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This version: Aug. 2000

OKI SemiCOHdUCtOI Previous version: Nov. 1997
MSM9000B-xx

DOT MATRIX LCD CONTROLLER

GENERAL DESCRIPTION

The MSM9000B-xx is a dot-matrix LCD control driver which has functions of displaying 12 (5
x 7 dots) characters (2 lines) and 120-dot arbitrators.

The MSM9000B-xx is provided with a 16-dot common driver, 60-dot segment driver, Display
Data RAM (DDRAM), and Character Generator ROM (CGROM).

This device can be controlled with commands entered through the serial interface or parallel
interface.

The font data in the CGROM can be changed by mask option.

Since the MSM9000B-xx has an LCD driving bias generator circuit, LCD bias voltages can be
obtained by merely providing a required capacitance externally.

The MSM9000B-xx is applicable to a variety of LCD panels by controlling the contrast.

FEATURES

e Logic voltage(Vpp): 2.5t03.3V

¢ LCD driving voltage(Vpp : 3.0to 5.5V

® Low current consumption: 35 A max.(operating)

e Switchable between 8-bit serial interface and 8-bit parallel interface

¢ Contains a 16-dot common driver and a 60-dot segment driver

e Contains CGROM with character fonts of (5 x 7 dots) x 256

e Built-in bias voltage generator circuit

e Built-in contrast adjusting circuit

e Built-in 32.768 kHz crystal oscillator circuit

* Provided with 120 dot arbitrators

® 1/9 duty mode (1 line : characters, 2 lines : arbitrators)
1/16 duty mode (2 lines : characters, 2 lines : arbitrators)

¢ Character blink operation can be switched between all-character lighting-on mode and all-
character lighting-off mode.

* Package:
TCP mounting with 35 mm wide film ; Tin-plated (Productname: MSM9000B-xx AV-Z-xx)
Chip (Product name : MSM9000B-xx)

xx indicates code number.
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PIN CONFIGURATION
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PIN DESCRIPTIONS

Number

Function Symbol i Type Description
of Pins
CPU Interface cS 1 I Chip select input signal
WR 1 I Write enable signal, latch for serial interface
RD 1 I Read enable signal
c/D 1 I Command/Data select input signal
DBO-7 8 1/0 8-bit parallel data inputs/outputs
Sl 1 I Serial data input
SO 1 0 Serial data output
SHT 1 I Shift clock input for data input in serial interface mode
Oscillation XT 1 I Crystal oscillation input, clock input
XT 1 0 Crystal oscillation output
Control Signal P/S 1 I Parallel/Serial interface switching signal input
9D/16D 1 I Duty select signal input
32K/EXT 1 I Clock select signal input
RESET 1 I Reset is performed by setting the RESET input to "L"
level
N1, N2 2 I Contrast control signal input
TEST 1 I Test signal input. Fix to "L" Level or leave open
LCD Driving SEG1-SEG60 60 0 Segment outputs for LCD driving
Output COM1-COM16 16 0 Common outputs for LCD driving
Power Supply Vbp 1 — Positive + power supply pin for LOGIC
Vss 1 — GND pin
Vss1, Vsso, 3 4 — Boosted voltage output pins & bias power supply pins
Vss4, Vsss
Vssg 1 — Voltage multiplier output pin (3-/2-fold)
VsH 1 — Haver output pin
Vei, Vet 2 — Voltage multiplier (3-/2-fold)
Vo, Voo 2 — Voltage multiplier (4-fold)
Total 112
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ABSOLUTE MAXIMUM RATINGS

Parameter Symbol Condition Rating Unit | Applicable pin
Power supply voltage Vop Ta=25°C, Vpp—Vss -0.3to +4.6 v Vipp, Vss
Bias voltage Vi Ta=25°C, Vpp—Vsss -0.3t0+7 v Vpp, Vsss5
Input voltage V) Ta=25°C -0.3t0 Vpp+0.3 v All input pins
Storage temperature T Chip ~95 10 4150 °C
ge temp sTé TCP 3010 +85
Ta: Ambient temperature
RECOMMENDED OPERATING CONDITIONS
Parameter Symbol Condition Range Unit | Applicable pin
Power supply voltage Vop Vpp—Vss 25103.3 v Vipp, Vss
Bias voltage Vi *1, Vpp—Vsss 3t05.5 v Vibp, Vsss
IC source oscillation fint *2 26 to 47 kHz *3
Operating temperature Top — -30to +85 °C —

*1 Vpp is the highest pin and Vggs the lowest for the bias voltage.
*2 Connect the specified capacitors to the voltage doubler and LCD bias generator.
*3 Make sure that the crystal oscillation frequency or the divided clock frequency falls within

this range.

Note 1: Ensure the chip is not exposed to any light.

Note 2: The bias voltage may exceed 5.5 V at some contrast stages. Adjust the stage with
software so that the bias voltage does not exceed 5.5 V.
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ELECTRICAL CHARACTERISTICS

DC Characteristics (1)

(Vop=25103.3V, Vg = 31055V, Ta =-30 to +85°C)

Parameter Symbol Condition Min. Typ. Max. Unit | Applicable pin

Input high voltage 1 Vs — Vpp—0.25| — Vop V | XT

Input high voltage 2 Vin2 — 0.8Vpp — Vpp V| Other inputs

Input low voltage 1 VL1 — 0 — 0.55 VI XT

Input low voltage 2 ViLe — 0 — 0.2Vpp V| Other input pins

Input high current 1 l1H1 Vi=Vbp — — 1 uA | Input pins other
than XT and TEST

Input high current 2 l1H2 Vi=Vpp 10 — 60 uA | TEST (pull-down
resistor)

Input low current 1 lite Vi=0V -1 — — uA | Input pins other
than XT and TEST

Off leakage current loff V|=Vpp/0 V -1 — 1 uA | SO and DBO to
DB7

Output high voltage 1 | Von1 l0=—500 pA 0.9Vpp — — V| SO and DBO to
DB7

Output low voltage 1 Vor1 10=500 pA — — 0.1Vpp V| SO and DBO to
DB7

COM output resistance| Rg lo=£50 pA — — 10 kQ | COM1 to COM16

SEG output resistance | Rg lp=£20 pA — — 30 kQ | SEG1 to SEG60

During operation *1
Drain current 1 IpD1 Crystal oscillation — 15 35 WA | Vpp
f=232.768 kHz
During operation *1
Drain current 2 Ipp2 External clock —_ 15 35 UA | Vpp
f=232kHz
Drain current 3 Ipp3 During standby — — 7 uA | Vpp

*1 No output load
The values in this table are assured when the chip is not exposed to light.

