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

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

Bl MACUS8 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.

M CCuU8 User’s Manual
Description on the method of operating the compiler.

B CCus Programming Guide
Description on the method of programming.

B CCuUs Language Reference
Description on the language specifications.

B 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: AvalueOor1
+ 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 103
micro-, i 10°®
nano-, n 10°
second, s (lower case) second
+ Terminology “H” level, “1” level Indicates high voltage signal levels V4 and Voy as specified by the electrical
characteristics.
“L” level, “0” level Indicates low voltage signal levels V,_ and Vo, 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.

mmmm e m oo Invalid bit: Write in an initial value when you write access
Register name

1 1
! i 5 .
: ] ] I_ _______ CoTT Tt T l________l ________ I________I___- Bltname
. ! ! ! ! ! ! ! !
i ! ! ! ! ! ! ! !
1 1 ] ] ] 1 ] ]
: | ' | 1 | | 1 |
. ! ! ! ! ! ! ! !
| MSB! ! ! ! ! ! ! ! LSB
FCONO — — OUTC1 | OUTCO | OSCM1 | OSCMO | 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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Chapter 1 Overview

1. Overview

1.1 Features

This LSl 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, 12C 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 -hits)

® 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
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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

® |2C 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 | When using the crystal
resonator resonator
ML620Q151A/ML620Q152A/ML620Q153A 6ch 5ch
ML620Q154A/ML620Q155A/ML620Q156A 7ch 6ch
ML620Q157A/ML620Q158A/ML620Q159A 7ch 6ch

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

Input/output ports (including multiple functions)

Product When not using the crystal | When using the crystal
resonator resonator
ML620Q151A/ML620Q152A/ML620Q153A 3ich 30ch
ML620Q154A/ML620Q155A/ML620Q156A 34ch 33ch
ML620Q157A/ML620Q158A/ML620Q159A 46¢ch 45ch

® 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.

FEUL620Q150A
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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 t0 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)
‘ PO5 port - Available Available
Input/output port
(At the crfse of cF;ystF;l unused) 81 34 46
P36,P53,P64 ports - Available Available
P37 port - - Available
P50~P52 ports - - Available
P65~ P67 ports - - Available
P70~P74 ports - - Available
—:none
FEUL620Q150A 1-3
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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 Controller 32/48/64Kbyte
ICE Decoder Reqgister

Data-bus

Voo { SSIOx1 |[«—» SCKO*
Vss 1 l«—— SINO*
RAM > SOUTO*
2Kbyte INT
Voo €]  Power UAER-I)-X]_ — !?))((DDC?:
*
1

Interrupt ‘ 'I?))((DDll:

RESET N~ RESET & Controller DAL

TESTO® ™ °|  TesT 12Cx1 [«

TESTLN "1 «—> SCLO*
XTO—> 8bit Timer — TMHAOUT*
T X2 | TMHBOUT*

16bit Timer
OSsC
x4
LSCLK* +—
OUTCLK* +— > PwMa
16bitTimer > PWMS5
. — PWM6*
with PWMx4| PWM7*
[ —— PW45EV0*
—> [ —— PWA45EV1*
Vop SA-ADC —— PWG7EVO*
Vrer <— PW67EV1*
AINO to AIN11
@ P00 tzo P04
| — *
CMPOP:: Analog (— EzlLé*z
CMPOM Comparator GPIO e p14*3
x1 P20 to P23
[« P30 to P35
(e P40 to P47
[e=—> 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 | | bsricsr |
Timing ALU | EA | | PC | Program
Controller }\ | Sp | Memory
BUS (FLASH)
On-Chip Instruction Instruction Controller 32/48/64Kbyte
ICE Decoder Register

Data-bus

Voo SSIOx1 |[«— sCcKOo*
Vss «—— SINO*
RAM —> SOUTO*
2Kbyte le— *
-« UARTx1 RXDO
VooL Power (*1) —— TXDO*
Interrupt y "?;((DD%:
RESET N~ RESET & Controller X
TESTO* TEST < —— 12Cx1 SDAO
TEST1_N INT «— SCLO*
6 8bit Timer — TMHAOUT*
XTO—> | C—
~— X2 L—» TMHBOUT*
XT1 osC 16bit Timer
x4
LSCLK* +—
OUTCLK* +— INT —> Pwmar
2} | 1evitTimer > v
[—— PWA45EV0*
Vi, "1 i [ —— PW45EV1*
DD SA-ADC —— PW67EV0*
Veer INT —— PW67EV1*
AINO to AIN11 {
8 e P00 to PO5
0
2
cCMPOP | —) [ P12%
_ Analog PO — P13+
CMPOM Comparator — P14
x1 [e==> P20 to P23
(e P30 to P36
(e P40 to P47
[e=> P54 to P57
e P60 to P64
ey 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 GREG | ELR1~3 | | ECSR1~3 |
PSW 0~15 | LR | DSRI/CSR
Timing ALU | EA | | PC | Program
Controller }\ | Sp | Memory
BUS (FLASH)
On-Chip Instruction Instruction Controller 32/48/64Kbyte
ICE Decoder Reqgister
Data-bus INT
Voo X ?_ SSIOX1 [« 5cKo*
Ves ™I | «— SINO*
RAM —> SOUTO*
2Kbyte INT .
Voo € UARTxL [ RXDO
boL Power ) { o R0
Interrupt C—) [« RXD1*
I — TXD1*
RESET N~ ’| RESET & Controller SoAG
TESTO® ™’ TgsT 2Cx1 [«
TEST1_N e— SCLO*
XTO > 8bit Timer —— TMHAOUT*
XT1 4] X2 L5 TMHBOUT*
16bit Timer
oscC
x4
LSCLK* +—
OUTCLK* +— > PWM4:
16bitTimer PWMS5
. — PWM6*
with PWMx4 —— PWM7*
[e—— PWA45EV0*
? —— PW45EV1*
Yoo SA-ADC —— PW67EV0*
Veer PW67EV1*
AINO to AIN11 "]
e P00 tzo P05
CMPOP | Analog — EE:Z
CMPOM Comparator GPIO | P14+
x1 (&= P20 to P23
[e==> P30 to P37
(e P40 to P47
[*==> P54 to P57
(e P60 to P64
ey P70 to P74
«=p 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

1 P61/SCL/ITMHBOUT/PWM7
1 P60/SDA/TMHAOUT/PWM6

1 PB6/RXD0O/SOUTO
1 P85/TXD1/SCKO
1 P84/RXD1/SINO

1 P87/TXDO/PWM4
1 P83/PWM5

1 P81/SCL/SCKO
1 PBO/SDA/SINO
1 P63/PW67EV1
1 P62/PWA45EV1

1 P82/SOUTO

36
35
34
3

32
31
3

29
27
26
25

POO/EXIO/PWASEVO 1
PO1/EXI1/PW67EVO 1

24| == P57/SOUTO/PWM7
23| = P56/SCKO

w W
0o

PO2/EXI2/RXD0 —1— (39 22| 1 P55/TXD0/SINO/TXD1
PO3/EXI3/RXD1 1 (40 21| == P54/RXDO0
PO4/EXI14 —1 (41 20| /= P47/AIN11/T16CK1/PWM5
P20/LEDO/LSCLK/PWM4 1 (42 (TOP VIEW) 19| == P46/AIN10/T16CKO0/SOUTO0
P21/LED1/OUTCLK/PWM5 —1— (43 TQFP48 18| = P45/AIN9/T1P5CK/SCKO
P22/LED2/TMHAOUT/PWM6 —1— (44 17| == P44/AIN8/TOP4CK/SINO
P23/LED3/TMHBOUT/PWM7 1 (45 16| =—= P43/AIN7/TXD0/PWM4/TXD1
P14/TESTO 1 |46 15| = P42/AIN6/RXD0O/SOUTO

14| |Fm= P41/SCL/SCKO/CMPOP
13| =5 P40/SDA/SINO/CMPOM

RESET_N 1 (47
TEST1_N 1|48

@

N
A NMS WO =R
O «+H u 4 4o W O O 1
EEL 30 > >
X X>3$>L mm%%
S & 0 ~
— o gg&&
o o ¥ 0
aazz
o<
ZZ3F D
<(<((‘0(‘0
(\\IBCLCL
M m
a o

P30/EXI6/AINO/PWASEV1 /| 7
P31/EXI7/AIN1/PW67EV1 —T— | 8

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

POO/EXIO/PWA5EV0 1
PO1/EXI1/PW67EVO 1
PO2/EXI2/RXD0 1
PO3/EXI3/RXD1 1

PO4/EXI4 1

PO5/EXI5 =
P20/LEDO/LSCLK/PWM4 11
P21/LED1/OUTCLK/PWM5 1
P22/LED2/TMHAOUT/PWM6 —1—}
P23/LED3/TMHBOUT/PWM7 1
P14/TESTO ——

RESET_N 1

TEST1_N 1

S 2

Z g

EE

o o2

< B O O

= D2 o o <

=252 Sg $oIzZ

A 20N woOs mip==2

5888253226853

X

CEFzE33352295

N O < OON dJdO S M AN d O

PrRRRRRRRERER

OO OO MOANAOO I~

N MO MOMOMOMOMOMOOMOMANNN
40 26
41 st
42 24
43 23
44 22
32 (TOP VIEW) gcl)

TQFP52

47 Q 19
48 18
49 17
50 16

51
52

©

15
14

P12/XTO —1— 1

VSS 1 3
Vpp 1| 4
VDD 1 5

Veer =1 | 6

P13/XT1 1| 2
P30/EXI6/AINO/PWASEVL | 7

P31/EXI7/AIN1/PW67EV1 1| 8

P32/AIN2/PW45EV0 1| 9

P33/AIN3/PW67EV0 T 10

P34/AIN4/PWM4 T 11

P35/AIN5/PWM5 1|12

P36/LSCLK =T/ 13

P57/SOUTO/PWM7
P56/SCKO
P55/TXD0/SINO/TXD1
P54/RXDO0O
P53/TXD1/PWM6
P47/AIN11/T16CK1/PWM5
P46/AIN10/T16CKO/SOUTO
P45/AIN9/T1P5CK/SCKO
P44/AIN8/TOP4CK/SINO
P43/AIN7/TXDO/PWM4/TXD1
P42/AIN6/RXDO/SOUTO
P41/SCL/SCKO/CMPOP
P40/SDA/SINO/CMPOM

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

5
=
zE
© EE
z =, 33
A o
22 o =
0532 2 L= goPZ
0 =z X > >
o200V no O o o= =
SIJ4dsSkEQY O I~wEE
200523 .-Ugggzz
ﬁ%ﬁé&%@% 2222255
NolMFTNndIdo~NO B IO IS
0 0O WO WW®OD © O © © O ©© O
oY W o W o WY W a M W a W a MY s W a W o MY s W W a Y a
/bor\tomvmc\lﬁoc»oor\comvm
TTTAITITTITITTONOOOOOM
POO/EXIO/PW45EV0 —1—] (49 32| = P57/SOUTO0/PWM7
PO1/EXI1/PW67EVO —1— |50 31| = P56/SCKO0
PO2/EXI2/RXD0 ——] 51 30| == P55/TXDO0/SINO/TXD1
PO3/EXI3/RXD1 = 52 29| 1 P54/RXDO0
PO4/EXI4 —1— (53 28| — P53/TXD1/PWM6
PO5/EXI5 —1— 54 27| E/—= P52/RXD1/SOUTO
P20/LEDO/LSCLK/PWM4 —— |55 26| = P51/SCL/SCKO
P21/LED1/OUTCLK/PWM5 1 [56 25| = P50/SDA/SINO
P22/LED2/TMHAOUT/PWM6 1 57 (TOP VIEW) 24| 43 Ejgﬁ:gié//‘;iggié/g\(l)v&/lfo
P72/RXD1/SINO —— 23 QIrP64 > P45/AIN9/T1P5CK/SCKO
22| =3
P73/TXD1/SCKO/TXD0 == |60 21| = P44/AIN8/TOP4CK/SINO
P74/SOUTO —— |61 20| = P43/AIN7/TXDO/PWM4/TXD1
P14/TESTO = |62 19| = P42/AIN6/RXDO0/SOUTO
RESET_N —14 |63 18| F—= P41/SCL/SCK0/CMPOP
TEST1_N —/— (64 17| == P40/SDA/SINO/CMPOM
ANMOITOLON~NODOAND 0O/
O d 9 42 0 Ldd0 O WYY O~
CEYESEEagSsd0s¢:
N o~ o~ = = n = ==
o o Sostwoddais5an
oo =S === 085c00d
o
LaodzzoRg R
SddoIT<ILm
ZZzZzz3wm o
LI ILLDP D
sExa*®
NNaa
S g
M o™
Qo

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 o Pin De- Pin De- Pin De-
No.| No.J No. name Vo Description name Vo scription name Vo scription | name Vo scription
3 3 3 Vss o Negatlve_ power o o o o o o . . .
supply pin
5 5 5 Voo __ | Positive power . . . . . . . . o
supply pin
Power supply for
internal logic
o B Voo | (internally — - - — — - - - —
generated)
P14/ Input port/
46 | 50 | 62 TESTO ! Input pin for testing _ _ _ _ _ - - - -
47 | 51 | 63 | RESET N | 1 | RESetinputpin S (P _ ] — N N
48 | 52 | 64 | TESTL N | Input pin for testing o o o o o o . - B
Input port/
1 1 1 P12/ | Low-speed clock — — — — — — — _ _
XTO e ;
oscillation pin
P13/ Input/output port/
2 2 2 I/0 | Low-speed clock — — — — — — — — —
XT1 e :
oscillation pin
Reference power
supply pin of
61¢6]¢® Vrer | Successive-approxi — — - - — — - - -
mation type ADC
Input port /
37 ] 40 | 49 E&%Eé\l% | External interrupt / — — — — — — — _ _
PWA45EV0 input
Input port /
38 | 41 | 50 E&}ésé{% | External interrupt / — — — — — — — — _
PWG67EVO0 input
Input port /
39|42 ] 51 POé)/(%)E)IZ/ | External interrupt — — — — — — — _ _
UARTO data input
Input port /
40 | 43 | 52 POS)/(EDXIISI | External interrupt — — — — — — — _ _
UART1 data input
Input port /
41 | 44 | 53 | PO4/EXI4 | . — — — — — — _ _ _
External interrupt
— | 45 | 54 | PosiExis | 1 | Inputport/ = = _ |- — _ = =
External interrupt
Low-spe
a2 | ae|ss| P2Y | o |QuiPUtPOrt/LED |y seik | O | edclock | Pwma | o | PWMA L b
LEDO/ drive output
output
Low-spe
23 | a7 | 56 P21/ o Ol_Jtputport/LED OuTC 0 | edclock PWMS o PWM5 . . .
LED1/ drive LK output
output
P22/ Output port / LED TMHAO TimerA PWM6
a4 148 |57 LED2/ © | drive o o o uT o output PWM6 | © output
P23/ Output port / LED TMHBO TimerB PWM7
45| 49| 58 LED3/ o drive T T T uT o output PWM7 | O output
Input/output port /
P30/EXI6 PW45EV1 input /
7 7 7 | PW45EV1/ | I/O | Successive — — — — — — — _ _
AINO approximation type
ADC input
Input/output port /
P31/EXI7 PW67EV1 input /
8 8 8 | PW67EV1/ | I/O | Successive — — — — — — — _ _
AIN1 approximation type
ADC input
Input/output port /
P32/ PW45EV0 input /
9 9 9 | PW45EV0/ | I/O | Successive — — — — — — — — _
AIN2 approximation type
ADC input
Input/output port /
P33/ PW67EVO 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 i Pin De- Pin De- Pin De-
No.] No.J No.J  name Vo Description name | 7O | scription | name | Y© | scription | name | Y© | scription
Input/output port /
P34/ Successive PWM4
ol I AIN4/ Vo approximation type T T T PWM4 o output T o T
ADC input
Input/output port /
P35/ Successive PWM5
2] 12 AIN5/ Vo approximation type T T T PWMS o output T o T
ADC input
Low-spe
— 1 13| 13 P36 I/O | Input/output port LSCLK | O | edclock — — — — — —
output
Low-spe
B I P37 10 | Inputioutput port Ot’;C 0 |edcock | — || — _ = =
output
P40/ Input/output port / 1°C data SSIO0
13| 14 | 17 CMPOM 1/0 _Comp_ara_toro SDA 1/0 | input/out SINO | _data — — —
inverting input put input
SSIOo0
Pa1/ Input/output port / I”C clock syr;)cuhsron
14 | 15 | 18 CMPOP I/0 Com_parat(_)ro_ SCL /0 | input/out SCKO 110 clock — — —
non-inverting input put input/out
put
Input/output port / UARTO SSI00
15|16 |19 R42 | o | Successive RXDO | | | data | souto | o | data | — | —| —
AING6 approximation type .
ADC input input output
Input/output port /
16|17 20| P | o | Successive 00 | o | aa | pwma | o | P4 | nor | o | Camm
AIN7 approximation type output
ADC input output output
Input/output port /
P44/ Poma Ly e SSI00
17 | 18 | 21 | ToPacks | wo | oSk IR — =] = SINO | I | data — | =] =
AINS uccessive input
approximation type
ADC input
Input/output port / SSIO0
P45/ PWM_5 external synchron
18 | 19 | 22 | Tpsck/ | wo | Glockinpuy =] = scko [0 | °Y — | =] =
AINO Succes'swe' _ 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/ — — — SOuUTOo o data — _— —
AIN10 Successive output
approximation type
ADC input
Input/output port /
Timer9,B /
P47/ PWM7 external PWM5
201 21| 24 T16CK1/ I/O | clock input/ — — — PWM5 O output — — —
AIN11 Successive
approximation type
ADC input
I°C data SSI00
— 11— 25 P50 I/O | Input/output port SDA /0 | input/out SINO | data
put input
SSIO0
synchron
I°C clock ccl)cl)JcSk
— 11— 26 P51 I/O | Input/output port SCL /0 | input/out SCKO 110 inputiout
put put
UART1 SSIO0
— 11— 27 P52 I/0 | Input/output port RXD1 | data SOUTO O data
input output
UART1 PWM6
— 1 22| 28 P53 I/O | Input/output port TXD1 O data PWM6 O — — —
output output

FEUL620Q150A
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48] 52| 64 Primary function Secondary function Tertiary function Quaternary function
Pin] Pin| Pin Pin i Pin De- Pin De- Pin De-
No.] No.J No.J  name Vo Description name | 7O | scription | name | Y© | scription | name | Y© | scription
UARTO
21| 23] 29 P54 I/0 | Input/output port RXDO | data — — — — — —
input
UARTO SSIO0 UART1
22 | 24 ] 30 P55 I/0 | Input/output port TXDO (@] data SINO | data TXD1 (0] data
output input output
SSIO0
synchron
23 | 25 | 31 P56 /0 | Input/output port - = — scko | o | N - | = —
input/out
put
SSIO0 PWM7
24 | 26 | 32 P57 I/O | Input/output port — — — SOUTO O data PWM7 | O
output output
I°C data !
25 | 27 | 33 P60 /0 | Input/output port SDA | 110 | inputiout | TMHAC | o | TimerA | nyyye | o | PWM6
put uT output output
I'C clock | 1yBo TimerB PWM7
26 | 28 | 34 P61 I/0 | Input/output port SCL 1/0 mp;l)JltJ/tOUt uT (@) output PWM7 | O output
P62/ Input/output port /
20293 PWA45EV1 /o PWA45EV1 input 7 7 7 7 7 _ 7 7 _
P63/ Input/output port /
28 130 ] 36 PW67EV1 /o PWG67EV1 input _ _ _ _ _ T _ _ T
PWM4
— ] 31 37 P64 I/O | Input/output port — — — PWM4 O output — — —
Low-spe PWMS
— 11— 38 P65 I/O | Input/output port LSCLK | O | ed clock PWM5 O — — —
output output
Low-spe
— | — 1 39 P66 I/0 | Input/output port outc (@) ed clock PWM6 O PWME — — —
LK output
output
— | — | 40 P67 I/0 | Input/output port — — — — — — — — —
PWM6
— ] —115 P70 I/O | Input/output port — — — PWM6 (0] output — — —
PWM7
— ] —1 16 P71 I/O | Input/output port — — — PWM7 (0] output — — —
UART1 SSIO0
— 11— 59 P72 I/0 | Input/output port RXD1 | data SINO | data — — —
input input
SSI00
UART1 Synocuhsron UARTO
— 1 — ] 60 P73 I/O | Input/output port TXD1 (@) data SCKO 110 clock TXDO O data
output input/out output
put
SSI00
— 1 —] 61 P74 I/O | Input/output port — — — SOUTO O data — — —
output
I°C data SSI00
29|32 ] 4 P80 I/O | Input/output port SDA /0 | input/out SINO | data — — —
put input
SSI00
12C clock synchron
30 | 33| 42 P81 /0 | Input/output port sCL | W0 | inputiout | scko |wo | M - | = —
put input/out
put
SSIO0
31 ) 34| 43 P82 I/O | Input/output port — — — SOUTO O data — — —
output
PWMS
32 |3 | 4 P83 I/O | Input/output port — — — PWM5 O output — — —
UART1 SSIO0
33 )36 | 45 P84 I/O | Input/output port RXD1 | data SINO | data — — —
input input
SSI00
UART1 synchron
34 | 37| 26 P85 /0 | Input/output port TXD1 | O | data scko | o | N - | = —
output input/out
put
FEULG620Q150A
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48] 52| 64 Primary function Secondary function Tertiary function Quaternary function
Pinl Pinl Pin Pin o Pin De- Pin De- Pin De-
No.] No.J No.J  name Vo Description name | 7O | scription | name | Y© | scription | name | Y© | scription
UARTO SSIO0
35 | 38 | 47 P86 I/O | Input/output port RXDO | data SOUTO O data — — —
input output
UARTO PWM4
36 ] 39 | 48 P87 I/O | Input/output port TXDO (@) data PWM4 O — — —
output
output
FEULG620Q150A
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1.3.3 Pin Descriptions

Table 1-2 Pin Descriptions (1/3)

Primary/
Pi /o b inti Secondary/ Loai
in name escription Tertiary/ ogic
Quaternary
Power supply
Vss — [Negative power supply pin — —
Vop — | Positive power supply pin — —
VppL — |Positive power supply pin for internal logic (internally generated). Connect
capacitors (C.) (see Measuring Circuit 1) between this pin and Vss .
Test
TESTO I |Input/output pin for testing. — Positive
TEST1_N I |Input/output pin for testing. This pin has a pull-up resistor built in. — Negative
System
RESET_N I |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.
XTO 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. - -
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 PO5* | |General-purpose input or output ports.
P12 | . "
Primary Positive
P13 I/0
P14 |
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* | 1/0 |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 110 Description . Logic
Tertiary/
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
RXDO* UARTO data input pin. Allocated to the secondary function of the P02, P42, -,
I Secondary | Positive
P54 and P86.
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, -,
I Secondary | Positive
P72 and P84.

1°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,

I/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 Tertiar Positive
P40, P44, P50, P55, P72, P80 and P84. y
SCKO* /O Synchronous serial clock input/output pin. Allocated to the tertiary function Tertiar
of the P41, P45, P51, P56, P73, P81 and P85. y B
SOUTO* o Synchronous serial data output pin. Allocated to the tertiary function of the Tertiar Positive
P42, P46, P52, P57, P74, P82 and P86. y
PWM
PWM4* PWM4 output pin. Allocated to the tertiary function of the P34, P43, P64, . .
0] Tertiary Positive
and P87.
PWM5* PWMS5 output pin. Allocated to the tertiary function of the P35, P47, P65, . .
0] Tertiary Positive
and P83.
PWM6* PWMB6 output pin. Allocated to the tertiary function of the P53, P66, P70 and| Tertiary .
(e} . Positive
fourthly function of the P22 and P60. Quaternary
PWM7* 0 PWM?7 output pin. Allocated to the tertiary function of the P71 and fouthly Tertiary Positive
function of the P23, P57, and P61. Quaternary
PW45EV0 | Control start /stop/clear for PWM4 and PWMS5. Allocated to the primary Primar
PWA45EV1 function of the POO, P30, P32 and P62. y -
PW67EVO | Control start /stop/clear pin for PWM6 and PWM?7. Allocated to the primary Primar
PW67EV1 function of the PO1, P31, P33, and P63. y -
TOPACK | Exter_nal clock input pin for timer 0 and PWMA4. Allocated to the primary Primary o
function of the P44 pin.
T1P5CK | External clock input pin for timer 1 and PWM5. Allocated to the primary Primary o

function of the P45 pin.

* 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 (3/3)

. o Primary/ )
Pin name 110 Description Logic
Secondary
External interrupt
EXIQ~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 .
I . . . Primary —
the primary function of the P47 pin.
TMHAOUT o ;%%It timer A output pin. Allocated to the tertiary function of the P22 andn Tertiary | Positive
TMHBOUT o I::Lgtilt 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/
(0] . Primary .
LED3 pins. Negative
Successive-approximation type A/D converter
Vv | 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
I |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.
Inverting input for comparator0. This pin is used as the primary function of
CMPOM | . — —
the P40 pin.

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

FEUL620Q150A
1-16



LAPIS Semiconductor Co., Ltd. ML620Q151A/2A/3AI4AI5AI6AITAISAIQA User's Manual
Chapter 1 Overview

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. (8-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 O
CSR:PC 0:0000H ~ O7FFFH
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 0:7CO0H to 0:7FFFH cannot be used as a program code area.
0:7CO0H to 0:7DFFH is rewritable and erasable. 0:7EQ0H to 0:7FFFH is not rewritable and not erasable. Ensure
to write “OFFH” to the rewritable area 0:7CO0H 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 O
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:BCOO0H 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 O
CSR:PC 0:0000H ~ OFFFFH
0:0FFFFH
Test data area
0:0FCOO0H
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:FEOOH to 0: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
0:0E00CH Unused area
0:0DFFFH
Unused area
0:08000H
0:07FFFH
Test data area
0:07COO0H
ROM Window 7:07FFH
Data Flash area
area
2K Byte
7:0000H
8hit 8hit
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 OF: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 0 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
8:0BCO0OH
Unused area
ROM Reference
area
OF:07FFH
Data Flash area
2K Byte
8:0000H OF: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 0 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
0:0EO000H 2K Byte Unused area
ROM Window
area
7:07FFH
Data Flash area
2K Byte
0:0000H 7:0000H
8hit 8hit
Segment 8 Segment F
8:0FFFFH OF:.0FFFFH
Test data area
8:0FCOO0H
Unused area
ROM Reference
area
OF:.07FFH
Data Flash area
2K Byte
8:0000H OF: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 0 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
OFO00H Data segment register DSR — R/W 8 O00OH
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2.6.2 Data Segment Register (DSR)

Address: 0FO00H
Access: RIW

Access size: 8-bit
Initial value: 00H

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]
e DSR3-DSRO (bits 3 to 0)

DSR3 DSR2 DSR1 DSRO Description
0 0 0 0 Data segment O (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
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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.

Reset by the RESET_N pin

Reset by power-on detection

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

Software reset by execution of the BRK instruction

3.1.1 Features

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).

3.1.2 Configuration

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

RESET_N RESET

Power-on reset reset I

Low level detecotor
reset

(LLD reset)

|

RSTAT Data bus

WDTreset

}7‘

RSTAT:Reset status register

Figure 3-1 Configuration of Reset Generation Circuit

3.1.3 List of Pin

Pin name /0
RESET_N [

Description

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

OFO0CH

Reset status register

RSTAT

R/W

FEUL620Q150A
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3.2.2 Reset Status Register (RSTAT)

Address: 0FOOCH
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

oL L DR (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.

« 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.

4.1.1 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) R/W Size \llr;tl:ael
OFO008H Stop code acceptor STPACP - W 8 -

OFO09H Standby control register SBYCON - w 8 O00OH
OF068H Block control register O BLKCONO - R/W 8 OOH
OFO06AH Block control register 2 BLKCON2 - R/W 8 O00OH
OF06BH Block control register 3 BLKCONS3 - R/W 8 OOH
OF06CH Block control register 4 BLKCON4 - R/W 8 O00OH
OFO6EH Block control register 6 BLKCONG - R/W 8 OOH
OFO06FH Block control register 7 BLKCON7 - R/W 8 04H
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4.2.2 Stop Code Acceptor (STPACP)

Address: 0FO08H

Access: W

Access size: 8 bits

Initial value: -(Undefined)

7 6 5 4 3 2 1 0
STPACP - - - - - - - -
R/W W W w W \W W W W
Initial value - - - - - - - -

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

When STPACP is read, “00H” is read.

When data is written to STPACP in the order of “5nH” and “0AnH” (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 “0OAnH”, 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 "0").
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4.2.3 Standby Control Register (SBYCON)

Address: 0FO09H
Access: W

Access size: 8 bits
Initial value: 00H

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 (bit0)
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 (bitl)
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: 0F068H
Access: RIW

Access size: 8 bit
Initial value: 00H

7 6 5 4 3 2 1 0
BLKCONO - - - - - - DTM1 DTMO
R/W R R R R R R R/W R/W
Initial value 0 0 0 0 0 0 0 0

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

Description of Bits
e DTMLI (bits 1)

DTM1 Description
0 Enable operating the timer 1 (initial value)
1 Disable operating the timer 1

o DTMO (bits 0)

DTMO Description
0 Enable operating the timer 0 (initial value)
1 Disable operating the timer O

[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 (BLKCON2)

Address: 0OFO6AH
Access: RIW

Access size: 8 bit
Initial value: 00H

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

BLKCON2 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 DUAL 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 DUAO 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 O (initial value)
1 Disable operating the synchronous serial port O

[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 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: 0FO6BH(BLKCON?3)
Access: RIW

Access size: 8 bit

Initial value: 00H

7 6 5 4 3 2 1 0

BLKCON3 - 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 (hit 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: 0FO6CH(BLKCON4)
Access: RIW

Access size: 8 bit

Initial value: 00H

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

BLKCONA4 is a special function register (SFR) to control each block operation.

Description of Bits
e DSAD (bit0)
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 (BLKCONG)

Address: 0FO6EH(BLKCONS®G)
Access: RIW

Access size: 8 bit

Initial value: 00H

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

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

Description of Bits
e DTMB (hit 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 (bit2)
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 DTMO (bit1)
The DTMH 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 DTMBS (bit0)
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 (BLKCON7)

Address: 0FO6FH(BLKCONT7)
Access: RIW

Access size: 8 bit

Initial value: 00H

7 6 5 4 3 2 1 0
BLKCON7 - - - - DPW7 DPW6 DPW5S 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

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

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

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

e DPWSG (bit2)
The DPW6 bit is used to control the PWMB6.

DPW6 Description
0 Enable operating the PWMB6 (initial value)
1 Disable operating the PWM6

o DPWS5 (bit1)
The DPWS5 bit is used to control the PWM5.

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

e DPWH4 (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 S N I
CPUCLK 1 T 1 [ L[ ]
SBYCON.HLT
Interrupt N
Program run mode HALT mode R 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 “5nH” and “0AnH” (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 “1”, 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 (Tx7.) 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 (Txr.), 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 5 __ Oscillation waveform |

oscillation / Low-speed Low-speed crystal oscillation: 8192 counts
Tyt §,Low-speed internal RC 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
LSCLK
SYSCLK _||_||_||_||_||_||_||_|
High-speed oscillation |Oscillati0n 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 1\_|
(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
(Txrn) 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 (Txt4) 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 High-speed oscillation /—ﬁ High-speed oscillation
Ty
OSCLK, HSCLK  OSCLK, HSCLK waveform é OSCLK, HSCLK waveform

.~ High-speed oscillation 4096 counts

SYSCLK HSCLK waveform <— HSCLK waveform

Low-speed crystal X
oscillation / Low-speed 3 oscillation |

internal RC oscillation

TxrL

Low-speed crystél oscillation: 8192counts
Low-speed internal RC oscillation: 16 counts
High-speed internal RC ;

oscillation / Internal PLL ‘ H_H_H_l_l—
oscillation

High-speed internal RC oscillation: 16 counts
Internal PLL oscillation: 8192 counts

LSCLK

SBYCON.STP bit

Interrupt request 0

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
* * *
" - 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
23 1 1 1 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.)
oIf 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.
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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).

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

BLKCONZ2 register: Controls (enables/disables) the circuit operation of 12C, UART and SSIO.

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

BLKCONA4 register: Controls (enables/disables) the circuit operation of successive approximation type A/D converter.
BLKCONT7 register: Controls (enables/disables) the circuit operation of PWMs.

[Note]
*When certain bits of block control registers are set to "1", 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 (SWI1).
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, "I°C 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)

o Maskable interrupts (See the table below)

Product

Number of interrupt sources

A

ML620Q151A/ML620Q152A/ML620Q153

27 sources (Internal sources: 20,
External sources: 7)

A

ML620Q154A/ML620Q155A/ML620Q156

28 sources (Internal sources: 20,
External sources: 8)

A

ML620Q157A/ML620Q158A/ML620Q159

28 sources (Internal sources: 20,
External sources: 8)

Software interrupt (SWI): maximum 64 sources
External interrupts allow edge selection and sampling selection (see Chapter 15, "Port 0")
Maskable interrupts allow selection from four interrupt levels for each interrupt source
The occurrence of interrupts with a specified interrupt level value or less can be masked

FEUL620Q150A
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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 O IEO - R/W 8 O00H
OFO011H Interrupt enable register 1 IE1 - R/W 8 00H
OF012H Interrupt enable register 2 IE2 - R/W 8 00H
OF013H Interrupt enable register 3 IE3 - R/W 8 00H
OF014H Interrupt enable register 4 IE4 - R/W 8 00H
OFO015H Interrupt enable register 5 IE5 - R/W 8 00H
OFO16H Interrupt enable register 6 IE6 - R/W 8 00H
OF017H Interrupt enable register 7 IE7 - R/W 8 00H
OF018H Interrupt request register 0 IRQO - R/W 8 O0H
OFO019H Interrupt request register 1 IRQ1 - R/W 8 O0H
OFO01AH Interrupt request register 2 IRQ2 - R/W 8 O00H
OFO01BH Interrupt request register 3 IRQ3 - R/W 8 O00H
OFO01CH Interrupt request register 4 IRQ4 - R/W 8 O00H
OFO01DH Interrupt request register 5 IRQ5 - R/W 8 O00H
OFO1EH Interrupt request register 6 IRQ6 - R/W 8 O00H
OFO1FH Interrupt request register 7 IRQ7 - R/W 8 O00H
OF020H Interrupt level control enable register ILENL ILEN R/W 8/16 O0H
OF021H Reserved register - - 8 O00H
OF022H :;l;rlrsiz: interrupt request level CILL oL R/W 8/16 00H
OF023H Reserved register - - 8 O00H
0F024H Reserved register - - - - -
OF025H Interrupt level control register 01 ILCO1 - R/W 8 00H
OF026H Interrupt level control register 10 ILC10 e R/W 8/16 O00H
OF027H Interrupt level control register 11 ILC11 R/W 8 O00H
OF028H Interrupt level control register 20 ILC20 ILC2W R/W 8/16 O00H
OF029H Interrupt level control register 21 ILC21 R/W 8 00H
OF02AH Interrupt level control register 30 ILC30 ILCaw R/W 8/16 O00H
OF02BH Interrupt level control register 31 ILC31 R/W 8 00H
OF02CH Interrupt level control register 40 ILC40 . R/W 8/16 O00H
OF02DH Reserved register - - 8 O00H
OFO02EH Reserved register - - 8/16 O00H
OFO02FH Interrupt level control register 51 ILC51 Lesw R/W 8 00H
OFO030H Interrupt level control register 60 ILC60 ILCEW R/W 8/16 O00H
OF031H Interrupt level control register 61 ILC61 R/W 8 00H
OF032H Interrupt level control register 70 ILC70 e R/W 8/16 O00H
OF033H Reserved register - - 8 00H
[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 (IEO)
Address: 0FO10H
Access: RIW
Access size: 8 bits
Initial value: O0OH
7 6 5 4 1 0
IEO - ELLD - -
R/W R R/W R R R
Initial value 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 IEOQ is

not reset.

Description of bits
e ELLD (bit6)

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: 0FO11H
Access: RIW

Access size: 8 bits
Initial value: 00H

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
e EP31(bit7)
EP31 is the enable flag for the input port P31 pin interrupt (P31INT).

EP31 Description
0 Disabled (initial value)
1 Enabled

e EP30 (bit 6)
EP30 is the enable flag for the input port P30 pin interrupt (P30INT).

EP30 Description
0 Disabled (initial value)
1 Enabled

e EPO5 (bit 5)
EPO5 is the enable flag for the input port PO5 pin interrupt (POSINT).

EPO5 Description
0 Disabled (initial value)
1 Enabled

o EPO4 (bit4)
EPO04 is the enable flag for the input port PO4 pin interrupt (PO4INT).

EPO4 Description
0 Disabled (initial value)
1 Enabled

e EPO3 (bit 3)
EPO3 is the enable flag for the input port P03 pin interrupt (PO3INT).

EPO3 Description
0 Disabled (initial value)
1 Enabled
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e EPO2 (bit 2)
EPOQ2 is the enable flag for the input port P02 pin interrupt (PO2INT).

EP02 Description
0 Disabled (initial value)
1 Enabled

o EPO1 (bit1)
EPO1 is the enable flag for the input port PO1 pin interrupt (POLINT).

EPO1 Description
0 Disabled (initial value)
1 Enabled

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

EPOO Description
0 Disabled (initial value)
1 Enabled

[Note]
EPO5 is not included in ML620Q151/ML620Q152/ML620Q153.
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5.2.4 Interrupt Enable Register 2 (IE2)

Address: 0F012H
Access: RIW

Access size: 8 bits
Initial value: 00H

7 6 5 4 3 2 1 0
IE2 EI2CO - - - - 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
e EI2CO0 (bit7)
EI2CO is the enable flag for the 1°C bus 0 interrupt (I2COINT).

EI2C0O 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 ESIOO (bit 0)
ESIOO is the enable flag for the synchronous serial port 0 interrupt (SIOOINT).

ESIO0 Description
0 Disabled (initial value)
1 Enabled
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5.2.5 Interrupt Enable Register 3 (IE3)
Address: 0F013H
Access: RIW
Access size: 8 bits
Initial value: O0OH
7 6 5 4 3 2 1 0
IE3 - ECMPO - - ETM9 ETM8 ETM1 ETMO
R/W R R/W R R R/IW R/IW 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 ETMO (bit 3)

ETMQ is the enable flag for the timer 9 interrupt (TM9OINT).

ETM9 Description
0 Disabled (initial value)
1 Enabled

e ETMS (bit2)

ETMB8 is the enable flag for the timer 8 interrupt (TM8INT).

ETMS8 Description
0 Disabled (initial value)
1 Enabled

e ETML (bit1)

ETML1 is the enable flag for the timer 1 interrupt (TM1INT).

ETM1 Description
0 Disabled (initial value)
1 Enabled

e ETMO (bit 0)

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

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

Address: 0F014H
Access: RIW

Access size: 8 bits
Initial value: 00H

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 I1E4 is
not reset.

Description of bits
e EUAL (bitl)
EUAL is the enable flag for the UARTL interrupt (UALINT).

EUAL Description
0 Disabled (initial value)
1 Enabled

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

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

Address: 0F015H
Access: RIW

Access size: 8 bits
Initial value: 00H

7 6 5 4 3 2 1 0
IE5 - - ETMB ETMA - -
R/W R R R/W R/W R R R
Initial value 0 0 0 0 0 0 0 0

IE5 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 IE5 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

o 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: 0F016H
Access: RIW
Access size: 8 bits
Initial value: O0OH
7 6 5 4 3 2 1 0
IE6 ELTBC1 - ELTBCO - EPW7 EPW6 EPW5 EPWA4
R/W R/IW R R/W R R/W R/IW R/W R/W
Initial value 0 0 0 0 0 0 0 0

IE6 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 ELTBCL1 (hit7)

ELTBC1 is the enable flag for the time base counter 1 interrupt (LTBCLINT).

ELTBC1 Description
0 Disabled (initial value)
1 Enabled

e ELTBCO (bit 5)

ELTBCO is the enable flag for the time base counter 0 interrupt (LTBCOINT).

ELTBCO Description
0 Disabled (initial value)
1 Enabled

o EPW7 (bit3)

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

EPW7 Description
0 Disabled (initial value)
1 Enabled

o EPWS (bit2)

EPWS is the enable flag for the PWMS6 interrupt (PW6INT).

EPW6 Description
0 Disabled (initial value)
1 Enabled
FEULG620Q150A
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e EPWS5 (bit1)
EPWS5 is the enable flag for the PWMD5 interrupt (PW5INT).

EPW5 Description
0 Disabled (initial value)
1 Enabled

e EPWA4 (bit 0)
EPW4 is the enable flag for the PWM4 interrupt (PW4INT).

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

Address: 0F017H
Access: RIW

Access size: 8 bits
Initial value: 00H

7 6 5 4 3 2 1 0
IE7 - - - - ELTBC2 -
R/W R R R R R/W R R
Initial value 0 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 (hit3)
ELTBC2 is the enable flag for the time base counter 2 interrupt (LTBC2INT).

ELTBC2 Description
0 Disabled (initial value)
1 Enabled
FEULG620Q150A
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5.2.10 Interrupt Request Register 0 (IRQO0)
Address: 0F018H

Access: RIW

Access size: 8 bits
Initial value: O0OH

7 6 5 4 3 2 0
IRQO - QLLD - - - QCKC QWDT
R/W R R/W R R R R/W R/W
Initial value 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 (IEQ) 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 (hit6)
QLLD is the request flag for the LLD interrupt (LDDINT).

QLLD Description
0 No reguest (initial value)
1 Request

e QCKC (bit2)

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

QCKC Description
0 No request (initial value)
1 Request

e  QWDT (bit0)
QWDT is the request flag for the watchdog timer interrupt (WDTINT).

QWDT 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: 0F019H
Access: RIW
Access size: 8 bits
Initial value: 00H
7 6 5 4 3 2 1 0
IRQ1 QP31 QP30 QP05 QP04 QP03 QP02 QP01 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

IRQL1 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
o 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 (bit 6)
QP30 is the request flag for the input port P30 pin interrupt (P30INT).

QP30 Description
0 No request (initial value)
1 Request

e QP05 (bit 5)
QP05 is the request flag for the input port PO5 pin interrupt (POSINT).

QP05 Description
0 No request (initial value)
1 Request

e QP04 (bit4)
QP04 is the request flag for the input port P04 pin interrupt (PO4INT).

QP04 Description
0 No reguest (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
FEULG620Q150A
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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 (bit 1)
QP01 is the request flag for the input port PO1 pin interrupt (POLINT).

QPO1 Description
0 No reguest (initial value)
1 Request

e QPOO (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]

e 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.
e QP05 is not included in ML620Q151/ML620Q152/ML620Q153.
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5.2.12 Interrupt Request Register 2 (IRQ2)

Address: 0OFO1AH

Access: RIW

Access size: 8 bits

Initial value: O0OH

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

QI2C0

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 QSIOO0 (hit 0)

QSI0O0 is the request flag for the synchronous serial port 0 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: 0FO1BH
Access: RIW
Access size: 8 bits
Initial value: O0OH
7 6 5 4 3 2 1 0
IRQ3 - QCMPO - - QTM9 QTMS8 QTM1 QTMO
R/W R R/W R R R/IW R/IW R/W R/W
Initial value 0 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

e  QTMO (bit 3)
QTMO is the request flag for the timer 9 interrupt (TMOINT).

QTM9

Description

0

No request (initial value)

1

Request

e QTMBS (hit2)
QTMB8 is the request flag for the timer 8 interrupt (TM8INT).

QTMS

Description

0

No request (initial value)

1

Request

e QTM1 (bit1)
QTML is the request flag for the timer 1 interrupt (TM1INT).

QTM1 Description
0 No reguest (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
FEULG620Q150A
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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.

FEUL620Q150A
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5.2.14 Interrupt Request Register 4 (IRQ4)
Address: 0FO1CH
Access: RIW
Access size: 8 bits
Initial value: 00H
7 6 5 4 3 2 1 0
IRQ4 - - - - - - QUA1 QUAD
R/W R 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
o QUAL (bit1)

QUAL is the request flag for the UARTY interrupt (UALINT).

QUA1 Description
0 No request (initial value)
1 Request

e QUAO (bit 0)

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

QUAO 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: 0FO1DH
Access: RIW

Access size: 8 bits
Initial value: 00H

7 6 5 4 3 2 0

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

IRQ5 is a special function register (SFR) used to request an interrupt for each interrupt source.

Each IRQ5 request flag is set to "1" regardless of the IE5 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 (IE5) is set to 1" and the master

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

By setting the IRQ5 request flag to "1" by software, an interrupt can be generated.
The corresponding flag of IRQ5 is set to "0" by hardware when the interrupt request is accepted by the CPU.

Description of bits
e QTMB (bit5)

QTMB is the request flag for the timer B interrupt (TMBINT).

QTMB Description
0 No request (initial value)
1 Request

e 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 (IE5), 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: RIW
Access size: 8 bits
Initial value: O0OH
7 6 5 4 3 2 1 0
IRQ6 QLTBC1 - QLTBCO - QPW?7 QPW6 QPWS5 QPW4
R/W R/IW R R/W R R/W R/IW R/W R/W
Initial value 0 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 (bit7)

QLTBCL1 is the request flag for the time base counter 1 interrupt (LTBC1INT).

LTBC1 Description
0 No reguest (initial value)
1 Request

e QLTBCO (bit5)

QLTBCO is the request flag for the time base counter 0 interrupt (LTBCOINT).

QLTBCO Description
0 No reguest (initial value)
1 Request

o QPW7 (bit3)

QPW?7 is the request flag for the PWM?7 interrupt (PW7INT).

QPW7 Description
0 No reguest (initial value)
1 Request

e QPWS (bit2)

QPWE is the request flag for the PWMB6 interrupt (PW6GINT).

QPW6 Description
0 No reguest (initial value)
1 Request

e QPWS (bit 1)

QPWS5 is the request flag for the PWMS5 interrupt (PWS5INT).

QPW5 Description
0 No reguest (initial value)
1 Request

o QPWA4 (bit0)

QPW41 is the request flag for the PWM4 interrupt (PWAINT).

QPW4 Description
0 No reguest (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: RIW

Access size: 8 bits
Initial value: 00H

7 6 5 4 3 2 1 0
IRQ7 - - - - QLTBC2 - - -
RIW R R R R RIW 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 reguest (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: 0F020H
Access: RIW
Access size: 8 bits
Initial value: O0OH
7 4 3 2 1 0
ILENL — — — — — ILE
R/W R R R R R/W
Initial value 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 00H.
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5.2.19 Current Interrupt Request Level Register (CILL)

Address: 0F022H
Access: RIW

Access size: 8 bits
Initial value: 00H

7 6 5 4 3 2 1 0
CILL CILN - - - | CILI\/II[3:O] |
RIW RIW R R R RW  RW  RW . RW
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 (bit7)
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 (ILC01)
Address: 0F025H
Access: RIW
Access size: 8 bits
Initial value: 00H
7 6 5 4 3 2 1 0
ILCO1 - - ILCO1[5:4] - - - -
RIW R R RIW R/W R R R
Initial value 0 0 0 0 0 0 0 0

The interrupt level control register 01 (ILCO01) 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 ILC01[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'h01 2 T
2'h10 3 \
2'bl11 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 (ILC01) 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: 0F026H
Access: RIW

Access size: 8 bits
Initial value: 00H

7 6 5 4 3 2 1 0
ILC10 ILCl(I)[7:6] ILCl(I)[5:4] |Lc:16[3:2] ILClE)[l:O]
RIW RW  RW RW  RW RW  RW RW  RW
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'h01 2 T
2'h10 3 \
2'bl11 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: 0F027H
Access: RIW

Access size: 8 bits
Initial value: 00H

7 6 5 4 3 2 1 0
ILC11 ILC1I1[7:6] ILClI1[5:4] ILC1I1[3:2] ILC1I1[1:O]
RIW RW  RW RW  RW RW  RW RW  RW
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'h01 2 T
2'h10 3 \
2'bl11 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: 0F028H
Access: RIW

Access size: 8 bits
Initial value: 00H

7 6 5 4 3 2 1 0
ILC20 - - ILCZ(I)[5:4] - - ILC2E)[1:O]
RIW R R RW  RW R R RW  RW
Initial value 0 0 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:

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

Interrupt
ILC20[n] Level priority
level
2'b00 1 Low
2'h01 2 T
2'h10 3 \
2'bl11 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 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: 0F029H
Access: R/IW
Access size: 8 bits
Initial value: 00H
7 6 5 4 3 2 1 0
ILC21 ILC21[7:6] - - - - - -
R/W R/W R/W 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'h01 2 T
2'h10 3 \
2'bl11 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: 0F02AH
Access: RIW

Access size: 8 bits
Initial value: 00H

7 6 5 4 3 2 1 0
ILC30 ILC30[7:6] ILC30[5:4] ILC30[3:2] ILC30[1:0]
RIW RW  RW RW  RW RW  RW RW  RW
Initial value 0 0 0 0 0 0 0 0

The interrupt level control register 30 (ILCO05) 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'h01 2 T
2'h10 3 \
2'bl11 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: 0F02BH
Access: RIW
Access size: 8 bits
Initial value: 00H
7 6 5 4 3 2 1 0
ILC31 - - ILC31[5:4] - - - -
RIW R R RIW R/W 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'h01 2 T
2'h10 3 \
2'bl11 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: 0FO2CH
Access: RIW

Access size: 8 bits
Initial value: 00H

7 6 5 4 3 2 1 0
ILC40 - - - - |LC46[3:2] ILC4E)[1:O]
RIW R R R R RW  RW RW  RW
Initial value 0 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:

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

Interrupt
ILC40[n] Level priority
level
2'b00 1 Low
2'h01 2 T
2'h10 3 \
2'bl11 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 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: 0FO2FH
Access: RIW

Access size: 8 bits
Initial value: 00H

7 6 5 4 3 2 1 0
ILC51 - - - - ILC5I1[3:2] ILC5I1[1:O]
RIW R R R R RW  RW RW  RW
Initial value 0 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:

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

Interrupt
ILC51[n] Level priority
level
2'b00 1 Low
2'h01 2 T
2'h10 3 \
2'bl11 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 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: 0FO30H
Access: RIW

Access size: 8 bits
Initial value: 00H

7 6 5 4 3 2 1 0
ILC60 ILC60[7:6] ILC60[5:4] ILC60[3:2] ILCB0[1:0]
RIW RW  RW RW  RW RW  RW RW  RW
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'h01 2 T
2'h10 3 \
2'bl11 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: 0F031H
Access: RIW

Access size: 8 bits
Initial value: 00H

7 6 5 4 3 2 1 0

ILC61 ILCB1[7:6] - - ILC61[3:2] - -
RIW RW  RW R R RW  RW 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'h01 2 T
2'h10 3 \
2'bl11 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: 0F032H
Access: RIW
Access size: 8 bits
Initial value: 00H
7 6 5 4 3 2 1 0
ILC70 ILC70[7:6] - - - - - -
RIW RIW RIW 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'h01 2 T
2'h10 3 \
2'bl11 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 Mask Interrupt
source Interrupt enabled/ Internal/ Interrupt source source
IRQ IE ILC address . external

number disabled symbol
1 IRQO[0] - - 0008H | Disabled Internal WDT interrupt WDTINT
2 IRQO[2] - - 000AH Disabled source CKC interrupt CKCINT
3 IRQQ[6] | IEQ[6] | ILCO1[5:4] 000CH Enabled LLD interrupt LLDINT
4 IRQ1[0] | IEL1[0] | ILC10][1:0] 0010H Enabled POO interrupt POOINT
5 IRQ1[1] | IE1[1] | ILC10[3:2] 0012H Enabled P01 interrupt PO1INT
6 IRQ1[2] | IEL1[2] | ILC10[5:4] 0014H Enabled P02 interrupt PO2INT
7 IRQ1[3] | IE1[3] | ILC10[7:6] 0016H Enabled | External PO3 interrupt PO3INT
8 IRQ1[4] | IE1[4] | ILC11[1:0] 0018H Enabled pin P04 interrupt PO4INT
9 IRQ1[5] | IEL1[5] | ILC11[3:2] 001AH | Enabled PO5 interrupt POSINT
10 IRQ1[6] | IEL1[6] | ILC11[5:4] 001CH | Enabled P30 interrupt P30INT
11 IRQ1[7] | IEL[7] | ILC11][7:6] 001EH | Enabled P31 interrupt P31INT
12 IRQ2[0] | IE2[0] | ILC20[1:0] 0020H Enabled SIOQ0 interrupt SIOOINT
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 O interrupt TMOINT
16 IRQ3[1] | IE3[1] ILC30[3:2] 0032H Enabled Timer 1 interrupt TMI1INT
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 C;rt';ﬁ’zsto 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 UALINT
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 PWMA4INT
25 IRQ6[1] | IE6[1] | ILC60[3:2] 0062H Enabled PWMS5 interrupt PWMSINT
26 IRQ6[2] | IE6[2] | ILC60[5:4] 0064H Enabled PWMB6 interrupt PWMGINT
27 IRQ6[3] | IE6[3] | ILC60[7:6] 0066H Enabled PWM?7 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 LTBCLINT
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) Setthe MIE flag to "0"

(4) Setthe 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) Setthe 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
: | | 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
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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 ; Call subroutine Sub_1 :
: RT ; Return PC from LR
POP LR ; Return LR from the stack ; End of subroutine
RTI ; End
FEULG620Q150A
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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 El 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 El 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 El and DI instructions due to the specification of U16 processor.

i When multiple interrupts are enabled |

< Maskable interrupt > < Maskable interrupt >

A 4 A 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

A4
El instruction: Enable interrupt

A 4 A 4
Execute desired processing Execute desired processing

A
DI instruction: Disable interrupt

Write access to
current interrupt level register (CILL)

Write access to
current interrupt level register (CILL)

A\ 4

'

Restore general-purpose
registers from memory

Restore general-purpose
registers from memory

\4

RTI instruction

v

Interrupt processing
end

A 4
Restore return PC

to PC and pre-interrupt PSW
to PSW from stack

A4

Interrupt processing
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 "CCU8
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 __El 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 Ox0A 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_OA is handled as interrupt processing function that disables
multiple interrupts.

CCU8 outputs the assembly code as shown below.
Example of output

_intr_fn_OA
push er0
n TM1msec++;
I er0, NEAR _TM1msec
add er0, #1
st er0, NEAR _TM1msec
n)
" CILL =0;
mov ro, #00h
st r0, 0f022h
n)
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 xr0
I r0, DSR
push r0
" func();
bl _func
Y
N CILL =0;
mov r0,  #00h
st r0,  0f022h
Y
pop ro
st ro DSR
pop xr0
pop ea Ir
rti

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)

{

__EI); /* Enable multiple interrupts */

TM2msec++;

__DI(); * Disable multiple interrupts */

CILL =0; /* Clear the highest current interrupt request level */
}

When writing as shown in the example, intr_fn_20() is handled as interrupt processing function that enables
multiple interrupts.
CCuUS8 outputs the assembly code as shown below.

Example of output

_intr_fn_20
push elr, epsw
push er0

0" __EI(); /* Enable multiple interrupts */
ei

N TM1msec++;
I er0, NEAR _TM2msec
add er0, #1
st er0, NEAR _TM2msec

" __DI(); [/* Disable multiple interrupts */
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di
n}
5 CILL=0;
mov ro, #00h
st r0, 0f022h
n}
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

o Low-speed clock generation circuit:
- Crystal oscillation mode (32.738kHz)
- Built-in RC oscillation mode (32.768kHz)

o High-speed clock generation circuit:
- Built-in PLL oscillation mode (8.192MHz)
- Built-in RC oscillation mode (2.097MHz)

o 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

| oscilation | LOSC bt
: Low-speed Low-speed backup-mode | T
P12/XTO Internal RC i
: crystal o circuit Low-speed clock
: oscillation Osc. Circuit T LSCLK
P13/IXTL — eircuit | |<4=>| (32.768KH2) . IO (LSCLK
5 — | N System clock
: \MPX/<—— Code-Option (SYSCLK)
g !
; PLLgi?gﬂli?tion S Dividing selection | o High-speed
: 1/1,1/2,1/4,1/8
! (8.192MHz) |<4 = clock(HSCLK)
1 (S
; High-speed Dividing selection High-speed clock
: Intgernaflj RC 1/1.1/2,1/4,1/8 output (OUTCLK)
: Oscillation  |<e A &
; Circuit . V)
R kil
| High-speed 3 12C control clock
: oscillation |,
' Backup-mode § Timer, PWM and
E Circuit T etc. (OSCLK)
! —|FCONO,FCON1,FCON3, FSTAT|——————

A2 Data Bus

FCONO : Frequency control register O
FCON1 : Frequency control register 1
FCON3 : Frequency control register 3
FSTAT : Frequency status register

Figure 6-1 Configuration of Clock Generation Circuit
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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 | /O Function
P12/XT0 | Pin for connecting a crystal for low-speed clock.
P13/XT1 1/0 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)

* > U6
Register access
Low-speed clock (LSCLK) Py LSCLK TBC
High-speed clock (HSCLK) Py HSCLK
Register access T
LSCLK SbitTImer | _HrBCLK |
High-speed clock (source)
Register access
LSCLK | PwMe
High-speed clock (source)
Register access
LSCLK ¢ WDT T256HZ
Register access
LSCLK UART
HSCLK
Register access
e
High-speed clock (source) T Divide 1/2
Register access
LSCLK Analog
comparator
Register access ]
LSCLK 10bit-ADC
HSCLK
Register access
LSCLK >l 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
OF002H Frequency control register O FCONO FCONDL R/W 8/16 33H
OFO03H Frequency control register 1 FCON1 R/W 8 03H
OFO05H Frequency control register 3 FCON3 - R/W 8 O00H
OFO00AH Frequency status register FSTAT - R 8 04H
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6.2.2 Frequency Control Register 0 (FCONO)

Address: 0F002H (FCONO)
Access: R/IW

Access size: 8/16 bit

Initial value: 33H

7 6 5 4 3 2 1 0
FCONO - - OUTC1 OUTCO OSCM1 OSCMO SYSC1 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
e OUTC1,0UTC O (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.

ouTC1 ouTCo Description
0 0 1/10SCLK
0 1 1/20SCLK
1 0 1/40SCLK
1 1 1/80SCLK (initial value)

e 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.

OSCM1 and OSCMO can be rewritten only when high-speed oscillation is being stopped (ENOSC bit of
FCONL1 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 FCONL register to "0").

OsCcM1 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

e SYSC1, SYSCO (bits 1, 0)
The SYSC1, 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, 1/80SCLK is selected.

SYSC2 SYSC1 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 FCONL1 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: 0FO03H (FCON1)
Access: R/IW

Access size: 8 bit

Initial value: 03H

7 6 5 4 3 2 1 0
FCON1 LPLL - - - - - ENOSC SYSCLK
R/W R R R R R R R/W R/W
Initial value 0 0 0 0 0 0 1 1

FCONOL1 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=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 PLL oscillation is inactive or the PLL oscillation frequency is not within 2=2.0%
(initial value)
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: 0FO05H(FCON3)
Access: R/IW

Access size: 8 bits

Initial Value: 00H

7 6 5 4 3 2 1 0

FCON3 - - - - - LOSCB HOSCB -
R/W R R R R R R/W R/W R
Initial value 0 0 0 0 0 0 0 0

FCONS is a special function register (SFR) to control the high-speed clock generation circuit and to select system clock.
FCONS3 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 hit2

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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HOSCB bhit1

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 bhit 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.
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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 (hit 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 (bit1)
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
LSI has entered into the STOP mode.

FEUL620Q150A

6-10



LAPIS Semiconductor Co., Ltd. ML620Q151A/2A/3AI4AI5AI6AITAISAIQA User's Manual
Chapter 6 Clock Generation Circuit

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 Cp) as required.

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

H Voo
32.768kHz :
Crystal Resonator ) A S S
| Control Circuit || Low-speed — STOP mode
""""""""""""""""" oscillation
CaL _ P12/XTO | . |—D>_1,_|> backup-mode | Low-speed
f g o circuit clock (LSCLK)
= Re
D S
P13/XT1 .
CoL E
Vss :

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

[Note]
eInstall 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
reul | 16counts > 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 (Txr.) 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 (Txr.) 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 (Txro), see Appendix C, “Electrical Characteristics”.

VDD
RESET

TxrL: Oscillation start time Txr: Oscillation start time

Low-speed crystal <> N
oscillation ~ ——<>  Waveform (32.768kHz) —<_ Waveform (32.768kHz)
> DR
Oscillation Oscillation

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 e Built-in RC Oscillation : [Crystal | Built-in RC Oscillation Crystal
<> approx.16ms _
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.

VoL

High-speed  |<—— STOP mode
Built-in RC
oscillation circuit ) -
- 16counts |—> 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 (OSCMO0 = “0”, OSCM1 = “1"), 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 “1”).
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 o <—— ENOSC (Enable oscillation)
Oscillation Circuit Circuit
Circuit LS| 4096 counts High-speed —> oscLK
16.384MHz illati
Oscillation (High-speed
> Backup clcok)
Low-speed > '”Y‘Od.e
backup Circuit

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 (TxrH) 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”.

Voo
RESET
. Txru: High-speed oscillation start time Txru: High-speed oscillation start time
High-speed 1 ;
Oscillati <> <>
scillation ! 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 waveform SYSCLK waveform
SYSCLK
Ar A A A Ar
High-speed CPU start STOP mode CPU start
Oscillation

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 (FCONL). Oscillation can be started by setting the ENOSC bit of FCON1 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 (Txrn/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 (Txrn/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 LSI 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 —— —
Txru: High-speed oscillation start time Txru: High-speed oscillation start time
High-speed <> > — ——
oscillation ‘ Built-in PLL oscillation ‘ Built-in PLL oscillation
5 _ 3 High-speed oscillation 4096
High-speed oscillation 4096 counts i )
) 16 counts i
High-speed PLL oscillation waveform <l 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

i STOP mode —
High.speed oscillation to PLL High-speed
oscillation | illation oscillation
start _Externa osclillation. 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 _ ) . _ —
Txri: High-speed oscillation start time Txrn: High-speed oscillation start time
High-speed <> — — <> — —
oscillation : ‘Bunt-ln PLL oscillation : ‘ Built-in PLL oscillation
<— <—>1
High-speed oscillation 4096 counts High-speed oscillation 4096 counts
High-speed PLL oscillation waveform r HSCLK waveform
clock
Low-speed oY ; —
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" e 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 QLTBCO-2 ) is “1”.

Gystem clock switchinD """"" 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

(TV\iAIT)

SYSCLK«"1"  |eee

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 P21C1 bit (P2CONL1 register's bit 1) to "1" and the P21CO0 bit (P2CONO register's bit 1) to "1" for specifying the
state mode of the P21 pin to CMOS output.

Register name P2CONL1 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 P20C0
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 - - - - * * *k *

- : 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 (P2CONL1 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 P2CONL1 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

Data of P20D bit (bit0 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 - - - - * * * *k

- . Bit that does not exist
* 1 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).
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6.4.3 Functioning P36 (LSCLK) as the low-speed clock output

Set P36MD1 bit (bit6 of PSMODL1 register) to “0” and Set P36MDO bit (bité of P3MODO register) to “1”for specifying
the low-speed clock output as the secondary function of P36.

Register name P3MODL1 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 (P3CONL1 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 P3CONL1 register (Address: OF21AH)
Bit 7 6 5 4 3 2 1 0
Bit name - P36C1 P35C1 P34C1 P33C1 P32C1 P31C1 P30C1
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 P31CO0 P30CO
Setting value - 1 * * * * * *

Set the P36DIR bit (P3DIR register bit 6) to "0" for selecting the 1/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 hit (bité 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 - b * * * * * *

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

FEUL620Q150A
6-19



Chapter 7 Time Base Counter




LAPIS Semiconductor Co., Ltd. ML620Q151A/2A/3AI4AI5AI6AITAISAIQA User's Manual
Chapter 7 Time Base Counter

7 Time Base Counter

7.1 General Description

This LSl 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).

o 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 LTBADJL).

o 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
TAKHZ
T2KHZ
T1KHZ
T512HZ
T256HZ

T128HZ
T64HZ
T32HZ
T16HZ
T8HZ
T4HZ
T2HZ
| T1HZ

7-bit Counter LTBR

LSCLK . = 8-bit Counter
(32.768 kHz) ) R 2 R

A \
LTBDJ LTBINT
RESET I——
(Internal signal) —’_[H 8

1\ ~ 8/16 ~ 8/16

LTBINTO
LTBINT1

-+ >[——> LTBINT2
A

w7

Vi

LTBR Write 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

OF0BOH Lovy—speed time base counter LTBR o RIW 8 00H
register

OF062H | -OW-speed time base counter LTBADJL RW | 8/16 00H
frequency adjustment register O LTBADJ

OFo63H | -OW-speed time base counter LTBADJH RIW 8 00H
frequency adjustment register 1
Low speed time base counter

0F064H | interrupt select resister 0 LTBINTL R/W 8/16 30H

- LTBINT

Low speed time base counter

OF065H | interrupt select resister 1 LTBINTH R/W 8 06H
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7.2.2 Low-Speed Time Base Counter (LTBR)

Address: 0FO60H
Access: RIW

Access size: 8 bits
Initial value: 00H

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: 0F062H(LTBADJL), 0F063H(LTBADJH)
Access: RIW

Access size: 8/16 bits

Initial value: 0000H

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

LTBADJL 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 LADJO 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

LADJ10to O 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 LTBADJL 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)

—25.5 x 10° x 2097152

—53.477376 (decimal)

7CCh (hexadecimal)

e nu

[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: 0FO64H(LTBINTL), OFO65H(LTBINTH)
Access: RIW

Access size: 8/16 bits

Initial value: 0630H

7 6 5 4 3 2 1 0
LTBINTL — LTI1S2 LTI1S1 LTI1SO — LTIOS2 LTIOS1 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 LTI2SO (bit10~8)

The bits specify an assignable clock to LTBINT2. Initical value is T2HZ.

e LTI1S2 LTILSO (bit6~4)
The bits specify an assignable clock to LTBINY 1. Initial value is T16HZ.

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

7.3.1Low-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 T1HZ 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 T128HZ to T1HZ 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] ; 1st 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
(ELTBCO,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
(ELTBCO,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 | [V IV IV VIV IVIVIVIVIVIVVIVIVIVIVIVIVIVIVIVVVIVIVIVIVIV[V[V
Ti2gHz | [V v [ v [ v [ Vv [y vryvrvrvrvrvrvrvrv,

T64HZ | L [ | I L | | | 1 | L —
T2HZ| [ Y v

T16HZ [ v

TIGHZ | YV VIV IVIVIVIVIVIVIVIVIVIVIVIVIVIVIVIV[VIVIVIVIV]VIVIV]V]V
TeHz|[ LI LI LI L rr L i re e rerreereree

T4HZ I ] I 1 T L | | r L | L | L

ToHZ [ .

T1HZ I I —
—

“— 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

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

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.

8.1.2 Configuration

Figure 8-1 show the configuration of the timer.

Match TMnINT
Write TMnC
Comparator
TMNCON A A
TMSTRO d R
SoSTR>| TMSTPO | TncK e e
7| TMSTATO | >~ TMnC TMnD
N N
+ 8 ~ 8 n=0to1l
Data bus

Figure 8-1 (a) 8-bit Timer Mode (Timers 0 to 1)

TMmINT
Write TMNC___ Match
Write TMmMC Comparator
N
d.16
TMnCON ~ ¢16
TMSTRO L 5 +s
LSCLK | TMSTPO THCK ¥ T 8 8
OSCLK —>| TMSTATO | " R
> e TR TMmc TMnD TMmD
15 te
8 8
Data bus N ¢’
Figure 8-1 (b) 16-bit Timer Mode (Timers 0 to 1)
TMnCON: Timer control register TMSTRO:  Timer start register 0
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
OF300H Timer O data register TMOD TMOLD R/W 8/16 OFFH
O0F301H Timer 1 data register TM1D R/W 8 OFFH
OF310H Timer O counter register TMOC TMOLC R/W 8/16 OOH
OF311H Timer 1 counter register TM1C R/W 8 00H
0F320H Timer 0 control register TMOCON TMOLCON R/W 8/16 OOH
OF321H Timer 1 control register TM1CON R/W 8 O00H
O0F330H 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
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8.2.2 Timer n Data Register (TMOD)

Address: 0F300H
Access: R/IW
Access size: 8 bits
Initial value: OFFH

7 6 5 4 3 2 1 0
TMOD TOD7 TOD6 TOD5 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 “01H".
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8.2.3 Timer n Data Register (TM1D)

Address: 0F300H
Access: R/IW
Access size: 8 bits
Initial value: OFFH

7 6 5 4 3 2 1 0
TM1D T1D7 T1D6 T1D5 T1D4 T1D3 T1D2 TiD1 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

TM1D 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 T1STAT bit of TMSTATO register is “0”).
When “00H” is written in TM1D, TM1D is set to “01H".
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8.2.4 Timer 0 Counter Register (TMOC)

Address: 0F308H
Access: R/W

Access size: 8 bits
Initial value: 00H

7 6 5 4 3 2 1 0
TMOC TOC7 TOC6 TOC5 TOC4 TOC3 TOC2 TOC1 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 “00H”. 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

Timer clock System clock .
TOCK SYSCLK 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: 0F309H
Access: R/W

Access size: 8 bits
Initial value: 00H

7 6 5 4 3 2 1 0
T™M1C T1C7 T1C6 T1C5 T1C4 T1C3 T1C2 T1C1 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

TM1C 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 “00H”. 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

Timer clock System clock .
T1CK SYSCLK 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: 0F320H
Access: R/W

Access size: 8 bits
Initial value: 00H

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 0 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 T01M16 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 0 overflow signal. At that time, the timer 0 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 1 Clock selected by TOCSO bit divide by 2

0 1 0 Clock selected by TnCSO bit divide by 4

0 1 1 Clock selected by TnCSO0 bit divide by 8

1 0 0 Clock selected by TnCSO bit divide by 16
1 0 1 Clock selected by TnCSO bit divide by 32
1 1 0 Clock selected by TnCSO 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.

TOCSO Description
0 LSCLK (initial value)
1 OSCLK
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8.2.7 Timer 1 Control Register

Address: 0F321H
Access: R/IW

Access size: 8 bits
Initial value: 00H

7 6 5 4 3 2 1 0
TM1CON T10ST — T1DIV2 TiDIV1 T1DIVO — — T10CSO
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 T1OST (bit7)
The T10ST bit is used for selecting a normal timer mode or a one-shot timer mode. When the T1OST bit is set to “1”,
timer 1 is selected as a one-shot timer mode.

T10ST Description
0 normal timer mode (initial value)
1 one-shot timer mode

e T1DIV2to T1DIVO (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 1 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 T1CSO (bit 0)
The T1CSO bits is used for selecting the operation clock of timer 1.
When 16bit timer mode is selected (when TO1M16 bit of TMOCON is “1”), data in TOCSO bit has priority.

T1CSO Description
0 LSCLK (initial value)
1 OSCLK
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8.2.8 Timer Start Register 0 (TMSTRO)

Address: 0F330H
Access: W

Access size: 8 bits
Initial value: 00H

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 TI1RUN (bit 1)
T1RUN 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
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8.2.9 Timer Stop Register 0 (TMSTPO)

Address: 0F332H
Access: W
Access size: 8 bits
Initial value: 00H

7 6 5 4 3 1 0

TMSTPO — — — — — T1STP TOSTP
R/W RW w w W w W w
Initial value 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]

e TISTP (bit1)

TL1STP bit controls stopping the Timer 1.

In 8bit timer mode, the timer 1 stops counting up by setting the TLSTP bit to “1”.

In 16bit timer mode, setting the T1STP 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 TISTP 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
FEULG620Q150A
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8.2.10 Timer Status Register 0 (TMSTATO)

Address: 0F334H
Access: R

Access size: 8 bits
Initial value: 00H

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 0 and timer 1.

[Description of Bits]
e  TISTAT (bitl)
TL1STAT 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 0(counting/stopping) in 8-bit timer mode and 16-bit timer mode.

TOSTAT Description
0 Stopping
1 counting
FEUL620Q150A
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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 (Tty) is expressed by the following equation.

TMnD +1
TnCK (Hz)

Trm = (n=0 1)

TMnD: Timer 0 to 1 data register (TMnD) setting value (01H to OFFH)
TnCK:  Clock frequency selected by the Timer 0 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 0 to 1

LA S VI B V2 2 V2 2 2 V2 2 V2 2 2 B I B

TnRUN ¢ —
TnSTP §— —
% —4
TnSTAT
Write TMnC

({ (
) D
TMNC _ xx 00 X o1 X 02 X{{s7 X 88 X 0o X o1 X\sF X 60 X 61 62 )
T™MND Y 88 - 88 Y 88
(G

(.

R i
(( <«
_ )

(n—0~1) T Trmi

TMnINT

Figure 8-2 Normal Timer Mode Operation Timing Diagram of Timer O 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 0 to 1 status flag TnSTA is in a “1” state). Therefore, the timer 0 to 1 interrupt (TMnINT) may occur.

