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ML610Q178

The low power micro controller corresponding to 5v for household appliances

GENERAL DESCRIPTION

Equipped with a 8-bit CPU nX-U8/100, the ML610Q178 is a high-performance 8-bit CMOS microcontroller
that integrates a wide variety of peripherals such as 10-bit A/D converter, timer, PWM, synchronous serial port,
UART, I2C bus interface (master), Battery level detect circuit, LCD driver. 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.

FEATURES

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 ps (at 32.768kHz system clock)

Approx 0.122 ps (at 8.192MHz system clock)@Vpp = 2.2 to 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 4-Kbyte RAM (4096 x 8 bits) built in.

¢ Interrupt controller

2 non-maskable interrupt sources (Internal source: 1, External source: 1)
23 maskable interrupt sources (Internal source: 19, External source: 4)

e Time base counter

Low-speed time base counter x 1 channel
High-speed time base counter x 1 channel

e 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)

e Timers
— 8 bits x 6¢h (16-bit configuration available)
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e PWM
— Resolution 16 bits x 2 channel(IGBT control)

¢ Synchronous serial port
— 2ch
— Master/slave selectable
— LSB first/MSB first selectable
— 8-bit length/16-bit length selectable

e 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

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

e Successive approximation type A/D converter
— 10-bit A/D converter
— Input: 16¢ch (Maximum)
— Conversion time: 12.75us per channel

¢ General-purpose ports x74 (Maximum)

— Non-maskable interrupt input port x 1ch
Input-only port x 6¢ch
Output-only port x 8ch (including secondary functions)
Input/output x 27ch (including secondary functions)
Input/output x 32ch (including LCD driver functions)

e LCD driver
— 160 dots max. (40 seg x 4 com), 1/1 to 1/4 duty
— Frame frequency selecable (approx. 64Hz, 73Hz, 85Hz, 102Hz, 32Hz, 128Hz, 171Hz, and 256Hz)
— LCD drive stop mode, LCD display mode, all LCDs on mode, and all LCDs off mode selectable

e Power supply voltage detect function

— Judgment voltages:  One of 4 levels
— Judgment accuracy: 2% (Typ.)
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e Reset
— Reset through the RESET N pin
— Reset by the watchdog timer (WDT) overflow

e Clock
— Low-speed clock (This LSI can not guarantee the operation withoug low-speed clock)
Crystal oscillation (32.768 kHz) or Built-in RC oscillation (32.7kHz)
— High-speed clock
Built-in oscillation (8.192MHz), Crystal/Ceramic oscillation (§8MHz), external clock

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
— 100-pin QFP (QFP100-P-1420-0.65-BK)
— ML610Q178-xxxGA (blank product: ML610Q178-NNNGA)

xxx: ROM code number

e Guaranteed operating range
— Operating temperature: —40°C to 85°C
— Operating voltage: Vpp =2.2V t0 5.5V, Vygr =4.5V to 5.5V
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BLOCK DIAGRAM

Figure 1-1 is a block diagram of the ML610Q178.
Symbols with an asterisk

koo

CPU (nX-U8/100) Large Model

EPSW1~3| | greg | | ELR1~3 | | ECSR1~3 |
PSW 0~15 | | IR | | DSR/CSR |
Timing ALU | EA | | PC |
Controller | SP |
BUS
Instruction Instruction Controller
On-Chip Decoder Register
ICE
¥DD > Data-bus
ST
—
RE'SFE;TF': RESET &
’ TEST
TESTI_N—> RAM
- 4096byte
INT
XT0—> _:]}1
XT1 +—
0SCo* > 0scC Interrupt
OSC1* < Controller
LSCLK* +—
OUTCLK* +—
VooL — pOWER |
8bit Timer
X6
Veo— INT
Vss ﬁ 1
VRer —»| .
- 10bit-ADC ||
AINO to AIN15 * memb

*! Secondary or tertiary function
*2 Select /0 port or LCD driver

*3 Select I/0 port or A/D converter input

indicate that each of them is the secondary or tertiary function of the corresponding port.

Program
Memory
(Flash)

128Kbyte

SSIO

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

UART

4 RXDO*', RXD1*'
s TXDO*', TXD1*'

12C

b SDA*'
|y SCL*"

PWM

p— PWM4*'
b PV M5!
= PW45EV0*'
= PW45EV1*'

GPIO

[ NMI
«== P00 to P03
4 P10 to P11
= P20 to P23
=t P30 to P33"
= P34 to P36
= P40 to P43
= P44 to P47
= P50 to P53

P60 to P67
== P90 to P93

== PCQ to PC7*
= PD( to PD7*
== PEQ to PE7?

+=> PF0 to PF7”

LCD
Driver

== COMO to COM3

= SEGO to SEG7
SEG8 to SEG39?

