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LCD MODULE: XRDST-G320240C1UBSWSD-16 Version :A0Q 8-Oct-13

B MODULE CLASSIFICATION INFORMATION
XRDST-G320240CIUBSWSD-16
" Oten

DC/DC
D:WITH DC/DC

TEMP GRADE
— S:Operating temperature:-20~+70°C
Storage temperature:-30~+80°C
. BACKLIGHT COLOR
W:white

BACKLIGHT MODE
S:side lit LED

COLOUR MODE
B: BLUE

VIEWING ANGLE
U:12'clock

MODEL SERIES

DISPLAY FORMAT
320240:320 DOTS/ROW * 240 ROWS

LCM
G:Graphic

IC PACKING
T:TCP

LCD TYPE
S:STN

STANDARD MODULE
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LCD MODULE: XRDST-G320240C1UBSWSD-16 Version :AQ 8-Oct-13
B PHYSICAL DATA
ITEM STANDARD VALUE UNIT
NUMBER OF GRAPHIC 320x240 mm
MODULE DIMENSION 160.0x109.0x14.4(MAX)(Not include LED backlight) mm
EFFECTIVE DISPLAY AREA | 122.0x92.0 mm
DOT SIZE 0.345%0.345 mm
DOT PITCH 0.36x0.36 mm
LCD TYPE BLUE
DUTY 1/240
VIEWING DIRECTION 12 | 0’clock
BACK LIGHT TYPE SIDE LED backlight
BACK LIGHT COLOR WHITE
POWER +5.0V
APPROX. WEIGHT TBD | ¢
m MECHANICAL DIMENSIONS
11.00 141.00
18.51 13250103 TP
25.00 122.00+0.2V.A
115.185AA 4-3.50
O =
2,70~ \A) 0360 0345
S
| B |
e BY 23
LR Al 320x240 DOTS
™ Q ?
L] |
¥ o gg =l Q| 74005
- - BAIHT - | /- NI
I o4 | WV
oo L o a0 ~--030£0.05
" —25.00—
4.00 152.00x0.2
160.00£0.5
C L =
T e I ] I

10.50
1.60

14, 40(MAX.
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LCD MODULE: XRDST-G320240C1UBSWSD-16 Version :A0Q 8-Oct-13

B BLOCK DIAGRAM

e N
[ \
/RESET—‘—» Lé Z —= COMMON | 240 LCD PANEL |
<
//\llf/[é - E % p— DRIVER 320 X 240 DOTS |
XCK
/,2(? 4‘—’ § % DO-D3 ‘
DBO-DB? o 160 160 |
O

3 ™ SEGMENT | 1 | SEGMENT | |

| CIRCUIT DRIVER DRIVER | |

\ — | \

‘ SRAM ‘

VDD |

V-

VO | POWER CIRCUIT |
VOUT ‘ |
LED(+)

LED(G) LED BACKLIGHT
DOUT <—‘7 X+ X-

DIN TOUCH PANEL | v+ ve |
DCLK CONTROLLER X- X+ TOUCH PANEL

cS — | =  ADS7843 Y- Y- |

INT = B
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LCD MODULE: XRDST-G320240C1UBSWSD-16 Version :A0Q 8-Oct-13

B INTERFACE PIN CONNECTIONS

CON2:
NO | SYMBOL | LEVEL FUNCTION
1 /RESET H/L | Reset Signal; This active-LOW input performs a hardware reset
2 /RD H/L | Read Signal; This signal acts as the active-LOW read strobe
3 /WR H/L Write Signal; This signal acts as the active-LOW write strobe,
The bus data is latched on the rising edge of the signal
4 /CS H/L | Chip selected
Command/Data Select
A0 | /RD | /WR Function

0 0 1 Status flag read
> A0 H/L 1 0 1 Display data and cursor address write

0 1 0 Display data and parameter write

1 1 0 Command write
6 DBO0 H/L
7 DB1 H/L
8 DB2 H/L
D= Data bit (8 bits)
11 DB5 H/L
12 DB6 H/L
13 DB7 H/L
14 VDD 5.0V [ Supply voltage for logic
15 VSS oV Ground
16 VOUT With DC/DC Positive voltage Output (-25.0V)
17 VO Contrast Adjustment Input (V0-Vss=-21.2V)
18 DCLK H/L | Serial Clock
19 DOUT H/L | Data Output
20 DIN H/L | Data In
21 CS H/L | Touch panel chip Select
22 /INT H/L | Interrupt
23 NC NO connection
24 NC NO connection
27 LED(+) +5.0V | Back light anode
28 LED(-) ov Back light cathode

SHENZHEN X.R.D ELECTRONIC CO,, LTD. Page 4 of 75




LCD MODULE: XRDST-G320240C1UBSWSD-16 Version :A0 8-Oct-13
H LCD PANEL
@ ABSOLUTE MAXIMUM RATINGS
Condition: VSS=0V , Ta=25"C
PARAMETER SYMBOL MIN MAX UNIT
Supply voltage for logic VDD-VSS -0.3 +6.0 \Y
Input voltage VI -0.3 VDD+0.3 \Y
LCD driving voltage VO-VSS -0.3 -30.0 \Y
Operating temperature TOP -20 +70 °C
Storage temperature TST -30 +80 °C
@ELECTRICAL CHARACTERISTICS
¥ DC Characteristics
Condition: VSS=0V , VDD=4.5~5.5V , Ta=0 to +50°C
PARAMETER SYMBOL MIN TYP MAX | UNIT Condition
Operating voltage VDD 4.5 5.0 5.5 \Y
. VDD=5.0V
Operating current IDD 20.0 --- 50.0 mA Not include backlight
Input voltage ' H ' level VIH 0.5VDD -—- VDD \Y
Input voltage 'L ' level VIL VSS --- 0.2VDD \Y
Output voltage ' H' level Von VDD-0.4 - - \Y Ion=4.0 mA
Output voltage ' L ' level VoL -—- -—- VSS+0.4 \Y IoL=-2.0 mA
Condition: VSS=0V , VDD=2.7~4.5V , Ta=0 to +50°C
PARAMETER SYMBOL MIN TYP MAX | UNIT Condition
Operating voltage VDD 2.7 33 4.5 A"
Operating current IDD 25.0 65.0 mA Not include backlight
Input voltage ' H ' level VIH 0.5VDD -—- VDD \Y
Input voltage ' L ' level VIL VSS -—- 0.2VDD \Y
Output voltage ' H' level Von VDD-0.4 -—- -—- \Y loH=4.0 mA
Output voltage ' L ' level VoL -—- -—- VSS+0.4 \Y IoL=-2.0 mA
¥ AC Characteristics
AD, TS f
taons —™ taHs
ot tovcs
WR,RD A
F
tcc »
—
r s ——™
0o to OF
M rite) 00h or FFh 00h or FFh
-— tDHS

DoOto D7

{Read)

Interface Timing-1

SHENZHEN X.R.D ELECTRONIC CO,, LTD.
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LCD MODULE: XRDST-G320240C1UBSWSD-16 Version :A( 8-Oct-13
VDD=4.5~5.5V | VDD=2.7-4.5V REM-
PARAMETER CONDITION | SYMBOL UNIT
MIN | MAX | MIN | MAX ARK
Address hold time taHs 10 --- 10 — ns A0,
Address setup time taws 0 - 0 - ns /CS
System cycle time teyes note --- note -—- ns /WR,
Strobe pulse width _ tee 20+tc --- 50+tc --- ns /RD
Data setup time CL=100pf tpss 120 - 120 - ns
Data hold time tbus 5 --- 5 --- ns DO to
/RD access time taccs --- 50 -~ 80 ns D7
Output disable time tons 10 50 10 55 ns
Notes: For memory control and system control commands: tcycs=2tc + tec + tcga+ 75 > tacy + 245
For all other commands: tcycg=4tc + tcc +30
tc=100ns; tceaA(MAX)=120ns; tacy(MAX)=200ns
ADI ﬁ L L
Loy —M — m LaHs
< tovos ol
WR, RD Tk by
g fcc ——
—m | toHs
mwe [ o
. wmss
DO to OF -
(Write) u
—— taccs L toHs
D0 to O7
(Read)
Interface Timing-2
VDD=4.5~5.5V | VDD=2.7-4.5V REM-
PARAMETER CONDITION | SYMBOL UNIT
MIN | MAX | MIN | MAX ARK
Address hold time tAHs 10 --- 10 --- ns A0,
Address setup time taws 10 —- 10 - ns /CS
System cycle time teves note — note -—- ns /WR,
Strobe pulse width tee 20+tc - 50+tc — ns /RD
Data setup time 1 CL=100pf tpss 120 — 120 - ns
Data hold time tbus 5 --- 5 --- ns DO to
/RD access time taccs -—- 50 --- 80 ns D7
Output disable time tons 10 50 10 55 ns
Data setup time 2 tbws 5 -—- 10 -—- ns

Notes: For memory control and system control commands: tcycs=2tc + tec + tcga+ 75 > tacy + 245
For all other commands: tcycs=4tc + tce +30
tc=100ns; tcea(MAX)=120ns; tacy(MAX)=200ns
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LCD MODULE: XRDST-G320240C1UBSWSD-16 Version :A0Q 8-Oct-13

@ OPTICAL CHARACTERISTICS

Test instrument is LCD-5000, made in Japan

ITEM SYMBOL | Condition | Min | Typ | Max | Unit | Remarks | Note
Operating Vop 25°C 217 |20 223 | v
voltage
Response Tr — --- 110 170 ms --- 1
time Td -——- -—- 110 170 ms -—- 1
Contrast ratio Cr — --- 19.2 --- --- --- 2
--- 40 - deg 0=0° 3
Viewing angle 25C --- 35 --- deg 0=90° 3
0 5
range &Cr>2 -—- 35 -—- deg =180 3
— | 35 | — | deg | @=270° 3
¥ Definition Of Viewing Angle
Note 1: Definition of response time
R R :L: - :Lf* S e
I e B B :F: - :F: [ I —
non-se lected selected non-se lected
1007 307 10%
tr| triRise tire td | td: Decay tine
Note 2: Definition of contrast ratio ‘Cr’ Note 3: Definition of viewing angle range ‘0’

Brightness of non-selected segment(B2) Nornal (8=07) /Viewmg Angle Range 8

Cr=
Brightness of selected segment(B1) R
_ Q0%)
“??“: 00)
i ’BZ Brightness curve for non-selected segrent
i Brightness curve for selected segrent
z
@D
2 i
@ Bl
[
NVop Driving Voltage
(¢=0")
(6:00)

Note 4: Measuring Instruments For Electro-optical Characteristics
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LCD MODULE: XRDST-G320240C1UBSWSD-16 Version :A0Q
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NORMAL

LIGHT SOURCE

(*1) 0, -6=30°

(*2)

*1. Light source position for measuring the reflective type of LCD panel
*2. Light source position for measuring the transflective / transmissive types of LCD panel

SHENZHEN X.R.D ELECTRONIC CO,, LTD.
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LCD MODULE: XRDST-G320240C1UBSWSD-16 Version :A0Q 8-Oct-13

@ OPERATING PRINCIPLES & METHODS
¥ Control And Display Command

COMMAND
CODE COMMAND READ
CLASS | COMMAND HEX DESCRIPTION PARAMETERS
R[W[A[D[D[D[D[D[D[D[D
D|R|O0|7|6]5]4|3]2]1]0 No. of Bytes
System SYSTEM tlolilol1lolololololol 40 In1t1allz§ device and 2
Control SET display
SLEEP IN 110[1]0[1/0]1]0|0[1]1] 53 | Enterstandby mode 0
Enable and disable
DISPLAY 58, ) :
ON/OFF 1/0{1({0|1{0|1]1|0]0|D 59 Display anc‘l display 1
Flashing
Set display start
SCROLL [1|0|1]|0[1][0[0[0|1|0|0| 44 Address and 10
display
Regions
. CSRFORM 110[1]O0|1][O]1[1I]1]0O]1] 5D Set cursor type 2
Display Set start address of
Control C(A}RD%M 1/0{1[0|1{0|1]1|1{0[0]| 5C | character generator 2
RAM
CHC| 4C Set direction of
CSRDIR 1{0[{1|0]1/0|0|1]1|D|D| to cursor 0
10| 4F Movement
HDOT SCR 1/0[{1[0[1[{0]1]1|0|1|0| 5A | Sethorizontal scroll 1
OVLAY tlol1lo[1]o|1]1]o|1]1]| s | Setdisplayoverlay 1
Format
Drawing CSRW 110[1]0[1[0[0[0O]1]1]0] 46 Set cursor address 2
Control CSRR 110/1]0]1]0{0[0]1]1|1| 47 | Read cursor address 2
MWRITE | 1]0|1]0[1/0[0]o0|o|1]o0| 42 | Writetodisplay ;
Memory Memory
Control MREAD tloltlolilololololtl 1] 43 Read from display i
Memory
Notes:

1. In general, the internal registers are modified as each command parameter is input. However,
the microprocessor does not have to set all the parameters of a command and may send a new
command before all parameters have been input. The internal registers for the parameters that
have been input will have been changed but the remaining parameter registers are unchanged.
2-byte parameters (where two bytes are treated as 1 data item) are handled as follows:

a. CSRW, CSRR: Each byte is processed individually. The microprocessor may read or write
just the low byte of the cursor address.

b. SYSTEM SET, SCROLL , CGRAM ADR: Both parameter bytes are processed together. If
the command is changed after half the parameter has been input, the single byte is ignored.