FEUL620Q150A
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Figure 8-3 shows the one-shot timer mode operation timing diagram

TncK ﬂﬂﬂﬂﬂﬂ?ﬁﬂﬂﬂiﬁﬂﬂﬂﬂﬂ_
TnRUN « ¢
TnSTP it 4
TnSTAT b .
Write TMnC « :
TMNC ~ XX 00 X o1 Y 02 )é 88 éé 00 YooY
T™MAD X 88 -~ 88 B 88
TMnINT " M «
=0 1 T 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 LSl 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 (TMHAOQOUT, 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

i)D% P22,P60/TMHAOUT

ouT
| P23,P61/TMHBOUT
Write TMHNCL Match
Write TMHNCH Comparator
.16 ¢16
+ BSCLK = 1vHncon \
| OSCLK —>| TMHSTRO - 8 8 NG {5
External clock & TMHSTPO | THNCK—2 i’
e SITMHSTATO—>%"TMHNCH [>% TMHnCL TMHNDH TMHNDL
P46,P47
| 0 |
T s 8 < 8 < 8
Data bus L2
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)
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9.2 Description of Registers

9.2.1 List of Registers

Address Name Symbol (Byte) Symbol (Word) R/W Size Initial
value
OF340H 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
OF342H 16bit timer 9 data register L TMHODL TMHSD R/W 8 OFFH
OF343H 16bit timer 9 data register H TMH9DH R/W 8/16 OFFH
OF344H 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
OF346H 16bit timer B data register L TMHBDL TMHBD R/W 8 OFFH
OF347H 16bit timer B data register H TMHBDH R/W 8/16 OFFH
OF350H 16bit timer 8 counter register L TMHS8CL TMHSC R/W 8 O00H
OF351H 16bit timer 8 counter register H TMH8CH R/W 8/16 O00H
OF352H 16bit timer 9 counter register L TMHOCL TMHOC R/W 8 O0OH
OF353H 16bit timer 9 counter register H TMH9CH R/W 8/16 O00H
OF354H 16bit timer A counter register L TMHACL ——_— R/W 8 O0OH
OF355H 16bit timer A counter register H TMHACH R/W 8/16 O00H
OF356H 16bit timer B counter register L TMHBCL S R/W 8 O0OH
OF357H 16bit timer B counter register H TMHBCH R/W 8/16 O00H
OF360H 16bit timer 8 control register TMH8CON - R/W 8 00H
OF361H Reserve — -
OF362H 16bit timer 9 control register TMH9CON - R/W 8 00H
OF363H Reserve — -
OF364H 16bit timer A control register TMHACON - R/W 8 00H
OF365H Reserve — -
OF366H 16bit timer B control register TMHBCON - R/W 8 00H
OF367H Reserve — -
OF370H 16bit timer start register 0 TMHSTRO - R/W 8 00H
OF372H 16bit timer stop register O TMHSTPO - R/W 8 00H
OF374H 16bit timer status register O TMHSTATO - R/W 8 00H
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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: 0F341H
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

TMHB8DL,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: 0F342H
Access: R/IW
Access size: 8 bits
Initial value: OFFH

7 6 5 4 3 2 1 0
TMHODL THOD7 TH9D6 TH9D5 THOD4 TH9D3 TH9D2 THOD1 THODO
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 THOD14 THOD13 THOD12 THOD11 THOD10 TH9D9 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(TMH9CL,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 TMHODL, H, TMH9IDL, H is set to “0001H".
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9.2.4 16bit timer A data register L,H (TMHADL,H)

Address: 0F344H
Access: R/IW
Access size: 8 bits
Initial value: OFFH

7 6 5 4 3 2 1 0
TMHADL THAD7 THADG6 THADS THAD4 THAD3 THAD?2 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, HTMHACL,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: 0F346H
Access: R/IW
Access size: 8 bits
Initial value: OFFH

7 6 5 4 3 2 1 0
TMHBDL THBD7 THBD6 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: 0F350H
Access: R/IW

Access size: 8 bits
Initial value: 00H

7 6 5 4 3 2 1 0
TMHS8CL TH8C7 TH8C6 TH8CS 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: 0F351H
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 TH8CS8
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

TMHB8CL,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 TMHB8CL or high-order TMH8CH, 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 TMHB8CL,H is enabled or disabled during timer operation for each condition of the
timer clock and system clock.

Table 9-1 TMH8CL,H Read Enable/Disable during Timer Operation

Timer clock System clock TMHBCL H read ble/disabl

THS8CK SYSCLK 1 read enaplerdisable

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: 0F352H
Access: R/IW

Access size: 8 bits
Initial value: 00H

7 6 5 4 3 2 1 0
TMHOCL THOC7 THIC6 THICS THOC4 THOC3 THOC2 THOCH THOCL

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
TMHOCH THI9C15 TH9C14 THOC13 THO9C12 THO9C11 TH9C10 THOC9 THOCS8
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 TMHICL or high-order TMH9CH, 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 TMH9CL,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 TMHOCL H read ble/disabl

THOCK SYSCLK 1 read enaplerdisable

LSCLK LSCLK Read enabled
Read enabled. However, to prevent the reading of undefined data

LSCLK HSCLK during incremental counting, read consecutively TMHOCL,H twice
until the last data coincides the previous data.

OSCLK LSCLK Read disabled

OSCLK HSCLK Read enabled

FEUL620Q150A 9-8



LAPIS Semiconductor Co., Ltd. ML620Q151A/2A/3AI4AI5AI6AITAISAIQA User's Manual
Chapter 9 16bit Timer

9.2.8 16bit timer A counter register L,H (TMHACL,H)

Address: 0F354H
Access: R/IW

Access size: 8 bits
Initial value: 00H

7 6 5 4 3 2 1 0
TMHACL THAC7 THACG6 THACS THAC4 THAC3 THAC?2 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: 0OH
7 6 5 4 3 2 1 0
TMHACH THAC15 THAC14 THAC13 THAC12 THAC11 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 -1 read enablerdisable

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: 0F356H
Access: R/IW

Access size: 8 bits
Initial value: 00H

7 6 5 4 3 2 1 0
TMHBCL THBC7 THBC6 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: OF357H
Access: R/W
Access size: 8 bits
Initial value: 0OH
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

FEULG620Q150A
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9.2.10 16bit timer 8 control register (TMH8CON)

Address: 0F360H
Access: R/IW

Access size: 8 bits
Initial value: 00H

7 6 5 4 3 2 1 0
TMH8CON | TH8OST - TH8DIV2 | TH8DIV1 | TH8DIVO — TH8CS1 | TH8CSO
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

TMHB8CON is a special function (SFR) to control the 16bit timer 8.
Write the TMHBCON after clearing the TMH8CON when the timer stops(when the TH8STAT bit of TMHSTATO
register is “0”).

[Description of Bits]
e THB8OST (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 TH8DIV2~TH8DIVO (bit5to 3)
TH8DIV2~TH8DIV bits determine dividing rate of operation clock .

TH8DIV2 | TH8DIV1 | TH8DIVO Description

0 0 0 Clock selected by TH8BCS1~TH8CSO bit (initial value)
0 0 1 Clock selected by TH8CS1~TH8CSO bit divide by 2

0 1 0 Clock selected by TH8CS1~TH8CSO bit divide by 4

0 1 1 Clock selected by TH8CS1~TH8CSO bit divide by 8

1 0 0 Clock selected by TH8BCS1~TH8CSO bit divide by 16
1 0 1 Clock selected by TH8CS1~TH8CSO 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 TH8CS1~TH8CSO (bit1to0)
The TH8CS1~TH8CSO 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)
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9.2.11 16bit timer 9 control register (TMH9CON)

Address: 0F362H
Access: R/IW

Access size: 8 bits
Initial value: 00H

7 6 5 4 3 2 1 0
TMHOCON | TH9OST - THODIV2 | TH9DIV1 | TH9DIVO — TH9CS1 | TH9CSO
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

TMH9CON is a special function (SFR) to control the 16bit timer 9.
Write the TMHOCON after clearing the TMH9CON when the timer stops(when the THISTAT bit of TMHSTATO
register is “0”).

[Description of Bits]
e TH9OST (bit 7)
The THOOST bit is used for selecting a normal timer mode or a one-shot timer mode. When the THIOST 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~THIDIVO (bit5to 3)
THODIV2~THIDIV bits determine dividing rate of operation clock .

THODIV2 | THODIV1 | THIDIVO Description

0 0 0 Clock selected by THOCS1~THO9CSO bit (initial value)
0 0 1 Clock selected by TH9CS1~THICSO bit divide by 2

0 1 0 Clock selected by THO9CS1~TH9CSO bit divide by 4

0 1 1 Clock selected by THO9CS1~TH9CSO bit divide by 8

1 0 0 Clock selected by TH9CS1~TH9CSO bit divide by 16
1 0 1 Clock selected by TH9CS1~TH9CSO 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 THI9CS1~THI9CSO (bit1to0)
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)
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9.2.12 16bit timer A control register (TMHACON)

Address: 0F364H
Access: R/IW

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 TMHAQUT is “0”

THANEG Description
0 Positive logic (initial value)
1 Negative logic

e THADIV2~THADIVO (bit5to 3)
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~THACS0 (bit1to0)
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)
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9.2.13 16bit timer B control register (TMHBCON)

Address: 0F366H
Access: R/IW

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 (bit5to 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~THBCSO (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)
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9.2.14 16bit timer start register 0 (TMHSTRO)

Address: 0F370H
Access: R/IW

Access size: 8 bits
Initial value: 00H

7 6 5 4 3 2 1 0

TMHSTRO — - - - THBRUN | THARUN | THO9RUN | 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)
THI9RUN 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

THB8RUN (bit 0)
TH8RUN bit controls starting the timer 8.
The timer 8 starts counting up by setting the TH8RUN bit to “1”.

TH8RUN Description
0 Keep current status (initial)
1 Stop count
FEULG620Q150A
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9.2.15 16bit timer stop register 0 (TMHSTPO)

Address: 0F372H
Access: R/IW

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 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

TH9STP (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

THB8STP (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: 0F374H
Access: R/IW

Access size: 8 bits
Initial value: 00H

7 6 5 4 3 2 1 0

TMHSTATO - - - - THBSTAT | THASTAT | THOSTAT | 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 (bit2)
THASTAT bit indicates the status of timer A(counting/stopping).

THASTAT Description
0 Stopping
1 counting

e THOSTAT (bit 1)
THOSTAT bit indicates the status of timer 9(counting/stopping).

THISTAT Description
0 Stopping
1 counting

e TH8STAT (bit 0)
TH8STAT bit indicates the status of timer 8(counting/stopping).

TH8STAT Description
0 Stopping
1 counting
FEULG620Q150A
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9.3 Description of operation

The timer counters(TMHNC) 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 O(TMHSTATO) 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 (Tty) is expressed by the following equation.

TMHND + 1
THNCK (Hz)

TTMI = (n=8,9,A,B)

TMHnND: Timer 8, 9, A, B data register (TMHnND) setting value (0001H to OFFFFH)
THNnCK: 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.

LSS S I I 2 2 0 2 2 2 2 O

THNRUN « « « «
THnSTP $ $ $ §
% % % %
THNSTAT
Write TMHNC | « § { «
TMMnCH,L xxxx X 0000 X0001)§oss)0ooo X{oss ) 0ooo ) §oss ) 0000 ) §osF) 0060 0061 Yooez2)_
TMHNDH,L X 0088
TMHRINT . L L I
n n n )
n=8,9,AB) <———%—> S
( ! T % % T
TMHMOUT ‘
)
(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 0 to 1 status flag THnSTA is in a “1” state). Therefore, the 16bit timer 8, 9, A and B interrupt
(TMHNINT) may occur.

FEUL620Q150A
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L B2 B2 2 V2 20 7 B2 2 2 RS B B I 2 IR I

THNRUN «© «©
» »
THNSTP g «
(£
THNSTAT K «
n
write TMHRC | | « «
| " 2
TMMNCH,L xxXx X 0000 Xooo1)o0002 X887 X 0088 | oooo Y0001
TMHNDH,L X 0088
TMHNINT g g
D N
L g
n=8,9,A,B »
( ) T Trmi
TMHMOUT 7
(m=AB) 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
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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
“SAH” “OASH” I_D R g WDP
WDTMOD detection —>| detection
PP on
AS A
0 A !
- WDTCON Write
A 4 Data bus

WDTCON : Watchdog timer control register
WDTMOD : Watchdog timer mode register

Figure 10-1 Configuration of Watchdog Timer
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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

OFOOEH Watchdog timer control register WDTCON — R/W 8 O00H

OFOOFH 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/IW

Access size: 8 bits
Initial value: 00H

7 6 5 4 3 2 1 0
WDTCON d7 dé d5 d4 d3 d2 dl WDP/dO
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/dO (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-dO (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 “5AH” on the condition of WDP is “0” and then write “0OA5H” 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
(WDRP) 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/IW

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
FEULG620Q150A
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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 "5AH" when the internal pointer (WDP) is "0"and then the WDT counter is cleared by writing "0A5H" when WDP
is"1".

WDRP 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), @ 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 (Twc,) 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 J owbTmop WDTMOD
System reset J Setting J Setting
® @ ® ® @
. Data: S5A A5 5A 5A A5 5A A5
WDTCON Write ”
WDTP
Internal pointer Overflow
WDT counter Ty ] \
WDTINT ®Occurrence of WDTINT
) ~| ®Occurrence 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)

@ “0A5H” is written to WDTCON and the WDT counter is cleared. (Internal pointer 1 to 0)

® “5AH” is written to WDTCON. (Internal pointer 0 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 Q)

@ Although “0A5H” is written to WDTCON, the WDT counter is not cleared since the internal pointer is “0” and the
writing of “5AH” is not accepted in . (Internal pointer 0 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).

@ If 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

WNDT 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:
__DI(); /l Disable interrupts
do {
WDTCON = 0x5a;

} while(WDP = 1)
WDTCON = 0xab5;

__EIQ;

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 PWMS5 output (PWMD5) is assigned to P21(Port 2), P35(Port 3), P47(Port 4), P65(Port 6) and P83(Port 8) as the
tertiary function.

The PWMS6 output (PWMB6) 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 (PWMY7) 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 PWMS5 coupled mode with a specified dead-time is selectable.

PWM6 and PWMT7 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 4
) D>—————>0 poo/pwma
L or

PnFLG
Write PWnCH i P34/PWM4
Write PWnCL Output control circuit  PWRINT ¢ o
; | P43/PWM4
'EMGINT| Emergency ¢ ' or
POO/PWA45EV0 | <— stop control ! P64/PWMA
' circuit i
or i A por
P32/PWA45EVO (. Port control Period Duty | P87/PWM4
P30/PWA45EV1 i—>—>|  circutt L | P21/PWM5
or i Comparator Comparator E or
P62/PWA45EV1 A T\ N ' P35/PWM5
i Sampling circuit /I\ or
’ 16 1+ 16 1+ 16 P47/PWMS5
PWnCONO or
LSCLK—>| pwnCON1 R P65/PWM5
| OSCLK—>| pyncon? P”C;K0|> PWnCH/L | —>|PWnPBUF|>|PWnDBUF| or
>
External clock PWACON3 P83/PWM5
P44/TOP4CK i PWNnCON4
P45/T1P5CK PWnCONS5
i PWnCONG
1 v
: PWnCH
' Read PWnCL 5| lateh | PV\VnPH/L| | P)NnDH/\L|
(8 |8 \ts +8 8 4\8
Data bus A A Y
PWnPL PWMn period register L PWnPH PWMn 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 PWMn counter register H
PWnCONO PWMn control register 0 PWNnCON1  PWMn control register 1
PWnCON2 PWMn control register 2 PWACON3  PWM4 control register 3
PWnCON4 PWMn control register 4 PWNCON5  PWMn control register 5
PWnCONG6 PWMn control register 6
n=4to 5
Figure 11-1 (a) Configuration of PWM4 and PWM5 / Single mode
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P20/PWM4
or
P34/PWM4
or
P43/PWM4
or 5
P64/PWM4 :
or ;
P87/PWM4 :
PmMNEG N s
— o
P21/PWM5
or ;
P35/PWM5 ;
or ;
P47/PWM5
or ;
P65/PWM5 |
or 5
P83/PWM5 :
PnNEG D 4
PnFLG :
Write PWnCH PWnINT _ PMFLG :
Write PWnCL Output control circuit —T Output control circuit
—>
'EMGINT| EMergency
1<« | stop control
POO/PWA45EVO ! circuit
or | A )
: Period Dut
P32IPWASEVOE—>—>| Port control match match delayl delay2
. circui
P30/PW45EV1—{>—> q
: Comparator Comparator Comparator Comparator
or i Sampling circuit
' A / / M /r /
P62/PWA45EV1 :
PWnCONO T 16 T 16 T 16 T 16 Y 16
! LSCLK —s| PWnCON1
| OSCLK —>| PWnCON2 MCLR PWnCHIL |%|PWnPBUF|>|PWnDBUFH>PWmPBUF|9 |PWmDBUF|
External clock t——>| pw4CON3 M p A N
P44/TOPACK PWNCON4
§ PWnCONS
; PWnCONS6 ,
i PWnCH
i Read PWnCL —————| " i |PWnPH/L| |PWnDH/L| PWmPH/L |PWmDH/L
i / 1 A N /
; +8 8 8 8 8 4\8 8 8 8 8
' Data bus \ 4 \4 \ )y v 4 y

Figure 11-1 (b) Configuration of PWM4 and PWM5 / Coupled mode
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Figure 11-2 shows the configuration of PWM 6 and PWM?7.

PNNEG B
PnELG j > > : P22/PWM6
v or
Write PWnCH ! P53/PWM6
Write PWnCL:[\/ Output control circuit | PWNINT o
: 1 P60/PWM6
'EMGINT| Emergency ¢ ' or
PO1/PW67EVO | < stop control ! P66/PWM6
: circuit :
or ' A ' or
PIPWGTEVO &1 Port contrl Perod [Py, | PrOPWMe
P31/PW67EV1 —[>—>|  circult | ! P23/PWM7
or ! Comparator| | Comparator 'or
P63/PWE7EV1 | ) 771 ' PS7/PWM7
i Sampling circuit /I\ or
’ +16 + 16 + 6 P61/PWM7
PWnCONO or
LSCLK —
| OSCLK—> Emggmi PicK IR pwnchiL | —>{pwnpBUFj>|PwnDBUF|  P7MPWM?
>
External clock i PWACON3
P46/T16CK i PWnCON4
P47/T16CK ! PWnCONS5
i PWNCONG6
! A y
: PWnCH
Read PWnCL — 11— S| latch | PWnPH/L | | P)/\VnDH/\L |
8 8 \te is +8 4\8
Data bus 4
PWnPL PWMn period register L PWnPH PWMn 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 PWMn counter register H
PWnCONO PWMn control register 0 PWnCON1  PWMn control register 1
PWnCON2 PWMn control register 2 PW4CON3  PWMA4 control register 3
PWnCON4 PWMn control register 4 PWNnCON5  PWMn control register 5
PWnCONG6 PWMn control register 6
n=6to7
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 5
P66/PWM6 :
or ;
P70/PWM6 ;
PmMNEG N s
— o
P23/PWM7
or ;
P57/PWM7 ;
or ;
P61/PWM7
or ;
P71/PWM7 ;
PNNEG B 5
PNFLG 7
Write PWnCH PWnINT PmMFLG :
Write PWnCL Output control circuit —T Output control circuit
—
'EmMGINT| Emergency
1<« | stop control
PO1/PW67EVO ! circuit
or i A .
: Period Dut
P33/PW6E7EVOL—]>—>( Port contro Toatch — delay1 delay2
' circul
P31/PW67EV1—{>—> q
i Comparator || Comparator || Comparator Comparator
or i Sampling circuit
' A / / M /r A
P63/PW6G7EV1 !
PWnCONO T 16 T 16 T 16 T 16 Y 16
! LSCLK —s| PWnCON1
| OSCLK —>| PWnCON2 MCLR PWnCHIL |%|PWnPBUF|>|PWnDBUFH>PWmPBUF|9 |PWmDBUF|
External clock t——>| pw4CON3 M p A N
P46/T16CKO PWNCON4
| PWNCONS5
i PWnCONG ,
i PWnCH
| Read PWnCL — (" |/ [ PwnPHIL | [ PwnDHIL || PWmPHIL| | PwmDHIL
i / 1 A N A
; +8 8 8 Y8 8 4\8 8 8 N8 N8
' Data bus \ 4 \4 \ )y v 4 y

Figure 11-2 (b) Configuration of PWM6 and PWM?7 / Coupled mode
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11.1.3 List of Pins

Pin name 110 Function
P44/TOP4CK I Used for an external clock input for PWM4.
P45/T1P5CK I Used for an external clock input for PWM5.

P46/ T16CKO I Used for an external clock input for PWM6.

P47/ T16CK1 I Used for an external clock input for PWM?7.
PO0O/PW45EV0 I Used for an external clock input for PWM4 and PWM5.
P32/PW45EV0 I Used for an external clock input for PWM4 and PWM5.
P30/PW45EV1 I Used for an external clock input for PWM4 and PWM5.
P62/PW45EV1 I Used for an external clock input for PWM4 and PWM5.
PO1/PW67EVO I Used for an external clock input for PWM6 and PWM?7.
P33/PW67EV0 I Used for an external clock input for PWM6 and PWM7.
P31/PW67EV1 I Used for an external clock input for PWM6 and PWM7.
P63/PW67EV1 I Used for an external clock input for PWM6 and PWM?7.

P20/PWM4 (@) PWM4 output pin, used as the tertiary function of P20.
P34/PWM4 (@) 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 (@) 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 (@) PWMS5 output pin, used as the tertiary function of P21.
P35/PWM5 0] PWMS5 output pin, used as the tertiary function of P35.
P47/PWM5 (@) 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 (@) PWMS5 output pin, used as the tertiary function of P83.
P22/PWM6 (@) PWMS6 output pin, used as the quartic function of P22.
P53/PWM6 (@) PWMB6 output pin, used as the tertiary function of P53.
P60/PWM6 (@) PWMS6 output pin, used as the quartic function of P60.
P66/PWM6 (@) PWMB6 output pin, used as the tertiary function of P66.
P67/PWM6 (@) PWMBG6 output pin, used as the tertiary function of P67.
P23/PWM7 (0] PWM?7 output pin, used as the quartic function of P23.
P57/PWM7 (@) PWM?7 output pin, used as the quartic function of P57.
P61/PWM7 (@) PWM?7 output pin, used as the quartic function of P61.
P71/PWM7 (@) 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
OF4A0H PWM4 period register L PW4PL PW4P R/W 8/16 OFFH
OF4A1H PWM4 period register H PW4PH R/W 8 OFFH
OF4A2H PWM4 duty register L PW4DL PW4D R/W 8/16 O0H
OF4A3H PWM4 duty register H PW4DH R/W 8 O0H
OF4A4H PWM4 counter register L PW4CL . R/W 8/16 O00OH
OF4A5H PWM4 counter register H PW4CH R/W 8 00H
OF4A6H PWM4 control register O PW4CONO R/W 8/16 00H
PW4CONOW
OF4A7H PWM4 control register 1 PW4CON1 R/W 8 40H
OF4A8H PWM4 control register 2 PW4CON2 R/W 8/16 00H
PW4CON2W
OF4A9H PWM4 control register 3 PW4CON3 R/W 8 10H
OF4AAH PWM4 control register 4 PW4CON4 R/W 8/16 O00H
PW4CON4W
OF4ABH PWMA4 control register 5 PW4CON5 R/W 8 00H
OF4ACH PWM4 control register 6 PW4CONG6 — R/W 8 00H
OF4BOH PWMS5 period register L PW5PL PW5P R/W 8/16 OFFH
OF4B1H PWMS5 period register H PW5PH R/W 8 OFFH
OF4B2H PWMS5 duty register L PW5DL PWED R/W 8/16 O0H
OF4B3H PWMS5 duty register H PW5DH R/W 8 O0H
OF4B4H PWMS5 counter register L PW5CL . R/W 8/16 O00OH
OF4B5H PWMS5 counter register H PW5CH R/W 8 00H
OF4B6H PWMS5 control register O PW5CONO R/W 8/16 00H
PW5CONOW
OF4B7H PWMS5 control register 1 PW5CON1 R/W 8 40H
OF4B8H PWMS5 control register 2 PW5CON2 - R/W 8 00H
OF4BAH PWMS5 control register 3 PW5CON4 R/W 8/16 O00H
PW5CON4W
OF4BBH PWMS5 control register 4 PW5CON5 R/W 8 00H
OF4BCH PWMS5 control register 5 PW5CONG6 — R/W 8 00H
OF4COH PWM6 period register L PW6PL PWEP R/W 8/16 OFFH
OF4C1H PWM6 period register H PW6PH R/W 8 OFFH
OF4C2H PWM6 duty register L PW6DL PWED R/W 8/16 O0H
OF4C3H PWM6 duty register H PW6DH R/W 8 O0H
OF4C4H PWM6 counter register L PW6CL PWEC R/W 8/16 O00OH
OF4C5H PWM6 counter register H PW6CH R/W 8 O00H
OF4C6H PWM6 control register O PW6CONO R/W 8/16 00H
PW6CONOW
OF4C7H PWM6 control register 1 PW6CON1 R/W 8 40H
OF4C8H PWM6 control register 2 PW6CON2 R/W 8/16 00H
PW6CON2W
OF4C9H PWM6 control register 3 PW6CON3 R/W 8 10H
OF4CAH PWM6 control register 4 PW6CON4 R/W 8/16 00H
PW6CON4W
OF4CBH PWM6 control register 5 PW6CON5 R/W 8 O00H
OF4CCH PWM6 control register 6 PW6CONG6 — R/W 8 O00H
OF4DOH 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 O0H
OF4D3H PWM?7 duty register H PW7DH R/W 8 O0H
OF4D4H PWM?7 counter register L PW7CL PW7C R/W 8/16 O0OH
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OF4D5H PWM?7 counter register H PW7CH R/W 8 OOH

OF4D6H PWM?7 control register 0 PW7CONO R/W 8/16 O00H
PW7CONOW

OF4D7H PWM7 control register 1 PW7CON1 R/W 8 40H

OF4D8H PWM7 control register 2 PW7CON2 - R/W 8 O00H

OF4DAH PWM?7 control register 3 PW7CON4 R/W 8/16 O0H
PW7CON4W

OF4DBH PWM7 control register 4 PW7CON5 R/W 8 O00H

OF4DCH PWM?7 control register 6 PW7CONG6 — R/W 8 OOH
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11.2.2 PWM4 period register (PW4PL, PW4PH)

Address: 0F4A0H
Access: RIW

Access size: 8/16 bits
Initial value: OFFH

7 6 5 4 3 2 1 0
PW4PL P4P7 P4P6 P4P5 P4P4 P4P3 P4P2 P4P1 P4P0
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: 0F4A1H
Access: RIW
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

PWA4PH and PWA4PL 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, PWADH)

Address: OF4A2H
Access: RIW

Access size: 8/16 bits
Initial value: 00H

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: 0F4A3H
Access: RIW
Access size: 8 bits
Initial value: O0OH
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 (P4ADTMD=1), the duty of PWM4 is determined by
setting data of PW4D plus PW5D, and the period of PWMS5 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 (PWA4CL, PW4CH)
Address: OF4A4H

Access: RIW

Access size: 8/16 bits
Initial value: O0OH

7 6 5 4 3 2 1 0
PWA4CL 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: 0F4A5H
Access: RIW
Access size: 8 bits
Initial value: O0OH
7 6 5 4 3 2 1 0
PWA4CH 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 PWA4CH are special function registers (SFRs) that function as 16-bit binary counters.

When data is written to either PW4CL or PW4CH, PWA4CL and PWA4CH is set to “0000H”. The data that is written is

meaningless.

When data is read from PWA4CL, the value of PWACH is latched. When reading PW4CH and PW4CL, use a word type
instruction or pre-read PWA4CL.

The contents of PW4CH and PWA4CL 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 PWA4CH and PWA4CL Read Enable/Disable during PWM4 Operation

PWM clock System clock .
PACK SYSCLK PW4CH 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 PWA4CL twice
until the last data coincides the previous data.
HTBCLK LSCLK Read disabled
HTBCLK HSCLK Read enabled
External clock LSCLK Read disabled
HSCLK

FEUL620Q150A
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11.2.5 PWM4 control register 0 (PW4CONO)

Address: OF4A6H
Access: RIW

Access size: 8/16 bits
Initial value: 00H

7 6 5 4 3 2 1 0
PW4CONO PACLIG PASTPSEL P4INI PANEG P4IS1 P4IS0 P4CSs1 P4CSO
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]

o PACLIG (bit7)
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.

PACLIG Description
0 The external clear input is enable (Initial)
1 The external clear input is disable

e PASTPSEL (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”.

PASTPSEL 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

e P4INI (bit 5)
The P4INI bit is used to select the initial level of PWM4. When PANEG 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 PANEG (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

e P41S1, P41S0 (bits 3, 2)
The P41S1 and P4ISO bits are used to select the point at which the PWM4 interrupt occurs. “When the periods

coincide”, “when the duties coincide”, or “when the periods and duties coincide” can be selected.

P4IS1 P4ISO 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 PACS1, P4CSO0 (bits 1, 0)
The P4CS1 and PACSO bits are used to select the PWM4 operation clocks. LSCLK, OSCLK, or the external clock
(P44/TOPACK) 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 PWM5.

P4ACS1 P4CSO 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: OF4AA7H
Access: RIW

Access size: 8 bits
Initial value: 40H

7 6 5 4 3 2 1 0
PW4CON1 PASTAT PAFLG - — - - — P4RUN
R/W R R R R R R R R/W
Initial value 0 1 0 0 0 0 0 0

PWA4CONL is a special function register (SFR) to control PWM4.

[Description of Bits]
o PASTAT (bit 7)
The PASTAT bit indicates “counting stopped or “counting in progress” of PWM4.

PASTAT Description
0 Counting stopped. (Initial value)
1 Counting in progress.

e PAFLG (bit 6)
The P4FLG bit is used to read the output flag(internal level) of PWM4.
This bit is set to “1” when write operation to PW4CH or PWACL is performed,

PAFLG Description
0 PWM4 output flag = “0”
1 PWM4 output flag = “1” (initial value)

e PARUN (bit 0)
The P4ARUN bit is used to control count stop/start of PWM4.

P4ARUN Description
0 Stops counting. (Initial value)
1 Starts counting.
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11.2.7 PWM4 control register 2 (PW4CON2)

Address: OF4A8H
Access: RIW

Access size: 8/16 bits
Initial value: 00H

7 6 5 4 3 2 1 0
PW4CON2 P45MD P4AMD - PATGSEL P4STM1 P4STMO PATGE1 PATGEO
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

PWA4CON?2 is a special function register (SFR) to control PWM4.

[Description of Bits]

e P45 MD (bit 7)
The PA5MD bit is used to select single mode or coupled mode of PWM4 and PWMS5. Setting “1” to the PASMD bit
enables PWM4 work in conjunction with PWM5.

P45MD Description
0 Single mode of PWM4 or PWM5 (Initial value)
1 Coupled mode of PWM4 and PWM5

e P4 MD (bit 6)
The P4AMD 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 PWM5.

PAMD Description
0 Reapet mode of PWM4 (Initial value)
1 One shot mode of PWM4

o 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 PWM5.
PATGSEL Description
External input start / External input clear Emergency stop control
control
Use PW45EVO pin (Initial value) Use PW45EV1 pin (Initial value)
1 Use PW45EV1 pin Use PW45EVO0 pin

e PASTM1 PASTMO (bit 3, bit 2)

PASTM1 and PASTMO are used to select the count start mode of PWMA4. In the coupled mode (P45MD=1), this
setting is also applied to the PWM5.

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

FEUL620Q150A 11-15



LAPIS Semiconductor Co.,Ltd.

ML620Q151A/2A/3AIAAI5AI6AITAIBAI9A User's Manual
Chapter 11 PWM

e PATGE1l PATGEDO (bit 1, bit 0)
PATGEL and PATGEDQO 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 PWMD5.

PATGEL PATGEO Description
During the external input start mode During the external input clear mode
(P4STM1,PASTMO = "01" or "10") (P4STM1,PASTMO = "11")

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
1 1 External input start is disable Both edge clear

FEUL620Q150A
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11.2.8 PWM4 control register 3 (PW4CON3)

Address: OF4A9H
Access: RIW

Access size: 8 bits
Initial value: 10H

7 6 5 4 3 2 1 0
PWA4CON3 P4SDST — - P4ADTMD - - P4SDE1 P4SDEO
R/W R/W R R R/W R R R/W R/W
Initial value 0 0 0 1 0 0 0 0

PWA4CONS3 is a special function register (SFR) to control PWM4.

[Description of Bits]

o PASDST (bit 7)

PASDST 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

o PADTMD (bit 4)
PADTMD 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 PWMD5 duty register(PW5D) is applied for the dead-time.
This function is available in the coupled mode (P45MD=1).

e P4SDE1, P4SDEO (bit 1, bit 0)
P4SDEL1 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).

P4ASDE1 PASDEO 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: RIW

Access size: 8/16 bits
Initial value: 00H

7 6 5 4 3 2 1 0
PW4CON4 — — - — - PAT1SELO - PATOSELO
R/W R R R R R R/W R R/W
Initial value 0 0 0 0 0 0 0 0

PW4CONA4 is a special function register (SFR) to control PWM4.

[Description of Bits]
e P4TISELDO (bit 2)
PAT1SELDO bit is used to select the external input PWA45EV1 pin.
In the coupled mode (P45MD=1), this setting is also applied to the PWM5.

PAT1SELO Description
0 Specify PW45EV1 pin to P30 pin (Initial)
1 Specify PW45EV1 pin to P62 pin

e P4TOSELDO (bit 0)
PATOSELDO bit is used to select the external input PWA45EVO0 pin.
In the coupled mode (P45MD=1), this setting is also applied to the PWMS5.

PATOSELO Description
0 Specify PW45EVO0 pin to POO pin (Initial)
1 Specify PW45EVO0 pin to P32 pin
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11.2.10 PWM4 control register 5 (PW4CON5)

Address: 0F4AABH
Access: RIW
Access size: 8 bits
Initial value: 00H

7 6 5 4 3 2 1 0
PW4CON5 — — PAT1S1 P4T1S0 - - P4TO0S1 P4T0SO
R/W R R R/W R/W R R R/W R/W
Initial value 0 0 0 0 0 0 0 0

PWA4CONS is a special function register (SFR) to control PWM4.

[Description of Bits]
e PATI1S , P4AT1SO (bit5, bit 4)
PAT1S1 and P4T1S0 determines sampling time for the external input PW45EV1 pin. This function is available when

the PWM4 operating clock is OSCLK (P4CS1=0, PACS0=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 PAT1S0 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

o PATOS , P4TOSO (bit 1, bit 0)
PATOS1 and PATOSO determines sampling time for the external input PW45EV0 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.

P4TOS1 | P4TOSO EiEA
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, PACS0=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 (PW4CONG)

Address: OF4AACH
Access: RIW
Access size: 8 bits
Initial value: 00H

7 6 5 4 3 2 1 0
PW4CONG6 — — — — — P4DIV2 P4DIV1 P4DIVO
R/W R R R R R R/W R/W R/W
Initial value 0 0 0 0 0 0 0 0

PWA4CONS is a special function register (SFR) to control PWM4.

[Description of Bits]

e P4DIV2 ~P4DIVO (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 P4CS0 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 P4CS0 bit (Initial)
0 0 1 1/2 Clock selected by PACS1 and P4CS0 bit
0 1 0 1/4 Clock selected by PACS1 and P4CS0 hit
0 1 1 1/8 Clock selected by PACS1 and P4CS0 bit
1 0 0 1/16 Clock selected by PACS1 and P4CS0 bit
1 0 1 1/32 Clock selected by PACS1 and P4CSO bit
1 1 0 1/64 Clock selected by PACS1 and P4CS0 bit
1 1 1 Do not use
(1/1 Clock selected by PACS1 and P4CSO0 bit)
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11.2.12 PWMS5 period register (PW5PL, PW5PH)

Address: 0F4BOH
Access: RIW

Access size: 8/16 bits
Initial value: OFFH

7 6 5 4 3 2 1 0
PW5PL P5P7 P5P6 P5P5 P5P4 P5P3 P5P2 P5P1 P5PO
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: RIW
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 PW5PL are special function registers (SFRs) to set the PWMD5 periods.

Note:
When PW5PH or PW5PL is set to “0000H”, the PWM5 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 (PW5DL, PW5DH)

Address: 0F4B2H
Access: RIW

Access size: 8/16 bits
Initial value: 00H

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: 0F4B3H
Access: RIW
Access size: 8 bits
Initial value: O0OH
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 PW5DL are special function registers (SFRs) to set the PWM4 duties.
In the coupled mode (P45MD=1) and when the dead-time is set (P4ADTMD=1), PW5D is used as the setting data of

dead-time.

Note:

Set PW5DH and PW5DL to values smaller than those to which PW5PH and PW5PL are set.
Execute a word type transfer instruction to set the register.
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11.2.14 PWMS5 counter register (PW4CL, PWA4CH)
Address: 0F4B4H

Access: RIW

Access size: 8/16 bits
Initial value: O0OH

7 6 5 4 3 2 1 0
PW5CL P5C7 P5C6 P5C5 P5C4 P5C3 P5C2 P5C1 P5CO
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: OF4B5H
Access: RIW
Access size: 8 bits
Initial value: O0OH
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 PW5CH is set to “0000H”. 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 PW5CL during PWM operation cannot be read depending on the combination of the
PWM clock and system clock. Table 11-2 shows PW5CH and PW5CL 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

PWM clock System clock .
P5CK SYSCLK 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
External clock LSCLK Read disabled
HSCLK
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11.2.15 PWMS5 control register 0 (PW5CONO)

Address: 0F4B6H
Access: RIW

Access size: 8/16 bits
Initial value: 00H

7 6 5 4 3 2 1 0
PW5CONO P5CLIG P5STPSEL P5INI P5NEG P5IS1 P5IS0O P5CS1 P5CSO0
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

PW5CONO is a special function register (SFR) to control the PWM5.

[Description of Bits]

e P5CLIG (bit7)
The P5CLIG 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 P5STPSEL (bit 6)
The P5STPSEL bit is used to select the PWMS5 output level while the PWM5 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 PWM5 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 PWM5. 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”

e P5NEG (bit 4)
The PSNEG bit is used to select the output logic. When the positive logic is selected, the initial value of PWM5
output is “H”, and when the negative logic is selected, the initial value of PWMS5 output is “L”.

PSNEG Description
0 Positive logic (initial value)
1 Negative logic

e P5IS1, P51S0 (bits 3, 2)
The P5IS1 and P5ISO bits are used to select the point at which the PWMS5 interrupt occurs. “When the periods

coincide”, “when the duties coincide”, or “when the periods and duties coincide” can be selected.

P5IS1 P5ISO 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, P5CSO0 (bits 1, 0)
The P5CS1 and P5CSO bits are used to select the PWM5 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.
PACS1 PACSO 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 (PW5CON1)

Address: 0F4B7H
Access: RIW

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

PW5CONL is a special function register (SFR) to control PWM5.

[Description of Bits]
e P5STAT (bit 7)
The P5STAT bit indicates “counting stopped or “counting in progress” of PWM5.

P5STAT Description
0 Counting stopped. (Initial value)
1 Counting in progress.

e P5FLG (bit 6)
The P5FLG bhit is used to read the output flag (internal level) of PWMD5.
This bit is set to “1” when write operation to PW5CH or PW5CL is performed,

P5FLG Description
0 PWMS5 output flag = “0”
1 PWMS5 output flag = “1” (initial value)

e P5RUN (bit 0)
The P5RUN bit is used to control count stop/start of PWMS5.

P5RUN Description
0 Stops counting. (Initial value)
1 Starts counting.
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11.2.17 PWMS5 control register 2 (PW5CON2)

Address: 0F4B8H
Access: RIW

Access size: 8/16 bits
Initial value: 00H

7 6 5 4 3 2 1 0
PW5CON2 — P5MD - P5TGSEL P5STM1 P5STMO P5TGE1 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

PW5CONZ2 is a special function register (SFR) to control PWM5.

[Description of Bits]

e P5MD (bit 6)
The P5MD bit is used to select one shot mode or repeate mode of PWMS5. 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 PWMS5 (Initial value)
1 One shot mode of PWM5

o P5TGSEL (bit 4)

P5TGSEL 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.

Description
External input start / External input clear control
Use PWA45EVO0 pin (Initial value)
1 Use PWA45EV1 pin

P5TGSEL

e P5STM1 P5STMO (bit 3, bit 2)
P5STM1 and P5STMO 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 P5TGE1 P5TGEQO (bit 1, bit 0)
P5TGEL and PSTGEO are used to select the trigger edge of PWMS5 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 = "11")

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
1 1 External input start is disable Both edge clear
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11.2.18 PWMS5 control register 4 (PW5CON4)

Address: OFABAH
Access: RIW

Access size: 8/16 bits
Initial value: 00H

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 0 0 0 0 0 0 0 0

PW5CONA4 is a special function register (SFR) to control PWMS5.

[Description of Bits]
e P5TISELO (bit 2)
P5T1SELO bit is used to select the external input PWA45EV1 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 P5TOSELDO (bit 0)
P5TOSELDO bit is used to select the external input PWA45EVO0 pin.
In the coupled mode (P45MD=1), this bit is ignored and the setting of PATOSELO bit is applied.

P5TOSELO Description
0 Specify PW45EVO0 pin to POO pin (Initial)
1 Specify PW45EVO0 pin to P32 pin
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11.2.19 PWMS5 control register 5 (PW5CON5)

Address: OFABBH
Access: RIW

Access size: 8 bits
Initial value: 00H

7 6 5 4 3 2 1 0
PW5CONS5 — — P5T1S1 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

PW5CONS is a special function register (SFR) to control PWMS5.

[Description of Bits]
e P5T1S , P5T1S0 (bit5, bit 4)
P5T1S1 and P5T1S0 determines sampling time for the external input PW45EV1 pin. This function is available when

the PWMS5 operating clock is OSCLK (P5CS1=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 P4T1S1 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 P5TOS , P5TOSO (bit 1, bit 0)
P5T0S1 and P5TOSO determines sampling time for the external input PW45EV0 pin. This function is available when
the PWMS5 operating clock is OSCLK (P5CS1=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 P4T0S1 and P4T0SO bit are applied.

P5T0S1 P5T0SO 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 PWMD5 operating clock is OSCLK (P5CS1=0, P5CS0=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: 0OFABCH
Access: RIW
Access size: 8 bits
Initial value: 00H

7 6 5 4 3 2 1 0
PW5CONG6 — — — — — P5DIV2 P5DIV1 P5DIVO
R/W R R R R R R/W R/W R/W
Initial value 0 0 0 0 0 0 0 0

PW5CONS is a special function register (SFR) to control PWMS5.

[Description of Bits]
e P5DIV2 ~P5DIVO (bit 2 to bit 0)
P5DIV2~P5DIVO are used to select division ratio of PWM5 operating clock.
PWMS5 works with the divided clock of that selected by P5CS1 and P5CS0 bit.
In the coupled mode (P45MD=1), these bits are ignored and the setting of PADIVV2~P4DIVO0 bit are applied.

P5DIV2 P5DIV1 P5DIVO Description
0 0 0 1/1 Clock selected by P5CS1 and P5CS0 bit (Initial)
0 0 1 1/2 Clock selected by P5CS1 and P5CS0 bit
0 1 0 1/4 Clock selected by P5CS1 and P5CS0 hit
0 1 1 1/8 Clock selected by P5CS1 and P5CS0 bit
1 0 0 1/16 Clock selected by P5CS1 and P5CSO bit
1 0 1 1/32 Clock selected by P5CS1 and P5CSO bit
1 1 0 1/64 Clock selected by P5CS1 and P5CSO 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: 0F4COH
Access: RIW

Access size: 8/16 bits
Initial value: OFFH

7 6 5 4 3 2 1 0
PW6PL P6P7 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: RIW
Access size: 8 bits
Initial value: OFFH
7 6 5 4 3 2 1 0
PWG6PH 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 PWM®6 periods.

Note:
When PW6PH or PW6PL is set to “0000H”, the PWM6 period buffer (PWEPBUF) 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: 0F4C2H
Access: RIW

Access size: 8/16 bits
Initial value: 00H

7 6 5 4 3 2 1 0
PW6DL P6D7 P6D6 P6D5 P6D4 P6D3 P6D2 P6D1 P6D0
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: RIW
Access size: 8 bits
Initial value: O0OH
7 6 5 4 3 2 1 0
PW6DH P6D15 P6D14 P6D13 P6D12 P6D11 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 PWMB6 duties.
In the coupled mode (P67MD=1) and when the dead-time is set (P6DTMD=1), the duty of PWM6 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 PWM6 counter register (PW6CL, PW6CH)
Address: 0F4C4H

Access: RIW

Access size: 8/16 bits
Initial value: O0OH

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: 0F4C5H
Access: RIW
Access size: 8 bits
Initial value: O0OH
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 “0000H”. 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

PWM clock System clock .
P6CK SYSCLK 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
External clock LSCLK Read disabled
HSCLK
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11.2.24 PWM6 control register 0 (PW6CONO0)

Address: 0F4C6H
Access: RIW

Access size: 8/16 bits
Initial value: 00H

7 6 5 4 3 2 1 0
PW6CONO P6CLIG P6STPSEL P6INI P6NEG P6IS1 P6IS0O P6CS1 P6CSO
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

PWG6CONO is a special function register (SFR) to control the PWMS6.

[Description of Bits]

o P6CLIG (bit7)
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 PWMB®6 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 PWM6 output level while the PWMG6 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 P6NEG 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 PGINI (bit5)
The P6INI bit is used to select the initial level of PWM®6. When P6NEG bit is “1” the initial level is also reversed.

P6INI Description
0 The initial level of PWM6 output is “H” (Initial)
1 The initial level of PWM6 output is “L”

e P6NEG (hit 4)
The P6NEG bit is used to select the output logic. When the positive logic is selected, the initial value of PWM6
output is “H”, and when the negative logic is selected, the initial value of PWM6 output is “L”.

PONEG Description
0 Positive logic (initial value)
1 Negative logic

e P6IS1, P6ISO (bits 3, 2)
The P61S1 and P6ISO bits are used to select the point at which the PWMG6 interrupt occurs. “When the periods

coincide”, “when the duties coincide”, or “when the periods and duties coincide” can be selected.

P6IS1 P6ISO 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, P6CSO (bits 1, 0)
The P6CS1 and P6CSO0 bits are used to select the PWM®6 operation clocks. LSCLK, OSCLK, or the external clock
(P46/T16CKO) can be selected. When the OSCLK is selected for the PWM6 clock, external triggers (external input
start or clear) are sampled by the OSCLK. When other clocks are selected for the PWMG6 clock, they are sampled by
the LSCLK.
In the coupled mode (P67MD="H"), this setting is also applied to the PWM?7.

P6CS1 P6CSO Description
0 0 LSCLK (initial value)
0 1 OSCLK
1 0 Do not use
1 1 External clock (P46/T16CKO)

FEUL620Q150A 11-36



LAPIS Semiconductor Co., Ltd. ML620Q151A/2A/3AIAAI5AI6AITAIBAI9A User's Manual
Chapter 11 PWM

11.2.25 PWMG6 control register 1 (PW6CON1)

Address: OFAC7H
Access: RIW

Access size: 8 bits
Initial value: 40H

7 6 5 4 3 2 1 0
PW6CON1 P6STAT P6FLG - — - - — P6RUN
R/W R R R R R R R R/W
Initial value 0 1 0 0 0 0 0 0

PW6CONL is a special function register (SFR) to control PWM6.

[Description of Bits]
e P6STAT (bit7)
The P6STAT bit indicates “counting stopped or “counting in progress” of PWM6.

P6STAT Description
0 Counting stopped. (Initial value)
1 Counting in progress.

e P6FLG (bit 6)
The P6FLG bhit is used to read the output flag (internal level) of PWMB6.
This bit is set to “1” when write operation to PW6CH or PW6CL is performed,

P6FLG Description
0 PWM6 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 PWM6.

P6RUN Description
0 Stops counting. (Initial value)
1 Starts counting.
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11.2.26 PWMG6 control register 2 (PW6CON2)

Address: 0F4C8H
Access: RIW

Access size: 8/16 bits
Initial value: 00H

7 6 5 4 3 2 1 0
PW6CON2 P67MD P6MD - P6TGSEL P6STM1 P6STMO P6TGE1 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

PW6CONZ2 is a special function register (SFR) to control PWM6.

[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 PWM6 work in conjunction with PWM?7.

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 PWMS6. Setting “1” to the PEMD bit selects the one
shot mode. In the coupled mode (P67MD=1), this setting is also applied to the PWM?7.

P6MD Description
0 Reapet mode of PWM6 (Initial value)
1 One shot mode of PWM6

o 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 PWM?7.
P6TGSEL Description
External input start / External input clear Emergency stop control
control
Use PW67EVO pin (Initial value) Use PW67EV1 pin (Initial value)
1 Use PW67EV1 pin Use PW67EVO0 pin

e P6STM1 P6STMO (bit 3, bit 2)

P6STM1 and P6STMO are used to select the count start mode of PWMBG6. 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 P6TGE1 P6TGEO (bit 1, bit 0)
P6TGEL and P6TGEQ are used to select the trigger edge of PWM®6 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 = "11")

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
1 1 External input start is disable Both edge clear
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11.2.27 PWM6 control register 3 (PW6CON3)

Address: 0F4C9H
Access: RIW

Access size: 8 bits
Initial value: 10H

7 6 5 4 3 2 1 0
PW6CON3 P6SDST — - P6DTMD - - P6SDE1 P6SDEO
R/W R/W R R R/W R R R/W R/W
Initial value 0 0 0 1 0 0 0 0

PWG6CONS is a special function register (SFR) to control PWM6.

[Description of Bits]

e 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 PWM7 duty register(PW7D) is applied for the dead-time.
This function is available in the coupled mode (P67MD=1).

e P6SDE1, P6SDEO (bit 1, bit 0)
P6SDEL1 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 P6SDEO 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 PWMG6 control register 4 (PW6CON4)

Address: OFACAH
Access: RIW

Access size: 8/16 bits
Initial value: 00H

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 0 0 0 0 0 0 0 0

PWG6CON4 is a special function register (SFR) to control PWM6.

[Description of Bits]
e P6TISELDO (bit 2)
P6T1SELO bit is used to select the external input PW67EV1 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 P6TOSELDO (bit 0)
P6TOSELDO bit is used to select the external input PW67EVO pin.
In the coupled mode (P67MD=1), this setting is also applied to the PWM?7.

P6TOSELO Description
0 Specify PW67EVO0 pin to POO pin (Initial)
1 Specify PW67EVO0 pin to P32 pin
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11.2.29 PWMB6 control register 5 (PW6CON5)

Address: OFACBH
Access: RIW

Access size: 8 bits
Initial value: 00H

7 6 5 4 3 2 1 0
PWG6CON5 — — P6T1S1 P6T1S0 - - P6TOS1 P6T0SO
R/W R R R/W R/W R R R/W R/W
Initial value 0 0 0 0 0 0 0 0

PWG6CONS is a special function register (SFR) to control PWM6.

[Description of Bits]
e P6T1S , P6T1SO (bit5, bit 4)
P6T1S1 and P6T1S0 determines sampling time for the external input PW67EV1 pin. This function is available when

the PWMB6 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 PWM?7.

P6T1S1 P6T1S0 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 P6TOS , P6TOSO (bit 1, bit 0)
P6TOS1 and P6TOSO determines sampling time for the external input PW67EVO0 pin. This function is available when
the PWMB6 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.

P6TOS1 | P6TOSO EiEA
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 PWMBG6 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 PWM6 control register 6 (PW6CONG)

Address; 0FACCH
Access: RIW
Access size: 8 bits
Initial value: 00H

7 6 5 4 3 2 1 0
PW6CONG6 — — — — — P6DIV2 P6DIV1 P6DIVO
R/W R R R R R R/W R/W R/W
Initial value 0 0 0 0 0 0 0 0

PWG6CONS is a special function register (SFR) to control PWM6.

[Description of Bits]

e P6DIV2 ~P6DIVO (bit 2 to bit 0)
P6DIV2~P6DIVO are used to select division ratio of PWM®6 operating clock.
PWM6 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 P6CSO0 bit
0 1 0 1/4 Clock selected by P6CS1 and P6CSO hit
0 1 1 1/8 Clock selected by P6CS1 and P6CSO0 bit
1 0 0 1/16 Clock selected by P6CS1 and P6CSO bit
1 0 1 1/32 Clock selected by P6CS1 and P6CSO bit
1 1 0 1/64 Clock selected by P6CS1 and P6CSO bit
1 1 1 Do not use
(1/1 Clock selected by P6CS1 and P6CSO bit)
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11.2.31 PWM?7 period register (PW7PL, PW7PH)

Address: 0FADOH
Access: RIW

Access size: 8/16 bits
Initial value: OFFH

7 6 5 4 3 2 1 0
PW7PL P7P7 P7P6 P7P5 P7P4 P7P3 P7P2 P7P1 P7PO
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: RIW
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 PWM7 periods.

Note:
When PW7PH or PW7PL is set to “0000H”, the PWM?7 period buffer (PW7PBUF) is set to “0001H".
Execute a word type transfer instruction to set the register.
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11.2.32 PWM7 duty register (PW7DL, PW7DH)

Address: 0F4AD2H
Access: RIW

Access size: 8/16 bits
Initial value: 00H

7 6 5 4 3 2 1 0
PW7DL P7D7 P7D6 P7D5 P7D4 P7D3 P7D2 P7D1 P7D0O
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: 0F4D3H
Access: RIW
Access size: 8 bits
Initial value: O0OH
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 PWMB6 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 PWM7 counter register (PW4CL, PWA4CH)
Address: OF4D4H

Access: RIW

Access size: 8/16 bits
Initial value: O0OH

7 6 5 4 3 2 1 0
PW7CL P7C7 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: 0F4D5H
Access: RIW
Access size: 8 bits
Initial value: O0OH
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 “0000H”. 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

PWM clock System clock .
P7CK SYSCLK 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
External clock LSCLK Read disabled
HSCLK
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11.2.34 PWM7 control register 0 (PW7CONO)

Address: 0FAD6H
Access: RIW

Access size: 8/16 bits
Initial value: 00H

7 6 5 4 3 2 1 0
PW7CONO P7CLIG P7STPSEL P7INI P7NEG P7I1S1 P71S0O P7CsS1 P7CSO
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]

o P7CLIG (bit7)
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 PWM7 output level while the PWM7 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 P6RUN
bit is “0”.

P7STPSEL Description
0 Holds the PWM7 output level during the temporary suspension (Initial)
1 Gets the PWM7 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 PWM7. When P7NEG bit is “1” the initial level is also reversed.

P7INI Description
0 The initial level of PWM7 output is “H” (Initial)
1 The initial level of PWM7 output is “L”

o 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 PWM7 output is “L”.

P7NEG Description
0 Positive logic (initial value)
1 Negative logic

e P7IS1, P71S0 (bits 3, 2)
The P71S1 and P7ISO bits are used to select the point at which the PWM?7 interrupt occurs. “When the periods

coincide”, “when the duties coincide”, or “when the periods and duties coincide” can be selected.

P7IS1 P7ISO 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, P7CSO0 (bits 1, 0)
The P7CS1 and P7CS0 bits are used to select the PWM?7 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.
PACS1 PACSO 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: OFAD7H
Access: RIW

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

PW7CONL is a special function register (SFR) to control PWM?7.

[Description of Bits]
o P7STAT (bit7)
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 bhit 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 PWM7 control register 2 (PW7CON2)

Address: 0F4AD8H
Access: RIW

Access size: 8/16 bits
Initial value: 00H

7 6 5 4 3 2 1 0
PW7CON2 — P7MD - P7TGSEL P7STM1 P7STMO P7TGE1 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 P6TGSEL bit is applied.

Description
External input start / External input clear control
Use PW67EVO pin (Initial value)
1 Use PW67EV1 pin

P7TGSEL

e P7STM1 P7STMO (bit 3, bit 2)
P7STM1 and P7STMO are used to select the count start mode of PWMY. 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 P7TGE1l P7TGEO (bit 1, bit 0)
P7TGEL and P7TGEO 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 = "11")

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
1 1 External input start is disable Both edge clear
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11.2.37 PWM7 control register 4 (PW7CON4)

Address: 0F4ADAH
Access: RIW

Access size: 8/16 bits
Initial value: 00H

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 0 0 0 0 0 0 0 0

PW7CONA4 is a special function register (SFR) to control PWM?7.

[Description of Bits]
e P7TI1SELDO (bit 2)
P7T1SELDO bit is used to select the external input PW67EV1 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 P7TOSELDO (bit 0)
P7TOSELDO bit is used to select the external input PW67EVO pin.
In the coupled mode (P67MD=1), this bit is ignored and the setting of P6TOSELO bit is applied.

P7TOSELO Description
0 Specify PW67EVO0 pin to PO1 pin (Initial)
1 Specify PW67EVO0 pin to P33 pin
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11.2.38 PWM?7 control register 5 (PW7CON5)

Address: 0F4ADBH
Access: RIW
Access size: 8 bits
Initial value: 00H

7 6 5 4 3 2 1 0
PW7CON5 — — P7T1S1 P7T1S0 - - P7T0S1 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

PW7CONS5 is a special function register (SFR) to control PWM?7.

[Description of Bits]
e P7T1S , P7T1S0 (bit5, 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 , P7TOSO (bit 1, bit 0)
P7T0S1 and P7T0OSO 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 P6T0S1 and P6T0SO bit are applied.

P7TOS1 P7T0OSO 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, P7CS0=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 (PW7CONG)

Address: 0F4ADCH
Access: RIW
Access size: 8 bits
Initial value: 00H

7 6 5 4 3 2 1 0
PW7CONG6 — — — — — P7DIV2 P7DIV1 P7DIVO
R/W R R R R R R/W 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 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 P7CS0 bit.
In the coupled mode (P67MD=1), these bits are ignored and the setting of P6DIV2~P6DIVO0 bit are applied.

P7DIV2 P7DIV1 P7DIVO Description
0 0 0 1/1 Clock selected by P7CS1 and P7CS0 bit (Initial)
0 0 1 1/2 Clock selected by P7CS1 and P7CS0 bit
0 1 0 1/4 Clock selected by P7CS1 and P7CS0 hit
0 1 1 1/8 Clock selected by P7CS1 and P7CS0 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 PWMS5 are categorized into six modes. For more details about each operation mode, see the
section 11.3.1to 11.3.6.

P45MD PADTMD PnMD Operation mode Description
0 - 0 Repeat mode PWM4 and PWMS5 repeats working independently.
in Single mode
- 1 One shot mode PWM4 and PWM5 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 PWM5.
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 PWM5.
in Coupled mode Dead-time can be specified to generate the timing
Dead-time* specified that de-activates both PWM4 and PWM5 at the same
time.
1 One shot mode PWM4 works in one shot (one period cycle) and
in Coupled mode automatically stops, in conjunction with PWM5.
Dead-time* specified Dead-time can be specified to generate the timing
that de-activates both PWM4 and PWM5 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 PWMS5 are categorized into eleven modes.
“P00 or P32/PW45EV0” and “P30 or P62/PW45EV1” 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 PNnRUN 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 | inpyt "L” level and can stop / clear by the
“H” level.
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.

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.

P67MD P7DTMD PnMD Operation mode Description
0 - 0 Repeat mode PWM6 and PWM?7 repeats working independently.
in Single mode
- 1 One shot mode PWM6 and PWM?7 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 PWM7. Each
No dead-time specified duty of PWM6 and PWM7 is configurable
independently.
1 0 Repeat mode PWM6 repeats working in conjunction with PWM?7.
in Coupled mode Dead-time can be specified to generate the timing
Dead-time specified that de-activates both PWM6 and PWM?7 at the same
time.
1 One shot mode PWM6 works in one shot (one period cycle) and
in Coupled mode automatically stops, in conjunction with PWM7.
Dead-time specified Dead-time can be specified to generate the timing
that de-activates both PWM6 and PWM7 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.
“P01 or P33/PW67EV0” and “P31 or P63/PW67EV1” are selectable for the external hardware control.
For more details about each mode, see the section 11.3.15.

PnSTM1 | PnSTMO | PnTGE1l | PnTGEO Operation mode Description
0 0 — — Software start mode Control the start/stop by writing PNnRUN 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 | inpyt "L” level and can stop / clear by the
“H” level.
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.

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 (PWnCONZ1) 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).

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 (PWOCONS).
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
(PWnCONZ2). The control edge or level is selected by the PnTGEO bit and PnTGEL1 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 11.3.7 “PWM4/PWMS5 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.
S PWnP + 1
pwp PnCK (Hz)
T PWnD + 1
PWo 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").

pneck | VIV VTV TV —§§ VIVIV T “ VIVIVI VTV VT
PNRUN ]
( ((
PnSTAT 7 ”
Write PWnCH
Write PWnCL £ £
PWnCHI/L 0000 ¥ 0001 X 0002 {{7FFF) 8000} 8001 {8002 X{/A000X A000) 0000} 0001} 0002 ¥0000
PWRDHIL _ X 8000 X 7777 W 7777 o
| ”
PWNnDBUF __ X 8000 Y 8000 § 8000 7777
PWnPH/L X A000 X BBBB ) BBBB \ BBBB ¢
3 v/
PWnPBUF X Ao00 0 Ao00 ' Aooo BBBB
PWnINT R N g
22 7
PNFLG [ ”
-
PWMN® g %
(Positive logic) E ??
PWMn* W
(Negative logic) l:? S § A
; Towo o
The initial level (H or L) is PnSTPSEL bit can determines
selectable by PnINI bit. Tewe 4 itgi‘t%ialgveéu(r?r?éd ?hrebe}g%% rg:'(;/
<— 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")

S SO 2 B2 2 2 2 2 2 B2 2 2 2 A I

PnRUN | B
PnSTAT
PWnNCH/L Xzooo X2001 Xzooz Xzoos 2004 X2005 Xzooe )@007 Xzoos
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 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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11.3.2 PWM4 and PWMS5, Single mode / One shot mode (P45MD="0", PnNMD="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 (PWnCONZ1) 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 (PNnRUN 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 (PWOCONS).
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 PnNSTM1 bit and PnSTMO bit of PWMn control register 2
(PWnCONZ2). The control edge or level is selected by the PnTGEO bit and PnTGEL 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 11.3.7 “PWM4/PWM5 start/stop/clear operation by the external control”
with notice for some operational restrictions.

The period of the PWMn signal (Tewpe) and the first half duration (Tpwp) of the duty are expressed by the following

equations.
oo PWnP +1
PwP PnCK (Hz)
T _ PWnD + 1
Pwo PnCK (Hz)

PWnP: PWMn period registers (PWnPH, PWnPL) setting value (0001H to OFFFFH)
PWnD: PWMn duty registers (PWnDH, PWnDL) setting value (O000H 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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PWNCHI/L 0000 Y0001 {0002 }(frFFFY 80008001 {8002 {2000 {A000) 0000
PWnDH/L 8000 X 7777 7777 § 7777 o
\
PWnDBUF 8000 \ 8000 % 8000 7777
PWnPH/L A000 X BBBB ) BBBB \ BBBB ¢
2
PWnPBUF A000 0 A000 )\ A000 BBBB
PWnINT « « i
2] 7
o e Do, L L L L )
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selectable by PnINI bit. 7

<— Count start
«

0 selectable by PnINI bit.

W
Tewp: Disable period for the external input clear (PnCLIG="1")

Figure 11-4 (1/2) PWMn Operating timing chart (PnMD="1", P45MD=“0")
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<— Count stop <— Count start

Figure 11-4 (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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11.3.3 PWM4 and PWM5, Coupled mode (with no dead-time specified) / Repeat mode
(P45MD="1", PADTMD="0", PAMD="0")

The PWM4 counter registers (PW4CH, PWA4CL) 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 (PW4CON®G6) when the PARUN bit of PWM4 control register 1 (PW4CONL1) is set to “1” and starts incrementing
the count value on the 2nd falling edge.

When the count value of PWM4 counter registers (PW4CH, PWA4CL) and the value of the PWM4 duty buffer
(PW4DBUF) 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, PWA4CL) and the value of the PWM5 duty buffer
(PW5DBUF) coincide, the PWMS5 flag (P5FLG) is set to “0” on the next timer clock falling edge of PACK.

When the count value of PWM4 counter registers (PW4CH, PWA4CL) and the value of the PWMS5 period buffer
(PW5PBUF) coincide, the PWMS5 flag (PSFLG) is set to “1” on the next falling edge of PACK.

When the count value of PWM4 counter registers (PW4CH, PWA4CL) and the value of the PWM4 period buffer
(PW5PBUF) coincide, the PWM4 flag (PAFLG) is set to “1” on the next falling edge of PACK 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 PARUN bit is set to “0”, the PWM4 counter registers (PW4CH, PW4CL) stop counting after counting once the
falling of the PWM clock (PACK). Confirm that PW4CH and PWA4CL are stopped by checking that the PASTAT bit of the
PWM4 control register 1 (PW4CON1) is “0”. When the P4RUN bit is set to “1” again, PW4CH and PWA4CL 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 PWA4CH 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 (PW4CONO) and PWM4 control register 6 (PWOCONS).
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 PASTMO bit of PWM4 control register 2
(PW4CONZ2). The control edge or level is selected by the PATGEO bit and PATGEL 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/PWMS5 start/stop/clear operation by the external control”
with notice for some operational restrictions.

The period of the PWM4 signal (Tewe), the first half duration (Tewp) of the duty, the duration of the PWMS5 signal delayl
(Trwp1) and the delay2(Tpwp2), are expressed by the following equations.

S PWAP + 1
pwp PACK (Hz)
T PWA4D + 1
PWo PACK (Hz)
S PW5D + 1
PWD1 P4CK (Hz)
S PW5P + 1
Pwb2 P4CK (Hz)

PW4P: PWM4 period registers (PW4PH, PWA4PL) setting value (0001H to OFFFFH)
PW4D: PWM4 duty registers (PW4DH, PW4DL) setting value (O000H to OFFFEH)
P4CK: Clock frequency specified by PWM4 control registers

PW5P: PWMS5 period registers (PW5PH, PW5PL) setting value (0001H to OFFFFH)
PW5D: PWMS5 duty registers (PW5DH, PW5DL) setting value (O000H 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 PWMD5 on the condition of coupled mode with no dead-time
specified (P45MD="1", PADTMD="0") and repeat mode (P4MD="0").
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Figure 11-5 PWM4 and PWM5 Operating timing chart (P4MD=“0", P45MD=“1", PADTMD="0")
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11.3.4 PWM4 and PWM5, Coupled mode (with no dead-time specified) / One shot mode
(P45MD="1", PADTMD="0", PAMD="1")

The PWM4 counter registers (PW4CH, PWA4CL) 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 (PW4CON®G6) when the PARUN bit of PWM4 control register 1 (PW4CONL1) is set to “1” and starts incrementing
the count value on the 2nd falling edge.

When the count value of PWM4 counter registers (PW4CH, PWA4CL) and the value of the PWM4 duty buffer
(PW4DBUF) 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, PWA4CL) and the value of the PWM5 duty buffer
(PW5DBUF) coincide, the PWMS5 flag (P5FLG) is set to “0” on the next timer clock falling edge of PACK.

When the count value of PWM4 counter registers (PW4CH, PWA4CL) and the value of the PWMS5 period buffer
(PW5PBUF) coincide, the PWMS5 flag (PSFLG) is set to “1” on the next falling edge of PACK.

When the count value of PWM4 counter registers (PW4CH, PWA4CL) and the value of the PWM4 period buffer
(PW5PBUF) coincide, the PWM4 flag (PAFLG) is set to “1” on the next falling edge of PACK 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 (PACK). Confirm that PW4CH and PWA4CL are stopped by checking that the PASTAT bit of the
PWM4 control register 1 (PW4CON1) is “0”. When the P4RUN bit is set to “1” again, PW4CH and PWA4CL 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 PWACH or
PWACL. At that time, P4FLG is also set to “1”. When data is written in the PWMn duty register (PWnDH, PWnDL)
during count stop (PNnRUN 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 (PW4CONO0) and PWM4 control register 6 (PWOCONSG).
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 PATGEO bit and PATGEL 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/PWMS5 start/stop/clear operation by the external control”
with notice for some operational restrictions.

The period of the PWM4 signal (Tewe), the first half duration (Tewp) of the duty, the duration of the PWMS5 signal delayl
(Trwp1) and the delay2(Tpwp2), are expressed by the following equations.

S PWAP + 1
pwp PACK (Hz)
T PWA4D + 1
PWo PACK (Hz)
S PW5D + 1
PWD1 P4CK (Hz)
S PW5P + 1
Pwb2 P4CK (Hz)

PW4P: PWM4 period registers (PW4PH, PWA4PL) setting value (0001H to OFFFFH)
PW4D: PWM4 duty registers (PW4DH, PW4DL) setting value (O000H to OFFFEH)
P4CK: Clock frequency specified by PWM4 control registers

PW5P: PWMS5 period registers (PW5PH, PW5PL) setting value (0001H to OFFFFH)
PW5D: PWMS5 duty registers (PW5DH, PW5DL) setting value (O000H 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 PWMD5 on the condition of coupled mode with no dead-time
specified (P45MD="1", PADTMD="0") and one shot mode (P4AMD="1").

pack JYJVJYTVIV IV VIV VIV PV VLTV T TV T

N
PARUN
(« {( (( (¢
» D) ) n
PASTAT |
Write PW4CH
Write PWACL % % % %
PWACH/L XXXX X oood @‘S‘ 1000 ‘S‘ 000 M‘S‘ 3000 ‘S‘@ 400c>(0000
PWADH/L X 1000 {X s000 Y s000 Y s000 §  so000e
PW4DBUF X 1000 § 1000 § 1000 § 1000 § 1000 5000
PWA4PH/L X 4000 § X'so000 Y 8000 § sooo Y  soooe
3 2
PW4PBUF X 4000 § 4000 § 4000 ) 4000 § 4000 8000
PW5DH/L X 2000 §X 6000 6000 {6000 §  e000@
PWSDBUF __ X 2000 § 2000 Y 2000 § 2000 § 2000 6000
PWSPHIL X 3000 { X 7000 § 7000 7000 {70004
3 V)
PW5PBUE X 3000 § 3000 § 3000 §) 3000 § 3000 7000
PWA4INT « L « « :
{){) 2 » D i
PAFLG FEEHEE n EHEEEE
EEXrEY) « « (( YNy
“« 2 N N
(P iti PIVVM‘; R N « «
ositive logic ARAAN ((
g i i i
PWM4 TR V ” N T
. . «
(Negative logic) A ) A
- ! Tewp ¢ !
The initial level (H or L) is Y The initial level (H or L) is
selectable by PniNI bit. Tewe « « <,<, selectable by PnINI bit.
P5FLG SRR % § X
BagE « R
" PWM5 B ()() ()() (){)
(Positive logic) i ;; :
A " e
(Negative logic) === % ) 5 —
T A
PNSTPSEL bit can determines PWDL_( ) iTh o Llevel (H or L) i
the level (hold or back to the Towoz  « M «  The initial level (H or L) is
initial) during the temporary ) ) o | selectable by PnINI bit.
suspension. < Count start
The initial level (H or L) is ount star
selectable by PniINI bit. “

Tewp: Disable pgriod for the external input clear (P4CLIG="1")

Figure 11-6 PWM4 and PWM5 Operating timing chart (P4MD=“1", P45MD=“1", PADTMD="0")
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11.3.5 PWM4 and PWM5, Coupled mode (with dead-time specified) / Repeat mode
(P45MD="1", PADTMD="1", PAMD="0")

The PWM4 counter registers (PW4CH, PWA4CL) 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 (PW4CON®G6) when the PARUN bit of PWM4 control register 1 (PW4CONL1) 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 PWMS5 at the
same time. Specifiy the value of dead-time into PW5DH and PW5DL registers.

When the count value of PWM4 counter registers (PW4CH, PWA4CL) 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 P4CK.

When the count value of PWM4 counter registers (PW4CH, PWA4CL) and the value of the PWM5 duty buffer

(PW5DBUF) coincide, the PWMS5 flag (P5FLG) is set to “0” on the next timer clock falling edge of PACK.

When the count value of PWM4 counter registers (PW4CH, PWA4CL) and the value of the PWM4 duty buffer

(PW4DBUF) coincide, the PWMS5 flag (P5FLG) is set to “1” on the next falling edge of PACK.

