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OKI Semiconductor
ML9090-01,-02

LCD Driver with Key Scanner and RAM

GENERAL DESCRIPTION

The ML9090-01 and ML9090-02 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 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 16 dots (80 x 8 dots
for the ML9090-01, 80 x 16 dots for the ML9090-02) and an arbitrator display system of 80 x 2 dots.
Since containing voltage multipliers, the ML9090-01 and ML9090-02 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

e Logic voltage: Vpp 2.7 to 5.5V

e LCD drive voltage: Vg 6 to 16 V (positive voltage)

* 80 segment outputs,10 common outputs for ML9090-01 and 18 common outputs for ML9090-
02

¢ Built-in bit-mapped RAM (ML9090-01: 80 x 10 = 800 bits, ML.9090-02: 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 and tripler circuits

¢ Built-in 5 x 5 key scanner

e Port A output: 1 pin, output current: -15mA: (may be used for LED driving)

¢ Port B output: 8 pins, output current -2mA: each pin (general-purpose outputs), available for
the ML9090-01 only

® Temperature range: —40 to +85°C

® Package: 128-pin plastic QFP (QFP128-P-1420-0.50-K)  (Product name: ML9090-01GA)

(Product name: ML9090-02GA)

Model ML9090-01 ML9090-02
Display duty 1/8 1/9 110 1/16 117 1/18
No. of display lines 8 9 10 16 17 18
No. of port B outputs 8 8 8 — — —
APPLICATION
e Car audio
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PIN CONFIGURATION (TOP VIEW)
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128-Pin Plastic QFP
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PIN CONFIGURATION (TOP VIEW)
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128-Pin Plastic QFP
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ABSOLUTE MAXIMUM RATINGS

Parameter Symbol Condition Rating Unit |Applicable Pins
Power Supply Voltage Vb Ta=25°C -0.310+7.0 v Vb
Bias Voltage Ve Ta=25C | —03t0+180 | v | ‘o0 Ve Vst
Vs2, V2, V3a, Vap
Voltage Multiplier Reference Ta=25°C *1| -0.3t0+9.0
Voltage Y Ta=25°C 2| 0310460 | Y
CS, TP, DI/O,
Input Voltage V| Ta=25°C -0.3t0Vpp+0.3| V |0SC1, RESET, DT,
TEST, CO to C4
Output Current lo Ta=25%C 20 mA PAO
Ta=25°C -3 mA PBO to PB7
Power Dissipation Pp Ta=85°C 190 mW —
Storage Temperature Tstg — -55t0 +150 °C —
*1: When Ta = 25°C and the voltage doubler is used, use voltage multiplier reference
voltage VN values within a range that does not exceed the power supply voltage Vpp.
*2: When Ta =25°Cand the voltage tripleris used, use voltage multiplier reference voltage

V1N values within a range that does not exceed the power supply voltage Vpp.

RECOMMENDED OPERATING CONDITIONS

Parameter Symbol Condition Range Unit |Applicable Pins
Power Supply Voltage Vop — 2.71t05.5 v Vop
Bias Voltage V) *1 6.0t0 +16.0 v Vg2
Voltage Multiplier Reference *2 2.0t08.0
Voltage Vi *3 2.0t05.3 v Vi
Operating Frequency Fop R = 56kQ +2% 480 to 960 kHz 0SC1
Operating Temperature Top — —40 to +85 °C —
*1: For the bias voltage, Vs is the maximum voltage potential and Vgg is the minimum
voltage potential. Vgy >V 2 V3p, Vap > Vss.
*2: When the voltage doubler is used, use voltage multiplier reference voltage Vy\ values
within a range that does not exceed the power supply voltage Vpp.
*3: When the voltage tripler is used, use voltage multiplier reference voltage Vi\ values

within a range that does not exceed the power supply voltage Vpp.
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ELECTRICAL CHARACTERISTICS

DC Characteristics
(Vpp=2.7t05.5V, Vg =61to 16V, Ta = —40 to +85°C)

