o g &~ w Db

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

I«B King Billion Electronics Co., Ltd

- Table of Contents -

General Description

LCD Driver Series

Features

Block Diagram

Pin Description

Control Registers

L CD Power System

Relationship between Display Data and LCD Driver Pins

Multi-Chip Connection

Timing Chart of Cascade Connection

Common Connection

Mixed M ode Connection

Precautions

LCD Waveform

Pin Locations

Absolute Maximum Rating

Recommended Oper ating Conditions

AC/DC Characteristics

Application Circuit for module

Updated Record

W W W W W W W W W W WwWWwWw W W W W WD

January 20, 2005 1
This specification is subiect to chanae without notice. Please contact sales nerson for the latest version before use.

V1.10



' King Billion Electronics Co., Ltd KD12
LCD Driver Series

1. General Description

The KD125 is a member of LCD driver IC series developed by King Billion Electronics Co. It's a
120-output common'segment LCD driver 1C suitable for driving small/medium scale dot matrix LCD
panels, used in PDA or electronic dictionary. The KD125 is good as a segment driver, common driver or
common/segment driver, and it can create a low power consuming, high-resolution LCD. The KD125
have eight modes can selected to set common and segment numbers by control register. The KD125 also
has built-inanalog regulator and DC/DC converter and they can be enabled or disabled to use externa
LCD power system for larger LCD panel.

2. Features

Number of LCD drive outputs: 120 COM/SEG
Supply voltage for LCD drive: Max +16V
Supply voltage for the logic system: +2.4to +4 V
LCD display duty selectable by control register
8 LCD Configurations: 0COM/120SEG, 32COM/88SEG, 48COM/72SEG, 64COM/56SEG,
80COM/40SEG, 96COM/24SEG, 112COM/8SEG, 120COM/0SEG.
Low power consumption and low output impedance
Built-in LCD voltage regulator and booster circuit (with Boost ratio of 2X/3X/4X/5X/6X)
Bias configuration: 1/6 ~ 1/12 bias.
Bus width selectable: 1-bit series/ 4-hit parallel modes.
» Package: 154-pin COB (Pad Size:80umx80um, Pad Pitch: 95umx95um).
(Segment mode)
» Shift clock frequency
15 MHz (MAX.): VDD = +3.0to + 4V
12 MHz (MAX.): VDD =+24to+ 3.0V
> 4-bit pardlel / serial input modes are selectable with a mode (P/S) pin

YV V.V V V

Y V V V

» Automatic transfer function of an enable signal
» Automatic counting function which, in the chip selection mode, causes the internal clock to be
stopped by automatically counting88 72 56 40 24 8 or 120 bits of input data
» Line latch circuits are reset when XDISPOFF active
(Common mode)
» Shift clock frequency: 4 MHz (MAX.)

January 20, 2005 2 V1.10
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> Built-in X-bit shift register
» Availablein asingle mode
» Y1->Yx Single mode
Yx->Y1 Single mode
X=32 48 64 80 96 112 120
» Shift register circuits are reset when XDISPOFF active

(16 Levels Gray Display)
» B/W, 4 and 16 gray levels can be displayed by the pulse width modulation.

3.Block Diagram

735
74
{}F g COMSESMENT DRIVER
71
VIS4 |
VOLTAGE |
FALLOWER [
o TOLTAGE LEVEL SHIFTER —] R
Log2,vacs
RECULATOR —] .T T.
LYVPLCAPL A, - BOOSTER
D ISPOFF
LEAPIBLCAPZA, Egég‘;*% CLE COM/SEG DATA LaTcH %
LEAPIE LEADE A, o — T AND 16/4 CRAY PWIL [ *0CE
LEAP4L TICADSS I ... CONTROL ..‘ LP
COMDIAND ‘=|-_T
¥EEADIECLE —... DECODER
EI01, EIC COW/SES DATS SHIFT [
moz 4 ~onTRoL [ Fy >

> SHIFT CONTROL AND
p{ DaATAINCONTROL

f

DI[E:01SH LR DK
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4.Pin Description
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Pin Name /O Description
Y[119..0/CMSG[119:0]| O | LCD driver Common/Segment outputs
V[5:1] b Power supply for LCD driver, Connect a capacitor between this terminal
andGND.V5 V4 V3 V2 V1 GND.

Lyp b DC/DC charge pump voltage, connect a capacitor between this terminal
and GND. .LVP V5

LCAP1A O | DC/DC charge pump converter pad.

LCAP1B O |DC/DC charge pump converter pad.

LCAP2A O |DC/DC charge pump converter pad.

LCAP2B O |DC/DC charge pump converter pad.

LCAP3A O |DC/DC charge pump converter pad.

LCAP4A O |DC/DC charge pump converter pad.

LCAP5SA O |DC/DC charge pump converter pad.

LGS1 | | Regulator voltage setting pin(adjust V5 voltage)

LGS2 | | Regulator voltage setting pin(adjust V5 voltage)

VAG O | Internal reference voltage.

VDD b Positive Power Input. Adding 0.1 pF capacitor as by-pass capacitor on
power pinsis necessary.(within 1 cm distance)

RSTH | System Reset pin .When low level active.
The XRST L PUL SE timing min value is 200us and max valueis 0.5s

January 20, 2005
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Pin Name /O Description
GND x2 P | Power ground pads.
DI30] B Command/Data /O port. All these pins are in push-pull mode
DIO[3:0] pin is used for nibble mode data transferring.
Thisis the parallel data input/serial data input switch terminal.
P/Sn B | P/S="H": Pardld datainput.
P/S="L": Seria datainput.
Input pin for selecting the reading direction of display data
L/R | | Whensetto GND leve "L", datais read sequentialy from Y119 to YO.
When set to VDD level "H", datais read sequentialy from YO to Y119.
E102, EI01 /o Input/output for chip selection at segment mode and FLM input output
function at COM/SEG mix mode or common mode.
XGCK | | Clock input for 16 level clock source
XCK | | Clock input for taking display data at segment mode
XDISPOFF | | Control input for output of non-select level
Lp | Latch pulse input for display data at segment mode/
Shift clock input for shift register at common mode
FR | | AC-converting signa input for LCD drive waveform
XCS | This is the command mode select pin.
When XCS="L" then write command to the LCD.
SDI | | The series command data input pin.
SCLK | | The seriescommand clock input pin.

