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What is "Embedded - Microcontrollers"?

"Embedded - Microcontrollers" refer to small, integrated
circuits designed to perform specific tasks within larger
systems. These microcontrollers are essentially compact
computers on a single chip, containing a processor core,
memory, and programmable input/output peripherals.
They are called "embedded" because they are embedded
within electronic devices to control various functions,
rather than serving as standalone computers.
Microcontrollers are crucial in modern electronics,
providing the intelligence and control needed for a wide
range of applications.

Applications of "Embedded -
Microcontrollers"

Obsolete

nX-U8/100

8-Bit

4.2MHz

I2C, SSP, UART/USART
LCD, Melody Driver, POR, PWM, WDT
22

32KB (16K x 16)
FLASH

2K x 8

1.1V ~ 3.6V

A/D 2x12b, 2x24b
Internal

-20°C ~ 70°C (TA)
Surface Mount
120-TQFP

120-TQFP (14x14)
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LAPIS Semiconductor Co. Ltd.

FEDL610Q421-03
ML610Q421/ML610Q422

1 kHz timer
— 10 Hz/1 Hz interrupt function

Capture
— Time base capture x 2 channels (4096 Hz to 32 Hz)

PWM
— Resolution 16 bits x 1 channel

Synchronous serial port

— Master/slave selectable

— LSB first/MSB first selectable

— 8-bit length/16-bit length selectable

UART

— TXD/RXD x 1 channel

— 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 (400 kbps@4MHz), standard mode (100 kbps@1MHz, 50kbps@500kHz)

Melody driver

— Scale: 29 types (Melody sound frequency: 508 Hz to 32.768 kHz)
— Tone length: 63 types

— Tempo: 15 types

— Buzzer output mode (4 output modes, 8 frequencies, 16 duty levels)

RC oscillation type A/D converter
— 24-bit counter
— Time division x 2 channels

Successive approximation type A/D converter
— 12-bit A/D converter
— Input x 2 channels

General-purpose ports
— Non-maskable interrupt input port x 1 channel
— Input-only port x 6 channels (including secondary functions)
— Output-only port x 3 channels (including secondary functions)
— Input/output port
ML610Q421: 22 channels (including secondary functions)
ML610Q422: 14 channels (including secondary functions)
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e LCD driver
— Dot matrix can be supported.
ML610Q421: 400 dots max. (50 seg x 8 com), 1/1 to 1/8 duty
ML610Q422: 800 dots max. (50 seg x 16 com) , 1/1 to 1/16 duty
— 1/3 or 1/4 bias (built-in bias generation circuit)
— Frame frequency selecable (approx. 64 Hz, 73 Hz, 85 Hz, and 102 Hz)
— Bias voltage multiplying clock selectable (8 types)
— Contrast adjustment (1/3 bias: 32 steps, 1/4 bias: 20 steps)
— LCD drive stop mode, LCD display mode, all LCDs on mode, and all LCDs off mode selectable
— Programmable display allocation function (available only when 1/1~1/8 duty is selected)

o Reset
— Reset through the RESET_N pin
— Power-on reset generation when powered on
— Reset when oscillation stop of the low-speed clock is detected
— Reset by the watchdog timer (WDT) overflow

o Power supply voltage detect function

— Judgment voltages: One of 16 levels
— Judgment accuracy: +2% (Typ.)
e Clock

— Low-speed clock: (This LSI can not guarantee the operation withoug low-speed clock)

Crystal oscillation (32.768 kHz)
— High-speed clock:

Built-in RC oscillation (500 kHz)

Built-in PLL oscillation (8.192 MHz +2.5%), crystal/ceramic oscillation (4.096 MHz), external clock
— Selection of high-speed clock mode by software:

Built-in RC oscillation, built-in PLL oscillation, crystal/ceramic oscillation, 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: Power down (reset registers and stop clock supply) the circuits of unused peripherals.

e Guaranteed operating range
— Operating temperature: —20°C to 70°C (P version: —40°C to +85°C)
— Operating voltage: Vpp = 1.1V to 3.6V, AVpp = 2.2V to 3.6V
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eProduct name — Supported Function

The line-up of the ML610Q421 and the ML610Q422 is below.

i . I~ Operating -
Chip (Die) ROM type temperature Product availability
ML610Q421-xxxWA Flash ROM -20°C to +70°C Yes
ML610Q422-xxxWA Flash ROM -20°C to +70°C Yes
ML610Q421P-xxxWA Flash ROM -40°C to +85°C Yes
ML610Q422P-xxxWA Flash ROM -40°C to +85°C Yes
-120-pin plastic Operating -
TQFP - ROM type temperature Product availability
ML610Q421-xxxTB Flash ROM -20°C to +70°C Yes
ML610Q422-xxxTB Flash ROM -20°C to +70°C Yes
ML610Q421P-xxxTB Flash ROM -40°C to +85°C Yes
ML610Q422P-xxxTB Flash ROM -40°C to +85°C Yes

xxx: ROM code number (xxx of the blank product is NNN)
Q: Flash ROM version
P: Wide range temperature version (P version)
WA: Chip (Die),

TB: TQFP
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ML610Q422 Block Diagram

Figure 2 show the block diagram of the ML610Q422.
"*" indicates the secondary function of each port.