Parameter Symbol | Condition | Min. Typ. Max. | Unit |Applicable Pins
"H" Input Voltage 1 Viu1 — 0.85Vpp — Vop V 0SC1
"H" Input Voltage 2 ViHo — 0.85Vpp| — Vb Vv RESET
"H" Input Voltage 3 ViHs3 — 0.85Vpp — Vo V TP
"H" Input Voltage 4 ViHa — 0.8Vpp — Vbp V Cs, Dﬂ)' DT_
TEST, CO to G4
‘L" Input Voltage 1 VL1 — 0 — |015Vpp| V 0SC1
‘L" Input Voltage 2 ViLo — 0 — 0.15Vpp| V RESET
‘L" Input Voltage 3 Vi3 — 0 — 0.15Vpp| V CP
"L" Input Voltage 4 ViLs — 0 — | 02Vvpp | V G5, DlO, DT_
TEST, COto C4
Hysteresis Voltage 1 VHis1 Vpp=5V — 0.2 — v 0SC1
Hysteresis Voltage 2 VHis2 Vpp=5V — 0.8 — Vv CP
Hysteresis Voltage 3 VHis3 Vpp=5V — 0.8 — v RESET
"H" Input Current 1 l1H1 Vi =Vpp — — 10 A RESET
"H" Input Current 2 ™ Vi =Vpp — — 10 A C0to C4
"H" Input Current 3 liH3 Vi =Vop — — 10 HA DI/O
"H" Input Current 4 liHa4 Vi=Vop — — 1 uA 0SC1, G5, GP,
DT, TEST
"L" Input Current 1 I Vpp=5V,V,=0V| -0.02 | -0.05 | -0.1 mA RESET
"L" Input Current 2 liLo Vop=5V,Vj=0V| -0.18 | 045 | -0.9 | mA C0to C4
‘L" Input Current 3 liLs Vi=0V — — -10 HA DI/O
"L" Input Current 4 liL4 Vi=0V — — -1 nA 0SC1, €5, CP,
DT, TEST
"H" Output Current 1 Vou1 lo=-04mA |Vpp-04| — — v DI/0, KREQ
"H" Output Current 2 VoHe lo =—40pA | 0.9Vpp — — v 0SC2
"H" Output Current 3 Vons lo=-15mA | Vpp—-1.7 — — v PAO
"H" Output Current 4 Vons lo=—2mA |Vpp-1.0 — — v PBO to PB7
"H" Output Current 5 Vows lo=-50uA | Vpp—2.0 — — v RO to R4
‘L" Output Current 1 VoL1 lo=0.4mA — — 04 v DI/0, KREQ
‘L" Output Current 2 VoL2 lo = 40pA — — 0.1Vpp v 0SC2
‘L" Output Current 3 VoLs lo=1mA — — 04 v PBO to PB7
"L" Qutput Current 4 VoL4 lo=1.8mA | — — 0.7 v RO to R4
Voso lo=-10uA |Vs-06| — — v
Segmgnt Output Voltage 1 Vost lo= 10uA [0Vsp06]  — |2Mgp06] V| oo
(1/4 bias) Vosz | lo=+10uA [24Ve-06] —  |24Vgpe06| V
Vos3 lo = +10pA — — | Vest06| V
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(Vpp=2.7t05.5V, Vg =610 16 V, Ta =—40 to +85°C)

Parameter Symbol | Condition | Min. Typ. Max. | Unit |Applicable Pins
Voco lo=—10pA | Vg-0.3 — — V
Common Qutput Voltage 1 V lo=+10uA [3/4Vg-03] — |3/4Vg+03] V
! p g 0C1 0 =10, s2 St COMA to COM18
(1/4 bias) Voc2 lo=+10uA |1/4Vs-03| — |1/4Vs+03| V
Vocs lo =+10pA — — Vgs+0.3 | V
Voso lo=—10pA | Vso-0.6 — — Vv
Segment Output Voltage 2 V lo=+10uA |3/5Vs-06] —  |3/5Vg+06| V
g . p g 0S1 0 =10, s2 S SEG1 to SEG80
(1/5 bias) Vos2 lo=210pA |2/5Vs-06| — |2/5Vsp+06] V
Voss lo =+10pA — — Vgs+0.6 | V
Voco lo=—10pA | Vs-03| — — V
Common Output Voltage 2 V lo=+10uA |4/5V5-03] —  |4/5Vs+03] V
. p g oct 0==10u s2 ot COM1 to COM18
(1/5 bias) Voco lo=+10pA [1/5V5-03] —  |1/5V5+03] V
Vocs lo =+10pA — — |Vss+03| V
o fosc = 740KHz
Voltage Multiplier Voltage 1 VDB » TBD — — V Vs1
o fosc = 740KHz
Voltage Multiplier Voltage 2 V1R » TBD — — Vv Vso
fosc = 740KHz
Supply Current 1 Ipp1 » — — TBD mA Vop
Supply Current 2 | External clock TBD | mA v
pply DD2 — 740KHz *1 DD
*1: Refer to Measuring Circuits
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Measuring Circuits

Voltage multiplier voltage 1
When voltage doubler is used.

Voltage multiplier voltage 2
When voltage tripler is used.

