Dear customer

LAPIS Semiconductor Co., Ltd. ("LAPIS Semiconductor"), on the 1* day of October,
2020, implemented the incorporation-type company split (shinsetsu-bunkatsu) in which
LAPIS established a new company, LAPIS Technology Co., Ltd. (“LAPIS
Technology”) and LAPIS Technology succeeded LAPIS Semiconductor’s LSI business.

Therefore, all references to "LAPIS Semiconductor Co., Ltd.", "LAPIS Semiconductor"
and/or "LAPIS" in this document shall be replaced with "LAPIS Technology Co., Ltd."

Furthermore, there are no changes to the documents relating to our products other than

the company name, the company trademark, logo, etc.

Thank you for your understanding.

LAPIS Technology Co., Ltd.
October 1, 2020



LAPIS

SEMICONDUCTOR FEDL610Q174-02

ML610Q174

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

GENERAL DESCRIPTION

This LSI is a high-performance 8-bit CMOS microcontroller into which rich peripheral circuits, such as 10-bit
A/D converter, timer, PWM, synchronous serial port, UART, 12C bus interface (master), Battery level detect
circuit, LCD driver, are incorporated around 8-bit CPU nX-U8/100.

The CPU nX-U8/100 is capable of efficient instruction execution in 1-instruction 1-clock mode by 3-stage pipe
line architecture parallel procesing.

The on-chip debug function that is installed enables program debugging and programming.

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

e Internal memory
— Internal 128-Kbyte flash ROM(64K x 16-bit) (including unusable 1KByte TEST area)
— Internal 2-Kbyte Data Flash (1-Kbyte x 2)
— Internal 4-Kbyte RAM (4096 x 8 -bit)

e Interrupt controller
— 1 non-maskable interrupt sources (Internal source: 1, External source: 1)
— 26 maskable interrupt sources (Internal source: 22, 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 3 channel(IGBT control)

e 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@8MHz), Standard mode (100kbit/s@8MHz)

e Successive approximation type A/D converter
— 10-bit A/D converter
— Input: 12ch (Maximum)
— Conversion time: 12.75us per channel

e Analog Comparator
— 2ch
— Interrupt allow edge selection and sampling selection

e General-purpose ports x61 (Maximum)
— Input-only port x 6¢ch
— Output-only port x 6¢h (including secondary functions)
— Input/output x 19ch (including secondary functions)
— Input/output x 30ch (including LCD driver functions)

e LCD driver
— 128 dots max. (32 seg x 4 com), 1/1 to 1/4 duty
— Frame frequency selectable (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
— LCD drive voltage generation:external or internal 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/8MHz), Crystal/Ceramic oscillation (§MHz), 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
— 80-pin QFP (QFP80-P-1420-0.80)
— ML610Q174-xxxGAZW AAL (Blank name: ML610Q174-NNNGAZWAAL), xxx: ROM code number
— ML610Q174-xxxGAZW AX (Blank name: ML610Q174-NNNGAZWAX), xxx: ROM code number

Note:
The ML610Q174-xxxGAZWAAL (Blank name: ML610Q174-NNNGAZWAAL) is discontined product. Also,
the package dimensions are different each other. Refer to the ” PACKAGE DIMENSIONS” on the page 24 and
25.

o Guaranteed operating range

— Operating temperature: —40°C to 85°C
— Operating voltage: Vpp =2.2V t0 5.5V, Vggr =4.5V to 5.5V
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BLOCK DIAGRAM

Figure 1-1 is a block diagram of the ML610Q174.

Symbols with an asterisk “*” indicate that each of them is the secondary or tertiary function of the corresponding port.

CPU (nX-U8/100) Large Model

EPSW1~3 GReG | | ELR1~3 | | ECSR1~3]
PSW 0~15 || LR | | DSR/CSR |
Timing ALU | EA | | PC |
Controller A | Sp | Program
BUS Memory
Instruction Instruction Controller (Flash)
On-Chip Decoder Register 128Kbyte
ICE
\\//DD_’ Data-bus
Ss
;7 SSI0 D SCKOT‘, SCK11*1
== SINO*", SINT*
RESET N— _rceTs — SOUTO*', SOUT1*'
TESTO—> TEST RAM
TESTI_N—/> | q—
- 2
4096byte (i = RXDO0*', RXD1*'
INT P _ UART 1 *1
XTO0 —> _:P 1 < —) TXD0*', TXD1
XT1 0SsC INT
* Interrupt
R PR
828?* | Controller 1 fP— ) 4wy SDA*
IPC |e—ssCL"
LSCLK* +—
OUTCLK* +—
et PWM4*!
PWM s pW/M5*!
VoL +— POWER e > e P\W/M6* 1
8bit Timer — PWA45EV0*
X6 = PWA45EV1*'
Vpp — = PW6EV0*'
Vss _:]: 1 = PWBEV1*'
VREF ——>] 10bit-ADG ¢ P00 to P03
AINO to AINT1 S| P10 to P11
= P20 to P23
GPIO o P30 to P35°
> D36
. 2 (== P40 to P43
CMPOP*: CMP _fP ==> P44 to P47°
CMPOM** b, .
x4 == P50 to P51
CMP1P* 4—’ [*==> P52 to P53
CMP{M** b -2
=== P80 to P85
P90 to P91
= PC0 to PC7?
= PD0 to PD7"
= PF0 to PF7?
oo [ COMO to COM3™
*1 Secondary or tertiary function - e
*2 Select /0 port or LCD driver Driver zggg ttc; 2';2232
*3 Select I/O port or A/D converter input SEG32 to SEG392
*4 Select I/0 port or Analog comparator input I
LCD
BIAS —VLM VL2; VLS
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PIN CONFIGURATION