CPU (nX-U8/100)
EPSW1~3 GrReG | | _ELR1~3 | | ECSR1~3]
PSW 0~15 | LR || DSRICSR |
Timing ALU | EA | | pC |
Controller A | Sp | Program
BUS Memory
- Instruction Instruction Controller (Flash) Vee
On-Chip Decoder Register 32Kbyte
ICE
\\//DD Data-bus INT
SS
;7 (e SCKO*
RAM PR SSIO [ SINO*
RESET_N—" RESET & 1024byte p—— SOUTO*
TEST— TEST
Interrupt
| — | |t R X DO*
UART
XTO Controller TXDO*
XT1l
OSCO* —>
osCl+— OSC
LSCLK* +— rc [ SDA
OUTCLK* +— —> SCL
VDDL —
Vppx «—o,  Power PWM  fp P\WMO*
1kHzTC
INO* —>| _fP 1 1 1}_
CSO* +— Melod .
RS0* +— Capture — Y MDo*
RTO* < X2 INT
CRTO* «—— RC-ADC : {
RCM: - X2 [ NMI
IN1* —> I | qrm—
CS1* +— 8bit Timer P00 to PO3
RS1* +— x4 4 P10 to P11
RT1* +— | < —— GPIO p— P20 to P22
AVop ——s == P30 to P35
AVSS—77|/_ +=> P40 to P47
Veer 12bit-ADC
- Display Allocation e
— COMO to COM15
AINO. AIN1 RAM 1024Byte — LD
=" SEGO to SEG49
Display RAM
BLD 1pOOéyte LCD e Vi1, Vi2, Vi3, Via
(@  BIAS fe===C1,C2, C3, C4

Figure 2 ML610Q422 Block Diagram
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PIN CONFIGURATION
ML610Q421 TQFP120 Pin Layout

P eNIOYTRREeEINANSIBNORINNN D
[URORORONONUNORORORURURURORORORORORURURUVROURORORORORUROURORONG)
e  EE EEE L L LT T
528588338380 RRCRRCNRRB5883353
SEG49 1T (91 60) [ SEG18
CcOoMOo 1|92 59 | [—1T— SEG17
coM1 1|93 5g | [—1T— SEG16
COM2 11|94 57 | T SEG15
COM3 1|95 56| [—1— SEG14
COM4 1|96 55| [ SEG13
COM5 11|97 54 | [—T— SEG12
COM6 11|98 53 | —1— SEG11
coM7 11|99 52 | ——— SEG10
PAO 1] |100 51 —1 7 SEG9
pPA1 1 ]|101 50 —1— SEG8
PA2 1] |102 49 | [T SEG7
PA3 171|103 48 | 11 SEG6
PA4 T |104 47| —— SEG5
PA5 T |105 46 | = SEG4
PA6 T _||106 45| 11 SEG3
pA7 T |107 44| =11 SEG2
P20 T |108 43| 11 SEG1
p21 T |109 42 | [-T—1 SEGO
p22 1110 41 | [E=—1 VDD
P40 1| |111 40| T P11
P41 1| |112 39| 1 (NC)
VSS 11113 38| 1 P10
(NC) 1 |114 37| [ VSS
AVSS 1T 1|115 36 | 1 PO3
(NC) 11 |116 35 | —T— P02
VREF 1] |117 34| [—1— PO1
AINO —1— | 118 33| == P00
AIN1 1 —]|119 321 1C4
AVDD 1] (120 311 1C3
[20pi] Hmwmwwws:ﬁmm:aaaammmmg/
-lpin LZANOTOLONOATNMLEAJINXON AN dN®m< <N | 30pin
S dFITFIPEaReYgoReaRekyE3SIS00

7 > >
w
[

Note:

The assignment of the pads P30 to P35 are not in order.

Figure 3 ML610Q421 TQFP120 Pin Configuration
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ML610Q421 Chip Pin Layout & Dimension
N O UL I ON - O O 0NN O W ST MAN 4O D O~ O© WU T O N-H O O
S T Y S T T T T TOMMM MMM MMM AN NNN NN NN NN A
OO0 00000V OOLOOVLOOOLOLOOLLOLOLOOLwoLuouooo
w W ww wwwwwwwwwwwwwwwwwwwwwwwwww
n nnunnnnononononannonononoononnononoonononononon
O NN O WU S O N d O O O~ O WL M ANHO D ON O© W S M N0 O
W 0 0 W W W W W O M~MNMMNMNMNMNMNMNMNNMMNMMNMN O © © © © © © © © © 1
VN
I e e e e e e e e e e e e
— L
SEG49 89 L | ] - 58 SEG18
COMO 90 L | - 57 SEG17
comM1 91 ; L 56 SEG16
com2 92 - I - 55 SEG15
COoM3 93 - - 54 SEG14
Ccom4 94 L L 53 SEG13
COMS5 95 - L 52 SEG12
COM®6 96 L] L] 51 SEG11
com7 97 L | L | 50 SEG10
PAO 98 - - 49 SEG9
PA1 99 - - 48 SEG8
PA2 100 L D L] 47 SEG7
PA3 101 | | | LI | 46 sEGs
PA4 102 - - 45 SEG5
PA5 103 L - 44 SEG4
PA6 104 | [ | | | 43  SEG3 3.02mm
PA7 105 L | L] 42 SEG2
p2oiEDO0 106 | [] T y = | ¢ sEel
p2utept 107 | [] | 40 SEGO
P22/LED2 108 [ | D] D 39 VDD
P40/SDA 109 L | I:l 38 P11
pauscL 110 | [
vss | [ L] s o
AVSS 112 L | I:l 36 Vss
| |=
vrer 13 | [ | L] ]as ros
|:| 34 P02
ano 114 | [] D u
33 PO1
32 P00
ant 115 | [ L
awop 16 | [ [ 1 E 31 c4
30 C3
I A I J
dAaumsworoe2dIYRINSNRY & JYQ IKLERIR
QA ZN®Moddod -4 0 000 o0 S kFEFAQAd 9 X o - 0 = I N M < 4 N
S ' dd282E2852E:2888%8 &k k22 ss5s5s0°
o I 5o [ o g i > >
w 1§gdde@IRaY
24 o
< 2.98mm >
Note:
The assignment of the pads P30 to P35 are not in order.
Chip size: 2.98 mm x 3.02 mm
PAD count: 116 pins
Minimum PAD pitch: 80 um
PAD aperture: 70 pm x 70 pm
Chip thickness: 350 um