1

LCD
Drive Voltage

| C— VL11 VL21 VL3
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PIN CONFIGURATION

ML610Q178 QFP package product

0293S/¥Qd —T—
1293S/5ad —T—
22938/9ad —T—
€2938//ad—T—
¥293S/03d —T—
§293S/13d — 1|
9293S/23d —T—
/293S/€3d—T—
8293S/¥3d ——|
6293S/53d ——|
0€935/93d ——|
1€93S//3d — T
2€938/04d —T—
€€93S/14d T —
¥€93S/24d T —
6€93S/e4d T
9€93S/Pdd T
1€93S/54d T
8€935/94d T
6£93S//4d 1T
N 13538 — T
vas/ord —T—]
10S/bvd —T—]
0axy/erd —r—

0aXL/ehd —1—
OLNI/00d — T
LLNI/LOd T
ZLNI/Z0d — T
€LNI/E0d — T

INN —T—]
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Iddd IJdd <<= B
S=d B ST oSS hYInaolNeR
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N i O R Sl
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T ddA
i — )
T 01X
—— Y
T aap
T Ssp
T 10S0/bbd
T 00S0/0Ld
—r— N L1S3l
—r1— 01S3l
—T— M10S7/9¢d
—T— SWMd/SEd
—— YINMdIvEd
—r— 1ax.y/esd
—1— LLNOS/Zsd
—1—1 IMOS/LSd
—1—1 LNIS/0Sd
)\
11 ONIV/0€d
—r— LNIV/LEd
T 1 ¢NIv/eed
T 1 ENIv/eed
YNIV/YYd

NC: No Connection
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LIST OF PINS
Pin Primary function Secondary function Tertiary function
Pin - Pin L Pin o
No. 110 Description 110 Description 110 Description
name name name
18,85 Vss — | Negative power supply pin — — — _ — _
19 Vop — | Positive power supply pin — — — — — _
20 v Power supply for internal logic
poL | (internally generated) — — _ — — _
23 Vep — | Power supply pin for Flash ROM — — — _ — _
24 V4 — | Power supply pin for LCD bias — — — _ — _
25 Vi — | Power supply pin for LCD bias — — — _ — _
26 Vis — | Power supply pin for LCD bias — — — _ — _
14 TESTO 1/0 | Input/output pin for testing — — — — — _
15 TEST1_N | 1/O | Input/output pin for testing — — — — — _
71 RESET_N | Reset input pin — — — — — _
21 XT0 | | Low-speed clock oscillation pin — — — _ _ _
22 XT1 O | Low-speed clock oscillation pin — — — _ _ _
Reference power supply pin of
6 Vrer I Successive-approximation type — — — — — _
ADC
Input port,
80 NMI : non-maskable interrupt * * B T - -
Input port /
76 E\?\%Eé\l% | External interrupt / — — — — _ _
PW45EV0 input
Input port /
” POT/EXI ! External interrupt * * - * - —
Input port /
78 Poé)/(%)gz I External interrupt — — — — — _
UARTO data input
Input port /
79 POS)/(%)?IS/ I External interrupt / — — — _ _ _
UART1 data input
16 P10 | Input port 0SCo | ngh-speed .clock B B B
oscillation pin
17 P11 | Input port 0SC1 o) ngh-speed _CIOCk _ _ _
oscillation pin
P20/ . Low-speed clock
81 LEDO O | Output port / LED drive LSCLK O output _ _ _
P21/ ) Low-speed clock
82 LED1 O | Output port / LED drive OUTCLK (0] output _ _ _
83 [28 | o | Output port/ LED drive _ _ _ TMOOUT | O | Timerd output
84 [23L | o | output port/ LED drive _ _ _ TMBOUT | O | TimerB output
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Pin Primary function Secondary function Tertiary function Fourthly function
Pin L Pin L Pin L Pin L
No. I/0 Description 1/0 | Description 1/0 | Description 1/0 | Description
name name name name
Input/output port
/
P30/ PW45EV1 input
5 PW45EV1 | 1/0 |/ — — — — _ _ — _ _
/AINO Successive
approximation
type ADC input
Input/output port
/
4 P31/AIN1 I/O | Successive — — — — — _ _ _ _
approximation
type ADC input
Input/output port
/
3 P32/AIN2 | 1/O | Successive — — — — — — _ — _
approximation
type ADC input
Input/output port
/
2 P33/AIN3 | I/O | Successive — — — — — — _ — _
approximation
type ADC input
11 P34 I/O | Input/output port — — — PWM4 0 PWM4 — — —
output
12 P35 I/O | Input/output port — — — PWM5 0 PWMS — — —
output
Low-speed
13 P36 I/O | Input/output port | LSCLK 0 clock — — _ _ _ _
output
I°C data SSIOO0 data
72 P40 I/0O | Input/output port SDA 1/0 inputioutput SINO | input — — —
. SSIO0
1°C clock synchronous
73 P41 I/0 | Input/output port SCL 1/0 inputioutput SCKO | I/0 clock — — —
input/output
UARTO SSIOO0 data
74 P42 I/0 | Input/output port RXDO | data input SOUTO | O output — — —
UARTO PWM4 UAR1
75 P43 I/0O | Input/output port TXDO (0] data output PWM4 | O output TXD1 | O data output
Input port /
Timer0 /
P44/ PWM4 external
1| ToPack/ | 11O | clock input/ SINO | | ish?o data | __ | _ —
AIN4 Successive P
approximation
type ADC input
Input port /
Timer1/
P45/ PWMS5 external S8 s
100 | T1P5CK/ | 11O | clock input scko | 1o | — | — —
: clock
AIN5 Successive .
. input/output
approximation
type ADC input
Input port /
Timer8 /
P46/ TimerA external
99 | T8ACK/ | I | clockinput/ SouTo | O gi'?ﬁ data | __ | _ —
AING Successive P
approximation
type ADC input
Input port /
Timer9 /
P47/ TimerB external
98 T9BCK/ | clock input / PWM5 | O El\ﬁll\ﬂf — — —
AIN7 Successive P
approximation
type ADC input
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Primary function