5. Control Registers

There are 97 control bits used to configure the KD125. The charge-pump and current follower bias circuit
areincluded in KD125. These 97 control bits are written by the series interface of XCS, SDI, SCLK. The

timing is shown as below diagram, and the function descriptions of control bits are summarized in

following table.

Bit[14:13] | Bit12

Bit1ll

Bit10 Bit9 Bit[8:6] Bit[5:3] | Bit[2:0] Reset Value

January 20, 2005
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Gray[1:0] | BLANK | BUFE | CPFUMPE | PDOWN | VADJ2:0] | Biag[2:0] | COM[2:0] | 0000_0000_0000
Bit[39:35] Bit[34:30] Bit[29:25] Bit[24:20] Bit[19:15] Reset Value
GRAY4[4:0] | GRAY3[4:0] | GRAY2[4:0] | GRAY1[4:0] | GRAY([4:0] | 0000_0000_0000
Bit[64:60] Bit[59:55] Bit[54:50] Bit[49:45] Bit[44:40] Reset Value
GRAY9[4:0] | GRAY8[4:0] | GRAY7[4:0] | GRAY6[4:0] | GRAY5[4:0] | 0000_0000_0000
Bit[89:85] Bit[84:80] Bit[79:75] Bit[74:70] Bit[69:65] Resat Value
GRAY 14[4:0] | GRAY13[4:0] | GRAY12[4:0] | GRAY11[4:0] | GRAY 10[4:0] | 0000_0000 0000
Bit[96:95] Bit[94:90] Reset Value
CPCKJ1:0] | GRAY15[4:0] | 0000_0000_0000
Name Description
Charge pump clock select
00:32k
Cpck[1:0] | 01:64k
10:128k
11:256k
The mapping register between the levels selected in shift data and the real gray scale
if the content of GRAY 1 is 0x01, when value of a certain pixel is 1 the displayed
GRAY(Q[4:0] | effect will correspond to actual gray level 1, the 16 gray scale display use dl 16
~ registers GRAYO0 ~ GRAY 15 to select among 32 available gray levels to correspond
GRAY15[4:0]| tolevel 0~ 15, when 4 gray scale display utilizes registers GRAY0 ~ GRAY 3 tg
select among 32 gray levels to correspond to level 0 ~ 15.
“00”: Black/White display.
“01”: 4 levels gray display.
Gray[1:0] I sp ¥
“10":16 levels gray display.
“11":Reserved
0: Normal Displa
BLANK P
1. LCD display blanked. The COM signals of LCD driver output inactive levels (V4

January 20, 2005
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Name Description

and V1) while SEG signals output normal display patterns.
1:.LCD charge pump disable

PDOWN
0:LCD charge pump enable

1: Disable internal bias network buffer, LV 1~5 are provided externaly.
0: Enable internal bias network buffer.

BUFE

1: Internal charge-pump is disabled and LCD power is supplied externally.
CPUMPE ge-pump p PP y

0: Internal charge-pump is enabled.
LCD Contrast Adjustment (+10%)

“111":-10% Darkest,
“110"-7%

“101"-4%

“100"-1%

“011":+1%
“010::+4%
“001":+7%

“000”: +10% Lightest.

VADJ2:0]

LCD Power System Bias Configuration
“000": Reserved

“001”: 1/6 Bias

“010": 1/7 Bias

Biag[2:0] | “O11": 1/8 Bias

“100”: 1/9 Bias

“101”: 1/10 Bias

“110": 1/11 Bias

“111":1/12 Bias

LCD COM/SEG Output Configuration Mode
“000”: 128 SEG

“001”: 32 COM x 88 SEG

“010”: 48 COM x 72 SEG

“011": 64 COM x 56 SEG

“100”: 80 COM x 40 SEG

COM[2:0]

January 20, 2005 7 V1.10
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Name Description
“101”: 96 COM x 24 SEG

“1107:112 COM x 8 SEG

“1117:120 COM

Q2 93 94 95 9% 97

SO nnanng aannhs
N\ /o
o ey

Control Register Write Timing

6. LCD Power System

The interna regulator, charge-pump and current follower bias circuits are built in to provide the LCD
power system, when the internal LCD power systemis used by set CPUMPE and BUFE bhits. If the
external LCD power is provided, the internal LCD power system shall be disabled by clear the CPUMPE
bit. The following table shows the relationship of LCD power system.

Bit[14:13 Bit10
] Bit12 | Bitll Bit9 Bit[8:6] | Bit[5:3] | Bit[2:0] Reset Value
Gray[1.0] | BLAN | BUF | CPUMP | PDOW | VADJ20 | Biag2:0 | COM[2:0 | 0000 _0000 000
K E E N ] ] ] 0
PDOWN | CPUMPE | BUFE Function
0 0 0 Internal charge-pump and current follower Bias circuit are enabled to supply
the LCD display power.
0 0 1 Internal charge-pump system is enabled, but the current follower Bias circuit
isdisabled, and the external power sources are applied LV5~LV1.
0 1 0 Internal charce-pump system is disabled, but the current follower Bias circuit
January 20, 2005 8 V1.10
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is enabled.
The single external power is applied to LVP, and internal bias circuit will

generate the LV5~LV1 voltages.

Internal charge-pump and current follower Bias circuit are disabled, and the

external power sources are applied to LVP and LV5~LV1 pads.

The lcd power system is disable, but the LVP is applied to VDD and
LV5~LV1isapplied to high impedance.

The lcd power system is disable, but the LVPis applied to VDD and
LV5~LV1isapplied to high impedance.