When the count value of PWM4 counter registers (PW4CH, PWA4CL) and the value of the PWM4 period buffer

(PW5PBUF) coincide, the PWM4 flag (PAFLG) is set to “1” on the next falling edge of PACK 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 PARUN bit is set to “0”, the PWM4 counter registers (PW4CH, PW4CL) stop counting after counting once the
falling of the PWM clock (PACK). Confirm that PW4CH and PW4CL are stopped by checking that the PASTAT bit of the
PWM4 control register 1 (PW4CON1) is “0”. When the P4RUN bit is set to “1” again, PW4CH and PWA4CL 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 PWA4CH 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 (PW4CONO) and PWM4 control register 6 (PWOCONS).
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 PASTMO bit of PWM4 control register 2
(PW4CONZ2). The control edge or level is selected by the P4ATGEO bit and PATGEL 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/PWMS5 start/stop/clear operation by the external control”
with notice for some operational restrictions.
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The period of the PWM4 signal (Tpwe), the first half duration (Tpwp) Of the duty, the duration of the PWM5 dead-time
(ToTm) and the delay2(Tpwpo), are expressed by the following equations.

Tewp =

Tewp =

Tewpz =

Tomm =

PWA4P:
PW4D:
P4ACK:
PW5D:

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, PWA4DL) setting value (O0O00H to OFFFEH)
Clock frequency specified by PWM4 control registers

PWMS5 duty registers (PW5DH, PW5DL) setting value (O0O00H 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 PWMD5 on the condition of coupled mode with dead-time specified
(P45MD="1", PADTMD="1") and repeat mode (P4AMD="0").

pack | VIV VIV VIV IV TV TV TV TV TV VUV TV TV T TV TV
« {© « ((
P4RUN 7 d d ?
PASTAT % % 5 %
Write PW4CH
Write PW4CL I % % % %
PWA4CH/L XXXX X oood @‘s 100c @‘S‘@ 40000000 M@
PWA4DHIL _ )\ 2000 WX s000 § s000 §  s000 {  soo0e
; A
PW4DBUF _ X 2000 N 2000 § 2000 § 2000 § 2000 5000
PWA4PH/L X 4000 ( Xso00 ¥ sooo  § sooo §  soooe
3 2
PW4PBUF X 4000 N 4000 § 4000 Y 4000 Y 4000 8000
PWSDHIL _ \ 1000 WX 2000 Y 2000 § 2000 §  2000e
: \/
PWSDBUF _ 1000 § 12000 § 1000 § 1000 § 1000 2000
PW5PH/L X XXXX %:X XXX % XXXX % XXXX % XXXX &
3 J,
PW5PBUF X XXXX % XXXX % XXXX SS XXXX SS XXXX XXXX
PWAINT « « ""1; « IG S
7 i Y ”
PAFLG W ” ”
L(
PWM4 pp o " \¢ ”
(Positive logic) </</
PWM4 « (( « »
(Negative logic) AN ) ) ”
- ! Tewp
The initial level (H or L) is R
selectable by PnINI bit. Tewp « « «
2 2 "7 )
P5ELG % 5 {—
fiﬁ:? « ()() «
PWM5 (
(Positive logic) M 7 (2(2 7 i
PWMS ==l )
(Negative logic) — x ()‘) % $5—
! TDTM ((
PnSTPSEL bit can determines 7 Tom
the level (hold or back to the Tewpz « -«
initial) during the temporary 7 R 7
suspe.n.3|'on. . i€—Count start
The initial level (H or L) is
selectable by PniINI bit. S

Tewp: Disable p)ériod for the external input clear (P4CLIG="1")

Figure 11-7 PWM4 and PWM5 Operating timing chart (P4MD=“0", P45MD=“1", PADTMD="1")

Note:
PWMS5 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 PWM5, Coupled mode (with dead-time specified) / One shot mode
(P45MD="1", PADTMD="1", PAMD="1")

The PWM4 counter registers (PW4CH, PWA4CL) 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 (PW4CON®G6) when the PARUN bit of PWM4 control register 1 (PW4CONL1) 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 PWMS5 at the
same time. Specifiy the value of dead-time into PW5DH and PW5DL registers.

When the count value of PWM4 counter registers (PW4CH, PWA4CL) 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 P4CK.

When the count value of PWM4 counter registers (PW4CH, PWA4CL) and the value of the PWM5 duty buffer

(PW5DBUF) coincide, the PWMS5 flag (P5FLG) is set to “0” on the next timer clock falling edge of PACK.

When the count value of PWM4 counter registers (PW4CH, PWA4CL) and the value of the PWM4 duty buffer

(PW4DBUF) coincide, the PWMS5 flag (P5FLG) is set to “1” on the next falling edge of PACK.

When the count value of PWM4 counter registers (PW4CH, PWA4CL) and the value of the PWM4 period buffer

(PW5PBUF) coincide, the PWM4 flag (PAFLG) is set to “1” on the next falling edge of PACK 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 (PACK). Confirm that PW4CH and PWA4CL are stopped by checking that the PASTAT bit of the
PWM4 control register 1 (PW4CON1) is “0”. When the P4RUN bit is set to “1” again, PW4CH and PWA4CL restarts
incremental counting from the previous value on the falling edge of PACK.

To initialize the PWM4 counter registers (PW4CH, PWA4CL) to “0000H”, perform write operation in either of PWACH 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 (PW4CONO) and PWM4 control register 6 (PWOCONS).
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 PASTMO bit of PWM4 control register 2
(PW4CONZ2). The control edge or level is selected by the PATGEO bit and P4TGEL 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/PWM5 start/stop/clear operation by the external control”
with notice for some operational restrictions.
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The period of the PWM4 signal (Tpwe), the first half duration (Tpwp) Of the duty, the duration of the PWM5 dead-time
(ToTm) and the delay2(Tpwpo), are expressed by the following equations.

Tewp =

Tewp =

Tewpz =

Tomm =

PWA4P:
PW4D:
P4ACK:
PW5D:

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, PWA4DL) setting value (O0O00H to OFFFEH)
Clock frequency specified by PWM4 control registers

PWMS5 duty registers (PW5DH, PW5DL) setting value (O0O00H 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 PWMD5 on the condition of coupled mode with dead-time specified

(P45MD="1", PADTMD="1") and one shot mode (P4MD="1").

pack JY VIV IV VIV VIV VTV LTV PV IV I T

P4RUN
(. na (.
» N »
PASTAT I
Write PW4CH
Write PWACL I % ) %
PWA4CH/L XXXX X oood @‘S 100c @‘S‘@ 40000000 M@
PWADH/L X 2000 WX s000 § s000 § 5000 5000 @
3 \,
PW4DBUF X 2000 N 2000 § 2000 § 2000 2000 5000
PWA4PH/L X 4000 (X so00 ¥ 800§ 8000 80004
3 i
PW4PBUF X 4000 § 4000 § 4000 Y 4000 4000 8000
PW5DH/L X 1000 W3 e000 § 6000 Y 6000 6000 @
5 A
PWSDBUF __ X 1000 § 12000 § 1000 § 1000 1000 6000
PW5PH/L X XXXX %:X XXX % XXXX % XXXX XXXX &
3 |
PW5PBUF X XXXX % XXXX % XXXX SS XXXX XXXX XXXX
PWAINT « « G :
& I U
] "V N
PAFLG
_PwM4 e 5 ('(’ K i
(POSlthe |Og|C) e w] e
_PwM4 « « « R
(Negative logic) AN ) ) ” yy
- ! Tewp '
The initial level (H or L) is R
selectable by PnINI bit. Tewp « « « selectable by PnINI bit.
« «
PSFLG i . « 7 i
PWMS5 ‘,‘, 7 % T
(Positive logic) ez ‘ G
PWM5 )
(Negative logic) == ) %
! TDTM ((
PnSTPSEL bit can determines ” Tomm
the level (hold or back to the Tewpz « K« selectable by PniNI bit,
initial) during the temporary 7 7 ”
suspension. <— Count start
The initial level (H or L) is
selectable by PnINI bit. «

Figure 11-8 PWM4 and PWMS5 Operating timing chart (P4AMD="“1", PASMD="1", PADTMD="1")

Note:

PWMS5 output is initially in a high-impedance output state before setting the port n control register 0 and 1 (PnCONO
and PnCONL1). Fix the level with a pull-up or pull-down resister externally if needed.

Tewp: Disable pgriod for the external input clear (P4CLIG="1")
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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 PNSTML1 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 PnCS0O

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 | 2 [ A 1 | D 1
R \ [
External input pin 4,—\_—‘

Sampled singal waveform

PnCK ]

PWMn accepts the external input
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11.3.7.1 Software Start Mode

With the setting of PNSTM1="0" and PnSTM0="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/PW45EV1) that is selected by the PNRUN and PnTGSEL bits.

When the selected external input gets an external input specified by PNnTGE1 and PnTGEO (PWnCONZ2 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 L]

P30, P62/PW45EV1 The PniINI bit allows
_ selection of the "H/L" level ~——o i
“ for the PWM initial value. Sl T T T

R R Treiriiae
PWMn output  :::: PECHEEEEEE ittt ARLCLLEi)

AN
'
The PnSTRSEL bit allows selection of whether or not to

output the ihitial value while being paused

When the initial value is output, the PnINI bit allows
selection of the "H/L" lev

I,
PWnNCH/L XOOOCX Count up Count up X 0000 Count up Holdvalun%( 0000 X:Coumup

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 valug and
period buffer (PWnPBUF) value

PWnPH/L 2000 8000
PWnPBUF 2000 8000
PWnDH/L 1000 4000
PWnDBUF 1000 X 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, PnTGEO0=0

When "L" level start and "H" level stop & clear are selected

PnRUN

P00, P32/PW45EV0
or
P30, P62/PWA45EV1

The PniNI bit allows
. selection of the "H/L" level
for the PWM initial value.

mmmmmmmmm
uuuuuuuuu
L

PWMn output

L

'

The PnSTPSEL bit allow$ selection of whether or not to
output the initial value while being paused

When the initial value is utput, the PnINI bit allows
selection of the "H/L" level.

PWnCH/L

XOOOCX Count up

<— Ssoftware start

Counting stopped
<

<& External input
stop & clear

Count up >(OOOO )(:Coumup

9

< External
input

T !
g
g
< !
(SR}
= !
@ 1
o
S
S
S

<& Counting stopped =

<& Software stop

<& Counting restarted

<& Software start

start
Coincidence of the PWnCH/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

FR write

/l\ from CPU

Update buffer register Update buffer register

(b) Operation Timing Diagram with Software Start or External Input Start (PnTGE1=1, PnTGE0=0)
Figure 11-9 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 PWMnDHY/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 PWMZ1 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").
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11.3.7.3 External Input Start Mode

With the setting of PNSTM1="1" and PnSTMO0="0" on the PWMn control register 2 (PWnCON2), 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 (PWnCON2).
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

initial value.

The PnINI bit allows selection
- of the "H/L" level for the PWM

&
PWMn output (7277777 [
PWRCHIL  f_ oo . comup_ Jooo countup X o000 Y counup kooco Countep
<&— (Counting stopped —>{&— prp _— Qunting stopped
<& External input start
< External input < 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 P
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
FEUL620Q150A 11-76



LAPIS Semiconductor Co., Ltd. ML620Q151A/2AI3AIAAISAI6AITAIBAI9A User's Manual

Chapter 11 PWM

PnTGE1=1, PnTGEO0=0

When falling-edge start and rising-edge stop & clear are selected

PnRUN
P00, P32/PWA45EV0

or \l/
P30, PGZ/PW45EV1 The PnINI bit allows selection of
-~ the "HIL" level for the PWM TesEraaeo
initial value.
&
PWMn output
PWnCHIL )X o000 ~ Ccomwp (o000}~ Countun” o000 ) Countup ) 0000 Count up.
Counting stopped B
< Counting stopped —_—> TPWP R ——
<— 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 X 1000 4000
1\ /‘\Update buffer
SFR write from CPU register SFR write

Figure 11-10 Operation Timing Diagram with External Input Start (PnSTM1="1", PnSTM0="0")

from CPU

Update buffer register

(b) Operation Timing Diagram with External Input Start

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 PWMnDHY/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
PACK/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 (PNRUN="1").

FEUL620Q150A
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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 (PWnCON2), the PWM counter
operates being controlled by the PnRUN bit.

When there is no edge input on the external input selected by the PnTGSEL bit of the PWMn control register 2
(PWnCONZ2), the counter operates in the same way as the software start. When the selected external input gets an edge
input specified by PnTGE1 and PNnTGEO, 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 \l/ J
P30/PW45EV1 The PniNI bit allows selectian
Pt of the "HIL" level for the PWM  ----—___________ =
initial value. b T e

PWMn output [ 1| 1 | |

'
The PnSTPSEL bit allows selection of whether or not to output
the initial value while being paused
When the initial value is output,ithe PnINI bit allows selection

@

Countiup of the "H/L" level.
PWnCH/L XOOOGX Count up >OOOOX )0000 Count up 0000 Countup 40000 X Count up H}Z'f’_‘_’?!eex 0000 X ‘Count up
< 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
PWnPH/L 8000 {2000 (8000
PWnPBUF 8000 ) 2000 8000
PWnDH/L 4000 (1000 (4000
PWNnDBUF 4000 1000 X 4000
Update buffer register /I\ Update buffer register /I\Update buffer register
SFR write Update buffer register ~ SFR write
from CPU from CPU

(a) Operation Timing Diagram with Software Start and External Input Clear
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PnTGE1=1, PnTGEO=0
When rising-edge clear is selected

PnRUN

P00, P32/PW45EV0

or \ \

P30, P62/PWA45EV1 The PnINI bit allows selection of
’ _.-"the"H/L"level forthe PWM " TTTTTem--all 4
-7 - inifial valve. T
7 T -
PWMn output i | | Has

A
I
|

The PnSTPSEL bit allows selection of whether or not to output

the initial value while being pauysed

When the initial value is output, the PnINI bit allows selection

of the "H/L" level
Count up

PWnCH/L xOOOCX Count up )OOOO X Count up 0000 X ) Count up Count upXHold value X 0000 X Count up
% prp % % prp % % prp %

<— Software 0000
External input clear

Coincidence of the PWnCH/CL count value Coincidence of the PWnCH/CL countvalue  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\SFR 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

v

P30, P62/PWA45EV1 The PnINI bit allows selectian of the "H/L"
-7 ~ level for the PWM initial value.
PWMn output  |:::2 L
Count up Count up
________________________________________ { ——e e mmmmi—o U
PWnCH/L 0000 Count up 0000 0000, Count up l 0000, Count up 00004 Count up
< Tewp — <— Tewp — <— Tewp —
&— Software start
External input clear External input clear
Coincidence of the PWnCH/CL count value Coincidence of the PWhCH/CL count value Coincidence of the PWnCH/CL count value
and period buffer (PWnPBUF) value and period buffer (PWRPBUF) value and period buffer (PWnPBUF) value
PWnPH/L 8000 2000 8000
PWnPBUF 8000 (2000 V" sooo
PWnDH/L 4000 X 1000 X 4000
PWnDBUF 4000 A 1000 X 4000
Update buffer register /r /]\Updale buffer register Update buffer Update buffer
register

Update buffer ~ SFR write register

register from CPU

SFR write
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 PnTGSEL, PnTGE1, and

PnTGEO.
Note that there are the following restrictions.

® When PWMnPH/L or PWMnDHY/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
PACK/P5CK SYSCLK
LSCLK LSCLK
HTBCLK HSCLK

@ When the external input clear control is done at a timing when PWMnPH/L or PWMnDHY/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 P4SDEQ, the
emergency stop flag (P4SDST) is set to “1”, an emergency stop interrupt (PWA4INT) is generated, and the PWM counter

is stopped/cleared. Because the PWM flag output (PnFLG) is cleared, the PWM4 and PWMS5 outputs are turned off
simultaneously.

To release the emergency stop flag, write “1” to P4SDST of the PWM4 control register 3 (PW4CON3).
Figure 11-12 shows the operation timing.

Emergency stop by PASDE1=0, P4SDEO=1 (Falling edge)
P00, P32/PW45EV0

or \l/

P30, P62/PW45EV1

PNRUN

PASDST

PWAINT [

PnFLG L B _| [

i Count stop & clear

PWnCH/L Aoooo Count up :\0000 COUmUPW 0000 "\, Countup 0000 A Count up

...................................................

é Emergency Release emergency

\
stop The PnINI bit allows selection of the "H/L" level
stop flag

for the PWM initial value.

(a) Timing with Falling-edge operation

Emergency stop by PASDE1=1, P4SDEO=0 (Rising edge)

P00, P32/PW45EV0

or —|

P30, P62/PWA45EV1
PnRUN

PASDST

EMGINT

PNFLG | \

i Count stop & clea

PWNCH/L jooooA . Countup ___._. booo)countup__ o000 N Countwp 0000 A Count up
é Emergency Release emergency *The PniNI bit allows selection of the "H/L" level for

sto -
P stop flag the PWM initial value.

(b) Timing with Rising-edge operation
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Emergency stop by PASDE1=1, PASDEO=1 (Both edges)
P00, P32/PW45EV0
or \l/
P30, P62/PWA45EV1
PnRUN
P4SDST
PWA4INT I
PNFLG I | i | [
.................. [N S
PWnCH/L .-9914@%99) _____ X_ 0000f A Countup >( 0000 .Countup A 0000
stop & clear ‘\\ ,” stop & clear
Emergency T‘he PnINI bit allows selectioln of Emergency
stop the "H/L" level for the PWM stop
Release emergency initial value.
stop flag

Release emergency
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 (PWnCONZ1) 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).

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 (PWOCONS).
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
(PWnCONZ2). The control edge or level is selected by the PnTGEO bit and PnTGEL1 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 “PWMG6/PWM?7 start/stop/clear operation by the external
control” with notice for some operational restrictions.

The period of the PWMn signal (Trwp) and the first half duration (Tpwp) Of the duty are expressed by the following

equations.
S PWnP + 1
pwp PnCK (Hz)
T PWnD + 1
PWo 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").

pneck | VIV VTV TV —§§ VIVIV T “ VIVIVI VTV VT
PNRUN ]
( ((
PnSTAT 7 ”
Write PWnCH
Write PWnCL £ £
PWnCHI/L 0000 ¥ 0001 X 0002 {{7FFF) 8000} 8001 {8002 X{/A000X A000) 0000} 0001} 0002 ¥0000
PWRDHIL _ X 8000 X 7777 W 7777 o
| ”
PWNnDBUF __ X 8000 Y 8000 § 8000 7777
PWnPH/L X A000 X BBBB ) BBBB \ BBBB ¢
3 v/
PWnPBUF X Ao00 0 Ao00 ' Aooo BBBB
PWnINT R N g
22 7
PNFLG [ ”
-
PWMN® g %
(Positive logic) E ??
PWMn* W
(Negative logic) l:? S § A
; Towo o
The initial level (H or L) is PnSTPSEL bit can determines
selectable by PnINI bit. Tewe 4 itgi‘t%ialgveéu(r?r?éd ?hrebe}g%% rg:'(;/
<— 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 11-13 (1/2) PWMn Operating timing chart (PnMD="“0", P67MD="“0")

S SO 2 B2 2 2 2 2 2 B2 2 2 2 A I

PnRUN | B
PnSTAT
PWnNCH/L Xzooo X2001 Xzooz Xzoos 2004 X2005 Xzooe )@007 Xzoos
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", PnNMD="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 (PWnCONZ1) 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 (PNnRUN 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 (PWOCONS).
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 PnNSTM1 bit and PnSTMO bit of PWMn control register 2
(PWnCONZ2). The control edge or level is selected by the PnTGEO bit and PnTGEL 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 (Tewpe) and the first half duration (Tpwp) of the duty are expressed by the following

equations.
oo PWnP +1
PwP PnCK (Hz)
T _ PWnD + 1
Pwo PnCK (Hz)

PWnP: PWMn period registers (PWnPH, PWnPL) setting value (0001H to OFFFFH)
PWnD: PWMn duty registers (PWnDH, PWnDL) setting value (O000H 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").

PnCK ﬂ_ﬂﬂﬂﬂﬂﬁﬂ

) ﬂﬂﬂjfﬂﬂﬂﬂ

PnRUN

)

_ (&
N )
PnSTAT
Write PWnCH
Write PWnCL £ S
PWNCHI/L 0000 Y0001 {0002 }(frFFFY 80008001 {8002 {2000 {A000) 0000
PWnDH/L 8000 X 7777 7777 § 7777 o
\
PWnDBUF 8000 \ 8000 % 8000 7777
PWnPH/L A000 X BBBB ) BBBB \ BBBB ¢
2
PWnPBUF A000 0 A000 )\ A000 BBBB
PWnINT « « i
2] 7
o e Do, L L L L )
PnFLG e s
PWMN* e %
(Positive logic) [ i) ;
PWMN* [ mm s mr i 7 e
(Negatlve IOgIC) ."."..;\"..."."..."."..."."...".".. ()() [ A
, Tewp !
1 W ]
The initial level (H or L) is Towp « « The initial level (H or L) is
selectable by PnINI bit. 7 0

<— Count start
«

W
Tewp: Disable period for the external input clear (PnCLIG="1")

selectable by PnINI bit.

Figure 11-14 (1/2) PWMn Operating timing chart (PnMD=“1", P67MD="0")

a0le S 2N V20 2 2 B2 B2 B I8 I 2 R 2 I

PnRUN | B
PnSTAT
PWnCH/L Xzooo )@001 Xzooz )@003 2004 X2005 Xzoos )@007 Xzoos
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 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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11.3.11 PWM6 and PWM7, Coupled mode (with no dead-time specified) / Repeat mode
(P67MD="1", P6DTMD="0", PEMD="0")

The PWMB6 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 PWMB®6 control register 0 (PW6CONO) and the PWM6 control
register 6 (PW6CON®G) when the P6RUN bit of PWMB6 control register 1 (PW6CONL1) is set to “1” and starts incrementing
the count value on the 2nd falling edge.

When the count value of PWM®6 counter registers (PW6CH, PW6CL) and the value of the PWM6 duty buffer
(PW6DBUF) coincide, the PWM6 flag (P6FLG) is set to “0” on the next timer clock falling edge of P6CK.

When the count value of PWM®6 counter registers (PW6CH, PW6CL) and the value of the PWM7 duty buffer
(PW7DBUF) coincide, the PWM7 flag (P7FLG) 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 period buffer
(PW7PBUF) 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 PWM6 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 P6RUN bit is set to “0”, the PWM®6 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 PESTAT bit of the
PWMB6 control register 1 (PW6CONL1) 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 PWM®6 counter registers (PW6CH, PW6CL) to “0000H”, perform write operation in either of PW6CH or
PWG6CL. At that time, P6FLG 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 (PW6CONO) and PWM6 control register 6 (PWOCONS).
PWMS6 interrupt occurrence point and logic of the PWM6 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
(PW6CONZ2). The control edge or level is selected by the P6TGEO bit and P6TGEL bit and the external input pin is
selected by P6TGSEL 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 “PWMG6/PWM?7 start/stop/clear operation by the external
control” with notice for some operational restrictions.

The period of the PWMB6 signal (Tewe), the first half duration (Tewp) Of the duty, the duration of the PWM?7 signal delayl
(Trwp1) and the delay2(Tpwp2), are expressed by the following equations.

S PW6P + 1
PwP P6CK (Hz)
T PW6D + 1
PwD P6CK (Hz)
- PW7D + 1
PWD1 P6CK (Hz)
T PW7P + 1
Pwb2 P6CK (Hz)

PW6P: PWM6 period registers (PW6PH, PW6PL) setting value (0001H to OFFFFH)
PW6D: PWM6 duty registers (PW6DH, PW6DL) setting value (O000H to OFFFEH)
P6CK: Clock frequency specified by PWM6 control registers

PW7P: PWM?7 period registers (PW7PH, PW7PL) setting value (0001H to OFFFFH)
PW7D: PWM?7 duty registers (PW7DH, PW7DL) setting value (0000H to OFFFEH)
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After the P6RUN 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 PWM®6 and PWM7 on the condition of coupled mode with no dead-time
specified (P67MD="1", P6DTMD="0") and repeat mode (P6MD="0").
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Figure 11-15 PWM6 and PWM?7 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 PWMB6 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 PWMB®6 control register 0 (PW6CONO) and the PWM6 control
register 6 (PW6CON®G) when the P6RUN bit of PWMB6 control register 1 (PW6CONL1) is set to “1” and starts incrementing
the count value on the 2nd falling edge.

When the count value of PWM®6 counter registers (PW6CH, PW6CL) and the value of the PWM6 duty buffer
(PW6DBUF) coincide, the PWM6 flag (P6FLG) is set to “0” on the next timer clock falling edge of P6CK.

When the count value of PWM®6 counter registers (PW6CH, PW6CL) and the value of the PWM7 duty buffer
(PW7DBUF) coincide, the PWM7 flag (P7FLG) 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 period buffer
(PW7PBUF) 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 PWM6 counter
registers is set to “0000H”, stops incremental counting and the PEGRUN 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 PERUN bit to “1” restarts incremental counting the PWM counter registers.

When the P6RUN bit is set to “0”, the PWMBG6 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
PWMS6 control register 1 (PW6CON1) 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 PWM®6 counter registers (PW6CH, PW6CL) to “0000H”, perform write operation in either of PW6CH or
PW6CL. At that time, P6FLG is also set to “1”. When data is written in the PWMn duty register (PWnDH, PWnDL)
during count stop (PNnRUN 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 PWMS6 control register 0 (PW6CONO0) and PWM6 control register 6 (PWOCONS®).
PWMS6 interrupt occurrence point and logic of the PWM®6 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 PWM®6 control register 2
(PW6CON?2). The control edge or level is selected by the P6TGEOQ bit and P6TGEL bit and the external input pin is
selected by PETGSEL 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 PWMB6 signal (Tewe), the first half duration (Tewp) Of the duty, the duration of the PWM?7 signal delayl
(Trwp1) and the delay2(Tpwp2), are expressed by the following equations.

S PW6P + 1
PwP P6CK (Hz)
T PW6D + 1
PwD P6CK (Hz)
- PW7D + 1
PWD1 P6CK (Hz)
T PW7P + 1
Pwb2 P6CK (Hz)

PW6P: PWM6 period registers (PW6PH, PW6PL) setting value (0001H to OFFFFH)
PW6D: PWM6 duty registers (PW6DH, PW6DL) setting value (O000H to OFFFEH)
P6CK: Clock frequency specified by PWM6 control registers

PW7P: PWM?7 period registers (PW7PH, PW7PL) setting value (0001H to OFFFFH)
PW7D: PWM?7 duty registers (PW7DH, PW7DL) setting value (0000H to OFFFEH)
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After the P6RUN 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 PWM®6 and PWM7 on the condition of coupled mode with no dead-time
specified (P67MD="1", P6DTMD="0") and one shot mode (P6MD="1").
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Figure 11-6 PWM6 and PWM7 Operating timing chart (P6MD=“1", P67TMD=“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", PEMD="0")

The PWMB6 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 PWMB®6 control register 0 (PW6CONO) and the PWM6 control
register 6 (PW6CON®G) when the P6RUN bit of PWMB6 control register 1 (PW6CONL1) is set to “1” and starts incrementing
the count value on the 2nd falling edge.

Setting P6DTMD bit to “1” enables the dead-time to generate the timing that de-activates both PWM®6 and PWM7 at the
same time. Specifiy the value of dead-time into PW7DH and PW7DL registers.

When the count value of PWM®6 counter registers (PW6CH, PW6CL) and the value of the [PWM6 duty buffer] +
[dead-time] (PW6DBUF + PW7DBUF) coincide, the PWM6 flag (P6FLG) is set to “0” on the next timer clock falling
edge of P6CK.

When the count value of PWM®6 counter registers (PW6CH, PW6CL) and the value of the PWM7 duty buffer

(PW7DBUF) coincide, the PWM7 flag (P7FLG) is set to “0” on the next timer clock falling edge of P6CK.

When the count value of PWM®6 counter registers (PW6CH, PW6CL) and the value of the PWM6 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 PWM6 flag (P6FLG) is set to “1” on the next falling edge of P6CK and the PWM6 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 P6RUN bit is set to “0”, the PWMB®6 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 PESTAT bit of the
PWMB6 control register 1 (PW6CONL1) 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 PWMB®6 counter registers (PW6CH, PW6CL) to “0000H”, perform write operation in either of PW6CH or
PWG6CL. At that time, P6FLG 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 (PW6CONO) and PWM6 control register 6 (PWOCONS).
PWMBG interrupt occurrence point and logic of the PWM®6 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
(PW6CONZ2). The control edge or level is selected by the P6TGEOQ bit and P6TGEL bit and the external input pin is
selected by P6TGSEL 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 “PWMG6/PWM?7 start/stop/clear operation by the external
control” with notice for some operational restrictions.
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The period of the PWMBG6 signal (Tpwe), the first half duration (Tpywp) Of the duty, the duration of the PWM?7 dead-time
(ToTm) and the delay2(Tpwpo), are expressed by the following equations.

Tewp =

Tewp =

Tewpz =

Tomm =

PWG6P:
PWG6D:
P6CK:
PWT7D:

PW6P + 1

P6CK (Hz)

PW6D + PW7D +2

P6CK (Hz)

PW6D + 1
P6CK (Hz)

PW7D + 1
P6CK (Hz)

PWM6 period registers (PW6PH, PW6PL) setting value (0001H to OFFFFH)
PWM6 duty registers (PW6DH, PW6DL) setting value (O000H to OFFFEH)
Clock frequency specified by PWM6 control registers

PWM?7 duty registers (PW7DH, PW7DL) setting value (O000H to OFFFEH)
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After the PGBRUN 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 PWM®6 and PWM7 on the condition of coupled mode with dead-time specified
(P67MD="1", P6DTMD="1") and repeat mode (P6MD="0").
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Tewp: Disable p)ériod for the external input clear (P6CLIG="1")

Figure 11-17 PWM6 and PWM?7 Operating timing chart (P6MD=“0", P67MD=“1", P6DTMD="1")

Note:
PWM?7 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 PWM7, Coupled mode (with dead-time specified) / One shot mode
(P67MD="1", P6DTMD="1", P6MD="1")

The PWMB6 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 PWMB®6 control register 0 (PW6CONO) and the PWM6 control
register 6 (PW6CON®G) when the P6RUN bit of PWMB6 control register 1 (PW6CONL1) is set to “1” and starts incrementing
the count value on the 2nd falling edge.

Setting P6DTMD bit to “1” enables the dead-time to generate the timing that de-activates both PWM®6 and PWM7 at the
same time. Specifiy the value of dead-time into PW7DH and PW7DL registers.

When the count value of PWM®6 counter registers (PW6CH, PW6CL) and the value of the [PWM6 duty buffer] +
[dead-time] (PW6DBUF + PW7DBUF) coincide, the PWM6 flag (P6FLG) is set to “0” on the next timer clock falling
edge of P6CK.

When the count value of PWM®6 counter registers (PW6CH, PW6CL) and the value of the PWM7 duty buffer

(PW7DBUF) coincide, the PWM7 flag (P7FLG) is set to “0” on the next timer clock falling edge of P6CK.

When the count value of PWM®6 counter registers (PW6CH, PW6CL) and the value of the PWM6 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 PWM6 flag (P6FLG) is set to “1” on the next falling edge of P6CK and the PWM6 counter

registers is set to “0000H”, stops incremental counting and the PERUN 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 PERUN bit to “1” restarts incremental counting the PWM counter registers.

When the P6RUN bit is set to “0”, the PWMBG6 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
PWMS6 control register 1 (PW6CON1) 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 PWM®6 counter registers (PW6CH, PW6CL) to “0000H”, perform write operation in either of PW6CH or
PWG6CL. At that time, P6FLG 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 PWMBG6 control register 0 (PW6CONO0) and PWM6 control register 6 (PWOCONS®).
PWMS6 interrupt occurrence point and logic of the PWM6 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 PWM®6 control register 2
(PW6CONZ2). The control edge or level is selected by the P6TGEO bit and P6TGEL bit and the external input pin is
selected by P6TGSEL 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 PWMBG6 signal (Tpwe), the first half duration (Tpywp) Of the duty, the duration of the PWM?7 dead-time
(ToTm) and the delay2(Tpwpo), are expressed by the following equations.

Tewp =

Tewp =

Tewpz =

Tomm =

PWG6P:
PWG6D:
P6CK:
PWT7D:

PW6P + 1

P6CK (Hz)

PW6D + PW7D +2

P6CK (Hz)

PW6D + 1
P6CK (Hz)

PW7D + 1
P6CK (Hz)

PWM6 period registers (PW6PH, PW6PL) setting value (0001H to OFFFFH)
PWM6 duty registers (PW6DH, PW6DL) setting value (O000H to OFFFEH)
Clock frequency specified by PWM6 control registers

PWM?7 duty registers (PW7DH, PW7DL) setting value (O000H to OFFFEH)
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After the PGBRUN 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 PWM®6 and PWM7 on the condition of coupled mode with dead-time specified

(P67MD="1", P6DTMD="1") and one shot mode (P6MD="1").
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Figure 11-18 PWM6 and PWM7 Operating timing chart (P6MD="1", 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 PnCONL1). Fix the level with a pull-up or pull-down resister externally if needed.

Tewp: Disable pgriod for the external input clear (P6CLIG="1")
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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 PNSTML1 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 PnCS0O

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 | 2 [ A 1 | D 1
R \ [
External input pin 4,—\_—‘

Sampled singal waveform

PnCK ]

PWMn accepts the external input
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11.3.15.1 Software Start Mode

With the setting of PNSTM1="0" and PnSTM0="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
(P01 or P33/PW67EVO0, P31 or P63/PW6E7EV1) that is selected by the PNRUN and PnTGSEL bits.

When the selected external input gets an external input specified by PNnTGE1 and PnTGEO (PWnCONZ2 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.

PnTGE1=0, PNTGEO=1
When "H" level start and "L" level stop & clear are selected

PNRUN ,

P01, P33/PWE7EVO

or L]

P31, P67/PW67EV1 The PniINI bit allows
_ selection of the "H/L" level ~——o i
“ for the PWM initial value. Sl T T T

R R Treiriiae
PWMn output  :::: PECHEEEEEE ittt ARLCLLEi)

AN
'
The PnSTRSEL bit allows selection of whether or not to

output the ihitial value while being paused

When the initial value is output, the PnINI bit allows
selection of the "H/L" lev

I,
PWnNCH/L XOOOCX Count up Count up X 0000 Count up Holdvalun%( 0000 X:Coumup

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 valug and
period buffer (PWnPBUF) value

PWnPH/L 2000 8000
PWnPBUF 2000 8000
PWnDH/L 1000 4000
PWnDBUF 1000 X 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 (PnN"TGE1=0, PnTGE0=1)
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PnTGE1=1, PnTGEO0=0

When "L" level start and "H" level stop & clear are selected

PnRUN

P01, P33/PW67EV0O
or
P31, P63/PW67EV1

The PniNI bit allows
. selection of the "H/L" level
for the PWM initial value.

mmmmmmmmm
uuuuuuuuu
L

PWMn output

L

'

The PnSTPSEL bit allow$ selection of whether or not to
output the initial value while being paused

When the initial value is utput, the PnINI bit allows
selection of the "H/L" level.

PWnCH/L

XOOOCX Count up

<— Ssoftware start

Counting stopped
<

<& External input
stop & clear

Count up >(OOOO )(:Coumup

9

< External
input

T !
g
g
< !
(SR}
= !
@ 1
o
S
S
S

<& Counting stopped =

<& Software stop

<& Counting restarted

<& Software start

start
Coincidence of the PWnCH/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

FR write

/l\ from CPU

Update buffer register Update buffer register

(b)Operation Timing Diagram with Software Start or External Input Start (PnNTGE1=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 PWMnDHY/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 (PnNRUN="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 (PWnCON2), 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 (PWnCON2).
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

initial value.

The PnINI bit allows selection
- of the "H/L" level for the PWM

&
PWMn output (7277777 [
PWRCHIL  f_ oo . comup_ Jooo countup X o000 Y counup kooco Countep
<&— (Counting stopped —>{&— prp _— Qunting stopped
<& External input start
< External input < 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 P
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
FEUL620Q150A
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PnTGE1=1, PnTGEO0=0

When falling-edge start and rising-edge stop & clear are selected

PnRUN

P01, P33/PW67EV0O
or
P31, P63/PWE7EV1

PWMn output

PWnCH/L

PWnPH/L
PWnPBUF
PWnDH/L

PWnDBUF

The PnINI bit allows selection of
-~ the "HIL" level for the PWM
initial value.

0000

M)

Counting stopped —_—>

<— External input

accept enabled

<— External input start

[

0000

Counting s

0000

opped

<& External input start

Coincidence of the PWnCH/CL count value External input
and period buffer (PWnPBUF) value stop & clear

8000 {2000 (8000

8000 {2000 8000
4000 1000 4000

4000 )<7 1000 4000

1\ /rUpdate buffer
SFR write from CPU register SFR write

from CPU

Update buffer register

(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 PWMnDHY/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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11.3.15.4 Software Start or External Input Clear Mode

With the setting of PNSTM1="1" and PnSTMO0="1" on the PWMn control register 2 (PWnCON2), the PWM counter
operates being controlled by the PnRUN bit.

When there is no edge input on the external input selected by the PnTGSEL bit of the PWMn control register 2
(PWnCONZ2), the counter operates in the same way as the software start. When the selected external input gets an edge
input specified by PnTGE1 and PNnTGEO, 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 11-21 shows the operation timing.

PnTGE1=0, PnTGEO=1
When falling-edge clear is selected

PnRUN
P01, P33/PW45EV0
or \l/ ‘ i \
P31, P63/PWA45EV1 The PniINI bit allows selectian
! _--~ofthe "HIL" level for the PWM  --——__________
Y - - initalvale. 0TI e

PWMn output [ | T

'
The PnSTPSEL bit allows selection of whether or not to output
the initial value while being paused
When the initial value is output,ithe PnINI bit allows selection

@

Countiup of the "H/L" level.

PWnCH/L )(ooocX Count up )oooo)( )oooo Countup 50000 Count up 0000 A Count up H_O_l_d_\_/fl!gex 0000 X_?gut_lt__t{p_
<— Tewp —> <— Tewpr —><— Towr —>

&— 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
PWnPH/L 8000 {2000 (8000
PWnPBUF 8000 ) 2000 8000
PWnDH/L 4000 (1000 (4000
PWNnDBUF 4000 1000 X 4000
Update buffer register /I\ Update buffer register /I\Update buffer register
SFR write Update buffer register ~ SFR write
from CPU from CPU

(a) Operation Timing Diagram with Software Start and External Input Clear
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PnTGE1=1, PnTGEO=0
When rising-edge clear is selected

PnRUN
P01, P33/PWG7EVO

or \ \

P31, P63/PW67EV1 The PnINI bit allows selection of
’ _.-"the"H/L"level forthe PWM " TTTTTem--all 4
-7 - inifial valve. T
7 T -
PWMn output i | | Has

A
I
|

The PnSTPSEL bit allows selection of whether or not to output

the initial value while being pauysed

When the initial value is output, the PnINI bit allows selection

of the "H/L" level
Count up

PWnCH/L xOOOCX Count up )OOOO X Count up 0000 X ) Count up Count upXHold value X 0000 X Count up
% prp % % prp % % prp %

<— Software 0000
External input clear

Coincidence of the PWnCH/CL count value Coincidence of the PWnCH/CL countvalue  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\SFR 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

P01, P33/PW67EV0O
or

v

P31, P63/PW67EV1 The PniNI bit allows selectidn of the "H/L"
-7 ~ level for the PWM initial value.
PWMn output  |:::2 L
Count up Count up
________________________________________ { ——e e mmmmi—o U
PWnCH/L 0000 Count up 0000 0000, Count up l 0000, Count up 00004 Count up
< Tewp — <— Tewp — <— Tewp —
&— Software start
External input clear External input clear
Coincidence of the PWnCH/CL count value Coincidence of the PWhCH/CL count value Coincidence of the PWnCH/CL count value
and period buffer (PWnPBUF) value and period buffer (PWRPBUF) value and period buffer (PWnPBUF) value
PWnPH/L 8000 2000 8000
PWnPBUF 8000 (2000 V" sooo
PWnDH/L 4000 X 1000 X 4000
PWnDBUF 4000 A 1000 X 4000
Update buffer register /r /]\Updale buffer register Update buffer Update buffer
register

Update buffer ~ SFR write register

register from CPU

SFR write
from CPU

(c) Operation Timing Diagram with Software Start and External Input Clear

Figure 11-21 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 PnTGSEL, PnTGE1, and

PnTGEO.
Note that there are the following restrictions.

® When PWMnPH/L or PWMnDHY/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
P6CK/P7CK SYSCLK
LSCLK LSCLK
HTBCLK HSCLK

@ When the external input clear control is done at a timing when PWMnPH/L or PWMnDHY/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.

FEUL620Q150A
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11.3.16 Emergency Stop Operation

Setting the P6SDE1 and P6SDEQ bits of the PWMBG6 control register 3 (PW6CON3) enables the emergency stop function
with the external input that is selected by PETGSEL. Note that the emergency stop function is valid only in the

cooperation mode (P67MD="1").

When the external input that is selected by the P6TGSEL bit gets an edge input specified by P6SDE1 an P6SDEQ, the
emergency stop flag (P6SDST) is set to “1”, an emergency stop interrupt (PW6INT) is generated, and the PWM counter
is stopped/cleared. Because the PWM flag output (PnFLG) is cleared, the PWM®6 and PWM?7 outputs are turned off

simultaneously.

To release the emergency stop flag, write “1” to P6SDST of the PWMBG6 control register 3 (PW6CON3).
Figure 11-22 shows the operation timing.

Emergency stop by P6SDE1=0, P6SDEO=1 (Falling edge)
P01, P33/PW67EVO

or \l/

P31, P63/PW67EV1

PNRUN

Set PnRUN bit again

P6SDST

PW6INT [

PnFLG L B _| [

i Count stop & clear

PWnCH/L Aoooo Count up :\0000 COUmUPW 0000 "\, Countup 0000 A Count up

...................................................

é Emergency Release emergency

\
stop The PnINI bit allows selection of the "H/L" level
stop flag

for the PWM initial value.

(a)Timing with Falling-edge operation

Emergency stop by P6SDE1=1, P6SDEO=0 (Rising edge)

P01, P33/PW67EV0O

or —|

P31, P63/PW67EV1
PnRUN

ﬂ‘ Set PnRUN bit again

PASDST

EMGINT

PNFLG | \

i Count stop & clea

PWNCH/L jooooA . Countup ___._. booo)countup__ o000 N Countwp 0000 A Count up
é Emergency Release emergency *The PniNI bit allows selection of the "H/L" level for

sto -
P stop flag the PWM initial value.

(b)Timing with Rising-edge operation
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Emergency stop by P6SDE1=1, P6SDEO=1 (Both edges)
P01, P33/PW67EV0
or \[/
P31, P63/PW67EV1
PnRUN
A Set PNRUN bit again Set PnRUN bit again
P6SDST
PWBINT I
PNFLG I | i | [
.................. NS e
PWnCH/L .-9914@%99) _____ X o0 X coutup >( 0000 __Countup_ A 0000
stop & clear ‘\\ ,” stop & clear
Emergency T‘he PnINI bit allows selectioln of Emergency
stop the "H/L" level for the PWM stop
Release emergency initial value.
stop flag

Release emergency
stop flag

(c)Timing with Both-edge operation

Figure 11-22 Operation Timing Diagram at Emergency Stop
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12 Synchronous Serial Port (SSIO)

12.1 General Description

This LSI includes one channel of 8/16-bit synchronous serial ports (SSIO). It can also be used to control the device
incorporated with the SPI interface by using one GPIO as the chip enable pin.

When the synchronous serial port is used, the tertiary functions of Port must be set. For the tertiary function setting of
Port, see Chapter 19, "Port 4", Chapter 20, "Port 5", Chapter 22, "Port 7" and Chapter 23, "Port 8".

The synchronous serial ports (SS10) is enable to work when DSIOQ0 bit of BLKCONZ2 register is “0”. If the DSIOO bit is
“1”, all functions of the synchronous serial ports (SSIO) are in a reset status. For more details about the BLKCON2
register, see Chapter 4, “MCU Control Function”.

12.1.1 Features

e  Master or slave selectable
e MSB first or LSB first selectable
e  8-hit length or 16-bit length selectable fro the data length

12.1.2 Configuration

Figure 12-1 shows the configuration of the synchronous serial port.

SIOO0INT
P40/SINO P41/SCKO. P45/SCKO,
P44/SINO P51/SCKO. P56/SCKO.
P50/SINO P73/SCKO.
P55/SINO Sgt‘)ft Fjlegt‘f.ter P81/SCKO. P85/SCK0
P72/SINO > its/16bits N )
P8O/SIND ) = P42/SOUTO. P46/SOUTO.
PR4/SINO T i P52/SOUTO. P57/SOUTO.
Transmit Reg. Receive Reg. P74/SOUTO.
Control SIO0TRH,L SIOORCH,L
LSCLK —>|  circuit — T \L P82/SOUTO, P86/SOUTO
HSCLK —>
SIOOCON %| LSB/MSB control |
P41/SCKO. P45/SCKO. SI00OMODO
P51/SCKO. P56/SCKO, __ | S1OOMOD1 jf UART input/output (RXD1)
P73/SCKO. | SIOOBUFH, SIOOBUFL | SIO input (SINO, SCKO)
P81/SCKO. P85/SCKO y 7y N
Data bus 4 A

SIOOBUFL  : Serial port transmit/receive buffer L
SIOOBUFH  : Serial port transmit/receive buffer H
SIO0CON : Serial port control register
SIOOMODO : Serial port mode register 0
SIOOMOD1 : Serial port mode register 1

Figure 12-1 Configuration of Synchronous Serial Port
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12.1.3 List of Pins

Pin name I/0 Function
Received data input.
P40/SINO | . . .
Used for the tertiary function of the P40 pins.
Synchronous clock input/output.
P41/SCKO /0 ) . .
Used for the tertiary function of the P41 pins
Transmitted data output.
P42/SOUTO O ) . .
Used for the tertiary function of the P42 pins
Received data input.
P44/SINO | . . :
Used for the tertiary function of the P44 pins.
Synchronous clock input/output.
P45/SCKO I/0 . . .
Used for the tertiary function of the P45 pins
Transmitted data output.
P46/SOUTO O ) . .
Used for the tertiary function of the P46 pins
Received data input.
P50/SINO | i . i
Used for the tertiary function of the P50 pins.
Synchronous clock input/output.
P51/SCKO I/0 . ) i
Used for the tertiary function of the P51 pins
Transmitted data output.
P52/SOUTO o . . .
Used for the tertiary function of the P52 pins
Received data input.
P55/SINO | . . .
Used for the tertiary function of the P55 pins.
Synchronous clock input/output.
P56/SCKO /0 . ) )
Used for the tertiary function of the P56 pins
Transmitted data output.
P57/SOUTO @] . . .
Used for the tertiary function of the P57 pins
Received data input.
P72/SINO | . . .
Used for the tertiary function of the P72 pins.
Synchronous clock input/output.
P73/SCKO /10 . ) )
Used for the tertiary function of the P73 pins
Transmitted data output.
P74/SOUTO O ) . .
Used for the tertiary function of the P74 pins
Received data input.
P80/SINO | . . .
Used for the tertiary function of the P80 pins.
Synchronous clock input/output.
P81/SCKO I/0 ) ) )
Used for the tertiary function of the P81 pins
Transmitted data output.
P82/SOUTO O ) . .
Used for the tertiary function of the P82 pins
Received data input.
P84/SINO | . . .
Used for the tertiary function of the P84 pins.
Synchronous clock input/output.
P85/SCKO I/0 . ) i
Used for the tertiary function of the P85 pins
Transmitted data output.
P86/SOUTO @)

Used for the tertiary function of the P86 pins

FEUL620Q150A
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12.2 Description of Registers

12.2.1 List of Registers

Address Name Symbol (Byte) Symbol (Word) R/W Size \I/r;;r;ael
OF700H Serial port 0 transmit/receive buffer L SIO0BUFL SICOBUE R/W 8/16 OOH
OF701H Serial port 0 transmit/receive buffer H SIO0BUFH R/W 8 O00H
OF702H Serial port O control register SIO0CON - R/W 8 O00H
OF704H Serial port 0 mode register 0 SIO0OMODO SIO0MOD R/W 8/16 O0H
OF705H Serial port 0 mode register 1 SIO0OMOD1 R/W 8 O00H
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12.2.2 Serial Port O Transmit/Receive Buffers (SIOOBUFL and SIO0OBUFH)

Address: 0F700H
Access: RIW

Access size: 8 bits/16 bits
Initial value: 00H

7 6 5 4 3 2 1 0
SIO0BUFL SOB7 SO0B6 SOB5 S0B4 S0B3 S0B2 SO0B1 SOBO
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: OF701H
Access: RIW
Access size: 8-bit
Initial value: O0OH
7 6 5 4 3 2 1 0
SIO0BUFH S0B15 S0B14 S0B13 SO0B12 S0B11 S0B10 S0B9 S0B8
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

SIO0BUFL and SIOOBUFH are special function registers (SFRs) to write transmitted data and to read received data of
the synchronous serial port 0.

When data is written in SIOOBUFL and SIOOBUFH, the data is written in the transmit registers (SIO0TRL and
SIO0TRH). When data is read from SIOOBUFL and SIOOBUFH, the contents of the receive registers (SIOORCL and
SIOORCH) are read.
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12.2.3 Serial Port 0 Control Register (SIOOCON)

Address: 0F702H
Access: RIW

Access size: 8-bit
Initial value: 00H

7 6 5 4 3 2 1 0
SIO0CON — — — — — — — SOEN
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

SIOOCON is a special function register (SFR) to control the synchronous serial port 0.

[Description of Bits]
e SOEN (bit 0)
The SOEN bit is used to specify start of synchronous serial communication. Writing a “1” to SOEN starts

8-/16-bit data communication. The SOEN bit is set to “0” automatically when 8-/16-bit data communication is
terminated.

The SOEN bit is set to “0” at a system reset.

SOEN Description
0 Stops communication. (Initial value)
1 Starts communication
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12.2.4 Serial Port 0 Mode Register 0 (SIOOMODO)

Address: 0F704H
Access: RIW

Access size: 8-bit
Initial value: 00H

7 6 5 4 3 2 1 0
SIOOMODO — — — — SOLG SOMD1 SOMDO SODIR
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

SIO0OMODO is a special function register (SFR) to set mode of the synchronous serial port 0.
[Description of Bits]

e SOLG (bit3)
SOLG is the bit that specifies the transmit/receive buffer bit length. Either 8-bit length or 16-bit length can be
selected.
The SOLG bit is set to “0” at a system reset.

SOLG Description
0 8-bit length (initial value)
1 16-bit length

e SOMD1 and SOMDO (bits 2 and 1)
The SOMD1 and SOMDO bits are used to select the transmit/receive mode of the synchronous serial port 0. The
Receive mode, Transmit mode, or Transmit/Receive mode is selectable.

SOMD1 SOMDO Description
0 0 Stops transmission/reception (initial value)
0 1 Receive mode
1 0 Transmit mode
1 1 Transmit/receive mode

e SODIR (bit 0)
SODIR is the bit for selecting LSB first or MSB first.

SODIR Description
0 LSB first (initial value)
1 MSB first

[Note]
* Do not change any of the SIOOMODO register settings during transmission/reception.
» When the synchronous serial port is used, the tertiary functions of Port 4, Port5, Port 7 or Port 8 must be specified.
For the tertiary functions of Ports, see the each chapter in this manual.
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12.2.5 Serial Port 0 Mode Register 1 (SIOOMOD1)

Address: 0F705H
Access: RIW

Access size: 8-bit
Initial value: 00H

7 6 5 4 3 2 1 0
SIOOMOD1 — — — SOCKT SO0CK3 SO0CK2 SOCK1 SO0CKO
R/W R R R R/W R/W R/W R/W R/W
Initial value 0 0 0 0 0 0 0 0

SIOOMOD1 is a special function register (SFR) to set mode of the synchronous serial port 0.
[Description of Bits]

e  SOCKT (bit 4)
The SOCKT bit is used to select the phase of the transfer clock output.

SOCKT Description
0 Clock type 0: Output at the “H” level by default (initial value).
1 Clock type 1: Output at the “L” level by default.

e SOCKS3 to SOCKO (bits 3 to 0)
The SOCK3 to SOCKO bits are used to select the transfer clock of the synchronous serial port. When the internal
clock is selected, this LSl is set to master mode and when the external clock is selected, it is set to slave mode.

SO0CK3 S0CK2 SO0CK1 SO0CKO Description
0 0 0 0 1/1 LSCLK (Initial value)
0 0 0 1 1/2 LSCLK
0 0 1 0 1/4 HSCLK
0 0 1 1 1/8 HSCLK
0 1 0 0 1/16 HSCLK
0 1 0 1 1/32 HSCLK
0 1 1 0 Do not use
0 1 1 1 Do not use
1 0 0 0 External clock 0 (P41/SCKO)
1 0 0 1 External clock 1 (P45/SCKO)
1 0 1 0 Do not use
1 0 1 1 External clock 2 (P56/SCKO)
1 1 0 0 External clock 3 (P73/SCKO0)
1 1 0 1 Do not use
1 1 1 0 External clock 4 (P81/SCKO)
1 1 1 1 External clock 5 (P85/SCKO)

[Note]
« Do not change any of the SIOOMOD1 register settings during transmission/reception.
» Specify the transfer clock of the synchronous serial port 4.2MHz or slower.
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12.3 Description of Operation

12.3.1 Transmit Operation

When “1” is written to the SOMD1 bit and "0" is written to the SOMDO bit of the serial port mode register (SIOOMODO),
this LSI is set to the transmit mode.

When transmitted data is written to the serial port transmit/receive buffer (SIOOBUFL, "H") and the SOEN bit of the
serial port control register (SIOOCON) is set to “1”, transmission starts. When transmission of 8/16-bit data terminates, a
synchronous serial port interrupt (SIOOINT) occurs and the SnEN bit is set to “0”.

The transmitted data is output from the Port's tertiary functions (P42/SOUTO, P46/SOUTO, P52/SOUTO0, P57/SOUTO,
P74/SOUTO, P82/SOUTO, P86/SOUTO).

When an internal clock is selected in the serial port mode register (SIOOMOD?1), the LSI is set to a master mode and
when an external clock (P41/SCKO, P45/SCKO, P51/SCKO, P56/SCKO, P73/SCKO, P81/SCKO, P85/SCKO) is selected,
the LSI is set to a slave mode.

The serial port mode register (SIOOMODO) enables selection of MSB first/LSB first.

The transmitted data output pin (P42/SOUTO, P46/SOUTO, P52/SOUTO, P57/SOUTO, P74/SOUTO, P82/SOUTO,
P86/SOUTO) and the transfer clock input/output pin (P41/SCKO, P45/SCKO, P51/SCKQ0, P56/SCKO0, P73/SCKOQ,
P81/SCKO, P85/SCKO) need to be set to the tertiary function for the each Port.

The transmission operation waveforms of the synchronous serial port (8-bit length, LSB first) are shown in Figures 12-2

and 12-3.
SOEN ‘

sco LI L1 L L L
SIO0TRH,L X___ 0 Transmitted data
SouTo i0><1><2>(3>(4>(5X6X7
SIOO0INT L 1

Figure 12-2 Transmit Operation Waveforms of Synchronous Serial Port for Clock Type 0
(8-bit length, LSB first)

SOEN |
scro FLF\WE
SIOO0TRH,L X_ 0 Transmitted data
SOUTO 0o X 1 X2 X3 X4 X5 X6 X7
SIOO0INT L 1

Figure 12-3 Transmit Operation Waveforms of Synchronous Serial Port for Clock Type 1
(8-bit length, LSB first)
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12.3.2 Receive Operation

When “0” is written to the SOMD1 bit and “1” is written to the SOMDO bit of the serial port mode register (SIOOMODO),
this LSI is set to a receive mode.

When the SOEN bit of the serial port control register (SIOOCON) is set to “1”, reception starts. When reception of
8/16-bit data terminates, a synchronous serial port interrupt (SIOOINT) occurs and the SnEN bit is set to “0”.

The received data is input from the tertiary function pins (P40/SINO, P44/SINO, P50/SINO, P55/SINO, P72/SINO,
P80/SINO, P84/SINO) of GPIO.

When an internal clock is selected in the serial port mode register (SIOOMOD?1), the LSI is set to a master mode and
when an external clock (P41/SCKO, P45/SCKO, P51/SCKO, P56/SCKO, P73/SCKO, P81/SCKO, P85/SCKO) is selected,
the LSI is set to a slave mode.

The serial port mode register (SIOOMODO) enables selection of MSB first/LSB first.

The received data input pin (P40/SINO, P44/SINO, P50/SINO, P55/SINO, P72/SINO, P80/SINO, P84/SINO) and the
transfer clock input/output pin (P41/SCKO, P45/SCKO, P51/SCKO, P56/SCKO, P73/SCKO, P81/SCKO, P85/SCKO) need
to be set to the tertiary function for the each Port.

The receive operation waveforms of the synchronous serial port (8-bit length, MSB first) are shown in Figures 12-4 and

P12-5.
R — L —
SCKO [ I O O
SINO 7 X 6 X 58 X 4 X3 X 2 X1 X0o0
[
Shift register X7X6X5X4X3X2X1(0
SIOORCH,L Received data
SIOO0INT i)
Figure 12-4 Receive Operation Waveforms of Synchronous Serial Port for Clock Type 0
(8-bit length, MSB first)
SOEN ‘
SCKO I_, I_, I_, I_, I_,
SINO 7 X 6 X 5 X 4a X 3 X 2 X 1 X0o0
/
Shift register X7X6X5X4X3X2X1(\Xo
SIOORCH,L X Received data
SIOOINT L2
Figure 12-5 Receive Operation Waveforms of Synchronous Serial Port for Clock Type 1
(8-bit length, MSB first)
[Note]
When the SOUTO pin is set to the tertiary function output in receive mode, a “H” level is output from the SOUTO
pin.
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12.3.3 Transmit/Receive Operation

When “1” is written to the SOMD1 bit and "1" is written to the SOMDO bit of the serial port mode register (SIOOMODO),
this LSI is set to the transmit/receive mode.

When the SOEN bit of the serial port control register (SIOOCON) is set to “1”, transmission/reception starts. When
transmission/reception of 8/16-bit data terminates, a synchronous serial port interrupt (SIOOINT) occurs and the SOEN
bit is set to “0”.

The received data is input from the tertiary function pins (P40/SINO, P44/SINO, P50/SINO, P55/SINO, P72/SINO,
P80/SINO, P84/SINO) of GPIO, and the transmitted data is output from the tertiary function pins (P42/SOUTO,
P46/SOUTO, P52/SOUTO, P57/SOUTO, P74/SOUTO, P82/SOUTO, P86/SOUTO0) of GPIO.

When an internal clock is selected in the serial port mode register (SIOOMOD1), the LSl is set to a master mode and
when an external clock (P41/SCKO, P45/SCKO, P51/SCKO, P56/SCKO, P73/SCKO, P81/SCKO, P85/SCKO) is selected,
the LSI is set to a slave mode.

The serial port mode register (SIOOMODO) enables selection of MSB first/LSB first.

The received data input pin (P40/SINO, P44/SINO, P50/SINO, P55/SINO, P72/SINO, P80/SINO, P84/SINO), the
transmitted data output pin (P42/SOUTO, P46/SOUTO0, P52/SOUTO0, P57/SOUTO, P74/SOUTO, P82/SOUTO,
P86/SOUTO), and the transfer clock input/output pin (P41/SCKO, P45/SCKO, P51/SCKO, P56/SCKO, P73/SCKO,
P81/SCKO, P85/SCKO) need to be set to the tertiary function for the each Port.

Figure 12-6 shows the transmit/receive operation waveforms of the synchronous serial port (16-bit length, LSB first,
clock types 0).

SOEN | |

SCKO T B e I
SIOOTRH.L X___O Transmitted data
SOUTO 0 X 1 X 2 X 3 X 12 X138 X 14X 15
SINO o X 1 X 2 X3 X 12 X138 X 1a X015
Shift register X o X1 X 2 X3 X2 X 13X 14(/ 15
SIOORCH,L L Received data
SIO0INT L1

Figure 12-6 Transmit/Receive Operation Waveforms of Synchronous Serial Port
(16-bit Length, LSB First, Clock Type 0)
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12.4  Specifying port registers

To enable the SSIOO0 function, the applicable bit of each related port register needs to be set. See Chapter 19, "Port 4",
Chapter 20, "Port 5", Chapter 22, "Port 7" and Chapter 23, "Port 8" for detail about the port registers.

12.4.1 Functioning P42 (SOUTO: Output), P41 (SCKO: Input/output), and P40 (SINO: Input) as
the SSIO0/ “Master mode”

Set the P42MD1 to PAOMD1 bits (P4AMOD1 register bits 2 to 0) to “1” and the P42MDO to PA0MDO bits (P4AMODO
register bits 2 to 0) to “0” for selecting the SSIO as the tertiary function of the P42, P41 and P40.

Register name P4AMODL1 register (Address: 0F225H)
Bit 7 6 5 4 3 2 1 0
Bit name P47MD1 | P46MD1 | P45MD1 | P44MDl1 | P43MD1 | P42MD1 P41MD1 P40MD1
Setting value * * * * * 1 1 1
Register name P4AMODO register (Address: 0F224H)
Bit 7 6 5 4 3 2 1 0
Bit name P47MDO | P46MDO | P45MDO | P44MDO | P43MDO | P42MDO P41MDO P40MDO
Setting value * * * * * 0 0 0

Set P42C1-P41MC1 bits(bit2-bitl of PACONL register) to “1”, set P42C0-P41C0 bits(bit2-bitl of PACONO register) to
“1”, and set P42DIR-P41DIR bits(bit2-bitl of PADIR register) to “0” for selecting the state mode of the P42 and P41
pins to CMOS output. Set the PA0DIR bit (P4DIR register bit 0) to “1” for selecting the P40 as an input pin.

The set value ($) is arbitrary for the PA0C1 and P40CO bits. Select an arbitrary state mode depending on the state of the
external circuit to which the P40 pin is connected.

Register name PACONL1 register (Address: 0F223H)
Bit 7 6 5 4 3 2 1 0
Bit name P47C1 P46C1 P45C1 P44C1 P43C1 P42C1 P41C1 P40C1
Setting value * * * * * 1 1 $
Register name P4CONO register (Address: 0F222H)
Bit 7 6 5 4 3 2 1 0
Bit name P47C0 P46CO P45C0 P44CO0 P43C0 P42C0 P41CO0 P40CO
Setting value * * * * * 1 1 $
Register name PADIR register (Address: 0F221H)
Bit 7 6 5 4 3 2 1 0
Bit name P47DIR P46DIR P45DIR P44DIR P43DIR P42DIR P41DIR P40DIR
Setting value * * * * * 0 0 1

The data of the P42D to P40D bits (P4D register bits 2 to 0) can either be "0" or "1".

Register name P4D register (Address: 0F220H)
Bit 7 6 5 4 3 2 1 0
Bit name P47D P46D P45D P44D P43D P42D P41D P40D
Setting value * * * * * Kk Kk *%

* . Bit not related to the SSIOO0 function
**: Don't care $: Optional
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12.4.2 Functioning P42 (SOUTO: Output), P41 (SCKO: Input/output), and P40 (SINO: Input) as
the SSIO0/ "Slave mode”

Set the P42MD1 to PAOMD1 bits (P4MOD1 register bits 2 to 0) to “1” and the P42MDO to P40MDO bits (P4MODO
register bits 2 to 0) to “0” for selecting the SSIO as the tertiary function of the P42, P41 and P40. They are the same
setting as those in the case of master mode.

Register name P4AMODL1 register (Address: 0F225H)
Bit 7 6 5 4 3 2 1 0
Bit name P47MD1 | P46MD1 | P45MD1 | P44MDl1 | P43MD1 | P42MD1 P41MD1 P40MD1
Setting value * * * * * 1 1 1
Register name P4AMODO register (Address: 0F224H)
Bit 7 6 5 4 3 2 1 0
Bit name P47MDO | P46MDO | P45MDO | P44MDO | P43MDO | P42MDO P41MDO P40MDO
Setting value * * * * * 0 0 0

Set the P42C1 bit (P4CONL register bit 2) to "1", the P42C0 bit (P4CONO register bit 2) to "1", and the P42DIR bit
(PADIR register bit 2) to "0" for selecting the P42 pin state mode to CMOS output.

Set P41DIR to P40DIR bits (P4DIR register bit 1 to 0) to “1” for specifying the P41 and P40 as input pins.

The set value ($) is arbitrary for the P41C1 to P40C1 bits and for the P41CO0 to P40CO bits. Select an arbitrary input
mode depending on the state of the external circuit to which the P41 or P40 pin is connected.

Register name P4ACONL1 register (Address: 0F223H)
Bit 7 6 5 4 3 2 1 0
Bit name P47C1 P46C1 P45C1 P44C1 P43C1 P42C1 P41C1 P40C1
Setting value * * * * * 1 $ $
Register name PACONO register (Address: 0F222H)
Bit 7 6 5 4 3 2 1 0
Bit name P47CO P46CO P45C0 P44CO0 P43CO0 P42CO0 P41CO0 P40CO
Setting value * * * * * 1 $ $
Register name P4DIR register (Address: 0F221H)
Bit 7 6 5 4 3 2 1 0
Bit name P47DIR P46DIR P45DIR P44DIR P43DIR P42DIR P41DIR P40DIR
Setting value * * * * * 0 1 1

The data of the P42D to P40D bits (P4D register bits 2 to 0) can either be "0" or "1".

Register name P4 register (Address: 0F220H)
Bit 7 6 5 4 3 2 1 0
Bit name P47D P46D P45D P44D P43D P42D P41D P40D
Setting value * * * * * *x *k ok

* : Bit not related to the SSIOO0 function
**: Don’t care $: Optional
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13 UART

13.1 General Description

This LSI includes one channel of UART (Universal Asynchronous Receiver Transmitter), a full-duplex communication
start-stop synchronous serial interface. This one full-duplex communication channel can be used as two independent
half-duplex communication channels.

For input clocks, see Chapter 6, "Clock Generation Circuit".

To use the UART, it needs to be set to the secondary and quartic functions of Port 4, 5, 7, and 8. For the port 4
secondary/quartic function setting, see Chapter 19, "Port 4". For the port 5 secondary/quartic function setting, see
Chapter 20, "Port 5". For the port 7 secondary/quartic function setting, see Chapter 22, "Port 7". For the port 8 secondary
function setting, see Chapter 23, "Port 8".

The UART operates only when the DUAO and DUAL bits of the block control register 2 (BLKCONZ2) are "0". When the
DUAO and DUAL1 bits are "1", each UART function becomes the reset state. For block control registers, see Chapter 4,
"MCU Control Function™.

13.1.1 Features

5-bit/6-bit/7-bit/8-bit data length selectable.

Odd parity, even parity, or no parity selectable.

1 stop bit or 2 stop bits selectable.

Provided with parity error flag, overrun error flag, framing error flag, and transmit buffer status flag.
Positive logic or negative logic selectable as communication logic.

LSB first or MSB first selectable as a communication direction.

Communication speed: Settable within the range of 2400 to 115200 bps.

Internal baud rate generator.

13.1.2 Configuration
Figure 13-1 shows the configuration of the UART.

igg;gigg P43/TXDO/TXD1
PA2/RXDO P53/TXD1
P52/RXD1 P55/TXD0/TXD1
P54/RXDO0O i Shift Register > P73/TXD1/TXDO
P72RXD1 [ g P85/TXD1
P84/RXD1 J P87/TXDO
P86/RXDO

LSCLK ——>| Baud Rate UART —————> UAnINT

HSCLK ——>| Generator Controller

PLLCLK —> ] > 0

UANCON
UANBRTH,L UANMODO.1 UANBUF UANSTAT

! { : |

[Note] For full-duplex communication, RXD0 and TXD1 are used.

Data bus n=0to 1

UANBUF : UARTN transmit/receive buffer
UANBRTH,L : UARTnN baud rate registers H and L
UANCON : UARTN control register
UANMODO,1 : UARTN mode registers 0, 1
UANSTAT : UARTN status register

Figure 13-1 Configuration of UART
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13.1.3 List of Pins

Pin name I/0 Function

UARTO data input pin

Used as the primary function of the P02 pin.

UARTO data input pin

Used as the secondary function of the P42 pin.

UARTO0/1 data output pin

Used as the secondary or quartic function of the P43 pin.
UARTO/1 data output pin

Used as the secondary or quartic function of the P55 pin.
UARTO data input pin

P02/RXD0O I

P42/RXDO0O

P43/TXD0/TXD1 0]

P55/TXD0/TXD1 o

P54/RXDO0O . .
Used as the secondary function of the P54 pin.

PESIRXD1 UART1 data input pin
Used as the secondary function of the P52 pin.

P86/RXDO UARTO data input pin
Used as the secondary function of the P86 pin.
UART1 data input pin

PO3/RXD1 . . .
Used as the primary function of the P03 pin.
UART1 data output pin

P53/TXD1 o . .
Used as the secondary function of the P53 pin.
UART1 dat tput pi

P85/TXD1 @] ata ouTptt pin . .
Used as the secondary function of the P85 pin.

P87/TXDO o UARTO data output pin
Used as the secondary function of the P87 pin.
UART1 data input pin

P84RXD1 . .
Used as the secondary function of the P84 pin.
UART1 data input pin

P72/RXD1

Used as the secondary function of the P72 pin.
UARTO/1 data output pin
Used as the secondary or quartic function of the P73 pin.

P73/TXD1/TXD0O O

13.2 Description of Registers
13.2.1 List of Registers

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

value
OF710H UARTO transmit/receive buffer UAOBUF - R/W 8 O00H
OF711H UARTO control register UAOCON - R/W 8 O0OH
OF712H UARTO mode register 0 UAOMODO UAOMOD R/W 8/16 OOH
OF713H UARTO mode register 1 UAOMOD1 R/W 8 O0H
OF714H UARTO baud rate register L UAOBRTL UAOBRT R/W 8/16 OFFH
OF715H UARTO baud rate register H UAOBRTH R/W 8 OFH
OF716H UARTO status register UAOSTAT - R/W 8 O0OH
OF718H UART1 transmit/receive buffer UA1BUF - R/W 8 00H
OF719H UART1 control register UA1CON - R/W 8 O00H
OF71AH UART1 mode register 0 UA1MODO UALMOD R/W 8/16 00H
OF71BH UART1 mode register 1 UA1MOD1 R/W 8 00H
OF71CH UART1 baud rate register L UA1BRTL UALBRT R/W 8/16 OFFH
OF71DH UART1 baud rate register H UA1BRTH R/W 8 OFH
OF71EH UART1 status register UAL1STAT - R/W 8 O0OH
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13.2.2 UARTO Transmit/Receive Buffer (UAOBUF)

Address: 0F710H
Access: RIW

Access size: 8 bits
Initial value: 00OH

7 6 5 4 3 2 1 0
UAOBUF uoB7 uoB6 uoB5 uoB4 UoB3 uoB2 uoB1 uoBO
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

UAOBUF is a special function register (SFR) used to store the receive data in the full-duplex communication.

It functions as a receive buffer in the full-duplex communication. The received data is stored in UAOBUF at termination
of reception. Read the content of UABUF using the UARTO interrupt of termination of reception. At continuous
reception, UAOBUF is updated whenever reception terminates. Any write to UAOBUF is disabled in receive mode.
When the 5- to 7-bit data length is selected, unnecessary bits become "0".

It functions as a transmit/receive buffer in the half-duplex communication.

In transmit mode of half-duplex communication, write the transmitted data to UAOBUF. To transmit data consecutively,
confirm the UOFUL flag of the UARTO status register (UAOSTAT) becomes "0", then write the next transmitted data to
UAOBUF. Any value written to UAOBUF can be read. When the 5- to 7-bit data length is selected, unnecessary bits
become invalid in the transmit mode.

The function in receive mode of half-duplex communication is the same as in the full-duplex communication.

[Note]
For operation in transmit mode of full-duplex or half-duplex communication, be sure to set the transmit mode
(UAOMODO and UAOMODL) before setting the transmitted data in UAOBUF.
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13.2.3 UART1 Transmit/Receive Buffer (UA1BUF)

Address: 0F718H
Access: RIW

Access size: 8 bits
Initial value: 00OH

7 6 5 4 3 2 1 0
UA1BUF uiB7 UlB6 U1B5 uiB4 U1B3 uiB2 uiBl U1BO
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

UAI1BUF is a special function register (SFR) used to store the transmit data in the full-duplex communication.

It functions as a transmit buffer in the full-duplex communication. Write data to be transmitted in the UA1BUF. To
transmit data consecutively, confirm the ULFUL flag of the UARTO status register (UAOSTAT) becomes "0", then write
the next transmitted data to UA1BUF. Any value written to UALBUF can be read. When the 5- to 7-bit data length is
selected, unnecessary bits become invalid in the transmit mode.

It functions as a transmit/receive buffer in the half-duplex communication.
In transmit mode of half-duplex communication, write the transmitted data to UA1BUF. To transmit data consecutively,
confirm the ULFUL flag of the UART1 status register (UALSTAT) becomes "0", then write the next transmitted data to

UA1BUF. Any value written to UA1BUF can be read.