Secondary function

Tertiary function

Fourthly function

Pin
Pin Pin Pin Pin
No. name 110 Description name I/0 | Description name I/0 | Description name I/O | Description
7 P50 | 1O | Inputoutputport |  — | — — siNt | 1 | SSRRE _
SSI01
8 P51 | /O | Inputoutputport | — | — — SCK1 | o | Synofronous || _
input/output
9 P52 | 1O | Inputoutputport [ RxD1 | 1 | ARTT fsoyry | o | SSIOTdata f ) _
ata input output
UART1 UARO
10 P53 I/0 | Input/output port TXD1 (o] data input — — — TXDO | O data output
Input/output
rt/
P60/ po .
97 AINS I/0 Succes‘swe‘ — — — — — — _ — _
approximation
type ADC input
Input/output
rt/
P61/ po .
96 AINO I/O Succes‘swe‘ — — — — — — — — —
approximation
type ADC input
Input/output
rt/
P62/ po .
95 AIN1O I/0 Succes_swe_ — — — — — — _ — _
approximation
type ADC input
Input/output
rt/
P63/ po .
94 AINTA I/0 Succes_swe_ — — — — — — _ — _
approximation
type ADC input
Input/output
rt/
P64/ po .
93 AIN12 I/0 Succes‘swe‘ — — — — — — — _ _
approximation
type ADC input
Input/output
rt/
P65/ po .
92 AIN13 1/0 Succes‘swe‘ — — — — — — — — —
approximation
type ADC input
Input/output
rt/
P66/ po .
91 AIN14 I/0 Succes_swe_ — — — — — — _ — _
approximation
type ADC input
Input/output
rt/
P67/ po .
90 AIN15 I/0 Succes_swe_ — — — — — — _ — _
approximation
type ADC input
P90/ Output port /
86 LED4 o LED drive B T D - — — - - -
P91/ Output port /
87 LED5 o LED drive T T T * — — - - -
P92/ Output  port /
8 | 1epe | O |LEDdrive - | — — — | — — — | = —
P93/ Output  port /
8 | ez | O |LEDdrive - | = — — | — — — | = —
30 | como | o ;ﬁD common S _ _ _ = .
29 | com | o tﬁDcommO” S _ _ _ = .
28 | com2 | o ti(;D common S _ . _ | _
27 | coms | o ti(;D common S _ . _ | _
31 SEG0 | O ;ﬁD segment S _ _ _ = .
2 | see1t | o ;ﬁD segment S _ _ _ = .
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Pin Primary function Secondary function Tertiary function Fourthly function
Pi Pi Pi Pi
No. " 1/0 Description n 1/0 | Description n 1/0 | Description n 1/0 | Description
name name name name
33 | sec2 | o tﬁD segment N _ B _ = _
34 | see3 | o ;ﬁD segment | = _ . _ | _
35 | seca | o ;ﬁD segment N _ I _ = _
36 | sees | o tﬁD segment N _ I _ = _
37 SEG6 | O ti(;D segment R _ N _ _ | = -
38 SEG7 | o | LCDsegment _ | = _ N _ _ _
pin
LCD
39 PCO I/0O | Input/output port SEG8 O | segment — — — — — —
pin
LCD
40 PC1 I/0O | Input/output port SEG9 O | segment — — — _ _ —
pin
LCD
41 PC2 I/O | Input/output port | SEG10 O | segment — — — _ _ —
pin
LCD
42 PC3 I/O | Input/output port | SEG11 O | segment — — — — — _
pin
LCD
43 PC4 I/O | Input/output port | SEG12 O | segment — — — — — _
pin
LCD
44 PC5 I/0O | Input/output port | SEG13 O | segment — — — — — _
pin
LCD
45 PC6 I/0O | Input/output port | SEG14 O | segment — — — — — _
pin
LCD
46 PC7 I/0O | Input/output port | SEG15 O | segment — — — — — _
pin
LCD
47 PDO I/0O | Input/output port | SEG16 O | segment — — — — — _
pin
LCD
48 PD1 I/O | Input/output port | SEG17 O | segment — — — — — —
pin
LCD
49 PD2 I/O | Input/output port | SEG18 O | segment — — — — — —
pin
LCD
50 PD3 I/O | Input/output port | SEG19 O | segment — — — — — —
pin
LCD
51 PD4 I/0O | Input/output port | SEG20 O | segment — — — — — —
pin
LCD
52 PD5 I/O | Input/output port | SEG21 O | segment — — — _ _ —
pin
LCD
53 PD6 I/O | Input/output port | SEG22 O | segment — — — _ _ —
pin
LCD
54 PD7 I/O | Input/output port | SEG23 O | segment — — — — — _
pin
LCD
55 PEO I/O | Input/output port | SEG24 O | segment — — — — — _
pin
LCD
56 PE1 I/0O | Input/output port | SEG25 O | segment — — — — — _
pin
LCD
57 PE2 I/0 | Input/output port | SEG26 O | segment — — — — — _
pin
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Primary function Secondary function Tertiary function Fourthly function

Pin
Pin Pin Pin Pin
No. 1/0 Description 1/0 | Description 1/0 | Description 1/0 | Description
name name name name

