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e Product name — Supported Function

LCD bias

Low-speed

- Chip (Die) - 1 s Stogsgé Itlgléﬁgset tg)n?sg?gtﬁge Product availability
ML610Q407-xxxWA - Yes Yes -20°C to +70°C Yes
ML610Q408-xxxWA - Yes Yes -20°C to +70°C Yes
ML610Q409-xxxWA - Yes Yes -20°C to +70°C Yes
ML610Q407P-xxxWA - Yes Yes -40°C to +85°C Yes
ML610Q408P-xxxWA - Yes Yes -40°C to +85°C Yes
ML610Q409P-xxxWA - Yes Yes -40°C to +85°C Yes
ML610Q407A-x x x WA | Yes Yes - -20°C to +70°C Yes

| ML610Q408A-0oWA | Yes | ves | - [aoCosoc | - |
ML610Q409A-xxxWA Yes Yes - -20°C to +70°C Yes
ML610Q407D-xxxWA Yes Yes Yes -20°C to +70°C Yes

LCD bias

Low-speed

xxx: ROM code number (xxx of the blank product is NNN)

Q: MTP version

P: Wide range temperature version (P version)

A: Low-speed clock oscillation stop detection reset is disabled always and LCD 1/2 bias supported version.(A
version)

D: LCD 1/2 bias supported version (D version)

WA: Chip (Die),

TB: TQFP

-1001-'82F? I_a\suc P 3 oscillation tg)n?s;?gtr&?e Product availability
stop detect reset
ML610Q407-xxxTB - Yes Yes -20°C to +70°C Yes
ML610Q408-xxxTB - Yes Yes -20°C to +70°C Yes
ML610Q409-xxxTB - Yes Yes -20°C to +70°C Yes
ML610Q407P-xxxTB - Yes Yes -40°C to +85°C Yes
ML610Q408P-xxxTB - Yes Yes -40°C to +85°C Yes
ML610Q409P-xxxTB - Yes Yes -40°C to +85°C Yes
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BLOCK DIAGRAM
ML610Q407/ML610Q408/ML610Q409 Block Diagram

Figure 1 show the block diagram of the ML610Q407/ML610Q408/ML610Q4009.
“*” indicates the secondary function of each port.

w(*1)
w(*2)ss
«(*3)7 :

: 29segx5com, 30segx4com, 31segx3com, and 32segx2com selectable
. 33segx5com, 34segx4dcom, 35segx3com, and 36segx2com selectable
37segx5com, 38segx4com, 39segx3com, and 40segx2com selectable

CPU (nX-U8/100)

EPSW1~3| | greg | | ELR1~3 | | ECSR1~3 |
PSW 0~15 | [ LR | | DSR/CSR |
Timing ALU | EA | | PC |
Controller | SP | Program
BUS Memory
- Instruction Instruction Controller (MTP) Vep
On-Chip Decoder Register 16Kbyte
ICE
Voo Data-bus INT
VSS 2 {
7 RAM 4= SCKO*
e SINO*
RESET_N—™ ceseT & 1Kbyte SSIO s SOUTO*
TESTO—> {gsT X2
TEST1_N—>| 2%1 *
Interrupt .
Controller SouTt
XT0—>
XT1 +— INT
0sc 1%
LSCLK* +— <y UART [ RXDO*
INT
14
VpoL «——  Power C——) PWM b P\ MIO*
INT
INO* —> 1 :F_
CS0* +— .
RSO* < Capture C— Melody ==+ MDo
RTO" < X2 INT
CRT0* +—— RC-ADC |
RCM* «— X2 6 $— e P00 to P04
INT* —» 0
CS1* +—] 8bit Timer — P20 to P22, P24
RS1* +— x4 = P30 to P35
RT1* +— ) GPIO P40 to P47
4= P50 to P57
=t P60 to P67 (ML610Q407)
P60 to P63 (ML610Q408)
Display
Allocation *1)(*2)(*
RAM LCD [~ COMO to COM4 D23
Driver = SEGO to SEG31 (ML610Q407) "V
Dl SEGO to SEG35 (ML610Q408)
ISP t'°‘y SEGO to SEG39 (ML610Q409)
register LCD b Vi1, Vi, Vis
320bit
BIAS  fe===(C1,C2

Figure 1 ML610Q407/ML610Q408/ML610Q409 Block Diagram
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PIN CONFIGURATION

ML610Q407 TQFP100 Pin Layout

. SOARNLLIIYISNQ2L

008 YR8 eENNuNNDNOEGNDDnDD a2

ARHRAARARARARAARARARAARAR

LTONTONDOMNOULTONTTOODONOLW S ON

MNNMNMMMMNOOOOOOOOOOULWLLOLLWLWLWLWLWLW
(NC) T |76 50
Vgs I |77 49
P20 T |78 Q Q 48
P21 1|79 47
P22 —1—|80 46
P24 1 |81 45
P00 T |82 44
P01 1T |83 43
P02 T |84 42
P03 1T |85 41
P04 —1T— |86 40
P30 T (87 39
P31 1T (88 38
P34 1T |89 37
P32 T (90 36
P33 T (91 35
P35 1T (92 34
P57 1T (93 33
P56 1T (94 32
P55 1T/ |95 31
P54 —1— |96 30
P53 1T (97 29
el 7 ()=
(NC) =1 |99 27
(NC) =100 26

