1 0 Repeat mode PWM4 repeats working in conjunction with PWMS5.

Dead-time can be specified to generate the timing
that de-activates both PWM4 and PWMS5 at the same
time.

One shot mode
in Coupled mode
Dead-time* specified

PWM4 works in one shot (one period cycle) and
automatically stops, in conjunction with PWM5.
Dead-time can be specified to generate the timing
that de-activates both PWM4 and PWMS5 at the same
time.

n=4, 5

* Some motor control application uses the dead-time.
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The Start/Stop/Clear controls of PWM4 and PWMS are categorized into eleven modes.
“P0O0 or P32/PW45EV0” and “P30 or P62/PW45EV 1” are selectable for the external hardware control.
For more details about each mode, see the section 11.3.7.

PnSTM1 | PnSTMO | PnTGE1 PnTGEO Operation mode Description
0 0 - — Software start mode Control the start/stop by writing PnRUN bit.
0 1 0 1 Control the start/stop by writing PnRUN bit.

Also, can start the PWM by the external
input "H” level and can stop / clear by the
“L” level.
1 0 Software start mode Control the start/stop by writing PnRUN bit.
) or Also, can start the PWM by the external
External input start mode | input "L” level and can stop / clear by the
“H” level.
0 0 Control the start/stop by writing PnRUN bit.
The external input control is disabled.

1 0 0 1 It can start the PWM by the riging edge of
external input and can stop / clear by the
falling edge.

1 0 ) It can start the PWM by the falling edge of
External input start mode | external input and can stop / clear by the
riging edge.

0 0 The external input control is disabled and
the PWM does not work.

1 1 0 0 Control the start/stop by writing PnRUN bit.
The external input control is disabled.

0 1 Control the start/stop by writing PnRUN bit.
Also, can clear the PWM by the falling edge
Software start mode of external input.

1 0 or Control the start/stop by writing PnRUN bit.
External input clear mode | Also, can clear the PWM by the riging edge
of external input.

1 1 Control the start/stop by writing PnRUN bit.
Also, can clear the PWM by the riging edge
or falling edeg of external input.

n=4, 5
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The operation of PWM6 and PWM?7 are categorized into six modes. For more details about each operation mode, see the

section 11.3.9 to 11.3.14.

in Coupled mode
Dead-time specified

P67MD P7DTMD PnMD Operation mode Description
0 - 0 Repeat mode PWM6 and PWM?7 repeats working independently.
in Single mode
- 1 One shot mode PWM®6 and PWM7 works in one shot (one period
in Single mode cycle) and automatically stops, independently.
1 0 0 Repeat mode PWMB6 repeats working in conjunction with PWM?7.
in Coupled mode Each duty of PWM6 and PWM7 is configurable
No dead-time specified independently.
1 One shot mode PWM6 works in one shot (one period cycle) and
in Coupled mode automatically stops, in conjunction with PWM?7. Each
No dead-time specified duty of PWM6 and PWM?7 is configurable
independently.
1 0 Repeat mode PWMB6 repeats working in conjunction with PWM?7.

Dead-time can be specified to generate the timing
that de-activates both PWM6 and PWM?7 at the same
time.

One shot mode
in Coupled mode
Dead-time specified

PWM6 works in one shot (one period cycle) and
automatically stops, in conjunction with PWM7.
Dead-time can be specified to generate the timing
that de-activates both PWM6 and PWM?7 at the same
time.

n=6, 7
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The Start/Stop/Clear controls of PWM6 and PWM7 are categorized into eleven modes.
“PO1 or P33/PW67EV0” and “P31 or P63/PW67EV 1" are selectable for the external hardware control.
For more details about each mode, see the section 11.3.15.

PnSTM1 | PnSTMO | PnTGE1 | PnTGEO Operation mode Description
0 0 - — Software start mode Control the start/stop by writing PnRUN bit.
0 1 0 1 Control the start/stop by writing PnRUN bit.

Also, can start the PWM by the external
input "H” level and can stop / clear by the
“L” level.
1 0 Software start mode Control the start/stop by writing PnRUN bit.
) or Also, can start the PWM by the external
External input start mode | input "L” level and can stop / clear by the
“H” level.
0 0 Control the start/stop by writing PnRUN bit.
The external input control is disabled.

1 0 0 1 It can start the PWM by the riging edge of
external input and can stop / clear by the
falling edge.

1 0 ) It can start the PWM by the falling edge of
External input start mode | external input and can stop / clear by the
riging edge.

0 0 The external input control is disabled and
the PWM does not work.

1 1 0 0 Control the start/stop by writing PnRUN bit.
The external input control is disabled.

0 1 Control the start/stop by writing PnRUN bit.
Also, can clear the PWM by the falling edge
Software start mode of external input.

1 0 or Control the start/stop by writing PnRUN bit.
External input clear mode | Also, can clear the PWM by the riging edge
of external input.

1 1 Control the start/stop by writing PnRUN bit.
Also, can clear the PWM by the riging edge
or falling edeg of external input.

n=6, 7
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11.3.1 PWM4 and PWMS5, Single mode / Repeat mode (P45MD="0", PnMD="0")

The PWM counter registers (PWnCH, PWnCL) are set to an operating state (PnSTAT is set to “1”) on the first falling
edge of the PWM clock (PnCK) that are selected by the PWMn control register 0 (PWnCONO) when the PnRUN bit of
PWMn control register 1 (PWnCONT1) is set to “1” and starts incrementing the count value on the 2nd falling edge.

When the count value of PWM counter registers (PWnCH, PWnCL) and the value of the PWMn duty buffer (PWnDBUF)
coincide, the PWM flag (PnFLG) is set to “0” on the next timer clock falling edge of PnCK.

When the count value of PWM counter registers (PWnCH, PWnCL) and the value of the PWMn period buffer
(PWnPBUF) coincide, the PWM flag (PnFLG) is set to “1” on the next falling edge of PnCK and PWMn counter registers
is set to “0000H” and contines incremental counting. At the same time, the value of the PWMn duty register (PWnDH,
PWnDL) is transferred to the PWMn duty buffer (PWnDBUPF) and the value of PWMn period register (PWnPH, PWnPL)
to the PWMn period buffer (PWnPBUF).

When the PnRUN bit is set to “0”, the PWM counter registers (PWnCH, PWnCL) stop counting after counting once the
falling of the PWM clock (PnCK). Confirm that PWnCH and PWnCL are stopped by checking that the PnSTAT bit of the
PWMn control register 1 (PWnCON1) is “0”. When the PnRUN bit is set to “1” again, PWnCH and PWnCL restarts
incremental counting from the previous value on the falling edge of PnCK.

To initialize the PWM counter registers (PWnCH, PWnCL) to “0000H”, perform write operation in either of PWnCH or
PWnCL. At that time, PnFLG is also set to “1”. When data is written in the PWMn duty register (PWnDH, PWnDL)
during count stop (PnRUN is in a “1” state), the data is transferred to the PWMn duty buffer (PWnDBUF) and when data
is written in the PWMn period register (PWnPH, PWnPL), the data is transferred to the PWMn period buffer (PWnPBUF).

The PWM clock is selected by PWMn control register 0 (PWnCONQO) and PWMn control register 6 (PWOCONGO6).
PWDMn interrupt occurrence point and logic of the PWMn output are selected by PWMn control register 0 (PWnCONO).

External input can start / stop / clear the PWMn by setting the PnSTM1 bit and PnSTMO bit of PWMn control register 2
(PWnCON?2). The control edge or level is selected by the PnTGEO bit and PnTGE1 bit and the external input pin is
selected by PnTGSEL bit. For more details about transfer timings between the PWMn duty registers and the duty buffer or
PWDMn period registers and the period buffer, see 11.3.7 “PWM4/PWMS start/stop/clear operation by the external control”
with notice for some operational restrictions.

The period of the PWMn signal (Tpwp) and the first half duration (Tpwp) of the duty are expressed by the following

equations.
T PWnP + 1
PP = PnCK (Hz)
T PWnD + 1
PWD = PnCK (Hz)

PWnP: PWMn period registers (PWnPH, PWnPL) setting value (0001H to OFFFFH)
PWnD: PWMn duty registers (PWnDH, PWnDL) setting value (0000H to OFFFEH)
PnCK: Clock frequency
n=4,5
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After the PnRUN bit is set to “1”, counting starts in synchronization with the PWM clock. This causes an error of up to 1
clock pulse to the time the first PWM interrupt is issued. The PWM interrupt period from the second time is fixed.

Figure 11-3 shows the operation timing of PWMn on the condition of single mode and repeat mode (P45MD="0",
PnMD="0").

PnCK__J_?L_FTL_Y_Q_I_l_j_Q_J_lﬁ l_j_l_j_l_J_lﬁ VIVIVI VTV VT
PnRUN ! " |
—f— §
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Write PWnCH
Write PWnCL $ i
PWnCH/L 0000 Y0001 {0002 ({7FFF)8000) 80018002 XA000)(A000) 0000) 0001} 0002 ¥0000
PWnDHL _ X 8000 BECZEY 7777 (7777
5 2
PWnDBUF __ X 8000 q 8000 8000 7777
PWnPH/L X A000 ¥ BBBB BBBB (" BBBB
3 1
PWnPBUF X A000 | A0D0 % A000 BBBB
PWnINT M g o A I
J) 7
PnFLG |§§ o
=2 - ‘(»L
PWMn* SlnTiEnIiLTIInIaaaILIny ()()
(Positive logic) R ?({
PWMn* 7
(Negative logic) == § 7y
' Tewp « '
The initial level (H or L) is PnSTPSEL bit can determines
selectable by PniNI bit. LI § }Qﬁizjg"eéu(r?%d e e e
<— Count start suspension.
« The initial level (H or L) is

) .
Trwo: Disable period for the external input clear (PnCLIG="1")  Selectable by PnINI bit.

Figure 11-3 (1/2) PWMn Operating timing chart (PnMD="“0", P45MD="0")
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PnRUN | |
PnSTAT
PWnCH/L XZOOO X2001 X2002 X2003 2004 X2005 X2006 )@007 X2008
PnFLG
n=4, 5
< Count stop < Count start

Figure 11-3 (2/2) PWMn Operating timing chart

Note:
Even if “0” is written to the PnRUN bit, counting operation continues up to the falling edge (the PWMn status flag
(PnSTAT) is in a “1” state) of the next PWM clock pulse. Therefore, the PWMn interrupt (PWnINT) may occur.
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11.3.2 PWM4 and PWMS5, Single mode / One shot mode (P45MD="0", PnMD="1")

The PWM counter registers (PWnCH, PWnCL) are set to an operating state (PnSTAT is set to “1”) on the first falling
edge of the PWM clock (PnCK) that are selected by the PWMn control register 0 (PWnCONO) when the PnRUN bit of
PWMn control register 1 (PWnCONT1) is set to “1” and starts incrementing the count value on the 2nd falling edge.

When the count value of PWM counter registers (PWnCH, PWnCL) and the value of the PWMn duty buffer (PWnDBUF)
coincide, the PWM flag (PnFLG) is set to “0” on the next timer clock falling edge of PnCK.

When the count value of PWM counter registers (PWnCH, PWnCL) and the value of the PWMn period buffer
(PWnPBUF) coincide, the PWM flag (PnFLG) is set to “1” on the next falling edge of PnCK and PWMn counter registers
is set to “0000H” and contines incremental counting. At the same time, the value of the PWMn duty register (PWnDH,
PWnDL) is transferred to the PWMn duty buffer (PWnDBUF) and the value of PWMn period register (PWnPH, PWnPL)
to the PWMn period buffer (PWnPBUF).

Setting the PnRUN bit to “1” restarts incremental counting the PWM counter registers.

When the PnRUN bit is set to “0”, the PWM counter registers (PWnCH, PWnCL) stop counting after counting once the
falling of the PWM clock (PnCK). Confirm that PWnCH and PWnCL are stopped by checking that the PnSTAT bit of the
PWMn control register 1 (PWnCON1) is “0”. When the PnRUN bit is set to “1” again, PWnCH and PWnCL restarts
incremental counting from the previous value on the falling edge of PnCK.