LCD
58 PE3 I/O | Input/output port | SEG27 O | segment — — — — _ _
pin

LCD
59 PE4 I/0O | Input/output port | SEG28 O | segment — — — — — _

pin

LCD
60 PES5 I/0O | Input/output port | SEG29 O | segment — — — — — _

pin

LCD
61 PE6 I/O | Input/output port | SEG30 O | segment — — — — — —
pin

LCD
62 PE7 I/O | Input/output port | SEG31 O | segment — — — — — —
pin

LCD
63 PFO I/O | Input/output port | SEG32 O | segment — — — — — —
pin

LCD
64 PF1 I/O | Input/output port | SEG33 O | segment — — — — — —
pin

LCD
65 PF2 I/O | Input/output port | SEG34 O | segment — — — _ _ —
pin

LCD
66 PF3 I/O | Input/output port | SEG35 O | segment — — — _ _ —
pin

LCD
67 PF4 I/O | Input/output port | SEG36 O | segment — — — — — _
pin

LCD
68 PF5 I/O | Input/output port | SEG37 O | segment — — — — — _
pin

LCD
69 PF6 I/0 | Input/output port | SEG38 O | segment — — — — — _
pin

LCD
70 PF7 I/0 | Input/output port | SEG39 O | segment — — — — — _
pin
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PIN DESCRIPTION
. o Primary/ )
Pin name 1/0 Description Secondary Logic
Power supply
Vss — |Negative power supply pin — —
Vbb — | Positive power supply pin — —
Vv __ |Positive power supply pin for internal logic (internally generated). Connect . .
poL capacitors (C.) (see Measuring Circuit 1) between this pin and Vss .
Vpp — |Power supply pin for programming Flash ROM. — —
A% — |Power supply pins for LCD bias (external input) — —
Vi2 — |Power supply pins for LCD bias (external input) — —
Vi3 — |Power supply pins for LCD bias (external input) — —
Test
TESTO I/O |Input/output pin for testing. Has a pull-down resistor built in. — Positive
TESTI_N I/0 |Input/output pin for testing. Has a pull-up resistor built in. — Negative
System
Reset input pin. When this pin is set to a “L” level, the device is placed in
RESET N | §ystem res“et”mode and the internal qrcwt is |n|t|a!|zeq. If after that this pin . 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 measuring circuit 1) is connected to this pin. Capacitors Cp. and CgL
XT1 O | are connected across this pin and Vss as required. — —
0OSCO | | External input pin for high-speed clock. This function is allocated to the Secondary —
0SsC1 O |secondary function of the P10 pin. Secondary —
Low-speed clock output. This function is allocated to the secondary function
LSCLK O | of the P20/P36 pin. Secondary | - —
OUTCLK o ngh-.speed clock out.put. This function is allocated to the secondary Secondary i
function of the P21 pin.
General-purpose input port
P00 to P03 ' General-purpose input ports. Provided with a secondary function for each . o
. . . Primary | Positive
P10 to P11 | port. Cannot be used as ports if their secondary functions are used.
General-output input port
P20 to P23 o General-purpose output ports.lf’rowlded with a second.ary function for each Primary | Positive
port. Cannot be used as ports if their secondary functions are used.
P90 to P93 o General-purpose output ports.lf’rowlded with a second.ary function for each Primary | Positive
port. Cannot be used as ports if their secondary functions are used.
General-purpose input/output port
P30 to P36
P40 to P47 General-purpose input/output ports.Provided with a secondary function for
0 each port. Cannot be used as ports if their secondary functions are used.
P50 to P53
PCOtoPC7 | I/O Primary | Positive
PDO to PD7 General-purpose input/output ports.Provided with a LCD segment for each
PEO to PE7 port. Cannot be used as ports if LCD segment are used.
PFO to PF7
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Primary/
Pi I/0 D ipti Logi
in name escription Secondary ogic
UART
i i i Secondar
TXDO o UARTO data output pin. Allocated to t.he secondary function of the P43 pin y Positive
and the fourthly function of the P53 pin. Fourthly
RXDO | UARTO data input pin. Allocated to t.he primary function of the P02 pin and Secondary | Positive
the secondary function of the P42 pin.
i i i Secondar
TXD1 o UART1 data output pin. Allocated to t.he secondary function of the P53 pin y Positive
and the fourthly function of the P43 pin. Fourthly
RXD1 | UART1 data input pin. Allocated to t.he primary function of the P03 pin and Secondary | Positive
the secondary function of the P52 pin.
I°C bus interface
I°C data input/output pin. This pin is used as the secondary function of the
SDA I/O |P40 pin. This pin has an NMOS open drain output. When using this pin as | Secondary | Positive
a function of the 1°C, externally connect a pull-up resistor.
I°C clock output pin. This pin is used as the secondary function of the P41
SCL I/O |pin. This pin has an NMOS open drain output. When using this pin as a Secondary | Positive
function of the I°C, externally connect a pull-up resistor.
Synchronous serial (SSIO)
SINO | Synchronous serla! data input pin. Allocated to the tertiary function of the Tertiary | Positive
P40 pin and P44 pin.
Synchronous serial clock input/output pin. Allocated to the tertiary function .
SCKO VO | of the P41 pin and P45 pin. Tertiary | —
SOUTO 0 Synchronous serla! data output pin. Allocated to the tertiary function of the Tertiary | Positive
P42 pin and P46 pin.
SIN1 | Synchronous serial data input pin. Allocated to the tertiary function of the Tertiary | Positive
P50 pin .
SCKA1 /0 Synchronou; serial clock input/output pin. Allocated to the tertiary function Tertiary .
of the P51 pin.
SOUTA 0 Synchronous serial data output pin. Allocated to the tertiary function of the Tertiary | Positive
P52 pin.
PWM
PWM4 O |PWM4 output pin. Allocated to the tertiary function of the P34 and P43 pins.| Tertiary | Positive
PWM5 O |PWMS5 output pin. Allocated to the tertiary function of the P35and P47 pins. | Tertiary | Positive
TOP4ACK | Exter.nal clock input pln for timer 0 and PWM4. Allocated to the primary Primary .
function of the P44 pin.
T1P5CK | Exter.nal clock input pin for timer 1 and PWM5. Allocated to the primary Primary .
function of the P45 pin.
PW45EV0 | Control start /stop pin for PWM4 and PWMS5. Allocated to the primary Primar .
PW45EV1 function of the P00 pin and P30 pin. y
External interrupt
External non-maskable interrupt input pin. The interrupt occurs on both the . Positive/
NMI | . . Primary .
rising and falling edges. Negative
External maskable interrupt input pins. It is possible, for each bit, to specify Positive/
EXIO-EXI3 I |whether the interrupt is enabled and select the interrupt edge by software. Primary Neaative
Allocated to the primary function of the PO0—PO03 pins. 9
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Primary/
Pi I/0 D ipti Logi
in name escription Secondary ogic
Timer
TOP4CK | Exter.nal clock input pln for timer 0 and PWMA4. Allocated to the primary Primary .
function of the P44 pin.
T1P5CK | Exter.nal clock input pln for timer 1 and PWM5. Allocated to the primary Primary .
function of the P45 pin.
TSACK | Exter.nal clock input pln for timer 8 and timer A. Allocated to the primary Primary .
function of the P46 pin.
T9BCK | Exter.nal clock input pin for timer 9 and timer B. Allocated to the primary Primary .
function of the P47 pin.
TM9OUT o gilrr;nerg overflow output pin. Allocated to the secondary function of the P22 Tertiary | Positive
TMBOUT o gilrr;nerB overflow output pin. Allocated to the secondary function of the P23 Tertiary | Positive
LED drive
LEDO-LED7 0 Pins for LED dr!vmg. Allocated to the primary function of the P20—P23 pins Primary P05|t|\(e/
and P90-P93 pins. Negative
Successive-approximation type A/D converter
Vv | Reference power supply pin for successive approximation type A/D o .
REF converter.
Analog inputs to Ch0—Ch15 of the successive-approximation type A/D
AINO-AIN15 | |converter. Allocated to the secondary function of the P30 to P33 and P44 to| Primary —
P47 and P60 to P67 pins.
LCD driver
COMO to . .
COM3 O |LCD common output pins. Primary —
SEGO to . .
SEG7 O |LCD segment output pins. Primary —
SEGS to 0 LCD segment output pins. Allocated to the secondary function of the PCO Secondar
SEG39 to PC7 and PDO to PD7 and PEO to PE7 and PFO to PF7 pins. y T
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TERMINATION OF UNUSED PINS