ML610Q174 QFP package product
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LIST OF PINS
Pin Primary function Secondary function Tertiary function
Pin Pin Pin
No. 1/0 Description 1/0 Description 1/0 Description
name name name
1,27 Vss — | Negative power supply pin — — — — _ _
28 Voo — | Positive power supply pin — — — _ — —
29 vV Power supply for internal logic
poL | (internally generated) — — - - - -
34 Vis — | Power supply pin for LCD bias — — — 4 — _
73 TESTO 1/0 | Input/output pin for testing — — — N _ _
74 TEST1_N | 1/O | Input/output pin for testing — — — _ Q _
32 RESET_N | Reset input pin — — _ b — _
30 XTO | | Low-speed clock oscillation pin — - - - _ _
31 XT1 O | Low-speed clock oscillation pin — — B _ _ _
Reference power supply pin of
24 VRer I | Successive-approximation type — — - — — _
ADC
Input port /
75 E\?\%Eé{% | External interrupt / — - — — — _
PW45EV0 input
Input port /
76 i(\)/://GEEX\}g)/ | External interrupt/ — N — — — _
PWG6EVO input
Input port /
77 PO&)/(IIED)E)IZ/ | External interrupt % - — _ — _
UARTO data input
Input port /
78 POS;%)?W I External interrupt / - — — _ _ _
UART1 data input
High-speed clock
e P10 ! Input port o0 ! oscillation pin o T T
High-speed clock
26 Pl ! Input port 0osct o oscillation pin _ T _
P20/ . Low-speed clock
79 LEDO O | Output port / LED drive LSCLK @) output PWM4 0 PWM4 output
P21/ . Low-speed clock
80 LED1 O | Output port / LED drive OUTCLK (0] output PWM5 (0] PWMS5 output
2 LPEZSQ O | Output port / LED drive — — — TMOOUT | O | Timer9 output
3 EEZSQ O | Output port /LED drive — — — TMBOUT | O | TimerB output
P30/ Input/outpu_t port /
o3 | PwaseV1 | 110 2W45EV.1 input/ _ _ . N _
/AINO uccessive approximation type
ADC input
P31/ Input/output port /
PWB6EV1 input /
22 PVXﬁiW Vo Successive approximation type o - - o - -
ADC input
P32/ Input/output port /
21 AIN2 I/O | Successive approximation type — — — — — _
ADC input
P33/ Input/output port /
20 AIN3 I/O | Successive approximation type — — — — — _
ADC input
P34/ Input/output port /
10 /0 | Successive approximation type — — — PWM4 (0] PWM4 output
AIN11 -
ADC input
P35/ Input/output port /
11 /0 | Successive approximation type — — — PWM5 (0] PWMS5 output
AIN10 -
ADC input
33 P36 | /O | Inputioutput port LscLk | o | Lowspeed _ | — _
clock output
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Primary function