2. APL and APH are 2-byte parameters, but are treated as two 1-byte parameters.

¥ Contents

(1) System Control Commands

Initializes the device, sets the window sizes, and selects the LCD interface format. Since this
command sets the basic operating parameters, an incorrect SYSYTEM SET command may cause other
commands to operate incorrectly.

SHENZHEN X.R.D ELECTRONIC CO,, LTD. Page 9 of 75



LCD MODULE: XRDST-G320240C1UBSWSD-16 Version :A0Q 8-Oct-13

MSB LSB o

D7 D6 D5 D4 D3 D2 D1 DO A0 WR RD
2 @ T @ & T B 6 o (I
P1 0 0 IV 1 WS M2 M1 MO 0o 0 1
P2z WE 0O 0 0 0 je—FX—m o 0o 1
P3 0 0 0 0 |e FY B ST
P4 C/R 2 & |
PS5 TC/R B o 0 1
PE | LiF B o o 1
P7 e APL B o o 1
=F:; APH > o 0 1

Figure 1: SYSTEM SET Instruction

A:C
This control byte performs the following:
1. Resets the internal timing generator
2. Disables the display
3. Cancels sleep mode
Parameters following p1 are not needed if only canceling sleep mode.

B: MO
Select the internal or external generator ROM. The internal character generator ROM contains
160, 5*7 pixel characters, as shown in Figure: On-chip Character set. These characters are fixed at
fabrication by the metallization mask.
The external character generator ROM, on the other hand, can contain up to 256 user-defined
characters.
MO0=0: Internal CG ROM
MO0=1: External CG ROM
Note: that if the CG ROM address space overlaps the display memory address space, that portion
of the display memory cannot be written to.

C:M1
Select the memory configuration for user-definable characters. The CG RAM codes select one
of the 64 codes shown in Figure 46.

M1=0: No D6 correction.
The CG RAM1 and CG RAM?2 address spaces are not contiguous, the CG RAM1 address space is
treated as character generator RAM, and the CG RAM2 address space is treated as character generator

SHENZHEN X.R.D ELECTRONIC CO,, LTD. Page 10 of 75



LCD MODULE: XRDST-G320240C1UBSWSD-16 Version :A0Q 8-Oct-13

ROM.

M1=1:D6 correction.
The CG RAM1 and CG RAM2 address are contiguous and are both treated as character generator
RAM.

D: M2
Select the height of the character bitmaps. Characters more than 16 pixels high can be displayed
by creating a bitmap for each portion of each character and using the series graphics mode to
reposition them.

M2=0: 8-pixel character height (2716 or equivalent ROM)

M2=1: 16-pixel character height (2732 or equivalent ROM)
E:W/S *SETTOO

Select the LCD drive method

W/S=0: Single-panel drive
W/S=1: Dual-panel drive( no use )

El
= W 3

driver driver

h

f

driver LED

Figure 2: Single-panel Display

SHENZHEN X.R.D ELECTRONIC CO,, LTD. Page 11 of 75



LCD MODULE: XRDST-G320240C1UBSWSD-16 Version :A0Q

8-Oct-13
El H e
—_— ¥ g ¥
driver driver
Upper
v Fanel
driver
Lowwar
Panel
b b
driver driver
Figure 3: Above and Below Dual-panel Display
El y ) ¢ :
—w K odhiver A driver w  xodriver A driver
YD } }
Y driver /“* Left Fanel Right Panel

Figure 4: Left and Right Dual-panel Display

W

Screen origin compensation for inverse display .I'V is usually set to 1. The best way of displaying
inverted characters is to Exclusive -OR the text layer with the graphics background layer. However,
inverted characters at the top or left of the screen are difficult to read as the character origin is at the top-
left of its bitmap and there are no background pixels either above or to the left of these characters.

The IV flag causes the production to offset the text screen against the graphic back layer by one
vertical pixel. Use the horizontal pixel scroll function (HDOT SCR) to shift the text screen 1 to 7 pixels

to the right. All characters will then have the necessary surrounding background pixels that ensure easy
reading of the inverted characters.

IV=0: Screen top-line correction

SHENZHEN X.R.D ELECTRONIC CO,, LTD. Page 12 of 75



LCD MODULE: XRDST-G320240C1UBSWSD-16 Version :A0Q 8-Oct-13

IV=1: No screen top-line correction
Cisplay start point i,

D —

7
HDOT SCR
Character

Oots 1to ¥

Figure 5: IV and HDOT SCR Adjustment

G:EX

Define the horizontal character size. The character width in pixels is equal to FX+1, where FX can
range from 00 to 07H inserted between characters.

Table 1: Horizontal Character Size Selection

FX [FX]character

HEX D3 D2 | DI DO Width (pixels)
00 0 0 0 0 1
01 0 0 0 1 2
' | | | | |
07 0 1 1 1 8

Since the production handles display data in 8-bit units, characters larger than 8 pixels wide must be
formed from 8-pixel segments; As Figure 6 shows, the remainder of the second eight bits are not
displayed .This also applies to this second screen layer.

In graphics mode, the normal character field is also eight pixels. If a wider character field is used, any
remainder in the second eight bits is not displayed.

— X —H
T o p— = -

et

e
oo

)

SR
e
e

4—8 bits —*r*—8 bi

ETNN
LGN

=—8 bits—==—8

17

Address A Address B Non-display area

i L
i:

Figure 6: FX and FY
display addresses
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LCD MODULE: XRDST-G320240C1UBSWSD-16 Version :A0Q 8-Oct-13

H: WF

Select the AC frame drive waveform period. WF is usually set to 1.
WF=0: 16-line AC drive
WEF=1: two-frame AC drive

In two-frame AC drive, the WF period is twice the frame period.

In 16-line AC drive, WF inverts every 16 lines.
Although 16-line AC drive gives a more readable display, horizontal lines may appear when using high
LCD drive voltages or at high viewing angles.
I EY

Set the vertical character size. The height in pixels is equal to FY+1.FY can range from 00 to OFH
inclusive. Set FY to zero (vertical size equals one) when in graphics mode.

Table 2: Vertical Character Size Selection

FY [FY]character
HEX D3 D2 D1 DO Height (pixels)
00 0 0 0 0 1
01 0 0 0 1 2
' 4 ' ' ' '
07 0 1 1 1 8
' | | | | |
0E 1 1 1 0 15
OF 1 1 1 1 16

J: C/IR

Set the address range covered by one display line, that is ,the number of characters less one, multiplied
by the number of horizontal bytes per character .C/R can range from 0 to 239.

For example, if the character width is 10 pixels ,then the address range is equal to twice the number of
characters, less 2. See Section <SYSTEM SET instruction and parameters>. [C/R] cannot be set to a value
greater than the address range. It can, however, be set smaller than the address range, in which case the
excess display area is blank. The number of excess pixels must not exceed 64.

Table 3: Display line address range

CR . .
HEX | D7 | D6 | D5 | D4 | D3 | D2 | D1 | Do | L[&/RIbytes per display line
0 | 0] 0] 0] o0 o0] 0] o] o 1
oL | 0 ] 0] 0] o001 0] 01 2
| ! ! | | | | | | |
4F | 0 | 1] o0 o | 1111 80
| ! ! ! ! ! ! ! | |
EE | 1 | 1 | 1] 0] 1] 1] 110 239
EF | 1 | 1 | 1] 0] 1] 111 240
K:IC/R

Set the length, including horizontal blanking, of one line. The length is equal to TC/R+1, where TC/R
can range from 0 to 255.

SHENZHEN X.R.D ELECTRONIC CO,, LTD. Page 14 of 75



LCD MODULE: XRDST-G320240C1UBSWSD-16 Version :A0Q 8-Oct-13

TC/R must be greater than or equal to C/R+4 .Provided this condition is satisfied, [TC/R] can be set
according to the equation given in section <SYSTEM SET instruction and parameters> in order to hold the
frame period constant and minimize jitter for any given for any given main oscillator frequency, fosc.

Table 4: Line length selection

TCR .
HEX | D7 | D6 | D5 | Da | D3 | D2 | DI | Do | L'C/Rllinelength (bytes)
0 | 0] 0] 0] 0] 0] 0] 0] o0 1
oL | 0] 0] 0] o001 0] 0] 1 2
| ! ! | | | | | | |
52 10 110 1]o0] o] 1] o0 83
| ! ! ' ' ' ' ' | |
FE | 1 | 1 | 1 | 1] 1] 1] 1] o0 255
FF | 1 | 1 | 1 | 1 | 1] 1] 1] 1 256
L:L/F

Set the height, in lines, of a frame. The height in lines is equal to L/F+1, where L/F can range from 0 to 255.
Table 5: Frame height selection

L/F .
HEX | D7 | D6 | D5 | D4 | D3 | D2 | D1 | Do | L'C/Rllinelength (bytes)
0 | 0] 0] 0] o0 o0] 0] o] o 1
of | 0 ] 0] 0] o001 0] 01 2
| ! ! | | | | | | |
7F ] 0 | 1 | 1 | 1| 1| 1|11 128
| ! ! ! ! ! ! ! | |
FE | 1 | 1 | 1 | 1] 1] 1] 1] o0 255
FF | 1 | 1 | 1 | 1] 1] 111 256

If W/S is set to 1, selecting two-screen display, the number of lines must be even and L/F must,
therefore, be an odd number.

M:AP

Define the horizontal address range of the virtual screen. APL is the least significant byte of the
address.

APL | AP7 | AP6 | AP5 | AP4 | AP3 | AP2 | APl | APO |

APH | AP15 | AP14 | AP13 | API12 | APIl1 | APIO | APY | AP8 |

Figure 7: AP Parameters

Table 6: Horizontal Address Range | F | F | F | F | 2°16-1 |
FY [AP]addresses Figure 8: AP and C/R relationship

APH APL Per line
0 0 0 0 1
0 0 0 1 2 @ Display area
| ' | ' '
0 o] 51 80 R
| ! | | !
F F F E 2°16-2

Display mermory limit

SHENZHEN X.R.D ELECTRONIC CO,, LTD. |
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LCD MODULE: XRDST-G320240C1UBSWSD-16 Version :A0Q 8-Oct-13

(2) SLEEP IN

Place the system in standby mode. This command has no parameter bytes. At least one blank frame
after receiving this command, the production halts all internal operations, including the oscillator, and
enters the sleep state.

MSB LSB
c |l o 1 0 1 0 0 1 1|
Figure 9: SLEEP IN Instruction

(3) DISP ON/OFF

Turn the whole display on or off. The single-byte parameter enables and disables the cursor and
layered screens, and sets the cursor and screen flash rates. The cursor can be set to flash over one
character or over a whole line.

MSB LSB
c | o 1 0 1 1 0 1 D |

Pl | FP5 FP4 FP3 FP2 FPI FP0 FCl FCo |

Figure 10: DISP ON/OFF Parameters
A:D
Turn the display ON or OFF .The D bit takes precedence over the FP bits in the parameter.
D=0: Display OFF
D=1: Display ON

B:EC
Enables /disables the cursor and sets the flash rate. The cursor flashes with a 70% duty cycle
(ON/OFF).
Table 7: Cursor Flash Rate Selection

FCl1 FCO Cursor display
0 0 OFF(blank)
0 1 No flashing
1 0 Flash at fFR/32 Hz
ON (approx. 2 Hz)
1 1 Flash at fFR /64 Hz
(approx. 1 Hz)

Note: As the MWRITE command always enables the cursor, the cursor position can be checked even
when performing consecutive writes to display memory while the cursor is flashing.