The lcd power system is disable, but the LVP and LV5~LV 1 is applied to
high impedance.

The lcd power system is disable, but the LVP and LV5~LV 1 is applied to
high impedance.

The boost circuit charge pump regulated voltage to LCD highest voltage LV P (3~6 times of VDD
voltage). The set-up voltage generated at LV P output the V5 through the voltage regulator circuit.
The LCD voltage(V5) can aso be fine-tuned (in £10% range) through the VADJ2:0] bits. The LCD

voltage levels V1~V5 shall be configured properly by the Biag2:0] bits based on the LCD duty and LCD
highest voltage. The following table is a general configuration relationship for the LCD duty and bias.

Duty Bias

1/32 V6or 17
/48 V7o0r1/8
164 1/8or 1/9
/80 1/8or 1/9

1/96 1/9 or /10
1/112 1/10 or /11
1/120 1/11 or /12

Voltage charge pump: The VDD voltage is then boosted up by 3, 4, 5, or 6 times to generate LVP,
depending on external capacitors configurations as shown below. Please note that LVP must be lower than
maximum operation voltage to prevent chip from break-down. The capacitance of capacitors connected to
LVP and V1~V5 shal be increased in an appropriate amount based on the LCD panel size. For small size
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LCD panel, the 0.1uF capacitors are enough, but (LuF~10uF) or bigger capacitors may be necessary for
larger LCD size application..

.The setup-up voltage cir cuits

3X set-up voltage circuit 4X set-up voltage circuit
| | e \VAG I} c2 VAG
e LvP e Lvp
il C; LGS1 i} c; LGs1
e e b
e, ; i< s
I V2 I v2
I v | vi
LCAP2B LCAP2B
LCAP1B LCAP1B
=—{LCAP5A =—LCAP5A
v M S—
] a LCAP2A ] a LCAP2A
[ LCAP1A L= LCAP1A
° LVP=3XVDD=9V——~— ’ LVP=4XVDD=12¥——>~—
VDD:SVI VDD:3VI
GND — GND —
January 20, 2005 10 V1.10
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5X set-up voltage circuit 6X set-up voltage circuit
L C2 ;| C2
I VAG | | VAG
I g Higs e p—
g LGS2 1 LGS2
d |1 c2 | || c2
I Gs1 | | LGS1
|-C2 s e v
L C2 L C2
{ | Va4 {| v4
L C2 | ©C2
1T V3 LB V3
| -C2 o e v
L C2 L C2
{ | V1 {| Vi
LCAP2B LCAP2B
LCAP1B LCAP1B
LCAP5A i} €L 1 capsa
" c1 CAPAA I €1 icapaa
I} cl LCAP3A |} cl LCAP3A
| cl LCAP2A | cl LCAP2A
—} c1 LCAP1A } ct LCAPIA
3 2
(&)
LVP=5XVDD=15V—"—>— LVP=6XVDD=15V——~—

VDD=3V I VDD=2.5T
GND — GND —

Cland C2 are determined by the size of the LCD being driven (0.1u~10u)

.Thevoltage regulator circuit:

VADJ[2:0] ADJ
000 +10%
001 +7%
010 +4%
011 +1%
100 -1%
101 -4%
110 -7%
m -10%

V5=(1+R2/R1)* (1V+Vreff ADJ)

Charge pump times Vref Condition : VDD =

6X 1.7 3.3V

5X 1.2

4X 12

January 20, 2005 1 V1.10

This specification is subiect to chanae without notice. Please contact sales nerson for the latest version before use.



' King Billion Electronics Co., Ltd KD12
LCD Driver Series

3X 12
Use LVP (externa power) 0.9

TheR1resistor isconnected between L GS2 and ground and R2 is connected to LGS1 and L GS2.
LGSI1 pin issensitive to noise. Vref will change if LGSL pin is coupled with noise. Please take carein

PCB layout. The metal wire between LGS1to R1 R2 resistor isas short as possible.

/. Relationship between Display Data and LCD Driver Pins

16-level Gray Scale Display with PWM

DISPLAY DATA

DI[3] [DI[2] [DI[1] [DI[0] |GRAY SCALE REGISTER

0 0 0 GRAYO(GRAY LEVELDO)

GRAY1(GRAY LEVEL1)

GRAY2(GRAY LEVEL?)

GRAY3(GRAY LEVEL3J)

GRAY4(GRAY LEVELY)

GRAY5(GRAY LEVELS5)

GRAY6(GRAY LEVELSG)

GRAY7(GRAY LEVEL?7)

GRAY8(GRAY LEVELS)

GRAY9(GRAY LEVELY)

GRAY10(GRAY LEVEL10)

GRAY11(GRAY LEVEL11)

GRAY12(GRAY LEVEL12)

GRAY13(GRAY LEVEL13)

GRAY14(GRAY LEVEL14)

RlRr[Rr[Rr[Pr[r[r[r]o]o]o]o]o]o]o
NN NN EEEEIEEEENEEE
NN EEIREREEIEEEEEREE
NEINERNEEREIEREIENEINEENE

GRAY15(GRAY LEVEL15)

4-level Gray Scale Display with PWM

DISPLAY DATA

DI[3]/DI[1][DI[2]/DI[0] |GRAY SCALE REGISTER
0 0 GRAYO(GRAY LEVELDO)
0 1 GRAY1(GRAY LEVEL1)
1 0 GRAY2(GRAY LEVEL?)
1 1 GRAY3(GRAY LEVEL3J)

-Gray Scale REGISTER of 32 PWM (Pulse Width M odulate)