In receive mode of half-duplex communication, the data received is stored in UA1BUF at termination of reception. Read
the content of UABUF using the UARTL1 interrupt of termination of reception. At continuous reception, UALBUF is
updated whenever reception terminates. Any write to UALBUF is disabled in receive mode.

When the 5- to 7-bit data length is selected, unnecessary bits become "0" in the receive mode.

[Note]

For operation in transmit mode of half-duplex communication, be sure to set the transmit mode (UA1MODO and
UA1MOD1) before setting the transmitted data in UA1BUF.

FEUL620Q150A
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13.2.4 UARTO Control Register (UAOCON)

Address: OF711H
Access: RIW

Access size: 8 bits
Initial value: 00OH

7 6 5 4 3 2 1 0
UAOCON — — —_ — — — — UOEN
R/W R R R R R R R R/W
Initial value 0 0 0 0 0 0 0 0

UAOCON is a special function register (SFR) used to start/stop communication of the UART.

Description of bits
e UOEN (bit 0)
The UOEN bit is used to specify the UART communication operation start. When UOEN is set to "1", UART
communication starts. The full-duplex communication continues the communication operation. To terminate the
communication, set the bit to "0" by software.
In transmit mode of half-duplex communication, this bit is automatically set to "0" at termination of

transmission. In receive mode of half-duplex communication, receive operation is continued. To terminate the
reception, set the bit to "0" by software.

UOEN Description
0 Stops communication (initial value)
1 Start communication

13.2.5 UART1 Control Register (UALCON)

Address: 0F719H
Access: RIW

Access size: 8 bits
Initial value: OOH

7 6 5 4 3 2 1 0
UA1CON — — — — — — — U1lEN
R/W R R R R R R R R/W
Initial value 0 0 0 0 0 0 0 0

UAICON is a special function register (SFR) used to start/stop communication of the UART.

Description of bits
e ULEN (bit0)
This bit is enabled in half-duplex communication of UARTL. In full-duplex communication, this bit is disabled.
The U1EN bit is used to specify the UART communication operation start in half-duplex communication. When
U1EN is set to "1", UART communication starts. In transmit mode, this bit is automatically set to "0" at

termination of transmission. In receive mode, receive operation is continued. To terminate the reception, set the
bit to "0" by software.

U1EN Description
0 Stops communication (initial value)
1 Start communication
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13.2.6 UARTO Mode Register 0 (UAOMODO)

Address: 0F712H
Access: RIW
Access size: 8/16 bit
Initial value: 00OH

7 6 5 4 3 2 1 0
UAOMODO UO1HD UORSS | UORSEL1 | UORSELO - UOCK1 UOCKO uoIo
R/W R/W R/W R/W R/W R R/W R/W R/W
Initial value 0 0 0 0 0 0 0 0

UAOMODO is a special function register (SFR) used to set the transfer mode of the UART.

Description of bits
e UO1IHD (bit 7)
The UO1HD bit is set when one full-duplex communication channel is used as two half-duplex communication
channels.
When UO1HD is set to 0", the combination of UARTO0 and UART1 operates as full-duplex communication.
UARTO is fixed to receive mode and UARTL to transmit mode.
When UO1HD is set to "1", UARTO and UART1 independently operate as half-duplex communication.

UO1HD Description
0 Full-duplex communication mode (initial value)
1 Half-duplex communication mode

e UORSS (bit 6)
UORSS is used to select the UARTO received data input sampling timing.

UORSS Description
0 Value set in the UAOBRTH and UAOBRTL registers/2 (initial value)
1 Value set in the UAOBRTH and UAOBRTL registers/2-1

e UORSEL1, UORSELDO (bits 5-4)
The UORSEL1 and UORSELDO bits are used to select the received data input pin for UARTO.

UORSEL1 | UORSELO
0 0

Description
Selects the P02 pin. (Initial value)
0 1 Selects the P42 pin.
1 0 Selects the P86 pin.
1 1 Selects the P54 pin.

e UOCK1, UOCKO (bits 2-1)
The UOCK1 and UOCKO bits are used to select the clock to be input to the baud rate generator of the UARTO.

UOCK1 UOCKO Description
0 0 LSCLK (initial value)
0 1 Do not use
1 0 HSCLK
1 1 PLLCLK
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e UOIO (bit0)
The UOIO bit is used to select transmit or receive mode. Be sure to set this bit to "1" in full-duplex
communication.

uolo Description
0 Transmit mode (initial value)
1 Receive mode

Enable/disable of registers depending on full/half-duplex communication mode setting

Name Symbol (Byte) Full-duplex Half-duplex
communication mode communication mode
UO1IHD =1 UO1IHD =0
UARTO transmit/receive O (Only the receive O
buffer UAOBUF bL(n‘fer%s enabled)
UARTO control register UAOCON O O
UARTO mode register 0 UAOMODO O O
UARTO mode register 1 UAOMOD1 O O
UARTO baud rate register L UAOBRTL O O
UARTO baud rate register H UAOBRTH O O
UARTO status register UAOSTAT O O
UARTL1 transmit/receive O (Only the transmit O
buffer UALBUF befferyis enabled)
UART1 control register UA1ICON - O
UART1 mode register 0 UA1MODO - O
UART1 mode register 1 UA1MOD1 - O
UART1 baud rate register L UA1BRTL - O
UART1 baud rate register H UA1BRTH - O
UART1 status register UALSTAT - O

QOveeeEnabled,-+eeDisabled

[Note]

» Always set UAOMODO while communication is stopped, and do not rewrite it during communication.

» When selecting the P42 pin as the received data input pin, it is necessary to configure settings for the Port 4
secondary functions. For the secondary functions of Port 4, see Chapter 19, "Port 4".

» When selecting the P54 pin as the received data input pin, it is necessary to configure settings for the Port 5
secondary functions. For the secondary functions of Port 5, see Chapter 20, "Port 5".

» When selecting the P86 pin as the received data input pin, it is necessary to configure settings for the Port 8
secondary functions. For the secondary functions of Port 8, see Chapter 23, "Port 8".
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13.2.7 UART1 Mode Register 0 (UA1IMODO)

Address: OF71AH
Access: RIW
Access size: 8/16 bit
Initial value: 00OH

7 6 5 4 3 2 1 0
UA1MODO - U1RSS U1RSEL1 | UIRSELO - U1CK1 U1CKO Ullo
R/W R R/W R/W R/W R R/W R/W R/W
Initial value 0 0 0 0 0 0 0 0

UA1MODO is a special function register (SFR) used to set the transfer mode of the UART.
In full-duplex communication, this register is disabled.

Description of bits
e ULRSS (bit 6)
U1RSS is the bit that selects the UART1 received data input sampling timing.

U1RSS Description
0 Value set in the UALIBRTH and UA1BRTL registers/2 (initial value)
1 Value set in the UAIBRTH and UA1BRTL registers/2-1

e UILRSEL1, UIRSELDO (bits 5-4)
The UIRSEL1 and U1RSELDO bits are used to select the received data input pin for UARTL.

U1RSEL1 | U1IRSELO
0 0

Description

Selects the P03 pin. (Initial value)
0 1 Selects the P84 pin.
1 0 Selects the P52 pin.
1 1 Selects the P72 pin.

e UICK1, U1CKO (bits 2-1)
The U1CK1 and U1CKO bits are used to select the clock to be input to the baud rate generator of the UART1.

U1CK1 U1CKO Description
0 0 LSCLK (initial value)
0 1 Do not use
1 0 HSCLK
1 1 PLLCLK
e ULIO (hit0)

The U110 bit is used to select transmit or receive mode.

ullo Description
0 Transmit mode (initial value)
1 Receive mode
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[Note]

» Always set UAIMODO while communication is stopped, and do not rewrite it during communication.

» When selecting the P52 pin as the received data input pin, it is necessary to configure settings for the Port 5
secondary functions. For the secondary functions of Port 5, see Chapter 20, "Port 5".

» When selecting the P72 pin as the received data input pin, it is necessary to configure settings for the Port 7
secondary functions. For the secondary functions of Port 7, see Chapter 22, "Port 7".

» When selecting the P84 pin as the received data input pin, it is necessary to configure settings for the Port 8
secondary functions. For the secondary functions of Port 8, see Chapter 23, "Port 8".
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13.2.8 UARTO Mode Register 1 (UAOMOD1)

Address: 0F713H
Access: RIW
Access size: 8/16 bit
Initial value: 00H

7 6 5 4 3 2 1 0
UAOMOD1 - UODIR UONEG UOSTP UOPT1 UOPTO UOLG1 UOLGO
R/W R R/W R/W R/W R/W R/W R/W R/W
Initial value 0 0 0 0 0 0 0 0

UAOMOD1 is a special function register (SFR) used to set the transfer mode of the UART.

Description of bits
e UODIR (bit 6)
The UODIR bit is used to select LSB first or MSB first in the communication of the UART.

UODIR Description
0 LSB first (initial value)
1 MSB first

e UONEG (hit5)
The UONEG bit is used to select positive logic or negative logic in the communication of the UART.

UONEG Description
0 Positive logic (initial value)
1 Negative logic

e UOSTP (bit 4)
The UOSTP bit is used to select the stop bit length in the communication of the UART.

UOSTP Description
0 1 stop bit (initial value)
1 2 stop bit

e UOPTL, UOPTO (bits 3-2)
The UOPT1 and UOPTO bits are used to select "even parity", "odd parity", or "no parity" in the communication

of the UART.
UOPT1 UOPTO Description
0 0 Even parity (initial value)
0 1 Odd parity
1 * No parity bit

e UOLG1, UOLGO (bits 1-0)
The UOLG1 and UOLGO bits are used to specify the data length in the communication of the UART.

UoOLG1 UOLGO Description
0 0 8-bit length (initial value)
0 1 7-bit length
1 0 6-bit length
1 1 5-bit length
FEUL620Q150A 13-1
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[Note]
Always set UAOMOD1 while communication is stopped, and do not rewrite it during communication.
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13.2.9 UART1 Mode Register 1 (UA1IMOD1)

Address: OF71BH
Access: RIW
Access size: 8/16 bit
Initial value: 00H

7 6 5 4 3 2 1 0
UAIMOD1 - U1DIR UINEG U1STP U1PT1 U1PTO UlLG1 U1LGO
R/W R R/W R/W R/W R/W R/W R/W R/W
Initial value 0 0 0 0 0 0 0 0

UA1MOD1 is a special function register (SFR) used to set the transfer mode of the UART.
In full-duplex communication, this register is disabled.

Description of bits
e UILDIR (bit 6)
The U1DIR bit is used to select LSB first or MSB first in the communication of the UART.

U1DIR Description
0 LSB first (initial value)
1 MSB first

e UINEG (hit5)
The ULNEG bit is used to select positive logic or negative logic in the communication of the UART.

UINEG Description
0 Positive logic (initial value)
1 Negative logic

e UILSTP (bit 4)
The U1STP bit is used to select the stop bit length in the communication of the UART.

U1STP Description
0 1 stop bit (initial value)
1 2 stop bit

e UIPT1, ULPTO (bits 3-2)
The U1PT1 and U1PTO bits are used to select "even parity", "odd parity", or "no parity" in the communication

of the UART.
U1PT1 U1PTO Description
0 0 Even parity (initial value)
0 1 Odd parity
1 * No parity bit

e ULLG1, ULILGO (bits 1-0)
The U1LG1 and U1LGO bits are used to specify the data length in the communication of the UART.

UlLG1 UlLGO Description
0 0 8-bit length (initial value)
0 1 7-bit length
1 0 6-bit length
1 1 5-bit length
FEUL620Q150A 13-1
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[Note]
Always set UAIMOD1 while communication is stopped, and do not rewrite it during communication.
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13.2.10 UARTO Baud Rate Registers L, H (UAOBRTL, UAOBRTH)

Address: 0F714H
Access: RIW
Access size: 8/16 bit
Initial value: OFFH

UAOBRTL UOBRY UOBR6 UOBR5 UOBR4 UOBR3 UOBR2 UOBR1 UOBRO

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: 0F715H
Access: RIW

Access size: 8 bits
Initial value: OFH

7 6 5 4 3 2 1 0
UAOBRTH — — — — UOBR11 UOBR10 UOBR9 UOBRS8
R/W R R R R R/W R/W R/W R/W
Initial value 0 0 0 0 1 1 1 1

UAOBRTL and UAOBRTH are special function registers (SFRs) to set the count value of the baud rate generator which
generates baud rate clocks.
For the relationship between the count value of the baud rate generator and baud rate, see Section 13.3.2, "Baud Rate".

[Note]
Always set UAOBRTL and UAOBRTH while communication is stopped, and do not rewrite it during communication.
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13.2.11 UART1 Baud Rate Registers L, H (UA1BRTL, UA1BRTH)

Address: OF71CH
Access: RIW
Access size: 8/16 bit
Initial value: OFFH

UA1BRTL U1BR7 U1BR6 U1BR5 U1BR4 U1BR3 U1BR2 U1BR1 U1BRO

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: OF71DH
Access: RIW

Access size: 8 bits
Initial value: OFH

7 6 5 4 3 2 1 0
UA1BRTH — — — — U1BR11 U1BR10 U1BR9 U1BRS8
R/W R R R R R/W R/W R/W R/W
Initial value 0 0 0 0 1 1 1 1

UAI1BRTL and UA1BRTH are special function registers (SFRs) to set the count value of the baud rate generator which
generates baud rate clocks. In full-duplex communication, these registers are disabled.
For the relationship between the count value of the baud rate generator and baud rate, see Section 13.3.2, "Baud Rate".

[Note]
Always set UA1BRTL and UA1BRTH while communication is stopped. Do not rewrite them during communication.
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13.2.12 UARTO Status Register (UAOSTAT)

Address: 0F716H
Access: RIW

Access size: 8 bits
Initial value: 00H

7 6 5 4 3 2 1 0
UAOSTAT - - - - UOFUL UOPER UOOER UOFER
R/W R R R R R/W R/W R/W R/W
Initial value 0 0 0 0 0 0 0 0

UAOSTAT is a special function register (SFR) used to indicate the UART state in receive operations.
When any data is written to UAOSTAT, all the flags are initialized to "0".

Description of bits

UOFUL (bit 3)

UOFUL indicates the UART transmit/receive buffer state.

When the transmitted data is written in UAOBUF in transmit mode, this bit is set to "1" and when this
transmitted data is transferred to the shift register, this bit is set to "0". To transmit the data consecutively,
confirm the UOFUL flag becomes "0", then write the next transmitted data to the UAOBUF.

The UOFUL bit is fixed to "0" in receive mode.

Note that, in full-duplex communication mode, the UOFUL flag reflects the ULFUL flag as the transmit mode.

UOFUL Description

Full-duplex communication mode: No data in the transmit buffer (UA1BUF)(initial
value)

Half-duplex communication mode: No data in the transmit buffer (UAOBUF) during
transmit operation (initial value)

Full-duplex communication mode: Data present in the transmit buffer (UA1BUF)

1 Half-duplex communication mode: Data present in the transmit buffer (UAOBUF)
during transmit operation

UOPER (bit 2)

The UOPER bit is used to indicate occurrence of a parity error of the UART.

When the parity of the received data and the parity bit attached to the data do not coincide, this bit is set to "1".
UOPER is updated whenever data is received.

The UOPER bit is fixed to "0" in transmit mode.

UOPER Description
0 No parity error (initial value)
1 Parity error

UOOER (bit 1)

The UOOER bit is used to indicate occurrence of an overrun error of the UART.

If the received data in the transmit/receive buffer (UAOBUF) is received again before it is read, this bit is set to
"1". Even if reception is stopped by the UOEN bit and then reception is restarted, this bit is set to "1™ unless the
previously received data is not read. Therefore, make sure that data is always read from the transmit/receive
buffer even if the data is not required.

The UOOER bit is fixed to "0" in transmit mode.

6

UOOER Description
0 No overrun error (initial value)
1 Overrun error
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o UOFER (bit 0)

The UOFER bit is used to indicate occurrence of a framing error of the UART.

When an error occurs in the start or stop bit, this bit is set to "1". UOFER is updated each time reception is

completed.

The UOFER bit is fixed to "0" in transmit mode.

UOFER Description
0 No framing error (initial value)
1 With framing error
FEUL620Q150A 13-1
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13.2.13 UART1 Status Register (UA1STAT)

Address: OF71EH
Access: RIW

Access size: 8 bits
Initial value: 00OH

7 6 5 4 3 2 1 0
UALSTAT - - - - UlFUL U1PER U10ER U1FER
R/W R R R R R/W R/W R/W R/W
Initial value 0 0 0 0 0 0 0 0

UAILSTAT is a special function register (SFR) used to indicate the UART state in receive operations.
When any data is written to UALSTAT, all the flags are initialized to "0".
In full-duplex communication, this register is disabled.

Description of bits
e UILFUL (bit3)
U1FUL indicates the UART transmit/receive buffer state.
When the transmitted data is written in UA1BUF in transmit mode, this bit is set to "1" and when this
transmitted data is transferred to the shift register, this bit is set to "0". To transmit the data consecutively,
confirm the ULFUL flag becomes "0", then write the next transmitted data to the UA1BUF.
The U1FUL bit is fixed to "0" in receive mode.

U1FUL Description
0 No data in the transmit/receive buffer (Initial value)
1 Data present in the transmit/receive buffer.

e UIPER (bit 2)
The U1PER bit is used to indicate occurrence of a parity error of the UART.
When the parity of the received data and the parity bit attached to the data do not coincide, this bit is set to "1".
U1PER is updated each time reception is completed.
The U1PER bit is fixed to "0" in transmit mode.

U1PER Description
0 No parity error (initial value)
1 Parity error

e UIOER (bit1)
The U1OER bit is used to indicate occurrence of an overrun error of the UART.
If the received data in the transmit/receive buffer (UAL1BUF) is received again before it is read, this bit is set to
"1". Even if reception is stopped by the ULEN bit and then reception is restarted, this bit is set to "1™ unless the
previously received data is not read. Therefore, make sure that data is always read from the transmit/receive
buffer even if the data is not required.
The U1O0ER bit is fixed to "0" in transmit mode.

U10ER Description
0 No overrun error (initial value)
1 Overrun error
FEULG620Q150A 13-1
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e UILFER (bit 0)

The ULFER bit is used to indicate occurrence of a framing error of the UART.

When an error occurs in the start or stop bit, this bit is set to "1". ULFER is updated each time reception is

completed.

The U1FER bit is fixed to "0" in transmit mode.

U1FER Description
0 No framing error (initial value)
1 With framing error
FEUL620Q150A 13-1
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13.3 Description of Operation

13.3.1 Transfer Data Format

In the transfer data format, one frame contains a start bit, a data bit, a parity bit, and a stop bit. In this format, 5 to 8 bits
can be selected as data bit. For the parity bit, "with parity bit", "without parity bit", "even parity", or "odd parity" can be

selected. For the stop bit, "1 stop bit" or "2 stop bits" are available and for the transfer direction, "LSB first" or "MSB
first" are available for selection. For serial input/output logic, positive logic or negative logic can be selected.
All these options are set with the UARTN mode register (UANMODL1).

Figure 13-2 and Figure 13-3 show the positive logic input/output format and negative logic input/output format,
respectively.

1 frame

N
N

Start
bit 1 2 3 4 5 6 7

Data bit g

*1 frame +Data bit lengthesssss8- to 5-bit
MAXeeeeee12 hits

MINeeeeee 7 bits

Parity | Stop
bit bit

Stop
bit

eParity biteesessesessesepresent/none
Odd or even parity selectable
ostop bi’[.uo--uc.-uco-oul or 2

Figure 13-2 Positive Logic Input/Output Format

1 frame

e N
~ Bl
}
Start Parity| Stop | Stop
T e e R R A R A
Data bit g
*1 frame «Data bit lengthessss8- to 5-bit
MAXsese=12 bits *Parity biteseesessssessepresent/none
MINeseses 7 bits y P
Odd or even parity selectable
-Stop bituo--uc.-uco-ouo-l or 2
Figure 13-3 Negative Logic Input/Output Format
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13.3.2 Baud Rate

Baud rates are generated by the baud rate generator.

The baud rate generator generates a baud rate by counting the clock selected by the baud rate clock selection bits
(UnCK1, UnCKO) of the UARTn mode register 0 (UANMODO). The count value of the baud rate generator can be set
by writing it in the UARTN baud rate register H or L (UAnBRTH, UANBRTL). The maximum count is 4096.

The setting values of UANBRTH and UANBRTL are expressed by the following equation.

_ _ Clock frequency (Hz)
UANBRTH, L= Baud rate (bps) .

Table 13-1 lists the count values for typical baud rates.

Table 13-1 Count Values for Typical Baud Rates

Baud rate generator
) Baud rate generator counter value
clock selection
Baud rate Error
Baud rate Cycle of
Count value . UANBRTH UANBRTL
clock 1 bit
2400 bps 3413 Approx. 417 us ODH 054H 0.01%
4800 bps 1707 Approx. 208 us 06H OAAH -0.02%
9600 bps 853 Approx. 104 us 03H 054H 0.04%
19200 bps 8.192MHz 427 Approx. 52 us 01H 0AAH -0.08%
38400 bps 213 Approx. 26 us OOH 0D4H 0.16%
57600 bps 142 Approx. 17.4 ps OOH 08DH 0.16%
115200 bps 71 Approx. 8.7 us OOH 046H 0.16%
FEULG620Q150A 13-2
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13.3.3 Transmitted Data Direction

Figure 13-4 shows the relationship between the transmit/receive buffer and the transmit/receive data.

®Data length: 8 bits
LSB reception —>

> LSB transmission
o UOB7 | UOB6 | UOB5 | UOB4 | UOB3 | UOB2 | UOB1 | UOBO ]
MSB transmission <— <— MSB reception

®Data length: 7 bits

LSB reception - > 505 [ Uoss | uosa | uoB3 | woB2 | uos1 | uogo [ LSB transmission
MSB transmission <— <— MSB reception

UOBY7 is "0" at completion of reception.
®Data length: 6 bits

LSB reception —> —> LSB transmission
MSB transmission <— UOBS | UOB4 | UOB3 | UDB2 | UOBL | UOBO <— MSB reception

UOB7 and UOB6 are "0" at completion of reception.
®Data length: 5 bits

LSBreception  —>[ yoma [ uoB3 | UOB2 | UoB1 | Uoo [ > LSB fransmission

MSB transmission < <— MSB reception

U0B7, UOB6, and UOBS are "0" at completion of reception.

Figure 13-4 Relationship between Transmit/Receive Buffer and Transmit/Receive Data

[Note]
When the TXDn pin is set to serve the secondary function output in receive mode, "H" level is output from the TXDn
pin.
FEUL620Q150A 13-2
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13.3.4 Transmit Operation

Transmission is started by setting the UnlO bit of the UARTnh mode register 0 (UAnNMODO) to "0" to select the transmit
mode and setting the UnEN bit of the UARTN control register (UANCON) to "1".
Figure 13-5 shows the operation timing for transmission.

When the UnEN bit is set to "1" (®), the baud rate generator generates an internal transfer clock of the baud rate set and
starts transmit operation.

The start bit is output to the TXDn pin by the falling edge of the internal transfer clock (@). Subsequently, the
transmitted data, a parity bit, and a stop bit are output.

When the start bit is output (@), a UARTN interrupt is requested. In the UARTN interrupt routine, the next data to be
transmitted is written to the transmit/receive buffer (UAnBUF).

When the next data to be transmitted is written to the transmit/receive buffer (UANOBUF), the transmit buffer status flag
(UnFUL) is set to "1" (®) and a UARTN interrupt is requested on the falling edge of the internal transfer clock (®) after
transmission of the stop bit. At this time if the UARTN interrupt routine is terminated without writing the next data to the
transmit/receive buffer, the UnFUL bit is not set to "1" (®). The transmit operation stops when the stop bit is sent, the
UnEN bit is reset to "0", and the UARTN interrupt is requested.

The valid period for the next transmit data to be written to the transmit/receive buffer is from the generation of an
interrupt to the termination of stop bit transmission. (®)

FEUL620Q150A 13-2
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13.3.5 Receive Operation

Select the receive data pin using the UnRSEL bit of the UARTN mode register 0 (UANMODO). Reception is started by
setting the UnlO bit of the UARTN mode register 0 (UANMODO) to "1" to select the receive mode and setting the UnEN
bit of the UARTN control register (UANCON) to "1".

Figure 13-6 shows the operation timing for reception.

When receive operation starts, the LSI checks the data sent to the input pin RXDn and waits for the arrival of a start bit.
When detecting a start bit (@), the LSI generates the internal transfer clock of the baud rate set with the start bit detect
point as a reference and performs receive operation.

The shift register shifts in the data input to RXDn on the rising edge of the internal transfer clock. The data and parity bit
are shifted into the shift register and 5- to 8- bit received data is transferred to the transmit/receive buffer (UANBUF)
concurrently with the falling edge of the internal transfer clock of ®.

The LSI requests a UARTN interrupt on the rising edge of the internal transfer clock subsequent to the internal transfer
clock by which the received data was fetched (@) and checks for a stop bit error and a parity bit error. When an error is
detected, the LSI sets the corresponding bit of the UARTN status register (UANSTAT) to "1".

Parity error : SnPER =“1”"
Overrunerror  : SnOER =*1"
Framing error  : SnFER =“1”

As shown in Figure 13-6, the rise of the internal transfer clock is set so that it may fall into the middle of the bit interval
of the received data.

Reception continues until the UnEN bit is reset to 0" by the program. When the UnEN bit is reset to "0" during
reception, the received data may be destroyed. When the UnEN bit is reset to 0" during the "UnEN reset enable period"
in Figure 13-6, the received data is protected.

FEUL620Q150A 13-2
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13.3.5.1 Detection of Start Bit

The start bit is sampled with the baud rate generator clock (HSCLK). Therefore, the start bit detection may be delayed
for one cycle of the baud rate generator clock at the maximum.
Figure 13-7 shows the start bit detection timing.

b st

e Pttt
\_Y_)

Maximum one-cycle delay

Figure 13-7 Start Bit Detection Timing (Positive Logic)

13.3.5.2 Sampling Timing

When the start bit is detected, the received data that was input to the RXDn is sampled almost at the center of the baud
rate, then loaded to the shift register.

The loading sampling timing of this shift register can be adjusted for one clock of the baud rate generator clock, using
the UnRSS bit of the UARTN mode register 0 (UANMODO).

Figure 13-8 shows the relationship between the UnRSS bit and the sampling timing.

Countvalue =7

0 2.3 60 23 6

Baud rate generator clock MWﬂMMWWM
oon | A

A A A A

Sampling timing / :\ !
UnRSS=1 UnRSS=0

(1) When the baud rate generator count value is "7" (odd)

Count value = 8

0 2.3 7.0 2:3 7

Baud rate generator clock Mwﬂwwﬂww
RXDn >< j<

A A A A
Sampling timing '

/TN

UnRSS=1 UnRSS=0

(2) When the baud rate generator count value is "8" (even)
Figure 13-8 Relationship between UnRSS Bit and Sampling Timing
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13.3.5.3 Receive Margin

If there is an error between the sender baud rate and the baud rate generated by the baud rate generator of this LSI, the
error accumulates until the last stop bit loading in one frame, decreasing the receive margin.
Figure 13-9 shows the baud rate errors and receive margin waveforms.

Ideal waveform —I Start I | | r _____ l | | Stop
(RXDn)
senderpaudratels s | [ [ [ I Jse|

Sender baud rate is _I Start | | | | | | | Stop L

slow(RXDn) —f77—/—/ ——F——— @ "+ """
A A A A A A A

Sampling timing !

UnRSEL=1 UnRSEL=0
Figure 13-9 Baud Rate Error and Receive Margin
[Note]

In system designing, ensure a sufficient receive margin considering the baud rate difference between sender and
receiver, start bit detection delay, distortion in receive data, and influence of noise.

FEUL620Q150A 13-2
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13.4 Specifying Port Registers

To enable the UART function, the applicable bit of each related port register needs to be set. See Chapter 15, "Port 0",

Chapter 19, "Port 4", Chapter 20, "Port 5", Chapter 22, "Port 7", and Chapter 23, "Port 8" for details about the port

registers.

Set the P54MD1 to P53MD1 bits (bits 4 to 3 of PSMOD1 register) to "0", and set the P54MDO0 to P53MDO bits (bits 4 to

3 of P5MODO register) to "1", for specifying the UART as the secondary function of P53 and P54.

13.4.1 Functioning P53 (TXD1: Output) and P54 pins (RXDO: Input) as the UART (Full-duplex)

Register name

P5MODL1 register (address: O0F257H)

Bit 7 6 5 4 3 2 1 0
Bit name P57MD1 | P56MD1 | P55MD1 | P54MD1 | P53MD1 | P52MD1 | P51MD1 | P50MD1
Setting value * * * 0 0 * * *
Register name P5MODO register (address: 0F256H)
Bit 7 6 5 4 3 2 1 0
Bit name P57MDO | P56MDO | P55MDO | P54MDO | P53MDO | P52MDO | P51MDO | P50MDO
Setting value * * * 1 1 * * *

Set the P53C1 bit (bit 3 of PSCONL1 register) to "1", the P53CO0 bit (bit 3 of PSCONO register) to 1", and the P53DIR bit

(bit 3 of P5DIR register) to "0", for specifying the state mode of the P53 pin to CMOS output.
Set the P54DIR bit (bit 4 of P5DIR register) to "1" for selecting the P54 as an input pin.

The set value ($) is arbitrary for the P54C1 and P54C0 bits. Select an arbitrary input mode depending on the state of the

external circuit to which the P54 pin is connected.

Register name

P5CONL1 register (address: OF255H)

Bit 7 6 5 4 3 2 1 0
Bit name P57C1 P56C1 P55C1 P54C1 P53C1 P52C1 P51C1 P50C1
Setting value * * * $ 1 * * *
Register name P5CONO register (address: 0F254H)
Bit 7 6 5 4 3 2 1 0
Bit name P57C0 P56C0O P55C0 P54C0 P53C0 P52C0 P51CO P50C0
Setting value * * * $ 1 * * *
Register name P5DIR register (address: OF253H)
Bit 7 6 5 4 3 2 1 0
Bit name P57DIR P56DIR P55DIR P54DIR P53DIR P52DIR P51DIR P50DIR
Setting value * * * 1 0 * * *
The data for the P54D to D53D bits (bits 4 to 3 of P5D register) can be "0" or "1".
Register name P5D register (address: 0F252H)
Bit 7 6 5 4 3 2 1 0
Bit name P57D P56D P55D P54D P53D P52D P51D P50D
Setting value * * * * o * * *
*: Bit not related to the UART function
** . Don’t care $ : Arbitrarily
13-2
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13.4.2 Functioning P43 (TXD1: Output) and P02 pins (RXDO: Input) as the UART (Full-duplex)

Set the P43MDL1 bit (bit 3 of PAMOD1 register) to "1" and set the P43MDO bit (bit 3 of PAMODO register) to "1", to
specify the UART as the quartic function of P43.

Register name P4MODL1 register (Address: 0F249H)
Bit 7 6 5 4 3 2 1 0
Bit name P47MD1 | P46MD1 | P45MD1 | P44MD1 | P43MD1 | P42MD1 | P41MD1 | PAOMD1
Setting value * * * * 1 $ * *
Register name P4AMODO register (Address: 0F248H)
Bit 7 6 5 4 3 2 1 0
Bit name P47MDO | P46MDO | P45MDO | P44MDO | P43MDO | P42MDO | P41MDO | P4AOMDO
Setting value * * * * 1 $ * *

Set the P43C1 bit (bit 3 of PACONL1 register) to "1", the P43CO0 bit (bit 3 of PACONO register) to 1", and the P43DIR bit

(bit 3 of PADIR register) to "0" for specifying the state mode of the P43 pin to CMOS output.

Register name

P4CONL1 register (Address: 0F247H)

Bit 7 6 5 4 3 2 1 0
Bit name P47C1 P46C1 P45C1 P44C1 P43C1 P42C1 P41C1 P40C1
Setting value * * * * 1 * * *
Register name P4CONO register (Address: 0F246H)
Bit 7 6 5 4 3 2 1 0
Bit name P47CO0 P46CO0 P45CO0 P44CO0 P43CO0 P42CO0 P41CO P40CO
Setting value * * * * 1 * * *
Register name P4DIR register (Address: OF245H)
Bit 7 6 5 4 3 2 1 0
Bit name P47DIR P46DIR P45DIR P44DIR P43DIR P42DIR P41DIR P40DIR
Setting value * * * * 0 * * *
The data for the P43D bit (bit 3 of PAD register) can be "0" or "1".
Register name P4D register (Address: 0F244H)
Bit 7 6 5 4 3 2 1 0
Bit name P47D P46D P45D P44D P43D P42D P41D P40D
Setting value * * * * fid * * *
FEUL620Q150A 13-3
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The P02 pin is an input-only pin and does not need input/output selection by the register. The set value ($) is arbitrary
for the PO2C1 and P02CO bits. Select an arbitrary input mode depending on the state of the external circuit to which the
P02 pin is connected.

Register name

POCONL1 register (Address: 0F20FH)

Bit 5 4 3 2 1 0
Bit name P05C1 P04C1 P03C1 P02C1 P0O1C1 POOC1
Setting value * * * $ * *
Register name POCONO register (Address: OF20EH)
Bit 5 4 3 2 1 0
Bit name P0O5CO P04CO P0O3CO P02CO PO1CO P0O0OCO
Setting value * * * $ * *
The data for the PO2D bit (bit 2 of POD register) can be "0" or "1".
Register name POD register (Address: 0F20CH)
Bit 5 4 3 2 1 0
Bit name PO5D P04D PO3D PO2D PO1D POOD
Setting value * * * o * *
- : Bit that does not exist
*: Bit not related to the UART function
** . Don’t care $ : Arbitrarily

[Note]

The receive pin (RXD) is selected by the UORSEL bit (bits 5 to 4) of UAOMODO register. The initial value "00"
selects the P02 and the value "01" selects the P42.

» Even if the P42 pin is selected as RXDO by the P42MD1, P42MDO, P42C1, P42C0, and P42DIR bits, the P02 pin

will be selected as RXDO when the UORSEL bit of UAOMODO register is "00".
» P02 (Port 0) does not have the registers used to select data direction (input or output) and mode (primary or

secondary function).

FEUL620Q150A
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13.4.3 Functioning P85 (TXD1: Output) and P86 pins (RXDO: Input) as the UART (Full-duplex)

Set the PB6MD1 to P85MD1 bits (bits 6 to 5 of PBMOD1 register) to 0", and set the PB6MDO to P85MDO bits (bits 6 to

5 of PBMODO register) to "1", for specifying the UART as the secondary function of P86 and P85.

Register name

P8MODL1 register (Address: 0F281H)

Bit 7 6 5 4 3 2 0

Bit name P87MD1 | P86MD1 | P85MD1 | P84MD1 | P83MD1 - -

Setting value * 0 0 * * j _
Register name P8MODO register (Address: 0F280H)

Bit 7 6 5 4 3 2 0

Bit name P87MDO | P86MDO | P85MDO | P84MDO | P83MDO - -

Setting value * 1 1 * * - -

Set the P85C1 bit (bit 5 of PBCONL1 register) to 1", the P85CO0 bit (bit 5 of PBCONO register) to "1", and the P85DIR bit

(bit 5 of P8DIR register) to "0", for specifying the state mode of the P85 pin to CMOS output.
Set the P86DIR bit (bit 6 of P8DIR register) to "1" for selecting the P86 as an input pin.

The set value ($) is arbitrary for the P8B6C1 and P86CO bits. Select an arbitrary input mode depending on the state of the
external circuit to which the P86 pin is connected.

Register name P8CONL1 register (Address: 0F27FH)
Bit 7 6 5 4 3 2 0
Bit name P87C1 P86C1 P85C1 P84C1 P83C1 - -
Setting value * $ 1 * * - -
Register name P8CONO register (Address: OF27EH)
Bit 7 6 5 4 3 2 0
Bit name P87CO P86CO P85CO0 P84CO0 P83CO0 - -
Setting value * $ 1 * * - -
Register name P8DIR register (Address: 0F27DH)
Bit 7 6 5 4 3 2 0
Bit name P87DIR P86DIR P85DIR P84DIR P83DIR - -
Setting value * 1 0 * * - -
The data for the P86D to P85D bits (bits 6 to 5 of P8D register) can be "0" or "1".
Register name P8D register (Address: 0F27CH)
Bit 7 6 5 4 3 2 0
Bit name P87D P86D P85D P84D P83D - -
Setting value * * *k * * - -
*: Bit not related to the UART function
** . Don’t care $ : Arbitrarily
FEULG620Q150A 13-3
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13.4.4 Functioning P53 (TXD1: Output) and P03 pins (RXD1: Input) as the UART (Half-duplex)

Set the P53MDL1 bit (bit 3 of PSMOD1 register) to "0" and set the P53MDO bit (bit 3 of PSMODO register) to "1", to
specify the UART as the secondary function of P53.

Register name P5MODL1 register (address: 0F257H)
Bit 7 6 5 4 3 2 1 0
Bit name P57MD1 | P56MD1 | P55MD1 | P54MD1 | P53MD1 - - -
Setting value * * * * 0 - - -
Register name P5MODO register (address: OF256H)
Bit 7 6 5 4 3 2 1 0
Bit name P57MDO | P56MDO | P55MDO | P54MDO | P53MDO - - -
Setting value * * * * 1 - - -

Set the P53C1 bit (bit 3 of PSCONL1 register) to "1", the P53CO0 bit (bit 3 of PSCONO register) to 1", and the P53DIR bit
(bit 3 of P5DIR register) to "0", for specifying the state mode of the P53 pin to CMOS output.

Register name P5CONL1 register (address: OF255H)
Bit 7 6 5 4 3 2 1 0
Bit name P57C1 P56C1 P55C1 P54C1 P53C1 - - -
Setting value * * * * 1 - - -
Register name P5CONO register (address: 0F254H)
Bit 7 6 5 4 3 2 1 0
Bit name P57CO P56C0O P55C0 P54C0 P53C0 - - -
Setting value * * * * 1 - - -
Register name P5DIR register (address: 0F253H)
Bit 7 6 5 4 3 2 1 0
Bit name P57DIR P56DIR P55DIR P54DIR P53DIR - - -
Setting value * * * * 0 - - -

The data for the P53D bit (bit 3 of P5D register) can be "0" or "1".

Register name P5D register (address: 0F252H)
Bit 7 6 5 4 3 2 1 0
Bit name P57D P56D P55D P54D P53D - - -
Setting value * * * * *k - - -
FEULG620Q150A 13-3
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The P03 pin is an input-only pin and does not need input/output selection by the register. The set value ($) is arbitrary
for the PO3C1 and PO3CO bits. Select an arbitrary input mode depending on the state of the external circuit to which the
P03 pin is connected.

Register name

POCONL1 register (Address: OF20FH)

Bit 5 4 3 2 1 0
Bit name PO5C1 P04C1 P03C1 P02C1 P0O1C1 POOC1
Setting value * * $ * * *
Register name POCONO register (Address: OF20EH)
Bit 5 4 3 2 1 0
Bit name P0O5CO P0O4CO P03CO P02CO PO1CO P0O0OCO
Setting value * * $ * * *
The data for the PO3D bit (bit 2 of POD register) can be "0" or "1".
Register name POD register (Address: OF20CH)
Bit 5 4 3 2 1 0
Bit name PO5D P0O4D PO3D P02D PO1D POOD
Setting value * * * * * *
- : Bit that does not exist
*: Bit not related to the UART function
** . Don’t care $ : Arbitrarily

[Note]

The receive pin (RXD) is selected by the ULIRSEL bit (bit 4) of UAIMODO register. The initial value "0" selects the
P03 and the value "1" selects the P84.
» Even if the P84 pin is selected as RXD1 by the P84MD1, P84MDO, P84C1, P84C0, and P84DIR bits, the P03 pin

will be selected as RXD1 when the ULRSEL bit of UA1IMODO register is "0".
» P03 (Port 0) does not have the registers used to select data direction (input or output) and mode (primary or

secondary function).

FEUL620Q150A
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13.4.5 Functioning P55 (TXDO: Output) and P42 pins (RXDO: Input) as the UART (Half-duplex)

Set the P55MD1 bit (bit 5 of PSMOD1 register) to "1" and set the PS5MDO bit (bit 5 of PSMODO register) to "1", to
specify the UART as the secondary function of P55.

Register name P5MODL1 register (address: OF257H)

Bit 7 6 5 4 3 2 1 0
Bit name P57MD1 | P56MD1 | P55MD1 | P54MD1 | P53MD1 - - -
Setting value * * 0 * * - - -

Register name P5MODO register (address: 0F256H)

Bit 7 6 5 4 3 2 1 0
Bit name P57MDO | P56MDO | P55MDO | P54MDO0O | P53MDO - - -
Setting value * * 1 * * - - -

Set the P55C1 bit (bit 5 of PSCONL1 register) to "1", the P55CO0 bit (bit 5 of PSCONO register) to 1", and the P55DIR bit
(bit 5 of P5DIR register) to "0" for specifying the state mode of the P55 pin to CMOS output.

Register name P5CONL register (address: 0F255H)

Bit 7 6 5 4 3 2 1 0
Bit name P57C1 P56C1 P55C1 P54C1 P53C1 - - -
Setting value * * 1 * * - - -

Register name P5CONO register (address: 0F254H)

Bit 7 6 5 4 3 2 1 0
Bit name P57CO P56C0O P55C0 P54C0 P53C0 - - -
Setting value * * 1 * * - - -

Register name P5DIR register (address: OF253H)

Bit 7 6 5 4 3 2
Bit name P57DIR P56DIR P55DIR P54DIR P53DIR -
Setting value * * 0 * * - - -
The data for the P55D bit (bit 5 of P5D register) can be "0" or "1".
Register name P5D register (address: 0F252H)
Bit 7 6 5 4 3 2 1 0
Bit name P57D P56D P55D P54D P53D - - -
Setting value * * *x * * - - -
FEULG620Q150A 13-3
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Set the P42MD1 bit (bit 2 of PAMOD1 register) to "0" and set the P42MDO bit (bit 2 of PAMODO register) to "1", to
specify the UART as the secondary function of P42.

Register name

P4AMODL1 register (Address: 0F249H)

Bit 7 6 5 4 3 2 1 0
Bit name P47MD1 | P46MD1 | P45MD1 | P44MD1 | P43MD1 | P42MD1 | P41MD1 | PAOMD1
Setting value * * * * * 0 * *
Register name P4AMODO register (Address: 0F248H)
Bit 7 6 5 4 3 2 1 0
Bit name P47MDO | P46MDO | P45MDO | P44MDO | P43MDO | P42MDO | P41MDO | PAOMDO
Setting value * * * * * 1 * *

Set the P42DIR bit (bit 2 of PADIR register) to "1" for selecting the P42 as an input pin.

The set value ($) is arbitrary for the P42C1 and P42C0 bits. Select an arbitrary input mode depending on the state of the

external circuit to which the P42 pin is connected.

Register name

P4CONL1 register (Address: 0F247H)

Bit 7 6 5 4 3 2 1 0
Bit name P47C1 P46C1 P45C1 P44C1 P43C1 P42C1 P41C1 P40C1
Setting value * * * * * $ * *
Register name P4CONO register (Address: 0F246H)
Bit 7 6 5 4 3 2 1 0
Bit name P47C0 P46CO P45C0 P44C0 P43C0 P42C0 P41C0 P40C0
Setting value * * * * * $ * *
Register name P4DIR register (Address: OF245H)
Bit 7 6 5 4 3 2 1 0
Bit name P47DIR P46DIR P45DIR P44DIR P43DIR P42DIR P41DIR P40DIR
Setting value * * * * * 1 * *
The data for the P43D to D42D bits (bits 3 to 2 of PAD register) can be "0" or "1".
Register name P4D register (Address: 0F244H)
Bit 7 6 5 4 3 2 1 0
Bit name P47D P46D P45D P44D P43D P42D P41D P40D
Setting value * * * * * *x * *
*: Bit not related to the UART function
** . Don’t care $ : Arbitrarily
FEUL620Q150A 13-3
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13.4.6 Functioning P43 (TXDO: Output) and P54 pins (RXDO: Input) as the UART
(Half-duplex)

Set the P43MD1 bit (bit 3 of PAMOD1 register) to "0" and set the PA3MDO bit (bit 3 of PAMODO register) to "1", to
specify the UART as the secondary function of P43.

Register name P4AMODL1 register (Address: 0F249H)

Bit 7 6 5 4 3 2 1 0
Bit name P47MD1 | P46MD1 | P45MD1 | P44MD1 | P43MD1 | P42MD1 | P41MD1 | PAOMD1
Setting value * * * * 0 $ * *
Register name P4MODO register (Address: 0F248H)
Bit 7 6 5 4 3 2 1 0
Bit name P47MDO | P46MDO | P45MDO | P44MDO | P43MDO | P42MDO | P41MDO | P40OMDO
Setting value * * * * 1 $ * d

Set the P43C1 bit (bit 3 of PACONL1 register) to "1", the P43CO0 bit (bit 3 of PACONO register) to 1", and the P43DIR bit

(bit 3 of PADIR register) to "0" for specifying the state mode of the P43 pin to CMOS output.

Register name

P4CONL1 register (Address: OF247H)

Bit 7 6 5 4 3 2 1 0
Bit name P47C1 P46C1 P45C1 P44C1 P43C1 P42C1 P41C1 P40C1
Setting value * * * * 1 * * *
Register name P4CONO register (Address: 0F246H)
Bit 7 6 5 4 3 2 1 0
Bit name P47C0 P46C0 P45C0 P44C0 P43C0 P42C0 P41CO P40C0
Setting value * * * * 1 * * *
Register name P4DIR register (Address: OF245H)
Bit 7 6 5 4 3 2 1 0
Bit name P47DIR P46DIR P45DIR P44DIR P43DIR P42DIR P41DIR P40DIR
Setting value * * * * 0 * * *
The data for the P43D bit (bit 3 of P4D register) can be "0" or "1".
Register name P4D register (Address: 0F244H)
Bit 7 6 5 4 3 2 1 0
Bit name P47D P46D P45D P44D P43D P42D P41D P40D
Setting value * * * * ok * * *
FEUL620Q150A 13-3
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Set the P54MD1 bit (bit 4 of PSMOD1 register) to "0" and set the P54MDO bit (bit 4 of PSMODO register) to "1", to
specify the UART as the secondary function of P54.

Register name P5MOD1 register (address: 0F257H)
Bit 7 6 5 4 3 2
Bit name P57MD1 | P56MD1 | P55MD1 | P54MD1 | P53MD1 -
Setting value * * * 0 * -
Register name P5MODO register (address: OF256H)
Bit 7 6 5 4 3 2
Bit name P57MDO | P56MDO | P55MDO | P54MDO | P53MDO
Setting value * * * 1 * -

Set the P54DIR bit (bit 4 of P5DIR register) to "1" for selecting the P54 as an input pin.
The set value ($) is arbitrary for the P54C1 and P54C0 bits. Select an arbitrary input mode depending on the state of the

external circuit to which the P54 pin is connected.

Register name

P5CONL1 register (address: 0F255H)

Bit 7 6 5 4 3 2 0
Bit name P57C1 P56C1 P55C1 P54C1 P53C1
Setting value * * * $ * -
Register name P5CONO register (address: 0F254H)
Bit 7 6 5 4 3 2
Bit name P57C0 P56CO0 P55C0 P54C0 P53C0
Setting value * * * $ * -
Register name P5DIR register (address: OF253H)
Bit 7 6 5 4 3 2
Bit name P57DIR P56DIR P55DIR P54DIR P53DIR
Setting value * * * 1 * -
The data for the P54D bit (bit 4 of P5D register) can be "0" or "1".
Register name P5D register (address: 0F252H)
Bit 7 6 5 4 3 2
Bit name P57D P56D P55D P54D P53D
Setting value * * * * * -
*: Bit not related to the UART function
** . Don’t care $ : Arbitrarily

FEUL620Q150A

8

13-3




LAPIS Semiconductor Co., Ltd. ML620Q151A/2AI3A/4AISAI6AITAI8AIA User's Manual
Chapter 13 UART

13.4.7 Functioning P85 (TXD1: Output) and P72 pins (RXD1: Input) as the UART
(Half-duplex)

Set the P85MD1 bit (bit 5 of PBMOD1 register) to "0", and set the PBSMDO bhit (bit 5 of PBMODO register) to "1", for
specifying the UART as the secondary function of P85.

Register name P8MODL1 register (Address: 0F2E3H)
Bit 7 6 5 4 3 2 1 0
Bit name P87MD1 | P86MD1 | P85MD1 | P84MD1 | P83MD1 | P82MD1 | P81MD1 | P8OMD1
Setting value * * 0 $ * * * *
Register name P8MODO register (Address: OF2E2H)
Bit 7 6 5 4 3 2 1 0
Bit name P87MDO | P86MDO | P85MDO | P84MDO | P83MDO | P82MDO | P81MDO | P8OMDO
Setting value * * 1 $ * * * *

Set the P85C1 bit (bit 5 of PBCONL1 register) to "1", the P83CO0 bit (bit 5 of PBCONO register) to 1", and the P85DIR bit
(bit 5 of P8DIR register) to "0", for specifying the state mode of the P85 pin to CMOS output.

Register name P8CONL1 register (Address: OF2E1H)
Bit 7 6 5 4 3 2 1 0
Bit name P87C1 P86C1 P85C1 P84C1 P83C1 P82C1 P81C1 P80C1
Setting value * * 1 * * * * *
Register name P8CONO register (Address: OF2EQH)
Bit 7 6 5 4 3 2 1 0
Bit name P87CO P86CO P85C0O P84CO P83C0 P82C0 P81CO P80CO
Setting value * * 1 * * * * *
Register name P8DIR register (Address: 0F2DFH)
Bit 7 6 5 4 3 2 1 0
Bit name P87DIR P86DIR P85DIR P84DIR P83DIR P82DIR P81DIR P80ODIR
Setting value * * 0 * * * * *

The data for the P85D bit (bit 5 of P8D register) can be "0" or "1".

Register name P8D register (Address: OF2DEH)
Bit 7 6 5 4 3 2 1 0
Bit name P87D P86D P85D P84D P83D P82D P81D P80D
Setting value * * *x * * * * *
FEUL620Q150A 13-3
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Set the P72MD1 bit (bit 2 of P7TMOD1 register) to "0" and set the P72MDO bit (bit 2 of P7MODO register) to "1", to
specify the UART as the secondary function of P72.

Register name P7MODL1 register (Address: 0F273H)
Bit 5 4 3 2 1 0
Bit name P74MD1 | P73MD1 | P72MD1 | P71MD1 | P70MD1
Setting value - * * 0 * *
Register name P7MODO register (Address: 0F272H)
Bit 5 4 3 2 1 0
Bit name P74MDO | P73MDO | P72MDO | P71MDO | P70MDO
Setting value - * * 1 * *

Set the P72DIR bit (bit 2 of P7DIR register) to "1" for selecting the P72 as an input pin.

The set value ($) is arbitrary for the P72C1 and P72C0 bits. Select an arbitrary input mode depending on the state of the

external circuit to which the P72 pin is connected.

Register name

P7CONL1 register (Address: OF271H)

Bit 5 4 3 2 1 0
Bit name P74C1 P73C1 P72C1 pP71C1 P70C1
Setting value - * * $ * *
Register name P7CONO register (Address: 0F270H)
Bit 5 4 3 2 1 0
Bit name - P74C0 P73C0 P72C0 P71C0 P70C0O
Setting value - * * $ * *
Register name P7DIR register (Address: OF26FH)
Bit 5 4 3 2 1 0
Bit name P74DIR P73DIR P72DIR P71DIR P70DIR
Setting value - * * 1 * *
The data for the P72D bit (bit 2 of P7D register) can be "0" or "1".
Register name P7D register (Address: OF26EH)
Bit 5 4 3 2 1 0
Bit name P74D P73D P72D P71D P70D
Setting value - * * *k * *
*: Bit not related to the UART function
** . Don’t care $ : Arbitrarily
FEUL620Q150A 13-4
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14 1°C Bus Interface

14.1 General Description

This LSl includes 1 channel of 12C bus interface (master).

The I°C bus interface data I/O pin and the 1°C bus interface clock 1/0 pin are assigned as the secondary function of the
ports 4, 5, 6, and port 8. For the ports 4, 5, 6 and port 8, see Chapter 19 “Port 4”, Chapter 20 “Port 5”, Chapter 21 “Port
6” and Chapter 23 “Port 8”.

14.1.1 Features

Master function

Communication speeds supported include standard mode (100kbps) and fast mode (400kbps).
7-bit address format (10-bit address can be supported)

Support clock synchronization (handshake).

14.1.2 Configuration

Figure 14-1 shows the configuration of the I°C bus interface.

| I2CORD, 12COSTAT
P41/SCL. P51/SCL.
SCL
SDA P61/SCL. P81/SCL
OSCLK Clock Shift Register ~ [| Controller |[<— PA40/SDA. PS0/SDA,
| Generator = P60/SDA. PSO/SDA
(4MHz/2MHz) y / T @
12C I2COINT
Controller
12COMOD | IZCIOSA | | I2C’0TD | | IZC(ZCON | UART inputioutput (RXD1)
, | SI0 input (SINO, SCKO)
Data bus

Figure 14-1 Configuration of I°C Bus Interface
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14.1.3 List of Pins

Pin name 1/0 Description
P40/SDA 110 I°C bus interface data input/output pin.

Used for the secondary function of the P40 pin.
P41/SCL 110 I°C bus interface clock input/output pin.

Used for the secondary function of the P41 pin.
P50/SDA 110 I°C bus interface data input/output pin.

Used for the secondary function of the P50 pin.
P51/SCL 110 I°C bus interface clock input/output pin.

Used for the secondary function of the P51 pin.
P60/SDA 110 I°C bus interface data input/output pin.

Used for the secondary function of the P60 pin.
P61/SCL 110 I°C bus interface clock input/output pin.

Used for the secondary function of the P61 pin.
P80/SDA 110 I°C bus interface data input/output pin.

Used for the secondary function of the P80 pin.
P81/SCL /0 I°C bus interface clock input/output pin.

Used for the secondary function of the P81 pin.

FJUL620Q150A
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14.2 Description of Registers

14.2.1 List of Registers

. Initial
Address Name Symbol (Word) Symbol (Byte) R/W Size Vr;tlljae
OF740H 2 ) . I2CORD R 8 0000H
1°C bus 0 receive register -
OF741H - - -
OF742H 2 ) I2COSA R/W 8 0000H
1°C bus 0 slave address register —
OF743H - - -
OF744H 2 ) . 12COTD R/W 8 0000H
1°C bus 0 transmit data register —
OF745H - - -
OF746H 2 . I2COCONO R/W 16/8 | OO00OH
1°C bus 0 control register I2COCON
OF747H - - -
OF748H 2 . 12COMODL R/W 16/8
1°C bus 0 mode register I2COMOD 0200H
OF749H [2COMODH R/W 8
OF74AH 2 ) I2COSTAL R 16/8
1°C bus 0 status register I2COSTA 0000H
OF74BH - - -
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14.2.2 I°C Bus 0 Receive Data Register (I2CORD)

Address: 0F740H
Access: R

Access size: 8 bits
Initial value: 00H

7 6 5 4 3 2 1 0
I2CORD 120R7 I20R6 I20R5 I20R4 I20R3 120R2 120R1 20RO
R/W R R R R R R R R
Initial value 0 0 0 0 0 0 0 0
15 14 13 12 11 10 9 8
R/W R R R R R R R
Initial value 0 0 0 0 0 0 0 0

I2CORD is a read-only special function register (SFR) to store the received data.
I2CORD is updated after completion of each reception.

[Description of Bits]

e |20R7 to 120R0 (bits 7-0)
The 120R7 to 120R0 bits are used to store the received data. The signal input to the SDA pin is received at
transmission of a slave address and at data transmission/reception in sync with the rising edge of the signal on
the SCL pin. Since data that has been output to the SDA and SCL pins is received not only at data reception but
also at slave address data transmission and data transmission, it is possible to check whether transmit data has

certainly been transmitted.
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14.2.3 I°C Bus 0 Slave Address Register (I2C0SA)

Address: 0F742H
Access: RIW
Access size: 8 bits
Initial value: 0000H

7 6 5 4 3 2 1 0
I2COSA 120A6 I20A5 120A4 120A3 120A2 120A1 120A0 120RW
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

I2COSA is a special function register (SFR) to set the address and the transmit/receive mode of the slave device.
[Description of Bits]

e 120A6 to 120A0 (bits 7-1)
The 120A6 to 120A0 bits are used to set the address of the communication partner.

e [20RW (bit 0)
The 120RW bit is used to select the data transmit mode (write) or data receive mode (read).

I20RW Description
0 Data transmit mode (initial value)
1 Data receive mode
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14.2.4 1°C Bus 0 Transmit Data Register (I2COTD)

Address: 0F744H
Access: RIW

Access size: 8 bits
Initial value: 00H

7 6 5 4 3 2 1 0
12C0TDO 120T7 120T6 120T5 120T4 120T3 120T2 120T1 120TO
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

I12COTD is a special function register (SFR) used to set the transmitted data.

[Description of Bits]
e 12077 to O (bits 7-0)
The 120T7 to 0 bits are used to set the transmit data.
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14.2.5 I°C Bus 0 Control Register (I2COCON)

Address: 0F746H
Access: RIW

Access size: 16/8 bits
Initial value: 0000H

7 6 5 4 3 2 1 0
I2COCONO I20ACT - - - - I20RS 120SP 120ST
R/W R/W R R R R w w R/W
Initial value 0 0 0 0 0 0 0 0
15 14 13 12 11 10 9 8
[2COCON1 - - - - - - - -
R/W R R R R R R R
Initial value 0 0 0 0 0 0 0 0

I2COCON is a special function register (SFR) to control transmit and receive operations.
[Description of Bits]

e 120ACT (bit7)
The 120ACT bit is used to set the acknowledge signal to be output at completion of reception.

I20ACT Description
0 Acknowledgment data “0” (initial value)
1 Acknowledgment data “1”

e 120RS (bit 2)
The 120RS bit is a write-only bit used to request a restart. When this bit is set to “1” during data communication,
the 1°C bus shifts to the restart condition and communication restarts from the slave address. 120RS can be set to
“1” only while communication is active (I20ST =“1"). When the I120RS bit is read, “0” is always read.

I20RS Description
0 No restart request (initial value)
1 Restart request

e 120SP (bit 1)
The 120SP bit is a write-only bit used to request a stop condition. When the 120SP bit is set to “1”, the bus shifts
to the stop condition and communication stops. When the 120SP bit is read, “0” is always read.

120SP Description
0 No stop condition request (initial value)
1 Stop condition request

e |20ST (bit0)
The 120ST bit is used to control the communication operation of the I°C bus interface. When the 12nST bit is set
to “1”, communication starts. When “1” is overwritten to the 120ST bit in a control register setting wait state
after transmission/reception of acknowledgment, communication restarts. When the 120ST bit is set to “0”,
communication is stopped forcibly.
The 120ST bit can be set to “1” only when the I°C bus interface is in an operation enable state (I20EN = “1”).
When the 12nSP bit is set to “1”, the 120ST bit is set to “0”.

120ST Description
0 Stops communication (initial value)
1 Start communication
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14.2.6 I°C Bus 0 Mode Regjister (I2COMOD)

Address: 0F748H
Access: RIW

Access size: 16/8 bits

Initial value: 0200H

7 6 5 4 3 2 1 0
12COMODL — — — — 120DW1 120DWO 120MD I20EN
R/W R R R 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
12COMODH - - - - - - 120CD1 120CDO
R/W R R R R R R R/W R/W
Initial value 0 0 0 0 0 0 1 0

12C00MOD s a special function register (SFR) used to set the operation mode.

[Description of Bits]

120CD1, 120CDO (bits 9, 8)

The 120CD1 and 120CDO bits are used to set the operating frequency of 1°C. Set a frequency division value of
OSCLK. Make sure that the clock input to 1°C is 4MHz or less. Proper operation cannot be guaranteed if the
frequency division value exceeds 4MHz. Table 14-1 shows the relationship between the setting values of
OSCLK, 120CD1, and 120CDO0 and the communication speed.

120CD1 120CDO Description
0 0 OSCLK
0 1 1/20SCLK
1 0 1/40SCLK (initial value)
1 1 Setting prohibited

120SYN (bit 4)
The 120SYN bit is used to select whether or not to use the clock synchronization function (handshake function).

120SYN Description
0 Do not use clock synchronization (Initial value)
1 Use clock synchronization

120DW1, 120DWO (bits 3-2)
The 120DW1 and 120DWO bits are used to set the communication speed reduction rate of the 1°C bus interface.
Set this bit so that the communication speed does not exceed 100kbps/400kbps.

120DW1 120DWO0 Description
0 0 No communication speed reduction (initial value)
0 1 10% communication speed reduction
1 0 20% communication speed reduction
1 1 30% communication speed reduction

120MD (bit 1)

The 120MD bit is used to set the communication speed of the I°C bus interface. Standard mode or fast mode can
be selected. The communication speed varies depending on the setting value of the SYSC2, SYSC1, and SYSCO
bits of the frequency control register (FCONO). For details, see “Table 14-1 Relationship between
Communication Speeds and SYSC2, SYSC1, and SYSCO Bits”.
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120MD Description
0 Standard mode (initial value)/100 kbps
1 Fast mode/400 kbps

e 120EN (bit 0)
The 120EN bit is used to enable the operation of the I1°C bus interface. Only when I20EN is “1”, the 120ST bit
can be set and the 12C0 bus becomes available. When 120EN is set to “0”, all the SFRs related to I°C bus n
(1I2COMODH register is excluded) are initialized.

I20EN Description
0 Stops I°C operation (initial value)
1 Enables I°C operation

Table 14-1 Relationship between Communication Speeds and SYSC2, SYSC1, and SYSCO Bits

OSCLK [20CD1 | 120CDO | I12C operating frequency Standard Fast mode
mode
4MHz(PL 0 0 4MHz 100kbps 400kbps
L 0 1 2MHz 50kbps 200kbps
oscillation 1 0 1MHz 25kbps 100kbps
) 1 1 Setting prohibited - -
2MHz(RC 0 0 2MHz 50kbps 200kbps
oscillation 0 1 1MHz 25kbps 100kbps
) 1 0 0.5MHz 12.5kbps 50kbps
1 1 Setting prohibited - -

[Note]

« Do not change this bit during 1°C communication. Operation is not guaranteed if it is changed.
« The communication speed becomes 100 kbps/400 kbps when the operating frequency of I°C is 4MHz. Set the
operating frequency of 1°C in 120CDO0 and 120CD1.

FJUL620Q150A
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14.2.7 I°C Bus 0 Status Register (I2COSTAT)

Address: OF74AH
Access: R

Access size: 16/8 bits
Initial value: 0000H

7 6 5 4 3 2 1 0

I2COSTAL - - - - - 120ER I20ACR 120BB
R/W R R R R R R R R
Initial value 0 0 0 0 0 0 0 0
15 14 13 12 11 10 9 8
R/W R R R R R R R R
Initial value 0 0 0 0 0 0 0 0

I2COSTAT is a read-only special function register (SFR) to indicate the state of the 1°C bus interface.

[Description of Bits]

120ER (bit 2)

The 120ER bit is a flag to indicate a transmit error. When the value of the bit transmitted and the value of the
SDA pin do not coincide, this bit is set to “1”. The SDA pin output continues until the subsequent byte data
communication terminates, even if the 120ER bit is set to “1”.

The 120ER bit is set to “0” when a write operation to I2COCON is performed. The 120ER bit is set to “0” when
the 120EN bit of I2COMOD is set to “0”.

I20ER Description
0 No transmit error (initial value)
1 Transmit error

120ACR (bit 1)

The 120ACR bit is used to store the acknowledgment signal received. Acknowledgment signals are received
each time the slave address is received and data transmission or reception is completed. The 120ACR bit is set to
“0” when the 120EN bit of I2COMOD is “0”.

I20ACR Description
0 Receives acknowledgment “0” (initial value)
1 Receives acknowledgment “1”
120BB (bit 0)

The 120BB bit is used to indicate the state of use of the I°C bus interface. When the start condition is generated
on the I1°C bus, this bit is set to “1” and when the stop condition is generated, the bit is set to “0”. The 120BB bit
is set to “0” when the 120EN bit of 1I2COMOD is “0”.

120BB Description
0 I°C bus-free state (initial value)
1 I°C bus-busy state
FJUL620Q150A
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14.3 Description of Operation

14.3.1 Communication Operation Mode

Communication is started when communication mode is selected by using the 1°C bus 0 mode register (I2COMOD), the
I°C function is enabled by using the 120EN bit, a slave address and a data communication direction are set in the 1°C bus
0 slave address register (I2COSA), and “1” is written to the 120ST bit of the 1°C bus 0 control register (I2COCON).

14.3.1.1 Start Condition

When “1” is written to the 120ST bit of the I1°C bus 0 control register (I2COCON) while communication is stopped (the
I12nST bit is “0”), communication is started and the start condition waveform is output to the SDA and SCL pins.
After execution of the start condition, the LSI shifts to the slave address transmit mode.

14.3.1.2 Restart Condition

When “1” is written to the 120RS and 120ST bits of the 1°C bus 0 control register (I2COCON) during communication (the
120ST bit is “0”), the restart condition waveform is output to the SDA and SCL pins.
After execution of the restart condition, the LSI shifts to the slave address transmit mode.

14.3.1.3 Slave Address Transmit Mode

1

In slave address transmit mode, the values (slave address and data communication direction) of the 1°C bus 0 slave
address register (12C0SA) are transmitted in MSB first, and finally, the acknowledgment signal is received in the
I20ACR bit of the 1°C bus 0 status register (I2COSTAT).

At completion of acknowledgment reception, the LSI shifts to the 1°C bus 0 control register (I2COCON) setting wait
state (control register setting wait state).

The value of 12COSA output from the SDA pin is stored in I2CORD.

4.3.1.4 Data Transmit Mode

In data transmit mode, the value of 12COTD is transmitted in MSB first, and finally, the acknowledgment signal is
received in the I20ACR bit of the I°C bus 0 status register (I2COSTAT).

At completion of acknowledgment reception, the LSI shifts to the 1°C bus 0 control register (I2COCON) setting wait
state (control register setting wait state).

The value of 12COTD output from the SDA pin is stored in I2CORD.

14.3.1.5 Data receive mode

In data receive mode, the value input in the SDA pin is received synchronously with the rising edge of the serial clock
output to the SCL pin, and finally, the value of the I20ACT bit of the 1°C bus 0 control register (I2COCON) is output.
At completion of acknowledgment transmission, the LS| shifts to the 1°C bus 0 control register (I2COCON) setting wait
state (control register setting wait state).

The data received is stored in I2CORD after the acknowledgment signal is output. The acknowledgment signal output is
received in the I20ACR bit of the I°C bus 0 status register (I2COSTAT).

14.3.1.6 Control Register Setting Wait State

When the LSI shifts to the control register setting wait state, an 1°C bus 0 interface interrupt (I2COINT) is generated.

In the control register setting wait state, the transmit error flag (I20ER) of the 1°C bus 0 status register (I2COSTAT) and
acknowledgment receive data (I20ACR) are confirmed and at data reception, the contents of I2CORD are read in the
CPU and the next operation mode is selected.

When “1” is written to the 120ST bit in the control register setting wait state, the LSI shifts to the data transmit or receive
mode. When “1” is written to the 120SP bit, the LSI shifts to the stop condition. When “1” is written to the 120RS bit, the
operation shifts to the restart condition.

14.3.1.7 Stop Condition

In the stop condition, the stop condition waveform is output to the SDA and SCL pins. After the stop condition
waveform is output, an 1°C bus n interface interrupt (I2COINT) is generated.

FJUL620Q150A

14-11



LAPIS Semiconductor Co. Ltd. ML620Q151A/2A/3A/4AI5AI6A/TAIBAIIA User's Manual
Chapter 14 12C Bus Interface

14.3.2 Communication Operation Timing

Figures 14-2 to 14-4 show the operation timing and control method for each communication mode.

- -

Start Stop Restart Reception of Reception of Transmission of
condition condition condition acknowledg acknowledg acknowledgment
ment ment
Register 12C0SA="xxxxxxx0B" 12COTD="xxH"  12COTD="xxH"  12COTD="xxH"
Setting  |2coCON="01H" I2COCON="01H" 12COCON="01H" 12COCON="01H" [2COCON="02H"
spA |g|A[A|A[A[A|A|AIR|A| [D|D]| [Dfa] [D|D]| [Pfa] [P|D]| |D|a
6|/5[4[3]|2[1]|0|W 716/ |0 716/ |0 7161 |0
Value of I2CO0SA Value of Value of Value of
12COTD © 12CO0TD @ 12COnTD ® ‘
I2CMINT M M M M AL
12nST
Value of Value of Value of V
I2CORD I2COSA I2COTD ® I2C0TD @ I2COTD ®

Figure 14-2 Operation Timing in Data Transmit Mode (Write)

Register 12COSA="XXXXXxx1B"

setting [2COCON="01H" I2COCON="01H" 12COCON="01H" I2COCON="81H" IjCOCON=”02H”
SDA SAAAAAAAR\\AJDD WA p[D MA p[D BJAHEI
6151413121110/WL | [7161 .10 7161 10 7161 | |
Value of I2COSA Receive 1 Receive Receive
o data® o data®@ data ® a9
I2CMINT M M M M AL
12nST
I2CORD Value of I2COSA) Receive data @ } Receive data @ X Receive data @

Figure 14-3 Operation Timing in Data Receive Mode (Read)

Register 12COSA="xxxxxxx0B" 12COTD="xxH" 12COSA="XXXXXXX1B"

setting [2COCON="01H" 12COCON="01H" 12COCON="05H" 12COCON="81H" IjCOCON=”02H”
o 3] T T2 2 ] o B
6/5/ _lolw 7lel 1o rlelsl _loiwl ] [zl6l | L
Value of Value of Value of I2CO0SA Receive
I2COSA 12COTD @ ‘ data @ ‘ ‘
I2CMINT M M M M M
12nST
I2CORD Value of I2COSAX Value of I2COTD @ ) Value of I2COSA} Receive data ©®

Figure 14-4 Operation Timing at Data Transmit/Receive Mode (Write/Read) Switching
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Figure 14-5 shows the operation timing and control method when an acknowledgment error occurs.

Register  |2C0SA="xxxxxxx0B”  Acknowledge error
setting  |2COCON="01H" |£COCON:"02H"
SDA SAAAAAAARAHEI
6lslalalol1lolwl’| []

Value of 2COSA

I2COINT MM
12nST
- alue o

12CORD I2COSA

12nACR

Figure 14-5 Operation Suspend Timing at Occurrence of Acknowledgment Error

When the values of the transmitted bit and the SDA pin do not coincide, the 12nER bit of the I°C bus n status register
(I2COSTAT) is set to “1” and the SDA pin output is disabled until termination of the subsequent byte data
communication.

Figure 14-6 shows the operation timing and control method when transmission fails.

Register [2COSA="XXXXXXX0B"
settina [2COCON="01H" [2COCON="00H"

'I:lransmission
SDA s|alalala ‘ A‘
65|43 ‘
I2COINT ﬂ
12nST |
I2CORD )L Undefined data
12nER

Figure 14-6 Operation Timing When Transmission Fails

FJUL620Q150A
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14.3.3 Operation Waveforms

Figure 14-7 shows the operation waveforms of the SDA and SCL signals and the 12nBB flag. Table 15-2 shows the
relationship between communication speeds and 1/m OSCLK clock counts.

Start Restart Stop
condition | . condition . condition

Y s s e W s M

12nBB Dol sh P P i
| N SV P E - E E : E ; E | i
I > i <> <—>! : —>i—>!
tHD:STA tLOW tHD:DAT tHIGH tSU:STA tSU:DAT tSU:STO tBUF

Figure 14-7 Operation Waveforms of SDA and SCL Signals and 12nBB Flag

Table 14-2 Relationship between Communication Speeds and OSCLK Clock Counts

Communication Speed

Speed redUCtion tCYC tHD:STA tLOW tHD:DAT tHIGH tSU:STA tSU:DAT tSU:STO tBUF

(120SP) (12nDW1,0)
Standard No reduction 400 180 22¢ 4¢ 18¢ 220 18¢ 18¢ 220
mode 10% reduction 44¢ 200 24 4¢ 200 24 200 200 24
100kbps 20% reduction 48¢ 220 260 4¢ 220 260 220 220 260
30% reduction 52¢ 24 280 4¢ 240 280 240 240 280
Fast No reduction 100 4¢ 6¢ 20 4¢ 6¢ 4¢ 4¢ 6¢
mode 10% reduction 11e 4¢ 70 20 4¢ 70 5¢ 4¢ 70
400kbps 20% reduction 120 5¢ 70 20 5¢ 70 5¢ 5¢ 70

30% reduction 130 5¢ 8¢ 20 5¢ 8¢ 6@ 5¢ 8¢
@: Clock cycle of 1/mOSCLK
m: Depends on the setting of the 120CD1 and 120CDO bits of the I2COMOD register.