Voltage of the rear side of chip: Vs level

Figure 5 ML610Q421 Chip Layout & Dimension
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PAD COORDINATES
ML610Q421 Pad Coordinates

Table 1 ML610Q421 Pad Coordinates

Chip Center: X=0,Y=0

PAD Pad X Y PAD Pad X Y PAD Pad X Y
No. Name (um) | (um) No. Name (um) | (um) No. Name (um) | (um)
1 VPP -1240 | -1404 51 SEG11 1384 640 101 PA3 -1384 240
2 RESET_N | -1160 | -1404 52 SEG12 1384 720 102 PA4 -1384 160
3 P42 -1080 | -1404 53 SEG13 1384 800 103 PA5 -1384 80
4 P43 -1000 | -1404 54 SEG14 1384 880 104 PAG6 -1384 0
5 P44 -920 | -1404 55 SEG15 1384 960 105 PA7 -1384 -80
6 P45 -840 | -1404 56 SEG16 1384 1040 106 P20 -1384 | -200
7 P46 -760 -1404 57 SEG17 1384 1120 107 P21 -1384 | -280
8 P47 -680 -1404 58 SEG18 1384 1200 108 P22 -1384 | -360
9 P30 -600 -1404 59 SEG19 1160 1404 109 P40 -1384 | -440
10 P31 -520 -1404 60 SEG20 1080 1404 110 P41 -1384 | -520
11 P34 -440 -1404 61 SEG21 1000 1404 111 Vss -1384 | -600
12 P32 -360 -1404 62 SEG22 920 1404 112 AVss -1384 | -680
13 P33 -280 | -1404 63 SEG23 840 1404 113 VREF -1384 | -840
14 P35 -200 | -1404 64 SEG24 760 1404 114 AINO -1384 | -920
15 TEST -120 | -1404 65 SEG25 680 1404 115 AIN1 -1384 | -1092
16 VDD -40 -1404 66 SEG26 600 1404 116 AVDD -1384 | -1172
17 VDDL 40 -1404 67 SEG27 520 1404
18 Vss 120 -1404 68 SEG28 440 1404
19 VDDX 200 -1404 69 SEG29 360 1404
20 XTO 360 -1404 70 SEG30 280 1404
21 XT1 520 -1404 71 SEG31 200 1404
22 Vss 600 -1404 72 SEG32 120 1404
23 NMI 680 -1404 73 SEG33 40 1404
24 VL1 840 -1404 74 SEG34 -40 1404
25 VL2 920 -1404 75 SEG35 -120 1404
26 VL3 1000 | -1404 76 SEG36 -200 1404
27 VL4 1080 | -1404 77 SEG37 -280 1404
28 C1 1160 | -1404 78 SEG38 -360 1404
29 Cc2 1240 | -1404 79 SEG39 -440 1404
30 C3 1384 | -1240 80 SEG40 -520 1404
31 C4 1384 | -1160 81 SEGA41 -600 1404
32 P00 1384 | -1040 82 SEG42 -680 1404
33 PO1 1384 -960 83 SEG43 -760 1404
34 P02 1384 -880 84 SEG44 -840 1404
35 P03 1384 -800 85 SEG45 -920 1404
36 Vss 1384 -660 86 SEG46 -1000 | 1404
37 P10 1384 -580 87 SEG47 -1080 | 1404
38 P11 1384 -420 88 SEGA48 -1160 | 1404
39 VDD 1384 -340 89 SEG49 -1384 | 1200
40 SEGO 1384 -240 90 COMO -1384 | 1120
41 SEG1 1384 -160 91 CoM1 -1384 | 1040
42 SEG2 1384 -80 92 COM2 -1384 960
43 SEG3 1384 0 93 COM3 -1384 880
44 SEG4 1384 80 94 COM4 -1384 800
45 SEG5 1384 160 95 COM5 -1384 720
46 SEG6 1384 240 96 COM6 -1384 640
47 SEG7 1384 320 97 COM7 -1384 560
48 SEGS8 1384 400 98 PAO -1384 480
49 SEG9 1384 480 99 PAl -1384 400
50 SEG10 1384 560 100 PA2 -1384 320
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ML610Q422 Pad Coordinates

