FEDL9090A-01

LAPIS Semiconductor
ML9090A-01, -02

LCD Driver with Key Scanner and RAM

This version: May 2001

GENERAL DESCRIPTION

The ML9090A-01 and ML9090A-02 are LCD drivers that contain internal RAM and a key scan function. They are
best suited for car audio displays.

Since 1-bit data of the display data RAM corresponds to the light-on or light-off of 1-dot of the LCD panel (a bit
map system), a flexible display is possible.

A single chip can implement a graphic display system of a maximum of 80 x 18 dots (80 x 10 dots for the
ML9090A-01, 80 x 18 dots for the ML9090A-02).

Since containing voltage multipliers, the ML9090A-01 and ML9090A-02 require no power supply circuit to drive
the LCD.

Since the internal 5 x 5 scan circuit has eliminated the needs of key scanning by the CPU, the ports of the CPU can
be efficiently used.

FEATURES

Logic voltage: 2.7t0 5.5V
LCD drive voltage: 6 to 16 V (positive voltage)
80 segment outputs, 10 common outputs for ML9090A-01 and 18 common outputs for ML9090A-02
Built-in bit-mapped RAM (ML9090A-01: 80 x 10 = 800 bits, ML9090A-02: 80 x 18 = 1440 bits)
4-pin serial interface with CPU: CS, CP, DI/O, KREQ
Built-in LCD drive bias resistors
Built-in voltage doubler or tripler circuit
Built-in 5 x 5 key scanner
Port A output : 1 pin, output current: =15 mA: (may be used for LED driving)
Port B output . 8 pins
Output current (available for the ML9090A-01 only)
-2mA : 5 pins
-15mA : 3 pins
e Temperature range: —40 to +85°C
e Package: 128-pin plastic QFP (QFP128-P-1420-0.50-K)  (Product name: ML9090A-01GA)
(Product name: ML9090A-02GA)

Comparison between the ML9090A-01 and the ML9090A-02

Item ML9090A-01 ML9090A-02
Number of common outputs 10 Max. 18 Max.
8 x 80 16 x 80
Number of dots on the LCD screen
(selectable by program) 9 x80 1780
¥ prog 10 x 80 18 x 80
Number of port A outputs 1 1
Number of port B outputs 8 —
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BLOCK DIAGRAM (1/2)
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BLOCK DIAGRAM (2/2)
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PIN CONFIGURATION (TOP VIEW) 1/2

ML9090A-01
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seG73 1] [102] v,
seG72 (2] [ 101] osc2
sec71 2] [ 100 ] osc1
seGc7o (4] 99 1 pT
SEG69 [ 5| 98 1,
SEG68 [ 6| 97 1 v,
SsEG67 (7] 961 v,,
SEG66 [ 8] 95 1 v,
SEG65 [ 9| 94 ] v,
SEG64 [(10_] 93] v,
SEG63 [I1] 92 ] v,
SEG62 [12] 91 ] v,
seGe1 [137] 90 ] v,
SEG60 (14 [ 89 ] TEST
SEG59 [15_] | 88 ] RESET
SEG58 [(16 ] [ 87 1 KREQ
seGs7 [17_] [ 86 1 pi/o
SEG56 (18] [ 85 ] Cs
SEG55 [19] 84 1P
SEG54 [20] [ 83 1Co
SEG53 [21] IEZ ot)
SEG52 [22] [ 81 ]1C2
SEG51 [22] [ 80 ]1¢C3
SEG50 [24] ICH o
SEG49 [25_] 78 1Ro
SEG4s [26_] 7 1R’T
SEG47 [27] [ 76 1”2
SEG46 [287] 75 1R3
SEG45 [29_] 721 Rg
SEG44 [30] | 731 seG1
SEG43 [31] [ 721 sEG2
SEG42 [(327] [ 71 ] SEG3
SEG41 (32 | 70 ] sSEG4
SEG40 [34] [ 69 1 SEGS
SEG39 [(35 ] [ 68 1 SEG6
SEG38 [36_] [ 67 1 SEG7
seG37 [(37] [ 66 1 SEGs
SEG36 [38] 765 1 SEGY

SEG35 [39_|
SEG34 [40|
SEG33 [41]
SEG32 [42]
SEG31 [43_]
SEG30 [44]
SEG29 [45]
SEG28 [46_|
SEG27 [47_]
SEG26 [48]
SEG25 [49_|
SEG24 [50_|
SEG23 [51_]
SEG22 [52]
SEG21 [53]
SEG20 [52_]
SEG19 [55_|
SEG18 [56 |
SEG17 [57 ]
SEG16 [58_|
SEG15 [59|
SEG14 [60 |
SEG13 [61_]
SEG12 [62]
SEG11 [63]
SEG10 [64_]

128-pin plastic QFP
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PIN CONFIGURATION (TOP VIEW) 2/2

ML9090A-02
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sec73 1] [102] v,
seG72 (2] [ 101] osc2
sec71 2] [ 100 ] osc1
seGc7o (4] 99 1 pT
SEG69 [ 5| 98 1,
SEG68 [ 6| 97 1 v,
SsEG67 (7] 961 v,,
SEG66 [ 8] 95 1 v,
SEG65 [ 9| 94 ] v,
SEG64 [(10_] 93] v,
SEG63 [I1] 92 ] v,
SEG62 [12] 91 ] v,
seGe1 [137] 90 ] v,
SEG60 (14 [ 89 ] TEST
SEG59 [15_] | 88 ] RESET
SEG58 [(16 ] [ 87 1 KREQ
seGs7 [17_] [ 86 1 pi/o
SEG56 (18] [ 85 ] Cs
SEG55 [19] 84 1P
SEG54 [20] [ 83 1Co
SEG53 [21] IEZ ot)
SEG52 [22] [ 81 ]1C2
SEG51 [22] [ 80 ]1¢C3
SEG50 [24] ICH o
SEG49 [25_] 78 1Ro
SEG4s [26_] 7 1R’T
SEG47 [27] [ 76 1”2
SEG46 [287] 75 1R3
SEG45 [29_] 721 Rg
SEG44 [30] | 731 seG1
SEG43 [31] [ 721 sEG2
SEG42 [(327] [ 71 ] SEG3
SEG41 (32 | 70 ] sSEG4
SEG40 [34] [ 69 1 SEGS
SEG39 [(35 ] [ 68 1 SEG6
SEG38 [36_] [ 67 1 SEG7
seG37 [(37] [ 66 1 SEGs
SEG36 [38] 765 1 SEGY