CNOTLONDO 2T NOTROER23TNR Y

CPEBIIYFIFEESSAeRE TS S4T

Nk
=
Note:

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

Figure 2 ML610Q407 TQFP100 Pin Configuration

—1 (NC)
T (NC)
—1T1 SEG17
—1— SEG16
— 11 SEG15
— 11 SEG14
— 11 SEG13
T SEG12
—T 1 SEGM1
T SEG10
—T SEG9
—T SEG8
— 11 SEG7
—1— SEG6
—T11 SEG5
11 SEG4

[—T— SEG3
[—T COM4/SEG2
=T COMB/SEG1
[T COM2/SEGO0
[T COM1
=T/ COMO

—1T1C2
—13C1

—T (NC)
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ML610Q409 TQFP100 Pin Layout

(NC) T
Vss I
P20 T
P21 T
P22 T
P24 T
P00 ]
PO1 I
P02 T
P03 T
P04 T
P30 ]
P31 1
P34 T
P32 T
P33 T
P35 T
P57 T
P56 T
P55 T
P54 T

P53 1]
Vpp  ——
(NC)
(NC)

R R R R R R R I RN R
BYRCACECAVECRORUNOVRONORONORUNORONORONORUNORONONTY
ZZLIJLL]IJJLIJLL]LIJLIJLL]LIJLIJLL]LIJIJJLL]LIJLIJLL]LIJLIJLL]LIJLIJZ
AR AR AR AR AR AR AR
LTONTODOMNOUTNOANTODDONOLWSOMAN
77 49
1s ot
79 47
80 46
81 45
82 44
83 43
84 42
85 41
86 40
87 39
88 38
89 37
90 36
91 35
92 34
93 33
94 32
95 31
96 30
97 29
. ()=
99 27
oo 26

CNOTLOoND 2T NOILONR2Q KA Y

OPDDFrTTIfSFSL40REZRASSI0

ks
I =
Note:

T (NC)
—T1 (NC)
— 11 SEG17
—T1 SEG16
—T1 SEG15
— 11 SEG14
—T1 SEG13
T SEG12
— T SEG!
T SEG10
—T— SEG9
11 SEG8
—T11 SEG7
—1— SEG6

—T1 1 SEG5
T SEG4

[—1 SEG3
[—1 COM4/SEG2
13 COMB3/SEG1
1= COM2/SEGO0
[—T— COM1

—T— COMO

131 C2
T C1
—11 (NC)

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

Figure 4 ML610Q409 TQFP100 Pin Configuration
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ML610Q408 Chip Pin Layout & Dimension

Note:

Vss
P20
P21
P22
P24

P00
P01
P02
P03
P04
P30
P31
P34
P32
P33
P35
P57
P56
P55
P54
P53
Vep

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

Chip size: 2.27 mm x 2.23 mm

PAD count: 88 pins
Minimum PAD pitch: 80pum
PAD aperture: 70umx>70um
Chip thickness: 350um
Voltage of the rear side of chip: Vss level.

Figure 6 ML610Q408 Chip Layout & Dimension

LTOAN TONOMNOUOTOAN OO
OMMO OMNNNNNNNNNN— —
ramBBBB BROOOOOOODDDDD
© © © O LW LW W L i Lo o o o o
OO0 NNNY DNDVDLUDLADDNDNNDNDYOVY
OLUTOANTOOD OMNOUTNOANTTOONOMNOL
OCOOOOWOWOLL LLLLLLLWLWLS I
OO0000000 OO0O00000000004c
O O | 44 SEG17
O O | 43 SEG16
O 0 | 42 SEG15
0 0| 41 SEG14
O O | 40 SEG13
O 0| 39 SEG12
0 0| 38 SEG11
0 O | 37 SEG10
0 0| 36 SEG9
0 0| 35 SEGS
o [] [ ] 0Ol34 seGr
0O 0| 33 SEG6 2.23mm
0 0| 32 SEG5
0 0| 31 SEG4
0 0| 30 SEG3
0 0| 29 COM4/SEG2
O 0 | 28 COM3/SEG1
0 0 | 27 COM2/SEGO
0 0| 26 COM1
0 0| 25 como
O [ 0|24 c2
0 0|23 c1
OJO0O0000000000000 OOoooddd
N LA I TR
NEBITITIET 8IS TR ST X
pafandandan>>S% Xe-n~"~>>
I
=
X
2.27mm
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ML610Q409 Chip Pin Layout & Dimension

Note:

Vss
P20
P21
P22
P24

P00
P01
P02
P03
P04
P30
P31
P34
P32
P33
P35
P57
P56
P55
P54
P53
Vep

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

Chip size: 2.27 mm x 2.23 mm

PAD count: 88 pins
Minimum PAD pitch: 80 um
PAD aperture: 70 umx70 um
Chip thickness: 350 um
Voltage of the rear side of chip: Vss level.