To initialize the PWM counter registers (PWnCH, PWnCL) to “0000H”, perform write operation in either of PWnCH or
PWnCL. At that time, PnFLG is also set to “1”. When data is written in the PWMn duty register (PWnDH, PWnDL)
during count stop (PnRUN is in a “1” state), the data is transferred to the PWMn duty buffer (PWnDBUF) and when data
is written in the PWMn period register (PWnPH, PWnPL), the data is transferred to the PWMn period buffer (PWnPBUF).

The PWM clock is selected by PWMn control register 0 (PWnCONO) and PWMn control register 6 (PWOCONG).
PWMn interrupt occurrence point and logic of the PWMn output are selected by PWMn control register 0 (PWnCONO).

External input can start / stop / clear the PWMn by setting the PnSTM1 bit and PnSTMO bit of PWMn control register 2
(PWnCON?2). The control edge or level is selected by the PnTGEO bit and PnTGE1 bit and the external input pin is
selected by Pn'TGSEL bit. For more details about transfer timings between the PWMn duty registers and the duty buffer or
PWDMn period registers and the period buffer, see 11.3.7 “PWM4/PWMS start/stop/clear operation by the external control”
with notice for some operational restrictions.

The period of the PWMn signal (Tpwp) and the first half duration (Tpwp) of the duty are expressed by the following

equations.
T PWnP + 1
PR = PnCK (Hz)
T PWnD + 1
PWD = PnCK (Hz)

PWnP:  PWMn period registers (PWnPH, PWnPL) setting value (0001H to OFFFFH)
PWnD:  PWMn duty registers (PWnDH, PWnDL) setting value (0000H to OFFFEH)
PnCK: Clock frequency
n=4,5
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After the PnRUN bit is set to “1”, counting starts in synchronization with the PWM clock. This causes an error of up to 1
clock pulse to the time the first PWM interrupt is issued.

Figure 11-4 shows the operation timing of PWMn on the condition of single mode and repeat mode (P45MD="0",
PnMD="1").
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Figure 11-4 (1/2) PWMn Operating timing chart (PnMD="“1", P45MD="0")
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Figure 11-4 (2/2) PWMn Operating timing chart

Note:
Even if “0” is written to the PnRUN bit, counting operation continues up to the falling edge (the PWMn status flag
(PnSTAT) is in a “1” state) of the next PWM clock pulse. Therefore, the PWMn interrupt (PWnINT) may occur.
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11.3.3 PWM4 and PWMS5, Coupled mode (with no dead-time specified) / Repeat mode
(P45MD="1", P4ADTMD="0", P4AMD="0")

The PWM4 counter registers (PW4CH, PW4CL) are set to an operating state (PASTAT is set to “1”) on the first falling
edge of the PWM clock (P4CK) that are selected by the PWM4 control register 0 (PW4CONO) and the PWM4 control
register 6 (PW4CONG6) when the PARUN bit of PWM4 control register 1 (PW4CON1) is set to “1” and starts incrementing
the count value on the 2nd falling edge.

When the count value of PWM4 counter registers (PW4CH, PW4CL) and the value of the PWM4 duty buffer
(PW4DBUF) coincide, the PWM4 flag (P4AFLG) is set to “0” on the next timer clock falling edge of PACK.

When the count value of PWM4 counter registers (PW4CH, PW4CL) and the value of the PWMS5 duty buffer
(PWSDBUF) coincide, the PWMS flag (PSFLG) is set to “0” on the next timer clock falling edge of PACK.

When the count value of PWM4 counter registers (PW4CH, PW4CL) and the value of the PWMS5 period buffer
(PWS5PBUF) coincide, the PWMS flag (PSFLG) is set to “1” on the next falling edge of P4CK.

When the count value of PWM4 counter registers (PW4CH, PW4CL) and the value of the PWM4 period buffer
(PWSPBUF) coincide, the PWM4 flag (P4FLG) is set to “1” on the next falling edge of P4CK and the PWM4 counter
registers is set to “0000H” and contines incremental counting. At the same time, the value of the PWMn duty register
(PWnDH, PWnDL) is transferred to the PWMn duty buffer (PWnDBUF) and the value of PWMn period register (PWnPH,
PWnPL) to the PWMn period buffer (PWnPBUF).

When the P4RUN bit is set to “0”, the PWM4 counter registers (PW4CH, PW4CL) stop counting after counting once the
falling of the PWM clock (P4CK). Confirm that PW4CH and PW4CL are stopped by checking that the PASTAT bit of the
PWM4 control register 1 (PW4CONT1) is “0”. When the PARUN bit is set to “1” again, PW4CH and PW4CL restarts
incremental counting from the previous value on the falling edge of P4CK.

To initialize the PWM4 counter registers (PW4CH, PW4CL) to “0000H”, perform write operation in either of PW4CH or
PWA4CL. At that time, PAFLG is also set to “1”. When data is written in the PWMn duty register (PWnDH, PWnDL)
during count stop (PnRUN is in a “1” state), the data is transferred to the PWMn duty buffer (PWnDBUF) and when data
is written in the PWMn period register (PWnPH, PWnPL), the data is transferred to the PWMn period buffer (PWnPBUF).

The PWM clock is selected by PWM4 control register 0 (PW4CONQO) and PWM4 control register 6 (PWOCONG).
PWM4 interrupt occurrence point and logic of the PWM4 output are selected by PWM4 control register 0 (PW4CONO).
The logic of the PWMS5 output are selected by PWMS5 control register 0 (PW5CONO).

External input can start / stop / clear the PWMn by setting the P4ASTM1 bit and PASTMO bit of PWM4 control register 2
(PW4CON?2). The control edge or level is selected by the PATGEO bit and PATGE1 bit and the external input pin is
selected by PATGSEL bit. For more details about transfer timings between the PWMn duty registers and the duty buffer or
PWDMn period registers and the period buffer, see 11.3.7 “PWM4/PWMS start/stop/clear operation by the external control”
with notice for some operational restrictions.

The period of the PWM4 signal (Tpwp), the first half duration (Tpwp) of the duty, the duration of the PWMS5 signal delay1
(Tpwp1) and the delay2(Tpwpy), are expressed by the following equations.

T PW4P + 1
PP = P4CK (Hz)
T PW4D + 1
PWD = P4CK (Hz)
— PWS5D + 1
PwD1 = P4CK (Hz)
— PW5P + 1
PwD2 = P4CK (Hz)

PW4P: PWM4 period registers (PW4PH, PW4PL) setting value (0001H to OFFFFH)
PW4D:  PWM4 duty registers (PW4DH, PW4DL) setting value (0000H to OFFFEH)
P4CK: Clock frequency specified by PWM4 control registers

PW5P: PWMS5 period registers (PW5PH, PW5PL) setting value (0001H to OFFFFH)
PWS5D: PWMS5 duty registers (PW5DH, PW5DL) setting value (0000H to OFFFEH)
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After the PARUN bit is set to “1”, counting starts in synchronization with the PWM clock. This causes an error of up to 1
clock pulse to the time the first PWM interrupt is issued. The PWM interrupt period from the second time is fixed.

Figure 11-5 shows the operation timing of PWM4 and PWMS on the condition of coupled mode with no dead-time
specified (P45MD="1", PADTMD="0") and repeat mode (P4AMD="0").
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Figure 11-5 PWM4 and PWM5 Operating timing chart (P4MD=“0", P45MD="1", P4ADTMD="0")
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11.3.4 PWM4 and PWMS5, Coupled mode (with no dead-time specified) / One shot mode
(P45MD="1", PADTMD="0", PAMD="1")

The PWM4 counter registers (PW4CH, PW4CL) are set to an operating state (PASTAT is set to “1”) on the first falling
edge of the PWM clock (P4CK) that are selected by the PWM4 control register 0 (PW4CONO) and the PWM4 control
register 6 (PW4CONG6) when the PARUN bit of PWM4 control register 1 (PW4CON1) is set to “1” and starts incrementing
the count value on the 2nd falling edge.

When the count value of PWM4 counter registers (PW4CH, PW4CL) and the value of the PWM4 duty buffer
(PW4DBUF) coincide, the PWM4 flag (P4AFLG) is set to “0” on the next timer clock falling edge of PACK.

When the count value of PWM4 counter registers (PW4CH, PW4CL) and the value of the PWMS5 duty buffer
(PWSDBUF) coincide, the PWMS flag (PSFLG) is set to “0” on the next timer clock falling edge of PACK.

When the count value of PWM4 counter registers (PW4CH, PW4CL) and the value of the PWMS5 period buffer
(PWS5PBUF) coincide, the PWMS flag (PSFLG) is set to “1” on the next falling edge of P4CK.

When the count value of PWM4 counter registers (PW4CH, PW4CL) and the value of the PWM4 period buffer
(PWSPBUF) coincide, the PWM4 flag (P4FLG) is set to “1” on the next falling edge of P4CK and the PWM4 counter
registers is set to “0000H”, stops incremental counting and the PARUN bit gets cleared to “0”. At the same time, the value
of the PWMn duty register (PWnDH, PWnDL) is transferred to the PWMn duty buffer (PWnDBUF) and the value of
PWMn period register (PWnPH, PWnPL) to the PWMn period buffer (PWnPBUF).

Setting the PARUN bit to “1” restarts incremental counting the PWM counter registers.

When the P4ARUN bit is set to “0”, the PWM4 counter registers (PW4CH, PW4CL) stop counting after counting once the
falling of the PWM clock (P4CK). Confirm that PW4CH and PW4CL are stopped by checking that the PASTAT bit of the
PWM4 control register 1 (PW4CON1) is “0”. When the PARUN bit is set to “1” again, PW4CH and PW4CL restarts
incremental counting from the previous value on the falling edge of PACK.

To initialize the PWM4 counter registers (PW4CH, PW4CL) to “0000H”, perform write operation in either of PW4CH or
PWA4CL. At that time, P4FLG is also set to “1”. When data is written in the PWMn duty register (PWnDH, PWnDL)
during count stop (PnRUN is in a “1” state), the data is transferred to the PWMn duty buffer (PWnDBUF) and when data
is written in the PWMn period register (PWnPH, PWnPL), the data is transferred to the PWMn period buffer (PWnPBUF).

The PWM clock is selected by PWM4 control register 0 (PW4CONO) and PWM4 control register 6 (PWOCONG6).
PWM4 interrupt occurrence point and logic of the PWM4 output are selected by PWM4 control register 0 (PW4CONO).

External input can start / stop / clear the PWMn by setting the PASTM1 bit and PASTMO bit of PWM4 control register 2
(PW4CON?2). The control edge or level is selected by the PATGEQ bit and PATGE1 bit and the external input pin is
selected by PATGSEL bit. For more details about transfer timings between the PWMn duty registers and the duty buffer or
PWMn period registers and the period buffer, see 11.3.7 “PWM4/PWMS3 start/stop/clear operation by the external control”
with notice for some operational restrictions.

The period of the PWM4 signal (Tpwp), the first half duration (Tpwp) of the duty, the duration of the PWMS5 signal delayl
(Tpwp1) and the delay2(Tpwpy), are expressed by the following equations.

T PW4P + 1
PP = P4CK (Hz)
T PW4D + 1
PWD = P4CK (Hz)
— PWS5D + 1
PwD1 = P4CK (Hz)
— PW5P + 1
PwD2 = P4CK (Hz)

PW4P: PWM4 period registers (PW4PH, PW4PL) setting value (0001H to OFFFFH)
PW4D:  PWM4 duty registers (PW4DH, PW4DL) setting value (0000H to OFFFEH)
P4CK: Clock frequency specified by PWM4 control registers

PW5P: PWMS5 period registers (PW5PH, PW5PL) setting value (0001H to OFFFFH)
PWS5D: PWMS5 duty registers (PW5DH, PW5DL) setting value (0000H to OFFFEH)
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After the PARUN bit is set to “1”, counting starts in synchronization with the PWM clock. This causes an error of up to 1
clock pulse to the time the first PWM interrupt is issued. The PWM interrupt period from the second time is fixed.