[Note]
» The 1/m OSCLK clock count is set so that the communication speed may be set to 100 kbps/400 kbps when 1/m
OSCLK is 4MHz.
» When using the clock cycle function (handshake function) that the slave device hold the SCL signal to “L” level,
the period of “tcycer” and “tow™ get longer.

FJUL620Q150A
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14.4 Specifying port registers

When you want to make sure the 12C bus interface function is working, please check related port registers are specified. See
Chapter 19, “Port 4” , Chapter 20, “Port 5 and Chapter 21, “Port 6” for detail about the port registers.

14.4.1 Functioning P41(SCL) and P40(SDA) as the 12C

Set P41MD1-P40MD1 bits(bitl-bit0 of PAMOD1 register) to “0” and set P41MDO0-P40MDO(bit1-bit0 of PAMODO
register) to “1”, for specifying the 12C as the secondary function of P41 and P40.

Reg. name P4AMODL1 register (Address: 0F225H)
Bit 7 6 5 4 3 2 1 0
Bit name P47MD1 | P46MD1 | P45MD1 | P44MD1 | P43MD1 | P42MD1 | P41MD1 | PAOMD1
Data * * * * * * 0 0
Reg. name P4AMODO register (Address: 0F224H)
Bit 7 6 5 4 3 2 1 0
Bit name P47MDO | P46MDO | P45MDO | P44MDO | P43MDO | P42MDO | P41MDO | P4OMDO
Data * * * * * * 1 1

Set P41C1-P40C1 bit(bit1-0 of PACONLI register) to “1”, set P41C0-P40CO0 bit(bit1-0 of PACONO register) to “0”, and
set P41DIR-P40DIR bit(bit1-0 of PADIR register) to “0”, for specifying the P41 and P40 as Nch open-drain output. The
open-drain/open-collector outputs are required on the 12C bus line to avoid collision between H level and L level.

Reg. name P4CONL1 register (Address: 0F223H)
Bit 7 6 5 4 3 2 1 0
Bit name P47C1 P46C1 P45C1 P44C1 P43C1 P42C1 P41C1 P40C1
Data * * * * * * 1 1
Reg. name P4CONO register (Address: 0F222H)
Bit 7 6 5 4 3 2 1 0
Bit name P47CO P46CO P45C0 P44CO0 P43C0 P42C0 P41CO P40CO0
Data * * * * * * 0 0
Reg. name P4DIR register (Address: 0F221H)
Bit 7 6 5 4 3 2 1 0
Bit name P47DIR P46DIR P45DIR P44DIR P43DIR P42DIR P41DIR P40DIR
Data * * * * * * 0 0

Data of P41D-P40D bits (bit1-0 of P4D register) do not affect to the 12C function, so don’t care the data for the function.

Reg. name P4D register (Address: 0F220H)
Bit 7 6 5 4 3 2 1 0
Bit name P47D P46D P45D P44D P43D P42D P41D P40D
Data * * * * * * ok -

* 1 Bit not related to the 12C bus interface function
** . Don't care the data

FJUL620Q150A
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15 Port O

15.1 General Description

ML620Q151A/ML620Q152A/ML620Q153A includes a 5-bit input/output port, Port 0 (P00 to P04).
ML620Q154A/ML620Q155A/ML620Q156A includes a 6-bit input/output port, Port 0 (P00 to P05).
ML620Q157A/ML620Q158A/ML620Q159A includes a 6-bit input/output port, Port 0 (P00 to P05).
For details, see Section 1.3.2, "List of Pins".

15.1.1 Features

e  All bits support a maskable interrupt function.

o Allows selection of interrupt disabled mode, falling-edge interrupt mode, rising-edge interrupt mode, or
both-edge interrupt mode for each bit.

o  Allows selection of with/without interrupt sampling for each bit. (Sampling frequency: T16KHZ)

Allows selection of high-impedance input mode, input mode with a pull-down resistor, or input mode with a

pull-up resistor for each bit.

The POO pin can be used as the PW45EVO0 input pin for PWM.

The P01 pin can be used as the PW67EVO input pin for PWM.

The P02 pin can be used as the RXDO input pin for UARTO.

The P03 pin can be used as the RXD1 input pin for UART1.

15.1.2 Configuration
Figure 15-1 shows the configuration of Port 0.

Voo Data bus

y ' Pull-up POCONO |
Pull-down [<— POCON1 |€
F—— Controller

————> POD

P00 to P05 &

EXICONO
EXICON1 >
J EXICON2
Vss
-~ Interrupt 6
2| Controller POOINT to POSINT. P30INT to P31INT
Input of P30 to P31
A Sampling clock T16KHZ
2
’ RXDO, RXD1, PW45EV0, PW67EVO
POD : Port 0 data register

POCONO : Port O control register 0
POCON1 : Port O control register 1
EXICONO : External interrupt control registers 0
EXICONL1 : External interrupt control registers 1
EXICON2 : External interrupt control registers 2

Figure 15-1 Configuration of Port 0
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15.1.3 List of Pins

Pin name 110 Function
POO/EXI0/ . .
| Input port, External 0 interrupt, PW45EV0 input
PW45EV0
POL/EXI1/ . )
| Input port, External 1 interrupt, PW67EVO0 input
PW67EVO
PO2/EXI2/ ) )
| Input port, External 2 interrupt, UARTO data input (RXDO)
RXDO
PO3/EXI3/ i i
| Input port, External 3 interrupt, UART1 data input (RXD1)
RXD1
PO4/EXI4 | Input port, External 4 interrupt
PO5/EXI5 | Input port, External 5 interrupt

FEUL620Q150A
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15.2 Description of Registers

15.2.1 List of Registers

Address Name Symbol Symbol R/W | Size Initial value
(Byte) (Word)
OF20CH Port 0 data register POD i R 8 Depends on pin
state
OF20EH Port O control register 0 POCONO POCON R/W | 8/16 OOH
OF20FH Port O control register 1 POCON1 R/W 8 O00OH
OF038H External interrupt control registers 0 EXICONO R/W 8 O00H
- - EXICONO1
OF039H External interrupt control registers 1 EXICON1 R/W 8 OOH
OF03AH External interrupt control registers 2 EXICON2 - R/W 8 OOH
FEUL620Q150A 15-3
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15.2.2 Port 0 Data Register (POD)

Address: 0F20CH

Access: R

Access size: 8 bits

Initial value: Depends on pin state

7 6 5 4 3 2 1 0

POD — — PO5D P04D PO3D P02D PO1D P0OOD
R R R R R R R R R
Initial value 0 0 X X X X X X

POD is a read-only special function register (SFR) used to read the pin level of Port 0.

Description of bits
e PO5D-P00D (bits 5-0)
The PO5D to POOD bits are used to read the input level of the port 0 pin.

PO5D Description
0 PO5 pin input: "L" level
1 PO5 pin input: "H" level

P04D Description
0 P04 pin input: "L" level
1 P04 pin input: "H" level

PO3D Description
0 P03 pin input: "L" level
1 P03 pin input: "H" level

P0O2D Description
0 P02 pin input: "L" level
1 P02 pin input: "H" level

PO1D Description
0 PO1 pin input: "L" level
1 PO1 pin input: "H" level

POOD Description
0 POO pin input: "L" level
1 POO pin input: "H" level
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15.2.3 Port 0 Control Registers 0, 1 (POCONO, POCON1)

Address: 0F20EH
Access: RIW
Access size: 8/16 bit
Initial value: 00OH

7 6 5 4 3 2 1 0
POCONO — — PO5CO P04CO P0O3CO P02CO P0O1CO PO0OCO
R/W R R R/W R/W R/W R/W R/W R/W
Initial value 0 0 0 0 0 0 0 0
Address: 0F20FH
Access: RIW
Access size: 8 bits
Initial value: O0OH
7 6 5 4 3 2 1 0
POCON1 — — P0O5C1 P04C1 P0O3C1 P02C1 PO1C1 PO0OC1
R/W R R R/W R/W R/W R/W R/W R/W
Initial value 0 0 0 0 0 0 0 0

POCONO and POCONZ1 are special function registers (SFRs) to select the input mode of Port 0.

Description of bits
e P05C0-P00CO, PO5C1-P00C1 (bits 5-0)
The PO5CO0 to POOCO bits and PO5C1 to POOC1 bits are used to select high-impedance input mode, input mode
with a pull-down resistor, or input mode with a pull-up resistor. The POnCO bit and the POnC1 bit determine the
input mode of POn (Example: When P02C0 = "0" and P02C1 = "1", P02 is in input mode with a pull-up

resistor).
PO5C1 to PO5CO to Description
PO0C1 PO0OCO
0 0 High-impedance input mode (initial value)
0 1 Input mode with a pull-down resistor
1 0 Input mode with a pull-up resistor
1 1 High-impedance input mode
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15.2.4 External Interrupt Control Register 0, 1 (EXICONO, EXICON1)

Address: 0F038H
Access: RIW

Access size: 8 bits
Initial value: 00OH

7 6 5 4 3 2 1 0
EXICONO P31EQ P30EO PO5EQ PO4EO PO3EO PO2EQ PO1EO POOEOQ
R/W R/IW R/W R/W RIW R/W R/W R/IW R/W
Initial value 0 0 0 0 0 0 0 0
Address: 0FO39H
Access: RIW
Access size: 8 bits
Initial value: OOH
7 6 5 4 3 2 1 0
EXICON1 P31E1 P30E1 PO5E1 PO4E1 PO3E1 PO2E1 PO1E1 POOE1
R/W R/IW R/W R/W RIW R/W R/W R/W R/W
Initial value 0 0 0 0 0 0 0 0

EXICONO and EXICONL1 are special function registers (SFRs) to select an interrupt edge of Port 0.

Description of bits

P31E0-P30EOQ, P31E1-P30EL1 (bits 5-0)

The P31EOQ to P30EO bits and P31E1 to P30E1 bits are used to select interrupt disabled mode, falling-edge
interrupt mode, rising-edge interrupt mode, or both-edge interrupt mode. The P3mEQ bit and the P3mEL1 bit
determine the interrupt mode of P3m (Example: When P30EO = "0" and P30E1 = "1", P30 is in rising-edge
interrupt mode).

P31E1lto P31EO to Description
P30E1 P30EO
0 0 Interrupt disabled (initial value)
0 1 Falling-edge interrupt
1 0 Rising-edge interrupt
1 1 Both-edge interrupt

PO5E0-POOEQ, PO5E1-POOE1 (bits 5-0)

The PO5EOQ to POOEO bits and PO5SE1 to POOE1 bits are used to select interrupt disabled mode, falling-edge
interrupt mode, rising-edge interrupt mode, or both-edge interrupt mode. The POnEO bit and the POnE1 bit
determine the interrupt mode of POn (Example: When PO2EQ ="0" and PO2E1 = "1", P02 is in rising-edge
interrupt mode).

POSEL1 to POS5EO to Description
POOE1 POOEO
0 0 Interrupt disabled (initial value)
0 1 Falling-edge interrupt
1 0 Rising-edge interrupt
1 1 Both-edge interrupt

FEUL620Q150A
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LAPIS Semiconductor Co.,Ltd.

15.2.5 External Interrupt Control Register 2 (EXICONZ2)

Address: 0FO3AH
Access: RIW

Access size: 8 bits
Initial value: 00H

7 6 5 4 3 2 1 0
EXICONZ2 P31SM P30SM PO5SM P04SM PO3SM P0O2SM PO1SM POOSM
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

EXICON?2 is a special function register (SFR) to select whether the Port 0 interrupt is with sampling or without
sampling.

Description of bits
e P31SM-P30SM (bits 7-6)
The P31SM to P30SM bits are used to select whether the Port 3 interrupt is with or without sampling. The
sampling clock is TI6KHZ of the low-speed time base counter (LTBC).

P31SM Description
0 Detects the input signal edge for P31 interrupt without sampling (initial value).
1 Detects with sampling

P30SM Description
0 Detects the input signal edge for P30 interrupt without sampling (initial value).
1 Detects with sampling

e PO5SM-P0O0SM (bits 5-0)
The PO5SM to POOSM bits are used to select whether the Port O interrupt is with or without sampling. The
sampling clock is TI6KHZ of the low-speed time base counter (LTBC).

PO5SM Description
0 Detects the input signal edge for PO5 interrupt without sampling (initial value).
1 Detects with sampling

P04SM Description
0 Detects the input signal edge for P04 interrupt without sampling (initial value).
1 Detects with sampling

PO3SM Description
0 Detects the input signal edge for PO3 interrupt without sampling (initial value).
1 Detects with sampling

P02SM Description
0 Detects the input signal edge for P02 interrupt without sampling (initial value).
1 Detects with sampling

PO1SM Description
0 Detects the input signal edge for PO1 interrupt without sampling (initial value).
1 Detects with sampling
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POOSM Description
0 Detects the input signal edge for POO interrupt without sampling (initial value).
1 Detects with sampling

[Note]

e In STOP mode, no sampling is performed regardless of the value set in P31SM to P30SM and PO5SM to POOSM
since the sampling clock of 16 kHz stops.

FEUL620Q150A
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15.3 Description of Operation

For the pins of Port 00 to 05, the setting of port 0 control registers 0, 1 (POCONO, POCONL1) allows selection of
high-impedance input mode, input mode with a pull-down resistor, or input mode with a pull-up resistor.
High-impedance input mode is selected at system reset.

The pin level of Port 0 can be read by reading the Port O data register (POD).

15.3.1 External Interrupt

The Port 0 pins (P00, P01, P02, P03, P04, P05, P30, P31) can be used as P00 to P05 and P30 to P31 interrupts (POOINT
to POSINT and P30INT to P31INT). The P00 to P05 and P30 to P31 interrupts are maskable and interrupt enable or
disable can be selected. For details of interrupts, see Chapter 5, "Interrupt".

The POO pin can be used as PW45EV0 input pin of PWM, the P01 pin as PW67EVO input pin of PWM, the P02 pin as
RXDO input of UARTO, and the P03 pin as RXD1 input of UART1.

See Chapter 11, "PWM" for PWM function, Chapter 13, "UART" for UART function, and Chapter 8, "8-bit Timer" for
timer function.

15.3.2 Interrupt Request

When an interrupt edge selected with the external interrupt control register 0, 1, or 2 (EXICONO, EXICON1, or
EXICON2) occurs at a Port 0 or 3 pin, any of the maskable P00 to PO5 and P30 to P31 interrupts (POOINT to POSINT,
P30INT to P31INT) occurs.

Figure 15-2 shows the generation timing of P00 to P05 and P30 to P31 interrupts in rising-edge interrupt mode, in
falling-edge interrupt mode, and in both-edge interrupt mode without sampling, and in rising-edge interrupt mode with
sampling.

svse ][ F 3 [ L L L]

P3m pin, POn pin «
N

P3mINT,POnINT
Interrupt request (S

OP2m OPON
(&) When Falling-Edge Interrupt Mode without Sampling is Selected

SYSCLK N
P3m pin, POn pin B |
) i

P3mINT,POnINT ( j\

Interrupt request
QP3m,QPOn §
(b) When Rising-Edge Interrupt Mode without Sampling is Selected

P3m pin, POn pin

((
)

P3mINT,POnINT i\ | L« J\ :

DA
Interrupt request _—(‘
QP3m,QPOn g

(c) When Both-Edge Interrupt Mode without Sampling is Selected
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When rising-edge interrupt mode with sampling is selected, the input level of POn and P3m pins is checked at falling
edges of T16KHz. If it is "H" twice consecutively, the interrupt condition is satisfied, and an interrupt request occurs at
the timing of falling edge of SYSCLK after the second falling edge of T16KHz.

TIekHZ | | R |
ssew | 1L L LAY T L LT
P3m pin, POn pin i
P3mINT,POnINT
Interrupt request nm: 8 :2 ;

QP3m,QPOn
(d) When Rising-Edge Interrupt Mode with Sampling is Selected

Figure 15-2 P00 to P05 and P30 to P31 Interrupt Generation Timing
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16 Port 1

16.1 General Description

This LSl includes a 3-bit input port, Port 1 (P12, P13, P14).

Port 1 can have a low-speed crystal oscillation pin (32.768 kHz) as a secondary function. To use it as a low-speed crystal
oscillation pin, it can be selected in Code-Option.

For Code-Option, see Chapter 30, "Code-Option".

16.1.1 Features

o  Allows selection of high-impedance input mode, input mode with a pull-down resistor, or input mode with a
pull-up resistor for each bit.
o Allows selection of a crystal oscillation pin as secondary function.
16.1.2 Configuration

Figure 16-1 shows the configuration of Port 1.

Voo Data bus
v Pull-up PICONO | .
n Pull-down [<— P1CON1 |€
— Controller

VSS
P12,P13,P14 © ’_—%*_3_% P1D

! 3 FCONO
I/ (OSCM1,0SCMO0)
Ves 2 Low-speed 1
) resonator circuit LSCLK
T /F STOP mode
Enable oscillation
P1D : Port 1 data register

P1CONO : Port 1 control register O
P1CON1 : Port 1 control register 1

Figure 16-1 Configuration of Port 1

16.1.3 List of Pins

Pin name 1/0 Primary function Secondary function
P12/XTO | Input port Pin for connecting a crystal for low-speed clock
P13/XT1 1/0 I/0O port Pin for connecting a crystal for low-speed clock
Input port/
P14/TESTO | * ) ) -
Test input pin

“: The output setting for P14 is prohibited.

[Note]

Do not program ML620Q150A series with an application program code that sets P14IDR bit of P1DIR register to”0”.
Because the program code is executed before LEASE accesses to ML620Q150A series, P14/TESTO pin gets output
mode and from then on, the LSI cannot enter the on-chip debug mode. Notice that WLEASE cannot initialize the P14DIR
bit.
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16.2 Description of Registers

16.2.1 List of Registers

Address Name Symbol Symbol R/W | Size Initial value
(Byte) (Word)
OF21AH Port 1 data register P1D i R 8 Depends on pin
state
OF21BH Port 1 direction register P1DIR - R/W 8 10H
OF21CH Port 1 control register 0 P1CONO P1CON R/W | 8/16 10H
OF21DH Port 1 control register 1 P1CON1 R/W 8 O0OH
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16.2.2 Port 1 Data Register (P1D)
Address: 0F21AH

Access: RIW

Access size: 8 bits
Initial value: Depends on pin state

P1D

R/W
Initial value

7 6 5 4 3 2 1 0
— — — P14D P13D P12D — —
R R R/W R/W R R
0 0 0 X X X 0 0

P1D is a read-only special function register (SFR) used to read the input level of the port 1 pin.

Description of bits
e P14D, P13D, P12D (bits 4-2)
The P14D, P13D, and P12D bits are used to read the input level of the Port 1 pin.

P14D Description
0 Input level of the P14 pin: "L"
1 Input level of the P14 pin: "H"

P13D Description
0 Input level of the P13 pin: "L"
1 Input level of the P13 pin: "H"

P12D Description
0 Input level of the P12 pin: "L"
1 Input level of the P12 pin: "H"

FEUL620Q150A
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16.2.3 Port 1 Direction Register (P1DIR)

Address: 0F21BH
Access: RIW

Access size: 8 bits
Initial value: 18H

7 6 5 4 3 2 1 0

P1DIR — — — P14DIR P13DIR — — —
R/W R R R R/W R/W R R

Initial value 0 0 0 1 0 0 0 0

P1DIR is a special function register (SFR) to select the input/output mode of Port 1 (P14).
The P12 pin is an input-only port, and the P13 pin is an 1/O port.

Description of bits
e P14DIR (bit 4)
The P14DIR bit is used to set the input/output direction of the Port 14 pins.

P14DIR Description
0 (Setting prohibited) P14 pin: Output
1 P14 pin: Input (initial value)

e P13DIR (bit 3)
The P13DIR bit is used to set the input/output direction of the Port 13 pins.

P13DIR Description
0 P13 pin: Output (initial value)
1 P13 pin: Input

[Note]

Do not program ML620Q150A series with an application program code that sets P14IDR bit of P1DIR register to”0”.
Because the program code is executed before HEASE accesses to ML620Q150A series, P14/TESTO pin gets output
mode and from then on, the LSI cannot enter the on-chip debug mode. Notice that WEASE cannot initialize the P14DIR
bit.
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16.2.4 Port 1 Control Registers 0, 1 (PLCONO, P1CON1)

Address: 0F21CH
Access: RIW

Access size: 8/16 bit
Initial value: 10H

7 6 5 4 3 2 1 0
P1CONO — — — P14C0 P13CO P12CO0 — —
R/W R R R R/W R/W R/W R
Initial value 0 0 0 1 0 0 0 0
Address: 0F21DH
Access: RIW
Access size: 8 bits
Initial value: 00OH
7 6 5 4 3 2 1 0
POCON1 — — — P14C1 P13C1 P12C1 — —
R/W R R R/W R/W R/W R
Initial value 0 0 0 0 0 0 0 0

P1CONO and P1CON1 are special function registers (SFRs) used to select the input/output mode of Port 1.

Description of bits

P14C0-P12CO0, P14C1-P12C1 (bits 4-2)
The P14C0 to P12CO0 bits and P14C1 to P12C1 bits are used to select high-impedance input mode, input mode
with a pull-down resistor, or input mode with a pull-up resistor.

When output mode is selected (P14DIR bit | When input mode is selected (P14DIR bit =
="0") 1)
* The output setting is prohibited.
P14C1 P14CO Description
0 0 P14 pin: High-impedance output P14 pin: High-impedance input
0 1 P14 pin: P-channel open drain output P14 pin: Input with a pull-down resistor
(initial value)
P14 pin: N-channel open drain output P14 pin: Input with a pull-up resistor
P14 pin: CMOS output P14 pin: High-impedance input
When output mode is selected (P13DIR bit | When input mode is selected (P13DIR bit =
="0") 1)
P13C1 P13CO0 Description
0 0 P13 pin: High-impedance output (initial P13 pin: High-impedance input
value)
P13 pin: P-channel open drain output P13 pin: Input with a pull-down resistor
P13 pin: N-channel open drain output P13 pin: Input with a pull-up resistor
P13 pin: CMOS output P13 pin: High-impedance input
P12C1 P12CO0 Description
0 0 P12 pin: High-impedance input (initial value)
0 1 P12 pin: Input with a pull-down resistor
1 0 P12 pin: Input with a pull-up resistor
1 1 P12 pin: High-impedance input

FEUL620Q150A
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[Note]

« Do not program ML620Q150A series with an application program code that sets P14I1DR bit of P1DIR register
t0”0”. Because the program code is executed before JEASE accesses to ML620Q150A series, P14/TESTO pin gets
output mode and from then on, the LSI cannot enter the on-chip debug mode. Notice that LEASE cannot initialize the
P14DIR bit.

« If a crystal oscillation pin is selected in Code-Option, the P12 and P13 pins are automatically set to the
high-impedance input mode.
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16.3 Description of Operation

16.3.1 Input Port Function
For each pin of Port 1, one of high-impedance input mode, input mode with a pull-down resistor, and input mode with a
pull-up resistor can be selected by setting the Port 1 control registers 0, 1 (PLCONO, PLCONL1). At a system reset,

high-impedance input mode is selected as the initial status.
The input level of the Port 1 pin can be read by reading the Port 1 data register (P1D).
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LAPIS Semiconductor Co.,Ltd.

17 Port 2

17.1 General Description

This LSI includes a 4-bit output-only port, Port 2 (P20 to P23).

Port 2 can output the low-speed clock (LSCLK) and high-speed clock (OUTCLK) as the secondary function, the PWM4
output (PWM4), PWMS5 output (PWM5), timer A out (TMHAOQUT), and timer B out (TMHBOUT) as the tertiary
function, and the PWMB6 output (PWMG6) and PWM?7 output (PWM?7) as the quartic function. See Chapter 6, "Clock
Generation Circuit" for the clock output, Chapter 11, "PWM" for the PWM output, and Chapter 9, "16-bit Timer" for the
timer out.

17.1.1 Features

o Allows direct LED drive.

o Allows selection of high-impedance output, P-channel open drain output, N-channel open drain output, or CMOS
output for each bit.

e The low-speed clock (LSCLK) and high-speed clock (OUTCLK) can be output as the secondary function, the
PWM4 output (PWM4), PWMS5 output (PWM5), timer A out (TMHAOQOUT), and timer B out (TMHBOUT) as the
tertiary function, and the PWM6 output (PWM®6) and PWM?7 output (PWMT) as the quartic function.

e Enters the LED drive mode when the general-purpose output port function is selected.

17.1.2 Configuration

Figure 17-1 shows the configuration of Port 2.

Data bus
P2MOD
Voo P2CONO |[€<—>
Voo P2CON1
F— Port2 P2D |«
P20to P23 Output
— controller j LSCLK
4 OUTCLK
Vss PWM4, PWM5, PWM6, PWM7
Vee TMHAOUT, TMHBOUT
P2D : Port 2 data register

P2CONO : Port 2 control register 0
P2CON1 : Port 2 control register 1
P2MOD : Port 2 mode register

17.1.3 List of Pins

Figure 17-1 Configuration of Port 2

Pin name 110 Primary function Secondary Tertiary function Quartic function
function
P20/LEDO/ Output port, -
0 dpdtport, - Low-speed clock | o4 output (PWMA4) -
LSCLK/PWM4 Direct LED drive output (LSCLK)
P21/LED1/ Output port, igh-
o ) putp . High-speed clock PWMS output (PWMS) )
OUTCLK/PWM5 Direct LED drive output (OUTCLK)
P22/LED2/ Qutput port, .
(0] . ) - Timer A out (TMHAOUT) | PWM6 output (PWM6)
TMHAOUT/PWM6 Direct LED drive
P23/LED3/ Output port, )
(0] . ) - Timer B out (TMHBOUT) | PWM?7 output (PWM7)
TMHBOUT/PWM7 Direct LED drive
FEULG620Q150A
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17.2 Description of Registers

17.2.1 List of Registers

Address Name Symbol Symbol R/W | Size Initial value
(Byte) (Word)
0F228H Port 2 data register P2D - R/W 8 OOH
OF22AH Port 2 control register 0 P2CONO P2CON R/W | 8/16 O0H
OF22BH Port 2 control register 1 P2CON1 R/W 8 O00H
O0F22CH Port 2 mode register 0 P2MODO PIMOD R/W | 8/16 O0OH
O0F22DH Port 2 mode register 1 P2MOD1 R/W 8 O0OH
FEUL620Q150A
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17.2.2 Port 2 Data Register (P2D)
Address: 0F228H

Access: RIW

Access size: 8 bits
Initial value: OOH

P2D

R/W
Initial value

7 6 5 4 3 2 1 0
— — — — P23D P22D P21D P20D
R R R R/W R/W R/W R/W

0 0 0 0 0 0 0 0

P2D is a special function register (SFR) to set the output value of the Port 2. The value of this register is output to the
Port 2 pin. The value written to P2D is readable.

Description of bits
o P23D-P20D (bits 3-0)
The P23D to P20D bits are used to set the output value of the Port 2 pin.

P23D Description
0 Output level of the P23 pin: "L"
1 Output level of the P23 pin: "H"

P22D Description
0 Output level of the P22 pin: "L"
1 Output level of the P22 pin: "H"

P21D Description
0 Output level of the P21 pin: "L"
1 Output level of the P21 pin: "H"

P20D Description
0 Output level of the P20 pin: "L"
1 Output level of the P20 pin: "H"

FEUL620Q150A
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17.2.3 Port 2 Control Registers 0, 1 (P2CONO, P2CON1)
Address: 0F22AH

Access: RIW

Access size: 8/16 bit
Initial value: OOH

P2CONO

R/W
Initial value

Address: 0F22BH

Access: RIW

Access size: 8 bits
Initial value: O0OH

P2CON1

R/W
Initial value

7 4 3 2 1 0
— — P23CO0 P22C0 P21CO P20CO
R R R/W R/W R/W R/W
0 0 0 0 0 0
7 4 3 2 1 0
— — P23C1 P22C1 P21C1 P20C1
R/W R/W R/W R/W
0 0 0 0 0 0

P2CONO and P2CON1 are special function registers (SFRs) to select the output state of the output pin Port 2.

Description of bits

e P23C0-P20C0, P23C1-P20C1 (bits 3-0)

The P23C0 to P20C0 and P23CL1 to P20C1 bits are used to select high-impedance output mode, P-channel open
drain output mode, N-channel open drain output mode, or CMOS output mode.
To directly drive LEDs, select N-channel open drain output mode.

P23C1 P23C0 Description
0 0 P23 pin: High-impedance output (initial value)
0 1 P23 pin: P-channel open drain output
1 0 P23 pin: N-channel open drain output
1 1 P23 pin: CMOS output
P22C1 P22C0 Description
0 0 P22 pin: High-impedance output (initial value)
0 1 P22 pin: P-channel open drain output
1 0 P22 pin: N-channel open drain output
1 1 P22 pin: In CMOS output mode
P21C1 P21CO0O Description
0 0 P21 pin: High-impedance output (initial value)
0 1 P21 pin: P-channel open drain output
1 0 P21 pin: N-channel open drain output
1 1 P21 pin: In CMOS output mode

FEUL620Q150A
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P20C1 P20C0 Description
0 0 P20 pin: High-impedance output (initial value)
0 1 P20 pin: P-channel open drain output
1 0 P20 pin: N-channel open drain output
1 1 P20 pin: In CMOS output mode

FEUL620Q150A
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17.2.4 Port 2 Mode Register (P2MOD)
Address: 0F22CH
Access: RIW
Access size: 8/16 bit
Initial value: OOH
6 5 4 3 2 1 0
P2MODO — — — P23MDO P22MDO P21MDO P20MDO
R/W R R R R/W R/W R/W R/W
Initial value 0 0 0 0 0 0 0
Address: 0F22DH
Access: RIW
Access size: 8 bits
Initial value: O0OH
6 5 4 3 2 1 0
P2MOD1 — — — P23MD1 P22MD1 P21MD1 P20MD1
R/W R R R R/W R/W R/W R/W
Initial value 0 0 0 0 0 0 0

P2MODO0 and P2MOD1 are special function registers (SFRs) used to select the primary, secondary, tertiary, or quartic

function of Port 2.

Description of bits

e P23MDO, P23MDL1 (bit 3)
The P23MDO0 and P23MD1 bits are used to select the primary, secondary, tertiary, or quartic function of the P23

pin.
P23MD1 | P23MDO Description
0 0 General-purpose output port function/LED drive mode (initial value)
0 1 Do not use
1 0 Timer B out output function (TMHBOUT)
1 1 PWM7 output (PWMT7)

e P22MDO, P22MD1 (bit 2)
The P22MDO0 and P22MD1 bits are used to select the primary, secondary, tertiary, or quartic function of the P22

pin.
P22MD1 | P22MDO Description
0 0 General-purpose output port function/LED drive mode (initial value)
0 1 Do not use
1 0 Timer A out output function (TMHAQUT)
1 1 PWM output (PWM6)
FEULG620Q150A
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P21MDO, P21MD1 (bit 1)

The P21MDO0 and P21MD1 bits are used to select the primary, secondary, or tertiary function of the P21 pin.

P21MD1 | P21MDO Description
0 0 General-purpose output port function/LED drive mode (initial value)
0 1 High-speed clock output function (OUTCLK)
1 0 PWMS5 output (PWM5)
1 1 Do not use

P20MDO, P20MD1 (bit 0)

The P20MDO0 and P20MD1 bits are used to select the primary, secondary, or tertiary function of the P20 pin.

P20MD1 | P20MDO Description
0 0 General-purpose output port function/LED drive mode (initial value)
0 1 Low-speed clock (LSCLK) output function
1 0 PWM4 output (PWM4)
1 1 Do not use

P2 (Port 2) is an output-only pin and does not have the register to select the data direction (input or output).

FEUL620Q150A
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17.3 Description of Operation
17.3.1 Output Port Function

For each pin of Port 2, any one of high-impedance output mode, P-channel open drain output mode, N-channel open
drain output mode, and CMOS output mode can be selected by setting the Port 2 control registers 0, 1 (P2CONO,
P2CONL1). At a system reset, high-impedance output mode is selected as the initial status.

Depending of the value set in the Port 2 data register (P2D), a “L” level or “H” level signal is output to each pin of Port
2.

17.3.2 Secondary, Tertiary, and Quartic Functions

The low-speed clock (LSCLK), high-speed clock (OUTCLK) output, PWM4 output (PWM4), PWMS5 output (PWMS),
PWMS6 output (PWM6), PWM?7 output (PWM7), timer A out (TMHAQUT), and timer B out (TMHBOUT) are assigned
to Port 2 as the secondary, tertiary, and quartic functions. The secondary, tertiary, or quartic function can be used by
setting the P23MD to P20MD and P23MD1 to P20MDL1 bits of the Port 2 mode register (P2MOD, P2MOD1) to "1".

FEUL620Q150A
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18 Port 3

18.1 General Description

ML620Q151A/ML620Q152A/ML620Q153A includes a 6-bit input/output port, Port 3 (P30 to P35).
ML620Q154A/ML620Q155A/ML620Q156A includes a 7-bit input/output port, Port 3 (P30 to P36).
ML620Q157A/ML620Q158A/ML620Q159A includes a 8-bit input/output port, port 3 (P30 to P37).

For details, see Section 1.3.2, "List of Pins".

It also can output the PWM output (PWM4, PWM5), low-speed clock (LSCLK), and high-speed clock (OUTCLK) in
the secondary and tertiary function modes. See Chapter 11, "PWM" for the PWM output and Chapter 6, "Clock
Generation Circuit" for the clock output.

18.1.1 Features

e Allows selection of high-impedance output, P-channel open drain output, N-channel open drain output, or
CMOS output for each bit in output mode.

Allows selection of high-impedance input, input with a pull-down resistor, or input with a pull-up resistor for
each bit in input mode.

Allows the low-speed clock (LSCLK) output and high-speed clock (OUTCLK) output as the secondary function,
and the PWM output (PWM4, PWMD5) as the tertiary function.

The P30 pin can be used as the PW45EV1 input pin for PWM4 and PWM5.

The P31 pin can be used as the PW67EV1 input pin for PWM®6 and PWM?7.

The P32 pin can be used as the PW45EV0 input pin for PWM4 and PWM5.

The P33 pin can be used as the PW67EV0 input pin for PWM6 and PWM?7.

The P30 to P35 pins can be used as an analog input pin of the successive approximation type ADC.

Allows selection of with/without interrupt sampling for P30 to P31.(Sampling frequency: T16KHZ)
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18.1.2 Configuration
Figure 18-1 shows the configuration of Port 3.
Von
F——  Pull-up Data bus
Pull-down
j —— Controller
§ v T P3DIR
Voo s P3MODO,1
Voo f P3CONO,1
%I— Port3 |« P3D |¢—>
P30 to P37 . Output PWM output (PWM4, PWM5)
EI— Controller P ’
LSCLK,OUTCLK
Ves @ 8 PWA45EV1,PW67EV1,
PW45EV0,PW67EV0
Vs AINO to AINS
EXICONO °
— EXICON1 >
EXICON2
Interrupt g
2 Controuper P30INT to P31INT
A Sampling clock T16KHZ
P3D : Port 3 data register
P3DIR : Port 3 direction register
P3CONO : Port 3 control register 0
P3CON1 : Port 3 control register 1
P3MODO : Port 3 mode register 0
P3MOD1 : Port 3 mode register 1
EXICONO : External interrupt control registers 0
EXICON1 : External interrupt control registers 1
EXICON2 : External interrupt control registers 2
Figure 18-1 Configuration of Port 3
[Note]
P30 to P35 are assigned to the successive approximation type ADC input. To use them as the analog input of
successive approximation type ADC, set the appropriate port to the high-impedance output mode.
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18.1.3 List of Pins

Pin name I/0 Primary function Secondary function Tertiary function
1/0O port,
P30/EXI6 External 6 |.nterrupt
PWA45EV1/ yo | PWASEVLinput, : :
AINO Succes_swe.
approximation type ADC
input
I/O port,
P31/EXI7 External 7 |_nterrupt
PW67EV1/ yo | PWE7EVLinput, : :
AINL Succesjswe.
approximation type ADC
input
1/0O port,
P32/PWA45SEV0 o PWA5EVO input
AIN2 Succesjswe.
approximation type ADC
input
1/0O port,
P33/PW67EV0 o PWE7EVO input
AIN3 Succesjswe.
approximation type ADC
input
P34/ I/O port, _
AIN4/ yo | Successive - PWM output (PWM4)
approximation type ADC
PWM4 .
input
P35/ 110 port,.
AIN5/ yo | Successive - PWM output (PWMS)
approximation type ADC
PWM5 .
input
P36/ Low-speed clock output
I/1O I/O port -
LSCLK P (LSCLK)
P37/ High- lock
1o /0 port igh-speed clock output i
OUTCLK (OUTCLK)

FEUL620Q150A

18-3



LAPIS Semiconductor Co., Ltd. ML620Q151A/2A/3AIAAI5AI6AITAIBAI9A User's Manual
Chapter 18 Port 3

18.2 Description of Registers

18.2.1 List of Registers

Address Name Symbol Symbol R/W | Size Initial value
(Byte) (Word)
0F236H Port 3 data register P3D - R/W 8 OOH
O0F237H Port 3 direction register P3DIR - R/W 8 O00H
0F238H Port 3 control register 0 P3CONO P3CON R/W | 8/16 O0OH
OF239H Port 3 control register 1 P3CON1 R/W 8 O0OH
0F23AH Port 3 mode register 0 P3MODO PAMOD R/W | 8/16 O0H
O0F23BH Port 3 mode register 1 P3MOD1 R/W 8 O0OH
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18.2.2 Port 3 Data Register (P3D)

Address: 0F236H
Access: RIW

Access size: 8 bits
Initial value: 00OH

7 6 5 4 3 2 1 0
P3D P37D P36D P35D P34D P33D P32D P31D P30D
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

P3D is a special function register (SFR) to set the value to be output to the Port 3 pin or to read the input level of the Port
3. In output mode, the value of this register is output to the Port 3 pin. The value written to P3D is readable.

In input mode, the input level of the Port 3 pin is read when P3D is read. Output mode or input mode is selected by using
the port mode register (P3DIR) described later.

Description of bits
e P37D-P30D (bits 7-0)
The P37D to P30D bits are used to set the output value of the Port 3 pin in output mode and to read the pin level
of the Port 3 pin in input mode.

P37D Description

0 Output or input level of the P37 pin: "L"

1 Output or input level of the P37 pin: "H"
P36D Description

0 Output or input level of the P36 pin: "L"

1 Output or input level of the P36 pin: "H"
P35D Description

0 Output or input level of the P35 pin: "L"

1 Output or input level of the P35 pin: "H"
P34D Description

0 Output or input level of the P34 pin: "L"

1 Output or input level of the P34 pin: "H"
P33D Description

0 Output or input level of the P33 pin: "L"

1 Output or input level of the P33 pin: "H"
P32D Description

0 Output or input level of the P32 pin: "L"

1 Output or input level of the P32 pin: "H"
P31D Description

0 Output or input level of the P31 pin: "L"

1 Output or input level of the P31 pin: "H"
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P30D Description
0 Output or input level of the P30 pin: "L"
1 Output or input level of the P30 pin: "H"

FEUL620Q150A
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18.2.3 Port 3 Direction Register (P3DIR)

Address: 0F237H
Access: RIW

Access size: 8 bits
Initial value: 00OH

7 6 5 4 3 2 1 0
P3DIR P37DIR P36DIR P35DIR P34DIR P33DIR P32DIR P31DIR P30DIR
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

P3DIR is a special function register (SFR) to select the input/output mode of Port 3.

Description of bits

e P37DIR-P30DIR (bits 7-0)
The P37DIR to P30DIR bits are used to set the input/output direction of the Port 3 pins.

P37DIR Description
0 P37 pin: Output (initial value)
1 P37 pin: Input

P36DIR Description
0 P36 pin: Output (initial value)
1 P36 pin: Input

P35DIR Description
0 P35 pin: Output (initial value)
1 P35 pin: Input

P34DIR Description
0 P34 pin: Output (initial value)
1 P34 pin: Input

P33DIR Description
0 P33 pin: Output (initial value)
1 P33 pin: Input

P32DIR Description
0 P32 pin: Output (initial value)
1 P32 pin: Input

P31DIR Description
0 P31 pin: Output (initial value)
1 P31 pin: Input

P30DIR Description
0 P30 pin: Output (initial value)
1 P30 pin: Input

FEUL620Q150A
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18.2.4 Port 3 Control Registers 0, 1 (P3CONO, P3CON1)

Address: 0F238H
Access: RIW
Access size: 8/16 bit
Initial value: 00OH

7 6 5 4 3 2 1 0
P3CONO P37CO P36C0O P35C0 P34C0 P33C0 P32C0 P31CO P30CO
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: 0F239H
Access: RIW
Access size: 8 bits
Initial value: O0OH
7 6 5 4 3 2 1 0
P3CON1 P37C1 P36C1 P35C1 P34C1 P33C1 P32C1 P31C1 P30C1
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

P3CONO and P3CON1 are special function registers (SFRs) used to select the input/output state of the Port 3 pin. The
output state is different between input mode and output mode. Input or output is selected by using the P3DIR register.

Description of bits
P37C1-P30C1, P37C0-P30CO (bits 7-0)
The P37C1 to P30C1 and P37C0 to P30CO bits are used to select h

igh-impedance output, P-channel open drain

output, N-channel open drain output, or CMOS output in output mode and to select high-impedance input, input
with a pull-down resistor, or input with a pull-up resistor in input mode.

When output mode is selected (P37DIR bit | When input mode is selected (P37DIR bit
="0) ="1")
P37C1 P37CO0 Description
0 0 P37 pin: High-impedance output (initial | P37 pin: High-impedance input
value)
1 P37 pin: P-channel open drain output P37 pin: Input with a pull-down resistor
0 P37 pin: N-channel open drain output P37 pin: Input with a pull-up resistor
1 P37 pin: CMOS output P37 pin: High-impedance input
When output mode is selected (P36DIR bit | When input mode is selected (P36DIR bit
="0") ="1")
P36C1 P36CO Description
0 0 P36 pin: High-impedance output (initial | P36 pin: High-impedance input
value)
1 P36 pin: P-channel open drain output P36 pin: Input with a pull-down resistor
0 P36 pin: N-channel open drain output P36 pin: Input with a pull-up resistor
1 P36 pin: CMOS output P36 pin: High-impedance input

FEUL620Q150A
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When output mode is selected (P35DIR bit | When input mode is selected (P35DIR bit
="0") ="1")
P35C1 P35C0 Description
0 0 P35 pin: High-impedance output (initial | P35 pin: High-impedance input
value)
1 P35 pin: P-channel open drain output P35 pin: Input with a pull-down resistor
0 P35 pin: N-channel open drain output P35 pin: Input with a pull-up resistor
P35 pin: CMOS output P35 pin: High-impedance input
When output mode is selected (P34DIR bit | When input mode is selected (P34DIR bit
="0") ="1")
P34C1 P34CO0 Description
0 0 P34 pin: High-impedance output (initial | P34 pin: High-impedance input
value)
1 P34 pin: P-channel open drain output P34 pin: Input with a pull-down resistor
0 P34 pin: N-channel open drain output P34 pin: Input with a pull-up resistor
1 P34 pin: CMOS output P34 pin: High-impedance input
When output mode is selected (P33DIR bit | When input mode is selected (P33DIR bit
="0") ="1")
P33C1 P33CO0 Description
0 0 P33 pin: High-impedance output (initial | P33 pin: High-impedance input
value)
1 P33 pin: P-channel open drain output P33 pin: Input with a pull-down resistor
0 P33 pin: N-channel open drain output P33 pin: Input with a pull-up resistor
P33 pin: CMOS output P33 pin: High-impedance input
When output mode is selected (P32DIR bit | When input mode is selected (P32DIR bit
="0") ="1")
P32C1 P32CO0 Description
0 0 P32 pin: High-impedance output (initial | P32 pin: High-impedance input
value)
1 P32 pin: P-channel open drain output P32 pin: Input with a pull-down resistor
0 P32 pin: N-channel open drain output P32 pin: Input with a pull-up resistor
1 P32 pin: CMOS output P32 pin: High-impedance input
When output mode is selected (P31DIR bit | When input mode is selected (P31DIR bit
="0") ="1")
P31C1 P31CO0 Description
0 0 P31 pin: High-impedance output (initial | P31 pin: High-impedance input
value)
1 P31 pin: P-channel open drain output P31 pin: Input with a pull-down resistor
0 P31 pin: N-channel open drain output P31 pin: Input with a pull-up resistor
P31 pin: CMOS output P31 pin: High-impedance input
When output mode is selected (P30DIR bit | When input mode is selected (P30DIR bit
="0") ="1")
P30C1 P30CO0 Description
0 0 P30 pin: High-impedance output (initial | P30 pin: High-impedance input
value)
1 P30 pin: P-channel open drain output P30 pin: Input with a pull-down resistor
0 P30 pin: N-channel open drain output P30 pin: Input with a pull-up resistor
1 P30 pin: CMOS output P30 pin: High-impedance input
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18.2.5 Port 3 Mode Registers 0, 1 (P3MODO, P3MOD1)

Address: 0F23AH

Access: RIW

Access size: 8/16 bit
Initial value: OOH

7 6 5 4 3 2 1 0
P3MODO P37MDO P36MDO P35MDO P34MDO P33MDO P32MDO P31MDO P30MDO
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: 0F23BH
Access: RIW
Access size: 8 bits
Initial value: O0OH
7 6 5 4 3 2 1 0
P3MOD1 P37MD1 P36MD1 P35MD1 P34MD1 P33MD1 P32MD1 P31MD1 P30MD1
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

P3MODO and P3MOD1 are special function registers (SFRs) used to select the primary, secondary, or tertiary function

of the Port 3.

Description of bits

e P37MD1, P37MDO (bit 7)

The P37MD1 and P37MDO bits are used to select the primary or secondary function of the P37 pin.

P37MD1 | P37MDO Description
0 0 General-purpose output port function (initial value)
0 1 High-speed clock (OUTCLK) output function
1 0 Do not use
1 1 Do not use

e P36MD1, P36MDO (bit 6)

The P36MD1 and P36MDO bits are used to select the primary or secondary function of the P36 pin.

P36MD1 | P36MDO Description
0 0 General-purpose output port function (initial value)
0 1 Low-speed clock (LSCLK) output function
1 0 Do not use
1 1 Do not use

e P35MD1, P35MDO (bit 5)

The P35MD1 and P35MDO bits are used to select the primary or tertiary function of the P35 pin.

P35MD1 | P35MDO Description
0 0 General-purpose output port function (initial value)
0 1 Do not use
1 0 PWMS5 output pin (PWM5)
1 1 Do not use
FEUL620Q150A
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P34MD1, P34MDO (bits 4)
The P34MD1 and P34MDO bits are used to select the primary or tertiary function of the P34 pin.

P34MD1 | P34MDO Description
0 0 General-purpose output port function (initial value)
0 1 Do not use
1 0 PWM4 output pin (PWM4)
1 1 Do not use

P33MD1, P33MDO (bit 3)
The P33MD1 and P33MDO bits are used to select the primary, secondary, or tertiary function of the P33 pin.

P33MD1 | P33MDO Description
0 0 General-purpose output port function (initial value)
0 1 Do not use
1 0 Do not use
1 1 Do not use

P32MD1, P32MDO (bit 2)

The P32MD1 and P32MDO bits are used to select the primary function of the P32 pin.

P32MD1 | P32MDO Description
0 0 General-purpose output port function (initial value)
0 1 Do not use
1 0 Do not use
1 1 Do not use

P31MD1, P31MDO (bit 1)

The P31MD1 and P31MDO bits are used to select the primary function of the P31 pin.

P31MD1 | P31MDO Description
0 0 General-purpose output port function (initial value)
0 1 Do not use
1 0 Do not use
1 1 Do not use

P30MD1, P30MDO (bit 0)

The P30MD1 and P30MDO bits are used to select the primary function of the P30 pin.

P30MD1 | P30MDO Description
0 0 General-purpose output port function (initial value)
0 1 Do not use
1 0 Do not use
1 1 Do not use
[Note]

When the pin is set to "Do not use" and the output mode is selected (by the Port 3 control register), the Port 3 output
pin state is fixed as follows regardless of the data of the port data register P3D:
When high-impedance output is selected: Output pin is high-impedance

When P-channel open drain output is selected: Output pin is high-impedance
When N-channel open drain output is selected: Output pin is fixed to "L"
When CMOS output is selected: Output pin is fixed to "L"
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18.3 Description of Operation

18.3.1 Input/Output Port Functions

For each pin of Port 3, either output or input is selected by setting the Port 3 direction register (P3DIR).

In output mode, high-impedance output mode, P-channel open drain output mode, N-channel open drain output mode, or
CMOS output mode can be selected by setting the Port 3 control registers 0, 1 (P3CONO0, P3CON1).

In input mode, high-impedance input mode, input mode with a pull-down resistor, or input mode with a pull-up resistor
can be selected by setting the Port 3 control registers 0, 1 (P3CONO, P3CONL1).

At a system reset, high-impedance output mode is selected as the initial status.

In output mode, "L" or "H" level is output to each pin of Port 3 depending on the value set by the Port 3 data register
(P3D).

In input mode, the input level of each pin of Port 3 can be read from the Port 3 data register (P3D).

18.3.2 Secondary and Tertiary Functions

The PWM output (PWM4, PWM5), low-speed clock (LSCLK) output, and high-speed clock (OUTCLK) output are
assigned to Port 3 as the secondary and tertiary functions. These pins can be used in the secondary or tertiary function
mode by setting the P37MDO to P30MDO0 and P37MD1 to P30MDL1 bits of the Port 3 mode registers (P3MODO,
P3MOD1).

[Note]
P30 to P35 are assigned to the successive approximation type ADC input. To use them as the analog input of
successive approximation type ADC, set the appropriate port to the high-impedance output mode.

18.3.3 External Interrupt
The Port 3 pins (P30, P31) can be used as P30 to P31 interrupts (P30INT to P31INT). The P30 to P31 interrupts are
maskable and interrupt enable or disable can be selected. For details of interrupts, see Chapter 5, "Interrupt".

18.3.4 Interrupt Request

When an interrupt edge selected with the external interrupt control register 0, 1, or 2 (EXICONO, EXICONZ1, or
EXICON2) occurs at a Port 3 pin (P30, P31), any of the maskable P30 to P31 interrupts (P30INT to P31INT) occurs.
For the external interrupt control registers 0, 1, and 2 (EXICONO, EXICON1, EXICON2) and the interrupt generation
timing, see Chapter 15, "Port 0".

FEUL620Q150A
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19 Port 4

19.1 General Description

This LSI includes a 8-bit input/output port, Port 4 (P40 to P47).

Port 4 can have the PWM output, UART, synchronous serial port, and 1°C bus functions as the secondary, tertiary, or
quartic function.

See Chapter 11, "PWM" for the PWM output, Chapter 12, "Synchronous Serial Port" for the synchronous serial port,
Chapter 13, "UART" for UART, and Chapter 14, "I°C Bus Interface" for the I°C bus.

19.1.1 Features

o Allows selection of high-impedance output, P-channel open drain output, N-channel open drain output, or
CMOS output for each bit in output mode.

o Allows selection of high-impedance input, input with a pull-down resistor, or input with a pull-up resistor for
each bit in input mode.

e The PWM output pins (PWM4, PWM5), UART pins (RXDO0, TXDO0,TXD1), synchronous serial port pins (SINO,
SCKO0, SOUTO), and 1°C0 bus pins (SDA,SCL) can be used as the secondary, tertiary, or quartic function.

e The P40 to P41 pins can be used as the input pin of analogue comparator.
The P42 to P47 pins can be used as an analog input pin of the successive approximation type ADC.

19.1.2 Configuration

Figure 19-1 shows the configuration of Port 4.

Von
——  Pull-up Data bus
Pull-down
1 Controller
v T P4DIR
Voo s P4MODO,1|€—>
v l P4CONO,1
%DI >
I Porta || PAD ‘ UART output (TXDO, TXD1)
P40 to Pa7 T o Output SIO output (SCKO, SOUTO)
EI— Controller PWM output (PWM4, PWMS)
8 I°C bus output (SDA, SCL)
Vss @ UART input/output (RXDO0)
Vss SIO input (SINO, SCKO0)
I°C bus input (SDA, SCL)
AING to AIN11
CMPOM,CMPOP
P4D : Port 4 data register
P4DIR : Port 4 direction register

P4ACONO : Port 4 control register 0
P4ACON1 : Port 4 control register 1
P4AMODO : Port 4 mode register 0
P4AMOD1 : Port 4 mode register 1
Figure 19-1 Configuration of Port 4

[Note]
P42 to P47 are assigned to the successive approximation type ADC input. To use them as the analog input of
successive approximation type ADC, set the appropriate port to the high-impedance output mode.
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19.1.3 List of Pins

Pin name

I/0

Primary function

Secondary function

Tertiary function

Quartic function

P40/CMPOM/
SDA/SINO

I/10

1/0 port,

Analogue comparator
0 non-inverting input

I°C bus 0 data
1/0 pin

SSIO0 data
input pin

P41/CMPOP/
SCL/SCKO

I/0

1/0 port,

Analogue comparator
0 inverting input

I°C bus 0 clock
1/0 pin

SSIO0 clock
1/0 pin

P42/AIN6/
RXD0/SOUTO

I/10

1/0 port,
Successive

approximation type
ADC input

UARTO data
input pin

SSIO0 data
output pin

P43/AIN7/
TXDO/PWM4/
TXD1

I/0

1/0 port,
Successive
approximation type
ADC input

UARTO data
output pin

PWM4 output pin

UART1 data
output pin

P44/TOP4CK/
AINS/SINO

I/10

1/0 port,

PMW4 external clock
input,

Successive
approximation type
ADC input

SSIO0
data input pin

P45/T1P5CK/
AIN9/SCKO

110

1/0 port,

PMWS5 external clock
input,

Successive
approximation type
ADC input

SSIO0
clock 1/0O pin

P46/T16CKO/
AIN10/SOUTO

I/10

1/0 port,

Timer 8, A external
clock input,

PWM6 external clock
input,

Successive
approximation type
ADC input

SSIO0
data output pin

P47/T16CK1/
AIN11/PWM5

I/0

1/0 port,

Timer 9, B external
clock input,

PWM7 external clock
input,

Successive
approximation type
ADC input

PWMS5 output pin
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19.2 Description of Registers

19.2.1 List of Registers

Address Name Symbol Symbol R/W | Size Initial value
(Byte) (Word)
0F244H Port 4 data register P4D - R/W 8 OOH
OF245H Port 4 direction register PADIR - R/W 8 OOH
0F246H Port 4 control register 0 P4CONO P4CON R/W | 8/16 O0OH
OF247H Port 4 control register 1 P4CON1 R/W 8 O0OH
0F248H Port 4 mode register 0 P4MODO PAMOD R/W | 8/16 O0H
0F249H Port 4 mode register 1 PAMOD1 R/W 8 OOH
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19.2.2 Port 4 Data Register (P4D)

Address: 0F244H
Access: RIW

Access size: 8 bits
Initial value: 00H

7 6 5 4 3 2 1 0
P4D P47D P46D P45D P44D P43D P42D P41D P40D
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

P4D is a special function register (SFR) to set the value to be output to the Port 4 pin or to read the input level of the Port
4. In output mode, the value of this register is output to the Port 4 pin. The value written to P4D is readable.

In input mode, the input level of the Port 4 pin is read when P4D is read. Output mode or input mode is selected by using
the port mode register (P4DIR) described later.

Description of bits
e P47D-P40D (bits 7-0)
The P47D to P40D bits are used to set the output value of Port 4 pin in output mode and to read the pin level of
Port 4 pin in input mode.

P47D Description

0 Output or input level of the P47 pin: "L"

1 Output or input level of the P47 pin: "H"
P46D Description

0 Output or input level of the P46 pin: "L"

1 Output or input level of the P46 pin: "H"
P45D Description

0 Output or input level of the P45 pin: "L"

1 Output or input level of the P45 pin: "H"
P44D Description

0 Output or input level of the P44 pin: "L"

1 Output or input level of the P44 pin: "H"
P4sD Description

0 Output or input level of the P43 pin: "L"

1 Output or input level of the P43 pin: "H"
P42D Description

0 Output or input level of the P42 pin: "L"

1 Output or input level of the P42 pin: "H"
P41D Description

0 Output or input level of the P41 pin: "L"

1 Output or input level of the P41 pin: "H"
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P40D Description
0 Output or input level of the P40 pin: "L"
1 Output or input level of the P40 pin: "H"
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19.2.3 Port 4 Direction Register (P4DIR)
Address: 0F245H
Access: RIW
Access size: 8 bits
Initial value: 00H
7 6 5 4 3 2 1 0
P4DIR P47DIR P46DIR P45DIR P44DIR P43DIR P42DIR P41DIR P40DIR
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
PADIR is a special function register (SFR) to select the input/output mode of Port 4.
Description of bits
e P47DIR-P40DIR (bits 7-0)
The PA7DIR to P40DIR bits are used to set the input/output mode of the port 4 pin.
P47DIR Description
0 P47 pin: Output (initial value)
1 P47 pin: Input
P46DIR Description
0 P46 pin: Output (initial value)
1 P46 pin: Input
P45DIR Description
0 P45 pin: Output (initial value)
1 P45 pin: Input
P44DIR Description
0 P44 pin: Output (initial value)
1 P44 pin: Input
P43DIR Description
0 P43 pin: Output (initial value)
1 P43 pin: Input
P42DIR Description
0 P42 pin: Output (initial value)
1 P42 pin: Input
P41DIR Description
0 P41 pin: Output (initial value)
1 P41 pin: Input
P40DIR Description
0 P40 pin: Output (initial value)
1 P40 pin: Input
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19.2.4 Port 4 Control Registers 0, 1 (P4CONO, P4ACONL1)

Address: 0F246H
Access: RIW
Access size: 8/16 bit
Initial value: 00OH

7 6 5 4 2 1 0
P4CONO P47CO P46C0O P45C0 P44C0 P43C0 P42CO0 P41CO P40CO
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
Address: 0F247H
Access: RIW
Access size: 8 bits
Initial value: O0OH
7 6 5 4 2 1 0
P4CON1 P47C1 P46C1 P45C1 P44C1 P43C1 P42C1 P41C1 P40C1
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

P4CONO and PACON1 are special function registers (SFRs) used to select the output state of the Port 4 pin. The output
state is different between input mode and output mode. Input or output is selected by using the P4DIR register.

Description of bits

e P47C1-P40C1, P47C0-P40CO (bits 7-0)
The P47C1 to P40C1 and P47CO0 to P40CO bits are used to select high-impedance output, P-channel open drain
output, N-channel open drain output, or CMOS output in output mode and to select high-impedance input, input
with a pull-down resistor, or input with a pull-up resistor in input mode.

Setting of P47 pin

When output mode is selected (P47DIR
bit ="0")

When input mode is selected (P47DIR bit =
"1")

P47C1 P47CO Description
0 0 High-impedance output (initial value) High-impedance input
0 1 P-channel open drain output Input with a pull-down resistor
1 0 N-channel open drain output Input with a pull-up resistor
1 1 CMOS output High-impedance input

Setting of P46 pin

When output mode is selected (P46DIR
bit = "0")

When input mode is selected (P46DIR bit =
II1II)

P46C1 P46CO Description
0 0 High-impedance output (initial value) High-impedance input
0 1 P-channel open drain output Input with a pull-down resistor
1 0 N-channel open drain output Input with a pull-up resistor
1 1 CMOS output High-impedance input
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Setting of P45 pin

When output mode is selected (P45DIR
bit ="0")

When input mode is selected (P45DIR bit =
"1")

P45C1 P45C0 Description
0 0 High-impedance output (initial value) High-impedance input
0 1 P-channel open drain output Input with a pull-down resistor
1 0 N-channel open drain output Input with a pull-up resistor
1 1 CMOS output High-impedance input

Setting of P44 pin

When output mode is selected (P44DIR
bit = "0")

When input mode is selected (P44DIR bit =
II1II)

P44C1 P44CO0 Description
0 0 High-impedance output (initial value) High-impedance input
0 1 P-channel open drain output Input with a pull-down resistor
1 0 N-channel open drain output Input with a pull-up resistor
1 1 CMOS output High-impedance input

Setting of P43 pin

When output mode is selected (P43DIR
bit ="0")

When input mode is selected (P43DIR bit =
"1")

P43C1 P43CO0 Description
0 0 High-impedance output (initial value) High-impedance input
0 1 P-channel open drain output Input with a pull-down resistor
1 0 N-channel open drain output Input with a pull-up resistor
1 1 CMOS output High-impedance input

Setting of P42 pin

When output mode is selected (P42DIR
bit = "0")

When input mode is selected (P42DIR bit =
II1II)

P42C1 P42CO0 Description
0 0 High-impedance output (initial value) High-impedance input
0 1 P-channel open drain output Input with a pull-down resistor
1 0 N-channel open drain output Input with a pull-up resistor
1 1 CMOS output High-impedance input

Setting of P41 pin

When output mode is selected (P41DIR
bit ="0")

When input mode is selected (P41DIR bit =
"1")

P41C1 P41CO Description
0 0 High-impedance output (initial value) High-impedance input
0 1 P-channel open drain output Input with a pull-down resistor
1 0 N-channel open drain output Input with a pull-up resistor
1 1 CMOS output High-impedance input

Setting of P40 pin

When output mode is selected (P40DIR
bit = "0")

When input mode is selected (P40DIR bit =
II1II)

P40C1 P40CO Description
0 0 High-impedance output (initial value) High-impedance input
0 1 P-channel open drain output Input with a pull-down resistor
1 0 N-channel open drain output Input with a pull-up resistor
1 1 CMOS output High-impedance input
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19.2.5 Port 4 Mode Registers 0, 1 (P4MODO, PAMOD1)
Address: 0F248H
Access: RIW
Access size: 8/16 bit
Initial value: OOH
7 6 5 4 3 2 1 0
P4AMODO P47MDO P46MDO P45MDO P44MDO P43MDO P42MDO P41MDO P40MDO
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: 0F249H
Access: RIW
Access size: 8 bits
Initial value: O0OH
7 6 5 4 3 2 1 0
P4AMOD1 P47MD1 P46MD1 P45MD1 P44MD1 P43MD1 P42MD1 P41MD1 P40MD1
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

P4AMODO and PAMOD1 are special function registers (SFRs) used to select the primary, secondary, tertiary, or quartic
function of Port 4.

Description of bits
e P47MD1, P47MDO (bit 7)
The P4A7MD1 and P47MDO bits are used to select the primary or tertiary function of the P47 pin.

P47MD1 | P47MDO Description
0 0 General-purpose input/output mode (initial value)
0 1 Do not use
1 0 PWMS5 output pin (PWM5)
1 1 Do not use

e P46MD1, P46MDO (bit 6)
The P46MD1 and P46MDO bits are used to select the primary or tertiary function of the P46 pin.

P46MD1 | P46MDO Description
0 0 General-purpose input/output mode (initial value)
0 1 Do not use
1 0 SI00 data output pin (SOUTO)
1 1 Do not use
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e P45MD1, P45MDO (bit 5)
The P45MD1 and P45MDO bits are used to select the primary or tertiary function of the P45 pin.

P45MD1 | P45MDO Description
0 0 General-purpose input/output mode (initial value)
0 1 Do not use
1 0 SI0O0 clock I/O pin (SCKO)
1 1 Do not use

e P44MD1, P44MDO (bit 4)
The P44MD1 and P44MDO bits are used to select the primary or tertiary function of the P44 pin.

P44MD1 | P44MDO Description
0 0 General-purpose input/output mode (initial value)
0 1 Do not use
1 0 SIO0 data input pin (SINO)
1 1 Do not use

e P43MD1, P43MDO (bit 3)
The P43MD1 and P43MDO bits are used to select the primary, secondary, tertiary, or quartic function of the P43

pin.
P43MD1 | P43MDO Description
0 0 General-purpose input/output mode (initial value)
0 1 UARTO data output pin (TXDO0)
1 0 PWM4 output pin (PWM4)
1 1 UART1 data output pin (TXD1)

e P42MD1, P42MDO (bit 2)
The P42MD1 and P42MDO bits are used to select the primary, secondary, or tertiary function of the P42 pin.

P42MD1 | P42MDO Description
0 0 General-purpose input/output mode (initial value)
0 1 UARTO data input pin (RXDO)
1 0 SI00 data output pin (SOUTO)
1 1 Do not use

e P41MD1, P41MDO (bit 1)
The P41MD1 and P41MDO bits are used to select the primary, secondary, or tertiary function of the P41 pin.

P41MD1 | P41MDO Description
0 0 General-purpose input/output mode (initial value)
0 1 I°C bus 0 clock I/0 pin (SCL)
1 0 SIO0O0 clock I/O pin (SCKO)
1 1 Do not use
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e P40MD1, P40MDO (bit 0)
The P40MD1 and P40MDO bits are used to select the primary, secondary, or tertiary function of the P40 pin.

P40MD1 | P40MDO Description
0 0 General-purpose input/output mode (initial value)
0 1 I°C bus 0 data I/O pin (SDA)
1 0 SIO0 data input pin (SINO)
1 1 Do not use

[Note]
When the pin is set to "Do not use" and the output mode is selected (by the Port 4 control register), the Port 4 output
pin state is fixed as follows regardless of the data of the port data register P4D:

When high-impedance output is selected: Output pin is high-impedance
When P-channel open drain output is selected: Output pin is high-impedance
When N-channel open drain output is selected: Output pin is fixed to "L"
When CMOS output is selected: Output pin is fixed to "L"
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19.3 Description of Operation

19.3.1 Input/Output Port Functions

For each pin of Port 4, either output or input is selected by setting the Port 4 direction register (P4DIR).

In output mode, high-impedance output mode, P-channel open drain output mode, N-channel open drain output mode, or
CMOS output mode can be selected by setting the Port 4 control registers 0, 1 (P4CONO, PACONL1).

In the input mode, high-impedance input mode, input mode with a pull-down resistor, or input mode with a pull-up
resistor can be selected by setting the Port 4 control registers 0, 1 (P4ACONO, P4ACON1).

At a system reset, high-impedance output mode is selected as the initial status.

In output mode, "L" or "H" level is output to each pin of Port 4 depending on the value set by the Port 4 data register
(P4D).

In input mode, the input level of each pin of Port 4 can be read from the Port 4 data register (P4D).

19.3.2 Secondary, Tertiary, and Quartic Functions

The PWM pins (PWM4, PWM5), UART pins (RXDO0, TXDO, TXD1), synchronous serial port 0 pins (SINO, SCKO,
SOUTO), and 12C bus 0 pins (SDA, SCL) are assigned to Port 4 as the secondary, tertiary, and quartic functions. These
pins can be used in the secondary, tertiary, or quartic function mode by setting the P47MDO to PAOMDO and P47MD1 to
P40MD1 bits of the Port 4 mode register (P4AMODO0, PAMOD1).

[Note]

The P42 to PA7 pins are assigned to the successive approximation type ADC input, and the P40 to P41 pins to the
analogue comparator input. To use them as the analog input of successive approximation type ADC or analogue
comparator input, set the appropriate port to the high-impedance output mode.
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20 Port 5

20.1 General Description

ML620Q151A/ML620Q152A/ML620Q153A includes a 4-bit input/output port, Port 5 (P54 to P57).
ML620Q154A/ML620Q155A/ML620Q156A includes a 5-bit input/output port, Port 5 (P53 to P57).
ML620Q157A/ML620Q158A/ML620Q159A includes a 8-bit input/output port, port 5 (P50 to P57).

For details, see Section 1.3.2, "List of Pins".

20.1.1 Features

e Allows selection of high-impedance output, P-channel open drain output, N-channel open drain output, or

CMOS output for each bit in output mode.

e  Allows selection of high-impedance input, input with a pull-down resistor, or input with a pull-up resistor for

each bit in input mode.

e The I’C communication pins (SCL, SDA), PWM output pins (PWM6, PWM7),  UART pins (RXDO, TXDO,
RXD1, TXD1), and synchronous serial port pins (SINO, SCK0, SOUTO) can be used as the secondary, tertiary,

or quartic function.

20.1.2 Configuration

Figure 20-1 shows the configuration of Port 5.

Vpn
——  Pull-up Data bus
Pull-down
—— controller
§ v T P5DIR
Voo S8 P5MODO,1 >
v l P5CONO,1
D
%I— Ports |« P5D  |«—>|
P50 to P57 7 Output
i El— Controller
8

Vss @
Vss

P5D : Port 5 data register
P5DIR : Port 5 direction register
P5CONO : Port 5 control register 0
P5CON1 : Port 5 control register 1
P5MODO : Port 5 mode register 0
P5MOD1 : Port 5 mode register 1

Figure 20-1 Configuration of Port 5

Output for UART (TXDO, TXD1)
Output for SIO (SCKO, SOUTO0)
Output for PWM (PWM6, PWM7)

Input for I°C communication (SDA, SCL)
Input/output for UART (RXDO, RXD1)
Input for SIO (SINO, SCKO0)
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20.1.3 List of Pins

Pin name 1/0 Primary function Secondary Tertiary function Quatrtic function
function
P50/SDA/SINO I/0 | 1/O port I°C data SSIOO0 data
1/0 (SDA) input pin
P51/SCL/SCKO 1/0 1/0 port I°C clock SSIOO0 clock
1/0 (SCL) I/O pin
P52/RXD1/SOUTO 1/0 1/0 port UART1 data SSIOO0 data
input pin output pin
P53/TXD1/ UART1 data
1o /O port ' P.WM6 output i
PWM6 output pin pin
UARTO data
P54/RXDO0O /O | I/O port . i - -
input pin
P55/TXDO0/ UARTO data SSIOO0 data UART1 data
I/0 1/0 port ] . . .
SINO/TXD1 output pin input pin output pin
SSIO0 clock
P56/SCKO /O | I/O port - ) -
I/O pin
P57/SOUTO/ SSIOO0 data .
I/0 1/0 port - ) PWM?7 output pin
PWM7 output pin
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20.2 Description of Registers
20.2.1 List of Registers

Address Name Symbol Symbol R/W | Size Initial value
(Byte) (Word)
0F252H Port 5 data register P5D - R/W 8 OOH
O0F253H Port 5 direction register P5DIR - R/W 8 O00H
0F254H Port 5 control register 0 P5CONO P5CON R/W | 8/16 O0OH
OF255H Port 5 control register 1 P5CON1 R/W 8 O00H
0F256H Port 5 mode register 0 P5MODO PSMOD R/W | 8/16 O0H
OF257H Port 5 mode register 1 P5MOD1 R/W 8 O00OH
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20.2.2 Port 5 Data Register (P5D)

Address: 0F252H
Access: RIW

Access size: 8 bits
Initial value: 00H

7 6 5 4 3 2 1 0
P5D P57D P56D P55D P54D P53D P52D P51D P50D
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

P5D is a special function register (SFR) to set the value to be output to the Port 5 pin or to read the input level of the Port
5. In output mode, the value of this register is output to the Port 5 pin. The value written to P5D is readable.

In input mode, the input level of the Port 5 pin is read when P5D is read. Output mode or input mode is selected by using
the port mode register (P5DIR) described later.

Description of bits
e P57D-P50D (bits 7-0)
The P57D to P50D bits are used to set the output value of the Port 5 pin in output mode and to read the pin level
of the Port 5 pin in input mode.

P57D Description

0 Output or input level of the P57 pin: "L"

1 Output or input level of the P57 pin: "H"
P56D Description

0 Output or input level of the P56 pin: "L"

1 Output or input level of the P56 pin: "H"
P55D Description

0 Output or input level of the P55 pin: "L"

1 Output or input level of the P55 pin: "H"
P54D Description

0 Output or input level of the P54 pin: "L"

1 Output or input level of the P54 pin: "H"
P53D Description

0 Output or input level of the P53 pin: "L"

1 Output or input level of the P53 pin: "H"
P52D Description

0 Output or input level of the P52 pin: "L"

1 Output or input level of the P52 pin: "H"
P51D Description

0 Output or input level of the P51 pin: "L"

1 Output or input level of the P51 pin: "H"
P50D Description

0 Output or input level of the P50 pin: "L"

1 Output or input level of the P50 pin: "H"
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20.2.3 Port 5 Direction Register (P5DIR)

Address: 0F253H
Access: RIW

Access size: 8 bits
Initial value: 00OH

7 6 5 4 3 2 1 0
PSDIR P57DIR PS6DIR PS5DIR P54DIR PS3DIR P52DIR P51DIR PSODIR
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

P5SDIR is a special function register (SFR) to select the input/output mode of Port 5.

Description of bits

e P57DIR-P50DIR (bits 7-0)
The P57DIR to P50DIR bits are used to set the input/output mode of the Port 5 pin.

