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NOTES

No copying or reproduction of this document, in part or in whole, is permitted without the consent of LAPIS SEMICONDUCTOR
CO., LTD.

The content specified herein is subject to change for improvement without notice.

The content specified herein is for the purpose of introducing LAPIS SEMICONDUCTOR's products (hereinafter "Products"). If you
wish to use any such Product, please be sure to refer to the specifications, which can be obtained from LAPIS SEMICONDUCTOR
upon request.

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

Great care was taken in ensuring the accuracy of the information specified in this document. However, should you incur any damage
arising from any inaccuracy or misprint of such information, LAPIS SEMICONDUCTOR shall bear no responsibility for such
damage.

The technical information specified herein is intended only to show the typical functions of and examples of application circuits for
the Products. LAPIS SEMICONDUCTOR does not grant you, explicitly or implicitly, any license to use or exercise intellectual
property or other rights held by LAPIS SEMICONDUCTOR and other parties. LAPIS SEMICONDUCTOR shall bear no
responsibility whatsoever for any dispute arising from the use of such technical information.

The Products specified in this document are intended to be used with general-use electronic equipment or devices (such as audio
visual equipment, office-automation equipment, communication devices, electronic appliances and amusement devices).

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

While LAPIS SEMICONDUCTOR always makes efforts to enhance the quality and reliability of its Products, a Product may fail or
malfunction for a variety of reasons.

Please be sure to implement in your equipment using the Products safety measures to guard against the possibility of physical injury,
fire or any other damage caused in the event of the failure of any Product, such as derating, redundancy, fire control and fail-safe
designs. LAPIS SEMICONDUCTOR shall bear no responsibility whatsoever for your use of any Product outside of the prescribed
scope or not in accordance with the instruction manual.

The Products are not designed or manufactured to be used with any equipment, device or system which requires an extremely high
level of reliability the failure or malfunction of which may result in a direct threat to human life or create a risk of human injury (such
as a medical instrument, transportation equipment, aerospace machinery, nuclear-reactor controller, fuel-controller or other safety
device). LAPIS SEMICONDUCTOR shall bear no responsibility in any way for use of any of the Products for the above special
purposes. If a Product is intended to be used for any such special purpose, please contact a ROHM sales representative before
purchasing.

If you intend to export or ship overseas any Product or technology specified herein that may be controlled under the Foreign Exchange
and the Foreign Trade Law, you will be required to obtain a license or permit under the Law.

Copyright 2011-2012 LAPIS SEMICONDUCTOR CO., LTD.
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Preface

This manual describes the operation of the hardware of the 8-bit microcontroller
ML610Q380/ML610Q383/ML610Q384/ML610Q385.

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

Il nX-U8/100 Core Instruction Manual
Description on the basic architecture and the each instruction of the nx-U8/100 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.

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

B CCus8 Programming Guide
Description on the method of programming.

B CCuU8 Language Reference
Description on the language specifications.

B DTUS8 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 uUEASE.

B uEASE connection Manual for ML610QXXX
Description about the connection between UEASE and ML610QXXX

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
maga-, M 10°
kilo-, K 2°=1024
kilo-, k 10% = 1000
milli-, m 10°
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 Vq_ 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.

Emmmm e m oo Invalid bit: This bit reads “0” when read. Write to this bit is ignored.
Register name

1 1
! i ! .
! . . Fomoo A R R ~=-----5---- Bitname
. ! ! ! ! ! ! ! !
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 1 0 1

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

1.1 Features

Equipped with a 8-bit CPU nX-U8/100, the ML610Q380/383/384/385 is a high-performance 8-bit CMOQOS
microcontroller that integrates a wide variety of peripherals such as 12-bit A/D converter, timer, PWM, synchronous
serial port, UART, I°C bus interface (master), Battery level detect circuit, LCD driver, voice output function and
speaker amplifier. The nX-U8/100 CPU is capable of executing instructions efficiently on a
one-instruction-per-clock-pulse basis through parallel processing by the 3-stage pipelined architecture.

In addition, it has an on-chip debugging function, which allows software debugging/rewriting with the LSI mounted
on the board.

e CPU

— 8-bit RISC CPU (CPU name: nX-U8/100)

— 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 us (at 32.768kHz system clock)
Approx 0.122 pus (at 8.192MHz system clock) @ DVpp = 2.2 t0 5.5V

Internal memory
— Has 128-Kbyte flash ROM(64K x 16-bit) built in. (1K byte of test domain that it cannot be used is included)
— Has 2-Kbyte RAM (2048 x 8 bits) built in.
— Has maximum of 16-Mbit P2ROM (only ML610Q383/384/385)
P2ROM capacity: ML610Q383 (4M bit), ML610Q384 (8M bit), and ML610Q385 (16M bit)

Interrupt controller
— 2 non-maskable interrupt sources (Internal source: 1, External source: 1)
— 24 maskable interrupt sources (Internal source: 20, External source: 4)

Time base counter
— Low-speed time base counter x 1 channel
— High-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, and 8s)

Timers
— 8 bits x 6¢h (16-bit configuration available)

PWM
— Resolution 16 bits x 2 channel(IGBT control)
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Voice output function
— Voice synthesis method: 4-bit ADPCMZ2 / 8bit non-linear PCM / straight 8-bit PCM / straight 16-bit PCM
— Sampling frequency: 6.4/8/10.7/12.8/16/21.3/25.6/32 kHz

Speaker amplifier output power

- 0.6W(at5V)
— Thermal detection circuit
— Disconnection detection circuit

Synchronous serial port
— 2ch ( For ML610Q383/384/385, SSIO1 is used for P2ROM access inside a chip.)
— Master/slave selectable
— LSB first/MSB first selectable
— 8-hit length/16-bit length selectable

UART
— Half-duplex
TXD/RXD x 2 channels
Bit length, parity/no parity, odd parity/even parity, 1 stop bit /2 stop bits
Positive logic/negative logic selectable
Built-in baud rate generator

I°C bus interface
— Master function only
— Fast mode(400kbps@4MHz), Standard mode (100kbps@4MHz)

Successive approximation type A/D converter
— 10-bit A/D converter
— Input: 8ch (Maximum)
— Conversion time: 12.75 ps per channel

General-purpose ports 45 (Maximum)
— Non-maskable interrupt input port x 1ch
Input-only port x 6¢ch
Output-only port x 4ch (including secondary functions)
Input/output portx 18ch (including secondary functions)
Input/output portx 16ch (including selection of LCD)

LCD driver
— 96 dots maximum. (24 seg x 4 com), 1/1 to 1/4 duty
— Frame frequency selecable (approx. 64 Hz, 73 Hz, 85 Hz, and 102 Hz, 32Hz, 128Hz, 171Hz, 256Hz)
— LCD drive stop mode, LCD display mode, all LCDs on mode, and all LCDs off mode selectable

Battery level detect function
— Judgment voltages: One of 4 levels
— Judgment accuracy:  +2% (Typ.)

Reset
— Reset through the RESET_N pin
— Reset by the watchdog timer (WDT) overflow

Clock
— Low-speed clock:
Crystal oscillation (32.768 kHz), Built-in RC oscillation (32.7kHz)
— High-speed clock
Built-in PLL oscillation, Crystal / ceramic oscillation (BMHz), external clock
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e 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)

e Shipment
— 80-pin QFP (P-QFP80-1414-0.80-TK9-MC)
ML610Q380-xxxGA (blank product: ML610Q380-NNNGA)
ML610Q383-xxxGA (blank product: ML610Q383-NNNGA)
ML610Q384-xxxGA (blank product: ML610Q384-NNNGA)
ML610Q385-xxxGA (blank product: ML610Q385-NNNGA)
xxx: ROM code number

e Guaranteed operating range
— Operating temperature: —40°C to 70°C
— Operating voltage: DVpp = P5Vpp=2.2V t0 5.5V, SPVpp = 4.5V t0 5.5V, Vgeg= 4.5V to 5.5V
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1.2

121

Block Diagram of ML610Q380

Configuration of Functional Blocks

CPU (nX-U8/100) Large Model

EPSW1~3 GrReG | | _ELR1~3 | | ECSR1~3 |
PSW 0~15 || IR | | DSRICSR |
Timing ALU | EA | | pPC |
Controller A | Sp | Program
BUS Memory
Instruction Instruction Controller (Flash) Vep
On-Chip Decoder Register 128Kbyte
ICE
DVpp —
P5Veo ’ Data-bus
Vss
> ssio g SCKof, SCK]l.*l
e S|NO*', SIN1*
| 1
RESET_N RESET & > SOUTO*, SOUT1*"
TESTO —> TEST
TESTL N— zoiggﬂ
yte UART = RXDO*, RXD1*!
XTO —>| = TXDO*, TXD1*"
XTLe— oo
0SCo* clrc])tr?trrroulgr e=—b SDA*
1 2
OSC1* +— I“C <« SCL*!
LSCLK*! +—
OUTCLK*! +—
- P\WM4*!
PWM ey p\WMS*!
Voo «— POWER ™ PWA45EV0*'
.. [ PW45EV1*
8bit Timer
X6
e M|
| G—
SG «—{ VOICECNT P00 to PO3
AOUT < GPIO (e D10 to P11
P20 to P23
Y =+ P30 to P33
- P34 to P35
SPP < SPEAKER [e=—> DA0 to P43
SPM < AMP 4= P44 to P47
SG — = P50 t0 P53
SPIN —»! (+==>pCQ to PC7"
e=> D0 to PD72
Vop —>
VSS
Veer 10bit-ADC
| -
AINO t0 AIN3™ mmmp LcD > COMO to COM3
—
3 ] : SEGO to SEG7 _
AIN4 to AIN7 Driver s SEGS to SEG23?
LCD

*7:
*2:
*3:

Secondary or tertiary or fourthly function
1/0 port or LCD driver selectable
1/0 port or A/D converter input pin selectable

drive voltage

| C— Vle VLZv VL3

Figure 1-1 Block Diagram of ML610Q380
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Program
Memory
(Flash)

128Kbyte

SSIO

UART

I2C

PWM

1.2.2 Block Diagram of ML610Q383/384/385
CPU (nX-U8/100) Large Model
EPSW1~3| | Greg | | ELR1~3 | | ECSR1~3 |
PSW 0~15 || LR | | DSRICSR |
Timing ALU | EA | | PC |
Controller | Sp |
BUS
Instruction Instruction Controller
On-Chip Decoder Register
ICE
D\\ﬁDD > Data-bus
T
RESET_N—
- RESET &
TESTO—> TEST
TEST1_N— RAM
2048byte
XTO—>
XT1 +—
1 0oSsC
OSCOo* — Interrupt
0SC1* «— Controller
LSCLK*! +—
OUTCLK*! +—
Voo < POWER
VDDR < . .
8bit Timer
X6
SG «—— VOICECNT
AOUT «—
SPVpp ——
SPVss
spp’/__| SPEAKER
SPM «— AMP
SG ——
SPIN ——»
Vpp ——
Vss
VRer —»| 4
- 10bit-ADC
AINO to AIN3
AINA t0 AIN7 3 b
PVPP
—>

PSO

*! P50(SIN1)

P2ROM|PSCK__*" P51(SCK1)

PSI

*' P52(SOUT1)

ECSB

P53

*1:
*2:
*3:

*4: For P2ZROM

GPIO

Secondary or tertiary or fourthly function
1/0 port or LCD driver selectable
1/0 port or A/D converter input pin selectable

GPIO

= SCKO*!, SCK1**
e SINO*', SIN1**
— SOUTO*. SOUT1**

4 RXDO*!, RXD1**
> TXDO*, TXD1*

ey SDA
|y SCL**

et PVWM 4!
— P\WM5*!

- PW45EVO0*
<= PWA45EV1*

e NMI

[@=== P00 to PO3
(e P10 to P11

P20 to P23
4= P30 to P33

P34 to P35

= D40 to P43
e=> P44 to P47

== PCQ to PC7"?
== PD0 to PD7"*

LCD
Driver

= COMO to COM3

> SEGO to SEG7 _
> SEGS8 to SEG23”

1

LCD
drive voltage

[ C— VLly VLZ; VL3

Figure 1-2 Block Diagram of ML610Q383/384/385
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1.3 Pins

1.3.1 Pin Layout of ML610Q380 QFP Package

M AN +d OO0 oM~ OIS M N
AN AN AN ANA A A A A
z OOOOOO0O OO0 VO
n Qo < o W W W Www W Www W
88,5 pp_Leoobobsdbny
EEEOO&&EDDDEDDDDBUOS
NN EFEFRFFZooooooao aooo oo
OO OMNOULTMHANTAOODON O SOMN A
[(oluToluToRuToRuTo RN To RN To RN To RN ToRNTo RN Vo S RS MR SR SR A S IS R VR
SPM 1] |61 40 | 11 PC3/SEG11
SPP 1|62 39 | 1 PC2/SEG10
P20/LEDO 1] |63 38 | [T PC1/SEG9
P21/LED1 —1—] |64 37 | 1 PCO/SEG8
P22/LED2 1] |65 36 | [T SEG7
P23/LED3 1] |66 35 | 3 SEG6
VSS 1] |67 34 | 13 SEG5
P50 1] (68 33 | 11 SEG4
P53 —1— |69 32 | 11 SEG3
(NC) ——{ |70 31 | == SEG2
P5VDD 1 (71 30 | 13 SEG1
POO/INTO 1— |72 29 | 13 SEGO
POL/INT1 1|73 28 | == como
PO2/INT2 1 |74 27 | 1 coM1
PO3/INT3 1| |75 26 | 1 COM2
VREF T |76 25 | [T COM3
P30/AINO 11— |77 24 | 13 VL3
P31/AINL —— |78 @ 23 | == vz
P32/AIN2 —— |79 22 | [ vt
P33/AIN3 —T—] |80 21 | =3 P52
HNetoere22dNTT 85338
S LWONIFOL IO ZOAJOAAL O AA
zzz 2z [l alNa) [1%] OEEQdOO0OW
S223335028% H>30XxxX3ggq0
SbhercaagIsesn ° 22
aaaa S 8 Yo AN

(NC) :No Connection
Figure 1-3 Pin Layout of ML610Q380 Package
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1.3.2 Pin Layout of ML610Q383/384/385 QFP Package

M N4 OO0 0N~ OIS M N

AN AN N ANA A A A A A A A

P4 [VNOVNOEONOVEONOEUVNONONONG]

n QO - o W W Www W W Www W
WO E EEFE QOO OOOOOHONDDAD
>>Z2 NN =NOCWITHB AT SONOC NI
aaa00Www=0000000 Q00000
nonnn<<mHrFFZAoaooaoaoaaoaoaoaoaoaoa
COON~NOUMITMNANAODONOT®ON A
CLLLLLLLLLLISIIIIITIT S S <

SPM 1] |61 40 | 11 PC3/SEG11

39 | T PC2/SEG10
38 | 11 PCL/SEG9
37 | =1 PCO/SEG8

SPP 1 (62
P20/LEDO —1—] |63
P21/LED1 T |64

O
O

P22/LED2 1| |65 36 | [T SEG7
P23/LED3 T |66 35 | [T SEG6
VSS 1 |67 34 | =T SEG5
TESTO0 T |68 33 | [T SEG4
TESTO3 1|69 32 | 13 SEG3
PVPP T |70 31 | [ SEG2
VDDR T |71 30 | =2 SEG1
POO/INTO —T— |72 29 | =T SEGO
POL/INTL 1|73 28 | [T como
PO2/INT2 T |74 27 | == com1
PO3/INT3 ] |75 26 | =1 com2
VREF 1|76 25 | == com3
P30/AINO T |77 24 | =T VL3
P3L/AINL —T— |78 @ 23 | T VL2
P32/AIN2 —— |79 22 | == vt
P33/AIN3 ——] |80 21 | [T TESTO2
dNmsworoeIdy33I88583R
S LWONIFOL IO ZOA JO A O o
222:2::5398 %23Rkeggp
Sbercoagglis gy D> oon
S SfsfIsaadou SdF
oo ia Y

(NC) :No Connection
Figure 1-4 Pin Layout of ML610Q383/384/385 Package
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1.3.3 List of Pins

Table 1-1 lists the pins of the ML610Q380/ML610Q383/384/385.
In the 1/O column, “—" denotes a power supply pin (for primary functions only), “I”” an input pin, “O” an output pin,
and “1/0” an input/output pin.

Table 1-1 (1/4) List of Pins

PAD Primary function Secondary function Tertiary function

No Pin name 110 Description Pin name | 1/0 Description nZLqe 1/0 Description
12,67 Vss — | Negative power supply pin — — — — — _

13 DVop — | Positive power supply pin _ _ _ _ > —

14 VooL — | Positive power supply pin — — _ - _ _

Negative power supply pin

60 SPVss | for built-in speaker amplifier — _ K -3 — -
Positive power supply pin
59 SPVoo | for built-in speaker amplifier — — — - - -
Power supply pin for Flash
17 Vpp+ — | ROM — — p— _ _ —
P5Vpp ! | Power supply pin for P50 to o o . B - o
n P53
Virne? Power supply pin for SIO
POR — | port for P2ROM — — — — — —
. High voltage power supply
70 PVPP? — | pin for the data writing to — 9 — — _ _
built-in P2ROM
2 Vi L quer supply pin for LCD | A L L L L
driver
23 Vi . Pc_)wer supply pin for LCD Q - . . . .
driver
2 Vis L quer supply pin for LCD 4 L _\ L L L
driver
54 TESTO I/O | Input/output pin for testing — — h_ — — _
55 TEST1_N I/0 | Input/output pin for testing — — - — — _
11 RESET_N | Reset input pin — — 3 — — _
15 XT0 | Ig%w—speed clock oscillation
16 XT1 o IK;icr:w-speed clock oscillation
57 AOUT O | LINE output — — — — _ _
58 SPIN | Analog input to the built-in - - . . - .

speaker amplifier

Reference power
56 SG O | supply pin of the built-in - — — — — _
speaker amplifier

Positive output pin of the

62 SPP (¢} P v — — — _ — —
built-in speaker amplifier

61 SPM o Negthe output pin o_f‘the o o o o o o
built-in speaker amplifier
Reference power supply
pin of the

138 Vrer | Successive-approximation - - - - - -
type ADC
Input port,

NMI ! non-maskable interrupt _ _ _ _ _ _
Input port /

72 E&%Eé{% | External interrupt / — — — — — —
PWA45EV0 input

73 | Powexin | 1 | Imputport/ - = — - | = —
External interrupt
Input port /

74 POZ}_\{I)E()SIOZ/ | External interrupt / — — — — — —
UARTO data input
Input port /

PO3/EXI3/ h
75 RXD1 | External interrupt / — — — — — —

UART1 data input
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Table 1-1 (2/4) List of Pins

PAD Primary function Secondary function Tertiary function
No Pin name 1/0 Description Pin name I/0 Description Pin name 110 Description
18 P10 I | Input port 0OSsco | High-speed — — —
oscillation
19 P11 I | Input port 0sc1 0 High-speed _ _ _
oscillation
63 P20/LEDO O | Output port / LED drive LSCLK o Low-speed — _ _
clock output
64 P2ULED1 | O | Outputport/LEDdrive | OUTCLK | O high-speed _ _ _
clock output
65 P22/LED2 O | Output port / LED drive — — — TMOOUT O | Timer9 OUT
66 P23/LED3 O | Output port / LED drive — — — TMBOUT O | TimerB OUT
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Table 1-1 (3/4) List of Pins

e Primary function Secondary function Tertiary function Fourthly function
No | Pin name 1/0 Description Pin I/O | Description Pin 1/0 Description Pin /0 | Description
name name name
Input/output port /
P30/ PWA45EV1 input
77 PW45EV1/ | 1/0O | Successive-appro | — — | — — — | — — N
AINO ximation type
ADC input
Input/output port /
Successive-appro
78 P31/AIN1 /0 ximation type — — | — — — | — — — | —
ADC input
Input/output port /
Successive-appro
79 P32/AIN2 /0 ximation type — — | — — — | — — — | —
ADC input
Input/output port /
Successive-appro
80 P33/AIN3 /0 ximation type — — | — — — | — — — | —
ADC input
5 P34 110 Input/output port — — | — PWM4 O PWM4 output | — — | —
6 P35 /O | Input/output port — — | — PWM5 (@) PWMS5 output | — — | —
I°C data SSIO0 data
7 P40 /0 | Input/output port SDA | IO input/output SINO | input — — | —
I°’C  clock SSI00
8 P41 /O | Input/output port SCL /O | . SCKO 1/0O | synchronous - — | —
input/output clock
RXD UARTO SSIO0 data
9 P42 /0 | Input/output port 0 | data input SOUT0 | O output = — | —
UARTO UART1
10 P43 /0 | Input/output port TXDO | O data output PWM4 (@] PWM4 output | TXD1 O dataoutput
P44/
1 | Topacks/ | WO | Inputioutput port | — - | N SINO I is:ft’o data f — | =
AIN4 P
Input/output port /
Timer input /
P45 PMW4 external SSI00
2 T1P5CK/ | I/O clock input / — — | — SCKO /0 | synchronous | — — | —
AIN5 Successive-appro clock
ximation
type ADC input
Input/output port /
Timerl external
pas/ clock input /
PMWS5 external SSIO0 data
3 T/'BMA,\‘CGK o clock input / - QU SOuUTo | © output - T
Successive-appro
ximation
type ADC input
Input/output port /
P47/ l'llgz:le(rifsn,ﬁu?;(ternal
4 'DiIIB'\(l:?K /10 Successive-appro | — — | — PWM5 | O PWMS5 output | — — | —
ximation
type ADC input
P50~ SSI01  data
68 TESTOO0? /O | Input/output port — — | — SIN1 | input — — | —
P51 SSlo1
20 TESTO1? /0 | Input/output port — — | — SCK1 110 (sj):)ncckhronous — — | —
P52 RXD UART1data SSIO1 data
21 TESTO2? /O | Input/output port 1 | input SOUT1 | O output — — | —
P53~ UART1data UARTO
69 TESTO3? /0 | Input/output port TXD1 | O output — — | — TXDO O dataoutput
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Table 1-1 (4/4) List of Pins

PAD Primary function Secondary function Tertiary function
No. | Pin name [ I/0 Function Pin name | 1/O Function Pin name 1/0 Function
28 COMO O | LCD common pin — — — — —
27 COM1 O | LCD common pin — — — _ _
26 COM2 O | LCD common pin — — — — _
25 COM3 O | LCD common pin — — — — —
29 SEGO O | LCD segment pin — — — — —
30 SEG1 O | LCD segment pin — — — _ _
31 SEG2 O | LCD segment pin — — — A A
32 SEG3 O | LCD segment pin — — — a —_
33 SEG4 O | LCD segment pin — — — _ _
34 SEG5 O | LCD segment pin — — — h o _
35 SEG6 O | LCD segment pin — — — — —_
36 SEG7 O | LCD segment pin — — — — —_
37 PCO 1/0 | Input/output port SEGS8 O LCD segment pin — —
38 PC1 1/0 | Input/output port SEG9 O LCD segment pin — —
39 PC2 1/0 | Input/output port SEG10 o LCD segment pin — —
40 PC3 1/0 | Input/output port SEG11 O LCD segment pin — —
41 PC4 1/0 | Input/output port SEG12 O LCD segment pin — —
42 PC5 1/0 | Input/output port SEG13 (@) LCD segment pin — —
43 PC6 1/0 | Input/output port SEG14 (0] LCD segment pin o —
44 PC7 1/0 | Input/output port SEG15 O LCD segment pin — —
45 PDO 1/0 | Input/output port SEG16 O LCD segment pin — —
46 PD1 1/0 | Input/output port SEG17 O LCD segment pin — —
47 PD2 1/0 | Input/output port SEG18 o LCD segment pin — —
48 PD3 1/0 | Input/output port SEG19 O LCD segment pin — —
49 PD4 1/0 | Input/output port SEG20 O LCD segment pin — —
50 PD5 1/0 | Input/output port SEG21 O LCD segment pin — —
51 PD6 1/0 | Input/output port SEG22 (0] LCD segment pin — —
52 PD7 1/0 | Input/output port SEG23 O LCD segment pin — —

*1 : for ML610Q380, *2 : for ML610Q383/384/385
Supplement for ML610Q383/384/385 (ML610Q380 does not correspond)

P50 to P53 are connected with built-in P2ROM inside the chip, and each function of these exists.

(External pin names are TESTOO0-TESTO3. Set these pins open.)
The contents of connection with P2ROM are shown below.

The pins of built-in P2ROM

Explanation

Serial-data output

PSO connected with P50/SIN1 (Tertiary functional) inside.
PSCK Serial-data output _ _ o
connected with P51/SCK1 (Tertiary functional) inside
PSI Serial-data ir_]put _ _ o
connected with P52/SOUT1 (Tertiary functional) inside
PCSB Chip select input

connected with P53 (Primary functional) inside
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1.34 Pin Description

Table 1-2 shows the pin description.
In the 1/0 column, “—" denotes an input pin, “I”" an input pin, “O” an output pin, and “I/O” an input/output pin.

Table 1-2 (1/4) Pin Description

) L Primary/ .
Pin name I/O Description Logic
Secondary
Power supply
Vss — |Negative power supply pin . —
DVpp — | Positive power supply pin 4 —
VppL — | Positive power supply pin for internal logic (internally generated)
Connect capacitors (C,) (see Measuring Circuit 1) between this pin and — —
P5Vpp — | Positive power supply pin for the port 5 for ML610Q380.
In case of connecting a SPI memory outside, supply the power supply of a — —
SPI memory. Supply the voltage of the same level as DVpp except it.
VDR Positive power supply pin for built-in P2ROM for ML610Q383/384/385. — —
PVPP — |High-voltage power supply pin for the data writing to built-in P2ROM.
Fix to a Vs level except data writing.
SPVss — |Negative power supply pin for built-in speaker amplifier — —
SPVpp — | Positive power supply pin for built-in speaker amplifier — —
Vppr — | Power supply pin for flash ROMs — —
\/ — | Power supply pin for LCD drivers. — —
Vi, — | Power supply pin for LCD drivers. — —
Vi3 — | Power supply pin for LCD drivers. — —
Test
TESTO I/0 |Input/output pin for testing. Has a pull-down resistor built in. — Positive
TEST1 N | {Input pin for testing. Has a pull-up resistor built in. — Negative
System
RESET_N | |Reset input pin. When this pin is set to a “L” level, the device is placed in
system reset mode and the internal circuit is initialized. If after that this pin .
. . Y L — Negative
is set to a “H” level, program execution starts. This pin has a pull-up
resistor built in.
XTO | |Crystal connection pin for low-speed clock. A 32.768 kHz crystal oscillator (see _ Positive
measuring circuit 1) is connected to this pin. Capacitors CDL and CGL are connected :
XT1 O |across this pin and VSS as required. — Negative
0SCo | |External input pin for high-speed clock. This function is allocated to the Secondary —
0sC1 o secondary function of the P10 pin. Secondary N
LSCLK O |Low-speed clock output. This function is allocated to the secondary function —
: Secondary
of the P20 pin.
OUTCLK O |High-speed clock output. This function is allocated to the secondary —
. ) Secondary
function of the P21 pin.
General-purpose input port
P00 to P03 | [General-purpose input ports. . .
Primary | Positive
P10 to P11 I
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Table 1-2 (2/4) Pin Description

Primary/
: - Secondary/ )
Pin name I/0 Description . Logic
Tertiary/
Fourthly
General-output input port
P20 to P23 O |General-purpose output ports.
Provided with a secondary function for each port. Cannot be used as ports Primary | Positive
if their secondary functions are used.
General-purpose input/output port
P30 to P35 I/0 |General-purpose input/output ports.
P40 to P47 |/o |Provided with a secondary function for each port. Cannot be used as ports Primary | Positive
P50 t0 P53 /0 if their secondary functions are used.
PCO to PC7 1/0 |General-purpose input/output ports.
PDOto PD7 | I/0O |Provided with a segment output function for each port. Cannot be used as Primary | Positive
ports if their secondary functions are used.
UART
TXDO O |UARTO data outp_ut pin. AIIocgted to the secondary function of the P43 pin Secondary | Positive
and fourthly function of P53 pin.
RXDO I |UARTO data input pin. Allocated to the primary function of the P02 pin and | Secondary -
. . Positive
the secondary function of the P42 pin.
TXD1 O |UART1 data output pin. Allocated to the secondary function of the P53 pin | Secondary -
: . Positive
and fourthly function of P53 pin.
RXD1 I |UARTL1 data input pin. Allocated to the primary function of the PO3 pin and | Secondary -
. . Positive
the secondary function of the P52 pin.
I°C bus interface
SDA I/0 |I*C data input/output pin. This pin is used as the secondary function of the Secondary
P40 pin. This pin has an NMOS open drain output. When using this pin as a Positive
function of the I°C, externally connect a pull-up resistor.
SCL I/0 |I*C clock output pin. This pin is used as the secondary function of the P41 Secondary
pin. This pin has an NMOS open drain output. When using this pin as a Positive
function of the I°C, externally connect a pull-up resistor.
Synchronous serial (SSIO)
SINO I Synch_ronous serla_l data input pin. Allocated to the tertiary function of the Tertiary | Positive
P40 pin and P44 pin.
SCKO 1/0 |Synchronous serial clock input/output pin. Allocated to the tertiary function Tertiar
of the P41and P45 pins. y -
SOUTO O |Synchronous sgrlal data output pin. Allocated to the tertiary function of the Tertiary | Positive
P42 and P46 pins.
SIN1 I Synch_ronous serial data input pin. Allocated to the tertiary function of the Tertiary | Positive
P50 pin.
SCK1 1/0 |Synchronous serial clock input/output pin. Allocated to the tertiary function Tertiar
of the P51 and P55 pins. y -
SOuUT1 (0] Synch_ronous serial data output pin. Allocated to the tertiary function of the Tertiary | Positive
P52 pins.
PWM
PWM4 O |PWM4 output pin. Allocated to the tertiary function of the P34 and P43 pins.| Tertiary Positive
PWM5 O |PWMS output pin. Allocated to the tertiary function of the P35 and P47 pins.| Tertiary Positive

Table 1-2 (3/4) Pin Description
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Primary/
. . Secondary/ .
Pin name /O |Description . Logic
Tertiary/
Fourthly
TOP4CK | |Timer0, PWM4 external clock input pin. Allocated to the primary function of .
. Primary —
the P44 pin.
T1P5CK | |Timerl, PWM4 external clock input pin. Allocated to the primary function of .
. Primary —
the P45 pin.
PW45EV0 | Input pin that controls PWM4 and PWM5.(Start / Stop / Clear) Brinar
PW45EV1 Allocated to the primary function of the POO and P30 pins. y o
External interrupt
NMI | |External non-maskable interrupt input pin. The interrupt occurs on both the . Positive/
L . Primary .
rising and falling edges. Negative
EXIO-EXI3 | |External maskable interrupt input pins. It is possible, for each bit, to specify -
- : : . Positive/
whether the interrupt is enabled and select the interrupt edge by software. Primary Negative
Allocated to the primary function of the PO0—P03 pins. g
Timer
TOP4CK | |External clock input pin for Timer0, PWMA4. Allocated to the primary function .
- Primary —
of the P44 pin.
T1P5CK | |External clock input pin for Timerl, PWMS5. Allocated to the primary function .
- Primary —
of the P45 pin.
T8ACK | [External clock input pin for Timer8, TimerA. Allocated to the primary .
; ; Primary —
function of the P46 pin.
T9BCK | [External clock input pin for Timer9, TimerB. Allocated to the primary .
; ; Primary —
function of the P47 pin.
TMOOUT | | Timer9 output pin. Allocated to the tertiary function of the P22 pin. Tertiary | Positive
TMBOUT | | TimerB output pin. Allocated to the tertiary function of the P23 pin. Tertiary | Positive
LED drive
LEDO-LED3 O |Pins for LED driving. Allocated to the primary function of the P20—P23 pins. . Positive/
Primary .
Negative
Voice output function
AOUT O |LINE output pin. _ —
The case of built-in speaker amplifier use, connect to the SPIN pin.
SPIN | [Analog input pin of the internal speaker amplifier. — —
SG O |Reference voltage output pin of the internal speaker amplifier. — —
SPP O |Positive output pin of the internal speaker amplifier. — —
SPM O |Negative output pin of the internal speaker amplifier. — —
Successive-approximation type A/D converter
VREr — |Reference power supply pin for the successive-approximation type A/D — —
converter.
AINO-AIN7 | |Analog inputs to ChO—-Ch7 of the successive-approximation type A/D — —
converter.
Allocated to the primary function of the P30—P33 pins and P44—P47 pins.
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Table 1-2 (4/4) Pin Description

Pin name

110

Description

Primary/
Secondary/
Tertiary/
Fourthly

Logic

LCD driving signal

COMO to O |[Common pin of a LCD driver. — —
COM3

SEGO to O |Segment pin of a LCD driver. o _
SEG7

SEG8 to O |Segment pin of a LCD driver. — —
SEG23 Allocated to the primary function of the PCO—PC7 pins and PDO-PD?7 pins.
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1.3.5 Termination of Unused Pins

Table 1-3 shows the recommended termination of unused pins.

Table 1-3 Termination of Unused Pins

Pin Recommended pin termination

VPP Open
RESET_N Open
TESTO Open
TEST1_N Open

VREF Connect to DVpp
SPVpp Connect to DVpp
SPVsg Connect to DVgg
P5Vpp Connect to DVpp
AOUT Open

SPIN Open

SG Open

SPP Open

SPM Open

P00 to P03 Connect DVDD or VSS
P10 to P11 Connect DVpp 0r Vsg
P20 to P23 Open

P30 to P33 (AINO to 3) Open

P34 to P35 Open

P40 to P43 Open

P44 to P47 (AIN4to 7) Open

P50 to P53 Open

COMO to 3 Open
SEGOto 7 Open

PCO to PC7 (SEG8 to 15) Open

PDO to PD7 (SEG16 to 23) Open

Note:
*1 Only for ML610Q380

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.




Chapter 2
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2. CPU and Memory Space

2.1 Overview

This LSI incorporates 8-bit CPU nX-U8/100, and a LARGE model is selected for the memory model.
For details of the CPU nX-U8/100, refer to the “nX-U8/100 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 16-bit program counter (PC).

The ROM window area contains data having 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 2 segment and has a total capacity of 128 Kbytes (64 Kwords).

Figure 2-1 shows the configuration of the program memory space.

Segment O Segment 1
CSR:PC  0:0000H~OFFFFH CSR:PC 1:0000H~O0FFFFH
0:0FFFFH 1:0FFFFH
Test data area
0:0FCOOH
0:0FBFFH
Program code
or P d
ROM window area rogra:)rr code
ROM window area
0:0100H
0:00FFH
Vector table area,
program code,
or
ROM window area
0:0000H 1:0000H

8bit 8bit

Figure 2-1 Configuration of Program Memory Space

Notes:

e The 1K-byte (512-word) test data area (0:FCOOH to 0:FFFFH) of Segment 0 cannot be used as a program code area.
Out of the test data area, the area 0:FCOOH to 0:FDFFH is writable and erasable and the area 0:FEOOH to O:FFFFH is
disabled for both write and read. Always write “OFFH” to the test data area 0:FCOOH to O:FDFFH for write.
Operation is not guaranteed if the state where it does not write in or any other value than “OFFH” is written.

o Set “OFFH” data (BRK instruction) in the unused area of the program memory space for fail-safe reasons.

2-1
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2.3 Data Memory Space

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

The data memory stores 8-bit data and is specified by 20 bits consisting of higher 4 bits as DSR and lower 16 bits as
addressing specified by instructions.

Figure 2-2 shows the configuration of the data memory space.

DSR:data add Segment 0 Segment 1
0:0FFFFH 1:0FFFFH
SFR area
0:0FO00H
0:0EFFFH
Unused area
0:0E800H
0:0E7FFH RAM area
0:0E000H 2Kbyte
ROM reference
area
ROM Window area
0:0000H 1:0000H
8hbit 8hit
Segment 8 Segment 9
8:0FFFFH 9:0FFFFH
Test data area
8:0FCOO0H

ROM reference

ROM reference area
area
8:0000H 9:0000H
8bit 8bit

Figure 2-2 Configuration of Data Memory Space

Notes:

o The contents of the 2-Kbyte RAM area are undefined at system reset. Initialize this area by software.

e The contents of the segment 0 of program memory space are read from the ROM reference area of a segment 8.
o The contents of the segment 1 of program memory space are read from the ROM reference area of a segment 9.
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2.4  Instruction Length

One instruction has a length of 16 bits.

2.5 Data Type

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

2.6.1 List of Registers

Address Name Symbol (Byte) | Symbol (Word) | RW | Size \'/':ltl'i
OFO00H Data segment register DSR — R/W 8 00H
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2.6.2 Data Segment Register (DSR)

Address: 0FO00H
Access: RIW

Access size: 8 bits
Initial value: OOH

7 6 5 4 3 2 1 0
DSR — — — — DSR3 DSR2 DSR1 DSRO
R/W R R R R 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) used to retain a data segment. For details of DSR, refer to the “nX-U8/100
Core Instruction Manual”.

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

DSR3 DSR2 DSR1 DSRO Description
0 0 0 0 Data segment O (initial value)
0 0 0 1 Data segment 1
0 0 1 0
0 0 1 1
0 1 0 0 . o

Setting prohibited
0 1 0 1
0 1 1 0
0 1 1 !
1 0 0 0 Data segment 8
1 0 0 1 Data segment 9
1 0 1 0
1 0 1 1
1 1 0 0 i )\
Setting prohibited
1 1 0 1
1 1 1 0
1 1 1 1
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3 Reset Function

3.1 Overview

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

Reset by the RESET_N pin
Reset by the 2™ watchdog timer (WDT) overflow
Software reset by execution of the BRK instruction

3.1.1 Features

The RESER_N pin has an internal pull-up resistor

125 ms, 500m sec, 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.

_D RESET

WDT Reset }7 l
RSTAT Data bus

RSTAT :Reset status register
Figure 3-1 Configuration of Reset Generation Circuit

3.1.3 List of Pin

Pin name 110 Description
RESET_N | Reset input pin

3-1
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3.2 Description of Registers

3.2.1 List of Registers

Address Name Symbol (Byte) Symbol (Word) R/W Size Initial value
OFO001H Reset status register RSTAT - R/W 8 —

3.2.2 Reset Status Register (RSTAT)

Address:0F001H
Access: R/W

Access size: 8 bits
Initial value : Undefined

7 6 5 4 3 2 1 0

RSTAT — — — — — WDTR — —
R/W R R R R R R/W R

Initial value 0 0 0 0 0 0 0 X

RSTAT is a special function register (SFR) that indicates the causes by which the reset is generated.
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 contents of

RSTAT to “00H".

[Description of Bits]

e WDTR (bit 2)
The WDTR 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

Note:
No flag is provided that indicates the occurrence of reset by the RESET_N pin.

3-2



ML610Q380/ML610Q383/ML610Q384/ML610Q385 User’s Manual
Chapter 3 Reset Function

3.3 Description of Operation

3.3.1 Operation of System Reset Mode

System reset has the highest priority among all the processings and any other processing being executed up to then is cancelled.
The system reset mode is set by any of the following causes.

e Reset by the RESET_N pin
o Reset by watchdog timer (WDT) overflow
e Software reset by the BRK instruction (only the CPU is reset)

In system reset mode, the following processing is performed.

(1) The power circuit is initialized, but not initialized by the reset by the BRK instruction execution. For the details of the
power circuit, refer to Chapter 28, “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.

o 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).

e The contents of addresses 0002H and 0003H in the program memory are set to the program counter (PC). However,
when the interrupt level (ELEEVL) 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-U8/100 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.

3-3
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4. MCU Control Function

4.1  Overview
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 system reset mode, see Chapter 3, “Reset Function”.
This LSI has a block control function which can reduce the supply current more by shut the operation(reset the register
and stop the clock) of the unused function.

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 shut the unused operation(reset the register and stop the clock) of the function.

41.2 Configuration

Figure 4-1 shows an operating state transition diagram.

Release of reset

Power on

—

System reset
mode

Program
run mode

Reset or BRK
instruction

geset Interrupt

External interrupt

STOP mode HALT mode

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

421 List of Registers

Address Name Symbol (Byte) Symbol (Word) R/W Size \I/r:ltlljael
OFO008H Stop code acceptor STPACP — W 8 —

OF009H Standby control register SBYCON — W 8 00H
0F028H Block control register O BLKCONO — R/W 8 00H
OF02AH Block control register 2 BLKCON2 — R/W 8 00H
OF02BH Block control register 3 BLKCON3 — R/W 8 00H
OF02CH Block control register 4 BLKCON4 — R/W 8 00H
OF02EH Block control register 6 BLKCONG — R/W 8 00H
OF02FH Block control register 7 BLKCON7 — R/W 8 00H
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422 Stop Code Acceptor (STPACP)

Address: 0FO08H

Access: W

Access size: 8 bits

Initial value: — (Undefined)

7 6 5 4 3 2 1 0
STPACP — — — — _ _ _ _
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”(n: an arbitrary value) and “0AnH”(n: an arbitrary value), 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 “0AnH”, the stop code acceptor is enabled after “OAnH” is written. However, if data other than “0OAnH” is
written to STPACP after “5nH” is written, the “5nH” write processing becomes invalid so that data must be written
again starting from “5nH”.

During a system reset, the stop code acceptor is disabled.

Note:
The stop code acceptor is not enabled on the condition of that both any interrupt enable flag and the corresponding
interrupt request flag are “1”(An interrupt request occurrence with resetting MIE flag will have the condition).




ML610Q380/ML610Q383/ML610Q384/ML610Q385 User’s Manual
Chapter 4 MCU Control Function

4.2.3 Standby Control Register (SBYCON)

Address: 0FO09H
Access: W

Access size: 8 bits
Initial value: OOH

7 6 5 4 3 2 1 0

SBYCON — — — — — — STP HLT
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 operating mode of MCU.

[Description of Bits]

e STP (bit 1)
The STP bit is used for setting the STOP mode. When the STP bit is set to “1” with the stop code adapter enabled
by using STPACP, the mode is changed to the STOP mode. When the NMI interrupt request or the P02—-P05
interrupt request enabled by the interrupt enable register 1 (IE1) is issued, the STP bit is set to “0” and the LSI
returns to the program run mode.

e HLT (bit0)
The HALT bit is used for setting a HALT mode. When the HALT bit is set to “1”, the mode is changed to the
HALT mode. When the NMI interrupt request, WDT interrupt request, or enabled (the interrupt enable flag is “1”)
interrupt request is issued, the HALT bit is set to “0” and the mode is returned to program run mode.

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

Note:

The mode can not be changed to HALT mode or STOP mode on the condition of that both any interrupt enable flag
and the corresponding interrupt request flag are “1”(An interrupt request occurrence with resetting MIE flag will have
the condition).

When a maskable interrupt source (interrupt with enable bit) occurs while the MIE flag of the program status word
(PSW) in the nX-UB8/100 core is “0”, the STOP mode and the HALT mode are simply released and interrupt processing
is not performed. Refer to the “nX-U8/100 Core Instruction Manual” for details of PSW.
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424 Block Control Register 0 (BLKCONO)

Address: 0F028H
Access: RIW

Access size: 8 bits
Initial value: OOH

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

BLKCONQO is a special function register (SFR) that controls the operation of the relevant block.

[Description of Bits]
e DTM1 (bit1)
DTM1 controls the timer 1 operation.

DTM1 Description
0 Enables Timer 1 operation (initial value).
1 Disables Timer 1 operation.

¢ DTMO (bit 0)
DTMO controls the timer 0 operation.

DTMO Description
0 Enables Timer 0 operation (initial value).
1 Disables Timer O operation.

Note:

o If the appropriate bit is set to “1” (operation disabled), the relevant block will be reset (all registers are initialized),
and the clock of the relevant block will stop. When this bit is set to "1", the writing to all the registers of the relevant
block will be invalid, an initial value is read when a register is read. To use the function of the relevant block, reset
(enable operation) the appropriate bit of the block control register to “0”.

o Refer to Chapter 8, “Timers” for details of the timer operation.
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425 Block Control Register 2 (BLKCON2)

Address: 0F02AH
Access: RIW

Access size: 8 bits
Initial value: OOH

7 6 5 4 3 2 1 0
BLKCON2 DI2CO — — — DUA1 DUAO DSIO1 DSIOO0
R/W R/W R R R R/W R/W R/W R/W
Initial value 0 0 0 0 0 0 0 0

BLKCONZ2 is a special function register (SFR) that controls the operation of the relevant block.

[Description of Bits]
e DI2CO (bit 7)
DI2CO controls the operation of 1°C bus interface.

DUA2 Description
0 Enables the operation of I°C bus interface (initial value).
1 Disables the operation of I°C bus interface.

o DUAL1 (bit 3)
DUAL controls the operation of UART1.

DUA1 Description
0 Enables the operation of UART1(initial value).
1 Disables the operation of UART1.

e DUAO (hit2)
DUAO controls the operation of UARTO.

DUAO Description
0 Enables the operation of UARTO(initial value).
1 Disables the operation of UARTO.

e DSIOL1 (bit1)
DSIO1 controls the operation of the synchronous serial port 0.

DSIO1 Description
0 Enables the operation of SSIO1 (initial value).
1 Disables the operation of SSIO1.

e DSIOO0 (bit 0)
DSIOO0 controls the operation of the synchronous serial port 0.

DSIO0 Description
0 Enables the operation of SSIOO (initial value).
1 Disables the operation of SSIOO.
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Note:

o If the appropriate bit is set to “1” (operation disabled), the relevant block will be reset (all registers are initialized),
and the clock of the relevant block will stop. When this bit is set to "1", the writing to all the registers of the relevant
block will be invalid, an initial value is read when a register is read. To use the function of the relevant block, reset
(enable operation) the appropriate bit of the block control register to “0”.

o Refer to Chapter 13, “I°C bus interface” for details of the 1°C bus interface operation.

o Refer to Chapter 12, “UART” for details of the UART operation.

o Refer to Chapter 11, “Synchronous Serial Port” for details of the SSIO operation.
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4.2.6 Block Control Register 3 (BLKCON3)

Address: 0F02BH
Access: RIW

Access size: 8 bits
Initial value: OOH

7 6 5 4 3 2 1 0
BLKCON3 — — — DVCO — — _ _
R/W R R R R/W R R R R
Initial value 0 0 0 0 0 0 0 0

BLKCONS3 is a special function register (SFR) that controls the operation of the relevant block.

[Description of Bits]
o DVCO (bit 4)
DVCO controls audio playback operation.

DVCO Description
0 Enables audio playback (initial value).
1 Disables audio playback.

Note:

o If the appropriate bit is set to “1” (operation disabled), the relevant block will be reset (all registers are initialized),
and the clock of the relevant block will stop. When this bit is set to 1", the writing to all the registers of the relevant
block will be invalid, an initial value is read when a register is read. To use the function of the relevant block, reset
(enable operation) the appropriate bit of the block control register to “0”.

e DVCO hecomes a bit which controls starting of the power supply for built-in P2ROM in ML610Q383/384/385.

In that case, once set the applicable flag of this block control register to “1”(disable), and reset it to “0”(enable), and
start audio playback operation.

o Refer to Chapter 25 “Audio Playback Function” for details of the audio playback operation.
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4.2.7 Block Control Register 4 (BLKCON4)

Address: 0FO2CH
Access: RIW

Access size: 8 bits
Initial value: OOH

7 6 5 4 3 2 1 0
BLKCON4 — DLCD DBLD — — — — DSAD
R/W R R/W R/W R R R R R/W
Initial value 0 0 0 0 0 0 0 0

BLKCONA4 is a special function register (SFR) that controls the operation of the relevant block.

[Description of Bits]
e DLCD (bit 6)
DLCD controls the operation of the LCD driver.

DLCD Description
0 Enable the operation of the LCD driver (initial value).
1 Disable the operation of the LCD driver.

e DBLD (hit5)
The DBLD bit is used to control BLD (Battery Level Detector) operation. When the DBLD bit is set to “1”, the
circuits related to BLD are reset and turned off.

DBLD Description
0 Enable the operation of the BLD (initial value).
1 Disable the operation of the BLD.

e DSAD (bit 0)
The DSAD bit is used to control SA type A/D converter operation. When the DSAD bit is set to “1”, the circuits
related to SA type A/D converter are reset and turned off.

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

Note:

o If the appropriate bit is set to “1” (operation disabled), the relevant block will be reset (all registers are initialized),
and the clock of the relevant block will stop. When this bit is set to "1", the writing to all the registers of the relevant
block will be invalid, an initial value is read when a register is read. To use the function of the relevant block, reset
(enable operation) the appropriate bit of the block control register to “0”.

o Refer to Chapter 23, “LCD driver” for details of the LCD driver operation.

o Refer to Chapter 27, “Battery Level Detector” for details of the Battery Level Detector operation.

o Refer to Chapter 24, “Successive Approximation Type A/D Converter” for details of the successive approximation
type A/D converter operation.
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4.2.8 Block Control Register 6 (BLKCONG)

Address: 0FO2EH
Access: RIW

Access size: 8 bits
Initial value: OOH

7 6 5 4 3 2 1 0
BLKCON®G6 — — — — 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

BLKCONS is a special function register (SFR) that controls the operation of the relevant block.

[Description of Bits]
o DTMB (bit 3)
DTMB controls the operation of the TimerB.

DTMB Description
0 Enable the operation of the TimerB (initial value).
1 Disable the operation of the TimerB.

o DTMA (bit 2)
DTMA controls the operation of the TimerA.

DTMA Description
0 Enable the operation of the TimerA (initial value).
1 Disable the operation of the TimerA.

e DTMO (bit 1)
DTM9 controls the operation of the Timer9.

DTM9 Description
0 Enable the operation of the Timer9 (initial value).
1 Disable the operation of the Timer9.

e DTMS (bit 0)
DTMB controls the operation of the Timer 8.

DTM8 Description
0 Enable the operation of the Timer8 (initial value).
1 Disable the operation of the Timer8.

Note:

o If the appropriate bit is set to “1” (operation disabled), the relevant block will be reset (all registers are initialized),
and the clock of the relevant block will stop. When this bit is set to "1", the writing to all the registers of the relevant
block will be invalid, an initial value is read when a register is read. To use the function of the relevant block, reset
(enable operation) the appropriate bit of the block control register to “0”.

o Refer to Chapter 8, “Timer” for details of the Timer operation.
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429 Block Control Register 7 (BLKCON?7)

Address: 0FO2FH
Access: RIW

Access size: 8 bits
Initial value: OOH

7 6 5 4 3 2 1 0
BLKCON7 — — — — — — — DPW4
R/W R R R R R R R/W R/W
Initial value 0 0 0 0 0 0 0 0

BLKCON?7 is a special function register (SFR) that controls the operation of the relevant block.

[Description of Bits]
o DPWS5 (bit 1)
DPWS5 controls the operation of the PWMD5.

DPW5 Description
0 Enable the operation of the PWMS5 (initial value).
1 Disable the operation of the PWM5.

o DPW4 (bit 0)
DPW4 controls the operation of the PWM4.

DPW4 Description
0 Enable the operation of the PWM4 (initial value).
1 Disable the operation of the PWM4.

Note:

o If the appropriate bit is set to “1” (operation disabled), the relevant block will be reset (all registers are initialized),
and the clock of the relevant block will stop. When this bit is set to 1", the writing to all the registers of the relevant
block will be invalid, an initial value is read when a register is read. To use the function of the relevant block, reset
(enable operation) the appropriate bit of the block control register to “0”.

o Refer to Chapter 10, “PWM?” for details of the Timer operation.
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4.3  Description of Operation

431 Program Run Mode

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

At power-on reset, RESET_N pin reset, WDT overflow 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 or NMI 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

The HALT mode is the state where 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 HALT mode is set.

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

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

System clock

SYSCLK [ L [ S s N [ L] |
CPUCLK 1 [ 1 [ 1L [ 1
SBYCON.HLT
Interrupt request A
Program operating mode HALT mode Program operating 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

The STOP mode is the state where 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 writing “5nH”(n: an arbitrary value) and “0AnH”(n: an arbitrary value) to
the stop code acceptor (STPACP) sequentially 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 a NMI interrupt request or an interrupt-enabled (the interrupt enable flag is “1”) P02 to P03 interrupt request is
issued, the STP bit is set to “0”, the STOP mode is released, and the mode is returned to the program run mode.

4331 STOP Mode When CPU Operates 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 the NMI interrupt request or the interrupt-enabled (the interrupt enable flag is “1”) P00 to P03 interrupt request
is issued, the STP bit is set to “0” and 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 the
STOP mode is entered, high-speed oscillation does not start.

When an interrupt request occurs, the STOP mode is released after counting a built-in RC oscillation clock 128 times.,
the mode is returned to the program 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. After waiting for low-speed crystal oscillation start time(Txr.) and low-speed crystal
oscillation stable time(8192-pulse count), the low-speed clock changes from a built-in RC oscillation clock to the
low-speed crystal oscillation clock. Simultaneously, low-speed oscillation clock change interruption (LOSCINT) is
generated.

Refer to appendix C, “Electrical Characteristics” for Tyr,.

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

Low-speed crystal % . Oscillation waveform

oscillation | Low-speed clock
waveform Tun | PUlse count
Built-in RC

oscillation waveform

Built-in RC oscillation
128 pulse count

High-speed
oscillation | (< Oscillation waveform
waveform Oscillation waveform

HSCLK |HSCLK waveform HSCLK waveform

SBYCON.STP bit

Interrupt request

Program operating mode STOP mode Program operating mode

Low-speed oscillation clock change
interrupt request ﬂ

Figure 4-3 Operation Waveforms in STOP Mode When CPU Operates with Low-Speed Clock
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4.3.3.2 STOP Mode When CPU Operates with High-Speed Clock

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

When the NMI interrupt request or the interrupt-enabled (the interrupt enable flag is “1”) P00 to P03 interrupt request
is issued, the STP bit is set to “0” and the low-speed and high-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 supply to the peripheral circuits after counting a built-in RC oscillation clock
128 times. After the elapse of the low-speed oscillation start time (Txy) and the oscillation stabilization time
(8192-pulse count), the clock is returned to the built-in RC oscillation clock to a low-speed crystal oscillation clock.
Simultaneously, low-speed oscillation clock change interruption (LOSCINT) is generated.

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

High-speed oscillation waveform

High-speed oscillation ~—<__High-speed oscillation waveform
waveform i
T Hi

OSCLK, HSCLK OSCLK,HSCLK wavefgrm é é : OSCLK, HSCLK waveform

. High-speed oscillation 4096 count

"

SYSCLK HSCLK wavefor HSCLK waveform

Low-speed crystal Hiz —< U

oscillation Low-speed crystal
T :_8192 count T
waveform XTIt Bl oscillation waveform

Built-in RC _

oscillation

Built-in RC oscillation
128 count

LSCLK ULH_H_H_'

SBYCON.STP bit

Interrupt
reauest

Program operating mode STOP mode Program operating mode

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

Note:
The STOP mode is entered 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 mode and HALT mode varies according to the 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-U8/100 Core Instruction Manual” and Chapter 5, “Interrupt”,

respectively.

Table 4-1 and Table 4-2 show the return operations from STOP/HALT 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

% X — 0 Not returned from STOP/HALT mode.
After the mode is returned from STOP/HALT mode, the program

3 * o 1 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 b S — 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 mode
* * * 0 Not returned from STOP/HALT mode.
* * 0 1
* 0 1 1 After the mode is returned from STOP/HALT mode, the program
operation restarts from the instruction following the instruction that
2,3 1 1 1 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 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.

Notes:

o If the ELEVEL bit is OH, it indicates that the CPU is performing neither nonmaskable interrupt processing nor
maskable interrupt processing nor software interrupt processing.
o |f 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.)
o |fthe ELEVEL bit is 2H, it indicates that the CPU is performing non-maskable interrupt processing. (ELEVEL is set

during interrupt transition cycle.)

o |f the ELEVEL bit is 3H, it indicates that the CPU is performing interrupt processing specific to the emulator.

setting is not allowed in normal applications.

This
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4.3.4 Block control function

To use this block control function, supply current can be reduced more, by stopping completely operation of the unused
function.

The initial value of each bit of each block control register is "0", and operation of each block is enabled. If the
appropriate bit is set to “1” (operation disabled), the relevant block will be reset (all registers are initialized), and the
clock of the relevant block will stop. When this bit is set to "1", the writing to all the registers of the relevant block will
be invalid, an initial value is read when a register is read. To use the function of the relevant block, reset (enable
operation) the appropriate bit of the block control register to “0”.

BLKCONO,6 register controls (enables or disables) the operation of Timer .

BLKCON?2 register controls (enables or disables) the operation of I°C UART and SSIO.

BLKCONS3 register controls (enables or disables) the operation of audio playback and speaker amplifier.
BLKCONA4 register controls (enables or disables) the operation of the LCD driver, Battery level detecter
successive-approximation type A/D converter.

BLKCONTY register controls (enables or disables) the operation of PWM.

Notes:
o If the appropriate bit of the block register is set to “1”, all relevant registers are initialized.
o Refer to the relevant chapter for details of operation or notes of each block.




Chapter 5
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5. Interrupts (INTS)

5.1 Overview

This LSI has 26 interrupt sources (External interrupts: 5 sources, Internal interrupts: 21 sources) and a software
interrupt (SWI1).
For details of each interrupt, see the following chapters:
Chapter 6, “Clock Generation Circuit”
Chapter 7, “Time Base Counter”
Chapter 8, “Timer”
Chapter 9, “Watchdog Timer”
Chapter 10, “PWM”
Chapter 11, “Synchronous Serial Port”
Chapter 12, “UART”
Chapter 13, “I°C bus interface”
Chapter 14, “NMI”
Chapter 15, “Port0”
Chapter 24, “Successive Approximation Type A/D Converter”
Chapter 25, “Audio Playback Function”

51.1 Features

2 non-maskable interrupt sources (Internal source: 1, External source: 1)
24 maskable interrupt sources (Internal sources: 20, External sources: 4)
Software interrupt (SWI1): 64 sources max.

External interrupts allow edge selection and sampling selection.




ML610Q380/ML610Q383/ML610Q384/ML610Q385 User’s Manual

Chapter 5 Interrupts (INTs)
5.2  Description of Registers
5.2.1 List of Registers
Address Name Symbol (Byte) Symbol (Word) R/W Size Initial value
OF010H Interrupt enable register 0 IEO — R/W 8 00H
OF011H Interrupt enable register 1 IE1 — R/W 8 O0H
OF012H Interrupt enable register 2 IE2 — R/W 8 00H
OF013H Interrupt enable register 3 IE3 — R/W 8 00H
0F014H Interrupt enable register 4 IE4 — R/W 8 00H
OFO015H Interrupt enable register 5 IES — R/W 8 00H
OF016H Interrupt enable register 6 IE6 — R/W 8 00H
OF017H Interrupt enable register 7 IE7 — R/W 8 O0H
OF018H Interrupt request register 0 IRQO — R/W 8 00H
OF019H Interrupt request register 1 IRQ1 — R/W 8 00H
OF01AH Interrupt request register 2 IRQ2 — R/W 8 00H
OF01BH Interrupt request register 3 IRQ3 — R/W 8 00H
OF01CH Interrupt request register 4 IRQ4 — R/W 8 00H
OFO01DH Interrupt request register 5 IRQ5 — R/W 8 00H
OFO01EH Interrupt request register 6 IRQ6 — R/W 8 00H
OFO01FH Interrupt request register 7 IRQ7 — R/W 8 00H
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5.2.2 Interrupt Enable Register 0 (IEOQ)

Address: 0FO10H
Access: RIW

Access size: 8 bits
Initial value: OOH

7 6 5 4 3 2 1 0
IEO — ELOSC — — — — — —
R/W R R/W R R R R R R
Initial value 0 0 0 0 0 0 0 0

IEO is a special function register (SFR) 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 ELOSC (bit 6)
ELOSC is the enable flag for the Low-speed clock change interrupt (LOSCINT).

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

Address: OFO11H
Access: RIW

Access size: 8 bits
Initial value: OOH

7 5 4 3 2 1 0
IE1 — — — EPO3 EP02 EPO1 EPOO
R/W R R/W R/W R/W R/W R/W R/W
Initial value 0 0 0 0 0 0 0

IE1 is a special function register (SFR) 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 EPOO (bit 0)
EPQO is the enable flag for the input port POO pin interrupt (POOINT).

EPQO0 Description
0 Disabled (initial value)
1 Enabled

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

EPO1 Description
0 Disabled (initial value)
1 Enabled

o EPO2 (bit 2)
EPOQ2 is the enable flag for the input port P02 pin interrupt (PO2INT).

EPQ2 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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524 Interrupt Enable Register 2 (IE2)

Address: 0F012H
Access: RIW

Access size: 8 bits
Initial value: OOH

7 6 4 2 1 0
IE2 EI2CO — — ESAD ESIO1 ESIOO0
R/W R R R R/W R/W R/W
Initial value 0 0 0 0 0 0

IE2 is a special function register (SFR) 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 ESIOO0 (bit 0)

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

ESIO0 Description
0 Disabled (initial value)
1 Enabled

e ESIOL (bit1)

ESIO1 is the enable flag for the synchronous serial port 1 interrupt (SIOL1INT).

ESIO1 Description
0 Disabled (initial value)
1 Enabled

o ESAD (bit 2)

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

ESAD Description
0 Disabled (initial value)
1 Enabled

e EI2CO (bit7)

EI2CO is the enable flag for the successive approximation type A/D converter interrupt (SADINT).

EI2C0 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: OOH

7 6 5 4 3 2 1 0
IE3 — — — EVCO ETM9 ETM8 ETM1 ETMO
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

IE3 is a special function register (SFR) 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 ETMO (bit 0)
ETMO is the enable flag for the timer 0 interrupt (TMOINT).

ETMO Description
0 Disabled (initial value)
1 Enabled

e ETM1 (bit 1)
ETML1 is the enable flag for the timer 1 interrupt (TM1INT).

ETM1 Description
0 Disabled (initial value)
1 Enabled

o ETMBS (hit2)
ETMS is the enable flag for the timer 8 interrupt (TM8INT).

ETM4 Description
0 Disabled (initial value)
1 Enabled

o ETMO (bit 3)
ETMOQ is the enable flag for the timer 9 interrupt (TM9INT).

ETM5 Description
0 Disabled (initial value)
1 Enabled

e EVCO (bit 4)
EVCO is the enable flag for the voice 0 interrupt (VCOINT).

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

Address: 0F014H
Access: R/W

Access size: 8 bits
Initial value: OOH

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) to control enable/disable for each interrupt request.
When an interrupt is accepted, the master interrupt enable flag (MIE) is set to “0”, but the corresponding flag of IE4 is
not reset.

[Description of Bits]
e EUAO (bit 0)
EUAQ is the enable flag for the UARTO interrupt (UAOINT).

EUAO Description
0 Disabled (initial value)
1 Enabled

o EUAL (bit1)
EUAL is the enable flag for the UARTL interrupt (UALINT).