SEG35 [39_|
SEG34 [40|
SEG33 [41]
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SEG31 [43_]
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SEG28 [46_|
SEG27 [47_]
SEG26 [48]
SEG25 [49_|
SEG24 [50_|
SEG23 [51_]
SEG22 [52]
SEG21 [53]
SEG20 [52_]
SEG19 [55_|
SEG18 [56 |
SEG17 [57 ]
SEG16 [58_|
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SEG14 [60 |
SEG13 [61_]
SEG12 [62]
SEG11 [63]
SEG10 [64_]

128-pin plastic QFP
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FUNCTIONAL DESCRIPTIONS

Pin Functional Descriptions

Function Pin Symbol Type Description
85 CS I Chip select signal input pin
— Shift clock signal input pin. This pin is
. 84 CP | . o
CPU interface connected to an internal Schmitt circuit
86 DI/O 1/0 Serial data signal I/O pin
87 KREQ (0] Key request signal output pin
100 0Ssc1 I Connect external resistors.
Oscillation If using an external clock, input it from the
101 0sC2 o OSC1 pin and leave the OSC2 pin open.
Initial settings can be established by
88 RESET | pylll'ng the reset input tg a “L" level. ThIS
pin is connected to an internal Schmitt
c | sianal circuit.
ontrol signals
9 Input pin for selecting the voltage doubler
99 DT | .
or voltage tripler.
89 TEST Test |.nput pin. This pin is connected to the
Vss pin.
. 8310 79 TOto CA | Input pins that detect status of key
Key scan signals switches
78 to 74 RO to R4 0 Key switch scan signal output pins
103 PAO @) Port A output
Port outputs
111 to 104 PBO to PB7 (0] Port B outputs (for ML9090A-01)
SEG1 to .
7310122 SEGS0 (@) Outputs for LCD segment drivers
. COML1 to Outputs for LCD common drivers
LCD driver outputs
ver outpu 1210112 COM10 © (for MLOO9OA-01)
COML1 to Outputs for LCD common drivers
121 to 104 0]
° com18 (for ML9090A-02)
102 Vbb — Logic power supply pin
90 Vss — GND pin
Voltage multiplier reference voltage power
95 Vin — .
supply pin
Power suppl i i i
wer supply 94, 93 Ver, Veo . Cap_ac?tor connection pins for voltage
multiplier
92 Vs1 — Voltage multiplier output pin
91 Vs2 — Voltage multiplier output pin
98, 96, 97 V2, V3a, V3B — LCD bias pins
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Pin Functional Descriptions

e CS
Chip select input pin. An “L” level selects the chip, and an “H” level does not select the chip. During the “L” level,
internal registers can be accessed.

e CP

Clock input pin for serial interface data I/0. An internal Schmitt circuit is connected to this pin. Data input to the
DI/O pin is synchronized to the rising edge of the clock. Output from the DI/O pin is synchronized to the falling
edge of the clock.

e DI/O

Serial interface data I/0 pin. This pin is in the output state only during the interval beginning when key scan data
read or RAM read commands are written until the CS signal rises. At all other times this pin is in the input state.
(When reset, the input state is set.) In other words, this pin goes into the output state only when the key scan
register or the display data RAM is read. The relation between data level of this pin and operation is listed below.

Data level LCD display Port Key status
“H” Light ON “H” ON
“L Light OFF “L OFF
o KREQ

Key scan read READY signal output pin. Two scan cycles after a key switch is switched ON, this pin goes to an
“H” level. When all key switches are OFF, this pin returns to an “L” level.

This signal can be used as a flag. To use it as a flag, start the key-scan reading when the KREQ signal changes to
an “H” level from an “L” level. If the key-scan reading starts when the KREQ signal changes to an “L” level from
an “H” level, scanned data may be unstable. To avoid this, repeat the key-scan reading three times.

When the key-scan reading starts when this pin goes to an “L” level, data when a key switch is off is read.

e OSC1
Input pin for RC oscillation. An oscillation circuit is formed by connecting a resistor (R) of 56k +2% to this pin
and the OSC2 pin. If an external master oscillation clock is to be input, input the master oscillation clock to this

pin.

Q osc1
R =56 kQ

(Vpp = 2.7 10 5.5 V)

@ osc2

e OSC2
Output pin for RC oscillation. An oscillation circuit is formed by connecting a resistor (R) of 56kQ +2% to this pin
and the OSC1 pin. If an external master oscillation clock is to be input, leave this pin unconnected (open).
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e RESEI[

Reset signal input pin. The initial state can be set by pulling this pin to an “L” level. Refer to the “Output, 1/0 and
Register States in Response to Reset Input” page for the initial states of each register and display.

An internal pull-up resistor is connected to this pin. An external capacitor is connected for power-on-reset
operation.

e TEST
Test signal input pin. This pin is used for testing by LAPIS Semiconductor. Connect this pin to Vss. When a
different connection is made, proper operation cannot be guaranteed.

e ROtoR4
Key switch scan signal output pins. During the scan operation, “L” level signals are output in the order of RO,
R1, ...R4. (Refer to the page entitled “Key scan” for details.)

e COtoC4
Input pins that detect the key switch status. Internal pull-up resistors are connected to these pins. Assemble a key
matrix between these pins and the R0 to R4 pins.

e PAO

General-purpose port A output pin. Because this pin can output a current of =15 mA, it is best suited as an LED
driver. If this pin is used as an LED driver, insert an external current limiting resistor in series with the LED. If this
pin is not used, leave it unconnected (open).

e PBO to PB7

General-purpose port B output pins. Each of the PB5 to PB7 pins has the same driving capability as the PAQ pin,
namely the ability to output a current of —15 mA. These pins are only applicable to the ML9090A-01. Leave
unused pins unconnected (open).

e SEGI1 to SEG80
Segment signal output pins for LCD driving. Leave unused pins unconnected (open).

e COM1 to COM18
Common signal output pins for LCD driving. Leave unused pins unconnected (open). COM11 to COM18 are
provided for the ML9090A-02 and PBO to PB7 for the ML9090A-01.

e Vpp
Logic power supply connection pin.