C.EP
Each pair of bits in FP sets the attributes of one screen block, as follows. The display attributes are as
follows:
Table 8: Screen Block Attribute Selection
FP1 FPO First screen block(SAD1)
FP3 FP2 Second screen block (SAD2,SAD4).See note.
FP5 FP4 Third screen block(SAD3)
0 0 OFF(blank)
0 1 ON No flashing
1 0 Flash at fFR /32 Hz (approx. 2 Hz)
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1 1 Flash at fFR /4 Hz (approx. 16Hz)

Note: If SAD4 is enabled by setting W/S to 1,FP3 and FP2 control SAD2 and SAD4. The attributes
of SAD2 and SAD4 cannot be set independently.

(4) SCROLL

A:C
Set the scroll start address and the number of lines per scroll block .Parameters P1 to P10 can be
omitted if not required. The parameters must be entered sequentially as shown in Figure 11.
Note: Set parameters P9 and P10 only if both two-screen drive (W/S=1) and two-layer configuration
are selected .SAD4 is the fourth screen block display start address.

MSB LSB

C 0 1 0 0 0 1 0 0

P1 | A7 A6 AD A4 A3 A2 A1 A0 ((SAD1L)

P2 [A15 A14 A13 Al12 A11 A10 A9 A8 |((SAD 1H)

P3 | LY L6 L5 L4 L3 L2 L1 LO |(SL 1)

P4 | A7 A6 AL A4 A3 A2 A1 A0 |[(SADZ2ZL)

PS5 |[A15 A14 A13 A12 A11 A10 A9 AB |(SAD 2H)

P6 | LY L6 LS L4 L3 LZ L1 LO [(SL 2)

P7 | A7 A6 AD A4 A3 A2 A1 A0 |((SAD 3L)

P8 |A15 A14 A13 A12 A11 A10 A9 AB |(SAD 3H)

PO | A7 A6 AL A4 A3 A2 A1 A0 ((SADA4L)

P10 |A15 A14 A13 A12 A11 A10 A9 A8 |[(SAD4H)

Figure 11: SCROLL Instruction Parameters

Note: Set parameters P9 and P10 only if both two-screen drive (W/S=1) and two-layer configuration are
selected .SAD4 is the fourth screen block display start address
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Table 9: Screen block start address selection

SL1,5L2 [SL] screen line
HEX | L7 | L6 | L5 | L4 | L3 | L2 | LI | Lo

W | 00000000 1

oL | 0 |0 0] 00 0] 01 2

| ! ! | | | | | | |
7F 10 | 1 | 1 ] 1 [ 1 1] 11 128

| ! ! ! ! ! ! ! | |
FE | 1 | 1 | 1 | 1 | 1 [ 1 1o 255
FF | 1 | 1 | 1 | 1 | 1] 1|11 256

B:SL1, SL2

SL1 and SL2 set the number of lines per scrolling screen. The number of lines is SL1 and SL2 plus
one. The relationship between SAD. SL and the display mode is described below

Table 10: Text display mode

WIS Screen First Layer Second Layer
First screen block SAD1 SADZ
Second screen block SL1 SLZ
SAD3 (see note 1)
Third screen block (partitioned screen) Set both SL1 and SL2 to L/F + 1
if not using a partitioned screen.

Screen configuration example;

SADZ —
SADT —=
0 — SL2
[ Graphics display page 2
Sl Character display page 1
SAD3 —m
Character display page 3
- Layer2
4| ayer |
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Table 10: Text display mode (continued)
WIS Screen First Layer Second Layer
Upper screen RELH AL
R SL1 sL2
Lower screen S sl
(See note 2.) (See note 2.)
Set both SL1 and SL2 to ((L/F) /2 + 1).
Screen configuration example:
SADZ —
SADT —-
1 o
S Character display page 1 = FRRRICSIER R R
SADZ —
L Graphics display page 4
(SAaD4)
Character display page 3
Laver Lawver 2
Notes:

and SL2).

1. SAD3 has the same value as either SAD1 or SAD2, whichever has the least number of lines (set by SL1

2. Since the parameters corresponding to SL3 and SL4 are fixed by L/F, they do not have to be set in this

mode.

Page 19 of 75
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Table 11: Graphics display mode
WIS Screen First Layer Second Layer | Third Layer
Two-layer composition =i SRl
y P SL1 SL2
SAD3 (see note 3.)
Upper screen Set both SL1 and SL2 to
PP L/F + 1 if not using a
partitioned screen
Screen configuration example:
SADZ—m
SADT —m
0 — SL2
S Character display page 1 L “rapkloadienlanpage s
SADS —
Character display page 3
4 T
Layer 1 Layer2
Three-layer configuration A SAEE e
v g SL1=LF+1 | SL2=L/F + 1 -
Screen configuration example:
SADI —
SADT — T [ Graphics display page 3
ppt——we N
— SL2
0 BEY— @ Graphics display page 2
Graphics display page 1
+ * Layer 3
Layer Layer?2

SHENZHEN X.R.D ELECTRONIC CO,, LTD.
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Table 11: Graphics display mode (continued)
WIS Screen First Layer Second Layer
First screen block SADA1 SAD2
Second screen block SLA1 SL2
SAD3 (see note 1)
Third screen block (partitioned screen) Set both SL1 and SL2to L/F + 1
if not using a partitioned screen.
Screen configuration example:
SAD2 —m
SAD1—m,
0 — sL2
SL1 Character display page 1 ® IR AR YRetes
SADE —w
Character display page 3
- Layer2
- Layer 1
Notes:

1. SAD3 has the same value as either SAD1 or SAD2; whichever has the least number of lines (set by SL1
and SL2).

2. Since the parameters corresponding to SL3 and SL4 are fixed by L/F, they do not have to be set.
3. If, and only if, W/S=1, the differences between SL1 and (L/F+1)/2, and between SL2 and (L/F+1)/2, are

blanked.

Upper Panel

[T T

Lower Panel

s

Graphics

Figure 12: Two-panel display height
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(5) CSRFORM

Set the cursor size and shape. Although the cursor is normally only used in text displays, it may
also be used in graphics displays when displaying special characters.

MSB LSB
c | o 1 0 1 1 1 0 1|
Pl 0 0 0 0 CRX

X3 X2 X1 X0

CRY
Y3 Y2 Yl YO0
Figure 13: CSRFORM parameter bytes

P2 CM 0 0 0

A: CRX

Set the horizontal size of the cursor from the character origin .CRX is equal to the cursor size less

one. CRX must be less than or equal to FX.
Table 12: Horizontal cursor size selection

CRX [CRX] cursor width
HEX D3 D2 D1 DO (pixels)
0 0 0 0 0 1
1 0 0 0 1 2
| | | | | |
4 0 1 0 0 5
| ' ' ' ' '
E 0 1 1 0 7
F 0 1 1 1 8

B: CRY

Set the location of an underscored cursor in lines, from the character origin. When using a block
cursor. CRY sets the vertical size of the cursor from the character origin. CRY is equal to the number

of lines less one.

Table 13: Cursor height selection

CRY [CRY] cursor height
HEX D3 D2 D1 DO (pixels)
0 0 0 0 0 illegal
1 0 0 0 1 2
| | | | | |
8 1 0 0 0 9
| ' ' ' ' '
E 0 1 1 0 7
F 0 1 1 1 8
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Character start point
0123456 =« » = »

1

2.

3

4

5

6

7

8rooea

9
CRX =5 dots
CRY =9 dots

CM=0

Figure 14: Cursor size and position

C:CM

Set the cursor shape. Always set CM to 1 when in graphics mode.
CM=0: Underscore cursor
CM=1: Block cursor

(6) CSRDIR

Set the direction of automatic cursor increment. The cursor can move left or right one character, or
up or down by the number of bytes specified by the address pitch, AP When reading from and writing to
display memory, this automatic cursor increment controls the display memory address increment on each
read or write.

MSB LSB
c | o 1 0 0 1 1 CDl CD2 |
Figure 15: CSRDIR parameters

Figure 16: Cursor direction
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Table 14: Cursor shift direction

C CDl1 CD2 Shift direction
4CH 0 0 Right
4DH 0 1 Left
4EH 1 0 Up
4FH 1 1 Down

Note: Since the cursor moves in address units even if FX=9 , the cursor address increment must be
preset for movement in character units. See Section <Cursor control>

(7) OVLAY
Selects layered screen composition and screen text/graphics mode.
MSB LSB
c | o 1 0 1 1 0 1 1|
Pl | 0 0 0 | ov | pm2 | pmI | Mx1 | mxo |

Figure 17: OVLAY parameters

A: MX0,MX1

MXO0 and MXI set the layered screen composition method, which can be either OR, AND,
Exclusive-OR or Priority-OR Since the screen composition is organized in organized in layers and not
by screen blocks, when using a layer divided into two screen blocks, different composition methods
cannot be specified for the individual screen blocks.

The Priority-OR mode is the same as the OR mode unless flashing of individual screens is used.

Table 15: Composition method selection

MX1 | MXO0 Function Composition Method Applications
0 0 LIUL2ZUL3 | OR Underlining, rules, mixed text and graphics
0 1 (L18L2) UL3 | Exclusive-OR Invertefd'characters, flashing regions,
underlining
1 0 (L1NL2) UL3 | AND Simple animation, three-dimensional
1 1 L1>L2>L3 Priority- OR appcarance
Notes:

L1: First layer (text or graphics).If text is selected, layer L3 cannot be used.
L2: Second layer (graphics only)
L3: Third layer (graphic only)
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Layer 1 Layer 2 Layer 3 visible display
(1D | ABCDE [ ] s ABCDE| | oR
2)| ABCDE e — Exclusive OR
(3)| ABCDE = - CDE | ..o
@ ABCDE - — ABCDE | rrioritized OR

Figure 18: Combined layer display
Note:
L1: Not flashing
L2: Flashing at 1 Hz
L3: Flashing at 2 Hz

B: DM1,DM2

DM1 and DM2 specify the display mode of screen blocks 1 and 3, respectively

DM1/2=0: Test mode
DM1/2=1: Graphics mode
Note 1: Screen blocks 2 and 4 can only display graphic.

Note 2: DM1 and DM2 must be the same, regardless of the setting of W/S.

C: 0V

Specifies two- or three-layer composition in graphics made.
OV=0: Two-layer composition

OV=1: Three-layer composition

Set OV to 0 for mixed text and graphics mode.

(8) CGRAM ADR
Specifies the CG RAM start address

MSB LSB
c | o 1 0 1 1 1 0 0 |
Pl | A7 A6 A5 A4 A3 A2 Al A0 | (SAGL)
P2 | A15 Al4 A13  A12 All  AlI0 A9 A8 |(SAGH)

Figure 19: CGRAM ADR parameters
Note: See section <Character generator >
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Page 25 of 75



LCD MODULE: XRDST-G320240C1UBSWSD-16 Version :A0Q 8-Oct-13

(9) HDOT SCR
While the SCROLL command only allows scrolling by characters. HDOT SCR allows the screen
to be scrolled horizontally by pixels. HDOT SCR cannot be used on individual layers.

MSB LSB
c | o 1 0 1 1 0 1 0 |
Pl | 0 0 0 0 0 | D2 DI Do |

Figure 20: HDOT SCR parameters
A: DOto D2

Specifies the number of pixels to scroll. The C/R parameter has to be set to one more than the
number of horizontal characters before using HDOT SCR. Smooth scrolling can be simulated if the
controlling microprocessor repeatedly issues the HDOT SCR command to the production .See Section
<Memory to display relationship >

Table 16: Scroll step selection *W a
Pl Number of pixies 1T o |1y
HEX | D2 | DI DO to scroll s
00 0 0 0 0 = lale |1 m=o
01 0 0 1 1 M=
02 0 1 0 2 | s e
| | | ! | Z || B —_— X1or
06 1 1 O 6 7 [ Display width ——————™ QF:”
07 | 1 ! ! ! e e
Figure 21: Horizontal scrolling
(10) CSRW

A: DOto D2

The 16-bit cursor address register contains the display memory address of the data at the cursor
memory address of the data at the cursor position as shown in Figure 22.

Note that the microprocessor cannot directly access the display memory.

The MREAD and MWRITE commands use the address in this register.

The cursor address register can only be modified by the CSRW command, and by the automatic
increment after an MREAD or MWRITE command. It is not affected by display scrolling. If a new
address is not set, display memory accesses will be from the last set address or the address after previous
automatic increments.

