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1 Features

This single-display module is suitable for cellphone application. The Main-LCD
adopts one backlight with High brightness 3-lamps white LED.

(1) Main LCD : 1.1 Amorphous-TFT 2.2 inch display, transmissive, Normally white

type, 12 o’clock.

1.2 240(RGB) X 320 dots Matrix,1/320 Duty.

1.3 Narrow-contact ledge technique.

1.4 Main LCD Driver IC: HX8312A

1.5 Real 262K colors display:
65K: Red-5bit, Green-6bit, Blue-5bit (8/16-bit interface)
262K: Red-6bit, Green-6bit, Blue-6bit (9/18-bit interface)

(2) Low cross talk by frame rate modulation
(3) Direct data display with display RAM
(4) Partial display function: You can save power by limiting the display space.
(5) MPU interface: 8bit/16bit/18bit, 80Serial, parallel interface.
(6) RGB interface:16bit/18bit parallel interface
(7) Abundant command functions:
Area scroll function
Display direction switching function
Power saving function
Electric volume control function: you are able to program the temperature
compensation function.




2 Mechanical specifications

Dimensions and weight

ltem Specifications Unit
External shape dimensions *66.4 (W) x 40.1 (H) x 3.65 (D) Max. | mm
Main Pixel pitch 0.1395 (W) x 0.1395(H) mm
LCD Active area 33.48 (W) x 44.64 (H) mm
Viewing area 35.24 (W) x 46.92 (H) mm

Weight 15 g

*1. This specification is about External shape on shipment from AMPIRE.

3 Absolute max. ratings and environment

3-1 Absolute max. ratings
Ta=25°C GND=0V

Item Symbol Min. Max. Unit |[Remarks
Power voltage VDD - GND -0.3 +4.0 \Y
Power voltage |LEDA-LEDK -0.5 +12.8 \Y
Input voltage VIN -0.5 VDD+0.5 | V
3-2 Environment
Item Specifications Remarks
Storage Max. +70°C Note 1:
temperature Min. -20°C Non-condensing
Operating Max. +60°C Note 1:
temperature Min. -10°C Non-condensing
Note 1 : Ta<+40°C - - - - Max.85%RH

Ta>+40°C - - -
with 40 °C 85%RH.

- The max. humidity should not exceed the humidity




4 Electrical specifications

4-1 Electrical characteristics of LCM
(Vbp=3.0V, Ta=25°C)

[tem Symbol| Conditions MIN. | TYP. | MAX. Unit Note
|€0Fﬂ[(;\ggr Vob 24 3.0 3.3 \
ovv| | v | v |18
LOW\-IIOel\t/:é(ianput Vie 0 02Vpp | V
cuontofvbD | oo | LEDOFF | - | 4 A
SranED | o [viwsoev | - | 15 | 20 | ma

¢ 1. 1/320 duty.
2. Electronic Volumn value: (xxxxh) Decimal
3. Thermal Gradient: -0.05%/°C
4. Range of Electronic Volumn control : (xxxxH+3) Decimal
*Reference only.
(Note1) The Vci is the DC/DC converter power input. The limitation of the HX8312 are
DDVDH<5.6V , VGH-VGL < 32V.
(Note2) When VCI > 3.16V,
R27 Register: VR1SEL2-0 can not be set to 000 or 001 or 010. Otherwise the DDVDH > 5.6V.
R25 Register : BT3-0 can not be set to 0000,0001,0010,0011,0100,0101,0110,0111. Otherwise the
VGH-VGL > 32V.
(Note 3) When VCI=3.4V .Recommend setting : VR1SEL2-0=100 , BT3-0=1000.
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4-2 LED back light specification

ltem Symbol | Conditions | MIN. TYP. MAX. Unit

Forward voltage V; ls =15mA 9.3 9.8 - \Y

Reverse voltage V; - - 12 V

Forward current l¢ 3-chip serial 12 15 20 mA
Power Consumption PsL ls =15mA - 147 - mwW
Uniformity (with L/G) - I=15mA 80%*1 - -

Luminous color White

Chip connection 3 chip serial connection

Bare LED measure position:

Ao

52,1073, 1073

A

9.37

I__; —

13.33

0 © O
|

13.33

|
-®@ 0 ®,
|

*1 Uniformity (LT):

Min(P1~ P9)
Max(P1 ~ P9)

x100 = 80%

|@ @::ﬂg




5 Optical characteristics

Main LCD
51

Optical characteristics

(1/320 Duty in case except as specified elsewhere Ta = 25°C)

LED backlight transmissive module:

Item Symbol [ Temp. | Min. Std. Max. [ Unit Conditions
Response Tr 25°C NA 10 25 ms 9=0% ,p=0°
time Tf 25°C NA 20 40 (Note 2)
-0 ©° —-N° E :

Contrast ratio CR 25°C 150 200 - - 0=0" ¢=0 (,\Ij';eD'gN’ LIGHT:OFF
Transmittance T 25°C 55 %
Visual ]?“g'te ) o5C (6f) 35 De- | ¢=0° CR=10 LED:ON LIGHT:OFF
range fron (6b) 15 gree (Note 3)
and rear
Visual Iagg'e ] ) 250C (01)45 De- | ¢=90° CR=10 LED:ON LIGHT:OFF
range feft an (0r) 45 gree (Note 3)
right
Visual angle
direction 12:00 (Note 5)
priority

) . Cd/ _ ;
Brightness 160 m2 Viep=9.6V, 15mA Full White pattern

*This value is reference only, follow the limited samples.

5.2 CIE (x, y) chromaticity (1/320 Duty Ta = 25°C)

Tranmissive

Item Symbol R G B W Range Conditions
X1Y1 X2Y1 X1Y2 X2Y2

XR 0.55 0.55 0.65 0.65 B B

Red 6=0" ,9=0
YR 0.31 0.41 0.31 0.41

XG 0.30 0.30 0.40 0.40 . 5

Green 6=0" ,9p=0
YG 0.49 0.59 0.49 0.59

XB 0.09 0.09 0.19 0.19 B B

Blue 0=0" ,p=0
YB 0.06 0.16 0.06 0.16

Xw 0.26 0.26 0.36 0.36 . 5

White 6=0" ,p=0
Yw 0.27 0.38 0.28 0.38

%k The R G B W ranges are for reference, follow the limited samples.