DEC |GRAY SCALE REGISTER(5 BIT) |[PWM |NOTE

0 00000 0 BRIGHTER

1 00001 2/32

2 00010 3/32

3 00011 4/32

4 00100 5/32

5 00101 6/32

January 20, 2005 12 V1.10
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11100 29/32
29 11101 30/32
30 11110 31/32
31 11111 1 DARKER
Segment Mode
Black/White Display (4-bit Parallel Input Mode)
Data Number of Clocks
L/R | EIO; | EIO;
Input | 30CLOCK | 29 CLOCK | 28 CLOCK 3CLOCK | 2CLOCK | 1CLOCK
DI[0] YO Y4 Y8 Y 108 Y112 Y116
DI[1] Y1l Y5 Y9 Y 109 Y113 Y117
L Qutput | Input
DI[2] Y2 Y6 Y10 Y110 Y114 Y118
DI[3] Y3 Y7 Y11 Y111 Y115 Y119
DI[0] Y119 Y115 Y111 Y11 Y7 Y3
DI[1] Y118 Y114 Y110 Y10 Y6 Y2
H Input | Output
DI[2] Y117 Y113 Y 109 Y9 Y5 Y1
DI[3] Y116 Y112 Y 108 Y8 Y4 YO
Black/White Display (1-bit Series Input Mode)
Data Number of Clocks
L/R | EIO; EIO,
Input | 120 CLOCK [ 119CLOCK | 118 CLOCK 3CLOCK | 2CLOCK | 1CLOCK
DI[0] YO0 Y1 Y2 Y117 Y118 Y119
DI[1] X X X X X X
L Output | Input
DI[2] X X X X X X
DI[3] X X X X X X
DI[0] Y119 Y118 Y117 Y2 Y1 YO
DI[1] X X X X X X
H Input | Output
DI[2] X X X X X X
DI[3] X X X X X X
x: Don't care, should be fixed to "H" or "L", avoiding floating.
4 Levels Gray Display (4-bit Parallel Input Mode)
Data Number of Clocks
L/R | EIO; EIO,
Input | 60 CLOCK | 59 CLOCK | 58 CLOCK 3CLOCK | 2CLOCK | 1CLOCK
L | Output| Input [ DI[O] [ YO (O)* Y2(0) Y4 (0) Y114 (0) | Y116 (0) | Y118(0)
DI[1] [ YOQ* Y2(1) Y4 (1) Y114 (1) | Y116(1) | Y118(1)
January 20, 2005 13 V1.10
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DI[2] Y1(0) Y3(0) Y5 (0) Y115(0) | Y117 (0) | Y119 (0)
DI[3] Y1(2) Y3(2) Y5 (1) Y115(1) | Y117 () | Y119 (D)
DI[0] [ Y119 (0) Y117 (0) Y115 (0) Y5 (0) Y3(0) Y1(0)
DI[1] | Y119 (2) Y117 (1) Y115 (1) Y5(1) Y3(1) Y1(1)
H Input | Output
DI[2] Y 118 (0) Y 116 (0) Y114 (0) Y4 (0) Y2(0) Y0(0)
DI[3] Y118 (1) Y116 (1) Y114 (1) Y4 (1) Y2(1) YO0(1)
(1): 2™ bit, msb; (0): 1% bit, Ib.
4 Levels Gray Display (1-bit Series Input Mode)
Data Number of Clocks
L/R | EIO; EIO,
Input [ 240 CLOCK [ 239 CLOCK | 238 CLOCK 3CLOCK | 2CLOCK | 1CLOCK
DI[O] YO0 (0)* YO (1)* Y1(0) Y118(1) | Y119(0) | Y119 (D)
DI[1] X X X X X X X
L Output | Input
DI[2] X X X X X X X
DI[3] X X X X X X X
DI[0] Y119 (0) Y119 (1) Y118 (0) Y1(1) Y0(0) YO0 (1)
DI[1] X X X X X X X
H Input | Output
DI[2] X X X X X X X
DI[3] X X X X X X X
(1): 2" bit, msb; (0): 1% bit, Isb. x: Don't care, should be fixed to "H" or "L", avoiding floating.
16 Levels Gray Display (4-bit Parallel Input Mode)
Data Number of Clocks
L/R | EIO; EIO,
Input | 120 CLOCK [ 119CLOCK | 118 CLOCK 3CLOCK | 2CLOCK | 1CLOCK
DI[0] YO0 (0)* Y1(0) Y2 (0) Y117 (0) | Y118(0) | Y119(0)
DI[1] YO (1)* Y1(2) Y2(2) Y117 (1) | Y118(1) | Y119(D)
L Output [ Input
DI[2] YO (2)* Y1(2) Y2(2) Y117 (2 | Y118(2) | Y119(2)
DI[3] YO (3)* Y1(3) Y2(3) Y117 (3) | Y118(3) | Y1193
DI[0] Y119 (0) Y118 (0) Y117 (0) Y2 (0) Y1(0) Y0(0)
DI[1] Y119 (1) Y118 (1) Y117 (3) Y2(2) Y1(2) YO0 (1)
H Input | Output
DI[2] Y119 (2) Y118 (2) Y117 (2) Y2(2) Y1(2) YO (2)
DI[3] Y119 (3) Y118 (3) Y117 (3) Y2(3) Y1(3) YO0 (3)
(3): 4™ bit, msb; (2): 3%bit; (1): 2" bit; (0): 1¥ bit, Isb.
16 Levels Gray Display (1-bit Series Input Mode)
Data Number of Clocks
L/R | EIO; EIO,
Input | 480 CLOCK [ 479 CLOCK | 478 CLOCK 3CLOCK | 2CLOCK | 1CLOCK
January 20, 2005 14 V1.10
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DI[Q] YO (0)* YO (D)* YO0 (2)* Y119 (2) Y119 (2) Y119 (3)

DI[1] X X X X X X X
L Output | Input

DI[2] X X X X X X X

DI[3] X X X X X X X

DI[0] Y119 (0) Y119 (1) Y 119(2) Y0 (1) YO0 (2) YO (3)

DI[1] X X X X X X X
H Input | Output

DI[2] X X X X X X X

DI[3] X X X X X X X

(3): 4" bit, msb; (2): 3% bit; (1) 2" bit; (0): 1¥ bit, Isb. x: Don't care, should be fixed to "H" or "L",
avoiding floating.