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

Address: 0FO15H
Access: R/W

Access size: 8 bits
Initial value: OOH

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

IE5 is a special function register (SFR) 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]
o ETMA (bit 6)
ETMA is the enable flag for the timer A interrupt (TMAINT).

ETM6 Description
0 Disabled (initial value)
1 Enabled

e ETMB (bit 7)
ETMB is the enable flag for the timer B interrupt (TMBINT).

ETM7 Description
0 Disabled (initial value)
1 Enabled
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5.2.8 Interrupt Enable Register 6 (IE6)

Address: 0FO16H
Access: R/W

Access size: 8 bits
Initial value: OOH

7 6 5 4 1 0
IE6 EL32H — EL128H — EPW5 EPWA4
R/W R/W R R/W R R/W R/W
Initial value 0 0 0 0 0 0

IE6 is a special function register (SFR) 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]

o EPW4 (bit 0)

EPW4 is the enable flag for the PWM4 interrupt (PW4INT).

EPW4 Description
0 Disabled (initial value)
1 Enabled

o EPWS5 (bit 0)

EPWS5 is the enable flag for the PWMS5 interrupt (PW5INT).

EPW5 Description
0 Disabled (initial value)
1 Enabled

e EL128H (bit5)

EL128H is the enable flag for the time base counter 128 Hz interrupt (TL128HINT).

EL16H Description
0 Disabled (initial value)
1 Enabled

o EL32H (hit7)

EL32H is the enable flag for the time base counter 32Hz interrupt (TL32HINT).

EL32H Description
0 Disabled (initial value)
1 Enabled
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5.2.9 Interrupt Enable Register 7 (IE7)

Address: 0FO17H
Access: R/W

Access size: 8 bits
Initial value: OOH

7 6 5 4 3 2 1 0
IE7 — — — — E2H — — E16H
R/W R R R R R/W R R R/W
Initial value 0 0 0 0 0 0 0 0

IE7 is a special function register (SFR) 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 E16H (bit 0)
E16H is the enable flag for the time base counter 16 Hz interrupt (TL6HINT).

E16H Description
0 Disabled (initial value)
1 Enabled

o E2H (bit 3)
E2H is the enable flag for the time base counter 2 Hz interrupt (T2HINT).

E2H Description
0 Disabled (initial value)
1 Enabled
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5.2.10 Interrupt Request Register 0 (IRQO)

Address: 0F018H
Access: R/W

Access size: 8 bits
Initial value: OOH

7 6 5 4 3 2 1 0
IRQO — QLOSC — — — — QNMI QWDT
R/W R R/W R R R R R/W R/W
Initial value 0 0 0 0 0 0 0 0

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

The watchdog timer interrupt (WDTINT) and the NMI interrupt (NMINT) 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).

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

QWDT Description
0 No request (initial value)
1 Request

o QNMI (bit 1)
QNMI is the request flag for the NMI interrupt (NMINT).

QNMI Description
0 No request (initial value)
1 Request

e QLOSC (hit 6)
QLOSC is the request flag for the Low-speed clock change interrupt (LOSCINT).

QLOSC 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.
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5.2.11 Interrupt Request Register 1 (IRQ1)

Address: OF019H
Access: R/W

Access size: 8 bits
Initial value: OOH

7 6 5 4 3 2 1 0
IRQ1 — — — — QP03 QP02 QPO1 QPOO
R/W R R R R 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) to request an interrupt for each interrupt source.

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

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

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

[Description of Bits]
e QPOO (bit 0)
QPOO is the request flag for the input port POOpin interrupt (POOINT).

QP00 Description
0 No request (initial value)
1 Request

e QPO1 (bit1)
QP01 is the request flag for the input port PO1 pin interrupt (POLINT).

QP01 Description
0 No request (initial value)
1 Request

e QP02 (hit2)
QP02 is the request flag for the input port P02 pin interrupt (PO2INT).

QP02 Description
0 No request (initial value)
1 Request

e QP03 (bit 3)
QP03 is the request flag for the input port P03 pin interrupt (PO3INT).

QP03 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.
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5.2.12 Interrupt Request Register 2 (IRQ2)

Address: OFO1AH
Access: R/W

Access size: 8 bits
Initial value: OOH

7 6 5 4 3 2 1 0
IRQ2 Ql2Co — — QSAD Qslo1 QsSI0o0
R/W R/W R R R/W R/W R/W
Initial value 0 0 0 0 0 0

IRQ?2 is a special function register (SFR) 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 QSIOO (bit 0)
QSI0O0 is the request flag for the synchronous serial port O interrupt (SIOOINT).

QSIO0 Description
0 No request (initial value)
1 Request

e QSIO1 (bit 1)

QSI01 is the request flag for the synchronous serial port 1 interrupt (SIOLINT).

QSIo1 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 QI2C0 (bit 7)

QI2CO0 is the request flag for the successive approximation type A/D converter interrupt (I2COINT)

QI2C0 Description
0 No request (initial value)
1 Request

Note:

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

Address: OFO1BH
Access: RIW

Access size: 8 bits
Initial value: OOH

7 6 5 4 3 2 1 0
IRQ3 — — — QVCO QTM9 QTM8 QTM1 QTMO
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

IRQ3 is a special function register (SFR) 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]
o QTMO (bit 0)
QTMO is the request flag for the timer O interrupt (TMOINT).

QTMO Description
0 No request (initial value)
1 Request
e QTML1 (bit 1)
QTML1 is the request flag for the timer 1 interrupt (TM1INT).
QTM1 Description
0 No request (initial value)
1 Request
o QTMB8 (bit 2)
QTMB8 is the request flag for the timer 8 interrupt (TM8INT).
QTMS8 Description
0 No request (initial value)
1 Request
o QTMO (bit 3)
QTMO is the request flag for the timer 9 interrupt (TM9INT).
QTM9 Description
0 No request (initial value)
1 Reguest
e QVCO (bit 4)
QVCO is the request flag for the voice O interrupt (TM1INT).
QVCO Description
0 No request (initial value)
1 Request
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Note:
o When an interrupt is generated by the write instruction to the interrupt request register (IRQ3) or to the interrupt
enable register (IE3), the interrupt shift cycle starts after the next 1 instruction is executed.
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5.2.14 Interrupt Request Register 4 (IRQ4)

Address: OFO1CH
Access: R/W

Access size: 8 bits
Initial value: OOH

7 6 5 4 3 2 1 0
IRQ4 — — — — — — QUA1 QUAO
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) to request an interrupt for each interrupt source.

Each IRQ4 request flag is set to “1” regardless of the IE4 and MIE values when an interrupt is generated. In this case,
an interrupt is requested to the CPU when the related flag of the interrupt enable register (IE4) is set to “1” and the
master interrupt enable flag (MIE) is set to “1”.

By setting the IRQ4 request flag to “1” by software, an interrupt can be generated.

The corresponding flag of IRQ4 is set to “0” by hardware when the interrupt request is accepted by the CPU.

[Description of Bits]
e QUADO (bit 0)
QUADO is the request flag for the UARTO interrupt (UAOINT).

QUAO Description
0 No request (initial value)
1 Request

e QUAL (bit 1)
QUAL is the request flag for the UART1 interrupt (UALINT).

QUA1 Description
0 No request (initial value)
1 Request

Note:
e 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.




ML610Q380/ML610Q383/ML610Q384/ML610Q385 User’s Manual
Chapter 5 Interrupts (INTs)

5.2.15 Interrupt Request Register 5 (IRQ5)

Address: 0FO1DH
Access: R/W

Access size: 8 bits
Initial value: OOH

7 6 5 4 3 2 1 0
IRQ5 QTMB QTMA — — — — — —
R/W R/W R/W R/W R/W R R R R/W
Initial value 0 0 0 0 0 0 0 0

IRQ5 is a special function register (SFR) 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 QTMA (bit 6)
QTMA is the request flag for the timer A interrupt (TMAINT).

QTMA Description
0 No request (initial value)
1 Request

e QTMB (bit7)
QTMB is the request flag for the timer B interrupt (TMBINT).

QTMB Description
0 No request (initial value)
1 Request

Note:
o 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: OOH

7 6 5 4 3 2 1 0
IRQ6 Q32H — Q128H — — — QPWS5 QPWS5
R/W R/W R R/W R R R R/W R/W
Initial value 0 0 0 0 0 0 0 0

IRQ6 is a special function register (SFR) 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]
o QPWH4 (bit 0)
QPW4 is the request flag for the PWM4 interrupt (PW4INT).

QPW4H Description
0 No request (initial value)
1 Request

o QPWS5 (bit1)
QPWS5 is the request flag for the PWMD5 interrupt (PW5SINT).

Q32H Description
0 No request (initial value)
1 Request

e Q128H (bit 5)

Q128H is the request flag for the time base counter 128 Hz interrupt (T128HINT).

Q128H Description
0 No request (initial value)
1 Request

o Q32H (bit7)

Q32H is the request flag for the time base counter 32Hz interrupt (T32HINT).

Q32H Description
0 No request (initial value)
1 Request

Note:

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

Address: OFO1FH
Access: R/W

Access size: 8 bits
Initial value: OOH

7 6 5 4 3 2 1 0
IRQ7 — — — — Q2H — — Q16H
R/W R R R R R/W R R R/W
Initial value 0 0 0 0 0 0 0 0

IRQ7 is a special function register (SFR) 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 Q16H (bit 0)
Q16H is the request flag for the time base counter 16 Hz interrupt (TL6HINT).

Q16H Description
0 No request (initial value)
1 Request

e Q2H (bit 3)
Q2H is the request flag for the time base counter 2 Hz interrupt (T2HINT).

Q2H Description
0 No request (initial value)
1 Request

Note:
e When an interrupt is generated by the instruction to write to the interrupt request register (IRQ7) or to the interrupt
enable register (IE7), the the interrupt shift cycle starts after the next 1 instruction is executed.
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5.3  Description of Operation

With the exception of the watchdog timer interrupt (WDTINT) and the NMI interrupt (NMINT), interrupt
enable/disable for 23 sources is controlled by the master interrupt enable flag (MIE) and the individual interrupt enable

registers (IE1 to 7).

WDTINT and NMIINT 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 5-1 Interrupt Sources

Priority Interrupt source Symbol Vector table address
1 Watchdog timer interrupt WDTINT 0008H
2 NMI interrupt NMINT 000AH
3 Low-speed clock change interrupt LOSCINT 000CH
5 POO0 interrupt POOINT 0010H
6 PO1 interrupt PO1INT 0012H
7 P02 interrupt PO2INT 0014H
8 P03 interrupt PO3INT 0016H
13 Synchronous serial port 0 interrupt SIOO0INT 0020H
14 Synchronous serial port 1 interrupt SIOL1INT 0022H
5| converer memipt SADINT goFaH
20 I°C bus interface interrupt I2COINT 002EH
21 Timer O interrupt TMOINT 0030H
22 Timer 1 interrupt TMLINT 0032H
23 Timer 8 interrupt TM8INT 0034H
24 Timer 9 interrupt TMOINT 0036H
25 Voice 0 interrupt VCOINT 0038H
29 UART O interrupt UAOINT 0040H
30 UART 1 interrupt UALINT 0042H
43 Timer A interrupt TMAINT 005CH
44 Timer B interrupt TMBINT 005EH
45 PWM 4 interrupt PWA4INT 0060H
46 PWM 5 interrupt PW5INT 0062H
50 TBC128Hz interrupt T128HINT 006AH
52 TBC32Hz interrupt T32HINT 006EH
53 TBC16Hz interrupt T16HINT 0070H
56 TBC2Hz interrupt T2HINT 0076H

Note:

When multiple interrupts are generated concurrently, the interrupts are serviced according to this priority and
processing of low-priority interrupts is pending.
Also define the unused interrupt vector for the measure against fail-safe.
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53.1 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 ELRL.
(2) Transfer CSR to ECSR1.

(3) Transfer PSW toEPSW1.

(4) Setthe MIE flag to “0”.

(5) Setthe ELEVEL field to“1”.

(6) Load the interrupt start 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 CSR to ECSR2.

(3) Transfer PSW to EPSW2.

(4) Setthe ELEVEL field to “2”.

(5) Load the interrupt start 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 CSR to ECSRL.

(3) Transfer PSW to EPSW1.

(4) Set the MIE flag to “0”.

(5) Setthe ELEVEL field to “1”.

(6) Load the interrupt start address into PC.

Reference:
For the MIE flag, Program Counter (PC), CSR, PSW, and ELEVEL, see “nX-U8/100 Core Instruction Manual”.
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534

Notes on Interrupt Routine

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.

State 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:

A-1-2:

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.

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: State A-1-1 Example of description: State A-1-2
Intrpt_A-1-1; ; A-1-1 state Intrpt_A-1-2; ; Start
DI : Disable interrupt PUSH ELR, EPSW o2 PELR and EPSW at the
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
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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
e Processing immediately after the start of interrupt routine execution
Specify the “PUSH LR” instruction to save the subroutine return address in the stack.
e 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
e 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.
e 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: A-2-2

Intrpt_A-2-2; ; Start
PUSH ELR, EPSW, ; Save EI.'R’. EPSW, LR at
the beginning
LR
El ; Enable interrupt
: Sub_1; ;
ﬂ DI ; Disable interrupt
BL Sub_1 ; Call subroutine Sub_1 :
<— : Return PC from
RT 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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State B: Non-maskable interrupt is being processed

B-1: When the interrupt processing is not executed in the interrupt routine.

to

Processing immediately after the start of interrupt routine execution
Specify the RTI instruction to return the contents of the ELR register to PC and those of the EPSW register

PSW.

B-2: When the interrupt processing is executed in the interrupt routine.
B-2-1: When a subroutine is not called by a program when the interrupt routine is executed.

B-2-2:

Processing immediately after the start of interrupt routine execution

Specify the “PUSH ELR, EPSW” instruction to save the interrupt return address and the state of EPSW to
the stack.

Processing at the end of interrupt routine execution.

Specify “POP PC, PSW” instead of the RTI instruction to return the saved data of the interrupt return
address to PC, and the saved data of EPSW to PSW.

When a subroutine is called by a program when the interrupt routine is executed.

Processing immediately after the start of interrupt routine execution

Specify the “PUSH LR, ELR, EPSW” instruction to save the interrupt return address, the subroutine return
address and the state of EPSW to 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: B-1 Example of description: B-2-1

Intrpt_B-1; ; State of B1 Intrpt_B-2-1: . Start

RTI - Return PC from ELR PUSH ELR, EPSW ' Save ELR, EPSW
at the beginning
: Return PSW from EPSW

; End

POP PC, PSW ; Return PC from the stack

; Return PSW from the stack
; End
Example of description: B-2-2
Intrpt_B-2-2; . Start
PUSH : Save ELR, EPSW, LR at
ELR, EPSW, LR the beginning
] Sub_1;
/
BL Sub_1 ; Call subroutine Sub_1
POP
PC. PSW, LR Return PC from the stack \
: Return PSW from the stack RT : Return PC from LR
: Return LR from the stack : End of subroutine
RTI ; End
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5.35 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 section, 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 section, an interrupt is generated immediately after execution
of the instruction following the DSR prefix instruction.

Reference:
For the DSR prefix instruction, see “nX-U8/100 Core Instruction Manual”.
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6. Clock Generation Circuit

6.1 Overview

The clock generation circuit generates and supplies a low-speed clock (LSCLK), high-speed clock (HSCLK), system
clock (SYSCLK), and high-speed output clock (OUTCLK). LSCLK and HSCLK operate as the time-base clocks for
peripheral circuits, SYSCLK as the basic operating clock of the CPU, and OUTCLK as the clock to be output from
ports.

For the output ports used for OUTCLK, see Chapter 17, “Port 2”.

For the STOP mode mentioned in this chapter, see Chapter 4, “MCU Control Function”.

6.1.1 Features

e Low-speed clock generation circuit:

— 32.768 kHz crystal oscillation mode

— Built-in RC oscillation (32.7kHz) mode
o High-speed clock generation circuit

— Built-in PLL oscillation mode

— Crystal / ceramic oscillation mode

— External clock input mode

6.1.2 Configuration

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

! q Low-speed clock
XTO o—1 Low-spee (LSCLK)
g clock N =
XT1 B generation |< N System clock
: l (SYSCLK)
; - OSCLK Divide ratio select High-speed clock
P10/0OSCO t— High-speed ¢
: ok 1/1,1/2,1/4,1/8 (OSCLK)
P11/OSC1 t—— generation |<9 1\—4,
é Divide ratio select High-speed output
| 1/1,1/2,1/4,1/8 clock
g N |
' ——  FCONOFCONLFSTAT | ————

4 Data bus

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

Figure 6-1 Configuration of Clock Generation Circuit

Note:

After power-on or a system reset, OSCLK starts operating with the clock generated by dividing the built-in PLL
oscillation by 8. And HSCLK starts operating with the clock generated by dividing the OSCLK by 8 At initialization by
software, set the FCONO or FCONL1 register so as to switch the clock to the required one. OSCLK?2 is set to 1/20SCLK
at the time of built-in PLL oscillation mode. OSCLK?2 is set to OSCLK at the time of an external clock mode. In
addition, operation on the conditions on which a low-speed clock is not supplied to this LSI is not guaranteed.

6-1
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6.1.3 List of Pins

Pin name Input/Output Description
XTO I Pin for connecting a crystal for low-speed clock
XT1 0] Pin for connecting a crystal for low-speed clock
P10/0SCO | The crystal or the ceramic oscillator connecting pin for high-speed clocks
Used for the secondary function of the P10 pin.
P11/0SC1 o The crystal or the ceramic oscillator connecting pin for high-speed clocks

Used for the secondary function of the P11 pin.

6.1.4 Clock Configuration

Figure 6-2 shows the clock condiguration.

System clock (SYSCLK) ® S N
Register access TBC
Low-speed clock (LSCLK) LSCLK
High-speed clock (HSCLK) ® HSCLK
Register access o
LSCLK SbitTimer | _urBCLK |
Register access
LSCLK PWM o |
Register access
LSCLK 2|  wDT - T256HZ
Register access
LSCLK Z| UART
HSCLK
Register access
> I’c
HSCLK
Register access
LSCLK LCD
Register access ]
LSCLK 10bit-ADC
HSCLK
Register access
LSCLK > SO
HSCLK

Figure 6-2 Clock Configuration
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6.2  Description of Registers

6.2.1 List of Registers

Address Name Symbol (Byte) Symbol (Word) R/W Size \llr;:ﬂi
OF002H Frequency control register O FCONO FCON R/W 8/16 3BH
OFO003H Frequency control register 1 FCON1 R/W 8 83H
OF070H Frequency status register FSTAT — R/W 8 00H
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6.2.2 Frequency Control Register O(FCONO)

Address: 0FO02H
Access: RIW

Access size: 8/16 bits
Initial value: 3BH

7 5 4 3 2 1 0
FCONO — ouTC1 ouTCo oscMm1 OSCMO0 SYSC1 SYSCO
R/W R R/W R/W R/W R/W R/W R/W
Initial value 0 1 1 1 0 1 1

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

[Description of Bits]

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 circuit (the high-speed time base counter is included). OSCLK, 1/20SCLK, 1/40SCLK, or

1/80SCLK can be selected. The maximum operating frequency guaranteed for the system clock (SYSCLK) of this
LSl is 8.4 MHz. At system reset, 1/80OSCLK is selected.

SYSC1 SYSCO Description
0 0 OSCLK (1/20SCLK in built-in PLL oscillation mode)
0 1 1/20SCLK
1 0 1/40SCLK
1 1 1/80SCLK (Initial value)

¢ OSCM1, OSCMO (bits 3, 2)
The OSCM1 and OSCMO bits are used to select the mode of the high-speed clock generation circuit. Crystal /
ceramic oscillation mode, PLL oscillation mode, or external clock input mode can be selected.
The setting of OSCM1 and OSCMO can be changed only when high-speed oscillation is being stopped (ENOSC bit
of FCONL1 is “0”). At system reset, PLL oscillation mode is selected.

— When switching the high-speed oscillation mode, please first switch back to low speed clock before switching to
other high-speed clock (set the ENOSC bit and SYSCLK bit of FCON1 to “0”).

OSCM1 OSCMO0 Description
0 0 Prohibited
0 1 Crystal / ceramic oscillation mode
1 0 Built-in PLL oscillation mode(initial value)
1 1 External clock input mode

e OUTCL, 0 (bits 5, 4)
The OUTC1 and OUTCO bits are used to select the frequency of the high-speed output clock which is output when

the secondary function of the port is used. OSCLK, 1/20SCLK, 1/40SCLK, or 1/80SCLK can be selected.
At system reset, 1/BOSCLK is selected.

OUTC1 ouUTCO Description
0 0 OSCLK
0 1 1/20SCLK
1 0 1/40SCLK
1 1 1/80SCLK (Initial value)
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Note:

— To switch the mode of the high-speed clock generation circuit using the OSCM1 and OSCMO bits, stop the
high-speed oscillation and set the system clock to the low-speed clock (set the ENOSC bit and SYSCLK of FCON1
to “0”).

— Connect to P10/0OSCO0, P11/0SC1 pin the oscillator which does not exceed 8.4MHz. And in P10/OSC pin external
clock mode, input a clock that does not exceed 8.4 MHz. And

— the frequency of the high-speed output clock does not exceed 8.4 MHz.
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6.2.3 Frequency Control Register 1 (FCON1)

Address: 0FO03H
Access: RIW

Access size: 8 bits
Initial value: 83H

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 1 0 0 0 0 0 1 1

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

[Description of Bits]

e SYSCLK (bit 0)
The SYSCLK bit is used to select system clock. It allows selection of the low-speed clock (LSCLK) or HSCLK
(1/nOSCLK: n =1, 2, 4, 8) selected by using the high-speed clock frequency select bit (SYSC1, 0) of FCONO.
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)

e ENOSC (bit1)
The ENOSC bit is used to select enable/disable of the oscillation of the high-speed clock oscillator.

ENOSC Description
0 Disables high-speed oscillation
1 Enables high-speed oscillation (initial value)

o 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 having started supply of OSCLK. When the LPLL bit is set to
“07, this indicates that the PLL oscillation is inactive or the PLL oscillating clock is under count..
LPLL is a read-only bit.

LPLL Description
0 Disables the use of PLL oscillation
1 Enables the use of PLL oscillation (initial value)
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6.2.4 Frequency Status Register (FSTAT)

Address: 0FO70H
Access: R/W

Access size: 8 bits
Initial value: 04H

7 6 5 4 3 2 1 0
FCON1 LPLL — — — — LOSCS — —
R/W R R R R R R/W R R
Initial value 0 0 0 0 0 1 0 0

FSTAT is a special function register (SFR) to show the status of each oscillation.

[Description of Bits]

e LOSCS (bit 2)
LOSCS shows the oscillation state of a low-speed crystal oscillation circuit. Generating of low-speed oscillation
interruption will change LOSCS. LOSCS is set to "1" when going into stop mode, but low-speed oscillation
interruption is not generated.

LOSCS Description

The low-speed crystal oscillation circuit counts a low-speed crystal oscillation clock
8192 times, and supplies it to a low-speed clock.

The low-speed crystal oscillation circuit is the state which the oscillation stops or the
1 tate where oscillation stable time is counted. (initial value)

or the state where it is operating in the built-in RC oscillating circuit

0
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6.3  Description of Operation

6.3.1 Low-Speed Clock
6.3.1.1 Low-Speed Clock Generation Circuit (32.768 crystal oscillation circuit)

Figure 6-3 shows the configuration of the low-speed clock generation circuit.
A low-speed clock generation circuit is provided with an external 32.768 kHz crystal. To match the oscillation
frequency by using a trimmer capacitor, connect external capacitors (Cg. and Cp) as required.

E VooL
32.768kHz
Crystal oscillator ¢ 1
Control circuit STOP mode
CoL . |—DO_0_|> Low-speed
clock(LSCLK)
Re
— °
CDL
Vss :

Figure 6-3 Circuit Configuration of 32.768 kHz Crystal Oscillation Mode

Notes:

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

— Note that oscillation may stop due to condensation.

6.3.1.2 Low-speed clock generation circuit (built-in RC oscillating circuit)

Figure 6-4 shows The circuit configuration of a low-speed clock generation circui
After counting RC oscillation clock 128 times, supply of a low-speed oscillation clock is started.

VDDL
<——STOP mode
RC oscillating
circuit
] 128counts [ LSCLK(Low-speed oscillation clock)

Figure 6-4 Circuit Configuration of 32kHz RC oscillation mode
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6.3.1.3 Operation of the Low-Speed Clock Generation Circuit

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

After counting a built-in RC oscillation clock 128 times, a built-in RC oscillation clock is supplied to a circumference
circuit as a low-speed clock after powered on. After waiting low-speed crystal oscillation starting time(Txr.) and
low-speed crystal oscillation stable time(8192 counts), the low-speed clock changes from a built-in RC oscillation
clock to a low-speed crystal oscillation clock. Moreover, low-speed oscillation clock change interruption(LOSCINT) is
generated simultaneously.

The low-speed clock generation circuit stops the oscillation in STOP mode. When oscillation is resumed by releasing
of the STOP mode by external interrupt, after counting a built-in RC oscillation clock 128 times, a built-in RC
oscillation clock is supplied to a circumference circuit as a low-speed clock after powered on. After waiting low-speed
crystal oscillation starting time(Txy.) and low-speed crystal oscillation stable time(8192 counts), the low-speed clock
changes from a built-in RC oscillation clock to a low-speed crystal oscillation clock. Moreover, low-speed oscillation
clock change interruption(LOSCINT) is generated simultaneously. For STOP mode, see Chapter 4, “MCU Control
Function”.

Figure 6-5 shows the waveforms of the low-speed clock generation circuit. For the low-speed oscillation start time
(TxrL), see Appendix C, “Electrical Characteristics”.

Power supply Vpp

RESET
Txr: Oscillation start time TxrL: Oscillation start time
Low-speed <> >
clock ——<__ 32.768kHz Crystal oscillation 32.768kHz Crystal oscillation
oscillation - : :
«—> >
Low-speed oscillation Low-speed oscillation
The start signal for 4096 count 4096 count
32.768kHz crystal | |
oscillation
Low-speed oscillation Low-speed oscillation
Built-in RC 8192 count 8192 count
oscillation
waveform Built-in RC oscillation waveform Built-in RC oscillation wavefofm
Low-speed . y
oscillation
interruption signal
LOW'Spee?_chfl}é LSCLK waveform LSCLK waveform T
LSCLK: Change from STOP LSCLK: Change from
Built-in RC to mode Built-in RC to
32.768kHz crystal. 32.768kHz crystal.

Occurrence of
external interrupt

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

The high-speed clock generation circuit can choose built-in PLL (Phase Locked Loop) oscillation mode, crystal /
ceramic oscillation mode, and a high-speed external clock input mode.

6.3.2.1 Built-in PLL Oscillation Mode

The PLL oscillation circuit generates a clock of 16 MHz (= Low-speed clock 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”).

In PLL oscillation mode, both the P10/OSCO and P11/OSCL1 pins can be used as general-purpose input ports.

Figure 6-6 shows the circuit configuration in PLL oscillation mode.

VDDX

<—— STOP mode

D— - . . - o
XTO B Low speedclockl | PLL oscillation |« ENOSC (Enables oscillation)
XT1 C—lgeneration circui circuit

(32kHz) —>{  Count: 8192 GSCLK -
(High-speed oscillation clock)

Figure 6-6 Circuit Configuration in PLL Oscillation Mode

Note:
When OSCLK is selected through SYSC1 or SYSCO of FCONO in PLL oscillation mode, about 8MHz, which is the
same as 1/20SCLK, is selected.

6.3.2.2 Crystal/Ceramic Oscillation Mode

In crystal/ceramic oscillation mode, both the OSCO0/P10 pin and the OSC1/P11 pin are used for crystal/ceramic
oscillation.

In this mode, a crystal unit or a ceramic resonator is externally connected to the OSC0/P10 and OSC1/P11 pins. If the
high-speed oscillation clock pulse count reaches 4096 after oscillation is enabled, the clock is output to OSCLK
(high-speed oscillation clock).

Figure 6-7 shows the circuit configuration in crystal/ceramic oscillation mode.

' VDD
4.096 MHz crystal T
unit or ceramic !
resonator : STOP mode
: ENOSC (oscillation enable)
Con D OSCLK
— : | 4096 counts (high-speed oscillation clock)
S —
Con 10SC1/P11
Nes '
Figure 6-7 Circuit Configuration of Crystal/Ceramic Oscillation Mode
Notes:

® Mount a crystal unit or a ceramic resonator as close to the LSI as possible and make sure that neither signals causing
noise nor power supply wiring are near the crystal unit or ceramic resonator and their wiring.

6-10
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® Be aware that oscillation may stop due to condensation.
e The frequency of the crystal unit or ceramic resonator connected to the OSC0 and OSC1/P11 pins must not exceed
8.4 MHz.

6.3.2.3 High-Speed External Clock Input Mode

In high-speed external clock input mode, an external clock is input from the P10/OSCO pin.
Figure 6-8 shows the circuit configuration in high-speed external clock input mode.

1 VDD

E STOP mode
ENOSC (oscillation enable)

‘D_\ ™ High-speed oscillation
clock
(OSCLK)

External clock input —>

| P10/0SCO

Figure 6-8 Circuit Configuration in High-Speed External Clock Input Mode

Notes:

¢ Since a diode is connected between the P10/OSCO pin and DVpp and between the P10/OSCO pin and DVsg, do not
apply voltages higher than DVpp and lower than DVss to the P10/OSCO pin.

¢ |f the P10/OSCO pin is left open in high-speed external clock input mode, excessive current can flow. Therefore,
be sure to input a “H” level (DVpp) or a “L” level (DVss) to the P10/OSCO pin.

e The clock that is input must not exceed 8.4 MHz.
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6.3.24 Operation of High-Speed Clock Generation Circuit

The high-speed clock generation circuit starts with built-in PLL oscillation mode by reset generation at the time of the
power supply injection. The LSI shifts to a system reset mode by reset generation at the time of the power on and shifts
to a program operation mode after oscillation stabilization period (8192 counts) for high-speed clock, and a CPU starts
operations. High-speed oscillation clock (OSCLK) is supplied to the peripheral circuits at the same time.

Figure 6-9 shows the waveforms of the high-speed clock generation circuit at power-on.

Power supply Vpp
RESET
Txrn: Oscillation start time
<>
High-speed oscillation " High-speed oscillation clock waveform
clock waveform
{ High-speed oscillation
High-speed clock “Count: 131072
OSCLK OSCLK waveform
System clock SYSCLK waveform
SYSCLK y
CPU start

Figure 6-9 Operation of the High-Speed Clock Generation Circuit at Power-On

For the high-speed clock generation circuit, starting/stopping oscillation can be controlled by the frequency control
register 1 (FCONL1).

Setting the ENOSC bhit of FCONL1 to “1” starts oscillation. After the start of oscillation, HSCLK starts to be supplied
to the peripheral circuits following a lapse of the high-speed oscillation start period (Txrr/Text) in each mode and the
oscillation stabilization period of the high-speed oscillation clock (OSCLK).

The high-speed clock generation circuit stops oscillation when it enters STOP mode by software. It resumes
oscillation when the STOP mode is released by an external interrupt. Then, HSCLK starts to be supplied to the
peripheral circuits following a lapse of the high-speed oscillation start period (Txrn/Text) in each mode and the
oscillation stabilization period of the high-speed clock (OSCLK). The oscillation stabilization period is the duration
of 128 clock pulses in high-speed external clock input mode, the duration of 8192 clock pulses in built-in PLL
oscillation mode and the duration of 4096 clock pulses in crystal/ceramic oscillation mode.

Figure 6-10 shows the waveforms of the high-speed clock generation circuit in crystal/ceramic oscillation mode.
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High-speed clock

oscillation enable ——!

Txru: High-speed oscillation start time

Txru: High-speed oscillation start time

ENOSC
High-speed oscillation <> _ <>
waveform : High-speed oscillation waveform (__High-speed oscillation waveform
<> <> —_
§ High-speed oscillation
High-speed oscillation 4096 counts 4096 counts

High-speed clock

HSCLK waveform

rHSCLK waveform

HSCLK

Low-speed clock
oscillation waveform

High-speed oscillation waveform

Ar A

High-speed STOP

oscillation start mode

Generation 0

—<

High-speed oscillation wavefarm

Program
srestart

external interrupt

4

High-speed
oscillation stop

Figure 6-10 Operation of the High-Speed Clock Generation Circuit
in Crystal/Ceramic Oscillation Mode




ML610Q380/ML610Q383/ML610Q384/ML610Q385 User’s Manual
Chapter 6 Clock Generation Circuit

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 a flow of system clock switching processing (HSCLK—LSCLK) and Figure 6-12 shows a flow of
system clock switching processing (LSCLK—HSCLK).

6ystem clock switchin@
|

SYSCLK&"0" L. System clock switching (High-speed clock—Low-speed clock)
o Stop of high-speed oscillation
ENOSC0" (* No need to stop the oscillation if the high-speed clock is used for

| any peripheral)

@w—speed operation mo@

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

<System clock switchin@

ENOSC«"1" |- Start of high-speed oscillation

Wait until oscillation| Twar = 3ms @bult-in PLL oscillation mode
stabilizes (Twar)

SYSCLK«"1" | System clock switching (Low-speed clock—High-speed clock)

|
@gh-speed operation modD

Figure 6-12 Flow 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.
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6.4  Register setup of the port

For enable a clock output function, each related port register needs to be set up. Refer to the Chapter 17, “Port 27, the
Chapter 18, “Port 3” for details of each register.
6.4.1 When the P21 pin (OUTCLK:output) operates as the high-speed clock output function

The high-speed clock output is selected as the secondary function of the P21 pin by setting P21MD bit (P2MOD
register: bitl) to “1”.

register P2MOD register (Address:0F214H)
bit 7 6 5 4 3 2 1 0
bit name - - - - P23MD P22MD P21MD P20MD
value - - - - * * 1 *

The state of the P21 pin is selected as CMOS output mode by setting P21C1 bit (P2CONL1 register:bitl) to “1” and
setting P21CO0 bit (P2CONO register:bitl) to “1”.

register P2CONL1 register (Address:0F213H)
bit 7 6 5 4 3 2 1 0
bit name - - - - P23C1 P22C1 pP21C1 P20C1
value - - - - * * 1 *
register P2CONO register (Address:0F212H)
bit 7 6 5 4 3 2 1 0
bit name - - - - P23C0 P22C0 P21C0 P20C0
value - - - - [ * 1 *

As for P21D bit (P2D register:bitl), neither "0" nor "1" is problematic.

register P2D register (Address:0F210H)
bit 7 6 5 4 3 2 1 0
bit name - - - - P23D P22D P21D P20D
value - - - - * * bl *
- . not exist

*: no relation to the high-speed clock output function
**: Don’t care

Note:
Since the P21 pin (Port 2) is only for output, it does not have a register which chooses the input/output direction.
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6.4.2 When the P20 pin (LSCLK:output) operates as the low-speed clock output function

The low-speed clock output is selected as the secondary function of the P20 pin by setting P20MD bit (P2MOD
register: bit0) to “1”.

register P2MOD register (Address:0F214H)
bit 7 6 5 4 3 2 1 0
bit name - - - - P23MD P22MD P21MD P20MD
value - - - - * * * 1

The state of the P20 pin is selected as CMOS output mode by setting P20C1 bit (P2CONL1 register:bit0) to “1” and
setting P20CO bit (P2CONO register:bit0) to “1”.

register P2CONL1 register (Address:0F213H)
bit 7 6 5 4 3 2 1 0
bit name - - - - P23C1 P22C1 P21C1 P20C1
value - - - - * * * 1
register P2CONO register (Address:0F212H)
bit 7 6 5 4 3 2 1 0
bit name - - - : P23C0 P22C0 P21C0 P20C0
value - - - - * * 4 1

As for P20D bit (P2D register:bit0), neither "0" nor "1" is problematic.

register P2D register (Address:0F210H)
bit 7 6 5 4 3 2 1 0
bit name - s - - P23D P22D P21D P20D
value - - - - * * * *r
- 1 not exist

*: no relation to the low-speed clock output function
**: Don’t care

Note:
Since the P20 pin (Port 2) is only for output, it does not have a register which chooses the input/output direction.
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7. Time Base Counter

7.1 Overview

This LSI includes a low-speed time base counter (LTBC) and a high-speed time base counter (HTBC) that generate
base clocks for peripheral circuits. By using the time base counter, it is possible to generate events periodically.

For input clocks, see Chapter 6, “Clock Generation Circuit”. For interrupt permission, interrupt request flags, etc.,
described in this chapter, see Chapter 5, “Interrupts”.

7.1.1 Features

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

Adjustment of the frequency by the low-speed time base counter frequency adjustment register (LTBADJH,
LTBADJL) is possible for LTBC.(adjustment range: Approx -488ppm to +488ppm adjustment accuracy: Approx
0.48 ppm)

HTBC generates HTB1 to HTB32 signals by dividing the high-speed clock (HSCLK) frequency.

Capable of generating 128Hz , 32Hz , 16Hz , and 2Hz interrupts.

7.1.2 Configuration

Figure 7-1 and Figure 7-2 show the configuration of a low-speed time base counter and a high-speed time base counter,
respectively.

T32KHZ
T16KHZ
T8KHZ
TAKHZ
T2KHZ
T1KHZ
T512HZ
T256HZ

T128HZ
T64HZ
T32HZ
T16HZ
T8HZ
T4HZ
T2HZ
| T1HZ

7hits-Counter LTBR

LSCLK 8bits-Counter ﬁ/
(32.768KkH2) e > R
/]\ LTBADJL

RESET LTBDJH
(Internal signal)
LTBR Write

Data bus

LTBR: Low-speed time base counter register
LTBADJL: Low-speed time base counter frequency adjustment register
LTBADJH: High-speed time base counter frequency adjustment register

Figure 7-1 Configuration of Low-Speed Time Base Counter (LTBC)
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HSCLK
(8.192MHz)

RESET
(Internal signal)
Data bus

—=>d

HTBDR

=
1/n-Counter
R

7

HTBCLK
8.192MHz to 512Hz

HTBDR: High-speed time base counter frequency divide register

Figure 7-2 Configuration of High-Speed Time Base Counter

Note:

The frequency of HSCLK is changed by setting of SYSC1 bit and SYSCO bit in the frequency control register 0

(FCONO).
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7.2  Description of Registers

7.2.1 List of Registers

Address Name Symbol (Byte) Symbol (Word) R/W Size \llr;t;a;

OF00AH | Low-speed time base counter register LTBR — R/W 8 00H

oFoogH | High-speed time base counter HTBDR — RIW 8 00H
frequency divide register

OFoocH | Low-speed time base counter LTBADJL RW | 8/16 | 00H
frequency adjustment register L LTBADJ

OFooDH | -ow-speed time base counter LTBADJH RIW 8 00H
frequency adjustment register H
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7.2.2 Low-Speed Time Base Counter (LTBR)

Address: OFOOAH
Access: RIW

Access size: 8 bits
Initial value: OOH

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 to T1HZ outputs are set to “0” when write operation is performed for LTBR.

Note:

A TBC interrupt (128Hz interrupt, 32Hz interrupt, 16Hz interrupt, or 2Hz interrupt) may occur depending on the LTBR
write timing (see Figure 7-4, “Interrupt Timing and Reset Timing by Writing to LTBR”). Therefore, take care in
software programming, refer to Figure 7-4, “Interrupt Timing and Reset Timing by Writing to LTBR”.
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7.2.3 High-Speed Time Base Counter Divide Register (HTBDR)

Address: 0FOOBH
Access: RIW

Access size: 8 bits
Initial value: OOH

7 6 5 4 3 2 1 0
HTBDR — — — — HTD3 HTD2 HTD1 HTDO
R/W R R R R R/W R/W R/W R/W
Initial value 0 0 0 0 0 0 0 0

HTBDR is a special function register (SFR) to set the divide ratio of the 4-bit, 1/n counter.

[Description of Bits]

e HTD3 to HTDO (bits 3-0)
The HTD3-HTDO bits are used to set the frequency divide ratio of the 4-bit, 1/n counter. The frequency divide
ratios selectable include 1/1 to 1/16.

HTD3 | HTD2 | HTD1 | HTDO — Description
Divide ratio Frequency of HTBCLK (*1)
0 0 0 0 x 1/16 (initial value) 512 kHz
0 0 0 1 x 1/15 546 kHz
0 0 1 0 x 1/14 585 kHz
0 0 1 1 x 1/13 630 kHz
0 1 0 0 x 1/12 683 kHz
0 1 0 1 x 1/11 745 kHz
0 1 1 0 x 1/10 819 kHz
0 1 1 1 x 1/9 910 kHz
1 0 0 0 x 1/8 1024kHz
1 0 0 1 x 117 1170kHz
1 0 1 0 x 1/6 1365kHz
1 0 1 1 x 1/5 1638kHz
1 1 0 0 x 1/4 2048kHz
1 1 0 1 x 1/3 2731kHz
1 1 1 0 x 1/2 4096kHz
1 1 1 1 x 1/1 8192kHz

*1: Indicates the frequency when the high-speed oscillation clock, HSCLK, is 8192kHz.
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7.2.4 Low-Speed Time Base Counter Frequency Adjustment Registers L and H (LTBADJL, LTBADJH)

Address: OFOOCH
Access: RIW

Access size: 8/16 bits
Initial value: OOH

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

R/W R/W R/W R/W R/W R/W R/W R/W R/W
Initial value 0 0 0 0 0 0 0 0

Address: 0FOODH
Access: RIW

Access size: 8 bits
Initial value: OOH

7 6 5 4 3 2 1 0
LTBADJH — — — — — LADJS 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 (SFRSs) to set the frequency adjustment values of the low-speed
time base clock.

[Description of Bits]
o LADJS, LADJ9-LADJS8 (bits 2-0) LADJ7-LADJO (bits 7-0)
The LADJS and LADJ9 to LADJO bits are used to adjust frequency.
Adjustment range: Approx. —488ppm to +488ppm.
Adjustment accuracy:  Approx. 0.48ppm
See Section 7.3.3, “Low-Speed Time Base Counter Frequency Adjustment Function” for the correspondence
between the frequency adjustment values (LTBADJH, LTBADJL) and adjustment ratio.
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7.3  Description of Operation

7.3.1 Low-Speed Time Base Counter

The low-speed time base counter (LTBC) starts counting from 0000H on the LSCLK falling edge after system reset.
The T128HZ, T32HZ, T16HZ, 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 T2HZ 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 7-3 shows an example of program to read LTBR.

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

Figure 7-3 Programming Example for Reading LTBR

LTBR is reset when write operation is performed and the T128HZ to T1HZ outputs are set to “0”. Write data is
invalid. Since an interrupt occurs if a falling edge occurs in the T128Hz to T1Hz outputs during writing to LTBR,
take care in software programming.

Figure 7-4 shows interrupt generation timing and reset timing of the time base counter output by writing to LTBR.

LTBR Write

ToeeHZ | LU LUy
Ti2gHz | Y VY ry v v jfyvryvryvyryvyryrvyrvrvrv,

T64HZ | | | 1 | 1 | 1 | L I | —
T32HZ| [ 1 L e —

T6HZ — — v

R
!

TI6HZ [ [YIVIVIVIVIVIVIVIVIVIVIVIVIVIVIVIVIVIVIVIVIVIVIVIVV[VIV]V]V
TeHzZ [ Y [TV Y v vy iy ryryvyryryfprvyvprvrvrvprv

T4HZ T 1 I 1 [ 1 [ L I 1 I 1 I L
ToHZ[ YV~ Yy 0 v
T1HZ [ L

TV BAHRA T ERT,

Figure 7-4 Interrupt Timing and Reset Timing by Writing to LTBR
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7.3.2 High-Speed Time Base Counter

The high-speed time base counter is configured as a 4-bit 1/n counter (n = 1 to 16).

In the 4-bit 1/n counter, the divided clock (1/16xHSCLK to 1/1xHSCLK) selected by the high-speed time base counter
divide register (HTBDR) is generated as HTBCLK. HTBCLK is used as a timer.

Figure 7-5 shows the output waveform of HTBCLK.

High-speedcock [ [T UL UUUUUUTULUUUUUUL
HSCLK
1/n counteé_cr);tgﬂt( W H H H U H H m

x 1/1 x 1/2 x 1/3

High-speed time base counter

Divide register OFH >< OEH >< ODH
HTBDR

Figure 7-5 Output Waveform of HTBCLK
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7.3.3 Low-Speed Time Base Counter Frequency Adjustment Function

Frequency adjustment (Adjustment range: Approx. —488ppm to +488ppm. Adjustment accuracy: Approx. 0.48ppm) is
possible for outputs of TBKHZ to T1HZ of LTBC by using the low-speed time base counter frequency adjust registers
(LTBADJH and LTBADJL).

Table7-1 shows correspondence between the frequency adjustment values (LTBADJH, LTBADJL) and adjustment
ratio.

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

0 0 0 0 0 0 1 401H —-487.80
1 0 0 0 0 0 0 0 0 0 0 400H -488.28

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)

e nnu

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 n

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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8. Timers

8.1

Overview

This LSI has a 6-channels of 8-bit timers.
For input clocks, see Chapter 6, “Clock Generation Circuit”.

8.1.1

Features

e The timer interrupt (TMnINT) is generated when the values of timer counter register (TMnC, n=0,1,8 to B) and
timer data register (TMnD) coincide.
o A timer configured by combining timer 0 and timer 1, timer 8 and timer 9, timer A and timer B can be used as a

16-bit timer.

o For the timer clock, the low-speed clock (LSCLK), high-speed time base clock (HTBCLK), or external clock can be

selected.

e The timer out signal of a timer 9 and Timer B (TM9OUT, TMBOUT) can be outputted.
e Positive logic or negative logic can be selected for the output logic of TMOOUT, TMBOUT signal.

e Auto reload timer mode and one shot timer mode can be selected.

8.1.2

Configuration

Figure 8-1 shows the configuration of the timers.

External clock
P44/TOP4CK

P45/T1P5CK

External clock
P44/TOP4CK

P45/T1P5CK

TMnINT
' Match
' Write TMnC
! Comparator
é LSCLK — TMNCONO | Thck T’ T°
i HTBCLK — R
Ob— 5| TMnCON1 ——>a> TMnC TMnD
| y
E N 8 h S ) n=0~1
: Data bus
(a) At the 8bit timer mode (Timer 0 to 1)
; TMmINT
5 Write TMnC Match n=0 m=1
5 Write TMmC t Comparator
; 16 ¢16
: ~ 8 T8
i LSCLK T s + s
' HTBOL 2| TMncoNo | Tnek = i’
G— S|TMnCON1 [ 2% TMnC % TMmC TMnD TMmD
E d \1, A
~ 8
Read TMnC TMmC latch \ s N 3
\\ 8
Data bus Y J’ Y

(b) At the 16bit timer mode (timer 0 to 1)
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* TMnINT
: Match L
' Write TMnC
; Comparator ouT —)D P22/TM90OUT
,T\ 1\ P23/TMBOUT
External clock ! LSCLK s N TMMNEG
P46/T8ACK ! —>
| HTBCLK —>| | MNCONO | Tnck —
P47/T9BCK ———— | TMNnCON1 ——>%= TMnC TMnD
E N N
é 8 j\ 8 n=8~B
Data bus m=9,B
(c) 8-bit Timer Mode (Timers 8 to B)
: . TMmINT
L TMmMNEG
| ouT b P22/TM9OUT
: Write TMnC Match P23/TMBOUT
Write TMmC Comparator
: A n=8,A
; 16 ¢16 m=9,B
E S~ 8 N 8
External clock : N N
i LSCLK ~ 8 ~ 8
P46/TBACK | oo\ 2| TMnCONO | Tnek i ‘F{
P47/T9BCK ———>| TMNCON1 [ >% TMnC  [>% TMmC TMnD TMmD
. A
1, J r p
Read TMnC TMmC latch < 8 < 8
\ 4 Nk \4 J/
Data bus — >
(d) At the 16-bit Timer Mode (Timers 8 to B)
TMnCONO : Timer control register O
TMnCON1 : Timer control register 1
TMmD, TMnD : Timer data registers

TMmC, TMnC: Timer counter registers

Figure 8-1 Configuration of Timers




ML610Q380/ML610Q383/ML610Q384/ML610Q385 User’s Manual

Chapter 8 Timers

8.2  Description of Registers

8.2.1 List of Registers

Address Name Symbol (Byte) Symbol (Word) R/W Size Initial value
OF030H Timer O data register TMOD TMODC R/W 8/16 OFFH
OF031H Timer O counter register TMOC R/W 8 00H
0F032H Timer O control register 0 TMOCONO TMOCON R/W 8/16 00H
OF033H Timer O control register 1 TMOCON1 R/W 8 00H
0F034H Timer 1 data register TM1D TM1DC R/W 8/16 OFFH
OF035H Timer 1 counter register TM1C R/W 8 00H
OF036H Timer 1 control register 0 TM1CONO TM1CON R/W 8/16 00H
OF037H Timer 1 control register 1 TM1CON1 R/W 8 O0H
OF8EOH Timer 2 data register TM8D TM2DC R/W 8/16 OFFH
OF8E1H Timer 2 counter register TM8C R/W 8 O0H
OF8E2H Timer 2 control register 0 TM8CONO TM2CON R/W 8/16 00H
OF8E3H Timer 2 control register 1 TMB8CON1 R/W 8 O0H
OF8E4H Timer 3 data register TM9D TM3DC R/W 8/16 OFFH
OF8ES5H Timer 3 counter register TM9C R/W 8 00H
OF8E6H Timer 3 control register 0 TM9CONO TM3CON R/W 8/16 00H
OF8E7H Timer 3 control register 1 TMI9CON1 R/W 8 O0H
OF8E8H Timer 4 data register TMAD TMADC R/W 8/16 OFFH
OF8E9H Timer 4 counter register TMAC R/W 8 O0H
OF8EAH Timer 4 control register 0 TMACONO TMACON R/W 8/16 00H
OF8EBH Timer 4 control register 1 TMACON1 R/W 8 00H
OF8ECH Timer 5 data register TMBD TM5DC R/W 8/16 OFFH
OF8EDH Timer 5 counter register TMBC R/W 8 O0H
OF8EEH Timer 5 control register 0 TMBCONO TM5CON R/W 8/16 00H
OF8EFH Timer 5 control register 1 TMBCON1 R/W 8 O0H
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8.2.2 Timer O Data Register (TMOD)

Address: 0FO30H
Access: R/W
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 O counter register (TMOC)
value.

Note:
Set TMOD when the Timer 0 stops (TOSTAT bit of TMOCONL1 register is “0").
When “00H” is written in TMOD, TMOD is set to “01H".
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8.2.3 Timer 1 Data Register (TM1D)

Address: 0F034H
Access: R/W
Access size: 8 bits
Initial value: OFFH

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

TMI1D is a special function register (SFR) to set the value to be compared with the value of the timer 1 counter register
(TM1C).

Note:
Set TM1D when the Timer 1 stops (TLSTAT bit of TM1CONL1 register is “0").
When “00H” is written in TM1D, TM1D is set to “01H".
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8.24 Timer 8 Data Register (TM8D)

Address: OFSEOH
Access: R/W
Access size: 8 bits
Initial value: OFFH

7 6 5 4 3 2 1 0
TM2D T8D7 T8D6 T8D5 T8D4 T8D3 T8D2 T8D1 T8DO
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

TMB8D is a special function register (SFR) to set the value to be compared with the value of the timer 8 counter register
(TM8C).

Note:
Set TM8D when the Timer 8 stops (T8STAT bit of TM8CONL register is “0”).
When “00H” is written in TM8D, TM8D is set to “01H".
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8.25 Timer 9 Data Register (TM9D)

Address: OF8E4H
Access: R/W
Access size: 8 bits
Initial value: OFFH

7 6 5 4 3 2 1 0
TM3D ToD7 ToD6 T9D5 ToD4 ToD3 ToD2 ToD1 T9DO
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 value of the timer 9 counter register
(TMOC).

Note:
Set TM9D when the Timer 9 stops (T9STAT bit of TM9CONL1 register is “0”).
When “00H” is written in TM9D, TM9D is set to “01H".
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8.2.6 Timer A Data Register (TMAD)

Address: OFSE8H
Access: R/W
Access size: 8 bits
Initial value: OFFH

7 6 5 4 3 2 1 0
TM4D TAD7 TAD6 TAD5 TAD4 TAD3 TAD2 TAD1 TADO
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

TMAD is a special function register (SFR) to set the value to be compared with the value of the timer A counter
register (TMAC).

Note:
Set TMAD when the Timer A stops (TASTAT bit of TMACON1 register is “0”).
When “00H” is written in TMAD, TMAD is set to “01H".
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8.2.7 Timer B Data Register (TMBD)

Address: OF8ECH
Access: R/W

Access size: 8 bits
Initial value: OFFH

7 6 5 4 3 2 1 0
TMBD TBD7 TBD6 TBD5 TBD4 TBD3 TBD2 TBD1 TBDO
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

TMBD is a special function register (SFR) to set the value to be compared with the value of the timer B counter register
(TMBC).

Note:

Set TMBD when the Timer B stops (TBSTAT bit of TMBCONL register is “0”).
When “00H” is written in TMBD, TMBD is set to “01H".
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8.2.8 Timer 0 Counter Register (TMOC)

Address: 0FO31H
Access: R/W

Access size: 8 bits
Initial value: OOH

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 a write operation is performed to either the lower counter (TMOC) or the higher counter
(TM1C), both the lower and higher counters are set to “0000H”.

During timer operation, the contents of TMOC may not be read depending on the conditions of the timer clock and the
system clock.

Table 8-1 shows whether a TMOC read is enabled or disabled during timer operation for each condition of the timer
clock and system clock.

Table 8-1 TMOC Read Enable/Disable during Timer Operation

T"“T%rccl'(oc" Sy;f;“ci'}ic" 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.
HTBCLK LSCLK Read disabled
HTBCLK HSCLK Read enabled
External clock LSUER Read disabled
HSCLK
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8.2.9 Timer 1 Counter Register (TM1C)

Address: 0FO35H
Access: R/W

Access size: 8 bits
Initial value: OOH

7 6 5 4 3 2 1 0
T™M1C T1C7 T1C6 T1C5 T1C4 T1C3 T1C2 TiC1 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, TM1C is set to “00H”. The data that is written is meaningless.

In 16-bit timer mode, if a write operation is performed to either the lower counter (TMOC) or the higher counter
(TM1C), both the lower and higher counters are set to “0000H”.

When reading TM1C in 16-bit timer mode, be sure to read TMOC first since the count value of TM1C is stored in the
TM1C latch when TMOC is read.

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

TlrnTelré:}I(ock Sy;(e;n C?ECK TM1C read enable/disable
LSCLK LSCLK Read enabled
Read enabled. However, to prevent the reading of undefined
LSCLK HSCLK data during incremental counting, read consecutively TM1C 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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8.2.10 Timer 8 Counter Register (TM8C)

Address: OFSE1H
Access: R/W

Access size: 8 bits
Initial value: OOH

7 6 5 4 3 2 1 0
TM8C T8C7 T8C6 T8C5 T8C4 T8C3 T8C2 T8C1 T8CO
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

TMB8C is a special function register (SFR) that functions as an 8-bit binary counter.

When write operation to TM8C is performed, TM8C is set to “00H”. The data that is written is meaningless.

In 16-bit timer mode, if a write operation is performed to either the lower counter (TM8C) or the higher counter
(TM3C), both the lower and higher counters are set to “0000H”.

During timer operation, the contents of TM8C may not be read depending on the conditions of the timer clock and the
system clock.

Table 8-1 shows whether a TM8C read is enabled or disabled during timer operation for each condition of the timer
clock and system clock.

Table 8-3 TMB8C Read Enable/Disable during Timer Operation

T"“Tzr(;'(oc" Sy;f;“ci'}ic" TMBC read enable/disable
LSCLK LSCLK Read enabled
Read enabled. However, to prevent the reading of undefined data
LSCLK HSCLK during incremental counting, read consecutively TM8C twice until
the last data coincides the previous data.
HTBCLK LSCLK Read disabled
HTBCLK HSCLK Read enabled
External clock LSUER Read disabled
HSCLK
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8.2.11 Timer 9 Counter Register (TM9C)

Address: OF8E5H
Access: R/W

Access size: 8 bits
Initial value: OOH

7 6 5 4 3 2 1 0
TMOC T9C7 T9C6 T9C5 T9C4 T9C3 T9C2 T9C1 T9CO
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 TM9C is performed, TM9C is set to “00H”. The data that is written is meaningless.

In 16-bit timer mode, if a write operation is performed to either the lower counter (TM8C) or the higher counter
(TMQC), both the lower and higher counters are set to “0000H”.

When reading TM9C in 16-bit timer mode, be sure to read TMB8C first since the count value of TM9C is stored in the
TMOC latch when TM8C is read.

During timer operation, the contents of TM9C may not be read depending on the conditions of the timer clock and the
system clock.

Table 8-2 shows whether a TM9C read is enabled or disabled during timer operation for each condition of the timer
clock and system clock.

Table 8-4 TM9C Read Enable/Disable during Timer Operation

Tlrr;(zré:}iock Sy;(e;n C?ECK TMOC read enable/disable
LSCLK LSCLK Read enabled
Read enabled. However, to prevent the reading of undefined
LSCLK HSCLK data during incremental counting, read consecutively TM9C 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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8.2.12 Timer A Counter Register (TMAC)

Address: OFSE9H
Access: R/W

Access size: 8 bits
Initial value: OOH

7 6 5 4 3 2 1 0
TMAC TAC7 TAC6 TAC5 TAC4 TAC3 TAC2 TAC1 TACO
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

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

When write operation to TMAC is performed, TMAC is set to “00H”. The data that is written is meaningless.

In 16-bit timer mode, if a write operation is performed to either the lower counter (TMAC) or the higher counter
(TMBC), both the lower and higher counters are set to “0000H”.

During timer operation, the contents of TMAC may not be read depending on the conditions of the timer clock and the
system clock.

Table 8-1 shows whether a TMAC read is enabled or disabled during timer operation for each condition of the timer
clock and system clock.

Table 8-5 TMAC Read Enable/Disable during Timer Operation

T"ﬁg,ka Sy;f;“ci'}ic" TMAC read enable/disable
LSCLK LSCLK Read enabled
Read enabled. However, to prevent the reading of undefined data
LSCLK HSCLK during incremental counting, read consecutively TMAC twice until
the last data coincides the previous data.
HTBCLK LSCLK Read disabled
HTBCLK HSCLK Read enabled
External clock LSUER Read disabled
HSCLK




ML610Q380/ML610Q383/ML610Q384/ML610Q385 User’s Manual
Chapter 8 Timers

8.2.13 Timer B Counter Register (TMBC)

Address; OFBEDH
Access: R/W

Access size: 8 bits
Initial value: OOH

7 6 5 4 3 2 1 0
TMBC TBC7 TBC6 TBC5 TBC4 TBC3 TBC2 TBC1 TBCO
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

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

When write operation to TMBC is performed, TMBC is set to “00H”. The data that is written is meaningless.

In 16-bit timer mode, if a write operation is performed to either the lower counter (TMAC) or the higher counter
(TMBC), both the lower and higher counters are set to “0000H”.

When reading TMBC in 16-bit timer mode, be sure to read TMAC first since the count value of TMBC is stored in the
TMBC latch when TMAC is read.

During timer operation, the contents of TMBC may not be read depending on the conditions of the timer clock and the
system clock.

Table 8-2 shows whether a TMBC read is enabled or disabled during timer operation for each condition of the timer
clock and system clock.

Table 8-6 TMBC Read Enable/Disable during Timer Operation

Tlrr_:_e;((:::(ock Sy;(egcil}céck TMBC read enable/disable
LSCLK LSCLK Read enabled
Read enabled. However, to prevent the reading of undefined
LSCLK HSCLK data during incremental counting, read consecutively TMBC 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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8.2.14 Timer 0 Control Register 0 (TMOCONO)

Address: 0F032H
Access: RIW

Access size: 8 bits
Initial value: OOH

7 6 5 4 3 2 1 0
TMOCONO — — — — — TO1M16 TOCS1 TOCSO
R/W R R R R R R/W R/W R/W
Initial value 0 0 0 0 0 0 0 0

TMOCONO is a special function register (SFR) to control timer 0.
Rewrite TMOCONO while the timer O is stopped (TOSTAT of the TMOCONL register is “0”).

[Description of Bits]
e TOCS1, TOCSO (bits 1, 0)

The TOCS1 and TOCSO bits are used for selecting the operation clock of timer 0. LSCLK, HTBCLK, or the external
clock (P44/TOPOCK) can be selected by these bits.

TOCS1 TOCSO Description
0 0 LSCLK (initial value)
0 1 HTBCLK
1 0 Prohibited (timer 0 does not operate)
1 1 External clock (P44/TOPOCK)

e T01M16 (bit 2)
The TO1M16 bit is used for selecting the operating mode of timer 0 or timer 1. When the TO1M16 bit is set to “1”,
timer 0 and timer 1 are connected and they operate as a 16-bit timer.
In 8-bit timer mode, each timer 0 and timer 1 are operate as independent 8-bit timer.
In 16-bit timer mode, 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. A timer O interrupt (TMOINT) is not
generated.

TO1M16 Description
0 8-bit timer mode (initial value)
1 16-bit timer mode
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8.2.15 Timer 1 Control Register 0 (TM1CONO)

Address: 0F036H
Access: R/W

Access size: 8 bits
Initial value: OOH

7 6 5 4 3 2 1 0
TM1CONO — — — — — — T1CS1 T1CSO
R/W R R R R R R R/W R/W
Initial value 0 0 0 0 0 0 0 0

TM1CONO is a special function register (SFR) to control timer 1.
Rewrite TM1CONO while timer 1 is stopped (TLSTAT of the TM1CONL1 register is “0”).

[Description of Bits]

e T1CS1, T1CSO (bits 1, 0)
The T1CS1 and T1CSO bits are used for selecting the operation clock of timer 1. LSCLK, HTBCLK, or the external
clock (P45/T1P1CK) can be selected by these bits.

In cases where the 16-bit timer mode has been selected by setting TO1M16 of TMOCON to “1”, the values of T1CS1
and T1CSO are invalid.

T1CS1 T1CSO Description
0 0 LSCLK (initial value)
0 1 HTBCLK
1 0 Prohibited (timer does not operate)
1 1 External clock (P45/ T1P1CK)
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8.2.16  Timer 8 Control Register 0 (TM8CONO)

Address: OF8E2H
Access: RIW

Access size: 8 bits
Initial value: OOH

7 6 5 4 3 2 1 0
TM8CONO T8OST — T89IM16 — — — T8CS1 T8CSO
R/W R R R R R R R/W R/W
Initial value 0 0 0 0 0 0 0 0

TMB8CONO is a special function register (SFR) to control timer 8.
Rewrite TM8CONO while the timer 8 is stopped (T8STAT of the TM8CONL register is “0”).