Secondary function

Tertiary function

Fourthly function

Pin
Pin Pin Pin Pi
No. ' 110 Description "™ | 1o | Description "™ 110 | Description "™ 1o | Description
name name name name
I°C data SSIO0 data
6 P40 I/0 | Input/output port SDA | I/O input/output SINO | input — — —
, SSIO0
1°C clock synchronou
7 P41 I/0 | Input/output port SCL | IO input/output SCKO | IO s clock — — —
input/output
UARTO SSIOO0 data
8 P42 I/0 | Input/output port RXDO | data input SOUTO output — — —
UARTO PWM4 UAR1
9 P43 I/O | Input/output port TXDO | O data output PWM4 output TXD1 O data output
Input/output port /
Timer0 /
P44/ PWM4 external
19 | ToP4CK/ | 1/O | clock input/ N _ sino | iSL?O data | | _ _
AIN4 Successive P
approximation type
ADC input
Input/output port/
Timer1/
P45/ PWM5  external > .
18 | T1P5CK/ | 1/O | clock input/ — | = _ ScKo | 110 syclock — | = —
AIN5 Successive inout/outout
approximation type P P
ADC input
Input/output port /
Timer8,A /
P46/ PWM6 external
T8AP6CK clock input /
17 / | Successive — - — SOUTo0 | O SUStI(-L)J('[) data — — —
AIN6/ approximation type P
CMPOM ADC input /
Comparator0
inverting input
Input/output port /
Timer9,B external
P47/ clock input /
T9BCK/ Successive PWM5
16 AIN7/ ! approximation type — — — PWM5 | O output o o o
CMP1M ADC input /
Comparator1
inverting input
Input/output port /
P50/ Successive SSIO1 data
15 AIN8 Vo approximation type o o o SIN ! input T o o
ADC input
Input/output port / SSIO1
P51/ Successive synchronou
14 AIN9 Vo approximation type o - o SCK1 | /o s clock o o o
ADC input input/output
Input/output port /
P52/ UART1 SSIO1 data
13 CMPOP I/0 Com_parat_oro _ RXD1 | data input SOuUT1 | O output — — —
non-inverting input
Input/output port /
P53/ UART1 PWMe6 UARO
12 CMP1P Vo Com_parat_or1 . TXD1 0 data input PWMs | O output TXDo | O data output
non-inverting input
40 P80/ /0 Input/output port /
COMO LCD common pin o T o o o T T T T
P81/ Input/output port /
39 COM1 Vo LCD common pin 7 7 7 7 7 7 7 7 7
38 P82/ /o Input/output port / o o o o o o o o o
COMm2 LCD common pin
37 P83/ /o Input/output port /
COM3 LCD common pin _ _ _ _ _ _ _ _ _
Input/output port /
36 P\? A I/O | Power supply pin for — — — — — — — — —
L1