Figure 7 ML610Q409 Chip Layout & Dimension
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ML610Q407/ML610Q408/ML610Q409 Pad Coordinates

Table 1 ML610Q407/ML610Q408/ML610Q409 Pad Coordinates

Chip Center: X=0,Y=0

PAD Pad ML610Q407/8/9 PAD Pad ML610Q407/8/9
No. Name X (um) Y (um) No. Name X (um) Y (um)
1 P52 -853 -1009 49 SEG22 535 1009
2 P51 -773 -1009 50 SEG23 455 1009
3 P50 -693 -1009 51 SEG24 375 1009
4 P40 -613 -1009 52 SEG25 295 1009
5 P41 -533 -1009 53 SEG26 215 1009
6 P42 -453 -1009 54 SEG27 135 1009
7 P43 -373 -1009 55 SEG28 55 1009
8 P44 -293 -1009 56 SEG29 25 1009
9 P45 -213 -1009 57 SEG30 -105 1009
10 P46 -133 -1009 58 SEG31 -185 1009
11 P47 -53 -1009 pe7
12 VDD 27 -1009 %9 SEG32 () 295 1009
13 VSS 107 -1009 P66 "
14 VDDL 187 -1009 60 SEG33 () =375 1009
15 XTO 267 -1009 P65 "
16 XT1 427 -1009 o1 SEG34 () 485 1009
17 RESET_N 507 -1009 P64
18 TESTO 587 -1009 62 SEG35 (2 -535 1009
19 TEST1 N 667 -1009 P63 (12
20 VL1 747 -1009 63 SEG36 615 1009
21 VL2 827 -1009 P62 (12
22 VL3 907 -1009 64 SEG37 ™ 695 1009
23 [ 1029 -840 65 P61 (2 75 1009
24 c1 1029 -760 SEG38 ™
25 COMO 1029 -680 66 P60 (2 885 1009
26 COoM1 1029 -600 SEG39 ™
27 | com2/sEGo 1029 -520 67 VSS -1029 850
28 | COMB3/SEG1 1029 -440 68 P20 -1029 770
29 | com4/SEG2 1029 -360 69 P21 --1029 690
30 SEG3 1029 -280 70 P22 -1029 610
31 SEG4 1029 -200 71 P24 -1029 530
32 SEG5 1029 -120 72 P00 -1029 430
33 SEG6 1029 -40 73 PO1 -1029 350
34 SEG7 1029 40 74 P02 -1029 270
35 SEG8 1029 120 75 P03 -1029 190
36 SEG9 1029 200 76 P04 -1029 110
37 SEG10 1029 280 77 P30 -1029 30
38 SEG11 1029 360 78 P31 -1029 -50
39 SEG12 1029 440 79 P34 -1029 -130
40 SEG13 1029 520 80 P32 -1029 -210
41 SEG14 1029 600 81 P33 -1029 -290
42 SEG15 1029 680 82 P35 -1029 -370
43 SEG16 1029 760 83 P57 -1029 -450
44 SEG17 1029 840 84 P56 -1029 -530
45 SEG18 855 1009 85 P55 -1029 -610
46 SEG19 775 1009 86 P54 -1029 -690
47 SEG20 695 1009 87 P53 -1029 -770
48 SEG21 615 1009 88 VPP -1029 -850

Y ML610Q407 pad name, ? ML610Q408 pad name, ¥ ML610Q409 pad name

12/34
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PIN | PAD Primary function Secondary function or Tertiary function
No. No. Pin name 1/0 Function Secon_dary Pin name | I/O Function
[Tertiary
Secondary — — _
5 4 P40 VO | Input/output port Tertiary SINO || SSIO0 data input
Secondary — — _
6 5 P41 I/0 | Input/output port Tertiary SCKO /0 $SIOO synchronous clock
input/output
Secondary RXDO | UART data input
/ 6 P42 VO | Input/output port Tertiary | SOUTO | O | SSIO0 data output
Secondary TXDO O | UART data output
8 7 P43 I/0O | Input/output port Tertiary PWMO O | PWMO output
Input/output port, RC type ADC1 oscillation input
9 8 ToggggK 1O | Timer O/Timer 2/PWMO external | Secondary | IN1 | pin
clock input Tertiary SINO | SSIO0 data input
Input/output port, Secondary cs1 o RC typte ADC1 retf_eren_ce
10 9 | P45/T13CK | /O | Timer 1/Timer 3 external clock ggﬁ’gg' or °h°””e° '°|” ﬁ'”
H . syncnronous cCIoci
input Tertiary SCKO0 I/0 inputioutput
RC type ADC1 reference
11 10 P46 I/0 | Input/output port Secondary RS1 © resistor connection pin
Tertiary SOUTO O | SSIO0 data output
12 | 1 P47 /0 | Input/output port Secondary |  RTA o | RC type ADC1 measurement
resistor sensor connection pin
Input/output port, Secondary MDO O | Melody 0 output
4 3 | POUEXIB | VO | Esiernal interrupt Tertiary SIN1 |_| SSIO1 data input
Secondary — — —
Input/output port,
3 2 P51/EXI8 I/0 External interrupt Tertiary SCKA1 /0 $SIO1 synchronous clock
input/output
Input/output port, Secondary — — —
2 | 1 | PS2EXI® 1 VO | gyiomal interrupt Tertiary | SOUT1 | O | SSIOT data output
o7 | 87 | ps3EXs | o | InPutoutput port _ _ _ _
External interrupt
Input/output port, Secondary — — —
% | 8 | PS4EXIE | VO | Eyomal interrupt Tertiary | SIN1__| [ | SSIO1 data input
95 | 85 | PssEXIs | 1o | InPutoutput port R e e BT e
External interrupt Tertiary SCK1 o | synchronous cloc
input/output
Input/output port, Secondary — — _
94 84 PSG/EXIE | /O | Eytemal interrupt Tertiary SOUT1 O | SSIO1 data output
93 | 83 | Ps7EXIS | IO | INPutoutput port _ _ _ _
External interrupt