Note :
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DC Characteristics (2)
(Vpp=0V, Vgs=—3 V, Ta=—30 to +85°C)

Parameter Symbol Condition Min. Typ. Max. Unit | Applicable pin
Bias voltage 1 —Vssi —Vssp,3="A"Y 1/2A-0.1 | 1/2A | 1/2A+01 V| Vss1
_ N1 ='L" N2="L"
Bias voltages 2 and 3 | Vg2 3 . 19 2.2 2.5 V | Vss2 3
' Contrast = "5 '
Bias voltage 4 —Vss4 —Vss2,3="A"Y 3/2A-0.1 | 3/2A | 3/2A+0.1 V' | Vssa
Bias voltage 5 —Vsss —Vss2,3="A"Y 2A-0.2 2A 2A+0.2 V' | Vsss
Contrast pitch —Veon Vg for each stage 0.18 0.21 0.26 V —

Note 1: Connect a 0.1 puF capacitor to the LCD bias generator.
Note 2: The values in this table are assured when the chip is not exposed to light.
AC Characteristics

Parallel interface (Vpp=2.5 t0 3.3 V, Vgi=3 t0 5.5 V, Ta=—-30 to +85°C)

Parameter Symbol Condition Min. Max. Unit

RD high-level width twRH — 200 — ns
RD low-level width twaL — 200 — ns
WR high-level width tWwH — 200 — ns
WR low-level width twwi — 200 — ns
WR-RD high-level width tWWRH — 200 — ns
CS or C/D setup time tas — 50 — ns
CS or C/D hold time taH — 0 — ns
Write data setup time tpsw — 50 — ns
Write data hold time toHw — 50 — ns
Read data output delay time tpDR C.=50 pF — 200 ns
Read data hold time tDHR — 20 — ns
External clock high-level width twex — 1 — us
External clock low-level width tweL — 1 — us
RESET pulse width tWRE — 2.0 — s
Rise and fall time of external

tr, tf — — 100 ns
clock

Note: The values in this table are assured when the chip is not exposed to light.
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Serial interface
(Vpp=2.5t03.3V, Vg =3105.5V, Ta=-30to +85°C)

Parameter Symbol Condition Min. Max. Unit

CS or C/D setup time tsas — 100 — ns
CS or C/D hold time tsaH — 20 — ns
Sl setup time tis — 100 — ns
Sl hold time tiH — 20 — ns
SHT high-level pulse width twsHH — 100 — ns
SHT low-level pulse width twsHL — 100 — ns
SHT clock cycle time tsys — 400 — ns
SO ON delay time ton Cr=50 pF — 200 ns
SO output delay time tps Cr=50 pF 0 200 ns
SO OFF delay time torr — — 100 ns
BUSY delay time tusy Cr=50 pF — 200 ns
WR setup time tsHs — 200 — ns
WR low-level pulse width twwi — 120 — ns
RESET pulse width twRE — 2.0 — us
Rise and fall time of external

tr, t — — 100 ns
clock

Note:

The values in this table are assured when the chip is not exposed to light.
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Timing Diagram for the Parallel Interface
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Timing Diagram for the Serial Interface

[92]
I
=i

SO

XT

ViHz

ViL2

Vinz

Vi

Vinz

ViL2

Vinz

Vi

Vinz

ViL2

Vo

Vo1

ViLz

Vi

Vie —

A\
S

T~

- 7
tsaH
tsas tis tiH
A N
50% Z
N
twsHL|  |twsHH tsHs
tsys
tps twwi tiU»S torr
iz
twre

ViH1 = Vpp-0.25V

ViL1 = 0.55V

Vinz=0.8Vpp, Viz=0.2Vpp

Von1=0.9Vpp, Vor1=0.1Vpp

10/39



FEDL9000B-01

OKI1I Semiconductor MSM9000B-xx

FUNCTIONAL DESCRIPTION
Pin Functional Description

* CS (Chip Select)
Chip select input pin. A logic low on the CS input selects the chip and a logic high on the CS
input does not select the chip. Command and display data inputs can be enabled only when
the chip is selected.
When the input is high, the SO pin and DBO0 to DB7 pins are in the high impedance state,
causing SHT, WR and RD pins high level internally.

* WR (Write Enable)
When the parallel interface is used, this pin is the write signal input. Data is written into the
register at the rising edge of WR pulse. When the serial interface is used, this pin is the latch
signal input. This pin is normally high.

* RD (Read Enable)

When the parallel interface is used, this pin is the read signal input. While the pulse is low,
data can be read. The pin is normally high. When this pin is made low with C/D set low, the
display data pointed to by the address pointer is output from DBO to DB7. When the pin is
made low with C/D set high, busy data is output from DB0 and low signals are output from
DB1 to DB7. After the rising edge of WR, busy data (H) is output. The data automatically
changes to non-busy (L) after the specified time elapses.

When the serial interface is used, fix this pin to "H" or "L".

e C/D (Command/Data Select)
This input pin selects whether the data to be input to the SI pin and the DB7 to DBO pins is
handled as a command or display data, depending on the state of the pin at the rising edge
of WR. When the pinis H, the input data is handled as a command. When the pinis L, display
data is input.

* DBO0 to DB7 (Data Buses 0 to 7)
Data input and output pins for the parallel interface. Normally data buses 0 to 7 are in high
impedance, when RD is driven low, display data and the busy signal are output.
When the serial interface is used, leave this pin open.

e SI (Serial Data Input)
Data input pin for the serial interface. Commands and display data are read at the rising edge
of SHT and written to registers at the rising edge of WR. The eight-bit dataimmediately before
the rising edge of WR is valid.
When the parallel interface is used, fix this pin to "H" or "L".