LCD bias
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Primary function

Secondary function

Tertiary function

Fourthly function

Pin
No. Pin I/0 Description Pin I/O | Description Pin I/O | Description Pin I/O | Description
name name name name
Input/output port/
35 P\? 5/ I/O | Power supply pin — — — — — — — — —
L2 for LCD bias
4 P90/ o Output port / o o o o o o o o o
LED4 LED drive
5 P91/ o Output port / o o o . o o . o .
LED5 LED drive
41 SEGO O | LCD segment pin — — — — — — — — —
42 SEG1 O | LCD segment pin — — — — — — — — —
43 SEG2 O | LCD segment pin — — — — — — — — —
44 SEG3 O | LCD segment pin — — — — — — — — —
45 SEG4 O | LCD segment pin — — — _— — . — — —
46 SEG5 O | LCD segment pin — — — — — — — — —
47 SEG6 O | LCD segment pin — — — — - - — — —
48 SEG7 O | LCD segment pin — — — — - - y - —
49 PCO/ /0 Input/output port / L L L A y L L B L
SEG8 LCD segment pin
50 PC1/ /o Input/output porf[/ . o . . N N . o .
SEG9 LCD segment pin
51 PC2/ /0 Input/output port / o o o o o o . o .
SEG10 LCD segment pin
50 PC3/ /0 Input/output port / o o . . o o . o .
SEG11 LCD segment pin
53 PC4 / /o Input/output port / . . N - . o . . .
SEG12 LCD segment pin
54 PC5/ /0 Input/output port / . y N - . o . . .
SEG13 LCD segment pin
55 PC6 / /0 Input/output port / o . o . o o . o .
SEG14 LCD segment pin
56 PC7/ /0 Input/output port / o N » . o o . o .
SEG15 LCD segment pin
57 PDO/ /o Input/output port / N . . . . o . . .
SEG16 LCD segment pin
58 PD1/ /o Input/output porf[/ . o . . . o . o .
SEG17 LCD segment pin
59 PD2/ /0 Input/output port / o o . o . o . o .
SEG18 LCD segment pin
60 PD3/ /0 Input/output port / o o . o . o . o .
SEG19 LCD segment pin
61 PD4 / /0 Input/output port / L L L L L L L L L
SEG20 LCD segment pin
62 PD5/ e, Input/output porf[ / . . . . . o . . .
SEG21 LCD segment pin
63 PD6 / /0 Input/output port / o o o . o o . o .
SEG22 LCD segment pin
64 PD7/ /0 Input/output port / o o o . o o . o .
SEG23 LCD segment pin
PFO/ Input/output port / SSIOO0 data
65 SEG32 » LCD segment pin o * * SINO ! input o * o
SSI00
PF1/ Input/output port / synchronou
66 SEG33 Vo L(?D seg%enﬁ pin o o o SCKO | llo ys clock o o o
input/output
PF2/ Input/output port / UARTO SSIOO0 data
67 SEG34 Vo LCD segment pin RXDO ! data input SOUTD | O output o * o
PF3/ Input/output port / UARTO PWM4 UAR(1
68 SEG35 Vo LCD segment pin TXD0 | O data output PWM4 | O output TXD1 0 data output
PF4 / Input/output port / SSIO1 data PWM4
69 SEG36 Vo LCD segment pin o o o SIN ! input PWM4 | O output
SSIO1
PF5/ Input/output port / synchronou PWM5
70 SEG37 Vo L(?D seg%enﬁ pin o o o SCK1 | llo ys clock PWM5 | O output
input/output
PF6/ Input/output port / UART1 SSIO1 data PWM6
71 SEG38 Vo LCD segment pin RXD1 ! data input SOUT1 | O output PWMs | O output
PF7/ Input/output port / UART1 UARO
72 SEG39 Vo LCD segment pin TXD1 | O data input * * * TXDo | O data output
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PIN DESCRIPTION
Primary/
Pi I/0 D ipti Logi
in name escription Secondary ogic
Power supply
Vss — [Negative power supply pin — —
Vbp — | Positive power supply pin — —
v __ |Positive power supply pin for internal logic (internally generated). Connect
poL capacitors (C.) (see Measuring Circuit 1) between this pin and Vss . - -
v __ |Power supply pins for LCD bias (external input). This function is allocated
H to the primary function of the P84 pin. 9 -
v __ |Power supply pins for LCD bias (external input). This function is allocated \ .
L2 to the primary function of the P85 pin.
Vis — |Power supply pins for LCD bias (external input) — —
Test
TESTO I/O |Input/output pin for testing. This pin has a pull-down resistor built in. — Positive
TEST1_N I/O |Input/output pin for testing. This pin 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
system reset mode and the internal circuit is initialized. If after that this pin .
RESET_N : is set to a “H” level, program execution starts. This pin has a pull-up - Negative
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 CpL and CaL
XT1 O | are connected across this pin and Vss as required. — —
OSCO0 | | Crystal/ceramic connection pin for high-speed clock. — —
A 8MHz crystal or ceramic is connected to this pin. Capacitors Cpn and _
OSC1 0 CgH (see measuring circuit 1) are connected across this pin and Vss. —
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 qutput. This function is allocated to the secondary Secondary .
function of the P21 pin.
General-purpose input port
P00 to P03 ' General-purpose input ports. Provided with a secondary function for each . .
. . . 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..Prov[ded with a seconFiary function for each Primary | Positive
port. Cannot be used as ports if their secondary functions are used.
P90 to P91 o General-purpose output ports..Prov[ded with a seconFiary 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
P50 to P53 each port. Cannot be used as ports if their secondary functions are used.
P80 to P85 I/0 Primary | Positive
PCO to PC7
General-purpose input/output ports.Provided with a LCD segment for each
PDO to PD7 .
port. Cannot be used as ports if LCD segment are used.
PFO to PF7
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Pri /
Pin name I/0 Description Segz]nijr:ry Logic
UART
TXDO o UARTO data output pin. Allocated to the secondary function of the P43 and| Secondary Positive
PF3 pins and the fourthly function of the P53 and PF7 pins. Fourthly
UARTO data input pin. Allocated to the primary function of the P02 pin and .
RXDO : the secondary function of the P42 and PF2 pins. Secondary | Positive
TXD1 o UART1 data output pin. Allocated to the secondary function of the P53 and| Secondary Positive
PF7 pins and the fourthly function of the P43 and PF3 pins. Fourthly
UART1 data input pin. Allocated to the primary function of the P03 pin and "
RXD1 ! the secondary function of the P52 and PF6 pins. Secondary | Positive
I°C bus interface
I°C data input/output pin. This pin is used as the secondary function of the
SDA I/0 |P40 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.
I°C clock output pin. This pin is used as the secondary function of the P41
SCL I/0 |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)
Synchronous serial data input pin. Allocated to the tertiary function of the . .
SINO | P40 and P44 and PFO pins. Tertiary | Positive
Synchronous serial clock input/output pin. Allocated to the tertiary function .
SCKo VO 15t the P41 and P45 and PF1 pins. Tertiary | —
Synchronous serial data output pin. Allocated to the tertiary function of the . .
SOUTO (0] P42 and P46 and PF2 pins. Tertiary | Positive
Synchronous serial data input pin. Allocated to the tertiary function of the . .
SIN1 | P50 and PF4 pins. Tertiary | Positive
Synchronous serial clock input/output pin. Allocated to the tertiary function .
SCK1 VO | of the P51 and PF5 pins. Tertiary | —
SOUT1 o Synchronous sgrlal data output pin. Allocated to the tertiary function of the Tertiary | Positive
P52 and PF6 pins.
PWM
PWM4 output pin. Allocated to the tertiary function of the P34 and P43 and . .
PWM4 (0] P20 and PF3 and PF4 pins. Tertiary | Positive
PWMS5 o PWMS5 output pin. Allocated to the tertiary function of the P35 and P47 and Tertiary | Positive
P21 and PF5 pins.
PWM6 O |PWMB6 output pin. Allocated to the tertiary function of the P53 and PF6 pins. | Tertiary | Positive
TOP4ACK | Exter.nal clock |nput.p|n for timer 0 and PWM4. Allocated to the primary Primary .
function of the P44 pin.
T1P5CK | Exter.nal clock |nput.p|n for timer 1 and PWM5. Allocated to the primary Primary .
function of the P45 pin.
T8APECK | E>.<ternal clock input pin for tlmer 8 and timer A and PWMB6. Allocated to the Primary .
primary function of the P46 pin.
PW45EV0 | Control start /stop pin for PWM4 and PWM5. Allocated to the primary Primar
PWA45EV1 function of the P00 and P30 pins. y o
PW6EVO Control start /stop pin for PWMS6. Allocated to the primary function of the .
| . Primary —
PW6EV1 P01 and P31 pins.
External interrupt
External maskable interrupt input pins. It is possible, for each bit, to specify Positive/
EXI0-EXI3 I |whether the interrupt is enabled and select the interrupt edge by software.| Primary Negative
Allocated to the primary function of the PO0—P03 pins. 9
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Pri /
Pin name I/0 Description Sezgnna:jr:ry Logic