LED Dice Bin Code

Color Coordinate @ |f=20mA
Bin Code 2 3
X Y X Y X Y X Y
E 0.290 0.290 0.290 0.300 0.300 0.310 0.300 0.300
F 0.290 0.280 0.290 0.290 0.300 0.300 0.300 0.290
G 0.290 0.270 0.290 0.280 0.300 0.290 0.300 0.280

LED Part NO and IV Bin Code:

Unity Opto LED Dice MSL- 518ZW
U1B,U2A,U2B




NOTE 1: Optical characteristic measurement system

Ring light
- ,
LCD module ﬂ ] Brightness gauge
g - BM-7 (Topcon)
4+—
) Metal halide lamp
Glass fiber
LED:OFF, LIGHT:ON
LCD — Optical Detector
l
_> Brightness gauge
>E BM-7 (Topcon)
—_—
LED—~ |

LED:ON, LIGHT:OFF

NOTE 2: Response tome definition

i:::bﬁIZIIIZZZIIIIIZ:IIIU:Z:IIIZZZZZIIZZZ I:IZ::L[:II:ZZ:ZI:;
Nonselected Nonselected
Condition * Condition
Brigh Selected :
rightnes Condition ,
- .

‘ 20%
100%
10%

r td -

Rise Time Decay Time (fall time tf)
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NOTE 3: ¢ -~ 6 definition

NOTE 4: Contrast definition

SELECTED WAVE SELECTED WAVE

A A
100% NON—SELECTED WAVE
NON-SELECTED WAVE
0 n
B
] &
e : 2
/m Cr A Cr
1 1
Vop VOLTAGE Vop VOLTAGE
(positive type) (negative type)

Contrast Ratio : Cr=A/B

NOTE 5: Visual angle direction priority

12 : 00

: 00

©
o
o
@o
@0
@o
(0]
w
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6 Block Diagram

Block diagram (Main LCD)

Display format: A-Si TFT transmissive, Normally white type, 12 o’clock.
Display composition: 240 RGB x 320 dots
LCD Driver : HX8312A
Back light: White LED x 3 (ILep=15mA)
e

ARGBA3)
TFTI(D

HXRB12A D
Bakligt
AK
INIERFACE

12



7 Interface specifications
Pin No. | Terminal Functions

1 GND Ground

2 GND Ground

3 /ICS Chip Select Signal L : Select

4 IRS Command/Display Data selection
0: Command , 1: Display Data

5 /IWR Serves As a Write Signal And Writes Data at The rising edge.
M68 System:0:Write 1:Read.

6 RD I80 System:Serves as a Read Signal and Reads Data at the Low Level.
M68 System:0:Write/Read Disable 1:Read.Write

7 RESET Reset Signal L : Reset

8 DO

9 D1

10 D2

11 D3

12 D4

13 D5

14 D6

15 D7

ig Bg 18-bit for Data Bus

18 D10

19 D11

20 D12

21 D13

22 D14

23 D15

24 D16

25 D17

26 PSX T.he Earallel and Serial Bus Interface gelection in system interface
circuit 0: Parallel Bus Interface, 1: Serial Bus Bus Interface.

27 BWS1 VCC Select Bit Length For CPU.

28 BWSO0 VCC Select Bit Length For CPU.

29 DTX2 Ground 16BIT Parallel Data Transfer Method.

30 DTX1 Ground Select Data Length.

31 BWS2 Select Bit Length For RGB(VCC:16BIT GND:18BIT,6BIT)

32 SDI Serial Data input Pin

33 VCL Input for Serial Clock

34 VSYNC Frame Synchronizing Signal

35 HSYNC Line Synchronizing

36 DOTCLK Dot Clock Signal

13




37

NC

No Connect

Gound switching For Data Bus

38 RGB/CPU 0:System Interface can be accessed. 1:System Interface can Not be
accessed.

39 VCC Power Supply

40 VCI DC/DC Converter Power

® The Default FPC setting

BWS1 VCC
BWSO0 VCC
DTX2 VCC
DTX1 VCC
BWS2 VCC

® Recommend Interface Type Setting :

Int-‘.erfa-::e| Pin Bus Width nuth:}er in Transferring Tﬁ;ifsarg‘fg
Type PSX | BWS1 [ BWSO | DTX2 | DTX1 a pixel Method Command
MPU1 0 0 0 X X 18-bit parallel | 18-bits | 18-bit collective
MPU2 0 1 0 0 1 18-bits 9-bit twice 16-bit
MPU3 0 1 0 1 1 16-bit parallel 16-bit + 2-bit collective
MPU4 0 1 0 0 0 16-bits | 16-bit collective
MPU5 0 1 1 0 1 18-bits B-bit 3 times
MPUGB 0 1 1 1 1 8-bit parallel 8-bit+8-hit+2-bit| 8-bit twice
MPU7 0 1 1 1 0 16-bits 8-bit twice
MPUS 1 0 1 X X 18-bit serial 18-bits 18-bit serial 18-bit serial
MPU9 1 1 1 X X 16-bit serial 16-bits 16-bit serial 16-bit serial

Connect the pin26 PSX to VCC . MPU9 interface type is selected.
The serial bus interface mode is enabled through the chip select input (NCS), and

accessed via a three-wire control pin consisting of the serial input data (SDI), serial output

data (SDO),

and the serial transfer clock (SCL). The selection of read / write operation is

made by R/W_nWR pin, and the RS pin specifies whether the access is to the register

command or to the display data RAM.