Common Mode

L/R Data Transfer Direction ElO1 ElIO2
L Y19 =2 Yo Output Input
H Yo -> Y 119 Input Output

Mixed Mode (Common/Segment M ode)
For example: When (SEL2, SEL1, SELO) = (0, 0, 1), Select the 32 COM/88 SEG MODE, then segment

side of mixed mode.

Black/White Display (4-bit Parallel Input Mode)

Data Number of Clocks
L/R| EIO; | EIO,
Input | 22 CLOCK | 21 CLOCK | 20CLOCK 3CLOCK | 2CLOCK | 1CLOCK
DI[Q] YO0 Y4 Y8 Y76 Y80 Y84
DI[1] Y1 Y5 Y9 Y77 Y81 Y85
L Output | Input
DI[2] Y2 Y6 Y10 Y78 Y82 Y 86
DI[3] Y3 Y7 Y11 Y79 Y83 Y87
DI[Q] Y119 Y115 Y111 Y43 Y39 Y35
DI[1] Y118 Y114 Y110 Y42 Y38 Y34
H Input | Output
DI[2] Y117 Y113 Y109 Y41 Y37 Y33
DI[3] Y116 Y112 Y 108 Y40 Y 36 Y32
Black/White Display (1-bit Series Input Mode)
Data Number of Clocks
L/R| EIO; | EIO;
Input | 88CLOCK | 87 CLOCK | 86 CLOCK 3CLOCK | 2CLOCK | 1CLOCK
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DI[Q] YO Y1 Y2 Y85 Y 86 Y87
DI[1] X X X X X X X
L | Output [ Input
DI[2] X X X X X X X
DI[3] X X X X X X X
DI[0] Y119 Y118 Y117 Y34 Y33 Y32
DI[1] X X X X X X X
H Input | Output
DI[2] X X X X X X X
DI[3] X X X X X X X
x: Don't care, should be fixed to "H" or "L", avoiding floating.
4 Levels Gray Display (4-bit Parallel Input Mode)
Data Number of Clocks
L/R | EIO; EIO,
Input [ 44 CLOCK | 43CLOCK | 42 CLOCK 3CLOCK | 2CLOCK [ 1CLOCK
DI[0] YO0 (0)* Y2(0) Y4 (0) Y82 (0) Y84 (0) Y86 (0)
DI[1] YO (1)* Y2(2) Y4 (1) Y82 (1) Y84 (1) Y86 (1)
L Output | Input
DI[2] Y1(0) Y3(0) Y5 (0) Y83 (0) Y85 (0) Y87 (0)
DI[3] Y1(2) Y3(2) Y5 (1) Y83 (1) Y85 (1) Y87 (1)
DI[O] [ Y119 (0) Y117 (0) Y115 (0) Y37 (0) Y35 (0) Y33 (0)
DI[1] | Y119 () Y117 (3) Y115 (1) Y37 (1) Y35 (1) Y33 (1)
H Input | Output
DI[2] | Y118(0) Y116 (0) Y114 (0) Y36 (0) Y34 (0) Y32 (0)
DI[3] | Y118 (2) Y116 (1) Y114 (1) Y36 (1) Y34 (1) Y32 (1)
(1): 2" bit, msb; (0): 1% bit, Isb.
4 Levels Gray Display (1-bit Series Input Mode)
Data Number of Clocks
L/R | EIO; ElIO,
Input | 176 CLOCK | 175CLOCK | 174 CLOCK 3CLOCK | 2CLOCK | 1CLOCK
DI[0] YO0 (0)* YO (D)* Y1(0) Y86 (1) Y87 (0) Y87 (1)
DI[1] X X X X X X X
L Output [ Input
DI[2] X X X X X X X
DI[3] X X X X X X X
DI[0] Y119 (0) Y119 (1) Y118 (0) Y33 (1) Y32 (0) Y32 (1)
DI[1] X X X X X X X
H Input | Output
DI[2] X X X X X X X
DI[3] X X X X X X X
(1): 2" bit, msb; (0): 1¥ bit, Ish. x: Don't care, should be fixed to "H" or "L", avoiding floating.
16 Levels Gray Display (4-bit Parallel Input Mode)
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Data Number of Clocks
L/R| EIO; | EIO;
Input | 88CLOCK | 87 CLOCK [ 86CLOCK | ... | 3CLOCK | 2CLOCK | 1CLOCK
DI[Q] YO (0)* Y1(0) Y2 (0) Y85 (0) Y86 (0) Y87 (0)
DI[1] YO (D)* Y1(1) Y2 (1) Y85 (1) Y86 (1) Y87 (1)
L | Output [ Input
DI[2] YO0 (2)* Y1(2) Y2(2) Y85 (2) Y86 (2) Y87 (2)
DI[3] YO (3)* Y1(3) Y2 (3) Y85 (3) Y86 (3) Y87 (3)
DI[Q] Y119 (0) Y118 (0) Y117 (0) Y34 (0) Y33 (0) Y32 (0)
DI[1] Y119 (2) Y118 (1) Y117 (2) Y34 (1) Y33 (1) Y32 (1)
H Input | Output
DI[2] Y119 (2) Y118 (2) Y117 (2) Y35 (2) Y33 (2) Y32 (2)
DI[3] Y119 (3) Y118 (3) Y117 (3) Y35 (3) Y33 (3) Y32 (3)

(3): 47 bit, msb; (2): 3% hit; (1): 2 bit; (0): 1% bit, Ish,

16 Levels Gray Display (1-bit Series Input Mode)

Data Number of Clocks
L/R| EIO; | EIO;

Input | 352 CLOCK | 351 CLOCK [ 350CLOCK | ... | 3CLOCK [ 2CLOCK [ 1CLOCK
DI[Q] YO (0)* YO (D* YO (2)* Y87 (1) Y87 (2) Y87 (3)
DI[1] X X X X X X X

L Output | Input
DI[2] X X X X X X X
DI[3] X X X X X X X
DI[Q] Y119 (0) Y119 (1) Y 119(2) Y32 (1) Y32 (2) Y32 (3)
DI[1] X X X X X X X

H Input | Output
DI[2] X X X X X X X
DI[3] X X X X X X X

(3): 4™ bit, msb; (2): 3 bit; (1) 2" bit; (0): 1% bit, Isb. x: Don't care, should be fixed to "H" or "L",
avoiding floating.