* Vs
Power supply GND connection pin.

o DT

This pin selects the voltage multiplier circuit. If this pin is connected to the Vg pin, the voltage doubler circuit is
selected. If this pin is connected to the Vpp pin, the voltage tripler circuit is selected. Do not change the value of the
setting after power is turned on.

e Ve, Ve

Capacitor connection pins for the voltage multiplier. Connect a 4.7 uF capacitor between the V¢; and V¢, pins. If
an electrolytic capacitor is used, connect the (+) side to pin Vc,.
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e Vg
Voltage doubler voltage output pin. This pin outputs the doubled voltage that has been input to V,y. To increase

stability of the power supply, connect a 4.7 uF capacitor between this pin and Vss. When using the doubled voltage,
connect this pin and Vs,.

e Vg,
Voltage multiplier voltage output pin. Voltage multiplied by the factor specified by the DT pin setting is output

from this pin. When the voltage tripler is used, to increase stability of the power supply, connect a 4.7 uF capacitor
between this pin and Vss. When using the voltage doubler, connect this pin and Vs;.

e Viy
Voltage multiplier voltage input pin. The doubled or tripled voltage input to this pin is output from Vs, or Vs;.

e V3 Vi, Vi

LCD bias pins for segment drivers. These pins are connected to internal bias dividing resistors. When using the
ML9090A-01 (at 1/4 bias), connect V, and Vsa pins, and leave Vzg unconnected (open). When using the
ML9090A-02 (at 1/5 bias), connect V34 and Vg pins, and leave V, unconnected (open).
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ABSOLUTE MAXIMUM RATINGS

Parameter Symbol Condition Rating Unit Applicable Pins
Power Supply Voltage Vop Ta=25°C -0.3t0 +7.0 \% Vob
Bias Voltage Ve Ta=25°C -0.3t0 +18.0 v Ve, Vez, Vs, Vsa,
V2,V3a, Vag
Voltage Multiplier Ta=25°C *1 -0.31t0+9.0
V|N \% VIN
ReferenceVoltage Ta=25°C *2 -0.3t0 +6.0
CS, CP, DI/O,0SC1,
Input Voltage Vi Ta = 25°C —-0.3to Vpp +0.3 \Y RESET, DT,TEST, CO
to C4
Ta=25°C -20 mA PAO, PB5 to PB7
Output Current lo
Ta = 25°C -3 mA PBO to PB4

Power Dissipation Po Ta=85°C 190 mw —
Storage Temperature Tstg — -55 to +150 °C —

Vs is the reference voltage potential for all pins.

*1:  When the voltage doubler is used.

*2:  When the voltage tripler is used.

RECOMMENDED OPERATING CONDITIONS

Parameter Symbol Condition Range Unit Applicable Pins
Power Supply Voltage Vob — 27t055 \% Vob
Bias Voltage Vs — 6.0t0 16.0 \% Vs
Voltage Multiplier *1 3.551t0 8.00
V|N \% VIN

ReferenceVoltage *2 2.84t05.33
Operating Frequency fop R = 56kQ +2% 480 to 1200 kHz 0OscC1
Operating Temperature Top — —40 to +85 °C —

Vs is the reference voltage potential for all pins.

*1:  When the voltage doubler is used.
*2:  When the voltage tripler is used.
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ELECTRICAL CHARACTERISTICS

OSC Circuit Operating Conditions

Parameter Symbol Condition Rating Unit Applicable Pins
Oscillation Resistance R Vpp=2.7Vto55V 56 *1 kQ 0OSC1, 0sC2
*1:  Use a resistor with an accuracy of +2 %
o OSC1
o OSC2
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ELECTRICAL CHARACTERISTICS

DC Characteristics

(Vop=2.7t05.5V, Vs2 =6 t0 16 V, Ta = —40 to +85°C)

Parameter Symbol Condition Min. Typ. Max. Unit Applicable Pins

“H” Input Voltage 1 Vir1 — 0.85Vpp — — \% 0sC1

“H” Input Voltage 2 ViH2 — 0.85Vpp — — \ RESET

“H” Input Voltage 3 Vs — 0.85Vpp — — \% CP

“H” Input Voltage 4 Vina — 0.8Vop — — v | CS, DI/O,COto C4

“L” Input Voltage 1 Viu — — — 0.15Vpp \% 0OSsC1

“L” Input Voltage 2 Vi — — — 0.15Vpp \ RESET

“L” Input Voltage 3 Vs — — — 0.15Vpp \ CP

“L” Input Voltage 4 ViLa — — — 0.2Vop VvV | CS, DI/O,COto C4

“H” Input Current 1 libe Vi = Voo — — 10 pA RESET

“H” Input Current 2 [ V) = Voo — — 10 pA CO0to C4

“H” Input Current 3 lina Vi=Vop — — 10 HA DI/O

“H” Input Current 4 lia Vi =Vpp — — 1 LA _OSC1’ CsS,

CP,DT, TEST

“L” Input Current 1 lii Vop=5V,V,=0V -0.02 -0.05 -0.1 mA RESET

“L” Input Current 2 iz Vop=5V,V,=0V -0.18 -0.45 -0.9 mA COtoC4

“L” Input Current 3 lis V=0V — — -10 A DI/O

“L” Input Current 4 lia V=0V — — -1 pA _OSCI' CS,

CP,DT, TEST

“L” Input Current 5 s Voo =3V, V=0V -4 -10 -25 A RESET

“L” Input Current 6 liee Voo =3V,V,=0V -0.04 -0.1 -0.2 mA COtoC4

“H” Output Voltage 1 Vor lo=-0.4mA Vop — 0.4 — — \% DI/O, KREQ

“H” Output Voltage 2 Vo2 lo =—40 pA 0.9Vpp — — \% 0sc2

“H” Output Voltage 3 Vons lo=-15mA Voo — 1.7 — — \% PAO, PB5 to PB7

“H” Output Voltage 4 Vora lo =—2mA Vpp — 1.2 — — \% PBO to PB4

“H” Output Voltage 5 Vohs lo =-50 pA Vpp — 2.0 — — \% RO to R4

“L” Output Voltage 1 Vou1 lo=0.4mA — — 0.4 \% DI/O, KREQ

“L” Output Voltage 2 Vorz lo =40 pA — — 0.1Vpp \% 0sC2

“L” Output Voltage 3 Vouis lo=1mA — — 0.4 \ PAO, PBO to PB7

“L” Output Voltage 4 Vous lo=1.8mA — — 0.7 v RO to R4
Voso lo=-10 pA Vs, — 0.6 — — \

Segment Output Vos1 lo=%10 pA 2/4Vs, — 0.6 — 2/4Vs, + 0.6 \Y

Voltage 1(1/4 bias) Vos2 lo = +10 pA 2/4Ver— 0.6 —_ DiaVe + 0.6 v SEG1 to SEG80
Voss lo=+10 pA — — Vss + 0.6 \
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(Vop=2.7t05.5V, Vs2 =6 t0 16 V, Ta = —40 to +85°C)