14/34
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PIN DESCRIPTION

Primary/
Pin name | I/O Description Secondary/| Logic
Tertiary
System
RESET_ N | | Reset input pin. When this pin is set to a “L” level, system reset mode is — Negative
set and the internal section is initialized. When this pin is set to a “H” level
subsequently, program execution starts. A pull-up resistor is internally
connected.
XTO | | Crystal connection pin for low-speed clock. — —
XT1 O | A 32.768 kHz crystal oscillator (see measuring circuit 1) is connected to
this pin. Capacitors CDL and CGL are connected across this pin and Vss . B B
LSCLK O |Low-speed clock output pin. This pin is used as the secondary function of | Secondary —
the P20 pin.
OUTCLK O | High-speed clock output pin. This pin is used as the secondary function of | Secondary —
the P21 pin.
General-purpose input port
P00-P04 | | General-purpose input port. Primary Positive
Since these pins have secondary functions, the pins cannot be used as a
port when the secondary functions are used.
General-purpose output port
P20-P22,P24| O |General-purpose output port. Primary Positive
Since these pins have secondary functions, the pins cannot be used as a
port when the secondary functions are used.
General-purpose input/output port
P30-P35 1/0 | General-purpose input/output port. Primary Positive
Since these pins have secondary functions, the pins cannot be used as a
port when the secondary functions are used.
P40-P47 1/0 | General-purpose input/output port. Primary Positive
Since these pins have secondary functions, the pins cannot be used as a
port when the secondary functions are used.
P50-P57 1/0 | General-purpose input/output port. Primary Positive
Since these pins have secondary functions, the pins cannot be used as a
port when the secondary functions are used.
P60-P63 O | General-purpose input/output port. Primary Positive
These pins are for the ML610Q407/ ML610Q408, but are not provided in
the ML610Q409.
P64-P67 O | General-purpose input/output port. Primary Positive

These pins are for the ML610Q407, but are not provided in the
ML610Q409.
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Primary/
Pin name | I/O Description Secondary/| Logic
Tertiary
UART

TXDO O | UART data output pin. This pin is used as the secondary function of the Secondary | Positive
P43 pin.

RXDO | | UART data input pin. This pin is used as the secondary function of the Primary/ | Positive
P42 or the primary function of the P02 pin. Secondary

Synchronous serial (SSIO)

SCKO 1/0 | Synchronous serial clock input/output pin. This pin is used as the tertiary Tertiary —
function of the P41 or P45 pin.

SINO | | Synchronous serial data input pin. This pin is used as the tertiary function Tertiary | Positive
of the P40 or P44 pin.

SOUTO O | Synchronous serial data output pin. This pin is used as the tertiary Tertiary | Positive
function of the P42 or P46 pin.

SCK1 1/0 | Synchronous serial clock input/output pin. This pin is used as the Secondary —
secondary function of the P51 or P55 pin.

SIN1 | | Synchronous serial data input pin. This pin is used as the secondary Secondary | Positive
function of the P50 or P54.

SOUT1 O | Synchronous serial data output pin. This pin is used as the secondary Secondary | Positive
function of the P52 or P56pin.
PWM
PWMO O | PWMO output pin. This pin is used as the tertiary function of the P43 or Tertiary | Positive
P34 pin.
TO2POCK | | PWMO external clock input pin. This pin is used as the primary function of Primary —
the P44 pin.
External interrupt
EXI0-4 | | External maskable interrupt input pins. Interrupt enable and edge Primary | Positive/
selection can be performed for each bit by software. These pins are used negative
as the primary functions of the P00-P04 pins.

EXI8 | | External maskable interrupt input pins. Interrupt enable and edge Primary | Positive/
selection can be performed for each bit by software. These pins are used negative
as the primary functions of the P50-P57 pins.