P57DIR Description
0 P57 pin: Output (initial value)
1 P57 pin: Input

P56DIR Description
0 P56 pin: Output (initial value)
1 P56 pin: Input

P55DIR Description
0 P55 pin: Output (initial value)
1 P55 pin: Input

P54DIR Description
0 P54 pin: Output (initial value)
1 P54 pin: Input

P53DIR Description
0 P53 pin: Output (initial value)
1 P53 pin: Input

P52DIR Description
0 P52 pin: Output (initial value)
1 P52 pin: Input

P51DIR Description
0 P51 pin: Output (initial value)
1 P51 pin: Input

P50DIR Description
0 P50 pin: Output (initial value)
1 P50 pin: Input
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20.2.4 Port 5 Control Registers 0, 1 (P5CONO, P5CON1)

Address: 0F254H
Access: RIW
Access size: 8/16 bit
Initial value: 00H

7 6 5 4 3 2 1 0
P5CONO P57CO P56C0O P55C0 P54C0 P53C0 P52C0 P51CO P50CO
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: 0F255H
Access: RIW
Access size: 8 bits
Initial value: OOH
7 6 5 4 3 2 1 0
P5CON1 P57C1 P56C1 P55C1 P54C1 P53C1 P52C1 P51C1 P50C1
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

P5CONO and P5CON1 are special function registers (SFRs) used to select the output state of the Port 5 pin. The output
state is different between input mode and output mode. Input or output is selected by using the P5DIR register.

Description of bits
e P57C1-P50C1, P57C0-P50CO0 (bits 7-0)
The P57C1 to P50C1 and P57CO0 to P50CO bits are used to select high-impedance output, P-channel open drain
output, N-channel open drain output, or CMOS output in output mode and to select high-impedance input, input
with a pull-down resistor, or input with a pull-up resistor in input mode.

Setting of P57 pin

When output mode is selected (P57DIR
bit = "0")

When input mode is selected (P57DIR bit =
"1")

P57C1 P57CO Description
0 0 High-impedance output (initial value) High-impedance input
0 1 P-channel open drain output Input with a pull-down resistor
1 0 N-channel open drain output Input with a pull-up resistor
1 1 CMOS output High-impedance input

Setting of P56 pin

When output mode is selected (P56DIR
bit ="0")

When input mode is selected (P56DIR bit =
"1")

P56C1 P56CO Description
0 0 High-impedance output (initial value) High-impedance input
0 1 P-channel open drain output Input with a pull-down resistor
1 0 N-channel open drain output Input with a pull-up resistor
1 1 CMOS output High-impedance input

Setting of P55 pin

When output mode is selected (P55DIR
bit = "0")

When input mode is selected (P55DIR bit =
"1")

P55C1 P55C0 Description
0 0 High-impedance output (initial value) High-impedance input
0 1 P-channel open drain output Input with a pull-down resistor
1 0 N-channel open drain output Input with a pull-up resistor
1 1 CMOS output High-impedance input
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Setting of P54 pin

When output mode is selected (P54DIR
bit ="0")

When input mode is selected (P54DIR bit =
"1")

P54C1 P54C0 Description
0 0 High-impedance output (initial value) High-impedance input
0 1 P-channel open drain output Input with a pull-down resistor
1 0 N-channel open drain output Input with a pull-up resistor
1 1 CMOS output High-impedance input

Setting of P53 pin

When output mode is selected (P53DIR
bit ="0")

When input mode is selected (P53DIR bit =
"1")

P53C1 P53C0 Description
0 0 High-impedance output (initial value) High-impedance input
0 1 P-channel open drain output Input with a pull-down resistor
1 0 N-channel open drain output Input with a pull-up resistor
1 1 CMOS output High-impedance input

Setting of P52 pin

When output mode is selected (P52DIR
bit ="0")

When input mode is selected (P52DIR bit =
"1")

P52C1 P52C0 Description
0 0 High-impedance output (initial value) High-impedance input
0 1 P-channel open drain output Input with a pull-down resistor
1 0 N-channel open drain output Input with a pull-up resistor
1 1 CMOS output High-impedance input

Setting of P51 pin

When output mode is selected (P51DIR
bit ="0")

When input mode is selected (P51DIR bit =
"1")

P51C1 P51CO Description
0 0 High-impedance output (initial value) High-impedance input
0 1 P-channel open drain output Input with a pull-down resistor
1 0 N-channel open drain output Input with a pull-up resistor
1 1 CMOS output High-impedance input

Setting of P50 pin

When output mode is selected (P50DIR
bit ="0")

When input mode is selected (P50DIR bit =
"1")

P50C1 P50CO Description
0 0 High-impedance output (initial value) High-impedance input
0 1 P-channel open drain output Input with a pull-down resistor
1 0 N-channel open drain output Input with a pull-up resistor
1 1 CMOS output High-impedance input
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20.2.5 Port 5 Mode Registers 0, 1 (P5SMODO, PSMOD1)

Address: 0F256H
Access: RIW

Access size: 8/16 bit
Initial value: OOH

7 6 5 4 3 2 1 0
P5MODO P57MDO P56MDO P55MDO P54MDO P53MDO P52MDO P51MDO P50MDO
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: 0F257H
Access: RIW
Access size: 8 bits
Initial value: O0OH
7 6 5 4 3 2 1 0
P5MOD1 P57MD1 P56MD1 P55MD1 P54MD1 P53MD1 P52MD1 P51MD1 P50MD1
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

P5MODO0 and P5SMOD1 are special function registers (SFRs) used to select the primary, secondary, tertiary, or quartic
function of Port 5.

Description of bits
e P57MD1, P57MDO (bit 7)
The P57MD1 and P57MDO bits are used to select the primary, tertiary, or quartic function of the P57 pin.

P57MD1 | P57MDO Description
0 0 General-purpose input/output mode (initial value)
0 1 Do not use
1 0 SI00 data output pin (SOUTO0)
1 1 PWM?7 output pin (PWM7)

e P56MD1, P56MDO (bit 6)
The P56MD1 and P56MDO bits are used to select the primary or tertiary function of the P56 pin.

P56MD1 | P56MDO Description
0 0 General-purpose input/output mode (initial value)
0 1 Do not use
1 0 SI00 clock I/O pin (SCKO)
1 1 Do not use

e P55MD1, P55MDO (bit 5)
The P55MD1 and P55MDO bits are used to select the primary, secondary, tertiary, or quartic function of the P55

pin.
P55MD1 | P55MDO Description
0 0 General-purpose input/output mode (initial value)
0 1 UARTO data output pin (TXDO0)
1 0 SI00 data input pin (SINO)
1 1 UART1 data output pin (TXD1)
FEUL620Q150A 20-8



LAPIS Semiconductor Co.,Ltd.

ML620Q151A/2AI3AIAAISAI6AITAIBAI9A User's Manual

Chapter 20 Port 5

e P54MD1, P54MDO (bit 4)
The P54MD1 and P54MDO bits are used to select the primary or secondary function of the P54 pin.

P54MD1 | P54MDO Description
0 0 General-purpose input/output mode (initial value)
0 1 UARTO data input pin (RXDO)
1 0 Do not use
1 1 Do not use

e P53MD1, P53MDO (bit 3)
The P53MD1 and P53MDO bits are used to select the primary, secondary, or tertiary function of the P53 pin.

P53MD1 | P53MDO Description
0 0 General-purpose input/output mode (initial value)
0 1 UART1 data output pin (TXD1)
1 0 PWM6 output pin (PWMB6)
1 1 Do not use

e P52MD1, P52MDO (bit 2)
The P52MD1 and P52MDQO bits are used to select the primary, secondary, or tertiary function of the P52 pin.

P52MD1 | P52MDO

Description

General-purpose input/output mode (initial value)

UART1 data input pin (RXD1)

SI00 data output pin (SOUTO)

|k [O]|O
P |O(FR|O

Do not use

e P51MD1, P51MDO (bit 1)
The P51MD1 and P51MDQO bits are used to select the primary, secondary, or tertiary function of the P51 pin.

P51MD1 | PS1IMDO

Description

General-purpose input/output mode (initial value)

I°C communication clock I/O pin (SCL)

SIOO0 clock I/0 pin (SCKO0)

|k |O|O

PO |O

Do not use

e P50MD1, P50MDO (bit 0)
The P50MD1 and P50MDO bits are used to select the primary, secondary, or tertiary function of the P50 pin.

P55MD1 | P55MDO Description
0 0 General-purpose input/output mode (initial value)
0 1 I°C communication data I/O pin (SDA)
1 0 SI00 data input pin (SINO)
1 1 Do not use
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[Note]
When the pin is set to "Do not use" and the output mode is selected (by the Port 5 control register), the Port 5 output
pin state is fixed as follows regardless of the data of the port data register P5D:

When high-impedance output is selected: Output pin is high-impedance
When P-channel open drain output is selected: Output pin is high-impedance
When N-channel open drain output is selected: Output pin is fixed to "L"
When CMOS output is selected: Output pin is fixed to "L"
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20.3 Description of Operation

20.3.1 Input/Output Port Functions

For each pin of Port 5, either output or input is selected by setting the Port 5 direction register (P5DIR).

In output mode, high-impedance output mode, P-channel open drain output mode, N-channel open drain output mode, or
CMOS output mode can be selected by setting the Port 5 control registers 0, 1 (P5CONO, PSCON1).

In input mode, high-impedance input mode, input mode with a pull-down resistor, or input mode with a pull-up resistor
can be selected by setting the Port 5 control registers 0, 1 (P5CONO, PSCONL1).

At a system reset, high-impedance output mode is selected as the initial status.

In output mode, "L" or "H" level is output to each pin of Port 5 depending on the value set by the Port 5 data register
(P5D).

In input mode, the input level of each pin of Port 5 can be read from the Port 5 data register (P5D).

20.3.2 Secondary, Tertiary, and Quartic Functions

The 1°C communication pins (SDA, SCL), PWM output pins (PWM86, PWM7), UART pins (RXDO, TXDO,
RXD1,TXD1), and synchronous serial port 0 pins (SINO, SCKO0, SOUTO) are assigned to Port 5 as the secondary,
tertiary, and quartic functions. These pins can be used in the secondary, tertiary, or quartic function mode by setting the
P57MDO0 to P50MDO0 and P57MD1 to P50MD1 bits of the Port 5 mode register (P5MODO0, PSMOD1).

FEUL620Q150A
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21 Port 6

21.1 General Description

ML620Q151A/ML620Q152A/ML620Q153A includes a 4-bit input/output port, Port 6 (P60 to P63).
ML620Q154A/ML620Q155A/ML620Q156A includes a 5-bit input/output port, Port 6 (P60 to P64).
ML620Q157A/ML620Q158A/ML620Q159A includes a 8-bit input/output port, port 6 (P60 to P67).
For details, see Section 1.3.2, "List of Pins".

21.1.1 Features

e Allows selection of high-impedance output, P-channel open drain output, N-channel open drain output, or
CMOS output for each bit in output mode.

e  Allows selection of high-impedance input, input with a pull-down resistor, or input with a pull-up resistor for
each bit in input mode.

e The low-speed clock (LSCLK) output, high-speed clock (OUTCLK) output, I*C communication pins (SCL,
SDA), PWM output pins (PWM4, PWM5, PWM6, PWMT7), and timer out functions (TMHAOUT, TMHBOUT)
can be used as the secondary, tertiary, and quartic functions.

e  The P62 pin can be used as the PW45EV1 input pin for PWM4 and PWM5.

e  The P63 pin can be used as the PW67EV1 input pin for PWM®6 and PWM?7.

21.1.2 Configuration

Figure 21-1 shows the configuration of Port 6.

P60 to P67 ©

P6D
P6DIR
P6CONO
P6CON1
P6MODO

Vbn
Pull-up Data bus
Pull-down
—— Controller Output for timer out
T (TMHAOUT, TMHBOUT)
Voo Vss PZ?/I%EO < Output for PWM
Voo f P6CONO,1 (PWM4,PW2M5,PWM6,.PW.M7)
Output for I°C communication
T e
utput
Clock output
1 Controller
(LSCLK,OUTCLK)
8
Vss @/ Input for I°C communication
Vee (SDA, SCL)

External input for PWM
(PW45EV1, PW67EV1)

: Port 6 data register

: Port 6 direction register
: Port 6 control register 0
: Port 6 control register 1
: Port 6 mode register 0

Figure 21-1 Configuration of Port 6
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21.1.3 List of Pins

Pin name 1/0 Primary function Secondary Tertiary function Quartic
function function
P60/SDA/ I°C data Timer A out
1/0 1/0 port PWM6 output
TMHAOUT/PWM6 I/0 (SDA) (TMHAOUT)
P61/SCL/ I°C clock Timer B out
I/0 1/O port PWM7 output
TMHBOUT/PWM7 I/0 (SCL) (TMHBOUT)
1/0 port,
P62/PW45EV1 110 . - - -
PWA45EV1 input
1/0 port,
P63/PW67EV1 1/0 . - - -
PW67EV1 input
P64/PWM4 1/0 I/O port - PWM4 output -
P65/LSCLK/PWM5 1/0 1/0 port LSCLK PWMS5 output -
P66/OQUTCLK/ 1/0 1/0 port
OUTCLK PWM6 output -
PWM6
P67 I/0 1/0 port - - -
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21.2 Description of Registers

21.2.1 List of Registers

Address Name Symbol Symbol R/W | Size Initial value
(Byte) (Word)
0F260H Port 6 data register P6D - R/W 8 OOH
0F261H Port 6 direction register P6DIR - R/W 8 O00H
0F262H Port 6 control register 0 P6CONO P6CON R/W | 8/16 O0OH
0F263H Port 6 control register 1 P6CON1 R/W 8 O0OH
0F264H Port 6 mode register 0 P6MODO PEMOD R/W | 8/16 OOH
OF265H Port 6 mode register 1 P6MOD1 R/W 8 O00H
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21.2.2 Port 6 Data Register (P6D)

Address: 0F260H
Access: RIW

Access size: 8 bits
Initial value: 00H

7 6 5 4 3 2 1 0
P6D P67D P66D P65D P64D P63D P62D P61D P60D
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

P6D is a special function register (SFR) to set the value to be output to the Port 6 pin or to read the input level of the Port 6. In output
mode, the value of this register is output to the Port 6 pin. The value written to P6D is readable.

In input mode, the input level of the Port 6 pin is read when P6D is read. Output mode or input mode is selected by using the port
mode register (P6DIR) described later.

Description of bits
e P67D-P60D (bits 7-0)
The P67D to P60D bits are used to set the output value of the Port 6 pin in output mode and to read the pin level
of the Port 6 pin in input mode.

P67D Description

0 Output or input level of the P67 pin: "L"

1 Output or input level of the P67 pin: "H"
P66D Description

0 Output or input level of the P66 pin: "L"

1 Output or input level of the P66 pin: "H"
P65D Description

0 Output or input level of the P65 pin: "L"

1 Output or input level of the P65 pin: "H"
P64D Description

0 Output or input level of the P64 pin: "L"

1 Output or input level of the P64 pin: "H"
P63D Description

0 Output or input level of the P63 pin: "L"

1 Output or input level of the P63 pin: "H"
P62D Description

0 Output or input level of the P62 pin: "L"

1 Output or input level of the P62 pin: "H"
P61D Description

0 Output or input level of the P61 pin: "L"

1 Output or input level of the P61 pin: "H"
P60D Description

0 Output or input level of the P60 pin: "L"

1 Output or input level of the P60 pin: "H"
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21.2.3 Port 6 Direction Register (P6DIR)
Address: 0F261H
Access: RIW
Access size: 8 bits
Initial value: 00H
7 6 5 4 3 2 1 0
P6DIR P67DIR P66DIR P65DIR P64DIR P63DIR P62DIR P61DIR P60DIR
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
PEDIR is a special function register (SFR) to select the input/output mode of Port 6.
Description of bits
e P67DIR-P60DIR (bits 7-0)
The P67DIR to P60DIR bits are used to set the input/output mode of the port 6 pin.
P67DIR Description
0 P67 pin: Output (initial value)
1 P67 pin: Input
P66DIR Description
0 P66 pin: Output (initial value)
1 P66 pin: Input
P65DIR Description
0 P65 pin: Output (initial value)
1 P65 pin: Input
P64DIR Description
0 P64 pin: Output (initial value)
1 P64 pin: Input
P63DIR Description
0 P63 pin: Output (initial value)
1 P63 pin: Input
P62DIR Description
0 P62 pin: Output (initial value)
1 P62 pin: Input
P61DIR Description
0 P61 pin: Output (initial value)
1 P61 pin: Input
P60DIR Description
0 P60 pin: Output (initial value)
1 P60 pin: Input
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21.2.4 Port 6 Control Registers 0, 1 (P6CONO, P6CON1)

Address: 0F262H
Access: RIW
Access size: 8/16 bit
Initial value: 00H

7 6 5 4 3 2 1 0
P6CONO P67CO P66CO P65CO P64CO P63CO P62CO P61CO P60CO
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: 0F263H
Access: RIW
Access size: 8 bits
Initial value: O0OH
7 6 5 4 3 2 1 0
P6CON1 P67C1 P66C1 P65C1 P64C1 P63C1 P62C1 P61C1 P60C1
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

P6CONO and P6CONL1 are special function registers (SFRs) used to select the input/output state of the Port 6 pin. The
output state is different between input mode and output mode. Input or output is selected by using the P6DIR register.

Description of bits
e P67C1-P60C1, P67C0-P60CO (bits 7-0)
The P67C1 to P60C1 and P67C0 to P60CO bits are used to select high-impedance output, P-channel open drain

output, N-channel open drain output, or CMOS output in output mode and to select high-impedance input, input
with a pull-down resistor, or input with a pull-up resistor in input mode.

Setting of P67 pin When output mode is selected (P67DIR | When input mode is selected (P67DIR bit
bit = "0") ="1"
P67C1 P67CO Description
0 0 High-impedance output (initial value) High-impedance input
0 1 P-channel open drain output Input with a pull-down resistor
1 0 N-channel open drain output Input with a pull-up resistor
1 1 CMOS output High-impedance input

Setting of P66 pin

When output mode is selected (P66DIR
bit = "0")

When input mode is selected (P66DIR bit
="1")

P66C1 P66CO Description
0 0 High-impedance output (initial value) High-impedance input
0 1 P-channel open drain output Input with a pull-down resistor
1 0 N-channel open drain output Input with a pull-up resistor
1 1 CMOS output High-impedance input
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Setting of P65 pin

When output mode is selected (P65DIR
bit = "0")

When input mode is selected (P65DIR bit
="1")

P65C1 P65C0 Description
0 0 High-impedance output (initial value) High-impedance input
0 1 P-channel open drain output Input with a pull-down resistor
1 0 N-channel open drain output Input with a pull-up resistor
1 1 CMOS output High-impedance input

Setting of P64 pin

When output mode is selected (P64DIR
bit ="0")

When input mode is selected (P64DIR bit
= lllll)

P64C1 P64CO Description
0 0 High-impedance output (initial value) High-impedance input
0 1 P-channel open drain output Input with a pull-down resistor
1 0 N-channel open drain output Input with a pull-up resistor
1 1 CMOS output High-impedance input

Setting of P63 pin

When output mode is selected (P63DIR
bit = "0")

When input mode is selected (P63DIR bit
="1")

P63C1 P63C0 Description
0 0 High-impedance output (initial value) High-impedance input
0 1 P-channel open drain output Input with a pull-down resistor
1 0 N-channel open drain output Input with a pull-up resistor
1 1 CMOS output High-impedance input

Setting of P62 pin

When output mode is selected (P62DIR
bit ="0")

When input mode is selected (P62DIR bit
= lllll)

P62C1 P62CO Description
0 0 High-impedance output (initial value) High-impedance input
0 1 P-channel open drain output Input with a pull-down resistor
1 0 N-channel open drain output Input with a pull-up resistor
1 1 CMOS output High-impedance input

Setting of P61 pin

When output mode is selected (P61DIR
bit = "0")

When input mode is selected (P61DIR bit
="1")

P61C1 P61CO Description
0 0 High-impedance output (initial value) High-impedance input
0 1 P-channel open drain output Input with a pull-down resistor
1 0 N-channel open drain output Input with a pull-up resistor
1 1 CMOS output High-impedance input

Setting of P60 pin

When output mode is selected (P60DIR
bit = "0")

When input mode is selected (P60DIR bit
= lllll)

P60C1 P60CO Description
0 0 High-impedance output (initial value) High-impedance input
0 1 P-channel open drain output Input with a pull-down resistor
1 0 N-channel open drain output Input with a pull-up resistor
1 1 CMOS output High-impedance input
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21.2.5 Port 6 Mode Registers 0, 1 (P6MODO, P6MOD1)

Address: 0F264H
Access: RIW
Access size: 8/16 bit
Initial value: 00OH

7 6 5 4 3 2 1 0
P6MODO P66MDO P65MDO P64MDO - P61MDO P60MDO
R/W R R/W R/W R/W R R/W R/W
Initial value 0 0 0 0 0 0 0 0
Address: 0F265H
Access: RIW
Access size: 8/16 bit
Initial value: O0OH
7 6 5 4 3 2 1 0
P6MOD1 P66MD1 P65MD1 P64MD1 - P61MD1 P60MD1
R/W R R/W R/W R/W R R/W R/W
Initial value 0 0 0 0 0 0 0 0

P6MODO and P6MOD1 are special function registers (SFRs) used to select the primary, secondary, tertiary, or quartic
function of Port 6.

Description of bits
e P66MD1, P66MDO (bit 6)
The P66MD1 and P66MDO bits are used to select the primary or tertiary function of the P66 pin.

P66MD1 | P66MDO Description
0 0 General-purpose input/output mode (initial value)
0 1 High-speed clock (OUTCLK) output function
1 0 PWMG6 output pin (PWMB6)
1 1 Do not use

e P65MD1, P65MDO (bit 5)
The P65MD1 and P65MDO bits are used to select the primary, secondary, or tertiary function of the P65 pin.

P65MD1 | P65MDO Description
0 0 General-purpose input/output mode (initial value)
0 1 Low-speed clock (LSCLK) output function
1 0 PWMS5 output pin (PWM5)
1 1 Do not use

e P64MD1, P64MDO (bit 4)
The P64MD1 and P64MDO bits are used to select the primary or tertiary function of the P64 pin.

P64MD1 | P64MDO Description
0 0 General-purpose input/output mode (initial value)
0 1 Do not use
1 0 PWM4 output pin (PWM4)
1 1 Do not use
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e P61MD1, P61MDO (bit 1)
The P61MD1 and P61MDO bits are used to select the primary, secondary, tertiary, or quartic function of the P61

pin.
P61MD1 | P61MDO Description
0 0 General-purpose input/output mode (initial value)
0 1 I°C communication clock 1/O pin (SCL)
1 0 Timer B out output function (TMHBOUT)
1 1 PWM?7 output pin (PWM7)

e P60MD1, P60MDO (bit 0)
The P60MD1 and P60MDO bits are used to select the primary, secondary, tertiary, or quartic function of the P60

pin.
P60MD1 | P60MDO Description
0 0 General-purpose input/output mode (initial value)
0 1 I°C communication data I/O pin (SDA)
1 0 Timer A out output function (TMHAQUT)
1 1 PWM6 output pin (PWMB6)
[Note]

When the pin is set to "Do not use" and the output mode is selected (by the Port 6 control register), the Port 6 output
pin state is fixed as follows regardless of the data of the port data register P6D:

When high-impedance output is selected: Output pin is high-impedance
When P-channel open drain output is selected: Output pin is high-impedance
When N-channel open drain output is selected: Output pin is fixed to "L"
When CMOS output is selected: Output pin is fixed to "L"
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21.3 Description of Operation

21.3.1 Input/Output Port Functions

For each pin of Port 6, either output or input is selected by setting the Port 6 direction register (P6DIR).

In output mode, high-impedance output mode, P-channel open drain output mode, N-channel open drain output mode, or
CMOS output mode can be selected by setting the Port 6 control registers 0, 1 (P6CONO, P6CON1).

In input mode, high-impedance input mode, input mode with a pull-down resistor, or input mode with a pull-up resistor
can be selected by setting the Port 6 control registers 0, 1 (P6CONO, PECONL1).

At a system reset, high-impedance output mode is selected as the initial status.

In output mode, "L" or "H" level is output to each pin of Port 6 depending on the value set by the Port 6 data register
(P6D).

In input mode, the input level of each Port 6 pin can be read from the Port 6 data register (P6D).

21.3.2 Secondary, Tertiary, and Quartic Functions

The 1°C communication pins (SDA, SCL), timer out functions (TMHAOUT, TMHBOUT), PWM output functions
(PWM4, PWM5, PWM6, PWMT), low-speed clock (LSCLK) output, and high-speed clock (OUTCLK) are assigned to
Port 6 as the secondary, tertiary, and quartic functions. These pins can be used in the secondary, tertiary, and quartic
function modes by setting the P66MDO0, P66MD1, P65MDO0, P65MD1, P64MD0, P64MD1, P61MDO, P61MD1,
P60MDO, and P60MD1 bits of the Port 6 mode register (P6MODO0, P6MOD1).
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22 Port 7
22.1 General Description

ML620Q157A/ML620Q158A/ML620Q159A includes a 5-bit input/output port, port 7 (P70 to P74).
ML620Q151A/ML620Q152A/ML620Q153A/ML620Q154A/ML620Q155A/ML620Q156A do not include the port 7.
For details, see Section 1.3.2, "List of Pins".

22.1.1 Features

o Allows selection of high-impedance output, P-channel open drain output, N-channel open drain output, or CMOS
output for each bit in output mode.

o Allows selection of high-impedance input, input with a pull-down resistor, or input with a pull-up resistor for each
bit in input mode.

o  Allows selection of PWM output (PWM6, PWM7), UARTO/1 communication pins (TXDO0, RXD1, TXD1), and
SSIO0 communication pins (SCKO, SINO, SOUTO) as the secondary, tertiary functions or quartic function.

22.1.2 Configuration

Figure 22-1 shows the configuration of Port 7.

Voo
Pull-up Data bus
Pull-down
— Controller
Voo Ves T P7DIR |
P7MODO,1
Von P7CONO,1
1 Port7 UART output (TXDO, TXD1)
P70 to P74 & Output  [< P7D <> SIO output (SCKO, SOUTO)
1 Controller PWM output (PWM6, PWM?7)
5
VQQ
v @/ UART input/output (RXD1)
ss
SIO input (SINO, SCKO)
P7D : Port 7 data register
P7DIR : Port 7 direction register

P7CONO : Port 7 control register O
P7CON1 : Port 7 control register 1
P7MODO : Port 7 mode register 0
P7MOD1 : Port 7 mode register 1

Figure 22-1 Configuration of Port 7
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22.1.3 List of Pins

Pin name 1/0 Primary function Secondary function Tertiary function Quartic function
P70/PWM6 1/0 I/0O port - PWM6 output -
P71/PWM7 1/0 I/O port - PWM7 output -

P72/RXD1/SINO 110 I/O port UART1 data input SSIOO0 data input -
P73/TXD1/SCKO/TXDO 110 I/0O port UART1 data output | SSIOO clock I/O UARTO data output
P74/SOUTO 1/0 I/0O port - SSIO0 data output -

FEUL620Q150A
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22.2 Description of Registers

22.2.1 List of Registers

Address Name Symbol Symbol R/W | Size Initial value
(Byte) (Word)
OF26EH Port 7 data register P7D - R/W 8 OOH
OF26FH Port 7 direction register P7DIR - R/W 8 OOH
O0F270H Port 7 control register 0 P7CONO P7CON R/W | 8/16 O0OH
OF271H Port 7 control register 1 P7CON1 R/W 8 O00H
0F272H Port 7 mode register 0 P7MODO PTMOD R/W | 8/16 O0H
O0F273H Port 7 mode register 1 P7MOD1 R/W 8 O00OH
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22.2.2 Port 7 Data Register (P7D)

Address: 0F26EH
Access: RIW

Access size: 8 bits
Initial value: 00H

7 6 5 4 3 2 1 0
P7D - - - P74D P73D P72D P71D P70D
R/W R R R R/W R/W R/W R/W R/W
Initial value 0 0 0 0 0 0 0 0

P7D is a special function register (SFR) to set the value to be output to the Port 7 pin or to read the input level of the Port 7. In output
mode, the value of this register is output to the Port 7 pin. The value written to P7D is readable.

In input mode, the input level of the Port 7 pin is read when P7D is read. Output mode or input mode is selected by using the port
mode register (P7DIR) described later.

Description of bits
e P74D-P70D (bits 4-0)
The P74D to P70D bits are used to set the output value of the Port 7 pin in output mode and to read the pin level
of the Port 7 pin in input mode.

P74D Description
0 Output or input level of the P74 pin: "L"
1 Output or input level of the P74 pin: "H"
P73D Description
0 Output or input level of the P73 pin: "L"
1 Output or input level of the P73 pin: "H"
P72D Description
0 Output or input level of the P72 pin: "L"
1 Output or input level of the P72 pin: "H"
P71D Description
0 Output or input level of the P71 pin: "L"
1 Output or input level of the P71 pin: "H"
P70D Description
0 Output or input level of the P70 pin: "L"
1 Output or input level of the P70 pin: "H"
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22.2.3 Port 7 Direction Register (P7DIR)

Address: 0F26FH
Access: RIW

Access size: 8 bits
Initial value: 00H

7 6 5 4 3 2 1 0
P7DIR - - - P74DIR P73DIR P72DIR P71DIR P70DIR
R/W R R R R/W R/W R/W R/W R/W
Initial value 0 0 0 0 0 0 0 0

P7DIR is a special function register (SFR) to select the input/output mode of Port 7.

Description of bits
e P74DIR-P70DIR (bits 4-0)
The P74DIR to P70DIR bits are used to set the input/output mode of the Port 7 pin.

P74DIR Description
0 P74 pin: Output (initial value)
1 P74 pin: Input

P73DIR Description
0 P73 pin: Output (initial value)
1 P73 pin: Input

P72DIR Description
0 P72 pin: Output (initial value)
1 P72 pin: Input

P71DIR Description
0 P71 pin: Output (initial value)
1 P71 pin: Input

P70DIR Description
0 P70 pin: Output (initial value)
1 P70 pin: Input
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22.2.4 Port 7 Control Registers 0, 1 (P7CONO, P7CON1)

Address: 0F270H
Access: RIW
Access size: 8/16 bit
Initial value: 00OH

7 6 5 4 3 2 1 0
P7CONO - - - P74C0 P73C0O P72CO P71CO P70CO
R/W R R R R/W R/W R/W R/W R/W
Initial value 0 0 0 0 0 0 0 0
Address: 0F271H
Access: RIW
Access size: 8 bits
Initial value: O0OH
7 6 5 4 3 2 1 0
P7CON1 - - - P74C1 P73C1 P72C1 P71C1 P70C1
R/W R R R R/W R/W R/W R/W R/W
Initial value 0 0 0 0 0 0 0 0

P7CONO and P7CON1 are special function registers (SFRs) used to select the input/output state of the Port 7 pin. The
output state is different between input mode and output mode. Input or output is selected by using the P7DIR register.

Description of bits
e P74C1-P70C1, P74C0-P70CO (bits 4-0)
The P74C1 to P70C1 and P74CO0 to P70CO0 bits are used to select high-impedance output, P-channel open drain
output, N-channel open drain output, or CMOS output in output mode and to select high-impedance input, input

with a pull-down resistor, or input with a pull-up resistor in input mode.

Setting of P74 pin When output mode is selected (P74DIR | When input mode is selected (P74DIR bit
bit = "0") ="1")
P74C1 P74CO Description
0 0 High-impedance output (initial value) High-impedance input
0 1 P-channel open drain output Input with a pull-down resistor
1 0 N-channel open drain output Input with a pull-up resistor
1 1 CMOS output High-impedance input

Setting of P73 pin

When output mode is selected (P73DIR
bit = "0")

When input mode is selected (P73DIR hit
="1")

P73C1 P73CO0 Description
0 0 High-impedance output (initial value) High-impedance input
0 1 P-channel open drain output Input with a pull-down resistor
1 0 N-channel open drain output Input with a pull-up resistor
1 1 CMOS output High-impedance input

Setting of P72 pin

When output mode is selected (P72DIR
bit = "0")

When input mode is selected (P72DIR hit
="1")

pP72C1 P72CO0 Description
0 0 High-impedance output (initial value) High-impedance input
0 1 P-channel open drain output Input with a pull-down resistor
1 0 N-channel open drain output Input with a pull-up resistor
1 1 CMOS output High-impedance input

FEUL620Q150A
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Setting of P71 pin

When output mode is selected (P71DIR
bit ="0")

When input mode is selected (P71DIR bit
="1")

P71C1 P71CO Description
0 0 High-impedance output (initial value) High-impedance input
0 1 P-channel open drain output Input with a pull-down resistor
1 0 N-channel open drain output Input with a pull-up resistor
1 1 CMOS output High-impedance input

Setting of P70 pin

When output mode is selected (P70DIR
bit ="0")

When input mode is selected (P70DIR bit
="1")

P70C1 P70CO Description
0 0 High-impedance output (initial value) High-impedance input
0 1 P-channel open drain output Input with a pull-down resistor
1 0 N-channel open drain output Input with a pull-up resistor
1 1 CMOS output High-impedance input

FEUL620Q150A
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22.2.5 Port 7 Mode Registers 0, 1 (P7MODO, P7MOD1)
Address: 0F272H
Access: RIW
Access size: 8/16 bit
Initial value: OOH
7 4 3 2 1 0
P7MODO - P74MDO P73MDO P72MDO P71MDO P70MDO
R/W R R/W R/W R/W R/W R/W
Initial value 0 0 0 0 0 0
Address: 0F273H
Access: RIW
Access size: 8 bits
Initial value: O0OH
7 4 3 2 1 0
P7MOD1 - P74MD1 P73MD1 P72MD1 P71MD1 P70MD1
R/W R R/W R/W R/W R/W R/W
Initial value 0 0 0 0 0 0

P7MODO0 and P7TMOD1 are special function registers (SFRs) used to select the primary, secondary, tertiary or quartic
function of the Port 7.

Description of bits

e P74MD1, P74MDO (bit 4)
The P74MD1 and P74MDO bits are used to select the primary, secondary, or tertiary function of the P74 pin.

P74MD1 | P74MDO Description
0 0 General-purpose output port function (initial value)
0 1 Do not use
1 0 SSIO0 data output pin (SOUTO)
1 1 Do not use

e P73MD1, P73MDO (bit 3)
The P73MD1 and P73MDO bits are used to select the primary, secondary, tertiary, or quartic function of the P73

pin.
P73MD1 | P73MDO Description
0 0 General-purpose output port function (initial value)
0 1 UART1 data output pin (TXD1)
1 0 SSIOO0 clock I/0 pin (SCKO0)
1 1 UARTO data output pin (TXDO0)

e P72MD1, P72MDO (bit 2)
The P72MD1 and P72MDO bits are used to select the primary, secondary or tertiary function of the P72 pin.

P72MD1 | P72MDO Description
0 0 General-purpose output port function (initial value)
0 1 UART1 data input pin (RXD1)
1 0 SSIO0 data input pin (SINO)
1 1 Do not use
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e P71MD1, P71MDO (bit 1)
The P71MD1 and P71MDO bits are used to select the primary, secondary, or tertiary function of the P71 pin.

P71MD1 | P71MDO Description
0 0 General-purpose output port function (initial value)
0 1 Do not use
1 0 PWM7 output (PWM7)
1 1 Do not use

e P70MD1, P70MDO (bit 0)
The P70MD1 and P70MDO bits are used to select the primary, secondary, or tertiary function of the P70 pin.

P70MD1 | P70MDO Description
0 0 General-purpose output port function (initial value)
0 1 Do not use
1 0 PWM6 output (PWM6)
1 1 Do not use
[Note]

When the pin is set to "Do not use" and the output mode is selected (by the Port 7 control register), the Port 7 output
pin state is fixed as follows regardless of the data of the port data register P7D:

When high-impedance output is selected: Output pin is high-impedance
When P-channel open drain output is selected: Output pin is high-impedance
When N-channel open drain output is selected: Output pin is fixed to "L"
When CMOS output is selected: Output pin is fixed to "L"
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22.3 Description of Operation

22.3.1 Input/Output Port Functions

For each pin of Port 7, either output or input is selected by setting the Port 7 direction register (P7DIR).

In output mode, high-impedance output mode, P-channel open drain output mode, N-channel open drain output mode, or
CMOS output mode can be selected by setting the Port 7 control registers 0, 1 (P7CONO, P7CON1).

In input mode, high-impedance input mode, input mode with a pull-down resistor, or input mode with a pull-up resistor
can be selected by setting the Port 7 control registers 0, 1 (P7CONO, P7TCONL1).

At a system reset, high-impedance output mode is selected as the initial status.

In output mode, "L" or "H" level is output to each pin of Port 7 depending on the value set by the Port 7 data register
(P7D).

In input mode, the input level of each Port 7 pin can be read from the Port 7 data register (P7D).

22.3.2 Secondary and Tertiary Functions

The PWM output (PWM6, PWM7), UARTO0/1 communication pins (RXDO0, TXD1, RXD1), and SSIO0 communication
pins (SCKO, SINO, SOUTO) are assigned to Port 7 as the secondary, tertiary and quartic functions. These pins can be
used in the secondary or tertiary function mode by setting the P74MDO to P70MDO0 and P74MD1 to P70MD1 bits of the
Port 7 mode registers (P7MODO0, P7TMOD1).
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23 Port 8

23.1 General Description
This LSI includes a 8-bit input/output port, Port 8 (P80 to P87).
23.1.1 Features

o Allows selection of high-impedance output, P-channel open drain output, N-channel open drain output, or CMOS
output for each bit in output mode.

o Allows selection of high-impedance input, input with a pull-down resistor, or input with a pull-up resistor for each
bit in input mode.

e Allows selection of 1°C communication pins (SDA, SCL), PWM output (PWM4, PWM5), UART0/1

communication pins (TXDO0, RXD0, TXD1, RXD1), and SSIO0 communication pins (SCKO0, SINO, SOUTO) as
the secondary or tertiary functions.

23.1.2 Configuration

Figure 23-1 shows the configuration of Port 8.

Vo
F——  Pull-up Data bus
Pull-down
—— Controller
Voo Vs T P8DIR «—>
P8MODO,1
Von P8CONO,1
—— Ports I°C communication output (SDA, SCL)
P80 to P87 Output  [< P8D |€—>| UART output (TXDO, TXD1)
1 Controller SIO output (SCK0, SOUTO)
8 PWM output (PWM4, PWM5)
VQQ
v @/ I°C communication input (SDA, SCL)
ss
UART input/output (RXDO, RXD1)
SIO input (SINO, SCKO)
P8D : Port 8 data register
P8DIR : Port 8 direction register

P8BCONO : Port 8 control register 0
P8BCON1 : Port 8 control register 1
P8B8MODO : Port 8 mode register 0
P8B8MOD1 : Port 8 mode register 1

Figure 23-1 Configuration of Port 8
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23.1.3 List of Pins

Pin name 1/0 Primary function Secondary function Tertiary function
1°C data _
P80/SDA/SINO 110 I/O port SSIOO0 data input
1/O (SDA)
I°C clock
P81/SCL/SCKO0 I/0 I/0 port SSIOO0 clock 1/0
I/0 (SCL)
P82/SOUTO 1/0 I/0O port - SSIO0 data output
P83/PWM5 1/0 I/O port - PWMS5 output
P84/RXD1/SINO 110 I/0O port UART1 data input SSIOO0 data input
P85/TXD1/SCKO 110 I/0O port UART1 data output SSIO0 clock 110
P86/RXD0O/SOUTO 110 I/O port UARTO data input SSIO0 data output
P87/TXD0/PWM4 1/0 I/0O port UARTO data output PWM4 output
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23.2 Description of Registers

23.2.1 List of Registers

Address Name Symbol Symbol R/W | Size Initial value
(Byte) (Word)
OF2DEH Port 8 data register P8D - R/W 8 OOH
OF2DFH Port 8 direction register P8DIR - R/W 8 OOH
OF2EOH Port 8 control register 0 P8CONO PSCON R/W | 8/16 O0H
OF2E1H Port 8 control register 1 P8CON1 R/W 8 O0OH
OF2E2H Port 8 mode register 0 P8MODO PEMOD R/W | 8/16 O0H
OF2E3H Port 8 mode register 1 P8MOD1 R/W 8 O0OH
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23.2.2 Port 8 Data Register (P8D)

Address: 0F2DEH
Access: RIW

Access size: 8 bits
Initial value: 00H

7 6 5 4 3 2 1 0
P8D P87D P86D P85D P84D P83D P82D P81D P80D
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

P8D is a special function register (SFR) to set the value to be output to the Port 8 pin or to read the input level of the Port 8. In output
mode, the value of this register is output to the Port 8 pin. The value written to P8D is readable.

In input mode, the input level of the Port 8 pin is read when P8D is read. Output mode or input mode is selected by using the port
mode register (P8DIR) described later.

Description of bits
e P87D-P80D (bits 7-0)
The P87D to P80D bits are used to set the output value of the Port 8 pin in output mode and to read the pin level
of the Port 8 pin in input mode.

P87D Description

0 Output or input level of the P87 pin: "L"

1 Output or input level of the P87 pin: "H"
P86D Description

0 Output or input level of the P86 pin: "L"

1 Output or input level of the P86 pin: "H"
P85D Description

0 Output or input level of the P85 pin: "L"

1 Output or input level of the P85 pin: "H"
P84D Description

0 Output or input level of the P84 pin: "L"

1 Output or input level of the P84 pin: "H"
P83D Description

0 Output or input level of the P83 pin: "L"

1 Output or input level of the P83 pin: "H"
P82D Description

0 Output or input level of the P82 pin: "L"

1 Output or input level of the P82 pin: "H"
P81D Description

0 Output or input level of the P81 pin: "L"

1 Output or input level of the P81 pin: "H"
P80OD Description

0 Output or input level of the P80 pin: "L"

1 Output or input level of the P80 pin: "H"
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23.2.3 Port 8 Direction Register (P8DIR)

Address: OF2DFH
Access: RIW

Access size: 8 bits
Initial value: 00H

7 6 5 4 3 2 1 0
P8DIR P87DIR P86DIR P85DIR P84DIR P83DIR P82DIR P81DIR P80ODIR
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

P8DIR is a special function register (SFR) to select the input/output mode of Port 8.

Description of bits

e P87DIR-P8ODIR (bits 7-0)
The P87DIR to P8ODIR bits are used to set the input/output mode of the Port 8 pin.

P87DIR Description
0 P87 pin: Output (initial value)
1 P87 pin: Input

P86DIR Description
0 P86 pin: Output (initial value)
1 P86 pin: Input

P85DIR Description
0 P85 pin: Output (initial value)
1 P85 pin: Input

P84DIR Description
0 P84 pin: Output (initial value)
1 P84 pin: Input

P83DIR Description
0 P83 pin: Output (initial value)
1 P83 pin: Input

P82DIR Description
0 P82 pin: Output (initial value)
1 P82 pin: Input

P81DIR Description
0 P81 pin: Output (initial value)
1 P81 pin: Input

P8ODIR Description
0 P80 pin: Output (initial value)
1 P80 pin: Input

FEUL620Q150A
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23.2.4 Port 8 Control Registers 0, 1 (P8CONO, PBCON1)

Address: 0F2EOH
Access: RIW
Access size: 8/16 bit
Initial value: 00OH

7 6 5 4 3 2 1 0
P8CONO P87CO P86CO P85CO P84CO0 P83C0 P82CO P81CO P80CO
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: OF2E1H
Access: RIW
Access size: 8 bits
Initial value: O0OH
7 6 5 4 3 2 1 0
P8CON1 P87C1 P86C1 P85C1 P84C1 P83C1 P82C1 P81C1 P80C1
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

P8CONO and P8BCONL are special function registers (SFRs) used to select the input/output state of the Port 8 pin. The
output state is different between input mode and output mode. Input or output is selected by using the P8DIR register.

Description of bits
e P87C1-P80C1, P87C0-P80OCO (bits 7-0)
The P87C1 to P80C1 and P87CO0 to P80CO bits are used to select high-impedance output, P-channel open drain
output, N-channel open drain output, or CMOS output in output mode and to select high-impedance input, input
with a pull-down resistor, or input with a pull-up resistor in input mode.

Setting of P87 pin

When output mode is selected (P87DIR
bit = "0")

When input mode is selected (P87DIR hit
="1")

pP87C1 P87CO Description
0 0 High-impedance output (initial value) High-impedance input
0 1 P-channel open drain output Input with a pull-down resistor
1 0 N-channel open drain output Input with a pull-up resistor
1 1 CMOS output High-impedance input

Setting of P86 pin

When output mode is selected (P86DIR bit
="0")

When input mode is selected (P86DIR bit
="1")

P86C1 P86CO Description
0 0 High-impedance output (initial value) High-impedance input
0 1 P-channel open drain output Input with a pull-down resistor
1 0 N-channel open drain output Input with a pull-up resistor
1 1 CMOS output High-impedance input

Setting of P85 pin

When output mode is selected (P85DIR
bit = "0")

When input mode is selected (P85DIR hit
="1")

P85C1 P85CO Description
0 0 High-impedance output (initial value) High-impedance input
0 1 P-channel open drain output Input with a pull-down resistor
1 0 N-channel open drain output Input with a pull-up resistor
1 1 CMOS output High-impedance input
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Setting of P84 pin When output mode is selected (P84DIR | When input mode is selected (P84DIR bit
bit = "0") ="1")
P84C1 P84CO Description
0 0 High-impedance output (initial value) High-impedance input
0 1 P-channel open drain output Input with a pull-down resistor
1 0 N-channel open drain output Input with a pull-up resistor
1 1 CMOS output High-impedance input

Setting of P83 pin

When output mode is selected (P83DIR
bit = "0")

When input mode is selected (P83DIR bit
="1")

P83C1 P83C0 Description
0 0 High-impedance output (initial value) High-impedance input
0 1 P-channel open drain output Input with a pull-down resistor
1 0 N-channel open drain output Input with a pull-up resistor
1 1 CMOS output High-impedance input

Setting of P82 pin

When output mode is selected (P82DIR
bit = "0")

When input mode is selected (P82DIR bit
="1")

P82C1 P82CO0 Description
0 0 High-impedance output (initial value) High-impedance input
0 1 P-channel open drain output Input with a pull-down resistor
1 0 N-channel open drain output Input with a pull-up resistor
1 1 CMOS output High-impedance input

Setting of P81 pin

When output mode is selected (P81DIR
bit = "0")

When input mode is selected (P81DIR bit
="1")

P81C1 P81CO Description
0 0 High-impedance output (initial value) High-impedance input
0 1 P-channel open drain output Input with a pull-down resistor
1 0 N-channel open drain output Input with a pull-up resistor
1 1 CMOS output High-impedance input

Setting of P80 pin

When output mode is selected (P80DIR
bit = "0")

When input mode is selected (P80DIR bit
="1")

P80C1 P80CO Description
0 0 High-impedance output (initial value) High-impedance input
0 1 P-channel open drain output Input with a pull-down resistor
1 0 N-channel open drain output Input with a pull-up resistor
1 1 CMOS output High-impedance input
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23.2.5 Port 8 Mode Registers 0, 1 (P8MODO, P8MOD1)

Address: 0F2E2H
Access: RIW

Access size: 8/16 bit
Initial value: OOH

7 6 5 4 3 2 1 0
P8MODO P87MDO P86MDO P85MDO P84MDO P83MDO P82MDO P81MDO P80OMDO
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: 0F2E3H
Access: RIW
Access size: 8 bits
Initial value: O0OH
7 6 5 4 3 2 1 0
P8MOD1 P87MD1 P86MD1 P85MD1 P84MD1 P83MD1 P82MD1 P81MD1 P80OMD1
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

P8MODO and PBMOD1 are special function registers (SFRs) used to select the primary, secondary, or tertiary function
of the Port 3.

Description of bits

e P87MD1, P87MDO (bit 7)
The P87MD1 and P87MDO bits are used to select the primary, secondary, or tertiary function of the P87 pin.

P87MD1 | P87TMDO Description
0 0 General-purpose output port function (initial value)
0 1 UARTO data output (TXDO)
1 0 PWMA4 output pin (PWM4)
1 1 Do not use

e P86MD1, P86MDO (bit 6)
The P86MD1 and P86MDO bits are used to select the primary, secondary, or tertiary function of the P86 pin.

P86MD1 | P8B6MDO Description
0 0 General-purpose output port function (initial value)
0 1 UARTO data input pin (RXDO)
1 0 SSIO0 data output pin (SOUTO)
1 1 Do not use

e P85MD1, P85MDO (bit 5)
The P85MD1 and P85MDO bits are used to select the primary, secondary, or tertiary function of the P85 pin.

P85MD1 | PB5MDO Description
0 0 General-purpose output port function (initial value)
0 1 UART1 data output (TXD1)
1 0 SSIO0 synchronous clock /O pin (SCKO)
1 1 Do not use
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e P84MD1, P84MDO (bit 4)

The P84MD1 and P84MDO bits are used to select the primary, secondary, or tertiary function of the P84 pin.

P84MD1 | P84MDO Description
0 0 General-purpose output port function (initial value)
0 1 UART1 data input pin (RXD1)
1 0 SSIO0 data input pin (SINO)
1 1 Do not use

e P83MD1, P83MDO (bit 3)

The P83MD1 and P83MDO bits are used to select the primary or tertiary function of the P83 pin.

P83MD1 | P83MDO Description
0 0 General-purpose output port function (initial value)
0 1 Do not use
1 0 PWMS5 output pin (PWM5)
1 1 Do not use

e P82MD1, P82MDO (bit 2)

The P82MD1 and P82MDO bits are used to select the primary or tertiary function of the P82 pin.

P82MD1 | P82MDO Description
0 0 General-purpose output port function (initial value)
0 1 Do not use
1 0 SSIO0 data output pin (SOUTO)
1 1 Do not use

e P81MD1, P8IMDO (bit 1)

The P81MD1 and P81MDO bits are used to select the primary, secondary, or tertiary function of the P81 pin.

P81MD1 | P81MDO Description
0 0 General-purpose output port function (initial value)
0 1 I°C clock 1/0 (SCL)
1 0 SSIO00 synchronous clock 1/0O pin (SCKO)
1 1 Do not use

e P80OMD1, P8OMDO (bit 0)

The P8OMD1 and P80OMDO bits are used to select the primary, secondary, or tertiary function of the P80 pin.

P8OMD1 | PBOMDO Description
0 0 General-purpose output port function (initial value)
0 1 I°C data 1/O (SDA)
1 0 SSIO0 data input pin (SINO)
1 1 Do not use
[Note]

When the pin is set to "Do not use" and the output mode is selected (by the Port 8 control register), the Port 8 output
pin state is fixed as follows regardless of the data of the port data register P8D:

When high-impedance output is selected: Output pin is high-impedance
When P-channel open drain output is selected: Output pin is high-impedance
When N-channel open drain output is selected: Output pin is fixed to "L"
When CMOS output is selected: Output pin is fixed to "L"

FEUL620Q150A
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23.3 Description of Operation

23.3.1 Input/Output Port Functions

For each pin of Port 8, either output or input is selected by setting the Port 8 direction register (P8DIR).

In output mode, high-impedance output mode, P-channel open drain output mode, N-channel open drain output mode, or
CMOS output mode can be selected by setting the Port 8 control registers 0, 1 (P8CONO, PBCON1).

In input mode, high-impedance input mode, input mode with a pull-down resistor, or input mode with a pull-up resistor
can be selected by setting the Port 8 control registers 0, 1 (P8CONO, PBCONL1).

At a system reset, high-impedance output mode is selected as the initial status.

In output mode, "L" or "H" level is output to each pin of Port 8 depending on the value set by the Port 8 data register
(P8D).

In input mode, the input level of each Port 8 pin can be read from the Port 8 data register (P8D).

23.3.2 Secondary and Tertiary Functions

The 1°C communication pins (SDA, SCL), PWM output (PWM4, PWM5), UARTO0/1 communication pins (TXDO,
RXDO0, TXD1, RXD1), and SSIO0 communication pins (SCKO, SINO, SOUTO) are assigned to Port 8 as the secondary
and tertiary functions. These pins can be used in the secondary or tertiary function mode by setting the P87MDO to
P80MDO0 and P87MD1 to PBOMD1 bits of the Port 8 mode registers (PBMODO0, PBMOD1).

FEUL620Q150A
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24 Successive Approximation Type A/D Converter (SA-ADC)
24.1 General Description

This LSI has an internal 12-channel successive approximation type A/D converter (SA-ADC).

The successive approximation type A/D converter works only when the DSAD bit of the block control register 4
(BLKCON4) is set to "0". When the DSAD bit is set to "1", every function of the successive approximation type A/D
converter is reset. For block control registers, see Chapter 4, "MCU Control Function".

24.1.1 Features

o Internal sample/hold 10-bit successive approximation type A/D converter, which enables channel selection from
12 channels.

24.1.2 Configuration
Figure 24-1 shows the configuration of SA-ADC.

10-bit
\x L‘Z successive
Vas approximation
type A%
P30/AINO Analog A/D SADRnL,
to selector conversion SADRNH
P35/AIN5 circuit
P42/AING
to
P47/AIN11
i\
HSCLK __5| SADCONO,SADCONL, SADINT
(8.192MHz) SADMODO, SADMOD1 ]
Data bus' $

SADRNL : SA-ADC result register nL

SADRNH : SA-ADC result register nH

SADCONO : SA-ADC control register 0

SADCON1 : SA-ADC control register 1

SADMODO : SA-ADC mode register 0

SADMOD1 : SA-ADC mode register 1

n:0to 11

Figure 24-1 Configuration of SA-ADC
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24.1.3 List of Pins

K1/PWM5

Pin name 1/0 Function
Vpp - Positive power supply pin for the successive approximation type A/D converter
VRer - Reference power supply pin for the successive approximation type A/D converter
Vss - Negative power supply pin for the successive approximation type A/D converter
P30/EXI6/AINO/P o I/0 port, External interrupt, PW45EV1 input, Successive approximation type A/D
WA45EV1 converter input pin 0
P31/EXI7/AIN1/P (0] 1/0 port, External interrupt, PW67EV1 input, Successive approximation type A/D
W67EV1 converter input pin 1
P32/A:El\</2éPW45 © 1/0 port, PW45EVO0 input, Successive approximation type A/D converter input pin 2
P33/A:El\i;°>éPW67 © 1/0 port, PW67EVO0 input, Successive approximation type A/D converter input pin 3
P34/AIN4/PWM4 (0] 1/0 port, PWM4 output, Successive approximation type A/D converter input pin 4
P35/AIN5/PWM5 (0] 1/0 port, PWM5 output, Successive approximation type A/D converter input pin 5
P42/AIN6/RXDO/ 0] 1/0 port, UARTO data input, SSIO0 data output,
SOUTO Successive approximation type A/D converter input pin 6
P43/AIN7/TXDO/ (e} 1/0 port, UARTO data output, PWM4 output, UART1 data output,
PWM4/TXD1 Successive approximation type A/D converter input pin 7
P44/AINS/TOP4C (0] 1/0 port, PWM4 external clock input, SSIOO0 data input,
K/SINO Successive approximation type A/D converter input pin 8
P45/AIN9/T1P5C (0] 1/0 port, PWM5 external clock input, SSIO0 synchronous clock 1/O,
K/SCKO Successive approximation type A/D converter input pin 9
P46/AIN10/T16C (@] 1/0 port, Timer 8,A external clock input, PWM6 external clock input, SSIO0 data
KO/SOUTO output, Successive approximation type A/D converter input pin 10
P47/AIN11/T16C (e} 1/0 port, Timer 9,B external clock input, PWM7 external clock input, PWMS5 output,

Successive approximation type A/D converter input pin 11
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24.2 Description of Registers
24.2.1 List of Registers

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

value
OF8DOH SA-ADC result register OL SADROL SADRO R 8/16 OOH
OF8D1H SA-ADC result register OH SADROH R 8 O0OH
OF8D2H SA-ADC result register 1L SADRI1L SADRL R 8/16 OOH
OF8D3H SA-ADC result register 1H SADR1H R 8 OOH
OF8D4H SA-ADC result register 2L SADR2L SADR2 R 8/16 OOH
OF8D5H SA-ADC result register 2H SADR2H R 8 OOH
OF8D6H SA-ADC result register 3L SADR3L SADR3 R 8/16 OOH
OF8D7H SA-ADC result register 3H SADR3H R 8 OOH
OF8D8H SA-ADC result register 4L SADR4L SADRA R 8/16 OOH
OF8D9H SA-ADC result register 4H SADR4H R 8 O0OH
OF8DAH SA-ADC result register 5L SADRS5L SADRS R 8/16 OOH
OF8DBH SA-ADC result register 5H SADRS5SH R 8 OOH
OF8DCH SA-ADC result register 6L SADR6L SADRG R 8/16 OOH
OF8DDH SA-ADC result register 6H SADRG6H R 8 O0OH
OF8DEH SA-ADC result register 7L SADR7L SADR7 R 8/16 OOH
OF8DFH SA-ADC result register 7H SADR7H R 8 O00H
OF8EOH SA-ADC result register 8L SADRS8L SADRS R 8/16 OOH
OF8E1H SA-ADC result register 8H SADRS8H R 8 OOH
OF8E2H SA-ADC result register 9L SADRIL SADRO R 8/16 O0H
OF8E3H SA-ADC result register 9H SADRYH R 8 O00H
OF8E4H SA-ADC result register AL SADRAL SADRA R 8/16 OOH
OF8E5H SA-ADC result register AH SADRAH R 8 O0OH
OF8E6H SA-ADC result register BL SADRBL SADRB R 8/16 O0H
OF8E7H SA-ADC result register BH SADRBH R 8 O0OH
OF8FOH SA-ADC control register 0 SADCONO SADCON R/W 8/16 OOH
OF8F1H SA-ADC control register 1 SADCON1 R/W 8 O00OH
OF8F2H SA-ADC mode register 0 SADMODO R/W 8 O0H
OF8F3H SA-ADC mode register 1 SADMOD1 SADMOD R/W 8 OOH
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24.2.2 SA-ADC Result Register OL (SADROL)

Address: 0F8BDOH
Access: R

Access size: 8/16 bit
Initial value: OOH

7 6 5 4 3 2 1 0

SADROL SARO1 | SARO00 - - - - - -
R/W R R R R R R

Initial value 0 0 X X 0 0 0 0

SADROL is a special function register (SFR) used to store SA-ADC conversion results on channel 0.
SADROL is updated after A/D conversion.

Description of bits
e  SARO01-SAROO (bits 7-6)
These bits are used to store the values of bit 1 to bit 0 of A/D conversion results (10 bits) on channel 0.

24.2.3 SA-ADC Result Register OH (SADROH)

Address: OF8D1H
Access: R

Access size: 8 bits
Initial value: OOH

7 6 5 4 3 2 1 0

SADROH SARO09 SARO08 SARO7 SARO06 SARO05 SARO04 SARO03 SARO02
R/W R R R R R R R R
Initial value 0 0 0 0 0 0 0 0

SADROH is a special function register (SFR) used to store SA-ADC conversion results on channel 0.
SADROH is updated after A/D conversion.

Description of bits
e  SAR09-SARO2 (bits 7-0)
These bits are used to store the values of bit 9 to bit 2 of A/D conversion results (10 bits) on channel 0.
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24.2.4 SA-ADC Result Register 1L (SADR1L)

Address: 0F8D2H
Access: R

Access size: 8/16 bit
Initial value: OOH

7 6 5 4 3 2 1 0
SADR1L SAR11 SAR10 - - - - - -

R/W R R R
Initial value 0 0 X X 0 0 0 0

Py
Py
Py
Py
Py

SADRIL is a special function register (SFR) used to store SA-ADC conversion results on channel 1.
SADRIL is updated after A/D conversion.

Description of bits
e  SAR11-SAR10 (bits 7-6)
These bits are used to store the values of bit 1 to bit 0 of A/D conversion results (10 bits) on channel 1.

24.2.5 SA-ADC Result Register 1H (SADR1H)

Address: 0F8D3H
Access: R

Access size: 8 bits
Initial value: OOH

SADR1H SAR19 SAR18 SAR17 SAR16 SAR15 SAR14 SAR13 SAR12

R/W R R R R R R R R
Initial value 0 0 0 0 0 0 0 0

SADR1H is a special function register (SFR) used to store SA-ADC conversion results on channel 1.
SADR1H is updated after A/D conversion.

Description of bits
e SAR19-SAR12 (bits 7-0)
These bits are used to store the values of bit 9 to bit 2 of A/D conversion results (10 bits) on channel 1.
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24.2.6 SA-ADC Result Register 2L (SADR2L)

Address: 0F8D4H
Access: R

Access size: 8/16 bit
Initial value: OOH

7 6 5 4 3 2 1 0
SADR2L SAR21 SAR20 - - - - - -

R/W R R R
Initial value 0 0 X X 0 0 0 0

Py
Py
Py
Py
Py

SADR2L is a special function register (SFR) used to store SA-ADC conversion results on channel 2.
SADR2L is updated after A/D conversion.

Description of bits
e SAR21-SAR20 (bits 7-6)
These bits are used to store the values of bit 1 to bit 0 of A/D conversion results (10 bits) on channel 2.

24.2.7 SA-ADC Result Register 2H (SADR2H)

Address: 0OF8D5H
Access: R

Access size: 8 bits
Initial value: OOH

SADR2H SAR29 SAR28 SAR27 SAR26 SAR25 SAR24 SAR23 SAR22

R/W R R R R R R R R
Initial value 0 0 0 0 0 0 0 0

SADRZ2H is a special function register (SFR) used to store SA-ADC conversion results on channel 2.
SADRZ2H is updated after A/D conversion.

Description of bits
e SAR29-SAR22 (bits 7-0)
These bits are used to store the values of bit 9 to bit 2 of A/D conversion results (10 bits) on channel 2.
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24.2.8 SA-ADC Result Register 3L (SADR3L)

Address: 0F8D6H
Access: R

Access size: 8/16 bit
Initial value: OOH

7 6 5 4 3 2 1 0
SADR3L SAR31 SAR30 - - - - - -

R/W R R R
Initial value 0 0 X X 0 0 0 0

Py
Py
Py
Py
Py

SADRA3L is a special function register (SFR) used to store SA-ADC conversion results on channel 3.
SADR3L is updated after A/D conversion.

Description of bits
e  SAR31-SAR30 (bits 7-6)
These bits are used to store the values of bit 1 to bit 0 of A/D conversion results (10 bits) on channel 3.

24.2.9 SA-ADC Result Register 3H (SADR3H)

Address: OF8D7H
Access: R

Access size: 8 bits
Initial value: OOH

SADR3H SAR39 SAR38 SAR37 SAR36 SAR35 SAR34 SAR33 SAR32

R/W R R R R R R R R
Initial value 0 0 0 0 0 0 0 0

SADR3H is a special function register (SFR) used to store SA-ADC conversion results on channel 3.
SADR3H is updated after A/D conversion.

Description of bits
e SARB39-SAR32 (bits 7-0)
These bits are used to store the values of bit 9 to bit 2 of A/D conversion results (10 bits) on channel 3.
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24.2.10 SA-ADC Result Register 4L (SADRA4L)

Address: 0F8BD8H
Access: R

Access size: 8/16 bit
Initial value: OOH

7 6 5 4 3 2 1 0
SADRAL SAR41 SAR40 - - - - - -

R/W R R R
Initial value 0 0 X X 0 0 0 0

Py
Py
Py
Py
Py

SADRA4L is a special function register (SFR) used to store SA-ADC conversion results on channel 4.
SADRA4L is updated after A/D conversion.

Description of bits
e SAR41-SARA40 (bits 7-6)
These bits are used to store the values of bit 1 to bit 0 of A/D conversion results (10 bits) on channel 4.

24.2.11 SA-ADC Result Register 4H (SADR4H)

Address: 0OF8D9H
Access: R

Access size: 8 bits
Initial value: OOH

SADR4H SAR49 SAR48 SAR47 SAR46 SAR45 SAR44 SAR43 SAR42

R/W R R R R R R R R
Initial value 0 0 0 0 0 0 0 0

SADR4H is a special function register (SFR) used to store SA-ADC conversion results on channel 4.
SADR4H is updated after A/D conversion.

Description of bits
e SAR49-SARA42 (bits 7-0)
These bits are used to store the values of bit 9 to bit 2 of A/D conversion results (10 bits) on channel 4.
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24.2.12 SA-ADC Result Register 5L (SADR5L)

Address: 0FBDAH
Access: R

Access size: 8/16 bit
Initial value: OOH

7 6 5 4 3 2 1 0
SADRS5L SAR51 SAR50 - - - - - -

R/W R R R
Initial value 0 0 X X 0 0 0 0

Py
Py
Py
Py
Py

SADRSL is a special function register (SFR) used to store SA-ADC conversion results on channel 5.
SADRSL is updated after A/D conversion.

Description of bits
e SAR51-SARS50 (bits 7-6)
These bits are used to store the values of bit 1 to bit 0 of A/D conversion results (10 bits) on channel 5.

24.2.13 SA-ADC Result Register 5H (SADR5H)

Address: 0F8DBH
Access: R

Access size: 8 bits
Initial value: OOH

SADR5H SAR59 SAR58 SAR57 SAR56 SAR55 SAR54 SAR53 SAR52

R/W R R R R R R R R
Initial value 0 0 0 0 0 0 0 0

SADRS5H is a special function register (SFR) used to store SA-ADC conversion results on channel 5.
SADRG5H is updated after A/D conversion.

Description of bits
e  SAR59-SARS52 (bits 7-0)
These bits are used to store the values of bit 9 to bit 2 of A/D conversion results (10 bits) on channel 5.
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24.2.14 SA-ADC Result Register 6L (SADR6L)

Address: 0FBDCH
Access: R

Access size: 8/16 bit
Initial value: OOH

7 6 5 4 3 2 1 0
SADRGL SAR61 SARG0 - - - - - -

R/W R R R
Initial value 0 0 X X 0 0 0 0

Py
Py
Py
Py
Py

SADRSGL is a special function register (SFR) used to store SA-ADC conversion results on channel 6.
SADRSGL is updated after A/D conversion.

Description of bits
e SARG61-SARG60 (bits 7-6)
These bits are used to store the values of bit 1 to bit 0 of A/D conversion results (10 bits) on channel 6.

24.2.15 SA-ADC Result Register 6H (SADR6H)

Address: 0F8DDH
Access: R

Access size: 8 bits
Initial value: OOH

SADRG6H SARG69 SARG68 SARG7 SARG6 SARG65 SARG64 SARG3 SARG62

R/W R R R R R R R R
Initial value 0 0 0 0 0 0 0 0

SADRG6H is a special function register (SFR) used to store SA-ADC conversion results on channel 6.
SADRG6H is updated after A/D conversion.

Description of bits
e SARG69-SAR62 (bits 7-0)
These bits are used to store the values of bit 9 to bit 2 of A/D conversion results (10 bits) on channel 6.

FEUL620Q150A
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24.2.16 SA-ADC Result Register 7L (SADR7L)

Address: OFBDEH
Access: R

Access size: 8/16 bit
Initial value: OOH

7 6 5 4 3 2 1 0
SADR7L SAR71 SAR70 - - - - - -

R/W R R R
Initial value 0 0 X X 0 0 0 0

Py
Py
Py
Py
Py

SADRT7L is a special function register (SFR) used to store SA-ADC conversion results on channel 7.
SADRTYL is updated after A/D conversion.

Description of bits
e SART71-SARTO (bits 7-6)
These bits are used to store the values of bit 1 to bit 0 of A/D conversion results (10 bits) on channel 7.

24.2.17 SA-ADC Result Register 7H (SADR7H)

Address: OF8DFH
Access: R

Access size: 8 bits
Initial value: OOH

SADR7H SAR79 SAR78 SAR77 SAR76 SAR75 SAR74 SAR73 SAR72

R/W R R R R R R R R
Initial value 0 0 0 0 0 0 0 0

SADRT7H is a special function register (SFR) used to store SA-ADC conversion results on channel 7.
SADRT7H is updated after A/D conversion.

Description of bits
e SART79-SART72 (bits 7-0)
These bits are used to store the values of bit 9 to bit 2 of A/D conversion results (10 bits) on channel 7.

FEUL620Q150A
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24.2.18 SA-ADC Result Register 8L (SADRS8L)

Address: OF8EOH
Access: R

Access size: 8/16 bit
Initial value: OOH

7 6 5 4 3 2 1 0
SADRSL SARS81 SARS80 - - - - - -

R/W R R R
Initial value 0 0 X X 0 0 0 0

Py
Py
Py
Py
Py

SADRSL is a special function register (SFR) used to store SA-ADC conversion results on channel 8.
SADRSL is updated after A/D conversion.

Description of bits
e SARB81-SARS0 (bits 7-6)
These bits are used to store the values of bit 1 to bit 0 of A/D conversion results (10 bits) on channel 8.

24.2.19 SA-ADC Result Register 8H (SADR8H)

Address: OFSE1H
Access: R

Access size: 8 bits
Initial value: OOH

SADRSH SAR89 SARS88 SARS87 SAR86 SARS85 SAR84 SARS83 SAR82

R/W R R R R R R R R
Initial value 0 0 0 0 0 0 0 0

SADRSH is a special function register (SFR) used to store SA-ADC conversion results on channel 8.
SADRS8H is updated after A/D conversion.

Description of bits
e SARB89-SAR82 (bits 7-0)
These bits are used to store the values of bit 9 to bit 2 of A/D conversion results (10 bits) on channel 8.

FEUL620Q150A
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24.2.20 SA-ADC Result Register 9L (SADR9L)

Address: OF8E2H
Access: R

Access size: 8/16 bit
Initial value: OOH

7 6 5 4 3 2 1 0
SADRYOL SAR91 SAR90 - - - - - -

R/W R R R
Initial value 0 0 X X 0 0 0 0

Py
Py
Py
Py
Py

SADROIL is a special function register (SFR) used to store SA-ADC conversion results on channel 9.
SADROIL is updated after A/D conversion.

Description of bits
e SAR91-SAR90 (bits 7-6)
These bits are used to store the values of bit 1 to bit 0 of A/D conversion results (10 bits) on channel 9.

24.2.21 SA-ADC Result Register 9H (SADR9H)

Address: OFSE3H
Access: R

Access size: 8 bits
Initial value: OOH

SADRYH SAR99 SAR98 SAR97 SAR96 SAR95 SAR94 SAR93 SAR92

R/W R R R R R R R R
Initial value 0 0 0 0 0 0 0 0

SADROYH is a special function register (SFR) used to store SA-ADC conversion results on channel 9.
SADR9H is updated after A/D conversion.

Description of bits
e SAR99-SAR92 (bits 7-0)
These bits are used to store the values of bit 9 to bit 2 of A/D conversion results (10 bits) on channel 9.

FEUL620Q150A
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24.2.22 SA-ADC Result Register AL (SADRAL)

Address: OF8E4H
Access: R

Access size: 8/16 bit
Initial value: OOH

7 6 5 4 3 2 1 0
SADRAL SARA1 SARAO - - - - - -

R/W R R R
Initial value 0 0 X X 0 0 0 0

Py
Py
Py
Py
Py

SADRAL is a special function register (SFR) used to store SA-ADC conversion results on channel A.
SADRAL is updated after A/D conversion.

Description of bits
e SARAI-SARAO (bits 7-6)
These bits are used to store the values of bit 1 to bit 0 of A/D conversion results (10 bits) on channel A.

24.2.23 SA-ADC Result Register AH (SADRAH)

Address: OF8E5H
Access: R

Access size: 8 bits
Initial value: OOH

SADRAH SARA9 SARA8 SARA7 SARA6 SARAS5 SARA4 SARA3 SARA2

R/W R R R R R R R R
Initial value 0 0 0 0 0 0 0 0

SADRAH is a special function register (SFR) used to store SA-ADC conversion results on channel A.
SADRAH is updated after A/D conversion.

Description of bits
e SARA9-SARA?2 (bits 7-0)
These bits are used to store the values of bit 9 to bit 2 of A/D conversion results (10 bits) on channel A.

FEUL620Q150A
24-14



LAPIS Semiconductor Co., Ltd. ML620Q151A/2A/3A/I4A/5A/6AITAI8AI9A User's Manual
Chapter 24  Successive Approximation Type A/D Converter

24.2.24 SA-ADC Result Register BL (SADRBL)

Address: OFBE6H
Access: R

Access size: 8/16 bit
Initial value: OOH

7 6 5 4 3 2 1 0
SADRBL SARB1 SARBO - - - - - -

R/W R R R
Initial value 0 0 X X 0 0 0 0

Py
Py
Py
Py
Py

SADRBL is a special function register (SFR) used to store SA-ADC conversion results on channel B.
SADRBL is updated after A/D conversion.

Description of bits
e SARBI1-SARBO (bits 7-6)
These bits are used to store the values of bit 1 to bit 0 of A/D conversion results (10 bits) on channel B.

24.2.25 SA-ADC Result Register BH (SADRBH)

Address: OFSE7H
Access: R

Access size: 8 bits
Initial value: OOH

SADRBH SARB9 SARB8 SARB7 SARB6 SARB5 SARB4 SARB3 SARB2

R/W R R R R R R R R
Initial value 0 0 0 0 0 0 0 0

SADRBH is a special function register (SFR) used to store SA-ADC conversion results on channel B.
SADRBH is updated after A/D conversion.