Parameter Symbol Condition Min. Typ. Max. Unit | Applicable Pins
Voco |o =-10 },lA Vsz -0.3 —_— —_— Vv
Common Output
\% lo=+10 pA 3/4Vs; — 0.3 — [ 3/4Vs+03 | V
Voltage 1 oct ° a 2 s COM1 to COM18
(1/4 bias) Voca lo=+10pA | 1/4Vs,-03 | — |1/4Vs,+03 | V
Vocs lo=+10 }lA —_ —_ Vss + 0.3 \Y
Voso |o =-10 pA Vsz -0.6 —_— —_— Vv
Segment Output
Y/ lo=+10 pA 3/5Vs2 — 0.6 — [ 3/5Vs2+06 | V
Voltage 2 ost ° B 52 52 SEG1 to SEG80
(1/5 bias) Vos2 lo =£10 pA 2/5Vs; — 0.6 — | 2/5Vs2+06 | V
Vos3 lo=+10 pA — — VSS+0.6 \Y,
Voco |o =-10 },lA Vsz -0.3 —_— —_— Vv
Common Output
V, lo =410 pA 4/5Vs; — 0.3 — | 4/5Vs+03 | V
Voltage 2 oct ° a 2 2 COML1 to COM18
(1/5 bias) Vocz lo = £10 pA 1/5Vs2— 0.3 | — | 1/5Vs2+03 | V
Vocs lo=+10 pA — — Vss + 0.3 Vv
External clock =
o 740 KHz
Voltage Multiplier Vos  |Vin=3.55108.0V Vin x 1.83 15 Vig x 2 Vv Ves
Voltage 1 . -0.5
1/4 bias *6
*1
External clock =
o 740 KHz
Voltage Multiplier Vrr  Vin=2.84105.33V Vin x 2.46 13 Vi x 3 v Ves
Voltage 2 . -1.0
1/4 bias *7
*2
R = 56KQ
Supply Current 1 lop1 +3 — — 0.95 mA Vbb
Supply Current 2 Iob2 E7)4(1t§ rlzzlzcloclij — — 0.7 mA Vbb
R = 56KQ
Supply Current 3 lvin +3 — — 2 mA ViN
LCD Driving Bias LBR +5 6.3 9 13 ko | Vs2=Va V2=V,
Resistance ' V3a—Vss
*1:  Refer to Measuring Circuits 1
*2:  Refer to Measuring Circuits 2
g *5  LBR LBR LBR LBR LBR

*3:  Refer to Measuring Circuits 3
*4:.  Refer to Measuring Circuits 4

*6: Vn=8V,Ta=25°C

*7: Vin=5.33V,Ta=25°C
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Measuring Circuits

Measuring Circuit 1

Voltage multiplier voltage 1
When voltage doubler is used.

1/4 bias

Measuring Circuit 2

Voltage multiplier voltage 2
When voltage tripler is used.

1/4 bias

OPEN ;/—— OPEN ——

\%
VDD‘L_I_ SEG1-SEG80 COMI1-COM10 DD7]/'7_L_|_ VpoSEGL_SEGE0 COMI_COML0
7]/-7 Voo Y]
ﬁ VIN J_\/IN VIN
4.7uF +30% + Ve
+30% T Vea V. —T! 4.7uF £30% V.
4.7uF +30% v * t;/l:?_ Vsi = ;7
+ S1
Vog *;I/; PAO| OPEN 4 7uF£30% PAO| OPEN
Vs, iy Vs,
1000A 0SC2| OPEN ,, 0sC2| OPEN
DT TR *l
OSC1 [«— OSClle—
v L 100pA e
2 f = 740 kHz Vpp | DT eyl L= 740KHz
OPEN| Vs TEST open \\;2
3B
V.
v C_;A RESET [¢— Vg, v %A RESET[*— Vo
DD’ T t *1 DD *1
ﬁ COM11-COM18/ _t ﬁ COM11-COM18/
7-,/7— DI/O pso-pg7 T0OC4  RO-R4 7_,/7_— DI/OpBo-pB7 TO-C4  RO-R4
OPEN — OPEN —
Measuring Circuit 3 Measuring Circuit 4
Supply current 1 Supply current 2
| When voltage tripler is used | When voltage tripler is used
DD1 DD2
,—— OPEN —— OPEN
5VvE & SEG1-SEG80 COMI1-COM10 5vL © - ~
5.5 717.7 Voo EG1-SE M1-COM1 5.5 V7]/.T Voo SEG1-SEG80 COM1-COM10
Ivin v v
L—( : — IN IN
5.33V
5.33V V, \Y
g a7,F L | “ s L |7
+30% *|__| v, Vss gr £30% +|__| v/, Vss g?
4.7 uF+£30% v 4.7 nF+30% v
S PAO| OPEN t';l;_ st PAO| OPEN
4.7 nF+30% osc2 _ 0OSC2 OPEN
W Ve } R = 56 kQ 11-370&)'1 Vs
T 0sC1 2% OSC1|q
Voo—{ DT Voo—| DT _fFI:_I'I7_4O KHz
OPEN |V, TEST —TLT OPEN |V, TEST _7;7_
I: Vg I: Vs
Voo % RESET |l¢&— Voo Voo \é_3SA RESET |«— Voo
*1 *1
_t CP  comii-comis/ _t CP COM11-COM18/
DI/O PBO-PB7 CO-C4 RO-R4 DI/O PBO-PB7 CO-C4 RO-R4

I

*1:

—— OPEN —

—— OPEN —/

PBO - PB7 for ML9090A-01, and COM11 - COM18 for ML9090A-02
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Switching Characteristics

(Vop=2.7t055V, Vs =6 t0 16 V, Ta = —40 to +85°C)

Parameter Symbol Condition Min Max Unit
CP Clock Cycle Time tsvs — 1000 — ns
CP “H" Pulse Width twH — 400 — ns
CP “L" Pulse Width tw — 400 — ns
CS “H" Pulse Width twen — 200 — ns
CP Clock Rise/fall Time tr, t — — 100 ns
CS Setup Time tcsu — 60 — ns
CS Hold Time tcHp — 290 — ns
DI/O Setup Time tosu — 100 — ns
DI/O Hold Time toHD — 15 — ns
DI/O Output Delay Time toob CL =50 pF — 200 ns
DI/O Output OFF Delay Time toorr CL =50 pF — 200 ns
RESET Pulse Width twre — 2 — us
External Clock Cycle Time tses — 833 — ns
External Clock “H” Pulse Width twen — 316 — ns
External Clock “L” Pulse Width tweL — 316 — ns
External Clock Rise/fall Time tie, te — — 100 ns

Key Scan Characteristics

(Vop=2.7t055V, Vs =6 t0 16 V, Ta = —40 to +85°C)

Register _—
. - . Oscillation frequency .
Parameter Symbol setting Dividing ratio Unit
KT 480 kHz | 740kHz | 1200 kHz
0 1/3780 7.9 5.1 3.1
Key Scan Cycle Tscn
1 1/7560 15.8 10.2 6.2
ms
N 0 1/4800 10.0 6.5 4.0
Key Scan Invalid Time Thop
1 1/9600 20.0 13.0 8.0
Frame Frequency Characteristics
(Vop=2.7t05.5V, Vs =6 t0 16 V, Ta = —40 to +85°C)
. . . Oscillation frequency .
Model Parameter | Symbol | Display duty | Dividing ratio Unit
480 kHz | 740kHz | 1200 kHz
1/8 1/6144 78.1 120.4 195.3
ML9090A-01 1/9 1/6912 69.4 107 173.7
1/10 1/7680 62.5 96.3 156.3
Frame | o Hz
Frequency 1/16 1/6144 78.1 120.4 195.3
ML9090A-02 1/17 1/6528 73.5 113.3 183.9
1/18 1/6912 69.4 107 173.7
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Clock synchronous serial interface timing diagrams