MSB LSB
c | o 1 0 0 0 1 1 0 |

Pl | A7 A6 A5 A4 A3 A2 Al A0 | (CSRL)

P2 [ A5  Al14 AI3  A12  All  Al0 A9 A8 | (CSRH)
Figure 22: CSRW parameters
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(11) CSRR

Read from the cursor address register. After issuing the command, the data read address is read
twice, for the low byte and then the high byte of the register.
MSB LSB

clo 1 o o o 1 1 1|

Pl | A7 A6 A5 A4 A3 A2 Al A0 | (CSRL)

P2 | AI5 Al4 Al3  AI2  All  Al0 A9 A8 | (CSRH)
Figure 23: CSRR parameters

(12) MWRITE

The microprocessor may write a sequence of data bytes to display memory by issuing the MREAD
command and then writing the bytes to the production. There is no need for further MWRITE
commands or for the microprocessor to update the cursor address register after each byte as the cursor
address is automatically incremented by the amount set with CSRDIR, in preparation for the next data

write.
MSB LSB

c | o 1 0 0 0 0 1 0 |

Pl | |

P2 | l
Pn n=1

Figure 24: MWRITE parameters
Note:

P1, P2,...Pn: display data

(13) MREAD

Puts the production into the data output state. Each time the microprocessor reads the buffer, the
cursor address is incremented by the amount set by CSRDR and the next data byte fetched from
memory, so a sequence of data bytes may be read without further MREAD commands or by updating
the cursor address register. If the cursor is displayed, the read data will be from two positions ahead of

the cursor.
MSB LSB
c | o 1 0 0 0 0 1 1|
Pl | |
P2 | |
Pn n=1

Figure 25: MREAD parameters
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¥ Display Control Functions
(1) Character configuration
The origin of each character bitmap is in the top left corner as shown in Figure 29. Adjacent bits in
each byte are horizontally adjacent in the corresponding character image.
Although the size of the bitmap is fixed by the character generator, the actual displayed size of the
character field can be varied in both dimensions

Character starting point

D7 to DO
i RO ol1|1]|1]0 0|0 o0
R1 1{olo|lo|l1 /0|00
R2 1lo|o|o|l1|0|0]o0O
T 1|lo|lo|lo|l1|0|0]o0
height R4 1{1|1]1|1|0]0]0
R5 1|lo|o|o|l1|0|0]o0O
R6 1{olo|lo|l1 /0|00
v R7 olo|lo|o|o o|lo o
i RS olo|o|ojo|o|o]o i
RO olo|lo|o|o o|lo o
R10 [o|o|o|o|lo|o|o]o
space R11 |0|ojojojojo]o]o Sén;:e
R12 |[o|o|o|o|lo|o|o]o
R13 [o|o0o|o|o|lo|lo|o]oO
R4 |[o|o0|o|o|lo|o|o0]o
J v R15 |0o|o0|o|lo|o|o|o|o v

}-G—Character width 4b~+8pace 4b1 Sdp:t‘;e 4-1
Figure 26: Example of character display ([FX]< 8) and generator bitmap

If the area outside the character bitmap contains only zeros. The displayed character size can easily
be increased by increasing FX and FY, as the zeros ensure that the extra space between displayed
characters is blank.

The displayed character width can be set to any value up to 16 even if each horizontal row of the
bitmap is two bytes wide.
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Vertical
non-display
area

L e e e e — =
-t 8dots—>‘

~+—— Character width —"-‘*Space"

Horizontal
| FX 4>‘+ non-display
| area

» [ 7 F T F §F F T F F FTT 01 = & & | Iy 'y
I
|
I
I
I
I Character
| Height
I
I
I

FY '

I ¥
I Y
I
I
116 dots
: Space
|
I
|

v ! .

F I
I
I
|
I
I
I
I
|
I

|-“l

+—— & dots -

Figure 27: Character width greater than one byte wide ([FX]=9)

Note: The production does not automatically insert spaces between characters. If the displayed character size is
8 pixels or less and the space between character origins is nine pixels or more, the bitmap must use two
bytes per row, even though the character image requires only one.

SHENZHEN X.R.D ELECTRONIC CO,, LTD. Page 29 of 75



LCD MODULE: XRDST-G320240C1UBSWSD-16 Version :A0Q 8-Oct-13

(2) Screen configuration
A: Screen configuration
The basic screen configuration of the production is as a ingle text screen or as overlapping text and
graphics screens, The graphics screen uses eight times as much display memory as the text screen.
Figure 28 shows the relationship between the virtual screens and the physical screen.

| Character

memory area

Graphics
L memory area

Display
mem ary
window T
Ay
: (XA M
H
{XM,0)

Figure 28: Virtual and physical screen relationship

B: Display address scanning

The production cans the display memory in the same way as a raster scan CRT screen. Each row is
scanned from left to right until the address range equals C/R. Rows are scanned from top to bottom.

In graphics mode, at the start of each line, the address counter is set to the address at the start of the
previous line plus the address pitch, AP.

In text mode, the address counter is set to the same start address, and the same character data is read,
for each row in the character bitmap. However, a new row of the character generator output is used each
time. Once all the rows in the character bitmap have been displayed, the address counter is set to the
start address plus AP and the next line of text is displayed
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.1 SAD SAD + 1 SAD + 2 SAD + CR
O e O
? SAD+ AP | SAD+ AP | SAD + AP SaD + AP
- +1 +3 + C/R
| | R W N ——
17| SAD + 24P | | |
: | I I
' I I I
4 | | | |
2 | | | |
i | | | |
* | | | |
¥ | | | |

| | | |
| | | |
| | | |
| | | |
| | | |
| | | |
- CR »

VWS =0 FX=8FY=8

Figure 29: Character position parameters
Note: One byte of display memory corresponds to one character

1 SAD SAD +1 SAD + 2 SaAD + C/R
5 | SAD+AP | SAD+ AP | SAD+ AP SAD + AP
% 1 G| + C/R
3 SAD + 24P : : :
i ———= [ [
. | | |
. |
. [
. |
- C/R
WS =0 FX=38

Figure 30: Character position vs. memory
Note: One bit of display memory corresponds to one pixel

Line 1

Line 2

Line 3

/—\/

SAD

SAD +1

SAD + 2

SAD + C/R

SAD + AP

SAD + AP +1

SAD + AP + C/R

SAD + 2AFP

/\/

-

AP

AP

.
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SAD1 SADT +1 SAD1T + 2 SADT1 + CIR

9 | SADT+ AP | SAD1+ AP | SAD1 + AP SAD1T + AP
+1 £ +CIR

16
17

SADT + ZARP

24
25 e

(LFY2=p
B+1 | saDa + 1 SAD3 +2 SAD3 + CiR

g+ 1
B+9 | SAD2+ AP | SAD3 + AP SAD3 + AP SAD3 + AP
+1 L) + IR

B+ 16
B+ 17 | SAD3+ 24P

B+ 24
B+ 25

(LIF)

- CiIR L
WiIS=1FX=8Fr=8

Figure 31: Two-panel display address indexing
Note: In two-panel drive, the production reads line 1 and line f+1 as one cycle. The upper and lower
panels are thus read alternately, one line at a time.
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C: Display scan timing

Figure 32 shows the basic timing of the production. One display memory read cycle takes nine
periods of the system clock, @0 (fosc). This cycle repeats (C/R+1) times per display line.

When reading, the display memory pauses at the end of each line for (TC/R-C/R)display memory
read cycles, though the LCD drive signals are still generated. TC/R may be set to any value within the
constraints imposed by C/R, fosc, fFR, and the size of the LCD panel, and it may be used to fine tune
the frame frequency. The microprocessor may also use this pause to access the display memory data.

T0 >l T | 2 |
Display read cycle interval {

e || [
; : . Character generator
Character read interval 4>’4* Graphics read interval 4.“7 read mteral —I\-‘
VA >

Figure 32: Display memory basic read cycle

Yy

e Display period ——————m=-—Divider frequency =
- TCR beried -
= CR Lt

Line 1 0 R ‘

2 0 R |

Frame 3 g B ‘
period L
L
L
L ]
L

(L/F) O R

LP [ ]

Figure 33: Relationship between TC/R and C/R
Note: The divider adjustment interval (R) applies to both the upper and lower screens even if W/S
=1. In this case, LP is active only at the end of the lower screen’s display interval.

(3) Cursor control

A: Cursor register function

The production cursor address register functions as both the displayed cursor position address
register and the display memory access address register. When accessing display memory outside the
actual screen memory, the address register must be saved before accessing the memory and restored after
memory access is complete.
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Cursor display
Address register

Cursor register ———

Address pointer

Figure 34: Cursor addressing
Note: that the cursor may disappear from the display if the cursor address remains outside the
displayed screed memory for more than a few hundred milliseconds.
B: Cursor movement

On each memory access, the cursor address register changes by the amount previously specified

with CSRDIR, automatically moving the cursor to the desired location.
C: Cursor display layers

Although the production can display up to three layers, the cursor is displayed in only one of these
layers:

Two-layer configuration: First layer (L1)

Three-layer configuration: Third layer (L3)

The cursor will not be displayed if it is moved outside the memory for its layer. Layers may be
swapped or the cursor layer moved within the display memory if it is necessary to display the cursor on a
layer other than the present cursor layer

Although the cursor is normally displayed for character data, the production may also display a
dummy cursor for graphical characters. This is only possible if the graphics screen is displayed, the text
screen is turned off and the microprocessor generates the cursor control address.

D=1

FC1=0
Cursor ON
FC0=1

FCI=0 Block screen 1 ( character

FC0=0 screen ) OFF

/N S

FC3=0 Block screen 2 ( graphics

FCo=1 screen ) ON

\

Figure 35: Cursor display layers

Consider the example of displaying Chinese characters on a graphics screen .To write the display
data, the cursor address is set to the second screen block, but the cursor is not displayed, To display the
cursor, the cursor address is set to an address within the blank text screen block.

Since the automatic cursor increment is in address units, not character units, the controlling
microprocessor must set the cursor address register when moving the cursor over the graphical characters
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8 dots 8 dots 8 dots 8 dots

Block cursor

|
|
18 dots I
|
|

/

Auto shift
—

Auto shift
—_—

lAuto shift /

Cursor address preset

Figure 36: Cursor movement

If no text screen is displayed, only a bar cursor can be displayed at the cursor address.

If the first layer is a mixed text and graphics screen and the cursor shape is set to a block cursor,
the production automatically decides which cursor shape to display .On the text screen it displays a block

cursor, and on the graphics screen, a bar cursor.
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(4) Memory to display relationship

The production virtual screens that are larger than the physical size of the LCD panel address range,
C/R. A layer of the production can be considered as a window in the larger virtual screen held in display
memory. This window can be divided into two blocks, with each block able to display a different portion

of the virtual screen.
This enables, for example, one block to dynamically scroll through a data area while the other acts

as a status message display area. See Figure 37 and 38.

- AP -
“+— C/R—
WS =1 o Character page 1 SAD1 el
SAD3 @-—-———--—--- p— —9——— EEas
Character page 3 SAD3 Display page 1
Display page 1 ~ Displaypage 3 |
SAD2 i
i Layer 1
T oAD4 § Braphics page _2__\ S .
L 4 Graphics page 2 SAD4 Display page 2
. \‘} _______ ?-.%P__g_ _______
Display page 2 4— C/R —» Display page 4
_+ Layer 2 4
Layer 2 CG RAM
SAD1 |4—C/R —»
Character page 1
SAD1
Display page 1 < >
SAD3 - £
Display page 3 SAD3 | Character page 3
Layer 1 —+
SAD2 4+—C/R ——
SAD2
Display page 2
B Graphics page 2
Layer 2 —+
4+— C/R —m
SAD3
Graphics page 3
SAD3 & CR—»
SAD2 |  Display page 3 SAD2 | Graphics page 2
SAD1 T Display page 2
Display page 1
play pag ‘ CR )
SAD1 - .
raphics page
Layer 1 —+ Layer 2

Layer 3

Figure 37: Display layers and memory
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0000H

Display

e el
|
csra |l CRX
/WiﬂdOW
__________________ Virtual display /

memaory limit

e

CIR F‘

FX = Horizontal character field £ 16 dots
FY =Vertical character field <16 dots
CRX = Horzontal cursor size £ 16 dots
CRY =Vertical cursor size £ 16 dots
C/RE = Characters paerrow < 240 bytes
L/F = Lines per frame £ 256 bytes

AP = Address pitch £ 64 Kbytes

FFFFH

Figure 38: Display window and memory
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Figure 39: Memory map and magnified characters
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(5) Scrolling
The controlling microprocessor can set the production scrolling modes by overwriting the scroll
address registers SAD1 to SAD4, and by directly setting the scrolling mode and scrolling rate.
A: On-page scrolling
The normal method of scrolling within a page is to move the whole display up one line and the
bottom line. Since the production does not automatically erase the bottom line, it must be erased with
blanking data when changing the scroll address register.

Display memory
- AP
- R ———————

Before scrolling ABIE SAD1 ABC
WYL 789 \ WY Z 789
l i
SAD3 Blank
After serolling WWHYZ 789 ST ¥
4 WY Z 789
Blank

Figure 40: On-page scrolling

B: Inter-page scrolling
Scrolling between pages and page switching can be performed only if the display memory capacity
is greater than one screen.