* SO (Serial Data Output)
Data output pin for the serial interface. The display data pointed to by the address pointer is
output at the rising edge of SHT. After the rising edge of WR, busy data (H) is output.
The data automatically changes to non-busy (L) after the specified time elapses.
When the parallel interface is used, this pin remains in the high impedance state.

e SHT (Shift Clock)
Clock input pin to input and output serial interface data. Data input is synchronous with the
rising edge of the clock, and the data output is synchronous with the falling edge of the clock.
This pin is normally high.
When the parallel interface is used, fix this pin to "H" or "L". 11/39
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® XT (Crystal)
Input pin for crystal oscillation. By connecting a 32.768-kHz crystal and capacitors to this pin
and the XT pin, a crystal oscillation circuit is formed. When an external clock is used, input
the clock to the XT pin.

 XT (Crystal)
Output pin for crystal oscillation. By connecting a 32.768-kHz crystal and capacitors to this
pin and the XT pin, a crystal oscillation circuit is formed. When the external clock is used,
leave this pin open.

XT XT
0 External
18 pF clocks
S —
XT XT
18 pF —1 OPEN
32.768 kHz
When forming a crystal oscillation circuit When inputting an external clock

Oscillation circuit diagram

e P/S (Parallel/Serial Select)
Input pin to choose between the parallel interface and serial interface. To select the parallel
interface, make this pin low. To select the serial interface, make this pin high. After power
is turned on, do not change the setting of this pin.

* 9D /16D (Duty Select)
Input pin to set a duty cycle. When this pin is set to "H", a duty cycle of 1/9 is selected.
When the pinissetto"L", a duty cycle of 1/16is selected. Choose either according to the panel
tobeused. When a duty cycle of 1/9is chosen, leave common output pins COM10 to COM16
open.

e 32K /EXT (Clock Select)
Input pin to choose crystal oscillation mode or external clock input mode. Leave this pin at
a"L" level.

* RESET (Reset)
Reset signal input pin. Setting this pin to L results in the initial state. For modes and the
display after a reset input, see "Mode Settings after a Reset Input".

* N1, N2 (Contrast Change)
Input pins that determine the voltages of Vggp and Vggs together with contrast adjustment by
a command. The table below shows the relationships between pin states and contrast
adjustment ranges.
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N1 N2 Contrast adjustment range by command
L L Oto7
L H 1t08
H L 2t09
H H 3toA

e TEST (Test Signal)
Test signal input pin provided for test by the manufacturer. Fix this pin to L or leave it open.

e SEG1 to SEG60 (Segment 1 to Segment 60)
Segment signal output pins to drive the LCD. Leave the unused pins open.

¢ COM1 to COM16 (Common 1 to Common 16)
Commonssignal output pins to drive the LCD. When the duty cycleis1/9,use COM1 to COM9
and leave COM10 to COM16 open.

* Vpp
Power supply pin to the logic section. Connect this pin to the positive terminal on the power

supply.

* Vs
Pin to be connected to the GND power supply.

* Vss1, Vssy, Vsss
Pins for voltage multiplier outputs and LCD power supply. Connect capacitors of 0.1 pF

between these pins and Vpp for the charge distribution with Vggp, 3 capacitor and for voltage
stabilization during generation of LCD bias voltages. The logical values of the LCD bias
voltage are as follows:

Highest voltage: Vpp
Vs51=Vssp, 3/2
Vss2, 3
Vss4=Vssp, 3+Vss2, 3/2
Lowest voltage: Vsg5=Vssp, 3+Vssp, 3/2+Vssp, 3/2

For both the 1/9 and 1/16 duty, 1/4 bias is used.

* Vss2 3
Voltage regulator output pin & LCD bias generator input used as a reference voltage for the
LCD bias generator.
Connect a capacitor of 0.1 UF between this pin and Vpp for charge distribution among
capacitors and voltage stabilization during generation of various LCD bias voltages.

* Vsse
Pin to connect the capacitor to store the 3-/2-fold voltage. Connecta capacitor of 0.1puF or more

between this pin and Vpp.

* Vs
Halves output pin for the voltage multiplier(3-/2-fold). Connecta 0.1 UF capacitor between
this pin and Vpp.
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* Ve, Vear
Pins to connect the charge distribution capacitor used for the voltage malitiplier (3-/2-fold).
Connect a 0.1 uF capacitor between Vy and Ves.

* Ve, Ve
Pins to connect the capacitor for charge distribution to generate LCD bias voltages on the basis
of Vssp, 3. Connect a 0.1 puF capacitor between Vcp and Veco.
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Parallel Interface Input-Output Timing

Input timing diagram

.
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Output timing diagram
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DB7-1 DATA
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DBO DATA

BUSY

L
i

When C /Ez"L", RAM display data is output on DB7-0 pins.
When C/D="H" and DB7-1="L", busy data is output on DBO pin.
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I/0 Timings on the Serial Interface

Input timing diagram

-

ENOODDoDot
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Output timing diagram

o oo e o[ Lo oo [ T
)

In SO output, the eight bits after the WR pulse is input are valid.
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LIST OF COMMANDS
*: Don't Care
No [Mnemonics| Operation Comments
5/ 43 /2|10
1 LPA Load Pointer A5 | A4 | A3 | A2 | A1 | AO | Addresses 0-11, 16-27 for characters and
Address addresses 32-43, 48-59 for arbitrators

2 LOT Load Option 1 (1| * | * | 11]10 | Setsadditional functions during execution of AINC.

3 SF Set Frequency 1 10| * | * | F1]FO0| Setsconditions on master frequency.

4 | BKCG 1/0 |Bank Change 1/0 0| *| 0| 0] 0 |1/0] Validonlyin1/9 duty.

Changes display addresses 0-11, 16-27.

5 | CONT U/D Contrast 0> 0] 0] 1 |1/0] Adjusts VLCD to 8 stages.

Up/Down Adjustment range is changed by setting N1 and
N2 pins.
Contrast level is up if D0="1".
Contrast level is down if DO="0".