Clock synchronous serial interface input timing

tweH
S — Vina
CS = Vi
tcsu tcHp
N t
— = Vins
CP /| — Vi
toHp
tosu
‘_

oo X X v

™

Clock synchronous serial interface input/output timing

twen
Cs = Vina
©° —Vis
tesu
tr AtWHLItf d tWLLI
stClock | —— | 8th Clock __ 9th Clock .
CP — Vins
F - Vi
toHD tborr
tosu
ViHa  ViH K >< VoH1 >< Vont
DI/O ViLa Vg N Hiz VoLi, Vor
Reset timing
twre
RESET

= Viz

External clock

JJE e fig e

L B Lt < Lt

OSC1 \ / — Vi
-V

tses

y
Y
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Key scan timing

Tscn Tnop

— v - V
Rn DD
- VSS
A A A
Key switch ON Key switch OFF Key switch ON
Scanning starts Scanning stops Scanning starts
Frame frequency
- VSZ
— -V,
COM1
-V,
- VSS
. 1/FRM D 1/FRM R
< >
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Clock Synchronous Serial Transfer Example (WRITE)

Transfer start Transfer complete

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

o0 v 12 XeRmo2) o201 X oo oX XN DX oa)X 02X

Register bits 1st byte
Start byte Instruction

Clock Synchronous Serial Continuous Data Transfer Example (WRITE)

Transfer start Transfer complete

*1
N

1 2 7 8 9 10 15 16 17 18 23 24 41 42 47 48

= pgoiupbpnsoioiugy
oo OCHO0CHO0COCCOMOC

Start byte Instruction 1 Instruction 2 Instruction 5

*1:  Write data in 8 bits. If the CS signal falls when data input operation in 8 bits is not complete, the
last 8-bit data write is invalid.
(The previously written data is valid)

Clock Synchronous Serial Continuous Data Transfer Example (READ)

Transfer start Transfer complete

*2
1 2 8 9 10 11 15 16 17 18 23 24 41 42 47 48

* FUL o w4
oo OO0GFOOO0CMOOCH0C D——

Start byte READ DATA1 READ DATA2 READ DATA5
Input state —>| ||< Output state ’1’

*2:  Areading state appears only when the R/W bitis “1”. The read data is valid only when the register
is set to key scan read mode and display data read mode. Otherwise, the read data is invalid.
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Output pin, I/0O Pin and Register States When Reset is Input

Pin and register states while the RESET input is pulled to a “L” level are listed below.

Output pin, /O pin State
DIl/O Input state
KREQ “L" (Vss)
0osc2 Oscillating state
W to m “L” (Vss)
PBA High impedance
PBO to PB7 (for ML9090A-01) High impedance
SEG1 to SEG80 “L” (Vss)
COM1 to COM10 (for ML9090A-01) “L” (Vss)
COM1 to COM18 (for ML9090A-02) “L” (Vss)

Register State

Key scan register Reset to “0”
Display data register Display data is retained
X address register Reset to “0”
Y address register Reset to “0”
Port A register Reset to “0”
Port B register Reset to “0”
Control register 1 No change from value prior to reset input
Control register 2 Display OFF

Power-On Reset

The capacitance of an external capacitor that is connected to the RESET pin must be Crst [uF] > 12.5 x Tgr[s],
where Tg is rise time until power supply voltage to be supplied to the ML9090A-01/02 reaches 0.8 Vpp (V) and

Crst IS the capacitance of an external capacitor connected to the RESET pin.

(If Tr = 10 [ms], Crst = 0.125 [uF])

The pulse width when an external reset signal is input should be more than Tg.

Set an instruction 10 ps after the reset signal is released.

Thereafter, this IC is accessible.

Voo 0.1V,

Tr
D —

)
0.9 Vpp v\

Power supply voltage

0.85 Vpp

Accessible time

10 ps or more
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Serial Interface Operation
1. Start byte

A register that transfers instruction codes (including display data or key scan data) is selected by a content of the
start byte (see below).

D7 D6 D5 D4 D3 D2 ‘ D1 DO
“1” “1” RS R/W Register number

(1) D7, D6 (fixed at “1”)
When selecting the start byte register, always write a “1” to bits D7 and D6.

(2) D4 (R/W) (Read mode, Write mode select bit)
1: Read mode is selected
0: Write mode is selected

(3) D5, D3 to DO (Register number)
The correspondence between each content of the start byte and each register or the display data RAM is listed in
the table below.

D7 D6 D5 D4 D3 D2 D1 DO Register name
1 1 0 1 0 0 0 0 Key scan register

1 1 1 1/0 0 0 0 1 Display data RAM

1 1 0 0 0 0 1 0 X address register

1 1 0 0 0 0 1 1 Y address register

1 1 0 0 0 1 0 0 Port A register

1 1 0 0 0 1 0 1 Port B register

1 1 0 0 1 0 0 0 Control registerl

1 1 0 0 1 0 0 1 Control register 2
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Register Descriptions

e Key scan register (KR)

D7

D6

D5

D4

D3

D2

D1

DO

ST2

ST1

STO

S4

S3

S2

S1

SO

(1) D7 to D5 (ST2 to STO) (Scan read counter)
When reading 25-hit key scan data, these bits indicate the number of times scan data has been read. Every time key
scan data is read, these bits (ST2 to ST0) are automatically incremented over the range of “000” to “100”. After
counting to “100”, this key scan data read counter is reset to “000”.

If the RESET pin is pulled to a “L” level, these bits are reset to “0”.

(2) D4 to DO (S4 to S0) (Key scan read data bits)
These bits are read as 25-bit serial data that expresses the key switch status (1 = ON, 0 = OFF). Data is divided into
5 groups and read. (For the read order, refer to the description below.) The read count is indicated by bits ST2 to
STO. S4 to SO key scan data corresponds to each SWNO of the key matrix shown in figure 1. The relation between

the key scan data, key matrix signal and each SWNO of the key matrix is shown below.

If the RESET pin is pulled to a “L” level, these bits are reset to “0”.