OPEN =F OPEN
J_L,—I— Vi SEG - SEGBO CON - CONITO T~ Voo SEGT - SEG8O COMI - COM10
Vin
Vin Vor
- Vor Srazur L]
47+|: Vez Vss _7'l7 ij_“_ Vst Vss _7'l7
Ty
Vs4 7—'1/_7
+
VDB ) ;I;i , PAO | OPEN e PAO | OPEN
s2 T s2
0SC2 | OPEN 0SC2 | OPEN
1005: o 0SC1 k— i l;l’_’ 0SC1 k—
v e 100uA e
2 f = 740kHz DD —> DT f = 740kHz
OPEN | Vag TEST —7_17 OPEN xg TEST —7_17
3B
v — _
A RESET K— Vpp L Vsa RESET K— Vpp
cS CS
CcP CcP
§DVO PBO-PB7 CO-C4 RO-R4 DI/0 PBO-PB7 C0-C4 RO-R4
OPEN OPEN
Supply current 1 Supply current 2
IDDI IDD2
OPEN OPEN
@ SEGT - SEG80 COM1 - COM10 @ SEG1 - SEG80 COM{ - COM10
i Voo . Voo
Vin Vi
= Vi - Ve
Lazer ] Lazer ]
] Veo Vss 1 ] Voo Vss 1
pYLLITS L THF v,
:l';_ PAO | OPEN 7-]'/_7-_ PAO | OPEN
4+.iu_F Ver 0SC2 R < 56k 4&1_F Ver 0SC2 | OPEN
T 0SC1 +2% T 0SC1 k—
VDD —{ DT VDD —{ DT f = 740kHz
OPEN | V, TEST OPEN | V, TEST
5 Vig Bs 5 Vig Bs
Vsa RESET K— Vpp Vs RESET K— Vpp
cS CS
CcP CcP
DI/0 PBO-PB7 C0-C4 RO-R4 DI/O PBO-PB7 C0-C4 RO-R4

OPEN

OPEN
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Switching Characteristics
(Vpp=2.7t05.5V, Vg =610 16 V, Ta =—40 to +85°C)

Parameter Symbol Condition Min Max Unit
CP Clock Cycle Time tsys — 1000 — ns
CP "H" Pulse Width twH — 400 — ns
CP"L" Pulse Width twi — 400 — ns
CS "H" Pulse Width twen — 200 — ns
CP Clock Rise/fall Time tr, tf — — 100 ns
CS Setup Time tesu — 60 — ns
CS Hold Time tcHD — 200 — ns
DI/0 Setup Time tpsu — 100 — ns
DI/0 Hold Time tbHD — 15 — ns
DI/0 Qutput Delay Time tpop CL = 50pF — 200 ns
DI/0 Output OFF Delay Time tDorr CL = 50pF — 200 ns
RESET Pulse Width twRre — 2 us
External Clock Cycle Time tses — 1041 — ns
External Clock "H" Pulse Width twEH — 420 — ns
External Clock "L" Pulse Width tweL — 421 — ns
External Clock Rise/fall Time trE, tE — — 100 ns
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Clock synchronous serial interface timing diagrams

Clock synchronous serial interface input timing
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FUNCTIONAL DESCRIPTIONS

Pin Functional Descriptions

No.of
Function Symbol Pin name | Type pins Description
1
CS Chip Select | 1 Chip select signal input pin
— Shift clock signal input pin. This pin is
. CP Clock Pulse I 1 I 0 . et P! I p|. | .
CPU interface connected to an internal Schmitt circuit
DI/O Data 1/0 I/0 1 Serial data signal 1/0 pin
KREQ Key Request 0 1 Key request signal output pin
Oscillation 0SCt 0sCt | 1 Connect external resistors
0SC2 0SG2 0 1 '
Initial settings can be established by pulling
RESET RESET 1 the reset input to a "L" level. This pin is
connected to an internal Schmitt circuit.
Control signals DT Doubler Tripler | ’ Input pin for selecting the voltage doubler
Select or voltage tripler.
Test input pin. This pin is connected to the
TEST TEST | 1 ) Putp P
Vs pin.
) COtoC4 Column Input | 5 Input pins that detect status of key switches
Key scan signals — X . .
RO to R4 Row Output 0 5 Key switch scan signal pins
PAO Port Output 0 1 Port A output
Port outputs
PBO to PB7 | Port Output 0 8 Port B outputs (for ML9090-01)
SEG1 to SEG80| Seg Output 0 80 | Outputs for LCD segment drivers
COM1 to Outputs for LCD common drivers
) Com OQutput 0 10
LCD driver outputs COM10 (for ML9090-01)
COM1 to Com Outout 0 18 Outputs for LCD common drivers
CoOM18 P (for ML9090-02)
Vb Vop — 1 Logic power supply pin
Vss Vss — 1 | GND pin
Voltage multiplier reference voltage power
Vi Vin — 1 .
supply pin
Power supply Capacitor connection pins for voltage
Vet, Vo2 Vet, Vo2 — 2 .
multiplier
Vg4 Vg4 — 1 Voltage doubler output pin
Vso Vso — 1 Voltage tripler output pin
Vo, V3, Vg | Vo, V3p, Vap — 3 LCD bias pins
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Register List