6 STOP Set 0| * |0 1] 0] 0| Thismodeiscancelled if D0="1"irrespective of

Stop Mode either "H" or "L" on C/D.
Stops oscillation and performs operation
equivalent to that of the DISP OFF command.

7 SOE/D Serial Out 0 * | 0] 1] 1/]1/0] Switches between output and high impedance

Enable/Disable of SO.

8 DISP Display On/Off 0 |[1/0] 1 | 0| 0 |1/0] Displayis ON if DO="1". Display is OFF if D0=0.
All commons and segments are at Vpp level if
display is OFF.

Arbitrators alone are displayed if D4="1".
9 AINC Address 0| | 1]0]1 * | Pointer address is incremented by 1.
Increment But, this command is invalid to operations that
are added by setting (11, 10).

10 ABB Arbitrator Blink 0| * | 1| 1] 0 |1/0]| Datathatisinput after setting D0O="1", is set as data
for arbitrator blink (1-dot unit).
This is cancelled by D0="0".

11 CHB Character Blink 0| * | 01| 0|10 * | Controls blinking of character.

12 BPC Blink Pattern 0| * | 1 1] 1]1/0] Sets blink patterns of characters.

Control (O: chara) if DO="1", (m: chara) if D0="0".

13 ABLC Arbitrator Line 1| * | * | * | L1|LO | Setsarbitrator display lines.

Change

Notes:1 Pointer address is not changed even if commands numbers 1 to 8,10, 12, 13 are enterd.
:2 Pointer address is automatically incremented by 1 when commands numbers 9, 11,
display code data, and arbitrator data are enterd.
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e LOT
H 10 Additional function Remarks
0 0 | No additional function
0 1 | Ablank code is written for each subsequent AINC. Used to automatically clear RAM at power-on.
1 0 | Blinking is canceled for each subsequent AINC.
1 1 | The above two functions are ORed.
e SF
F1 FO Frequency of source oscillation in the IC Remarks
0 0 XT Used to generate the optimum frequency when external
0 1 XT+2 clocks are input.
1 0 XT+4
1 1 XT+8
e DISP
D4 DO Character Arbitrator Remarks
* 0 OFF OFF Used to turn on and off the display.
0 1 ON ON
1 1 OFF ON
*:Don't care
e ABLC (when the duty is 1/16)
L1 LO Arbitrator 1 Arbitrator 2 Remarks
0 0 com1 Ccom2 Arbitrator 1 indicates display data at addresses
COM15 COM16 32 to 43, while arbitrator 2 indicates display data
1 * CoM16 Ccom1 at addresses 48 to 59.
*:Don't care
e ABLC (when the duty is 1/9)
L1 LO Arbitrator 1 Arbitrator 2 Remarks
0 0 com1 COom2 Arbitrator 1 indicates display data at addresses
Com8 CoM9 32 to 43, while arbitrator 2 indicates display data
1 * COM9 Ccowr at addresses 48 to 59.

*:Don't care
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Explanation of Commands
[D7, D6, D5, D4, D3, D2, D1, D0], X = Don't care

e LPA (Load Pointer Address)
[1,1, A5, A4, A3, A2, Al, AO]
This command sets in the address pointer the address of the command to be executed or the
address of the display data to be input. The settable addresses are inconsecutive addresses
00H to 0BH, 10H to 1BH, 20H to 2BH, 30H to 3BH represented by A5 to A0. When addresses
0CH to OFH, 1CH to 1FH, 2CH to 2FH, or 3CH to 3FH are set, 00H is assumed.
After RESET = "L", the address is set to 00H.

e LOT (Load Option)
[1,0,1,1, X, X, 11, 10]
This command executes the additional function specified by I1 and 10 to the display of the
current address when the AINC command is executed. Additional functions are shown
below.

After RESET = "L",, both I1 and 10 are set to "0".

H 10 Additional function

0 0 None

0 1 After this command is executed, the blank code is writtern each time AINC is executed.
1 0 After this command is executed, blinking is canceled each time AINC is executed.

1 1 The above two additional functions are ORed.

e SF (Set Frequency)
[1,0,1,0,X, X, F1, FO]
This command sets the number by which the external clock input from the XT pin is divided
in order to get the source frequency inside the IC. This command is valid when 32K/EXT pin
is"L". The dividing ratio is specified by F1 and F0 in the command. The table below lists the
source oscillation frequencies in the IC.
After RESET = "L", both F1 and FO are set to "0".

F1 FO Frequency of source oscillation in the IC
0 0 XT
0 1 XT+2
1 0 XT+4
1 1 XT+8

e BKCG1/0 (Bank Change 1/0)
[1,0,0,X,0,0,0,1/0]
This command changes addresses (banks) to be displayed. The command is valid only when
thedutyis1/9. When D0is 0, addresses 0 to 11 (character 1), 32 to 43, and 48 to 59 (arbitrators
1 and 2) are displayed. When D0 is "1", addresses 16 to 27 (character 2), 32 to 43, and 48 to 59
(arbitrators 1 and 2) are displayed. The command and display data can be set regardless of
the bank setting.
After RESET ="L", D1 is set to "0".
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CONT U/D (Contrast Up Down)

[1,0,0,X,0,0,1,1/0]

This command selects the voltage of Vggp, 3 that is used as the reference voltage for the LCD
bias. When the value of Vggp, 3 is changed, the contrast is changed accordingly.

The contrast is controlled by the value of the 3-bit up/down counter so that eight stages are
supported. The value of the up/down counter is incremented when "1" is entered by this
command and decremented when "0" is entered. The counter changes within the range of 0
to7.

When the counter reaches 7, it goes back to "0".

According to the settings of N1 and N2, the contrast stages can be changed to1t0 8,2to 9, or
3to A.

At stage 0, the bias voltage is minimized. The larger the contrast stage, the higher the bias
voltage. At stage A, the bias voltage is maximized.

After alow RESET is input, the counter is set to the minimum value specified by N1 and N2.

Example: - - - 63703123334536730 - - -

Note: At some contrast stages, the bias voltage may be increased to 5.5 V or higher. Adjust
the stage so that the bias voltage does not exceed 5.5 V.