Display memaory
- AP =
- /R —————

Before scrolling HEE SAD1 ABC
WYY L 789 \ WYL igg

WY Z 789 SADA

After scrolling

Figure 41: Inter-page scrolling
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C: Horizontal scrolling
The display can be scrolled horizontally in one-character units, regardless of the display memory

capacity.
Display } Display memaory
) ABC XYL .| ABC HYZ
Before scrolling 193 SAD L 123
- AP
l - /R ——————
After scrolling ?3? KV LT SAD] —a— - ’?‘2536 K¥Z

Figure 42: Horizontal wraparound scrolling
D: Bidirectional scrolling
Bidirectional scrolling can be performed only if the display memory is larger than the physical
screen both horizontally and vertically. Although scrolling is normally done in single-character units, the
HDOT SCR command can be used to scroll horizontally in pixel units. Single-pixel scrolling both
horizontally and vertically can be performed by using the SCROLL and HDOT SCR commands. See
Section <Smooth horizontal scrolling>

Display memoaory

- AP =|
BE
Before scrolling EFG A'éé ___________ ;
TUV !
12 | EFG j
l TUY :
! I
! 1
! |
! I
| :
: 12134
7777777777777 567
‘4— CR —n—‘ 59
ABC
EFG
. FG :TUV
After scrolling TUV

1234
56

Figure 43: Bidirectional scrolling

SHENZHEN X.R.D ELECTRONIC CO,, LTD. Page 40 of 75



LCD MODULE: XRDST-G320240C1UBSWSD-16 Version :A0Q 8-Oct-13

E: Scroll units
Table 17: Scroll units

Mode Vertical Horizontal
Text Characters Pixels or characters
Graphics Pixels Pixels

Note than in divided screen, each block cannot be independently horizontally in pixel units

¥ Character Generator

(1) CG Characteristics
A: Internal character generator
The internal character generator is recommended for minimum system configurations containing a
production, display RAM, LCD panel, single chip microprocessor and power supply. Since the internal
character generator uses a CMOS mask ROM, it is also recommended for low-power applications.
*5X7-pixel font (See Section <Internal character generator font>)
*160 JIS standard characters
*Can be mixed with characters generator RAM (maxi-mum of 64 CG RAM characters)
*Can be mixed with characters generator RAM (maxi-mum of 64 CG RAM characters)

B: External character generator ROM

The external CG ROM can be used when fonts other than those in the internal ROM are needed.
Data is stored in the external ROM in the same format used in the internal ROM. (See Section<Character
generator RAM>)

*Up to 8X8-pixel characters (M2=0) or 8X16-pixel characters (M2=1)

*Up to 256 characters (192 if used together with the internal ROM)

*Mapped into the display memory address space at FOOOH to F7FFH (M2=0) or FOOOH to FFFFH
(M2=1)

* Characters can be up to 8*16-pixels; however, excess bits must be set to zero.

C: Character generator RAM

The user can freely use the character generator RAM for storing graphics characters. The character
generator RAM can be mapped by the microprocessor anywhere in display memory, allowing effective
use of unused address space.

*Up to 8*8-pixel characters (M2=0) or 8*%16 characters (M2=1)

*Up to 256 characters if mapped at FOOOH to FFFFH (64 if used together with character
generator ROM).

*Can be mapped anywhere in display memory address space if used with the character generator
ROM.

*Mapped into the display memory address space at FOOOH to F7FFH if not used with the
character generator ROM (more than 64 characters are in the CG RAM).Set SAGO to FOOOH
and M1 to zero when defining characters number 193 upwards.

(2) CG memory allocation
Since the production uses 8-bit character codes, it can handle no more than 256 characters at a time.

However, if a wider range of characters is required, character generator memory can be bank-switched
using the CGRAM ADR command.
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/| Built—in CG ROM
7 {160 characters,
/ 5 x 7 pixels max) ‘ CG RAM n
A | CGRAM?2
/
/ CG RAM SAG CG RAM 1
sMO=1 | T
: 7 (64 characters max, 8 x 16 pixels max)
b s
Basic CG space i i
(256 characters, N
; 7 256 ch
8 x 16 pixels max) p i . CG RAM - o :Oaracters max
/ 5
. CG ROM
\
MO =1 “
' Built-in CGROM | | ﬁﬁefgara“m LEL
{160 characters, =
B 5 x 7 pixels max) — ‘ CG RAM n
3 | CGRAM?2
. )
5 — CGRAM
CG RAM ADR CG RAM 1
(64 characters max, 8 x 16 pixels max)
Figure 44: Internal and external character mapping
Note that there can be no more than 64 characters per bank.
Table 18: Character mapping
Item Parameter Remarks
Internal/external character generator selection | M0
1 to 8 pixel M2=0
Character 0 8 pIxe’s
field heieht 9 to 16 pixels M2=1
& Greater than 16 pixels Graphics mode (8 bits X 1 line)
Internal CG ROM/RAM select Automatic Determined by the character
External CG ROM/RAM select code
CG RAM bit 6 correction M1

CG RAM data storage address

Specified with CG RAM ADR
command

Can be moved anywhere in the
display memory address space

External CG
ROM address

192 characters or less

Other than the area of Figure 49

More than 192 characters

Set SAG to FOOOH and overly
SAG and the CG ROM table

(3) Setting character generator address
The CG RAM addresses in the VRAM address space are not mapped directly from the address in the

SAG register. The data to be displayed is at a CG RAM address calculated from SAG + character code +

ROW select address. This mapping is shown in Table 19 and 20.

Table 19: Character fonts, number of line < 8 (M2=0. M1=0)

SAG Al15-A12 All A10 A9 A8 A7 A6 A5 A4 A3 A2 Al A0
Character code 0 0 D7 D6 D5 D4 D3 D2 D1 DO 0 0 0
+ROW select address 0 0 0 0 0 0 0 0 0 0 R2 R1 RO
CG RAM address VA15-VA12 | VAI11 | VAIO | VA9 | VA8 | VA7 | VA6 | VA5 | VA4 | VA3 | VA2 | VA1 | VAO

SHENZHEN X.R.D ELECTRONIC CO,, LTD.
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Table 20: Character fonts, 9 <number of line < 8 (M2=1. M1=0)
SAG A15-A12 All A9 A8 A7 A6 AS A4 A3 A2 Al A0
Character code D7 D5 D4 D3 D2 D1 DO 0 0 0 0
+ROW select address 0 0 0 0 0 0 0 R3 R2 R1 RO
CG RAM address VA15-VA12 | VA1l VA9 | VA8 | VA7 | VA6 | VAS | VA4 | VA3 | VA2 | VA1 | VAO
Row R3 Rz R RO
&
Row 0 0] 0 0] 0]
Row 1 0] 0 0] il
Row 2 0] 0 1 0
Line 2
Row 7 0 1 1 1
Row 8 1 ] 0 0
Row 14 1 1 1 0
Row 15 1 1 1 1 v

Figure 45: Row select address

Note: Lines=1: lines in the character bitmap < 8
Lines=2: lines in the character bitmap > 9
A: M1=1
The production automatically converts all bits set in bit 6 of character code for CG RAM 2 to zero.
Because of this, the CG RAM data areas become contiguous in display memory.
When writing data to CG RAM:
*Calculate the address as for M1=0.
*Change bit 6 of the character code from “1” to “0”.
B: CG RAM address
* Define a pattern for the “A” in Figure 26.
* The CG RAM table start address is 4800H.
* The character code for the defined pattern is 80H (the first character code in the CG RAM area).
As the character code table in Figure 46 shows, codes 80H to 9FH and EOH to FFH are allocated

to the CG RAM and can be used as desired. 80H is thus the first code for CG RAM. As characters cannot
be used if only using graphics mode, there is no need to set the CG RAM data.
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Table 21: Character data example

CGRAM AD | 5CH
P1 00H | Reverse the CG RAM address calculation to calculate SAG
P2 40H
CSRDIR 4CH | Set cursor shift direction to right
CSRW 46H
P1 00H | CG RAM start address is 4800H
P2 48H
MWRITE 42H
P1 70H | Write ROW 0 data
P2 88H | Write ROW 1 data
P3 88H | Write ROW 2 data
P4 88H | Write ROW 3 data
P5 F8H | Write ROW 4 data
P6 88H | Write ROW 5 data
P7 88H | Write ROW 6 data
P8 00H | Write ROW 7 data
P9 00H | Write ROW 8 data
l l !
P16 00H | Write ROW 16 data

(4) Character code
The following figure shows the character codes and the codes allocated to CG RAM. All codes can
be used by the CG RAM if not using the internal ROM

Upper 4 bits
Lower 4 bits 8] 1 2 2 4 5 G Fi a8 L] Fiy B C (] E F
o o |l@ | P p
1 ! 1 A Q a q
2 "l 2| B|R|b|Tr
3 # 3 c 5 c s
4 s |4 |D|T|da]|t
5 % | 58 | E |U | e | u
G & G F L T W
ri ' i S| WY d W
8 ( | 8| H| x| h | x
o yleo v | v | i |y
A # J | Z | j =
B + | k|0 | k|1
C =L | % |1 :
D =|m| 1 |m]| 3
E - = N b n —
F f 7 O _ o |
ce RaM1 & cG RaM2 #
tmi=0
M1 = 1 T

Figure 46: On-chip character codes
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¥ Microprocessor Interface

(1) Microprocessor synchronization
The production interface operates at full bus speed, completing the execution of each command
within the cycle time, tcyc. The controlling microprocessor’s performance is thus not hampered by
polling or handshaking when accessing the production.
Display flicker may occur if there is more than one consecutive access that cannot be ignored within
a frame. The microprocessor can minimize this either by performing these accesses intermittently, or by
continuously checking the status flag (D6) and waiting for it to become HIGH.
A: Display status indication output
When CS, A0 and RD are LOW, D6 functions as the display status indication output .It is HIGH
during the TV-mode vertical retrace period or the LCD—mode horizontal retrace period, and LOW, during
the period the controller is writing to the display .By monitoring D6 and writing to the data memory only
during retrace periods, the display can be updated without causing screen flicker.
B: Internal register access
The SYSTEM SET and SLEEP IN commands can be used to perform input/output to production
series independently of the system clock frequency. These are the only commands that can be used while
the production is in sleep mode.
C: Display memory access
The production supports a form of pipeline processing, in which the microprocessor synchronizes
its processing to the production timing. When writing, the microprocessor first issues the MWRITE
command. It then repeatedly writes display data to the production using the system bus timing. This
ensures that the microprocessor is not slowed down even if the display memory access times are slower
than the system bus access times .See Figure 47.
When reading, the microprocessor first issues the MREAD command, which causes the SED1335
series to load the then reads data from the SED1335 series using the system bus timing .With each read,
the production reads the next data item from the display memory ready for the next read access. See

Figure 48.
ritc‘m:;—‘
VR L L L
Microprocessor Command write Data write Data write
DO0to D7

VRAN
RV
Display memory

D0 to VD7

Figure 47: Display memory write cycle

" I

Command write

MIEI’DpI’DCESSDI’ RD

Data read Data read

/ /

e ftove —————————-

D0 ta O7

VRN
WRW
Display memory
VD0 to vO7

Figure 48: Display memory read cycle
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(2) Interface examples

IORQ
AD ™ AQ
A1 L
to >|Decoder > CS
A15
Z80® g DO
to > to
D7 D7
RD » 5D SEL 1
WR * WR
RESET <—T—> RES

RESET

Figure 49: Z80® to production interface

v Status Flag

The production has a single bit status flag.

D6: X line standby

D7 DO
[X[Do | X[ X|X[X[X]X|
Figure 50: Status flag

The D6 status flag is HIGH for the TC/R-C/R cycles at the end of each line where the production is no

reading the display memory. The microprocessor may use this period to update display memory without

affecting the display, however it is recommended that the display be turned off when refreshing the whole
display.

e ] ]

Iy
oy
(9]
Eil
¥

Figure 51: C/R to TC/R time difference

/CS A0 /RD D6(flag)
0 0 0 0: Period of retrace lines
1: Period of display
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-

Read Status Flag

>

Yes

Data Input

Yes

Figure 52: Flowchart for busy flag checking
Y Reset

Yoo ‘

—— 1ms reset pulse ———
RES 0.7 Voo 0.3 VoD

Figure 53: Reset timing

The production requires a reset pulse at least I ms long after power-on in order to re-initialize its internal
state.

For maximum reliability, it is not recommended to apply a DC voltage to the LCD panel while the
production is reset . Turn off the LCD power supplies for at least one frame period after the start of the reset
pulse.