[Description of Bits]
e T8CS1, T8CSO (hits 1, 0)

The T8CS1 and T8CSO bits are used for selecting the operation clock of timer 8. LSCLK, HTBCLK, or the external
clock (P04/T08POCK) can be selected by these bits.

T8CS1 T8CSO0 Description
0 0 LSCLK (initial value)
0 1 HTBCLK
1 0 External clock (P04/TO8POCK)
1 1 Prohibited (timer 8 does not operate)

e T89M16 (bit 5)
The T89M16 bit is used for selecting the operating mode of timer 8 or timer 9. When the T89M16 bit is set to “1”,
timer 8 and timer 9 are connected and they operate as a 16-bit timer.
In 8-bit timer mode, each timer 8 and timer 9 are operate as independent 8-bit timer.
In 16-bit timer mode, timer 8 and timer 9 are connected and they operate as a 16-bit timer.
In 16-bit timer mode, timer 9 is incremented by a timer 8 overflow signal. A timer 8 interrupt (TM8INT) is not
generated.

T89M16 Description
0 8-bit timer mode (initial value)
1 16-bit timer mode

e T8OST (bit 7)
T8OST s a bit which selects the timer mode of a timer 8.1f T8OST is set to 1", one shot timer mode can be used.

T8OST Description
0 Normal timer mode (initial value)
1 One shot timer mode
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8.2.17 Timer 9 Control Register 0 (TM9CONO)

Address: OFSE6H
Access: R/W

Access size: 8 bits
Initial value: OOH

7 6 5 4 3 2 1 0
TM9CONO T9OST TONED — — — — T9CS1 T9CSO
R/W R/W R/W R R R R R/W R/W
Initial value 0 0 0 0 0 0 0 0

TM9CONO is a special function register (SFR) to control timer 9.
Rewrite TM9CONO while timer 9 is stopped (T9STAT of the TM9CONL1 register is “0”).

[Description of Bits]

e TI9CS1, T9CSO (bits 1, 0)
The T9CS1 and T9CSO bits are used for selecting the operation clock of timer 9. LSCLK, HTBCLK, or the external
clock (P47/T9BCK) can be selected by these bits.
In cases where the 16-bit timer mode has been selected by setting T89M16 of TM8CON to “1”, the values of T9CS1
and T9CSO are invalid.

T9CS1 TI9CSO Description
0 0 LSCLK (initial value)
0 1 HTBCLK
1 0 Prohibited (timer does not operate)
1 1 External clock (P47/ T9BCK)

e TONEG (bit 6)
A TINEG bit selects the output logic of TMOOUT. TM9OUT output is “0” in positive logic, and “1” in negative
logic.

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

e TOOST (bit 7)
T9OST bit selects the timer mode of a timer 9.1f T9OST is set to 1", one shot timer mode can be used.
When T89M16 of TMB8CONO has chosen "1" and 16-bit timer mode, the value of T9OST becomes invalid.

T9OST Description
0 Normal timer mode (initial value)
1 One shot timer mode
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8.2.18 Timer A Control Register 0 (TMACONO)

Address; OFBEAH
Access: RIW
Access size: 8 bits
Initial value: OOH

7 6 5 4 3 2 1 0
TMACONO TAOST — TABM16 — — — TACS1 TACSO0
R/W R/W R R/W R R R R/W R/W
Initial value 0 0 0 0 0 0 0 0

TMACONQO is a special function register (SFR) to control timer A.
Rewrite TMACONO while the timer A is stopped (TASTAT of the TMACONL register is “0”).

[Description of Bits]

e TACS1, TACSO (bits 1, 0)
The TACS1 and TACSO bits are used for selecting the operation clock of timer A. LSCLK, HTBCLK, or the
external clock (P46/T8ACK) can be selected by these bits.

TACS1 TACSO Description
0 0 LSCLK (initial value)
0 1 HTBCLK
1 0 Prohibited (timer does not operate)
1 1 External clock (P46/ TBACK)

o TABM16 (bit 2)
The TABM16 bit is used for selecting the operating mode of timer A or timer B. When the TABM16 bit is set to “1”,
timer A and timer B are connected and they operate as a 16-bit timer.
In 8-bit timer mode, each timer A and timer B are operate as independent 8-bit timer.
In 16-bit timer mode, timer A and timer B are connected and they operate as a 16-bit timer.
In 16-bit timer mode, timer B is incremented by a timer A overflow signal. A timer A interrupt (TMAINT) is not
generated.

TABM16 Description
0 8-bit timer mode (initial value)
1 16-bit timer mode

e TAOST (bit 7)
TAOST bit selects the timer mode of a timer 9.1f TAOST is set to "1", one shot timer mode can be used.
When TABM16 of TMACONQO has chosen "1" and 16-bit timer mode, the value of TBOST becomes invalid.

TAOST Description
0 Normal timer mode (initial value)
1 One shot timer mode
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8.2.19 Timer B Control Register 0 (TMBCONO)

Address; OFSEEH
Access: R/W

Access size: 8 bits
Initial value: OOH

7 6 5 4 3 2 1 0
TMBCONO TBOST TBNEI' — — — — TBCS1 TBCSO0
R/W R R R R R R R/W R/W
Initial value 0 0 0 0 0 0 0 0

TMBCONQ is a special function register (SFR) to control timer B.
Rewrite TMBCONO while timer B is stopped (TBSTAT of the TMBCONL register is “0”).

[Description of Bits]

e TBCS1, TBCSO (bits 1, 0)
The TBCS1 and TBCSO bits are used for selecting the operation clock of timer B. LSCLK, HTBCLK, or the external
clock (P47/T9BCK) can be selected by these bits.
In cases where the 16-bit timer mode has been selected by setting TABM16 of TMOCON to “1”, the values of
TBCS1 and TBCSO are invalid.

TBCS1 TBCSO Description
0 0 LSCLK (initial value)
0 1 HTBCLK
1 0 Prohibited (timer does not operate)
1 1 External clock (P47/ T9BCK)

e TBNEG (bit 6)
A TBNEG bit selects the output logic of TMBOUT. The initial value of a TMBOUT output is “0” in positive logic,
and “1” in negative logic.

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

e TBOST (bit 7)
TBOST bit selects the timer mode of a timer B.If TBOST is set to 1", one shot timer mode can be used.

TBOST Description
0 Normal timer mode (initial value)
1 One shot timer mode
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8.2.20 Timer O Control Register 1 (TMOCONZ1)

Address: 0FO33H
Access: RIW

Access size: 8 bits
Initial value: OOH

7 6 5 4 3 2 1 0
TMOCON1 TOSTAT — — — — — — TORUN
R/W R R R R R R R R/W
Initial value 0 0 0 0 0 0 0 0

TMOCONL is a special function register (SFR) to control a timer 0.

[Description of Bits]
e TORUN (bit 0)
The TORUN bit is used for controlling count stop/start of timer 0.

TORUN Description
0 Stops counting
1 Starts counting

o TOSTAT (bit7)
The TOSTAT bit is used for indicating “counting stopped”/”counting in progress” of timer 0.

TOSTAT Description
0 Counting stopped
1 Counting in progress
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8.2.21 Timer 1 Control Register 1 (TM1CONL1)

Address: 0FO37H
Access: RIW

Access size: 8 bits
Initial value: OOH

7 6 5 4 3 2 1 0
TM1CON1 T1STAT — — — — — — T1RUN
R/W R R R R R R R R/W
Initial value 0 0 0 0 0 0 0 0

TM1CONL is a special function register (SFR) to control timer 1.

[Description of Bits]

e T1RUN (bit 0)
The T1RUN bit is used for controlling count stop/start of timer 1.
In 16-bit timer mode, be sure to set this bit to “0”. Timer 1 is incremented caused by a timer 0 overflow signal
regardless of the value of TIRUN.

T1RUN Description
0 Stops counting
1 Starts counting

o TISTAT (bit7)
The T1STAT bit is used for indicating “counting stopped”/”counting in progress” of timer 1.
In 16-bit timer mode, this bit will read “0”.

T1ISTAT Description
0 Counting stopped.
1 Counting in progress.
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8.2.22  Timer 8 Control Register 1 (TM8CONL1)

Address: OFSE3H
Access: RIW

Access size: 8 bits
Initial value: OOH

7 6 5 4 3 2 1 0
TMB8CON1 T8STAT — — — — — — T8RUN
R/W R R R R R R R R/W
Initial value 0 0 0 0 0 0 0 0

TMB8CONL is a special function register (SFR) to control timer 8.

[Description of Bits]
e T8RUN (bit 0)
The T8RUN bit is used for controlling count stop/start of timer 8.

T8RUN Description
0 Stops counting
1 Starts counting

o T8STAT (hit7)
The T8STAT bit is used for indicating “counting stopped”/”counting in progress” of timer 8.

T8STAT Description
0 Counting stopped.
1 Counting in progress.
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8.2.23  Timer 9 Control Register 1 (TM9CONL1)

Address: OFSE7H
Access: RIW

Access size: 8 bits
Initial value: OOH

7 6 5 4 3 2 1 0
TM9CON1 TOSTAT — — — — — — TO9RUN
R/W R R R R R R R R/W
Initial value 0 0 0 0 0 0 0 0

TMOICONL is a special function register (SFR) to control timer 9.

[Description of Bits]

e TI9RUN (bit 0)
The TI9RUN bit is used for controlling count stop/start of timer 9.
In 16-bit timer mode, be sure to set this bit to “0”. Timer 9 is incremented caused by a timer 0 overflow signal
regardless of the value of TORUN.

TI9RUN Description
0 Stops counting
1 Starts counting

o TISTAT (bit7)
The T9STAT bit is used for indicating “counting stopped”/”counting in progress” of timer 9.
In 16-bit timer mode, this bit will read “0”.

TOSTAT Description
0 Counting stopped.
1 Counting in progress.
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8.2.24  Timer A Control Register 1 (TMACONL1)

Address: OFSEBH
Access: RIW

Access size: 8 bits
Initial value: OOH

7 6 5 4 3 2 1 0
TMACON1 TASTAT — — — — — — TARUN
R/W R R R R R R R R/W
Initial value 0 0 0 0 0 0 0 0

TMACONTL is a special function register (SFR) to control timer A.

[Description of Bits]

e TARUN (bit 0)
The TARUN bit is used for controlling count stop/start of timer A.
In 16-bit timer mode, be sure to set this bit to “0”. Timer A is incremented caused by a timer 0 overflow signal
regardless of the value of TARUN.

TARUN Description
0 Stops counting
1 Starts counting

o TASTAT (bit7)
The TASTAT bit is used for indicating “counting stopped”/”counting in progress” of timer A.
In 16-bit timer mode, this bit will read “0”.

TASTAT Description
0 Counting stopped.
1 Counting in progress.
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8.2.25 Timer B Control Register 1 (TMBCONL1)

Address: OF8EFH
Access: R/W

Access size: 8 bits
Initial value: OOH

7 6 5 4 3 2 1 0
TMBCON1 TBSTAT — — — — — — TBRUN
R/W R R R R R R R R/W
Initial value 0 0 0 0 0 0 0 0

TMBCONL is a special function register (SFR) to control timer B.

[Description of Bits]

e TBRUN (bit 0)
The TBRUN bit is used for controlling count stop/start of timer B.
In 16-bit timer mode, be sure to set this bit to “0”. Timer B is incremented caused by a timer 0 overflow signal
regardless of the value of TBRUN.

TBRUN Description
0 Stops counting
1 Starts counting

o TBSTAT (bit7)
The TBSTAT bit is used for indicating “counting stopped”/”counting in progress” of timer B.
In 16-bit timer mode, this bit will read “0”.

TBSTAT Description
0 Counting stopped.
1 Counting in progress.




ML610Q380/ML610Q383/ML610Q384/ML610Q385 User’s Manual
Chapter 8 Timers

8.3  Description of Operation

When the TnRUN bit of timer 0,1,8 to B control register 1 (TMnCONZ1) is set to “1”, the timer counter (TMnC) is set
to an operating state (TnSTAT is set to “1”) on the first falling edge of the timer clock (TnCK) being selected by the
Timer 0,1,8 to B control register 0 (TMnCONO). Then, the timer counter (TMnC) starts incrementing on the 2nd
falling edge.

When the count value of TMnC and the timer 0,1,8 to B data register (TMnD) coincide, timer 0,1,8 to B interrupt
(TMnINT) occurs on the next timer clock falling edge and at the same time, TMnC is reset to “00H” and continues
incrementing.

Whenever the value of the count value of TMnC and the preset value of a timer n data register (TMnD) is in agreement,
the output value of timer out (TM9OUT, TMBOUT) is reversed. This timer out can be outputted outside as ternary
function of a port 2. Timer out is set to "0" to the time of system reset, and a timer count stop.

When the TnRUN bit is set to “0”, TMnC stops incrementing after counting the falling of the timer clock (TnCK) once.
Confirm that TMnC has been stopped by checking that the TnSTAT bit of the Timer 0-7 control register 1
(TMNnCON1) is “0”.  When the ThnRUN bit is set to “1” again, TMnC restarts incrementing from the previous value.
To initialize TMnC to “00H”, perform a write operation to TMnC.

The timer interrupt period (Trvy) is expressed by the following equation.

TMnD + 1
TnCK (Hz)

T =

(n=0,1,8t0 B)

TMnD: Timer 0,1,8 to B data register (TMnD) setting value (01H to OFFH)
TnCK: Clock frequency selected by the Timer 0,1,8 to B control register 0 (TMnCONO)

After the TnRUN bit is set to “1”, the timer is synchronized by the timer clock to start counting. Therefore, an error
of a maximum of 1 clock period occurs until the first timer interrupt occurs. The timer interrupt periods from the
second time onward are constant.

Figure 8-2 shows the operation timing diagram of Timer 0,1,8 to B.

mek [V VYTV T _%W_IW_W_W ﬁgﬂﬂﬂﬂﬂ_
TnRUN i 7 —I—J_

TnSTAT

(@ (—
N R

Write TMnC |—]

I ((
; Ri n
TMNC  xx_ X 00 X o1 )02 Xez ) e X 0o } o1 X8z )88 X 00 Y or \ 02 X

TMnD :X 88 -~ 88 -\ 88
TMnINT ()() ‘ ()()
= ~ f— )
(n=0.1,8~E) Trmi " Trmi
TMmMOUT
(m=9,B)

Figure 8-2 Operation Timing Diagram of Timer 0,1,8 to B

Note:
Even if “0” is written to the TnRUN bit, counting operation continues up to the falling edge (the timer 0,1,8 to B status
flag (TnSTA) is in a “1” state) of the next timer clock pulse. Therefore, the timer 0,1,8 to B interrupt (TMnINT) may
occur.
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TneK ﬂﬂﬂﬂﬂﬂﬁﬂﬂﬂﬂiw_mﬂﬂﬂﬂ_
TnRUN i I
TnSTAT b b |
write TMnC ___[ | « «
TMNC XX )( 00 X o1 X 02 )(g 88 éé 00 Yo )
TMnD l 88 | 88 | 88
TMNINT « r ] .
(n=8to B) Ton ‘;(; ’
TMmOUT K b
(m=9,B)

Figure 8-3 One-shot timer mode Operation Timing Diagram of Timer 8 to B

Note:
When the count value of TMnC and the value of a timer 8 to B data register (TMnD) are in agreement, a TnRUN bit is
cleared automatically.
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9 Watchdog Timer

9.1 Overview

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”.

9.1.1 Features

e Free running (cannot be stopped)

One of four types of overflow periods (125ms, 500ms, 2s, and 8s) selectable by software
Non maskable interruption is required at the first overflow.

Reset generated by the second overflow

9.1.2 Configuration

Figure 9-1 shows the configuration of the watchdog timer.

WDT counter | [Reset interrupt——> WDT reset

T256HZ ———> > R control WDTINT

Non-maskable interrupt
WDT overflow
—C [ ReseT N
WDTCON System reset
“SAH” “0A5H” I 5 R gH-WDP
WDTMOD detection —>| detection
o) PP on
A A /I\ 4 T
j WDTCON Write
A2 Data bus

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

Figure 9-1  Configuration of Watchdog Timer

9-1
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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
OFOOEH Watchdog timer control register WDTCON — R/W 8 OOH
OFOOFH Watchdog timer mode register WDTMOD — R/W 8 02H




ML610Q380/ML610Q383/ML610Q384/ML610Q385 User’s Manual
Chapter 9 Watchdog Timer

9.2.2 Watchdog Timer Control Register ( WDTCON)

Address:0FO0OEH
Access:W
Access size: 8 bits
Initial value:00H

7 6 5 4 3 2 1 0
WDTCON d7 dé ds d4 d3 d2 d1 WDP/dO
RIW R/W RIW RIW R/W RIW RIW RIW RIW
Initial value 0 0 0 0 0 0 0 0

WDTCON is a special function register (SFR) to clear the WDT counter.
When WDTCON is read, the value of the internal pointer (WDP) is read from bit 0.

[Description of Bits]
e WDP/d0 (bit0)
The value of the internal pointer (WDP) is read from this bit.
WNDT is reset to “0” when the system reset and the overflow of the WDT counter, and reverse every write
operation to WDTCON.

e d7~d0 (bits 7~0)
This bit is used to write data to clear the WDT counter.
WDT counter can be cleared by writing in “5AH”, when an internal pointer is “0”, and then writing in “0A5H”,
when WDP is “1”.

Note:

After the WDT interrupt (WDTINT) occurs, writing to the WDTCON register is disabled for about 15.25us. Therefore, when
the WDT cleared , confirm that the WDP is reversed by writing to the WDTCON register.

Refer to an example of programing “9.3.1 Handling example when you do not want to use the watch dog timer”.

9-3
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9.2.3 Watchdog Timer Mode Register (WDTMOD)

Address: OFO0OFH
Access:W
Access size: 8 bits
Initial value:02H

7 6 5 4 3 2 1 0
WDTMOD - — — — - - WDT1 WDTO
R/W R R R R R R 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. One of 125ms, 500ms, 2s, and
8s can be selected.

WDT1 WDTO Description
0 0 125ms
0 1 500ms
1 0 2s (initial value)
1 1 8s
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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 (TWOQOV) 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 shown in Table 9-1.

Table 9-1 Clear Period of WDT Counter

WDT1 WDTO Twov Twel
0 0 125ms Approx 121ms
0 1 500ms Approx 496ms
1 0 2000ms Approx 1996ms
1 1 8000ms Approx 7996ms

9-5
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® QO OO

©)

Figure 9-2 shows an example of watchdog timer operation.

Low-speed Program
oscillation start Occurrence of start
©) abnormality
RESET @WDTMOD WDTMOD
System reset J setting | BE
®@ @ ® @
. Data: S5A AS 5A A5 5A A5
WDTCON Write
WDTP
Internal pointer ? Overflow
WDT counter T/ T
] \
WDTINT @®WDTINT Occurrence 7bOccurrence of
WDT interrupt —|WDTINT WDT reset
WDT reset
TWOV TWOV
Overflow period Overflow period

Figure 9-2 Example of Watchdog Timer Operation

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—1)

“0OA5H” is written to WDTCON and the WDT counter is cleared. (Internal pointer 1—0)

“5AH” is written o WDTCON. (Internal pointer 0—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—0)

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—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 15.25us).

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.

9-6
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9.3.1 Handling example when you do not want to use the watch dog timer

WDT counter is a free-run counter that starts count-up automatically after the system reset released and the low-speed
clock (LSCLK) starts oscillating. If the WDT counter gets overflow, the WDT non-maskable interrupt occurs and then a
system reset occurs. Therefore, it is needed to clear the WDT counter even if you do not want to use the WDT as a
fale-safe function.

See following example programming codes to clear the WDT counter in the interrupt routine.

Example programming code:

__DI); // Disable multi-interrupts
do

WDTCON = 0x5a;
} while(WDP = 1)
WDTCON = 0xa5;
__EIQ);

9-7
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10. PWM

10.1 Overview

This LSI includes two channels of 16-bit PWM (Pulse Width Modulation).

The PWM4 output (PWMA4) function is assigned to P34 (Port 3) and P43 (Port 4) as the tertiary function. The PWM5
output (PWMDb) function is assigned to P35 (Port 3) and P47 (Port 4) as the tertiary function. For the functions of Port 3
and Port 4, see Chapter 18, “Port 3” and Chapter 19, “Port 4”.

10.1

10.1

.1 Features

The PWM signals with the periods of approximately 244ns (@HTBCLK=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.

The repeat mode/one-shot mode cab be switched.

For the PWM clock, a low-speed clock (LSCLK), a high-speed time base clock (HTBCLK), and an external clock are
available.

PWM4 and PWMS5 can cooperate.

The dead time can be set for the PWM4 and PWM5 cooperation.

An external input can control start/stop/clear.

An external input can generate an emergency stop and emergency stop interrupt.

.2 Configuration

Figure 10-1 shows the configuration of the PWM circuit.

PnNEG D >0
PnFLG T P34/PWM4

; E or
Write PWnCH :
i 1 P43/PWM4
Write PWnCL Output control circuit MNT ;
'EMGINT| Emergency B ! P35/PWM5
i stop or
' control circuit i
: A + P47/PWM5
PO0/PW45EV0 D—[>% Port Cycle Duty E
P30/PW45EVA D—| > control circuit Matched Matched '
Noise filter - Comparator Comparator .
i y NN i :

~ N \\
PWnCONO [~ 16 16 16

| LSCLK—>| PWnCON1
! HTBOLK —>| PWnCON2 P“C;KOIER PWnCH/ﬂ H|PWnPBUF|>|PWnDBUF|

External clock c———>| PWnCON3
! PWnCH
PA44/TOPACK | 1 ateh | PWnPHIL | | PWnDHIL |
P45/T1P5CK | Read PWnCL — A A
: L8 8 4\8 48 8 38
Data bus A 4 A A
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: PWMn control register 3

(a) In standalone mode (PWM4 to 5) n=4 to 5
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P47/PWM5
or
P35/PWM5 |
PMNEG —)) >———>0
P43/PWM4 |
or E
PnNEG D P34/PWM4 |
m]
PnFLG ;
Write PWnCH PWnINT |PmFLG
Write PWnCL Output control circuit —/r Output control circuit :
—>
§E GINT| Emergency
' stop
: control circuit
: A
e bof
. control circuit L| =
PI0/PWASEV : Comparator | | Comparator | | Comparator Comparator
i Noise filter
: N A M N N T A
g PWnCONO ™16 N~ 16 N 16 ~ 16 N 16
1 PWnCON1
i+ LSCLK—
' HTBOLK —>| PWnCON2 P”CEKO|>R PWnCH/L |%|PWnPBUFHPWnDBUFH'PWmPBUFF |PWmDBUF|
External clock t————————>| PWnCON3 N 1\
1 A
PA4ITOPACK % Read PWnCL PinoH [PwnpHiL | [PwnDHiL | | PWmPHIL| [PwmDHIL]
: latch
P45/T1P5CK N Y Y A y
: 418 8 N8 4~8 4\8 N8 8 8 N8 s
: Data bus L v \ y y \ v y

(b) In cooperation mode (PWM4 to 5) n=4, m=5

Figure 10-1 Configuration of PWM Circuit
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10.1.3 List of Pins

Pin name Input/output Function

PWM4 output pin

P34/PWM4 o . . :
Used for the tertiary function of the P34 pin.
PWM4 output pin

P43/PWM4 o . . :
Used for the tertiary function of the P43 pin.
PWMS5 output pin

P35/PWM5 0o . . .
Used for the tertiary function of the P35 pin.
PWMS5 output pin

P47/PWM5 (0] . ) .
Used for the tertiary function of the P47 pin.

10.2 Description of Registers
10.2.1 List of Registers

Address Name Symbol (Byte) Symbol (Word) R/W Size | Initial Value
OF8AOH PWM4 period register L PW4PL om R/W 8/16 OFFH
OF8A1H PWM4 period register H PW4PH R/W 8 OFFH
O0F8A2H PWM4 duty register L PW4DL < R/W 8/16 00H
OF8A3H PWM4 duty register H PW4DH R/W 8 00H
OF8A4H PWM4 counter register L PW4CL PWAGC R/W 8/16 00H
OF8A5H PWM4 counter register H PW4CH R/W 8 00H
OF8AGH PWM4 control register 0 PW4CONO PWACON R/W 8/16 00H
OF8A7H PWM4 control register 1 PW4CON1 R/W 8 40H
OF8A8H PWM4 control register 2 PW4CON2 R/W 8 00H
OF8A9H PWM4 control register 3 PW4CON3 N R/W 8 10H
O0F8BOH PWMS5 period register L PW5PL alsp R/W 8/16 OFFH
OF8B1H PWMS5 period register H PW5PH R/W 8 OFFH
0F8B2H PWMS5 duty register L PW5DL PWSD R/W 8/16 00H
OF8B3H PWMS5 duty register H PW5DH R/W 8 00H
0F8B4H PWMS5 counter register L PW5CL PW5C R/W 8/16 O00H
OF8B5H PWMS5 counter register H PW5CH R/W 8 00H
OF8B6H PWMS5 control register 0 PW5CONO PW5CON R/W 8/16 00H
OF8B7H PWMS5 control register 1 PW5CON1 R/W 8 40H
OF8B8H PWMS5 control register 2 PW5CON2 - R/W 8 00H

10-3
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10.2.2 PWM4 Period Registers (PW4PL, PW4PH)

Address: 0FBAOH
Access: RIW

Access size: 8 bits
Initial value: OFFH

7 6 5 4 3 2 1 0
PW4PL | P4P7 P4P6 P4P5 P4P4 P4P3 P4P2 P4P1 P4PO
R/W R/W R/W R/W R/W R/W R/W R/W R/W
At reset 1 1 1 1 1 1 1 1
Address: 0FS8A1H
Access: RIW
Access size: 8 bits
Initial value: OFFH
7 6 5 4 3 2 1 0
PWA4PH | 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
At reset 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 PWA4PL is set to “0000H”, the PWM4 period buffer (PW4PBUF) is set to “0001H”.

A word type transfer instruction should be used for register setting.
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10.2.3 PWM4 Duty Registers (PW4DL, PW4DH)

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
At reset 0 0 0 0 0 0 0 0
Address: 0F8A2H
Access: R/IW
Access size: 8 bits
Initial value: 00H
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
At reset 0 0 0 0 0 0 0 0
Address: 0FBA3H
Access: RIW

Access size: 8 bits
Initial value: OOH

PW4DH and PW4DL are special function registers (SFRs) to set the duties of PWM4.
If the dead time is set (P4ADTMD=1) in the cooperation mode (P45MD=1), the duty of PWM4 is the sum of the setting
values for PW4D and PW5D, and the setting value for PW4D is set to the PWMS5 period.

Note:
For the PW4DH and PW4DL, set data smaller than for PW4PH and PWA4PL.
A word type transfer instruction should be used for register setting.
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10.2.4 PWM4 Counter Registers (PW4CH, PW4CL)

7 6 5 4 3 2 1 0
PW4CL P4C7 P4C6 P4C5 P4C4 P4C3 P4C2 P4C1 P4CO0
R/W R/W R/W R/W R/W R/W R/W R/W R/W
At reset 0 0 0 0 0 0 0 0
Address: 0OF8A4H
Access: RIW
Access size: 8 bits
Initial value: 00H
7 6 5 4 3 2 1 0
PW4CH P4C15 P4C14 P4C13 P4C12 P4C11 P4C10 P4C9 P4C8
R/W R/W R/W R/W R/W R/W R/W R/W R/W
At reset 0 0 0 0 0 0 0 0
Address: 0F8BA5H
Access: RIW

Access size: 8 bits
Initial value: OOH

PW4CL and PWA4CH are special function registers (SFRs) that function as 16-bit binary counters.

When data is written to either PW4CL or PWA4CH, it is set to “0000H”. The data that is written is meaningless.

When data is read from PWA4CL, the value of PWA4CH is latched. When reading PW4CH and PW4CL, use a word type
instruction or read PWACL first.

The contents of PW4CH and PW4CL during PWM operation cannot be read depending on the combination of the PWM
clock and system clock.
Table 10-1 shows PW4CH and PWACL read enable/disable for each combination of the PWM clock and system clock.

Table 10-1 PW4CH and PWA4CL Read Enable/Disable during PWM Operation

PWM clock System clock )
PW4CH and PWA4CL read enable/disable
P4CK SYSCLK
LSCLK LSCLK Read enabled
Read enabled. However, to prevent the reading of undefined data
LSCLK HSCLK during counting, read consecutively PW4CH or PW4CL twice
until the last data coincides the previous data.
HTBCLK LSCLK Read disabled
HTBCLK HSCLK Read enabled
LSCLK .
External clock Read disabled
HSCLK
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10.2.5 PWM4 Control Register 0 (PW4CONO)

7 6 5 4 3 2 1 0
PW4CONO | P4CLIG P4STPS P4INI P4ANEG P41S1 P41S0 P4CS1 P4CS0
EL
R/W R/W R/W R/W R/W R/W R/W R/W R/W
At reset 0 0 0 0 0 0 0 0
Address: 0F8A6H
Access: RIW

Access size: 8 bits
Initial value: 00H

PWA4CONQO is a special function register (SFR) to control PWM.

Description of Bits
e P4CS1, P4CSO (bits 1, 0)
The P4CS1 and PACSO bits are used to select the PWM4 operation clocks. LSCLK, HTBCLK, or the external
clock (P44/TOP4CK) can be selected by these bits. The sampling clock of the external input is OSCLK when
HTBCLK is selected, or LSCLK otherwise. This setting is also applied to PWMS5 in the cooperation mode

(P45MD=1).
PACS1 P4ACSO Description
0 0 LSCLK (initial value)
0 1 HTBCLK
1 0 External clock (P44/TOP4CK)
1 1 Prohibited (the PWM circuit does not operate)

e P41S1, P4ISO (bits 3, 2)
The P41S1 and P41S0 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.

P41S1 P4ISO Description
0 0 When the periods coincide (Initial value)
0 1 When the duties coincide
1 * When the periods and duties coincide

e PANEG (bit 4)
The PANEG bit is used to select the output logic of PWM4. The initial value of PWM4 output is “1” for the
positive logic and “0” for the negative logic.

PANEG Description
0 Positive logic (initial value)
1 Negative logic
o P4INI (bit 5)

The P4INI bit is used to select the initial value level of the PWM4 output. When PANEG="1", the initial value
level of the PWM4 is also inverted.

P4INI Description
0 Initial value level of PWM4 output is "H". (initial value)
1 Initial value level of PWM4 output is "L".
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e PASTPSEL (bit 6)
The P4STPSEL bit is used to select whether or not to set the PWM4 output level back to its initial level when the
PWM4 output is paused by PARUN="0". The initial value level is selected by P4INI and inverted when
PANEG="1".

PASTPSEL Description
0 Holds the PWM4 output level when PWM4 is paused. (initial value)
1 Initializes the PWM4 output level when PWM4 is paused.

e PACLIG (bit7)
The P4CLIG signal is used to select whether or not to enable the external clear input when the PWM4 output flag
(P4FLG) is at the "H" level in the software start or external input clear mode. This setting is also applied to PWM5
in the cooperation mode (P45MD="H").

PACLIG Description
0 Enables the external clear input to PWM4 in the software start or external input
clear mode. (initial value)
1 Disables the external clear input when the PWM4 output flag ="H" in the software
start or external input clear mode.
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10.2.6 PWM4 Control Register 1 (PW4CON1)

7 6 5 4 0
PW4CON1 P4ASTAT P4FLG — — P4RUN
R/W R R R R R/W
At reset 0 1 0
Address: 0F8A7TH
Access: RIW

Access size: 8 bits
Initial value: 40H

PWA4CONL1 is a special function register (SFR) to control PWM4.
Description of Bits

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

PARUN Description
0 Stops counting (Initial value)
1 Starts counting

e PAFLG (bit 6)
The P4FLG bit is used to read the output flag of PWM4.
This bit is set to “1” when write operation to PWACH or PWA4CL is performed.

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

e PASTAT (bit 7)
The P4STAT bit indicates “counting stopped or “counting in progress” of PWM4.

PASTAT Description
0 Counting stopped (Initial value)
1 Counting in progress
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10.2.7 PWM4 Control Register 2 (PW4CON2)

7 6 5 4 3 2 1 0
PW4CON2 P45MD P4MD — PATGSEL | P4STM1 P4STMO PATGE1 P4TGEO
R/W R/W R/W R R/W R/W R/W R/W R/W
At reset 0 0 0 0 0 0 0 0
Address: 0F8A8H
Access: R/IW

Access size: 8 bits
Initial value: 0OH

PWA4CONL1 is a special function register (SFR) to control PWM4.

e PATGEL, P4TGEQO (bits 1, 0)
The PATGEL and PATGEQ bits are used to select disable operation, falling-edge operation, rising-edge operation,
or both-edge operation when PWM4 is controlled by the external input. This setting is also applied to PWM5 in
the cooperation mode (P45MD=1).

P4ATGE1 P4ATGEO Description
External input start mode enabled External input clear mode enabled
(P4STM1,P4STMO = "01" or "10") (P4STM1,P4STMO = "11")
0 0 Disables external input start (initial Disables external input clear (initial
value) value)
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 Disables external input start Both-edge clear

o P4STML1, PASTMO (bits 3, 2)
The PASTM1 and PASTMO bits are used to select the count start mode of PWMA4.
This setting is also applied to PWMS5 in the cooperation mode (P45MD=1).

P4STM1 P4STMO Description
0 0 Software start mode (initial value)
0 1 Software start or external input start mode
1 0 External input start mode
1 1 Software start or external input clear mode
o PATGSEL (bit 4)

The PATGSEL bit is used to select the pin used as the hardware control pin. This setting is also applied to PWM5
in the cooperation mode (P45MD=1).

PATGSEL Description
External input start/external input clear Emergency stop control
control
0 Uses the POO/PW45EV0 pin (initial Uses the P30/PW45EV1 pin (initial
value) value)
1 Uses the P30/PW45EV1 pin Uses the POO/PW45EV0 pin
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e PAMD (bit 6)
The P4MD bit is used to select the one-shot mode or repeat mode for PWM4. When the PAMD bit is set to “1”,
PWM4 operates in the one-shot mode. This setting is also applied to PWMS5 in the cooperation mode (P45MD=1).

PAMD Description
0 PWM4 repeat mode (initial value)
1 PWM4 one-shot mode

e P45MD (bit 7)
The P45MD bit is used to select the standalone mode or cooperation mode for PWM4 and PWM5. When the
P45MD bit is set to “1”, PWM4 and PWM5 work together.

P45MD Description
0 PWM4 and PWM5 standalone mode (initial value)
1 PWM4 and PWM5 cooperation mode
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10.2.8 PWM4 Control Register 3 (PW4CON3)

7 6 5 4 3 2 1 0
PW4CON3 P4SDST — — P4DTMD — — P4SDE1 P4SDEO
R/W R/W R R R/W R R R/W R/W
At reset 0 0 0 1 0 0 0 0
Address: OF8A9H
Access: R/IW

Access size: 8 bits
Initial value: 10H

PWA4CONL1 is a special function register (SFR) to control PWM4.

e P4SDE1, P4SDEQ (bits 1, 0)
The P4SDEL and P4SDEQO bits are used to select enable/disable of the emergency stop function and which edge
activates the emergency stop.
The emergency stop function is valid in the cooperation mode (P45MD=1).

P4ASDE1 PASDEO Description
0 0 Disables the emergency stop (initial value)
0 1 Rising edge
1 0 Falling edge
1 1 Both edges

e PADTMD (bit 4)
The PADTMD bit is used to select whether or not to use the dead time setting in the cooperation mode
(P45MD=1).
When the dead time setting is used, it is set in the duty register (PW5D) of PWMB5. This function is valid in the
cooperation mode (P45MD=1).

PADTMD Description
0 Does not use the dead time setting.
1 Uses the dead time setting. (initial value)

e P4SDST (bit 7)
The P4SDST bit indicates that an emergency stop interrupt has occurred.
Write “1” to this bit to clear it.
The emergency stop function is valid in the cooperation mode (P45MD=1).

P4SDST Description
0 No emergency stop interrupt has occurred. (initial value)
1 An emergency stop interrupt has occurred.
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10.2.9 PWMS5 Period Registers (PW5SPL, PW5PH)

Address: 0F8BOH
Access: RIW

Access size: 8 bits
Initial value: OFFH

7 6 5 4 3 2 1 0
PW5PL |  P5P7 P5P6 P5P5 P5P4 P5P3 P5P2 P5P1 P5P0
R/W R/W R/W R/W R/W R/W R/W R/W R/W
At reset 1 1 1 1 1 1 1 1
Address: 0F8B1H
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
At reset 1 1 1 1 1 1 1 1

PWS5PH and PW5PL are special function registers (SFRs) to set the PWMD5 periods.
When the dead time setting is used (P4DTMD=1) in the cooperation mode (P45MD=1), the value of the PW5P setting is
invalid because the value of the PWMS5 period is set in PW4D.

Note:
When PW5PH or PW5PL is set to “0000H”, the PWMS5 period buffer (PW5PBUF) is set to “0001H”.
A word type transfer instruction should be used for register setting.
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10.2.10 PWMS5 Duty Registers (PW5DL, PW5DH)

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
At reset 0 0 0 0 0 0 0 0
Address: 0F8B2H
Access: R/IW
Access size: 8 bits
Initial value: 00H
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
At reset 0 0 0 0 0 0 0 0
Address: 0F8B3H
Access: RIW

Access size: 8 bits
Initial value: OOH

PW5DH and PW5DL are special function registers (SFRs) to set the duties of PWMD5.
When the dead time setting is used (P4DTMD=1) in the cooperation mode (P45MD=1), the PW5D value is used for the
dead time setting.

Note:
For PW5DH and PW5DL, set data smaller than for PW5PH and PW5PL.
A word type transfer instruction should be used for register setting.
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10.2.11 PWMS5 Counter Registers (PW5CH, PW5CL)

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
At reset 0 0 0 0 0 0 0 0
Address: 0F8B4H
Access: RIW
Access size: 8 bits
Initial value: 00H
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
At reset 0 0 0 0 0 0 0 0

Address: 0F8B5H

Access: RIW

Access size: 8 bits
Initial value: OOH

PW5CL and PW5CH are special function registers (SFRs) that function as 16-bit binary counters.

When data is written to either PW5CL or PW5CH, it 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 read PW5CL first.

The contents of PW5CH and PW5CL during PWM operation cannot be read depending on the combination of the PWM

clock and system

clock.

Table 10-2 shows PW5CH and PW5CL read enable/disable for each combination of the PWM clock and system clock.

Table 10-2 PW5CH and PW5CL Read Enable/Disable during PWMO Operation

PWM clock System clock )
PW5CH and PW5CL read enable/disable
P5CK SYSCLK
LSCLK LSCLK Read enabled
Read enabled. However, to prevent the reading of undefined data
LSCLK HSCLK during counting, read consecutively PW5CH or PW5CL twice
until the last data coincides the previous data.
HTBCLK LSCLK Read disabled
HTBCLK HSCLK Read enabled
LSCLK .
External clock Read disabled
HSCLK
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10.2.12 PWMS5 Control Register 0 (PW5CONO)

7 6 5 4 3 2 1 0
PW5CONO P5STPS P5INI P5NEG P5I1S1 P5IS0 P5CS1 P5CS0
P5CLIG
EL
R/W R/W R/W R/W R/W R/W R/W R/W R/W
At reset 0 0 0 0 0 0 0 0
Address: OF8B6H
Access: RIW

Access size: 8 bits
Initial value: 00OH

PW5CONQO is a special function register (SFR) to control PWM5.

Description of Bits
e P5CS1, P5CSO0 (bits 1, 0)
The P5CS1 and P5CSO bits are used to select the PWMD5 operation clocks. LSCLK, HTBCLK, or the external
clock (P45/T1P5CK) can be selected by these bits. The sampling clock of the external input is OSCLK when
HTBCLK is selected, or LSCLK otherwise.

P5CS1 P5CSO0 Description
0 0 LSCLK (initial value)
0 1 HTBCLK
1 0 External clock (P45/T1P5CK)
1 1 Prohibited (the PWM circuit does not operate)

e P5IS1, P1ISO0 (bits 3, 2)
The P51S1 and P5IS0 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 P5I1S0 Description
0 0 When the periods coincide (Initial value)
0 1 When the duties coincide
1 * When the periods and duties coincide

e P5NEG (bit 4)
The PSNEG bit is used to select the output logic of PWMS5. The initial value of PWM5 output is “1” for the
positive logic and “0” for the negative logic.

P5NEG Description
0 Positive logic (initial value)
1 Negative logic
e P5INI (bit 5)

The P5INI bit is used to select the initial value level of the PWM5 output. When PSNEG="1", the initial value
level of the PWMS5 is also inverted.

P5INI Description
0 Initial value level of PWMS5 output is "H". (initial value)
1 Initial value level of PWMS5 output is "L".
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e P5STPSEL (bit 6)
The P5STPSEL bit is used to select whether or not to set the PWMS5 output level back to its initial level when the
PWMS5 output is paused by PSRUN="0". The initial value level is selected by P5INI and inverted when
PSNEG="1". In the cooperation mode, this setting is applied when PARUN="0".

P5STPSEL Description
0 Holds the PWM5 output level when PWMS5 is paused. (initial value)
1 Initializes the PWM5 output level when PWMS is paused.

e P5CLIG (bit7)
The P5CLIG signal is used to select whether or not to enable the external clear input when the PWMD5 output flag
(PSFLG) is at the "H" level in the software start or external input clear mode. In the cooperation mode
(P45MD="H"), this setting is invalid, and the PACLIG setting is applied.

P5CLIG Description
0 Enables the external clear input to PWMS5 in the software start or external input
clear mode. (initial value)
1 Disables the external clear input when the PWM5 output flag = "H" in the software
start or external input clear mode.
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10.2.13 PWMS5 Control Register 1 (PW5CON1)

7 6 5 4 3 2 0
PW5CON1 P5STAT P5FLG — — — — P5RUN
R/W R R R R R R R/W
At reset 0 1 0 0
Address: 0F8B7H
Access: R/IW

Access size: 8 bits
Initial value: 40H

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

Description of Bits

e P5RUN (bit 0)
The PSRUN bit is used to control count stop/start of PWM5.

P5RUN

Description

0

Stops counting (Initial value)

1

Starts counting

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

PSFLG

Description

0

PWMS5 output flag = “0”

1

PWMS5 output flag = “1” (initial value)

e P5STAT (bit 7)

The PSSTAT bit indicates “counting stopped” or “counting in progress” of PWM5.

PSSTAT

Description

0

Counting stopped (Initial value)

1

Counting in progress
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10.2.14 PWMS5 Control Register 2 (PW5CON2)

7 6 5 4 3 2 1 0
PW5CON2 — P5MD — P5TLGSE P5STM1 | P5STMO | PSTGE1 | P5TGEO
RIW R RIW R RIW RIW RIW RIW RIW
At reset 0 0 0 0 0 0 0
Address: 0F8B8H
Access: RIW

Access size: 8 bits
Initial value: 00H

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

Description of Bits
e P5TGEL, P5TGEO (bits 1, 0)
The PSTGEL and PSTGEQ bits are used to select disable operation, falling-edge operation, rising-edge operation, or
both-edge operation when PWMS5 is controlled by the external input. In the cooperation mode (P45MD=1), this setting is

invalid.
P5TGE1 P5TGEO Description
External input start mode enabled External input clear mode enabled
(P5STM1,P5STMO = "01" or "10") (P5STM1,P5STMO = "11")
0 0 Disables external input start (initial Disables external input clear (initial
value) value)
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 Disables external input start Both-edge clear

P5STM1, P5STMO (bits 3, 2)
The P5STM1 and P5STMO bits are used to select the count start mode of PWMS5.
In the cooperation mode (P45MD=1), this setting is invalid.

P5STM1 P5STMO Description
0 0 Software start mode (initial value)
0 1 Software start or external input start mode
1 0 External input start mode
1 1 Software start or external input clear mode

P5TGSEL (bit 4)
The PSTGSEL bit is used to select the pin used as the external input control pin. In the cooperation mode
(P45MD=1), this setting is invalid, and the P4TGSEL setting is applied.

P5TGSEL Description

External input start/external input clear control

0 Uses the POO/PWA45EV0 pin (initial value)

Uses the P30/PW45EV1 pin

P5MD (bit 6)

The PSMD bit is used to select the one-shot mode or repeat mode for PWM5. When the PSMD bit is set to “1”, PIWM5
operates in the one-shot mode. In the cooperation mode (P45MD=1), this setting is invalid, and the PAMD setting is
applied.

P5MD Description
0 PWM5 repeat mode (initial value)
1 PWM5 one-shot mode
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10.3 Description of Operation

PWM has the six different operation modes described below.
For details of each operation mode, see Sections 10.3.1 to 10.3.6.

and repeat mode

Uses the dead time
setting

P45MD | PADTMD | PnMD Operation mode Description
0 — 0 In standalone mode PWM4 and PWM5 independently and repeatedly work.
and repeat mode
— 1 In standalone mode PWM4 and PWM5 independently work and
and one-shot mode automatically stop after one cycle.
1 0 0 In cooperation mode PWM4 and PWMS5 repeatedly work together.
and repeat mode The duty can be set for PWM4 and PWM5
Does not use the dead | independently.
time setting
1 In cooperation mode PWM4 and PWMS5 work together and automatically stop
and one-shot mode after one cycle.
Does not use the dead | The duty can be set for PWM4 and PWM5
time setting independently.
1 0 In cooperation mode PWM4 and PWMS5 repeatedly work together.

The dead time is set, and the timing when PWM4 and
PWMS5 simultaneously turn off can be generated.

In cooperation mode
and one-shot mode
Uses the dead time
setting

PWM4 and PWMS5 work together and automatically stop
after one cycle.

The dead time is set, and the timing when PWM4 and
PWMS5 simultaneously turn off can be generated.

n=4,5
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There are the following 11 modes for start/stop/clear control of PWM.

For hardware control, the PnTGSEL bit allows selection of the external input for control from POO/PW45EV0 and
P30/PW45EV1.

For details of each operation mode, see Section 10.3.7.

PnSTM1 | PnSTMO | PnTGELl | PnTGEO Operation mode Description
0 0 — — i i
Software start mode The PnRUN bit control is used for
start/stop.
0 1 0 1 The PnRUN bit control is used for
start/stop.

In addition, the "H" level of the selected
external input can be used for start, and "L"
level stop or counter clear.

1 0 Software start The PnRUN bit control is used for
or start/stop.

External input start mode | In addition, the "L" level of the selected
external input can be used for start, and "H"
level stop or counter clear.

0 0 The PnRUN bit control is used for
start/stop. The external input control is
invalid.

1 0 0 1 Rising edge of the selected external input

can be used for start, and falling edge for
stop and counter clear.

1 0 Ext | inout start mod Falling edge of the selected external input
xiernalinput start mode 1 ;an be used for start, and rising edge for
stop and counter clear.

0 0 The external input control is invalid and
PWM does not operate.

1 1 0 0 The PnRUN bit control is used for
start/stop. The external input control is
invalid.

0 1 The PnRUN bit control is used for
start/stop.

In addition, falling edge of the selected
external input can be used for counter

Software start clear.
1 0 or The PnRUN bit control is used for
start/stop.

External input clear mode
P In addition, rising edge of the selected

external input can be used for counter
clear.

1 1 The PnRUN bit control is used for
start/stop.
In addition, rising or falling edge of the

selected external input can be used for
counter clear.

n=4,5
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10.3.1 Repeat Mode with PWM4 and PWM5 Standalone Mode (P45MD="“0", PnMD="0")

When the PnRUN bit of the PWMn control register 1 (PWnCONL1) is set to “1”, the PWM counters (PWnCH, PWnCL)
are set to an operating state (PNSTAT is set to “1”) on the first falling edge of the PWM clock (PnCK) that is selected by
the PWMn control register 0 (PWnCONO) and increment the count value on the second falling edge.

When the count value of the PWnCH and PWnCL counter registers coincides the value of the PWMn duty buffer
(PWnDBUF), the PWM flag (PnFLG) is set to “0” on the next timer clock falling edge of PnCK.

When the count value of the PWnCH and PWnCL counter registers and the value of the PWMn period buffer
(PWnPBUF) coincide, the PnFLG becomes “1” at the next PnCK falling edge, and the PWnCH and PWnCL are reset to
“0000H” to continue 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 PWnCH and PWnCL counter registers stop counting after counting once the
falling of the PWM clock (PnCK). To confirm that PWnCH and PWnCL are stopped, check that the PnSTAT bit of the
PWMn control register 1 (PWnCONL1) is “0”. When the PNRUN bit is set to “1” again, the PWnCH and PWnCL counter
registers restart incremental counting from the previous value on the falling edge of PnCK.

To initialize the PWnCH and PWnCL counter registers to “0000H”, perform write operation in either of PWnCH or
PWnCL. At that time, PnFLG is also set to “1”.

During count stop (PNRUN is “0”), data written in the PWMn duty register (PWnDH, PWnDL) is transferred to the
PWMn duty buffer (PWnDBUF), and data written in the PWMn period register (PWnPH, PWnPL) is transferred to the
PWMn period buffer (PWnPBUF).

The PWM clock, the point at which an interrupt of PWMn occurs, and the logic of the PWM output are selected by the
PWMn control register 0 (PWnCONO).

When the external input control is enabled by PnSTM1 and PnSTMO of the PWMn control register 2 (PWnCON2), the
PWnCH, PWnCL, and PWMn outputs can be started, stopped, and cleared. The edge and level for the external input
control are selected by the PnTGEO and PnTGEL bits of the PWMn control register 2 (PWnCON2), and the pin for the
external input control is selected by the PnTGSEL bit of the PWMn control register 2 (PWnCON2).

For transfer timing from the PWMn duty registers (PWnDH, PWnDL) to the PWMn duty buffer (PWnDBUF) and from
the PWMn period registers (PWnPH, PWnPL) to the PWMn period buffer (PWnPBUF) during the external input control,
see Section 10.3.7, "Start, Stop, and Clear Operations of PWM4 and PWMS5 by External Input Control”. It also describes
the restrictions for each mode.

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

. PWnP + 1
PIe PnCK (Hz)
7~ PWnD + 1
- 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 selected by the PWMn control register 0 (PWnCONOQ)
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. Subsequent PWM interrupt periods are constant.
Figure 10-2 shows the operation timing diagram of PWMn in the repeat mode with the PWM4 and PWMS5 standalone

mode (P45MD="0", PnMD="0").

PnCK__J_Tk_ffk_j_l;j_iL_FTL_f_iﬁ i_j_QLJ_TL_f_iﬁ VIV IV TV
PnRUN 7 " [
§ §
PnSTAT
Write PWnCH
Write PWnCL £ %
PWnCHIL 0000 0001)0002)f7FFF)8000)(8001 (8002 X|(A000)(A000) 00000001 0002  ¥0000
PWnDH/L __ X 8000 X 777 rir 7177 e
5 J/
PWnDBUF __ X 8000 \ 8Booo {8000 7777
PWnPH/L X A000 ~ X BBBB §) BBBB \ BBBE @
3 1
PWnPBUF X A000 0 A000 §  Ao00o BBBB
PWnINT « i « i
22 )
R N
PhFLG [ «
« 7
PWMn* (Positive logic) |72 72 e ! ‘ 7
- )
PWMn* (Negative logic) i «
A R A
' Tewp « !
The PnINI bit allows selection 7 The PnSTPSEL bit allows selection of
of the "H/L" level for the PWM TPWP (G « whether or not to output the initial value
initial value R ) while being paused.
: . When the initial value i tput, the PnINI
<— Start counting bit allows selection of the "HL"level,

«
)

Tewp: Invalid period of the external input clear when PnCLIG="1" in the software start or external input clear mode

Figure 10-2 (1/2) Operation Timing Diagram of PWM4 (PnMD="0", P45MD="0")

Pek _[ VIV TV VTV TV TV Ve Ty v i

PnRUN | |
PnSTAT
PWnCHIL )2000)(2001)2002)(2003 2004 )(2005 2006 {2007 {2008
PNFLG
<— Stop counting <— Start counting n=4,5

Figure 10-2 (2/2)

Note:

Operation Timing Diagram of PWMn

Even if “0” is written to the PnNRUN bit, counting operation continues up to the falling edge (the PWMn status flag
(PnSTAT) isin a “1” state) of the next PWM clock pulse. Therefore, the PWMn interrupt (PWnINT) may occur.
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10.3.2 One-shot Mode with PWM4 and PWM5 Standalone Mode (P45MD="0", PnMD="1")

When the PnRUN bit of the PWMn control register 1 (PWnCONL1) is set to “1”, the PWM counters (PWnCH, PWnCL)
are set to an operating state (PNSTAT is set to “1”) on the first falling edge of the PWM clock (PnCK) that is selected by
the PWMn control register 0 (PWnCONO) and increment the count value on the second falling edge.

When the count value of the PWnCH and PWnCL counter registers coincides the value of the PWMn duty buffer
(PWnDBUF), the PWM flag (PnFLG) is set to “0” on the next timer clock falling edge of PnCK.

When the count value of the PWnCH and PWnCL counter registers and the value of the PWMn period buffer
(PWnPBUF) coincide, the PnFLG becomes “1” at the next PnCK falling edge, and the PWnCH and PWnCL are reset to
“0000H” to stop counting and the PNRUN bit is 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).

When the PnRUN bit is set to “1” again, the PWM counter is resumed.

When the PnRUN bit is set to “0” during counter operation, the PWnCH and PWnCL counter registers stop counting
after counting once the falling of the PWM clock (PnCK). To confirm that PWnCH and PWnCL are stopped, check that
the PNSTAT bit of the PWMn control register 1 (PWnCONL1) is “0”. When the PnRUN bit is set to “1” again, the
PWnCH and PWnCL counter registers restart incremental counting from the previous value on the falling edge of PnCK.

To initialize the PWnCH and PWnCL counter registers to “0000H”, perform write operation in either of PWnCH or
PWnNCL. At that time, PnFLG is also set to “1”.

During count stop (PnRUN is “0”), data written in the PWMn duty register (PWnDH, PWnDL) is transferred to the
PWMn duty buffer (PWnDBUF), and data written in the PWMn period register (PWnPH, PWnPL) is transferred to the
PWMn period buffer (PWnPBUF).

The PWM clock, the point at which an interrupt of PWMn occurs, and the logic of the PWM output are selected by the
PWMn control register 0 (PWnCONO).

When the external input control is enabled by PnSTM1 and PnSTMO of the PWMn control register 2 (PWnCONZ2), the
PWnCH, PWnCL, and PWMn outputs can be started, stopped, and cleared. The edge and level for the external input
control are selected by the PnTGEO and PnTGEL bits of the PWMn control register 2 (PWnCON2), and the pin for the
external input control is selected by the PnTGSEL bit of the PWMn control register 2 (PWnCON2).

For transfer timing from the PWMn duty registers (PWnDH, PWnDL) to the PWMn duty buffer (PWnDBUF) and from
the PWMn period registers (PWnPH, PWnPL) to the PWMn period buffer (PWnPBUF) during the external input control,
see Section 10.3.7, "Start, Stop, and Clear Operations of PWM4 and PWMS5 by External Input Control”. It also describes
the restrictions for each mode.

The period of the PWMn signal (Tewp) and the first half duration (Tewp) Of the duty are expressed by the following
equations.

N PWnP + 1
PP PnCK (Hz)
- PWnD + 1
- 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 selected by the PWMn control register 0 (PWnCONO)
n=4, 5

10-24



ML610Q380/ML610Q383/ML610Q384/ML610Q385 User's Manual
Chapter 10 PWM

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 10-3 shows the operation timing diagram of PWMn in the one-shot mode with the PWM4 and PWMS5 standalone
mode (P45MD="0", PnMD="1").

pneck _[ VIV TV VTV ﬁﬂ_ﬂﬂﬂ_&ﬂﬂﬂﬂ

PNRUN
(I
PnSTAT b i

Write PWnCH
Write PWnCL £ %
PWNnCH/L 0000 Xo0001)0002 X3 XS7FFFX8000 8001)(8002 {a000)(A000) 0000
PWnDH/L 8000 X 777 rir 7177 e
i
PWnDBUF 8000 \ 8Booo {8000 7777
PWnPH/L A000 X BBBB \) BBBB \ BBBB ¢
\
PWnPBUF A000 0 A000 §  Ao00o BBBB
PWnINT « i («
22 1)
R N
PNFLG [ «
« 2
PWMn* (Positive logic) [ k .
I
PWMn* (Negative logic) R » 7
A 7
' Tewp « !
The PnINI bit allows selection T The PnINI bit allows selection
of the "HIL" level for the PWM PWP (¢ - of the "HIL" level for the PWM
initial value. initial value.
<— Start counting

«
)

Tewp: Invalid period of the external input clear when PnCLIG="1" in the software start or external input clear mode

Figure 10-3 (1/2) Operation Timing Diagram of PWM4 (PnMD="1", P45MD="0")

Pk [V VTV VIV VTV VTV vy i

PnRUN l [
PnSTAT
PWnCHIL X2000)2001)2002)(2003 2004 X2005) 2006 X 2007 Y2008
PnFLG
n=4,5
<— Stop counting <— Start counting

Figure 10-3 (2/2) Operation Timing Diagram of PWMn

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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10.3.3 Repeat Mode with PWM4 and PWM5 Cooperation Mode (Dead Time Setting Is Not Used)
(P45MD=1", PADTMD="0", P4AMD="0")

When the P4RUN bit of PWM4 control register 1 (PW4CON1) is set to “1”, the PWM counters (PWA4CH, PW4CL) are
set to an operating state (PASTAT is set to “1”) on the first falling edge of the PWM clock (P4CK) that is selected by the
PWM4 control register 0 (PW4CONO) and increment the count value on the second falling edge.

When the count value of the PW4CH and PW4CL counter registers 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 P4CK.

When the count value of the PW4CH and PWA4CL counter registers and the value of the PWM5 duty buffer
(PW5DBUF) coincide, the PWMS flag (P5FLG) is set to “0” on the next falling edge of PACK. When the count value of
the PW4CH and PW4CL counter registers and the value of the PWMD5 period buffer (PW5PBUF) coincide, the PWM5
flag (P5FLG) is set to “1” on the next falling edge of PACK.

When the count value of the PW4CH and PW4CL counter registers and the value of the PWM4 period buffer
(PW4PBUF) coincide, PAFLG is set to “1” on the next falling edge of PACK, and the PW4CH and PWA4CL are reset to
“0000H” to continue counting. At the same time, the value of the PWMn duty register (PWnDH, PWnDL) is transferred
to the PWMn duty buffer (PWnDBUF) and the value of PWMn period register (PWnPH, PWnPL) to the PWMn period
buffer (PWnPBUF).

When the P4RUN bit is set to “0”, the PW4CH and PW4CL counter registers stop counting after counting once the
falling of the PWM clock (P4CK). To confirm that PW4CH and PW4CL are stopped, check that the PASTAT bit of the
PWM4 control register 1 (PW4CONL1) is “0”. When the PARUN bit is set to “1” again, the PW4CH and PWA4CL counter
registers restart incremental counting from the previous value on the falling edge of PACK.

To initialize the PW4CH and PWA4CL counter registers to “0000H”, perform write operation in either of PW4CH or
PWA4CL. At that time, PAFLG is also set to “1”.

During count stop (PnRUN is “0”), data written in the PWMn duty register (PWnDH, PWnDL) is transferred to the
PWMn duty buffer (PWnDBUF), and data written in the PWMn period register (PWnPH, PWnPL) is transferred to the
PWMn period buffer (PWnPBUF).

The PWM clock, the point at which an interrupt of PWM4 occurs, and the logic of the PWM4 output are selected by the
PWM4 control register 0 (PW4CONO). The logic of the PWMD5 output is selected by the PWMS5 control register 0
(PW5CONO).

When the external input control is enabled by PASTM1 and PASTMO of the PWM4 control register 2 (PW4CON?2), the
PWA4CH, PW4CL, PWMA4, and PWM5 outputs can be started, stopped, and cleared. The edge and level for the external
input control are selected by the PATGEO and P4TGEL1 bits of the PWM4 control register 2 (PW4CON2), and the pin for
the external input control is selected by the PATGSEL bit of the PWM4 control register 2 (PW4CON?2).

For transfer timing from the PWMn duty registers (PWnDH, PWnDL) to the PWMn duty buffer (PWnDBUF) and from
the PWMn period registers (PWnPH, PWnPL) to the PWMn period buffer (PWnPBUF) during the external input control,
see Section 10.3.7, "Start, Stop, and Clear Operations of PWM4 and PWMS5 by External Input Control”. It also describes
the restrictions for each mode.
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The period of the PWM4 signal (Trwe), the first half duration of the duty (Tewp), the delayl period (Tewp1), and delay2
period (Tpwpy) of the PWM5 signal are expressed by the following equations.

Tewp =

Tewp =

Tewp1 =

Tewp2 =

PW4P:
PWA4D:
P4CK:
PW5P:
PWS5D:

PW4P + 1

PACK (Hz)

PW4D + 1

PACK (Hz)

PW5D + 1

PACK (Hz)

PW5P + 1

PACK (Hz)

PWM4 period registers (PW4PH, PW4PL) setting value (0001H to OFFFFH)
PWM4 duty registers (PW4DH, PW4DL) setting value (0000H to OFFFEH)
Clock frequency selected by the PWM4 control register 0 (PW4CONO)
PWMS5 period registers (PW5PH, PW5PL) setting value (0001H to OFFFFH)
PWM5 duty registers (PW5DH, PW5DL) setting value (0000H to OFFFEH)
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After the PARUN bit is set to “1”, counting starts in synchronization with the PWM clock. This causes an error of up to 1
clock pulse to the time the first PWM interrupt is issued. Subsequent PWM interrupt periods are constant.

Figure 10-4 shows the operation timing diagram of PWM4 and PWMS5 in the repeat mode with the PWM4 and PWM5
cooperation mode (P45MD="1") and without the dead time setting (P4ADTMD="0").

(«( ({( « (4
i N i N
P4RUN
% § % b
P4STAT
Write PWA4CH |_|
Write PW4CL % % % %
PWA4CH/L XXXX E 1ooc ‘S‘ 000 @‘S‘ 3000A3001 4ooc 00000002
PW4DHIL _ ) 1000 W) 5000 Y s000 § 5000 §  s000@
5 \,
PW4DBUF _ X 1000 N 1000 & 1000 § 1000 § 1000 5000
PWA4PH/L X 4000 % X 8000 § 8000 § 8000 )  8oooe
3 2
PW4PBUF X 4000 § 4000 § 4000 %) 4000 § 4000 8000
PW5DHIL _ \ 2000 WX 6000 % edoo {6000 § 60004
5 A
PW5DBUF _ 2000 § 2000 % 2000 § 2000 § 2000 6000
PW5SPHLL X 3000 § X 7000 § 7000 ¥ 7000 {70004
5 )
PW5PBUF X 3000 § 3000 § 3000 % 3000 § 3000 7000
PWA4INT « _-E « « « i
(}I} N ) D
o7 »
P4FLG TR « « «
™ N ] N
PWM4 (Positive logic) fammmg s 7] ” « « «
{ { Y
PWM4 (Negative logic) W « 7 K R
N )
T P it lows sty < P
inital value. Tewe « <,<, g
e ‘;‘) % {5—
P5FLG M’ﬁ’_ﬁ %
« («( ((
PWMS5 (Positive logic) L K i B "
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value while being paused. » " "
W e 1l s s Utk < st couning

"H/L" level.