14




7.1 Data format for 8-bit interface
Data format for 16-bit SDI interface

Transfer Order

1
16-bit Data

SDI Pin ‘815u814'813~812'811 S10§ SO R S8 F S7 § S6 § S5§ 5S4 1 S3 SZ~S1KSO
EEREE
D D5| D4 D3| D2|D1| DO

Display RAM Data

O [
& O pel—
o Ofll—

=]

O et

O |—

-
|

DS | D8 | D7 | D6

-
N
"y
w
—-—
¥
-
=
—
[

65,536 colors are avaliable
Data format for SDI interface

7.2 RGB interface
16-bit RGB interface

Transfer Order

1
16-bit Data
RGB | RGB | RGB | RGE | RGB

Input Data Bus RGB | RGE | RGB | RGB | RGB

RGE | RGBE | RGBE | RGB | RGB

RGB
14 13 12 1 10 05 04 03 02 )} 00
Yy vyvyy * l l l l l l Yy vyvyvyy +
DJoDJD[D[D[]DJD([D
Displey RAM Data [ > | 2 | 5 | 4z | 3 Laa | 1 | 10| P9 | D807 08|05 |04 D3| 02| D1 ]DO

65,536 colors are avaliable

15



7.3 Instruction Explanation

Input Parts
B Pin Connected SAL
Signals 1o N et with Description
BWS2 | 1 MPU The bus width selection in RGB interface circuit. 0: 18-bit,  1: 16-bit
BWS1-0 2 MPU The bus width selection in system interface circuit. (see Table 2.1)
PSX | 1 MPU The parallel and serial bus interface selection in system interface circuit.
0: Parallel bus interface,  1: Serial bus interface
Chip select signal.
NCS . 1 WP 0: chip can be accessed; 1: chip cannot be accessed.
Reset pin. Setting either pin low initializes the LSI.
NRESET : ! MPU Must be reset the chop after power being supplied.
180 system: Serves as a read signal and reads data at the low level.
NRD (E) | 1 MPU ME8 system: 0: Read/Write disable ; 1: Read/Write enable
Fix it to IOVCC or VSSD level when using serial buss interface.
Serves as a write signal and writes data at the rising edge.
NWR (RnW) | 1 MPU ME8 system: 0: Write ; 1: Read
Fix it to IOVCC or VSSD level when using serial bus interface.
MPU selection
ces | 1 MPU 0:i80 series MPU ; 1: M68 series MPU.
Fix it to IOVCC or WSSD level when using serial bus interface.
S| | 1 MPU Serial bus interface data input pin.
Fix it to IOVCC or VSSD level when using parallel bus interface.
Serial bus interface clock input pin
SCL I 1 MPU Fix it to IOVCC or VSSD level when using parallel bus interface.
0: System interface can be accessed.
RGB_nCPU | 1 MPU 1: System interface can not be accessed.
Command/display Data Selection
RS | 1 MPU 0: Command, 1: Display data
Connect to IOVCC or VSSD level when serial bus interface is selected.
DTX2-1 | 2 MPU Speciy the transferring method of one pixel data in system interface.
(see Table 2.3)
Determine the effective edge operation of SCLK for SDI data latch and
SCLEG1-0 : ! MPU SDO data output. (see Table 2.6)
Vertical synchronization signal input pin.
VSYNC | 1 MPU Must be connected to IOVCC if not in use.
Horizontal synchronization signal input pin.
HSYNC : ! MPU Must be connected to IOVCC if not in use.
Dot clock signal input used in the RGB interface circuit.
DOTCLK : ! MPU Must be connected to IOVCC if not in use.
Enable signal pin used in RGB interface circuit.
0: disable, 1:enable when EPL (D1 bit of R157) = 0.
ENABLE ! 1 MPU 0: enable, 1:disable when EPL (D1 bit of R157) = 1.
Must be connected to IOVCC if not in use.
Valid VSYNC polarity selection pin
VSEG l 1 MPU 0: Start in the low level,  1: Start in the high level
Valid HSYNC polarity selection pin
HSEG | 1 MPU 0: Start in the low level,  1: Start in the high level.
Valid DOTCLK polarity selection pin
DCKEG : ! MPU 0: falling edge latch,  1: rising edge latch
DDS | 1 MPU Selection the position of dummy line (321th line).

0: the end of the frame,  1: the beginning of the frame

16




Output Part

. Pin Connected e
Signals 110 i with Description
Serial bus interface data output pin.
SO © ! MPU Keep it open while using parallel bus interface
csSTB o 1 MPU Frame_- synchronization signal output pin.
Keep it open if not in use.
S$1~58720 0] 720 LCD Source driver output pin. Qutput voltages to the liquid crystal.
Output signals to panel gate lines.
G1~-G321 (0] 321 LCD VGH: the level to select the gate lines
VGL: the level not to select the gate lines
- VCOM output pin.
VCOM1~4 0 4 LCD They are short-circuited inside HX8312A.
Input/Output Part
. Pin Connected ]
Signals 1o Number with Description
Operates liked an 18-bit bi-directional data bus.
DB17-0 lfe] 18 MPU Fix it to IOVCC or VSSD level when using serial bus interface.
Don't set MPU output as Hi-Z when MPU has no output.
Oscillation Connect an external resistor for generating internal clock by internal
0sc2-1 o 2 - R-C oscillation. Or an external clock signal is supplied through OSC1
Resistor .
with OSC2 open.
C11A,C11B 1o 4 Step up Connect to the step-up capacitors for step up circuit 1 operation. Leave
CX11A , CX11B Capacitor this pin open if the internal step-up circuit is not used.
gg;g ' gg;g 1o 6 Step up Connect to the step-up capacitors for step up circuit 2 operation. Leave
C23A  C23B Capacitor | this pin open if the internal step-up circuit is not used.
Step up Connect to the step-up capacitors for step up circuit 3 operation. Leave
C12A,C12B Vo 2 Capacitor this pin open if the internal step-up circuit is not used.
Power Part
N Pin Connected N
Signals 1o Number with Description
VCC | 1 Power supply | A power supply for the internal logic circuit. VCC =2.2 ~ 3.3V
A Power supply for step-up circuit and power supply circuit.
VCI | 1 Power supply VCl =25~ 33V
IovVCC | 1 Power supply | Power supply for I/O circuit. IOVCC = 1.65 ~ 3.3V
Bypass 1.8V regulator output.
V18 (6] 1 capacitor and | V18, VDDD and RVCC must have the same voltage level.
VDDD, RVCC | Connect to VDDD and RVCC on the FPC.
RVCC | 1 V18 and VDDD| Power supply for RAM circuit.
VDDD | 1 V18 and RVCC | Power supply for logic circuit.
VSSD | 1 Power supply | Ground for digital circuit.
VSSA | 1 Power supply | Ground for analog circuit.
Bypass . ) . L
VGH (0] 1 Capacitor A positive power supply for the gate line drive circuit.
VGL o ’ C?;;F;ac?tsor A negative power supply for the gate line drive circuit.
Schottky Diode Insert a schottky diode in a forward direction to VSSA.
Power supply pins for VS and COMH regulators.
ADDVDH : ! DDVDH Connected to DDVDH on FPC
ADDVDH and
DDVDH (0] 1 Bypass Output supply pin. Connected to ADVDDH on FPC.
Capacitor
Bypass . .
VDH (0] 1 Capacitor Power supply for the source drive unit.
Bypass )
VCL (0] 1 Capacitor The voltage of Vci x (-1) output
VR2-1 (0] 2 Bypass Reference voltage output for the step-up circuit 2
Capacitor )
Bypass . -
VS o] 1 Capacitor Power supply for the source drive unit.
VGLDMY O 1 --- A negative power supply for the gate line drive circuit.