Register number | Register . Data bits
RS |R/W Register name
3 | 2 1 0 | symbol 7|16 | 54| 3|2 1 0
0| 1 00|00 KR Key scan register | ST2 | ST1|STO| S4 | S3 | S2 | S1 | SO
1 110] 0 0 0 1 DRAM | Display data register | D7 | D6 | D5 | D4 | D3 | D2 | D1 | DO
0 0 0 0 1 0 XAD Xaddressregister | — | — | — | — | X3 | X2 | X1 | X0
0|0 |[0] 01 1 YAD Y address register | — | — | — | Y4 | Y3 | Y2 | Y1 | YO
00|01 0|0 PTA Port register A — | —|—|—|—|—|—|PAO
00|01 0| 1 PTB Port register B PB7 | PB6 | PB5 | PB4 | PB3 | PB2 | PB1 | PBO
0 0 1 0 00 FCR1 Control register 1 | INC [WLS| KT | — | — | — |DTY1DTYO
0] 0|1 0] 0|1 FCR2 Control register2 | — | — | T4 | T3 | T2 | T1 | — |DISP
RS  Register select bit 1: RAM  0: Register
R/W Read/write select bit 1: Read  0: Write

STO to ST2 : Scan status
S0 to S4 : Key scan data
DO to D7

X0 to X3 : X address
YO0 to Y4 'Y address
PAO : Port A data
PBO to PB7

INC

WLS

KT

DTYO, DTY1:

DISP

T1to T4 : Write "0"
— : Don't care

: Display data and RAM read data

: Port B data (ML9090-01 only)
: Address increment 1: X direction, 0: Y direction
: Word length select 1: 6 bits, 0: 8 bits

: Key scan cycle select 1: 10 ms, 0: 5 ms

Display duty select (1/8,1/9,1/10) MML9090-01)

(1/16,1/17,1/18) (ML9090-02)
: Display ON/OFF select 1: Display ON, 0: Display OFF
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Pin Functional Descriptions

*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.

TP
Clock input pin for serial interface data I/O. 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.

* DI/O

Serial interface data I/O pin. This pin is in the output state only during the interval beginning
when key scan data read or RAM read commands (to be described later) are written (after the
rising edge of the 8th CP clock during start byte setup, the CPU changes from output to inputand
the DI/O output interval begins at the CP falling edge) until the CS signal rises. At all other times
this pin is in the input state. (When reset, the input state is set.) 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
e 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. Begin
the key scan read operation after this pin goes to an “H” level.

* OSC1

Input pin for RC oscillation. An oscillation circuit is formed by connecting a resistor (R) of 47k
*+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.

> 0SC1
R =56kQ +2% <R
> 0SC2

* 0SC2

Input pin for RC oscillation. An oscillation circuit is formed by connecting a resistor (R) of 47k
*+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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* RESET

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

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

* TEST
Test signal input pin. This pinis used for testing by Oki. Connect this pin to Vgg. When a different
connection is made, proper operation cannot be guaranteed.

* RO to R4
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 further details.)

*COto C4
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 RO to R4 pins.

* PAO

General-purpose port A output pin. Because this pin can output a current of 15mA, 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.

* PBO to PB7
General-purpose port B output pins. These pins are only applicable to the ML9090-01.

* SEG1 to SEG80
Segment signal output pins for LCD driving. Leave unused pins unconnected (open).

e COM1 to COM10
Common 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). These pins
are applicable to the ML9090-02.

* Voo
Logic power supply connection pin.

* Vss
Power supply GND connection pin.
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* DT

This pin selects the voltage multiplier circuit. If this pinis set to an “L” level, the voltage doubler
circuit is selected. If this pin is set to an "H" level, the voltage tripler circuit is selected. Do not
change the value of the setting after power is turned on.

* Ve, Vo2
Capacitor connection pins for the voltage multiplier. Connect a 4.7uF capacitor between the Vg
and V¢, pins. If an electrolytic capacitor is used, connect the (+) side to pin V).

* Vs1

Voltage doubler voltage output pin. This pin outputs the doubled voltage that has been input to
Vin- Toincrease stability of the power supply, connecta 4.7uF capacitor between this pinand Vsg.
When using the doubled voltage, connect this pin and Vgp.

* Vs2

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 4.7uF capacitor between this pin and Vgs. When using the voltage doubler,
connect this pin and Vg;.