Description of bits
e SARB9-SARB?2 (bits 7-0)
These bits are used to store the values of bit 9 to bit 2 of A/D conversion results (10 bits) on channel B.

FEUL620Q150A
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24.2.26 SA-ADC Control Register 0 (SADCONO)

Address: OF8FOH
Access: RIW
Access size: 8/16 bit
Initial value: OOH

7 6 5 4 3 2 1 0
SADCONO - - - - - - SACK SALP
R/W R R R R R R R/W R/W
Initial value 0 0 0 0 0 0 0 0

SADCONO is a special function register (SFR) used to control the operation of the SA-ADC.

Description of bits
e SALP (bit0)
This bit is used to select whether A/D conversion is performed once only for each channel or consecutively.
When this bit is set to "0", A/D conversion is performed once only for each channel and when it is set to "1",
AJ/D conversion is performed consecutively according to the settings of the SA-ADC mode register 0

(SADMODO0).
SALP Description
0 Single A/D conversion only (initial value)
1 Consecutive A/D conversion

e SACK (bit1)
This bit is used to select the conversion time per channel. When this bit is set to "0", the conversion time per
channel is set to about 13.5 us. This is effective only in PLL oscillation mode. When this bit is set to "1", the
conversion time per channel is set to about 43 ps.

SACK Description
0 Conversion time: about 13.5 ps/1ch (only in PLL oscillation mode)(initial
value)
1 Conversion time: about 43 us/1ch

[Note]
Set the SA-ADC mode register 0 before starting the conversion.

FEUL620Q150A
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24.2.27 SA-ADC Control Register 1 (SADCON1)

Address: OF8F1H
Access: RIW

Access size: 8 bits
Initial value: OOH

7 6 5 4 3 2 1 0
SADCON1 - - - - - - - SARUN
R/W R R R R R R R R/W
Initial value 0 0 0 0 0 0 0 0

SADCONL1 is a special function register (SFR) used to control the operation of the SA-ADC.

Description of bits
e SARUN (bit 0)
This bit is used to start or stop SA-ADC conversion. Set this bit to "1" to start A/D conversion, and "0" to stop
it.
When SALP of SADCONO is "0" and then A/D conversion on the channel with the largest channel number
among the selected ones is terminated, the SARUN bit is automatically set to "0".

SARUN Description
0 Stops conversion (initial value)
1 Starts conversion

[Note]

Use the SA-ADC with high-speed clock oscillation (OSCLK) enabled in the frequency control register (FCONO).

Do not start A/D conversion in the state in which all of the SACHB to SACHO bits of SA-ADC mode register 0, 1
(SADMODO,1) are "0". When A/D conversion is started in this state, the SARUN bit remains "0", and A/D conversion
is not started. Set SACHB to SACHO of the SA-ADC mode register (SADMOD) before starting the conversion.

FEUL620Q150A
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LAPIS Semiconductor Co.,Ltd.

24.2.28 SA-ADC Mode Register 0 (SADMODO)

Address: OF8F2H
Access: RIW

Access size: 8 bits
Initial value: OOH

7 6 5 4 3 2 1 0
SADMODO SACH7 SACH6 SACH5 SACH4 SACH3 SACH2 SACH1 SACHO
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

SADMODO is a special function register (SFR) used to choose A/D conversion channel(s).

Description of bits
e SACH7 (bit7)

SACH7 Description
0 Stops conversion on channel 7 (initial value)
1 Performs conversion on channel 7.
e SACHS (bit 6)
SACH6 Description
0 Stops conversion on channel 6 (initial value)
1 Performs conversion on channel 6.
e SACHS (bit5)
SACH5 Description
0 Stops conversion on channel 5 (initial value)
1 Performs conversion on channel 5.
e SACHA4 (bit 4)
SACH4 Description
0 Stops conversion on channel 4 (initial value)
1 Performs conversion on channel 4.

SACHS3 (bit 3)

SACH3 Description
0 Stops conversion on channel 3 (initial value)
1 Performs conversion on channel 3.

SACH2 (bit 2)

SACH2 Description
0 Stops conversion on channel 2 (initial value)
1 Performs conversion on channel 2.

SACH1 (bit 1)

SACH1 Description
0 Stops conversion on channel 1 (initial value)
1 Performs conversion on channel 1.

FEUL620Q150A
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e SACHO (bit 0

SACHO Description
0 Stops conversion on channel O (initial value)
1 Performs conversion on channel 0.

The SACH7 to SACHO bits are used to select channel(s) on which A/D conversion is performed.
If both channel 1 and channel O are set to "1", A/D conversion is performed on channel 0 first, and then channel
1.

[Note]

Do not start A/D conversion in the state in which all of the SACHB to SACHO bits of SA-ADC mode register 0, 1
(SADMODO0,1) are "0". When A/D conversion is started in this state, the SARUN bit remains "0", and A/D conversion
is not started. Set SACHB to SACHO of the SA-ADC mode register (SADMOD) before starting the conversion.

FEUL620Q150A
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24.2.29 SA-ADC Mode Register 1 (SADMOD1)

Address: OF8F3H
Access: RIW

Access size: 8 bits
Initial value: OOH

7 6 5 4 3 2 1 0
SADMOD1 - - - - SACHB SACHA SACH9 SACH8
R/W R R R/W R/W R/W R/W
Initial value 0 0 0 0 0 0 0 0

SADMODO is a special function register (SFR) used to choose A/D conversion channel(s).

Description of bits
e SACHB (bit 3)

SACHB Description
0 Stops conversion on channel B (initial value)
1 Performs conversion on channel B.
e SACHA (bit 2)
SACHA Description
0 Stops conversion on channel A (initial value)
1 Performs conversion on channel A.
e SACHY (bit 1)
SACH9 Description
0 Stops conversion on channel 9 (initial value)
1 Performs conversion on channel 9.
e SACHS (bit0
SACHS8 Description
0 Stops conversion on channel 8 (initial value)
1 Performs conversion on channel 8.

The SACHS8 to SACHB bits are used to select channel(s) on which A/D conversion is performed.

[Note]

Do not start A/D conversion in the state in which all of the SACHB to SACHO bits of SA-ADC mode register 0, 1
(SADMODO,1) are "0". When A/D conversion is started in this state, the SARUN bit remains "0", and A/D conversion
is not started. Set SACHB to SACHO of the SA-ADC mode register (SADMOD) before starting the conversion.

FEUL620Q150A
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24.3 Description of Operation

24.3.1 Setting of A/D Conversion Channels

According to the setting of SA-ADC mode register (SADMOD), A/D conversion is performed as shown below and A/D
conversion results are stored in the SA-ADC result register.

SA-ADC SA-ADC Remarks
mode registers 0/1 result register
SACHB oo SACH2 | SACH1 | SACHO | SADRB ooe SADR2 | SADR1 | SADRO
0 0 0 0 0 Do not use
0 0 0 0 1 AINO
0 0 0 1 0 AIN1
0 0 0 1 1 AIN1 AINO
0 0 1 0 0 AIN2
0 0 1 0 1 AIN2 AINO
0 0 1 1 0 AIN2 AIN1
0 0 1 1 1 AIN2 AIN1 AINO
1 0 0 0 0 AIN11
1 0 0 0 1 AIN11 AINO
1 0 0 1 0 AIN11 AIN1
1 0 0 1 1 AIN11 AIN1 AINO
1 0 1 0 0 AIN11 AIN2
1 0 1 0 1 AIN11 AIN2 AINO
1 0 1 1 0 AIN11 AIN2 AIN1
1 0 1 1 1 AIN11 AIN2 AIN1 AINO

The values of the result register for the sections with a slash mark remain unchanged.
Do not start A/D conversion when all of bit 7 (SACH?7) to bit 0 (SACHO) of the SA-ADC mode register 0 (SADMODO0)
and bit 3 (SACHB) to bit 0 (SACHS) of the SA-ADC mode register 1 (SADMODL) are "0". When A/D conversion is
started in this state, the SARUN bit remains "0", and A/D conversion is not started. Set SACHB to SACHO of the
SA-ADC mode register 0, 1 (SADMODO, 1) before starting the conversion.

A/D conversion pins

A/D conversion input voltage

10-bit
\x z‘; successive | )
Ves approximation Vaoin Vrer
S type variation
Al Vv AID . range
anin conversion
circuit | bo_________ Vee
Figure 24-2 A/D Conversion Pins and Conversion Range
FEUL620Q150A
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24.3.2 Operation of the Successive Approximation Type A/D Converter

For direct input, operate SA-ADC in the following procedure.

1. Before starting SA-ADC, start oscillation of the high-speed clock (OSCLK) and wait until the oscillator settles.

2. Setthe SA-ADC mode register 0 (SADMODO0) and SA-ADC mode register 1 (SADMOD1).

3. When bit 0 (SARUN) of SA-ADC control register 1 (SADCON1) is set to "1", the SA-ADC circuit becomes active
and performs A/D conversion from the lower channel number that is selected in the SA-ADC mode registers
(SADMODO0, SADMOD1).

4. AJD conversion results are stored in the applicable SA-ADC result registers (SADRnL, SADRnH), and when A/D
conversion of the largest channel number is completed, a SA-ADC conversion termination interrupt (SADINT) is
generated.

5. Finally, using bit 0 (SALP) of the SADCONO register, it is possible to select whether A/D conversion is terminated
(SARUN bit is "0") or A/D conversion is automatically restarted at termination of A/D conversion of the last
channel.

Even if the channel is switched during A/D conversion, it is held as selected at the start of A/D conversion until an A/D
conversion termination interrupt occurs.
Figure 24-3 shows the SA-ADC operation timing when channel 0 and channel 1 are selected.

OSCLK Mmmmmmf L L
i )
SARUN __I
(G (=
. N )
AD operation | Conversion time Conversion time
Channel 0 d
A/D conversion | a
Channel 1 q
A/D conversion «

SADINT « « i\

) )

Figure 24-3 SA-ADC Operation Timing at Direct Input

FEUL620Q150A
24-22



Chapter 25 Analogue Comparator




LAPIS Semiconductor Co., Ltd. ML620Q151A/2A/3AI4AI5AI6AITAISAIQA User's Manual
Chapter 25 Analogue Comparator

25 Analogue Comparator

25.1 General Description

This LSl includes 1 channels of analogue comparator.
Voltage comparison between two pins (CMPOP, CMPOM) that are input to the comparator is available.

25.1.1 Features

e  The comparator output can generate an interrupt.

e  Allows selection of interrupt disabled mode, falling-edge interrupt mode, rising-edge interrupt mode, or
both-edge interrupt mode for interrupt.

e  Allows selection of with/without sampling. (Sampling frequency: T16KHZ)

e  The last status of comparator output (CMPOD) remains after the comparator is deactivated.

25.1.2 Configuration

Figure 25-1 shows the configuration of the comparator.

CMPOOUT
e
P40/CMPOP + Sampling Latch Interrupt > CMPOINT
o _ Controller | _| Controller

/[\
| l
|CMPOCONO| | CMPOCON1
1 1

Sampling clock
T16KHZ

Data bus

CMPOCONO: Comparator control register 0
CMPOCONL1: Comparator control register 1

Figure 25-1 Configuration of Comparator

25.1.3 List of Pins

Pin name 110 Function
P40/CMPOM | I/0O port, Analogue comparator 0 non-inverting input
P41/CMPOP | 1/0 port, Analogue comparator 0 inverting input

[Note]
e To use the analogue comparator, set the port as high-impedance output in advance. For the setting method, see
Chapter 19, "Port 4".

FEUL620Q150A
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25.2 Description of Registers
25.2.1 List of Registers

Address Name Symbol (Byte) Symbol R/W Size Initial

(Word) value

OF950H Comparator 0 control register O CMPOCONO CMPOCON R/W 8/16 O00OH

OF951H Comparator 0 control register 1 CMPOCON1 R/W 8 O0H
FEUL620Q150A
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25.2.2 Comparator 0 Control Register 0 (CMPOCONO)
Address: 0F950H
Access: RIW
Access size: 8/16 bit
Initial value: OOH

7 6 5 4 3 2 1 0
CMPOCONO — — — — — — CMPOD | CMPOEN
R/W R R R R R R R R/W
Initial value 0 0 0 0 0 0 0 0

CMPOCONOQO is a special function register (SFR) to control the comparator.

Description of bits
e CMPOD (bit1)

CMPOD indicates the status of the comparator output (CMPOOUT in Figure 25-1).

It is set to "1" when the CMPOP pin voltage is higher than the CMPOM pin voltage (CMPOP>CMPOM). It is set
to "0" when the CMPOP pin voltage is lower than the CMPOM pin voltage (CMPOP<CMPOM).
It holds the last status even after the comparator is turned off (CMPOEN is set to "0").

CMPOD Description
0 CMPOP < CMPOM (initial value)
1 CMPOP > CMPOM

e CMPOEN (bit 0)
The CMPOEN bit is used to control ON/OFF of the comparator.
When CMPOEN is set to "1", the comparator is turned on. When it is set to "0", the comparator is turned off.

CMPOEN Description
0 Comparator OFF (initial value)
1 Comparator ON

FEUL620Q150A
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25.2.3 Comparator 0 Control Register 1 (CMPOCON1)

Address: 0F951H
Access: RIW

Access size: 8 bits
Initial value: OOH

7 6 5 4 3 2 1 0
CMPOCON — — — — — CMPOSMO | CMPOE1 | CMPOEO
R/W R R R R R R/W R/W R/W
Initial value 0 0 0 0 0 0 0 0

CMPOCONT1 is a special function register (SFR) to control the comparator interrupt.

Description of bits
e CMPOSMO (bit 2)
The CMPOSMO bit is used to select with/without sampling for the comparator comparison. The sampling clock
is TL6KHZ of the low-speed time base counter (LTBC).

CMPOSMO Description
0 Detects without sampling (initial value)
1 Detects with sampling

e CMPOEO, CMPOEL1 (bit 0, bit 1)
The CMPOEO and CMPOEL1 bits are used to select interrupt disabled mode, falling-edge interrupt mode,
rising-edge interrupt mode, or both-edge interrupt mode.

CMPOE1 CMPOEOQ Description
0 0 Interrupt disabled (initial value)
0 1 Falling-edge interrupt
1 0 Rising-edge interrupt
1 1 Both-edge interrupt

[Note]

» In STOP mode, no sampling is performed regardless of the value set in CMPOSMO since the sampling clock
T16KHZ stops.

FEUL620Q150A
25-4



LAPIS Semiconductor Co., Ltd. ML620Q151A/2A/3AI4AI5AI6AITAISAIQA User's Manual

Chapter 25 Analogue Comparator

25.3 Description of Operation

25.3.1 Comparator Functions

The comparator compares the input voltages of the CMPOP and CMPOM pins to output the result to the CMPOD bit of
the comparator n control register 0 (CMPOCONO).

To use the comparator, set the port as high-impedance output in advance. For the setting method, see Chapter 19, "Port
4",

CMPOEN of CMPOCONQO is controlled by the comparator enable. When CMPOEN is set to "1", the comparator is
activated (ON). When CMPOEN is set to "0", the comparator is deactivated (OFF) and has no current consumption.
The comparison result is read from the CMPOD bit. When CMPOD is "1", it indicates that the input voltage of the
CMPOP pin is higher than that of the CMPOM pin. When CMPOD is "0", it indicates that the input voltage of the CMPOP
pin is lower than that of the CMPOM pin.

The comparator requires a settling time. Read the CMPOD bit 100 ps or longer after the CMPOEN bit is set to "1".
Figure 25-2 shows an example of the operation timing diagram.

Operation CMPOEN set CMPOD read CMPOEN reset
® ® el @ el e

CMPOEN

CMPOP \(4—

CMPOM

CMPOD

Wait for Comparison result retained
stabilization time of comparator @

(100 ps or longer)
Figure 25-2 Example of Operation Timing Diagram

The operations in Figure 25-2 are described below.

Set the port as high-impedance output.

Select the interrupt mode by CMPOCONL.

Set CMPOEN to "1" to turn on the comparator.

Wait the settling time (100 us or longer) of the comparator.

Read the comparison result (CMPOD).

Set CMPOEN to "0" to turn off the comparator. At the same time, the result is retained.

CMPOD can be read after CMPOEN is set to "0" because CMPOD holds the comparison result at the time when
CMPOEN is set to "0".

0O0O®OOO

FEUL620Q150A
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25.3.2 Interrupt Request

When an interrupt edge selected by the comparator control register 1 (CMPOCON1) occurs on the comparison result of
the comparator, a comparator interrupt (CMPOINT) is generated. For the comparator interrupt, the edge can be selected.
Figure 25-3 shows the interrupt generation timing in rising-edge interrupt mode, in falling-edge interrupt mode, and in
both-edge interrupt mode without sampling, and in rising-edge interrupt mode with sampling.

svse [T A L L LT

Comparison
result 5
CMPOINT f «

D
Interrupt request ——(
QCMPO S

(&) When Falling-Edge Interrupt Mode without Sampling is Selected

SYSCLK \ ,
Comparison ﬁ « |

result )

CMPOINT « /[\
—»

Interrupt request | —
QCMPO )
(b) When Rising-Edge Interrupt Mode without Sampling is Selected

Comparison
result

(
)

CMPOINT j\ | « /I\ |
Interrupt request ——€ ——
QCMPO S

(c) When Both-Edge Interrupt Mode without Sampling is Selected

TI6KHZ ~ | | | | 3 [ 7

S T 0 O O e O e B
Comparison :

result
CMPOINT /]\

Interrupt request
QCMPO

(d) When Rising-Edge Interrupt Mode with Sampling is Selected

Figure 25-3 Comparator Interrupt Generation Timing
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26 LLD (Low Level Detector)

26.1 General Description

This LSl includes a Low Level Detector (LLD).
Four levels of threshold voltage can be selected by setting Code-Option.

The operation (reset or interrupt) to be performed when the voltage drops below the threshold can be selected by setting
Code-Option.
For Code-Option, see Chapter 30, "Code-Option".

26.1.1 Features

e Threshold voltage: One of the four levels can be selected
e Reset or interrupt can be selected
o Hysteresis width: 80 mV (Typ.)

26.1.2 Configuration

LLD consists of the comparator and the threshold voltage select circuit.
Figure 26-1 shows the configuration of the LLD circuit.

_— LLDF
Voo Compar
ator
Reset or interrupt
Threshold voltage ENBL T
selection circuit ) Interrupt
% reset control
Code option LLDCON1
/

Data bus

LLDCONL1 : LLD circuit control register 1

Figure 26-1 Configuration of LLD Circuit
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26.2 Description of Registers

26.2.1 List of Registers

Address Name Symbol (Byte) Symbol R/W Size Initial

(Word) value

OF8C1H LLD circuit control register 1 LLDCON1 - R/W 8 O0H
FEUL620Q150A
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26.2.2 LLD Circuit Control Register 1 (LLDCON1)

Address: OF8C1H
Access: RIW

Access size: 8 bits
Initial value: 00OH

7 6 5 4 3 2 1 0
LLDCON1 — — —_ — — — LLDF ENBL
R/W R R R R R R R R/W
Initial value 0 0 0 0 0 0 0 0

LLDCONL1 is a special function register (SFR) used to control the LLD circuit.
Description of bits

e LLDF (bitl)
LLDF is the judgment result flag of the LLD circuit.

It is set to "1" when the power supply voltage (Vpp) is lower than the threshold voltage (Vcwmp) selected by LD1
to LDO bits, or "0" otherwise.

LLDF Description
0 Higher than the threshold voltage (initial value)
1 Lower than the threshold voltage

e ENBL (bit0)
The ENBL bit is used to control ON/OFF of the LLD circuit.
The LLD circuit is turned on when ENBL is set to 1", and off when "0".

ENBL Description
0 LLD circuit OFF (initial value)
1 LLD circuit ON
FEULG620Q150A
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26.3 Description of Operation

26.3.1 Threshold Voltage

The value of the threshold voltage (Vcmp) can be selected by Code-Option.
Table 26-1 shows the threshold voltages and hysteresis width, and Table 26-2 shows the LLD operation selection.

Table 26-1 Threshold Voltages and Accuracy

Code option
(FLASH address: *) Threshold voltage Hysteresis width
Bit 1 Bit0 Vewp Ta=25°C
LLD1 LLDO
0 0 1.90v
0 1 2.55Vv 80mV (Typ.)
1 0 3.70V
1 1 4.20V
Table 26-2 LLD Operation Selection
Code option
(FLASH address: *) .
- LLD operation
Bit 2
LLDSEL
0 Interrupt output
1 Reset

*: The FLASH address of the code option varies depending on the product.
See the Code-Option data format described in Section 30.3.1.
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26.3.2 Operation of LLD Circuit

Activation (ON) and deactivation (OFF) of LLD circuit are controlled by setting the ENBL bit of the LLD circuit control
register 1 (LLDCONZ1), and the result of comparison of the power supply voltage (Vpp) to the threshold voltage is output
to the LLDF bit of LLDCONL1.

ENBL is the enable control bit of the LLD circuit. When it is set to "1", the circuit is activated (ON). When ENBL is set
to "0", the LLD circuit is deactivated (OFF) and has no current consumption.

LLDF is the judgment result flag. When LLDF is "1", it indicates the power supply voltage (Vpp) is lower than the
threshold voltage. When LLDF is "0", it indicates the power supply voltage (Vpp) is higher than the threshold voltage.
The judgment circuit of the LLD circuit requires a settling time. Read the LLDF bit 100 ps or longer after the ENBL bit
is set to "1".

Figure 26-2 shows an example of the operation timing diagram.

Operation Set ENBL Read LLDF Reset ENBL
ol @ ol @l
ENBL
Threshold voltage Vss $ Vewp
Vewe
LLDF “1"or*0”
Wait for

stabilization time of LLD
(More than 100 ps)

Figure 26-2 Example of Operation Timing Diagram
The operations in Figure 26-2 are described below.

Set ENBL to "1" to turn on the LLD circuit.

Wait the settling time (100 ps or longer) of the LLD detection circuit.
Read the judgment result flag (LLDF).

Set ENBL bit to "0".

®0006

[Note]
Select the threshold voltage (VCMP) when the ENBL bit is "0".

FEUL620Q150A
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27 Power Supply Circuit

27.1 General Description

This LSl includes a voltage regulator circuit for internal logic (VRL).
The VRL outputs the operating voltage, Vppy, of the internal logic circuit, program memory, RAM, etc.

27.1.1 Features

e The VRL outputs the operating voltage, Vpp,, of the internal logic circuit, program memory, RAM, etc.

27.1.2 Configuration

Figure 27-1 shows the configuration of the power supply circuit.

VDD:1.8 to 5.5V
M VoD
[ {1
Voltage
regulator circuit
for logic VRL o——\]
® CL || ™ VDDL g
! T port [ General-purpose
GpPlO [ port
XTO '? Low-speed Logic ,
t— oscillation circuit -
XT1 o 10bit A/ID _Ulz ? Vier
E‘ch 7)7- “=T1 AINO to AIN11

Figure 27-1 Configuration of Power Supply Circuit

27.1.3 List of Pins

Pin name 110 Function
VoL - Positive power supply pin for the internal logic circuits
FEULG620Q150A
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27.2 Description of Operation
After power-on, the Vpp, voltage becomes approximately 1.5 V in any operation mode.

Figure 27-2 shows the operation waveforms of the power supply circuit.

RESET_N pin

Oscillation stabilization time Oscillation stabilization time
System reset < > ; —
RESET N |

Logic power supply

Approximately 1.5 V

Vnnl """""
Power on  Program STOP External interrupt Program
start mode occurs start

Figure 27-2 Operation Waveform of Power Supply Circuit
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28 On-chip Debug Function

28.1 General Description

This LSI has an on-chip debug function allowing Flash memory rewriting.
The on-chip debug emulator (UEASE) is connected to this LSI to perform the on-chip debug function.

28.2 How to connect the On-Chip Debug Emulator

Figure 28-1 shows connection to the on-chip debug emulator (LEASE).
For on-chip debug emulator, see “pEASE Connection Manual” and “UEASE User’s Manual”.

User application circuit

I
EASE
H Interface_lc_onnector ML620Q150A

Series

V,

DD VDD

Vss
VSS

TEST
P14/TESTO

RESET N

= TESTLN

Figure 28-1 Connection to On-chip Debug Emulator (LEASE)

[Note]
« Do not program ML620Q150A series with an application program code that sets P141DR bit of P1DIR register

t0”0”. Because the program code is executed before PEASE accesses to ML620Q150A series, P14/TESTO pin gets
output mode and from then on, the LSI cannot enter the on-chip debug mode. Notice that UEASE cannot initialize the
P14DIR bit.
« Please do not apply LSIs being used for debugging to mass production.
* When using the on-chip debug function or the flash rewrite function after mounting of the board, design the board
so that the 4 pins (Vpp, Vss, P14/TESTO, and TEST1_N) required for connection to the on-chip debug emulator can
be connected.
* “3.0V to 5.5V” has to be supplied to Vpp while debugging and writing flash.

For details, see “UEASE User’s Manual” and “pEASE Target Connection Manual”.
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29 FLASH Memory Rewrite Function

29.1 General Description

This LSI includes the ISP (In System Programming) function and boot area remap function that rewrite the content of the
flash memory (program memory space) using a special function register (SFR) programmatically.

29.1.1 Features

e Supports 1-word write function
e Two erase types
1. Block erase (erase unit; 8 Khytes)

ML620Q151A/ML620Q154A/ML620Q157A: Erasable range (0:0000h to 0:7FFFh, 7:0000h to 7:07FFh)

ML620Q152A/ML620Q155A/ML620Q158A: Erasable range (0:0000h to 0:0BFFFh, 7:0000h to 7:07FFh)

ML620Q153A/ML620Q156A/ML620Q159A: Erasable range (0:0000h to 0:0FFFFh, 7:0000h to 7:07FFh)
2. Sector erase (erase unit; 1 Khytes)

ML620Q151A/ML620Q154A/ML620Q157A: Erasable range (0:0000h to 0:7FFFh, 7:0000h to 7:07FFh)

ML620Q152A/ML620Q155A/ML620Q158A: Erasable range (0:0000h to 0:0BFFFh, 7:0000h to 7:07FFh)

ML620Q153A/ML620Q156A/ML620Q159A: Erasable range (0:0000h to 0:0FFFFh, 7:0000h to 7:07FFh)

¢ Rewrite count of flash memory.
This depends on the following rewrite addresses.
ML620Q151A/ML620Q154A/ML620Q157A :

Rewrite address Rewrite count
0:0000h to 0:7FFFh " 100
7:0000h to 7:07FFh 10000
ML620Q152A/ML620Q155A/ML620Q158A :
Rewrite address Rewrite count
0:0000h to 0:0BFFFh™ 100
7:0000h to 7:07FFh 10000
ML620Q153A/ML620Q156 A/ML620Q159A :
Rewrite address Rewrite count
0:0000h to 0:0FFFFh™* 100
7:0000h to 7:07FFh 10000

[Note]

*1 ML620Q151A/ML620Q154A/ML620Q157A: The test data area (0:7C00h to OFFFFh) is excluded.
ML620Q152A/ML620Q155A/ML620Q158A: The test data area (0:0BCO0h to OFFFFh) is excluded.
ML620Q153A/ML620Q156A/ML620Q159A: The test data area (0:0FCOOh to OFFFFh) is excluded.

e Software remap function.
The boot area (0:0000h to 0:0FFFh) of 4 Kbytes can be remapped by the REMAPADD register.
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29.2 Description of Registers
29.2.1 List of Registers

Address Name Symbol Symbol R/W Size Initial

(Byte) (Word) value
OFOEOH Flash address register L FLASHAL FLASHA R/W 8/16 O00H
OFOE1H Flash address register H FLASHAH R/W 8 O0OH
OFOE2H Flash data register L FLASHDL FLASHD R/W 8/16 O00H
OFOE3H Flash data register H FLASHDH R/W 8 O0OH
OFOE4H Flash control register FLASHCON — W 8 OOH
OFOE6H Flash acceptor FLASHACP — W 8 O0H
OFOE8H Flash segment register FLASHSEG — R/W 8 OOH
OFOEAH Flash self register FLASHSLF — R/W 8 O00OH
OFOECH Remap address register REMAPADD — R/W 8 O00H
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29.2.2 Flash Address Register (FLASHAL, FLASHAH)

Address: OFOEOH
Access: RIW

Access size: 8 bits/16 bits
Initial value: 00OH

7 6 5 4 3 2 1 0
FLASHAL FA7 FAG6 FA5 FA4 FA3 FA2 FAl1 FAO
R/W R/W R/W R/W R/W R/W R/W R/W R
Initial value 0 0 0 0 0 0 0 0
Address: OFOE1H
Access: RIW
Access size: 8 bits
Initial value: O0OH
7 6 5 4 3 2 1 0
FLASHAH FA15 FAl4 FA13 FA12 FAl11l FA10 FA9 FA8
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

FLASHAL and FLASHAH are special function registers (SFRs) used to set the flash memory rewrite addresses.

Description of bits
e FA7-FAO (bits 7-0)
The FAT to FAO bits are used to set the lower address for 1-word write.
Note that the bit 0 is fixed to 0 and cannot be written.

o FA15-FAB8 (bits 7-0)
The FA15 to FAS8 bits are used to set the upper address for block erase, sector erase, or 1-word write.
At block erase, the block specified by FA15 to FA14 is erased.
At sector erase, the sector specified in FA15 to FA9 is erased.

Table 29-1 and Table 29-2 show the address setting values at block erase and sector erase for
ML620Q151A/ML620Q154A/ML620Q157A, respectively.
Table 29-3 and Table 29-4 show the address setting values at block erase and sector erase for
ML620Q152A/ML620Q155A/ML620Q158A, respectively.
Table 29-5 and Table 29-6 show the address setting values at block erase and sector erase for
ML620Q153A/ML620Q156A/ML620Q159A, respectively.

[Note]
Specify the addresses before remapping in this register even for software remap. For the remap function, see Section
29.3.4, "Boot Area Remap Function by Software".
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Table 29-1 Address Setting Values for Block Erase (ML620Q151A/ML620Q154A/ML620Q157A)

Area for block erase FLASHSEG FLASHAH
Segment Address SEG SEG SEG|FA FA FA FA | FA FA FA FA
2 1 0 15 14 13 12 11 10 9 8
0:0000H to 0:1FFFH 0 0 0 0 0 0 0 0 0 0 0
0:2000H to 0:3FFFH 0 0 0 0 0 1 0 0 0 0 0
Segment0 ;2000 1o 05FFFH | 0 0 o Jo 1 0 0|0 0 0 o0
0:6000H to 0:7FFFH 0 0 0 0 1 1 0 0 0 0 0
Segment 7 7:0000H o 7.07FFH 1 1 1 0 0 0 0 0 0 0 0
The unit of block is 8 KB for the segment 0 and 2 KB for the segment 7.
Therefore, the total number of blocks is 5, including 4 blocks in the segment 0 and 1 block in the segment 7.
Table 29-2 Address Setting Values for Sector Erase (ML620Q151A/ML620Q154A/ML620Q157A)
Area for sector erase FLASHSEG FLASHAH
SEG SEG SEG |FA FA FA FA|FA FA FA FA
Segment Address 2 1 o |15 14 13 12|11 10 9 8
0:0000H to 0:03FFH 0 0 0 0 0 0 0 0 0 0 0
0:0400H to 0:07FFH 0 0 0 0 0 0 0 0 1 0 0
0:0800H to 0:0BFFH 0 0 0 0 0 0 0 1 0 0 0
0:0COOH to 0:0FFFH 0 0 0 0 0 0 0 1 1 0 0
0:1000H to 0:13FFH 0 0 0 0 0 0 1 0 0 0 0
0:1400H to 0:17FFH 0 0 0 0 0 0 1 0 1 0 0
0:1800H to O0:1BFFH 0 0 0 0 0 0 1 1 0 0 0
0:1COOH to O0:1FFFH 0 0 0 0 0 0 1 1 1 0 0
Segment 0 :
0:6000H to 0:63FFH 0 0 0 0 1 1 0 0 0 0 0
0:6400H to 0:67FFH 0 0 0 0 1 1 0 0 1 0 0
0:6800H to 0:6BFFH 0 0 0 0 1 1 0 1 0 0 0
0:6CO0H to 0:6FFFH 0 0 0 0 1 1 0 1 1 0 0
0:7000H to 0:73FFH 0 0 0 0 1 1 1 0 0 0 0
0:7400H to 0:77FFH 0 0 0 0 1 1 1 0 1 0 0
0:7800H to 0:7BFFH 0 0 0 0 1 1 1 1 0 0 0
0:7COOH to 0:7FFFH 0 0 0 0 1 1 1 1 1 0 0
7:0000H to 7:03FFH 1 1 1 0 0 0 0 0 0 0 0
SEOMeNt? | J0400H to  7:07FFH | 1 1 1 o o o olo 1 0o o

The unit of sector is 1 KB.
Therefore, the total number of sectors is 34, including 32 sectors in the segment 0 and 2 sectors in the segment 7.
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Table 29-3 Address Setting Values for Block Erase (ML620Q152A/ML620Q155A/ML620Q158A)

Area for block erase FLASHSEG FLASHAH
Segment Addrese SEG SEG SEG|FA FA FA FA| FA FA FA FA
2 1 0 |15 14 13 12|11 10 9 8
0:.0000H __to_ O:1FFFH | 0 0 0 ] o 0 0 0]0 0 0 0
0:2000H _to  0:3FFFH | 0 0 0O lo 0o 1 0]0 0 0 0
0:4000H _to  _O05FFFH | 0 0 0 o 1 0 0]o0 0 0 o0
Segment0 7t e000H  to  0:7FFFH | 0 0 0 o 1 1 0]o0 0 0 o0
0:8000H  to  0:9FFFH | 0 0 O l1 0 0 0]0 0 0 0
0:0A000H to 0:.0BFFFH | 0 0 o |1 0 1 0]0 0 0 o0
Segment7 | 7:0000H _ to _ 7.07FFH | 1 1 7 o 0 0 0|0 0 0 o0

The unit of block is 8 KB for the segment 0 and 2 KB for the segment 7.
Therefore, the total number of blocks is 7, including 6 blocks in the segment 0 and 1 block in the segment 7.

Table 29-4 Address Setting Values for Sector Erase (ML620Q152A/ML620Q155A/ML620Q158A)

Area for sector erase FLASHSEG FLASHAH

Segment Addrece SEG SEG SEG |FA FA FA FA|FA FA FA FA
2 1 0 |15 14 13 12|11 10 9 8
0.0000H _to_ 0.03FFH | 0 0 0 0 0 0 0] 0 0 0 0
0:0400H _to__0.07FEH | 0 0 O 1o 0 0 0] 0 1 0 0
0:0800H _to_ 0:0BFFH | 0 0 O 1o 0 0 0] 1 0 0 0
0.0CO0H _to 0:0FFEH | 0 0 0 o 0 0 0] 1 1 0 0
0:1000H _to 0:13FFH | 0 0 0 o 0 0 1]0 0 0 0
0:1400H _to O:A7FFH | 0 0 0O 1o o0 o0 1]0 1 0 0
0:1800H to O:1BEFH | 0 0 0 o 0 o0 11 0 0 0
0:1C00H _to  O:1FFFH | 0 0 0o o o0 o0 1] 1 1 0 0
Segment 0 -
0.0A000H to_ O.0A3FFH | 0 0 0 |1 0 1 0] 0 0 0 0
0:0A400H to 0.0A7FFH | 0 0 0O |1 0 1 0] 0 1 0 0
0.0ABOOH to 0:.0ABEFH | 0 0 o 11 o0 1 0] 1 0 0 0
0.0ACOOH to 0:0AFFFH | 0 0 0 |1 0 1 0] 1 1 0 0
0:0BO00OH _to 0:0B3FEH | 0 0 0 |1 0 1 1]0 0 0 0
0:0B400H to 0.0B7FFH | 0 0 0 |1 0 1 1]0 1 0 0
0:0B80OH to 0:.0BBEFH | 0 0 0O |1 0 1 1,1 0 0 0
0.0BCOOH to 0:0BFFFH | 0 0 0 |1 0 1 1|1 1 0 0
7.0000H  to  7.03FEH | 1 1 T o 0 0 0]0 0 o0 o0
Segment? | 2.0400H  to  7-07FFH | 1 1 1 o o o o|lo 1 0o o

The unit of sector is 1 KB.
Therefore, the total number of sectors is 50, including 48 sectors in the segment 0 and 2 sectors in the segment 7.
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Table 29-5 Address Setting Values for Block Erase (ML620Q153A/ML620Q156A/ML620Q159A)
Area for block erase FLASHSEG FLASHAH

SEG SEG SEG|FA FA FA FA| FA FA FA
2 1 0 15 14 13 12 11 10

Segment Address

0:0000H to 0:1FFFH
0:2000H to 0:3FFFH
0:4000H to 0:5FFFH
0:6000H to 0:7FFFH
0:8000H to 0:9FFFH
0:AO000H to  0:BFFFH
0:CO00H to  0:DFFFH
0:EO000H to 0:FFFFH
Segment 7 7:0000H o 7:07FFH
The unit of block is 8 KB for the segment 0 and 2 KB for the segment 7.

Therefore, the total number of blocks is 9, including 8 blocks in the segment 0 and 1 block in the segment 7.

o

Segment O

o|O|o|o|o|o|o|o
Oo|O|0|o|o|o|o|o
o|O|0|Oo|o|o|o|o

ooooooooooo;

9
0
0
0
0
0
0
0
0
0

[} Il il allelle]le]le]

0
1
0
1
0
1
0
1
0

Ol | |O|0|k|—|O

oJo|o|o|o|o|o|o|o
oJo|O|o|Oo|o|o|o|o
oJjo|O|o|O|o|o|0|o

[EEN
=
[y

Table 29-6 Address Setting Values for Sector Erase (ML620Q153A/ML620Q156A/ML620Q159A)

Area for sector erase FLASHSEG FLASHAH

SEG SEG S FA  FA FA FA|FA FA FA
15 14 13 12 [ 11 10
0 0 0 0

®

Segment Address

E

2
0:0000H to  0:03FFH 0
0:0400H to  0:07FFH 0
0:0800H to 0:0BFFH 0
0:0CO00H to  0:0FFFH 0
0

0

0

0

[EEY

0:1000H to  0:13FFH
0:1400H to  0:17FFH
0:1800H to  0:1BFFH
0:1COOH to  O:1FFFH

oooooooooo;

9
0
0
0
0
0
0
0
0

o|o|o|o|o|o|o|o
o|o|o|o|o|o|o|o|om
o|o|o|o|o|o|o
olo|o|o|o|o|o
o|lo|o|lo|o|o|o
Rk k|lo|lo|o

NI = =1 [=][=)
Rlolr|lor|o|r|o

Segment 0

0:0EO0O0OH to O0:0E3FFH
0:0E400H to O0:0E7FFH
0:0E800H to 0:0EBFFH
0:0ECOOH to 0:0EFFFH
0:0FO0OH to 0:0F3FFH
0:0F400H to 0:0F7FFH
0:0F800H to 0:0FBFFH
0:0FCOOH to 0:0FFFFH
7:0000H to  7:03FFH
7:0400H to 7:07FFH
The unit of sector is 1 KB.
Therefore, the total number of sectors is 66, including 64 sectors in the segment 0 and 2 sectors in the segment 7.

Segment 7

il ol [elle]leolle]lle] o] (o] (o)
[l ol [el[elollo]{e] o] (o] (o)
[l ol [*l[el[eollo]{e] o] (o] (o)
O Ol |IFIFIFPIFPIF|IFPF
[eNel Pl el ol Ll Ll o
[@Nel Pl Ll el ol Ll Ll o
O O |k |FkFk|O|O|0O|0
[eoNe] Il Jlelle}] ol (o] (o)
P O |IOFR|O[Fk|O|—|O
O O|jo|0o|Oo|Oo|o|o|o|o
O O|jOo|0o|Oo|o|o|o|o|o
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29.2.3 Flash Data Register (FLASHDL, FLASHDH)

Address: OFOE2H
Access: RIW

Access size: 8 bits/16 bits
Initial value: 00OH

7 6 5 4 3 2 1 0
FLASHDL FD7 FD6 FD5 FD4 FD3 FD2 FD1 FDO
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: OFOE3H
Access: RIW
Access size: 8 bits
Initial value: O0OH
7 6 5 4 3 2 1 0
FLASHDH FD15 FD14 FD13 FD12 FD11 FD10 FD9 FD8
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

FLASHDL and FLASHDH are special function registers (SFRs) used to set the flash memory rewrite data.

Description of bits
e FD7-FDO (bits 7-0)
The FD7 to FDO bits are used to set the lower data for 1-word write.

e FD15 to FD8 (bits 7-0)
The FD15 to FD8 bits are used to set the upper data for 1-word write.
Writing to the FD15 to FD8 bits starts the 1-word write.
The CPU stops instructions during a flash memory write operation. After the completion of writing, the CPU
restarts from the next instruction.

[Note]
Clear the contents of the target addresses in advance. The content of an overwritten address is not guaranteed.
Writing to FLASHDH starts the 1-word write. Write data to FLASHDL and FLASHDH in this order.

FEUL620Q150A 29-7



LAPIS Semiconductor Co., Ltd. ML620Q151A/2A/3AI4AI5AI6AITAISAIQA User's Manual
Chapter 29 Flash Memory Rewrite Function

29.2.4 Flash Control Register (FLASHCON)

Address: OFOE4H
Access: W

Access size: 8 bits
Initial value: 00OH

7 6 5 4 3 2 1 0

FLASHCON —_ — — — — —_ FSERA FERS
R/W W W W W \W W W W
Initial value 0 0 0 0 0 0 0 0

FLASHCON is a write-only special function register (SFR) to control the block erase and sector erase for the flash
memory rewrite.

Description of bits
e FSERS (bit1)
FSERS is a bit to specify the start of the sector erase.
Setting the FSERS bit to "1" erases the sector specified by the FLASHSEG and FLASHAH registers. This bit is
automatically set to "0" after all data has been erased.
The CPU stops executing instructions during a flash memory erase operation. After the completion of writing,
the CPU restarts executing from the next instruction.

FSERS FERS Description
0 0 Stop block/sector erase (initial value)
0 1 Start block erase
1 0 Start sector erase
1 1 Start block erase

e FERS (bit0)
The FERS bit is used to start the block erase.
Setting the FERS bit to "1" erases the block specified by the FLASHSEG and FLASHAH registers. This bit is
automatically set to "0" after all data has been erased.
The CPU stops executing instructions during a flash memory erase operation. After the completion of writing,
the CPU restarts executing from the next instruction.
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29.2.5 Flash Acceptor (FLASHACP)

Address: OFOE6H
Access: W
Access size: 8 bits
Initial value: 00OH

7 6 5 4 3 2 1 0

FLASHACP fac7 facé fach fac4 fac3 fac2 facl facO
R/W w W w w W w w W
Initial value 0 0 0 0 0 0 0 0

FLASHACP is a write-only special function register (SFR) to control the block erase for the flash memory rewrite or
enable/disable the 1-word write operation.

Description of bits
o fac7-facO (bit 7-0)

The fac7 to facO registers are used to restrict the block erase or 1-word write operation in order to prevent an
unintended operation.
Writing “OFAH” and “OF5H” to FLASHACP in this order enables a one-time block erase or 1-word write. For
subsequent block erases or 1-word writes, “OFAH” and “OF5H” must be written to FLASHACP each time.
Even if another instruction is inserted between “OFAH” and “OF5H” written to FLASHACP, the block erase or
1-word write is enabled. Note that, if data other than “OF5H” is written to FLASHACP after “OFAH” is written,
the “OFAH” write processing becomes invalid. So, it must be rewritten “OFAH” at first.

29.2.6 Flash Segment Register (FLASHSEG)

Address: OFOE8H
Access: RIW

Access size: 8 bits
Initial value: OOH

7 6 5 4 3 2 1 0
FLASHSEG — — — — — FSEG2 FSEG1 FSEGO
R/W R R R R R R/W R/W R/W
Initial value 0 0 0 0 0 0 0 0

FLASHSEG is a special function register (SFR) used to set the flash memory rewrite segment address.

Description of bits
e FSEG2-0 (bits 2-0)
The FSEG2 to FSEGO bits are used to specify the flash memory segment address.
For details, see the description of the flash address registers (FLASHAL, FLASHAH).
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29.2.7 Flash Self Register (FLASHSLF)

Address: OFOEAH
Access: RIW
Access size: 8 bits
Initial value: 00OH

7 6 5 4 3 2 1 0

FLASHSLF — — — — — — — FSELF
RIW R R R R R R R RIW

Initial value 0 0 0 0 0 0 0 0

FLASHSLEF is a special function register (SFR) used to control the flash memory self-rewrite function.

Description of bits
e FSELF (bit0)
To use the flash memory self-rewrite function, the FSELF bit needs to be set to “1”.

FSELF Description
0 Flash memory rewrite disabled (initial value)
1 Flash memory rewrite enabled

FEUL620Q150A
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29.2.8 Flash Remap Register (REMAPADD)

Address: OFOECH
Access: RIW

Access size: 8 bits
Initial value: 00OH

7 6 5 4 3 2 1 0
REMAPADD RBTA RES2 RES1 RESO REA15 REA14 REA13 REA12
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

REMAPADD is a special function register (SFR) used to specify the remap area.
In REMAPADD, the following two types of remapping can be specified.

1. Remap the addresses from 0000H to OFFFH (4 KB) to an area of the same size (4 KB or less) starting from the
address specified by the RES2 to RESO bits and REA15 to REA12 bits.

2.

ML620Q151A/ML620Q154A/ML620Q157A

Remap the addresses from 0000H to 02FFH (512 B) to the ISP boot area (addresses from 7CO0H to 7DFFH) by setting
the RBTA bit.

ML620Q152A/ML620Q155A/ML620Q158A

Remap the addresses from 0000H to 02FFH (512 B) to the ISP boot area (addresses from 0BCOOH to OBDFFH) by
setting the RBTA bhit.

ML620Q153A/ML620Q156A/ML620Q159A

Remap the addresses from 0000H to 02FFH (512 B) to the ISP boot area (addresses from OFCOOH to OFDFFH) by
setting the RBTA bit.

When the software reset is executed by the BRK instruction (* only the CPU is reset), the CPU executes instructions
from the beginning address of the remap area specified in REMAPADD. Note that the remap function remaps all of the
vector table areas (reset vector area, hardware interrupt vector area, and software interrupt vector area). * For the BRK
instruction, refer to “nX-U16/100 Core Instruction Manual”.

Description of bits
e RBTA (bit7)
By setting RBTA to "1", the boot area can be remapped to the ISP boot area (addresses from xCO0H to xDFFH).
As REA15 to REA12 can specify only "x", the higher 4 bits of the address (xCOOH), use this bit to remap the
boot area to the ISP boot area.

e RES2-RESO (bits 6-4)
The RES2 to RESO bits are used to set the segment of the area to remap.
Since only the segment 0 is used in this LSI, set these bits to 0.

e REAI15-REA12 (bits 3-0)
The REA15 to REA12 bits are used to set the higher 4 bits (bits 15 to 12) of the beginning address of the area to
remap.
Example) When “OBH” is set in REA15 to 12 and the BRK instruction is executed, the area from 0FO00H to
OFFFFH is mapped to 0000H to OFFFH.

FEUL620Q150A
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29.3 Description of Operation

When using the self-rewrite function, prepare the program for self-rewrite in advance on a program code area with addresses
that are not used for block/sector erase or 1-word write.
The self-rewrite function includes the block erase function that erases by 8 K words (16 Kbytes), the sector erase function that
erases by 512 words (1 Kbyte), and the 1-word write function that writes by 1 word (2 bytes).

The rewrite count of the flash memory depends on the address as shown in the table below.
For ML620Q151A/ML620Q154A/ML620Q157A

Rewrite address Rewrite count
Area from 0:0000H to 100
0:07FFFH
7:0000H to 7:07FFH 10000

For ML620Q152A/ML620Q155A/ML620Q158A

Rewrite address

Rewrite count

Area from 0:0000H to 100
0:0BFFFH
7:0000H to 7:07FFH 10000

For ML620Q153A/ML620Q156A/ML620Q159A

Rewrite address

Rewrite count

Area from 0:0000H to 100
0:0FFFFH
7:0000H to 7:07FFH 10000

It also includes the flash self register and flash rewrite acceptor function that restrict the self-rewrite operation, to prevent an
improper rewriting of the flash memory. When "0OFAH" is written to the flash acceptor (FLASHACP) after the self-rewrite
function is enabled in the flash self register, the block/sector erase or 1-word write is enabled only once.

The flash memory self-write operation is not supported when the system clock (CPU operation clock) speed is low. Notes on
each clock mode are described below.

Table 29-7 System Clock and Cautions When Performing Flash Memory Self-Rewrite

Clock mode and register setting

Cautions

Low-speed
crystal
oscillation mode
Internal
low-speed RC
oscillation mode

When the SYSCLK bit of FCON1 register is set
to "0" (initial value).

The flash memory self-write operation is

not guaranteed.

Internal
high-speed RC
oscillation clock
mode

When the OSCM1 and OSCMO bits of FCONO
register are set to "0" and "0" (initial value)
respectively, and the SYSCLK bit of FCON1
register is set to "1".

The dividing ratio of the clock can be set by the
SYSC1-0 bits of the FCONO register. (One of
2.097 MHz, 1.048 MHz, 524 KHz and 262 KHz
is used as the system clock.)

The operating frequency is not restricted.

Internal PLL
oscillation clock
mode

When the OSCM1 and OSCMO bits of FCONO
register are set to "1" and "0" (initial value)
respectively, and the SYSCLK bit of FCON1
register is set to "1".

The dividing ratio of the clock can be set by the

SYSC1-0 bits of the FCONO register. (One of

The operating frequency is not restricted.

FEUL620Q150A
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8.192 MHz, 4.096 MHz, 2.048 MHz, and 1.024
MHz is used as the system clock.)

For details of clock modes and settings, see Chapter 6, "Clock Generation Circuit".

Note on debugging flash self-write code using the U16 development environment are described below.

Table 29-8 Cautions When Debugging Flash Self-Write Code

State of use Cautions

When debugging flash » Do not perform real time execution (GO execution) while break points

are set in the flash self-write sequence (from writing to the flash

acceptor to writing to the flash data register). If real time execution is

DTU8 debugger performed with break points set in the sequence, flash self-write may
not be executed.

* Do not perform STEP execution in the flash self-write sequence (from
writing to the flash acceptor to writing to the flash data register). If STEP
execution is performed in the sequence, flash self-write may not be
executed.

* The data flash area (07:00000H-07:007FFH) can be referred through
the "Memory of One Physical Segment or more" window on the DTU8
debugger. However, the data cannot be changed directly in this window
(the change will not be accepted by the DTU8 debugger).

DTU8, FWUEASE, Erase/write to the data flash area using the on-chip debug emulator
When writing to the flash (LEASE) is not supported.
memory with MWUEASE

self-write code using the

FEUL620Q150A
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29.3.1 Block Erase Function

This function erases the flash memory data by block (8 Kbytes).

Writing "01H" to the flash self register starts voltage multiplying in the LSI, and rewrite operation becomes enabled.
Write "OFAH" and "0F5H" to the flash acceptor (FLASHACP) and set the block address in the flash address register H
(FLASHAH). Then, write "1" to the FERS bit of the flash control register (FLASHCON) to erase the data in the block (8
Kbytes) specified by FLASHAH.

During the block erase, the CPU is stopped. When the erase is completed, the program is restarted from the instruction
following the one that sets the FERS bit of FLASHCON to "1".

Figure 29-1 shows a sample program of block erase.

MARK:

[Note]

LEA

MOV
MOV
MOV
MOV
MOV
MOV
MOV

offset FLASHAH i EA —~ FLASHAH address
RO, #0FAH ; Flash acceptor enable data
R1, #0F5H ; Flash acceptor enable data
R2, #01H ; Block erase setting data

R4, #(offset FLASHACP)&0FFH

R5, #(offset FLASHACP)>>8 ; ER4 ~ FLASHACP address
R6, #(offset FLASHCON)&OFFH

R7, #(offset FLASHCON)>>8 ; ER6 ~ FLASHCON address

(Set the erase start block address to R9)

SB

ST
ST
ST
ST
NOP

NOP

RB

FSELF ; Enable flash self-write
(Start voltage multiplying in the LSI)

RO, [ER4] ; Enable flash acceptor
R1, [ER4] ; Enable flash acceptor
R9, [EA] ; Set block address
R2, [ER6] ; Start block erase

; Always set

; Always set
FSELF ; Disable flash self-write

(The voltage returns to the normal operation level)

Figure 29-1 Sample Program of Block Erase

» Be sure to set the NOP instruction twice or more, following the block erase start instruction.
» Do not erase the running program itself.

FEUL620Q150A
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29.3.2 Sector Erase Function

This function erases the flash memory data by sector (1 Kbytes).

Writing "01H" to the flash self register starts voltage multiplying in the LSI, and rewrite operation becomes enabled.
After checking the completion of voltage multiplying with the flash status register, write "OFAH" and "0F5H" to the
flash acceptor (FLASHACP) and set the sector address in the flash address register H (FLASHAH). Then, write "1" to
the FSERS bit of the flash control register (FLASHCON) to erase the data in the sector (1 Kbyte) specified by

FLASHAH.

During the sector erase, the CPU is stopped. When the erase is completed, the program is restarted from the instruction
following the one that sets the FSERS bit of FLASHCON to "1".
Figure 29-2 shows a sample program of sector erase.

MARK:

[Note]

LEA

MOV
MOV
MOV
MOV
MOV
MOV
MOV

offset FLASHAH ; EA « FLASHAH address
RO, #0OFAH ; Flash acceptor enable data
R1, #0F5H ; Flash acceptor enable data
R2, #02H ; Sector erase setting data

R4, #(offset FLASHACP)&0FFH

R5, #(offset FLASHACP)>>8 ; ER4 ~ FLASHACP address
R6, #(offset FLASHCON)&OFFH

R7, #(offset FLASHCON)>>8 ; ER6 ~ FLASHCON address

(Set the erase start block address to R9)

SB

ST
ST
ST
ST
NOP
NOP

RB

FSELF ; Enable flash self-write
(Start voltage multiplying in the LSI)

RO, [ER4] ; Enable flash acceptor
R1, [ER4] ; Enable flash acceptor
R9, [EA] ; Set sector address
R2, [ER6] ; Start sector erase

; Always set

; Always set
FSELF ; Disable flash self-write

(The voltage returns to the normal operation level)

Figure 29-2 Sample Program of Sector Erase

» Be sure to set the NOP instruction twice or more, following the sector erase start instruction.
» Do not erase the running program itself.

FEUL620Q150A
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29.3.3 1-word Write Function

This function writes data to the flash memory by 1 word (2 bytes).

Writing "01H" to the flash self register starts voltage multiplying in the LSI, and rewrite operation becomes enabled.
After checking the completion of voltage multiplication with the flash status register, write "OFAH" and "0OF5H" to the
flash acceptor (FLASHACP) and set the address in the flash address register L, H (FLASHAL,H). Then, write data to
the flash data register L, H (FLASHDL,H) to write the data in the address specified by FLASHAL, H.

During the 1-word write, the CPU is stopped. When the write is completed, the program is restarted from the instruction
following the write to FLASHDH instruction.

Figure 29-3 shows a sample program of 1-word write (assuming that the flash segment register is already set).

LEA

MOV
MOV
MOV
MOV
MOV
MOV

offset FLASHAH ; EA « FLASHAH address
RO, #0FAH ; Flash acceptor enable data
R1, #0F5H ; Flash acceptor enable data
R2, #02H ; Address increment data

R3, #00H

R4, #(offset FLASHACP)&0FFH

R5, #(offset FLASHACP)>>8 ; ER4 ~ FLASHACP address

(Set the write start address in ER8)
(Set the write end address in ER12)

MARK:

[Note]

SB

ST
ST
ST
NOP
NOP

CMP

BNE

ADD
CMP
BLE

RB

FSELF ; Enable flash self-write
(Start voltage multiplying in the LSI)
RO, [ER4] ; Enable flash acceptor
R1, [ER4] ; Enable flash acceptor
XR8, [EA] ; Set address and data, start 1-word write
; Always set
; Always set
ER14, [ER8] ; Load data
ER14, ER10 ; Check data
ERROR ; Go to error routine on error
ERS, ER2 ; Address increment
ERS, ER12
MARK ; Compare addresses
FSELF ; Disable flash self-write

(The voltage returns to the normal operation level)

Figure 29-3 Sample Program of 1-word Write

» Be sure to set the NOP instruction twice or more, following the write to FLASHDH instruction.
» Do not erase the running program itself.
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29.3.4 Boot Area Remap Function by Software

This function can remap the area from 0000H to OFFFH (4 KB) to the area of the same size (4 KB or less) starting from
the address set in the REMAPADD register.

The program can start from the remapped area by setting the beginning address of the area to remap in the REMAPADD
register and performing the software reset (* only CPU is reset) by execution of the BRK instruction. For the BRK
instruction, refer to “nX-U16/100 Core Instruction Manual”.

The remap function also remaps the vector table areas (reset vector area, hardware interrupt vector area, and software
interrupt vector area). This allows for the managing of interrupts independently by the program in the remap area. If the
program size is 4 KB or less, the program can be developed independently of the main program. This is useful when
controlling some interrupts generated by the self-rewrite program, etc. separately from normal interrupts.

Figure 29-4 shows a sample program for remap (when the beginning address of the remap area is OFO00H). Figure 29-5
shows the memory map before and after remapping.

MOV RO, #0OFH ;

ST RO, OFOECH ; Set the higher 4 bits of the beginning address of the area
; to remap to the REMAPADD register (OFOECH).

MOV PSW, #02H ; Set the interrupt level (ELEVEL) to 2.

BRK ; Execute the BRK instruction.

; Execution starts with the code at the remapped OFO00H.

Figure 29-4 Sample Program for Remap

0:0000H Normal boot area 0:0000 Program area

3KB
4KB S E—
Test area 1 KB
0:1000H Program area 0:1000 Program area
Remap
4@5 ¢®§

0:0FO00H Program area 0:0FO00H Program area
3KB

0:0FCO0H Test area 0:0FCOOH|  Test area* 1 KB

Before remapping After remapping

* The test area cannot be used as program area.
Figure 29-5 Memory Map before/after Remapping (ML620Q153A/ML620Q156A/ML620Q159A)

[Note]
To read the previous (before remapping) area 0:0000H to 0:0FFFH (4 KB) after remapping is completed, read from
the segment 8. To write the previous area 0:0000H to 0:0FFFH (4 KB) before remapping, set the flash address
register (FLASHAL,H) with the previous(before remapping ) address (0:0000H to 0:1000H). For FLASHAL,H, see
Section 29.2.2, "Flash Address Register (FLASHAL, H)".
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29.3.5 Notesin Use

When the power is down or the operation is terminated forcibly during block/sector erase or 1-word write, retry the
block erase and rewrite the block area of 8K words.
If the self-rewrite program does not work, write the program by using the on-chip debug emulator (LEASE).
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30 Code-Option

3.1 General Description

This LSI has the code-option function.
The code-option function can select the low-speed oscillation clock (External crystal oscillation or Internal RC oscillation),
LLD circuit operation (Interrupt of Reset) and the LLD threshold voltage level.

3.1.1 Features

e External low-speed crystal oscillation or internal low—speed RC oscillation is selectable for the low-speed clock.
o Interrupt or Reset is selectable for LLD circuit operation.
e The LLD threshold voltage level is selectable.

30.2 Description of Registers
30.2.1 List of Registers

Address Name Symbol (Byte) | Symbol (Word) | R/W Size \I/r;tlil
OF3D8H Code option register 0 CODEOPO R 8 *

* Initial value of CODEOPO depends on the code-option data programmed in test data area.
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30.2.2 Code-Option Register 0 (CODEOPOQ)

Address: 0F3D8H
Access: R

Access size: 8 bits
Initial value: 00H

7 6 5 4 3 2 1 0

CODEOPO | COLOSC —* —* —* —* LLDSEL LLD1 LLDO
R/W R R R R R R R R
Initial value X X X X X X X X

CODEOPQ is a special function register (SFR) that can read Code-Option data.
CODEORPQ is read only register and is not waritable by the software.
For the setting method of the code-option data, refer to 30.3 “The Setting Method of the Code-Option Data”.

[Description of Bits]

e COLOSC (bit7)
The COLOSC hit is used to select the type of low-speed oscillation clock.

CoLosC Description
0 Internal low-speed RC oscillation
1 External low-speed crystal oscillation(32.768kHz)

e LLDSEL (bit2)
LLDSEL bit is used to select a behavoir of LLD circuit when VDD lowers a threshold voltage.

LLDSEL Description
0 Interrupt output
1 Reset

e LLDO,1 (bit1,0)
LLD1,0 are used to select the threshold voltage in LLD circuit.

Threshold Voltage Hysteresis
LLD1 LLDO
VCMP Ta=25<C
0 0 1.90v
0 1 2.55v 80mV(Typ.)
1 0 3.70V P
1 1 4.20V
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30.3 The Setting Method of the Code-Option Data

30.3.1 Code-Option Data Format
ML620Q151A/ML620Q154A/ML620Q157A :
The code-option data is set on address 0 7DEOH which is in writable test data area of program memory.

ML620Q152A/ML620Q155A/ML620Q158A :
The code-option data is set on address 0 BDEOH which is in writable test data area of program memory.

ML620Q153A/ML620Q156A/ML620Q159A :
The code-option data is set on address 0 FDEOH which is in writable test data area of program memory.

Address 7 6 5 4 3 2 1 0
0:xxXEOH COoLOoSsC —* —* —* —* LLDSEL LLD1 LLDO
Address 15 14 13 12 11 10 9 8
ooen [ = | = | = [ = | = [ [ [ ]

30.3.2 Code-Option Programming Method

Figure 30-1 shows examples on how to specify the code-option data for ML620Q153A/ML620Q156A/ML620Q159A.
The specified program code is to be programmed by Flash programming tools.

When using the external 32.768kHz crystal oscillation for the low-speed clock

Setting the code-option data

cseg at 0:0fdeOh ; change the address for other devices
dw 0080h

When using the external 32.768kHz crystal oscillation for the low-speed clock

Setting the code-option data

cseg at 0:0fdeOh ; change the address for other devices
dw  0000h

Figure 30-1 Examples on how to specify the code-option data

[Note]
- Specify the code-option data in the test data area of program memory.