17



7.4

Register Description

Register | Bit | Symbol | Function Configuration
Control register 1
) All source output as “0" or “1” selection
D7 | DISP1 Source output data selection. Refer to "10.2_“ All "0" or "1" Source Qutput Display “
) All source output as “0" or “1” selection
D6 | DISPO Source output data selection. Referto "10.2 * All "0" or "1" Source Output Display *
Specifies source output and . ; .
RO o5 | ADc display RAM address Refer to 4.1 “Relation betw?en the Display RAM Address and
(ROOh ) mapping the Source Output Channel
p4 | DTY Specifies  partial  display | "0" : Normal display mode.
mode. "1" : Partial display mode. Refer to "5. Partial Display Mode".
default . "0" : Normal operation.
“A0%h D3 | STBY Specifies stand-by mode. "1" : Stand-by mode.
" "Q" : 262,144 color mode.
D2 | COLOR | Specifies color mode. "1" : 8 color mode. Refer to "9 8-color Display Mode".
D1 | - - -
) .| "0": Normal scan in non-display area
DO | GSM G:rtt?al—ofsfc daig la seallif:;on M g Configures the scanning cycle in non-display area by the
p play ) number of the R52 register.
Control register 2
RAM X address increment ..0., From X0 to X239 Refer to "4.2. Display RAM Access
D7 | ADX direction after one write or 1°: From X239 to X0
read operation . *r_\lote : A_DX ="1" setting is prohibited when RGB interface
circuit is in use.
R1 RAM Y address increment ElJ ig:g :}3\1{3 Refer to "4.2. Display RAM Access
(R01h) D6 [ ADR lt'i;raedct;or;raat?&r one write - or *Note : ADR = “1" setting is prohibited when RGB interface
P ) circuit is in use.
D5 | - - -
default D4 | - - =
“00%h D3 _ _ _
D2 | - - -
- . . “0" : 1line period = tcal
D1 | LTS Specifies setling period Of| 4 . 1 jine period = teal x 2
' Refer to "3.3 Internal Clock Mode".
OSCST I “0" : Starts oscillation.
Do BY Oscillation control. "1” - Stops oscillation.
RGB interface register 2
D7 | - - -
D6 | - - -
D5 | - - -
: . “0" : Normal Refer to "Table 9-1".
D4 | VMODE | Vsync interface selection. “1" - Uses Vsync interface.
“0" : Requires 1 frame data.
RGB interface writing mode | "1" : Requires data only for the window area.
R2 D3 | WNRGB | oojection. Refer to "9.1.6 Restriction when using the RGB interface
(RO2h) circuit".
RGB interface writing mode | “0" : Capture mode. Refer to "Table 9-1".
D2 | RGBS selection. "1" : Through mode.
fg;'f“';“ Specifies display timing at “0" : Internally synchronized display mode by SYSCLK.
p1 | oispck | RGB |_:‘s'y:nlix‘uernally' synchronized display mode by Vsync and
interface circuit. Refer to "Table 9-1".
“0" : Writes to the display data RAM via the system interface
circuit.
DO | NWRGB | RGB interface pin control. "1" : Writes to the display data RAM via the RGB interface
circuit.
Refer to "Table 9-1".
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Reset register 1

D7 - - -
R3 D6 - - -
(RO3h) | D5 - - -
D4 - - -
D3 - - -
default | D2 - - _
“00*h D1 _ N _
Do RES Reset command for the O - Narmal operation.
HX8312A '"1" : Reset Operation
RAM access control register
D7 - - -
D6 - - -
D5 - - -
R5 . 0" Normal writing mode.
(RO5h) | D4 WAS Sff;;leéc“;;gdow area | v Window areagaccess mode.
) Refer to "4.3. Window Area Access Mode".
D3 -
default "0": X address increment, then Y address increment.
“00%h D2 AM Specifies the address | "1":Y address increment, then X address increment,
increment direction. *Note: This setting is invalid when RGB interface circuit is in use
Refer to "4.2. Access to the Display Data RAM"
D1 - -
DO - -
Data reverse register
D7 - - -
R6 D6 - - -
(RO6h) | D5 - - -
D4 - - -
D3 - - -
default | D2 - - -
“00“h [ D1 - , -
Do REV Reverse the source D Data ‘fDOODjh' Source output: V83 at VCOML
output data voltage “1": Data "00007h; Source output VO at VCOML
Display size control register
R13 Bg n - -
(RODh) D5 - - -
D4 - - -
default 23 - - -
“00%“h D2 NSO1 Specify source output [ Referto "4.1 Relation between the Display RAM Address and the
D1 NSQO0 size. Source Output Channel”.
D0 - - -
Partial non-display area color register 1
D7 - - -
D6 - - -
R14 D5 - - -
(ROEh) | D4 - - -
D3 - - -
D2 - - -
default | D1 - - _
“00%h "0": Displays the color specified in the R15 register.
DO PSEL lSer;ecg‘;ia\thiori%lgplg " Disp}lays the most significant bit of the display RAM data
area Refer to "5.2 Display Color Selection and Gate Scan Method in

Partial Non-Display Areas’
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Partial non-display area color register 2