Common Side of Mixed Mode

L/R Data Transfer Direction ElO1 ElO,
L Y119 2 Yss Seg_end output Input
H Yo =2 Y119 Input Seg_end output
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8. Multi-Chip Connection

(c) WhenLIR="L"

Topdata Last data
,=r Dataflow ——————» ,}
COMSEG119 COMSEGo
COMSEG119 ——3COMSEGo _— COMSEG119 — COMSEGo
— EIO2 EIO1 P EIO2 EIO1 I EIO2 EIO1
LR LR |— LR
= 9 =
>(-§ — L -9 é — L Q é — ju -9
~ U RS x T A © X © o o
XCK
LP
FR ot
g /
DI3-Dlo /4
Vss
(d) When LIR = “H”
VDD
XCK
LP
FR *
/ .
DI3-Dlo
7 1
s 38 55 3 g 55 38
= S = 5 = S
—| LR — LR LR
Vss EIO1 ElO2 g=———————————p| EIO1 EIO2 | EIO1 ElO2
COMSEGo —> COMSEGH19 COMSEGy —>
A A
! Data flow COMSEGa > COMSEG119 !
Top data Last data
January 20, 2005 18 V1.10
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9. Timing Chart of Cascade Connection

Timing chart of 4-device cascade connection of segment drivers

LP

w  JUUUL MU T e Tutni

r TOP DATA r LAST DATA

DI3-Dio 1] 2 ]2 SRR ]2 n|1]2

I‘ device A | device B | device C | device D ’I

El
(device A)

EOC

(device A) |_|

EOC
(device B)

EO

(device C) |_|

*n =30 in 4-bit parallel input mode
n =120 in serial input mode
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10. Common Connection

Connection examples for signal common drivers (120 common)

(el LIR="L"
First
COMSEG114 COMSEGo
FLM ElCs Elch
=
o
w
- 559
o A 4. g
LI'—"—I
WEs
XOISPOFF
FR
il UR="H"
FR
XDISPOFF
\oo
Wes
LP
3 85 5 %
G -
o
5
it EIO: EIO:
COMSEGo COMSEG1e
First
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11. Mixed Mode Connection

Connection examples for plural common/segment{mix mode) drivers
The mix mode is 1/32,1/48,1/64,1/80,1/96,1/112 duty mode

LIR="L
FLM
|
XEK &
Le -
FR a5
Oi3-D10 ,; T |
X6 3¢ x5 38
ey O = H
LR
—a LR
Vi
ENQ2 EIO1 B2 B
Y1 Yxe1 ¥Yx Yo Yiie ——» Yo
A 4
Com Sag S
PS:Y=>COMSEG >
Data fhow
LR="1"
FLM
Voo L
HOK &
LP &
FR L 3
Di3-Dio '
4 * |
b m o i — i I
2 o A g % o F il g
=t LR — LR
ElCH EI02 EION EI02
‘1’; Y% T}{H*YHE Yo —>» Y1
— . — Com Seg Seq
PS:Y==>COMSEG >
Data flow
Fi
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Connection examples for 120 com &120 seqg (for 1/120 duty)

LR="1"
FLM
-
K
LFP L
Va5
FR &
DI3-Dio i
" T :
55 3% 55 3¢
s .
= 9
o {m]
LR
LR
sl
ElO2 E101 I_ EI02 EIO1
W
Y119 Yx+1 YX +Ya ® Y19 —» Yo
Com Com Sag
PS:Y==>COMSEG »
Data flow
LIR ="H"
FLM
Voo P
XCK
LP .
Vs
FR &
DI3-Di0 -
4 ’ |
gc 23 g% 33
— /R — LR
EION El02 EIOH EIQ2

Yo Yx  Yxe1 Yiig Y0 ——p Y11

Com Com Seg

-
[

PS:Y=>COMSEG

Data flow
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12. Precautions

Precautions when connecting or disconnecting the power supply

This IC has a high-voltage LCD driver, so a high current that may flow if voltage is supplied to the LCD drive power
supply while the logic system power supply is floating may permanently damage it. The details are as follows, when
connecting the power supply, connect the LCD drive power after connecting the logic system power.

Furthermore, when disconnecting the power, disconnect the logic system power after disconnecting the LCD drive
power and when connecting the logic power supply, the logic condition of this IC inside is insecure. Therefore
connect the LCD drive power supply after resetting logic condition of this IC inside on /DISPOFF function.

After that, cancel the /DISPOFF function after the LCD drive power supply has become stable. Furthermore, when
disconnecting the power, set the LCD drive output pins to level Vss on /DISPOFF function. Then disconnect the
logic system power after disconnecting the LCD drive power.

When connecting the power supply, follow the recommended sequence shown here

wo — 1 \
VDD
Wag _—
voo - t,‘j
XDISPOFF / \
Wes T
Yoo _— t-;';
Wi
WEE —
13. LCD Waveform
Frame Period Frame Period

A
\ 4
A

I
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TypeB LCD COM and SEG waveform