ST2 ST1 STO S4 S3 S2 S1 SO
0 0 0 SwWo04 SWO03 SWo02 SWo01 SWO00 RO
0 0 1 SW14 SW13 SW12 SW11 SW10 R1
0 1 0 Sw24 SwW23 Sw22 Sw21 SW20 R2
0 1 1 SwW34 SW33 SwW32 Sw3l SW30 R3
1 0 0 SW44 SW43 SW42 Sw41 SW40 R4
(Note) SWO0O0 to SW44 swithes are shown in Figurel.
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ML9090A-01, -02
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b
24
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3

0
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w
S

SWO00 SWO01 SWO02 SWO03 W04 .
Sy p—— g ppen— & pa— g p— S, 0

®—O ®—O O O ®—O
SW10 SW11 SW12 SW13 SW14 L
- iy gpmn—" g gy g g, Sy
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SW40 Sw41 SW42 SwW43 SWw44

Figure 1

(Note)  To recognize simultaneous depression of three or more key switches, add a diode in series to
each key.

Cm
A
- o=
1 Rn
<«
Rn+1
O
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Key Scan

The key scanning starts when a key switch is pressed on and ends after all key switches are detected to be off. The
KREQ signal changes from the low level “L” to the high level “H” two cycles after key scanning started.

This signal can be used as a flag. To use it as a flag, start key-scan reading when the KREQ signal changes from
“L” to “H”.

In some cases, scanned data may be unstable if key scan reading starts when the level of the KREQ signal changes
from “H” to “L”. To avoid this, repeat the key-scan reading three times.

All key switch inputs are inhibited for about 1.26 cycle after all key switches are detected to be off while the KREQ
signal is at the “H” level.

The KREQ signal is reset when all key switches are detected to be off or when a low-level signal is applied to the

RESET pin.

W |
A\l 1
RO !
| |
\W | |
RT
| |
| |
R2 \
] ]
A\ 1 I
R3
[ Pr—
\ ! Key switch input ———
R4 I isinvalid.
A A A A
Key switch ON Key data reading Key switch OFF  Key switch ON
Scanning starts starts. Scanning stops.  Scanning starts.
KREQ

Note 1: When three or more key switches are pressed at the same time, the ML9090A-01/02 may
recognize that an unpressed key switch is pressed. Therefore, to recognize simultaneous
depression of three or more key switches, add a diode in series to each key. (See Figure 1.)
To ignore simultaneous depression of three or more key switches, a program may be required
to ignore all key data which contain three or more consecutive “1” values.
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e Display data RAM (DRAM)

pr | bos | b5 | D4 D3 D2 D1 DO
8-bit DATA
— | 6-bit DATA

The display data register writes and reads display data to and from the liquid crystal display RAM. The contents of
this register are written to or read from the address set by the X address register and Y address register. The bit
length of display data can be selected by the WLS bit of control register 1. If 6-bit data has been selected, writing to
D7 and D6 is invalid, and if read, their values will always be “0”. D7 is the MSB (D5 in the case of 6-bit data) and
DO is the LSB.

The X address and Y address should be set immediately before writing or reading display data. However, only
one-time settings of X address and Y address are required immediately before successive writings or readings.
Either X address or Y address may be set first.

Even if the RESET pin is pulled to a “L” level, the contents of this register will not change.

o X address register (XAD)

pr | b6 | s D4 D3 D2 D1 DO
— XAD

The X address register sets the X address for the liquid crystal display RAM.

The address setting range is 0 to 9 (00H to 09H) when 8-bit data is selected by the WLS bit. This register starts
counting up from the set value each time RAM is read or written.

When the register count returns to 0 from the maximum value 9, the Y address is automatically incremented.
Thereafter, the Y address is counted in a loop fashion from 0 to 9.

The address setting range is 0 to 13 when 6-bit data is selected.

This register starts counting up from the set value. When the register count returns to 0 from 13, theY address is
automatically incremented.

Thereafter, the Y address loops from 0 to 13.

Proper operation is not guaranteed if values outside this range are set.

Writing to bits D7 through D4 is invalid. If the RESET pin is pulled to a “L” level, these bits are reset to “0”.

e Y address register (YAD)

pr | bs | b5 | D4 p3s | b2 | b1 | Do
— YAD (ML9090A-01)
— | YAD (ML9090A-02)

The YAD register sets a Y address of RAM for the liquid crystal display.

The Y address setting range varies according to the setting of the DTY bits (bits D1 and DO) of the control register
1 (to be described later).

This register starts counting up from the set value each time RAM is read or weitten. When the register count
returns to 0 from the maximum value (7 to 17), the X address is also incremented automatically.

The Y address is counted in a loop fashion as shown below.

25/41



LAPIS Semiconductor

FEDL9090A-01

ML9090A-01, -02

Model Duty Y register setting range and loop range Invalid addres setting range
1/8 0 to 7 (O0H to 07H) 8 to 15 (08H to FH)
ML9090A-01 1/9 0 to 8 (O0H to 08H) 9to 15 (09H to FH)
1/10 0 to 9 (OOH to 09H) 10 to 15 (AH to FH)
1/16 0 to 15 (O0H to OFH) 16 to 31 (10H to 1FH)
ML9090A-02 1/17 0 to 16 (00H to 10H) 17 to 31 (11H to 1FH)
1/18 0 to 17 (O0H to 11H) 18 to 31 (12H to 1FH)

When an invalid Y address is set, counting of invalid Y addresses varies according to the selected duty although its
operation is not assured. In case the duty is 1/8 or 1/16, the register counts up to a maximum invalid Y address
value (15 for the ML9090A-01 or 31 for the ML9090A-02) and back to 0. At the same time, the X address is also
incremented.

In case the duty is 1/9 or 1/17, the register counts back to 0 at address “Y address setting plus 1” after an invalid Y
address is set. At the same time, the X address is also incremented.

In case the duty is 1/10 or 1/18, the register counts back to 0 at address “Y address setting plus 1” and at address “Y
address setting plus 1” after an invalid Y address is set. At the same time, the X address is also incremented. After
this, the Y address count loops in a range corresponding to the selected duty.

Both read and write operations on bits D7 to D4 of the ML9090A-01 are invalid.

Both read and write operations on bits D7 to D5 of the ML9090A-02 are invalid.