D7 - - -
D6 - - -
R15 D5 - - -
(“oF"h] D4 _ _ _
D3 - - -
Specifies display data | "0": Displays "0".
default | D2 | PGR | ¢ ielR. "1 . Displays "1".
“00%h D1 PGG Specifies display data | "0": Displays "0".
for pixel G. "1" : Displays "1".
Specifies display data | "0": Displays "0".
0o PGB for pixel B. "1" : Displays "1".
First display window area starting register 1, 2
R16 Do - - -
(R10h) D5 - - -
D4 - - -
default |03 . - =
“Do“h D2 = = =
D1 - - -
DO P1SL8
D7 P1SL7
R17 D6 P1SL6
(R11h) | D5 P1SL5 Specify the starting line
D4 P1SL4 number of the first | Set within the range of "000"h - "13F"h.
D3 P1SL3 display window area.
default | D2 P1SL2
“00“h | D1 P1SLA1
DO P1SLO
Second display window area starting register 1, 2
R18 g; . . n
(R12h) D5 - - -
D4 - - -
default Bg - - -
00“h D1 - - -
DO P2SL8
D7 P2SL7
R19 D6 P2SL6
(R13h) [ D5 P2SL5 Specify the starting line
D4 P2SL4 number of the second | Set within the range of "000"h - "13F"h.
D3 P2SL3 display window area.
default | D2 P2sL2
“00“h [ D1 P2SL1
DO P2SL0
First display window area display line number 1, 2
I —— -
(R14h) D5 - - -
D4 - - -
default |03 = = =
i‘oo“h D2 = = =
D1 - - -
D0 P1AWE
D7 P1AW7
R21 D6 P1AWSG
(R15h) [ D5 P1AWS Specify the display line
D4 | P1AW4 | number of the first | Set within the range of "001"h - "140"h.
D3 P1AW3 display window area.
default [ D2 P1AW2
“00“h | D1 P1AWA
DO P1AWO0
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Second display window area display line number 1, 2

rR22 |-D7 - - -

(R16h) | D6 - - -

default | D3 - - -

“00%h D2 - - -

DO | P2AWS

D7 P2AWT
R23 D6 P2AWG
(R17h) | D5 P2AWS Specify the display line
D4 | P2AW4 | number of the second | Set within the range of 000°h - "13F"h.
D3 P2AW3 | display window area.
default | D2 P2AW2
“00h | D1 P2AW1

DO | P2AWO
Power Supply System Control Register 1

o7 | vReon [ ComimeevRz [0 VRE eoultrof
N 3 I e S g
wian [0 | veion |G N, S | Vel e et en
aotaute | o] Ve itz " | Siep up creuit2 on.
"™ | o2 [oovoron | e | . Boveser ey

E; DCON Controls the DC/DC | "0": DC/DC converter off.

converter. "1" . DC/DC converter on.

Power Supply System Control Register 2

R2 D7 | VR2SEL2 | Specify the output
5 ['D6 | VR2SEL1 | voltage of the VR2 ;

(R19h) I"55 T VR2SELO regulator.
D4 | VR1SEL2 | Specify the output
D3 | VR1SEL1 | voltage of the VR1 -
ts‘%f;l.:t D2 | VR1SELO | regulator.
D1 - - -
DO - - -
Power Supply System Control Register 3
R26 gg - - -
(R1Ah) D5 - - -
D4 - - -
D3 FS3 Specify the step-up
c.l%f;'."r:t D2 FS2 circuit 2and 3 frequency | ~
D1 FS1 Specify the step-up |
DO FSO circuit 1 frequency
Power Supply System Control Register 4
D7 - - -
R27 |[D6 - - -
(R1Bh) [ D5 - - -
D4 -

D3 VSEL2 Specify the output
default | D2 VSEL1 voltage of the V'S and -
“0A“h [ D1 VSELOD VDH regulator.

Controls the VS and | "0":VS and VDH regulator off,
Do RGON VDH regulator. "1": VS and VDH regulator on.




Pawer Su

pply Sy stemn Control Hegister &

[k -
5] SAR2 (5AP2Z ZAF1, 5 “000%: Halt
05 SAF1 (SAPZ SAR1, 8 001 0.5(fwed)
o ) " (SAPZ SAR1, 5 0107 0.75(fed)
oures et | (A2 sapt s 011" 1.0(fixed)
R |pal| sapo | oot (8APZ, BAP1, 5 1007 1.25fxed)
{RAChI = (BAFZ, BAF1, 5 1017 1 5(fad)
' ! (SAPZ SAF1, 5 =110 1.5(fxad)
(SAFZ SAF1, 5 “111°: Setting disable
default [ D3 - -
el 3 TRTZ, AT, AT = 000" Fian
o AR (AFZ AR, ARQ) = 001" Setting disatle
- " (AP2, AP, APOY = 010" 0.5 fixed)
o e (APZ AR ARG) = “D11 0 Th(fued)
P P B (AP2 AR APG) = “100" 1 Oficed)
(APZ, AP, ARG = 1017 1.25fed)
(APZ AR AP0 = 1107 1. 5(fxed)
(AR AR APD] = “111% Seibing disable
Power Supply System Control Register &
[T - -
Rzo [D8 - -
(R1Dh) | DS - -
[if] - .
. , Specifies  the gate |
default | 03 Ril scan direction.
a3 > =
! gf :EE?I Specify gate scan (SCNZ, SONT, SCNO) = "KX0" : MODES
= mode. [SCMZ, SCHY, SCHO) = "M1": MODE2
[i]i] SCMD
Power Supply Systermn Contral Recjister 4
o7 WICOMEN
(TG Specify the VOOMI
05 | WCOMFX | operation. .
R30 04 VEOMHI
{R1Eh) ] ) . ‘0% WCOML = GND
D3 | AWCOMG | WCOML output contral | .9s o gl is setting with WO and VEM
02 - -
default [ R -
“aih Spectfies whether o
use ar not 1o o
I 0" : Dwesn't usa the extra step-up circuit 1
00 | DOVOHKON | use the extra step-up | ... -
cirewit 1 far 17 Uses the extra 'S.t&f.‘-l.lp circuit 1.
DOVDH
Power Supply System Control Register 9
=
R31 25
{R1Fh) i -
4 WLV Speciy  the VCOM
[iE] e amplituda )
debull o2 o
[5F] WO
[i[i] YOO
Power Supply System Control Register 10
07
R3i2 I EE
[R20kh) 05 -
04 WEMA Specify  the VCOMH
default 03 WEMI woltage level
- 02 WEM2
a0h =
CH WM
i) MO
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ID code register 1