LV5
LVv4
LV3
LVv2
LV1
GND
SEG Waveform
1st Frame 2nd Frame 3rd Frame
LV5
LVv4
LV3
LV2
LV1
GND
COM Waveform
Type B LCD COM/SEG waveform
LV5
Lv4
LV3
LV2
LV1
GND
SEG Waveform
1st Frame 2nd Frame 3rd Frame
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14. Pin Locations

dcmsG[|84]] 36[y=] 4207/cMsSGoIxe=|361=05437
AcMSG[[89]] 36[y=] 32458|CMSG[ IX=8B61p=05342
3ICMSG[|29|] 36[y=| 2308|CMSG[ IX=1TB618=05247
dqcmsG[|e8]] 36ly=] 1d58[cMSG[ X6 B61H=05152
BCMSG[|2F|] 36[y=| 39]. BICMSG[ IXO-3B618= 055
GCMSG[|26]] 36[y=|55. BICMSG[ IX=4B61p,=05308
1CMSG[|25]] 36[y=| -1518|CMSG[ IX=3B61p=05133
8CMSG[|24|] 36[Y=| 2468|CMSG[ IX=2B618=05228
dcMsG[[23]] 36[y=] 3418|CMSG[ IX=1B61p8=05323
1leMsS@[]g=| 36[y=]| -4368|CMSG[ IX=0B61p=054138
1cMsG[|g4]] 326y=] 81 98[cMSG[ &=]| 321pv=[98109
1EMSG[[29]] 316y=] -8199|cMSG[ &&]| 312M=[98109
1EMSG[x9]] 307y=] 8199|cMsSG[ &~=]| 302®=[98109
1leMsG[x8]] 297w=| 81 99|cMSG[ &&]| 293M=[98109
1EeMSG[xF]] 288y=] 8199[cMSG[ &5]| 283p=[98109
1EMSG[xs|] 278Yy=] 8199|cMSG[ &&]| 27 4m=[98109
1EcMSG[X5]] 269y=] 8199|cMSG[ &&]| 264w=[98109
1€@MSG[[x4]] 259y =] 81 99|cMSG[ &=]| 255M=[98109
1eMsG[[x3]] 250y=] -8199|cMSG[ &XI1=]] 245/8=[98109
2lcMsG[e2]] 240y=] -8199|cMSG[ &o=]] 236M=[08109
2lcMsG[4l] 231vy=] 8199|cMSG[ &o=]| 226M®=[08109
2eMsG[Moll 221vy=] 81adcMsG[ #&x8]| 217M=[98109
2@MSG[|R3| 212y=] 81adcMsSG[ &=]| 207M®=[0 8109
2lcMSG[|83| 202y=] 81adcMSG[ #&6&]| 198M=[08109
2l EMSG[|x3| 193y=] 81adcMSG[ #&5]| 188Mw=[98109
2lEMSG[|®%| -183Yy=] 819 dcMSG[ #&4]| 179M=[908109
2leMSG[|®%| 174y=] 81adcMSG[ #&3]| 169¥0=[08109
2@MSG[|¥3| 164y=] 81adcMSG[ #&>=]| 160M=[08109
2@MSG[|8F| -155Y=| 81adcMSG[ #&1=]] 150M=[98109
slemMsG[|e3| 145v=] 81adcmsc[ o] 133e=[98109
3fcMsGLx=| -136Y=] 81adcMsG[ xo=]] 123v=1[98109
3lemMsG[eE| -126Y=] 81a dlcMsG[ Ix&]] 114fe=[08109
3WssA [x=| 110v=] 81da dcMsG[ x=]| 104vy=[08109
slbvi1l [X=| 1o0yvy=] 8149 dlcMSG[ IX&=]] 95 &.=9 8109
3evL2 [X=| 906Yy=] 81a dlcMSG[ X=]] 85H.=9 8109
3levL3 [x=| 811vy=] 814a dcMSG[ x&| 76x.=9 8109
3fevi4a X=| 716v=] 84a dcMsG[ x3=]] 66 H.=9 8109
3BvL5 [X=| 621v=] 814a dcMsG[ x=]] 57 =9 8109
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EMSG[x42po7y=] -8 CMSG[ ¥&]| 303

TMSG[X4[1B16Y=]| -8 CMSG[ 3] 313

3pvep |x=| 526y=| 8]adcMsG =] 47f=9 8109
spcAPipa=] 431y=]| 84a dcMSG[ Xo=]] 38x.=9 819
sltcAaPie=] 336Y=| 84a lcMSG[ Xo=]] 28W.=9 819
sl cAaP2pa=] 241y=| 84dadcmMsc[ ¢xs]] 19x.=9 819
sRcAP2B=] -146Y=| 84adcMmsc] =] 97)vye| 819
sltcAaP3a=] 51ly=] 849 dcMsSG[ 6] 2 Jye=| 8109
4B CAP4A=] 43ly=| 8dadcmsc] x5 -92)vy4| 819
4 CAP5pA=] 138y=| 849 dcmMsG[ X&]| -18W.=1 819
4t GSs1 [X=| 233vy=| 84adcmMsG[ 3= -28x.=1 819
48GS2 [X=| 328vy=| 84adcmsc[ x=] 37m=| 819
AWAG [X=| 423vy=| 84dadcMmsc| x=]] 47x=1 819
s5wpD  [x=| 525Yy=] 8149 dcMSG[ Xo=]] 56 =1 8109
5IRSTN [X=| 620vy=] 814a dcMsG[ &o=]] -66.=1 8109
5[ 3]x=| 715Yv=] 814adcmsc[ &) 75K .=1 8109
sI[2]x=| 8s810v=] 814a dcMsG[ =]] -85&.=1 8109
5D [ 1]Xx=| 906Yy=] 8149 dcMsSG[ &]] -94.=1 8109
sI[0]X=|100]y=] 814a dcMsSG[ 5] -104fe=[18109
50 SN [X=|1009]y=] 81adcMsG[ &) -113v=1[18109
5t R =l 119y=| -81adcmMsG[ 3] -123=[18109
51 01 [X=|128ly=] 81adcMsc[ =] -132v=[1819
5l 02 [X=|138lvy=] 84adcmMscG[ =] -142e=[18109
6lCLK32)Xx=| 148vy=] 81a3dcMsSG[ xo=]| -151w=[18109
6 KCK |X=| 157Y=] 81a3dcMSG[ &*=]| -161Pe=[18109
6 XDI SPOEF 167Y=| 819 4CMSG[ &&]| -170Ww=[18109
68 P =| 176y=| 81a4cMsSG[ &X=]| -180Me=18109
6 IF R =| 186y=| 819 4cMSG[ &6&]| -189W=18109
6XCS =| 195Yy=] -81a4cMSG[ &5=]| -199Me=18109
6[5DI =| 2058Yy=] 81a4cMSG[ X&) 208[w=[1819
6BCLK |X=| 214y=] 81a4cMSG[ &3] 218=[18109
6|&ND =| 224vy=] s81aqcmMsc[ &x=]| 227Ww=[18109
6@MSG[M4Alop4oy=] 819 4cMSG[ «XI=]] 23 7Me=[18109
7leMsG[Mdlspsoy=] -81a4cMSG[ Xo=]| 246 fr.=1 8109
7leMsGe[tal7psoy=] 81 a4cMSG[ X*=]| -256M2=18109
7EeMsG[Mtdalepeoy=] -81a5cMSG[ &]| 265 Ww=18109
7EMSsSG[Mals5p78y=] -81a5cMSG[ =] 275/=[18109
7lemMsc[t4lapsgy=] -81agcMsSG[ &) 284w=]| 8109
7EMsSG[M43po7y=] 81agcMSG[ =] 294Me=[18109
7 a5 v 8109
7 1 a5 v 8109
7 1 a5 v 8109