*Vin
Voltage multiplier voltage input pin. The doubled or tripled voltage input to this pin is output
from Vgp.

* Vg, V3p, V3

LCD bias pins for segment drivers. These pins are connected to internal bias dividing resistors.
When using the ML9090-01 (at 1/4 bias), connect V, and V34 pins, and leave V3p unconnected
(open). When using the ML9090-02 (at 1/5 bias), connect V35 and V3p pins, and leave V,
unconnected (open).
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Clock Synchronous Serial Transfer Example (WRITE)

Transfer start Transfer complete

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

* pguubuubooubooubn
DI 1RSI0 05XD5XDH0I02D1X0Y

Register bits 1st byte
Start byte Instruction

Clock Synchronous Serial Continuous Data Transfer Example (WRITE)

Transfer start Transfer complete

10 15 16 17 18 23 24 41 42 47 48

7 TN T

(( (( (( ((
DI/O Start (b‘yte Instruc{t!on 1 Instruc:[i‘on 2 >< Instrqgtion 5
)) )) )) ))

Clock Synchronous Serial Continuous Data Transfer Example (READ)

Transfer start Transfer complete

10 11 15 16 17 18 23 24 41 42 47 48

e LR )
DI/O D@{)KREAD DATA1 X READ’DATAZ hi¢

Output state

X

EAD DATA3

N
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Register Descriptions
This IC is constructed from a start byte register and data registers.

1. Start byte register

D7 D6 D5 D4 D3 D2 D1 DO
1" 1" RS R/W Register number

The start byte register selects 8 types of data registers.

(1) D7, D6 (fixed at “1”)

When selecting the start byte register, always write a “1” to bits D7 and Dé.
If the RESET pin is pulled to a “L” level, these bits are reset to “0”.

(2) D5 RS (Register Select bit)

1: RAM is selected

0: Register is selected

This bit specifies whether the selected data register is DRAM (display data register) or registers
different from the display data register. To select DRAM, write a “1” to this bit. To select registers
other than DRAM, write a “0” to this bit. If the RESET pin is pulled to a “L” level, this bit is reset
to “0”.

(3) D4 R/W (Read mode, Write mode select bit)

1: Read mode is selected

0: Write mode is selected

This bit specifies either read mode or write mode for the selected data register. To select read
mode, writea “1” to this bit. To select write mode, writea “0” to this bit. If the RESET pin is pulled
to a “L” level, this bit is reset to “0”.

(4) D3 to DO (Register number)
Thesebits select the data register. The correspondence between each bitand each register is listed
in the table below. If the RESET pin is pulled to a “L” level, these bits are reset to “0”.

Code

O
@
O
N
O
-t

DO Register name

0 Key scan register

Display data register

X address register

Y address register

Port B register

Control register 1

- 2O 0OO0OO0C|O | O
oo+ OlO0|OC|O

0
1
0
1
0 Port A register
1
0
1

O O | |win|—
oo+ |+ |O|OC

Control register 2
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2. Instructions (Data Registers)

* Key scan register (KR)

D7

D6

D5

D4

D3

D2

D1

DO

ST2

ST1

STO

S4

S3

S2

S1

S0

(1) D7 to D5 ST2 to STO (Scan read counter)

When reading 25-bit 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

1/000/1‘

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

(2) D4 to D0 54 to SO (Key scan read data bits)
Thesebits areread as 25-bit serial data that expresses the key switch status (1 =0ON, 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 ST0. 54 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 SW04 SW03 SW02 SWO01 SW00 RO
0 0 1 SW14 SW13 SW12 SW11 SW10 RT
0 1 0 SW24 SW23 SW22 SW21 SW20 R2
0 1 1 SW34 SW33 SW32 SW31 SW30 R3
1 0 0 Sw44 SW43 SW42 SW41 SW40 R4
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ML9090-01, -02
_'_oJl—o'o—Tl—o'o—Tl—o_'_o—Ti—o_'_oj "
SWO00 SWO1 SWo02 SWo03 SWo04
— ) g g ey o ey gamny L

| |
O OJ O [ on®) O O
SW10 SW11 SW12 SW13 SW14 L
_|_OJ | O—T | O—T _I_O—T 1 T P R2
O O O O O
SW20 Sw21 SW22 SW23 SW24
- N g g g g, g
| |
O OJ O O O O
SW30 SW31 SW32 SW33 SW34 o
o_T o_T o_T > R4
_|_OJ ! ! 1 1
-0 0 —o —o 0
SW40 SW41 Sw42 SW43 SW44
Figure 1
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e Display data register (DRAM)

D7 Dé | D5 | 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.