Capture

CAPO | | Capture trigger input pins. The value of the time base counter is captured Primary | Positive/
in the register synchronously with the interrupt edge selected by software. negative

CAP1 | | These pins are used as the primary functions of the P00 pin(CAPO) and Primary | Positive/
P01 pin(CAP1). negative

Timer
TO2POCK | | External clock input pin used for Timer 0 and Timer 2. The clock for this Primary
timer is selected by software. This pin is used as the primary function of —
the P44 pin.
T13CK | | External clock input pin used both Timer 1 and Timer 3. The clock for this Primary
timer is selected by software. This pin is used as the primary function of —
the P45 pin.
Melody

MDO O | Melody/Buzzer signal output pin. This pin is used as the secondary Secondary | Positive/

function of the P22 pin and P50 pin. negative

LED drive
LEDO-2,4 O | Nch open drain output pins to drive LED. Primary | Positive/
negative

17/34
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Primary/
Pin name | I/O Description Secondary/| Logic
Tertiary
RC oscillation type A/D converter
INO | | Channel O oscillation input pin. This pin is used as the secondary function | Secondary
of the P30 pin.
CS0 O | Channel 0 reference capacitor connection pin. This pin is used as the Secondary
secondary function of the P31 pin.
RCTO O | Resistor/capacitor sensor connection pin of Channel 0 for measurement. | Secondary
This pin is used as the secondary function of the P33 pin.
RS0 O | This pin is used as the secondary function of the P32 pin which is the Secondary
reference resistor connection pin of Channel 0.
RTO O |Resistor sensor connection pin of Channel 0 for measurement. This pin is | Secondary
used as the secondary function of the P34 pin.
RCM O | RC oscillation monitor pin. This pin is used as the secondary function of Secondary
the P35 pin.
IN1 | | Oscillation input pin of Channel 1. This pin is used as the secondary Secondary
function of the P44 pin.
CS1 O | Reference capacitor connection pin of Channel 1. This pin is used as the | Secondary
secondary function of the P45 pin.
RS1 O | Reference resistor connection pin of Channel 1. This pin is used as the Secondary
secondary function of the P46 pin.
RT1 O |Resistor sensor connection pin for measurement of Channel 1. This pin is | Secondary
used as the secondary function of the P47 pin.
LCD drive signal
COMO0-4 O | Common output pins. — _
SEGO0-31 O | Segment output pins. — _
SEG32-35 | O |Segment output pin. These pins are for the ML610Q408/ML610Q409, but — —
are not provided in the ML610Q407.
SEG36-39 | O |Segment output pin. These pins are for the ML610Q409, but are not — —
provided in the ML610Q407/ML610Q408.
LCD driver power supply
¥ — | Power supply pins for LCD bias (internally generated or positive power — —
Vio — | supply pin connected ). Depending on LCD Bias setting and Vpp voltage — _
Vis level, Vpp or VppL or capacitor is connected. For details of the connection — —
— | method, see user’'s manual.
C1 — | Power supply pins for LCD bias (internally generated). Capacitors C12 is — —
c2 — | connected between C1 and C2. — -
For testing
TEST | 110 | Input/output pin for testing. A pull-down resistor is internally connected. — —
Power supply
Vss — | Negative power supply pin. — —
Vbp — | Positive power supply pin for I/O, internal regulator, battery low detector, — —
and power-on reset.
VoL — | Positive power supply pin (internally generated) for internal logic. — —
Capacitor CL (see Appendix C measuring circuit 1) is connected between
this pin and Vss.
Vep — | Power supply pin for programming Flash ROM. A pull-down resistor is — —
internally connected.
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LAPIS

SEMICONDUCTOR

FEDL610Q409-05

ML610Q407/ML610Q408/ML610Q409

ELECTRICAL CHARACTERISTICS

ABSOLUTE MAXIMUM RATINGS

(Vss = OV)
Parameter Symbol Condition Rating Unit
Power supply voltage 1 Vop Ta =25°C -0.3to+4.6 \Y
Power supply voltage 2 Vep Ta =25°C -0.3t0 +9.5 \%
Power supply voltage 3 VopL Ta =25°C -0.3t0 +3.6 \Y
Power supply voltage 4 Vi1 Ta =25°C -0.3t0 +2.0 \%
Power supply voltage 5 Vi Ta =25°C -0.3to+4.0 \Y
Power supply voltage 6 Vi3 Ta =25°C -0.3t0 +6.0 \Y
Input voltage VIN Ta =25°C —0.3 to Vpp+0.3 Vv
Output voltage Vout Ta =25°C -0.3 to Vpp+0.3 \Y
Output current 1 louT1 Port3—-6, Ta = 25°C -12 to +11 mA
Output current 2 louTt2 Port2, Ta = 25°C -12 to +20 mA
Power dissipation PD Ta =25°C 0.9 w
Storage temperature Tste — -55to +150 °C
RECOMMENDED OPERATING CONDITIONS
(Vss = QV)
Parameter Symbol Condition Range Unit
. non-P version —20 to +70
Operating temperature T °C
P 9 P oF P version —40 to +85
) for = 30k to 625kHz 1.25t0 3.6
Operating voltage Vop \Y
for = 30k to 2.5MHz 1.8t03.6
. Vpp = 1.25 to 3.6V 30k to 625k
Operating frequency (CPU f H
perating frequency (CPU) o Vop = 1.8 to 3.6V 30k to 2.5M z
Sapac.ltor externally connected to cL o 0.47+30% uF
DDL PIN
Capacitors externally connected to o
Vi1 2 3 pins Cab,c — 0.1+30% uF
Capacitors externally connected o
across C1 and C2 pins Crz _ 0.47+30% WF
CLOCK GENERATION CIRCUIT OPERATING CONDITIONS
(Vss = OV)
Parameter Symbol Condition Rating Unit
Min. Typ. Max.
Low-speed crystal oscillation £ 32.768Kk H
frequency XL _ _ ' — z
Recommended equivalent series
resistance value of low-speed RL — — — 40k Q
crystal oscillation
CL=6pF of crystal
I — 12 —
oscillation
Low-speed cry;tal oscillation Cou/Cal CL=9pE of .crystal o 18 o oF
external capacitor oscillation
CL=12pf of o 24 _
crystal oscillation