Figure 11-6 shows the operation timing of PWM4 and PWMS on the condition of coupled mode with no dead-time
specified (P45SMD="1", PADTMD="0") and one shot mode (P4AMD="1").

pack JU VUV IV VTV VTV VIV VT LIV T TV T

P4RUN
(« {( (( (¢
n h) i N
PASTAT |
Write PW4CH
Write PW4CL I % % % %
PWA4CH/L XXXX X oood 1000 ‘S' 000 @‘S' 000 4ooc><oooo
PWA4DH/L X 1000 U0 s000 § s000 §  s000 §  s000e
PW4DBUF __ X 1000 § 1000 § 1000 § 1000 § 1000 5000
PW4PH/L X 4000 X sooo § sooo { se00 § so00e
3 2
PW4PBUF X 4000 N 4000 § 4000 ) 4000 § 4000 8000
PW5DH/L _ ) 2000 (X s000 § 6000 6000 eo000@
PW5DBUF __ X 2000 § 2000 § 2000 Y 2000 § 2000 6000
PW5PH/L X 3000 (X 7000 § 7000 {7000 {70004
3 J/
PW5PBUF X 3000 N 3000 § 3000 § 3000 § 3000 7000
PW4INT « L « «
{){) ) i )
PAFLG FEE77] L
(Positi PIWMA)f R « «
ositive logic «
PWM4 /)4 ¢ g
(Negative logic) §
. ! Tewp
The initial level (H or L) is ” The initial level (H or L) is
selectable by PniINI bit. Tewe « « « « selectable by PnINI bit.
P5FLG o % 4
«
)
~ PWM5 pr: % o %
(Positive logic) T ?5
PWM5 TR »
(Negative logic) == == % % 5
. - Tewp1 «
Fr:nsrpsFl(‘h it can determines i ” The initial level (H or L) is
the level (hold or back to the T .
initial) during the temporary D2 5 5 selectable by PnINI bit.
suspension. < Count start
The initial level (H or L) is ount sta
selectable by PnINI bit. (

Tewp: Disable pgriod for the external input clear (P4CLIG="1")

Figure 11-6 PWM4 and PWM5 Operating timing chart (P4MD=“1", P45MD="1", P4ADTMD="0")
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11.3.5 PWM4 and PWM5, Coupled mode (with dead-time specified) / Repeat mode
(P45MD="1", P4ADTMD="1", PAMD="0")

The PWM4 counter registers (PW4CH, PW4CL) are set to an operating state (PASTAT is set to “1”) on the first falling
edge of the PWM clock (P4CK) that are selected by the PWM4 control register 0 (PW4CONO) and the PWM4 control
register 6 (PW4CONG6) when the PARUN bit of PWM4 control register 1 (PW4CON1) is set to “1” and starts incrementing
the count value on the 2nd falling edge.

Setting PADTMD bit to “1” enables the dead-time to generate the timing that de-activates both PWM4 and PWMS at the
same time. Specifiy the value of dead-time into PW5DH and PW5DL registers.

When the count value of PWM4 counter registers (PW4CH, PW4CL) and the value of the [PWM4 duty buffer] +
[dead-time] (PW4DBUF + PW5DBUF) coincide, the PWM4 flag (P4FLG) is set to “0” on the next timer clock falling
edge of PACK.

When the count value of PWM4 counter registers (PW4CH, PW4CL) and the value of the PWMS5 duty buffer

(PWSDBUF) coincide, the PWMS flag (PSFLG) is set to “0” on the next timer clock falling edge of PACK.

When the count value of PWM4 counter registers (PW4CH, PW4CL) and the value of the PWM4 duty buffer

(PW4DBUF) coincide, the PWMS flag (PSFLG) is set to “1” on the next falling edge of PACK.

When the count value of PWM4 counter registers (PW4CH, PW4CL) and the value of the PWM4 period buffer

(PWSPBUF) coincide, the PWM4 flag (P4FLG) is set to “1” on the next falling edge of P4CK and the PWM4 counter

registers is set to “0000H” and contines incremental counting. At the same time, the value of the PWMn duty register

(PWnDH, PWnDL) is transferred to the PWMn duty buffer (PWnDBUF) and the value of PWMn period register (PWnPH,

PWnPL) to the PWMn period buffer (PWnPBUF).

When the P4RUN bit is set to “0”, the PWM4 counter registers (PW4CH, PW4CL) stop counting after counting once the
falling of the PWM clock (P4CK). Confirm that PW4CH and PW4CL are stopped by checking that the PASTAT bit of the
PWM4 control register 1 (PW4CONT1) is “0”. When the P4ARUN bit is set to “1” again, PW4CH and PW4CL restarts
incremental counting from the previous value on the falling edge of P4CK.

To initialize the PWM4 counter registers (PW4CH, PW4CL) to “0000H”, perform write operation in either of PW4CH or
PWA4CL. At that time, PAFLG is also set to “1”. When data is written in the PWMn duty register (PWnDH, PWnDL)
during count stop (PnRUN is in a “1” state), the data is transferred to the PWMn duty buffer (PWnDBUF) and when data
is written in the PWMn period register (PWnPH, PWnPL), the data is transferred to the PWMn period buffer (PWnPBUF).

The PWM clock is selected by PWM4 control register 0 (PW4CONQO) and PWM4 control register 6 (PWOCONG).
PWM4 interrupt occurrence point and logic of the PWM4 output are selected by PWM4 control register 0 (PW4CONO).
The logic of the PWMS5 output are selected by PWMS5 control register 0 (PW5CONO).

External input can start / stop / clear the PWMn by setting the PASTM1 bit and P4STMO bit of PWM4 control register 2
(PW4CON2). The control edge or level is selected by the PATGEO bit and PATGE1 bit and the external input pin is
selected by PATGSEL bit. For more details about transfer timings between the PWMn duty registers and the duty buffer or
PWDMn period registers and the period buffer, see 11.3.7 “PWM4/PWMS start/stop/clear operation by the external control”
with notice for some operational restrictions.
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The period of the PWM4 signal (Tpwp), the first half duration (Tpwp) of the duty, the duration of the PWMS5 dead-time
(Torm) and the delay2(Tpwp2), are expressed by the following equations.

Tewp =

TPWD =

TPWD2 =

TDTM =

PW4P:
PW4D:
P4CK:
PWS5D:

PW4P + 1

PACK (Hz)

PW4D + PW5D +2

PACK (Hz)

PW4D + 1
PACK (Hz)

PW5D + 1
PACK (Hz)

PWM4 period registers (PW4PH, PW4PL) setting value (0001H to OFFFFH)
PWM4 duty registers (PW4DH, PW4DL) setting value (0000H to OFFFEH)
Clock frequency specified by PWM4 control registers

PWMS5 duty registers (PW5DH, PW5DL) setting value (0000H to OFFFEH)
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After the PARUN bit is set to “1”, counting starts in synchronization with the PWM clock. This causes an error of up to

1 clock pulse to the time the first PWM interrupt is issued. The PWM interrupt period from the second time is fixed.
Figure 11-7 shows the operation timing of PWM4 and PWMS on the condition of coupled mode with dead-time specified
(P45MD="1", PADTMD="1") and repeat mode (P4AMD="0").
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PWA4CH/L XXXX X 0ood @@‘S 1000 ‘S ooc @‘S‘@ 400040000) @@
PW4DHL _ 2000 (X 5000 § s000 5600 {  s0004
5 \,
PW4DBUF _ )\ 2000 % 2000 § 2000 Y 2000 \ 2000 5000
PW4PH/L X 4000 § X' 8000 Y 8000 § 8000 § 8oooe
3 \/
PW4PBUF X 4000 % 4000 § 4000 Y 4000 § 4000 8000
PW5DHL _ 1000 WX 2000 % 2000 § 2000 § 20004
5 A
PW5DBUF _ 1000 § 1000 Y 1000 % 1000 § 1000 2000
PW5PH/L X XXXX SS:X XXXX % XXXX SS XXXX SS XXXX &
3 J/
PW5PBUF X XXXX % XXXX % XXXX % XXXX % XXXX XXXX
PWA4INT « ?2 ""-E (2(2 ( }
PAFLG [ ) o 3 )
PWM4 e % “ 7
(Positive logic) </</
PWM4 B « « ¢ g
(Negative logic) N ) ” ”
| T
The initial level (H or L) is FD ()()
selectable by PnINI bit. Tewe « g g «
« « (G
PSFLG ) 7 )
(«(
PWM5 SS . g 0
(Positive logic) (2(2
PWMS5 B . ” .
(Negative logic) —x ) » 65—
' Totm
PnSTPSEL bit can determines 7 Tomm
the level (hold or back to the Tewpe « <«
initial) during the temporary 7 " "
suspension. <— Count start
The initial level (H or L) is

selectable by PnINI bit. . §— ,
Tewp: Disable period for the external input clear (P4CLIG="1")

Figure 11-7 PWM4 and PWM5 Operating timing chart (P4MD=“0", P45MD="1", P4ADTMD="1")

Note:
PWMS output is initially in a high-impedance output state before setting the port n control register 0 and 1 (PnCONO
and PnCON1). Fix the level with a pull-up or pull-down resister externally if needed.
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11.3.6 PWM4 and PWMS5, Coupled mode (with dead-time specified) / One shot mode
(P45MD="1”, PADTMD="1", PAMD="1")

The PWM4 counter registers (PW4CH, PW4CL) are set to an operating state (PASTAT is set to “1”) on the first falling
edge of the PWM clock (P4CK) that are selected by the PWM4 control register 0 (PW4CONO) and the PWM4 control
register 6 (PW4CONG6) when the PARUN bit of PWM4 control register 1 (PW4CON1) is set to “1” and starts incrementing
the count value on the 2nd falling edge.

Setting PADTMD bit to “1” enables the dead-time to generate the timing that de-activates both PWM4 and PWMS at the
same time. Specifiy the value of dead-time into PW5DH and PW5DL registers.

When the count value of PWM4 counter registers (PW4CH, PW4CL) and the value of the [PWM4 duty buffer] +
[dead-time] (PW4DBUF + PW5DBUF) coincide, the PWM4 flag (P4FLG) is set to “0” on the next timer clock falling
edge of PACK.

When the count value of PWM4 counter registers (PW4CH, PW4CL) and the value of the PWMS5 duty buffer

(PWSDBUF) coincide, the PWMS flag (PSFLG) is set to “0” on the next timer clock falling edge of PACK.

When the count value of PWM4 counter registers (PW4CH, PW4CL) and the value of the PWM4 duty buffer

(PW4DBUF) coincide, the PWMS flag (PSFLG) is set to “1” on the next falling edge of PACK.

When the count value of PWM4 counter registers (PW4CH, PW4CL) and the value of the PWM4 period buffer

(PWSPBUF) coincide, the PWM4 flag (P4FLG) is set to “1” on the next falling edge of P4CK and the PWM4 counter

registers is set to “0000H”, stops incremental counting and the PARUN bit gets cleared to “0”. At the same time, the value

of the PWMn duty register (PWnDH, PWnDL) is transferred to the PWMn duty buffer (PWnDBUF) and the value of

PWMn period register (PWnPH, PWnPL) to the PWMn period buffer (PWnPBUF).

Setting the PARUN bit to “1” restarts incremental counting the PWM counter registers.

When the P4RUN bit is set to “0”, the PWM4 counter registers (PW4CH, PW4CL) stop counting after counting once the
falling of the PWM clock (P4CK). Confirm that PW4CH and PW4CL are stopped by checking that the PASTAT bit of the
PWM4 control register 1 (PW4CON1) is “0”. When the PARUN bit is set to “1” again, PW4CH and PW4CL restarts
incremental counting from the previous value on the falling edge of PACK.

To initialize the PWM4 counter registers (PW4CH, PW4CL) to “0000H”, perform write operation in either of PW4CH or
PWA4CL. At that time, P4FLG is also set to “1”. When data is written in the PWMn duty register (PWnDH, PWnDL)
during count stop (PnRUN is in a “1” state), the data is transferred to the PWMn duty buffer (PWnDBUF) and when data
is written in the PWMn period register (PWnPH, PWnPL), the data is transferred to the PWMn period buffer (PWnPBUF).

The PWM clock is selected by PWM4 control register 0 (PW4CONO) and PWM4 control register 6 (PWOCONG6).
PWM4 interrupt occurrence point and logic of the PWM4 output are selected by PWM4 control register 0 (PW4CONO).
The logic of the PWMS output are selected by PWMS control register 0 (PWS5CONO).