The production cannot receive commands while it is reset .Commands to initialize the internal registers
should be issued soon after a reset.

During reset, the LCD drive signals XD, LP and FR are halted.

A delay of 3 ms (maximum) is required following the rising edges of both RES and VDD to allow for
system stabilization

¥ Application Notes
(1) Initialization parameters
The parameters for the initialization commands must be determined first. Square brackets around a
parameter name indicate the number represented by the parameter, rather than the value written to the
parameter register. For example,[FX]=FX+1.
A: System set instruction and parameters
® FX
The horizontal character field size is determined from the horizontal display size in pixels
[VD]and the number of character per line[ VC]
[VDJ/[VCI<[FX]
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® C/R
C/R can be determined from VC and FX.
[C/R]=RND ([FX]/8*[VC])
Where RND(x) denotes x rounded up to the next highest integer.[C/R] is the number of bytes
per line, not the number of characters.
® TC/R
TC/R must satisty the condition [TC/R]>[C/R]+4
10M>([TC/R]*9+1)*[L/F]*70

Table 22: LCD unit example parameters

Product name and [FX] [FY] [C/R] TC/R

resolution( X xY)
[FX]=6 pixels . [C/R]=42=2AH bytes
256X64 256/6=42 remainder 4 iﬁhlf;g?;ndmg C/R=29H, When using HDOT | 2DH
=4 blank pixels SCR, [C/R]=43 bytes

[FX]=6 pixels 2 or 16. dependin [C/R]=85=55H bytes
512X64 512/6=85 remainder 2 on the ;cregn & C/R=54H, When using HDOT 58H
=2 blank pixels SCR, [C/R]=86 bytes

[FX]=8 pixels 2 or 16. dependin [C/R]=32=20H bytes
256X128 256/8= 32 remainder 0 on the ;cregn & C/R=19H, When using HDOT | 22H
=no blank pixels SCR, [C/R]=33 bytes

[FX]=10 pixels 2 or 16. dependin [C/R]=102=66H bytes
512X128 512/10=51 remainder 2 on the ;cregn & C/R=65H, When using HDOT 69H
=2 blank pixels SCR, [C/R]=103 bytes

B: Initialization example
The initialization example shown in Figure 54 is for the production with an 8-bit microprocessor

interface bus.

|
LT
|
SUpphpon b
| |
SYSTEM SET CSRW
| |
SCROLL CSR FORM
| |
HDOT SCR DISP ON
| -
OVLAY Outptcxjtal :i;splay
| I
DISP OFF |
|

Figure 54: Initialization procedure
Note: Set the cursor address to the start of each screen’s layer memory .and use MWRITE to fill the memory
with space characters. 20H (text screen only) or 00H (graphics screen only) .Determining which memory

to clear is explained in section <Display mode setting example 1>.
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Table 23: Initialization procedure
NO: Command Operation
1 Power-up
2 Supply
3 SYSTEM SET
C=40H
MO: Internal ROM
MI1: CG RAM is 32 characters maximum
P1=30H M2: 8 lines per character
W/S: Single-panel drive
IV: NO top-line compensation
. FX: Horizontal character size = 8 pixels
P2=87H WEF: Two-frame AC drive
P3=07H FY: Vertical character size = 8 pixels
P4=27H C/R: 40 display addresses per line
P5=30H TC/R: Total addresses rang per line = 48
P6=EFH LF: 240 display lines
P7=28H AP: Virtual screen horizontal size is 40 addresses
P8=00H '
4 SCROLL
C=44H
P1=00H First screen block start address
P2=00H Set to 0000H
P3=EFH Display lines in first screen block=240
P4=80H Second screen block start address
P5=25H Set to 2580H
P6=EFH Display lines in Second screen block=240
P7=00H Third screen block start address
P8=4BH Set to 4BOOH
P9=00H Fourth screen block start address
P10=00H Set to 4BOOH
Display mermory
(SAD1y 0000H 1<t display memory page
(SADZ) 2580H Znd display memory page
(SAD3) 4B00H ard display mermory page
(SAD4 0000H 4th display mermory page
5 HDOT SCR
C=5AH
P1=00H Set horizontal pixel shift to zero
6 OVLAY
C=5BH
MX1,MX0: Inverse video superposition
P1=01H DM1: First screen block is text mode
DM2: Third screen block is text mode

SHENZHEN X.R.D ELECTRONIC CO,, LTD.

Page 49 of 75



LCD MODULE:

XRDST-G320240C1UBSWSD-16

Version :A0Q

8-Oct-13

Table 23: Initialization procedure (continued)

NO: Command Operation
DISP ON/OFF e
7 =581 D: Display OFF
FC1, FCO: Flash cursor at 2Hz
P1=56H FP1, FPO: First screen block ON
FP3, FP2: Second and fourth screen blocks ON
FP5, FP4: Third screen blocks ON
8 Clear data first layer Fill first screen layer memory with 20H(space character)
9 Clear data in second layer | Fill second screen layer memory with 00h(blank data)
Qizplay
/ Character code in ewery position
1=t |EI';.-'BI’/
/ Black code in every position
2nd lave /
CSRW
10 C=46H
P1=00H
PI=00H Set cursor to start of first screen block
1 CDR FORM
C=46H
P1=04H CRX: Horizontal cursor size = 5 pixels
_ CRY: Vertical cursor size = 5 pixels
P2=86H CM: Block cursor
12 DISP ON/OFF Display ON
C=59H
Display
CSR DIR o e .
13 C=4CH Set cursor shift direction to right
14 MWRITE
C=42H
P1=20H Write space
P2=52H Write “R”
P3=41H Write “A”
P4=49H Write “1”
P5=4FH Write “O”
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Table 23: Initialization procedure (continued)
NO: | Command | Operation
rRAIO |
CSRW
5 C=46
P1=00H
P2=10H Set cursor to start of second screen block
CSR DIR o e L
16 C=4FH Set cursor shift direction to down
17 MWRITE
C=42H
P1=FFH
! Fill a square to the left of the “E”
P9=FFH
B o
18 CSRW
C=46H
P1=01H
Po=10H Set cursor address to 1001H
19 MWRITE
C=42H
Pl:fFH Fill in the second screen block in the second column of
PO=FFH line 1
Repeat operations 18 and 19 to fill in the background
20 CSRW under “RAIO”
!
29 MWRITE
Inverse display
RATO
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Table 23: Initialization procedure (continued)

NO: Command Operation
CSRW
30 C=46
1135;8(1)3 Set cursor to line three of the first screen block
31 CCSEALBER Set cursor shift direction to right
37 MWRITE
C=42H
P1=44H Write “D”
P2=6FH Write “0”
P3=74H Write “t”
P4=20H Write space Inverse display
P5=4DH Write “M”
P6=61H Write “a”
P7=74H Write “t” RAIO
P8=72H Write “r”
P9=69H Write “1” ,
P10-78H Write “x” Dokmatnz LD
P11=20H Write space
P12=4CH Write “L”
P13=43H Write “C”
P14=44H Write “D”

C: Display mode setting example 1: combining text and graphics

® (Conditions

*320%*240 pixels, single-panel drive (1/240 duty cycle)

*First layer: text display

*Second layer: graphics display

*8*8-pixel character font
*CG RAM not required

® Display memory allocation
*First layer (text):320/8=40 characters per line, 240/8=30 lines. Required memory

size=40%30=1200 bytes.

*Second layer (graphics):320/8=40 characters per line, 240/1=240 lines, Required memory

size=40%240=9600 bytes.
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04BOH
2nd graphics layer
(9600 bytes)
0000H
1st character layer S
(1200 bytes) saat
O04AFH
Figure 55: Character over graphics layers
® Register setup procedure
SYSTEM SET TC/R calculation CSR FORM
C=40H C=5DH
P1=30H fosc=10MHZ P1=04H
P2=87H fFR=70HZ P2=86H
P3=07H
P4=27H [TC/R]<10M/(240*70%*9) HDOT SCR
P5=30H 27H+4<[TC/R] <42H C=5AH
P6=EFH P1=00H
P7=28H
P8=00H OVLAY
C=5BH
SCROLL P1=00H
C=44H
P1=00H DISPLAY ON/OFF
P2=00H C=59H
P3=FOH P1=16H
P4=BOH
P5=04H X=Don’t care
P6=FOH
P7=XH
P8=XH
P9=XH
P10=XH

D: Display mode setting example 2: combining graphic and graphics
® Conditions
*320%*240 pixels, single-panel drive (1/240 duty cycle)
*First layer: graphics display
*Second layer: graphics display
® Display memory allocation
*First layer (graphics):320/8=40 characters per line, 240/1=240 lines. Required memory
size=40*240=9600 bytes.
*Second layer (graphics):320/8=40 characters per line, 240/1=240 lines. Required memory
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size=9600 bytes.

2580H
2nd graplics layer
(9600 bytes)

0000H
1st graplucs layer
(9600 bytes) 4AFFH

257FH

Figure 56: Two-graphics layers

® Register setup procedure

SYSTEM SET TC/R calculation CSR FORM

C=40H C=5DH

P1=30H fosc=10MHZ P1=07H

P2=87H fFR=70HZ P2=87H

P3=07H

P4=27H [TC/RI<10M/(240%70%*9) HDOT SCR

P5=30H 27H+4<[TC/R] <42H C=5AH

P6=EFH P1=00H

P7=28H

P8=00H OVLAY
C=5BH

SCROLL P1=0CH

C=44H

P1=00H DISPLAY ON/OFF

P2=00H C=59H

P3=FOH P1=16H

P4=80H

P5=25H X=Don’t care

P6=F0H

P7=XH

P8=XH

P9=XH

P10=XH

E: Display mode setting example 3: combining three graphics
® Conditions
*320%*240 pixels, single-panel drive (1/240 duty cycle)
*First layer: graphics display
*Second layer: graphics display
*Third layer: graphics display
® Display memory allocation
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*All layer (graphics):320/8=40 characters per line, 240/1=240 lines. Required memory
size=40%240=9600 bytes.

4BOOH
3rd graphics layer
(9600 bytes)
2580H
2nd graphics layer
(9600 bytes) 707FH
0000H
1st graphics layer
(9600 bytes) 4AFFH
257FH

Figure 57: Three-graphics layers
® Register setup procedure

SYSTEM SET TC/R calculation CSR FORM

C=40H C=5DH

P1=30H fosc=10MHZ P1=07H

P2=87H fFR=70HZ P2=87H

P3=07H

P4=27H [TC/R]<10M/(240%70%*9) HDOT SCR

P5=30H 27H+4<[TC/R] <42H C=5AH

P6=EFH P1=00H

P7=28H

P8=00H OVLAY
C=5BH

SCROLL P1=1CH

C=44H

P1=00H DISPLAY ON/OFF

P2=00H C=59H

P3=F0H P1=16H

P4=80H

P5=25H X=Don’t care

P6=FOH

P7=00H

P8=4BH

P9=XH

P10=XH
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(2) Smooth horizontal scrolling

Figure 58: illustrates smooth display scrolling to the left. When scrolling left, the screen is
effectively moving to the right over the larger virtual screen.

Instead of changing the display start address SAD and shifting the display by eight pixels, smooth
scrolling is achieved by repeatedly changing the pixel-shift parameter of the HDOT SCR command.
When the display has been scrolled seven pixels. The HDOT SCR pixel-shift parameter is reset to zero an
SAD incremented by one. Repeating this operation at a suitable rate gives the appearance of smooth
scrolling

To scroll the display to the right, the reverse procedure is followed.

When the edge of the virtual screen is reached, the microprocessor must take appropriate steps so
that the display is not corrupted. The scroll must be stopped or the display modified

Note that the HDOT SCR command cannot be used to scroll individual layers.