This register is reset to “0” when the RESET pin is made low.

o Port register A (PTA)

pr | e | b5 | pa | b3 D2 D1 DO
— PTA

The port register A sets (to “1”) and resets (to “0”) general-purpose port A data. The setting of the PTA bit (DO bit)
corresponds to the PAO output pin. If the RESET pin is pulled to a “L” level, this register is reset to “0” and the

PAO pin goes to high impedance. After the RESET pin is pulled to a “H” level, if port data is set in this register, the
PAO pin is released from its high impedance state and outputs the corresponding port data.

e Port register B (PTB)

D7 D6 D5 D4 D3 D2 D1 DO
PTB7 PTB6 PTBS PTB4 PTB3 PTB2 PTB1 PTBO

The port register sets (to “1”) and resets (to “0”) general-purpose port B data. The settings of the PTBO to PTB7
bits (DO to D7 bits) correspond to the PTBO to PTB7 output pins. If the RESET pin is pulled to a “L” level, this
register is reset to “0” and pins PTBO through PTB7 go to high impedance. After the RESET pin is pulled to a “H”
level, if port data is set in this register, pins PTBO through PTB7 are released from their high impedance states and
output the corresponding port data.
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e Control register 1 (FCR1)

D7 D6 D5 D4 D3 D2 D1 DO
INC WLS KT SHL — — DTY1 DTYO

(1) D7 (INC) Address increment direction

1: X direction address increment

0: Y direction address increment
This bit sets the address increment direction of the display RAM. The display RAM address is automatically
incremented by 1 every time data is written to the display data register. Writing a “1” to this bit sets “X address
increment”, and writing a “0” sets “Y address increment”. For further details regarding address incrementing, refer
to the page entitled “X, Y Address Counter Auto Increment”, Even if the RESET pin is pulled to a “L” level, the
value of this bit will not change.

(2) D6 (WLS) (Word Length Select)

1: 6-bit word length select

0: 8-bit word length select
This bit selects the word length of data to be written to and read from the display RAM. If “1” is written to this bit,
data will be read from and written to the display RAM in 6-bit units. If “0” is written to this bit, data will be read
from and written to the display RAM in 8-bit units. Even if the RESET pin is pulled to a “L” level, the value of this
bit will not change.

(3) D5 (KT) (Key scan time) Key scan time select bit

1: 10 ms

0:5ms
This bit selects the key scan cycle time. In the case of a 740 kHz oscillating frequency, writing a “1” to this bit sets
the key scan cycle time at 10 ms, writing a “0” sets the key scan cycle time at 5 ms. Even if the RESET pin is
pulled to a “L” level, the value of this bit will not change.

(4) D4 (SHL) (Common driver shift direction select bit)
This bit selects the shift direction of common drivers.
The relationship between this bit and shift directions are shown below.

Even if the RESET Pin is set to “L”, this bit remains unchanged.

Model SHL Duty Shift direction
1/8 COM8 - COoM1
1 1/9 COM9 > coM1
1/10 COM10 - COoM1
ML9090A-01
1/8 COM1I - COM8
0 1/9 COM1I - COM9
1/10 CcCoM1 - COM10
1/16 COM16 — coM1
1 1/17 COM17 - coM1
1/18 COM18 — coM1
ML9090A-02
1/16 CcCoM1 - COM16
0 1/17 CcCoM1 - Ccom17
1/18 COM1I - COM18
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(5) D1, DO (DTY1, DTYO0) (Display duty select bit)

This bit selects the display duty. The correspondence between each bit and display duty is shown in the chart below.
Even if the RESET pin is pulled to a “L” Level, the values of these bits will not change.

Model Code DTY1 DTYO Display duty
0 0 0 1/8
1 0 1 1/9
ML9090A-01
2 1 0 1/10
3 1 1 1/10
0 0 0 1/16
1 0 1 1/17
ML9090A-02
2 1 0 1/18
3 1 1 1/18

e Control register 2 (FCR2)

D7 ‘ D6 D5 D4 D3 D2 D1 DO
— T4 T3 T2 T1 — DISP

(1) D2 to D5 (T1 to T4) (Test mode select bit)
These bits are used to test the IC. “0” must be written to these bits.

(2) DO (DISP) (Display ON/OFF mode bit)
1: Display ON mode
0: Display OFF mode

This bit selects whether the display is ON or OFF. Writing a “1” to this bit selects the display ON mode. Writing a
“0” to this bit selects the display OFF mode. At this time, the COM and SEG pins will be at the VSS level. Even if

this bit is set to “0”, the display RAM contents will not change. If the RESET pin is pulled to a “L” level, this
register is reset to “0”.
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Display Screen and Memory Address Allocation

The ML9090A-01/02 contains display data RAM (80 bits by 18 bits) of a bitmap type.

The allocation of memory addresses varies according to the selected word length (6 bits or 8 bits) as shown in
Figure 2: 0 to 9 for selection of 8 bits per word or 0 to 13 for selection of 6 bits per word.

The X address 13 in the 6-bits/word mode has two display memory bits. The two bits (D5 and D4) starting from bit
D5 of the display data register are written in memory and the other bits (D3 to DO) are ignored.

Address Allocation in the 8-bits/word mode Address Allocation in the 6-bits/word mode

(X address) (X address)
- 0 1 2 TTTTmm- 9 _ 0 1 2 TTTTmee- 13
g 0 g 0
5 S
E 1 (D7)/ 21 (D5)/ (35)/
z 1| (00 Z | (DO) (D4)
A A /
| |(8 bits) | (6 bits) (2 bits)
17 17

Figure 2 Display Memory Addresses

In the 8-bits/word mode, data to be displayed is written in display memory with the D7 data of the display data
register at address (Xn, Yn) and the DO data at address (Xn + 7, Yn). Similarly, In the 6-bits/word mode, data to be
displayed is written in display memory with the D5 data of the display data register at address (Xn, Yn) and the DO

data at address (Xn + 5, Yn). See Figure 3.
Data “1” in display memory represents turning on the corresponding display segment and data “0” in display

memory represents turning off the corresponding display segment.

TS IAmMITODOR® 2
ES OO0 O OO0 OO cmmmmm . %)
©5 W WWWW W ww L
O LNLDLOLAON DD 2
?
o
Common %O\—ic\]mvmo,\ ------------ @
g X X X X X X X X P
output
X address kL Uy K 140 1
(COM1) YO
COM2 Y1l
( \ ) \ (D7) === (DO) For 8 bits per word
i | (D5)-------- (DO) For 6 bits per word
| i
[} |
[} |
(COM18) Y17 RAM for 80 dots by 18 dots display

Figure 3 Display Screen Bit Allocation and Memory Addresses
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X-Y address Counter Auto Increment

The liquid crystal display RAM for the ML9090A-01/02 has an X-address counter and a Y-address counter. Each
address counter has an Auto Increment function.
When display data is read or written, this function increments either of these X- and Y-address counters (which is
selected by the INC bit (D7 bit) of the control register 1).

INC bit = “0” selects the Y-address counter.

INC bit = “1” selects the X-address counter.
The address counting cycle of the X address counter varies according to the selected word length (8 bits or 6 bits) :
X address range of 0 to 9 in the 8-bits/word mode or X address range of 0 to 13 in the 6-bits/word mode.
When the X address count returns to 0 from a maximum value (9 in the 8-bits/word mode or 13 in the 6-bits/word
mode), the Y address is also incremented automatically.
The relationship between display duties and Y address count ranges is shown below.
When the Y-address counter returns to 0 from a maximum value, the X address is also incremented automatically.