«

]
Tewp: Invalid period of the external input clear when PACLIG="1" in the software start or external input clear mode

Figure 10-4 Operation Timing Diagram of PWM4 and PWM5 (P4MD="0", P45MD=“1", PADTMD="0")
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10.3.4 One-shot Mode with PWM4 and PWM5 Cooperation Mode (Dead Time Setting Is Not Used)
(P45MD=*1", PADTMD="0", PAMD="1")

When the PORUN bit of PWM4 control register 1 (PW4CON1) is set to “1”, the PWM counters (PW4CH, PW4CL) are
set to an operating state (PASTAT is set to “1”) on the first falling edge of the PWM clock (P4CK) that is selected by the
PWM4 control register 0 (PW4CONO) and increment the count value on the second falling edge.

When the count value of the PW4CH and PW4CL counter registers 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 P4CK.

When the count value of the PW4CH and PWA4CL counter registers and the value of the PWM5 duty buffer
(PW5DBUF) coincide, the PWMS flag (P5FLG) is set to “0” on the next falling edge of PACK. When the count value of
the PW4CH and PW4CL counter registers and the value of the PWMD5 period buffer (PW5PBUF) coincide, the PWM5
flag (P5FLG) is set to “1” on the next falling edge of PACK.

When the count value of the PW4CH and PW4CL counter registers and the value of the PWM4 period buffer
(PW4PBUF) coincide, the PAFLG becomes “1” at the next P4ACK falling edge, and the PW4CH and PWA4CL are reset to
“0000H” to stop counting and the P4RUN bit is 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).

When the P4RUN bit is set to “1” again, the PWM counter is resumed.

When the P4RUN bit is set to “0” during counter operation, the PW4CH and PW4CL counter registers stop counting
after counting once the falling of the PWM clock (P4CK). To confirm that PW4CH and PWA4CL are stopped, check that
the PASTAT bit of the PWM4 control register 1 (PW4CONL1) is “0”. When the PARUN bit is set to “1” again, the
PW4CH and PWA4CL counter registers restart incremental counting from the previous value on the falling edge of PACK.

To initialize the PW4CH and PWA4CL counter registers to “0000H”, perform write operation in either of PW4CH or
PWACL. At that time, PAFLG is also set to “1”.

During count stop (PNRUN is “07), data written in the PWMn duty register (PWnDH, PWnDL) is transferred to the
PWMn duty buffer (PWnDBUF), and data written in the PWMn period register (PWnPH, PWnPL) is transferred to the
PWMn period buffer (PWnPBUF).

The PWM clock, the point at which an interrupt of PWM4 occurs, and the logic of the PWM output are selected by the
PWM4 control register 0 (PW4CONO).

When the external input control is enabled by PASTM1 and PASTMO of the PWM4 control register 2 (PW4CON?2), the
PWA4CH, PW4CL, PWM4, and PWM5 outputs can be started, stopped, and cleared. The edge and level for the external
input control are selected by the PATGEO and P4TGEL1 bits of the PWM4 control register 2 (PW4CON2), and the pin for
the external input control is selected by the PATGSEL bit of the PWM4 control register 2 (PW4CON?2).

For transfer timing from the PWMn duty registers (PWnDH, PWnDL) to the PWMn duty buffer (PWnDBUF) and from
the PWMn period registers (PWnPH, PWnPL) to the PWMn period buffer (PWnPBUF) during the external input control,
see Section 10.3.7, "Start, Stop, and Clear Operations of PWM4 and PWMS5 by External Input Control”. It also describes
the restrictions for each mode.
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The period of the PWM4 signal (Trwe), the first half duration of the duty (Tewp), the delayl period (Tewp1), and delay2
period (Tpwpy) of the PWM5 signal are expressed by the following equations.

Tewp =

Tewp =

Tewp1 =

Tewp2 =

PW4P:
PWA4D:
P4CK:
PW5P:
PWS5D:

PW4P + 1

PACK (Hz)

PW4D + 1

PACK (Hz)

PW5D + 1

PACK (Hz)

PW5P + 1

PACK (Hz)

PWM4 period registers (PW4PH, PW4PL) setting value (0001H to OFFFFH)
PWM4 duty registers (PW4DH, PW4DL) setting value (0000H to OFFFEH)
Clock frequency selected by the PWM4 control register 0 (PW4CONO)
PWMS5 period registers (PW5PH, PW5PL) setting value (0001H to OFFFFH)
PWM5 duty registers (PW5DH, PW5DL) setting value (0000H to OFFFEH)
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After the PARUN bit is set to “1”, counting starts in synchronization with the PWM clock. This causes an error of up to 1
clock pulse to the time the first PWM interrupt is issued. Subsequent PWM interrupt periods are constant.

Figure 10-5 shows the operation timing diagram of PWM4 and PWMS5 in the one-shot mode with the PWM4 and
PWMS5 cooperation mode (P45MD="1") and without the dead time setting (P4ADTMD="0").
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Figure 10-5 Operation Timing Diagram of PWM4 and PWM5 (P4MD="1", P45MD="1", PADTMD="0")
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10.3.5 Repeat Mode with PWM4 and PWMS5 Cooperation Mode (Dead Time Setting Is Used)
(P45MD=1", PADTMD="1", PAMD="0")

When the P4RUN bit of PWM4 control register 1 (PW4CON1) is set to “1”, the PWM counters (PWA4CH, PW4CL) are
set to an operating state (PASTAT is set to “1”) on the first falling edge of the PWM clock (P4CK) that is selected by the
PWM4 control register 0 (PW4CONO) and increment the count value on the second falling edge.

When the PADTMD bit is set to “1”, the dead time setting is enabled to forcibly generate the timing when PWM4 and
PWMS5 simultaneously turn off. The dead time value is set by PW5DH and PW5DL.

When the count value of the PW4CH and PWA4CL counter registers and the value of [PWM4 duty buffer]+[Dead time
value] (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 the PW4CH and PWA4CL counter registers and the value of the PWM5 duty buffer
(PW5DBUF) coincide, the PWMS flag (P5FLG) is set to “0” on the next falling edge of PACK. When the count value of
the PW4CH and PW4CL counter registers and the value of the PWM4 duty buffer (PW4DBUF) coincide, the PWM5
flag (P5FLG) is set to “1” on the next falling edge of PACK.

When the count value of the PW4CH and PW4CL counter registers and the value of the PWM4 period buffer
(PW4PBUF) coincide, PAFLG is set to “1” on the next falling edge of PACK, and the PW4CH and PWA4CL are reset to
“0000H” to continue 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 P4ARUN bit is set to “0”, the PW4CH and PW4CL counter registers stop counting after counting once the
falling of the PWM clock (P4CK). To confirm that PW4CH and PW4CL are stopped, check that the PASTAT bit of the
PWM4 control register 1 (PW4CONL1) is “0”. When the PARUN bit is set to “1” again, the PW4CH and PWA4CL counter
registers restart incremental counting from the previous value on the falling edge of PACK.

To initialize the PW4CH and PWA4CL counter registers to “0000H”, perform write operation in either of PW4CH or
PWA4CL. At that time, PAFLG is also set to “1”.

During count stop (PnRUN is “0”), data written in the PWMn duty register (PWnDH, PWnDL) is transferred to the
PWMn duty buffer (PWnDBUF), and data written in the PWMn period register (PWnPH, PWnPL) is transferred to the
PWMn period buffer (PWnPBUF).

The PWM clock, the point at which an interrupt of PWM4 occurs, and the logic of the PWM4 output are selected by the
PWM4 control register 0 (PW4CONO). The logic of the PWMD5 output is selected by the PWMS5 control register 0
(PW5CONO).

When the external input control is enabled by PASTM1 and PASTMO of the PWM4 control register 2 (PW4CON?2), the
PWA4CH, PW4CL, PWM4, and PWM5 outputs can be started, stopped, and cleared. The edge and level for the external
input control are selected by the PATGEO and P4TGEL1 bits of the PWM4 control register 2 (PW4CON2), and the pin for
the external input control is selected by the PATGSEL bit of the PWM4 control register 2 (PW4CON?2).

For transfer timing from the PWMn duty registers (PWnDH, PWnDL) to the PWMn duty buffer (PWnDBUF) and from
the PWMn period registers (PWnPH, PWnPL) to the PWMn period buffer (PWnPBUF) during the external input control,
see Section 10.3.7, "Start, Stop, and Clear Operations of PWM4 and PWMS5 by External Input Control™. It also describes
the restrictions for each mode.
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The period of the PWM4 signal (Trwpe), the first half duration of the duty (Tewp), the dead time (Tpv), and delay2
period (Trwpy) of the PWM5 signal are expressed by the following equations.

Tewp =

Tewp =

Tewp2 =

Torm=

PW4P:
PW4D:

P4CK:
PW5D:

PW4P + 1

PACK (Hz)

PW4D+PWS5D + 2

PACK (Hz)

PW4D +1

PACK (Hz)

PWSD + 1

PACK (Hz)

PWM4 period registers (PW4PH, PW4PL) setting value (0001H to OFFFFH)
PWM4 duty registers (PW4DH, PW4DL) setting value (0000H to OFFFEH)
Clock frequency selected by the PWM4 control register 0 (PW4CONO)
PWMS5 duty registers (PW5DH, PW5DL) setting value (0000H to OFFFEH)
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After the PARUN bit is set to “1”, counting starts in synchronization with the PWM clock. This causes an error of up to 1
clock pulse to the time the first PWM interrupt is issued. Subsequent PWM interrupt periods are constant.

Figure 10-6 shows the operation timing diagram of PWM4 and PWMS5 in the repeat mode with the PWM4 and PWM5
cooperation mode (P45MD="1") and the dead time setting (P4ADTMD="1").
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Figure 10-6 Operation Timing Diagram of PWM4 and PWMS5 (P4MD=“0", P45MD="1", PADTMD="1")

Note:

When the PWM4 output is assigned to P34 (Port 3) or P43 (Port 4) as the tertiary function or the PWMS5 output
(PWMD) is assigned to P35 (Port 3) or P47 (Port 4) as the tertiary function, it is a high-impedance output until the
output state is set by the port n control registers 0, 1 (PnCONO, PnCON1). When it is necessary to fix in the initial state,
use a pull-up or pull-down resistor outside of the LSI.
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10.3.6 One-shot Mode with PWM4 and PWM5 Cooperation Mode (Dead Time Setting Is Used)
(P45MD="1", PADTMD="1", P4AMD="1")

When the P4RUN bit of PWM4 control register 1 (PW4CON1) is set to “1”, the PWM counters (PWA4CH, PW4CL) are
set to an operating state (PASTAT is set to “1”) on the first falling edge of the PWM clock (P4CK) that is selected by the
PWM4 control register 0 (PW4CONO) and increment the count value on the second falling edge.

When the PADTMD bit is set to “1”, the dead time setting is enabled to forcibly generate the timing when PWM4 and
PWMS5 simultaneously turn off. The dead time value is set by PW5DH and PW5DL.

When the count value of the PW4CH and PWA4CL counter registers and the value of [PWM4 duty buffer]+[Dead time
value] (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 the PW4CH and PWA4CL counter registers and the value of the PWM5 duty buffer
(PW5DBUF) coincide, the PWMS flag (P5FLG) is set to “0” on the next falling edge of PACK. When the count value of
the PW4CH and PW4CL counter registers and the value of the PWM4 period buffer (PW4DBUF) coincide, the PWM5
flag (P5FLG) is set to “1” on the next falling edge of PACK.

When the count value of the PW4CH and PW4CL counter registers and the value of the PWM4 period buffer
(PW4PBUF) coincide, the PAFLG becomes “1” at the next P4CK falling edge, and the PW4CH and PWA4CL are reset to
“0000H” to stop counting and the P4RUN bit is 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).

When the P4RUN bit is set to “1” again, the PWM counter is resumed.

When the P4RUN bit is set to “0” during counter operation, the PW4CH and PW4CL counter registers stop counting
after counting once the falling of the PWM clock (P4CK). To confirm that PW4CH and PWA4CL are stopped, check that
the PASTAT bit of the PWM4 control register 1 (PW4CON1) is “0”. When the PARUN bit is set to “1” again, the
PWA4CH and PWA4CL counter registers restart incremental counting from the previous value on the falling edge of PACK.

To initialize the PWA4CH and PWA4CL counter registers to “0000H”, perform write operation in either of PW4CH or
PWACL. At that time, PAFLG is also set to “1”.

During count stop (PNRUN is “07), data written in the PWMn duty register (PWnDH, PWnDL) is transferred to the
PWMn duty buffer (PWnDBUF), and data written in the PWMn period register (PWnPH, PWnPL) is transferred to the
PWMn period buffer (PWnPBUF).

The PWM clock, the point at which an interrupt of PWM4 occurs, and the logic of the PWM4 output are selected by the
PWM4 control register 0 (PW4CONO). The logic of the PWMD5 output is selected by the PWM5 control register 0
(PW5CONO).

When the external input control is enabled by PASTM1 and PASTMO of the PWM4 control register 2 (PW4CON?2), the
PWA4CH, PW4CL, PWM4, and PWMD5 outputs can be started, stopped, and cleared. The edge and level for the external
input control are selected by the PATGEO and P4ATGEL1 bits of the PWM4 control register 2 (PW4CON2), and the pin for
the external input control is selected by the PATGSEL bit of the PWM4 control register 2 (PW4CONZ2).

For transfer timing from the PWMn duty registers (PWnDH, PWnDL) to the PWMn duty buffer (PWnDBUF) and from
the PWMn period registers (PWnPH, PWnPL) to the PWMn period buffer (PWnPBUF) during the external input control,
see Section 10.3.7, "Start, Stop, and Clear Operations of PWM4 and PWMS5 by External Input Control”. It also describes
the restrictions for each mode.
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The period of the PWM4 signal (Tpwpe), the first half duration of the duty (Tewp), the dead time (Tprv), and delay2
period (Tpwp,) Of the PWMDS signal are expressed by the following equations.

Tewp =

Tewp =

Tewp2 =

Torm=

PW4P:
PW4D:

P4CK:
PW5D:

PWA4P + 1

PACK (Hz)

PW4D+PWS&D + 2

PACK (Hz)

PWA4D + 1

PACK (Hz)

PWSD + 1

P4CK (Hz)

PWM4 period registers (PW4PH, PW4PL) setting value (0001H to OFFFFH)
PWM4 duty registers (PW4DH, PW4DL) setting value (0000H to OFFFEH)
Clock frequency selected by the PWM4 control register 0 (PW4CONO)
PWM5 duty registers (PW5DH, PW5DL) setting value (0000H to OFFFEH)
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After the PARUN bit is set to “1”, counting starts in synchronization with the PWM clock. This causes an error of up to 1
clock pulse to the time the first PWM interrupt is issued. Subsequent PWM interrupt periods are constant.

Figure 10-7 shows the operation timing diagram of PWM4 and PWMS5 in the one-shot mode with the PWM4 and
PWMS5 cooperation mode (P45MD="1") and the dead time setting (P4ADTMD="1").

P4 R U N ) N i N ‘
PASTAT » ” ” V

Write PW4CH |_|

Write PW4CL 7 D} n n
PWA4CH/L XXXX X ooog ‘S‘ 1000 M‘S‘ 00 @‘S‘ 3000A3001 ‘S‘@ 4000 00000002
PW4DH/L X 2000 WX 5000 Y s000 {5000 §  s000@
; \,
PW4DBUF X 2000 N 2000 § 2000 § 2000 § 2000 5000
PW4PH/L X 4000 % K sooo § sooo § 8000 ) 8000«
! |2
PWA4PBUF X 4000 N 4000 § 4000 § 4000 Y 4000 8000
PW5DHL X 1000 (X e000 Y 6000 Y 6000 {  e000@
; A
PW5DBUF X 1000 O 1000 ¥ 1000 Y 1000 § 1000 6000
PW5PH/L X XXXX Sg:x XXXX % XXXX SS XXXX % XXXX &
i J/
PW5PBUF X XXXX SS XXXX % XXXX % XXXX % XXXX XXXX
PWA4INT « « L« «
% { X 5
N " "
PAFLG (""" (
« « « 2
PWM4 (Positive logic) [femmeg: -] ” 7 i B
!
PWM4 (Negative logic) [famaen 7. ] B B g R
A DA » 7
1
The PnINI bit allows selecti(;n Tewp ()() The IPnINI bit allows selection
of the "H/L" level for the PWM Towe  « « « B of the "H/L" level for the PWM
initial value. Yy » " ] initial value.
« («( (.
FrEEEn i 7 R
P5FLG Ietaarara «
5 ) ss {
PWMS5 (Positive logic) T B K
U
PWMS5 (Negative logic) P 4 7 « o
( « g
! TDTM (« ; |
The PnSTPSEL bit allows selection 7 T i The PnINI bit allows selection
of whether or not to output the initial Tewp2 « oM | of the "H/L" level for the PWM
value while being paused. N N " " initial value.

When the initial value is output, the .
PnINI bit allows selection of the; < Start counting
"H/L" level.

«
7
Tewp: Invalid period of the external input clear when P4CLIG="1" in the software start or external input clear mode

Figure 10-7 Operation Timing Diagram of PWM4 and PWM5 (P4MD="1", P45MD="1", PADTMD="1")

Note:

When the PWM4 output is assigned to P34 (Port 3) or P43 (Port 4) as the tertiary function or the PWM5 output
(PWMD) is assigned to P35 (Port 3) or P47 (Port 4) as the tertiary function, it is a high-impedance output until the
output state is set by the port n control registers 0, 1 (PnCONO, PNCON1). When it is necessary to fix in the initial state,
use a pull-up or pull-down resistor outside of the LSI.
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10.3.7 Start, Stop, and Clear Operations of PWM4 and PWM5 by External Input Control

Setting the PnSTM1 and PnSTMO bits of the PWMn control register 2 (PWnCONZ2) enables the start/stop/clear control
of the PWM counters (PWnCH and PWnCL) using the external input (P0O0/PW45EV0 or P30/PW45EV1 port) that is
selected by the PnTGSEL bit of the PWMn control register 2 (PWnCON2). From the external input, pulses shorter than
one sampling clock are removed as noises. The sampling clock is OSCLK (approx. 125 ns) when HTBCLK is selected
by the PnCS1 and PnCSO0 bits, or LSCLK (approx. 32 kHz) otherwise.

Sampling clock I 1\ 1 /I\ [ | [ /]\ [
PnCK [ | Vv | | ¥ \L |
POO/P30 pins L @PWMn accepts external input
Waveform after removing noises

10.3.7.1 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 10.3.1 to 10.3.6.

10.3.7.2 Software Start or External Input Start Mode

With the setting of PNSTM1="0" and PnSTMO0="1", the PWM counter operates being controlled by the level of the
external input (POO/PWA45EV0 or P30/PWA45EV1 pin) that is selected by the PnRUN and PnTGSEL bits.

When the selected external input gets an external input specified by PNTGE1 and PnTGEOQ, the PWM counter is started,
stopped, or cleared. When the selected external input is fixed at the 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 start level.

Figure 10-8 shows the operation timing.

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

PnRUN _

PO0O/PW45EV0
or _’
P30/PW45EV1 The PniNI bit allows
_ selection of the "H/L" level ~soool
for the PWM initial value. S~
4--
PWMn output [ | ]

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

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

l.
PWnCH/L XOOOGX Count up 0000 X Count up X 0000 Count up Holdvalué( 0000 ><Countup

Counting stopped

<— Tpr E— : &> & Counting stopped => | <~ Counting restarted
<— Software start é External input < 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 2000
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
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PnTGE1=1, PnTGE0=0

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

PnRUN |
PO0O/PW45EV0
or
P30/PW45EV1
The PnINI bit allows
. selection of the "H/L" level RN S
for the PWMinitial value. ">~ 1 T TTTmseaol
4
PWMn output [ i

'

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

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

0000

PWnCHIL Joooo)  Gountup

Counting stopped
< g stopp > & Counting stopped = &~ Counting restarted

<— Software start

& External input & External | < Software stop & Software start
stop & clear ';z:’:
Coincidence of the PWnCH/CL count value
and period buffer (PYWnPBUF) 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
from CPU

Update buffer register Update buffer register

(b) Operation Timing Diagram with Software Start or External Input Start

Figure 10-8 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 (PNRUN="1").
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10.3.7.3 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 (PO0/PW45EV0 or P30/PWA45EV 1 port) that is selected by
the PNTGSEL bit of the PWMn control register 2 (PWnCONZ2).
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 10-9 shows the operation timing.

PnTGE1=0, PnTGEO=1
When rising-edge start and falling-edge stop & clear are selected

PnRUN

POO/PW45EV0
or
P30/PW45EV1

PWMn output

PWnCH/L

PWnPH/L
PWnPBUF
PWnDH/L

PWnDBUF

SFR write from CPU

from CPU

Update buffer register

The PnINI bit allows selection |
- of the "HIL" level for the PWM =~=<-____
- initial value. - ':‘ ______
& RN
PR T 1 [ 1 [
CE | )
>L 0000 Count up / Count up 0000 ><:Count up X 0000 ~ Count up
Counting stopped
<— (Counting stopped ——>i&— TPWP _—
<& External input start
< External input <& External input start
accept enabled Coincidence of the PWnCH/CL count value External input
and period buffer (FWnPBUF) value stop & clear
8000 2000 P
8000 (2000 8000
4000 ( 1000 (4000
4000 1000 4000
/[\ FR write

Update buffer register

(a) Operation Timing Diagram with External Input Start
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PnTGE1=1, PnTGE0=0

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

PnRUN
POO/PW45EV0
or \l/
P30/PW45EV1 The PnINI bit allows selection of
_--" the "H/L" level for the PWM IR I
e initial value.
-
PWMn output |7z
PWnCH/L >< 0000 Count up Countup ¥ 0000 Count up X; 0000 Count up
Counting stopped
&— Counting stopped —>i&— TPWP R —— <>
<— External input <— External input start < External input start

accept enabled Coincidence of the P!

and period buffer (P!

nCH/CL count value
nPBUF) value

External input
stop & clear

PWnPH/L 8000 { 2000 (8000
PWnPBUF 8000 {2000 8000
PWnDH/L 4000 { 1000 {4000
PWnDBUF 4000 X 1000 4000
/]\ /]\Upda(e buffer
SFR write from CPU register SFR write

Update buffer register
from CPU

(b) Operation Timing Diagram with External Input Start

Figure 10-9 Operation Timing Diagram with External Input Start (PnSTM1=1", PnSTM0="0")

When cleared by the external input, the value of the PWMn duty register (PWnDH, PWnDL) is transferred to the PWMn
duty buffer (PWnDBUF) and the value of PWMn period register (PWnPH, PWnPL) to the PWMn period buffer

(PWnPBUF).

Note that there are the following restrictions.

® When PWMnPH/L or PWMnDH/L is changed during PWM operation to use the external input start, the system
clock/PWM clock must be one of the following combinations.

PWM clock System clock
P4CK/P5CK SYSCLK
LSCLK LSCLK
HTBCLK HSCLK

@ A pulse shorter than one internal 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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10.3.7.4 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 (POO/PW45EVO0 or P30/PW45EV1 pin) selected by the PnTGSEL bit
of the PWMn control register 2 (PWnCON2), the counter operates in the same way as the software start. When the
selected external input (POO/PWA45EV0 or P30/PW45EV1 pin) gets an edge input specified by PnTGE1 and PnTGEDO,
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 10-10 shows the operation timing.

PnTGE1=0, PnTGEO0=1
When falling-edge clear is selected

PnRUN
PO0/PW45EV0
or VA ) 4
P30/PW45EV1 The PniINI bit allows selection
T “ofthe "HiL"level for the PWM  ----——______
initial value. T e

PWMn output |_ |_ | I

'
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

of the "H/L" level.

Countiup
PWnCH/L XooocX Count up )0000)( )0000 Countup ~ %0000 X Countup 0000 } Count up Hglfi_\@!lfex 0000 X‘(}gqr_ﬂ'yg
< Tp\/\/p —> < prp —> i< Tp\/\/p —>

<— 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 (PWAPBUF) value and period buffer (PWnPBUF) value
PWnPH/L 8000 {2000 {8000
PWnPBUF 8000 ( 2000 8000
PWnDH/L 4000 X 1000 4000
PWnDBUF 4000 X 1000 \_ 4000
Update buffer register Update buffer register 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, PnTGE0=0
When rising-edge clear is selected

PnRUN
POO/PW45EV0
or \l/ \l/
The PniNI bit allows selection of
P30/PW45EV1 .-~ the "HiL" level forthe PWM ~ ~"7TTTmmm-eo G
JPvtans initial value. T e
0 S St -
Lxey 1 TR
PWMn output  [:::: | 1 P
N
The PnSTPSEL bit aliows selection of whether or not to output
the initial value while being paused
When the initial value is output, the PnINI bit allows selection
of the "H/L" level
Count up
PWnCH/L XOOOGX Count up )0000 X Count up 0000 X ) 0000 Count up 0000A Count upXHold value’\ 0000 \ Countup
<— Tpr —> i< Tp\/\lp —> <— Tpr —>
<&— Software 0000
External input clear
Coincidence of the PWnCH/CL count value  Coincidence of.the PWnCH/CL count value  Coincidence of the PWnCH/CL count value and
and period buffer (PWnPBUF) value and period buffer (PWnPBUF) value period buffer (PWnPBUF) value
PWnPH/L 8000 2000
PWnPBUF 8000 2000
PWnDH/L 4000 1000
PWnDBUF 4000 X 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, PnTGEO0=1
Both-edge clear selected

PnRUN
POO/PW45EV0

or
P30/PW45EV1

PWMn output

PWnCHIL  Jfoood

PWnPH/L
PWnPBUF
PWnDH/L
PWnDBUF

SFR write
from CPU

Update buffer ~ SFR write

register

from CPU

register

The PniNI bit allows selection of the "H/L"
- -~ level for the PWM initial value.
4
Count up Count up
.................................... . e [ P
Count up )0000 )< 0000, Count up ) 0000 0000, Count up 0000X Count up
< prp —> < prp —> < prp —>
<— 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
8000 2000 8000
8000 2000 8000
4000 X 1000 k4000
4000 X 1000 X 4000
Update buffer register /]\ /I\deate buffer register Update buffer Update buffer
register

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

Figure 10-10 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
P4CK/P5CK SYSCLK
LSCLK LSCLK
HTBCLK HSCLK

@ When the external input clear control is done at a timing when PWMnPH/L or PWMnDH/L is changed while the
PWM count is being paused, transfer to the PWMn duty buffer (PWnDBUF) or PWMn period buffer (PWnPBUF)
may delay for one PWM clock.
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10.3.8 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 (PO0/PW45EV0 or P30/PW45EV 1 pin) that is selected by PATGSEL. Note that the emergency
stop function is valid only in the cooperation mode (P45MD="1").

When the external input that is selected by the PATGSEL bit gets an edge input specified by PASDE1 an PASDEQ, the
emergency stop flag (P4SDST) is set to “1”, an emergency stop interrupt (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 PASDST of the PWM4 control register 3 (PW4CON3).
Figure 10-11 shows the operation timing.

Emergency stop by PASDE1=0, P4ASDEO0=1 (Falling edge)
PO0/P45EV0

or N
P30/P45EV1 4'

PnRUN

P4SDST

PWA4INT —I

PRFLG | Faie |

Count stop & clear

PWnCHY/L Aoooo Count up :A0000 CoumupX 0000 . Countup 0000 A Count up

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

< 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 P4ASDE1=1, P4SDEO0=0 (Rising edge)
PO0/P45EV0

M

or
P30/P45EV1

PnRUN

P4SDST

EMGINT

| RN '\-.-

P L

PnFLG SR e L Sy gty
Count stop & clear D

PWnCH/L Apooo Count up 0000 CountuPX 0000 *\_ Countup 0000 A Count up

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

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

Emergenc
< gency

stop Release emergency

stop flag

(b) Timing with Rising-edge operation
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Emergency stop by P4ASDE1=1, P4ASDE0=1 (Both edges)

P0O0/P45EV0
or \;
P30/P45EV1
PnRUN
P4SDST
PW4INT —|
e s S B T
PnFLG T S S I l ey |_
................. ? R
PWNCHIL Joooo ) _cauntup JooooX X o000 X countup Joooo) /) oooo Countup__ )\ 0000
i stop & clear N s stop & clear
{ . Emergency The PnINI bit allows selection of Emergency
TS stop the "H/L" level for the PWM stop
Release emergency  initial value. Release emergency
stop flag stop flag

(c) Timing with Both-edge operation

Figure 10-11 Operation Timing Diagram at Emergency Stop
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10.4 Specifying Port Registers

To output the PWM waveform, the applicable bit of each related port register needs to be set. See Chapter 18, “Port 3”
and Chapter 19, “Port 4” for details about the port registers.

10.4.1 Functioning P34 Pin (PWM4) as PWM Output

Set the P34MDL1 bit (bit 4 of P3MOD1 register) to "1" and the P34MDO bit (bit 4 of P3MODO register) to "0" to specify
PWM4 as the tertiary function of P34.

Register name P3MOD1 register (Address: 0F21DH)
Bit 7 6 5 4 3 2 1 0
Bit name - - P35MD1 | P34MD1 | P33MD1 | P32MD1 | P31MD1 | P30MD1
Setting value - - * 1 * * * *
Register name P3MODO register (Address: 0F21CH)
Bit 7 6 5 4 3 2 1 0
Bit name - - P35MD0O | P34MDO | P33MDO | P32MDO | P31MDO | P30MDO
Setting value - - * 0 * * * *

Set the P34C1 bit (bit 4 of P3CONL1 register) to “1”, the P34CO0 bit (bit 4 of P3CONO register) to “1”, and the P34DIR
bit (bit 4 of P3DIR register) to “0” to specify the state mode of the P34 pin used for PWM4 as the CMOS output.

Register name P3CONT1 register (Address: OF21BH)
Bit 7 6 5 4 3 2 1 0
Bit name - - P35C1 P34C1 P33C1 P32C1 P31C1 P30C1
Setting value - - N 1 * Y * *
Register name P3CONO register (Address: 0F21AH)
Bit 7 6 5 4 3 2 1 0
Bit name - - P35C0 P34C0 P33C0 P32C0 P31C0O P30C0
Setting value - - * 1 * * * *
Register name P3DIR register (Address: 0F219H)
Bit 7 6 5 4 3 2 1 0
Bit name - - P35DIR P34DIR P33DIR P32DIR P31DIR P30DIR
Setting value - - > 0 * * * *

Data of P34D bit (bit 4 of P3D register) does not affect to the PWM output function, so don’t care the data for the

function.
Register name P3D register (Address: OF218H)
Bit 7 6 5 4 3 2 1 0
Bit name - - P35D P34D P33D P32D P31D P30D
Setting value - - * o * * * *

- : Bit that does not exist
*: Bit not related to the PWM function
** - Don’t care
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10.4.2 Functioning P43 Pin (PWM4) as PWM Output

Set the P43MDL1 bit (bit 3 of PAMOD1 register) to "1" and the P43MDO bit (bit 3 of PAMODO register) to "0" to specify
PWM4 as the tertiary function of P43.

Register name P4MOD1 register (Address: 0F225H)
Bit 7 6 5 4 3 2 1 0
Bit name P47MD1 | P46MD1 | P45MD1 | P44MD1 | P43MD1 | P42MD1 | P41MD1 | P4OMD1
Setting value * * * * 1 * * *
Register name P4MODO register (Address: 0F224H)
Bit 7 6 5 4 3 2 1 0
Bit name P46MD0O | P46MDO | P45MDO | P44MDO | P43MDO | P42MDO | P41MDO | P4OMDO
Setting value * * * * 0 * * *

Set the P43C1 bit (P4CON1 register bit 3) to "1", the P43CO0 bit (PACONO register bit 3) to "1", and the P43DIR bit

(PADIR register bit 3) to 0" to specify the state mode of the P43 pin used for PWM4 as the CMOS output.

Register name P4CON1 register (Address: 0F223H)
Bit 7 6 5 4 3 2 1 0
Bit name P47CA1 P46C1 P45C1 P44C1 P43C1 P42C1 P41C1 P40C1
Setting value * * * d 1 * 2 *
Register name P4CONO register (Address: 0F222H)
Bit 7 6 5 4 3 2 1 0
Bit name P47CO0 P46CO P45C0 P44C0 P43C0 P42C0 P41C0 P40C0
Setting value * * 4 * 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 * * *
The P43D bit (P4D register bit 3) data 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 * * * * o * * *

* 1 Bit not related to the PWM function
**: Don’t care
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10.4.3 Functioning P35 Pin (PWM5) as PWM Output

Set the P35MD1 bit (bit 5 of PAMOD1 register) to "1" and the P35MDO bit (bit 5 of P3MODO register) to "0" to specify
PWMS as the tertiary function of P35.

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

Set the P35CL1 bit (bit 5 of P3CONL1 register) to “1”, the P35CO0 bit (bit 5 of P3CONO register) to “1”, and the P35DIR

bit (bit 5 of P3DIR register) to “0” to specify the state mode of the P35 pin used for PWMS5 as the CMOS output.

Register name P3CON1 register (Address: 0F21BH)
Bit 5 4 3 2 1 0
Bit name P35C1 P34C1 P33C1 P32C1 P31C1 P30C1
Setting value 1 X * * * *
Register name P3CONO register (Address: 0F21AH)
Bit 5 4 3 2 1 0
Bit name P35C0 P34C0 P33C0 P32C0 P31C0O P30CO
Setting value 1 * * % * *
Register name P3DIR register (Address: 0F219H)
Bit 5 4 3 2 1 0
Bit name P35DIR P34DIR P33DIR P32DIR P31DIR P30DIR
Setting value 0 * * * * *

Data of P35D bit (bit 5 of P3D register) does not affect to the PWM output function, so don’t care the data for the

function.

Register name

P3D register (Address: 0F218H)

Bit

5

4

3

2

Bit name

P35D

P34D

P33D

P32D

P31D

P30D

Setting value

*%

*

*

*

- : Bit that does not exist
* : Bit not related to the PWM function

**: Don’t care
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10.4.4 Functioning P47 Pin (PWM5) as PWM Output

Set the PA7MDL1 bit (bit 7 of PAMOD1 register) to "1" and the P47MDO bit (bit 7 of PAMODO register) to "0" to specify
PWMS as the tertiary function of P47.

Register name P4MOD1 register (Address: 0F225H)
Bit 7 6 5 4 3 2 1 0
Bit name P47MD1 | P46MD1 | P45MD1 | P44MD1 | P43MD1 | P42MD1 | P41MD1 | P40MD1
Setting value 1 * * * * * * *
Register name P4MODO 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 * * * * * * *

Set the PA7C1 bit (PACONL register bit 7) to “1", the P47CO bit (PACONO register bit 7) to "1, and the P47DIR bit

(PADIR register bit 7) to "0" to specify the state mode of the P47 pin used for PWMD5 as the CMOS output.

Register name P4CON1 register (Address: 0F223H)
Bit 7 6 5 4 3 2 1 0
Bit name P47C1 P46C1 P45C1 P44C1 P43C1 P42CA1 P41C1 P40C1
Setting value 1 * * * * * * *
Register name P4CONO register (Address: 0F222H)
Bit 7 6 5 4 3 2 1 0
Bit name P47C0 P46C0 P45C0 P44C0 P43C0 P42C0 P41C0 P40C0
Setting value 1 * * b * * * *
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 * d * * * * *
The P47D bit (P4D register bit 7) data 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 o * * * * * * *

* 1 Bit not related to the PWM function
**: Don’t care
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11. Synchronous Serial Port

11.1 Overview

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

For the input clock, see Chapter 6, “Clock Generation Circuit”.

When the synchronous serial port is used, the tertiary functions of port 4 or the tertiary functions of port 5 must be set.
For the tertiary functions of port 4, see Chapter 17, “Port 4”. For the tertiary functions of port 5, see Chapter 18, “Port
5”.

The synchronous serial port (SSIO0) operates only when the DSIOO0 bit of the block control register 2 (BLKCONZ2) is
“0”. When the DSIOO bit is “1”, every function of SSIOQ is in a reset state

The synchronous serial port (SSIO1) operates only when the DSIO1 bit of the block control register 2 (BLKCONZ2) is
“0”. When the DSIOL1 bit is “1”, every function of SSIO1 is in a reset state

For the block control registers, see Chapter 4, “MCU Control Function”.

11.1.1 Features

e Master or slave selectable

e MSB first or LSB first selectable

o 8-bit length or 16-bit length selectable fro the data length
11.1.2 Configuration

Figure 11-1 shows the configuration of the synchronous serial port.

SIOOINT
P41/SCKO
P45/SCKO
P40/SINO Shift register P42/SOUTO
PA44/SINO e >d~  8bits/16 bits 7 546/S0UTO
Transmit register Receive register
SIOOTRH, L SIOORCH, L
LSCLK —>| cControl |— 1\ \l’
HSCLK —>| circuit

SIOOCON %| LSB/MSB control |

SIOOMODO jt
P41/SCKO —>| SI00MOD1
P45/SCKO | SIOOBUFH, SIO0BUFL |
N /
Data bus > Y

SIO0BUFL: Serial port transmit/receive buffer L
SIO0BUFH: Serial port transmit/receive buffer H
SIO0CON: Serial port control register
SIOOMODO:  Serial port mode register 0
SIOOMOD1:  Serial port mode register 1
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SIO1INT
P51/SCK1
P50/SIN1 - -
Shift register 5 P52/SOUT1
—>Oo= 8bits/16bits
Transmit register Receive register
SIOO0TRH,L SIOORCH,L
LSCLK —>| control — 1\ \l/
HSCLK ——>| circuit

SIO1CON —%| LSB/MSB control |

SI01IMODO
P51/SCK1 — | SI0IMOD1 jt
[ SIO1BUFH, SIO1BUFL |
N N N
Data bus 4 4 A

SIO1BUFL: Serial port transmit/receive buffer L
SIO1BUFH: Serial port transmit/receive buffer H
SIO1CON: Serial port control register
SIO1IMODO:  Serial port mode register 0
SIOIMOD1:  Serial port mode register 1

Figure 11-1 Configuration of Synchronous Serial Port

Note:
e For ML610Q383/384/385, SSIO1 is used for access with P2ROM inside a chip.
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11.1.3 List of Pins
Pin name 1/0 Description
P40/SINO | Receive data input.
Used for the tertiary function of the P40 pin.
P41/SCKO /o Synchronous clock input/output.
Used for the tertiary function of the P41 pin.
P42/SOUTO o Transmit data output.
Used for the tertiary function of the P42 pin.
Receive data input.
PA4/SINO : Used for the tertiary function of the P44 pin.
Synchronous clock input/output.
PASISCKO Vo Used for the tertiary function of the P45 pin.
Transmit data output.
PA6/SOUTO © Used for the tertiary function of the P46 pin.
P50/SIN1 | Receive data input.
Used for the tertiary function of the P50 pin.
P51/SCK1 1o Synchronous clock input/output.
Used for the tertiary function of the P51 pin.
P52/SOUT1 o Transmit data output.
Used for the tertiary function of the P52 pin.
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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
OF280H EE;;' EO" 0 transmitreceive SIO0BUFL RW | 8/16 00H
- - - SIO0BUF
OF281H Serial port 0 transmit/receive SIOOBUFH RIW 8 00H
buffer H
0F282H Serial port O control register SIO0CON — R/W 8 00H
0F284H Serial port 0 mode register O SIOOMODO SIOOMOD R/W 8/16 O00H
OF285H Serial port 0 mode register 1 SIO0OMOD1 R/W 8 00H
0F288H Ejfrf':r' EO” 1 transmit/receive SIO1BUFL RW | 8/16 00H
- - - SIO1BUF
OF289H Serial port 1 transmit/receive SIOLBUFH RIW 8 00H
buffer H
0F28AH Serial port 1 control register SIO1CON — R/W 8 O0H
0F28CH Serial port 1 mode register O SI01MODO SIOIMOD R/W 8/16 00H
OF28DH Serial port 1 mode register 1 SI0O1IMOD1 R/W 8 O00H
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11.2.2  Serial Port Transmit/Receive Buffers (SIOOBUFL, SIOOBUFH)

Address: 0F280H

Access: R/W

Access size: 8 bits /16 bits
Initial value: OOH

7 6 5 4 3 2 1 0
SIOOBUFL S0B7 S0B6 S0B5 S0B4 S0B3 S0B2 S0B1 S0BO
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: 0F281H
Access: RIW
Access size: 8 bits
Initial value: OOH
7 6 5 4 3 2 1 0
SIOOBUFH SO0B15 SO0B14 SO0B13 SO0B12 SO0B11 SO0B10 SOB9 SOB8
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

SIOO0BUFL and SIO0OBUFH are special function registers (SFRs) to write transmit data and to read receive data of the
synchronous serial port.
When data is written in SIOOBUFL and SIOOBUFH, the data is written in the transmit registers (SIOOTRL and
SIO0TRH) and when data is read from SIOOBUFL and SIOOBUFH, the contents of the receive registers (SIOORCL
and SIOORCH) are read.

11-5



ML610Q380/ML610Q383/ML610Q384/ML610Q385 User’s Manual
Chapter 11  Synchronous Serial Port

11.2.3  Serial Port Transmit/Receive Buffers (SIO1BUFL, SIO1BUFH)

Address: 0F288H

Access: R/W

Access size: 8 bits /16 bits
Initial value: OOH

7 6 5 4 3 2 1 0
SIO1BUFL S1B7 S1B6 S1B5 S1B4 S1B3 S1B2 S1B1 S1B0O
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: 0F289H
Access: RIW
Access size: 8 bits
Initial value: OOH
7 6 5 4 3 2 1 0
SIO1BUFH S1B15 S1B14 S1B13 S1B12 S1B11 S1B10 S1B9 S1B8
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

SIO1BUFL and SIO1BUFH are special function registers (SFRs) to write transmit data and to read receive data of the
synchronous serial port.
When data is written in SIO1BUFL and SIO1BUFH, the data is written in the transmit registers (SIO1TRL and
SIO1TRH) and when data is read from SIO1BUFL and SIO1BUFH, the contents of the receive registers (SIO1RCL
and SIO1RCH) are read.
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11.2.4  Serial Port Control Register (SIOOCON)

Address: 0F282H
Access: R/W

Access size: 8 bits
Initial value: OOH

7 6 5 4 3 2 1 0
SIO0CON — — — — — — — SOEN
R/W R R R R R R R R/W
Initial value 0 0 0 0 0 0 0 0

SIO0CON is a special function register (SFR) to control the synchronous serial port.

[Description of Bits]

e SOEN (bit 0)
The SOEN bit is used to specify start of synchronous serial communication. Writing a “1” to this bit starts 8-/16-bit
data communication. This 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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11.2.5 Serial Port Control Register (SIO1CON)

Address: 0F28AH
Access: RIW

Access size: 8 bits
Initial value: 00H

7 6 5 4 3 2 1 0
SIO1CON — — — — — — — S1EN
R/W R R R R R R R R/W
Initial value 0 0 0 0 0 0 0 0

SIO1CON is a special function register (SFR) to control the synchronous serial port.

[Description of Bits]

e SI1EN (bit 0)
The S1EN bit is used to specify start of synchronous serial communication. Writing a “1” to this bit starts 8-/16-bit
data communication. This bit is set to “0” automatically when 8-/16-bit data communication is terminated.
The S1EN bit is set to “0” at a system reset.

S1EN Description
0 Stops communication. (Initial value)
1 Starts communication
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11.2.6  Serial Port Mode Register 0 (SIOOMODO)

Address: 0F284H
Access: RIW

Access size: 8 bits
Initial value: OOH

7 6 5 4 3 2 1 0
SIOOMODO — — — — SOLG SOMD1 SOMDO SODIR
R/W R R R R R/W R/W R/W R/W
Initial value 0 0 0 0 0 0 0 0

SIO0MODO is a special function register (SFR) to set mode of the synchronous serial port.

[Description of Bits]
e SODIR (bit 0)
The SODIR is used to select LSB first or MSB first.

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

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

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

e SOLG (hit 3)
The SOLG bit is used to specify the bit length of the transmit/receive buffer, 8-bit or 16-bit length.
The SOLG bit is set to “0” at a system reset.

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

Note:

e Do not change any of the SIOOMODO register settings during transmission/reception.

e When the synchronous serial port is used, the tertiary functions of SSIO must be set. For the tertiary functions of
Port 4, see Chapter 19, “Port 4”.
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11.2.7 Serial Port Mode Register 0 (SIO1MODO)

Address: 0F28CH
Access: RIW

Access size: 8 bits
Initial value: OOH

7 6 5 4 3 2 1 0
SIOOMODO — — — — S1LG S1IMD1 S1MDO S1DIR
R/W R R R R R/W R/W R/W R/W
Initial value 0 0 0 0 0 0 0 0

SIO1MODO is a special function register (SFR) to set mode of the synchronous serial port.

[Description of Bits]
e SIDIR (bit 0)
The S1DIR is used to select LSB first or MSB first.

S1DIR Description
0 LSB first (initial value)
1 MSB first

e S1IMD1, SIMDO (bits 2, 1)
The SIMD1 and SIMDO bits are used to select transmit, receive, or transmit/receive mode of the synchronous serial
port.

S1MD1 S1MDO Description
0 0 Stops transmission/reception (initial value)
0 1 Receive mode
1 0 Transmit mode
1 1 Transmit/receive mode

e SILG (hit3)
The S1LG bit is used to specify the bit length of the transmit/receive buffer, 8-bit or 16-bit length.
The S1LG bit is set to “0” at a system reset.

S1LG Description
0 8-bit length (initial value)
1 16-hit length

Note:

e Do not change any of the SIO1IMODO register settings during transmission/reception.

e When the synchronous serial port is used, the tertiary functions of SSIO must be set. For the tertiary functions of
Port 5, see Chapter 20, “Port 5”.
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11.2.8 Serial Port Mode Register 1 (SIOOMOD1)

Address: 0F285H
Access: R/W

Access size: 8 bits
Initial value: OOH

7 6 5 4 3 2 1 0
SIOOMOD1 — — — SOCKT SOCK3 SO0CK2 SO0CK1 SOCKO
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

SIO0OMOD1 is a special function register (SFR) to set mode of the synchronous serial port.

[Description of Bits]

e SOCK?2 to SOCKO (bits 2 to 0)
The SOCK2 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.

SOCK3 SOCK2 SOCK1 SOCKO 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 External clock 0 (P41/SCKO)
0 1 1 1 External clock 0 (P45/SCKO)
1 0 0 0 1/1 HSCLK
1 0 0 1 1/2 HSCLK
1 0 1 X Prohibited
1 1 X X Prohibited
o SOCKT (bit 4)
The SOCKT bit is used to select a tansfer clock output phase.
SOCKT Description
0 Clock type 0: Clock is output with a “H” level being the default. (Initial value)
1 Clock type 1: Clock is output with a “L” level being the default.

Note:
¢ Do not change the value of the SIOOMODL register during transmission or reception.
e Set the SOCK3-SOCKO bit not to exceed 4.2MHz.
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11.2.9 Serial Port Mode Register 1 (SIO1MOD1)

Address: 0F28DH
Access: R/W

Access size: 8 bits
Initial value: OOH

7 6 5 4 3 2 1 0
SI0O1MOD1 — — — S1CKT S1CK3 S1CK2 S1CK1 S1CKO
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

SIO1MOD1 is a special function register (SFR) to set mode of the synchronous serial port.

[Description of Bits]

e S1CK?2 to S1CKO (bits 2 to 0)
The S1CK2 to S1CKO bits are used to select the transfer clock of the synchronous serial port. When the internal
clock is selected, this LSI is set to master mode and when the external clock is selected, it is set to slave mode.

S1CK3 S1CK2 S1CK1 S1CKO 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 External clock 0 (P51/SCK1)
0 1 1 1 Prohibited
1 0 0 0 1/1 HSCLK
1 0 0 1 1/2 HSCLK
1 0 1 X Prohibited
1 1 X X Prohibited

o SICKT (bit 4)
The S1CKT bit is used to select a tansfer clock output phase.

S1CKT Description
0 Clock type 0: Clock is output with a “H” level being the default. (Initial value)
1 Clock type 1: Clock is output with a “L” level being the default.

Note:
¢ Do not change the value of the SIOIMODL register during transmission or reception.
e Set the SICK3-S1CKO bit not to exceed 4.2MHz.
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11.3 Description of Operation

11.3.1 Transmit Operation

When “1” is written to the SnMD1 bit and “0” is written to the SnMDO bit of the serial mode register (SIOnNMODO),
this LSI is set to a transmit mode.

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

Transmit data is output from the tertiary function pins (P42/SOUTO or P46/SOUTO or P52/SOUT1) of GPIO.

When an internal clock is selected in the serial port mode register (SIOOMODL1), the LSI is set to a master mode and
when an external clock (P41/SCKO or P45/SCKO or P51/SCK1) is selected, the LSI is set to a slave mode.

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

The transmit data output pin (P42/SOUTO or P46/SOUTO or P52/SOUT1) and transfer clock input/output pin
(P41/SCKO or P45/SCKO0 or P51/SCK1) must be set to the tertiary functions.

Figures 11-2 and 11-3 show the transmit operation waveforms of the synchronous serial ports for clock type 0 and
clock type 1, respectively (8-bit length, LSB first, clock types 0 and 1).

SnEN |

sckn SplplnSnEnlnEnl
SIOnTRL X Jel Transmit data

SOUTn i0)(1)(2)(3)(4)(5)(6)(7
SIONnINT L___________

Figure 11-2 Transmit Operation Waveforms of Synchronous Serial Port
for Clock Type 0 (8-bit Length, LSB first)

SnEN

sckn l_l_l_\_l_\_l_\_l_\_l_\_l_\_l_t
SIOnTRL X 0 Transmit data

SOUTn \0><1X2X3X4X5X6X7>/
SIONINT L____

Figure 11-3 Transmit Operation Waveforms of Synchronous Serial Port
for Clock Type 1 (8-bit Length, LSB first)
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11.3.2 Receive Operation

When “0” is written to the SnMD1 bit and “1” is written to the SnMDO bit of the serial mode register (SIOnNMODO0),
this LSI is set to a receive mode.

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

Receive data is input from the tertiary function pins (P40/SINO or P44/SINO or P50/SIN1) of GPIO.

When an internal clock is selected in the serial port mode register (SIOnMD1), the LSI is set to a master mode and
when an external clock (P41/SCKO or P45/SCKO or P51/SCK1) is selected, the LSI is set to a slave mode.

The serial port mode register (SIONMODO) enables selection of MSB first or LSB first.

The receive data input pin (P40/SINO or P44/SINO or P50/SIN1) and transfer clock input/output pin (P41/SCKO or
P45/SCKO or P21/SCK1) must be set to the tertiary function.

Figures 11-4 and 11-5 show the receive operation waveforms of the synchronous serial ports for clock type 0 and clock
type 1, respectively (8-bit length, MSB first, clock types 0 and 1).

SnEN | |

et N O
SINn 7 X 6 X 5 X 4 X 3 X 2 X1 XQpo
Shift register )(7)(6)(5)(4)(3)(2)(1(/0
SIonRCL Receive data
SIONINT L+

Figure 11-4 Transmit Operation Waveforms of Synchronous Serial Port
for Clock Type 0 (8-bit Length, LSB first)

SnEN | |
SCKn __J_T__F_1_J__L_J_W__F_I_J__L_I_T__F_t
SINn 7 X6 X5 X4 X 3 X 2 X 1 Xpo
Shift register )(7)(e)(5)(4)(3)(2)(1(/)<o
SIOnRCL \4)( Receive data
SIOnINT L

Figure 11-5 Transmit Operation Waveforms of Synchronous Serial Port
for Clock Type 1 (8-bit Length, LSB first)

Note:
When the SOUTn pin is set to the tertiary function output in receive mode, a “H” level is output from the SOUTn
output pin.
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11.3.3 Transmit/Receive Operation

When “1” is written to the SnMD1 bit and “1” is written to the SnMDO bit of the serial mode register (SIOnNMODO),
this LSI is set to a transmit/receive mode.

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

Receive data is input from the tertiary function pins (P40/SINO or P44/SINO or P50/SIN1) of GPIO, and transmit data
is output from the tertiary function pins (P42/SOUTO or P46/SOUTO or P52/SOUT1) of GPIO

When an internal clock is selected in the serial port mode register (SIOnMD1), the LSI is set to a master mode and
when an external clock (P41/SCKO or P45/SCKO or P51/SCK1) is selected, the LSI is set ot a slave mode.

The serial port mode register (SIONMODO) enables selection of MSB first or LSB first.

The receive data input pin (P40/SINO or P44/SINO or P50/SIN1), the transmit data output pin (P42/SOUTO or
P46/SOUTO0 or P52/SOUT1), and transfer clock input/output pin (P41/SCKO or P45/SCKO0 or P51/SCK1) must be set
to the tertiary function.

Figure 11-6 shows the transmit/receive operation waveforms of the synchronous serial port (16-bit length, LSB first,
clock types 0).

SnEN | o |

SCKn [ Y B
SIONTRH, L X 0O Transmit data
SOUTn i 0 X 1 X 2 X 8 X 12 X138 X 14X 15
Sitin D G G D

12 X 13 X 14 )(/le

Shift register X o X 1 X 2 X' 38 X 12 X 138 X 14X 15
SIOnRCH, L _ Receive data
SIOnINT

Figure 11-6 Transmit/Receive Operation Waveforms of Synchronous Serial Port
(16-bit Length, LSB first, Clock Type 0)
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11.4 Reqgister setup of the port

For enable the SSIO function, each related port register needs to be set up. Refer to the Chapter 16, “Port 4” for details
of each register.

11.4.1  When operating the SSIOO function in master mode using P42 pin (SOUTO:output), P41 pin
(SCKO:input/output), and P40 pin (SINO:input).

SSIO is selected as the secondary function of P42, P41, and P40 by setting P42MD1-P40MD1 bit (P4AMODL1 register:
bit2-0) to “1” and setting P42MD0-P40MDO bit (P4AMODO register: bit2-0) to “0”.

register P4AMODL1 register (Address:0F225H)
bit 7 6 5 4 3 2 1 0
bit name P47MD1 | P46MD1 | P4A5MD1 | P44MD1 | P43MD1 | P42MD1 | P41MD1 | P40MD1
value * * * * * 1 1 1
register PAMODO register (Address:0F224H)
bit 7 6 5 4 3 2 1 0
bit name | P47MDO | P46MDO | P45SMDO | P44MDO | P43MDO | P42MDO | P41MDO | P40MDO
value * * * * * 0 0 0

The state of the P42 and P41 pin is selected as CMOS output mode by setting P42C1-P41C1 bit (P4ACON1
register:bit2-1) to “1” , setting P42C0-P41C0 bit (PACONO register:bit2-1) to “1” and setting P42DIR-P41DIR bit
(PADIR register:bit2-1) to “0”. Additionally, the P40 pin is selected as input pin by setting PA0DIR bit (P4DIR register:
bit0) to “1”

The setting value of P40C1 bit and P40CO bit ($) is optional. Optional states are selected according to the state of the
external circuit where the P40 pin is connected.

register P4ACONL1 register (Address:0F223H)
bit 7 6 5 4 3 2 1 0
bit name P47C1 P46C1 P45C1 P44C1 P43C1 P42C1 P41C1 P40C1
value * X * * E 1 1 $
register PACONO register (Address:0F222H)
bit 7 6 5 4 3 2 1 0
bit name P47CO0 P46CO0 P45C0 P44C0 P43CO0 P42CO0 P41CO P40CO
value 3 * p * * 1 1 $
register P4DIR register (Address:0F221H)
bit 7 6 5 4 3 2 1 0
bit name P47 DIR P46 DIR P45 DIR P44 DIR P43DIR P42DIR P41DIR P40DIR
value * * * * * 0 0 1
As for P42D-P40D hit (P4D register:bit2-0), neither "0" nor "1" is problematic.
register P4D register (Address:0F220H)
bit 7 6 5 4 3 2 1 0
bit name P47 D P46 D P45 D P44 D P43D P42D P41D P40D
value * * * * * ok *k ok

*: no relation to the SSIO function **: Don’t care $: Optional
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11.4.2 When operating the SSIOO function in slave mode using P42 pin (SOUTO:output), P41 pin

(SCKO:input/output), and P40 pin (SINO:input).

SSIO is selected as the secondary function of P42, P41, and P40 by setting P42MD1-P40MD1 bit (P4MOD1 register:

bit2-0) to “1” and setting P42MDO0-P40MDO bit (P4MODO register: bit2-0) to “0”. It is the same setup as the case of
master mode.

register P4AMODL1 register (Address:0F225H)
bit 7 6 5 4 3 2 1 0
bit name P47MD1 | P46MD1 | P4A5MD1 | P44MD1 | P43MD1 | P42MD1 | P41MD1 | P40MD1
value * * * * * 1 1 1
register P4AMODO register (Address:0F224H)
bit 7 6 5 4 3 2 1 0
bit name | P47MDO | P46MDO | P45MDO | P44MDO | P43MDO | P42MDO | P41MDO | P40MDO
value * * * * * 0 0 0

The state of the P42 pin is selected as CMOS output mode by setting P42C1 bit (P4CONL1 register:bit2) to “1” , setting
P42CO0 bit (PACONO register:bit2) to “1” and setting P42DIR bit (P4DIR register:bit2) to “0”. Additionally, the P41
and P40 pin is selected as input pin by setting P41DIR-P40DIR bit (P4DIR register: bit1-0) to “1”

The setting value of P41C1-P40C1 bit and P41C0-P40CO bit ($) is optional. Optional input modes are selected
according to the state of the external circuit where the P41 and P40 pin is connected.

register P4ACONL1 register (Address:0F223H)
bit 7 6 5 4 3 2 1 0
bit name P47C1 P46C1 P45C1 P44C1 P43C1 P42C1 P41C1 P40C1
value * * * * [ 1 $ $
register PACONO register (Address:0F222H)
bit 7 6 5 4 3 2 1 0
bit name P47CO P46CO0 P45C0 P44C0 P43CO0 P42CO0 P41CO0 P40CO
value * * * * * 1 $ $
register P4DIR register (Address:0F221H)
bit 7 6 5 4 3 2 1 0
bit name P47 DIR P46 DIR P45 DIR P44 DIR P43DIR P42DIR P41DIR P40DIR
value * X * * * 0 1 1
As for P42D-P40D hit (P4D register:bit2-0), neither "0" nor "1" is problematic.
register P4D register (Address:0F220H)
bit 7 6 5 4 3 2 1 0
bit name P47 D P46 D P45 D P44 D P43D P42D P41D P40D
Va|Ue * * * * * *% *%* **
*: no relation to the SSIO function **. Don’t care $: Optional
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11.4.3  When operating the SSIO function in master mode using P52 pin (SOUT1:output), P51 pin

(SCKZL:input/output), and P50 pin (SIN1:input).

SSIO is selected as the secondary function of P52, P51, and P50 by setting P52MD1-P50MD1 bit (P5MOD1 register:
bit2-0) to “1” and setting P52MD0-P50MDO bit (P5MODO register: bit2-0) to “0”.

register P5MODL1 register (Address:0F22DH)
bit 7 6 5 4 3 2 1 0
bit name - - P53MD1 | P52MD1 | P51MD1 | P50MD1
value - - * 1 1 1
register P5MODO register (Address:0F22CH)
bit 5 4 3 2 1 0
bit name - - P53MDO | P52MDO | P51MDO | P50MDO
value - - * 0 0 0

The state of the P52 and P51 pin is selected as CMOS output mode by setting P52C1-P51C1 hit (P5CON1
register:bit2-1) to “1” , setting P52C0-P51C0 bit (P5CONO register:bit2-1) to “1” and setting P52DIR-P51DIR bit
(P5DIR register:bit2-1) to “0”. Additionally, the P50 pin is selected as input pin by setting P50DIR bit (P5DIR register:
bit0) to “1”

The setting value of P50C1 bit and P50CO bit ($) is optional. Optional states are selected according to the state of the
external circuit where the P50 pin is connected.

register P5CONL1 register (Address:0F22BH)
bit 5 4 3 2 1 0
bit name - > P53C1 P52C1 P51C1 P50C1
value - - * 1 1 $
register P5CONO register (Address:0F22AH)
bit 5 4 3 2 1 0
bit name - - P53C0 P52C0 P51C0 P50C0
value - - * 1 1 $
register P5DIR register (Address:0F229H)
bit 5 4 3 2 1 0
bit name > - PS3DIR P52DIR P51DIR P50DIR
value - - * 0 0 1
As for P52D-P50D bit (P5D register:bit2-0), neither "0" nor "1" is problematic.
register P5D register (Address:0F228H)
bit 5 4 3 2 1 0
bit name - - P53D P52D P51D P50D
value _ _ * *% *% *k
*: no relation to the SSIO function **: Don’t care $: Optional
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11.4.4  When operating the SSIO1 function in slave mode using P52 pin (SOUT1:output), P51 pin
(SCK1:input/output), and P50 pin (SIN1:input).

SSIO is selected as the secondary function of P52, P51, and P50 by setting P52MD1-P50MD1 bit (P5MOD1 register:
bit2-0) to “1” and setting P52MD0-P50MDO bit (P5MODO register: bit2-0) to “0”. It is the same setup as the case of
master mode.

register P5MODL1 register (Address:0F22DH)
bit 7 6 5 4 3 2 1 0
bit name - - - - P53MD1 | P52MD1 | P51MD1 | P50MD1
value - - - - * 1 1 1
register P5MODO register (Address:0F22CH)
bit 7 6 5 4 3 2 1 0
bit name - - - - P53MDO | P52MDO | P51MDO | P50MDO
value - - - - ¢ 0 0 0

The state of the P52 pin is selected as CMOS output mode by setting P52C1 bit (P5CONL1 register:bit2) to “1” , setting
P52C0 bit (P5CONO register:hit2) to “1” and setting P52DIR bit (P5DIR register:bit2) to “0”. Additionally, the P51
and P50 pin is selected as input pin by setting P51DIR-P50DIR bit (P5DIR register: bit1-0) to “1”

The setting value of P51C1-P50C1 bit and P51C0-P50CO0 bit ($) is optional. Optional input modes are selected
according to the state of the external circuit where the P51 and P50 pin is connected.

register P5CONL1 register (Address:0F22BH)
bit 7 6 5 4 3 2 1 0
bit name - - - - P53C1 P52C1 P51C1 P50C1
value - - - - * 1 $ $
register P5CONO register (Address:0F22AH)
bit 7 6 5 4 3 2 1 0
bit name - - P53CO0 P52C0 P51C0 P50CO0
value - - * 1 $ $
register P5DIR register (Address:0F229H)
bit 5 4 3 2 1 0
bit name - - PS3DIR P52DIR P51DIR P50DIR
value - - * 0 1 1
As for P52D-P50D bit (P5D register:bit2-0), neither "0" nor "1" is problematic.
register P5D register (Address:0F228H)
bit 5 4 3 2 1 0
bit name - - P53D P52D P51D P50D
value _ _ * *% *k *%
*: no relation to the SSIO function **: Don’t care $: Optional
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12. UART

12.1 Overview

This LSI includes UART (Universal Asynchronous Receiver Transmitter) which is an asynchronous serial interface of
half-duplex communication. (A full-duplex is also possible by using 2 channels.)