Timer

TOPACK | Exter.nal clock mput.pln for timer 0 and PWM4. Allocated to the primary Primary .
function of the P44 pin.

T1P5CK | Exter.nal clock mput.pln for timer 1 and PWM5. Allocated to the primary Primary .
function of the P45 pin.

TSAPECK | E>.<ternal cIoc!( input pin for tlmer 8 and timer A and PWM6. Allocated to the Primary .
primary function of the P46 pin.

T9BCK | Exter.nal clock |nput.p|n for timer 9 and timer B. Allocated to the primary Primary .
function of the P47 pin.

TMIOUT o 'Fl)'ilr:nerg overflow output pin. Allocated to the secondary function of the P22 Tertiary | Positive

TMBOUT o 'Fl)'ilr:nerB overflow output pin. Allocated to the secondary function of the P23 Teétiary | Positive

LED drive

LEDO-LED5 o Pins for LED dr!vmg. Allocated to the primary function of the P20—P23 pins Primary POSITIYG/
and P90-P91 pins. Negative

Successive-approximation type A/D converter

v | Reference power supply pin for successive approximation type A/D . .

REF converter.

Analog inputs to Ch0-Ch11 of the successive-approximation type A/D

AINO-AIN11 I |converter. Allocated to the secondary function of the P30 to P35 and P44 to — —
P47 and P50 to P51 pins.

Analog Comparator

Non-inverting input for comparator0. This pin is used as the primary

CMPOP I |function of the P52 pin. - -
Inverting input for comparator0. This pin is used as the primary function of

CMPOM I : — —
the P46 pin.
Non-inverting input for comparatori. This pin is used as the primary

CMP1P I . . — —
function of the P53 pin.
Inverting input for comparatori. This pin is used as the primary function of

CMP1M I . — —
the P47 pin.

LCD driver

COMO to COM3 O |LCD common output pins. — —

SEGO to SEG7 O |LCD segment output pins. — —

SEG8 to SEG23 LCD segment output pins. Allocated to the secondary function of the

SEG32 to SEG39

PCO0 to PC7 and PDO to PD7 and PFO to PF7 pins.
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TERMINATION OF UNUSED PINS

How to Terminate Unused Pins

Pin Recommended pin termination

RESET_N open
TESTO open
TEST1_N open

VRer Connect to Vop
Vi4 open

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

P30 to P33 (AINO to AIN3) open

P34 to P35 (AIN11, AIN10) open

P36 open

P40 to P43 open

P44 to P47 (AIN4 to AIN7) open

P50 to P51 (AIN8 to AIN9) open

P52 to P53 open

P80 to P85 open

P90 to P91 open

SEGO0 to SEG7 open

PCO0 to PC7 (SEG8 to15) open

PDO to PD7 (SEG16 to 23) open

PFO0 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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SEMICONDUCTOR ML610Q174
ELECTRICAL CHARACTERISTICS
Absolute Maximum Ratings
(Vss = 0V)
Parameter Symbol Condition Rating Unit
Power supply voltage 1 Vbp Ta =25°C -0.3t0 +7.0 \
Power supply voltage 2 VboL Ta =25°C -0.3t0 +3.6 Vv
Power supply voltage 3 Vi4 Ta = 25°C —0.3t0 +2.33 \
Power supply voltage 4 Vi Ta =25°C —0.3 to +4.66 \
Power supply voltage 5 Vis Ta =25°C -0.3t0 +7.0 Vv
Reference voltage VRer Ta =25°C -0.3 to Vpp+0.3 \Y
Analog input voltage Vai Ta =25°C —0.3 to Vpp+0.3 \
Input voltage ViN Ta = 25°C —-0.3 to Vpp+0.3 Vv
Output voltage Vour Ta =25°C —0.3 to Vpp+0.3 Vv
Output current 1 lout Port?rfffé?éD’F -12to +11 mA
Output current 2 louTt2 Port2,9 Ta = 25°C -12to +20 mA
Power dissipation PD Ta =25°C 1 w
Storage temperature Tsta — -551t0 +150 °C
Recommended Operating Conditions
(Vss= 0V)
Parameter Symbol Condition Range Unit
Operating temperature Top — —40 to +85 °C
Operating voltage Vbp — 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 Cy — 10+30% uF
Capacitor externally connected to Vier pin Cav — 1+30% uF
o Use 32.768KHz Crystal
Low-spglorystaloscllafn O Oseilator DT-25 o oF
Cal (DAISHINKU CORP.) 121025
:—rl(ie%r::rp:s;d crystal/ceramic oscillation e . 8M/ 8.192M Hz
High-speed crystal oscillation Con — 47+30%
external capacitor* CaH — 47+30% PF
Capacitor externally connected to Vppy pin CL — 10+30% uF