External input can start / stop / clear the PWMn by setting the PASTM1 bit and P4ASTMO bit of PWM4 control register 2
(PW4CON?2). The control edge or level is selected by the PATGEO bit and PATGE1 bit and the external input pin is
selected by PATGSEL bit. For more details about transfer timings between the PWMn duty registers and the duty buffer or
PWDMn period registers and the period buffer, see 11.3.7 “PWM4/PWMS start/stop/clear operation by the external control”
with notice for some operational restrictions.
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The period of the PWM4 signal (Tpwp), the first half duration (Tpwp) of the duty, the duration of the PWMS5 dead-time
(Torm) and the delay2(Tpwp2), are expressed by the following equations.

Tewp =

TPWD =

TPWD2 =

TDTM =

PW4P:
PW4D:
P4CK:
PWS5D:

PW4P + 1

PACK (Hz)

PW4D + PW5D +2

PACK (Hz)

PW4D + 1
PACK (Hz)

PW5D + 1
PACK (Hz)

PWM4 period registers (PW4PH, PW4PL) setting value (0001H to OFFFFH)
PWM4 duty registers (PW4DH, PW4DL) setting value (0000H to OFFFEH)
Clock frequency specified by PWM4 control registers

PWMS5 duty registers (PW5DH, PW5DL) setting value (0000H to OFFFEH)
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After the PARUN bit is set to “1”, counting starts in synchronization with the PWM clock. This causes an error of up to

1 clock pulse to the time the first PWM interrupt is issued. The PWM interrupt period from the second time is fixed.

Figure 11-8 shows the operation timing of PWM4 and PWMS on the condition of coupled mode with dead-time specified

(P45MD="1", PADTMD="1") and one shot mode (P4AMD="1").
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Figure 11-8 PWM4 and PWMS5 Operating timing chart (P4MD="1", P45MD="1", P4DTMD="1")

Note:

PWMS output is initially in a high-impedance output state before setting the port n control register 0 and 1 (PnCONO
and PnCON1). Fix the level with a pull-up or pull-down resister externally if needed.
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11.3.7 PWM4/PWMS5 start/stop/clear operation by the external control

The PWM counter registers (PWnCH, PWnCL) can be enabled to start, stop and clear with external triggering inputs, by
setting PnSTM1 bit, PnSTMO bit and PnTGSEL bit of PWMn control register 2 (PWnCON2). The external input is
sampled with a clock to eliminate one clock or less pulse of noise. The sampling clock is determined by PnCS1 and PnCS0
bit. When OSCLK is selected the OSCLK (approx. 125ns) is used as the sampling clock and in the other cases LSCLK
(approx. 30.5us) is used as the sampling clock.

Sampling clock L > 1 1 1 | R
Pck | [ Vv | \ [

External input_pin 4,—\_—| PWMn accepts the external input

Sampled singal waveform
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11.3.7.1 Software Start Mode

With the setting of PnSTM1="0" and PnSTMO0="0", the PWM counter operates being controlled by the PnRUN bit only.
The operation timing is similar to the ones shown in 11.3.1 to 11.3.6.

11.3.7.2 Software Start Mode or External Start Mode

With the setting of PnSTM1="0" and PnSTMO0="1", the PWM counter operates being controlled by the external input
(P00 or P32/PW45EV0, P30 or P62/PW45EV 1) that is selected by the PnRUN and PnTGSEL bits.

When the selected external input gets an external input specified by PnTGE1 and PnTGEO (PWnCON?2 register), the
PWM counter is started, stopped, or cleared. When the selected external input is fixed at the count start level, the counter
operates in the same way as the software start.

However, when the selected external input is at the count stop level on the software start, the counter does not start, and
it starts counting when the selected external input becomes the count start level.

PnTGE1 PnTGEO Count start edge | Count stop edge | Count start level Count stop level
0 1 Rising edge Falling edge “H” level “L” level
1 0 Falling edge Rising edge “L” level “H” level

Note:
When stopping the counter by the external input, the counter always gets cleared.

Figure 11-9 shows the operation timing.

PnTGE1=0, PnTGEO=1
When "H" level start and "L" level stop & clear are selected

PnRUN ,
P00, P32/PW45EV0
or
P30, P62/PW45EV1 The PniNI bit allows
_ selection of the "H/L" level ~eaoo
°7 forthe PWMinitial value. >~  TTTTTeeeol G
4 S e ->
TEIRIRN PEEEEEEER
PWMn output L A ]|
AN
The PnSTRSEL bit allows selection of whether or not to
output the initial value while being paused
When the ihitial value is output, the PnINI bit allows
selection of the "H/L" level.
0000 Count up 0000 A Count up 0000 Count up Hold valug\ 0000 Count up
n
Counting stopped
<— prp E— <& Counting stopped = { &~ Counting restarted
<— Software start & Externalinput | & External input | & Software stop & Software start
stop & clear start
Coincidence of the PWnCH/CL count value and
period buffer (PWnPBUF) value
PWnPH/L 2000 8000
PWnPBUF 2000 8000
PWnDH/L 1000 4000
PWnDBUF 1000 4000
SFR write from CPU SFR write
from CPU

Update buffer register Update buffer register

(a) Operation Timing Diagram with Software Start or External Input Start (PN TGE1=0, PnTGEO=1)
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PnTGE1=1, PnTGE0=0
When "L" level start and "H" level stop & clear are selected

PnRUN

P00, P32/PW45EV0
or
P30, P62/PW45EV1

The PnINI bit allows
. selection of the "H/L" level R T o
for the PWM initial value. D e e

4 ‘ Y e N
PWMn output I [ Ey |

N
Tlhe PnSTPSEL bit allows selection of whether or not to
output the initial value while being paused
When the initial value is output, the PnINI bit allows
selection of the "H/L" level.

ount up ount up ount up A Hold value ount up

n 000Q C 0000 Count 0000 C 0000 Ci
< TPWP > éantmg stopped> <& Counting stopped = | & Counting restarted
<— Software start & Externalinput | <& External i« Software stop & Software start
stop & clear QZ‘:
Coincidence of the RWnCH/CL count value
and period buffer (PWnPBUF) value
PWnPH/L 8000 2000 8000
PWnPBUF 8000 2000 8000
PWnDH/L 4000 1000 4000
PWnDBUF 4000 1000 4000
SFR write from CPU /l\ FR write
. from CPU .
Update buffer register Update buffer register

(b) Operation Timing Diagram with Software Start or External Input Start (PN TGE1=1, PnTGEO0=0)
Figure 11-9 Operation Timing Diagram with Software Start or External Input Start (PnSTM1="0", PnSTM0="1")

When cleared by the external input, the value of the PWMn duty register (PWnDH, PWnDL) is transferred to the PWMn

duty buffer (PWnDBUF) and the value of PWMn period register (PWnPH, PWnPL) to the PWMn period buffer
(PWnPBUF).

Note that there are the following restrictions.

® When PWMnPH/L or PWMnDH/L is changed during PWM operation to use the external input start, the system
clock/PWM clock must be one of the following combinations.

PWM clock System clock
P4CK/P5CK SYSCLK
LSCLK LSCLK
HTBCLK HSCLK

@ A pulse shorter than one internal PWM1 clock may not be accepted as the external input.

® The PWMn duty registers (PWnDH, PWnDL) and PWMn period registers (PWnPH, PWnPL) should not be written
to after the PWM count is stopped by the external input during PWM operation (PnNRUN="1").

FEUL620Q150A 11-75



LAPIS Semiconductor Co.,Ltd.

ML620Q151A/2A/3A/4A/5A/6A/TA/8A/9A User's Manual

Chapter 11 PWM

11.3.7.3 External Input Start Mode

With the setting of PnSTM1="1" and PnSTMO0="0" on the PWMn control register 2 (PWnCON?2), the PWM counter
operates being controlled by the edge of the external input that is selected by the PnTGSEL bit of the PWMn control
register 2 (PWnCON?2).
Note that the PnRUN bit is set to "1" in advance. If the PnRUN bit is "0", PWM will not operates even when the edge
input occurs on the selected external input.
Figure 11-10 shows the operation timing.

PnTGE1=0, PnTGEO=1
When rising-edge start and falling-edge stop & clear are selected

PnRUN

P00, P32/PW45EV0
or
P30, P62/PW45EV1

PWMn output g

 initial value.

The PnINI bit allows selection
_ of the "H/L" level for the PWM

PWnGHIL oo countvp____ Joooo  Gountup X000 Y countup ko0 Sountup
Counting stopped —> i<&— TPWP _ Gounting stopped
< External input start
&— External input &— External input start
accept enabled Coincidence of the PWnCH/CL count value External input
and period buffer (FWnPBUF) value stop & clear
PWnPH/L 8000 2000 ~ ¥8000
PWnPBUF 8000 {2000 8000
PWnDH/L 4000 ( 1000 (4000
PWnDBUF 4000 1000 4000
/]\ FR write
SFR write from CPU Update buffer register from CPU Update buffer register
(a) Operation Timing Diagram with External Input Start
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PnTGE1=1, PnTGE0=0
When falling-edge start and rising-edge stop & clear are selected

PnRUN
P00, P32/PW45EV0
or \l/
PSO, P62/PW45EV1 The PnINI bit allows selection of .
-~ the "H/L" level for the PWM SEIIzoe---l
-~ initial value.
&
PWMn output {2 R _| l—
PWNCHL ~ f_ oo G oooo caurtup oomo Y coumnup ) oooo Countup.
Counting s} opi{ed _______________ )
<— Counting stopped ——>i&— TPWP _
<— External input <— External input start <& External input start
accept enabled Coincidence of the PWnCH/CL count value External input
and period buffer (PWnPBUF) value stop & clear
PWnPH/L 8000 { 2000 (8000
PWnPBUF 8000 {2000 8000
PWnDH/L 4000 { 1000 (4000
PWnDBUF __ 4000 {1000 4000
1\ /PUpdate buffer
SFR write from CPU register SFR write Update buffer register
from CPU

(b) Operation Timing Diagram with External Input Start

Figure 11-10 Operation Timing Diagram with External Input Start (PnSTM1="1", PnSTM0="0")

When cleared by the external input, the value of the PWMn duty register (PWnDH, PWnDL) is transferred to the PWMn
duty buffer (PWnDBUF) and the value of PWMn period register (PWnPH, PWnPL) to the PWMn period buffer
(PWnPBUF).

Note that there are the following restrictions.

® When PWMnPH/L or PWMnDH/L is changed during PWM operation to use the external input start, the system
clock/PWM clock must be one of the following combinations.

PWM clock System clock
P4CK/P5CK SYSCLK
LSCLK LSCLK
HTBCLK HSCLK

@ A pulse shorter than one internal PWMI1 clock may not be accepted as the external input.

® The PWMn duty registers (PWnDH, PWnDL) and PWMn period registers (PWnPH, PWnPL) should not be
written to after the PWM count is stopped by the external input during PWM operation (PnRUN="1").
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11.3.7.4 Software Start or External Input Clear Mode

With the setting of PnSTM1="1" and PnSTMO0="1" on the PWMn control register 2 (PWnCON?2), the PWM counter
operates being controlled by the PnRUN bit.
When there is no edge input on the external input selected by the Pn'TGSEL bit of the PWMn control register 2
(PWnCON?2), the counter operates in the same way as the software start. When the selected external input gets an edge
input specified by PnTGE1 and PnTGEO, the PWM counter is cleared. The PnCLIG bit of the PWMn control register 0
(PWnCONO) allows enable/disable of the external clear input at the "H" level of the PWMn output flag (PnFLG).
Figure 11-11 shows the operation timing.