R49 D7 MCOD3
(R31h) gg mgggﬁ Manufacturer code. -
D4 MCODO
default | 53 Vo002
“10%h D1 VGOD1 The version of this LSI. | Depends on the version of the product.
DO VCODO
- - - ID code register 2
D7 DCOD7
%52‘:1 D6 | __DCOD6
(R32h) I"55 1 bcops
D4 DCOD4 Device code of this
D3 DCOD3 LSI. .
q%r::.':: D2 | _DCoD2
D1 DCOD1
DO DCOD0
D7 N line inversion register
R51 D6 NLINE6
(R33h) | D5 NLINE5S
gg mtmg‘; ﬁnp\:;'fy f‘gf “”Ebefig Set within the range of "01"h - "78"h.
default D2 NLINE2 inversion. Refer to "7 Gate Line Driving Function”.
“01“h | D1 NLINE1
DO NLINEO
Partial gate register 1
D7 GSMLN7
2 | | D6 | _GSMLNe
(R34h) 55T GSMLNS5 , - ‘ . .
Da GSMLNA Specnf_y the gate 00"h : Doesn't scan tlje partlal_ non-display area.
D3 GSMLN3 scanning cycle of the "01"h : Scans the partial non-display area every frame.
default non-display area "02"h : Scans the partial non-display area every two frames.
“01%h D2 GSMLN2
D1 GSMLNA1
DO GSMLNO
Partial gate register 2
D7 - - -
Rs3 D0 - - -
(R35h) D4 - - -
D3 - - -
default | 02 - - -
“00%h D1 - - -
Configures the driving | "0" : The partial non-display area is driven as that in the partial
D0 PNFREM method of the partial display area.
non-display area. "1" : The partial non-display area is driven by the frame inversion.
Gate scan selection register
R55 gg - -
(R37h) D5 - -
D4 - -
D3 - -
default
“00“h gf gggimﬁ Select the method of
D0 GSCAND gate scanning.
Gate output control register
D7 - - -
R59 D6 - - -
(R3Bh) | D5 - - -
D4 - - -
D3 - - -
default | p2 - - N
“ooﬂh D1 — ~ -
po | DISPTMG Controls the gate | “0": Fix all gate outputs to VGL level.

output

“1" . Gate scanning normal operation.
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Gamma

control register 12

D7 -
R154 | D6 -
(R9Ah) | D5 -
D4 ON14 Gamma adjustment
D3 ON13 register B
default | D2 ON12
“00“h | D1 ON11
DO ON10
Extend mode register
D7 = N -
D6 = = -
D5 MON EN Specify the VO and | “0™ VO and V63 output monitor is disable.
- V63 monitor function “1": V0 and V63 output monitor is enable.
VO and V63 monitor | 0" VO outputs at DS1 pin.
R157 D4 | MON_SEL selection “1". V63 outputs at DS1 pin
(R9Dh) | D3 - - - I
D2 BPEN Specufy the Enable | “0™ Enable control is a_wallable.
operation “1": VBP/HBP control is enable
default | p1 EPL Specify the Enable | "0": High active
“00“h polarity “1". Low active
"0" : 18-bit x 1transfer ( BWS2="L" ). RGB interface type
NWRGB (R2:D0 }="1" | "0": 16-bit x 1transfer ( BWS2="H" ). RGB interface type
DO MSBE "1" . 6-bit x 3 transfer ( BWS2=x ). RGB interface type
"0" : MPUS mode A ( use lower Bbits ). MPU interface type
NWRGB (R2:D0 )="0" | "1": MPUS mode B ( use upper 6bits ). MPU interface type
This bit is invalid in other modes.
Off mode register
“0" Normal mode
“1": Off mode
) In off mode, only OFFMOD bit can be updated. Other register and
o7 OFFMOD Specify the Off mode the display RAI\}; can not be updated. Tﬁe display RAMe%ala may
R192 not be retained in off mode, and need to rewrite after off mode
{uco:sh) Canceling_
D6 - - -
D5 - - -
default [ pg4 R - -
00%h D3 N N N
D2 - - -
D1 - - -
Do - - -
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8 Timing Characteristics

8.1Timing Characteristics

1CSuU [ 1CH—p=

. ‘\‘f' | H -
K VIL /

NCS

tRSU la——RSH —p

AV VIH
RS ViU vIL/ A

NWR(RNW) L viL tSCHR \-s
tSCYC
WRU T
/RH
tscr—ame —
3\‘-,-'|H
SCL —“-J\L '\J’IL?—
. tSISU
.
7 i
SDI VIL
Input Data Input Data
—-| [— tSOD —- tSOH

\{‘ VOH VOH Ton
sSDO L VoL voL VoL

Qutput Data

Qutput Data

Figure 17. 3 Clock Synchronized Serial Data Transfer Interface Timing
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Serial Data Transfer Interface Timing Characteristics

. . Test
ltem Symbol | Unit [ Min. | Typ. | Max. Condition
. . Write ( received ) ns | 100 - - Figure 17.3
Serial clock cycle time Read ( transmitted ) ns | 200 - - Figure 17.3
Serial clock high — level pulse Write ( received ) ns 40 - - Figure 17.3
width Read ( transmitted ) ns | 150 - - Figure 17.3
. . Write ( received ) ns 40 - - Figure 17.3
Serial clock low — level pulse width Read ( transmitted ) s | 150 : : Fiqure 17.3
Serial clock rise / fall time ns - - 20 Figure 17.3
Chip select (NCS) set up time ns 20 - - Figure 17.3
Chip select (NCS) hold time ns 60 - - Figure 17.3
RS set up time trau ns 10 Figure 17.3
RS hold time tRsH ns 10 Figure 17.3
Read/write select (RNW) set up time twrRy ns 10 Figure 17.3
Read/write select (RNW) hold time twrH ns 10 Figure 17.3
Read clock set up time tecsr ns 10 Figure 17.3
Read clock hold time tscHr ns 10 Figure 17.3
Serial input data set up time tsisu ns 30 - - Figure 17.3
Serial input data hold time taiy ns 30 - - Figure 17.3
Serial output data delay time tsop ns - - 100 | Figure 17.3
Serial output data hold time tson ns 3 - - Figure 17.3