STOP (Set Stop Mode)

[1,0,0,X,0,1,0,0]

This command sets standby mode. Specifically, the command stops the oscillation block to
prevent current form flowing through the oscillation block and outputs the Vpp level to all
LCD output pins. Standby mode is canceled when DO is set to "1" regardless of the setting of
theC/D pin. When a command or data with DO set to "1" is entered, the command is executed

or the data is input. At the same time, standby mode is canceled.
After RESET = "L", standby mode is disabled.

SOE/D (Serial Out Enable/Disable)

[1,0,0,X,0,1,1,1/0]

This command controls theimpedance of the SO output pin. The command is valid only when
the serial interface is used. When DO is set to "0", the SO pin is set in the high impedance state.
After RESET = "L", DO is set to "0".

DISP (Display On/Off)

[1,0,0,1/0,1,0,0,1/0]

This command sets LCD display mode. When DO is set to "1", the LCD is turned on. When
DO0issetto"0", the LCD is turned off, in which case, the Vpp level is output to all segment and
common pins. When the LCD is turned ON (D0="1"), and D4 is set to "1", only arbitrators are
displayed and when D4 is set to "0", both characters and arbitrators are displayed. The table
below lists display modes.

After RESET ="L", both D4 and DO are set to "0".

D4 DO Characters Arbitrators
X 0 OFF OFF
0 1 ON ON
1 1 OFF ON

20/39



FEDL9000B-01

OKI1 Semiconductor MSM9000B-xx

¢ AINC (Address Increment)
[1,0,0,X,1,0,1,X]
This command increments the value of the address pointer by one. Each time this command
is input, the value is incremented by one. Addresses are increased as follows: 00 to 11 — 16
t027 = 32t043 - 48t0 59 — 00 ---. This cycle is repeated. The function specified by the LOT
command is performed for the previous address before the address incremented by one every
time this command is input.

ABB (Arbitrator Blink)

[1,0,0,X,1,1,0,1/0]

This command turns arbitrator blinking on or off. Display data input after DO is set to "1" is
handled as arbitrator blink data. Input blink data corresponds to dots of the arbitrator at the
same address on a one-to-one basis. When the dot is "1", blinking is enabled. When the dot
is "0", blinking is disabled. While the dot is blinking, it is turned on and off repeatedly.
Blinking can be specified for a dot for which enabling the arbitrator is not specified, but the
dot does not blink.

Dummy data must be set for arbitrator data D5 to D7. Data cannot be written to addresses 00
to 31 and 44 to 47.

After RESET = "L", DO is set to "0".

CHB (Character Blink)

[0,0,0,X,0,0,1/0,X]

This command enables or disables character blinking. The command is executed for the
address pointed to by the address pointer. When D1 is set to "1", blinking is enabled. When
D1lissetto"0", blinking is disabled. During blinking, the turning on of all dots (5 x 7 dots) and
character display are repeated. In another blinking pattern, the turning off of all dots and
character display are repeated. Either pattern is selected by the BPC command.

After RESET = "L", the value of the address pointer is automatically incremented by one.

BPC (Blink Pattern Control)

[1,0,0,X,1,1,1,1/0]

This command selects a character blinking pattern. When DO is set to "1", the turning on of
all dots (5 x 7 dots) and character display are repeated. When DO is set to "0", the turning off
of all dots and character display are repeated.

When D0 is "1" but the character is a blank, the character does not blink visibly. When DO is
"0", the character does not blink visibly while all its dots are turned on.

After RESET ="L", DO is set to "0".

~H N-H

[D0="1"] [D0="0"]
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e ABLC (Arbitrator Line Change)

[0,1,1,X, X, X, L1, LO]
This command selects acommon line for arbitrator display, according to the settings of L1 and
L0. The table below shows the relationships between L1 and L0 and displayed common lines,
assuming that the display data at addresses 00 to 11 is character 1, the display data at
addresses 16 to 27 is character 2, the display data at addresses 32 to 43 is arbitrator 1, and the
display data at addresses 48 to 59 is arbitrator 2. Different common lines are displayed for 1/
16 duty and 1/9 duty.

After a low RESET is input, both L1 and LO are set to "0".

Common lines displayed by the ABLC command are as follows:

When 1/16 duty is chosen

L1 LO Character 1 Character 2 Arbitrator 1 Arbitrator 2
0 COM31t09 COM10to 16 COMH COM2
1 COM1to7 COM8to 14 COM15 COM16

1 X COM21t0 8 COM9to 15 COM16 COMA

When 1/9 duty is chosen

L1 LO Character 1 Character 2 Arbitrator 1 Arbitrator 2
0 COM3t09 COMI COM2
1 COM1to7 COMm8 COM9
X COM2t0 8 COM9 COMA

Note: When 1/9 duty is chosen, characters 1 and 2 can be switched by changing the bank.

Increment of the address pointer by one
When display data or arbitrator blink data is input or the AINC or CHB command is executed,
the address pointer is incremented by one.
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Mode Setting after a Reset Input

The table below lists the settings of individual modes during a RESET =L input.

Command Mode setting Remarks

LPA A5to A0 ="0" The address pointer is set to "00".

LOT 11="0",10="0" Load Option command with no additional function.

SF F1="0", F0 ="0" The dividing ratio is setto 1.

BKCG 1/0 DO="0" Display addresses 00 to 11 are set.

CONT U/D — The control counter is set to 0 (Stage 0).

STOP — Standby mode is disabled.

SOE/D DO="0" The SO pin is set to the high impedance state.

DISP D4="0",D0="0" Both characters and arbitrators display mode is set, but the dispaly is
turned off.

ABB DO ="0" Display data input mode is enabled.

BPC DO ="0" Blink mode is such that the turning on of all dots and character display
are repeated.

ABLC L1="0"LO="0" Arbitrator 1 corresponds to COM1, and arbitrator 2 corresponds to

CcoM2.

* Even when a reset is input, display RAM is not initialized. To clear the display data, a blank
code must be written. (This can be done with an additional function of the AINC command.)

Mode Settings during Standby

The table below lists the settings of individual modes during standby.

Command Mode setting Remarks

LPA A51to A0 ="0" The address pointer is set to "00".

LOT

SF No change The setting before standby mode is retained.