PnTGE1=0, PnTGEO=1
When falling-edge clear is selected

PnRUN

POO/PWA45EV0
or
P30/PW45EV1

\’ i}

PWMn output

PWnCH/L

PWnPH/L
PWnPBUF
PWnDH/L

PWnDBUF

)

The PniNI bit allows selection
_--~ofthe "H/L"level for the PWM  --——____________
~ initial value. —© T
< e et ~od
2
L L L | S
A
'
'
The PnSTPSEL bijt allows selection of whether or not to output
the initial value while being paugsed
When the initial value is output,ithe PnINI bit allows selection
Countiup of the "H/L" level.
)(ooooX Count up )oooo X ) 0000 Count up 0000 Countup 40000 X Count up AHold value{ 0000 X Countup
<— Tpwp —> <— Tewp —>i<— Tewp —>
<&— Software start
External input clear
Coincidence of the PWnCH/CL count value  Coincidence of the PWnCH/CL count value  Coincidence of the PWnCH/CL count value
and period buffer (PWnPBUF) value and period buffer (PWnPBUF) value and period buffer (PWnPBUF) value
O\
8000 (2000 {8000
8000 2000 X 8000
4000 L 1000 X 4000
4000 1000 X 4000

Update buffer register

T

SFR write
from CPU

Update buffer register

Update buffer register ~ SFR write

from CPU

/I\Update buffer register

(a) Operation Timing Diagram with Software Start and External Input Clear
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PnTGE1=1, PnTGE0=0
When rising-edge clear is selected
PnRUN
P00, P32/PW45EV0
or \l/
The PniNI bit allows selection of
PSO’ P62/PW4SEVT .-~ the H/L"level forthe PWM ~ ~ "7 Tmm-eelF
_,/” iniialvalve. T
LT >
PWMn output -1 | i
A
The PnSTPSEL bit a\iows selection of whether or not to output
the initial value while being paused
When the initial value is output, the PnINI bit allows selection
Count ug of the "H/L" level
PWnCH/L xOOOGX Count up )0000 X Count up 0000 X )0000 Count up 00004 Count upXHold value’\ 0000 { Countup
< prp —> < TPWP —> <— prp —>
<— Software 0000
External input clear
Coincidence of the PWnCH/CL count value  Coincidence of.the PWnCH/CL count value  Coincidence of the PWnCH/CL count value and
and period buffer (PWnPBUF) value and period buffer (PWnPBUF) value period buffer (PWnPBUF) value
PWnPH/L 8000 2000
PWnPBUF 8000 2000
PWnDH/L 4000 1000
PWnDBUF 4000 1000
Update buffer register /I\SFH write Update buffer Update buffer register Update buffer register
from CPU register

(b) Operation Timing Diagram with Software Start and External Input Clear
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PnTGE1=1, PnTGEO=1
Both-edge clear selected

PnRUN
P00, P32/PW45EV0 |

or )

P30, P62/PW45EV1

The PnINI bit allows selectian of the "H/L"

" level for the PWM initial value.

PWMn output -

Count up Count up
PWnCH/L  joooa) countn _ Joooo)( — oood countup _ Joooof  oood{ countup _ Yoo Countup
<— Tpwp —> <— Tewp —> <— Tewp —>

<&— Software start

External input clear External input clear

Coincidence of the PWnCH/CL count value Coincidence of the PWnCH/CL count value Coincidence of the PWnCH/CL count value

and period buffer (PWinPBUF) value and period buffer (PWAPBUF) value and period buffer (PWnPBUF) value
PWnPH/L 8000 2000 8000
PWnPBUF 8000 (2000 8000
PWnDH/L 4000 (1000 (2000
PWnDBUF 4000 A 1000 X 4000
Update buffer register /r /]\deate buffer register Upélale buffer Update buffer
SFR write Update buffer ~ SFR write register register
from CPU register from CPU

(c) Operation Timing Diagram with Software Start and External Input Clear
Figure 11-11 Operation Timing Diagram with Software Start and External Input Clear

For clear control by the external input, the values of the PWMn duty registers (PWnDH, PWnDL) and PWMn period
registers (PWnPH, PWnPL) are transferred to the PWMn duty buffer (PWnDBUF) and PWMn period buffer
(PWnPBUF) respectively at the timing of the external input pins and edges specified by Pn'TGSEL, PnTGE]1, and
PnTGEO.

Note that there are the following restrictions.

® When PWMnPH/L or PWMnDH/L is changed during PWM operation to use the software start or external input
start, the system clock/PWM clock must be one of the following combinations.

PWM clock System clock
P4CK/P5CK SYSCLK
LSCLK LSCLK
HTBCLK HSCLK

@ When the external input clear control is done at a timing when PWMnPH/L or PWMnDH/L is changed while the
PWM count is being paused, transfer to the PWMn duty buffer (PWnDBUF) or PWMn period buffer (PWnPBUF)

may delay for one PWM clock.
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11.3.8 Emergency Stop Operation

Setting the PASDE1 and P4SDEQ bits of the PWM4 control register 3 (PW4CON3) enables the emergency stop function
with the external input that is selected by PATGSEL. Note that the emergency stop function is valid only in the
cooperation mode (P45MD="1").

When the external input that is selected by the PATGSEL bit gets an edge input specified by PASDE1 an PASDEQ, the
emergency stop flag (P4SDST) is set to “1”, an emergency stop interrupt (PW4INT) is generated, and the PWM counter
is stopped/cleared. Because the PWM flag output (PnFLG) is cleared, the PWM4 and PWMS outputs are turned off
simultaneously.

To release the emergency stop flag, write “1”° to PASDST of the PWM4 control register 3 (PW4CON3).
Figure 11-12 shows the operation timing.

Emergency stop by PASDE1=0, P4SDEOQO=1 (Falling edge)
P00, P32/PW45EV0

or N |

P30, P62/PW45EV1
PnRUN
P4SDST
PWA4INT
portg| L [ ]
______________________________ Count stop & clear e L
PWnCH/L joocop Countup . Joooo(countup) o000 N Gountwp Count up
E .
si:: 105N Release emergency 1y.0 iy it allows selection of the "HIL” level
stop flag

for the PWM initial value.

(a) Timing with Falling-edge operation

Emergency stop by P4ASDE1=1, P4SDEO0=0 (Rising edge)

P00, P32/PW45EV0

or
P30, P62/PW45EV1
PnRUN
P4SDST
EMGINT
pertg| L [ 1
_____________________________ _iCount stop & clear e R
PWNCHIL JooooX Countup counvp)__ooo0 N Countw Countup
< Emergency \\The PniINI bit allows selection of the "H/L" level for

Release emergency

sto|
P stop flag

the PWM initial value.

(b) Timing with Rising-edge operation
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Emergency stop by P4SDE1=1, P4ASDEO=1 (Both edges)

P00, P32/PW45EV0
or J
P30, P62/PW45EVA1
PnRUN
P4SDST
PWAINT |
PnFLG g | | Fada | [
................. [N S
PWnCH/L _countn, JooooX _ J o000 X counup Joooo)( Yoo Gountup__ A\ 0000
stop & clear ‘\\ /’ stop & clear
Emergency T‘he PnINI bit allows se\ectio/n of Emergency
stop the "H/L" level for the PWM stop

Release emergency

Release emergency initial value.
stop flag

stop flag

(c) Timing with Both-edge operation

Figure 11-12 Operation Timing Diagram at Emergency Stop
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11.3.9 PWM6 and PWM?7, Single mode / Repeat mode (P67MD="0", PnMD="0")

The PWM counter registers (PWnCH, PWnCL) are set to an operating state (PnSTAT is set to “1”) on the first falling
edge of the PWM clock (PnCK) that are selected by the PWMn control register 0 (PWnCONO) when the PnRUN bit of
PWMn control register 1 (PWnCONT1) is set to “1” and starts incrementing the count value on the 2nd falling edge.

When the count value of PWM counter registers (PWnCH, PWnCL) and the value of the PWMn duty buffer (PWnDBUF)
coincide, the PWM flag (PnFLG) is set to “0” on the next timer clock falling edge of PnCK.

When the count value of PWM counter registers (PWnCH, PWnCL) and the value of the PWMn period buffer
(PWnPBUF) coincide, the PWM flag (PnFLG) is set to “1” on the next falling edge of PnCK and PWMn counter registers
is set to “0000H” and contines incremental counting. At the same time, the value of the PWMn duty register (PWnDH,
PWnDL) is transferred to the PWMn duty buffer (PWnDBUPF) and the value of PWMn period register (PWnPH, PWnPL)
to the PWMn period buffer (PWnPBUF).

When the PnRUN bit is set to “0”, the PWM counter registers (PWnCH, PWnCL) stop counting after counting once the
falling of the PWM clock (PnCK). Confirm that PWnCH and PWnCL are stopped by checking that the PnSTAT bit of the
PWMn control register 1 (PWnCON1) is “0”. When the PnRUN bit is set to “1” again, PWnCH and PWnCL restarts
incremental counting from the previous value on the falling edge of PnCK.

To initialize the PWM counter registers (PWnCH, PWnCL) to “0000H”, perform write operation in either of PWnCH or
PWnCL. At that time, PnFLG is also set to “1”. When data is written in the PWMn duty register (PWnDH, PWnDL)
during count stop (PnRUN is in a “1” state), the data is transferred to the PWMn duty buffer (PWnDBUF) and when data
is written in the PWMn period register (PWnPH, PWnPL), the data is transferred to the PWMn period buffer (PWnPBUF).

The PWM clock is selected by PWMn control register 0 (PWnCONQO) and PWMn control register 6 (PWOCONGO6).
PWDMn interrupt occurrence point and logic of the PWMn output are selected by PWMn control register 0 (PWnCONO).

External input can start / stop / clear the PWMn by setting the PnSTM1 bit and PnSTMO bit of PWMn control register 2
(PWnCON?2). The control edge or level is selected by the PnTGEO bit and PnTGE1 bit and the external input pin is
selected by PnTGSEL bit. For more details about transfer timings between the PWMn duty registers and the duty buffer or
PWMn period registers and the period buffer, see 11.3.15 “PWM6/PWM?7 start/stop/clear operation by the external
control” with notice for some operational restrictions.

The period of the PWMn signal (Tpwp) and the first half duration (Tpwp) of the duty are expressed by the following

equations.
T PWNP + 1
PP = PnCK (Hz)
T PWnD + 1
PWD = PnCK (Hz)

PWnP: PWMn period registers (PWnPH, PWnPL) setting value (0001H to OFFFFH)
PWnD: PWMn duty registers (PWnDH, PWnDL) setting value (0000H to OFFFEH)
PnCK: Clock frequency
n=6, 7
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After the PnRUN bit is set to “1”, counting starts in synchronization with the PWM clock. This causes an error of up to 1
clock pulse to the time the first PWM interrupt is issued. The PWM interrupt period from the second time is fixed.
Figure 11-13 shows the operation timing of PWMn on the condition of single mode and repeat mode (P67MD="0",

PnMD="0").

ek J VIV TV VTV L VIVIV T v VIVIVI VTV VT
PnRUN ! " |
—f— §
PnSTAT
Write PWnCH
Write PWnCL $ s
PWnCH/L 0000 Y0001 {0002 ({7FFF)8000) 80018002 XA000)(A000) 0000) 0001} 0002 ¥0000
PWnDHL _ X 8000 BECZEY 7777 (7777
s v
PWnDBUF __ X 8000 q 8000 8000 7777
PWnPH/L X A000 ¥ BBBB BBBB (" BBBB
f J/
PWnPBUF X A000 | A0D0 % A000 BBBB
PWnINT o N g o A g
J) 7
PnFLG |§§ o
22 (e
PWMn® s % 7
(Positive logic) R ?({
PWMn* 7
(Negative logic) == § vy
' Tewp « '
The initial level (H or L) is PnSTPSEL bit can determines
selectable by PniNI bit. LI § }Qﬁiggveéu(r?%d e e e
<— Count start suspension.

«

)
Tewp: Disable period for the external input clear (PnCLIG="1")

The initial level (H or L) is
selectable by PnINI bit.

Figure 11-13 (1/2) PWMn Operating timing chart (PnMD=“0", P67MD="0")

a0 S 2 B2 2 2 2 2 2 B2 B2 2 2 A I

PnRUN | |
PnSTAT
PWnCH/L XZOOO X2001 X2002 X2003 2004 X2005 X2006 )@007 X2008
PnFLG
n=6, 7
< Count stop < Count start

Figure 11-13 (2/2) PWMn Operating timing chart

Note:

Even if “0” is written to the PnNRUN bit, counting operation continues up to the falling edge (the PWMn status flag
(PnSTAT) is in a “1” state) of the next PWM clock pulse. Therefore, the PWMn interrupt (PWnINT) may occur.
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11.3.10 PWM6 and PWM?7, Single mode / One shot mode (P67MD="0", PnMD="1")

The PWM counter registers (PWnCH, PWnCL) are set to an operating state (PnSTAT is set to “1”) on the first falling
edge of the PWM clock (PnCK) that are selected by the PWMn control register 0 (PWnCONO) when the PnRUN bit of
PWMn control register 1 (PWnCONT1) is set to “1” and starts incrementing the count value on the 2nd falling edge.