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

(Vss = 0V)
Parameter Symbol Condition Range Unit
Operating temperature Top Data flash memory, At write/erase -40 to +85 oc
Flash ROM, At write/erase 0to +40
Operating voltage Vbp At write/erase 22t055 \

. . Ceprp Data flash memory 6000 .
Maximum rewrite count Cerp Flash ROM 100 times
Data retention period Yor — 10 years
Parameter Symbol Condition Min. | Typ. | Max. Unit
Block erase time TgerASE — — — 100
Sector erase time Tserase — — — 100 ms
1 word write time TwRITE — — — 40 us

T+ At the 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)
(Vbp=2.2 t0 5.5V, Vss =0V, Ta=—40 to +85°C, unless otherwise specified)

Parameter Symbol Condition Min. Typ. Max. Unit Mi?;tri'tng
High-speed crystal oscillation
start time Txw - B 2 20 ms
Low-speed crystal oscillation
start time*' Tt N y- 0.6 2 s
Low-speed RC oscillator _ o Typ Typ
frequency fLer Ta=-10 to 60°C 59 32.7k 5% Hz 1
I LSCLK=32.768kHz Typ Typ
PLL oscillation frequency feLL 1000 clock average A9 8.192 1% MHz
Reset pulse width PRrst — 100 — —
Reset noise rejection pulse P 0.4 us
width NRST — — — :

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

Reset

RESET N V||_1\§ VIL1 7(

PrsT

Reset by RESET_N pin
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DC Characteristics (2 of 7)
(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
LD3 to 0 = OH 2.35
BLD threshold R LD3 to 0 = 3H Typ. 2.80 Typ.
voltage Vet Ta=25°C LD3 10 0 = 9H 23, 3.70 oV
LD3to 0=FH 4.60

DC Characteristics (3 of 7)
(Vbp=2.2 t0 5.5V, Vss =0V, Ta=—40 to +85°C, unless otherwise specified)

Meas
Parameter Symbol Condition Min. Typ. Max. Unit | uring
circuit
CMPnM . 0 . Vobp
Common mode Vin -1.4 v
Input voltage CMPnP
v — 0 — Vop
IN
Input offset voltage Vempor — — 5 100 mV 1
Response time Temp CMPnP = CMPnM £ 100mV — — 1 uS
Supply current . . .
(Operating) lcmp CMPO0,CMP1 operating 30 pA

DC Characteristics (4 of 7)
(Vpp=2.2 t0 5.5V, Vss =0V, Ta=—40 to +85°C, unless otherwise specified)

Meas
Parameter Symbol Condition Min. Typ. Max. Unit | uring
circuit
o Typ. Typ.
R Ta=-10t0 +70°C 200
LCD built-in division p! " -5% 5% | o]
resistance : o Typ. Typ.
RuL Ta=-101to0 +70°C -50% 20 +20%

DC Characteristics (5 of 7)
(Vpp=2.2 t0 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 5
; - + — .
Supply current 1 IDD1 Lovxll-sp'eet.:i/hlgh-speed
oscillation: Stopped 40 85°C 07 | 22
Vpp=3.0V “A0to+ -0
CPU: In HALT state o
(LTBC,WBC: Operating ) 40t0+35C | — | 20 | 7 |
Supply current 2 IDD2 . I
High-speed oscillation: Stopped o 1
-40 to +85°C — | 20 | 24
Vpp=3.0V
CPU: Running at 32kHz*' 40t0+35°C | — | 13 | 20
Supply current 3 IDD3 | High-speed oscillation: Stopped
Vpp=3.0V -40 to +85°C — 13 42
CPU: Running at 8MHz Crystal/ceramic oscillating
Supply current 4 IDD4 mode  Vone5.0V 5 8 mA

*- Case when the CPU operating rate is 100% (with no HALT state)
*2 : Significant bits of BLKCONO to BLKCON? registers are all “1”.
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DC Characteristics (6 of 7)

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

unless otherwise specified)