I

eMSG[e4jop26y=| -8 CMSG[ ]| 322
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15. Absolute Maximum Rating

[tem Sym. Rating Condition
Supply Voltage Vbp -0.5V ~4v
Input Voltage Vin | -0.5V ~Vpp+0.5V
Output Voltage Vo |-0.5V ~Vpp+0.5V

Operating Temperature Top 0C~70C

Storage Temperature Tsr | -50C~100C

16. Recommended Operating Conditions

[tem Sym. Rating Condition
Supply Voltage Vbp 2.4V ~ 4V
L CD operating voltage Vvs <16V
Input Voltage Vit | 0.9Vpp ~Vpp

ViL | 0.0V ~0.1Vpp
Operating Temperature Tor | 0C~70C

Storage Temperature Tsr | -50C~100C
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17. AC/DC Characteristics

Test Condition: Temperature: 25 , VDD: 3V+£10%

Parameters Symbol | Min. | Typ. | Max. | Unit Condition
Supply Current Iop 300 | 350 | p A
Standby mode current | Isray 1 A
Input high voltage ViH 0.8 Vpp | Input pins
Input low voltage ViL 0.2 | Vop | Input pins
Input leakage current I 20 u A | ViL=GND,VvDD

Input pins Threshold=2/3Vpp(input

from low to high)

Input hysteresiswidth | Vnys 1/3 Vb _ _
Threshold=1/3Vpp(input from high
to low)

Output source current loH 2.0 mA | RD[7..0], VoL=2.0V

Output sink current loL 2.0 mA | RD[7..0], VoL=0.4V

18. Application Circuit for module
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COMI119:0]
Y[119:0
FROM LCD CONTROL
. 120 COM X 240 SEG
[ VA I
Lvp . C2
Lv = St | —
DI[3:0] DIB0] | ggp LGS2 |
XCck———1xcK Las1 c2
VDD LGS1 |—
vDD———LIR vs V5 c2 41
—Ei02 i 2 "
FL o1 V4 i}
3 c2
XGCK GCK it
XIDSPOFF: XDISPOFF 2 €2 1
pP—Lp v 1t
Vi c2 4y
FR—FR V1 i}
Xc S LCAP2gl—LCAPZE
SDI———{SDI LCAPIB
SCLE: scLk LCAPL
pealLCAPSA  C1 4y 3
- LC, 1t Z
LCAP4A _C1 g
LCAP4. - i} o
o]
LCAP LCAP3A i} g
LCAP2A
LeapaA—LE zl =
Lcap1A—LCARIA ! SEG[239:120]
Sy o TwL < Sy oT w0 <
> > >
o)
s
w “ “
SIS3E28582322582 T EREE R R RS
aaaaaaa oo i3 o aaoaaaaa ool o
< < << < << ) = < < < << << pur i} =
0O 0 oo oo w = 0O 0 o0o0ooo w =
£989¢89¢ i = g8889¢8¢8 i =
%, 38 on =z %, 35 ay Zw8
050 xas® 2929G% 000 wag® 999252
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%05 iﬁ&ai 88352 %05 E5h5 (88852
9%9 Q0 o |>5>x2 999 Q0 |m>>x2
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a a
= =
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COM[111:0
Y[119:0] SEG[7:0],COM[111:0]
FROM LCD CONTROL
o 112 COM X 128 SEG
VAG | F—
LvP LVP__ o 2|
DIE0——DIZ0] | ggs b2 [ A AR |
XCK xCK st 2 .
VDD PISN  LGS1 |}
VDD L/R V5 C2 It
—jEi02 2
FLM EI01 V4 - it
XGCK: XGCK — €2 1
XIDSPOFF XDISPOFF , V2 C2 Tt
LP Lp )
FR FR Vi -~ i}
xc XCs  LcAp2 |—LCAPRE
SoI DI LcAPLB
SCLK scLk  LCAPIB
L LCAPSA
LcApaaf—LCAPIA T 4 it
@ 3
LCAP3A | —LCAP3A it 2
LCAP2A |—LCAP2A c1 2
LCAPIA | —LCAPLA o - SEG[127:8]
mmmmm S
2 >
Q [ A‘
S
(U]
EREERFEEFEEEEE R
gafidasa 4835 3
<L < < < < < ) =
[SICENCENGENCIGING) w =
4444444 it s
o
&y 5
X o, $% 2o 2.0
080 wa oo 2°2x0 52
VWX WL XX wwaa X0
LA gauy lcnx:
489 u-uo |ocac?
7] =4 &
7L oo LU>>XE
w
=]
=

19. Updated Record

Version Date Update History

V10 12/9/2004 |First release version
Modify setup-up voltage circuits and application circuit. Add a capacitor
V11l 19/2/2005 |between LGS1 and GND.
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