When the count value of PWM counter registers (PWnCH, PWnCL) and the value of the PWMn duty buffer (PWnDBUF)
coincide, the PWM flag (PnFLG) is set to “0” on the next timer clock falling edge of PnCK.

When the count value of PWM counter registers (PWnCH, PWnCL) and the value of the PWMn period buffer
(PWnPBUF) coincide, the PWM flag (PnFLG) is set to “1” on the next falling edge of PnCK and PWMn counter registers
is set to “0000H” and contines incremental counting. At the same time, the value of the PWMn duty register (PWnDH,
PWnDL) is transferred to the PWMn duty buffer (PWnDBUF) and the value of PWMn period register (PWnPH, PWnPL)
to the PWMn period buffer (PWnPBUF).

Setting the PnRUN bit to “1” restarts incremental counting the PWM counter registers.

When the PnRUN bit is set to “0”, the PWM counter registers (PWnCH, PWnCL) stop counting after counting once the
falling of the PWM clock (PnCK). Confirm that PWnCH and PWnCL are stopped by checking that the PnSTAT bit of the
PWMn control register 1 (PWnCON1) is “0”. When the PnRUN bit is set to “1” again, PWnCH and PWnCL restarts
incremental counting from the previous value on the falling edge of PnCK.

To initialize the PWM counter registers (PWnCH, PWnCL) to “0000H”, perform write operation in either of PWnCH or
PWnCL. At that time, PnFLG is also set to “1”. When data is written in the PWMn duty register (PWnDH, PWnDL)
during count stop (PnRUN is in a “1” state), the data is transferred to the PWMn duty buffer (PWnDBUF) and when data
is written in the PWMn period register (PWnPH, PWnPL), the data is transferred to the PWMn period buffer (PWnPBUF).

The PWM clock is selected by PWMn control register 0 (PWnCONO) and PWMn control register 6 (PWOCONG).
PWMn interrupt occurrence point and logic of the PWMn output are selected by PWMn control register 0 (PWnCONO).

External input can start / stop / clear the PWMn by setting the PnSTM1 bit and PnSTMO bit of PWMn control register 2
(PWnCON?2). The control edge or level is selected by the PnTGEO bit and PnTGE1 bit and the external input pin is
selected by Pn'TGSEL bit. For more details about transfer timings between the PWMn duty registers and the duty buffer or
PWMn period registers and the period buffer, see 11.3.15 “PWM6/PWM?7 start/stop/clear operation by the external
control” with notice for some operational restrictions.

The period of the PWMn signal (Tpwp) and the first half duration (Tpwp) of the duty are expressed by the following

equations.
T PWnP + 1
PP = PnCK (Hz)
T PWnD + 1
PWD = PnCK (Hz)

PWnP:  PWMn period registers (PWnPH, PWnPL) setting value (0001H to OFFFFH)
PWnD:  PWMn duty registers (PWnDH, PWnDL) setting value (0000H to OFFFEH)
PnCK: Clock frequency
n=6, 7
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After the PnRUN bit is set to “1”, counting starts in synchronization with the PWM clock. This causes an error of up to 1
clock pulse to the time the first PWM interrupt is issued.
Figure 11-14 shows the operation timing of PWMn on the condition of single mode and repeat mode (P67MD="0",

PnMD="1").

prok [V TV TL L, T

) _J_l_TWLJ_l%J_l_Figjfkj_l

PnRUN ' L
_ (&
PnSTAT " ?
Write PWnCH
Write PWnCL £ £
PWNnCH/L 0000 Y0001 {0002 7FFFY8000)(8001 (8002 XA000 {A000) 0000
PWnDH/L 8000 X7 7777 U 7777 o
i
PWnDBUF 8000 \ 8ooo {8000 7777
PWnPH/L A000 ~ X BBBB ) BBBB \ BBBB e
PWnPBUF A000 § A0D0  §  A000 BBBB
PWnINT « 2 q 2
J] 2
PnFLG [riiisinmnms e
,,,,,,,,,,,,,,,,,,,,,,,, e
PWMn* «
(Positive logic) & ??
PWMn* [ ”
(Negative logic) “* &
' Tewo « '
The initial level (H or L) is Tewp « « The initial level (H or L) is
selectable by PnINI bit. N ” selectable by PnINI bit.
<— Count start )
«

0
Tewp: Disable period for the external input clear (PnCLIG="1")

Figure 11-14 (1/2) PWMn Operating timing chart (PnMD=“1", P67MD="0")

PnCK [V [V VTV VTV TV VYV Y Y

PnRUN | |
PnSTAT
PWnCH/L XZOOO X2001 X2002 XZOOS 2004 X2005 X2006 X2007 X2008
PnFLG
n=6, 7
<« Count stop <« Count start

Figure 11-14 (2/2) PWMn Operating timing chart

Note:

Even if “0” is written to the PnRUN bit, counting operation continues up to the falling edge (the PWMn status flag
(PnSTAT) is in a “1” state) of the next PWM clock pulse. Therefore, the PWMn interrupt (PWnINT) may occur.
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11.3.11 PWM6 and PWM7, Coupled mode (with no dead-time specified) / Repeat mode
(P67MD="1", P6DTMD="0", P6MD="0")

The PWM6 counter registers (PW6CH, PW6CL) are set to an operating state (P6STAT is set to “1”) on the first falling
edge of the PWM clock (P6CK) that are selected by the PWMG6 control register 0 (PW6CONO) and the PWMG6 control
register 6 (PW6CONG6) when the PORUN bit of PWMG6 control register 1 (PW6CON]1) is set to “1” and starts incrementing
the count value on the 2nd falling edge.

When the count value of PWMG6 counter registers (PW6CH, PW6CL) and the value of the PWMG6 duty buffer
(PW6DBUEF) coincide, the PWMG6 flag (P6FLG) is set to “0” on the next timer clock falling edge of P6CK.

When the count value of PWM6 counter registers (PW6CH, PW6CL) and the value of the PWM?7 duty buffer
(PWT7DBUF) coincide, the PWM7 flag (P7FLG) is set to “0” on the next timer clock falling edge of POCK.

When the count value of PWM6 counter registers (PW6CH, PW6CL) and the value of the PWM?7 period buffer
(PWT7PBUF) coincide, the PWM7 flag (P7FLG) is set to “1” on the next falling edge of P6CK.

When the count value of PWM6 counter registers (PW6CH, PW6CL) and the value of the PWM6 period buffer
(PW7PBUF) coincide, the PWM6 flag (P6FLG) is set to “1” on the next falling edge of P6CK and the PWMG6 counter
registers is set to “0000H” and contines incremental counting. At the same time, the value of the PWMn duty register
(PWnDH, PWnDL) is transferred to the PWMn duty buffer (PWnDBUF) and the value of PWMn period register (PWnPH,
PWnPL) to the PWMn period buffer (PWnPBUF).

When the PORUN bit is set to “0”, the PWMG6 counter registers (PW6CH, PW6CL) stop counting after counting once the
falling of the PWM clock (P6CK). Confirm that PW6CH and PW6CL are stopped by checking that the P6STAT bit of the
PWMB6 control register 1 (PW6CONT1) is “0”. When the P6RUN bit is set to “1” again, PW6CH and PW6CL restarts
incremental counting from the previous value on the falling edge of P6CK.

To initialize the PWMG6 counter registers (PW6CH, PW6CL) to “0000H”, perform write operation in either of PW6CH or
PWG6CL. At that time, POFLG is also set to “1”. When data is written in the PWMn duty register (PWnDH, PWnDL)
during count stop (PnRUN is in a “1” state), the data is transferred to the PWMn duty buffer (PWnDBUF) and when data
is written in the PWMn period register (PWnPH, PWnPL), the data is transferred to the PWMn period buffer (PWnPBUF).

The PWM clock is selected by PWMG6 control register 0 (PW6CONQO) and PWMG6 control register 6 (PWOCONG).
PWMBS6 interrupt occurrence point and logic of the PWMG6 output are selected by PWM6 control register 0 (PW6CONO).
The logic of the PWM?7 output are selected by PWM?7 control register 0 (PW7CONO).

External input can start / stop / clear the PWMn by setting the P6STM1 bit and P6STMO bit of PWM6 control register 2
(PW6CON?2). The control edge or level is selected by the POTGEO bit and P6TGE1 bit and the external input pin is
selected by POTGSEL bit. For more details about transfer timings between the PWMn duty registers and the duty buffer or
PWMn period registers and the period buffer, see 11.3.15 “PWM6/PWM?7 start/stop/clear operation by the external
control” with notice for some operational restrictions.

The period of the PWMG6 signal (Tpwp), the first half duration (Tpwp) of the duty, the duration of the PWM?7 signal delay1
(Tpwp1) and the delay2(Tpwpy), are expressed by the following equations.

T PW6P + 1
PP = P6CK (Hz)
T PW6D + 1
PWD = P6CK (Hz)
— PW7D + 1
PwD1 = P6CK (Hz)
— PW7P + 1
PwD2 = P6CK (Hz)

PWG6P: PWMB6 period registers (PW6PH, PW6EPL) setting value (0001H to OFFFFH)
PWe6D: PWM6 duty registers (PW6DH, PW6DL) setting value (0000H to OFFFEH)
P6CK: Clock frequency specified by PWM6 control registers

PW7P: PWM?7 period registers (PW7PH, PW7PL) setting value (0001H to OFFFFH)
PW7D: PWM7 duty registers (PW7DH, PW7DL) setting value (0000H to OFFFEH)
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After the PORUN bit is set to “1”, counting starts in synchronization with the PWM clock. This causes an error of up to 1
clock pulse to the time the first PWM interrupt is issued. The PWM interrupt period from the second time is fixed.

Figure 11-15 shows the operation timing of PWM6 and PWM?7 on the condition of coupled mode with no dead-time
specified (P67TMD="1", P6DTMD="0") and repeat mode (P6MD="0").
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Figure 11-15 PWM6 and PWM7 Operating timing chart (P6MD="“0", P67MD="“1", P6DTMD="0")
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11.3.12 PWM6 and PWM7, Coupled mode (with no dead-time specified) / One shot mode
(P67MD="1", P6DTMD="0", P6MD="1")

The PWM6 counter registers (PW6CH, PW6CL) are set to an operating state (P6STAT is set to “1”) on the first falling
edge of the PWM clock (P6CK) that are selected by the PWMG6 control register 0 (PW6CONO) and the PWMG6 control
register 6 (PW6CONG6) when the PORUN bit of PWMG6 control register 1 (PW6CON]1) is set to “1” and starts incrementing
the count value on the 2nd falling edge.

When the count value of PWMG6 counter registers (PW6CH, PW6CL) and the value of the PWMG6 duty buffer
(PW6DBUEF) coincide, the PWMG6 flag (P6FLG) is set to “0” on the next timer clock falling edge of P6CK.

When the count value of PWM6 counter registers (PW6CH, PW6CL) and the value of the PWM?7 duty buffer
(PWT7DBUF) coincide, the PWM7 flag (P7FLG) is set to “0” on the next timer clock falling edge of POCK.

When the count value of PWM6 counter registers (PW6CH, PW6CL) and the value of the PWM?7 period buffer
(PWT7PBUF) coincide, the PWM7 flag (P7FLG) is set to “1” on the next falling edge of P6CK.

When the count value of PWM6 counter registers (PW6CH, PW6CL) and the value of the PWM6 period buffer
(PW7PBUF) coincide, the PWM6 flag (P6FLG) is set to “1” on the next falling edge of P6CK and the PWMG6 counter
registers is set to “0000H”, stops incremental counting and the PORUN bit gets cleared to “0”. At the same time, the value
of the PWMn duty register (PWnDH, PWnDL) is transferred to the PWMn duty buffer (PWnDBUF) and the value of
PWMn period register (PWnPH, PWnPL) to the PWMn period buffer (PWnPBUF).

Setting the PORUN bit to “1” restarts incremental counting the PWM counter registers.