How to Terminate Unused Pins

Pin Recommended pin termination

Vpp open
RESET_N open
TESTO open
TEST1_N open

VRer Connect to Voo
P00 to P03 Connect Vpp or Vss
P10 to P11 Connect Vpp or Vss
P20 to P23 open

P30 to P33 (AINO to AIN3) open

P34 to P36 open

P40 to P43 open

P44 to P47 (AIN4 to AIN7) open

P50 to P53 open

P60 to P67 (AIN8 to AIN15) open

P90 to P93 open

COMO to COM3 open

SEGO to SEG7 open

PCO0 to PC7 (SEGS8 to15) open

PDO to PD7 (SEG16 to 23) open

PEO to PE7 (SEG24 to 31) open

PFO to PF7 (SEG32 to 39) open

Note:

For unused input ports or unused input/output ports, if the corresponding pins are configured as high-impedance inputs
and left open, the supply current may become excessively large. Therefore, it is recommended to configure those pins as
either inputs with a pull-down resistor/pull-up resistor or outputs.
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ELECTRICAL CHARACTERISTICS
Absolute Maximum Ratings
(Vss = QV)
Parameter Symbol Condition Rating Unit
Power supply voltage 1 Vop Ta =25°C -0.3t0+7.0 \Y
Power supply voltage 2 VbboL Ta=25°C -0.3t0 +3.6 \%
Power supply voltage 3 Vep Ta =25°C -0.3t0 +9.5 V
Power supply voltage 4 Vi1 Ta =25°C —0.3to +2.33 V
Power supply voltage 5 Vi2 Ta=25°C —0.3 to +4.66 \%
Power supply voltage 6 Vi3 Ta =25°C -0.3t0+7.0 Vv
Reference voltage VRer Ta=25°C —0.3 to Vpp+0.3 \%
Analog input voltage Vai Ta =25°C —-0.3 to Vpp+0.3 \Y
Input voltage Vin Ta =25°C -0.3 to Vpp+0.3 \
Output voltage Vour Ta =25°C —0.3 to Vpp+0.3 \%
Output current 1 louTt Port3_,|fle;5=,62,§;g,E,F -12 to +11 mA
Output current 2 louT2 Port2,9 Ta = 25°C -12 to +20 mA
Power dissipation PD Ta =25°C 1 w
Storage temperature Tste — -55 to +150 °C
Recommended Operating Conditions
(Vss= 0V)
Parameter Symbol Condition Range Unit
Operating temperature Tor — —40 to +85 °C
Operating voltage Vbb — 22t055 \%
Reference voltage VRer — 4.5 to Vpp \%
Analog input voltage Vai — Vss to Vrer
Operating frequency (CPU) fop — 30k to 8.4M Hz
Low-speed crystal oscillation frequency fxrL — 32.768k Hz
Capacitor externally connected to Vpp pin Cv — 10+=30% uF
Capacitor externally connected to Vpp pin C1 — 1+30% uF
Capacitor externally connected to Ve pin Cav — 1+30% uF
_— Use 32.768KHz Crystal
Low-speed oystal oscilaton S osciletor bT-26 e o
CaL (DAISHINKU CORP.) 12t0 25
:L%Z-er:s;;d crystal/ceramic oscillation furn _ 8M/8.192M Hyz
High-speed crystal oscillation CoH — 47+30%
external capacitor* CaH — 47+30% PF
Capacitor externally connected to VppL pin C. — 10+30% uF