BKCG 1/0

CONT U/D — The count before standby mode is retained.

STOP — Standby state 10. No change.

SOE/D DO ="0" The setting before standby mode is retained.

DISP D4="0",D0="0" Both character and arbitrator display mode is set, but the display is
turned off.

ABB

BPC No change The setting before standby mode is retained.

ABLC

¢ Data before standby mode is retained in display RAM.
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Display Screen and Memory Addresses

Q0000  OO000 = - m e Q0000  COOOO ——— Arbitrator 1
00000  OOCO0 -~ 00000  COCOO ~—— Arbitrator 2

...................... -<——Character 1

Screen
""""""""""" ~——Character 2
32 | 33 42 | 43 | =— Amitrator 1
48 49 58 59 ~—— Arbitrator 2
RAM map 0 1 10 11 ~—— Character 1
16 17 26 27 ~—— Character 2

Note: Characters are input as codes. Arbitrators are displayed directly without intervening
CG ROM. Input data is displayed as shown below.

S5n+1 -« . Shn+bd S: Segment
AW ¥ n: 0to 11
Val N

D4 DO

Dummy data must be set for input data D7 to D5. Either "1" or "0" can be input as input data
of D7 to D5.
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Calculation Method of Various Kinds of Frequencies
® Frame frequency

For 1/16 duty

(Source clock cycle) x (1/Dividing ratio) x 448 = Frame cycle - - - - - (1)
For 1/9 duty

(Source clock cycle) x (1/Dividing ratio) x 468 = Frame cycle - - - - - (2)
Example

Source oscillation frequency = 32.768 kHz
Dividing ratio=1/1

Specification: 1/16 Duty

Clock cycle Ts = 30.5 ps

Under these conditions, the frame frequency can be calculated from expression (1) as follows:
Frame cycle Tf = 30.5 x 10-6 x 1 x 448 = 13.66 ms

Therefore
Frame frequency = 73.2 Hz

¢ Calculating the blinking frequency
The blinking frequency can be calculated from the following expression:

Blinking frequency = (Source clock cycle) x (1/Dividing ratio) x 215 . . . . ©))

Example

Source oscillation frequency = 32.768 kHz
Dividing ratio=1/1

Clock cycle Tg = 30.5 ps

Under these conditions, the blinking frequency can be calculated from expression (3) as
follows:
Blinking cycle Tf =30.5x10-6x1x215=1s

Therefore
Blinking frequency = 1 Hz

* Source oscillation frequency and busy time
When data is written to or read from RAM or a command is input, data processing time (busy
time) is taken. The maximum busy time is the source clock cycle multiplied by 10. The busy
signal (not-busy = "L", busy = "H" ) is detected at the SO pin when the serial interface is used
or at the DBO pin when the parallel interface is used. When display data or commands are
input consecutively, a wait must be inserted for the source clock cycle multiplied by 10.
Another way is to detect busy signals and input data or commands during not-busy time only.
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Flowchart at Power-on (parallel interface)

( Turn on the power ) Input a reset after the Vpp—Vss level exceeds 2.5V.
| Input a reset | 5us, external, or power-on reset
| CS="L" | Chip enable.

Set modes for SF, BKCG1/0,
BPC, and ABLC

Set a mode by the reset input according to specifications.

| LOT. 1H="1" 10="1" | Set the load option. The blank code is written and
’ “ U blinking is released each time AINC is executed.

| AINC x 48 times | RAM data is cleared.

| LOT, H="0", 10="0" | The load option is cleared.

Input data to be displayed
on the initial screen

NO Has data to be displayed

on the initial screen been
input?
YES

| DISP, D4="X", D0="1"

| The display is turned on. The initial screen is displayed.
Set D4 according to the display.

( Perform ordinary operation )

® When the stage to be selected is already determined, contrast can be adjusted before the
display is turned on (for example, at the same time as when mode is set).

¢ After a command or display data is input, check for busy data. Make sure that the busy data
("H") has changed to not-busy data ("L") before making the next input.
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Flowchart at Power-on (serial interface)

Turn on the power

Input a reset

Ts-L

SOE/D, DO="1"

Wait for 10 clocks

Set modes for SF, BKCG1/0,
BPC, and ABLC

LOT, 1="1", I0="1"

AINC x 48 times

LOT, 11="0", 10="0"

Input data to be displayed
on the initial screen

Has data to be displayed
on the initial screen been
input?

YES

DISP, D4="X", D0="1"

Perform ordinary operation

Input a reset after the Vpp—Vss level exceeds 2.5V.

5Sus, external, or power-on reset

Chip enable.

SO output is enabled to detect busy signal.

Insert a wait only in processing the SOE/D command.
(By busy signal detection for subsequent inputs).

Change the settings after a reset, if necessary.

Set the load option. The blank code is written and
blinking is disabled each time AINC is executed.

RAM data is cleared.

The load option is cleared.

The display is turned on. The initial screen is displayed.
Set D4 according to the display.

* When the stage to be selected is already determined, contrast can be adjusted before the
display is turned on (for example, at the same time as when mode is set).

e After a command or display data is input, check for busy data. Make sure that the busy data
("H") has changed to not-busy data ("L") before making the next input.
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Flowcharts to Set and Cancel Standby Mode

( Ordinary operation )

| Busy signal detection | Confirm not-busy signal.

NO

YES
| STOP | Set standby mode.