For the input clock, see Chapter 6, “Clock Generation Circuit”.

The use of UART requires setting of the secondary/fourthly functions of Port 4 or Port5. For setting of the
secondary/fourthly functions of Port 4, see Chapter 19, “Port 4”. For setting of the secondary/fourthly functions of Port
5, see Chapter 20, “Port 5”.

The UART operates only when the DUAO and DUAL bits of the block control register 2 (BLKCONZ2) is “0”. When the
DUAO and DUAL bits are “1”, every function of the UART is in a reset state.

For the block control registers, see Chapter 4, “MCU Control Function”.

12.1.1 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 bps to 115200 bps

Built-in baud rate generator

12.1.2  Configuration
Figure 12-1 shows the configuration of the UART.

P0O2/RXDO

PO3/RXD1 | P43/TXDO/TXD1
P42/RXDO _ _JShift Register P53/TXD1/TXDO
P52/RXD1 N

!

LSCLK ——>| Baud Rate UART L————> UAnINT
Controller

HSCLK 5 Generator —\l/
UANCON
UANBRTH,L UARMODO.1 UANBUF UANSTAT
) ) ) !
Vv
Data bus n=0~1

UANnBUF: UARTN transmit/receive buffer
UANBRTH, L: UARTN baud rate registers H, L
UANCON: UARTN control register
UANnMODOQO, 1: UARTN mode registers 0, 1
UANSTAT: UARTRN status register

Figure 12-1 Configuration of UART

Note:
For ML610Q383/384/385, since a port 5 is used for access with P2ROM inside a chip, the port 5 cannot be used as a
port for UART.
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12.1.3 List of Pins

Pin name 1/0 Description
UARTO, UART2 data input pin
P02/ RXDO ! Used for the primary function of the P02 pin.
P42 | RXDO | UARTO, UART2 data input pin

Used for the secondary / fourthly function of the P42 pin.
UARTO, UART2 data output pin

Used for the secondary / fourthly function of the P43 pin.
UART1 data input pin

Used for the primary function of the P03 pin.

UART1 data input pin

Used for the secondary function of the P52 pin.

UART1, UART2 data output pin

Used for the secondary / fourthly function of the P53 pin.

P43/ TXDO / TXD1 (0]

P03 /RXD1 |

P52 / RXD1 |

P53/ TXD1/TXDO (0]

12.2 Description of Registers

12.2.1 List of Registers

Address Name Symbol (Byte) Symbol (Word) R/W Size Initial value
0F290H UARTO transmit/receive buffer UAOBUF — R/W 8 O0H
0F291H UARTO control register UAOCON — R/W 8 O00H
0F292H UARTO mode register 0 UAOMODO UAOMOD R/W 8/16 O0H
0F293H UARTO mode register 1 UAOMOD1 R/W 8 O0H
0F294H UARTO baud rate register L UAOBRTL UAOBRT R/W 8/16 OFFH
0F295H UARTO baud rate register H UAOBRTH R/W 8 OFH
0F296H UARTO status register UAOSTAT — R/W 8 00H
0F298H UART1 transmit/receive buffer UA1BUF — R/W 8 00H
0F299H UART1 control register UA1CON — R/W 8 00H
0F29AH | UART1 mode register 0 UA1MODO UALMOD R/W 8/16 O00H
0F29BH | UART1 mode register 1 UAIMOD1 R/W 8 O0H
OF29CH | UART1 baud rate register L UA1BRTL UALBRT R/W 8/16 OFFH
0F29DH UART1 baud rate register H UA1BRTH R/W 8 OFH
OF29EH | UART1 status register UALSTAT — R/W 8 O00H
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12.2.2 UARTO Transmit/Receive Buffer (UAOBUF)

Address: 0F290H
Access: RIW

Access size: 8 bits
Initial value: OOH

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) to store the transmit/receive data of the UART.

In transmit mode, write transmission data to UAOBUF. To transmit data continuously, write the next data to UAOBUF
after making sure that the UOFUL flag of the UARTO status register (UAOSTAT) is “0”. Any value written to
UAOBUF can be read.

In receive mode, since data received at termination of reception is stored in UAOBUF, read the contents of UABUF
using the UARTO interrupt at termination of reception. At continuous reception, UAOBUF is updated whenever
reception terminates. Any write to UAOBUF is disabled in receive mode.

The bits not required when 5-bit, 6-bit, 7-bit, or 8-bit data length is selected become invalid in transmit mode and are
set to “0” in receive mode.

Note:
For operation in transmit mode, be sure to set the transmit mode (UAOMODO and UAOMOD1) before setting transmit
data in UAOBUF.

12.2.3 UART1 Transmit/Receive Buffer (UA1BUF)

Address: 0F298H
Access: RIW

Access size: 8 bits
Initial value: OOH

7 6 5 4 3 2 1 0
UA1BUF uiB7 U1lB6 UiB5 uiB4 U1B3 uiB2 UilB1l UlBO
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) to store the transmit/receive data of the UART.

In transmit mode, write transmission data to UA1BUF. To transmit data continuously, write the next data to UA1BUF
after making sure that the ULFUL flag of the UARTL status register (UALSTAT) is “0”. Any value written to
UA1BUF can be read.

In receive mode, since data received at termination of reception is stored in UA1BUF, read the contents of UABUF
using the UART1 interrupt at termination of reception. At continuous reception, UALBUF is updated whenever
reception terminates. Any write to UA1BUF is disabled in receive mode.

The bits not required when 5-bit, 6-bit, 7-bit, or 8-bit data length is selected become invalid in transmit mode and are
set to “0” in receive mode.

Note:
For operation in transmit mode, be sure to set the transmit mode (UA1MODO and UA1MOD1) before setting transmit
data in UA1BUF.
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12.2.4  UARTO Control Register (UAOCON)

Address: 0F291H
Access: RIW

Access size: 8 bits
Initial value: OOH

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) to start/stop communication of the UART.

[Description of Bits]

e UOQEN (bit 0)
The UOEN bit is used to specify the UART communication operation start. When UOEN 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 reception, set the bit to “0” by software.

UOEN Description
0 Stops communication. (Initial value)
1 Starts communication.

12.2.5 UART1 Control Register (UA1CON)

Address: 0F299H
Access: RIW

Access size: 8 bits
Initial value: 00H

7 6 5 4 3 2 1 0
UA1CON — — — — — — — U1EN
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) to start/stop communication of the UART.

[Description of Bits]

e ULEN (bit 0)
The U1EN bit is used to specify the UART communication operation start. 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 reception, set the bit to “0” by software.

U1EN Description
0 Stops communication. (Initial value)
1 Starts communication.
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12.2.6 UARTO Mode Register 0 (UAOMODO)

Address: 0F292H
Access: RIW

Access size: 8/16 bits
Initial value: 06H

7 6 5 4 3 2 1 0
UAOMODO — — UORSS UORSEL — UOCK1 UOCKO uoio
R/W R R 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) to set the transfer mode of the UART.

[Description of Bits]
e UOIO (bit 0)
The UOIO bit is used to select transmit or receive mode.

uolo Description
0 Transmit mode (initial value)
1 Receive mode

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 Prohibited (UARTO does not operate)
1 * HSCLK

e UORSEL (bit 4)
The UORSEL bit is used to select the receive data input pin for the UARTO.

UORSEL Description
0 Selects the P02 pin. (Initial value)
1 Selects the P42 pin.

o UORSS (bit 5)
The UORSS bit is used to select the receive data input sampling timing for the UARTO.

UORSS Description
0 Values-set-in-the-UAOBRTH-and-UAOBRTL-registers/2 (Initial value)
1 Values-set-in-the-UAOBRTH-and-UAOBRTL-registers/2 — 1

Note:

* Always set the UAOMODO register while communication is stopped, and do not rewrite it during communication.

e \When selecting the P42 pin as the receive data input pin and P43 pin as the transfer data output pin, it is necessary to
set settings for the Port 4 secondary functions. For the details of the Port 4 secondary function settings, see Chapter
19, “Port 4”.
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12.2.7 UART1 Mode Register 0 (UA1MODO)

Address: 0F29AH
Access: RIW

Access size: 8/16 bits
Initial value: 06H

7 6 5 4 3 2 1 0
UA1MODO — — U1RSS U1RSEL — U1CK1 U1CKO ulio
R/W R R 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) to set the transfer mode of the UART.

[Description of Bits]
e U1IO (bit 0)
The U110 bit is used to select transmit or receive mode.

ul1lo Description
0 Transmit mode (initial value)
1 Receive mode

e UICK1, ULICKO (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 Prohibited (UART1 does not operate)
1 * HSCLK

e ULRSEL (bit4)
The U1RSEL bit is used to select the receive data input pin for the UARTL.

U1RSEL Description
0 Selects the P03 pin. (Initial value)
1 Selects the P52 pin.

o UILRSS (bit 5)
The U1RSS bit is used to select the receive data input sampling timing for the UARTL.

U1RSS Description
0 Values-set-in-the-UA1BRTH-and-UA1BRTL-registers/2 (Initial value)
1 Values-set-in-the-UA1BRTH-and-UA1BRTL-registers/2 — 1

Note:

* Always set the UA1IMODO register while communication is stopped, and do not rewrite it during communication.

e When selecting the P52 pin as the receive data input pin and the P53 pin as the transfer data output pin, it is
necessary to set settings for the Port 5 secondary functions. For the details of the Port 5 secondary function settings,
see Chapter 20, “Port 5”.
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12.2.8 UARTO Mode Register 1 (UAOMOD1)

Address: 0F293H
Access: RIW

Access size: 8/16 bits
Initial value: OOH

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

UAOMODL1 is a special function register (SFR) to set the transfer mode of the UART.

[Description of Bits]
e UOLG1, UOLGO (bits 1, 0)
The UOLG1 and UOLGO bits are used to specify the data length in the communication of the UART.

UOLG1 UOLGO Description
0 0 8-bit length (initial value)
0 1 7-bit length
1 0 6-bit length
1 1 5-bit length

e UOPT1, 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 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 bits
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¢ UONEG (bit 5)
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 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

Note:
Always set the UAOMOD1 register while communication is stopped, and do not rewrite it during communication.
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12.2.9 UART1 Mode Register 1 (UA1IMOD1)

Address: 0F29BH
Access: RIW

Access size: 8/16 bits
Initial value: OOH

7 6 5 4 3 2 1 0
UA1IMOD1 — 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) to set the transfer mode of the UART.

[Description of Bits]
e U1LG1, ULLGO (bits 1, 0)
The U1LG1 and U1LGO bits are used to specify the data length in the communication of the UART.

UlLG1l U1LGO Description
0 0 8-bit length (initial value)
0 1 7-bit length
1 0 6-bit length
1 1 5-bit length

e U1PT1, 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 ULISTP (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 bits
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e UINEG (hit 5)
The UINEG 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 ULDIR (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

Note:
Always set the UALIMOD1 register while communication is stopped, and do not rewrite it during communication.
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12.2.10 UARTO Baud Rate Registers L, H (UAOBRTL, UAOBRTH)

Address: 0F294H
Access: RIW

Access size: 8/16 bits
Initial value: OFFH

7 6 5 4 3 2 1 0
UAOBRTL UOBR7 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: 0F295H
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 12.3.2, “Baud Rate”.

Note:
Always set the UAOBRTL and UAOBRTH registers while communication is stopped, and do not rewrite them during
communication.
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12.2.11 UART1 Baud Rate Registers L, H (UA1BRTL, UA1BRTH)

Address: 0F29CH
Access: RIW

Access size: 8/16 bits
Initial value: OFFH

7 6 5 4 3 2 1 0
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: 0F29DH
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

UA1BRTL and UA1BRTH 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 12.3.2, “Baud Rate”.

Note:
Always set the UA1BRTL and UA1BRTH registers while communication is stopped, and do not rewrite them during
communication.
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12.2.12 UARTO Status Register (UAOSTAT)

Address: 0F296H
Access: RIW

Access size: 8 bits
Initial value: OOH

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) to indicate the state of transmit or receive operation of the UART.
When any data is written to UAOSTAT, all the flags are initialized to “0”.

[Description of Bits]
e 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, the UOFER bit is set to “1”.  This bit 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 Framing error

e 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 previous
receive 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.

UOOER Description
0 No overrun error (initial value)
1 Overrun error

¢ 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
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¢ UOFUL (bit 3)
The UOFUL bit is used to indicate the state of the transmit/receive buffer of the UART.
When transmit data is written in UAOBUF in transmit mode, this bit is set to “1” and when transmit data is
transferred to the shift register, this bit is set to “0”. To transmit data consecutively, write the next transmit data to
UAOBUF after checking that the UOFUL flag has been set to “0”.
The UOFUL bit is fixed to “0” in receive mode.

UOFUL Description
0 There is no data in the transmit/receive buffer. (Initial value)
1 There is data in the transmit/receive buffer.

12-14



ML610Q380/ML610Q383/ML610Q384/ML610Q385 User’s Manual
Chapter 12 UART

12.2.13 UART1 Status Register (UALSTAT)

Address: 0F29EH
Access: RIW

Access size: 8 bits
Initial value: OOH

7 6 5 4 3 2 1 0
UALSTAT — — — — U1FUL 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) to indicate the state of transmit or receive operation of the UART.
When any data is written to UALSTAT, all the flags are initialized to “0”.

[Description of Bits]
e ULFER (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, the ULFER bit is set to “1”.  This bit is updated each time reception is
completed.
The ULFER bit is fixed to “0” in transmit mode.

U1FER Description
0 No framing error (initial value)
1 Framing error

o UIOER (bit 1)
The U10ER bit is used to indicate occurrence of an overrun error of the UART.
If the received data in the transmit/receive buffer (UA1BUF) 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 previous
receive 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 U1OER bit is fixed to “0” in transmit mode.

U10ER Description
0 No overrun error (initial value)
1 Overrun error

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 whenever data is received.
The UL1PER bit is fixed to “0” in transmit mode.

U1PER Description
0 No parity error (initial value)
1 Parity error
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e UIFUL (bit 3)
The U1FUL bit is used to indicate the state of the transmit/receive buffer of the UART.
When transmit data is written in UALBUF in transmit mode, this bit is set to “1” and when transmit data is
transferred to the shift register, this bit is set to “0”. To transmit data consecutively, write the next transmit data to
UAI1BUF after checking that the U1FUL flag has been set to “0”.
The U1FUL bit is fixed to “0” in receive mode.

U1FUL Description
0 There is no data in the transmit/receive buffer. (Initial value)
1 There is data in the transmit/receive buffer.
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12.3 Description of Operation

12.3.1 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 (UANMOD1).

Figure 12-2 and Figure 12-3 show the positive logic input/output format and negative logic input/output format,
respectively.

1 frame
= N|
~ 1
Start . i
bit 1 2 |3 |4 | 5 6 |7 Parity| Stop  Stop
bit bit ! bit
Data bit g
e 1 frame e Data bit length 8 to 5 bits variable
MAX: 12 bits ® Parity bit With or without parity bit selectable
MIN: 7 bits Odd or even parity selectable
e Stop bit 1 or 2 stop bits selectable
Figure 12-2 Paositive Logic Input/Output Format
3 1 frame N
S 1
Start Parity| Stop i Stop
it |12 3 4 1S 6 T8 T it ! obit
1
Data bit g
e 1 frame e Data bit length 8 to 5 bhits variable
MAX: 12 bits ® Parity bit With or without parity bit selectable
MIN: 7 bits Odd or even parity selectable
e Stop bit 1 or 2 stop bits selectable

Figure 12-3 Negative Logic Input/Output Format
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12.3.2 Baud Rate

Baud rates are generated by the baud 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 UARTNn mode register 0 (UANMODO). The count value of the baud rate generator can be
set by writing it in the UARTnN 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)
Baud rate (bps)

UANnBRTH, L = -1
Table 12-1 lists the count values for typical baud rates.

Table 12-1 Count Values for Typical Baud Rates

Baud rate gengrator Count value of the baud rate generator
Baud rate Baud raf;OCk selection Error
clock UnCK1 | UnCKO | Countvalue | Period of 1 bit | UANBRTH | UAnBRTL

2400 bps 1 * 3333 Approx. 417 us ODH 004H 0.01%

4800 bps 1 * 1667 Approx. 208 us 06H 082H -0.02%

9600 bps 1 * 833 Approx. 104 us 03H 040H 0.04%
19200 bps 8MHz 1 * 417 Approx. 52 us 01H OAOH -0.08%
38400 bps 1 * 208 Approx. 26 us 0OH OCFH 0.16%
57600 bps 1 * 139 Approx. 17.4 ps 0OH 08AH -0.08%
115200 bps 1 * 69 Approx. 8.7 ps 0OH 044H 0.64%
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12.3.3  Transmit Data Direction

Figure 12-4 shows the relationship between the transmit/receive buffer and the transmit/receive data.

e Data length: 8 bits
LSB reception __,

S LSB transmission
UOB7 | UOB6 | UOB5 | uoB4 UOB3 | UOB2 | UOB1 | UOBO
MSB transmission <— <— MSB reception

¢ Data length: 7bits
LSB reception —>

LSB .
- UOB6 | UOB5 | UOB4 UOB3 | UOB2 | UOB1 | UOBO [~ SB transmission
MSB transmission « MSB reception

UOBY7 is “0” at receive completion.
¢ Data length: 6 bits

LSB ti LSB t issi
recepion —>\ yoes | uoB4 | UoB3 | UOB2 | woBL | UOBO [ ransmission
MSB transmission «—| <— MSB reception

UOB7 and UOBG6 are “0” at receive completion.
e Data length: 5 bits

LSB reception —>["j04 | UOB3 | UOB2 | UOBL | UoBo | —> -SB ransmission

MSB transmission <— <— MSB reception
UOB7, UOB6, and UOB5 are “0” at receive completion.

Figure 12-4 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.
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12.3.4  Transmit Operation

Transmission is started by setting the UnlO bit of the UARTn mode register 0 (UANMODO) to “0” to select transmit
mode and setting the UnEN bit of the UARTN control register (UANCON) to “1”.
Figure 12-5 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 transmission.

The start bit is output to the TXDn pin by the falling edge of the internal transfer clock (®). Subsequently, transmit
data, a parity bit, and a stop bit are output.

When the start bit is output (®), a UARTnN 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. 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” (®) and transmission continues up to the transmission of the
stop bit, then the UnEN bit is reset to “0” and a 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. (®)
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12.3.5 Receive Operation

Reception is started by selecting a receive data input pin using the UnRSEL bit of the UARTN mode register 0
(UAnMODO), then setting the UnlO bit of UANMODO to “0” to select receive mode, and then setting the UnEN bit of
the UARTN control register (UANCON) to “1”.

Figure 12-6 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 RXD 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 receive data is transferred to the transmit/receive buffer (UAnNBUF)
concurrently with the fall 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 receive 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 12-6, the rise of the internal transfer clock is set so that it may fall into the middle of the bit interval
of the receive 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 data received may be destroyed. When the UnEN bit is reset to “0” during the “UnEN reset enable
period” in Figure 12.6, the data received is protected.
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12.3.5.1 Detection of Start bit

The start bit is sampled by the baud rate generator clock (HSCLK). Therefore, there is a possibility that the start bit
will be detected with a delay of a maximum of one cycle of the baud rate generator clock.
Figure 12-7 shows the start bit detection timing.

1

Baud rate generator Lo L L b L
Sampling with clock
-

A delay of a maximum of one cycle

Figure 12-7 Start Bit Detection Timing (Positive Logic)

12.3.5.2 Sampling Timing

When the start bit is detected, the receive data that has been input to RXDn is sampled roughly at the middle of the
baud rate and shifted into the shift register.

This sampling timing, where the receive data is sampled to be shifted into the shift register, can be adjusted by one
clock pulse of the baud rate generator clock by using the UnRSEL bit of the UARTn mode register 0 (UANMODO).
Figure 12-8 shows the relationship between the UnRSEL bit and sampling timing.

Count value =7

0 23 60 2.3 6

Baud rate generator clock mmmmwwmm_ﬂ_ﬂw
RXDn >< j<

A A A A
Sampling timing | '

AN |

UnRSS=1 UnRSS=0
(1) When the baud rate generator count value is “7” (odd number)

Count value = 8

0 23 7:0 23 7

Baud rate generator clock mwmmmmmmmmﬂﬂ
RXDn :X >< ><

A A A A

Sampling timing / :\
UnRSS=1 UnRSS=0

(2) When the baud rate generator count value is “8” (even number)

Figure 12-8 Relationship between UnRSS Bit and Sampling Timing
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12.3.5.3 Reception Margin

If there are any errors between the baud rate on the transmitter side and the baud rate to be generated by the baud rate
generator of the LSI, those errors will be accumulated until the last stop bit in one frame is shifted in, causing the
reception margin to be reduced.

Figure 12-9 shows the waveform indicating baud rate errors and reception margin.

Ideal waveform (RXDn) _I Start | l l | | | | Stop
When the baud rate on the —I Start | | l | ----- | | | Stop
transmitter side is high (Rxpn) ‘+—4—-vw--vy—-»———+—->—+—1 — 1 - —
When the baud rate on the _I Start | | | | ------- | | | Stop
transmitter side is low (Rxpn)  -Y—mrto—-1 o L .. 1 . 1
A\ A AA AA AA AA A
Sampling timing ' ' ' ' ' ' '
! ! ! ! AL !

UnRSS=1 UnRSS=0

Figure 12-9 Baud Rate Errors and Reception Margin

Note:

When doing system design, ensure enough reception margin taking into account the effects of noise and receive data
rounding as well as the difference in baud rate between the transmitter side and receiver side and a delay in the
detection of start bit.
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12.4 Reqgister setup of the port

For operate the UART function, each related port register needs to be set up. Refer to the Chapter 17, “Port 57, the
Chapter 16, “Port 4” and the Chapter 13, “Port 0” for details of each register.
12.4.1  When operating the UART function using P43 pin (TXDO:output) and P42 pin (RDXO0:input)

The UART is selected as the secondary function of the P43 pin and the P42 pin by setting P43MD1-P42MD1 bit
(PAMOD1 register: bit3-2) to “0” and setting PA3MDO0-P42MDO bit (PAMODO register: bit3-2) to “1”.

register P4AMODL1 register (Address:0F225H)
bit 7 6 5 4 3 2 1 0
bit name P47MD1 | P46MD1 | P4A5MD1 | P44MD1 | P43MD1 | P42MD1 | P41MD1 | P40MD1
value * * * * 0 0 * *
register PAMODO register (Address:0F224H)
bit 7 6 5 4 3 2 1 0
bit name | P47MDO | P46MDO | P45SMDO | P44MDO | P43MDO | P42MDO | P41MDO | P40MDO
value * * * * 1 1 * *

The state of the P43 pin is selected as CMOS output mode by setting P43C1 bit (P4CONL1 register:bit3) to “1”, setting
P43C0 bit (P4CONO register:bit3) to “1” and setting P43DIR bit (P4DIR register:bit3) to “0”. The P42 pin is selected
as input pin by setting P42DIR bit (P4ADIR register: bit2) to “1”.

The setting value of P42C1 bit and P42C0 bit ($) is optional. Optional input modes are selected according to the state

of the external circuit where the P42 pin is connected.

register P4CONL1 register (Address:0F223H)
bit 7 6 5 4 3 2 1 0
bit name P47C1 P46C1 P45C1 P44C1 P43C1 P42C1 P41C1 P40C1
value * * ¢ * 1 $ * *
register P4CONO register (Address:0F222H)
bit 7 6 5 4 3 2 1 0
bit name P47C0 P46CO0 P45C0 P44C0 P43C0 P42C0 P41CO0 P40CO0
value * * * * 1 $ * *
register P4DIR register (Address:0F221H)
bit 7 6 5 4 3 2 1 0
bit name P47 DIR P46 DIR P45 DIR P44 DIR P43 DIR P42 DIR P41 DIR P40 DIR
value * * * * 0 1 * *
As for P43D-P42D hit (P4D register:bit3-2), neither "0" nor "1" is problematic.
register P4D register (Address:0F220H)
bit 7 6 5 4 3 2 1 0
bit name P47 D P46 D P45 D P44 D P43 D P42 D P41 D P40 D
value * * * * . ok * *
*: no relation to the UART function **: Don’t care $: Optional

Note:

Receiving pin (RXD) is selected by UORSEL bit (bit 4) of UAOMODO register. The P02 pin is selected by initial
value"0" and the P42 pin is selected by "1.". Even if P42 port are chosen RXDO0 by P42MD1, P42MDO, P42C1, P42CO0,

setting of P42DIR, if the UORSEL bit of the UAOMODO register is setting”0", P02 port are chosen by RXDO.
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12.4.2  When operating the UART function using P43 pin (TXDO:output) and P02 pin (RDXO0:input)

The UART is selected as the secondary function of the P43 pin by setting PA3MD1 bit (P4AMODL register: bit3) to “0”
and setting P43MDO bit (P4AMODO register: bit3) to “1”.

register P4AMODL1 register (Address:0F225H)
bit 7 6 5 4 3 2 1 0
bit name PA7MD1 | P46MD1 | P45MD1 | P44MD1 | P43MD1 | P42MD1 | P41MD1 | P40MD1
value * * * * 0 $ * *
register P4AMODO register (Address:0F224H)
bit 7 6 5 4 3 2 1 0
bit name P47MDO | P46MDO | P45MDO | pP44MDO | P43MDO | P42MDO | P41MDO | P40MDO
value * * * * 1 $ * *

The state of the P43 pin is selected as CMOS output mode by setting P43C1 bit (P4CONL1 register:bit3) to “1”, setting
P43CO0 bit (P4CONO register:bit3) to “1” and setting P43DIR bit (P4DIR register:bit3) to “0”.

register P4ACONL1 register (Address:0F223H)
bit 7 6 5 4 3 2 1 0
bit name P47C1 P46C1 P45C1 P44C1 P43C1 P42C1 P41C1 P40C1
Value * * * * 1 * * *
register PACONO register (Address:0F222H)
bit 7 6 5 4 3 2 1 0
bit name P47CO0 P46CO0 P45C0 P44C0 P43CO0 P42C0 P41CO P40CO
Va|Ue * * * * 1 * * *
register P4DIR register (Address:0F221H)
bit 7 6 5 4 3 2 1 0
bit name P47 DIR P46 DIR P45 DIR P44 DIR P43 DIR P42 DIR P41 DIR P40 DIR
Value * * * * O * * *
As for P43D bit (P4D register:bit3), neither "0" nor "1" is problematic.
register PA4D register (Address:0F220H)
bit 7 6 5 4 3 2 1 0
bit name P47 D P46 D P45 D P44 D P43 D P42 D P41 D P40 D
Va|Ue * * * * ** * * *
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The P02 pin does not require input/output selection by the register, since it is only for an input.
The setting value of P02C1 bit and P02CO bit ($) is optional. Optional input modes are selected according to the state
of the external circuit where the P02 pin is connected.

register POCONL1 register (Address:0F207H)
bit 7 6 5 4 3 2 1 0
bit name - - - - PO3C1 P0O2C1 PO1C1 POOC1
value - - - - * $ * *
register POCONO register (Address:0F206H)
bit 7 6 5 4 3 2 1 0
bit name - - - - PO3CO P02CO PO1CO PO0OCO
value - - - - * $ * *

As for P02D bit (POD register:bit2), neither "0" nor "1" is problematic.

register POD register (Address:0F204H)
bit 7 6 5 4 3 2 1 0
bit name - - - 3 PO3D P0O2D PO1D POOD
value - - - 4 * *% * *
- 1 not exist

*: no relation to the UART function
**: Don’t care
$: Optional

Note:

¢ The P02 pin has neither the register which selects the input/output direction, nor the register which selects the modes,
such as the secondary function.
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12.4.3  When operating the UART function using P53 pin (TXD1:output) and P52 pin (RDX1:input)

The UART is selected as the secondary function of the P53 pin and the P52 pin by setting P53MD1-P52MD1 bit
(P5MOD1 register: hit3-2) to “0” and setting P53MD0-P52MDO bit (P5SMODO register: bit3-2) to “1”.

register P5MODL1 register (Address:0F22DH)
bit 7 6 5 4 3 2 1 0
bit name - - - - P53MD1 | P52MD1 | P51MD1 | P50MD1
value - - - - 0 0 * *
register P5MODO register (Address:0F22CH)
bit 7 6 5 4 3 2 1 0
bit name - - - - P53MDO | P52MDO | P51MDO | P50MDO
value - - - - 1 1 * *

The state of the P53 pin is selected as CMOS output mode by setting P53C1 bit (P5CONL1 register:bit3) to “1”, setting
P53C0 bit (P5CONO register:bit3) to “1” and setting P53DIR bit (PSDIR register:bit3) to “0”. The P52 pin is selected
as input pin by setting P52DIR bit (P5DIR register: bit2) to “1”.

The setting value of P52C1 bit and P52CO0 bit ($) is optional. Optional input modes are selected according to the state
of the external circuit where the P52 pin is connected.

register P5CONL1 register (Address:0F22BH)
bit 7 6 5 4 3 2 1 0
bit name - - - = P53C1 P52C1 P51C1 P50C1
value - - - - 1 $ * *
register P5CONO register (Address:0F22AH)
bit 7 6 5 4 3 2 1 0
bit name - - 7 - P53CO0 P52C0 P51CO0 P50CO0
value - - - - 1 $ * *
register P5DIR register (Address:0F229H)
bit 7 6 5 4 3 2 1 0
bit name - - - - PS3DIR P52DIR P51DIR P50DIR
value - - - - 0 1 * *
As for P53D-P52D bit (P5D register:bit3-2), neither "0" nor "1" is problematic.
register P5D register (Address:0F228H)
bit 7 6 5 4 3 2 1 0
bit name - - - - P53D P52D P51D P50D
value - - - - ok *x * *
*:no relation to the UART function **: Don’t care $: Optional

Note:

Receiving pin (RXD) is selected by UL1RSEL bit (bit 4) of UALMODO register. The P03 pin is selected by initial
value"0" and the P53 pin is selected by "1." Even if P52 port are chosen RXDO0 by P52MD1, P52MD0, P52C1, P52CO0,
setting of P52DIR, if the UIRSEL bit of the UAIMODO register is setting"0", P03 port are chosen by RXD1.
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12.4.4  When operating the UART function using P53 pin (TXD1:output) and P03 pin (RXD1:input)

The UART is selected as the secondary function of the P53 pin by setting P53MDO bit (P5MODO register: bit3) to “0”
and setting P53MDO bit (P5MODO register: bit3) to “1”.

The state of the P53 pin is selected as CMOS output mode by setting P53C1 bit (P5CONL1 register:bit3) to “1”, setting
P53C0 bit (P5CONO register:bit3) to “1” and setting P53DIR bit (P5DIR register:hit3) to “0”.

A

w

register P5MODL1 register (Address:0F22DH)
bit 5 4 3 2 1 0
bit name - - P53MD1 | P52MD1 | P51MD1 | P50MD1
value - - 0 * * *
register P5MODO register (Address:0F22CH)
bit 5 4 3 2 1 0
bit name - - P53MDO0O | P52MDO | P51MDO | P50MDO
value - - 1 * * *

register P5CONL1 register (Address:0F22BH)
bit 5 4 3 2 1 0
bit name - - P53C1 P52C1 P51C1 P50C1
value - - 1 * * *
register P5CONO register (Address:0F22AH)
bit 5 4 3 2 1 0
bit name - - P53C0 P52C0 P51CO0 P50CO
value - - 1 * * *
register P5DIR register (Address:0F229H)
bit 5 4 3 2 1 0
bit name - - P53DIR P52DIR P51DIR P50DIR
value - - 0 * * *
for P53D bit (P5D register:bit3), neither "0" nor "1" is problematic.
register P5D register (Address:0F228H)
bit 5 4 3 2 1 0
bit name - - P53D P52D P51D P50D
value - - ok * * *
*: no relation to the UART function **: Don’t care $: Optional

12-30




ML610Q380/ML610Q383/ML610Q384/ML610Q385 User’s Manual
Chapter 12 UART

The P03 pin does not require input/output selection by the register, since it is only for an input.
The setting value of PO3C1 bit and PO3CO bit ($) is optional. Optional input modes are selected according to the state
of the external circuit where the P03 pin is connected.

register POCONL1 register (Address:0F207H)
bit 7 6 5 4 3 2 1 0
bit name - - - - PO3C1 PO2C1 PO1C1 POOC1
value - - - - $ * * *
register POCONO register (Address:0F206H)
bit 7 6 5 4 3 2 1 0
bit name - - - - P0O3CO P02CO PO1C1 POOC1
value - - - - $ q * *

As for P02D bit (POD register:bit2), neither "0" nor "1" is problematic.

register POD register (Address:0F204H)
bit 7 6 5 4 3 2 1 0
bit name - - - - PO3D PO2D PO1C1 POOC1
value - - - - o * i *
- 1 not exist

* 1 no relation to the UART function
**. Don’t care
$: Optional

Note:

e The P03 pin has neither the register which selects the input/output direction, nor the register which selects the modes,
such as the secondary function.
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12.4.5

and setting P53MDO0 (P5MODO register: bit3) to “1”.

The state of the P53 pin is selected as CMOS output mode by setting P53C1 bit (P5CONL1 register:bit3) to “1”, setting
P53C0 bit (P5CONO register:hit3) to “1” and setting P53DIR bit (P5DIR register:hit3) to “0”.

A

w

When operating the UART function using P53 pin (TXDO:output) and P42 pin (RDXO0:input)
The UART is selected as the fourthly function of the P53 pin by setting P53MD1 bit (P5SMOD1 register: bit3) to “1”

register P5MODL1 register (Address:0F22DH)
bit 5 4 3 2 1 0
bit name - - P53MD1 | P52MD1 | P51MD1 | P50MD1
value - - 1 $ * *
register P5MODO register (Address:0F22CH)
bit 5 4 3 2 1 0
bit name - - P53MDO | P52MDO | P51MDO | P50MDO
value - - 1 $ * *

register P5CONL1 register (Address:0F22BH)
bit 5 4 3 2 1 0
bit name - - P53C1 P52C1 P51C1 P50C1
value - - 1 *. * *
register P5CONO register (Address:0F22AH)
bit 5 4 3 2 1 0
bit name - - P53C0 P52C0 P51C0O P50C0
value - - 1 *o * *
register P5DIR register (Address:0F229H)
bit 5 4 3 2 1 0
bit name - = P53DIR | P52DIR | P51DIR | P50DIR
value - - 0 * * *
for P53D bit (P5D register:bit3), neither "0" nor "1" is problematic.
register P5D register (Address:0F228H)
bit 5 4 3 2 1 0
bit name - - P53 D P52 D - P51 D P50 D
value - - *k *_ * *
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The UART is selected as the fourthly function of the P42 pin by setting P42MD1 bit (P4MOD1 register: bit2, ) to “0”
and setting P42MDO bit (PAMODO register: bit2) to “1”

register P4AMODL1 register (Address:0F225H)
bit 7 6 5 4 3 2 1 0
bit name P47MD1 | P46MD1 | P4A5MD1 | P44MD1 | P43MD1 | P42MD1 | P41MD1 | P40MD1
value * * * * * 0 * *
register P4AMODO register (Address:0F224H)
bit 7 6 5 4 3 2 1 0
bit name | P47MDO | P46MDO | P45MDO | p44MDO | P43MDO | P42MDO | P41MDO | P40MDO
value * * * * * 1 * *

The state of the P42 pin is selected as CMOS output mode by setting P42C1 bit (P4CONL1 register:bit2) to “1”, setting
P42C0 bit (P4ACONO register:bit2) to “1” and setting P42DIR bit (P4DIR register:bit2) to “0”.

register PACONLI register (Address:0F223H)
bit 7 6 5 4 3 2 1 0
bit name P47C1 P46C1 P45C1 P44C1 P43C1 P42C1 P41C1 P40C1
Value * * * * * $ * *
register P4CONO register (Address:0F222H)
bit 7 6 5 4 3 2 1 0
bit name P47CO P46CO | P451C0 | P44CO P43C0 P42C0 P41C0 P40CO
Value * * * * * $ * *
register P4DIR register (Address:0F221H)
bit 7 6 5 4 3 2 1 0
bitname | P47DIR | P46DIR [ P45DIR | P44DIR | P43DIR | P42DIR | P41DIR | P40 DIR
value * * * * * 1 * *

As for P42D bit (P4D register:bit2), neither "0" nor "1" is problematic.

register P4D register (Address:0F220H)
bit 7 6 5 4 3 2 1 0
bit name P47 D P46 D P45D P44 D P43D P42 D P41 D P40 D
Value * * * * * *% * *

*: no relation to the UART function **. Don’t care $: Optional
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12.4.6 When operating the UART function using P43 pin (TXD1:output) and P52 pin (RDX2:input)

The UART is selected as the fourthly function of the P43 pin by setting P4A3MD1 bit (PAMODL register: bit3) to “1”
and setting P43MDO bit (P4AMODO register: bit3) to “1”.

register P4AMODL1 register (Address:0F225H)
bit 7 6 5 4 3 2 1 0
bit name P47MD1 | P46MD1 | P4A5MD1 | P44MD1 | P43MD1 | P42MD1 | P41MD1 | P40MD1
value * * * * 1 $ * *
register P4AMODO register (Address:0F224H)
bit 7 6 5 4 3 2 1 0
bit name | P47MDO | P46MDO | P45SMDO | P44MDO | P43MDO | P42MDO | P41MDO | P40MDO
value * * * * 1 $ * *

The state of the P43 pin is selected as CMOS output mode by setting P43C1 bit (P4ACONL1 register:bit3) to “1”, setting
P43CO0 bit (P4ACONO register:bit3) to “1” and setting P43DIR bit (P4DIR register:bit3) to “0”.

register P4CONL1 register (Address:0F223H)
bit 7 6 5 4 3 2 1 0
bit name P47C1 P46C1 P45C1 P44C1 P43C1 P42C1 P41C1 P40C1
Va|Ue * * * * 1 * * *
register P4CONO register (Address:0F222H)
bit 7 6 5 4 3 2 1 0
bit name P47CO P46C0O | P451C0 | P44CO P43C0 P42C0 P41CO P40CO
Value * * * * 1 * * *
register P4DIR register (Address:0F221H)
bit 7 6 5 4 3 2 1 0
bitname | P47DIR | P46DIR [ P45DIR [ P44DIR | P43DIR | P42DIR | P41DIR | P40 DIR
Va|Ue * * * * O * * *
As for P43D bit (P4D register:bit3), neither "0" nor "1" is problematic.
register PA4D register (Address:0F220H)
bit 7 6 5 4 3 2 1 0
bit name P47 D P46 D P45D P44 D P43 D P42 D P41 D P40 D
Value * * * * *%* * * *
- : not exist

* 1 no relation to the UART function
**. Don’t care
$: Optional
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The UART is selected as the fourthly function of the P52 pin by setting P52MD1 bit (P5MOD1 register: bit2, ) to “0”
and setting P52MDO bit (P5SMODO register: bit2) to “1”

register P5MODL1 register (Address:0F22DH)
bit 5 4 3 2 1 0
bit name - - P53MD1 | P52MD1 | P51MD1 | P50MD1
value - - * 0 * *
register P5MODO register (Address:0F22CH)
bit 5 4 3 2 1 0
bit name - - P53MDO | P52MDO | P51MDO | P50MDO
value - - * 1 * *

The state of the P52 pin is selected as CMOS output mode by setting P52C1 bit (P5CONL1 register:bit2) to “1”, setting
P52C0 bit (P5CONO register:hbit2) to “1” and setting P52DIR bit (P5DIR register:bit2) to “0”.

register P5CONL1 register (Address:0F22BH)
bit 5 4 3 2 1 0
bit name - - P53C1 P52C1 P51C1 P50C1
value - - > $ * *
register P5CONO register (Address:0F22AH)
bit 5 4 3 2 1 0
bit name - - P53C0 P52C0 P51CO P50C0
value . - * $ * *
register P5DIR register (Address:0F229H)
bit 5 4 3 2 1 0
bit name - - P53 DIR P52 DIR P51 DIR P50 DIR
value - - * 1 * *
As for P52D bit (P5D register:bit2), neither "0" nor "1" is problematic.
register P5D register (Address:0F228H)
bit 7 6 5 4 3 2 1 0
bit name - - - - P53 D P52 D P51 D P50 D
value - - - - * *x * *

- . not exist

*: no relation to the UART function
**. Don’t care

$: Optional
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13. 12C Bus Interface

13.1 Overview

This LS includes 1 channel of I°C bus interface (master).
The secondary functions of Port 4 are assigned to the 1°C bus interface data input/output pin and the 1°C bus interface
clock input/output pin.  For Port4, see Chapter 19, “Port 4”.

13.1.1 Features

Master function

Communication speeds supported include standard mode (100 kbps@4MHz HSCLK) and fast mode (400kbps@ 4
MHz HSCLK).

Allows support for arbitration function (multi-master) and clock synchronization (handshake).

7-bit address format (10-bit address can be supported)

13.1.2  Configuration

Figure 13-1 shows the configuration of the I°C bus interface.

| I2CORD, I2COSTAT

scL  |<—> Pal/scL
b
HSCLK N Clock Shift Register —>| Controller [<—> P40/SDA
Generator
/ 1 /L $
12C L 2coINT
Controller
| 12comoD | |12cosA | | 12coTD | | 12c0CON |
N N
Data bus 4 4
I2CORD : 1°C bus O receive register
I2COSA - 1°C bus 0 slave address register
12COTD - I°C bus 0 transmit data register
I2COCON : I°C bus 0 control register

I2COMOD : I°C bus 0 mode register
I2COSTAT  : I°C bus 0 status register

Figure 13-1 Configuration of I°C Bus Interface

13.1.3 List of Pins

Pin name 110 Description
I°C bus interface data input/output pin.

PAO/SDA Vo Used for the secondary function of the P40 pin.
2 . . -

PA1/SCL /o I°C bus interface clock input/output pin.

Used for the secondary function of the P41 pin.
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13.2 Description of Registers

13.2.1 List of Registers

Address Name Symbol (Byte) | Symbol (Word)| R/W Size | Initial value
OF2A0H I°C bus 0 receive register 12CORD — R 8 00H
OF2A1H I°C bus 0 slave address register 12COSA — R/W 8 00H
OF2A2H I°C bus 0 transmit data register 12COTD — R/W 8 00H
0F2A3H I°C bus 0 control register I2COCON — R/W 8 00H
OF2A4H I°C bus 0 mode register I2COMOD — R/W 8 00H
OF2A5H | I°C bus O status register I2COSTAT — R 8 00H
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13.2.2  I°C Bus 0 Receive Register (I2CORD)

Address: 0F2A0H
Access: R

Access size: 8 bits
Initial value: OOH

7 6 5 4 3 2 1 0

12CORD 120R7 I20R6 120R5 120R4 120R3 120R2 120R1 120R0
R R 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 receive data.
I2CORD is updated after completion of each reception.

[Description of Bits]

e |20R7-120R0 (bits 7-0)
The 120R7 to 120R0 bits are used to store receive 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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13.2.3  I°C Bus 0 Slave Address Register (I2C0SA)

Address: 0F2A1H
Access: R/W

Access size: 8 bits
Initial value: OOH

7 6 5 4 3 2 1 0
12C0OSA 120A6 120A5 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]
o [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

e 120A6-120A0 (bits 7-1)
The 120A6 to 120A0 bits are used to set the address of the communication destination.
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13.2.4  I1°C Bus 0 Transmit Data Register (I2COTD)
Address: 0F2A2H
Access: R/IW
Access size: 8 bits
Initial value: 00H
7 6 5 4 3 2 1 0
[2COTD 120T7 120T6 120T5 120T4 120T3 120T2 120T1 120TO
R/W R/W R/W R/W R/W R/W R/IW R/W R/W
Initial value 0 0 0 0 0 0 0 0

12COTD is a special function register (SFR) to set transmit data.

[Description of Bits]
e 120T7-0 (bits 7-0)
The 120T7 to 0 bits are used to set transmit data.
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13.2.5 I°C Bus 0 Control Register (I2COCON)

Address: 0F2A3H
Access: R/W

Access size: 8 bits
Initial value: OOH

7 5 4 2 1 0
12COCON 120ACT — — 120RS 120SP 120ST
R/W R/W R/W R/W R/W R/W W W R/W
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]

o [20ST (bit 0)
The 120ST bit is used to control the communication operation of the I°C bus interface. When the 120ST 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 starts again. When the 120ST bit is set to “0”,
communication is stopped forcibly.
The 120ST bit can be set to “1” only when the 12C bus interface is in an operation enable state (I20EN = “1”).
When the 120SP bit is set to “1”, the 120ST bit is set to “0”.

120ST Description
0 Stops communication (initial value)
1 Starts communication

e |20SP (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 I°C bus
shifts to the stop condition and communication stops. When the 120SP bit is read, “0” is always read.

I20SP Description
0 No stop condition request (initial value)
1 Stop condition request

o [20RS (bit 2)
The 120RS bit is a write-only bit used to request a repeated start. When this bit is set to “1” during data
communication, the 1°C bus shifts to the repeated start condition and communication restarts from the slave address.
I20RS can be set to “1” only while communication is active (120ST =“1"). When the 120RS bit is read, “0” is
always read.

I20RS Description
0 No repeated start request (initial value)
1 Repeated start request

e [20ACT (bit 7)
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”

[Note]
When another master is connected to the 12C-bus, please check the bus is free with the 120BB flag of I2COSTAT
before starting communication.
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13.2.6  I°C Bus 0 Mode Register (I2COMOD)
Address: 0F2A4H
Access: R/IW
Access size: 8 bits
Initial value: 00H
7 6 5 4 3 2 1 0
12COMOD — — — I20SYN [20DW1 | 120DWO 120MD I120EN
R/W R/W R/W R/W R/W R/W R/IW R/W R/W
Initial value 0 0 0 0 0 0 0 0

I2COMOD is a special function register (SFR) to set operating mode.

[Description of Bits]

e |20EN (bit 0)
The I120EN bit is used to enable the operation of the I°C bus interface. Only when the I120EN bit is set to “1”, the
120ST bit can be set and the 120BB flag starts operation. When the 120EN bit is set to “0”, all the SFRs related to the
I°C bus 0 are initialized.

I20EN Description
0 Stops I’C operation. (Initial value)
1 Enables I°C operation.

e 120MD (bit 1)

The 120MD bit is used to set the communication speed of the 1°C bus interface. ~Standard mode or fast mode can be

selected.
120MD Description
0 Standard mode (initial value)/ 100kbps@4MHz HSCLK
1 Fast mode / Max. 400kbps@4MHz HSCLK

e 120DW1, 120DWO (bits 3, 2)
The 120DW1 and 120DWO bits are used to set the communication speed reduction rate of the I°C bus interface. Set
this bit so that the communication speed does not exceed 100kpbs/400kpbs.

120DW1 120DWO
0 0

Description
No communication speed reduction (initial value)
0 1 10% communication speed reduction
1 0 20% communication speed reduction
1 1 30% communication speed reduction

e [20SYN (bit 4)
The 120SYN bit is used to select whether or not to use the clock synchronization function (handshake function).
When using the clock synchronization function or using a multi-master, set this bit to “1”

120SYN Description
0 Clock synchronization is not used. (Initial value)
1 Clock synchronization is used.

Note:
The I1°C bus is set so that the communication speed may become 100kbps/400kbps when HSCLK is 4 MHz.
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13.2.7 I°C Bus 0 Status Register (I2COSTAT)

Address: 0F2A5H
Access: R/W

Access size: 8 bits
Initial value: OOH

7 6 5 4 3 2 1 0

I2COSTAT — — —_ —_ — 120ER 120ACR 120BB
R 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]

e 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 1°C bus, this bit is set to “1” and when the stop condition is generated, the bit is set to “0”. In multi-master
mode, this bit is set to “1” even if another master device is using the 1°C bus. The 120BB bit is set to “0” when the
I20EN bit of 12COMOD is “0”.

120BB Description
0 I°C bus-free state (Initial value)
1 I°C bus-busy state

1I20ACR (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 I120ACR bit is set to “0”
when the I20EN bit of 12COMOD is “0”.

I20ACR Description
0 Receives acknowledgment “0”. (Initial value)
1 Receives acknowledgment “1”.
120ER (bit 2)

The I20ER 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”. When clock synchronization is used (I20SYN = “1”), if the I120ER bit is set
to “1”, the SDA pin output is disabled until the subsequent byte data communication terminates. When clock
synchronization is not used (I20SYN = “0”), The SDA pin remains the output until the subsequent byte data
communication terminates even if 120ER is set to “1”.

The I20ER bit is set to “0” when a write operation to I2COCON is performed. The I20ER bit is set to “0” when the
I20EN bit of 12COMOD is set to “0”.

I20ER Description
0 No transmit error (initial value)
1 Transmit error
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13.3 Description of Operation

13.3.1 Communication Operating 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, and “1” is written to the 120ST bit of the 12C bus 0 control register (I2COCON).

13.3.1.1 Start Condition

When “1” is written to the 120ST bit of the 1°C bus 0 control register ((I2COCON) while communication is stopped (the
120ST 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 slave address transmit mode.

13.3.1.2 Repeated Start 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 repeated start condition waveform is output to the SDA and SCL pins.
After execution of the repeated start condition, the LSI shifts to slave address transmit mode.

13.3.1.3 Slave Address Transmit Mode

In slave address transmit mode, the values (slave address and data communication direction) of the 1°C bus 0 slave
address register (I2COSA) are transmitted in MSB first, and finally, the acknowledgment signal is received in the
I20ACR bit of the 1°C bus 0 status register (I2CSTAT).

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 12CORD.

13.3.1.4 Data Transmit Mode

In data transmit mode, the value of I12COTD is transmitted in MSB first, and finally, the acknowledgment signal is
received in the I20ACR hbit of the 1°C bus 0 status register (I2CSTAT).

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.

13.3.1.5 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 12C bus 0 control register (I2COCON) is output as
an acknowledge signal. At completion of acknowledgment transmission, the LSI shifts to the 1°C bus 0 control register
(12COCON) setting wait state (control register setting wait state).

The data received is stored in 12CORD after the acknowledgment signal is output. The acknowledgment signal output
is received in the 120ACR bit of the I°C bus 0 status register (I2CSTAT).

13.3.1.6 Control Register Setting Wait State

When the LSI shifts to the control register setting wait state, an 1°C bus interface interrupt (I2COINT) is generated.

In the control register setting wait state, the transmit 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
I20RS bit and 120ST bit, the operation shifts to the repeated start condition.

13.3.1.7 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 I1°C bus interface interrupt (I2COINT) is generated.
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13.3.2  Communication Operation Timing

Figures 13-2 to 13-4 show the operation timing and control method for each communication mode.

g a ¢ B B koW

Transmission Reception Start Stop Repeated start  Reception of ~ Transmission of ~ Transmission of
condition condition condition acknowledgment acknowledgment non-acknowledgment
Register 120CSA="xxxxxxx0B" 12COTD="xxH" 12COTD ="xxH" [2COTD="xxH"

setting 12COCON="01H" I2COCON="01H" [2COCON="01H" 12COCON="01H" 12COCON="02H"

SDA SAAAAAAAR‘A DD-"WA DD'"]F‘A DD'"]F‘A :

6151413[21110(W 716[ .10 7161 __10 7161 .10 |

Value of I2C0SA Value of Value of Value of i

12COTD @ 12COTD @ | 12c0TD ®

I2COINT M M M ﬂ_ﬂ
120ST

12CORD Value of I2COSA X Value of 12COTD ¥ Value of 12COTD ) Value of [2COTD

Figure 13-2 Operation Timing in Data Transmit (Write)

Register [2COSA="XXXXXXx1B"

setting  12COCON="01H" I2COCON="01H" 12COCON="01H" I2COCON="81H" 2COCON="02H"

spA |g|A[AJAAATA H DD"-WA DD"']F‘A DD"-J_I(Z))JA’M
w 7lel lo 7lel 1o 7lel . |

o >
Py

61514131211 |
Value of I2COSA i Receive data ©® Receive data @ | | Receive data ®

[2COINT ﬂ M ﬂ ﬂ_ﬂ
120ST

12CORD Value of I2COSA Receive data ® Receive data @ Receive data ®

Figure 13-3 Operation Timing in Data Receive (Read)

Register 12COSA="xxxxxxx0B” [2COTD="xxH" [2COSA="XXXXXXX1B"

setting [2COCON="01H" I2COCON="01H" 12COCON="05H" I2COCON="81H" 12COCON="02H"

o ] T 5] O T o B T
615/ _lolw 7lel |0 rlelsl _lojw 716l . | L

Value of I2COSA Value of Value of I2COSA | Receive data ®

12COTD ®

I2COINT M ﬂ ﬂ ﬂ_ﬂ
120ST

12CORD Value of I2COSA Value of 12COTD @ Value of I2COSA Receive data ®

Figure 13-4 Operation Timing at Data Transmit/Receive (Write/Read) Switching
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Figure 13-5 shows the operation timing and control method when an acknowledgment error occurs.

Register 12COSA="xxxxxxx0B” Acknowledgment error

setting I2COCON="01H" 12COCON="02H"

SDA SAAAAAAARA‘P
615(4131211[0[W L |

Value of I2CO0SA

I2COINT /]\—l_/]\

120ST
12CORD Value of I2COSA
I20ACR

Figure 13-5 Operation Suspend Timing at Occurrence of Acknowledgment Error

When the values of the transmitted bit and the SDA pin do not coincide (transmit failure due to arbitration when a
multi-masters is used), the 120ER bit of the 12C bus 0 status register (I2COSTAT) is set to “1” and SDA pin remains the
output until termination of the subsequent byte data communication. 120ER bit is initialized to “0” by writing 1°C Bus 0
Control Register (I2COCOCON).

Figure 13-6 shows the operation timing and control method when transmission fails.

Register 12COSA="xxxxxxx0B"
setting 12COCON="01H" 12COCON="00H"
Transmission failure
v

SDA s|A[A[A[A ‘ A

61514 |
I2COINT al
120ST
I12CORD Undefined data
I20ER

Figure 13-6 Operation Timing When Transmission Fails

13-11



ML6100Q380/ML610Q383/ML610Q384/ML610Q385 User’s Manual
Chapter 13 I°C bus Interface

13.3.3  Operation Waveforms

Figure 13-7 shows the operation waveforms of the SDA and SCL signals and the 120BB flag. Table 13-1 shows the
relationship between communication speeds and HSCLK clock counts.

Start condition Repeated start condition Stop condition

i S S W S—

C T sy s s A

in

| t(ltyc ' ' i ! i ! :
it > e > <> <> ! >ie——>!
thoista TLow tHD:DAT thicH tsu:sTa tsu:paT tsusto  taur

Figure 13-7 Operation Waveforms of SDA and SCL Signals and 120BB Flag

Table 13-1 Relationship between Communication Speeds and HSCLK Clock Counts

Communication speed Spegd

(120SP) reduction teve | thoista | tow | thoat | thicH | tsuista | tsupat | tsuisto | teUF

(120DW1, 0)
No reduction | 800 | 366 | 44 | 80 | 366 | 44h | 360 | 360 | 444
Standard mode 10% reduction | 886 | 400 | 486 | 86 | 400 | 48y | 40 | 400 | 489
100 kbps 20% reduction | 960 | 44h | 520 | 80 | 44b | 526 | 44 | 446 | 520
30% reduction | 1040 | 480 | 566 | 86 | 480 | 566 | 486 | 486 | 560
No reduction 0d 8¢ 12¢ 49 8¢ 12¢ 8¢ 8¢ 12¢
Fast mode 10% reduction | 226 | 86 | 146 | 4¢ 86 | 140 | 100 | 86 | 14¢
400 kbps 20% reduction | 24¢ | 106 | 146 | 46 | 100 | 146 | 106 | 106 | 144
30% reduction | 266 | 1060 | 166 | 44 | 106 | 166 | 126 | 106 | 16¢

¢: Period of high-speed clock (HSCLK)

Note

The HSCLK clock count is set so that the communication speed may be set to 100kbps/400kbps when HSCLK is 4
MHz. When the high-speed clock frequency is not 4 MHz, select an I2COMOD communication speed reduction rate
and an FCONO HSCLK frequency so that the communication speed may not exceed 100kbps/400kbps.
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13.4 Specifying port registers

To enable the 1°C function, the applicable bit of each related port register needs to be set. See Chapter 20, “Port 4” for
detail about the port registers.

13.4.1 Functioning P41(SCL) and P40(SDA) as the 12C

Set PA1MD1 to P40MD1 hit (bitl-bit0 of PAMODO register) to “0”, and P4A1MDO to P40OMDO bit (bit1-bit0 of
P4MODO register) to “1”, for specifying the 12C as the secondary function of P41 and P40.

Reg. name P4AMODO 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 P4MODO 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(bitl-0 of PACONL register) to “1”, set P41C0-P40C0 bit(bit1-0 of P4ACONO register) to “0”, and
set PA1DIR-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 P44C0 P43CO0 P42C0 P41CO P40CO0
Data x * * * * * 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 (bitl-0 of P4D register) do not affect to the 12C function, so don’t care the data for the

function.
Reg. name PA4D register (Address: 0F220H)
Bit 7 6 5 4 3 2 1 0
Bit name P47D P46D P45D P44D P43D P42D P41D P40D
Data * * * * * * *% *%

* : Bit not related to the 12C bus interface function

** - Don’t care the data
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14  NMI Pin

14.1 Overview
This LSI includes an input port (NMI) which generates a non-maskable interrupt.
For interrupts see Chapter 5, “Interrupts”.

14.1.1 Features

e Non-maskable interrupt pin.
o Allows selection of an input with a pull-up resistor or a high-impedance input.

o Applies a noise filter to NMI interrupt (NMINT).

14.1.2 Configuration
Figure 14-1 shows the configuration of the NMI pin.

Data bus

Pull-up _
Controller NMICON [¢€—>
NMID

Noise 1
. >
Vss Filter NMINT

VDD

NMI L

NMID :NMI data register
NMICON :NMI control register

Figure 14-1 Configuration of NMI Pin

14.1.3 List of Pins

Pin name Input/output Description
NMI | Non-maskable interrupt input port
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14.2 Description of Registers

14.2.1 List of Registers

Address Name Symbol (Byte) | Symbol(Word) R/W Size Initial value
OF200H NMI data register NMID - R 8 Depends on pin state
OF201H NMI control register NMICON - R/W 8 OOH
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14.2.2 NMI Data Register (NMID)

Address:0F200H

Access:R

Access size: 8 bits
Initial value : Depends on the pin state

NMID

R
Initial value

7 6 5 4 3 2 1 0
— — — — — — — NMI
R R R R R R R R
0 0 0 0 0 0 0 X

NMID is a read-only special function register (SFR) for reading the NMI pin level.

[Description of Bits]
e NMI(bit0)
The NMI bit is used to read the level of the NMI pin.

NMI Description
0 “0” level
1 “1” level
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14.2.3 NMI Control Register (NMICON)
Address:0F201H

Access: R/W

Access size: 8 bits
Initial value : 00H

NMICON

R/W
Initial value

7 6 5 4 3 2 0
— — — — — — NMIC

R R R R R RIW
0 0 0 0 0 0 0

NMICON is a special function register (SFR) to select the input mode of the NMI pin.

[Description of Bits]

e NMIC
The NMIC bit is used to select the input mode with or without a pull-up resistor.

(bit 0)

NMIC Description
0 Input mode with a pull-up resistor (initial value)
1 High-impedance input mode

Note:

Do not choose high impedance input mode in an open state.
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14.3 Description of Operation

The non-maskable NMI interrupt (NMIINT) is assigned to the NMI pin.

The NMI pin allows selection of an input mode with a pull-up resistor or a high-impedance input mode by using the NMI
control register (NMICON). At a system reset, the input mode with a pull-up resistor is selected.

The level of the NMI pin can be read by reading the NMI data register (NMID).

14.3.1 Interrupt Request

When a level change occurs at the NMI pin after the duration longer than the minimum NMI interrupt pulse width, a
non-maskable interrupt which does not depend on the master interrupt enable flag (MIE) is generated.
Figure 14-2 shows the NMI interrupt generation timing.

ST S I e P T e I o o N e

«

NMI pin ”
: VAR | S U
Tar S Twr T Twr S
NMINT 0 « A .
2 )

Int t t —
n errglp\)erleques ——% ﬁs

Figure 14-2 NMI Interrupt Generation Timing
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15. PortO

15.1 Overview

This LSI includes Port 0 (P00 to P03) which is a 4-bit input port.

15.1.1 Features

All bits support a maskable interrupt function.

Allows selection of interrupt disabled mode, falling-edge interrupt mode, rising-edge interrupt mode, or both-edge
interrupt mode for each bit.

Allows selection of with/without interrupt sampling for each bit.(Sampling frequency: TL2KHZ)

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 P02 pin can be used as the RXDO input pin of UARTO.

The P03 pin can be used as the RXD1 input pin of UART1

The P00 pin can be used as the PA5EVO0 input pin of PWM

15.1.2  Configuration

Figure 15-1 shows the configuration of Port 0.

Voo Data bus
1 Pull-up POCONO | .
Pull-down |<— POCON1
—— Controller
EXICONO
EXICON1 [€—>
Vs J/» EXICON2
Interrupt 4
— >
> Controller POOINT to PO3INT
A Sampling clock
T16KHZ
2
¥ RXDO. RXD1, P45EV0
POD : Port O data register
POCONO : Port O control register 0
POCON1 : Port O control register 1
EXICONO : External interrupt control register O
EXICON1 : External interrupt control register 1
EXICON2 : External interrupt control register 2

Figure 15-1 Configuration of Port 0
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15.1.3 List of Pins

Pin name I/O Description
POO/EXIO/ | ) )
Input port, External O interrupt, P45EV0 input
P45EV0
POO/EXI1 I Input port, External 1 interrupt
PO2/EXI2/RXDO0/ I Input port, External 2 interrupt, UARTO data input (RXDO)
PO3/EXI3/RXD1 I Input port, External 3 interrupt, UART1 data input (RXD1)
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15.2 Description of Registers

15.2.1 List of Registers

Address Name Symbol (Byte) | Symbol (Word) | R/W | Size | Initial value
OF204H Port 0 data register POD — R 8 Depends on
pin status
0F206H Port O control register 0 POCONO POCON R/W | 8/16 00H
0F207H Port O control register 1 POCON1 R/W 8 00H
OF020H External interrupt control register O EXICONO — R/W 8 00H
OF021H External interrupt control register 1 EXICON1 — R/W 8 00H
0F022H External interrupt control register 2 EXICON2 — R/W 8 00H
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15.2.2 Port 0 Data Register (POD)

Address: 0F204H

Access: R

Access size: 8 bits

Initial value: Depends on pin status

7 6 5 4 3 2 1 0

POD — — — PO3D P02D PO1D POOD
R R R R R R R R R
Initial value 0 0 0 0 X X X X

POD is a special function register (SFR) to only read the pin level of Port 0.