Table 2 ML610Q422 Pad Coordinates

Chip Center: X=0,Y=0

PAD Pad X Y PAD Pad X Y PAD Pad X Y
No. Name (Mm) | (um) No. Name (Mm) | (um) No. Name (Mm) | (um)
1 VPP -1240 | -1404 51 SEG11 1384 640 101 coM11 -1384 240
2 RESET_N | -1160 | -1404 52 SEG12 1384 720 102 COM12 -1384 160
3 P42 -1080 | -1404 53 SEGI13 1384 800 103 COM13 -1384 80
4 P43 -1000 | -1404 54 SEG14 1384 | 880 104 COM14 | -1384 0
5 P44 -920 | -1404 55 SEG15 1384 | 960 105 COM15 | -1384 | -80
6 P45 -840 | -1404 56 SEG16 1384 | 1040 106 P20 -1384 | -200
7 P46 -760 | -1404 57 SEG17 1384 | 1120 107 P21 -1384 | -280
8 P47 -680 | -1404 58 SEG18 1384 | 1200 108 P22 -1384 | -360
9 P30 -600 | -1404 59 SEG19 1160 | 1404 109 P40 -1384 | -440
10 P31 -520 | -1404 60 SEG20 1080 1404 110 P41 -1384 | -520
11 P34 -440 | -1404 61 SEG21 1000 1404 111 Vss -1384 | -600
12 P32 -360 | -1404 62 SEG22 920 1404 112 AVss -1384 | -680
13 P33 -280 | -1404 63 SEG23 840 1404 113 VREF -1384 | -840
14 P35 -200 | -1404 64 SEG24 760 1404 114 AINO -1384 | -920
15 TEST -120 | -1404 65 SEG25 680 1404 115 AIN1 -1384 | -1092
16 VDD -40 | -1404 66 SEG26 600 | 1404 116 AVDD -1384 | -1172
17 VDDL 40 -1404 67 SEG27 520 | 1404
18 Vss 120 | -1404 68 SEG28 440 | 1404
19 VDDX 200 | -1404 69 SEG29 360 | 1404
20 XTO 360 | -1404 70 SEG30 280 | 1404
21 XT1 520 | -1404 71 SEG31 200 | 1404
22 Vss 600 | -1404 72 SEG32 120 | 1404
23 NMI 680 -1404 73 SEG33 40 1404
24 VL1 840 -1404 74 SEG34 -40 1404
25 VL2 920 -1404 75 SEG35 -120 1404
26 VL3 1000 | -1404 76 SEG36 -200 1404
27 VL4 1080 | -1404 77 SEG37 -280 1404
28 C1 1160 | -1404 78 SEG38 -360 1404
29 c2 1240 | -1404 79 SEG39 -440 | 1404
30 C3 1384 | -1240 80 SEG40 -520 | 1404
31 c4 1384 | -1160 81 SEG41 -600 | 1404
32 P00 1384 | -1040 82 SEG42 -680 | 1404
33 PO1 1384 | -960 83 SEG43 -760 | 1404
34 P02 1384 | -880 84 SEG44 -840 | 1404
35 P03 1384 -800 85 SEG45 -920 1404
36 Vss 1384 -660 86 SEG46 -1000 | 1404
37 P10 1384 -580 87 SEG47 -1080 | 1404
38 P11 1384 -420 88 SEGA48 -1160 | 1404
39 VDD 1384 -340 89 SEG49 -1384 | 1200
40 SEGO 1384 -240 90 COMO -1384 | 1120
41 SEG1 1384 | -160 91 COoM1 -1384 | 1040
42 SEG2 1384 -80 92 COM2 -1384 | 960
43 SEG3 1384 0 93 com3 -1384 | 880
44 SEG4 1384 80 94 COM4 -1384 | 800
45 SEG5 1384 | 160 95 COM5 -1384 | 720
46 SEG6 1384 | 240 96 COM6 -1384 | 640
47 SEG7 1384 320 97 com7 -1384 560
48 SEG8 1384 400 98 COM8 -1384 480
49 SEG9 1384 480 99 CcomM9 -1384 400
50 SEGI10 1384 560 100 COM10 -1384 320
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PIN LIST

PAD No.

Primary function

Secondary function

Tertiary function

Q422 | Q421

Pin name

1/0

Function

Pin name | I/O

Function

Pin name

110 Function

18,22, 118,22,
36,111 37,111

Vss

Negative power
supply pin

16,39 |16,39

Voo

Positive power supply
pin

17 17

VDDL

Power supply pin for
internal logic
(internally generated)

19 19

VDDX

Power supply pin for
low-speed oscillation
(internally generated)

Power supply pin for
Flash ROM

112 | 112

AVss

Negative power
supply pin for
successive
approximation type
ADC

116 | 116

AVpp

Positive power supply
pin for successive
approximation type
ADC

24 24

Power supply pin for
LCD bias (internally
generated)

25 25

Power supply pin for
LCD bias (internally
generated)

26 26

Power supply pin for
LCD bias (internally
generated)

27 27

Via

Power supply pin for
LCD bias (internally
generated)