When the PORUN bit is set to “0”, the PWM6 counter registers (PW6CH, PW6CL) stop counting after counting once the
falling of the PWM clock (P6CK). Confirm that PW6CH and PW6CL are stopped by checking that the P6STAT bit of the
PWMG6 control register 1 (PW6CONT1) is “0”. When the P6RUN bit is set to “1” again, PW6CH and PW6CL restarts
incremental counting from the previous value on the falling edge of P6CK.

To initialize the PWMG6 counter registers (PW6CH, PW6CL) to “0000H”, perform write operation in either of PW6CH or
PWO6CL. At that time, POFLG is also set to “1”. When data is written in the PWMn duty register (PWnDH, PWnDL)
during count stop (PnRUN is in a “1” state), the data is transferred to the PWMn duty buffer (PWnDBUF) and when data
is written in the PWMn period register (PWnPH, PWnPL), the data is transferred to the PWMn period buffer (PWnPBUF).

The PWM clock is selected by PWMG6 control register 0 (PW6CONO0) and PWMG6 control register 6 (PWOCONG6).
PWMB6 interrupt occurrence point and logic of the PWMG6 output are selected by PWMG6 control register 0 (PW6CONO).

External input can start / stop / clear the PWMn by setting the P6STM1 bit and P6STMO bit of PWMG6 control register 2
(PW6CON?2). The control edge or level is selected by the POTGEQ bit and P6TGE1 bit and the external input pin is
selected by POTGSEL bit. For more details about transfer timings between the PWMn duty registers and the duty buffer or
PWMn period registers and the period buffer, see 11.3.15 “PWM6/PWM?7 start/stop/clear operation by the external
control” with notice for some operational restrictions.

The period of the PWMG6 signal (Tpwp), the first half duration (Tpwp) of the duty, the duration of the PWM?7 signal delay1
(Tpwp1) and the delay2(Tpwpp), are expressed by the following equations.

T PW6P + 1
PP = P6CK (Hz)
T PW6D + 1
PWD = P6CK (Hz)
— PW7D + 1
PwD1 = P6CK (Hz)
— PW7P + 1
PwD2 = P6CK (Hz)

PWG6P: PWMB6 period registers (PW6PH, PW6EPL) setting value (0001H to OFFFFH)
PWe6D: PWM6 duty registers (PW6DH, PW6DL) setting value (0000H to OFFFEH)
P6CK: Clock frequency specified by PWM6 control registers

PW7P: PWM?7 period registers (PW7PH, PW7PL) setting value (0001H to OFFFFH)
PW7D: PWM7 duty registers (PW7DH, PW7DL) setting value (0000H to OFFFEH)
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After the PORUN bit is set to “1”, counting starts in synchronization with the PWM clock. This causes an error of up to 1
clock pulse to the time the first PWM interrupt is issued. The PWM interrupt period from the second time is fixed.

Figure 11-16 shows the operation timing of PWM6 and PWM?7 on the condition of coupled mode with no dead-time
specified (P67TMD="1", P6DTMD="0") and one shot mode (P6MD="1").

peck J VIV VLIV VTV VTV VIV VLTV T TV T

P6RUN
(« {( (( (¢
n h) i N
P6STAT |
Write PW6CH
Write PW6CL I % % % %
PWBCH/L XXXX X oood 1000 ‘S' 000 @‘S' 000 ‘S'ﬁ 4000{0000
PW6DH/L X 1000 U0 s000 § s000 §  s000 §  s000e
PWBDBUF __ X 1000 § 1000 § 1000 § 1000 § 1000 5000
PW6PH/L X 4000 % X sooo § sooo § 8000 )  soooe
3 2
PW6PBUF X 4000 N 4000 § 4000 ) 4000 § 4000 8000
PW6DH/L __ ) 2000 (X s000 § 6000 6000 eo000@
PW6DBUF __ X 2000 § 2000 § 2000 Y 2000 § 2000 6000
PWBPH/L X 3000 (X 7000 § 7000 {7000 {70004
3 J/
PW6PBUF X 3000 N 3000 § 3000 § 3000 § 3000 7000
PWGINT « L « «
{){) ) i )
PFLG [ L
(Positi PIWME; R « «
ositive logic «
PWMS d d 5
(Negative logic) §
. ! Tewp
The initial level (H or L) is ” The initial level (H or L) is
selectable by PniINI bit. Tewe « « « « selectable by PnINI bit.
P7ELG o % 4
«
)
~ PWMm7 pr: % o %
(Positive logic) T ?5
PWM7 FEEE »
(Negative logic) == == % % 5
. - Tewp1 «
Fr:nsrpsFl(‘h it can determines i ” The initial level (H or L) is
the level (hold or back to the T .
initial) during the temporary D2 5 5 selectable by PnINI bit.
suspension. < Count start
The initial level (H or L) is ount sta
selectable by PnINI bit. («

Tewp: Disable pgriod for the external input clear (P6CLIG="1")

Figure 11-6 PWM6 and PWM7 Operating timing chart (P6MD=“1", P67MD="1", P6DTMD="0")
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11.3.13 PWM6 and PWM7, Coupled mode (with dead-time specified) / Repeat mode
(P67MD="1", P6DTMD="1", P6MD="0")

The PWM6 counter registers (PW6CH, PW6CL) are set to an operating state (P6STAT is set to “1”) on the first falling
edge of the PWM clock (P6CK) that are selected by the PWMG6 control register 0 (PW6CONO) and the PWMG6 control
register 6 (PW6CONG6) when the PORUN bit of PWMG6 control register 1 (PW6CON]1) is set to “1” and starts incrementing
the count value on the 2nd falling edge.

Setting PEODTMD bit to “1” enables the dead-time to generate the timing that de-activates both PWM6 and PWM?7 at the
same time. Specifiy the value of dead-time into PW7DH and PW7DL registers.

When the count value of PWMG6 counter registers (PW6CH, PW6CL) and the value of the [PWM6 duty buffer] +
[dead-time] (PW6DBUF + PW7DBUF) coincide, the PWM6 flag (POFLG) is set to “0” on the next timer clock falling
edge of P6CK.

When the count value of PWM6 counter registers (PW6CH, PW6CL) and the value of the PWM?7 duty buffer

(PWT7DBUF) coincide, the PWM7 flag (P7FLG) is set to “0” on the next timer clock falling edge of POCK.

When the count value of PWM6 counter registers (PW6CH, PW6CL) and the value of the PWMG6 duty buffer

(PW6DBUF) coincide, the PWM7 flag (P7FLG) is set to “1” on the next falling edge of P6CK.

When the count value of PWM6 counter registers (PW6CH, PW6CL) and the value of the PWM6 period buffer

(PW7PBUF) coincide, the PWMB6 flag (POFLG) is set to “1” on the next falling edge of P6CK and the PWMG6 counter

registers is set to “0000H” and contines incremental counting. At the same time, the value of the PWMn duty register

(PWnDH, PWnDL) is transferred to the PWMn duty buffer (PWnDBUF) and the value of PWMn period register (PWnPH,

PWnPL) to the PWMn period buffer (PWnPBUF).

When the PORUN bit is set to “0”, the PWMG6 counter registers (PW6CH, PW6CL) stop counting after counting once the
falling of the PWM clock (P6CK). Confirm that PW6CH and PW6CL are stopped by checking that the P6STAT bit of the
PWMB6 control register 1 (PW6CONT1) is “0”. When the P6RUN bit is set to “1” again, PW6CH and PW6CL restarts
incremental counting from the previous value on the falling edge of P6CK.

To initialize the PWMG6 counter registers (PW6CH, PW6CL) to “0000H”, perform write operation in either of PW6CH or
PWG6CL. At that time, POFLG is also set to “1”. When data is written in the PWMn duty register (PWnDH, PWnDL)
during count stop (PnRUN is in a “1” state), the data is transferred to the PWMn duty buffer (PWnDBUF) and when data
is written in the PWMn period register (PWnPH, PWnPL), the data is transferred to the PWMn period buffer (PWnPBUF).

The PWM clock is selected by PWMG6 control register 0 (PW6CONQO) and PWMG6 control register 6 (PWOCONG).
PWMBS6 interrupt occurrence point and logic of the PWM6 output are selected by PWM6 control register 0 (PW6CONO).
The logic of the PWM7 output are selected by PWM?7 control register 0 (PW7CONO).

External input can start / stop / clear the PWMn by setting the P6STM1 bit and P6STMO bit of PWM6 control register 2
(PW6CON?2). The control edge or level is selected by the PETGEO bit and P6TGE1 bit and the external input pin is
selected by POTGSEL bit. For more details about transfer timings between the PWMn duty registers and the duty buffer or
PWMn period registers and the period buffer, see 11.3.15 “PWM6/PWM?7 start/stop/clear operation by the external
control” with notice for some operational restrictions.
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The period of the PWMS6 signal (Tpwp), the first half duration (Tpwp) of the duty, the duration of the PWM7 dead-time
(Torm) and the delay2(Tpwp2), are expressed by the following equations.

Tewp =

TPWD =

TPWD2 =

TDTM =

PWG6P:
PWG6D:
P6CK:
PW7D:

PW6P + 1

P6CK (Hz)

PW6D + PW7D +2

P6CK (Hz)

PW6D + 1
P6CK (Hz)

PW7D + 1
P6CK (Hz)

PWMB@ period registers (PW6PH, PW6PL) setting value (0001H to OFFFFH)
PWM6 duty registers (PW6DH, PW6DL) setting value (0000H to OFFFEH)
Clock frequency specified by PWM6 control registers

PWM7 duty registers (PW7DH, PW7DL) setting value (0000H to OFFFEH)
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After the PORUN bit is set to “1”, counting starts in synchronization with the PWM clock. This causes an error of up to

1 clock pulse to the time the first PWM interrupt is issued. The PWM interrupt period from the second time is fixed.
Figure 11-17 shows the operation timing of PWM6 and PWM?7 on the condition of coupled mode with dead-time specified
(P67TMD="1", P6DTMD="1") and repeat mode (P6MD="0").
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Figure 11-17 PWM6 and PWM7 Operating timing chart (P6MD="“0", P67MD="“1", P6DTMD="1")

Note:
PWMY7 output is initially in a high-impedance output state before setting the port n control register 0 and 1 (PnCONO
and PnCON1). Fix the level with a pull-up or pull-down resister externally if needed.
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11.3.14 PWM6 and PWM?7, Coupled mode (with dead-time specified) / One shot mode
(P67MD="1”, P6DTMD="1", P6MD="1")

The PWM6 counter registers (PW6CH, PW6CL) are set to an operating state (P6STAT is set to “1”) on the first falling
edge of the PWM clock (P6CK) that are selected by the PWMG6 control register 0 (PW6CONO) and the PWMG6 control
register 6 (PW6CONG6) when the PORUN bit of PWMG6 control register 1 (PW6CON]1) is set to “1” and starts incrementing
the count value on the 2nd falling edge.

Setting PEODTMD bit to “1” enables the dead-time to generate the timing that de-activates both PWM6 and PWM?7 at the
same time. Specifiy the value of dead-time into PW7DH and PW7DL registers.

When the count value of PWMG6 counter registers (PW6CH, PW6CL) and the value of the [PWM6 duty buffer] +
[dead-time] (PW6DBUF + PW7DBUF) coincide, the PWM6 flag (POFLG) is set to “0” on the next timer clock falling
edge of P6CK.

When the count value of PWM6 counter registers (PW6CH, PW6CL) and the value of the PWM?7 duty buffer

(PWT7DBUF) coincide, the PWM7 flag (P7FLG) is set to “0” on the next timer clock falling edge of POCK.

When the count value of PWM6 counter registers (PW6CH, PW6CL) and the value of the PWMG6 duty buffer

(PW6DBUF) coincide, the PWM7 flag (P7FLG) is set to “1” on the next falling edge of P6CK.

When the count value of PWM6 counter registers (PW6CH, PW6CL) and the value of the PWM6 period buffer

(PW7PBUF) coincide, the PWMB6 flag (POFLG) is set to “1” on the next falling edge of P6CK and the PWMG6 counter

registers is set to “0000H”, stops incremental counting and the PORUN bit gets cleared to “0”. At the same time, the value

of the PWMn duty register (PWnDH, PWnDL) is transferred to the PWMn duty buffer (PWnDBUF) and the value of

PWMn period register (PWnPH, PWnPL) to the PWMn period buffer (PWnPBUF).

Setting the PORUN bit to “1” restarts incremental counting the PWM counter registers.