® X address register (XAD)

oz | Dps | D5 | D4 D3 | D2 | i DO
— XAD

The X address register sets the X address for the display RAM. The address setting range is 0 to
9 (00H to 09H) when 8-bit data has been selected by the WLS bit (D6 bit) of control register 1, and
0 to 13 (00H to ODH) when 6-bit data has been selected. Proper operation is not guaranteed if
values outside this range are set. Writing to bits D7 through D4 is invalid, and if read, their values
will always be “0”.

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

* Y address register (YAD)

D7 | D6 | D5 D4 D3 | D2 | D DO

— YAD (ML9090-01)

— YAD (ML9090-02)

The Y address register sets the Y address for the display RAM. The address setting range for the
ML9090-01 is 0 to 7 (00H to 07H) when 1/8 duty has been selected by the DTY0 and DTY1 bits
of control register 1, 0 to 8 (00H to 08H) when 1/9 duty has been selected, and 0 to 9 (00H to 09H)
when 1/10 duty has been selected. The address setting range for the ML9090-02 is 0 to 15 (00H
to OFH) when 1/16 duty has been selected by the DTY0 and DTY1 bits of control register 1, 0 to
16 (00H to 10H) when 1/17 duty has been selected, and 0 to 17 (00H to 11H) when 1/18 duty has
been selected. Proper operation is not guaranteed if values outside these ranges are set. Writing
to the D4 bit of the ML9090-01 is valid. Therefore, memory (8 x 80 bits) corresponding to Y
addresses 10 through 17 can be used as a general-purpose memory. Writing to bits D7 through
D5 is invalid, and if read, their values will always be “0”. When using the ML9090-02, writing to
bits D7 through D5 is invalid, and if read, their values will always be “0”. If the RESET pin is
pulled to a “L” level, these bits are reset to “0”.
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e Port register A (PTA)

oz | o6 | b5 | o4 | D3 | D 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
toa “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 PTB5 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 (D0 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.

* Control register 1 (FCR1)

D7 D6 D5 D4 D3 D2 D1 DO
INC WLS KT — — — 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.
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(3) D5 KT (Key scan time) Key scan time select bit

1: 10ms

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

(4) D1 to DO DTY (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 toa “L” Level, the values of these bits will not
change.

Model Code DTY1 DTYO Display duty
0 0 0 1/8
ML9090-01 L : L 19
2 1 0 110
3 1 1 1/10
0 0 0 1/16
1 0 1 117
ML9090-02 ) ] 0 18
3 1 1 1/18
e Control register 2 (FCR2)
D7 ‘ D6 D5 D4 D3 D2 D1 DO
— T4 T3 T2 T — DISP

(1) 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”.

(2) 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.
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Display screen and memory address

The ML9090 contains an internal bit-mapped display RAM (80 x 18 bits). As shown in figure 2,
display data is written to display memory such that the MSB of the display data is written to the
(Xn, Yn) memory address and the LSB is written to the (Xn+7, Yn) address. Writing a “1” to the
display memory turns on the display of the LCD panel and writing a “0” turns off the display.
As shown in figure 3, address allocation is different depending upon whether an 8-bit or 6-bit
word length is selected. For an 8-bit word length, addresses are allocated from 0 to 9, and for a
6-bit word length, addresses are allocated from O to 13.

When 6-bits/word are selected and the X address is 13, the display memory is only 2 bits; 2 bits
from the MSB of the display data (D5 and D4) are written to memory and the remaining 4 bits
(D3 to DO0) are invalid.

AN M < IO O NN~ 0 8
S O & 6 6 6 6 o S
W W W W W W L L ==--=---=-----------o--oo—-oo-o ]
w N LW v DL UL DLW w
COM1
COM?2
: T T T 11
80 x 18 dot LCD panel
COM18
X direction
NN EEEES Db bbb bbb bbb 2
X X X X X X X X >
Yo [1]0[1]0[1]0[1]0
%
.| (s (LSB)
80 x 18 dit display RAM
Y17

Figure 2 Correspondence Between Display Screen and Memory

Address Allocation for 8 bits/Word Address Allocation for 6 bits/Word

—
\Z

17 17

Figure 3 Display Memory Addresses
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X, Y address Counter Auto Increment

The display RAM of the ML9090-01 and ML9090-02 has an X address counter and a Y address
counter. Both counters have an auto increment function. Writing or reading display data will
cause either the X or Y address counter to be incremented. The INC bit (D7 bit) setting of control
register 1 selects either the X address or Y address to be incremented.

(When X address is selected) (INC = “1”)

The address count cycle of the X address counter differs depending upon whether the word
length is 8 bits or 6 bits.

If the word length is 8 bits, X addresses in the range of 0 to 9 are counted.