28 28

C1

Capacitor connection
pin for LCD bias
generation

29 29

Cc2

Capacitor connection
pin for LCD bias
generation

30 30

C3

Capacitor connection
pin for LCD bias
generation

31 31

C4

Capacitor connection
pin for LCD bias
generation

15 15

TEST

110

Input/output pin for
testing

RESET_N

Reset input pin

20 20

XTO

Low-speed clock
oscillation pin

21 21

XT1

Low-speed clock
oscillation pin

113 | 113

VREF

Reference power
supply pin for
successive
approximation type
ADC
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PAD No. Primary function Secondary function Tertiary function
Q422 | Q421 ] Pin name | I/O Function Pin name | I/O Function Pin name | 1/1O Function
Successive
114 | 114 AINO | | approximation type — — — — — _
ADC input
Successive
115 | 115 AIN1 | |approximation type — — — - — _
ADC input
Non-maskable
23 23 NMI ! interrupt pin T T _ - - -
P00/ Input port, External
32 32 EXI0/ | |interrupt O, Capture O — — — — _ _
CAPO input
PO/ Input port, External
33 33 EXI1/ | |interrupt 1, Capture 1 — — — — _ _
CAP1 input
P02/ Input port, External
34 34 EXI2/ | |interrupt 2, UARTO — — — _ _ _
RXDO receive
P03/ Input port, External
35 35 EXI3 ! interrupt 3 - — o - - -
37 37 P10 | | Input port 0SCo | | High-speed oscillation — — —
38 38 P11 | | Input port 0SsC1 O |High-speed oscillation — — —
P20/
106 | 106 LEDO O |Output port LSCLK O |Low-speed clock output] — — —
107 107 |P21/LED1| O |Output port OUTCLK High-speed clock — — —
output
108 | 108 |P22/LED2| O |Output port MDO Melody output — — —
RC type ADCO
9 9 P30 /O | Inputioutput port INO I | oscillation input pin 7 7 T
RC type ADCO
10 10 P31 1/0 | Input/output port CS0 O |reference capacitor — — —
connection pin
RC type ADCO
11 11 P34 1/0 | Input/output port RCTO O |resistor/capacitor PWMO O |PWM output
sensor connection pin
RC type ADCO
12 12 P32 1/0 | Input/output port RSO O |reference resistor — — —
connection pin
RC type ADCO resistor
13 13 P33 1/0 | Input/output port RTO O sensor connection pin — — —
RC type ADC
14 14 P35 1/0 | Input/output port RCM (0] oscillation monitor — — —
109 | 109 P40 1/0 | Input/output port SDA /O |I°C data input/output SINO | | SSIO data input
110 | 110 P41 1/0 | Input/output port SCL I/0 | 12C clock input/output SCKO | I/O | SSIO synchronous clock
3 3 P42 1/0 | Input/output port RXDO | UART data input SOUTO | | SSIO data output
4 4 P43 1/0 | Input/output port TXDO O |UART data output PWMO O |PWM output
Input/output port,
P44/ Timer O/Timer 2/ RC type ADC1 .
5 5 TO02POCK Vo PWMO external clock IN1 I oscillation input pin SINO | |SSIO0 data input
input
Input/output port, RC type ADC1
6 6 Pas/ 1/0 |Timer 1/Timer 3 CS1 O |reference capacitor SCKO 110 3“:’(';()0 synchronous
T13P1CK external clock input connection pin
RC type ADC1
7 7 P46 1/0 | Input/output port RS1 O |reference resistor SOUTO | O |SSIOO0 data output
connection pin
RC type ADC1 resistor
8 8 pPa7 1/0 | Input/output port RT1 (0] sensor connection pin — — —
— 98 PAO 1/0 | Input/output port — — — — — _
— 99 PA1 1/0 | Input/output port — — — — — _
— 100 PA2 1/0 | Input/output port — — — — — _
— 101 PA3 1/0 | Input/output port — — — — — _
— | 102 PA4 1/0 |Input/output port — — — _ _ _
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PAD No. Primary function Secondary function Tertiary function
Q422 | Q421 ] Pin name | I/O Function Pin name | I/O Function Pin name | 1/1O Function
— 103 PA5 1/0 | Input/output port — — — — — _
— 104 PAG6 1/0 | Input/output port — — — — — _
— 105 PA7 1/0 | Input/output port — — — — — _
90 90 COMO O |LCD common pin — — — — — _
91 91 COM1 O |LCD common pin — — — — — _
92 92 COM2 O |LCD common pin — — — — — _
93 93 COM3 O |LCD common pin — — — — — _
94 94 COM4 | O |LCD common pin — — — — — _
95 95 COM5 O |LCD common pin — — — — — _
96 96 COM6 O |LCD common pin — — — — — _
97 97 COM7 O |LCD common pin — — — — — _
98 — COM8 O |LCD common pin — — — — — _
99 — COM9 O |LCD common pin — — — — — _
100 — COM10 | O |LCD common pin — — — — — _
101 — COM11 | O |LCD common pin — — — — — _
102 — COM12 | O |LCD common pin — — — — — _
103 — COM13 | O |LCD common pin — — — — — _
104 — COM14 | O |LCD common pin — — — — — _
105 — COM15 | O |LCD common pin — — — — — _
40 40 SEGO O |LCD segment pin — — — — — _
41 41 SEG1 O |LCD segment pin — — — — — _
42 42 SEG2 O |LCD segment pin — — — — — _
43 43 SEG3 O |LCD segment pin — — — — — _
44 44 SEG4 O |LCD segment pin — — — _ _ _
45 45 SEG5 O |LCD segment pin — — — — — _
46 46 SEG6 O |LCD segment pin — — — — — _
47 47 SEG7 O |LCD segment pin — — — — — _
48 48 SEG8 O |LCD segment pin — — — — — _
49 49 SEG9 O |LCD segment pin — — — — — _
50 50 SEG10 | O |LCD segment pin — — — — — _
51 51 SEG11 | O |LCD segment pin — — — — — _
52 52 SEG12 | O |LCD segment pin — — — — — _
53 53 SEG13 | O |LCD segment pin — — — — — _
54 54 SEG14 | O |LCD segment pin — — — — — _
55 55 SEG15 | O |LCD segment pin — — — — — _
56 56 SEG16 | O |LCD segment pin — — — — — _
57 57 SEG17 | O |LCD segment pin — — — — — _
58 58 SEG18 | O |[LCD segment pin — — — — — _
59 59 SEG19 | O |LCD segment pin — — — — — _
60 60 SEG20 | O |LCD segment pin — — — — — _
61 61 SEG21 | O |LCD segment pin — — — — — _
62 62 SEG22 | O |LCD segment pin — — — — — _
63 63 SEG23 | O |LCD segment pin — — — — — _
64 64 SEG24 | O |LCD segment pin — — — — — _
65 65 SEG25 | O |LCD segment pin — — — — — _
66 66 SEG26 | O |LCD segment pin — — — — — _
67 67 SEG27 | O |LCD segment pin — — — — — _
68 68 SEG28 | O |LCD segment pin — — — — — _
69 69 SEG29 | O |LCD segment pin — — — — — _
70 70 SEG30 | O |[LCD segment pin — — — — — _
71 71 SEG31 | O |[LCD segment pin — — — — — _
72 72 SEG32 | O |LCD segment pin — — — — — _
73 73 SEG33 | O |LCD segment pin — — — — — _
74 74 SEG34 | O |LCD segment pin — — — — — _
75 75 SEG35 | O |LCD segment pin — — — — — _
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FEDL610Q421-03
ML610Q421/ML610Q422