C Standby mode )

C Standby mode )

| Set DO to 1 | When the code in which DO is set to 1 is input,
‘ : standby mode is canceled regardless of G/D input.

| Wait until oscillation is stabilized. |

| Wait until voltage multiplier is stabilized. |

( Ordinary operation )

The length of the wait depends on
the configuration of the oscillation circuit.
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Liquid Crystal Applied Waveform Examples

In 1/16 duty

[1121314]5]6171819l10l11112113114l15116l 1121314 |5]6171819[10l11[1211314[15/16]

------------------------------------------------------------------ — Vpp
----------------------------------- — Vsst
Cl oo J --------------------------------- — Vss2,3

e e ettt el — Vssq
"""""""""""""""""" — Vsss

e e B — Vb
-------------------------------- - — Vsst
02 ~-f-f-mmmmmooommmmmooooommmooooos m """"""""""""""""" — Vss2,3

Vss4
--------------------- e V£ YT

""""""""""""""""""""" — Vss4
— Vsss

e S ittt ittt ettt — Voo
D mmmmememeooeooiooooooos - - — Vsst
0 e |’\ — Vss2,3

[1]12]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]
"""""""""""""""""" T T - """""""""_VDD
---------------------------------- }-}--"---[-]-]--""""""""" — Vsst
Sn -7 T S - — Vss2,3
L L SR e
e — Vsss
00000000000000000000000000000000

@ - Lighting-on
() = Lighting-off
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In 1/9 duty

1 1213l4ls5]s6l71l8lo9l1l2]3l4ls5l6l78]29]

e T — Vpp
e — Vsst
e e B s — Vss2, 3
B e b — Vss4
""""""""""""""""""""" I—""""""'""""""""""" — Vss5
e e _VDD
e R R e — Vsst
e R R e e R R il — Vsso, 3
SR I S il — Vss4
""""""""""" STt TToTotooommmomoommommmmomos — Vs
"""""""""""""""""" —|'"""""'"""""""""""""' — Vpp
----------------------------------- ---- — Vssy
------------------------------------------------------------------ ---- — Vss,3
"""""""""""""""""""""" — Vss4
""""""""""""""""""""""""""""""""""""""""" —— — Vsss
11213 l4ls5lel718lolt1l2l3lalslel7]8]o9l
""""""""""""""""""""" --- STttt - - _VDD
--------------------------------------- R e R B At REbd bl I V/ Y
— Vss2,3
EREEd b Sl e S el i Rttt — Vsss
"""""""""""""""""""""""""""" — Vsss

@ - Lighting-on
() = Lighting-off
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Codes and Character Fonts of Code -01

ONECEED w11 Tl IOOO00 o o [ OoooooO OOmCOmO0 OoomOo0 OmEO000
- BEOUNOCE o EOOmOm0 - OO00000 0000000 vEOOOOOW o OOEMCEOD0 . OOECECD o EOOE000
EOOEOOm EOONCCE - OEECEED CENCEED - OECCOND - OOECOEOD S OECO0ED O E00Osos
ImOOE0OE I ECOENCON #ZOEECEND S OEECECE 5 0UEOEDD ZO0EONOD T ECOO00UE T moooood
SOmmECmEED SOEEOOO0 0000000 2000000l & O0Um00D  «OOEOEDD 0000000 & Om0oooo
w11 T 0oooooO (| (/] | [ (/] | T OOooOmO0 EOOEEED OOoCmmO EROO000
oNUNDOCOE .COO0O00OE o EOOECOCOE @ EEOEC00S 2 SEEEEEE o §E0OEC00E o ECOECOE  EOEO000
EOOmOOm EEEEEEE - EOOOEOE (] {// | ONCOmO0 EOEOOCm EOOECON - mOOmO00
ZEOOOEmON ITONOOOOE ZECOOOOEE ZEOD0OOm I OOECEOD IECOECOOE 2 SONCECOE = EO0OEEE
SOmEEEED &»O0OO0000 & 0OEOOO0OE S EO00OmOD S OOomm0D S EEECOEd S OOEEEEC 5 E0ooood
BOOOOO. I O | OOmCOmOO 1103083 | | || OO0
_Om0oOom0 0000000 2« Ooomooo o000 o . 0o . Oomog
n/sl | [ [mm OOMEEDOD - OEEEEEC T Tm o = EE - OOOmO00
 OOoooog ZOmODOmD < OOomo00 = mOm = o T EE T OOOOm00
N { I { I { O | N EBOOOO0Om 2 OOmOmCdd N 1000 N | | N 100 N OoOomd
a CICIEIEL 1] LICICC OmOoComod OmROOoCmE Oooomom |
5 0000000 . mEmm »ONONCOED <OOEOONE o OEDOOED . Ood
" EEERCOE - OO0 ENEEEEE o o [ {n ECECECE - EED
z IQ0UODOOD 2 mEl IOECECED IEECOOEO0 2 EOOECOOE T EOE
IS [V I e 10 N OO 2 OOmOmOdd N OOmOOomd ~ BEEOOOmO 2 m| | [m] | [ o [0

18H:

19H:

1AH:

1BH:

1CH :

1DH:

1EH:

1FH:

10H:

11H:

12H:

13H:

14H:

15H :

16H:

17H:

08H :

09H :

0AH :

0BH :

OCH :

ODH:

OEH :

OFH :

00H :

01H:

02H:

03H:

04H :

05H:

06H :

07H:
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APPLICATION CIRCUITS

Example 1
[1/16 duty, parallel interface, crystal oscillation circuit and bias voltage generator used]

LCD Panel

5x 7 dot characters x 12
characters x 2 lines
60 symbols x 2 lines

60
Voo Segment
drivers
Vbp C1to C16 S1to S60 18 pF
XT
C _ Vss1 = 18p
- Vsso, 3 XT ;|
Vop C_l_—V534 32.768 kHz
T c —Vsss 32K/EXT
T 9D/T6D
Ve
C=0.1 uF y
c2
C { 100 kQ
Veee _
C v RESET
- S 1uF
VTD” &
\
c= | o TEST
= o a
s SBERS #2385 Nt N2 JT
A A A A [
8 OPEN
Vpp or Vsg
< i
Vpp or Vsg

PORT
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Example 2
[1/9 duty, serial interface, 32kHz external clock input and bias voltage generator used]

5 x 7 dot characters x 12
LCD Panel characters x 1 line
60 symbols x 2 lines

DB7-0

C1toC9 C10to C16

MSMS9000B-xx

[am]
==

BE R
S =l S » »

<— 32 kHz External Clock

8* A A ATA A

Vpp or Vsg

Vipp or Vss
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PAD CONFIGURATION

Pad Layout

Chip size: 4.76 x 3.29 mm
Bump size: 78 x 100 um

Y
87 50
88 T T T i i 1 i o e 49
] | —
g my
m m
W W
g g
m m
W W
g g
m m
W W
g g
m m
: : N
O O X
W W
w w
W W
W W
0 0
O O
w w
W W
W W
w w
/D [L\
112 poOoO000O0oOoOoO0OOoO0O0OodOoOooooooog 25
1 24