HDOT SCR

paramatar /SAD SAD+] SAD+2
P41 =00H
I gcnifi e
b AP o
P1=01H
o
| LA
SAaD=5AD
Display
P1=02H
k—cr —|

v

P41 =03H

Witual screen

v

P1=07H
L

P41 =00H

SAD=5A0+1
v

Ysible

Figure 58: HDOT SCR example
Note: The response time of LCD panels changes considerably at low temperatures. Smooth scrolling
under these conditions may make the display difficult to read.
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(3) Layered display attributes
The production incorporates a number of functions for enhanced displays using monochrome LCD
panels. It allows the display of inverse characters, half-intensity menu pads and flashing of selected

screen areas . These functions are controlled by the OVLAY and DISP ON/OFF commands

Attribute | Mx1 Mxo | Combinedlayer | . verdisplay | 2ndt layer display
display

0 1

Reverse \Y; [ /RAIG | \Y; RAIO ]
1 1
0 0

Half-tone ME | X¥esgNg | ME Yes, No e
1 1
0 0

= -3 I/////_ l“\l////‘i

Local flashing . ; BL ZEImors BL /\/E;rlgr\\\
0 0

. LINE

Ruled line 0 1 RL e RL FINE L]

1 1

Figure 59: Layer synthesis
A number of means can be used to achieve these effects, depending on the display configuration.
These are listed below. Note, however, that not all of these can be used in the one layer at the same time
A: Inverse display
® CSRW,CSDIR,MWRITE
Write is into the graphics screen at the area to be inverted.
® OVLAY:MX0=1,MX1=0
Set the combination of the two layers to Exclusive-OR.
® DISP ON/OFF:FP0=FP1=1,FP1=FP3=0
Turn on layers 1 and 2
B: Half-tone display
The FP parameter can be used to generate half-intensity display by flashing the display at 17
Hz. Note that this mode of operation may cause flicker problems with certain LCD panels.
® Menu pad display
Turn flashing off for the first layer, on at 17 Hz for the second layer, and combine the screens
using the OR function.
*OVLAY: P1=00H
* DISP ON/OFF: P1=34H

Half-tone

A0 Sa02

; ] |::>

2nd layer

AB

1st layer Zaombined layer display

Figure 60: Half-tone character and graphics
® Graph display
To present two overlaid graphs on the screen, configure the display as for the menu bar display
and put one graph on each screen layer. The difference in contrast between the half-and full-
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intensity displays will make it easy to distinguish between the two graphs and help create an

attractive display.
*OVLAY: P1=00H
* DISP ON/OFF: P1=34H
C: Flashing areas

® Small area
To flash selected characters, the MPU can alternately write the characters as character codes

and blank characters at intervals of 0.5 to 1.0 seconds.

® Large area
Divide both layer 1 and layer 2 into two screen blocks each, layer 2 into divided into the area to

be flashed and the remainder of the screen. Flash the layer 2 screen block at 2 Hz for the area to
be flashed and combine the layers using the OR function.

SN
ABC —aAC A
e o
> T WS
XYZ XYZ

Figure 61: Localized flashing

*OVLAY: P1=00H
* DISP ON/OFF: P1=34H
(4) 16 X 16-dot graphic display
A: Command usage
This example shows how to display 16*16-pixel characters. The command sequence is as follows:
CSRW Set the cursor address.
CSRDIR Set the cursor auto-increment direction.
MWRITE Write to the display memory.
B: Kanji character display
The program for writing large characters operates as follows:

The microprocessor reads the character data from its ROM.
The microprocessor sets the display address and writes to the VRAM. The flowchart is shown

in Figure 64.
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(n) shows the CG ROM
data readout order

Ao=10 Ao=1
Oas Or 050504 03 0201 Ca OF Os0s 0403 02 TH
OH (1) 2]
1H (3) (41
2H (5) 5]
3H (N (8)
4H (9) (10}
aH n (12)
gH (13) (14)
TH (18] (18]
aH (17 (18}
9H (19 (20}
AH (21 (23]
BH (23) (24)
CH 1345 (28]
DH (27 (28]
EH (29) (30}
FH (an (32)
1st column 2nd column
i
(B
(4
(2]
2nd column
memary area
(19 it
(171 (7
(15)
i p—
(11
Egg 1st calumn
MEMOry area
&) W
(3]
(3
(1 (1)

Data held in the microprocessor memary  Data written into the RABE3S display memary

Tirecon of cumsor movement

Figure 62: Graphics address indexing

i [
[} (4%
5 i
{7 [
(&) (1

ol (AW

kM [HES]

(13 (14

7 [ES]

(1% 20

20 2

[EH 24

(35 28

2T 251

ik i)

(3% an

2t

A el

T

Figure 63: Graphics address indexing
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Start

Enable cursor downwards movement

v

Set column 1 cursor address

v

W'rite data

v

Set column 2 cursor address

v

Wirite data

v

=

Figure 64: 16 X 16-dot display flowchart
Using an external character generator ROM, and 8*16-pixel font can be used, allowing a 16*16-pixel
character to be displayed in two segments .The external CG ROM EPROM data format is described in
Section <Display control functions>.This will allow the display of up to 128.16*16-pixel characters. If
CG RAM is also used, 96 fixed characters and 32 bank-switchable characters can also be supported.
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Figure 65: On-chip character set

The shaded positions indicate characters that have the whole 6 x 8 bitmap blackened
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B BACKLIGHT
@BACKLIGHT TYPE
Backlight Type: LED
@®POWER SUPPLY FOR BACKLIGHT
O LED(-)(0V)
—O LED(+)(+5.0V)
@® ABSOLUTE MAXIMUM RATING
PARAMETER SYMBOL | CONDITION | MIN | MAX | UNIT
Absolute maximum forward current Ifm 120 mA
Peak forward current Ifp I msec plus 10% 360 mA
Duty cycle

Reverse voltage VR 5.0 \Y
Operating temperature TOP -20 +70 C
Storage temperature TST -30 +80 C
Life Hour If =90mA 80000 H

@ELECTRICAL-OPTICAL CHARACTERISTICS

PARAMETER SYMBOL CONDITION MIN | TYP | MAX | UNIT
Vf .

Forward voltage (LED(+)-LED(-)) I[f=90mA 4.8 5.0. 5.2 \Y
Forward current If — 90 120 mA
Reverse current Ir VR=5.0V ---- S 60 nA
Chromaticity X . 0.25 — 0.28
Coordinates ranks Y 1=90mA 0.25 0.28
Luminance Lv I[f=90mA 20 -—-- -—-- cd/m’

Note: The Master Screen’s luminance is
the average value of 5 points, and The
Lvmin./Lvmax. is not less than 70%.
The measurement instrument is BM-7
luminance Colorimeter. The aperture is

D5 mm.

(P

XV A /6

Y(V.A/6

el

O

O
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B POWER SUPPLY FOR LCM MODULE

GND  +3.3~5.0V
VSS J
VDD
VO R=50K 1] i
=
(_l) VOUT
Aj
Kl
GND 450~5.2v
B EXAMPLE
¥ Application Circuit
P3.7 A0
P3.6 MR
P35 /RD
P3.4 /ICS
P3.1 RESET
P10 DBO
-1 P11 DB1
QO P12 DB2
© P13 DB3
< P14 DB4
% P15 DB5
© PL6 DB6 S
o PL7 DB7 O
] P0O SK —
oo P01 DO
N~ P27 DI
= P26 CS
P25 | /INT
Joaur q
B 1T
GND \VCC
T L vbD
\VSS
50K VO
\VOUT
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¥ Programme

#include "Includes.h"
#include "bmp.c"

#define RA8835P Bus P1
#define RA8835P_CS(x) P3 4=x
#define RA8835P RST(x) P3 1=x
#define RA8835P_RS(x) P3 7=x
#define RA8835P WR(x) P3 6=x
#define RA8835P RD(x) P3 5=x

#define SomeNop()
#define TEST DELAY_ TIME 800

#define SCREEN_1_START_ADDRESS 0X0000
#define SCREEN 2 START ADDRESS 0X58EF

#define SELECT SCREEN 1 ScreenStartAddress = SCREEN 1 START ADDRESS
#define SELECT_SCREEN_2 ScreenStartAddress = SCREEN_2 START_ADDRESS

// A e X

INT8U CONST _ BitWriteTab[] = {0x01, 0x02, 0x04, 0x08, 0x10, 0x20, 0x40, 0x80}; //JH K5 — 7 FHfa (1) HE i

INT16U ScreenStartAddress = 0;

1

/IR L %: Delay_ms(INT16U ms)
19 fig: SR

INEE = R a2 %

GASE S S W

/R B AE: T

//
void Delay ms(INT16U ms)
{

INT8U a, b, c;

while(ms--)

for(c=1;¢>0;c--)
for(b =20; b > 0; b--)
for(a=40;a>0; a--);

}

//
/I $ 4 StatusCheck()

115 fiE: KA RASS35P IR
INEE S

NEs5: &k

/B AE: TG

/1

void StatusCheck()

{
INT8U status;
INT8U TimeOut;
TimeOut = 0x10;
RAS8835P_CS(0);
do

{

SHENZHEN X.R.D ELECTRONIC CO,, LTD.
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RAS8835P_Bus = 0xff;
RAS8835P_RS(0);
RAS8835P_RD(0);
SomeNop();
status = RA8835P Bus;
RAS8835P_RD(1);
status &= 0x40;
}
while((status != 0x40) && (TimeOut--));
RAS8835P_CS(1);

j

//

/PR B 4:  WriteCommand()
113 RE: 5 fir 4 ¥ RA8835P

INOZ%:  CmdData: iy 25
GARE = S
/R Al AE: G

//

void WriteCommand(INT8U CmdData)

{
//StatusCheck();
RAS8835P_RS(1);
RAS8835P_CS(0);
RA8835P_Bus = CmdData;
SomeNop();
RAS8835P_WR(0);
SomeNop();
RAS8835P_WR(1);
RAS8835P_CS(1);

}

//

/IR U % WriteData()

113y fE: ‘S5 RASS3SP

UNTZ%:  CmdData: 5 A\ %R
GNE 2 S
1/3& fi: &

//

void WriteData(INT8U Data)

{
//StatusCheck();
RAS8835P_RS(0);
RAS8835P_CS(0);
RAS8835P_Bus = Data;
SomeNop();
RAS8835P_WR(0);
SomeNop();
RAS8835P_WR(1);
RAS8835P_CS(1);

}

//
//¥& %8 44: ReadData()

19 fie: M RA8835P %k
IUNEE 'S

M zE: kL

/R A A SR AR
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/1
INT8U ReadData()
{
INT8U Data;
RAS8835P_RS(1);
RAS8835P_CS(0);
RA8835P_ Bus = 0xff;
RAS8835P_RD(0);
SomeNop();
Data = RA8835P Bus;
RAS8835P_RD(1);
RAS8835P_CS(1);
return (Data);
H
#define RA8835 OSC_FREQ M 10
#define FR 75
/1
/IR L 44 nit()
/I Be: ¥lififk RA8S3SP
INAZH: T
GASE S S
/R B AE: TG
/1
void Init(void)
{
WriteCommand(0x40); //SYSTEM SET
StatusCheck();
WriteData(0x30); /SET P1 (M0O=M1=M2=0,W/S=0,IV=1)
WriteData(0x87); //SET P2 ()
WriteData(0x07); //SET P3
WriteData(LcmXSize / 8 - 1); /SET P4 C/R (40 columns=40*8 dots)
// WriteData(70); //SET P5 TC/R (TC/R>=C/R+4) 48
WriteData(RA8835 OSC _FREQ M * 1000000 /9 / FR / 240); //SET P5 TC/R (TC/R>=C/R+4) 48
WriteData(LemYSize - 1); /SET P6 L/F (240 COM)
WriteData(LemXSize / 8); /SET P7 (AP=C/R+1)
WriteData(0x00); //SET PS8
WriteCommand(0x44); //SCROLL SET
WriteData(SCREEN 1 START ADDRESS % 256); /SET P1 (SAD1 L)
WriteData(SCREEN 1 START ADDRESS /256); /SET P2 (SAD1 H)
WriteData(LecmY Size); /SET P3 (240 LINE FOR FIRST BLOCK DISPLAY)
WriteData(SCREEN 2 START ADDRESS % 256); //SET P4 (SAD2L)
WriteData(SCREEN 2 START ADDRESS /256); /SET PS5 (SAD2 H)
WriteData(LecmYSize); /SET P6 (240 LINE FOR SECOND BLOCK DISPLAY)
WriteCommand(0x5a); /HDOT SCR SET
WriteData(0x00); /SET P1 (D0=D1=D2=0)
WriteCommand(0x5b); //OVLAY SET
WriteData(0x0d); /SET P1  (OV=0,DM2=DM1=1,MX1=MX0=0)
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WriteCommand(0x58); //DISPLAY ON/OFF SET

WriteData(0x16); /SET P1 (THIRD SCREEN DISPLAY OFF,

/1 SECOND SCREEN DISPLAY DISPLAY ON BUT FLASHING
// FIRST SCREEN DISPLAY DISPLAY ON BUT FLASHING )

WriteCommand(0x5d); //CURSOR TYPE (CSRFORM) SET
WriteData(0x07); /SET P1 ()
WriteData(0x81); /SET P2 ()

WriteCommand(0x59); //DISPLAY ON SET
WriteData(0x06); /SET P1 ()

WriteCommand(0x4c); //CSRDID SET

}

void ShowScreenl(void)

{
WriteCommand(0x59); //DISPLAY ON SET
WriteData(0x04); /SET P1 ()