* Cenand Cpy are built into, external capacity is unnecessary for CSTLS8M00G56 (made by Murata Mfg.).
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Flash Memory Operating Conditions

(Vss = OV)
Parameter Symbol Condition Range Unit
Operating temperature Top At write/erase 0to +40 °C
Vop At write/erase 27t05.5
Operating voltage VoL At write/erase’ 2510 2.75 \
Vpp At write/erase’ 7.7108.3
Maximum rewrite count Cep — 80 times
Data retention period Ypr — 10 years

1 At the writing of a flash ROM, it is necessary to supply voltage to VppL pin within the limits of the above-mentioned
regulation. Pulldown resistance is built in the Vpp pin.

DC Characteristics (1 of 5)
(Vop=2.2 to 5.5V, Vss =0V, Ta=—40 to +85°C, unless otherwise specified)

Parameter Symbol Condition Min. Typ. Max. Unit Mec?rscl:riltng
High-speed crystal oscillation
start time T - - 2 20 ms
Low-speed crystal oscillation
start time*? Txn — — 0.6 2 s
Low-speed RC oscillator _ o Typ Typ
frequency fLer Ta=-10 to 60°C 59 32.7k +5% Hz 1
_— LSCLK=32.768kHz Typ Typ
PLL llation fi . MH
oscillation frequency fpLL 100 clock average 1% 8.192 +1% z
Reset pulse width Prst — 100 — —
Reset noise rejection pulse us
width PrrsT — — — 0.4

*1: Use 32.768KHz Crystal Oscillator DT-26 (Daishinku) with capacitance Cg/CpL=12pF.

Reset

RESET_N VILING  VIL1 -/

Prst

Reset by RESET_N pin
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DC Characteristics (2 of 5)
(Vpp=2.2 to 5.5V, Vss =0V, Ta=—40 to +85°C, unless otherwise specified)
Meas
Parameter Symbol Condition Min. Typ. Max. Unit | uring
circuit
LD3to 0=0H 2.35
BLD threshold  hro LD3to 0 =3H Typ. 2.80 Typ.
voltage Vero Ta=25°C LD3 to 0 = 9H 2% 370 | 2% v ]
LD3to0=FH 4.60

DC Characteristics (3 of 5)

(Vpp=2.2 to 5.5V, Vss =0V, Ta=—40 to +85°C, unless otherwise specified)

Meas
Parameter Symbol Condition Min. | Typ. | Max. | Unit | uring
circuit
CPU: In STOP state 40 to +35°C 0.7 6
Low-speed/high-speed ~vto - :
Supply current 1 IDD1 o
oscillation: Stopped o
Vpp=3.0V -40 to +85°C — 0.7 | 22
CPU: In HALT state o
(LTBC,WBC: Operating?) 4010 +35°C — | 20 /
Supply current 2 IDD2 . o pA
High-speed oscillation: Stopped +REO
Vpp=3.0V -40 to +85°C — 20 | 24 1
. H %1
(H;.P E\ R””g'“g a.ltl St?kHZSt § 40t0+35C | — | 13 | 20
Supply current 3 IDD3 Vlg =-§%?/e osciliation: stoppe
oo -40 to +85°C — | 13 | 42
CPU: Running at 8.192MHz
Supply current 4 IDD4 | Crystal/ceramic oscillating mode*? — 5 8 mA
Vob = SPVop = 5.0V

*!: Case when the CPU operating rate is 100% (with no HALT state)
2 Significant bits of BLKCONO to BLKCON4 registers are all “1”.
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DC Characteristics (4 of 5)

(Vop=2.2 to 5.5V, Vss =0V, Ta=-40 to +85°C

unless otherwise specified)