Pad Coordinates

Pad No. Pad Name X (um) | Y (um) Pad No. Pad Name X (um) | Y (um)
1 Vss -2012 -1508 21 Vo1 1487 -1508
2 [ -1837 -1508 22 Vei 1662 -1508
3 c/D -1662 -1508 23 VsH 1837 -1508
4 RD -1487 -1508 24 Vsse 2012 -1508
5 WR -1312 -1508 25 Veeo 2194 -1375
6 Sl -1137 -1508 26 Ve 2194 -1255
7 SHT -962 -1508 27 Vss1 2194 -1135
8 SO 787 -1508 28 Vss2,3 2194 -1015
9 DB7 -612 -1508 29 Vssa 2194 -895
10 DB6 —437 -1508 30 Vsss 2194 =775
11 DB5 -262 -1508 31 COM9 2194 -605
12 DB4 -88 -1508 32 ComM10 2194 —495
13 DB3 88 -1508 33 COM11 2194 -385
14 DB2 262 -1508 34 Com12 2194 =275
15 DB1 437 -1508 35 COM13 2194 -165
16 DBO 612 -1508 36 COM14 2194 -55
17 Vpp 787 -1508 37 COM15 2194 55
18 TEST 962 -1508 38 COM16 2194 165
19 N1 1137 -1508 39 SEG60 2194 275
20 N2 1312 -1508 40 SEG59 2194 385

37/39



OKI1 Semiconductor

FEDL9000B-01

MSM9000B-xx

Pad No. Pad Name X (um) | Y (um) Pad No. Pad Name X (um) | Y (um)
4 SEG58 2194 495 81 SEG18 -1337 1508
42 SEG57 2194 605 82 SEG17 -1444 1508
43 SEG56 2194 715 83 SEG16 -1552 1508
44 SEG55 2194 825 84 SEG15 -1659 1508
45 SEG54 2194 935 85 SEG14 -1765 1508
46 SEG53 2194 1045 86 SEG13 -1872 1508
47 SEG52 2194 1155 87 SEG12 -1980 1508
48 SEG51 2194 1265 88 SEG11 -2194 1375
49 SEG50 2194 1375 89 SEG10 —219%4 1265
50 SEG49 1980 1508 90 SEG9 —219%4 1155
51 SEG48 1872 1508 91 SEG8 —219%4 1045
52 SEG47 1765 1508 92 SEG7 —219%4 935
53 SEG46 1659 1508 93 SEG6 -2194 825
54 SEG45 1552 1508 94 SEG5 —219%4 715
55 SEG44 1444 1508 95 SEG4 —2194 605
56 SEG43 1337 1508 96 SEG3 —2194 495
57 SEG42 1231 1508 97 SEG2 —2194 385
58 SEG41 1123 1508 98 SEG1 —2194 275
59 SEG40 1016 1508 99 COoM8 —2194 165
60 SEG39 910 1508 100 Com7 —2194 55
61 SEG38 803 1508 101 COM6 —2194 -55
62 SEG37 695 1508 102 COM5 —2194 -165
63 SEG36 588 1508 103 COM4 —2194 =275
64 SEG35 482 1508 104 COM3 —2194 -385
65 SEG34 374 1508 105 Ccom2 —2194 —495
66 SEG33 267 1508 106 COM1 —219%4 -605
67 SEG32 161 1508 107 RESET —219%4 =775
68 SEG31 54 1508 108 32K/EXT —219%4 -895
69 SEG30 -54 1508 109 9D/16D —219%4 -1015
70 SEG29 -161 1508 110 P/s —219%4 -1135
71 SEG28 —267 1508 111 XT —219%4 -1255
7?2 SEG27 =374 1508 112 XT —2194 -1375
73 SEG26 -482 1508
74 SEG25 -588 1508
75 SEG24 -695 1508
76 SEG23 -803 1508
77 SEG22 -910 1508
78 SEG21 -1016 1508
79 SEG20 -1123 1508
80 SEG19 -1231 1508
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NOTICE
1.  The information contained herein can change without notice owing to product and/or

9.

technical improvements. Before using the product, please make sure that the information
being referred to is up-to-date.

The outline of action and examples for application circuits described herein have been
chosen as an explanation for the standard action and performance of the product. When
planning to use the product, please ensure that the external conditions are reflected in the
actual circuit, assembly, and program designs.

When designing your product, please use our product below the specified maximum
ratings and within the specified operating ranges including, but not limited to, operating
voltage, power dissipation, and operating temperature.

Oki assumes no responsibility or liability whatsoever for any failure or unusual or
unexpected operation resulting from misuse, neglect, improper installation, repair, alteration
or accident, improper handling, or unusual physical or electrical stress including, but not
limited to, exposure to parameters beyond the specified maximum ratings or operation
outside the specified operating range.

Neither indemnity against nor license of a third party’s industrial and intellectual property
right, etc. is granted by us in connection with the use of the product and/or the information
and drawings contained herein. No responsibility is assumed by us for any infringement
of a third party’s right which may result from the use thereof.

The products listed in this document are intended for use in general electronics equipment
for commercial applications (e.g., office automation, communication equipment,
measurement equipment, consumer electronics, etc.). These products are not authorized
forusein any system or application that requires special or enhanced quality and reliability
characteristics nor in any system or application where the failure of such system or
application may result in the loss or damage of property, or death or injury to humans.
Such applications include, but are not limited to, traffic and automotive equipment, safety
devices, aerospace equipment, nuclear power control, medical equipment, and life-support
systems.

Certain products in this document may need government approval before they can be
exported to particular countries. The purchaser assumes the responsibility of determining
thelegality of export of these products and will take appropriate and necessary steps at their
own expense for these.

No part of the contents contained herein may be reprinted or reproduced without our prior
permission.

MS-DOS is a registered trademark of Microsoft Corporation.

Copyright 2000 Oki Electric Industry Co., Ltd.

Printed in Japan

39/39