20/34



LAPIS

FEDL610Q409-05
SEMICONDUCTOR

ML610Q407/ML610Q408/ML610Q409

DC CHARACTERISTICS (2/5)
(Vpp = 1.25t0 3.6V, Vss = 0V, Ta = -20 to +70°C, Ta = —40 to +85°C for P version, unless otherwise specified)

Parameter Symbol Condition - Rating Unit Megsur.mg
Min. Typ. Max. circuit
Vor voltage Vv for = 30k to 625kHz 1.1 1.2 1.3
oL VoTlag Po- fop = 30k to 2.5MHz 135 | 15 | 1.65
VppL temperature _ o 1
deviation 1 AVppL Vpp = 3.0V — -1 — mV/°C
VppL voltage
dependency *' AVooL — — 5 20 mV/V

*1:VppL can not exceed Vpp level. The maximum Vool becomes Vip level when the Vppy calculated by the temperature
deviation and voltage dependency is going to exceed the Vpp level.
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L A P | 5 FEDL610Q409-05

SEMICONDUCTOR
ML610Q407/ML610Q408/ML610Q409

DC CHARACTERISTICS (3/5)
(Vpp = 3.0V, Vss = 0V, Ta = -20 to +70°C, Ta = —40 to +85°C for P version)

Parameter Symbol Condition - Rating Unit Megsur.mg
Min. | Typ. | Max. circuit
CPU: In STOP state. Ta= 25°C — 0.4 0.8
Low-speed/high-speed
Supply current 1| IDD1 | 2 500kHz/2MHz oscillation: KA
stopped. *5 _ _ 8
CPU: In HALT state (LTBC and WDT .
are Operating).*3*4 Ta= 25°C — 0.9 1.8
Supply current 2|  IDD2 High-speed 500kHz/2MHz pA
oscillation: Stopped. 5 9
LCD and BIAS circuits: Operating. *° T T
CPU: In 32.768kHz operating nre
state *1*3 Ta=25°C — 5 8 1
Supply current 3|  IDD3 High-speed 500kHz/2MHz pA
oscillation: Stopped. %5 . . 15
LCD and BIAS circuits: Operating. *2
. Ta= 25°C — 70 100
Supply current IDD4-1 CPU: In RC 500kHz operating state. A
4-1 ) LCD and BIAS circuits: Operating. *2 5 120 K
Ta= 25°C — 280 350
Supply current IDD4-2 CPU: In RC 2MHz operating state. A
4-2 : LCD and BIAS circuits: Operating. *2 H
5
* — — 400

1

*

: When the CPU operating rate is 100% (No HALT state).
: All SEGs: off waveform, No LCD panel load, 1/3 bias, 1/3 duty, Frame frequency: Approx. 64 Hz, Bias voltage multiplying
clock: 1/128 LSCLK (256Hz)
: 32.768KHz Crystal resonator DT-26 (Load capacitance 6pF) (made by KDS:DAISHINKU CORP.) is used (Ce.=Cp.=6pF)
: Significant bits of BLKCONO~BLKCON4 registers except DLCD bit on BLKCON4 are all “1”.
: Recommended operating temperature (Ta =-20 to +70°C, Ta = -40 to +85°C for P version)
: LCD Stop mode, 1/3 bias, Bias voltage multiplying clock: 1/128 LSCLK (256Hz)

*
N

* *
~ w

*

*
o O
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LAPIS

SEMICONDUCTOR

FEDL610Q409-05

ML610Q407/ML610Q408/ML610Q409

DC CHARACTERISTICS (4/5)
(Vop = 1.25 10 3.6V, Vss = 0V, Ta = -20 to +70°C, Ta = —40 to +85°C for P version, unless otherwise specified)