Parameter Symbol Condition Min. Typ. | Max. | Unit Mez.asurllng
circuit
Output voltage 1
(P20 to P23) VOH1 IOH1 = —0.5mA Voo | _ —
(P30 to P36) -0.5
(P40 to P47)
(P50 to P53)
(P80 to P85)
(P90 to P91) VOL1 IOL1 = +0.5mA — — | 05
(PCO to PC7) v 2
(PDO to PD7)
(PFO to PF7)
Output voltage 2 When LED drive | IOL2 = +10mA
(P20-P23) VOL2 | ode is selected Vop > 4.5V o . 0-5
(P90-P91) -
Output voltage 3 When I°C mode is B
(P40—P41) VOL3 selected IOL3 = +3mA — — 0.4
Output leakage
current VOH = Vpp
(P20 to P23) \00H (in high-impedance state) . o !
(P30 to P36)
(P40 to P47)
(P50 to P53) pA 3
(P80 to P85)
(P90 to P91) 100L - VOL=Vss 1 _ _
(PCO to PC7) (in high-impedance state)
(PDO to PD7)
(PFO to PF7)
oL1 VL3=3V. VOL=0.3V 15 40 —
Output current 1 VL3=5V. VOL=0.5V 100 200 —
COMO to COM3 &L VL3=3V. VOH=2.7V — 30 | -15
VL3=5V. VOH=4.5V — -90 -45 A 3
N VL3=3V, VOL=0.3V 15 | 30 | — | "
Output current 2 VL3=5V, VOL=0.5V 70 150 —
SEGO to SEG23
SEG32 to SEG39 o VL3=3V., VOH=2.7V — -13 -6
VL3=5V. VOH=4.5V — -40 -20
Input current 1 [IH1 VIH1 = Vpp 0 — 1
(RESET_N)
(TEST1_N) ||L1 V|L1 = VSS —1500 —300 —20
Input current 2
IIH2 VIH2 =V h Il 2 2
(POO to P03) oo (when pulled down) 30 50
(P10 to P11)
L2 VIL2 = V. h Il -2 — -2
(P30 to P36) ss (when pulled up) 50 30
(P40 to P47) IHo7 VIH2 = Vop _ _ ’ uA 4
(P50 to P53) (in high-impedance state)
(P80 to P85)
(PCO to PC7) 27 VIL2 = Vss 1 o .
(PDO to PD7) (in high-impedance state)
(PFO to PF7)
Input current 3 IIH3 VIH3 = Vpp 20 300 | 1500
(TESTO) L3 VIL3 = Vss -1 — —
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DC Characteristics (7 of 7)
(Vbp=2.2 t0 5.5V, Vss =0V, Ta=—40 to +85°C, unless otherwise specified)

Measuring

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

Input voltage 1
(RESET_N)
(TESTO) 0.7x
(TEST1_N) VIHT - Vo - Voo
P00 to P03)
P10 to P11)
P30 to P36) v 5
)
)

P40 to P47
P50 to P53 -
P80 to P85) VIL1 _ 0 _A .OX
PCO to PC7) Voo
PDO to PD7)

(PFO to PF7)

P

— —

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

P00 to P03

)

P10 to P11) f = 10kHz

P30 to P36) CIN Vims = 50mV - — 10 oF _
)
)

(

E

(P40 to P47 Ta = 25°C
(P50 to P53

(P80 to P85)

(PCO to PC7)
(PDO to PD7)
(PFO to PF7)
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Measuring Circuits

Measuring circuit 1

Ca
]
Co. =2
32.768kHz

crystal

Can
-
CoH IE
8MHz

crystal

"

Measuring circuit 2

XTO %
VR )
XT1
Vie Co I—«
OSCOo
V|_1 CU |—1l
0OSCH1
Voo VrRer  VboL Vss
—
—rib
9’\ . Cv - 10uF
T o - 10uF
. CaL - 12pF
CoL 1 12pF
CcH 1 47pF
CpoH 1 47pF

C11,C 12,C 13 : 0.22uF

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

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

VIH —>| |

|2

=

O ils

L2

A =

VIL —

> Voo VooL Veer

Vi Vi Vis

Output pins
e\
"

Vss

L1l
L1

111
111

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

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

VIH o—>| ||
. 0
P2 £
B a
*1) ey 3
I :

VIL o—> - I
Voo Voou  Vrer Vss

I
]

(*2)

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

Measuring circuit 4

(*3)

——-o0
o— | L 5

| o |

2 £ |

s sl

IR 2

' [ ] '

T Pl o i

Voo  VooL  Veer Vss
*3: Measured at the specified input pins.
Measuring circuit 5

VIH o—> - -
— L

1 %) 1

i c i

P2 a

M| e 3| !