[Description of Bits]
e PO3D to P02D (bits 3 to 0)
The PO3D to POOD bits are used to read the pin level of Port 0.

POOD Description
0 P00 pin input: “L” level
1 P00 pin input: “H” level

PO1D Description
0 PO1 pin input: “L” level
1 PO1 pin input: “H” level

P02D Description
0 P02 pin input: “L” level
1 P02 pin input: “H” level

PO3D Description
0 P03 pin input: “L” level
1 P03 pin input: “H” level
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15.2.3 Port 0 Control Registers 0, 1 (POCONO, POCON1)

Address: 0F206H
Access: RIW

Access size: 8/16 bits
Initial value: OOH

7 6 5 4 3 2 1 0
POCONO — — — P0O3CO P02CO PO1CO PO0OCO
R/W R R R R R/W R/W R/W R/W
Initial value 0 0 0 0 0 0 0 0
Address: 0F207H
Access: RIW
Access size: 8 bits
Initial value: O0OH
7 6 5 4 3 2 1 0
POCON1 — — — P03C1 P02C1 P0O1C1 POOC1
R/W R R R/ R R/W R/W R R
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]

¢ P03CO to POOCO, PO3C1 to POOC1 (bits 3 to 0)
The P0O3CO0 to POOCO bits and the PO3C1 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).

P0O3C1 to POOC1 | P0O3CO to POOCO Description
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 Registers 0, 1 (EXICONO, EXICON1)

Address: 0F020H
Access: RIW

Access size: 8 bits
Initial value: OOH

7 6 5 4 3 2 1 0
EXICONO — — — — PO3EO PO2EO PO1EO POOEO
R/W R R R R R/W R/W R R
Initial value 0 0 0 0 0 0 0 0
Address: 0F021H
Access: RIW
Access size: 8 bits
Initial value: O0OH
7 6 5 4 3 2 1 0
EXICON1 — — — — PO3E1l PO2E1 PO1E1 POOEO
R/W R R R R R/W R/W R R
Initial value 0 0 0 0 0 0 0 0

EXICONO and EXICONZ are special function registers (SFRs) to select an interrupt edge of Port 0.

[Description of Bits]

e PO3EQ to POOEO, PO3EL1 to POOEL (bits 3 to 0)
The PO3EO to POOEO bits and the PO3E1 to POOEL 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 POnEl bit
determine the interrupt mode of POn (Example: When PO2EO = “0” and PO2E1 = “1”, P02 is in rising-edge interrupt
mode).

PO3E1 to POOE1 | PO3EO to POOEO Description
0 0 Interrupt disabled mode (initial value)
0 1 Falling-edge interrupt mode
1 0 Rising-edge interrupt mode
1 1 Both-edge interrupt mode
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15.2.5 External Interrupt Control Register 2 (EXICON2)

Address: 0F022H
Access: RIW

Access size: 8 bits
Initial value: OOH

7 6 5 4 3 2 1 0

EXICON2 — — — — PO3SM P02SM PO1SM POOSM
R/W R R R R R/W R/W R R
Initial value 0 0 0 0 0 0 0 0

EXICON?2 is a special function register (SFR) to select detection of signal edge for interrupts with or without sampling.

[Description of Bits]

e P0O3SM to POOSM (bits 3 to 0)
The PO3SM to POOSM bits are used to select detection of signal edge for Port 0 interrupts with or without sampling.
The sampling clock is TL6KHZ of the low-speed time base counter (LTBC).

POOSM Description
0 Detects the input signal edge for a POO interrupt without sampling (initial value).
1 Detects with a sampling.

PO1SM Description
0 Detects the input signal edge for a PO1 interrupt without sampling (initial value).
1 Detects with a sampling.

P02SM Description
0 Detects the input signal edge for a P02 interrupt without sampling (initial value).
1 Detects with a sampling.

PO3SM Description
0 Detects the input signal edge for a P03 interrupt without sampling (initial value).
1 Detects with a sampling.

Note:
In STOP mode, since the TI6KHZ sampling clock stops, no sampling is performed regardless of the values set in
PO3SM to POOSM.
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15.3 Description of Operation

For each pin of Port 0, the setting of the Port 0 control registers 0 and 1 (POCONO and POCON1) 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 to P03) can be used for POO to P03 interrupts (POOINT to PO3INT). The P00 to P03 interrupts
are maskable and interrupt enable or disable can be selected. For details of interrupts, see Chapter 5, “Interrupts”.

The P00 can be used for P4A5EVO input pin, the P02 can be used for RXD0/2 of UARTO/2, the P03 can be used for
RXD1 of UARTL For details of PWM, see Chapter 10, “PWM?”, for detail of UART, see Chapter 12, “UART”.

15.3.2 Interrupt Request

When an interrupt edge selected by the external interrupt control registers 0, 1, 2 (EXICONO, EXICON1, EXICON2)
occurs at a Port 0 pin, the corresponding maskable Pxx (P00 to P03) interrupt (POOINT-PO3INT) occurs.

Figure 15-2 shows the PO0-PO03 interrupt generation timing in rising-edge interrupt mode, falling-edge interrupt mode,
and both-edges interrupt mode, each without sampling, and the POO to P03 interrupt generation timing in rising-edge
interrupt mode with sampling.

svsok | LAY 1 L 1L

POn pin «
Rl
PONINT 0 B

)

Interrupt request ‘—(
QPON )

(a) When “falling-edge interrupt; without sampling” is selected

SYSCLK ¥
POn pin ()()
PONINT " A
Interrupt request —
QPON £
(b) When “rising-edge interrupt; without sampling” is selected

ST S 0w e P O o B
POn pin —L «

PONINT A « £~
2
Interrupt request ——( |
QPON g

(c) When “both-edges interrupt; without sampling” is selected

)
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TL2KHZ ~ | | | 2|
S oe S 0 1 e I e A e
POn pin %
PONINT

Interrupt request

QPON n=0to 3
(d) When “rising-edge interrupt; with sampling” is selected

Figure 15-2 PO0O0 to P03 Interrupt Generation Timing
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16. Port1l

16.1 Overview

This LSI incorporates a 2-bit input port, Port 1 (P10, P11).

Port 1 can have a high-speed oscillation pin or an external clock input pin, which is selected by mask option. When
the port is used as an external clock input pin, the P11 pin functions as an input pin.

For high-speed oscillation and external clock input, see Chapter 6, “Clock Generation Circuit”.

16.1.1 Features

o High-impedance input, input with a pull-down resistor, or input with a pull-up resistor can be selected for each bit.
e A high-speed crystal/ceramic oscillation pin or an external clock input pin can be selected by mask option.

16.1.2  Configuration

Figure 16-1 shows the configuration of Port 1.

Voo Data bus
F——  Pull-u
Voo Pull-down |<| PICONO |
P1CON1
— Controller S
2 VSS 2
P10, P11 T ._‘@;_\_% b1D
T . 2 FCONO
J (OSCM1,0SCMO)
Vss 2 High-speed 1
' oscillation [+ > OSCLK
circuit
T STOP £—F

ENOSc (oscillation enable)

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 110 Primary function Secondary function
P10/0SCO | Input port High-speed crystal/ceramic oscillation pin, external clock input pin
P11/0SC1 1/0 Input port High-speed crystal/ceramic oscillation pin
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16.2 Description of Registers

16.2.1 List of Registers

Address Name Symbol (Byte) | Symbol (Word) | R/W Size Initial value
OF208H Port 1 data register P1D — R 8 Depends on pin status
OF20AH Port 1 control register 0 P1CONO P1CON R/W 8/16 00H

OF20BH Port 1 control register 1 P1CON1 R/W 8 00H
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16.2.2 Port 1 Data Register (P1D)

Address: 0F208H

Access: R

Access size: 8 bits

Initial value: Depends on pin status

7 6 5 4 3 2 1 0

P1D — — — — — — P11D P10D
R R R R R R R R R
Initial value 0 0 0 0 0 0 X X

P1D is a special function register (SFR) dedicated to read the input level of the Port 1 pin.

[Description of Bits]
e P11D, P10D (bit 1,0)
The P11D, P10D bit is used to read the input level of the Port 1 pin.

P11D Description
0 Input level of the P11 pin: "L”
1 Input level of the P11 pin: "H”

P10D Description
0 Input level of the P10 pin: "L”
1 Input level of the P10 pin: "H”
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16.2.3  Port 1 Control Registers 0,1 (P1CONO, P1LCON1)

Address: 0F20AH
Access: RIW

Access size: 8/16 bits
Initial value: OOH

7 6 5 4 3 2 1 0
P1CONO — — — — — — P11CO P10CO
R/W R R R R R R R/W R/W
Initial value 0 0 0 0 0 0 0 0
Address: 0F20BH
Access: RIW
Access size: 8 bits
Initial value: O0OH
7 6 5 4 3 2 1 0
POCON1 — — — — — — P11C1 P10C1
R/W R R R R R R R/W R/W
Initial value 0 0 0 0 0 0 0 0

P1CONO and P1CONZ1 are special function registers (SFRs) to select the input mode of Port 1.

[Description of Bits]

e P11CO, P10CO, P11C1, POOC1 (bit 1 to 0)
These bits are used to select high-impedance input mode, input mode with a pull-down resistor, or input mode with a
pull-up resistor.

P11C1 P11CO Description
0 0 P11 pin: high-impedance input mode (initial value)
0 1 P11 pin: input mode with a pull-down resistor
1 0 P11 pin: input mode with a pull-up resistor
1 1 P11 pin: high-impedance input mode
P10C1 P10CO Description
0 0 P10 pin: high-impedance input mode (initial value)
0 1 P10 pin: input mode with a pull-down resistor
1 0 P10 pin: input mode with a pull-up resistor
1 1 P10 pin: high-impedance input mode
Note:
When using P10 and P11 as crystal / a ceramic oscillation pin, be sure to set P10 and P11 pin as a high impedance
input.

When using P10 pin as an external clock input pin, please set P10 terminal as a high impedance input so that current
does not flow into pull-up resistance or pulldown resistance.
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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 and 1 (PLCONO and PLCON1). At system
reset, high-impedance input mode is selected as the initial state.

The input level of the Port 1 pin can be read by reading the Port 1 data register (P1D).

16.3.2  Secondary function

High-speed crystal / ceramic oscillation pin, or the external clock input pin is assigned to the port 1 as a secondary
function.

Crystal / ceramic oscillation mode, or an external clock input mode can be selected by the OSCM1,0 bit of the
frequency control register 0 (FCONO).

In crystal / ceramic oscillation mode, both P10 and P11 pin are used as a pin crystal / for a ceramic oscillation.

In an external clock input mode, P10 pin is used as an input pin of an external clock, and P11 can be used as a
general-purpose input port.

Note:

There is no port mode register for changing the primary function and secondary function of a port 1.

When using it as a high-speed oscillation pin, pin mode changes according to the preset value of the OSCM1, OSCMO0
bit of FCONO register.

Refer to Chapter 6, “Clock Generation Circuit ” for details of the FCONO register, and a high-speed oscillation and an
external clock input.
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17. Port2

17.1 Overview

This LSI incorporates Port 2 (P20-P23), a 4-bit port for output only.
Port 2 can output low-speed clock (LSCLK), high-speed clock (OUTCLK), Timer 9 out (TM9OUT) or TimerB out
(TMBOUT) as its secondary functions. For clock output, see Chapter 6, “Clock Generation Circuit”.

17.1.1 Features

Allows direct LED drive.

High-impedance output, P-channel open drain output, N-channel open drain output, or CMOS output can be selected
for each bit.

Allows output of low-speed clock (LSCLK), high-speed clock (OUTCLK), Timer 9 out (TM9OUT) or TimerB out
(TMBOUT) as secondary functions.

Operates as an LED drive port, when a general-purpose output port function is chosen.

17.1.2  Configuration

Figure 17-1 shows the configuration of Port 2.

Data bus
v P2MOD
L0 P2CONO
Voo P2CON1
4 F—  Port2 P2D <>
P20to P23 C Output
— Controller |< LSCLK
ry OUTCLK
Vss TMOOUT
TMBOUT
VSS
P2D : Port 2 data register
P2CONO : Port 2 control register 0
P2CON1 : Port 2 control register 1
P2MOD : Port 2 mode register
Figure 17-1 Configuration of Port 2
17.1.3 List of Pins
Pin name I/0 Primary function Secondary function
P20/LEDO/LSCLK (©) Output port, Direct LED drive | Low-speed clock output (LSCLK)
P21/LED1/OUTCLK (0] Output port, Direct LED drive | High-speed clock output (OUTCLK)
P22/LED2 0] Output port, Direct LED drive | Timer 9 out (TM9OUT)
P23/LED3 (0] Output port, Direct LED drive | Timer B out (TMBOUT)
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17.2 Description of Registers

17.2.1 List of Registers
Address Name Symbol (Byte) Symbol (Word) | R/IW | Size Initial value
OF210H Port 2 data register P2D — R/W 8 00H
0F212H Port 2 control register 0 P2CONO P2CON R/W | 8/16 00H
0F213H Port 2 control register 1 P2CON1 R/W 8 00H
0F214H Port 2 mode register P2MOD — R/W 8 00H
OF215H Port 2 mode register 1 P2MOD1 — R/W 8 00H
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17.2.2  Port 2 Data Register (P2D)

Address: 0F210H
Access: RIW

Access size: 8 bits
Initial value: OOH

7 6 5 4 3 2 1 0
P2D — — — — P23D P22D P21D P20D
R/W R R R R R/W R/W R/W R/W
Initial value 0 0 0 0 0 0 0 0

P2D is a special function register (SFR) to set the output value of Port 2. The value of this register is output to Port 2.
The value written to P2D is readable.

[Description of Bits]
e P23D to P20D (bits 2 to 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”
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17.2.3 Port 2 control registers 0, 1 (P2CONO, P2CON1)

Address: 0F212H
Access: RIW

Access size: 8/16 bits
Initial value: OOH

7 6 5 4 3 2 1 0
P2CONO — — — — P23C0 P22C0 P21CO P20CO0
R/W R R R R R/W R/W R/W R/W
Initial value 0 0 0 0 0 0 0 0
Address: 0F213H
Access: RIW
Access size: 8 bits
Initial value: O0OH
7 6 5 4 3 2 1 0
P2CON1 — — — — P23C1 pP22C1 P21C1 P20C1
R/W R R R R R/W R/W R/W R/W
Initial value 0 0 0 0 0 0 0 0

P2CONO and P2CONZ1 are special function registers (SFRSs) to select the output state of the output pin Port 2.

[Description of Bits]

e P23CO0 to P20C0, P23C1 to P20C1 (bits 3 to 0)
The P23C0 to P20C0 and P23C1 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 P23CO0 Description
0 0 P23 pin: In high-impedance output mode (initial value)
0 1 P23 pin: In P-channel open drain output mode
1 0 P23 pin: In N-channel open drain output mode
1 1 P23 pin: In CMOS output mode
p22C1 P22C0 Description
0 0 P22 pin: In high-impedance output mode (initial value)
0 1 P22 pin: In P-channel open drain output mode
1 0 P22 pin: In N-channel open drain output mode
1 1 P22 pin: In CMOS output mode
p21C1 P21CO Description
0 0 P21 pin: In high-impedance output mode (initial value)
0 1 P21 pin: In P-channel open drain output mode
1 0 P21 pin: In N-channel open drain output mode
1 1 P21 pin: In CMOS output mode
P20C1 P20CO Description
0 0 P20 pin: In high-impedance output mode (initial value)
0 1 P20 pin: In P-channel open drain output mode
1 0 P20 pin: In N-channel open drain output mode
1 1 P20 pin: In CMOS output mode
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17.2.4  Port 2 Mode Register (P2MOD)

Address: 0F214H
Access: RIW
Access size: 8 bits
Initial value: OOH

7 6 5 4 3 2 1 0
P2MOD — — — — P23MD P22MD P21MD P20MD
R/W R R R R R/W R/W R/W R/W
Initial value 0 0 0 0 0 0 0 0
Address: 0F215H
Access: RIW
Access size: 8 bits
Initial value: O0OH
7 6 5 4 3 2 1 0
P2MOD1 — — — — P23MD1 P22MD1 P21MD1 P20MD1
R/W R R R R R/W R/W R/W R/W
Initial value 0 0 0 0 0 0 0 0

P2MOD, P2MOD1 are a special function register (SFR) to select the primary function or the secondary function of Port

2

[Description of Bits]

e P23MD, P23MD1 (hit 3)
The P23MD, P23MD1 bit are used to select the primary function or the secondary function of the P23 pin.

P23MD1 P23MD Description
0 0 General-purpose input/output (initial value)
0 1 Prohibited
1 0 Timer B out (TMBOUT) output
1 1 Prohibited

o P22MD, P22MD1 (bit 2)
The P22MD, P22MD1 bit are used to select the primary function or the secondary function of the P22 pin.

P22MD1 P22MD Description
0 0 General-purpose input/output (initial value)
0 1 Prohibited
1 0 Timer 9 out (TM9OUT) output
1 1 Prohibited
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e P21MD, P21MD1 (bit 1)
The P21MD, P21MD1 bit are used to select the primary function or the secondary function of the P21 pin.

P21MD1 P21MD Description
0 0 General-purpose input/output (initial value)
0 1 High-speed clock (OUTCLK) output
1 0 Prohibited
1 1 Prohibited

e P20MD, P20MD1 (bit 0)
The P20MD, P20MD1 bit are used to select the primary function or the secondary function of the P20 pin.

P20MD1 P20MD Description
0 0 General-purpose input/output (initial value)
0 1 Low-speed clock (LSCLK) output
1 0 Prohibited
1 1 Prohibited
Note:

Since P2 (port 2) is a pin only for an output, it does not have a register which chooses the input-and-output direction.
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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 and 1 (P2CONO
and P2CON1). At a system reset, high-impedance output mode is selected as the initial state.

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 Function

Low-speed clock (LSCLK) output, high-speed clock (OUTCLK) output, Timer 9 out,(TM9OUT) or Timer B out
(TMBOUT) are assigned to Port 2 as its secondary functions. These secondary functions can be used by setting the
P23MD to P20MD, P23MD1 to P20MD1 bits of the Port 2 mode register (P2MOD, P2MOD1) to “1”.
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18. Port3

18.1 Overview

This LSl includes Port 3 (P30 to P35), which is a 8-bit input/output port.
Port 3 can output a PWM output (PWM4, PWM5) as tertiary functional mode. For PWM out put, refer to Chapter 10,
“PWM”..

18.1.1 Features

o Allows selection of high-impedance output, P-channel open drain output, N-channel open drain output, or CMOS
output in output mode for each bit.

o Allows selection of high-impedance input, input with a pull-down resistor, or input with a pull-up resistor in input
mode for each bit.

o Allows output of PWM (PWM4, PWMD5) as tertiary functions.

e P30 pin can be used as P45EV1 input pin of PWM.

e P30 - P33 pin can be used as an analog input pin of Successive Approximation Type A/D Converter.

18.1.2 Configuration

Figure 18-1 shows the configuration of Port 3.

VDD
—— Pull-up Data bus
Pull-down
—— Controller
P3DIR
Voo Vs T P3MODO,1[<—>
Voo l P3CONO,1
6 %II— Port3 |« P3D [¢—>
P30~P35 Lt o Output 4 PWM output
7%“— Controller | (PWM4, PWM5)
16
VSS
@/ P45EV1
VSS
AINO~AIN3

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

Figure 18-1 Configuration of Port 3

Note:
P30-P33 are assigned to the input of SA-ADC.When used as an analog input of SA-ADC, set an applicable port as a
high impedance output state.
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18.1.3  List of Pins
Pin name 110 Primary function Secondary function Tertiary function
P30/ Input/output port
AINO/ I/10 SA-ADC input — —
P45EV1 P45EV1 input
P31/ 1o Input/output port . _
AIN1 SA-ADC input
P32/ 1o Input/output port _ _
AIN2 SA-ADC input
P33/ /o Input/output port _ N
AIN3 SA-ADC input
P34/PWM4 I/O Input/output port - PWM output (PWM4)
P35/PWM5 I/O Input/output port PWM output (PWM5)
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18.2 Description of Registers

18.2.1 List of Registers

Address Name Symbol (Byte) Symbol (Word) R/W | Size Initial value
OF218H Port 3 data register P3D — R/W 8 O00H
OF219H Port 3 direction register P3DIR — R/W 8 00H
OF21AH Port 3 control register 0 P3CONO P3CON R/W | 8/16 00H
OF21BH Port 3 control register 1 P3CON1 R/W 8 O00H
OF21CH Port 3 mode register 0 P3MODO P3MOD R/W | 8/16 O00H
OF21DH Port 3 mode register 1 P3MOD1 R/W 8 00H
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18.2.2 Port 3 Data Register (P3D)

Address: 0F218H
Access: RIW

Access size: 8 bits
Initial value: OOH

7 6 5 4 3 2 1 0
P3D — — P35D P34D P33D P32D P31D P30D
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

P3D is a special function register (SFR) to set values to be output to, or to read the input levels of, the pins of Port 3.
In output mode, the value of this register is output to he pins of Port 3. The value written to P3D is readable. In
input mode, when P3D is read, the input level of each pin of Port 3 is read. Output mode or input mode is selected
using the port mode register (P3DIR) described later.

[Description of Bits]

e P35D to P30D (bits 5 to 0)
These bits are used to set the output value of each pin of Port 3 in output mode and to read the pin level of each pin
of Port 3 in input mode.

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”
P30D Description

0 Output or input level of the P30 pin: "L”

1 Output or input level of the P30 pin: "H”
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18.2.3 Port 3 Direction Register (P3DIR)

Address: 0F219H
Access: RIW

Access size: 8 bits
Initial value: OOH

7 6 5 4 3 2 1 0
P3DIR — — P35DIR P34DIR P33DIR P32DIR P31DIR P30DIR
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

P3DIR is a special function register (SFR) to select the input/output mode of Port 3.

[Description of Bits]
e P35DIR to P30DIR (bits 5 to 0)
The P35DIR to P30DIR pins are used to set the input/output direction of the Port 3 pin.

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
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18.2.4  Port 3 Control Registers 0, 1 (P3CONO, P3CON1)

Address: 0F21AH
Access: R/W

Access size: 8/16 bits
Initial value: OOH

7 6 5 4 3 2 1 0
P3CONO — — P35C0 P34C0 P33CO0 P32C0 P31CO P30CO0
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: 0F21BH
Access: RIW
Access size: 8 bits
Initial value: O0OH
7 6 5 4 3 2 1 0
P3CON1 — — P35C1 P34C1 P33C1 P32C1 P31C1 P30C1
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

P3CONO and P3CONL1 are special function registers (SFRs) to specify the input and output conditions of each pin of
Port 3. The conditions differ between input mode and output mode. Input or output is selected by the P3DIR
register.

[Description of Bits]

e P35C1 to P30C1, P35CO0 to P30CO (bits 5 to 0)
The P35C1 to P30C1 pins and the P35C0 to P30CO pins 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.

When output mode is selected When input mode is selected
(P35DIR bit = “07) (P35DIR bit = “17)
P35C1 P35C0 Description
0 0 P35 pin: High-impedance output (initial P35 pin: High-impedance output (initial
value) value)
0 1 P35 pin: P-channel open drain output P35 pin: P-channel open drain output
1 0 P35 pin: N-channel open drain output P35 pin: N-channel open drain output
1 1 P35 pin: CMOS output P35 pin: CMOS output
When output mode is selected When input mode is selected
(P34DIR bit = “0") (P34DIR bit = “1")
P34C1 P34CO0 Description
0 0 P34 pin: High-impedance output (initial P34 pin: High-impedance output (initial
value) value)
0 1 P34 pin: P-channel open drain output P34 pin: P-channel open drain output
1 0 P34 pin: N-channel open drain output P34 pin: N-channel open drain output
1 1 P34 pin: CMOS output P34 pin: CMOS output
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When output mode is selected
(P33DIR bit = “0")

When input mode is selected
(P33DIR bit = “1")

P33C1 P33C0 Description
0 0 P33 pin: High-impedance output (initial P33 pin: High-impedance output (initial
value) value)
0 1 P33 pin: P-channel open drain output P33 pin: P-channel open drain output
1 0 P33 pin: N-channel open drain output P33 pin: N-channel open drain output
1 1 P33 pin: CMOS output P33 pin: CMOS output
When output mode is selected When input mode is selected
(P32DIR bit = “0") (P32DIR bit = “1")
P32C1 P32CO0 Description
0 0 P32 pin: High-impedance output (initial P32 pin: High-impedance output (initial
value) value)
0 1 P32 pin: P-channel open drain output P32 pin: P-channel open drain output
1 0 P32 pin: N-channel open drain output P32 pin: N-channel open drain output
1 1 P32 pin: CMOS output P32 pin: CMOS output
When output mode is selected When input mode is selected
(P31DIR bit = “0") (P31DIR bit = “17)
P31C1 P31CO0 Description
0 0 P31 pin: High-impedance output (initial P31 pin: High-impedance output (initial
value) value)
0 1 P31 pin: P-channel open drain output P31 pin: P-channel open drain output
1 0 P31 pin: N-channel open drain output P31 pin: N-channel open drain output
1 1 P31 pin: CMOS output P31 pin: CMOS output
When output mode is selected When input mode is selected
(P30DIR bit = “07) (P30DIR bit = “1")
P30C1 P30CO Description
0 0 P30 pin: High-impedance output (initial P30 pin: High-impedance output (initial
value) value)
0 1 P30 pin: P-channel open drain output P30 pin: P-channel open drain output
1 0 P30 pin: N-channel open drain output P30 pin: N-channel open drain output
1 1 P30 pin: CMOS output P30 pin: CMOS output
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18.2.5 Port 3 Mode Registers 0, 1 (P3MODO, P3MOD1)

Address: 0F21CH
Access: RIW

Access size: 8/16 bits
Initial value: OOH

7 6 5 4 3 2 1 0
P3MODO — — P35MDO P34MDO P33MDO P32MDO P31MDO P30MDO
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: 0F21DH
Access: RIW
Access size: 8 bits
Initial value: O0OH
7 6 5 4 3 2 1 0
P3MOD1 — — P35MDO P34MDO P33MDO P32MDO P31MDO P30MDO
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

P3MODO and P3MODL. are special function registers (SFRs) to select the primary, secondary, or tertiary function of

Port 3.

[Description of Bits]

e P35MD1, P35MDO (bit 5)
The P35MD1 and P35MDO bits are used to select the primary , secondary function or tertiary function of the P35

pin.
P35MD1 P35MDO Description
0 0 General-purpose input/output mode (initial value)
0 1 Prohibited
1 0 PWMS5 output
1 1 Prohibited

e P34MD1, P34MDO (bit 4)
The P34MD1 and P34MDO bits are used to select the primary , secondary function or tertiary function of the P34

pin.
P34MD1 P34MDO Description
0 0 General-purpose input/output mode (initial value)
0 1 Prohibited
1 0 PWM4 output
1 1 Prohibited

e P33MD1, P33MDO (bit 3)
The P33MD1 and P33MDO bits are used to select the primary , secondary function or tertiary function of the P33

pin.
P33MD1 P33MDO Description
0 0 General-purpose input/output mode (initial value)
0 1 Prohibited
1 0 Prohibited
1 1 Prohibited
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e P32MD1, P32MDO (bit 2)

The P32MD1 and P32MDO bits are used to select the primary , secondary function or tertiary function of the P32

pin.
P32MD1 P32MDO Description
0 0 General-purpose input/output mode (initial value)
0 1 Prohibited
1 0 Prohibited
1 1 Prohibited

e P31MD1, P31MDO (bit 1)

The P31MD1 and P31MDO bits are used to select the primary , secondary function or tertiary function of the P31

pin.
P31MD1 P31MDO Description
0 0 General-purpose input/output mode (initial value)
0 1 Prohibited
1 0 Prohibited
1 1 Prohibited

e P30MDZ1, P30MDO (bit 0)

The P30MD1 and P30MDO bits are used to select the primary , secondary function or tertiary function of the P30

pin.
P30MD1 P30MDO Description
0 0 General-purpose input/output mode (initial value)
0 1 Prohibited
1 0 Prohibited
1 1 Prohibited
Note:

If “Prohibited” is set for a Port 3 pin by this register and output mode is selected (by port 3 direction register) for the
pin, the output status of that pin will be fixed irrespective of the port data register (P3D) settings, as shown below.

When high-impedance output selected:
When Pch open drain output selected:

When Nch open drain output selected:
When CMOS output selected:

Fixed to a “L” level output
Fixed to a “L” level output

Fixed to high-impedance output
Fixed to high-impedance output
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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 and 1 (P3CONO and 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 and 1 (P3CONO and P3CON1).

At a system reset, high-impedance output mode is selected as the initial state.

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 Function

PWM output (PWM4, PWMS5) are assigned to Port 3 as its tertiary functions. They can be used by setting the
P35MD0-P30MDO0 and P35MD1-P30MD1 bits of the port 3 mode registers (P3MODO, P3MOD1) to designated
values.

Note:
P30-P33 are assigned to the input of SA-ADC.When used as an analog input of SA-ADC, set an applicable port as a
high impedance output state.
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19. Port4

19.1 Overview

This LSl includes Port 4 (P40 to P47) which is an 4-bit input/output port.
Port 4 can have the PWM output, UART, synchronous serial port or 1°C bus interface functions as secondary, tertiary

and fourthly functions.
For the PWM, see Chapter 10, “PWM?”;, for the UART, see Chapter 10, “UART”; for the synchronous serial port, see
Chapter 11, “Synchronous Serial Port”.

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 pin (PWM4, PWM5), UART pins (RXDO, TXDO0,TXD1), synchronous serial port pins (SINO, SCKO,
SOUTO) or I2C pin (SDA, SCL) can be used as secondary, tertiary and fourthly functions.

e P44 — P47 pin can be used as an analog input pin of Successive Approximation Type A/D Converter.

19.1.2  Configuration

Figure 19-1 shows the configuration of Port 4.

Voo
—— Pull-up Data bus
Pull-down
— Controller
v T P4DIR
Voo * P4MODO, 1[<—>
Voo l P4CONO,1
UART output (TXDO)
.8 %I Portd <« PAD  |€—>| SIO output 71 (SCKO, SOUTO)
P40~P47 O ¢ Output 6 PWM output (PWM4, PWMS)
Controller I°C output (SDA, SCL)
+8
Vss 7 UART input (RXDO)
i ﬁ/ *—> S10 input (SINO, SCKO)
S I°C input (SDA, SCL)
Timer clock input
(T46CK,T57CK)
AIN4~AIN7
P4D : Port 4 data register
P4DIR : Port 4 direction register
P4CONO : Port 4 control register 0
P4ACON1 : Port 4 control register 1
P4MODO : Port 4 mode register 0
P4AMOD1 : Port 4 mode register 1

Figure 19-1 Configuration of Port 4

Note:
P44 — PAT are assigned to the input of SA-ADC.When used as an analog input of SA-ADC, set an applicable port as a

high impedance output state.
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19.1.3 List of Pins
Pin name 110 Primary function Secondary function Tertiary function Fourthly function
2
P40/SDA/SINO 1/0 | Input/output port I C bus data .SSIOO data —
input input
2 SSIO0
P41/SCL/SCKO 1/0 | Input/output port iInCutius clock synchronous clock —
P input/output
P42/RXD0O/SOUTO | 1/0 | Input/output port UARTO data SSIO0 data 4
input output
PA43/TXD0O/PWM4/ UARTO data UART1 data
TXD1 1/0 | Input/output port output PWM4 output output
Input/output port SSIOO0 data
P44/SINO/AIN4 110 SA-ADC input — input —
Input/output port SSI00
P45/SCKO/AIN5S 110 P p P — synchronous clock —
SA-ADC input .
input/output
Input/output port SSIOO0 data
P46/SOUTO/AING | 1/O SA-ADC input — output —
Input/output port
P47/PWM5/AIN7 110 SA-ADC input — PWMS5 output —
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19.2 Description of Registers

19.2.1 List of Registers

Address Name Symbol (Byte) | Symbol (Word) | R/W | Size Initial value
OF220H Port 4 data register P4D — R/W 8 00H
0F221H Port 4 direction register PADIR — R/W 8 00H
0F222H Port 4 control register 0 P4ACONO PACON R/W | 8/16 00H
OF223H Port 4 control register 1 PACON1 R/W 8 00H
0F224H Port 4 mode register 0 P4AMODO PAMOD R/W | 8/16 00H
0F225H Port 4 mode register 1 PAMOD1 R/W 8 00H
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19.2.2  Port 4 Data Register (P4D)

Address: 0F220H
Access: RIW

Access size: 8 bits
Initial value: OOH

7 6 5 4 3 2 1 0
P4D P47D P46D P45D P44D P43D P42D P41D P40D
R/W R R R R 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 to P40D (bits 7 to 0)
The P47D to P40D bits are used to set the output value of the Port 4 pin in output mode and to read the pin level of
the 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”
P45D 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”
P43D Description

0 Output or input level of the P43 pin: "L”

1 Output or input level of the P43 pin: "H”
P43D 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”
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: 0F221H
Access: RIW

Access size: 8 bits
Initial value: OOH

7 6 5 4 3 2 1 0
P4DIR P47DIR P46DIR P45DIR P44DIR P43DIR P42DIR P41DIR P40DIR
R/W R R R R 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 to P40DIR (bits 7 to 0)
The P47DIR to P40DIR pins are used to set the input/output direction 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, PACON1)

Address: 0F222H
Access: R/W

Access size: 8/16 bits
Initial value: OOH

7 6 5 4 3 2 1 0
P4CONO P47CO P46CO P45C0 P44CoO P43CO0 P42C0O P41CO P40CO
R/W R R R R R/W R/W R/W R/W
Initial value 0 0 0 0 0 0 0 0
Address: 0F223H
Access: RIW
Access size: 8 bits
Initial value: O0OH
7 6 5 4 3 2 1 0
P4CON1 P47C1 P46C1 P45C1 P44C1 P43C1 P42C1 P41C1 P40C1
R/W R R R R R/W R/W R/W R/W
Initial value 0 0 0 0 0 0 0 0

PACONO and P4ACONL1 are special function registers (SFRs) to specify the input and output conditions of each pin of
Port 4. The conditions differ between input mode and output mode. Input or output is selected by the P4DIR
register.

[Description of Bits]

e P47C1 to P40C1, P47CO0 to P40CO (bits 7 to 0)
The P47C1 to P40C1 pins and the P47C0 to P40CO pins 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 moc_ie is selected When input mod_e is selected
(P47DIR bit = “07) (P47DIR bit = “17)
P47C1 P47CO0 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
. . When output mode is selected When input mode is selected
Setting of P46 pin (P46DIR bit = “0") (P46DIR bit = “1%)
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 = “07)

When input mode is selected
(P44DIR bit = “17)

P44C1 P44C0O 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 = “07)

When input mode is selected
(P43DIR bit = “17)

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 = “17)

P42C1 P42C0 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 = “07)

When input mode is selected
(P41DIR bit = “17)

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 = “1")

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 (P4AMODO, PAMOD1)

Address: 0F224H
Access: R/W

Access size: 8/16 bits
Initial value: OOH

7 6 5 4 3 2 1 0
P4AMODO P47MDO P46MDO P45MDO P44MDO P43MDO P42MDO P41MDO P40MDO
R/W R R R R R/W R/W R/W R/W
Initial value 0 0 0 0 0 0 0 0
Address: 0F225H
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 R R R R/W R/W R/W R/W
Initial value 0 0 0 0 0 0 0 0

PAMODO and PAMODL. are special function registers (SFRs) to select the primary, secondary, tertiary and fourthly
functions of Port 4.

[Description of Bits]
e P47MD1, P47MDO (bit 7)
The P47MD1 and P47MDQO bits are used to select the primary, secondary, tertiary and fourthly functions of the P47

pin.

P47MD1 P47MDO Description
0 0 General-purpose input/output (initial value)
0 1 Prohibited
1 0 PWM5 output
1 1 Prohibited

e P46MD1, P46MDO (bit 6)

The P46MD1 and P46MDO bits are used to select the primary, secondary, tertiary and fourthly functions of the P46

pin.
P46MD1 P46MDO Description
0 0 General-purpose input/output (initial value)
0 1 Prohibited
1 0 SSIO00 data output
1 1 Prohibited

e P45MD1, P45MDO (bit 5)

The P45MD1 and P45MDO bits are used to select the primary, secondary, tertiary and fourthly functions of the P45

pin.
P45MD1 P45MDO Description
0 0 General-purpose input/output mode (initial value)
0 1 Prohibited
1 0 SSI00 synchronous clock output
1 1 Prohibited
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o P44MD1, P44MDO (bit 4)
The P44MD1 and P44MDO bits are used to select the primary, secondary, tertiary and fourthly functions of the P44
pin.

P44MD1 P44MDO Description
0 0 General-purpose input/output (initial value)
0 1 Prohibited
1 0 SSI00 data input
1 1 Prohibited

e P43MD1, P43MDO (bit 3)
The P43MD1 and P43MDO bits are used to select the primary, secondary, tertiary and fourthly functions of the P43
pin.

P43MD1 P43MDO Description
0 0 General-purpose input/output (initial value)
0 1 UARTO data output
1 0 PWM4 output
1 1 UART1 data output

o P42MD1, P42MDO (bit 2)
The P42MD1 and P42MDO bits are used to select the primary, secondary, tertiary and fourthly functions of the P42
pin.

P42MD1 P42MDO Description
0 0 General-purpose input/output (initial value)
0 1 UARTO data input
1 0 SSI00 data output
1 1 Prohibited

e PA1MD1, P41MDO (bit 1)
The P41MD1 and P41MDO bits are used to select the primary, secondary, tertiary and fourthly functions of the P41
pin.

P41MD1 P41MDO Description
0 0 General-purpose input/output (initial value)
0 1 I°Cbus clock input/output
1 0 SSI0O0 clock input/output
1 1 Prohibited

e P40MD1, P40MDO (bit 0)
The P40MD1 and P40MDO bits are used to select the primary, secondary, tertiary and fourthly function of the P40
pin.

P40MD1 P40MDO Description
0 0 General-purpose input/output (initial value)
0 1 I°Cbus data input/output
1 0 SSI00 data input
1 1 Prohibited
Note:

If any bit combination out of the above is set to “Prohibited” and the corresponding bit of the port 4 is specified to
output mode (selected in port4 control register), status of corresponding pin is fixed, regardless the contents of Port4
register (P4D)

High-impedance output mode: High-impedance
P-channel open drain output mode: High-impedance

19-9



ML610Q380/ML610Q383/ML610Q384/ML610Q385 User’s Manual
Chapter 19 Port 4

N-channel open drain output mode: Fixed to “L”
CMOS output mode: High-impedance: Fixed to “L”

Note.
If any pin set to SSIOn or UARTnN output pin by secondary, tertiary and fourthly functions, the pin tatus of
corresponding pin is fixed CMOS output.
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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 and 1 (P4CONO and P4ACON1).

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 4 control registers 0 and 1 (P4CONO and PACON1).

At a system reset, high-impedance output mode is selected as the initial state.

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 fourthly functions

Port 4 is assigned PWM pins (PWM4, PWMS5), UART pins (RXDO0, TXDO0, TXD1) and synchronous serial port 0 pins
(SINO, SCKO, SOUT) and I°C bus pin (SDA, SCL) as its secondary, tertiary and fourthly functions. These pins can
be used in secondary, tertiary and fourthly functions mode by setting the PA7MDO to P4A0MDO bits and the PA7MD1 to
P40MD1 bits of the Port 4 mode registers (P4MODO, PAMOD1).

Note:
P44 — PAT are assigned to the input of SA-ADC.When used as an analog input of SA-ADC, set an applicable port as a
high impedance output state.
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20. Porth5

20.1 Overview

This LSl includes Port 5 (P50 to P53) which is an 4-bit input/output port.

20.1.1 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 UART pins (RXD1, TXD1, TXDO0), synchronous serial port pins (SIN1, SCK1, SOUT1) can be used as the
secondary functions.

20.1.2  Configuration

Figure 20-1 shows the configuration of Port 5.

P5Vpp Or Vppr
—— Pull-up Data bus
Pull-down
—— Controller
P5VooOf Voor [ Vss T PSDIR
P5MODO, 1
P5Vpp O Voor f P5CONQO, 1
4 F—  Ports | P5D  |«—>|
P50 to P53 C Output Output for UART (TXD1, TXDO)
F— Controller Output for SSIO (SCK1, SOUT1)
4
Vss Input/output for UART (RXD1)
v ’ﬁy Input for SIO (SIN1 SCK1)
SS

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

20-1



ML610Q380/ML610Q383/ML610Q384/ML610Q385 User’s Manual

Chapter 20 Port5

20.1.3 List of Pins
Pin name 110 Primary function Secondary function Tertiary function Q;Jua::;rir;iry
P50/SINO I/O | Input/output port — .SSlOl data —
input
SSIo1
P51/SCK1 /0 | Input/output port — synchronous clock —
input/output
ART1 101
P52/RXD1/SOUT1 | I/O | Input/output port U data SSIO1 data —
input output
P53/TXDL/TXDO | 1/O | Input/output port UART] data — UARTO data
output output
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20.2 Description of Registers

20.2.1 List of Registers

Address Name Symbol (Byte) | Symbol (Word) | R/W | Size Initial value
0F228H Port 5 data register P5D — R/W 8 00H
0F229H Port 5 direction register P5DIR — R/W 8 00H
OF22AH Port 5 control register 0 P5CONO P5CON R/W | 8/16 00H
OF22BH Port 5 control register 1 P5CON1 R/W 8 00H
OF22CH Port 5 mode register 0 P5MODO P5MOD R/W | 8/16 00H
OF22DH Port 5 mode register 1 P5MOD1 R/W 8 00H
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20.2.2 Port 5 Data Register (P5D)

Address: 0F228H
Access: RIW

Access size: 8 bits
Initial value: OOH

7 6 5 4 3 2 1 0
P5D — — — — P53D P52D P51D P50D
R/W R R R R 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 P53D to P50D (bits 3 to 0)
The P53D 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.

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: 0F229H
Access: RIW

Access size: 8 bits
Initial value: OOH

7 6 5 4 3 2 1 0
P5DIR — — — — P53DIR P52DIR P51DIR P50DIR
R/W R R R R 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 P53DIR to P50DIR (bits 3 to 0)
The P53DIR to P50DIR pins are used to set the input/output direction of the Port 5 pin.
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
* In the case of ML610Q383/384/385, set up a P5DIR register as follows.
7 6 5 4 3 2 1 0
P5DIR — — — — P53DIR P52DIR P51DIR P50DIR
Preset . . . . 0 0 0 1
value
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20.2.4

Address: 0F22AH

Access: R/IW

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

P5CONO

R/W
Initial value

Port 5 Control Registers 0, 1 (P5CONO, PSCON1)

Address: 0F22BH

Access: RIW

Access size: 8 bits
Initial value: O0OH

P5CON1

R/W
Initial value

P5CONO and P5CONL1 are special function registers (SFRs) to specify the input and output conditions of each pin of
Port 5. The conditions differ between input mode and output mode.

register.

7 6 5 4 3 2 1 0
— — — P53CO0 P52CO0 P51CO P50CO
R R R R R/W R/W R/W R/W
0 0 0 0 0 0 0 0
7 6 5 4 3 2 1 0
— — — P53C1 P52C1 P51C1 P50C1
R R R R R/W R/W R/W R/W
0 0 0 0 0 0 0 0

[Description of Bits]
e P53C1 to P50C1, P53C0 to P50CO (bits 3 to 0)

The P57C1 to P50C1 pins and the P57C0 to P50CO pins 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.

When output mode is selected

When input mode is selected

Setting of P53 pin (P53DIR bit = “0") (P53DIR bit = “17)
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 = “07)

When input mode is selected
(P52DIR bit = “17)

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 = “07)

When input mode is selected
(P51DIR bit = “17)

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
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Setting of P50 pin When output moc_ie is selected When input mod_e is selected
(P50DIR bit = “0”) (P50DIR bit = “1”)
P50C1 P50C0 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

* |In the case of ML610Q383/384/385, set up a PSCONO and PSCON1 registers as follows.

7 6 5 4 3 2 1 0
P5CONO — — —_ —_ P53 CO P52 CO P51 CO P50 CO
Preset 1 1 1 0
value
7 6 5 4 3 2 1 0
P5MOD1 — — —_ —_ P53 C1 P52 C1 P51 C1 P50 C1
Preset 1 1 1 0
value
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20.2.5

Address: 0F22CH

Access: RIW

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

P5MODO

R/W
Initial value

Port 5 Mode Registers 0, 1 (P5MODO, P5MOD1)

Address: 0F22DH

Access: RIW

Access size: 8 bits
Initial value: O0OH

P5MOD1

R/W
Initial value

P5MODO and P5MOD. are special function registers (SFRs) to select the primary, secondary, or tertiary function of

Port 5.

7 6 5 4 3 2 1 0

— — — P53MDO | P52MDO | P51MDO | P50MDO
R R R R R/W R/W R/W R/W
0 0 0 0 0 0 0 0
7 6 5 4 3 2 1 0

— — — P53MD1 | P52MD1 | P51MD1 | P50MD1
R R R R R/W R/W R/W R/W
0 0 0 0 0 0 0 0

[Description of Bits]

e P53MD1, P53MDO (bit 3)
The P53MD1 and P53MDO bits are used to select the primary, secondary, tertiary, or fourthly function of the P53

pin.
P53MD1 P53MDO Description
0 0 General-purpose input/output mode (initial value)
0 1 UART1 data output pin
1 0 Prohibited
1 1 UARTO data output pin

e P52MD1, P52MDO (bit 2)
The P52MD1 and P52MDO bits are used to select the primary, secondary, tertiary, or fourthly function of the P52

pin.
P52MD1 P52MDO Description
0 0 General-purpose input/output mode (initial value)
0 1 UART1 input pin
1 0 S10O1 data output pin
1 1 Prohibited

e P51MD1, P51MDO (bit 1)
The P51MD1 and P51MDO bits are used to select the primary, secondary, tertiary, or fourthly function of the P51

pin.
P51MD1 P51MDO Description
0 0 General-purpose input/output mode (initial value)
0 1 Prohibited
1 0 S101 clock input/output pin
1 1 Prohibited
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e P50MD1, P50MDO (bit 0)
The P50MD1 and P50MDO bits are used to select the primary, secondary, tertiary, or fourthly function of the P50

pin.

P50MD1 P50MDO Description
0 0 General-purpose input/output mode (initial value)
0 1 Prohibited
1 0 SIO1 data input pin
1 1 Prohibited

* |n the case of ML610Q380/384/385, set up a PSMODO0 and P5MODL1 registers as follows.

7 6 5 4 3 2 1 0
P5MODO — — —_ — P53MDO | P52 MDO | P51 MDO | P50 MDO
Preset 0 0 0 0
value
7 6 5 4 3 2 1 0
P5MOD1 — — —_ — P53MD1 | P52 MD1 | P51 MD1 | P50 MD1
Preset 0 1 1 1
value

Note:

If any bit combination out of the above is set to “Prohibited” and the corresponding bit of the Port 5 is specified to
output mode (selected in Port 5 control register), status of corresponding pin is fixed, regardless the contents of Port 5
register (P5D)

High-impedance output mode: High-impedance
P-channel open drain output mode: High-impedance
N-channel open drain output mode: Fixed to “L”
CMOS output mode: High-impedance: 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 and 1 (P5CONO and 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 and 1 (P5SCONO and PSCON1).

At a system reset, high-impedance output mode is selected as the initial state.

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 fourthly Function

Port 5 is assigned PWML pin (PWM1), UART pins (RXD1, TXD1, TXDO0) and synchronous serial port O pins (SIN1,
SCK1, SOUTL) as its secondary, tertiary and fourthly functions. These pins can be used in secondary, tertiary and
fourthly functions mode by setting the P53MDO to P50MDO bits and the P53MD1 to P50MD1 bits of the Port 5 mode
registers (P5MODO0, P5SMOD1).

20-10



Chapter 21

Port C




ML610Q380/ML610Q383/ML610Q384/ML610Q385 User’s Manual

Chapter 21 Port C

21. PortC

21.1 Overview

This LSl includes Port C (PCO to PC7), which is a 8-bit input/output port.

21.1.1 Features

o Allows selection of high-impedance output, P-channel open drain output, N-channel open drain output, or CMOS
output in output mode for each bit.
o Allows selection of high-impedance input, input with a pull-down resistor, or input with a pull-up resistor in input

mode for each bit.

e Either an 1/0 Port or a segment driver output can be selected as a function of SEG8 to SEG15 by a LCD port
segment selection register(LSELSL1).

21.1.2  Configuration

VDD

——  Pull-up
Pull-down
— controller

%II— PortC

PCO~PC7 C

L

VSS

Output [<

El— Controller

Data bus
PCDIR |
PCCONO,1|"
PCD <>

oo

.

PCD
PCDIR
PCCONO
PCCON1

: Port C data register

: Port C direction register
: Port C control register 0
: Port C control register 1

SEG8~SEGI15

Figure 21-1 Configuration of Port C
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21.1.3 List of Pins

Pin name 110 Primary function Secondary function
PCO 1/0 | Input/output port SEGS8
PC1 1/0 | Input/output port SEG9
PC2 /0 | Input/output port SEG10
PC3 /0 | Input/output port SEG11
PC4 /0 | Input/output port SEG12
PC5 /0 | Input/output port SEG13
PC6 /0 | Input/output port SEG14
PC7 /0 | Input/output port SEG15
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21.2 Description of Registers

21.2.1 List of Registers

Address Name Symbol (Byte) | Symbol (Word) R/W Size [Initial value
0F260H Port C data register PCD — R/W 8 00H
0F261H Port C direction register PCDIR — R/W 8 00H
0F262H Port C control register 0 PCCONO PCCON R/W 8/16 00H
0F263H Port C control register 1 PCCON1 R/W 8 00H
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21.2.2 Port C data register (PCD)

Address: 0F260H
Access: RIW

Access size: 8 bits
Initial value: OOH

7 6 5 4 3 2 1 0
PCD PC7D PC6D PC5D PC4D PC3D PC2D PC1D PCOD
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

PCD is a special function register (SFR) to set the value to be output to the Port C pin or to read the input level of the
Port C. In output mode, the value of this register is output to the Port C pin. The value written to PCD is readable.
In input mode, the input level of the Port C pin is read when PCD is read. Output mode or input mode is selected by
using the port direction register (PCDIR) described later.

[Description of Bits]

e PC7D-PCOD (bits 7-0)
The PC5D to PCOD bits are used to set the output value of the Port C pin in output mode and to read the pin level of
the Port C pin in input mode.

PC7D Description

0 Output or input level of the PC7 pin: "L”

1 Output or input level of the PC7 pin: "H”
PC6D Description

0 Output or input level of the PC6 pin: "L”

1 Output or input level of the PC6 pin: "H”
PC5D Description

0 Output or input level of the PC5 pin: "L”

1 Output or input level of the PC5 pin: "H”
PC4D Description

0 Output or input level of the PC4 pin: "L”

1 Output or input level of the PC4 pin: "H”
PC3D Description

0 Output or input level of the PC3 pin: "L”

1 Output or input level of the PC3 pin: "H”
PC2D Description

0 Output or input level of the PC2 pin: "L”

1 Output or input level of the PC2 pin: "H”
PC1D Description

0 Output or input level of the PC1 pin: "L”

1 Output or input level of the PC1 pin: "H”
PCOD Description

0 Output or input level of the PCO pin: "L”

1 Output or input level of the PCO pin: "H”
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21.2.3 Port C Direction Register (PCDIR)

Address: 0F261H
Access: R/W

Access size: 8 bits
Initial value: OOH

7 6 5 4 3 2 1 0
PCDIR PC7DIR PC6DIR PC5DIR PC4DIR PC3DIR PC2DIR PC1DIR PCODIR
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

PCDIR is a special function register (SFR) to select the input/output mode of Port C.

[Description of Bits]
e PC7DIR-PCODIR (bits 7-0)
The PC7DIR to PCODIR pins are used to set the input/output direction of the Port C pin.

PC7DIR Description
0 PC7 pin: Output (initial value)
1 PC7 pin: Input

PC6DIR Description
0 PC6 pin: Output (initial value)
1 PC6 pin: Input

PC5DIR Description
0 PCS5 pin: Output (initial value)
1 PCS5 pin: Input

PC4DIR Description
0 PC4 pin: Output (initial value)
1 PC4 pin: Input

PC3DIR Description
0 PC3 pin: Output (initial value)
1 PC3 pin: Input

PC2DIR Description
0 PC2 pin: Output (initial value)
1 PC2 pin: Input

PC1DIR Description
0 PC1 pin: Output (initial value)
1 PC1 pin: Input

PCODIR Description
0 PCO pin: Output (initial value)
1 PCO pin: Input

21-5



ML610Q380/ML610Q383/ML610Q384/ML610Q385 User’s Manual
Chapter 21 Port C

21.2.4  Port C control registers 0, 1 (PCCONO, PCCON1)

Address: 0F262H
Access: RIW

Access size: 8/16 bits
Initial value: O0OH

7 6 5 4 3 2 1 0
PCCONO PC7CO PC6CO PC5CO PC4CO0 PC3CO0 PC2CO PC1CO PCOCO
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: 00H
7 6 5 4 3 2 1 0
PCCON1 PC7C1 PC6C1 PC5C1 PC4C1 PC3C1 PC2C1 PCi1C1 PCOC1
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

PCCONO and PCCONL1 are special function registers (SFRs) to select input/output state of the Port C pin. The
input/output state is different between input mode and output mode. Input or output is selected by using the PCDIR
register.

[Description of Bits]

e PC7C1-PCOC1, PC7C0-PCOCO (bits 7-0)
The PC7C1 to PCOC1 pins and the PC7CO0 to PCOCO pins 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.

When output mode is selected When input mode is selected
(PC7DIR bit = “0") (PC7DIR bit = “1")
PC7C1 | PC7CO Description
0 0 PC7 pin: High-impedance output (initial value) PC7 pin: High-impedance input
0 1 PC7 pin: P-channel open drain output PC7 pin: Input with a pull-down resistor
1 0 PC7 pin: N-channel open drain output PC7 pin: Input with a pull-up resistor
1 1 PC7 pin: CMOS output PC7 pin: High-impedance input
When output mode is selected When input mode is selected
(PC6DIR bit = “0") (PC6DIR bit = “1")
PC6C1 | PC6CO Description
0 0 PC6 pin: High-impedance output (initial value) PC6 pin: High-impedance input
0 1 PC6 pin: P-channel open drain output PC6 pin: Input with a pull-down resistor
1 0 PC6 pin: N-channel open drain output PC6 pin: Input with a pull-up resistor
1 1 PC6 pin: CMOS output PC6 pin: High-impedance input
When output mode is selected When input mode is selected
(PC5DIR bit = “0") (PC5DIR bit = “17)
PC5C1 | PC5CO Description
0 0 PC5 pin: High-impedance output (initial value) PCS5 pin: High-impedance input
0 1 PC5 pin: P-channel open drain output PCS5 pin: Input with a pull-down resistor
1 0 PC5 pin: N-channel open drain output PCS5 pin: Input with a pull-up resistor
1 1 PC5 pin: CMOS output PC5 pin: High-impedance input
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When output mode is selected
(PC4DIR bit = “0")

When input mode is selected

(PC4DIR bit = “1")

PC4C1 | PC4CO Description
0 0 PC4 pin: High-impedance output (initial value) PC4 pin: High-impedance input
0 1 PCA4 pin: P-channel open drain output PC4 pin: Input with a pull-down resistor
1 0 PC4 pin: N-channel open drain output PC4 pin: Input with a pull-up resistor
1 1 PC4 pin: CMOS output PC4 pin: High-impedance input
When output mode is selected When input mode is selected
(PC3DIR bit = “0") (PC3DIR bit = “1")
PC3C1 | PC3CO Description
0 0 PC3 pin: High-impedance output (initial value) PC3 pin: High-impedance input
0 1 PC3 pin: P-channel open drain output PC3 pin: Input with a pull-down resistor
1 0 PC3 pin: N-channel open drain output PC3 pin: Input with a pull-up resistor
1 1 PC3 pin: CMOS output PC3 pin: High-impedance input
When output mode is selected When input mode is selected
(PC2DIR bit = “0") (PC2DIR bit = “1")
PC2C1 | PC2CO Description
0 0 PC2 pin: High-impedance output (initial value) PC2 pin: High-impedance input
0 1 PC2 pin: P-channel open drain output PC2 pin: Input with a pull-down resistor
1 0 PC2 pin: N-channel open drain output PC2 pin: Input with a pull-up resistor
1 1 PC2 pin: CMOS output PC2 pin: High-impedance input
When output mode is selected When input mode is selected
(PC1DIR bit = “07) (PC1DIR bit = “1")
PC1C1 | PC1CO Description
0 0 PC1 pin: High-impedance output (initial value) PC1 pin: High-impedance input
0 1 PC1 pin: P-channel open drain output PC1 pin: Input with a pull-down resistor
1 0 PC1 pin: N-channel open drain output PC1 pin: Input with a pull-up resistor
1 1 PC1 pin: CMOS output PC1 pin: High-impedance input
When output mode is selected When input mode is selected
(PCODIR bit = “07) (PCODIR bit = “1")
PCOC1 | PCOCO Description
0 0 PCO pin: High-impedance output (initial value) PCO pin: High-impedance input
0 1 PCO pin: P-channel open drain output PCO pin: Input with a pull-down resistor
1 0 PCO pin: N-channel open drain output PCO pin: Input with a pull-up resistor
1 1 PCO pin: CMOS output PCO pin: High-impedance input
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21.3 Description of Operation

21.3.1 Input/Output Port Functions

For each pin of Port C, either output or input is selected by setting the Port C direction register (PCDIR).

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 C control registers 0 and 1 (PCCONO and PCCON1).

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 C control registers 0 and 1 (PCCONO and PCCONL1).

At a system reset, high-impedance output mode is selected as the initial state.

In output mode, “L” or “H” level is output to each pin of Port C depending on the value set by the Port C data register
(PCD).

In input mode, the input level of each pin of Port C can be read from the Port C data register (PCD).

Note:
Either an 1/O Port or a segment driver output can be selected as a function of SEG8 to SEG15 by a LCD port segment
selection register(LSELSL). For details of the LCD driver, refer to the “Chapter 23 LCD driver”.
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22. PortD

22.1 Overview

This LSl includes Port D (PDO to PD7), which is a 8-bit input/output port.
Either an 1/0 Port or a segment driver output can be selected as a function of SEG16 to SEG23 by a LCD port segment
selection register(LSELS?2). For details of the LCD driver, refer to the “Chapter 23 LCD driver”.

22.1.1 Features

o Allows selection of high-impedance output, P-channel open drain output, N-channel open drain output, or CMOS
output in output mode for each bit.

o Allows selection of high-impedance input, input with a pull-down resistor, or input with a pull-up resistor in input
mode for each bit.

e Either an I/O Port or a segment driver output can be selected as a function of SEG16 to SEG23 by a LCD port
segment selection register(LSELS?2).

22.1.2 Configuration

—— Pull-up Data bus
Pull-down
—— Controller

Voo Vss T PDDIR |
l PDCONO,1|~ ~

8 %I}— PortD

Output e<—>

Controller

I

_ oo SEG16~SEG23

PDO~PD7 C

S
1

PDD : Port D data register

PDDIR : Port D direction register
PDCONO : Port D control register 0
PDCON1 : Port D control register 1

Figure 22-1 Configuration of Port D
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22.1.3 List of Pins

Pin name 110 Primary function Secondary function
PDO I/O | Input/output port SEG16
PD1 I/O | Input/output port SEG17
PD2 I/O | Input/output port SEG18
PD3 I/O | Input/output port SEG19
PD4 I/O | Input/output port SEG20
PD5 I/O | Input/output port SEG13
PD6 I/O | Input/output port SEG14
PD7 /0 | Input/output port SEG15
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22.2 Description of Registers

22.2.1 List of Registers

Address Name Symbol (Byte) | Symbol (Word) | R/W Size [Initial value
0F268H Port D data register PDD — R/W 8 00H
0F269H Port D direction register PDDIR — R/W 8 00H
0F26AH Port D control register 0 PDCONO PDCON R/W 8/16 00H
0OF26BH Port D control register 1 PDCON1 R/W 8 00H
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22.2.2 Port D data register (PDD)

Address: 0F268H
Access: RIW

Access size: 8 bits
Initial value: OOH

7 6 5 4 3 2 1 0
PDD PD7D PD6D PD5D PD4D PD3D PD2D PD1D PDOD
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

PDD is a special function register (SFR) to set the value to be output to the Port D pin or to read the input level of the
Port D. In output mode, the value of this register is output to the Port D pin. The value written to PDD is readable.
In input mode, the input level of the Port D pin is read when PDD is read. Output mode or input mode is selected by
using the port direction register (PDDIR) described later.

[Description of Bits]

e PD7D-PDOD (bits 7-0)
The PD5D to PDOD bits are used to set the output value of the Port D pin in output mode and to read the pin level of
the Port D pin in input mode.

PD7D Description

0 Output or input level of the PD7 pin: "L”

1 Output or input level of the PD7 pin: "H”
PD6D Description

0 Output or input level of the PD6 pin: "L”

1 Output or input level of the PD6 pin: "H”
PD5D Description

0 Output or input level of the PD5 pin: "L”

1 Output or input level of the PD5 pin: "H”
PD4D Description

0 Output or input level of the PD4 pin: "L”

1 Output or input level of the PD4 pin: "H”
PD3D Description

0 Output or input level of the PD3 pin: "L”

1 Output or input level of the PD3 pin: "H”
PD2D Description

0 Output or input level of the PD2 pin: "L”

1 Output or input level of the PD2 pin: "H”
PD1D Description

0 Output or input level of the PD1 pin: "L”

1 Output or input level of the PD1 pin: "H”
PDOD Description

0 Output or input level of the PDO pin: "L”

1 Output or input level of the PDO pin: "H”
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22.2.3 Port D Direction Register (PDDIR)

Address: 0F269H
Access: R/W

Access size: 8 bits
Initial value: OOH

7 6 5 4 3 2 1 0
PDDIR PD7DIR PD6DIR PD5DIR PD4DIR PD3DIR PD2DIR PD1DIR PDODIR
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

PDDIR is a special function register (SFR) to select the input/output mode of Port D.