Ratin i
Parameter Symbol Condition ; g Unit Meellsur'lng
Min. Typ. Max. circuit
Output voltage 1 _ B Vbb
2" function is VOHT1 Voo
selected) IOH1 =-0.03mA, Vpp = 1.25 to 3.6V 03 — —
(P30-P36) = = :
(P50-P57) VOLA
(P60-P63) " 2 IOL1 = +0.1mA, Vpp = 1.25 to 3.6V — — 0.3
(P64-P67) "
Output voltage 2
(P20-P22,P24/ _ _
o™ function is Not VOL2 IOL2 = +5mA, Vpp = 1.8 to 3.6V — — 0.5
selected) v 2
VOH3 IOH4 = -0.05mA, VL1=1.2V _\Qaz — —
Output voltage 3 | VOML3 IOMH4 = +0.05mA, VL1=1.2V — — :g”
(COMO—4) 2
(SEG0-31) VOML3S IOM4S = —0.05mA, VL1=1.2V Vie
(SEGO—35)*3 -0.2
SEG0-39
( ) VOLM3 IOML4 = +0.05mA, VL1=1.2V — — :{)“2
VOLM3S IOML4S = -0.05mA, VL1=1.2V _\8“2 — —
VOL3 I0L4 = +0.05mA, VL1=1.2V — — 0.2
Output leakage
(P20-P22, P24) IOOH VOH = Vpp (in high-impedance state) — — 1
(P30-P35)
(P40—P47) HA 3
(P50-P57) - PR _ _ _
(P6O-P63)‘1 2 100L VOL = Vss (in high-impedance state) 1
(P64-P67)
Input current 1 1IH1 VIH1 = Vpp 0 _ 1
(RESET_N, _
Input current 2 1IH2 VIH1 = Vpp 2 300 600
(TESTO) L2 VIL1 = Vs -1 — —
VIH3 = VDD ,VDD =1.8t0 3.6V 2 30 200
I1H3 (when pulled-down)
VIH3 = VDD ,VDD =1.25t0 3.6V
Input current 3 (when pulled-down) bA 4
(P00-P04) VIL3 = Vss, Vpp = 1.8 to 3.6V
(P30-P35) i3 (when pulled-up) -200 -30 2
(P40-P47) VIL3 = Vss , Vop = 1.25 to 3.6V 200 30 | -0.01
(P50-P57) (when pulled-up) '
IIH3Z VIH3 = Vpp (in high-impedance state) — — 1
L3z VIL3 = Vss (in high-impedance state) —1 — —

*: pins for ML610Q407
*2: pins for ML610Q408
*3: pins for ML610Q409

24/34



LAPIS

SEMICONDUCTOR

FEDL610Q409-05

ML610Q407/ML610Q408/ML610Q409

DC CHARACTERISTICS (5/5))

(Vpp = 1.25t0 3.6V, Vss = 0V, Ta = -20 to +70°C, Ta = —40 to +85°C for P version, unless otherwise specified)

Ratin i
Parameter Symbol Condition ) g Unit Megsurllng
Min. Typ. Max. circuit
Input voltage 1
(RESET_N) VIH1 o 0.7 o Voo
(TESTO, *xVbp
TEST1_N
(POO—P_O4)) 0.3 v °
(P30—P35) VDD =1.8t0 3.6V 0 —_— <V
(P40-P47) viL1 00
(P50-P57) Vpp = 1.25 to 3.6V 0 — Vop
Input pin
capacitance _
(P00-P04) CIN vf 1Oskoanv 5 F
(P30-P35) rms = 91 - | — P -
(P40-P47) Ta=25°C
(P50-P57)
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L A P I S FEDL610Q409-05

SEMICONDUCTOR
ML610Q407/ML610Q408/ML610Q409

MEASURING CIRCUIT 3

(*2)
VIH o
——o
| 0| |
: %) c ]
ol i |8 2| A
N g 2
L= S| ! -
VIL e Voo VooL Vi V2 Vis Vss

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

MEASURING CIRCUIT 4

(*3)
—-o0
o— | DN

e i

= Qg

a s A

2 =1

- o o

Voo VooL Vi V2 Vis Vss
*3: Measured at the specified output pins.
MEASURING CIRCUIT 5
VIH o —
— ° £
| o |
| L -
| S | ! £
YR 5k
V= ol %
1 H >
: : g
VIL © VbboL Vss

T 1171
LT T 11

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

SEMICONDUCTOR

FEDL610Q409-05
ML610Q407/ML610Q408/ML610Q409

AC CHARACTERISTICS (External Interrupt)

(Vpp = 1.25t0 3.6V, Vss = 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.
Interrupt: Enabled (MIE = 1),
External interrupt disable period ThuL CPU: NOP operation 76.8 — 106.8 us
System clock: 32.768kHz

P00-P04

_

(Rising-edge interrupt)

P00-P04

RN

(Falling-edge interrupt)

P00-P04

7

(Both-edge interrupt)

AC CHARACTERISTICS (Serial Port)
(Vop = 1.25t0 3.6V, Vss = 0V, Ta = -20 to +70°C, Ta = —40 to +85°C for P version, unless otherwise specified)

tuL

tuL

i N N

Rati
Parameter Symbol Condition ; aing Unit
Min. Typ. Max.
Transmit baud rate trerT — — BRT*' — S
. BRT*’ : BRT*'
R baud rat — *
eceive baud rate trBRT 39 BRT +39% S

*1: Baud rate period (including the error of the clock frequency selected) set with the serial port baud rate register
(SIOBRTL,H) and the serial port mode register 0 (SIOMODO).

trerRT

TXDO*

e

trerT

RXDO*

X

*: Indicates the secondary function of the port.
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LAPIS