Table 17. 6 (IOVCC=1.65~3.3V) / (VCC = 2.4V~3.3V)

ISYNCS )
VSYNC
HSYNC
ENS —3 |l tENH b
I
ENABLE VIH VIH
VIL VIL 4
trgbf g trgbf — -
PWDH ——2 —— PWDH ——™
3\ 4 L
DOTCLK VIH / VIH VIH
VIL VIL 4 VIL
I
- {CYCC L.
tPDS tPDH
H s S >
VIH VIH 3
DB17-0 Write data
VIL VIL 4
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ltem Symbol | Unit | Min.|Typ. |Max. Coliﬁon

VSYNC / HSYNC set up time tsynes ns 10 5 5 Figure 17.4

ENABLE set up time tens ns 10 = 9 Figure 17.4

ENABLE hold time tENH ns 10 | - - Figure 17.4

DOTCLK “low” level pulse width PWoL ns 40 b - Figure 17.4
DOTCLK “high” level pulse width PWopH ns 40 - - Figure 17.4
DOTCLK cycle time teven ns 150 | - - Figure 17.4

DATA set up time tros ns 20 s s Figure 17.4

DATA hold time tPOH ns 20 5 5 Figure 17.4

DOTCLK , VSYNC , HSYNC rising and falling time  trgor | trgur ns 25 Figure 17.4

Table 17. 8 RGB interface mode, Normal Write Mode (IOVCC=2.4~3. 3V} / {VCC 2.4V~3.3V)

NRESET

VIL

IRES

Reset Timing Characteristics

VIL

Item Symbol Unit Min Typ Max
Reset’low’level width tRES ms (1) - -
Reset rise time trRES us - - (10)
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9 SETUP FLOW OF POWER SUPPLY

Display ON setting bits

Vee,Vei, I0Vee ON

DTE ="1", D1-0="11" Normal Display
""""" — GON ="1"
"Display OFF" setting bits Power ON RESET
Note 1 & Display OFF . Display OFF
DTE="0",D1-0="00" Display OFF Sequence
GON="0"
PON="0 .
v VCOMG="0"
h A J
Note 2 Loser sacply ol Issue instructions
y 5 - INg i for power-supply
R SAP2-0="000" setting (2)
Power supply setting initializing bits For the setting AP2-0="000
SetVC2-0,VRH3-0, before power PON=0"
VCM4-0,VDV4-0, supply startup VCOMG="0
PON="0", DK="1"
. '
~ \ :
Power Supply Operation Start Vee,Vei,lovee OFF
setting bits
BT2-0="000", For Power-supply
Set DC12-10, setting (1)
DC02-00 Display OFF Sequence
AP2-0,
| PON="1" v
-~ h
Note 3
A y
¢ Power Supply Operation Start
setting bits
Sefnd o%s For power-supply
SetBT 2-0 setting (2)
DK="0"
\__VCOMG="1"
MNote 4

For other mode settings

( Set SAP2-0 ] Display ON
sequence

v
"Display ON" setting bits

DTE="1", D1-0="11"
GON="1"

Display ON

Display ON Sequence
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10 QUALITY AND RELIABILITY
10.1 TEST CONDITIONS

Tests should be conducted under the following conditions :
Ambient temperature : 25+ 5°C
Humidity : 60 £ 25% RH.

10.2 SAMPLING PLAN

Sampling method shall be in accordance with MIL-STD-105E , level II,
normal single sampling plan .

10.3 ACCEPTABLE QUALITY LEVEL

A major defect is defined as one that could cause failure to or materially
reduce the usability of the unit for its intended purpose. A minor defect is one that
does not materially reduce the usability of the unit for its intended purpose or is an
infringement from established standards and has no significant bearing on its
effective use or operation.

10.4 APPEARANCE

An appearance test should be conducted by human sight at
approximately 30 cm distance from the LCD module under flourescent light. The
inspection area of LCD panel shall be within the range of following limits.

L
]
\ | /ONE A active area
| |
| | ZONE B viewing ares
L
I
o
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10.5 INSPECTION QUALITY CRITERIA

Class | Accept
No. Item Criterion for defects of able
Defect | level
1 Non display No non display is allowed Major 0.4
2 Irregullar No irregular operation is allowed Major 0.4
operation
3 | Short No short are allowed Major 0.4
4 | Open Any sggments or common patterns that don’t activate Major 0.4
are rejectable.
Size D (mm) Acceptable number
D<01 Ignore
5 Black/White | [0.1<D<0.15 2 %1 Minor 15
spot (1) 0.15<D 0 '
% 1: The distance of two defects must be more than 20mm.
Note: The phenomenon should follow the limit sample.
Bright dot 0
Dark dot N=2
Total dot defect N<2 _
6 | Dot Defect (Bright dot + Dark dot) = Minor 1.5
Minimum distance between - -
dark dot and dark dot 0.1<D=03mmN=2
Note: The phenomenon should follow the limit sample.
1. No Lighting is rejectable
7 | Back Light 2. Flickering and abnormal lighting are rejectable Major 0.4
Note: The phenomenon should follow the limit sample.
Size D (mm) Acceptable number
Blemish & D<0.15 Ignore
Foreign matters| |0.15 <D < 0.20 3
0.20<D<0.30 2 :
8 | size: 030 <D 0 Minor 1.5
D— A+B
2 Note1: With 30cm from the LCD surface as testing distance,
no scratch should be visible in 10secs as LCM was turned on.
Note2: The phenomenon should follow the limit sample.
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Width (mm) Length (mm) Acceptable number

9 Scratch on W<0.03 L<20 2 Minor 15
Polarizer : :
Note1: The distance of two defects must be more than 20mm.
Note2: With 30cm from the LCD surface as testing distance,
no scratch should be visible in 10secs as LCM was turned on.
Sibein | ocos e
Note: Only one bubble with diameter smaller than 0.5mm is :
10 . allowed. Minor 1.5
O ’ B The phenomenon should follow the limit sample.
11 Lséa[;nsa?,; Stains that cannot be removed even when wiped lightly Minor 15
P with a soft cloth or similar cleaning too are rejectable. :
surface
12 | Rustin Bezel| Rust which is visible in the bezel is rejectable. Minor 1.5
Defect of
13 land surface Evident crevices which is visible are rejectable. Minor 1.5
contact (poor
soldering)

Note: Please follow the above acceptable criteria before the limit samples collect completely.