[Description of Bits]
e PD7DIR-PDODIR (bits 7-0)
The PD7DIR to PDODIR pins are used to set the input/output direction of the Port D pin.

PD7DIR Description
0 PD7 pin: Output (initial value)
1 PD7 pin: Input

PD6DIR Description
0 PD6 pin: Output (initial value)
1 PD6 pin: Input

PD5DIR Description
0 PD5 pin: Output (initial value)
1 PDS5 pin: Input

PD4DIR Description
0 PD4 pin: Output (initial value)
1 PD4 pin: Input

PD3DIR Description
0 PD3 pin: Output (initial value)
1 PD3 pin: Input

PD2DIR Description
0 PD2 pin: Output (initial value)
1 PD2 pin: Input

PD1DIR Description
0 PD1 pin: Output (initial value)
1 PD1 pin: Input

PDODIR Description
0 PDO pin: Output (initial value)
1 PDO pin: Input
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22.2.4  Port D control registers 0, 1 (PDCONO, PDCON1)

Address: 0OF26AH
Access: RIW

Access size: 8/16 bits
Initial value: O0OH

7 6 5 4 3 2 1 0
PDCONO PD7CO PD6CO PD5CO PD4CO PD3CO PD2CO PD1CO PDOCO
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: 0F26BH
Access: RIW
Access size: 8 bits
Initial value: 00H
7 6 5 4 3 2 1 0
PDCON1 PD7C1 PD6C1 PD5C1 PD4C1 PD3C1 PD2C1 PD1C1 PDOC1
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

PDCONO and PDCONL1 are special function registers (SFRs) to select input/output state of the Port D pin. The
input/output state is different between input mode and output mode. Input or output is selected by using the PDDIR
register.

[Description of Bits]

e PD7C1-PDOC1, PD7C0-PDOCO (bits 7-0)
The PD7C1 to PDOC1 pins and the PD7CO0 to PDOCO pins 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.

When output mode is selected When input mode is selected
(PD7DIR bit = “0") (PD7DIR bit = “1")
PD7C1 | PD7CO Description
0 0 PD7 pin: High-impedance output (initial value) PD7 pin: High-impedance input
0 1 PD7 pin: P-channel open drain output PD7 pin: Input with a pull-down resistor
1 0 PD7 pin: N-channel open drain output PD7 pin: Input with a pull-up resistor
1 1 PD7 pin: CMOS output PD7 pin: High-impedance input
When output mode is selected When input mode is selected
(PD6DIR bit = “0") (PD6DIR bit = “1")
PD6C1 | PD6CO Description
0 0 PD6 pin: High-impedance output (initial value) PD6 pin: High-impedance input
0 1 PD6 pin: P-channel open drain output PD6 pin: Input with a pull-down resistor
1 0 PD6 pin: N-channel open drain output PD6 pin: Input with a pull-up resistor
1 1 PD6 pin: CMOS output PD6 pin: High-impedance input
When output mode is selected When input mode is selected
(PD5DIR bit = “0") (PD5DIR bit = “17)
PD5C1 | PD5CO Description
0 0 PD5 pin: High-impedance output (initial value) PD5 pin: High-impedance input
0 1 PD5 pin: P-channel open drain output PD5 pin: Input with a pull-down resistor
1 0 PD5 pin: N-channel open drain output PD5 pin: Input with a pull-up resistor
1 1 PD5 pin: CMOS output PD5 pin: High-impedance input
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When output mode is selected
(PD4DIR bit = “07)

When input mode is selected

(PD4DIR bit = “1")

PD4C1 | PD4CO Description
0 0 PD4 pin: High-impedance output (initial value) PD4 pin: High-impedance input
0 1 PD4 pin: P-channel open drain output PD4 pin: Input with a pull-down resistor
1 0 PD4 pin: N-channel open drain output PD4 pin: Input with a pull-up resistor
1 1 PD4 pin: CMOS output PD4 pin: High-impedance input
When output mode is selected When input mode is selected
(PD3DIR bit = “07) (PD3DIR bit = “1")
PD3C1 | PD3CO Description
0 0 PD3 pin: High-impedance output (initial value) PD3 pin: High-impedance input
0 1 PD3 pin: P-channel open drain output PD3 pin: Input with a pull-down resistor
1 0 PD3 pin: N-channel open drain output PD3 pin: Input with a pull-up resistor
1 1 PD3 pin: CMOS output PD3 pin: High-impedance input
When output mode is selected When input mode is selected
(PD2DIR bit = “0") (PD2DIR bit = “1")
PD2C1 | PD2CO Description
0 0 PD2 pin: High-impedance output (initial value) PD2 pin: High-impedance input
0 1 PD2 pin: P-channel open drain output PD2 pin: Input with a pull-down resistor
1 0 PD2 pin: N-channel open drain output PD2 pin: Input with a pull-up resistor
1 1 PD2 pin: CMOS output PD2 pin: High-impedance input
When output mode is selected When input mode is selected
(PD1DIR bit = “07) (PD1DIR bit = “1")
PD1C1 | PD1CO Description
0 0 PD1 pin: High-impedance output (initial value) PD1 pin: High-impedance input
0 1 PD1 pin: P-channel open drain output PD1 pin: Input with a pull-down resistor
1 0 PD1 pin: N-channel open drain output PD1 pin: Input with a pull-up resistor
1 1 PD1 pin: CMOS output PD1 pin: High-impedance input
When output mode is selected When input mode is selected
(PDODIR bit = “0”) (PDODIR bit = “1")
PDOC1 | PDOCO Description
0 0 PDO pin: High-impedance output (initial value) PDO pin: High-impedance input
0 1 PDO pin: P-channel open drain output PDO pin: Input with a pull-down resistor
1 0 PDO pin: N-channel open drain output PDO pin: Input with a pull-up resistor
1 1 PDO pin: CMOS output PDO pin: High-impedance input
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22.3 Description of Operation

22.3.1 Input/Output Port Functions

For each pin of Port D, either output or input is selected by setting the Port D direction register (PDDIR).

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 D control registers 0 and 1 (PDCONO and PDCON1).

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 D control registers 0 and 1 (PDCONO and PDCONZ1).

At a system reset, high-impedance output mode is selected as the initial state.

In output mode, “L” or “H” level is output to each pin of Port D depending on the value set by the Port D data register
(PDD).

In input mode, the input level of each pin of Port D can be read from the Port D data register (PDD).

Note:
Either an 1/O Port or a segment driver output can be selected as a function of SEG8 to SEG15 by a LCD port segment
selection register(LSELSL). For details of the LCD driver, refer to the “Chapter 23 LCD driver”.
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23. LCD Dirivers

23.1 Overview

This LSl includes LCD drivers that display the contents that are set in the display register.
The LCD drivers handle the LCD display functions with three blocks.

1. Display registers
2. Display control

3. Drivers
Drivers
Display registers COM driver \
DSPR17 CoM
DSPR16 ——
1 SEG driver N—
1
SEG
! LCD
: I Panel
! LCD drive voltage control
DSPRO2 Duty
DSPRO1 Bi
DSPRO0 as
Frame frequency

Display control

Figure 23-1 Configuration of LCD Display Function

The display registers are used to store the contents to be displayed as bit patterns.
The bit patterns depends on the specification of the LCD panel to be used (display pattern and assignment of the COM
pin and SEG pin).

The display control circuit generates LCD drive waveforms according to the characteristics of the LCD.
A duty, a frame frequency suitable for the LCD panel can be selected.
SEG8 to SEG23 pins can be used also as 1/0 port. When not using a LCD display function, it can be used as an 1/0 Port..
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23.1.1 Features

The LCD drivers are applicable to various types of LCD panels. The features include:

96 dots max. (24seg x 4com)

1/1 to 1/4 duty

1/2, 1/3bias

Frame frequency selectable (8 types)

“ALL LCDs on” mode and “ALL LCDs off” mode.

“SEG port output: SEG ports can be individually selected in a segment output function or a I1/O port function.

23.1.2  Configuration of the LCD Drivers

Figure 23-2 shows the configuration of the LCD drivers and the bias generation circuit.

COMO --- COM3 SEGO  ---  SEG23™
T ------------- /T\ /T\ /T\
Common Segment
drivers drivers
/
Common control Display control
LCD drive circuit circuit
voltage
control
circuit
—>
DSPMODO T
DSPCON DSPROO —
DSPR17 ?
\
A 4 Data bus

(*1) combination SEG port and /O port.
DSPMODO : Display mode register 0

DSPCON : Display control register
DSPRO0 to DSPR17  : Display registers

Figure 23-2 Configuration of LCD Drivers

23-2



ML610Q380/ML610Q383/ML610Q384/ML610Q385 User’s Manual
Chapter 23 LCD Drivers

23.1.3 Configuration of the LCD drive voltage control circuit

Connect external partial pressure resistance to the power supply terminal for LCD drivers (V itoV,3), and impress LCD
driver drive voltage..
Figure 23-3 shows the configurations of the LCD drive voltage control circuit..

| Voo

—
LCD drive
Cc Vis voltage To common circuit,
) control Display contorol circuit
circuit (Vii~Vis)
<
L
1/3bias
Voo
—
Cc Vis LCD drive To common circuit
) voltage Display contorol circuit
Ris control (Via~Vis)
circuit
[
1/2 bias

23-3 Configuration of the LCD drive voltage control circuit

Note;

The recommendation value of R ; to R 5 is 200k Q and the recommendation value of Ca to Cc is 0.22 pF.

Adjust a value according to the LCD panel, the number of segment pins, the number of common pins, and frame
frequency to be used.
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23.1.4 List of Pins
Pin name /0 Description

Vi, — Power supply pin for LCD bias

Vi — Power supply pin for LCD bias

Vi3 — Power supply pin for LCD bias
COMO ®) LCD common pin
COM1 ®) LCD common pin
COM2 ®) LCD common pin
COM3 @) LCD common pin
SEGO ®) LCD segment pin
SEG1 o LCD segment pin
SEG2 @) LCD segment pin
SEG3 o LCD segment pin
SEG4 o LCD segment pin
SEG5 @] LCD segment pin
SEG6 o LCD segment pin
SEG7 @] LCD segment pin
PCO/SEG8 o LCD segment pin
PC1/SEG9 0] LCD segment pin
PC2/SEG10 O LCD segment pin
PC3/SEG11 o LCD segment pin
PC4/SEG12 O LCD segment pin
PC5/SEG13 O LCD segment pin
PC6/SEG14 O LCD segment pin
PC7/SEG15 O LCD segment pin
PDO/SEG16 O LCD segment pin
PD1/SEG17 O LCD segment pin
PD2/SEG18 O LCD segment pin
PD3/SEG19 O LCD segment pin
PD4/SEG20 @) LCD segment pin
PD5/SEG21 O LCD segment pin
PD6/SEG22 O LCD segment pin
PD7/SEG23 O LCD segment pin
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23.2 Description of Registers

23.2.1 List of Registers

Symbol . i,
Address Name Symbol (Byte) (Word) R/W | Size | Initial value
OFOFOH Bias circuit control register BIASCON — R/W 8 08H
OFOF2H Display mode register 0 DSPMODO — R/W 8 00H
OFOF4H Display control register DSPCON — R/W 8 00H
OF100H to | Display register 00 to Display register 17 DSPROO0 to
OF117H DSPR23 B RIW 1 o O0H
OF8F1H LCD port segment selection register 1 LSELS1 — R/W 8 OOH
OF8F2H LCD port segment selection register 2 LSELS2 — R/W 8 OOH
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23.2.2  Bias Circuit Control Register 0 (BIASCON)

Address: OFOFOH
Access: R/W

Access size: 8 bits
Initial value: 30H

7 6 5 4 3 2 1 0
BIASCON — — BSEL1 BSELO — — — —
R/W R R R/W R/W R R R R
Initial value 0 0 1 1 0 0 0 0

BIASCON is a special function register (SFR) to control the bias generation circuit.

[Description of Bits]

e BSEL (bit5to4)
The BSEL bit sets up the bias of a bias generating circuit.
1/2 bias or 1/3 bias can be chosen..

BSEL1 BSELO Description
0 0 1/3 bias
0 1 Prohibited
1 0 Prohibited
1 1 1/2 bias (initial value)
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23.2.3 Display Mode Register 0 (DSPMODO)

Address: OFOF2H
Access: R/W

Access size: 8 bits
Initial value: OOH

7 6 5 4 3 2 1 0
DSPMODO FRM2 FRM1 FRMO — — — DUTY1 DUTYO
R/W R/W R/W R/W R R R R/W R/W
Initial value 0 0 0 0 0 0 0 0

DSPMODO is a special function register (SFR) to control the display mode of the LCD drivers.

[Description of Bits]
e DUTY1-DUTYO (bits 1-0)
The DUTY1 to DUTYO bits are used to specify the duty in 4steps (1/1 to 1/4).

DUTY1 DUTYO Description
0 0 1/1 duty (initial value)
0 1 1/2 duty
1 0 1/3 duty
1 1 1/4 duty

¢ FRM1-FRMO (bits 7-5)
The FRM2 to FRMO bits are used to select a frame frequency of the LCD drivers.

FRM?2 FRM1 FRMO Description

0 0 0 Reference frequency: 64 Hz (initial value)

0 0 1 Reference frequency: 73 Hz

0 1 0 Reference frequency: 85 Hz

0 1 1 Reference frequency: 102 Hz

1 0 0 Reference frequency: 32 Hz

1 0 1 Reference frequency: 128 Hz

1 1 0 Reference frequency: 171 Hz

1 1 1 Reference frequency: 256 Hz

Table 23-1-1 Frame Frequency for Each Duty
Frame frequency [HZz]
Duty Reference Reference Reference Reference
frequency 64Hz frequency 73Hz frequency 85Hz frequency 102Hz
1/1 duty 64.00 73.14 85.33 102.40
1/2 duty 64.00 73.14 85.33 102.40
1/3 duty 64.25 73.31 85.33 103.04
1/4 duty 64.00 73.14 85.33 102.40
Frame frequency [HZz]
Duty Reference Reference Reference Reference
frequency 32Hz frequency 128Hz frequency 171Hz frequency 256Hz

1/1 duty 32.00 128.00 170.67 256.00
1/2 duty 32.00 128.00 170.67 256.00
1/3 duty 32.13 128.50 170.67 256.02
1/4 duty 32.00 128.00 170.67 256.00
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23.2.4 Display Control Register (DSPCON)

Address: OFOF4H
Access: R/W

Access size: 8 bits
Initial value: OOH

7 6 5 4 3 2 1 0
DSPCON — — — — — — LMD1 LMDO
R/W R R R R R R R/W R/W
Initial value 0 0 0 0 0 0 0 0

DSPCON is a special function register (SFR) to control the LCD drivers.

[Description of Bits]

e LMD1-LMDO (bits 1, 0)
The LMD1 and LMDO bits are used to select an LCD display mode.
LCD stop mode, all LCDs off mode, LCD display mode, and all LCDs on mode can be selected.
In LCD stop mode, V¢ level is output to all the common drivers and segment drivers. The charge and discharge
current to and from the display panel can be stopped.
In all LCDs off mode, off waveform is output to all the segment drivers irrespective of the contents of the display
registers.
In LCD display mode, the contents of the display registers are output to each segment driver.
In all LCDs on mode, on waveform is output to all the segment drivers irrespective of the contents of the display
registers.

LMD1 LMDO Description
0 0 LCD stop mode (initial value)
0 1 All LCDs off mode
1 0 LCD display mode
1 1 All LCDs on mode
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23.2.5 Display Registers (DSPR00 to DSPR17)

Address: 0F100H to OF117H
Access: R/W

Access size: 8 bits

Initial value: OOH

7 6 5 4 3 2 1 0

DSPRxx — — — — c3 c2 cl cO
R/W R R R R R/W R/W R/W R/W

Initial value 0 0 0 0 0 0 0 0

DSPRxx (xx = 00 to 17) are special function registers (SFRs) to store display data.
Set data in DSPRxx before setting LCD display mode.
Table 23-2 list display registers.
[Description of Bits]
e ¢3-c0 (bits 4-0)
The c3 to c0 bits are used to set display data.

c3to cO Description
0 off waveform
1 on waveform

23-9



ML610Q380/ML610Q383/ML610Q384/ML610Q385 User’s Manual
Chapter 23 LCD Drivers

Table 23-4 Display Registers

Symbol Address Segment bit7 | bité | bit5 | bit4 | bit3 | bit2 | bitl | bit0 R/W
DSPRO00O OF100H SEGO - - - - c3 c2 cl c0 R/IW
DSPRO1 O0F101H SEG1 - - - - c3 c2 cl c0 R/W
DSPR02 0F102H SEG2 - - - - c3 c2 cl c0 R/W
DSPRO03 O0F103H SEG3 - - - - c3 c2 cl c0 R/W
DSPRO04 0F104H SEG4 - - - - c3 c2 cl c0 R/W
DSPRO05 O0F105H SEG5 - - - - c3 c2 cl c0 R/W
DSPR06 O0F106H SEG6 - - - - c3 c2 cl c0 R/W
DSPRO7 O0F107H SEG7 - - - - c3 c2 cl c0 R/W
DSPRO08 O0F108H SEG8 - - - - c3 c2 cl c0 R/IW
DSPR09 O0F109H SEG9 - - - - c3 c2 cl c0 R/W
DSPROA OF10AH SEG10 - - - - c3 c2 cl c0 R/IW
DSPROB OF10BH SEG11 - - - - c3 c2 cl c0 R/W
DSPROC OF10CH SEG12 - - - - c3 c2 cl c0 R/W
DSPROD OF10DH SEG13 - - - - c3 c2 cl c0 R/W
DSPROE OF10EH SEG14 - - - - c3 c2 cl c0 R/W
DSPROF OF10FH SEG15 - - - - c3 c2 cl c0 R/W
DSPR10 OF110H SEG16 - - - - c3 c2 cl c0 R/IW
DSPR11 OF111H SEG17 - - - - c3 c2 cl c0 R/IW
DSPR12 OF112H SEG18 - - - - c3 c2 cl c0 R/IW
DSPR13 OF113H SEG19 - - - - c3 c2 cl c0 R/IW
DSPR14 OF114H SEG20 - - - - c3 c2 cl c0 R/IW
DSPR15 OF115H SEG21 - - - - c3 c2 cl c0 R/IW
DSPR16 OF116H SEG22 - - - - c3 c2 cl c0 R/IW
DSPR17 OF117H SEG23 - - - - c3 c2 cl c0 R/IW
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23.2.6 LCD port segment selection register 1 (LSELS1)

Address: OF8F1H
Access: R/W

Access size: 8 bits
Initial value: OOH

7 6 5 4 3 2 1 0
LSELS1 LSELS15 | LSELS14 | LSELS13 | LSELS12 | LSELS11 | LSELS10 | LSELSQ9 | LSELSO08
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

LSELSL is a Special function register which selects 1/0 Port (port C) or Segment driver output as a function of SEG8 to
SEG15 port.
Set up LSELS1 before displaying LCD.

[Description of Bits]
e LSELSI15 (bits 7)
LSELS15 is a bit which selects 1/0 Port (PC7) or Segment driver output (SEG15) as a function of SEG15.

LSELS15 Description
0 Use as an I/O Port (PC7) (initial value)
1 Use as a segment driver output (SEG15)

e LSELS14 (bits 6)
LSELS14 is a bit which selects 1/0 Port (PC6) or Segment driver output (SEG14) as a function of SEG14.

LSELS14 Description
0 Use as an I/O Port (PC6) (initial value)
1 Use as a segment driver output (SEG14)

e LSELS13 (bits 5)
LSELS13 is a bit which selects 1/0 Port (PC5) or Segment driver output (SEG13) as a function of SEG13.

LSELS13 Description
0 Use as an I/O Port (PC5) (initial value)
1 Use as a segment driver output (SEG13)

e LSELS12 (bits 4)
LSELS12 is a bit which selects 1/0 Port (PC4) or Segment driver output (SEG12) as a function of SEG12.

LSELS12 Description
0 Use as an I/O Port (PC4) (initial value)
1 Use as a segment driver output (SEG12)

e LSELS11 (bits 3)
LSELS11 is a bit which selects 1/0 Port (PC3) or Segment driver output (SEG11) as a function of SEG11.

LSELS11 Description
0 Use as an I/O Port (PC3) (initial value)
1 Use as a segment driver output (SEG11)

23-11



ML610Q380/ML610Q383/ML610Q384/ML610Q385 User’s Manual
Chapter 23 LCD Drivers

e LSELSI1O0 (bits 2)
LSELS10 is a bit which selects 1/0 Port (PC2) or Segment driver output (SEG10) as a function of SEG10.

LSELS10 Description
0 Use as an I/O Port (PC2) (initial value)
1 Use as a segment driver output (SEG10)

e LSELSQ9 (bits 1)
LSELSQ9 is a bit which selects 1/0O Port (PC1) or Segment driver output (SEG09) as a function of SEG09.

LSELS09 Description
0 Use as an I/O Port (PC1) (initial value)
1 Use as a segment driver output (SEG09)

e L SELSO8 (bits 0)
LSELSO8 is a bit which selects 1/0 Port (PC0) or Segment driver output (SEG08) as a function of SEG08.

LSELS08 Description
0 Use as an I/O Port (PCO) (initial value)
1 Use as a segment driver output (SEG08)
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23.2.7 LCD port segment selection register 1 (LSELS2)

Address: OF8F2H
Access: R/W

Access size: 8 bits
Initial value: OOH

7 6 5 4 3 2 1 0
LSELS2 LSELS23 | LSELS22 | LSELS21 | LSELS20 | LSELS19 | LSELS18 | LSELS17 | LSELS16
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

LSELS2 is a Special function register which selects 1/0 Port (port D) or Segment driver output as a function of SEG16 to
SEG23 port.
Set up LSELS2 before displaying LCD.

[Description of Bits]
e LSELS23 (bits 7)
LSELS23 is a bit which selects 1/0 Port (PD7) or Segment driver output (SEG23) as a function of SEG23.

LSELS23 Description
0 Use as an I/O Port (PD7) (initial value)
1 Use as a segment driver output (SEG23)

e LSELS22 (bits 6)
LSELS22 is a bit which selects 1/0 Port (PD6) or Segment driver output (SEG22) as a function of SEG22.

LSELS22 Description
0 Use as an I/O Port (PD6) (initial value)
1 Use as a segment driver output (SEG22)

o LSELS21 (bits 5)
LSELS21 is a bit which selects 1/0 Port (PD5) or Segment driver output (SEG21) as a function of SEG21.

LSELS21 Description
0 Use as an I/O Port (PD5) (initial value)
1 Use as a segment driver output (SEG21)

e LSELS20 (bits 4)
LSELS20 is a bit which selects 1/0 Port (PD4) or Segment driver output (SEG20) as a function of SEG20.

LSELS20 Description
0 Use as an I/O Port (PD4) (initial value)
1 Use as a segment driver output (SEG20)

e LSELS19(bits 3)
LSELS19 is a bit which selects 1/0 Port (PD3) or Segment driver output (SEG19) as a function of SEG19.

LSELS19 Description
0 Use as an I/O Port (PD3) (initial value)
1 Use as a segment driver output (SEG19)
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e LSELSI18 (hits 2)
LSELS18 is a bit which selects 1/0 Port (PD2) or Segment driver output (SEG18) as a function of SEG18.

LSELS18 Description
0 Use as an I/O Port (PD2) (initial value)
1 Use as a segment driver output (SEG18)

e LSELS17 (bits 1)
LSELS179 is a bit which selects 1/0 Port (PD1) or Segment driver output (SEG17) as a function of SEG17.

LSELS17 Description
0 Use as an 1/O Port (PD1) (initial value)
1 Use as a segment driver output (SEG17)

e LSELSI16 (hits 0)
LSELS16 is a bit which selects 1/0 Port (PDO0) or Segment driver output (SEG16) as a function of SEG16.

LSELS16 Description
0 Use as an I/0 Port (PDO) (initial value)
1 Use as a segment driver output (SEG16)
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23.3 Description of Operation

23.3.1  Operation of LCD Drivers and Bias Generation Circuit
Figure 23-4 shows the operation of the LCD drivers and the bias generation circuit.

Reset

RESET_N

LMD1, LMDO
Common output

COMO~COM3 Vss Common output waveform
Segment output

SEGO~SEG7 Vss Segment output waveform
Segment output -

SEG8~SEG23 HiZ output | Vss Segment output waveform

@ QO] ®

Figure 23-4 Operation of LCD Drivers and Bias Generation Circuit

System reset causes the LCD drivers to stop operation and the segment port which is the combination with a
general-purpose port will function as a general-purpose port, and will be in a HiZ output state.

Segment port output is selected by the LCD port segment register (LSELS1 to 2). Vss level is outputted to each
segment port.

1/2 bias or 1/3 bias is selected by the bias circuit control register (BIASCON).

Frame frequency and duty are set up with a display mode register(DSPMOD).

Display data (DSPRO00 to DSPR17) is set as an display register..

LDC is set as display mode by LMD1, LMDO bit of a display control register (DSPCON).( A display waveform is
outputted to each segment port.)

OO O ©6
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23.3.2 Display Registers Segment Map

Figure 23-5 shows the display registers segment map.

(92] AN

AN AN — o

0 O O O

L ] L L

i ]
DSPR17[3]; DSPR16[3], ----- | DSPRO1[3] | DSPROO[3] | <— COM3
DSPR172]; DSPR16[2;, ~  ----- | DSPRO1[2] | DSPROO[2] | «— COM2
DSPR17 [1} DSPRI6[1] ~  ----- | DSPRO1[1] | DSPROO[1] | <— COM1
DSPR17 [0} DSPR16[0}]  ----- ' DSPRO1[0] | DSPROO[0] | <— COMO

ML610Q411/ML610Q415

Figure 23-5 Configurations of Display register segment map
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23.3.3  Common Output Waveform for 1/4 duty and 1/3 bias

Figure 23-6 shows the common output waveforms for 1/4 duty and 1/3 bias.

Frame Frequency

About 32Hz to about 256Hz
0 1 2 3
CcOoMO0
coM1
CcOoM2
CcOoM3
Figure 23-6

Common Output Waveforms for 1/4 Duty and 1/3 Bias
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23.3.4  Segment Output Waveform for 1/4 duty and 1/3 bias

Figure 23-7 shows the segment output waveforms for 1/4 duty and 1/3 bias.

Frame Frequency
About 32Hz to about 256Hz
0 1 2 3 0 1 2 3
Data 0 0 0 0 0 0 0 0
VL3
Vio
SEGn
VLl
Vss
Data 1 0 0 0 1 0 0 0
VL3
V
SEGn -
Vi
VSS
Data 0 1 0 0 0 1 0 0
VL3
Vio
SEGn
VLl
Vss
Data 1 1 0 0 1 1 0 0
Vis
V
SEGn -
Vi
VSS
Data 0 1 0 1 0 1 0 1
VL3
Vio
SEGn
VLl
Vss
Data 1 0 1 1 1 0 1 1
Vis
V
SEGn -
Vi
VSS
Data 0 11 1 0 1 1 1
VL3
Vio
SEGn
VLl
Vss
Data 1 1 1 1 1 1 1 1
Vis
V
SEGn -
Vi
VSS

Figure 23-7 Segment Output Waveforms for 1/4 Duty and 1/3 Bias
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23.3.5 Common Output Waveform for 1/4 duty and 1/2 bias

Figure 23-8 shows the segment output waveforms for 1/4 duty and 1/2 bias.

COMO

CoM1

COom2

COM3

Frame Frequency

About 32Hz to about 256Hz

Figure 23-8 Common Output Waveforms for 1/4 Duty and 1/2 Bias
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23.3.6  Segment Output Waveform for 1/4 duty and 1/2 bias

Figure 23-9 shows the segment output waveforms for 1/4 duty and 1/2 bias.

Frame Frequency
About 32Hz to about 256Hz
0 1 2 3 0 1 2 3
t 0 0 0 0 0 0 0 0
Vis
SEGnh
Vi1 =V
Vss
t 1 0 0 0 1 0 0 0
V,
SEGn -
Vi =V
VSS
t 0 1 0 0 0 1 0 0
Vis
SEGnh
VLl
Vss
t 1 1 0 0 1 1 0 0
V,
SEGn -
Vi =V
Vss
t 0 1 0 T 0 1 0 1
Vis
SEGn
Vi1 =V
Vss
t 1 0 1 1 1 0 1 1
V,
SEGn -
Vi =V
VSS
t 0 1 1 1 0 1 1 1
Vis
SEGn
Vi1 =Vio
Vss
3 1 1 1 1 1 1 1 1
V,
SEGn -
Vi =V
VSS

Figure 23-9 Segment Output Waveforms for 1/4 Duty and 1/2 Bias
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24. Successive Approximation Type A/D Converter (SA-ADC)

24.1 Overview

This LSI has a built-in 8-channel successive approximation type A/D converter (SA-ADC).

The SA-ADC operates only when the DSAD bit of the block control register 4 (BLKCON4) is “0”.  When the DUAO
bit is “1”, every function of the UART is in a reset state.

For the block control registers, see Chapter 4, “MCU Control Function”.

2411 Features

o Built-in sample/hold 10-bit successive approximation type A-D converter, which enables channel selection from 8
channels

24.1.2  Configuration
Figure 24-1 shows the configuration of SA-ADC.

Voo 10-bit
V\?E; successive
approximatio —\]
Anal n type A/D
P30/AINO haliog conversion SADRnNL,
to selector A
P33/AIN3 circuit SADRnH
P44/AIN4
to
P47/AIN7
HSCLK /]\
— | SADCONO0,SADCONT1,
Data bus $ A
SADRnNL : 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

Figure 24-1 Configuration of SA-ADC
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24.1.3 List of Pins

Pin name I/0 Description
Voo o Positive power supply pin for the successive approximation type A/D
converter
Ves o Negative power supply pin for the successive approximation type A/D
converter
Vv o Reference power supply pin for the successive approximation type
REF A/D converter
P30/AINO | Input/output port, successive approximation type A/D converter input
pin 0
P31/AINT | Input/output port, successive approximation type A/D converter input
pin 1
P32/AIN2 | Input/output port, successive approximation type A/D converter input
pin 2
P33/AIN3 | Input/output port, successive approximation type A/D converter input
pin 3
P44/AINA | Input/output port, Timer 0 external clock input (TOPOCK) successive
approximation type A/D converter input pin 4
P45/AINA | Input/output port, Timer 0 external clock input (TOP1CK)
successive approximation type A/D converter input pin 5
P46/AINA | Input/output port, Timer 4,6 external clock input (T46CK)
successive approximation type A/D converter input pin 6
P47/AINA | Input/output port, Timer 5,7 external clock input (T571CK)
successive approximation type A/D converter input pin 7
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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
0F2DOH SA-ADC result register OL SADROL SADRO R 8/16 00H
OF2D1H SA-ADC result register OH SADROH R 8 00H
OF2D2H | SA-ADC result register 1L SADR1L SADR1 R 8/16 00H
OF2D3H | SA-ADC result register 1H SADR1H R 8 00H
0F2D4H SA-ADC result register 2L SADR2L SADR2 R 8/16 00H
OF2D5H SA-ADC result register 2H SADR2H R 8 00H
OF2D6H | SA-ADC result register 3L SADR3L SADR3 R 8/16 00H
OF2D7H SA-ADC result register 3H SADR3H R 8 00H
0F2D8H SA-ADC result register 4L SADRA4L SADR4 R 8/16 00H
0F2D9H SA-ADC result register 4H SADR4H R 8 00H
OF2DAH [ SA-ADC result register 5L SADRS5L SADRS5 R 8/16 00H
OF2DBH | SA-ADC result register 5H SADRSH R 8 00H
0F2DCH SA-ADC result register 6L SADRG6L SADRS R 8/16 00H
OF2DDH | SA-ADC result register 6H SADR6H R 8 00H
OF2DEH [ SA-ADC result register 7L SADR7L SADR7 R 8/16 00H
OF2DFH SA-ADC result register 7H SADR7H R 8 O00H
OF2FOH SA-ADC control register 0 SADCONO SADCON R/W 8/16 02H
OF2F1H SA-ADC control register 1 SADCON1 R/W 8 00H
OF2F2H SA-ADC mode register 0 SADMODO SADMOD R/W 8 00H
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24.2.2 SA-ADC Result Register OL (SADROL)

Address: 0F2D0H
Access: R

Access size: 8/16 bits
Initial value: OOH

7 6 5 4 3 2 1 0
SADROL SARO03 SAR02 — — _ _ _ _
R/W R R R R R R R R
Initial value 0 0 0 0 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]
¢ SARO03 to SAROO (bits 7 to 6)
The SAR03-SARO02 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: 0F2D1H
Access: R

Access size: 8 bits
Initial value: 00H

7 6 5 4 3 2 1 0

SADROH SAROB SAROA SAR09 SARO08 SARO07 SAR06 SARO05 SAR04
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 SAROB to SAR04 (bits 7 to 0)

The SAROB3-SARO04 bits are used to store the values of bit 9 to bit 2 of A/D conversion results (12 bits) on channel 0.
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2424  SA-ADC Result Register 1L (SADR1L)

Address: 0F2D2H
Access: R

Access size: 8/16 bits
Initial value: OOH

7 6 5 4 3 2 1 0
SADR1L SAR13 SAR12 — — _ _ _ _
R/W R R R R R R R R
Initial value 0 0 0 0 0 0 0 0

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 SAR13to SAR10 (bits 7 to 6)
The SAR13-SAR12 bits are used to store the values of bit 1 to bit 0 of A/D conversion results (10 bits) on channel 1.

2425 SA-ADC Result Register 1H (SADR1H)

Address: 0F2D3H
Access: R

Access size: 8 bits
Initial value: 00H

7 6 5 4 3 2 1 0

SADR1H SAR1B SAR1A SAR19 SAR18 SAR17 SAR16 SAR15 SAR14
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.

SADRI1H is updated after A/D conversion.

[Description of Bits]
e SARI1B to SAR14 (bits 7 to 0)

The SAR1B-SAR14 bits are used to store the values of bit 9 to bit 2 of A/D conversion results (12 bits) on channel 1.
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2426 SA-ADC Result Register 2L (SADR2L)

Address: 0F2D4H
Access: R

Access size: 8/16 bits
Initial value: OOH

7 6 5 4 3 2 1 0
SADR2L SAR23 SAR22 — — _ _ _ _
R/W R R R R R R R R
Initial value 0 0 0 0 0 0 0 0

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 SAR23 to SAR20 (bits 7 to 6)
The SAR23-SAR22 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: 0F2D5H
Access: R

Access size: 8 bits
Initial value: 00H

7 6 5 4 3 2 1 0

SADR2H SAR2B SAR2A SAR29 SAR28 SAR27 SAR26 SAR25 SAR24
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.

SADR2H is updated after A/D conversion.

[Description of Bits]
e SAR2B to SAR24 (bits 7 to 0)

The SAR2B-SAR24 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: 0F2D6H
Access: R

Access size: 8/16 bits
Initial value: OOH

7 6 5 4 3 2 1 0
SADR3L SAR33 SAR32 — — _ _ _ _
R/W R R R R R R R R
Initial value 0 0 0 0 0 0 0 0

SADR3L 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]
¢ SAR33 to SAR30 (bits 7 to 6)
The SAR33-SAR32 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: 0F2D7H
Access: R

Access size: 8 bits
Initial value: 00H

7 6 5 4 3 2 1 0

SADR3H SAR3B SAR3A SAR39 SAR38 SAR37 SAR36 SAR35 SAR34
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 SAR3B to SAR34 (bits 7 to 0)

The SAR3B-SAR34 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: 0F2D8H
Access: R

Access size: 8/16 bits
Initial value: OOH

7 6 5 4 3 2 1 0
SADR4L SAR43 SAR42 — — — — — —
R/W R R R R R R R R
Initial value 0 0 0 0 0 0 0 0

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 SAR43 to SAR40 (bits 7 to 6)
The SAR43-SAR42 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: 0F2D9H
Access: R

Access size: 8 bits
Initial value: 00H

7 6 5 4 3 2 1 0

SADR4H SAR4B SAR4A SAR49 SAR48 SAR47 SAR46 SAR45 SAR44
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.

SADRA4H is updated after A/D conversion.

[Description of Bits]
e SAR4B to SAR44 (bits 7 to 0)

The SAR4B-SAR44 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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24.212 SA-ADC Result Register 4L (SADR5L)

Address: 0F2DAH
Access: R

Access size: 8/16 bits
Initial value: OOH

7 6 5 4 3 2 1 0
SADRS5L SAR53 SAR52 — — _ _ _ _
R/W R R R R R R R R
Initial value 0 0 0 0 0 0 0 0

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]
¢ SAR53 to SAR50 (bits 7 to 6)
The SAR53-SARb52 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 4H (SADR5H)

Address: 0F2DBH
Access: R

Access size: 8 bits
Initial value: 00H

7 6 5 4 3 2 1 0

SADRS5H SAR5B SAR5A SAR59 SAR58 SAR57 SAR56 SAR55 SAR54
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.

SADRGSH is updated after A/D conversion.

[Description of Bits]
e SARS5B to SAR54 (bits 7 to 0)

The SAR5B-SAR54 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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24.214 SA-ADC Result Register 4L (SADRG6L)

Address: 0F2DCH
Access: R

Access size: 8/16 bits
Initial value: OOH

7 6 5 4 3 2 1 0
SADRG6L SAR63 SAR62 — — _ _ _ _
R/W R R R R R R R R
Initial value 0 0 0 0 0 0 0 0

SADRSGL is a special function register (SFR) used to store SA-ADC conversion results on channel 6.
SADRSG6L is updated after A/D conversion.

[Description of Bits]
¢ SARG63 to SARG0 (bits 7 to 6)
The SAR63-SARG62 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 4H (SADR6H)

Address: 0F2DDH
Access: R

Access size: 8 bits
Initial value: 00H

7 6 5 4 3 2 1 0

SADRG6H SAR6B SARGA SAR69 SAR68 SAR67 SARG66 SAR65 SAR64
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 SARG6B to SAR64 (bits 7 to 0)

The SAR6B-SARG64 bits are used to store the values of bit 9 to bit 2 of A/D conversion results (10 bits) on channel 6.
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24.2.16 SA-ADC Result Register 4L (SADR7L)

Address: OF2DEH
Access: R

Access size: 8/16 bits
Initial value: OOH

7 6 5 4 3 2 1 0
SADR7L SAR73 SAR72 — — _ _ _ _
R/W R R R R R R R R
Initial value 0 0 0 0 0 0 0 0

SADRT7L is a special function register (SFR) used to store SA-ADC conversion results on channel 7.
SADRYL is updated after A/D conversion.

[Description of Bits]
e SAR73to SART70 (bits 7 to 6)
The SAR73-SAR72 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 4H (SADR7H)

Address: OF2DFH
Access: R

Access size: 8 bits
Initial value: 00H

7 6 5 4 3 2 1 0

SADR7H SAR7B SAR7A SAR79 SAR78 SAR77 SAR76 SAR75 SAR74
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.

SADRTH is updated after A/D conversion.

[Description of Bits]
e SAR7B to SAR74 (bits 7 to 0)

The SAR7B-SART74 bits are used to store the values of bit 9 to bit 2 of A/D conversion results (10 bits) on channel 7.

24-11




ML610Q380/ML610Q383/ML610Q384/ML610Q385 User’s Manual
Chapter 24  Successive Approximation Type A/D Converter

24.2.18 SA-ADC Control Register 0 (SADCONO)

Address: 0F2FOH
Access: R/W

Access size: 8/16 bits
Initial value: 02H

7 6 5 4 3 2 1 0
SADCONO — — — — — — — SALP
R/W R R R R R R R R/W
Initial value 0 0 0 0 0 0 1 0

SADCONQO 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 continuously . When
this bit is set to “0”, A/D conversion is performed once only for each channel and when it is set to “1”, A/D
conversion is performed continuously.

SALP Description
0 Single A/D conversion only (Initial value)
1 Continuous A/D conversion
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24.2.19 SA-ADC Control Register 1 (SADCON1)

Address: OF2F1H
Access: R/W

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)
The SARUN bit is used to start or stop SA-ADC conversion. Setting this bit to “1” starts A/D conversion and
setting it to “0” stops A/D conversion.

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.
Notes:

Use the SA-ADC with high-speed clock oscillation (HSCLK) enabled in the frequency control register (FCONO).

The SA-ADC is available only when Vpp = 4.5 V to 5.5 V and HSCLK is in the ranges of 3MHz to 8.4MHz.

Do not start A/D conversion with all of bit-7 (SACH7) to bit-0 (SACHO) of the SA-ADC mode register 0 set to “0”.
If A/D conversion is started in this state, the A/D converter circuit is turned on but no A/D conversion is carried out.
Therefore, the SA-ADC result register is not updated. In addition, the A/D conversion termination interrupt is not
generated and A/D conversion is not terminated automatically, so that SARUN remains “1”.
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24.2.20 SA-ADC Mode Register 0 (SADMODO)

Address: 0F2F2H
Access: R/W

Access size: 8/16 bits
Initial value: OOH

7 6 5 4 3 2 1 0
SADMODO SACH7 SACH®6 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 SACHO (bit 0)

SACHO

Description

0

Stops conversion on channel 0. (Initial value)

1

Performs conversion on channel 0.

SACHL (bit 1)

SACH1

Description

0

Stops conversion on channel 1. (Initial value)

1

Performs conversion on channel 1.

SACH2 (bit 2)

SACH2

Description

0

Stops conversion on channel 2. (Initial value)

1

Performs conversion on channel 2.

SACH3 (bit 3)

SACH3 Description
0 Stops conversion on channel 3. (Initial value)
1 Performs conversion on channel 3.
e SACHA4 (bit 4)
SACH4 Description
0 Stops conversion on channel 4. (Initial value)

1

Performs conversion on channel 4.

SACHS (bit 5)

SACH5

Description

0

Stops conversion on channel 5. (Initial value)

1

Performs conversion on channel 5.
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e SACHS (bit 6)

SACH6 Description
0 Stops conversion on channel 6. (Initial value)
1 Performs conversion on channel 6.

o SACHT (bit7)

SACH7 Description
0 Stops conversion on channel 7. (Initial value)
1 Performs conversion on channel 7.

The SACH7-SACHO bits are used to select channel(s) on which A/D conversion is performed.
If both channel 1 and channel 0 are set to “1”, A/D conversion is performed on channel O first, and then channel 1.

Do not start A/D conversion with all of bit-7 (SACH7) to bit-0 (SACHO) set to “0”. If A/D conversion is started in
this state, the A/D converter circuit is turned on but no A/D conversion is carried out. Therefore, the SA-ADC result
register is not updated. In addition, the A/D conversion termination interrupt is not generated and A/D conversion is
not terminated automatically, so that bit-0 (SARUN) of the SA-ADC control register (SADCON1) remains “1”.

24-15



ML610Q380/ML610Q383/ML610Q384/ML610Q385 User’s Manual
Chapter 24  Successive Approximation Type A/D Converter

24.3 Description of Operation

24.3.1  Setup of the A/D conversion channel

By setup of the SA-ADC mode register 0 (SADMODOQ), as shown in the following table, A/D conversion operation is
performed, and the A/D conversion result is stored in the SA-ADC result register.

SA-ADC mode register 0/1 SA-ADC result register Remarks

SACH7 SACH2 | SACH1 | SACHO | SADR7 oo SADR2 | SADR1 | SADRO

0 0 0 0 0 Prohibition of 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 AIN7

1 0 0 0 1 AIN7 AINO

1 0 0 1 0 AIN7 AIN1

1 0 0 1 1 AIN7 AIN1 AINO

1 0 1 0 0 AIN7 AIN2

1 0 1 0 1 AIN7 AIN2 AINO

1 0 1 1 0 AIN7 AIN2 AIN1

1 0 1 1 1 AIN7 AIN2 AIN1 AINO

The value of the result register of a slash part does not change.
Do not start A/D conversion with all of bit-2 (SACH2), bit-1 (SACH1), and bit-0 (SACHO0) of the SA-ADC mode
register 0 (SADMODO) set to “0”.
no A/D conversion is carried out. Therefore, the SA-ADC result register is not updated. In addition, the A/D
conversion termination interrupt is not generated and A/D conversion is not terminated automatically, so that bit-0
(SARUN) of the SA-ADC control register (SADCONL1) remains “1”.

A/D conversion pins

VDD

Vrer
Vss

AIN,

VADIN

10-bit
Successive
Approximation Type
A/D Converter

If A/D conversion is started in this state, the A/D converter circuit is turned on but

A/D conversion input voltage

Figure 24-2 The A/D conversion pins and the conversion range
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24.3.2  Operation of Successive Approximation Type A/D Converter

Use the following procedure to operate the SA-ADC:

1.

2.
3.

Before starting the SA-ADC, start oscillation of the high-speed clock (HSCLK) and wait until the oscillation
stabilizes.

Set the SA-ADC mode register 0 (SADMODO).

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 register
(SADMODO0).

. A/D conversion results are stored in the applicable SA-ADC result registers (SADRnL, SADRnH), and when A/D

conversion of the largest channel number that is selected is terminated, an SA-ADC conversion termination interrupt
(ADSINT) is generated.

. Finally, by using bit 0 (SALP) of the SADCONO register, it is possible to specify whether to terminate A/D

conversion (SARUN bit is “0”) or restart A/D conversion automatically at termination of A/D conversion of the last
channel.

Note:
When conversion accuracy is important, perform ADC measurement in HALT mode.

Even if a channel is switched during A/D conversion, the channel that was selected at the start of A/D conversion is
used until an A/D conversion termination interrupt occurs.
Figure 24-2 shows the SA-ADC operation timing when channel 0 and channel 1 are selected.

HSCLK Mmmmmm

SARUN g K

((
)

(
A/D operation signal ¢

Conversion time Conversion time
12.75 ps @4.096 MHz 12.75 us @4.096 MHz
A/D conversion «
of channel 0 K «
A/D conversion ()Z
of channel 1 7

((
7

SADINT « « i\

7 7

Figure 24-3 SA-ADC Operation Timing
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25. Audio Playback Function
25.1 Overview

This LSI includes the audio playback function.
This function works only when the DVCO bit of the block control register 3 (BLKCONS3) is set to “0”. When the DVCO

bit is set to “1”, every function of the audio playback function is reset. For block control registers, see Chapter 4, "MCU
Control Function".

25.1.1 Features

e  Sampling frequency can be selected from 8 kHz, 16 kHz, 32 kHz, 10.7 kHz, 21.3 kHz, 6.4 kHz, 12.8 kHz, and
25.6 kHz.

e Audio processing can be selected from 4-bit ADPCM2, non-linear PCM, 8-bit straight PCM, and 16-bit straight
PCM.

25.1.2 Configuration

Figure 25-1 shows the configuration of the audio playback function.

SG

VCOINT
____________________ Frro | ]
| | .
VFDAT 16byte(")
VFEDAT |i A
VIYPE | —> Synthesizer
OSCLK2 E N 5 v
—> 1| VsSTAT |!i| wvoL ||
' - : DIGIFIL A
VMOD | i i| VCON “% Yo ‘I: r% AOUT
sG [ °

Data bus

Figure 25-1 Configuration of Audio Playback Function

Note:

When using the audio playback function, set the high-speed clock for the system clock by using the frequency
control register 1 (FCONL1).

Note:
The FIFO capacity is 16 bytes.

Note:

Audio data at the start/end of a phrase should be generated as a SG level (0000H: 1/2DVpp). Otherwise, noises may
occur.
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25.2 Description of Registers
25.2.1 List of Registers

Address Name Symbol (Byte) Symbol (Word) R/W Size | Initial Value
OF2BOH FIFO data register VFDAT w 8 OOH
OF2B1H FIFO phrase end data register VFEDAT W 8 00H
OF2B3H Audio status register VSTAT R 8 31H
OF2B4H Audio mode register VMOD R/W 8 O0H
OF2B5H Audio data type register VTYPE R/W 8 41H
OF2B6H Volume setting register VVOL R/W 8 09H
OF2B7H Audio playback control register VCON R/W 8 00H
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25.2.2 FIFO Data Register (VFDAT)

Address: 0F2BOH
Access: W

Access size: 8 bits
Initial value: OOH

7 6 5 4 3 2 1 0
VFDAT VFDAT7 | VFDAT6 | VFDATS | VFDAT4 | VFDAT3 | VFDAT2 | VFDAT1 | VFDATO

R/W w w w W w w W w
Initial value 0 0 0 0 0 0 0 0

VFDAT is a special function register (SFR) to store the audio data.
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25.2.3 FIFO Phrase End Data Register (VFEDAT)

Address: 0F2B1H

Access: W

Access size: 8 bits
Initial value: 00H

7 6 5 4 3 2 1 0

VFEDAT VFEDAT | VFEDAT | VFEDAT | VFEDAT | VFEDAT | VFEDAT | VFEDAT | VFEDAT
7 6 5 4 3 2 1 0
R/W w w w W w w W w
Initial value 0 0 0 0 0 0 0 0

VFEDAT is a special function register (SFR) to store the last data of phrase.
The last data of phrase to be identified to initialize the audio processing circuit should be stored in this register.
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25.2.4 Audio Status Register (VSTAT)

Address: 0F2B3H
Access: R
Access size: 8 bits

Initial value: 31H (11H for ML610Q383/384/385)

7 6 5 4 3 2 1 0

VSTAT VERR — VROMEN | VAEND VDEND VFUL VMID VEMP
R/W R R R R R R R R
Initial value 0 0 0 1 0 0 0 1

VSTAT is a special function register (SFR) to indicate the status of audio playback functions.

Audio data request interrupts are generated by the following sources. To check an interrupt request source, read VSTAT.
*When the VMID bit is set to “0” from “1” *When the VDEND bit is set to “1”
*When the VAEND bit is set to “1” *When the VERR bit is set to “1”

Description of Bits
e VEMP (bit 0)
The VEMP bit is used to indicate the state (EMPTY) of FIFO storing audio data.

VEMP Description
0 State of FIFO storing audio data # EMPTY
1 State of FIFO storing audio data = EMPTY (initial value)

e VMID (bit1)
The VMID bit is used to indicate the state (MIDDLE) of FIFO storing audio data.

The FIFO interrupt request level set by the FIFO interrupt control register (VMOD) is used as the MIDDLE
position for judgment.

VMID Description
0 State of FIFO storing audio data < MIDDLE (initial value)
1 State of FIFO storing audio data > MIDDLE

e VFUL (bit2)
The VFUL bit is used to indicate the state (FULL) of FIFO storing audio data.

VFUL Description
0 State of FIFO storing audio data = FULL (initial value)
1 State of FIFO storing audio data = FULL

e VDEND (bit 3)
The VDEND bit is used to indicate that the final data has been output from the digital filter.
The VDEND bit becomes “1” when the FIFO final data written to the FIFO phrase end data register (VFEDAT)

is loaded into the digital filter and output from it in the EMPTY state. VDEND is set to “0” when there is some
write operation to the FIFO data register (not to be EMPTY) or VCEN bit="0".

VDEND Description
0 Final data has not been output from the digital filter. (initial value)
1 Final data has been output from the digital filter.
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e VAEND (bit 4)
The VAEND bit is used to indicate the analog power-down.
When the VCEN bit of the audio playback control register (VCON) is set to “1” from “0”, the analog power-up
is started, and VAEND becomes “0”. When the VCEN bit is set to “0” from “1”, the analog power-down is
started, and when it is completed, VAEND becomes “1”.

VAEND Description
0 During analog power-up
1 During analog power-down (initial value)

¢ VROMEN (bit 5)
The VROMEN bit is used to indicate accessibility to P2ROM which includes audio data in
ML610Q383/384/385.
(For ML610Q380, this bit is not used.)
When the DVCO bit of the block control register 3 (BLKCONS3) is set to “0” from “1”, the power supply circuit
of P2ROM which includes audio data starts the activation, and when the activation is completed, VROMEN
becomes “1”. When the DVCO bit is set to
“1” from “0”, the power supply circuit of the ROM including audio data falls, and VROMEN becomes “0”.
If the audio playback function is not used, set the DVVCO bit to “1”.
* For ML610Q380, the initial value “1” is set. For ML610Q383/384/385, the initial value is “0”.

VROMEN Description
0 Disables the built-in audio ROM access
1 Enables the built-in audio ROM access

e VERR (bit7)
The VERR bit is used to indicate an audio data read error.
The audio processing circuit reads the audio data written to FIFO every sampling period based on the speech
synthesis method. When there is an audio data read error, the VERR bit is set to “1”.

The following condition is determined to be an audio data read error.

16bitPCM: When the audio processing circuit reads FIFO where there is 1-byte audio data

VERR Description
0 No audio data read error exists (initial value)
1 An audio data read error exists

Note:
When VERR becomes “1”, follow one of the procedures described below.
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1. Use the VSTP bit of VCON

With analog power-up, initialize FIFO

and the processing circuit

VCOINT
YES
NO
Y
Normal VVOL
Operation
VCON
VVOL
VFDAT

Resume
playback

2. Use the VCEN bit of VCON
After analog power-down, resume
with analog power-up operation

VCOINT
YES
NO
A

Lower the volume Normal VCON Write “0" to the VCEN bit

gradually to turn off Operation

Write “1” to the VSTP bit NO
ES
Set the volume to the value
before VERR VFDAT Write four or more bytes

Write four or more bytes VCON Write “1 to the VCEN bit

Resume
playback
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25.2.5 Audio Mode Register (VMOD)

Address: 0F2B4H
Access: RIW

Access size: 8 bits
Initial value: OOH

7 6 5 4 3 2 1 0
VMOD — — — VPOP VSG1 VSGO VFMD1 VFMDO
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

¢ VFMD1, VFMDO (bits 1-0)
The VFMD1 and VFMDO bits are used to select the interrupt request level of FIFO storing audio data.

VFMD1 VFMDO Interrupt request level
0 0 1 byte (initial value)
0 1 2 byte
1 0 4 byte
1 1 8 byte

o VSG1, VSGO (bits 3-2)
The VSGL1 and VSGO bits are used to select the stabilization time of the SG pin.

VSG1 VSGO Stabilization time of the SG pin (tSG)
0 0 At rising: Approx. 32 ms (initial value)
At falling: Approx. 64 ms
0 1 At rising: Approx. 40 ms
At falling: Approx. 80 ms
1 0 At rising: Approx. 48 ms
At falling: Approx. 96 ms
1 1 At rising: Approx. 64 ms
At falling: Approx. 128 ms

e VPORP (bit 4)
The VPOP bit is used to control the pop noise suppression of the analog power-up/-down in the LINE output

mode.
VPOP Description
0 Without pop noise suppression (initial value)
1 With pop noise suppression

Note:
The FIFO capacity is 16 bytes.
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25.2.6 Audio Data Type Register (VTYPE)

Address: 0F2B5H
Access: RIW

Access size: 8 bits
Initial value: 41H

7 6 5 4 3 2 1 0
VTYPE — VSYN2 VSYN1 VSYNO VSMP3 VSMP2 VSMP1 VSMPO
R/W R R/W R/W R/W R/W R/W R/W R/W
Initial value 0 1 0 0 0 0 0 1

VTYPE is a special function register (SFR) to set the speech synthesis method and the sampling frequency.

Description of Bits
e VSMP3, VSMP2, VSMP1, VSMPO (bits 3-0)
The VSMP3, VSMP2, VSMP1, and VSMPO bits are used to select the sampling frequency.

VSMP3 VSMP2 VSMP1 VSMPO Sampling frequency
0 0 0 0 Prohibited
0 0 0 1 8.0kHz (initial value)
0 0 1 0 16.0kHz
0 0 1 1 32.0kHz
0 1 0 0 Prohibited
0 1 0 1 10.7kHz
0 1 1 0 21.3kHz
0 1 1 1 Prohibited
1 0 0 0 6.4kHz
1 0 0 1 12.8kHz
1 0 1 0 25.6kHz
1 0 1 1 Prohibited
1 1 0 0 Prohibited
1 1 0 1 Prohibited
1 1 1 0 Prohibited
1 1 1 1 Prohibited

e VSYN2, VSYN1, VSYNO (bits 6-4)
The VSYNZ2, VSYN1, and VSYNO bits are used to select the speech synthesis method. It can be selected from
4-bit ADPCM2, non-linear PCM, 8-bit straight PCM, and 16-bit straight PCM.

VSYN2 VSYN1 VSYNO Speech synthesis method
0 0 0 Prohibited
0 0 1 4bit ADPCM2
0 1 0 Non-linear PCM
0 1 1 8-bit straight PCM
1 0 0 16-bit straight PCM (initial value)
1 0 1 Prohibited
1 1 0 Prohibited
1 1 1 Prohibited
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25.2.7 Volume Setting Register (VVOL)

Address: 0F2B6H
Access: RIW

Access size: 8 bits
Initial value: 09H

7 6 5 4 3 2 1 0
VVOL — — — VVOL4 VVOL3 VVOL2 VVOL1 VVOLO
R/W R R R R/W R/W R/W R/W R/W
Initial value 0 0 0 0 1 0 0 1

VVOL is a special function register (SFR) to set the volume value.

Description of Bits
e VVOL4,VVOL3, VVOL2, VVOL1, VVOLO (bits 4-0)
The VVOL4, VVOL3, VVOL2, VVOL1, and VVOLDO bits are used to select the volume.

VVOL4 | VWOL3 | VWOL2 | VWOL1 | VWOLO Volume [dB]
+2.98
+2.70
+2.40
+2.10
+1.78
+1.45
+1.11
+0.76
+0.39
+0.00 (initial value)
-0.41
-0.83
-1.28
-1.75
-2.25
-2.77
-3.34
-3.94
-4.58
-5.28
-6.04
-6.87
-7.79
-8.82
-9.99
-11.34
-12.94
-14.90
-17.44
-21.04
-27.31
OFF

o
o
o
o
o

RlRr|RrkRr|Pr|R[R|IP|RP|[R|P|R|R|P|R|Rr|lo|o|o|o|o|o|o|o|o|o|o|o|o|o|o
RlRr|RrR|Pr|R|R|kr|lo|lo|lo|o|jo|o|o|o|r|r|[kR|kr|kR|R|F|Fr|lo|lo|o|o|lo|o|o
R|lRr|kr|lkr|lo|lo|lo|lo|r|rR|kr|R|o|lo|o|o|r|R|kR|k|o|jo|o|o|r|rk|rkr|kr|lo|lo|o
R|k|o|lo|r|r|lo|lo|r|r|o|o|r|r|o|o|r|r|o|o|r|r|o|o|r|r|o|o|r|r]|o
R|lo|r|o|r|o|r|o|r|o|lr|o|r|o|r|o|r|o|r|o|r|o|r|o|r|o|lr|o|r|o|r
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25.2.8 Audio Playback Control Register (VCON)

Address: 0F2B7H
Access: RIW

Access size: 8 bits
Initial value: OOH

7 6 5 4 3 2 1 0
VCON — — — VSTP — — — VCEN
R/W R R R W R R R R/W
Initial value 0 0 0 0 0 0 0 0

VCON is a special function register (SFR) to control the audio playback.

Description of Bits
e VCEN (bit0)
The VCEN bit is used to control stop/start of the audio playback function.

VCEN Description
0 Stop the audio playback function (initial value)
1 Start the audio playback function

e VSTP (bit4)
The VSTP bit is used to control stop of the audio being played.

Writing “1” into VVSTP stops the audio playback and fixes the audio processing result to 0000H.
FIFO is also cleared. To resume the playback, store four or more bytes of audio data in the FIFO data register
(VFDAT).
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25.3 Description of Operation

The audio playback function activates the D/A converter when the VCEN bit of the audio playback control register
(VCON) is set to “1”, and starts the speech synthesis processing and the audio data request interrupt operation after the
stabilization time of the analog power-up has elapsed.

For ML610Q383/384/385, confirm that VROMEN of the VSTAT register becomes "1” before the above operation.
The stabilization time of the analog power-up varies depending on the VPOP, VSG1, and VSGO bits of the audio mode
register (VMOD).

The speech synthesis processing is started when the VCEN bit="1" and there is four or more bytes of audio data to be
processed in the FIFO data register (VFDAT), based on the speech synthesis method selected by the audio data type
register (VTYPE).

An audio data request interrupt (VCOINT) is generated when the audio data amount comes down below the interrupt
request level selected by the audio mode register (VMOD). When the final data of a phrase is stored in the FIFO phrase
end data register (VFEDAT), and then it is loaded into the audio processing circuit, FIFO becomes EMPTY. When the
final data is output from the digital filter in the EMPTY state, an audio data request interrupt is generated and the
VDEND bit of the audio status register (VSTAT) becomes “1”.

Store the final data of a phrase in VFEDAT for identification. After the final data processing, the audio processing
circuit is initialized. At the same time, when there is four or more bytes of audio data to be processed in VFDAT, the
speech synthesis method and the sampling frequency are updated with the ones stored in VTYPE, and the playback is
resumed.

Figure 25-2 shows the flow chart of the audio playback, Figure 25-3 shows the flow chart of the continuous playback,
Figure 25-4 and 5 show the operation timing diagrams of the audio playback, and Figure 25-6 to 11 show the operation
timing diagrams of the analog power-up/-down (in the LINE output mode and speaker output mode).

START ) |

Final data?

VMOD Interrupt level
VPOP setting O
VTYPE Synthesis method VFDAT Writing VFEDAT Writing
Fs
: } [———
VFDAT writi ] VCOINT VCOINT
T Write four or more bytes D
NO
A 4
VCON
VCEN control ES

VCON

[ END ]

VCEN control

Figure 25-2 Flow Chart of Audio Playback
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Playing

>
>

A 4

VCOINT

YES

Final data?

VFDAT VTYPE Next phrase's
synthesis method and Fs setting

VFEDAT Write final audio data
NO
*Number of written
Y
NO
) *Number of written
I bytes?
ES v

Write next phrase's
audio data

* Specify any number of bytes for the number of written bytes, according to
the FIFO capacity and the FIFO interrupt request level selected by VFMD1,0
of the VMOD register.