SEMICONDUCTOR

FEDL610Q409-05
ML610Q407/ML610Q408/ML610Q409

AC CHARACTERISTICS (Synchronous Serial Port)
(Vpp = 1.25t0 3.6V, Vss = 0V, Ta = -20 to +70°C, Ta = —40 to +85°C for P version, unless otherwise specified)

Parameter Symbol Condition X Rating Unit
Min. Typ. Max.
When RC oscillation is 500kHz 10
: %2 _ - -
SCLKn input cycle tsove (Vop = 1'.25.t0 ?T'GV) us
(slave mode) When RC oscillation is 2MHz )
3 _ _
**(Vop = 1.8 to 3.6V)
SCLKn output cycle o
(master mode) tseve _ _ SCLKn _ s
When RC oscillation is 500kHz 4 o o
SCLKn input pulse width . *2 (Vpp = 1.25 to 3.6V) .
(slave mode) W When RC oscillation is 2MHz H
*3 (Vpp = 1.8 t0 3.6V) 04 T T
DD = |I. .
SCLKn output pulse width ) SCLKn*' | SCLKn*' | SCLKn*'
(master mode) SwW - x0.4 x0.5 0.6 S
When RC oscillation is 500kHz
*2 (Vpp = 1.25 to 3.6V) — — 500
SOUTn output delay time output load 10pF
tsp ns
(slave mode) When RC oscillation is 2MHz
*3 (Vop = 1.8 0 3.6V) — — 240
output load 10pF
When RC oscillation is 500kHz
*2 (Vpp = 1.25 to 3.6V) — — 500
SOUTNn output delay time ¢ output load 10pF ns
(master mode) 0 When RC oscillation is 2MHz
*3 (Vop = 1.8 to 3.6V) — — 240
output load 10pF
SINn input setup time
(slave mode) tss T 80 T T ns
When RC oscillation is 500kHz 500 o o
SINn input setup time fes *2 (Vpp = 1.25 to 3.6V) s
(master mode) When RC oscillation is 2MHz 240 o o
*3 (Vop = 1.8 t0 3.6V)
When RC oscillation is 500kHz 300 o o
. . *2 (Vpp = 1.25 t0 3.6V)
SINn input hold time tsH — ns
When RC oscillation is 2MHz 80 . .

*3 (Vpp = 1.8 0 3.6V)

n=0,1

*1: Clock period selected with SnCK3-0 of the serial port n mode register (SIOnMOD1)
*%: When 500kHz RC oscillation is selected by OSCM2 of the frequency control register (FCONO)

*%: When 2MHz RC oscillation is selected by OSCM2 of the frequency control register (FCONO)

SCLKn* 1 / N

tsw tsw

tsevc

SOUTn*

tsp |

itss tsH
<

tsp |
ii

SINn*

X

* Indicates the secondary function of the port (n=0,1)
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FEDL610Q409-05
SEMICONDUCTOR

ML610Q407/ML610Q408/ML610Q409

AC CHARACTERISTICS (RC Oscillation A/D Converter)

Condition for Vpp=1.8 to 3.6V

(Vbp=1.8 to 3.6V, Vss=0V, Ta=-20 to +70°C, Ta=-40 to +85°C for P version, unless otherwise specified)

i Rating .

Parameter Symbol Condition Min. Typ. Mo, Unit
Oscillation resistor RSROTS\’_ ?k‘.ﬂo CSO0, CT0, CS1>740pF 1 — — kQ
Oscillation frequency fosci Re§istor for oscl:illa.tion=1kQ 457.3 525.2 575.1 kHz
Vop = 3.0V fosca Resistor for oscillation=10kQ 5348 | 58.18 | 62.43 kHz
foscs Resistor for oscillation=100kQ 5.43 5.89 6.32 kHz

RS to RT oscillation Kf1 RTO, RT0-1, RT1=1kQ 7.972 9.028 9.782 —
frequency ratio Kf2 RTO, RT0-1, RT1=10kQ 0.981 1 1.019 —
Vop = 3.0V Kf3 RT0, RTO-1, RT1=100kQ 0.099 | 0.101 | 0.104 —

*!: Kfx is the ratio of the oscillation frequency by the sensor resistor to the oscillation frequency by the reference resistor on the
same conditions.

Kfx = foscx(RTO-CSO0 oscillation) foscx(RT0-1-CS0 oscillation) foscx(RT1-CS1 oscillation)

foscx(RS0-CS0 oscillation) ,  foscx(RS0-CSO0 oscillation) ,  foscx(RS1-CS1 oscillation)
(x=1,2,3)
7'; —_— CVRO 7'; CVR1
! RTO, RTO0-1, RT1: 1kQ/10k Q/100k Q
- RSO0, RS1: 10k Q
8IE S lo bo 5 <=5 e CS0, CTO, CS1: 560pF
=3 @ %}z 3 CVRO, CVR1: 820pF
VIH o INO CSO RCTO RSO RTO  INT CSTRS1RTA
c RCM —> Frequency measurement (foscx)
(Note 1), i a
=
|l a
Vg
VIL e Voo Voo Vss
|

|
“L 1% !

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