If the word length is 6 bits, X addresses in the range of 0 to 13 are counted.

When the X address count value returns from its maximum value (9 in the case of 8-bit word
length, 13 in the case of 6-bit word length) to 0, the Y address is also automatically incremented.

(When Y address is selected) (INC = “0”)

The address count cycle of the Y address counter differs depending upon whether the display
dutyis1/8,1/9,1/10,1/16,1/17, 0r 1/18.

If the display duty is 1/8, Y addresses in the range of 0 to 7 are counted.

If the display duty is 1/9, Y addresses in the range of 0 to 8 are counted.

If the display duty is 1/10, Y addresses in the range of 0 to 9 are counted.

If the display duty is 1/16, Y addresses in the range of 0 to 15 are counted.

If the display duty is 1/17, Y addresses in the range of 0 to 16 are counted.

If the display duty is 1/18, Y addresses in the range of 0 to 17 are counted.

When the Y address count value returns from its maximum value (7 in the case of 1/8 display
duty, 8 in the case of 1/9 display duty, 9 in the case of 1/10 display duty, 15 in the case of 1/16
display duty, 16 in the case of 1/17 display duty, and 17 in the case of 1/18 display duty) to 0,
the X address is also automatically incremented.

Note:  If an address outside the count cycle range of the X, Y address counter is set, proper
operation of the X, Y address counter is not guaranteed.

1. X address increment example 2.Y address increment example
(8-bit word length, 1/18 duty) (8-bit word length, 1/18 duty)
X address ¥ add
0 1 D e 9 0 1 2adiress g 0
0 > o | | —

Y_adgregs

y

=
—ll]—
Y address

o
Y
=
<
.<
<
.<

25/35



OKI1 Semiconductor

ML9090-01,-02

Output pin, I/0 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, I/0 pin State
DI/O Input state
KREQ "L" (Vss)
0SC2 Oscillating state
RO to R4 "L" (Vss)
PBA High impedance

PBO to PB7 (for ML9090-01)

High impedance

SEG1 to SEG80 "L" (Vss)
COM1 to COM10 (for ML9090-01) ‘L" (Vss)
COM1 to COM18 (for ML9090-02) ‘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
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Power-On Flow Chart

( Power turned on )

| Reset is input | 5us external reset or power-on reset
| CS="L" | Chip enable
| Start byte register setting | Control register 1 setting
| Dataregister settings |  INC, WLS, KT, DTY1, DTY2 settings
| according to specifications
| CS="H' |
| cs="L" |
| Start byte register settings | Port register A, port register B, display data
| register settings according to specifications
| Data register settings | PAO, PBO to PB7, DO to D7 settings
| CS - IIHII |
Is input of initial

screen data complete?

| cs="L" |

| Start byte register setting | Control register 1 setting

| Data register setting | Setting the DISP bit to "1" starts the initial
| screen display.

| CS="H" |

( Normal operation )
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Key Scan

Key scan operation begins after a key switch turns ON. Key scan operation is halted after all key
switches are detected as OFF. Two cycles after key scan operation starts, the KREQ signal
changes froman “L” to “H” level. This signal can be used as a flag. The KREQ signal is reset when
all key switches have been detected as OFF and an “L” level is input to the RESET pin.

R L] L] |
ro L L]
[ L] L] I

- || L
| || || .

[

I

A A
Key switch ON Start reading Key switch OFF
Start scan key data Halt scan

KREQ

Note 1:  Pressing three or more key switches simultaneously may resultinincorrect recognition
(a switch that was not pressed may be recognized as a switch that was pressed).
Therefore, ifitis necessary to recognize three or more pressed switches, connecta diode
in series with each switch. If three or more pressed switches are not to be recognized,
data should be ignored if there are three or more “1s” in the key data that is read by
software.

Note 2: Because changes in the key status are detected as changes in the column inputs (CO to

C4), changes will not be detected if multiple switches connected to the same column
are pressed.
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Liquid Crystal Driving Waveform Example

1/8 duty (1/4 bias) (ML9090-01)

[8[1]2]sf4]s]e]7]e[r]2]s]a]s|e|7]e|1]2]s3]

e I S

- Vg2

Vi

V2, V3, V3
\

Vss

Vso

Vi

V2, Vsa, V3p
V4

A non-selectable waveform is output from COM9 and COM10 outputs.