31




RELIABILITY

Test ltem Test Conditions Note
High Temperature Operation 70+£3°C , t=96 hrs
Low Temperature Operation -20+3°C , t=96 hrs
High Temperature Storage 80+3°C , t=96 hrs 1,2
Low Temperature Storage -30+3°C , t=96 hrs 1,2
Humidity Test 40°C , Humidity 90%, 96 hrs 1,2
-30°C ~ 25°C ~ 80°C
Thermal Shock Test 30 min. 5 min. 30 min. (1 cycle) 1,2
Total 5 cycle

Vibration Test (Packing) Amplitude : 0.75mm 2

Sweep frequency : 10~55~10 Hz/1min

Test direction : X.Y.Z/3 axis
Duration : 30min/each axis

Static Electricity

150pF 330 ohm £8kV, 10times air discharge
150pF 330 ohm +4kV, 10times contact discharge

Note 1 : Condensation of water is not permitted on the module.
Note 2 : The module should be inspected after 1 hour storage in normal
conditions

(15-35°C , 45-65%RH).

Definitions of life end point :

Current drain should be smaller than the specific value.

Function of the module should be maintained.

Appearance and display quality should not have degraded noticeably.
Contrast ratio should be greater than 50% of the initial value.
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Box Drop Test:
The module test on packing:
Falling body Height and Weight:

Totally Weight | Falling body Height
0~9Kg 92 cm
9~25Kg 76 cm
25~45Kg 53 cm
45 ~68 Kg 46 cm
Over68 Kg 41 cm
The dropping test in turns :
1. Conner A

2. Edges of the planes : 1-4 > 1-6 > 4-6
3.Planes: 1°2°3°4>5:6
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11 USE PRECAUTIONS

1)

2)

3)

4)

1)

2)

3)

4)

11.1Handling precautions

The polarizing plate may break easily so be careful when handling it. Do not
touch, press or rub it with a hard-material tool like tweezers.

Do not touch the polarizing plate surface with bare hands so as not to make it
dirty. If the surface or other related part of the polarizing plate is dirty, soak a
soft cotton cloth or chamois leather in benzine and wipe off with it. Do not use
chemical liquids such as acetone, toluene and isopropyl alcohol. Failure to do
so may bring chemical reaction phenomena and deteriorations.

Remove any spit or water immediately. If it is left for hours, the suffered part
may deform or decolorize.

If the LCD element breaks and any LC stuff leaks, do not suck or lick it. Also if
LC stuff is stuck on your skin or clothing, wash thoroughly with soap and water
immediately.

11.2Installing precautions

The PCB has many ICs that may be damaged easily by static electricity. To
prevent breaking by static electricity from the human body and clothing, earth
the human body properly using the high resistance and discharge static
electricity during the operation. In this case, however, the resistance value
should be approx. 1MQ and the resistance should be placed near the human
body rather than the ground surface. When the indoor space is dry, static
electricity may occur easily so be careful. We recommend the indoor space
should be kept with humidity of 60% or more. When a soldering iron or other
similar tool is used for assembly, be sure to earth it.

When installing the module and ICs, do not bend or twist them. Failure to do so
may crack LC element and cause circuit failure.

To protect LC element, especially polarizing plate, use a transparent protective
plate (e.g., acrylic plate, glass etc) for the product case.

Do not use an adhesive like a both-side adhesive tape to make LCD surface
(polarizing plate) and product case stick together. Failure to do so may cause
the polarizing plate to peel off.
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1)
2)

3)

11.3 Storage precautions

Avoid a high temperature and humidity area. Keep the temperature between
0°C and 35°C and also the humidity under 60%.

Choose the dark spaces where the product is not exposed to direct sunlight or
fluorescent light.

Store the products as they are put in the boxes provided from us or in the same
conditions as we recommend.

11.4 Operating precautions

Do not boost the applied drive voltage abnormally. Failure to do so may break
ICs. When applying power voltage, check the electrical features beforehand
and be careful. Always turn off the power to the LC module controller before
removing or inserting the LC module input connector. If the input connector is
removed or inserted while the power is turned on, the LC module internal circuit
may break.

The display response may be late if the operating temperature is under the
normal standard, and the display may be out of order if it is above the normal
standard. But this is not a failure; this will be restored if it is within the normal
standard.

The LCD contrast varies depending on the visual angle, ambient temperature,
power voltage etc. Obtain the optimum contrast by adjusting the LC dive
voltage.

When carrying out the test, do not take the module out of the low-temperature
space suddenly. Failure to do so will cause the module condensing, leading to
malfunctions.

Make certain that each signal noise level is within the standard (L level: 0.2Vdd
or less and H level: 0.8Vdd or more) even if the module has functioned properly.
If it is beyond the standard, the module may often malfunction. In addition,
always connect the module when making noise level measurements.

The CMOS ICs are incorporated in the module and the pull-up and pull-down
function is not adopted for the input so avoid putting the input signal open while
the power is ON.

The characteristic of the semiconductor element changes when it is exposed to
light emissions, therefore ICs on the LCD may malfunction if they receive light
emissions. To prevent these malfunctions, design and assemble ICs so that
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they are shielded from light emissions.

Crosstalk occurs because of characteristics of the LCD. In general, crosstalk
occurs when the regularized display is maintained. Also, crosstalk is affected by
the LC drive voltage. Design the contents of the display, considering crosstalk.

11.50ther

Do not disassemble or take the LC module into pieces. The LC modules once
disassembled or taken into pieces are not the guarantee articles.

The residual image may exist if the same display pattern is shown for hours.
This residual image, however, disappears when another display pattern is
shown or the drive is interrupted and left for a while. But this is not a problem on
reliability.

AMIPRE will provide one year warranty for all products and three months
warrantee for all repairing products.
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12 Mechanic Drawing
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