Parameter Symbol Condition Min. Typ. Max. | Unit Mec?rscl:riltng
Output voltage 1
Epig to Pig; VOH1 IOH1 = -0.5mA Vg’% — | -
P30to P -V
(P40 to P47)
(P50 to P53)
(PCO to PC7)
(PDO to PD7) VOL1 IOL1 = +0.5mA — — 0.5 v )
(PEO to PE7)
(PFO to PF7)
Output voltage 2 . =4
(P20-P23) VOL2 When .LED drive IO\I;Z g 41g\r7A . . 05
(P90-P93) mode is selected DD 2 4.
Output voltage 3 When I°C mode is _
(P40-P41) VOL3 selected IOL3 = +3mA — — 0.4
Output leakage
current VOH = Vpp
(P20 to P23) I00H (in high-impedance state) - - 1
(P30 to P36)
(P40 to P47)
(P50 to P53) HA 3
(PCO to PC7) 100L VOL = Vss :
(PDO to PD7) (in high-impedance state) - o o
(PEO to PE7)
(PFO to PF7)
IoL1 VL3=3V. VOL=0.3V 15 40 —
Output current 1 VL3=5V, VOL=0.5V 100 200 —
COMO to COM3 oM VL3=3V. VOH=2.7V — 30 | -15
VL3=5V, VOH=4.5V — -90 -45 3
L2 VL3=3V. VOL=0.3V 15 30 — hA
Output current 2 VL3=5V. VOL=0.5V 70 150 —
SEGO to SEG39 OH?2 VL3=3V, VOH=2.7V — -13 -6
VL3=5V. VOH=4.5V — -40 -20
Input current 1 11H1 VIH1 = Vpp 0 — 1
(RESET_N)
(TEST1 N) L1 VIL1 = VSS -1500 -300 20
'“p“t(ﬁmf“t 2 IH2 VIH2 = Vpp (when pulled down) 2 30 | 250
(P00 to P03) _
1IL2 VIL2 = V. h lled -2 - -2
(P10 to P11) ss (when pulled up) 50 30
(P30 to P36) IH2Z VIH2 = Vpp . . 1
(P40 to P47) (in high-impedance state) HA 4
(P50 to P53)
(PCO to PC7) -
(PDO to PD7) L2z - h\(le ;VSS at -1 — —
(PEO to PE7) (in high-impedance state)
(PFO to PF7)
|nput current 3 ”H3 V|H3 = VDD 20 300 1500
(TESTO) I3 VIL3 = Vss -1 — —
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DC Characteristics (5 of 5)
(Vpp=2.2 to 5.5V, Vss =0V, Ta=—40 to +85°C, unless otherwise specified)

Measuring

Parameter Symbol Condition Min. Typ. Max. Unit .
circuit

Input voltage 1
(RESET_N)
(TESTO) 0.7x
(TEST1_N) VIH1 - Vo - Voo
(NMI)
(POO to P03)
(P10 to P11)
(P30 to P36)
(P40 to P43)
(P50 to P53) 0.3x
(PCO to PC7) VIL1 — 0 — v
(PDO to PD7) ep
(PEO to PE7)

(PFO to PF7)

Input pin capacitance
(RESET_N)
(TESTO)
(TEST1_N)
(NMI)

(P00 to P0O3) f = 10kHz

(P10t0 P11) CIN Vime = V — — 1 F —
(P30 to P36) ms = 50m 0 P

(P40 to P43) Ta=25°C
(P50 to P53)
(PCO to PC7)
(PDO to PD7)
(PEO to PE7)
(PFO to PF7)
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Measuring Circuits

Measuring circuit 1

Ceo
94— xT0
Co =
32.768KkH2 (1

crystal

Coapy
[——¢— Osco
Con S

crystal Voo Vrer Voo

‘ %“H

\Y Cb|—<
\Y Ca|_<

Vss

]
TE 9

Measuring circuit 2

Cv - 10pF
o - 10pF
CGL : 12pF
CpbL 1 12pF
Con . 4TpF
CDH : 47pF

C11,C 12,C 3 : 0.22pF

32.768kHz Crystal oscillator
(DMX-26 DAISHINKU Corp.)

8MHz Crystal oscillator
CSTLS8M00G56 (MURATA Corp.)
it has built-in Cgn, and Cpy

VIH o
™
V| E
Ll e
M| ls
a
V£
VIL :
° Voo Voo VRrer

Output pins
(=)
&/

Vi Ve Vis Vss

11l
L]

11T
L1

(*1) Input logic circuit to determine the specified measuring conditions.

(*2) Measured at the specified output pins.
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Measuring circuit 3

*2
VIH o )
. o | |
E gl
N I =) bl I
el | N
|3 3| -
ViL Voo Voou  Vrer Vss

I
1]

(*1) Input logic circuit to determine the specified measuring conditions.
(*2) Measured at the specified output pins.

Measuring circuit 4

(£3)
—-o0
o— | N
1 n E
b2 £ |
X |5 s
|z Bl
' C > '
T LT o |
Voo Voo Vrer Vss
*3: Measured at the specified input pins.
Measuring circuit 5
VIH o -
(@]
o 2
E o) E S
| c : =
P2 e é
Mlils 5|
! = = | S
L2 S| ¢
il - ' (0]
1 ! >
: : ‘;"
VIL o : N
Voo Voo Vrer Vss

L]

*1: Input logic circuit to determine the specified measuring conditions.
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AC Characteristics (External Interrupt)

(Vpp=2.2 to 5.5V, Vss =0V, Ta=—40 to +85°C, unless otherwise specified)

Parameter Symbol Condition Min. Typ. Max. Unit
External interrupt disable T Interrupt: Enabled (MIE = 1), 2.5x 3.5x
period NUL CPU: NOP operation sysclk B sysclk HS
P0O0-PO03 2§ N\ /§ x
(Rising-edge interrupt) tnuL
P00-P03 N\ / N\ I
N ;
(Falling-edge interrupt) tuL 5

i
NMI, PO0-P03 / \

(Both-edge interrupt) tnuL
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AC Characteristics (Synchronous Serial Port)
(Vpp=2.2 to 5.5V, Vss =0V, Ta=—40 to +85°C, unless otherwise specified)