PAD No. Primary function Secondary function Tertiary function
Q422 | Q421 ] Pin name | I/O Function Pin name | I/O Function Pin name | 1/1O Function
76 76 SEG36 | O |LCD segment pin — — — — — _
77 77 SEG37 | O |LCD segment pin — — — — — _
78 78 SEG38 | O |LCD segment pin — — — — — _
79 79 SEG39 | O |LCD segment pin — — — — — _
80 80 SEG40 | O |LCD segment pin — — — — — _
81 81 SEG41 | O |LCD segment pin — — — — — _
82 82 SEG42 | O |LCD segment pin — — — — — _
83 83 SEG43 | O |LCD segment pin — — — — — _
84 84 SEG44 | O |LCD segment pin — — — — — _
85 85 SEG45 | O |LCD segment pin — — — — — _
86 86 SEG46 | O |LCD segment pin — — — — — _
87 87 SEG47 | O |LCD segment pin — — — — — _
88 88 SEG48 | O |LCD segment pin — — — — — _
89 89 SEG49 | O |LCD segment pin — — — — — _
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LAPIS Semiconductor Co. Ltd.

FEDL610Q421-03
ML610Q421/ML610Q422

DC CHARACTERISTICS (1/5)

(Vop = 1.11t0 3.6V, AVpp = 2.2 t0 3.6V, Vss = AVss = 0V, Ta = -20 to +70°C, Ta = —40 to +85°C for P version, unless otherwise

specified) (1/5)

Ratin i
Parameter Symbol Condition - g Unit Meqsur_lng
Min. Typ. Max. circuit
- 0, Typ Typ
Ta = 25°C —10% 500 +10% kHz
500kHz RC oscillation ¢ Vop =1.3 Ta=-20to Typ. 500 Typ. KHz
frequency RC to 3.6V +70°C —25% +25%
Ta=-40to Typ. Typ.
+85°C 5% | 990 | a0 | K
_— LSCLK = 32.768kHz
PLL oscillation frequency** -2.59 . +2.59
q Yy feLL Voo = 1.8 10 3.6V 2.5% 8.192 2.5% MHz
Low-speed crystal oscillation
start time*? T — — 03 2 S
500kHz RC oscillation start Tec o o 50 500 us 1
time
High-speed crystal oscillation _
start time*3 TxTH Vpp = 1.8to0 3.6V — 2 20
PLL oscillation start time TeLL Vpp = 1.8 t0 3.6V — 1 10 ms
Low-speed oscillation stop
detect time™ Tstop _ 02 3 20
Reset pulse width Prst — 200 — —
Reset noise elimination us
pulse width PrrsT _ _ — 03
Power-on reset activation Toor o o o 10 ms

power rise time

*1 .

reset to shift to system reset mode.

*2: Use 32.768KHz Crystal Oscillator C-001R (Epson Toyocom) with capacitance Ce/CpL=0pF.

3+ Use 4.096MHz Crystal Oscillator CHC49SFWB (Kyocera).

4+ 1024 clock average.

[Reset pulse width]

RESET_N

V||_1\gx / Vi

PrsT
>

Reset pulse width (Prst)

[Power-on reset activation power rise time]

VDD

0. 9XVDD ;

g
A ——

POR _ |

Power-on reset activation power rise time (Tpog )

: When low-speed crystal oscillation stops for a duration more than the low-speed oscillation stop detect time, the system is
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FEDL610Q421-03
ML610Q421/ML610Q422

DC CHARACTERISTICS (3/5)
(Vop = 1.11t0 3.6V, AVpp = 2.2 t0 3.6V, Vss = AVss = 0V, Ta = -20 to +70°C, Ta = —40 to +85°C for P version, unless otherwise
specified) (3/5)

Parameter Symbol Condition - Rating Unit Megsur_mg
Min. | Typ. | Max. circuit
LD2-0 = OH 1.35
LD2-0 = 1H 1.4
LD2-0 =2H 1.45
LD2-0 = 3H 1.5
LD2-0 = 4H 1.6
LD2-0 = 5H 1.7
LD2-0 = 6H 1.8
BLD threshold LD2-0=7H Typ. | 1.9 | Typ.
voltage VeLo Voo = 1.35 10 3.6V o o—en _Z& s +Z&> v
LD2-0 = 9H 2.1
LD2-0 = OAH 2.2
LD2-0 = OBH 2.3
LD2-0 = OCH 2.4
LD2-0 = ODH 2.5
LD2-0 = OEH 2.7
LD2-0 = OFH 2.9
BLD threshold
;/eorlrtlz?)%?ature AVeip Voo = 1.35 t0 3.6V — | o | — | wrc
deviation
CPU: In STOP state. Ta=25C — [ 015 0.50
Supply current1 | IDD1 | Low-speed/high-speed Ta =-20to +70°C — — | 2.50 pA
oscillation: stopped. Ta=-401t0 +85°C | — — | 500 1
CPU: In HALT Stast(g (LTBC, Ta = 25°C _ 05 1.3
. 1 *Y%
Supply current2 | IDD2 ngrIsSep:(;aglsncg?llati()).n: Stopped. Ta =-20to +70°C — — 3.5 HA
LCD/BIAS circuits: Stopped. Ta=-40to +85°C — — | 6.0
CPU: In 32.768kHz operating Ta = 25°C _ 5 7
Supply current 3 | IDD3 state. '+ - Ta=20t0+70°C | — | — | 12 | A
High-speed oscillation: Stopped.
LCD/BIAS circuits: Operating.*® | Ta=-40to+85°C | — | — | 16
CPU: In 500kHz CR operating Ta=25°C — 70 85
Supply current4 | IDD4 | state. Ta =-20to +70°C — — 100 pA
LCD/BIAS circuits: Operating.* [, _ s00+85.c | — | — | 120
CPU: In 4.096MHz operating Ta =25°C — 0.8 1.0
state.**3
Supply current5 | IDD5 | PLL: In oscillating state. Ta =-20to +70°C — — 1.2 mA
LCD/BIAS circuits: Operating. +2
Vpp = 1.8 t0 3.6V Ta = -40 to +85°C — — 1.2
g:tztlé*lzn 4.096MHz operating Ta = 250C o 15 16
. " 344
Supply current 6 | IDD6 E\/%:' Ilr? gsg'r'::fr'%gsstg’t‘;e o Ta=-20t0+70°C | — | — | 25 | mA
LCD/BIAS circuits: Operating. *2
Ta =-40 to +85°C — — 25

VDD = AVDD =3.0V

*L - When the CPU operating rate is 100% (No HALT state).