[8[1]2]sf4]s]e[7]e]r]2]s]a]s|e|7]e|1]2]s3]

T Vss
Y JE} JERE] JHIE] IH} ERE} JHINE EHR |
B Light ON
(] Light OFF
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Liquid Crystal Driving Waveform Example
1/9 duty (1/4 bias) (ML9090-01)
[of1]2|3[4a]s|e|7[e[o]1]|2][a][a]s|6[7[8]0]1]
e e e R bbby Vg2
B v

L I R e Vo, V3, V3p
------ R AV
""""""""""""""""""" I—"'"'"'"'"""""""""" Vss
""""""""""""""""""""""""""""""""""""""" Vg2

S Ml SAREEEEESSSLEEES L RES Vi

COI\H"" """"""""""""""""""""""""""" Vo, Vap, V3
R L R Rl SRR LR LR R R LR e Vg
""""""""""""""""""""""""""""""""""" Vss
"""""""""""""""""""""""""""""""""""" Vso

____________________________ n :

COI\H """""""""""""""""""""""""""""""" V2, V3a, V3
e V4
""""""""""""""""""""""""""""""""""""""" -- Vgs

A non-selectable waveform is output from the COM10 output.
[of1]2|3[4]s|e|7[e[o]1]|2][a][a]s|6][7[8]0]1]
"""""""""""""""""""""" --- ------- Vg
........................................... mn —

- - - - “mt1 V2, Ve, Vs

e v
T T Tttt T Tt T TTTTTTTTTTTTTTTTTTTTTTTTTTTmTTTTTTn VSS
R §E) JEIE} JE} JE}f I} REHQEE REY QEHp |

B Light ON
[] Light OFF
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Liquid Crystal Driving Waveform Example

1/10 duty (1/4 bias) (ML9090-01)

[10[1]2|3]4|5]6|7]8]9o|t0]1]|2]3]4|5]6|7]8]9]10]

V4

Vy

Vy

M Light ON
(] Light OFF
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Liquid Crystal Driving Waveform Example

1/16 duty (1/5 bias) (ML9090-02)

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

Vs2

V3, V3

Vs2

A non-selectable waveform is output from COM17 and COM18 outputs.

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

— Vss
OOE000OEE0000OEE0000ON000EE0000OEE0O00O0OE0O0O0OEN

m Light ON
o Light OFF
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APPLICATION CIRCUITS

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

LCD panel
80 x 8 dot (graphic)
80 x 2 dot (arbitrator)
Temperat COM1 - COM10 SEG1 - SEG80
emperature
___|compensating y ]\
Ve and stabilizing Vin DD
circuits 4-7HF oT
| Ve ;
SS
+ [ Vo
777 /7
Vs PAO M
47 FLI_ Vs2 0sC1
" = % 56kQ
0SC2
Vo
TEST
OPEN — V3p ML9090-01 =
RESET
Van —_i e
ﬁ —
R4
PORT P "
OR =
SIRIAL
PORT DI/0 o
KREQ e
————— RO
PBO - PB7 cO C1 C2 C3 C4
General-purpose
ports 5%x5
Key
Matrix
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Application Example 2 (1/18 duty, voltage tripler)

LCD panel
80 x 16 dot (graphic)
80 x 2 dot (arbitrator)
COM1 - COM10 SEG1 - SEG80
Temperature y
___|compensating
Ve and stabilizing Vin DD
circuits 4-7HF oT
| Ve ;
SS j
+ | Vo /
I Vst 7
4-7uF PAO
g =
i 0SC
4.7uF N
7 o
0SC2
OPEN — V2 resT
ML9090-02 =
V3
RESET ]
v 1uF
i T
ﬁ —
R4
PORT P o
OR =
SIRIAL
PORT DI/0 -
KREQ e
————— RO
CO C1 C2 C3 C4

5%x5
Key
Matrix
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PACKAGE DIMENSIONS

(Unit : mm)
QFP128-P-1420-0.50-K |
22.0: 0.2
20.0+ 0.15
|| HAAAAAAAAAAAAAAARARAAAAAAAAARARAAAAAAR
= 1=
== O = o
= = >
== ==1 =
s = = 9
7S = = S
ols = =
e\ = =
@3/ =
EEEEEEEEEEEEEE LR L LR EEE L
INDEX MARK @
Mirror finish o 75 Typ. 0.22367 [B10.10®)
0.17+ 0.05
[7710.10 SEATING PLANE
. 1.0+ 0.2
Xl
=\ 9
215 -
N Y | yo~io°
3l | o
S o 0.5+ 0.2
© 0.59TYP.
Package material Epoxy resin
Lead frame material 42 alloy
Pin treatment Solder plating
Solder plate thickness | 5 um or more
Package weight (g) 1.19 TYP.

Notes for Mounting the Surface Mount Type Package

The SOP, QFP, TSOP, SOJ, QFJ (PLCC), SHP and BGA are surface mount type packages, which
are very susceptible to heat in reflow mounting and humidity absorbed in storage.

Therefore, before you perform reflow mounting, contact Oki’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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