Parameter Symbol Condition Min. Typ. Max. Unit
SCKinput cycle ; High-speed oscillation stopped 10 — — us
(slave mode) seve During high-speed oscillation 500 — — ns
SCK output cycle 1
(master mode) tscve — — SCK — sec
SCK input pulse width High-speed oscillation stopped 4 — — us
(slave mode) tow During high-speed oscillation 200 — — ns
SCK output pulse width ¢ . scK™ scK™ scK™ sec
(master mode) SW x0.4 x0.5 x0.6
SOUT output delay time
(slave mode) tso - - B 180 ns
SOUT output delay time . . .

(master mode) tso 80 ns
SIN input setup time - . .

(slave mode) tss 50 ns
SIN input hold time tsh — 50 — — ns

*1: Clock period selected by SnCK3-0 of the serial port n mode register (SIOnMOD1)

tscve

tsw tsw

SCKn* “ / N\

tso | tso |
SD SD
SOUTn >§ >§

tss tsh
<>

*: Indicates the secondary function of the corresponding port.
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AC CHARACTERISTICS (I°C Bus Interface: Standard Mode 100kHz)

(Vpp=2.2 to 5.5V, Vss =0V, Ta=—40 to +85°C, unless otherwise specified)

Parameter Symbol Condition - Rating Unit
Min. Typ. Max.

SCL clock frequency fscL — 0 — 100 kHz
SCL hold time too o 4.0 o o
(start/restart condition) HD:STA ' Hs
SCL "L” level time tLow — 4.7 — — us
SCL "H” level time tHiGH — 4.0 — — us
SCL setup time
(restart cc‘))ndition) lsussTA _ 47 — _ Hs
SDA hold time tHD:DAT — 0 — — us
SDA setup time tsu:paT — 0.25 — — us
SDA setup time
(stop congition) tsusTo — 4.0 — _ Ks
Bus-free time tsur — 4.7 — — us

AC CHARACTERISTICS (12C Bus Interface: Fast Mode 400kHz)
(Vop=2.2 to 5.5V, Vss =0V, Ta=-40 to +85°C, unless otherwise specified)

Parameter Symbol Condition 5 Rating Unit
Min. Typ. Max.
SCL clock frequency fscL — 0 — 400 kHz
SCL hold time ¢ 06 s
(start/restart condition) HD:STA — ' — — K
SCL "L” level time tLow — 1.3 — — us
SCL "H” level time tHiGH — 0.6 — — us
SCL setup time
(restart condition) lsussTA _ 0.6 _ _ HS
SDA hold time tHD:DAT — 0 — — us
SDA setup time tsu:DAT — 0.1 — — us
SDA setup time
(stop condition) tsusTo - 0.6 — - Hs
Bus-free time tsur — 1.3 — — us
Start Restart Stop
condition condition condition
<> <> -
P40/SDA >< ] | * A i A
PatscL I S A -
| i PiE - taur
thp:sTA ttow  thiGu tsu:sta thpista tsupaT  thopar  oooTO
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Electrical Characteristics of Successive Approximation Type A/D Converter

(Vpp=2.2 to 5.5V, Vss =0V, Ta=—40 to +85°C, unless otherwise specified)

Parameter Symbol Condition Min. Typ. Max. Unit
Resolution n — — — 10 bits
Integral non-linearity error IDL 2.7V < Vger £ 5.5V —4 — +4
Differential non-linearity
error DNL 2.7V < Vger £ 5.5V -3 — +3 LSB
Zero-scale error VorrF — 4 — +4
Full-scale error FSE — 4 — +4
Input impedance R — — — 5k Q
Reference voltage VRer 4.5 — Vbp \%
Conversion time tconv HSCLK=3.0M to 8.4MHz — 102 — ¢/CH

@: Period of high-speed clock (HSCLK)

Voo

Reference ° VRer
voltage l VoL
| |
WEL | FopF
— Ri<5kQ AINO
10pF A AN o ~
Analod input l AIN15
nalog inpu
0.1 ,JFT Vss
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PACKAGE DIMENSIONS
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 LAPIS SEMICONDUCTOR’s responsible sales person for the
product name, package name, pin number, package code and desired mounting conditions (reflow method, temperature
and times).

QFP100-P-1420-0.65-BK |

25. 000, 20
. 20. 00+0. 20
a0 Bl
A ARRE AR AR AARAEARAA,
81 I::I . ::lI  §
= O =
g s = E= E
= = —] o e | o
g g — —— =
g < = ==
- == ==
= | m—— |
== @ =
100) =] ==
| ai' DI
» Dot muttn., 1k
INDEX MARK i
MIRROR FINISH o sgryp, 032708 y o A\ .
0.17+0.05 : 2 '
> = _liao
4 1.38+0. 10
2 L 4] D
Package material Epoxy resin
Lead frame material 42 alloy
Lead finish Sn-2Bi (Bi 2% typ.)
Pin treatment Solder plating (=5pm)
LAPI Semic ct : td. Package weight (g) 1.29 TYP.
APIS Semiconductor Co. L Rev. No./Last Revised 3/0ct. 1, 2011
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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 2012 LAPIS Semiconductor Co., Ltd.
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