*2

clock: 1/128 LSCLK (256Hz)

*3

: Use 32.768KHz Crystal Oscillator C-001R (Epson Toyocom) with capacitance Cg /CpL=0pF.

4+ Use 4.096MHz Crystal Oscillator CHC49SFWB (Kyocera).
5 Significant bits of BLKCONO~BLKCON4 registers are all “1".

: All SEGs: off waveform, No LCD panel load, 1/3 bias, 1/3 duty, Frame frequency: Approx. 64 Hz, Bias voltage multiplying
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LAPIS Semiconductor Co. Ltd.

FEDL610Q421-03

ML610Q421/ML610Q422

DC CHARACTERISTICS (4/5)

(Vop = 1.11t0 3.6V, AVpp = 2.2 t0 3.6V, Vss = AVss = 0V, Ta = -20 to +70°C, Ta = —40 to +85°C for P version, unless otherwise

specified) (4/5)

Ratin i
Parameter Symbol Condition ) g Unit Megsurllng
Min. Typ. Max. circuit
IOH1 = —0.5mA, Vpp = 1.8 to 3.6V VODE; — — v
Output voltage 1 :/ :
nd
(P20-P22/2 VOH1 IOH1 = -0.1mA, Vpp = 1.3 t0 3.6V bb — —
function is -0.3
(55'3%0_?3)6) IOH1 = -0.03mA, Vop= 111036V | ‘02 | — | —
(PA0-PAT7) | IOL1 = +0.5mA, Vpp = 1.8 t0 3.6V — — | 05
(PAO-PAY) VOL1 IOL1 = +0.1mA, Voo = 1.3 to 3.6V — — 05
IOL1 = +0.03mA, Vpp = 1.1 to 3.6V — — 0.3
IOH1 = —0.5mA, Vpp = 1.8 to 3.6V YOD; — —
Output voltage 2 v '
(P20-P22/2™ VOH2 IOH1 = -0.1mA, Vpp = 1.3 to 3.6V _ODD3 — —
function is Not v -
selected) IOH1 = -0.03mA, Vpp = 1.1 to 3.6V _ODD3 — —
VOL2 IOL2 = +5mA, Vpp = 1.8 to 3.6V — — 0.5
Output voltage 3 VOL3 IOL3 = +3mA, Vpp = 2.0to 3.6V o o 04 2
(P40-P41) (when 1°C mode is selected) '
VOH4 IOH4 = —0.2mA, VL1=1.2V _\g“‘z — —
VOMH4 IOMH4 = +0.2mA, VL1=1.2V — — :832
VOMH4S IOMH4S = —0.2mA, VL1=1.2V _\6“2 — —
(Ocuépdév‘l’g?ge 4 | vowma IOM4 = +0.2mA, VL1=1.2V _ _ :822
(SEG0-49) Vi
VOM4S IOM4S = —0.2mA, VL1=1.2V 02 — —
VOML4 IOML4 = +0.2mA, VL1=1.2V — — :812
VOML4S IOML4S = -0.2mA, VL1=1.2V _\6”2 — —
VOL4 IOL4 = +0.2mA, VL1=1.2V — — 0.2
Output leakage o
(P20-P22) IOOH VOH = Vpp (in high-impedance state) — — 1
(P30-P35) A 3
Elzi%_if?))l 100L VOL = Vss (in high-impedance state) -1 — —

*: ML610Q421 only
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MEASURING CIRCUIT 3

(*2)
VIH o—> — °
L S
1 %) E
' 2] c '
' c = '
I = o '
RS1| | | = 50 EA?
=1 g
1 = 8 1
viL Voo Voor Vobx Vi Vi Viz  Vis AVppVrerVssAVss

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

MEASURING CIRCUIT 4

(*3)
——o
o | D

£l

A N oy 5|

EE -] £

- | E 3|

Voo VooL Vobx Vi Viz Viz  Via AVppVRerVssAVss
*3: Measured at the specified output pins.
MEASURING CIRCUIT 5
VIH 0—> — — 5
— o 2
§ ol i 2
- 211 5
GRRE 5| 1 E
|2 A
= 6| i %
1 1 >
' ' <
VIL o—> | I
VooL Vbbpx \ Viz Vs AVpdVrerVssAVss

TTTIrTTT
I O O O |

*1: Input logic circuit to determine the specified measuring conditions.
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LAPIS Semiconductor Co. Ltd. ML610Q421/ML610Q422

AC CHARACTERISTICS (External Interrupt)
(Vop = 1.11t0 3.6V, AVpp = 2.2 t0 3.6V, Vss = AVss = 0V, Ta = -20 to +70°C, Ta = —40 to +85°C for P version, unless otherwise

specified)
. Rating )
Parameter Symbol Condition X Unit
Min. Typ. Max.
Interrupt: Enabled (MIE = 1),
External interrupt disable period TnuL CPU: NOP operation 76.8 — 106.8 us
System clock: 32.768kHz
PO0-PO3

Y N AN

(Rising-edge interrupt)