= =R

2 S| i
VIL o—> I

Voo Voo VRer Vss

L]

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

Waveform monitoring
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AC Characteristics (External Interrupt)

(Vpbp=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), 2.5% 3.5x
period NUL CPU: NOP operation sysclk — sysclk HS

P00-P03

(Rising-edge interrupt)

P00-P03

(Falling-edge interrupt)

P00-P03

-/

(Both-edge interrupt)

tnuL

N

>
>

N N

A

tnuL

NS

>
>
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AC Characteristics (Synchronous Serial Port)

(Vop=2.2 t0 5.5V, Vss =0V, Ta=—40 to +85°C, unless otherwise specified)

Parameter Symbol Condition Min. Typ. Max. Unit
SCK input 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) s B B A 130 ns
SOUT output delay time
(master mode) s - B - 8% ns
SIN input setup time
(slave mode) fss B 50 B B 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

N N

tsw

Vv WV

WV
N

SCKn* N

SOUTn

'[s;<

J

tsH

SINn* >§

<

*: Indicates the secondary function of the corresponding port.
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AC Characteristics (IZC Bus Interface: Standard Mode 100kHz)
(Vpp=2.2 to 5.5V, Vss =0V, Ta=—40 to +85°C, unless otherwise specified)

. Rating .

Parameter Symbol Condition i, Typ. Mo, Unit
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 ch:ndition) tsussTA _ a7 K. _ Hs
SDA hold time tHD-DAT — 0 — — us
SDA setup time tsu:DAT — 0.25 — — us
SDA setup time
(stop congition) tsussTo _ i A 2 Hs
Bus-free time tBUF — 4.7 — — us

AC Characteristics (I2C Bus Interface: Fast Mode 400kHz)
(Vbp=2.2 t0 5.5V, Vss =0V, Ta=—40 to +85°C, unless otherwise specified)

Y Rating ,
P t Symbol C Unit
arameter ymbo ondition NS Typ. Mo ni
SCL clock frequency fsoL — 0 — 400 kHz
SCL hold time i A 06 o o s
(start/restart condition) 8- ' H
SCL "L” level time tLow — 1.3 — — us
SCL "H” level time tHIGH — 0.6 — — us
SCL setup time
(restart condition) IsussTA — 0.6 — — ns
SDA hold time tHD:DAT — 0 — — us
SDA setup time tsu:DAT — 0.1 — — us
SDA setup time
(stop condition) tsu:sTo — 0.6 - — Hs
Bus-free time tsur — 1.3 — — us
Start Restart Stop
condition condition condition
E=2 S
P40/SDA >< A e A
PatsCL oL s | -
P | I - teur
tHo:sTA ttow  thicH tsu:sta tHD:sTA tsupar  thppar o010

22/27



LAPIS

SEMICONDUCTOR

FEDL610Q174-02

ML610Q174

Electrical Characteristics of Successive Approximation Type A/D Converter
(Vop=4.5 10 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 < VRer £ 5.5V -4 — +4
Differential non-linearity
error DNL 2.7V < Vger < 5.5V -3 — +3 LSB
Zero-scale error Vorr — -4 — +4
Full-scale error FSE — -4 — +4
Input impedance R — — — 5k Q
Reference voltage VRer 4.5 — Vbb Vv
Conversion time tconv HSCLK=3.0M to 8.4MHz — 102 — ¢/CH

@: Period of high-speed clock (HSCLK)

Voo

Reference VREF
voltage Vool
| |
1”':_: | ITOpF
?
[ —— Ri<5k @ AINO
10pF AR h >
Analoa inolt l AIN11
nalog inpu
0.1 pIT Vss
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PACKAGE DIMENSION (Product name : ML610Q174-xxxGAZWAAL)

Note that the package dimension is different from the "ML610Q174-xxxGAZWAX ".

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).
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PACKAGE DIMENSION (PRODUCT NAME : ML610Q174-xxxGAZWAX)

Note that the package dimension is different from the "ML610Q174-xxxGAZWAAL".

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).
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Edition

Description

FEDL610Q174-01

Oct 25, 2013

Final edition 1

FEDL610Q174-02

Aug 31, 2018

-Updated the product names.
ML610Q174-xxxGA—ML610Q174-xxxGAZWAAL
ML610Q174-NNNGA—ML610Q174-NNNGAZWAAL

-Added the product names.

ML610Q174-xxxGAZWAX
ML610Q174-NNNGAZWAX
-Added the note that the package dimension is different each

other between the two product names.

24

24

-Added description of product name
(ML610Q174-xxxGAZWAAL) to the package dimension.

25

-Added description of product name
(ML610Q174-xxxGAZWAX) to the package dimension.

26

27

Replace the note with the latest version.
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NOTES

1) The information contained herein is subject to change without notice.

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

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

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

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

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

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

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

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

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

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

12) When providing our Products and technologies contained in this document to other countries, you must
abide by the procedures and provisions stipulated in all applicable export laws and regulations, including without
limitation the US Export Administration Regulations and the Foreign Exchange and Foreign Trade Act.

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

Copyright 2013-2018 LAPIS Semiconductor Co., Ltd.

LAPIS Semiconductor Co., Ltd.

2-4-8 Shinyokohama, Kouhoku-ku,
Yokohama 222-8575, Japan
http://www.lapis-semi.com/en/
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