Model Duty Y-address count range (cycle) Maximum Y address count
1/8 Oto7 7
ML9090A-01 1/9 0to8 8
1/10 Oto9 9
1/16 0to5 15
ML9090A-02 1/17 0to 16 16
1/18 Oto 17 17
Note: If an invalid address (outside the address count range) is given to the X- or Y- address counter,

its counting will not be assured.

Example of incrementing the X-address Example of incrementing the Y-address
(8 bits per word and 1/18 duty) (8 bits per word and 1/18 duty)
X address
0 1---===- 9
X address
0 -
0 1 2 -comcooceee- 9 oy a
0 > 1
A | a
'~ g 2 N
p T 3 | \
[%] 1 » © \\
g | N > i \
g | s | :
> | AN '
17 > | JV v v \‘
~ 17| " — — —
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Liquid Crystal Driving Waveform Example (1)

1/8 duty (L/4 bias) (ML9090A-01)
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A non-selectable waveform is output from COM9 and COM10 outputs.

y

line No
T V2! V3A! V3B

Commo

sl o

Tt ITTTTTrhT T T T

VSZ
Vi

- VSS

ls|1]2]s|els|s]7]s|1]2]s]els|e]7]s]|s]2]

cTTTTITTTTTrTTrT T T T AT T T T T

SEGn™ """ 1" I"I'T~——""7 1~~~ TN,

) ) NN} JEREE JH) JERE) QEEEQE QER

B : Light ON

7] : Light OFF
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Liquid Crystal Driving Waveform Example (2)

1/9 duty (L/4 bias) (ML9090A-01)
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A non-selectable waveform is output from the COM10 output.
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B : Light ON
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Liquid Crystal Driving Waveform Example (3)

1/10 duty (1/4 bias) (ML9090A-01)
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Liquid Crystal Driving Waveform Example (4)

1/16 duty (1/5 bias) (ML9090A-02)

Cl:(:ommorj
line No.

|

T Vﬂ

23]

3 | 4| 5| 6| 7] 8| 9|10|11]12]1414|15116

|
]

—T--———————-

Vi
\Z

|
T=--
|

g S

b--rF———-

|

] | [}
F—d——t——t+—
!
r--

B RV
o VA

4-
|

I
r
|
[
|
|
|
|
|
-
|
|

-
]
! -
T
]
]
]
]
.
|
|

gy
g g g g g Mg g Sy g gy

- V4
VSS
V&
Vi

e —————————

[y g g g g g g e A

:_____________ VSA‘ VSB

[ Ry S

v
TTTTTTTTTTTT Vg

A non-selectable waveform is output from COM17 and COM18 outputs.
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Liquid Crystal Driving Waveform Example (5)

1/17 duty (1/5 bias) (ML9090A-02)
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A non-selectable waveform is output form the COM18 output.
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O : Light OFF
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Liquid Crystal Driving Waveform Example (6)

1/18 duty (1/5 bias) (ML9090A-02)
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Power-On Flowchart

¢ Stlart )

Vpp turned on

V, turned on

| Reset signal is input | External reset or power-on reset
| Control register 1 setting | INC, WLS, KT, SHL, DTY1, DTYO settings
| Display Data RAM settings | Port register A, port register B, display data

RAM settings according to specifications.

Is input of initial
screen data
complete ?

Set DISP of control register
2to“1”

Start displaying initial screen
|
C Setting complete >

Power-Off Flowchart

V turned off

Vpp turned off

[Cautions]

e When the power supply is ON or OFF, the following power supply sequence should be used.
At the time of power supply ON:

Logic power supply ON — multiplied reference supply voltage (V\n) ON
At the time of power supply OFF:

Multiplied reference supply voltage (V\n) OFF — logic power supply OFF or both OFF

e The lines between output pins, and between output pins and other pins (input pins, 1/0 pins or power supply
pins), should not be short circuited.
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APPLICATION CIRCUIT

Application Example 1 (1/10 duty, 1/4 bias, voltage doubler)

Temperature
compensating|

and
stabilizing
circuits

4.7 uF

M

4.7 uF

Hi

OPEN —

COM1-COM10 SEG1-SEGS80
VIN VDD
VCl
DT
VCZ VSS
Var PAO
VSZ
osc1
ML9090A-01
V, 0sc2
TEST
V3B
RESET
V3A
CS R4
cP R3
DI/O R2
KREQ R1
_____ RO
PBO-PB7 CoOCi Cz2C3cCa

N

4

ports

General-purpose

5x5
Key
Matrix

AAAA
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Application Example 2 (1/18 duty, 1/5 bias, voltage tripler)

VCC -

Temperature
compensating
and

stabilizing 4
circuits

LCD panel
HHHHHHHHHH
\ 80 x 18 dots
graphic
HHHHHHHHH
|ENEEEEEEEEEEN
4{/\7> Vpp =5V
COM1-COM18 SEG1-SEG80
A
VIN VDD
Ve DT L
VCZ V J;
VSl SS /
PAO ———NAArD]/,
VSZ
0osc1
ML9090A-02 % 56 kQ
Vv, 0sc2
TEST
VBB
RESET
Van ;,;l 1uF
Ccs R4
CP R3
DI/O R2
KREQ R1
_____ RO
CoCiCz2cC3cC4

A

X 4 4 4

5x5
Key
Matrix

AAAA
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PACKAGE DIMENSIONS

(Unit: mm)
QFP128-P-1420-0.50-K \
22.0:0.2
20.0+ 0.15
102
RARAAARAARARARAAAAARAARARAAAAAAARAAARA
= =
= O ¢
== = =
NEe = E v
<le e = S
Sla = =
S|< = =
128 % / %
BREL L R RE R L EL L EE EE R EREEE FEEEELE]
INDEX MARK @ . 102 0.2
Mirror finsh 075 TP, 02288 @room = 2| o
ol %
0.7+ 0,05 Q) L y 0~10°
—\:: [ \ - 7
ol w
N S 0.5+ 0.2
t
[/7]0.10 SEATING PLANE < 0.59TYP.
Package material Epoxy resin
Lead frame material 42 alloy
Pin treatment Solder plating (=5pm)
LAPIS Semiconductor Co. Ltd. Package weight (G) 1.19 TYP.
Rev. No./Last Revised 4/Nov. 28, 1996

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 ROHM'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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NOTICE

No copying or reproduction of this document, in part or in whole, is permitted without the consent of LAPIS
Semiconductor Co., Ltd.

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

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

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

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

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

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

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

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

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

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

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

Copyright 2001 - 2011 LAPIS Semiconductor Co., Ltd.
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