, tnuL R
P0O0-P03 N\ / N\ I
(Falling-edge interrupt) thuL

A
NMI, POO-PO03 / ‘

(Both-edge interrupt) tnuL

N

AC CHARACTERISTICS (UART)
(Vop = 1.31t0 3.6V, AVpp = 2.2 t0 3.6V, Vss = AVss = 0V, Ta = -20 to +70°C, Ta = —40 to +85°C for P version, unless otherwise

specified)
. Rating .
Parameter Symbol Condition - Unit
Min. Typ. Max.
Transmit baud rate trerT — — BRT* — s
. BRT* 1 BRT*
Receive baud rate — *
trRBRT _3% BRT +3% S

1. Baud rate period (including the error of the clock frequency selected) set with the UARTO baud rate register (UAOBRTL,H)
and the UARTO mode register 0 (UAOMODO).

trerT

TXDO* >§
RXDO* >§

*: Indicates the secondary function of the port.

trBRT
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AC CHARACTERISTICS (Synchronous Serial Port)
(Vop = 1.31t0 3.6V, AVpp = 2.2 t0 3.6V, Vss = AVss = 0V, Ta = -20 to +70°C, Ta = —40 to +85°C for P version, unless otherwise

specified)
. Rating .
Parameter Symbol Condition - Unit
Min. Typ. Max.
When RC oscillation is active** 10 S
SCLK input cycle . (Voo = 1.3 t0 3.6V) K
(slave mode) seve When high-speed oscillation is
active*® (Vop = 1.8 to 3.6V) ! — — HS
SCLK output cycle
(master mrz)de)y tseve — — SCLK** — s
When RC oscillation is active* 4
SCLK input pulse width t (Voo = 1.3 t0 3.6V) — - HS
(slave mode) W When high-speed oscillation is
active*® (Vpp = 1.8 t0 3.6V) 0.4 T T HS
SCLK output pulse width SCLK* | SCLK* | SCLK*
(master mode) tsw o x0.4 x0.5 x0.6 S
When RC oscillation is active* 500
SOUT output delay time N (Voo = 1.3 10 3.6V) ns
(slave mode) sP When high-speed oscillation is 240
active*® (Vpp = 1.8 t0 3.6V) T T
When RC oscillation is active* 500
SOUT output delay time ¢ (Voo = 1.3 10 3.6V) ns
(master mode) sP When high-speed oscillation is 240
active*® (Vpp = 1.8 t0 3.6V) T T
SIN input
setup time tss — 80 — — ns
(slave mode)
. When RC oscillation is active*
SIN input (Voo = 1.3 t0 3.6V) 500 — —
setup time fss When high-speed oscillation is ns
(master mode) o3 240 _ _
active*” (Vpp = 1.8 to 3.6V)
When RC oscillation is active** 300
SIN input . (Vob = 1.3 10 3.6V) T T
hold time SH When high-speed oscillation is 80 ns
active*® (Vpp = 1.8 t0 3.6V) T T

*L: Clock period selected with SOCK3-0 of the serial port 0 mode register (SIOOMOD1)

*2 When RC oscillation is selected with OSCM1-0 of the frequency control register (FCONO)

*3: When Crystal/ceramic oscillation, built-in PLL oscillation, or external clock input is selected with OSCM1-0 of the frequency

control register (FCONO)

SCLKO* \

SOUTO*

SINO*

tscyc

tsw tsw

N AN

\4
N
\ 24

i tss tsh
<>

A\

X

*: Indicates the secondary function of the port.
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AC CHARACTERISTICS (I°C Bus Interface: Standard Mode 100kHz)
(Vop =1.810 3.6V, AVpp = 2.2 t0 3.6V, Vss = AVss = 0V, Ta = -20 to +70°C, Ta = —40 to +85°C for P version, unless

otherwise specified)

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

SCL clock frequency fscL — 0 — 100 kHz
SCL hold time o, o 40 L L
(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) tsu:sTA _ 4.7 — — Hs
SDA hold time tHD:DAT — 0 — — us
SDA setup time tsu:DAT — 0.25 — — us
SDA setup time
(stop congition) tsu:sTo _ 4.0 — — Hs
Bus-free time taur — 4.7 — — us

AC CHARACTERISTICS (12C Bus Interface: Fast Mode 400kHz)
(Vop =1.810 3.6V, AVpp = 2.2 t0 3.6V, Vss = AVss = 0V, Ta = -20 to +70°C, Ta = —40 to +85°C for P version, unless

otherwise specified)

Parameter Symbol Condition - Rating Unit
Min. Typ. Max.
SCL clock frequency fscL — 0 — 400 kHz
SCL hold time N te o 06 o 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 C(E)ndition) tsuisTA — 06 _ _ Hs
SDA hold time tHD:DAT — 0 — — us
SDA setup time tsu:paT — 0.1 — — us
SDA setup time
(stop congition) tsussTo — 06 _ _ Hs
Bus-free time tsur — 1.3 — — us
Start Restart Stop
condition condition condition
_© < > —>
E [ e
P40/SDA A | A
P41/SCL R : A 3 j
i i 3 i® t tsur
thp:sTa fLow tHiGH tsu:ista tHD:sTA tsupar  thopar o0
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REVISION HISTORY

Page
Document No. Date Previous | Current Description
Edition Edition
FEDL610Q421-01 | Jul. 29, 2009 - - Final edition 1
FEDL610Q421-02 | Dec. 3, 2010 - - Add to B version
All All Change header
3,4 3,4 Delete B version
4 4 Change from "Shipment" to " Product name — Supported
Function "
FEDL610Q421-03 | Feb. 9, 2015 : 29 Add CLOCK GENERATION CIRCUIT OPERATING
CONDITIONS
29 23 Change "RESET" to " Reset pulse width (Prst)" and "
Power-on reset activation power rise time (Tpor )"
36 37 Change description in Note.
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