«Fill the test data area with "OFFH" except the address for code-option.
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Contents of Registers

Address name Symbol Symbol 8/16 | R/W Initial
[H] Byte Word value
OFOOOH Data segment register DSR - R/W 8 OOH
OFO001H Reserve - - - - -
OFO002H Frequency control register 0 FCONO FCON R/W | 8/16 33H
OFOO0O3H Frequency control register 1 FCON1 R/W 8 03H
OFOO05H Frequency control register 3 FCONS3 R/W 8 OO0H
OFO08H Stop code acceptor STPACP — W 8 Undefined
OFO09H Standby control register SBYCON - W 8 OO0H
OFO00AH Frequency status register FSTAT — R 8 04H
OFOOBH Reserve - - - - -
OFOOCH Reset Status register RSTAT - R/W 8 Undefined
OFOODH Reserve — — — — —
OFOOEH Watchdog timer control register WDTCON - R/W 8 OOH
OFOOFH Watchdog timer mode register WDTMOD - R/W 8 02H
OFO10H Interrupt enable register 0 IEO - R/W 8 O0H
OFO011H Interrupt enable register 1 IE1 - R/W 8 OOH
OF012H Interrupt enable register 2 IE2 - R/W 8 OOH
OFO013H Interrupt enable register 3 IE3 - R/W 8 OOH
OF014H Interrupt enable register 4 IE4 - R/W 8 O0H
OF015H Interrupt enable register 5 IE5 - R/W 8 OOH
OF016H Interrupt enable register 6 IE6 - R/W 8 OOH
OFO017H Interrupt enable register 7 IE7 - R/W 8 OOH
OFO018H Interrupt request register 0 IRQO — R/W 8 OOH
OFO019H Interrupt request register 1 IRQ1 - R/W 8 OOH
OFO01AH Interrupt request register 2 IRQ2 - R/W 8 OOH
OFO01BH Interrupt request register 3 IRQ3 - R/W 8 OOH
OFO01CH Interrupt request register 4 IRQ4 — R/W 8 OOH
OFO01DH Interrupt request register 5 IRQ5 - R/W 8 OOH
OFO1EH Interrupt request register 6 IRQ6 - R/W 8 OOH
OFO1FH Interrupt request register 7 IRQ7 - R/W 8 OOH
OFO020H Interrupt level control enable register ILENL ILEN R/W | 8/16 OOH
OF021H Reserve — R/W 8 OOH
OF022H Interrupt Current requeset level register CILL CIL R/W | 8/16 OOH
O0F023H Reserve — R/W 8 OOH
OF024H Reserve - — — - —
OF025H Interrupt level control register 01 ILCO1 - R/W 8 OOH
OF026H Interrupt level control register 10 ILC10 ILCIW R/W | 8/16 OOH
OF027H Interrupt level control register 11 ILC11 R/W 8 OOH
OF028H Interrupt level control register 20 ILC20 ILC2W R/W | 8/16 OOH
OF029H Interrupt level control register 21 ILC21 R/W 8 OOH
OF02AH Interrupt level control register 30 ILC30 ILC3W R/W | 8/16 OOH
OF02BH Interrupt level control register 31 ILC31 R/W 8 OOH
OF02CH Interrupt level control register 40 ILC40 ILCAW R/W | 8/16 OOH
OF02DH Interrupt level control register 41 ILC41 R/W 8 OOH
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Address name Symbol Symbol 8/16 | R/W Initial
[H] Byte Word value
OF02EH Interrupt level control register 50 ILC50 ILC5W R/W | 8/16 OOH
OF02FH Interrupt level control register 51 ILC51 R/W 8 OOH
OFO30H Interrupt level control register 60 ILC60 ILCBW R/W | 8/16 OOH
OF031H Interrupt level control register 61 ILC61 R/W 8 OOH
0F032H Interrupt level control register 70 ILC70 ILCTW R/W | 8/16 OOH
OF033H Interrupt level control register 71 ILC71 R/W 8 OOH
OF038H External interrupt control register 0 EXICONO - R/W 8 OOH
OFO39H External interrupt control register 1 EXICON1 - R/W 8 OOH
OF03AH External interrupt control register 2 EXICON2 - R/W 8 O0H
OFO060H Low-speed time base counter register LTBR - R/W 8 OOH
OF061H Reserve — - - — -
OF062H | Low-speed time base counter LTBADJL R/W | 8/16 O0H
frequency adjustment register L
OF063H Low-speed time base counter LTBADJH LTBADJ R/W 8 OO0H
frequency adjustment register H
OF064H Ir_eog;/;ls_tsgrefd time base counter interrupt LTBINTL R/W | 8/16 30H
OF065H Low-speed time base counter interrupt LTBINT R/W 8 06H
register H LTBINTH
O0F068H Block control register O BLKCONO — R/W 8 OOH
OF069H Reserve - — — - —
OF06AH Block control register 2 BLKCON2 - R/W 8 OOH
OF06BH Block control register 3 BLKCONS3 - R/W 8 OOH
OFO06CH Block control register 4 BLKCON4 — R/W 8 OOH
OF06DH Block control register 5 BLKCON5 - R/W 8 OOH
OFO6EH Block control register 6 BLKCONG - R/W 8 OOH
OFO6FH Block control register 7 BLKCONY7 - R/W 8 OOH
OFOEOH Flash address register L FLASHAL FLASHA R/W | 8/16 OOH
OFOE1H Flash address register H FLASHAH R/W 8 OOH
OFOE2H Flash data register L FLASHDL FLASHD R/W | 8/16 OOH
OFOE3H Flash data register H FLASHDH R/W 8 OOH
OFOE4H Flash control register FLASHCON - R/W 8 OOH
OFOES5H Reserve - — — - —
OFOE6H Flash acceptor FLASHACP - R/W 8 OO0H
OFOE7H Reserve — - - — -
OFOES8H Flash segment register FLASHSEG - R/W 8 OOH
OFOESH Reserve - — — - —
OFOEAH Flash self register FLASHSLF - R/W 8 OOH
OFOEBH Reserve — - - — -
OFOECH Flash remap register REMAPADD - R/W 8 OOH
OFOEDH Reserve - — — - —
OFOEEH Flash status register FLASHSTA - R/W 8 OOH
OFOEFH Reserve — - - — -
OF20CH Port O data register POD — R 8 Undefined
OF20DH Reserve - — — - —
OF20EH Port O control register 0 POCONO POCON R/W | 8/16 10H
OF20FH Port 0 control register 1 POCON1 R/W 8 OO0H
OF21AH Port 1 data register P1D — R/W 8 Undefined
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Address name Symbol Symbol 8/16 | R/W Initial
[H] Byte Word value
OF21BH Port 1 direction register P1DIR - R/W 8 18H
OF21CH Port 1 control register 0 P1CONO P1CON R/W | 8/16 OOH
OF21DH Portl control register 1 P1CON1 R/W 8 OOH
0F228H Port 2 data register P2D - R/W 8 O0H
0F229H Reserve — - - — -
OF22AH Port 2 control register 0 P2CONO P2CON R/W | 8/16 O0H
OF22BH Port 2 control register 1 P2CON1 R/W 8 OOH
OF22CH Port 2 mode register 0 P2MODO PIMOD R/W | 8/16 OOH
OF22DH Port 2 mode register 1 P2MOD1 R/W 8 OOH
0F236H Port 3 data register P3D - R/W 8 O0H
0F237H Port 3 direction register P3DIR - R/W 8 OOH
0F238H Port 3 control register 0 P3CONO R/W | 8/16 O0H
OF239H Port 3 control register 1 P3CON1 P3CON R/W 8 OOH
OF23AH Port 3 mode register 0 P3MODO P3MOD R/W | 8/16 OOH
OF23BH Port 3 mode register 1 P3MOD1 R/W 8 O0H
0F244H Port 4 data register P4D - R/W 8 OOH
0F245H Port 4 direction register P4DIR - R/W 8 O0H
OF246H Port 4 control register 0 P4CONO PACON R/W | 8/16 OOH
0F247H Port 4 control register 1 P4CON1 R/W 8 O0H
0F248H Port 4 mode register 0 P4AMODO PAMOD R/W | 8/16 OOH
0F249H Port 4 mode register 1 P4AMOD1 R/W 8 O0H
0F252H Port 5 data register P5D - R/W 8 OOH
0F253H Port 5 direction register P5DIR - R/W 8 O0H
0F254H Port 5 control register 0 P5CONO PECON R/W | 8/16 OOH
OF255H Port 5 control register 1 P5CON1 R/W 8 O0H
OF256H Port 5 mode register 0 P5MODO PEMOD R/W | 8/16 OOH
0F257H Port 5 mode register 1 P5MOD1 R/W 8 O0H
0F260H Port 6 data register P6D - R/W 8 OOH
0F261H Port 6 direction register P6DIR - R/W 8 O0H
0F262H Port 6 control register 0 P6CONO PECON R/W | 8/16 OOH
0F263H Port 6 control register 1 P6CON1 R/W 8 O0H
0F264H Port 6 mode register 0 P6MODO PEMOD R/W | 8/16 OOH
OF265H Reserve - — - —
OF26EH Port 7 data register P7D - R/W 8 OOH
OF26FH Port 7 direction register P7DIR - R/W 8 O0H
OF270H Port 7 control register 0 P7CONO P7CON R/W | 8/16 OOH
OF271H Port 7 control register 1 P7CON1 R/W 8 O0H
0F272H Port 7 mode register 0 P7MODO P7CON R/W | 8/16 OOH
0F273H Port 7 mode register 1 P7MOD1 R/W 8 O0H
OF27CH Port 8 data register P8D - R/W 8 OOH
OF27DH Port 8 direction register P8DIR - R/W 8 OOH
OF27EH Port 8 control register 0 P8CONO PSCON R/W | 8/16 OOH
OF27FH Port 8 control register 1 P8CON1 R/W 8 OOH
O0F280H Port 8 mode register 0 P8MODO PSCON R/W | 8/16 OO0H
0F281H Port 8 mode register 1 P8MOD1 R/W 8 OOH
OF300H Timer O data register TMOD TMO1D R/W | 8/16 OFFH
OF301H Timer 1 data register TM1D R/W 8 OFFH
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Address name Symbol Symbol 8/16 | R/W Initial
[H] Byte Word value
OF310H Timer O counter register TMOC TMOLC R/W | 8/16 OOH
OF311H Timer 1 counter register TM1C R/W 8 OOH
OF320H Timer O control register TMOCON TM01CO | R/W | 8/16 OOH
OF321H Timer 1 control register TM1CON N R/W 8 OOH
OF330H Timer start register 0 TMSTRO - R/W 8 OOH
OF331H Reserve - — - —
0F332H Timer stop register 0 TMSTPO - R/W 8 O0H
OF333H Reserve - — — —
0F334H Timer status register 0 TMSTATO - R/W 8 OOH
OF335H Reserve - — - —
O0F340H 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
0F342H 16bit Timer 9 data register L TMHODL TMHOD R/W 8 OFFH
0F343H 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
O0F345H 16bit Timer A data register H TMHADH R/W | 8/16 OFFH
0F346H 16bit Timer B data register L TMHBDL TMHBD R/W 8 OFFH
0F347H 16bit Timer B data register H TMHBDH R/W | 8/16 OFFH
OF350H 16bit Timer 8 counter register L TMH8CL TMHSC R/W 8 OOH
OF351H 16bit Timer 8 counter register H TMH8CH R/W | 8/16 OOH
OF352H 16bit Timer 9 counter register L TMHOCL TMHOC R/W 8 OOH
OF353H 16bit Timer 9 counter register H TMHOCH R/W | 8/16 OOH
0F354H 16bit Timer A counter register L TMHACL TMHAC R/W 8 O00H
OF355H 16bit Timer A counter register H TMHACH R/W | 8/16 OOH
0F356H 16bit Timer B counter register L TMHBCL TMHBC R/W 8 O00H
OF357H 16bit Timer B counter register H TMHBCH R/W | 8/16 OOH
OF360H 16bit Timer 8 control register TMH8CON - R/W 8 OOH
OF361H Reserve - — — — —
0F362H 16bit Timer 9 control register TMHOCON - R/W 8 OOH
OF363H Reserve - — — - —
OF364H 16bit Timer A control register TMHACON - R/W 8/ OOH
OF365H Reserve - — — — —
OF366H 16bit Timer B control register TMHBCON - R/W 8 OOH
OF367H Reserve - — — - —
OF370H 16bit Timer start register 0 TMHSTRO R/W 8 00H
OF372H 16bit Timer stop register 0 TMHSTPO R/W 8 OO0H
0F374H 16bit Timer status register 0 TMHSTATO R/W 8 OOH
OF3D8H Code-Option register 0 CODEOPO - R 8 XXH
OF4A0H PWM4 period register L PW4PL PWAP R/W | 8/16 OFFH
OF4A1H PWM4 period register H PW4PH R/W 8 OFFH
OF4A2H PWM4 duty register L PW4DL PW4D R/W | 8/16 O00H
OF4A3H PWM4 duty register H PW4DH R/W 8 OOH
OF4A4H PWM4 counter register L PwWA4CL PWAC R/W | 8/16 O00H
OF4A5H PWM4 counter register H PW4CH R/W 8 OOH
OF4A6H PWM4 control register 0 PWACONO | PW4CON | R/W | 8/16 OOH
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[ oF4a7H | PWM4 control register 1 | PW4CON1 ow |rRw]/| 8 | 40H |
Address name Symbol Symbol 8/16 | R/W Initial
[H] Byte Word value
OF4A8H PWM4 control register 2 PWACON2 | PW4CON | R/W | 8/16 OOH
OF4A9H | PWM4 control register 3 PW4CON3 2W RIW 8 10H
OF4AAH PWM4 control register 4 PWACON4 | PWACON | R/W | 8/16 O0OH
OF4ABH | PWM4 control register 5 PWA4CONS5 4w RIW 8 O0H
OF4ACH PWM4 control register 6 PW4CONG6 — R/W 8 OOH
OF4BOH PWMS5 period register L PW5PL PWS5P R/W | 8/16 OFFH
OF4B1H PWMS5 period register H PW5PH R/W 8 OFFH
OF4B2H PWMS5 duty register L PW5DL PWSED R/W | 8/16 OOH
OF4B3H PWMS5 duty register H PW5DH R/W 8 OOH
OF4B4H PWMS5 counter register L PW5CL PW5C R/W | 8/16 OOH
OF4B5H PWMS5 counter register H PW5CH R/W 8 OOH
OF4B6H PWMS5 control register 0 PW5CONO | PW5CON | R/W | 8/16 00H
OF4B7H | PWMS5 control register 1 PW5CON1 ow R/W 8 40H
OF4B8H PWMS5 control register 2 PW5CON2 - R/W 8 OOH
OF4BAH PWMS5 control register 3 PW5CON4 | PW5CON | R/W | 8/16 OOH
OF4BBH | PWMS5 control register 4 PW5CONS5 4w R/W 8 O0H
OF4BCH PWMS5 control register 5 PW5CONG6 — R/W 8 OOH
OF4COH PWMB6 period register L PWG6PL PW6P R/W | 8/16 OFFH
OF4C1H PWMB6 period register H PW6PH R/W 8 OFFH
OF4C2H PWMB6 duty register L PW6DL PWED R/W | 8/16 OOH
OF4C3H PWM6 duty register H PW6DH R/W 8 OOH
OF4C4H PWMB6 counter register L PW6CL PWEC R/W | 8/16 OOH
OF4C5H PWMB6 counter register H PW6CH R/W 8 OOH
OF4C6H PWMB6 control register 0 PWG6CONO | PWGCON | R/W | 8/16 OOH
OF4C7H PWMB6 control register 1 PW6CON1 ow R/W 8 40H
OF4C8H PWMB6 control register 2 PW6CON2 | PWBCON | R/W | 8/16 OOH
OF4C9H PWMB6 control register 3 PW6CONS3 2W R/W 8 10H
OF4CAH PWMB6 control register 4 PW6CON4 | PW6CON | R/W | 8/16 OOH
OF4CBH | PWM6 control register 5 PWG6CONS5 4W R/W 8 OO0H
OF4CCH PWMB6 control register 6 PW6CONG6 — R/W 8 OOH
OF4DOH 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 OOH
OF4D3H PWM?7 duty register H PW7DH R/W 8 OOH
OF4D4H PWM?7 counter register L PW7CL PW7C R/W | 8/16 00H
OF4D5H PWM?7 counter register H PW7CH R/W 8 OOH
OF4D6H PWM?7 control register 0 PW7CONO | PW7CON | RIW | 8/16 O00H
OF4D7H PWM?7 control register 1 PW7CON1 ow R/W 8 40H
OF4D8H PWM?7 control register 2 PW7CON2 - R/W 8 OOH
OF4DAH PWM?7 control register 4 PW7CON4 | PW7CON | R/W | 8/16 00H
OF4DBH | PWM7 control register 5 PW7CON5 4w R/IW 8 O0H
OF4DCH PWM?7 control register 6 PW7CONG6 — R/W 8 OOH
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Address name Symbol Symbol 8/16 | R/W Initial
[H] Byte Word value
OF700H Serial port O transmit/receive buffer L SIOOBUFL SIOOBUF | R/W | 8/16 OOH
OF701H Serial port O transmit/receive buffer H SIOOBUFH R/W 8 OOH
OF702H Serial port O control register SIO0CON - R/W 8 OOH
OF704H Serial port 0 mode register 0 SIOOMODO | SIOOMOD | R/W | 8/16 OOH
OF705H Serial port 0 mode register 1 SIOOMOD1 R/W 8 OOH
OF710H UARTO transmit/receive buffer UAOBUF - R/W 8 OOH
OF711H UARTO control register UAOCON - R/W 8 O0H
OF712H UARTO mode register 0 UAOMODO UAOMOD R/W | 8/16 OOH
OF713H UARTO mode register 1 UAOMOD1 R/W 8 OOH
OF714H UARTO baud rate register L UAOBRTL UAOBRT R/W | 8/16 OFFH
OF715H UARTO baud rate register H UAOBRTH R/W 8 OFH
OF716H UARTO status register UAOSTAT — R/W 8 OOH
OF717H Reserve — - - — -
OF718H UARTL1 transmit/receive buffer UA1BUF — R/W 8 OOH
OF719H UARTL1 control register UA1CON - R/W 8 O0H
OF71AH UART1 mode register 0 UA1IMODO UALMOD R/W | 8/16 OOH
OF71BH UART1 mode register 1 UAIMOD1 R/W 8 OOH
OF71CH UART1 baud rate register L UA1BRTL UALBRT R/W | 8/16 OFFH
OF71DH UART1 baud rate register H UA1BRTH R/W 8 OFH
OF71EH UART1 status register UAL1STAT — R/W 8 OOH
OF740H I12C bus 0 reception data register I2CORD - R 8 OOH
OF741H Reserve - — — - -
OF742H I12C bus 0 slave address regisiter [2COSA - R/W 8 O0H
OF743H Reserve - — — - —
OF744H I12C bus 0 transmission data register 12COTD - R/W 8 OOH
OF745H Reserve - — — - —
OF746H I12C bus 0 control register 0 [2COCONO | I2COCON | R/W | 8/16 OOH
OF747H Reserve - — — - —
OF748H I12C bus 0 mode register L [2COMODL | I2COMOD | R/W | 8/16 OOH
OF749H I12C bus 0 mode register H I2COMODH — R/W 8 02H
OF74AH I12C bus 0 status register L [2COSTAL [2COSTA R 8/16 OOH
OF8COH Reserve - — — - —
OF8C1H LLD circuit control register 1 LLDCON1 - R/W 8 OOH
OF8DOH SA-ADC result register OL SADROL SADRO R 8/16 O0H
OF8D1H SA-ADC result register OH SADROH R 8 OOH
OF8D2H SA-ADC result register 1L SADRI1L SADRL R 8/16 O0H
OF8D3H SA-ADC result register 1H SADR1H R 8 OOH
OF8D4H SA-ADC result register 2L SADR2L SADR? R 8/16 O0H
OF8D5H SA-ADC result register 2H SADR2H R 8 OOH
OF8D6H SA-ADC result register 3L SADR3L SADR3 R 8/16 O0H
OF8D7H SA-ADC result register 3H SADR3H R 8 OOH
OF8D8H SA-ADC result register 4L SADR4L SADR4 R 8/16 O0H
OF8D9H SA-ADC result register 4H SADR4H R 8 OOH
OF8DAH SA-ADC result register 5L SADRS5L SADRS R 8/16 OOH
OF8DBH SA-ADC result register 5H SADR5H R 8 OOH
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Address name Symbol Symbol 8/16 | R/W Initial

[H] Byte Word value
OF8DCH SA-ADC result register 6L SADRG6L SADRG6 R 8/16 OOH
OF8DDH SA-ADC result register 6H SADR6H R 8 OOH
OF8DEH SA-ADC result register 7L SADRT7L SADRY R 8/16 OOH
OF8DFH SA-ADC result register 7H SADR7H R 8 OOH
OF8EOH SA-ADC result register 8L SADRSL SADRS R 8/16 OOH
OF8E1H SA-ADC result register 8H SADR8H R 8 OOH
OF8E2H SA-ADC result register 9L SADRIL SADRO R 8/16 OOH
OF8E3H SA-ADC result register 9H SADR9H R 8 OOH
OF8E4H SA-ADC result register AL SADRAL SADRA R 8/16 OOH
OF8ES5SH SA-ADC result register AH SADRAH R 8 OOH
OF8E6H SA-ADC result register BL SADRBL SADRB R 8/16 OOH
OF8E7H SA-ADC result register BH SADRBH R 8 OOH
OF8FOH SA-ADC control register 0 SADCONO SADCON R/W | 8/16 OOH
OF8F1H SA-ADC control register 1 SADCON1 R/W 8 OOH
OF8F2H SA-ADC mode register 0 SADMODO SADMOD R/W | 8/16 OOH
OF8F3H SA-ADC mode register 1 SADMOD1 R/W 8 OOH
OF950H Comparator 0 control register 0 CMPOCONO | cMPOCO | R/W | 8/16 OOH
OF951H Comparator 0 control register 1 CMPOCON1 N R/W 8 OOH
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Appendix B Package Dimensions

* ML620Q151A/ML620Q152A/ML620Q153A Package Dimension (48pin TQFP)
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LAPIS Semiconductor Co., Ltd.

PACKAGE CODE

P-TQFP48—-0707-0. 50-QK

NOTES: PACKAGE MATERIAL EPOXY RESIN UNIT mm
1. LEAD WIDTH DOES NOT INCLUDE TRIM OFFSET. LEAD FLAME MATERIAL Cu DWG No. 0SL-68968
2. PACKAGE WIDTH AND LENGTH DO NOT INCLUDE MOLD PROTRUSION, DIEPAD SUPPORT - -

PROTRUSION AND CAVITY OFFSET BETWEEN TOP AND BOTTOM CAVITY. LEAD FINISH Sn-Bi REVISION 1
3. THE SEATING PLANE 1S THE SURFACE WHICH THE PACKAGE PLATING THICKNESS MORE THAN 5um | Tst ISSUE Ju1/10/2013

IS MOUNTED ON AND GETS IN CONTAGT WITH.

PACKAGE MASS (g) 0.131YP REVISED
(Unit: mm)

Figure B-1. ML620Q151A/ML620Q152A/ML620Q153A Package Dimension (48pin TQFP)

Notes for Mounting the Surface Mount Type Package

The surface mount type packages are very susceptible to heat in reflow mounting and humidity absorbed in
storage. Therefore, before you perform reflow mounting, contact a ROHM sales office for the product name,
package name, pin number, package code and desired mounting conditions (reflow method, temperature and
times).

FEUL620Q150A
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* ML620Q154A/ML620Q155A/ML620Q156A Package Dimension (52pin TQFP)
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LAPIS Semiconductor Co.,Ltd.
HOTES: PACKAGE CODE P-TOFP52-1010-0. 65-TK6
1. LEAD WIDTH DOES NOT INCLUDE TRIN OFFSET. I WITERTIL oy BN | It -
2. PACKAGE WIDTH AND LENGTH DO NOT INCLUDE NOLD PROTRUSION, DIEPAD SUPPORT LEAD FEAME BATERIAL ALY e p—
PROTRUSION AND GAYITY OFFSET BETWEEN TOP AND BOTTOM GAVITY. TEITFINIS ™ REVISION ;
3. THE SEATING PLANE 15 THE SURFACE WHIGH THE PACKAGE o T PR e
15 HOUNTED ON AND GETS IN CONTAGT WITH. PACKAGE RASS (3) p— VI SED

(Unit: mm)

Figure B-2. ML620Q154A/ML620Q155A/ML620Q156A Package Dimension (52pin TQFP)

Notes for Mounting the Surface Mount Type Package

The surface mount type packages are very susceptible to heat in reflow mounting and humidity absorbed in storage.
Therefore, before you perform reflow mounting, contact a ROHM sales office for the product name, package name,
pin number, package code and desired mounting conditions (reflow method, temperature and times).
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* ML620Q157A/ML620Q158A/ML620Q159A Package Dimension (64pin TQFP)
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LAPIS Semiconductor Co., Ltd.
NOTES: PACKAGE GODE P-QFP64-1414-0. 80-UK
1. LEAD WIDTH DOES NOT INCLUDE TRIM OFFSET. PACKAGE WATERIAL EPOXY RESIN UNIT m
2. PACKAGE WIDTH AND LENGTH DO NOT INCLUDE MOLD PROTRUSION, DIEPAD SUPPORT LEAD FLAME MATERIAL Gu DHG No. 0SL-6A970
PROTRUSION AND CAVITY OFFSET BETHWEEN TOP AND BOTTOM CAVITY. LEAD FINISH snBi REVISION 1
3. THE SEATING PLANE 1§ THE SURFACE WHICH THE PACKAGE PLATING THICKNESS WORE THAN Sum | 1st ISSIE | Jul/18/2013
IS MOUNTED ON AND GETS IN CONTACT WITH. PACKAGE WSS (2 1 REVISED
(Unit: mm)

Figure B-3. ML620Q157A/ML620Q158A/ML620Q159A Package Dimension (64pin TQFP)

Notes for Mounting the Surface Mount Type Package

The surface mount type packages are very susceptible to heat in reflow mounting and humidity absorbed in storage.
Therefore, before you perform reflow mounting, contact a ROHM sales office for the product name, package name,
pin number, package code and desired mounting conditions (reflow method, temperature and times).
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Appendix C Electrical Characteristics

¢ Absolute Maximum Ratings

(Vss = 0V)
Parameter Symbol Condition Rating Unit
Power supply voltage 1 Vb Ta=25°C -0.3to +6.5 \%
Power supply voltage 2 VppL Ta=25°C -0.3to +2.0 \%
Reference voltage AV Ta=25°C -0.3to Vpp+0.3 \
Analog input voltage Vai Ta=25°C —-0.3to Vpp+0.3 \%
Input voltage VN Ta=25°C -0.3to Vpp+0.3 \%
Output voltage Vout Ta=25°C -0.3to Vpp+0.3 \
Output current 1 louT1 Poﬁi’i’g’;’éﬁ -12to +11 mA
Output current 2 lout2 Port2 Ta = 25°C -12to +20 mA
Power dissipation PD Ta=25°C 1 w
Storage temperature Tste — -55 to +150 °C
¢ Recommended Operating Conditions
(Vss= 0V)
Parameter Symbol Condition Range Unit
Operating temperature Top — —40 to +105 °C
Operating voltage Vb — 1.8t05.5 \%
Reference voltage VR&er — 1.8to Vpp \Y
Analog input voltage Va — Vss t0 Vrer \Y
Operating frequency (CPU) fop — 30k to 8.4M Hz
Low-speed crystal oscillation frequency fyrL — 32.768k Hz
—_— Use 32.768KHz Crystal
Lowspeeq cysial oscllation = Gscilator BT-26 — =
CoL (DAISHINKU CORP.) 121025
Capacitor externally connected to Vpp, pin C. — 2.2+30% uF
FEUL620Q150A C-1
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¢ Flash Memory Operating Conditions

(Vss = 0V)
Parameter Symbol Condition Range Unit
. Data flash memory, At write/erase -40 to +105
Operating temperature Top : °C
Flash ROM, At write/erase 0 to +40
Operating voltage Vpp At write/erase 1.8t05.5 Vv
Maximum rewrite count Cero Data Flash 10,000 times
Cepp Program Flash 100
— Chip erase All area —
Erase unit — Block erase Program Flash 8 KB
Data Flash 2 KB
— Sector erase (Data Flash only) 1 KB
Erase time . Chip erase, Block erase, Sector 100 ms
erase
Write unit — — 1 word (2 Bytes) —
Write time (Max.) — 1 word (2 Bytes) 40 us
Data retention period Ypr — 15 years

e DC Characteristics (Oscillation, Reset)

(Vpp=1.8 to 5.5V, Vss =0V, Ta=—40 to +105°C, unless otherwise specified)

Measur
Parameter Symbol Condition Min. Typ. Max. Unit ing
circuit
Low-gpee(i crystal oscillation Tert . . 06 5 S
start time*
— o Typ Typ
Ta= +25°C 1% 32.768k +1% Hz
Low-speed RC oscillator _ R Typ Typ
frequency ficr Ta=-40 to 85°C 250 32.768k +2.5% Hz
- ° Typ Typ
Ta=-40 to 105°C 3% 32.768k +3% Hz .
Typ Typ
= +25° .
High-speed RC oscillator f Ta=+25°C -5% 2.097 +5% MHz
ferequency HCR o . Typ Typ
Ta= -40°C to +105°C 15% 2.097 +15% MHz
I LSCLK=32.768kHz Typ Typ
PLL oscillation frequency foLL 2,048 clock average 1% 8.192 1% MHz
Reset pulse width Prst — 100 — — s
Reset noise rejection pulse width PnRsT — — — 0.4 H
Power On Reset rising time Tror — — — 10 ms
*1: Use 32.768KHz Crystal Oscillator DT-26 (Daishinku) with capacitance Cg/CpL =12pF.
Reset
RESET N VILLNy VIS
Prst
Reset pulse width (Prst)
VDD
Tror
Power On Reset VDD Rising Time (Tpor)
FEUL620Q150A C-2
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¢ DC Characteristics (LLD)
(Vpp=2.2 to 5.5V, Vs =0V, Ta=-40 to +105°C, unless otherwise specified)

Meas
Parameter Symbol Condition Min. Typ. Max. Unit | uring
circuit
LD1to 0 =0H 1.8 1.9 2
Vo, When power falling LD1to0=1H 2.45 2.55 2.65
LD1to 0=2H 3.6 3.7 3.8
LLD threshold LD1to 0=3H 4.1 4.2 4.3 Vv 1
voltage LD1to0=0H 1.85 1.98 2.1
. LD1to 0=1H 25 2.63 2.75
Vp+ When power rising
LD1to 0=2H 3.65 3.78 3.9
LD1to 0=3H 4.15 4.28 4.4
Hysterisis Vihys — — — 80 — mV mA

¢ DC Characteristics (Analog Comparator)
(Vpp=2.2 t0 5.5V, V55 =0V, Ta=-40 to +105°C, unless otherwise specified)

Meas
Parameter Symbol Condition Min. Typ. Max. Unit | uring
circuit
CMPnM . 0 . Vpp
Common mode Input VN -1.4 v
voltage CMPnP . 0 — Vbb 1
VIN
Input offset voltage Vempor — — 5 100 mv
Response time Temp CMPNnP = CMPnM = 100mV — — 1 uS

¢ DC Characteristics (IDD)
(Vpp=1.8t0 5.5V, V55 =0V, Ta=-40 to +105°C, unless otherwise specified)

Meas
Parameter Symbol Condition Min. Typ. | Max. | Unit | uring
circuit
CPU is in STOP state.
- + — .
fupply current IDD1 | Low-speed/high-speed oscillation is 4010 +35 1.0 6
stopped. Vpp=3.0V -40 to +105 — 1.0 22
Crystal Oscillating. CPU |s_|n*I;|ALT 4010 +35 . o5 7
state (LTBC,WBC: Operating ).
High-speed oscillation is stopped. 40 10 +105 o 55 24
Supply current \DD2 Vpp=3.0V uA
2 Internal RC Oscillating. CPU is in HALT -40 to +35 — 3.5 9 1
state (LTBC,WBC: Operating?).
High-speed oscillation is stopped. -40 to +105 — 35 26
VDD:3'0V
CPU: Running at 32kHz*" 40 t _
Supply current 0+35 13 20
3 PRl IDD3 | High-speed oscillation is stopped.
Vpp=3.0V -40 to +105 — 13 42
f”pp'y curent | \ppa | CPU: Running at 2MHz RC oscillating mode*  Vop=5.0v — | 0.64 | 2.0
mA
Supply current CPU: Running at 8.192MHz PLL oscillating mode*?
IDD5 — 5 8
5 Vop=5.0V

*1: Case when the CPU operating rate is 100% (with no HALT state)
*2 Significant bits of BLKCONO to BLKCONA4 registers are all “1”.
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¢ DC Characteristics (VOHL, IOHL)

(Vpp=1.8t0 5.5V, Vs =0V, Ta=-40 to +105°C, unless otherwise specified)

Parameter Symbol Condition Min. Typ. Max. Unit Mi?ritriltng
Output voltage 1
((P20 to P23)) VOH1 IOH1 = -0.5mA \g’% — —
P30 to P37)* —v.
(P40 to P47)
(P50 to P57)*
(P60 to P67)* VOL1 IOL1 = +0.5mA — — 05
(P70 to P74)*
(P80 to P87)
. IOL2 = +10mA \% 2
When LED drive — — 0.5
Output voltage 2 VOL2 | mode Vpp = 5.0V
(P20-P23) is selected I?/LZ i ;%T/A — — 0.5
DD = 9.
Output voltage 3 IOL3 = +3mA . . 04
S .
L
(P60 to P61)* is selected IOL3 = +2mA VVDD*
(P80 to P81) 2.0V >Vpp>1.8vV 0.2
Output leakage
current VOH = Vpp
(P20 to P23) I0CH (in high-impedance state) o o !
(P30 to P37)*
(P40 to P47) pA 3
(P50 to P57)*
(P60 to P67)* 100L VOL = Vss 1 _ _

(P70 to P74)*
(P80 to P87)

(in high-impedance state)

*: ML620Q15X have a different pin configuration for each package. See the section 1.3.2 “LIST OF PINS” for more details.

¢ DC Characteristics (IIHL)

(Vpp=1.8t0 5.5V, Vs =0V, Ta=-40 to +105°C, unless otherwise specified)

Parameter Symbol Condition Min. Typ. Max. Unit Mi?ritriltng
Input current 1 IIH1 VIH1 = Vpp 0 — 1

(RESET_N)

(TESTL N) L1 VIL1 = Vss -1500 | -300 | -20
Input current 2

IIH2 VIH2 =V, hen pulled down 2 30 250
(POO to POS5)* oo (When pu wn)
* A 4

((Ejg :c‘)’ Ez’g L2 VIL2 = Vs (when pulled up) 250 | -30 | -2 | *
(P50 to P57)* 1127 VIH2 = Vpp . . 1
(P60 to P67)* (in high-impedance state)

P70 to P74)* -
( ) IL2Z VIL2 = Vgg 1 B B

(P8O to P87)

(in high-impedance state)

*: ML620Q15X have a different pin configuration for each package. See the section 1.3.2 “LIST OF PINS” for more details.

FEUL620Q150A
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¢ DC Characteristics (VIHL)
(Vpp=1.8t0 5.5V, Vs =0V, Ta=—40 to +105°C, unless otherwise specified)

Measuring
circuit

Parameter Symbol Condition Min. Typ. Max. Unit

Input voltage 1
(RESET_N)
(P14/TESTO) 0.7x
(TESTL_N) ViH1 Voo Voo
(POO to POS5)*

(P12, P13) Vv 5
(P30 to P37)*
(P40 to P47)
(P50 to P57)* 0.3x

(P60 to P67)* VIL1 — 0 — Voo
(P70 to P74)*

(P80 to P87)

Input pin capacitance
(RESET_N)
(P14/TESTO)
(TEST1_N)
(POO to PO5)* f = 10kHz
(P12, P13) CIN Vims = 50mV — — 10 pF —
(P30 to P37)* Ta = 255C
(P40 to P47)
(P50 to P57)*
(P60 to P67)*
(P70 to P74)*
(P80 to P87)

*: ML620Q15X have a different pin configuration for each package. See the section 1.3.2 “LIST OF PINS” for more details.

FEUL620Q150A C-5



LAPIS Semiconductor Co., Ltd. ML620Q151A/2A/3AI4AI5AI6AITAISAIQA User's Manual
Appendix C Electrical Characteristics

e Measuring circuit 1

CGL

1y xm
CDL E
+— sz 78amm X

a crystal
CGH

N

Voo Vrer Voo Vss

|
4
&
Cv  2.24F
CVT 1 CLT o
. . Ce. 12pF
CDL 12pF

32.768kHz Crystal oscillator
(DT-26 DAISHINKU Corp.)

e Measuring circuit 2

(*2)

VIH o—> —

-~
Input pins
Output pins

I<

VIL o0—> ] S
Voo Voo Vrker Vss

LI]

(*1) Input logic circuit to determine the specified measuring conditions.
(*2) Measured at the specified output pins.
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e Measuring circuit 3

(*2)
VIH o—> —
— DN
i _ o | |
: =] = i
: 2 Q|
(G I ERE ”
3 3|
VIL o—> I - o
Voo Voo Vrer Vss
(*1) Input logic circuit to determine the specified measuring conditions.
(*2) Measured at the specified output pins.
e Measuring circuit 4
(*3)
——o
o— | DN
i o | |
2 £ |
A |5 S
T il gl
S 5| !
T | |
o | I
Voo VooL Vrer Vss
*3: Measured at the specified input pins.
e Measuring circuit 5
VIH o—> — N
s 2| i 5
i < , =
P8 fl é
*) | | & = '
s Sl ¢
L2 ol &
. : g
: : &
VIL o0—> : —:o =
VDDL VREF VSS

T
1

*1: Input logic circuit to determine the specified measuring conditions.
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e AC Characteristics (External Interrupt)

(Vpp=1.8t0 5.5V, V55 =0V, Ta=-40 to +105°C, unless otherwise specified)
Parameter Symbol Condition Min. Typ. Max. Unit
External interrupt disable T Interrupt: Enabled (MIE = 1), 2.5x . 3.5x S
period NUL CPU: NOP operation LSCLK LSCLK H
EXIO to EXI7 / N\ / x
(Rising-edge interrupt) tuL
EXIO to EXI7 N\ / N\ I
N, :
(Falling-edge interrupt) tauL i
2
EXIO to EXI7 /
(Both-edge interrupt) tauL
C-8
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e AC Characteristics (Synchronous Serial Port)

(Vpp=1.8 to 5.5V, Vs =0V, Ta=—40 to +105°C, unless otherwise specified)

Parameter Symbol Condition Min. Typ. Max. Unit
SCKinput cycle ¢ High-speed oscillation stopped 10 — — us
(slave mode) seve During high-speed oscillation 500 — — ns
SCK output cycle ¢1)

— — K —
(master mode) fseve SC sec
SCK input pulse width High-speed oscillation stopped 4 — — us
(slave mode) tsw During high-speed oscillation 200 — — ns
SCK output pulse width ‘ . sck™ sck sck™ soc
(master mode) SW x0.4 x0.5 x0.6
SOUT output delay time o . i N 180 ns
(slave mode)
SOUT output delay time o . i N 80 ns
(master mode)
SIN input setup time

— 80 — — ns
(slave mode) tss
SIN input setup time

— 240 — — ns
(Master mode) tss
SIN input hold time tsy — 80 — — ns

*1: Clock period selected by SnCK3-0 of the serial port n mode register (SIOnMOD1)

tscyc
tsw tsw
SCKn* N\ / N\
tsp tsp
SOUTn >§ >§

*: Indicates the secondary function of the corresponding port.
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*AC Characteristics (I°C Bus Interface: Standard Mode 100kHz)

(Vpp=1.8 to 5.5V, Vs =0V, Ta=—40 to +105°C, unless otherwise specified)

Parameter Symbol Condition - Rating Unit
Min. Typ. Max.

SCL clock frequency fscL — 0 — 100 kHz
SCL hold time fon o 40 o o s
(start/restart condition) HD:STA ' H
SCL "L” level time tLow — 4.7 — — us
SCL "H” level time thiGH — 4.0 — — us
SCL setup time
(restart condition) tsusTa T 4.7 T T Hs
SDA hold time tHD:DAT — 0 — — us
SDA setup time tsu.DAT — 0.25 — — us
SDA setup time
(stop condition) tsusto T 4.0 T T Hs
Bus-free time tsue — 4.7 — — us

eAC Characteristics (12C Bus Interface: Fast Mode 400kHz)

(Vpp=1.8 to 5.5V, Vs =0V, Ta=—40 to +105°C, unless otherwise specified)

Parameter Symbol Condition - Rating Unit
Min. Typ. Max.
SCL clock frequency fscL — 0 — 400 kHz
SCL hold time t o 06 o o s
(start/restart condition) HD:STA ' H
SCL "L” level time tLow — 1.3 — — us
SCL "H” level time thiGH — 0.6 — — us
SCL setup time
(restart condition) tsusTa T 0.6 T T Hs
SDA hold time tHD:DAT — 0 — — us
SDA setup time tsu.DAT — 0.1 — — us
SDA setup time
(stop condition) tsusto T 0.6 T T Hs
Bus-free time tsue — 1.3 — — us
Start Restart Stop
condition condition condition
< < — <
SDA A >< T A A Ji A
scL Rt SRSk NS
f i : i i t ek
tHp:sTA ttow  tHiGH tsu:sta tHD:sTA tsupar  thopar o010
FEUL620Q150A
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eElectrical Characteristics of Successive Approximation Type A/D Converter

(Vpp=1.8t0 5.5V, Vg5 =0V, Ta=—40 to +105°C, unless otherwise specified)
Parameter Symbol Condition Min. Typ. Max. Unit
Resolution n — — — 10 bits
2.7V < Vgegr £ 5.5V -4 — +4
Integral non-linearity error INL 2.2V < Vggr 2.7V —6 — +6
1.8V < Vger 2.2V -10 — +10
2.7V < Vggr < 5.5V -3 — +3 LSB
Differential non-linearity error DNL 2.2V < VRer 2.7V -5 — +5
1.8V < Vger 2.2V -9 — +9
Zero-scale error Vore RI < 5kQ -6 — +6
Full-scale error FSE RI < 5kQ -6 — +6
Input impedance R — — — 5k Q
A/D operating voltage Vo Vree < Vop 2.7 — 55 \Y
CPU works in PLL oscillation mode
SACK bit=0 — 135 —
L 2.7V < Vggr £ 5.5V
Conversion time fconv CPU works in PLT_EZsciIIation mode HS
SACK bit=1 — 43 —
1.8V < Vgee < 5.5V
VDD
Reference ° Virer
voltage v
1“5{ DDL I IZ.ZHF
ELB _—
2.2p|5_ - Ri<5KQ AtINO
p—'\N\ L 2 (0]
: l AIN11
Analog input Ves
0.1u|;[
FEULG620Q150A
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Appendix D  Application Circuit Example

5.0V
UEASE
IIF
VDD
uvDD_ O[O
VTref O’
RESET_N|O TEST1_N
TEST|O TESTO
Ves ML620Q151A
y ML620Q152A
11 ML620Q153A
o ML620Q154A
esET N ML620Q155A
et - ML620Q156A
ML620Q157A
1 ML620Q158A
O— P00
1 ML620Q159A
O— POl
1 Voo
O— P02 Vier
1
O—1 P03 Ves Cav
_‘_o— P04 Voo
L 5 odres —7:7!;9 7:7'; Y
Co lT XT0
o, X
32.768KHz xTL
Xtal P20 P21 P43 P41 P40
ILEDO /LED1  (Output) /SCL /SDA
= | <
o
Cy 1 2.2uUF
C. 1 2.2uF | |
ST T
Cay - 1uF LED I°C EEPROM
A0 Al A2 Vss
Note:

Design the PCB layout having the shortest wiring distance between VDDL and VSS for noise reduction purpose.
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Appendix E Check List

This Check List has notes to prevent commonly-made programming mistakes and frequently overlooked or misunderstood hardware features
of the MCU. Check each note listed up chapter by chapter while coding the program or evaluating it using the MCU.

Chapter 1 Overview
*About unused pins
[ ] Please confirm how to handle the unused pins(Refer to Section 1.3.4 in the user’s manual).

Chapter 2 CPU and Memory Space

* Program Code size

[ 132,768 Byte (0:0000H to 0:7FFFH, ML620Q151A/ML620Q154A/ML620Q157A)

[ 149,152 Byte (0:0000H to 0:BFFFH, ML620Q152A/ML620Q155A/ML620Q158A)

[ 165,536 Byte (0:0000H to 0:FFFFH, ML620Q153A/ML620Q156A/ML620Q159A)

« Data Flash size

[ 12,048 Byte (7:0000H to 7:07FFH)

* Data RAM size

[ 12,048 Byte (0:E000H~0:E7FFH)

e Unused area

[ ] Please fill test area 0:7C0O0H to 0:7DFFH with BRK instruction code “OFFH” (ML620Q151A/ML620Q154A/ML620Q157A). Refer to a
startup file “ML620151A.asm” or “ML620154A.asm” or “ML620157A.asm” for programming in the source code.

[ ] Please fill test area 0:BCOOH to 0:BDFFH with BRK instruction code “OFFH” (ML620Q152A/ML620Q155A/ML620Q158A). Refer to a
startup file “ML620152A.asm” or “ML620155A.asm” or “ML620158A.asm” for programming in the source code.

[ ] Please fill test area 0:FCOOH to 0:FDFFH with BRK instruction code “OFFH” (ML620Q153A/ML620Q156A/ML620Q159A). Refer to a
startup file “ML620153A.asm” or “ML620156A.asm” or “ML620159A.asm” for programming in the source code.

[ ] For fail safe in your system, please fill unused program memory area (your program code does not use) with BRK instruction code
“OFFH”. Please fill the area with the code “OFFH” when you release a code for LAPIS Semiconductor’s factory programming.

« Initializing RAM

[ 1 The hardware reset does not initialize RAM. Please initialize RAM by the software.

Chapter 3 Reset Function

* Reset activation pulse width

[ 1Minimum 100us (Refer to Appendix C-2 in the user’s manual)

* BRK instruction reset

[ 1 In system reset by the BRK instruction, no special function register (SFR) is initialized either. Therefore initialize the SFRs by your
software. (Refer to 3.3.1 in the user’s manual)

Chapter 4 MCU Control Function

*STOP mode

[ 1 When the MIE flag is "0", the stop code acceptor (STPACP) cannot be enabled under the condition where both the interrupt enable and
request flags become "1" (Refer to Sections 4.2.2 and 4.2.3. in the user's manual).

[ ] Place two NOP instructions next to the instruction that sets the STP bit to "1" (Refer to Section 4.3.3. in the user's manual).

*HALT mode

[ ] Place two NOP instructions next to the instruction that sets the HLT bit to “1" (Refer to Section 4.3.2. in the user's manual).

*BLKCON register

[ 1 BLKCON registers enable or disable corresponsive each peripheral (Refer to Section 4.2.4 - 4.2.9. in the user’s manual).

[ 1 When certain bits of block control registers are set to “1”, corresponding peripherals are reset (all registers are reset) and operating clocks
for the peripherals stop.

Chapter 5 Interrupts(INTSs)

*Unused interrupt vector table

[ ] Please define all unused interrupt vector tables for fail safe.

*Non-maskable interrupt

[ ] The watchdog timer interrupt (WDTINT) is a non-maskable interrupt that does not depend on MIE flag (Refer to Sections 5.2.10. and 5.3
in the User's Manual).

Chapter 6 Clock Generation Circuit
eInitial System clock

[ 1 At power up or system reset, the 2.097MHz RC oscillation clock oscillates and approx. 262kHz clock which is 1/8 of 2.097MHz is
supplied to CPU as the system clock.
*Switching high-speed clock operation mode to low-speed clock operation mode

[ 1 When switching the high-speed clock to the low-speed clock after the recovery from the STOP mode, make sure the low-speed clock is
oscillating by checking to see the low-speed time base counter's interrupt request bit becomes "1" (select T128Hz for one of QLTBC0~2).
*Port function setting

[ 1 Specify the secondary function for the port 2 when driving a clock to the pin (Refer to Section 6.4 in the user’s manual). (*)
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(*) ML620Q150A series have a different pin configuration for each package. See the section 1.3.2 “LIST OF PINS” for more details.

Chapter 7 Time Base Counter

*How to read LTBC

[ ] Read consecutively LTBC(Low-speed Time Base Counter) twice until the last data coincides the previous data to prevent reading of
uncertain data while counting up the clock (Refer to Section 7.3.1 in the user's manual).

Chapter 8 8bit Timer
*How to read the timer counter registers
[ 1 Check notes for reading the timer counter registers while counting up (Refer to Sections 8.2.4 to 8.2.5 in the user's manual).

Chapter 9 16bit Timer
*How to read the timer counter registers
[ 1 Check notes for reading the timer counter registers while counting up (Refer to Sections 9.2.6 t0 9.2.9 in the user's manual).

Chapter 10 Watchdog Timer

*Overflow period

Clear WDT during the selected overflow period:

[ 1125ms, [ 1500ms, [ ]2s, [ ]18s

*WDP

[ 1 Check the WDP content before writing to the WDTCON register, then determine writing whether "5AH" or "0A5H" (Refer to Section
10.2.2. in the user’s manual).

Chapter 11 PWM
*Pins used
[ 1P20, P34, P43, P64 and/or P87 are used. (*)
[ 1P21, P35, P47, P65 and/or P83 are used. (*)
[ 1P22, P53, P60, P66 and/or P70 are used. (*)
[ 1P23, P57, P61 and/or P71 are used. (*)
(*) ML620Q150A series have a different pin configuration for each package. See the section 1.3.2 “LIST OF PINS” for more details.
*How to read the registers
[ ] Check notes for reading PWMn counter registers while the PWM is working (Refer to Sections 11.2.4, 11.2.14, 11.2.23 and 11.2.33 in
the user's manual).
*Port function setting
[ ] Specify the tertiary or quaternary function for the port (Refer to Section 11.4 in the user’s manual).

Chapter 12 Synchronous Serial Port
*Pins used
[ 1 Multiple ways to assign the pins(*): P40(SINO), P41(SCKO0), P42(SOUTO), P44(SINO), P45(SCKO), P46(SOUTO0), P50(SINO),
P51(SCKO0), P52(SOUTO0), P55(SINO), P56(SCKO0), P57(SOUTO0), P72(SINO), P73(SCKO0), P74(SOUTO0), P80(SINO), P81(SCKO0),
P82(SOUTO), P84(SINO), P85(SCKO0), P86(SOUTO).
(*) ML620Q150A series have a different pin configuration for each package. See the section 1.3.2 “LIST OF PINS” for more details.
*Port function setting
[ 1 Specify the tertiary function for the port (Refer to Section 12.4 in the user’s manual).

Chapter 13 UART

*Pins used

[ 1P02(RXDO), P42(RXDO), P54(RXD0) or P86(RXDO) is used. (*)

[ 1PO3(RXD1), P52(RXD1), P72(RXD1) or P84(RXD1) is used. (*)

[ 1P43(TXDO0), P55(TXD0), P73(TXDO0) or P87(TXDO) is used. (*)

[ 1P43(TXD1), P53(TXD1), P55(TXD1), P73(TXD1) or P85(TXD1) is used. (*)

[ ] Select the P02, P42, P54 or P86 by specifying UORSELO bit and RORSEL1 bit of UAOMODO register.
[ ] Select the P03, P52, P72 or P84 by specifying UORSELO bit and RORSEL1 bit of UA1IMODO register. (*)
(*) ML620Q150A series have a different pin configuration for each package. See the section 1.3.2 “LIST OF PINS” for more details.

*Port function setting
[ 1 Specify the secondary or quaternary function for the port (Refer to Section 13.4 in the user’s manual).

Chapter 14 1°C Bus Interface

*Pins used

[ 1P40(SDA), P50(SDA), P60(SDA) or P80(SDA) is used. (*)

[ 1P41(SCL), P51(SCL), P61(SCL) or P81(SCL) is used. (*)

[ 1 Specify the secondary Function for the port(Refer to Section 13.4 in the user’s manual).
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(*) ML620Q150A series have a different pin configuration for each package. See the section 1.3.2 “LIST OF PINS” for more details.

*Port function setting
[ 1 Specify the secondary function for the port (Refer to Section 14.4 in the user’s manual).

Chapters 15 to 23 Port

*Pin Handling

[ 1Don’t leave Hi-impedance Input ports in floating state.

*Port function setting

[ 1Specify properly PnNCONO/1 and PnMODO/1 registers for each port. (*)

(*) ML620Q150A series have a different pin configuration for each package. See the section 1.3.2 “LIST OF PINS” for more details.

Chapter 24 Successive Approximation Type A/D Converter
*Operating Conditions
[ ] Please confirm voltage of operation and a clock frequency.
HSCLK = 3MHz ~ 8.4MHz, AVDD=1.8V~5.5V
[ ] Use the SA-ADC with high-speed clock oscillation (HSCLK) enabled in the frequency control register (FCONO).
[ 1 Do not start A/D conversion(set SARUN bit to “1”) with all of bits SACHB to SACHO of the SADMODO register and the SADMOD1
register set to “0” (Refer to section 24.2.26 ~ 24.2.27 in the user's manual).

Chapter 26 LLD (Low Level Detector) Circuit
[ ] Please select the threshold voltage when the LLD circuit turns OFF.

Chapter 28 On-Chip Debug Function

» Operating Conditions

[ 1Supply a voltage from 3.0V to 5.5V to the VDD pin when programming (erasing and writing) the Flash ROM with LAPIS semiconductor
development tool UEASE.

[ ] Please do not apply LSIs being used for debugging to mass production.

[ ] Please validate the ROM code on your production board without LAPIS semiconductor development tool uEASE.

Chapter 30 Code-Option

[ ] Set Code-option data into the test data area of program memory at the address 0:7DEOH (ML620Q151A/ML620Q154A/ML620Q157A) .
[ ] Set Code-option data into the test data area of program memory at the address 0:BDEOH (ML620Q152A/ML620Q155A/ML620Q158A) .
[ ] Set Code-option data into the test data area of program memory at the address 0:FDEOH (ML620Q153A/ML620Q156A/ML620Q159A) .
[ 1Fill the test data area with "OFFH" except for the code-option data are.

Appendix A SFR (Specific Function Registers)
eInitial value
[ ]Please confirm there are some SFRs have undefined initial value at reset (Refer to Appendix A in the user’s manual).

Appendix C Electrical Characteristics

*External capacitors for Power circuits

[ 1C=2.2uF (connected to Vpp pin) , [ ]C,=2.2uF (connected to Vpp pin)
*Operating voltage

[ 1+1.8Vto+5.5V

*Operating temperature

[ ]-40°C to +105°C

FEUL620Q150A E-3



Revision History




LAPIS Semiconductor Co.,Ltd.

MLG620Q151A/2A/3AIAAI5AI6AITAIBAI9A User's Manual

Revision of History

Revision History

Page
Document No. Date Previous | Current Description

Edition Edition
FEU620Q150A-01 May 7, 2015 — - Fromal 1% Revision

16-1, 16-1,

16-4, 16-4, ) .
FEU620Q150A-02 May 25, 2015 166, 166, Add a notice about P14DIR bit.

28-1 28-1

FEUL620Q150A

R-1



	Notes
	Preface
	Notation
	Contents
	1. Overview
	1.1 Features
	1.2 Configuration of Functional Blocks
	1.2.1 Block Diagram of ML620Q151A/ML620Q152A/ML620Q153A(TQFP
	1.2.2 Block Diagram of ML620Q154A/ML620Q155A/ML620Q156A(TQFP
	1.2.3 Block Diagram of ML620Q157A/ML620Q158A/ML620Q159A(QFP6

	1.3 Pins
	1.3.1 Pin Layout
	1.3.1.1 Pin Layout of ML620Q151A/ML620Q152A/ML620Q153A TQFP4
	1.3.1.2 Pin Layout of ML620Q154A/ML620Q155A/ML620Q156A TQFP5
	1.3.1.3 Pin Layout of ML620Q157A/ML620Q158A/ML620Q159A QFP64

	1.3.2 List of Pins
	1.3.3 Pin Descriptions
	1.3.4 Handling of Unused Pins


	2. CPU and Memory Space
	2.1 General Description
	2.2 Program Memory Space
	2.3 Data Memory Space
	2.4 Instruction Length
	2.5 Data Type
	2.6 Description of Registers
	2.6.1 List of Registers
	2.6.2 Data Segment Register (DSR)


	3. Reset Function
	3.1 General Description
	3.1.1 Features
	3.1.2 Configuration
	3.1.3 List of Pin

	3.2 Description of Registers
	3.2.1 List of Registers
	3.2.2 Reset Status Register (RSTAT)

	3.3 Description of Operation
	3.3.1 Operation of System Reset Mode


	4. MCU Control Function
	4.1  General Description
	4.1.1  Features
	4.1.2  Configuration

	4.2  Description of Registers
	4.2.1  List of Registers
	4.2.2  Stop Code Acceptor (STPACP)
	4.2.3  Standby Control Register (SBYCON)
	4.2.4  Block Control Register 0 (BLKCON0)
	4.2.5  Block Control Register 2 (BLKCON2)
	4.2.6  Block Control Register 3 (BLKCON3)
	4.2.7  Block Control Register 4 (BLKCON4)
	4.2.8  Block Control Register 6 (BLKCON6)
	4.2.9  Block Control Register 7 (BLKCON7)

	4.3  Description of Operation
	4.3.1  Program Operating Mode
	4.3.2  HALT Mode
	4.3.3  STOP Mode
	4.3.3.1  Stop mode when the CPU runs with low-speed clock
	4.3.3.2  Stop mode when the CPU runs with high-speed clock
	4.3.3.3  Note on Return Operation from STOP/HALT Mode

	4.3.4  Block Control Function


	5. Interrupt
	5.1 General Description
	5.1.1 Features

	5.2 Description of Registers
	5.2.1 List of Registers
	5.2.2 Interrupt Enable Register 0 (IE0)
	5.2.3 Interrupt Enable Register 1 (IE1)
	5.2.4 Interrupt Enable Register 2 (IE2)
	5.2.5 Interrupt Enable Register 3 (IE3)
	5.2.6 Interrupt Enable Register 4 (IE4)
	5.2.7 Interrupt Enable Register 5 (IE5)
	5.2.8 Interrupt Enable Register 6 (IE6)
	5.2.9 Interrupt Enable Register 7 (IE7)
	5.2.10 Interrupt Request Register 0 (IRQ0)
	5.2.11 Interrupt Request Register 1 (IRQ1)
	5.2.12 Interrupt Request Register 2 (IRQ2)
	5.2.13 Interrupt Request Register 3 (IRQ3)
	5.2.14 Interrupt Request Register 4 (IRQ4)
	5.2.15 Interrupt Request Register 5 (IRQ5)
	5.2.16 Interrupt Request Register 6 (IRQ6)
	5.2.17 Interrupt Request Register 7 (IRQ7)
	5.2.18 Interrupt Level Control Enable Register (ILENL)
	5.2.19 Current Interrupt Request Level Register (CILL)
	5.2.20 Interrupt Level Control Register 01 (ILC01)
	5.2.21 Interrupt Level Control Register 10 (ILC10)
	5.2.22 Interrupt Level Control Register 11 (ILC11)
	5.2.23 Interrupt Level Control Register 20 (ILC20)
	5.2.24 Interrupt Level Control Register 21 (ILC21)
	5.2.25 Interrupt Level Control Register 30 (ILC30)
	5.2.26 Interrupt Level Control Register 31 (ILC31)
	5.2.27 Interrupt Level Control Register 40 (ILC40)
	5.2.28 Interrupt Level Control Register 51 (ILC51)
	5.2.29 Interrupt Level Control Register 60 (ILC60)
	5.2.30 Interrupt Level Control Register 61 (ILC61)
	5.2.31 Interrupt Level Control Register 70 (ILC70)

	5.3 Description of Operation
	5.3.1 Maskable Interrupt Processing
	5.3.2 Non-Maskable Interrupt Processing
	5.3.3 Software Interrupt Processing
	5.3.4 Notes on Interrupt Routine (When Interrupt Level Contr
	5.3.5 Interrupt Processing When Interrupt Level Control Enab
	5.3.6 Flow Chart When Interrupt Level Control Enabled
	5.3.7 How To Write Interrupt Processing When Interrupt Level
	5.3.8 Interrupt Disable State


	6. Clock Generation Circuit
	6.1 General Description
	6.1.1 Features
	6.1.2 Configuration
	6.1.3 List of Pins
	Clock Configuration Diagram

	6.2 Description of Registers
	6.2.1 List of Registers
	6.2.2  Frequency Control Register 0 (FCON0)
	6.2.3  Frequency Control Register 1 (FCON1)
	6.2.4  Frequency Control Register 3(FCON3)
	6.2.5 Frequency Status Register (FSTAT)

	6.3 Description of Operation
	6.3.1 Low-Speed Clock
	6.3.1.1 Low-Speed Crystal Oscillation Circuit
	6.3.1.2 Low-Speed Built-In RC Oscillation Circuit
	6.3.1.3 Operation of Low-Speed Clock Generation Circuit

	6.3.2 High-Speed Clock
	6.3.2.1  High-Speed Built-in RC Oscillation Circuit
	6.3.2.2  PLL Oscillation Circuit
	6.3.2.3  Operation of High-Speed Clock

	6.3.3 Switching of System Clock

	6.4 Specifying Port Registers
	6.4.1 Functioning P21(OUTCLK) as the high-speed clock output
	6.4.2 Functioning P20 (LSCLK) as the low-speed clock output
	6.4.3 Functioning P36 (LSCLK) as the low-speed clock output


	7. Time Base Counter
	7.1 General Description
	7.1.1 Features
	7.1.2 Configuration

	7.2 Description of Registers
	7.2.1 List of Registers
	7.2.2 Low-Speed Time Base Counter (LTBR)
	7.2.3 Low-Speed Time Base Counter Frequency Adjustment Regis
	7.2.4 Low-Speed Time Base Counter Interrupt select Registers

	7.3 Description of Operation
	7.3.1 Low-Speed Time Base Counter


	8. 8bit Timer
	8.1 General Description
	8.1.1 Features
	8.1.2 Configuration

	8.2 Description of Registers
	8.2.1 List of Registers
	8.2.2 Timer n Data Register (TM0D)
	8.2.3 Timer n Data Register (TM1D)
	8.2.4 Timer 0 Counter Register (TM0C)
	8.2.5 Timer 1 Counter Register (TM1C)
	8.2.6 Timer 0 Control Register
	8.2.7 Timer 1 Control Register
	8.2.8 Timer Start Register 0 (TMSTR0)
	8.2.9 Timer Stop Register 0 (TMSTP0)
	8.2.10 Timer Status Register 0 (TMSTAT0)

	8.3 Description of operation

	9. 16bit Timer
	9.1 General Description
	9.1.1 Features
	9.1.2 Configuration

	9.2 Description of Registers
	9.2.1 List of Registers
	9.2.2 16bit timer 8 data register L,H (TMH8DL,H)
	9.2.3 16bit timer 9 data register L,H (TMH9DL,H)
	9.2.4 16bit timer A data register L,H (TMHADL,H)
	9.2.5 16bit timer B data register L,H (TMHBDL,H)
	9.2.6 16bit timer 8 counter register L,H (TMH8CL,H)
	9.2.7 16bit timer 9 counter register L,H (TMH9CL,H)
	9.2.8 16bit timer A counter register L,H (TMHACL,H)
	9.2.9 16bit timer B counter register L,H (TMHBCL,H)
	9.2.10 16bit timer 8 control register (TMH8CON)
	9.2.11 16bit timer 9 control register (TMH9CON)
	9.2.12 16bit timer A control register (TMHACON)
	9.2.13 16bit timer B control register (TMHBCON)
	9.2.14 16bit timer start register 0 (TMHSTR0)
	9.2.15 16bit timer stop register 0 (TMHSTP0)
	9.2.16 16bit timer status register 0 (TMHSTAT0)

	9.3 Description of operation

	10. Watchdog Timer
	10.1 General Description
	10.1.1 Features
	10.1.2 Configuration

	10.2 Description of Registers
	10.2.1 List of Registers
	10.2.2 Watchdog Timer Control Register (WDTCON)
	10.2.3 Watchdog Timer Mode Register (WDTMOD)
	10.3 Description of operation
	10.3.1 Handling example when not using the watch dog timer


	11. PWM
	11.1 General Description
	11.1.1 Features
	11.1.2 Configuration
	11.1.3 List of Pins

	11.2 Description of Registers
	11.2.1 List of Registers
	11.2.2 PWM4 period register (PW4PL, PW4PH)
	11.2.3 PWM4 duty register (PW4DL, PW4DH)
	11.2.4 PWM4 counter register (PW4CL, PW4CH)
	11.2.5 PWM4 control register 0 (PW4CON0)
	11.2.6 PWM4 control register 1 (PW4CON1)
	11.2.7 PWM4 control register 2 (PW4CON2)
	11.2.8 PWM4 control register 3 (PW4CON3)
	11.2.9 PWM4 control register 4 (PW4CON4)
	11.2.10 PWM4 control register 5 (PW4CON5)
	11.2.11 PWM4 control register 6 (PW4CON6)
	11.2.12 PWM5 period register (PW5PL, PW5PH)
	11.2.13 PWM5 duty register (PW5DL, PW5DH)
	11.2.14 PWM5 counter register (PW4CL, PW4CH)
	11.2.15 PWM5 control register 0 (PW5CON0)
	11.2.16 PWM5 control register 1 (PW5CON1)
	11.2.17 PWM5 control register 2 (PW5CON2)
	11.2.18 PWM5 control register 4 (PW5CON4)
	11.2.19 PWM5 control register 5 (PW5CON5)
	11.2.20 PWM5 control register 6 (PW5CON6)
	11.2.21 PWM6 period register (PW6PL, PW6PH)
	11.2.22 PWM6 duty register (PW6DL, PW6DH)
	11.2.23 PWM6 counter register (PW6CL, PW6CH)
	11.2.24 PWM6 control register 0 (PW6CON0)
	11.2.25 PWM6 control register 1 (PW6CON1)
	11.2.26 PWM6 control register 2 (PW6CON2)
	11.2.27 PWM6 control register 3 (PW6CON3)
	11.2.28 PWM6 control register 4 (PW6CON4)
	11.2.29 PWM6 control register 5 (PW6CON5)
	11.2.30 PWM6 control register 6 (PW6CON6)
	11.2.31 PWM7 period register (PW7PL, PW7PH)
	11.2.32 PWM7 duty register (PW7DL, PW7DH)
	11.2.33 PWM7 counter register (PW4CL, PW4CH)
	11.2.34 PWM7 control register 0 (PW7CON0)
	11.2.35 PWM7 control register 1 (PW7CON1)
	11.2.36 PWM7 control register 2 (PW7CON2)
	11.2.37 PWM7 control register 4 (PW7CON4)
	11.2.38 PWM7 control register 5 (PW7CON5)
	11.2.39 PWM7 control register 6 (PW7CON6)

	11.3 Description of Operation
	11.3.1 PWM4 and PWM5, Single mode / Repeat mode (P45MD=”0”, 
	11.3.2 PWM4 and PWM5, Single mode / One shot mode (P45MD=”0”
	11.3.3 PWM4 and PWM5, Coupled mode (with no dead-time specif
	11.3.4 PWM4 and PWM5, Coupled mode (with no dead-time specif
	11.3.5 PWM4 and PWM5, Coupled mode (with dead-time specified
	11.3.6 PWM4 and PWM5, Coupled mode (with dead-time specified
	11.3.7 PWM4/PWM5 start/stop/clear operation by the external 
	11.3.7.1 Software Start Mode
	11.3.7.2 Software Start Mode or External Start Mode
	11.3.7.3 External Input Start Mode
	11.3.7.4 Software Start or External Input Clear Mode

	11.3.8 Emergency Stop Operation
	11.3.9 PWM6 and PWM7, Single mode / Repeat mode (P67MD=”0”, 
	11.3.10 PWM6 and PWM7, Single mode / One shot mode (P67MD=”0
	11.3.11 PWM6 and PWM7, Coupled mode (with no dead-time speci
	11.3.12 PWM6 and PWM7, Coupled mode (with no dead-time speci
	11.3.13 PWM6 and PWM7, Coupled mode (with dead-time specifie
	11.3.14 PWM6 and PWM7, Coupled mode (with dead-time specifie
	11.3.15 PWM6/PWM7 start/stop/clear operation by the external
	11.3.15.1 Software Start Mode
	11.3.15.2  Software Start Mode or External Start Mode
	11.3.15.3 External Input Start Mode
	11.3.15.4  Software Start or External Input Clear Mode

	11.3.16  Emergency Stop Operation


	12. Synchronous Serial Port (SSIO)
	12.1 General Description
	12.1.1 Features
	12.1.2 Configuration
	12.1.3 List of Pins

	12.2 Description of Registers
	12.2.1 List of Registers
	12.2.2 Serial Port 0 Transmit/Receive Buffers (SIO0BUFL and 
	12.2.3 Serial Port 0 Control Register (SIO0CON)
	12.2.4 Serial Port 0 Mode Register 0 (SIO0MOD0)
	12.2.5 Serial Port 0 Mode Register 1 (SIO0MOD1)

	12.3 Description of Operation
	12.3.1 Transmit Operation
	12.3.2 Receive Operation
	12.3.3 Transmit/Receive Operation

	12.4  Specifying port registers
	12.4.1 Functioning P42 (SOUT0: Output), P41 (SCK0: Input/out
	12.4.2 Functioning P42 (SOUT0: Output), P41 (SCK0: Input/out


	13. UART
	13.1 General Description
	13.1.1 Features
	13.1.2 Configuration
	13.1.3 List of Pins

	13.2 Description of Registers
	13.2.1 List of Registers
	13.2.2 UART0 Transmit/Receive Buffer (UA0BUF)
	13.2.3 UART1 Transmit/Receive Buffer (UA1BUF)
	13.2.4 UART0 Control Register (UA0CON)
	13.2.5 UART1 Control Register (UA1CON)
	13.2.6 UART0 Mode Register 0 (UA0MOD0)
	13.2.7 UART1 Mode Register 0 (UA1MOD0)
	13.2.8 UART0 Mode Register 1 (UA0MOD1)
	13.2.9 UART1 Mode Register 1 (UA1MOD1)
	13.2.10 UART0 Baud Rate Registers L, H (UA0BRTL, UA0BRTH)
	13.2.11 UART1 Baud Rate Registers L, H (UA1BRTL, UA1BRTH)
	13.2.12 UART0 Status Register (UA0STAT)
	13.2.13 UART1 Status Register (UA1STAT)

	13.3 Description of Operation
	13.3.1 Transfer Data Format
	13.3.2 Baud Rate
	13.3.3 Transmitted Data Direction
	13.3.4 Transmit Operation
	13.3.5 Receive Operation
	13.3.5.1 Detection of Start Bit
	13.3.5.2 Sampling Timing
	13.3.5.3 Receive Margin


	13.4 Specifying Port Registers
	13.4.1 Functioning P53 (TXD1: Output) and P54 pins (RXD0: In
	13.4.2 Functioning P43 (TXD1: Output) and P02 pins (RXD0: In
	13.4.3 Functioning P85 (TXD1: Output) and P86 pins (RXD0: In
	13.4.4 Functioning P53 (TXD1: Output) and P03 pins (RXD1: In
	13.4.5 Functioning P55 (TXD0: Output) and P42 pins (RXD0: In
	13.4.6  Functioning P43 (TXD0: Output) and P54 pins (RXD0: I
	13.4.7  Functioning P85 (TXD1: Output) and P72 pins (RXD1: I


	14. I2C Bus Interface
	14.1 General Description
	14.1.1 Features
	14.1.2 Configuration
	14.1.3 List of Pins

	14.2 Description of Registers
	14.2.1 List of Registers

	14.3 Description of Operation
	14.3.1 Communication Operation Mode
	14.3.1.1 Start Condition
	14.3.1.2 Restart Condition
	14.3.1.3 Slave Address Transmit Mode
	14.3.1.4 Data Transmit Mode
	14.3.1.5 Data receive mode
	14.3.1.6 Control Register Setting Wait State
	14.3.1.7 Stop Condition

	14.3.2 Communication Operation Timing
	14.3.3 Operation Waveforms

	14.4 Specifying port registers
	14.4.1 Functioning P41(SCL) and P40(SDA) as the I2C


	15. Port 0
	15.1 General Description
	15.1.1 Features
	15.1.2 Configuration
	15.1.3 List of Pins

	15.2 Description of Registers
	15.2.1 List of Registers
	15.2.2 Port 0 Data Register (P0D)
	15.2.3 Port 0 Control Registers 0, 1 (P0CON0, P0CON1)
	15.2.4 External Interrupt Control Register 0, 1 (EXICON0, EX
	15.2.5 External Interrupt Control Register 2 (EXICON2)

	15.3 Description of Operation
	15.3.1 External Interrupt
	15.3.2 Interrupt Request


	16. Port 1
	16.1 General Description
	16.1.1 Features
	16.1.2 Configuration
	16.1.3 List of Pins

	16.2 Description of Registers
	16.2.1 List of Registers
	16.2.2 Port 1 Data Register (P1D)
	16.2.3 Port 1 Direction Register (P1DIR)
	16.2.4 Port 1 Control Registers 0, 1 (P1CON0, P1CON1)

	16.3 Description of Operation
	16.3.1 Input Port Function


	17. Port 2
	17.1 General Description
	17.1.1 Features
	17.1.2 Configuration
	17.1.3 List of Pins

	17.2 Description of Registers
	17.2.1  List of Registers
	17.2.2  Port 2 Data Register (P2D)
	17.2.3 Port 2 Control Registers 0, 1 (P2CON0, P2CON1)
	17.2.4 Port 2 Mode Register (P2MOD)

	17.3 Description of Operation
	17.3.1 Output Port Function
	17.3.2 Secondary, Tertiary, and Quartic Functions


	18. Port 3
	18.1 General Description
	18.1.1 Features
	18.1.2 Configuration
	18.1.3 List of Pins

	18.2 Description of Registers
	18.2.1 List of Registers
	18.2.2 Port 3 Data Register (P3D)
	18.2.3 Port 3 Direction Register (P3DIR)
	18.2.4 Port 3 Control Registers 0, 1 (P3CON0, P3CON1)
	18.2.5 Port 3 Mode Registers 0, 1 (P3MOD0, P3MOD1)

	18.3 Description of Operation
	18.3.1 Input/Output Port Functions
	18.3.2 Secondary and Tertiary Functions
	18.3.3 External Interrupt
	18.3.4 Interrupt Request


	19. Port 4
	19.1 General Description
	19.1.1 Features
	19.1.2 Configuration
	19.1.3 List of Pins

	19.2 Description of Registers
	19.2.1 List of Registers
	19.2.2 Port 4 Data Register (P4D)
	19.2.3 Port 4 Direction Register (P4DIR)
	19.2.4 Port 4 Control Registers 0, 1 (P4CON0, P4CON1)
	19.2.5 Port 4 Mode Registers 0, 1 (P4MOD0, P4MOD1)

	19.3 Description of Operation
	19.3.1 Input/Output Port Functions
	19.3.2 Secondary, Tertiary, and Quartic Functions


	20. Port 5
	20.1 General Description
	20.1.1 Features
	20.1.2 Configuration
	20.1.3 List of Pins

	20.2 Description of Registers
	20.2.1 List of Registers
	20.2.2 Port 5 Data Register (P5D)
	20.2.3 Port 5 Direction Register (P5DIR)
	20.2.4 Port 5 Control Registers 0, 1 (P5CON0, P5CON1)
	20.2.5 Port 5 Mode Registers 0, 1 (P5MOD0, P5MOD1)

	20.3 Description of Operation
	20.3.1 Input/Output Port Functions
	20.3.2 Secondary, Tertiary, and Quartic Functions


	21. Port 6
	21.1 General Description
	21.1.1 Features
	21.1.2 Configuration
	21.1.3 List of Pins

	21.2 Description of Registers
	21.2.1 List of Registers
	21.2.2 Port 6 Data Register (P6D)
	21.2.3 Port 6 Direction Register (P6DIR)
	21.2.4 Port 6 Control Registers 0, 1 (P6CON0, P6CON1)
	21.2.5 Port 6 Mode Registers 0, 1 (P6MOD0, P6MOD1)

	21.3 Description of Operation
	21.3.1 Input/Output Port Functions
	21.3.2 Secondary, Tertiary, and Quartic Functions


	22. Port 7
	22.1 General Description
	22.1.1 Features
	22.1.2 Configuration
	22.1.3 List of Pins

	22.2 Description of Registers
	22.2.1 List of Registers
	22.2.2 Port 7 Data Register (P7D)
	22.2.3 Port 7 Direction Register (P7DIR)
	22.2.4 Port 7 Control Registers 0, 1 (P7CON0, P7CON1)
	22.2.5 Port 7 Mode Registers 0, 1 (P7MOD0, P7MOD1)

	22.3 Description of Operation
	22.3.1 Input/Output Port Functions
	22.3.2 Secondary and Tertiary Functions


	23. Port 8
	23.1 General Description
	23.1.1 Features
	23.1.2 Configuration
	23.1.3 List of Pins

	23.2 Description of Registers
	23.2.1 List of Registers
	23.2.2 Port 8 Data Register (P8D)
	23.2.3 Port 8 Direction Register (P8DIR)
	23.2.4 Port 8 Control Registers 0, 1 (P8CON0, P8CON1)
	23.2.5 Port 8 Mode Registers 0, 1 (P8MOD0, P8MOD1)

	23.3 Description of Operation
	23.3.1 Input/Output Port Functions
	23.3.2 Secondary and Tertiary Functions


	24. Successive Approximation Type A/D Converter (SA-ADC)
	24.1 General Description
	24.1.1 Features
	24.1.2 Configuration
	24.1.3 List of Pins

	24.2 Description of Registers
	24.2.1 List of Registers
	24.2.2 SA-ADC Result Register 0L (SADR0L)
	24.2.3 SA-ADC Result Register 0H (SADR0H)
	24.2.4 SA-ADC Result Register 1L (SADR1L)
	24.2.5 SA-ADC Result Register 1H (SADR1H)
	24.2.6 SA-ADC Result Register 2L (SADR2L)
	24.2.7 SA-ADC Result Register 2H (SADR2H)
	24.2.8 SA-ADC Result Register 3L (SADR3L)
	24.2.9 SA-ADC Result Register 3H (SADR3H)
	24.2.10 SA-ADC Result Register 4L (SADR4L)
	24.2.11 SA-ADC Result Register 4H (SADR4H)
	24.2.12 SA-ADC Result Register 5L (SADR5L)
	24.2.13 SA-ADC Result Register 5H (SADR5H)
	24.2.14 SA-ADC Result Register 6L (SADR6L)
	24.2.15 SA-ADC Result Register 6H (SADR6H)
	24.2.16 SA-ADC Result Register 7L (SADR7L)
	24.2.17 SA-ADC Result Register 7H (SADR7H)
	24.2.18 SA-ADC Result Register 8L (SADR8L)
	24.2.19 SA-ADC Result Register 8H (SADR8H)
	24.2.20 SA-ADC Result Register 9L (SADR9L)
	24.2.21 SA-ADC Result Register 9H (SADR9H)
	24.2.22 SA-ADC Result Register AL (SADRAL)
	24.2.23 SA-ADC Result Register AH (SADRAH)
	24.2.24 SA-ADC Result Register BL (SADRBL)
	24.2.25 SA-ADC Result Register BH (SADRBH)
	24.2.26 SA-ADC Control Register 0 (SADCON0)
	24.2.27 SA-ADC Control Register 1 (SADCON1)
	24.2.28 SA-ADC Mode Register 0 (SADMOD0)
	24.2.29 SA-ADC Mode Register 1 (SADMOD1)

	24.3 Description of Operation
	24.3.1  Setting of A/D Conversion Channels
	24.3.2 Operation of the Successive Approximation Type A/D Co


	25. Analogue Comparator
	25.1 General Description
	25.1.1 Features
	25.1.2 Configuration
	25.1.3 List of Pins

	25.2 Description of Registers
	25.2.1 List of Registers
	25.2.2 Comparator 0 Control Register 0 (CMP0CON0)
	25.2.3 Comparator 0 Control Register 1 (CMP0CON1)

	25.3 Description of Operation
	25.3.1 Comparator Functions
	25.3.2 Interrupt Request


	26. LLD (Low Level Detector)
	26.1 General Description
	26.1.1 Features
	26.1.2 Configuration

	26.2 Description of Registers
	26.2.1 List of Registers
	26.2.2 LLD Circuit Control Register 1 (LLDCON1)

	26.3 Description of Operation
	26.3.1 Threshold Voltage
	26.3.2 Operation of LLD Circuit


	27. Power Supply Circuit
	27.1 General Description
	27.1.1 Features
	27.1.2 Configuration
	27.1.3 List of Pins

	27.2 Description of Operation

	28. On-chip Debug Function
	28.1 General Description
	28.2 How to connect the On-Chip Debug Emulator

	29. FLASH Memory Rewrite Function
	29.1  General Description
	29.1.1  Features

	29.2  Description of Registers
	29.2.1  List of Registers
	29.2.2  Flash Address Register (FLASHAL, FLASHAH)
	29.2.3  Flash Data Register (FLASHDL, FLASHDH)
	29.2.4  Flash Control Register (FLASHCON)
	29.2.5  Flash Acceptor (FLASHACP)
	29.2.6  Flash Segment Register (FLASHSEG)
	29.2.7  Flash Self Register (FLASHSLF)
	29.2.8  Flash Remap Register (REMAPADD)

	29.3  Description of Operation
	29.3.1  Block Erase Function
	29.3.2  Sector Erase Function
	29.3.3  1-word Write Function
	29.3.4  Boot Area Remap Function by Software
	29.3.5  Notes in Use


	30. Code-Option
	3.1 General Description
	3.1.1 Features

	30.2 Description of Registers
	30.2.1 List of Registers
	30.2.2 Code-Option Register 0 (CODEOP0)

	30.3 The Setting Method of the Code-Option Data
	30.3.1 Code-Option Data Format
	30.3.2 Code-Option Programming Method


	Appendix A Contents of Registers
	Appendix B  Package Dimensions
	ML620Q151A/ML620Q152A/ML620Q153A Package Dimension (48pin TQFP)
	ML620Q154A/ML620Q155A/ML620Q156A Package Dimension (52pin TQFP)
	ML620Q157A/ML620Q158A/ML620Q159A Package Dimension (64pin TQFP)

	Appendix C  Electrical Characteristics
	Absolute Maximum Ratings
	Recommended Operating Conditions
	Flash Memory Operating Conditions
	DC Characteristics (Oscillation, Reset)
	DC Characteristics (LLD)
	DC Characteristics (Analog Comparator)
	DC Characteristics (IDD)
	DC Characteristics (VOHL, IOHL)
	DC Characteristics (IIHL)
	DC Characteristics (VIHL)
	Measuring circuit 1
	Measuring circuit 2
	Measuring circuit 3
	Measuring circuit 4
	Measuring circuit 5
	AC Characteristics (External Interrupt)
	AC Characteristics (Synchronous Serial Port)
	AC Characteristics (I2C Bus Interface: Standard Mode 100kHz)
	AC Characteristics (I2C Bus Interface: Fast Mode 400kHz)
	Electrical Characteristics of Successive Approximation Type A/D Converter

	Appendix D Application Circuit Example
	Appendix E Check List
	Revision History