When the P6RUN bit is set to “0”, the PWM6 counter registers (PW6CH, PW6CL) stop counting after counting once the
falling of the PWM clock (P6CK). Confirm that PW6CH and PW6CL are stopped by checking that the P6STAT bit of the
PWMG6 control register 1 (PW6CONT1) is “0”. When the P6RUN bit is set to “1” again, PW6CH and PW6CL restarts
incremental counting from the previous value on the falling edge of P6CK.

To initialize the PWMB6 counter registers (PW6CH, PW6CL) to “0000H”, perform write operation in either of PW6CH or
PWO6CL. At that time, POFLG is also set to “1”. When data is written in the PWMn duty register (PWnDH, PWnDL)
during count stop (PnRUN is in a “1” state), the data is transferred to the PWMn duty buffer (PWnDBUF) and when data
is written in the PWMn period register (PWnPH, PWnPL), the data is transferred to the PWMn period buffer (PWnPBUF).

The PWM clock is selected by PWMG6 control register 0 (PW6CONO0) and PWMG6 control register 6 (PWOCONG6).
PWMBG6 interrupt occurrence point and logic of the PWMG6 output are selected by PWMG6 control register 0 (PW6CONO).
The logic of the PWM?7 output are selected by PWM?7 control register 0 (PW7CONO).

External input can start / stop / clear the PWMn by setting the P6STM1 bit and P6STMO bit of PWMG6 control register 2
(PW6CON?2). The control edge or level is selected by the POTGEO bit and P6TGE1 bit and the external input pin is
selected by POTGSEL bit. For more details about transfer timings between the PWMn duty registers and the duty buffer or
PWMn period registers and the period buffer, see 11.3.15 “PWM6/PWM?7 start/stop/clear operation by the external
control” with notice for some operational restrictions.
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The period of the PWMS6 signal (Tpwp), the first half duration (Tpwp) of the duty, the duration of the PWM7 dead-time
(Torm) and the delay2(Tpwp2), are expressed by the following equations.

Tewp =

TPWD =

TPWD2 =

TDTM =

PWG6P:
PWG6D:
P6CK:
PW7D:

PW6P + 1

P6CK (Hz)

PW6D + PW7D +2

P6CK (Hz)

PW6D + 1
P6CK (Hz)

PW7D + 1
P6CK (Hz)

PWMB@ period registers (PW6PH, PW6PL) setting value (0001H to OFFFFH)
PWM6 duty registers (PW6DH, PW6DL) setting value (0000H to OFFFEH)
Clock frequency specified by PWM6 control registers

PWM7 duty registers (PW7DH, PW7DL) setting value (0000H to OFFFEH)
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After the PORUN bit is set to “1”, counting starts in synchronization with the PWM clock. This causes an error of up to

1 clock pulse to the time the first PWM interrupt is issued. The PWM interrupt period from the second time is fixed.
Figure 11-18 shows the operation timing of PWM6 and PWM?7 on the condition of coupled mode with dead-time specified
(P67TMD="1", P6DTMD="1") and one shot mode (P6MD="1").
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« « «
) 7 )
P7FLG %
PWM7 % % )
(Positive logic) (2(2 t
PWM7 m’;}}? K P
(Negative logic) — x ) § {— EEyeE—
- Torm :
PnSTPSEL bit can determines ” Torm The initial level (H or L) is
the level (hold or back to the Tewpz « « selectable by PniNI bit.
initial) during the temporary ” ” 7
suspension. <— Count start
The initial level (H or L) is
selectable by PnINI bit. <)<)
Trwo: Disable period for the external input clear (P6CLIG="1")

Figure 11-18 PWM6 and PWM7 Operating timing chart (P6MD="1", P67MD="1", PEDTMD="1")

Note:
PWMY7 output is initially in a high-impedance output state before setting the port n control register 0 and 1 (PnCONO
and PnCON1). Fix the level with a pull-up or pull-down resister externally if needed.
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11.3.15 PWM6/PWM?7 start/stop/clear operation by the external control

The PWM counter registers (PWnCH, PWnCL) can be enabled to start, stop and clear with external triggering inputs, by
setting PnSTM1 bit, PnSTMO bit and PnTGSEL bit of PWMn control register 2 (PWnCON2). The external input is
sampled with a clock to eliminate one clock or less pulse of noise. The sampling clock is determined by PnCS1 and PnCS0
bit. When OSCLK is selected the OSCLK (approx. 125ns) is used as the sampling clock and in the other cases LSCLK
(approx. 30.5us) is used as the sampling clock.

Sampling clock L > 1 1 1 | R
Pck | [ Vv | \ [

External input_pin 4,—\_—| PWMn accepts the external input

Sampled singal waveform
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11.3.15.1 Software Start Mode

With the setting of PnSTM1="0" and PnSTMO0="0", the PWM counter operates being controlled by the PnRUN bit only.
The operation timing is similar to the ones shown in 11.3.9 to 11.3.14.

11.3.15.2 Software Start Mode or External Start Mode

With the setting of PnSTM1="0" and PnSTMO0="1", the PWM counter operates being controlled by the external input
(PO1 or P33/PW67EV0, P31 or P63/PW67EV 1) that is selected by the PnRUN and PnTGSEL bits.
When the selected external input gets an external input specified by PnTGE1 and PnTGEO (PWnCON?2 register), the

PWM counter is started, stopped, or cleared. When the selected external input is fixed at the count start level, the counter
operates in the same way as the software start.
However, when the selected external input is at the count stop level on the software start, the counter does not start, and
it starts counting when the selected external input becomes the count start level.

PnTGE1 PnTGEO Count start edge | Count stop edge | Count start level Count stop level
0 1 Rising edge Falling edge “H” level “L” level
1 0 Falling edge Rising edge “L” level “H” level

Note:

When stopping the counter by the external input, the counter always gets cleared.

Figure 11-19 shows the operation timing.

PnRUN
P01, P33/PW67EV0

or

P31, P67/PW67EV1

PWMn output

PnTGE1=0, PnTGEO=1
When "H" level start and "L" level stop & clear are selected

The PniINI bit allows

selection of the "H/L" level

“7 for the PWM initial value.

mmmmmmmmm

N

When the i
selection of the "H/L" lev

X!:-Iold valu% 0000

itial value is

'
The PnSTRSEL bit allows selection of whether or not to
output the initial value while being paused

utput, the PnINI bit allows
.

0000 Count up 0000 A Count up 0000 Count up Count up
n
Counting stopped
<— TPWP _— <& Counting stopped = { &~ Counting restarted
<— Software start & Externalinput | & External input | & Software stop & Software start
stop & clear start
Coincidence of the PWnCH/CL count value and
period buffer (PWnPBUF) value
PWnPH/L 2000 8000
PWnPBUF 2000 8000
PWnDH/L 1000 4000
PWnDBUF 1000 4000
SFR write from CPU SFR write
from CPU

Update buffer register

Update buffer register

(a)Operation Timing Diagram with Software Start or External Input Start (PnTGE1=0, PnTGEO=1)
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PnTGE1=1, PnTGE0=0
When "L" level start and "H" level stop & clear are selected

PnRUN

P01, P33/PW67EV0
or
P31, P63/PW67EV1

The PnINI bit allows
. selection of the "H/L" level R T o
for the PWM initial value. D e e

4 ‘ Y e N
PWMn output I [ Ey |

N
Tlhe PnSTPSEL bit allows selection of whether or not to
output the initial value while being paused
When the initial value is output, the PnINI bit allows
selection of the "H/L" level.

ount up ount up ount up A Hold value ount up

n 000Q C 0000 Count 0000 C 0000 Ci
< TPWP > éantmg stopped> <& Counting stopped = | & Counting restarted
<— Software start & Externalinput | <& External i« Software stop & Software start
stop & clear QZ‘:
Coincidence of the RWnCH/CL count value
and period buffer (PWnPBUF) value
PWnPH/L 8000 2000 8000
PWnPBUF 8000 2000 8000
PWnDH/L 4000 1000 4000
PWnDBUF 4000 1000 4000
SFR write from CPU /l\ FR write
. from CPU .
Update buffer register Update buffer register

(b)Operation Timing Diagram with Software Start or External Input Start (PnTGE1=1, PnTGE0=0)
Figure 11-19  Operation Timing Diagram with Software Start or External Input Start (PnSTM1="0", PnSTM0="1")

When cleared by the external input, the value of the PWMn duty register (PWnDH, PWnDL) is transferred to the PWMn

duty buffer (PWnDBUF) and the value of PWMn period register (PWnPH, PWnPL) to the PWMn period buffer
(PWnPBUF).

Note that there are the following restrictions.

® When PWMnPH/L or PWMnDH/L is changed during PWM operation to use the external input start, the system
clock/PWM clock must be one of the following combinations.

PWM clock System clock
P6CK/P7CK SYSCLK
LSCLK LSCLK
HTBCLK HSCLK

@ A pulse shorter than one internal PWM1 clock may not be accepted as the external input.

® The PWMn duty registers (PWnDH, PWnDL) and PWMn period registers (PWnPH, PWnPL) should not be written
to after the PWM count is stopped by the external input during PWM operation (PnRUN="1").
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11.3.15.3 External Input Start Mode

With the setting of PnSTM1="1" and PnSTMO0="0" on the PWMn control register 2 (PWnCON?2), the PWM counter
operates being controlled by the edge of the external input that is selected by the PnTGSEL bit of the PWMn control
register 2 (PWnCON?2).
Note that the PnRUN bit is set to "1" in advance. If the PnRUN bit is "0", PWM will not operates even when the edge
input occurs on the selected external input.
Figure 11-20 shows the operation timing.

PnTGE1=0, PnTGEO=1
When rising-edge start and falling-edge stop & clear are selected

PnRUN

P01, P33/PW45EV0
or
P31, P63/PW45EV1

PWMn output g

 initial value.

The PnINI bit allows selection
_ of the "H/L" level for the PWM

11-100

PWnCHIL oo countvp____ Joooo  Gountup X000 Y countup ko0 Sountup
Counting stopped —> i<&— TPWP _ Gounting stopped
< External input start
&— External input &— External input start
accept enabled Coincidence of the PWnCH/CL count value External input
and period buffer (FWnPBUF) value stop & clear
PWnPH/L 8000 2000 ~ ¥8000
PWnPBUF 8000 {2000 8000
PWnDH/L 4000 ( 1000 (4000
PWnDBUF 4000 1000 4000
/]\ FR write
SFR write from CPU Update buffer register from CPU Update buffer register
(a)Operation Timing Diagram with External Input Start
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PnTGE1=1, PnTGE0=0
When falling-edge start and rising-edge stop & clear are selected

PnRUN
P01, P33/PW67EVO0
or \l/
P31 ) P63/PW67EV1 The PnINI bit allows selection of .
-~ the "H/L" level for the PWM SEIIzoe---l
-~ initial value.
&
PWMn output {2 R _| l—
PWNCHL ~ f_ oo G oooo caurtup oomo Y coumnup ) oooo Countup.
Counting s} opi{ed _______________ )
<— Counting stopped ——>i&— TPWP _
<— External input <— External input start <& External input start
accept enabled Coincidence of the PWnCH/CL count value External input
and period buffer (PWnPBUF) value stop & clear
PWnPH/L 8000 { 2000 (8000
PWnPBUF 8000 {2000 8000
PWnDH/L 4000 { 1000 (4000
PWnDBUF __ 4000 {1000 4000
1\ /PUpdate buffer
SFR write from CPU register SFR write Update buffer register
from CPU

(b)Operation Timing Diagram with External Input Start

Figure 11-20 Operation Timing Diagram with External Input Start (PnSTM1="1", PnSTM0="0")

When cleared by the external input, the value of the PWMn duty register (PWnDH, PWnDL) is transferred to the PWMn
duty buffer (PWnDBUF) and the value of PWMn period register (PWnPH, PWnPL) to the PWMn period buffer
(PWnPBUF).

Note that there are the following restrictions.

® When PWMnPH/L or PWMnDH/L is changed during PWM operation to use the external input start, the system
clock/PWM clock must be one of the following combinations.

PWM clock System clock
P6CK/P7CK SYSCLK
LSCLK LSCLK
HTBCLK HSCLK

@ A pulse shorter than one internal PWMI1 clock may 