Figure 25-3 Flow Chart of Continuous Playback
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VCOINT

Fs

1
]

A I 1 i\ M | i\

1024 xosclk2@Fs=8kHz

>

VFMD1/0

VFDAT Write

2'b00 (FIFO:interrupt level: 1 byte)

]

. I

VFDAT
Write_Data

XE;X n2 XES E né

VMID

VCOINT

Fs

Fs : 8kHz
Method : 8bitPCM

Figure 25-4 Basic Operation Timing Diagram of Audio Playback

N N N

N I ) N

3
]
1

024xosclk2@Fs=8kH

> >

512xo0sclk2@Fs=16kHz

N

VFMD1/0

2'b00 (FIFOiinterrupt level: 1 byte)

VFDAT Write

Write the second phrasg data— HMJ—U_U—U—U_I—JU_U_H_U_U_H_U—I_

VFDAT
Write_Data

o

fiN

VFEDAT Write

=L
=p=

6 CCEECT NN CETECT O

ﬂeWrite the fitst phrase final data

VFEDAT M
Write_Data
VMID
«Internal circuit updates the second phrase's synthesis method and Fs
VSYNZ-0 8bitPCM 16bitPCM
Register
VSMP3~0 Fs=8kHz Fs=16kHz
Register
«—Write the second phrase's synthesis method and Fs
Figure 25-5 Operation Timing Diagram of Continuous Playback

Note:

The final data of the first phrase should be stored in the FIFO phrase end data register (VFEDAT).
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fs: 8kHz
Method: 8bitPCM
OSCLK2: 8MHz
VPOP _ *0" //
VCOINT / / N
[]
VCEN k k

VFEMD1/0 2100 (FIFO interrupt level: 1 byte)

VFDAT Write
e b oz e

G ]

AOUT pin

T

>

— 1

<+—P>< < Audio playback & fs setting

<

120us.max tSG: 34ms.max

Figure 25-6 Timing Diagram of Power-up in LINE Output Mode without Pop Noise Suppression

When there is four or more bytes of audio data to be processed in the FIFO audio data register (VFDAT) after the VPOP
bit of the audio mode register (VMOD) is set to “0”, the VCEN bit of the audio playback control register (VCON) is set
to “1”, and then tSG has elapsed, the processing is started (sequentially from nl in the figure), based on the speech
synthesis method selected by the audio data type register (VTYPE).

fs: 8kHz
Method: 16bitPCM
// OSCLK2: 8MHz
VPOP ~ v / /
VCOINT —|

]
VCEN \ \

VFMD1/0 2'b00 (FIFO interrupt level: 1 byte) \\

VFDAT Write ; \\\
i oo

VMID
PCM: 0000H
i fs settin
AL PIY PCM: 8000H — "
<« > > < Audio
120us.max tSG: 34ms.max tPOP: 45ms.max playback

Figure 25-7 Timing Diagram of Power-up in LINE Output Mode with Pop Noise Suppression

When there is four or more bytes of audio data to be processed in the FIFO audio data register (VFEDAT) after the
VPOP bit of the audio mode register (VMOD) is set to “1”, the VCEN bit of the audio playback control register (VCON)
is set to “1”, and then tSG and tPOP have elapsed, the processing is started (sequentially from n1 in the figure), based on
the speech synthesis method selected by the audio data type register (VTYPE).

25-15



ML610Q380/ML610Q383/ML610Q384/ML610Q385 User's Manual
Chapter 25 Audio Playback Function

fs: 8kHz
Method: 8bitPCM
OSCLK2: 8MHz

VPOP “0” / /

VCOINT / / NN

VCEN

VFMD1/0  21b00 (FIFO interrupt level

VFDAT Write
e o o8 oo \\

VFEDAT Write [

: 1 byte)

=

\
VFEDAT X
Write_Data 00

VMID

VDEND

1/2*DVpp

AOUT pin «— fssetting

»>ie > e >« Audio
2.2ms@fs8kHz ' Qus.min playback

max.

) tSG: 34ms.max

3“
QV

120us.

SPEN
SPP pin |

HiZ output 1/2*SPVpp

SPM pin | HiZ output I—ﬁ 1/2*SPVpo

Figure 25-8 Timing Diagram of Power-up in Speaker Output Mode

The SPEN bit of the speaker control register (SPCON) should be controlled after the data 0000H is written to the FIFO
audio data register (VFDAT) and the FIFO phrase end data register (VFEDAT) and the VDEND bit of the FIFO status

register (VSTAT) becomes “1” (the output level of the AOUT pin becomes 1/2*DVpp) under the condition that the
VVPOP bit of the audio mode register (VMOD) is set to “0”.

Note:
For speaker control, see Chapter 26, "Speaker Amplifier".
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fs: 8kHz
Method: 8bitPCM
OSCLK2: 8MHz
VPOP ‘0" / /
VCOINT / / NN A
VCEN kk
VFEDAT Write 3
VFEDAT
Write_Data \\
VMID \\
VDEND ’ }
AOUT pin / /

Ous.min

Figure 25-9 Timing Diagram of Power-down in LINE Output Mode without Pop Noise Suppression

The VCEN bit of the audio playback control register (VCON) should be set to “0” after the final data is written to the

FIFO phrase end data register (VFEDAT), the VDEND bit of the FIFO status register (VSTAT) becomes “1”, and the
VPOP bit of the audio mode register (VMOD) is set to “0”.

fs: 8kHz
Method: 16bitPCM
OSCLK2: 8MHz

VPOP “r
VCOINT N A

-
—1

VCEN

VAEND

VFEDAT Write

//

VFEDAT
Write_Data

VMID

N I Cy
— [

VDEND

AOUT pin PCM: 8000H

A

A\ A

< >

45ms.max tSG: 34msx2 max i
Figure 25-10 Timing Diagram of Power-down in LINE Output Mode with Pop Noise Suppression

The VCEN bit of the audio playback control register (VCON) should be set to “0” after the final data is written to the
FIFO phrase end data register (VFEDAT), the VDEND bit of the FIFO status register (VSTAT) becomes “1”, and the
VPOP bit of the audio mode register (VMOD) is set to “1”. When the analog power-down is completed, the VAEND bit
of the VSTAT register becomes “1” to generate an audio data request interrupt (VCOINT).
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fs: 8kHz
Method: 8bitPCM
OSCLK2: 8MHz
VPOP “g / /
VCOINT /| N A A
[]
VCEN \
VFEDAT Write
\\
VFEDAT
Write_Data 3<00H \\\\
VMID ) )
VDEND
[]

1/2*DVpp
AOUT pin

:Ous.mi?: 100us.min /
SPEN
SPP pin HiZ output |
SPM pin HiZ output |

Figure 25-11 Timing Diagram of Power-down in Speaker Output Mode

The SPEN bit of the speaker control register (SPCON) should be set to “1” after the final data 0000H is written to the
FIFO phrase end data register (VFEDAT) and the VDEND bit of the FIFO status register (VSTAT) becomes “1” (the

output level of the AOUT pin becomes 1/2*DVpp). In addition, the VCEN bit of the audio playback control register
(VCON) should be set to “0” after the VPOP bit of the audio mode register (VMOD) is set to “0”.

Note:
For speaker control, see Chapter 26, "Speaker Amplifier".
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26. Speaker Amplifier

26.1 Overview

This LSI has a built-in speaker amplifier.

26.1.1 Features

o Speaker amplifier (0.6W @5.0V)
e Thermal detection function
e Disconnection detection function

26.1.2 Configuration

Figure 26-1 shows the configuration of the speaker amplifier.

Data bus

SPCON | ! SPVip
TSDMOD | |
————>| SP-AMP
TSDCON | iS————— — > SPP
! SPIN — > SPM
DCDCON || SG —>

Jr SPVss

Figure 26-1 Speaker Amplifier Configuration
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26.2 Description of Registers

26.2.1 List of Registers

Address Name Symbol (Byte) Symbol (Word) R/W Size \Ilr;tlljael
0F2BCH Speaker amplifier control register SPCON R/W 8 O00H
OF2BDH Thermal mode register TSDMOD R/W 8 00H
OF2BEH Thermal control register TSDCON R/W 8 00H
OF2BEH Disconnection detection control DCDCON RIW 8 00H

register
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26.2.2  Speaker Amplifier Control Register (SPCON)

Address; 0F2BCH
Access: RIW

Access size: 8 bits
Initial value: OOH

7 6 5 4 3 2 1 0
SPCON — — — — — — SPGAIN SPEN
R/W R R R R R R R/W R/W
Initial value 0 0 0 0 0 0 0 0

SPCON is a special function register (SFR) that controls the speaker amplifier.

[Description of Bits]
e SPEN (bit 0)
SPEN is a bit that controls the SPP pin and the SPM pin.

SPEN Description
0 SPP/SPM pin: Hi-Z output (initial value)
1 SPP/SPM pin: The speaker amplifier starts operating.

o SPGAIN (bit 1)
SPGAIN is a bit that controls the gain of the speaker amplifier.

SPGAIN Description
0 The gain of the speaker amplifier: +0dB (initial value)
1 The gain of the speaker amplifier: +6dB
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26.2.3

Address: 0F2BDH

Access: R/IW

Access size: 8 bits

Initial value: 00H

Thermal Mode Register (TSDMOD)

7 6 5 4 2 1 0
TSDMOD — — — — TSDMD2 | TSDMD1 | TSDMDO
R R R R R R/W R/W R/W
Initial value 0 0 0 0 0 0 0

TSDMOD is a special function register (SFR) used to select the judgment temperature for thermal detection.

[Description of Bits]
e TSDMD2, TSDMD1, TSDMDO (bits 2 to 0)
TSDMD2, TSDMD1, and TSDMDO are bits that selects the judgment temperature for thermal detection.

TSDMD2 TSDMD1 TSDMDO Description
0 0 0 The vicinity of 140°C (initial value)
0 0 1 The vicinity of 125°C
0 1 0 The vicinity of 110°C
0 1 1 Setting prohibited
1 0 0 Setting prohibited
1 0 1 Setting prohibited
1 1 0 Setting prohibited
1 1 1 Setting prohibited
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26.2.4  Thermal Control Register (TSDCON)

Address: OF2BEH
Access: RIW

Access size: 8 bits
Initial value: OOH

7 6 5 4 3 2 1 0
TSDCON TSDF — — — — — — TSDEN
R R R R R R R R R/W
Initial value 0 0 0 0 0 0 0 0

TSDCON is a special function register (SFR) that controls the thermal detection circuit.

[Description of Bits]
e TSDEN (bit 0)
TSDEN is a bit that controls ON/OFF of the thermal detection circuit.
Setting this bit to “1” turns the thermal detection circuit ON and setting the bit to “0” turns the circuit OFF.

TSDEN Description
0 Turns the thermal detection circuit OFF (initial value).
1 Turns the thermal detection circuit ON.

e TSDF (bit 7)
TSDF is a flag that indicates the judgment results by the thermal detection circuit.
If a higher temperature than the judgment temperature is detected, this bit is set to “1”, and if a lower temperature
detected, “0”.

TSDF Description
0 Lower than the judgment temperature (initial value)
1 Higher than the judgment temperature
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26.2.5 Disconnection Detection Control Register (DCDCON)

Address: OF2BFH
Access: RIW

Access size: 8 bits
Initial value: OOH

7 6 5 4 3 2 1 0
DCDCON DCDF — — — — — — DCDEN
R R R R R R R R R/W
Initial value 0 0 0 0 0 0 0 0

DCDCON is a special function register (SFR) that controls the disconnection detection circuit.

[Description of Bits]
e DCDEN (bit 0)
DCDEN is a bit that controls ON/OFF of the disconnection detection circuit.
Setting this bit to “1” turns the disconnection detection circuit ON and setting the bit to “0” turns the circuit OFF.

DCDEN Description
0 Turns the disconnection detection circuit OFF (initial value).
1 Turns the disconnection detection circuit ON.

e DCDF (bit7)
DCDF is a flag that indicates the judgment results by the disconnection detection circuit.
This bit is set to “1” if disconnection has been detected, and “0” if not.

DCDF Description
0 Disconnection has not been detected (initial value).
1 Disconnection has been detected.
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26.3 Description of Operation

26.3.1 Speaker Amplifier

The speaker amplifier circuit is turned on or off by the SPEN bit of the speaker amplifier control register (SPCON).
SPEN is an enable control bit for the SPP/SPM pin of the speaker amplifier. Setting SPEN to “1” turns on the speaker
amplifier circuit.

Setting SPEN to “0” puts the SPP/SPM pin into a Hi-Z state and the supply current of the speaker amplifier circuit
becomes zero.

SPGAIN is a control bit for the gain of the speaker amplifier. When the state of SPGAIN is “0”, the gain of the speaker
amplifier is seto to +0dB, and when the state of SPGAIN is “1”, the gain of the speaker amplifier is seto to +6dB.
Figure 26-2 shows an example of operation timing, and Figure 26-3 shows the configuration relevant to volume

SPEN set SPEN reset
(o} ol

SPPEN

Speaker amplifier is operating Speaker amplifier being
powered down

—
SPP | Hi-Z output 1/2 SPVpp V\/\/\/\/\P_\N\[\M | Hi-Z output |
SPM 1/2 SPVpp V V V V

Figure 26-2 Example of Operation Timing

The operation in Figure 26-2 is described below.

@ Set SPEN to “1” to turn on the speaker amplifier.
The speaker amplifier starts operating.

@ Set SPEN to “0” to turn off the speaker amplifier.
The speaker amplifier stops operating.
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Volume is set up by the volume setting register (VVVOL) and the speaker amplifier control register (SPCON).

VVOL i g SPCON
(VVOL4-0 bit) | ;  (SPGAIN bit)

DIGIFIL
T™MG

1 spp
1 SPM

SG — SPVss

Figure 26-3 configuration relevant to volume

Note:
Refer to Chapter 25, “Audio Playback Function” for details of the volume setting register (VVOL).
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26.3.2 Thermal Detection Circuit

The thermal detection circuit is turned on or off by the TSDEN bit of the thermal detection control register (TSDCON).
It outputs the results obtained by comparing the detected temperature with the judgment temperature to the TSDF bit of
TSDCON.

TSDEN is a thermal detection circuit enable control bit.  Setting TSDEN to “1” turns on the thermal detection circuit,
and setting it to “0” turns off the circuit, when the supply current of the circuit becomes zero.

TSDF is a flag that indicates the judgment results. When TSD is “1”, it indicates that a higher temperature than the
judgment temperature has been detected and when “0”, it indicates that a lower temperature than the judgment
temperature has been detected.

The thermal detection circuit takes time to stabilize. Read the TSDF bit at least 10 us after setting TSDEN to “1”.
Figure 26-4 shows an example of operation timing.

Operation
TSDMOD set TSDEN set TSDF read TSDEN reset
Q) © ©) @] o)
TSDMOD
TSDEN
TSDF ‘1"or*0”
Ensure time for the thermal

detection circuit to stabilize
(20 ps or more)

Figure 26-4 Example of Operation Timing

The operation in Figure 26-4 is described below.

@ Set the judgment temperature in the TSDMOD register.

@ Set the TSDEN bit to “1” to turn on thermal detection circuit.

® Ensure time for the thermal detection circuit to stabilize (10 us or more).
@ Read the judgment resutl flag (TSDF).

® Set TSDEN to “0”.

26-9



ML610Q380/ML610Q383/ML610Q384/ML610Q385 User’s Manual
Chapter 26  Speaker Amplifier

26.3.3 Disconnection Detection Circuit

The disconnection detection circuit is turned on or off by the DCDEN bit of the disconnection detection control register
(DCDCON). It outputs disconnection detection results to the DCDF bit of DCDCON.

DCDEN is an enable control bit for the disconnection detection circuit. Setting DCDEN to “1” turns on the
disconnection detection circuit, and setting it to “0” turns off the circuit, when the supply current of the circuit becomes
zero.

DCDF is a flag that indicates the judgment results. When DCDF is “1”, it indicates that disconnection has been
detected and when “0”, it indicates that no disconnection has been detected.

The disconnection detection circuit takes time to stabilize. Read the DCDF bit at least 1ms after setting DCDEN to
“1”,

Figure 26-5 shows an example of operation timing.

Operation DCDEN set DCDF read DCDEN reset
ol ©) @ ol
DCDEN |
DCDE “17 or “0"
Ensure time for the cable

disconnection detection circuit
to stabilize (1 ms or more)

Figure 26-5 Example of Operation Timing

The operation in Figure 26-5 is described below.

® Keep both the SPPEN and SPMEN bits at “0”.

© Set DCDEN to “1” to turn on the disconnection detection circuit.

® Ensure time for the disconnection detection circuit to stabilize (1 ms or more).
@ Read the judgment result flag (DCDF).

® Set DCDEN to “0”.

Note:
Operate the disconnection detection circuit when the SPEN bit of the speaker amplifier control register (SPCON) is at
“0”.
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27. Battery Level Detector

27.1 Overview

This LSI includes a Battery Level Detector (BLD).
4 levels of threshold voltages can be selected by setting Battery Level Detector control register 0 (BLDCONO).

27.1.1 Features

e Threshold voltages: One out of the 16 levels can be selected
e Accuracy: +2% (Typ.)
o Self supply current: 10pA(Typ.)

27.1.2  Configuration

BLD consists of the comparator and threshold voltage select circuits.
Figure 27-1 shows the configuration of the Battery Level Detector.

Comparator
Voo ———> BLDF
Threshold voltage ENBL
select circuit

BLDCONO IE_DCONl
A

\

Data bus

BLDCONO : Battery Level Detector control register O
BLDCONL1 : Battery Level Detector control register 1

Figure 27-1 Configuration of Battery Level Detector

27 -1



ML610Q380/ML610Q383/ML610Q384/ML610Q385 User’s Manual
Chapter 27 Battery Level Detector

27.2 Description of Registers

27.2.1 List of Registers

1

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

OFODOH (E)Sattery Level Detector control register BLDCONO rRW | 8/16 00H
Batt L | Detect trol ist BLDCON

OFOD1H attery Level Detector control register BLDCON1 RIW 8 00H
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27.2.2 Battery Level Detector Control Register 0 (BLDCONO)

Address: 0FODOH
Access: R‘'W

Access size: 8 bits
Initial value: 00H

7 6 5 4 3 2 1 0
BLDCONO — — — — LD3 LD2 LD1 LDO
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

BLDCONO is a special function register (SFR) to control the Battery Level Detector

[Description of Bits]

e LD3,LD2, LD1, LDO (bits 3-0)
The LD3, LD2, LD1, and LDO bits are used to select a threshold voltage (VCMP) of the Battery Level Detector. 16
levels of threshold voltages can be selected.

LD3

-
O
N
-
O
=

LDO Description
2.35 V 2% (initial value)
Prohibited

Prohibited

2.80V £2%

Prohibited

Prohibited

Prohibited

Prohibited

Prohibited

3.70 V £2%

Prohibited

Prohibited

Prohibited

Prohibited

Prohibited

4.60 V +2%

[Ey [N [N [N U [EN) 5N N P (=1 (=) [=1 [=]1 (=) (=1 [=}

[ [ I N re = = = I Y Y Y f=1 =) =1 =)
Rlr|lolo|r|r|o|lo|r|r|o|o|~|~|o]o
R|IO|IFR|IO|FR|O|IFR|O|IFR|IO|FR|O|R|O|r|O
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27.2.3 Battery Level Detector Control Register 1 (BLDCON1)

Address: 0FOD1H
Access: R/'W

Access size: 8 bits
Initial value: 00H

7 6 5 4 3 2 1 0
BLDCON1 — — — — — — BLDF ENBL
R/W R/W R/W R/W R/W R/W R/W R R/W
Initial value 0 0 0 0 0 0 0 0

BLDCONT is a special function register (SFR) to control the Battery Level Detector.

[Description of Bits]
e ENBL (bit0)
The ENBL bit is used to control activation (ON) or deactivation (OFF) of the Battery Level Detector.
The Battery Level Detector is activated (ON) and deactivated (OFF) by setting the ENBL bit to “1” and “0”,
respectively.

ENBL Description
0 Deactivates the Battery Level Detector (OFF) (initial value)
1 Activates the Battery Level Detector (ON).

e BLDF (bit 1)

The BLDF bit is the judgment result flag of the Battery Level Detector.

The BLDF bit is set to “1” or “0” when the power supply voltage (VDD) is lower than or higher than the threshold
voltage selected by LD3 to LDO bits of BLDCONO register, respectively.

BLDF Description
0 Higher than the threshold voltage (initial value)
1 Lower than the threshold voltage
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27.3 Description of Operation

27.3.1 Threshold Voltage

The threshold voltage (VCMP) is selected by setting the bits of BLDCONO.
Table 27-1 shows the threshold voltages and the accuracy.

Table 27-1 Threshold Voltages and Accuracy

BLDCONO Threshold voltage Accuracy
LD3 LD2 LD1 LDO Vewp Ta=25°C
0 0 0 0 2.35V
0 0 1 1 280V 12.0%
1 0 0 1 3.70V
1 1 1 1 4.60 V
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27.3.2  Operation of Battery Level Detector

Activation (ON) and deactivation (OFF) of the Battery Level Detector are controlled by setting the ENBL bit of the
Battery Level Detector control register (BLDCONT1), and the result of the comparison of the power supply voltage
(VDD) to the threshold voltage is output to the BLDF bit of BLDCONI.

When ENBL, the enable control bit of the Battery Level Detector, is set to “1”, the detector is activated (ON). When
ENBL is set to “0”, the detector is deactivated (OFF) and has no supply current.

BLDF indicates the result of comparison. When BLDF bit is set to “1”, it indicates the power supply voltage is lower
than the threshold voltage. When BLDF bit is set to “0”, it indicates the power supply voltage (VDD) is higher than the
threshold voltage. The Battery Level Detector requires a settling time. Read BLDF bit 1ms or more after ENBL bit is
setto “1”.

Figure 27-2 shows an example of the operation timing diagram.

Operation Set ENBL Read BLDF Set ENBL
0l @) el @
ENBL |
Threshold voltage ~ Vss it Vewe
Vewp
BLDF 1"or"0

Wait for settling time of BLD
(Min. 1 ms)

Figure 27-2 Example of Operation Timing Diagram

The operations in Figure 27-2 are described below.

@ The Battery Level Detector is activated (ON) by setting the ENBL bit to “1”.
@ Wait the settling time (min. 1 ms) of the Battery Level Detector.

® Read BLDF bit.

@ Set ENBL bit to “0”.

Note:
Select the threshold voltage (VCMP) when the ENBL bit is “0”.
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28. Power Supply Circuit

28.1 Overview

This LSl incorporates a regulated power supply circuit for the internal logic (VRL).

The VRL outputs the operating voltage, Vppy, for the internal logic, program memory, RAM, etc.

In the case of ML610Q383/384/385, VRR outputs Vppr 0f the operation voltage of built-in P2ROM.
28.1.1 Features

o VRL outputs the operating voltage, Vpp,, of the internal logic, program memory, RAM, etc.
¢ VRR outputs VDDR of the operation voltage of built-in P2ZROM. (In the case of ML610Q383/384/385)
* Supply voltage from the exterior at ML610Q380.

28.1.2  Configuration

Figure 28-1 shows the configuration of the power supply circuit.

VDD=2.2’\"5.5V
.l ~ Voo i
1] n! 1 i
The constant i
voltage circuit for| | Low-voltage H'gh_hsp_eed ——t1 OSCO
. g oscillation ;
o Voor PZROM‘LVRR cireuit for e o osc1x
—| F— M logic «
P2ROM Port
cl v GPIO I General-purpose port
4 | -,] DDL I —
Logic
XTO L——— Low_-”sp_eed E% \ y
; oscillation 10bit A/D 3 Vger
XTit clreutt \16 o AINO to AIN7
1 Vss
Togr

*. Shows the secondary function

Figure 28-1 Configuration of Power Supply Circuit

28.1.3 List of Pins

Pin name 1/O Description
VppL — Positive power supply pin for the internal logic circuits
VppR — The positive side power supply pin for P2ROM
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28.2 Description of Operation
VppL Voltage is set to about 2.1v in all the operational modes after a power supply injection.

Figure 28-2 shows the operation waveforms of the power supply circuit.

VDD

RESET_N pin

pscillation stable time FiR% EFFHE

System reset = =

RESETS | J

Power supply for logic

VoL 2.1V
Power supply Program STOP External Program
injection start mode interruption start

Figure 28-2 Waveforms of Power Supply Circuit Operation
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29. On-Chip Debug Function

29.1 Overview

This LSI has an on-chip debug function that enables flash memory reprogramming.
To use the on-chip debug function, connect the LSI to the on-chip debug emulator (UEASE).

29.2 How to Connect the On-Chip Debug Emulator

Figure 29-1 shows the connections to the on-chip debug emulator (UEASE).
For the on-chip debug emulator, refer to the “UEASE User’s Manual.”

User application

UEASE :
Interface connector ML610Q380/383/
—
Vee V., 384/385
PP
V
DDL VDDL
V
DD VDD
V.
Ss VSS
TEST
TESTO
RESET_N
TESTLN

| [

Figure 29-1 Connections to the On-Chip Debug Emulator (UEASE)

Note:

e Do not use LSI used for debugging as a mass-production article.

e When using the on-chip debug function or flash memory reprogramming function after mounting the LSI on the
board, design the board so that the four pins of DVpp, DVss, ,TEST1 N, and TESTO, which are required for
connection to the on-chip debug emulator, are capable of connection. Also, apply 3.0 to 3.6 V to DVpp,

o For details, refer to the “UEASE User’s Manual” and the “UEASE connection Manual”.

Note:
When debugging is performed by the on-chip debugging emulator (UEASE), as a target chip, select “ML610Q380A”
for ML610Q380 and select ML610Q385A for ML610Q383/384/385.
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30. Code-Option

30.1 Overview

This LSI includes Code-option function.
Used or unused of an 32.768kHz crystal oscillation can be selected as a low-speed clock with the code-option data
written in the test data domain of the program memory.

30.1.1 Features

o Used or unused of an 32.768kHz crystal oscillation can be selected as a low-speed clock
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30.2 Description of Registers

30.2.1 List of Registers

Address Name Symbol (Byte) Symbol (Word) | R/W | Size | Initial value
OF3D8H Code-option register CODEOPO — R 8 —*

* The contents of the Code-Option register 0 are dependent on the Code-Option data written in the test data domain of
the program memory.
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30.2.2 Code-Option Register (CODEOPO)

Address: 0F3D8H
Access: RIW

Access size: 8 bits
Initial value: OOH

7 6 5 4 3 2 1 0
CODEOPO | COLOSC —* —* —* —* —* —* —*
R/W R R R R R/W R/W R/W R/W
Initial value X X X X X X X X

CODEOPQ is a special function register by which the set-up code-option data can be read. CODEOPO can be read and
writing is impossible.
About the method of setup of Code-option data, refer to Chapter 32.3, “The method of a setup of Code-Option data “

[Description of Bits]
e COLOSC (bits 7)
COLOSC is a bit which shows use / un-using it of a low-speed crystal oscillation as a low-speed clock.

COLOSC Description
0 32.768kHz crystal oscillation is not used as a low-speed
clock. (initial value)
1 32.768kHz crystal oscillation is used as a low-speed

clock.
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30.3 The method of a setup of Code-Option data
30.3.1 The format of Code-Option data

Set Code-Option data as 0: FDEOH address which is a test data domain of a program memory.

7 6 5 4 3 2 1 0
0:FDEOH | COLOSC —* —* —* —* — —* _*

30.3.2 The method of programming of Code-Option data

The example program of Code-Option data is shown in Fig. 30-1.

The case which uses a 32.768kHz crystal oscillation as a low-speed clock

; Setting the code-option data

cseg at 0:fdeOh
dw  0080h

The case which does not use a 32.768kHz crystal oscillation as a low-speed clock

; Setting the code-option data

cseg at 0:fdeOh
dw  0000h

Figure 30-1 The example program of Code-Option data

Note:
Set Code-option data as the test data domain of a program memory.
Set "OFFH"data to test data domains other than Code-option data.
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Contents of Registers

Address Name Symbol Symbol R/W size initial
(Byte) (Word) value
OFOO00H Data segment register DSR — R/W 8 O0H
OF001H Reset status register RSTAT — R/W 8 Undefined
OF002H Frequency control register O FCONO FCON R/W 8/16 3BH
OF003H Frequency control register 1 FCON1 R/W 8 83H
OF008H Stop code acceptor STPACP - w 8 Undefined
OFO009H Standby control register SBYCON N W 8 O00H
OFO0AH Low-speed time base counter divide register LTBR — R/W 8 O0H
OFOOBH High-speed time base counter divide register HTBDR — R/W 8 O00H
OFOO0CH Low-speed time base counter frequency LTBADJL R/W 8/16 OOH
adjustment register
- LTBADJ
OFOODH Low-speed time base counter frequency LTBADJH R/W 8 00H
adjustment register
OFOOEH Watchdog timer control register WDTCON — R/W 8 O0H
OFOOFH Watchdog timer mode register WDTMOD — R/W 8 02H
OF010H Interrupt enable register 0 IEO = R/W 8 O0H
OF011H Interrupt enable register 1 IE1 . R/W 8 O00H
OF012H Interrupt enable register 2 IE2 > R/W 8 OOH
OF013H Interrupt enable register 3 IE3 — R/W 8 O00H
OF014H Interrupt enable register 4 IE4 - R/W 8 OOH
OF015H Interrupt enable register 5 IE5 — R/W 8 O00H
OF016H Interrupt enable register 6 IE6 — R/W 8 O0H
OF017H Interrupt enable register 7 IE7 — R/W 8 O00H
OF018H Interrupt request register 0 IRQO — R/W 8 O0H
OF019H Interrupt request register 1 IRQ1 — R/W 8 O00H
OFO01AH Interrupt request register 2 IRQ2 - R/W 8 OOH
OF01BH Interrupt request register 3 IRQ3 — R/W 8 O00H
OF01CH 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 O0H
OFO1FH Interrupt request register 7 IRQ7 — R/W 8 O00H
OF020H External interrupt control register O EXICONO — R/W 8 O00H
OF021H External interrupt control register 1 EXICON1 — R/W 8 O00H
0F022H External interrupt control register 2 EXICON2 — R/W 8 O00H
O0F028H Block control register O BLKCONO — R/W 8 O00H
OF02AH Block control register 2 BLKCON2 — R/W 8 O00H
OF02BH Block control register 3 BLKCONS3 — R/W 8 O00H
OF02CH Block control register 4 BLKCON4 - R/W 8 OOH
OFO02EH Block control register 6 BLKCONG — R/W 8 O00H
OF02FH Block control register 7 BLKCON7 - R/W 8 OOH
OFO030H Timer O data register TMOD TMODC R/W 8/16 OFFH
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OF031H Timer O counter register TMOC R/W 8 00H
0F032H Timer O control register 0 TMOCONO TMOCON R/W 8/16 O00H
OF033H Timer O control register 1 TMOCON1 R/W 8 00H
OF034H Timer 1 data register TM1D TMIDC R/W 8/16 OFFH
OFO035H Timer 1 counter register TM1C R/W 8 00H
OF036H Timer 1 control register 0 TM1CONO TMLCON R/W 8/16 O0H
OF037H Timer 1 control register 1 TM1CON1 R 8 04H
OFO070H Frequency status register FSTAT — R/W 8 O0H
OFODOH Battery Level Detector control register O BLDCONO BDCOR R/W 8/16 O00H
OFOD1H Battery Level Detector control register 1 BLDCON1 R/W 8 O00H
OFOFOH Bias circuit control register BIASCON — R/W 8 30H
OFOF2H Display mode register 0 DSPMODO - R/W 8 OOH
OFOF4H Display control register DSPCON ~ R/W 8 00H
OF100H Display register 00 DSPRO0 — R/W 8 Undefined
OF101H Display register 01 DSPRO1 — R/W 8 Undefined
OF102H Display register 02 DSPRO02 - R/W 8 Undefined
OF103H Display register 03 DSPRO03 — R/W 8 Undefined
OF104H Display register 04 DSPR04 - R/W 8 Undefined
OF105H Display register 05 DSPRO05 — R/W 8 Undefined
OF106H Display register 06 DSPRO06 — R/W 8 Undefined
OF107H Display register 07 DSPRO7 = R/W 8 Undefined
OF108H Display register 08 DSPRO08 . R/W 8 Undefined
OF109H Display register 09 DSPR09 2 R/W 8 Undefined
OF10AH Display register 0A DSPROA — R/W 8 Undefined
OF10BH Display register OB DSPROB — R/W 8 Undefined
OF10CH Display register 0C DSPROC — R/W 8 Undefined
OF10DH Display register 0D DSPROD — R/W 8 Undefined
OF10EH Display register OE DSPROE - R/W 8 Undefined
OF10FH Display register OF DSPROF — R/W 8 Undefined
OF110H Display register 10 DSPR10 — R/W 8 Undefined
OF111H Display register 11 DSPR11 — R/W 8 Undefined
OF112H Display register 12 DSPR12 — R/W 8 Undefined
OF113H Display register 13 DSPR13 — R/W 8 Undefined
OF114H Display register 14 DSPR14 — R/W 8 Undefined
OF115H Display register 15 DSPR15 — R/W 8 Undefined
OF116H Display register 16 DSPR16 — R/W 8 Undefined
OF117H Display register 17 DSPR17 — R/W 8 Undefined
OF200H NMI data register NMID - R 8 Undefined
OF201H NMI control register NMICON — R/W 8 O00H
0F204H Port 0 data register POD — R 8 Undefined
0F206H Port O control register 0 POCONO POCON R/W 8/16 O00H
OF207H Port 0 control register 1 POCON1 R/W 8 OOH
0F208H Port 1 data register P1D — R 8 Undefined
OF20AH Port 1 control register 0 P1CONO P1CON R/W 8/16 O0H
OF20BH Port 1 control register 1 P1CON1 R/W 8 00H
OF210H Port 2 data register P2D — R/W 8 OO0H
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0F212H Port 2 control register 0 P2CONO PICON R/W 8/16 00H
0F213H Port 2 control register 1 P2CON1 R/W 8 O00H
0F214H Port 2 mode register P2MOD — R/W 8 O00H
O0F215H Port 2 mode register 1 P2MOD1 — R/W 8 O00H
0F218H Port 3 data register P3D — R/W 8 O00H
0F219H Port 3 direction register P3DIR — R/W 8 O00H
OF21AH Port 3 control register 0 P3CONO P3CON R/W 8/16 00H
OF21BH Port 3 control register 1 P3CON1 R/W 8 O00H
OF21CH Port 3 mode register 0 P3MODO PAMOR R/W 8/16 OOH
OF21DH Port 3 mode register 1 P3MOD1 R/W 8 00H
0F220H Port 4 data register P4D — R/W 8 OOH
0F221H Port 4 direction register P4DIR — R/W 8 O00H
0F222H Port 4 control register 0 P4CONO Licdy R/W 8/16 OOH
0F223H Port 4 control register 1 P4CON1 R/W 8 00H
0F224H Port 4 mode register 0 P4AMODO pAMOD R/W 8/16 OOH
O0F225H Port 4 mode register 1 P4AMOD1 R/W 8 00H
0F260H Port C data register PCD — R/W 8 O0H
0F261H Port C direction register PCDIR — R/W 8 O00H
0F262H Port C control register 0 PCCONO PACON R/W 8/16 O0H
0F263H Port C control register 1 PCCON1 R/W 8 00H
OF268H Port D data register PBD - R/W 8 OO0H
0F269H Port D direction register PBDIR — R/W 8 O00H
OF26AH Port D control register 0 PBCONO PEEDN R/W 8/16 O0H
OF26BH Port D control register 1 PBCON1 R/W 8 00H
O0F280H Serial port 0 transmit/receive buffer L SIOOBUFL SIO0BUF R/W 8/16 OOH
OF281H Serial port O transmit/receive buffer H SIO0BUFH R/W 8 00H
0F282H Serial port O control register SIO0CON — R/W 8 O0H
0F284H Serial port 0 mode register O SIO0MODO SI00MOD R/W 8/16 O00H
O0F285H Serial port 0 mode register 1 SIOOMOD1 R/W 8 OOH
0F288H Serial port 1 transmit/receive buffer L SIO1BUFL SIO1BUE R/W 8/16 00H
O0F289H Serial port 1 transmit/receive buffer H SIO1BUFH R/W 8 OOH
OF28AH Serial port 1 control register SIO1CON — R/W 8 00H
0F28CH Serial port 1 mode register 0 SI01MODO SI01MOD R/W 8/16 OOH
OF28DH Serial port 1 mode register 1 SI01IMOD1 R/W 8 O00H
0F290H UARTO transmit/receive buffer UAOBUF - R/W 8 00H
0F291H UARTO control register UAOCON — R/W 8 O00H
0F292H UARTO mode register O UAOMODO UAOMOD R/W 8/16 O00H
OF293H UARTO mode register 1 UAOMOD1 R/W 8 O0H
0F294H UARTO baud rate register L UAOBRTL UAOBRT R/W 8/16 OFFH
O0F295H UARTO baud rate register H UAOBRTH R/W 8 OFH
0F296H UARTO status register UAOSTAT — R/W 8 O0H
O0F298H UART1 transmit/receive buffer UA1BUF — R/W 8 O0H
0F299H UART1 control register UA1CON — R/W 8 O00H
0F29AH UART1 mode register 0 UA1MODO UALMOD R/W 8/16 O00H
OF29BH UART1 mode register 1 UA1IMOD1 R/W 8 O00H
0F29CH UART1 baud rate register L UA1BRTL UA1BRT R/W 8/16 OFFH
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OF29DH UART1 baud rate register H UA1BRTH R/W 8 OFH
OF29EH UART1 status register UAL1STAT — R/W 8 O00H
OF2A0H I12C bus 0 receive data register I2CORD — R 8 O00H
OF2A1H 12C bus 0 slave address register [2COSA — R/W 8 O0H
OF2A2H 12C bus 0 transmit data register 12COTD — R/W 8 O00H
OF2A3H 12C bus 0 control register I2COCON — R/W 8 O0H
OF2A4H 12C bus 0 mode register I2COMOD — R/W 8 O00H
OF2A5H I12C bus 0 status register I2COSTAT — R 8 OOH
OF2DOH SA-ADC result register OL SADROL SADRO R 8/16 O0H
OF2D1H SA-ADC result register OH SADROH R 8 O0H
O0F2D2H SA-ADC result register 1L SADR1L SADRL R 8/16 O0H
OF2D3H SA-ADC result register 1H SADR1H R 8 O00H
O0F2D4H SA-ADC result register 2L SADR2L Lohe R 8/16 O0H
OF2D5H SA-ADC result register 2H SADR2H R 8 O00H
OF2D6H SA-ADC result register 3L SADR3L SADR3 R 8/16 O0H
OF2D7H SA-ADC result register 3H SADR3H R 8 O00H
O0F2D8H SA-ADC result register 4L SADRA4L SADRA R 8/16 O0H
OF2D9H SA-ADC result register 4H SADR4H R 8 O00H
OF2DAH SA-ADC result register 5L SADRS5L SADRS R 8/16 O00H
OF2DBH SA-ADC result register 5H SADR5H R 8 O00H
0F2DCH SA-ADC result register 6L SADR6L AR R 8/16 O0H
OF2DDH SA-ADC result register 6H SADRG6H R 8 O00H
OF2DEH SA-ADC result register 7L SADRT7L hy 7 R 8/16 O00H
OF2DFH SA-ADC result register 7H SADR7H R 8 O00H
OF2FOH SA-ADC control register 0 SADCONO SADCON R/W 8/16 00H
OF2F1H SA-ADC control register 1 SADCON1 R/W 8 O00H
OF2F2H SA-ADC mode register 0 SADMODO SADMOD R/W 8/16 O00H
OF3D8H Code-Option register O CODEOPO — R/W 8 O0H
OF8AOH PWM4 period register L PW4PL PWBOP R/W 8/16 OFFH
OF8A1H PWM4 period register H PW4PH SADRB R/W 8 OFFH
O0F8A2H PWM4 duty register L PW4DL PWBOD R/W 8/16 OOH
OF8A3H PWM4 duty register H PW4DH SADRC R/W 8 OO0H
OF8A4H PWM4counter register L PW4CL PWBOC R/W 8/16 O00H
OF8A5H PWM4 counter register H PW4CH SADRD R/W 8 O00OH
OF8A6H PWM4 control register 0 PW4CONO PWBOCON R/W 8/16 OO0H
OF8A7H PWM4 control register 1 PW4CON1 SADRE R/W 8 40H
OF8A8H PWM4 control register 2 PWA4CON2 R/W 8 00H
OF8BOH PWM4 period register L PW5PL PWB1P R/W 8/16 OFFH
OF8B1H PWM4 period register H PW5PH R/W 8 OFFH
OF8B2H PWM4 duty register L PW5DL PWB1D R/W 8/16 O0H
0F8B3H PWM4 duty register H PW5DH R/W 8 O0H
O0F8B4H PWM4counter register L PW5CL PWB1C R/W 8/16 OOH
OF8B5H PWM4 counter register H PW5CH R/W 8 00H
OF8B6H PWM4 control register 0 PW5CONO PWB1CON R/W 8/16 O00H
OF8B7H PWM4 control register 1 PW5CON1 PWBOP R/W 8 40H
OF8B8H PWM4 control register 2 PW5CON2 R/W 8 OOH
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OF8EOH Timer 8 data register TM8D TM8DC R/W 8/16 OFFH
OF8E1H Timer 8 counter register TM8C R/W 8 O0H
OF8E2H Timer 8 control register O TM8CONO TM8CON R/W 8/16 O00H
OF8E3H Timer 8 control register 1 TMBCONL1 R/W 8 OOH
OF8E4H Timer 9 data register TM9D TMODC R/W 8/16 OFFH
OF8ES5H Timer 9 counter register TM9C R/W 8 O00H
OF8E6H Timer 9 control register O TM9CONO TM9CON R/W 8/16 O00H
OF8ET7H Timer 9 control register 1 TM9CONL1 R/W 8 OOH
OF8ES8H Timer A data register TMAD TMADC R/W 8/16 OFFH
OF8E9H Timer A counter register TMAC R/W 8 OOH
OF8EAH Timer A control register O TMACONO TMACON R/W 8/16 O00H
OF8EBH Timer A control register 1 TMACON1 R/W 8 O00H
OF8ECH Timer B data register TMBD TMBDC R/W 8/16 OFFH
OF8EDH Timer B counter register TMBC R/W 8 OOH
OF8EEH Timer B control register O TMBCONO TMBCON R/W 8/16 O00H
OF8EFH Timer B control register 1 TMBCONL1 R/W 8 O00H
OF8F1H LCD port segment selection register 1 LSELS1 — R/W 8 00H
OF8F2H LCD port segment selection register 2 LSELS2 — R/W 8 O00H
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ML610Q380/383/384/385

(Unit: mm)
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: Lead frame material 42 ALLOY
. Lead finish Sn-2Bi (Bi 2% typ.)
| Pin treatment Solder plating (=5upm)
' LAPIS Semiconductor Co. Ltd. Patiage ot (o) 141 TYP,
o 0 o 'L Rev. No./Last Revised 1/Mar. 1, 2012

Figure B-1  P-QFP80-1414-0.65-TK9-MC
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 our responsible sales person 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

e Absolute Maximum Ratings

(Vss= SPVSS=OV)

Parameter Symbol Condition Rating Unit
Power supply voltage 1 DVpp Ta=25°C -0.3t0 +7.0 \%
Power supply voltage 2 SPVpp Ta=25°C -0.3t0 +7.0 \%
Power supply voltage 3 Vpp Ta=25°C -0.3t0 +9.5 \%
Power supply voltage 4 Vi1 Ta=25°C -0.3to +2.33 \'%
Power supply voltage 5 Vi Ta=25°C —0.3 to +4.66 \%
Power supply voltage 6 Vi3 Ta=25°C -0.3t0 +7.0 \%
Power supply voltage 7* P5Vpp Ta=25°C -0.3t0 +7.0 vV
Reference voltage VRer” Ta=25°C —0.3 to DVpp+0.3 V
Analog input voltage Vai Ta=25°C —0.3 to DVpp+0.3 \%
Input voltage VIN Ta=25°C —0.3 to DVpp+0.3 \%
Output voltage Vour Ta=25°C —0.3 to DVpp+0.3 \%
Output current 1 louT1 Port 3, 4, 5, C,D Ta=25°C -12 to +11 mA
Output current 2 louT2 Port 2, Ta=25°C -12 to +20 mA
Power dissipation PD Ta=25°C 1 w
Storage temperature Tstc — -55 to +150 °C

*only ML610Q380

® Recommended Operating Conditions

(Vss= SPVSS=OV)

Parameter Symbol Condition Range Unit
Operating temperature Top — -40 to +70 °C
DVop — 22t05.5
Operating voltage P5Vpp — 22to55 \Y,
SPVop — 45t055
Operating frequency (CPU) fop — 30k to 8.4M Hz
Low speed clock oscillation frequency fxrL — 32.768k Hz
Capacitor externally connected to DVpp pin Cv — 10+=30% pF
Capacitor externally connected to SPVpp pin Csv — 12+30% pF
Capacitor externally connected to Vep pin Cq — 12:30% pF
Capacitor externally connected to Ve pin Cav — 12:30% pF
Low speed clock oscillation CoL DMX-26S 12 to 25
Capacitor externally connected to Low speed pF
clock oscillation pin CaL (DAISHINKU CORP.) 1210 25
High speed clock oscillation frequency fxtH — 8M /8.192M Hz
High speed clock oscillation Con — 47+30%
Capacitor externally connected to Low speed pF
clock oscillation pin Ce o 47+£30%
Capacitor externally connected to VppL pin CL — 10+30% uF
Capacitor externally connected to Vppr pin Cr — 1£30% uF
Capacitor externally connected to Vi 123 pin CrL123 — 0.22+30% uF
ggm\c::;)r externally connected to AOUT pin — Crosp . 0.022430% uF
Capacitor externally connected to SG pin Csc — 0.1+30% uF

*When using CSTLS8M00G56-A0(MURATA corporation), since CDH builds, external capacity is not needed.
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¢ Operating Conditions of Flash Memory

(Vss =SPVSS=OV)

Parameter Symbol Condition Range Unit
Operating temperature Top At write/erase 0to +40 °C
DVpp At write/erase 27t055
Operating voltage VoL At write/erase*’ 2510275 V
Vpp At write/erase 7.7 t0 8.3
Maximum rewrite count Cep — 80 cycles
Write cycles Yor — 10 years

1. Atthe writing of a flash ROM, it is necessary to supply voltage to Vpp. pin within the limits of the above-mentioned
regulation. Pulldown resistance is built in the Vpp pin.

® DC Characteristics (1 of 7)

(DVpp= AVpp=SPVpp= 2.0 to 5.5V, Vss=SPVss=0V, Ta=—40 to +70°C, unless otherwise specified)

Rati i
Parameter Symbol Condition R aing Unit Megsurlng
Min. Typ. Max. circuit
ngh-speed crystal oscillation start Turn . . 1 20 ms
time
I_.ow;?peed crystal oscillation start Turt | . 06 2 s
time
Built-in RC low-speed oscillation \§ o typ typ
Ta=-10 to 60°C o .
frequency fier 5% 827k | 5o, | Hz 1
o LSCLK=32.768kHz typ typ MH
Accutacy of PLL oscillation frLL 100 clock average A% 8.192 +19% 5
Reset pulse width Prst — 100 — —
Reset noise elimination pulse us
. PnrsT > — — 0.3
width

*1: When a 32.768kHz crystal oscillator (DMX-26S DAISHINKU Corporation.) is used (CGL/CDL=12pF).

* RESET

RESET_N

VIL1 ﬁ VIL1 z

Prst
BT 5

RESET_N Pin Reset
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¢ DC Characteristics (2 of 7)

(DVpp= SPVpp=P5Vpp 4.5 t0 5.5V, Vss=SPVss=0V, Ta=—40 to +70°C, unless otherwise specified)

Ratin i
Parameter Symbol Condition Min. :;p.g Max Unit Mec?rsctljjriltng
LINE amplifier output Vao At10kQ load for Vss SPVpp . SPVpp v
voltage range x1/6 x5/6
0.95x 1.05x
SG output voltage Vsc — SPVpp/ SP\Z/DD/ SPVpp/ \Y,
2 2
SG output resistance Rsc — 57 96 135 kQ
SPM, SPP output load Rusp . o 8 Y o 1
resistance
SPVpp=5.0V, f=1kHz

Speaker amp output power Pspo1 Rspo=8Q, THD>10% — 0.5 — w

At SPIN input
Output offset voltage SPVpp=5.0V,
between SPM and SPP with Vor SPIN-SPM, Gain=+0dB -50 — 50 mV
no signal present at 8Q load

® DC Characteristics (3 of 7)

(DVpp= SPVpp=P5Vpp 4.5 to 5.5V, Vss=SPVss=0V, Ta=—40 to +70°C, unless otherwise specified)

Parameter Symbol Condition X Rating Unit Mee.lsur.lng
Min. | Typ. Max. circuit
LD3~0=0H 2.35
BLD judging A LD3~0=3H Typ 2.82 Typ
voltage Ve TR LD3~0=9H 2% | 370 | +2% | !
LD3~0=FH 4.60

¢ DC Characteristics (4 of 7)

(DVpp= SPVpp=P5Vpp 4.5 to 5.5V, Vss=SPVss=0V, Ta=—40 to +70°C, unless otherwise specified)

Parameter Symbol Condition ) Rating Unit Megsurllng
Min. | Typ. Max. circuit
CPU: In STOP state.
Supply current 1 IDD1 Low-speed/high-speed Dvpp=3.0V — 0.7 22
oscillation: stopped
CPU: In HALT state ” uA
Supply current 2 IDD2 (LTBC’WDT: Ope.ratlrjg ) Dvpp=3.0V — 2.0 24
High-speed oscillation: 1
Stopped
Supply current 3 IDD3 | CPU: Running at 32kHz*' | Dypp=3.0V — 13 42
CPU: Running at
8.192 MHz
Supply current 4 IDD4 Crystal/ceramic Dvpp=3.0V — 5 8 mA
oscillating mode

*1: Case when the CPU operating rate is 100% (no HALT state).
*2: All effective bit "1" of BLKCONO to BLKCON4.
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® DC Characteristics (5 of 7)

(DVpp= SPVpp=P5Vpp 4.5 to 5.5V, Vss=SPVss=0V, Ta=—40 to +70°C, unless otherwise specified)

Parameter Symbol Condition ) Rating Unit Me:-asurlng
Min. | Typ. Max. circuit
Output voltage 1 _ DVpp
(P20 to P22) VOH1 IOH1=-0.5mA 05 — —
(P30 to P35)
(P40 to P47)
(P50 to P53) VOLA1 IOL1=+0.5mA — — 0.5
(PCO to PC7)
(PDO to PD7) \Y 2
Output voltage 2 (when LED drive IOL2=+10mA
(P20 to P23) VOL2 mode is selected) DVop24.5V — — 0.5
IOL2=+10mA
(when I°C mode is
gjtg‘:; ‘;‘2'2"")96 31 vous selected) IOL3=+3mA » e 0.4
IOL2=+10mA
Output leakage IOOH VOH=DVpp (in high-impedance state) = — 1
(P20 to P22)
(P30 to P35)
(P40 to P47) pA 3
(P50 to P53) I00L VOL=DVss (in high-impedance state) -1 — —
(PCO to PC7)
(PDO to PD7)
IOL1 VL3=3V, VOL=0.3V 15 10 —
Output current 1 VL3=5V, VOL=0.5V 100 200 —
COMO0-COM3 IOH1 VL3=3V, VOH=2.7V — -30 -15
VL3=3V, VOH=4.5V — -90 -45 uA 3
1OL2 VL3=3V, VOL=0.3V 15 30 —
Output current 1 VL3=5V, VOL=0.5V 70 150 —
SEGO0-SEG23 IOH2 VL3=3V, VOH=2.7V — -13 -6
VL3=3V, VOH=4.5V — -40 -20

® DC Characteristics (6 of 7)

(DVDD= SPVDD=P5VDD 45t 5.5V, VSS=SPVSS=0V, Ta=-40 to +70°C,

unless otherwise specified)

Parameter Symbol Condition ) Rating Unit Megsurllng
Min. Typ. Max. circuit
Input current 1 IIH1 VIH1=DVss 0 — 1
ety | M VIL1=Vss 1500 | 300 | -20
input current 2 IIH2 VIH2=DVpp (in plldown state) 2 30 250
(NMI) L2 VIL2=Vss (in pllup state) -250 -30 -2
(P00 to P0O3) lIH2Z VIH2=DVpp (in high-impedance state) — — 1
(P20 to P22) uA 4
(P30 to P35)
(P40 to P47) o
(P50 to P53) lIL2Zz VIL2=Vss (in high-impedance state) -1 — —
(PCO0 to PC7)
(PDO to PD7)
input current 3 I0L1 VIH3=DVpp 20 300 1500
(TESTO) IOH1 VIL3=Vss -1 — —
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® DC Characteristics (7 of 7)

(DVpp= SPVpp=P5Vpp 4.5 t0 5.5V, Vss=SPVss=0V, Ta=—40 to +70°C, unless otherwise specified)

Parameter

Symbol

Condition

Rating

Min.

Typ.

Max.

Unit

Measuring
circuit

Input voltage 1
(RESET_N)
(TESTO)
(TEST1_N)
(NMI)
(POO to P03)
(P20 to P22)
(P30 to P35)
(P40 to P47)
(P50 to P53)
(PCO to PC7)
(PDO to PD7)

VIH1

0.7xDVpp

DVbp

VIL1

0.3xDVpp

Input pin
capacitance
(RESET_N)

(TESTO)
(TEST1_N)

(NMI)
(P00 to P0O3)
(P20 to P22)
(P30 to P35)
(P40 to P47)
(P50 to P53)
(PCO to PC7)
(PDO to PD7)

CIN

f=10kHz
Vims=50mV
Ta=25°C

10

pF
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Measuring Circuit 1

Cot I—T— XTO %
Cui|
CoL ==

|
|_T_ 1
r XT1
32.768kHz
Crystal Vi CL |
Cet, , oscillator
—1 F—¢— osco ]
C |:| V|_1 L3 )
DH A
+— 4 osci
otz DVoo Vrer SPVop P5Vop®'  Voor Voor®> SG - Vs SPV.
- Crystal oo Vrer oD oD oot Voor ss ss
oscillator ' l

7 N - —
b
@

T C. . 10pF

¢ o+ Cr - 10uF
s . 0.1pF
CaL . 12pF
CDL : 12pF
CGH : 47pF
Con . 47pF

Cu1,C2,Cz : 0.22pF

32.768kHz Crystal oscillator

(DMX-26S DAISHINKU Corp.)

8MHz Crystal oscillator
CSTLS8MO00G56-A0 (MURATA Corp.) it
has built-in CGH, and CDH

Measuring Circuit 2

(*2)

o—>|  |—

P5Voo™ ' Voor™ VoL SPVpp Vi Vi Viz Vgs SPVgg

IITTTTIIT
LITTITIT]

(*1) Input logic circuit to determine the specified measuring conditions.
(*2) Measured at the specified output pins.

*1 Only for ML610Q380

*2 Only for ML610Q383/384/385
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Measuring Circuit 3
(*2)

VIH o—> —
——o

1

Input pins
Output pins
|

VIL o—> I
DVpp P5Voo™ Voor® Voo Vrer SPVip Vss SPVsg

I
L1 11

(*1) Input logic circuit to determine the specified measuring conditions.
(*2) Measured at the specified output pins.

Measuring Circuit 4

(*3)

—o
o | e

E %) :

! » £ !

| < a ]

1 Q o :

A bl os 3| i

bl g 3|
O_I x1 %2 —Io

DVop P5Vop™' Voor™® VpoL Vrer SPVip Vss  SPVss

(*3) repeats in the appointed input pin

*1 Only for ML610Q380
*2 Only for ML610Q383/384/385
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Measuring Circuit 5

VIH o—> - -

1N

Input pins
Output pins
Waveform monitoring

VIL 0—> |

DVDD PSVDDX’I VDDR>:<2 VDDL VREF SPVDD VSS SPVSS

I
LI 1]

(*1): Input logic circuit to determine the specified measuring conditions.

*1 Only for ML610Q380
%2 Only for ML610Q383/384/385
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¢ AC Characteristics (External Interrupt)

(DVpp= SPVpp=P5Vpp 4.5 t0 5.5V, Vss=SPVss=0V, Ta=—40 to +70°C, unless otherwise specified)

Rati
Parameter Symbol Condition : atng Unit
Min. Typ. Max.
External interrupt Interrupt: Enabled (MIE=1)
. ) T . 2. Ik — . Ik
disable period NUL CPU: NOP operation Sxsysc 3.5xsysc us

P00 to P03

7

(Rising-edge interrupt)

P00 to P03

N

(Falling-edge interrupt)

NMI, P00 to P03 /

(Both-edge interrupt)

il

tuL

NN
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¢ AC Characteristics (Synchronous Serial Port)

(DVpp= SPVpp=P5Vpp 4.5 to 5.5V, Vss=SPVss=0V, Ta=—40 to +70°C, unless otherwise specified)

Rati
Parameter Symbol Condition - L Unit
Min. Typ. Max.
When high-speed oscillation is not 10 . o s
SCLK input cycle ¢ active H
(slave mode) ¢ "When high-speed oscillation is
. 500 — — ns
active
SCLK output cycle 1
— _ LK* —
(master mode) tseve sC S
When high-speed oscillation is not 4 _ o s
SCLK input pulse width t active K
(slave mode) sw When high-speed oscillation is
. 200 — — ns
active
SCLK output pulse width ) _ SCLK*' | SCLK*' | sCLK*' .
(master mode) sw x0.4 x0.5 x0.6
SOUT output delay time oo . . . 180 ns
(slave mode)
SOUT output delay time oo . . . 80 ns
(master mode)
SIN |nput tes L 50 ul . ns
setup time
SIN input
hold time fsr — A B . ne

*1: Clock period selected with SOCK3-0 of the serial port 0 mode register (SIOOMOD1)

SCLKO* \

SOuUTO*

SINO*

tscye

tsw tsw

S
X

tss tsH
<>

tso

%

*: Indicates the secondary function of the port.
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e AC Characteristics (I°C bus interface : Standard mode 400kHz)

(DVpp= SPVpp=P5Vpp 4.5 to 5.5V, Vss=SPVss=0V, Ta=—40 to +70°C, unless otherwise specified)

Rati
Parameter Symbol Condition - aing Unit
Min. Typ. Max.
SCL clock frequency fscL — 0 — 100 kHz
SCL hold time ¢ . 40 . . 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) tsu:sTA T 47 _ B Ks
SDA hold time tHD:DAT — 0 = — us
SDA setup time tsu:pAT — 0.25 — — us
SDA setup time
" : — 4. — —

(Stop condition) tsussto ) Hs
Bus free time taur — 4.7 — — us

e AC Characteristics (I°C bus interface : Fast mode 400kHz)

(DVpp= SPVpp=P5Vpp 4.5 to 5.5V, Vss=SPVss=0V, Ta=—40 to +70°C, unless otherwise specified)

Rati
Parameter Symbol Condition - atng Unit
Min. Typ. Max.

SCL clock frequency fscL — 0 — 400 kHz
SCL hold time ¢ . 0.6 . o s
(Start / Restart condition) HD-STA ) H
SCL’L’level time tLow — 1.3 — — us
SCL’H’level time thicH — 0.6 — — us
SCL setup time

(Restart condition) lsu:sTA B 0.6 B B Ks
SDA hold time tHD:DAT — 0 — — us
SDA setup time tsu.paT — 0.1 — — us
SDA setup time

(Stop condition) tsussto T 0.6 o B Ks
Bus free time tsur — 1.3 — — us

Start condition Restart condition Stop condition
i < — <
P40/SDA A >< A A L
P41/SCL L SR s — =
5 i 3 i : F tedso
tHp:sTA ttow  thicn tsu:sta thHDisTA tsupar  tHpiaT
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¢ Electrical Characteristics of Successive Approximation Type A/D Converter

(DVpp= SPVpp=P5Vpp 4.5 to 5.5V, Vss=SPVss=0V, Ta=—40 to +70°C, unless otherwise specified)

Rating

Parameter Symbol Condition - Unit
Min. Typ. Max.
Resolution n — — — 10 bit
Integral non-linearity error IDL — -4 — +4
Differential non-linearity error DNL — -3 — +3 LSB
Zero-scale error Vorr — -6 — +6
Full-scale error FSE — —6 — +6
Input impedance Z — — — 5k Q
Reference voltage VRer — 4.5 — DVbp \%
Conversion time tconv HSCLK=3.0M to 8.4MHz — 102 — ¢/CH
¢: Period of high-speed clock (HSCLK)
DVoo
Reference * VRer
voltage 1p|iL Voo I I1O|JF
@ V
_L_ DDR >
ToufT RI<5kQ AINO 10uF
l AIN7
Analog input Vas
O.1UIT
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® Power-on/Shutdown Sequence

® When the power rise time is 10 ms or less

Upon power-on

Upon shutdown

90%
DVoo /

90%
SPVpp /

90%

P5Voo | 100us(min;)

RESET_N Fui

* Start P5Vpp simultaneously with DVDD, or after DVDD.

® When the power rise time is more than 10 ms

EEBAR
2.0V
DVoo ////;
2.0V__
SPVop ////7
2.0V
P5Vop
RESET_N

* Start P5Vpp simultaneously with DVDD, or after DVDD.

oV

oV

ov

ov

ov

ov

ov

ov
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¢ Wiring of a power supply

The power supply of this LSl is divided into the following three power supplies.

+ A digital system power supply (DVpp), the digital system GND (Vss)

+ A speaker amplifier power supply (SPVpp), speaker amplifier GND (SPVss)

* The power supply for ports 5 (P5Vpp)
To be shown in the following figures, branch wiring of the same power supply in a root, and wire
Vpop and SPVpp. Similarly, branch wiring of the same power supply in a root, and wire Vss and
SPVss.

When P5VDD is also used on the same level as DVpp, wire as follows.

DVbp Vss
P5Vbp
SPVDD SPVSS
||
11

When P5Vpp is used on a different level from DVpp, please wire as follows.

| |
11
DVbbp Vss
P5Vop
Working
voltage
.
-
s5v_T
[ SPVbp SPVss
||
11
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Appendix D The example of an application circuit

LCD
& 5.0V
UEASE .
I/F sv
- Voo COMO-3 SEG0~23 SPVeo l |
uvDD_O [O] cpsve,
VTref O' ;7_‘ SG | |
RESET_N |O TEST1_N I Moo
TEST|O TESTO SPVss
VPD O ‘ Vpp s K
peaker
VVDDL: 8_ CRh C Q//DDL SPP
DDR J_ DDR | )
Ves — v SPM
e
ML610Q380/ T [ =
* Only for ML610Q383/384/385 sl
hd -
ResetIC |—] RESET_N 383/384/385
7
C
O— NMI Vi 12
O— P00
O— P01 Cu
1 *
o— P02
.
O—1 P03
N
II:I P35/PWMS (Output) IGBT
P34/PWM4 (Output) control
+—| |_T_
/8 Voo
_| lT Vref
c:AV
1 Vss
1 P42 (Output) 1 _GF_
/e EN VDD
P20 P21 P43 P41 P40 AINO ur  |ML8511
Cv - 10pF JLEDO /LEDL  (Output) /SCL /SDA ono | UV sensor
Csv D 1uF 7J7_
Csc :0.1uF
Ci, Cr : 10pF
C: D 1uF 5_
Ci1, Ci2, Cis, . O.ZZHF
Chosp : 0.022uF
CoL » 12~25pF WP scL sbA  vee
CoL : 12~25pF LED )
Coh : 15~32pF I°C EEPROM
Con 1 15~32pF (0 AL A2 ves
Cav D 1pF

*It 1s a circuit in case P5VDD and DVDD are the same levels.

D-1
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