}

void ShowScreen2(void)

{
WriteCommand(0x59); //DISPLAY ON SET
WriteData(0x10); /SET P1 ()

}

I/
/¥R U % WriteByteLocate()

/I3 f#g:  RAS883SP _LiREfiE BoriResdE

[INEIZ 5 DisplayData: 5 A EHE  x0:0--40 £ 1) A4 45,y0:0--256 Y1) ALk
IS4

/AR 8] H: o

//

void Display Locate(INT8U DisplayData, INT8U x0, INT8U y0)

{
INT16U csr;
csr = ScreenStartAddress + y0 * (LemXSize / 8) + x0;
WriteCommand(0x46); //CURSOR SET
WriteData(csr % 256); //SET P1 (00H)
WriteData(csr / 256); //SET P2 (00H)
WriteCommand(0x42); //READY TO WRITE DATA
WriteData(DisplayData);

}

I/
/¥R U %: DrawDots()

/1T fiE:  RAS835P LiREMbr £ ik

NS x:0--320 ) AAHR,y:0--256  YhIa] kR color:0-1 sifIEE 0:F1, 1:7%
IS4

/B8] AE:

//

void DrawDots(INT16S x, INT16S vy, bit color)
{

INT16U csr;
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INT8U DataTemp;
cst = ScreenStartAddress +y * (LcmXSize / 8) + x/ §;
WriteCommand(0x46); //CURSOR SET
WriteData(csr % 256); //SET P1 (00H)
WriteData(csr / 256); //SET P2 (00H)
WriteCommand(0x43); //READY TO READ DATA
DataTemp = ReadData();
if(color)
{
DataTemp |= (BitWriteTab[7-x%8]);
}
else
{
DataTemp &= ~(BitWriteTab[7-x%38]) ;
}
WriteCommand(0x46); //ICURSOR SET
WriteData(csr % 256); //SET P1 (00H)
WriteData(csr / 256); //SET P2 (00H)
WriteCommand(0x42); //READY TO WRITE DATA
WriteData(DataTemp);
}
//
//?& # 44: ScanScreen()
/) wE: AR bERE
HINAZH: datal - AP EAT IR data2: {8 5047 (0 2cds
N AZH: I
/AR 8] H: o
//
void ScanScreen(INT8U datal, INT8U data2)
{
INT8U i, j;
WriteCommand(0x46); //CURSOR SET
WriteData(ScreenStartAddress % 256); //SET P1 (00H)
WriteData(ScreenStartAddress / 256); //SET P2 (00H)
WriteCommand(0x42); //READY TO WRITE DATA
for(i=0; 1 <LcmYSize / 2; i++)
{
for(j = 0; j < LemXSize / §; j++)
{
WriteData(datal);
}
for(j = 0; j < LemXSize / 8; j++)
{
WriteData(data2);
}
}
H
/1
//ef 0 %: DrawPicture()
115 g £ 320%240 E K
INAZE: *pda o BRI bk
// TR T A, B REBUES 5%
NHAZH: T
/R H] A B
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1/

void DrawPictureRA8835(INT8U *p)

{

}

1

INT16U i, j, k;

WriteCommand(0x46); //CURSOR SET
WriteData(ScreenStartAddress % 256); //SET P1 (00H)
WriteData(ScreenStartAddress / 256); //SET P2 (00H)
WriteCommand(0x42); //READY TO WRITE DATA

for(i=0;1<9600;)
i{f((*P == 0x00) || (*p == 0xff))

if(*(p + 1) == 0x00)
{
k=(*@p+3)*256)+ *@p +2);
for(j = 0; j <k; j++)
{
WriteData(*p);
it++;

k=*(p+ 1);
for(j = 0;j <k; j++)
{
WriteData(*p);
i+t

>

p=2;

}

else

{
WriteData(*p++);
it++;

>

//% 4 %4 main()

/15 BE: RAB8S3SP il A IS Y (A A 1 I3k ok £
NEE > 'S

ERE = (&

/i Bl AE: TG

1

void main(void)

{

RA8835P_RST(0);
Delay _ms(100);
RA8835P_RST(1);
Delay _ms(100);
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while(1)
{

Init();
Init();

SELECT SCREEN 2;/i% %55 i
ScanScreen(0x00, 0x00); /35 5t
ShowScreen2(); ///ss
DrawPictureRA8835(BMP4);// |4 F
Delay ms(TEST DELAY TIME);
DrawPictureRA8835(BMP1);// k7 B} € %
Delay ms(TEST DELAY TIME);
ScanScreen(0xCC, 0x33); /il 17 %5 4%
Delay ms(TEST DELAY TIME);
SELECT SCREEN 1;/i£f%%i Jit
ShowScreenl(); /'t
ScanScreen(0Oxaa, 0x55);

Delay ms(TEST DELAY TIME);
DrawPictureRA8835(BMP3);//4x X £k
Delay ms(TEST DELAY TIME - 100);
DrawPictureRA8835(BMP2);/[r| %
Delay ms(TEST DELAY TIME - 100);
Delay ms(TEST _DELAY_ TIME);
ScanScreen(0xff, 0xff); /4>

Delay ms(TEST _DELAY_ TIME - 100);
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B RELIABILITY
¥ Content of Reliability Test
Environmental Test
No. Test Item Content of Test Test Condition Applicable
Standard
1 High temperature | Endurance test applying the high storage gc |
storage temperature for a long time. 200 hrs
) Low temperature | Endurance test applying the low storage -30°c
storage temperature for a long time. 200 hrs
. Endurance test applying the electric stress o
3 ngl(l) ten;?gﬁ fure (Voltage & Current) and the thermal stress 270% h(is ______
pe to the element for a long time.
4 Low temperature | Endurance test applying the electric stress -20°Cc
operation under low temperature for a long time. 200 hrs
. Endurance test applying the high tempera- 60°C
High temperature / . . P MIL-202E-103B
5 Humidity storage ture and high humidity storage for a long 90 %RH T1S-C5003
time. 96 hrs
Endurance test applying the electric stress 50°C
6 High temperature/ | (Voltage & Current) and temperature / 90 %RH MIL-202E-103B
Humidity operation | humidity stress to the element for a long 9 6i)1rs JIS-C5023
time.
Endurance test applying the low and high
temperature cycle. o o
7 | Temperaturecycle | -10°C . 25°C . 60°C l0°C/+60°C
30mm. ~  S5min. T 30min. 10cycles |
1 cycle
Mechanical Test
: e . 10~22Hz — 1.5mmp-p | MIL-202E-201A
8 Vibration test Endmﬁgf;ﬁgglsﬁng the vibration during | oy, 115G JIS-C5025
: s Total 0.5hrs JIS-C7022-A-10
. . 50G half sign
9 Shock fest | Consuuctional and mechanical endumnce| -y ) e MIL-202E213B
PPYINg & Hansp " | 3 times of each direction
Atmospheric Endurance test applying the atmospheric 115 mbar
10 pressure test pressure during transportation by air. 40 hrs MIL-202E-105C
Others
. . VS=800V,RS=1.5kQ
11 | Static clectricity test | Endurance test applying the electric stress to CS=100 pF MIL-883B-3015.1
the terminal. | time

¥ Failure Judgement Criterion

x#x Supply voltage for logic system = 5V. Supply voltage for LCD system = Operating voltage at 25°C.

Test Item No.

riterion ltem
Criterion Ite 11374

5

6

7

8

9

10

T Failure Judgment Criterion

Basic specification

Out of the Basic Specification

Flectrical characteristic

Out of the DC and AC Characteristic

Mechanical characteristic

Out of the Mechanical Specification
Color change : Out of Limit
Apperance Specification

Optical characteristic

Out of the Apperance Standard
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B INSPECTION CRITERIA

see :Q/XRD0002-05

B PRECAUTIONS FOR USING LCD MODULES

¥ Handing Precautions

(1) The display panel is made of glass. Do not subject it to a mechanical shock by dropping it or
impact.

(2) If the display panel is damaged and the liquid crystal substance leaks out, be sure not to get
any in your mouth. If the substance contacts your skin or clothes, wash it off using soap and
water.

(3) Do not apply excessive force to the display surface or the adjoining areas since this may
cause the color tone to vary.

(4) The polarizer covering the display surface of the LCD module is soft and easily scratched.
Handle this polarizer carefully.

(5) If the display surface becomes contaminated, breathe on the surface and gently wipe it with a
soft dry cloth. If it is heavily contaminated, moisten cloth with one of the following solvents :

- Isopropyl alcohol
- Ethyl alcohol
(6) Solvents other than those above-mentioned may damage the polarizer. Especially, do not use
the following.
- Water
- Ketone
- Aromatic solvents

(7) Exercise care to minimize corrosion of the electrode. Corrosion of the electrodes is
accelerated by water droplets, moisture condensation or a current flow in a high-humidity
environment.
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B USING LCD MODULES
¥ Liquid Crystal Display Modules

LCD is composed of glass and polarizer. Pay attention to the following items when handling.

(1) Please keep the temperature within specified range for use and storage. Polarization degradation,
bubble generation or polarizer peel-off may occur with high temperature and high humidity.

(2) Do not touch, push or rub the exposed polarizers with anything harder than an HB pencil lead
(glass, tweezers, etc.).

(3) N-hexane is recommended for cleaning the adhesives used to attach front/rear polarizers and
reflectors made of organic substances which will be damaged by chemicals such as acetone,
toluene, ethanol and isopropyl alcohol.

(4) When the display surface becomes dusty, wipe gently with absorbent cotton or other soft
material like chamois soaked in petroleum benzin. Do not scrub hard to avoid damaging the
display surface.

(5) Wipe off saliva or water drops immediately, contact with water over a long period of time may
cause deformation or color fading.

(6) Avoid contacting oil and fats.

(7) Condensation on the surface and contact with terminals due to cold will damage, stain or dirty
the polarizers. After products are tested at low temperature they must be warmed up in a
container before coming is contacting with room temperature air.

(8) Do not put or attach anything on the display area to avoid leaving marks on.

(9) Do not touch the display with bare hands. This will stain the display area and degradate
insulation between terminals (some cosmetics are determinated to the polarizers).

(10) As glass is fragile. It tends to become or chipped during handling especially on the edges.
Please avoid dropping or jarring.

¥ Installing LCD Modules

The hole in the printed circuit board is used to fix LCM as shown in the picture below. Attend to the
following items when installing the LCM.
(1) Cover the surface with a transparent protective plate to protect the polarizer and LC cell.

Protective plate

Fitting plote

T —

v ) ) ) v

LM

(2) When assembling the LCM into other equipment, the spacer to the bit between the LCM and the
fitting plate should have enough height to avoid causing stress to the module surface, refer to the
individual specifications for measurements. The measurement tolerance should be £0.Imm.

¥ Precaution for Handing LCD Modules
Since LCM has been assembled and adjusted with a high degree of precision, avoid applying excessive
shocks to the module or making any alterations or modifications to it.
(1) Do not alter, modify or change the shape of the tab on the metal frame.
(2) Do not make extra holes on the printed circuit board, modify its shape or change the positions of
components to be attached.
(3) Do not damage or modify the pattern writing on the printed circuit board.
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(4) Absolutely do not modify the zebra rubber strip (conductive rubber) or heat seal connector.

(5) Except for soldering the interface, do not make any alterations or modifications with a soldering
iron.

(6) Do not drop, bend or twist LCM.

¥ Electro-Static Discharge Control
Since this module uses a CMOS LSI, the same careful attention should be paid to electrostatic discharge as
for an ordinary CMOS IC.

(1) Make certain that you are grounded when handing LCM.

(2) Before remove LCM from its packing case or incorporating it into a set, be sure the module and
your body have the same electric potential.

(3) When soldering the terminal of LCM, make certain the AC power source for the soldering iron
does not leak.

(4) When using an electric screwdriver to attach LCM, the screwdriver should be of ground
potentiality to minimize as much as possible any transmission of electromagnetic waves produced
sparks coming from the commutator of the motor.

(5) As far as possible make the electric potential of your work clothes and that of the work bench the
ground potential.

(6) To reduce the generation of static electricity be careful that the air in the work is not too dried. A
relative humidity of 50%-60% is recommended.

¥ Precaution for soldering to the LCM

(1) Observe the following when soldering lead wire, connector cable and etc. to the LCM.

- Soldering iron temperature : 280°C £ 10°C.
- Soldering time : 3-4 sec.
- Solder : eutectic solder.

If soldering flux is used, be sure to remove any remaining flux after finishing to soldering
operation. (This does not apply in the case of a non-halogen type of flux.) It is recommended that
you protect the LCD surface with a cover during soldering to prevent any damage dur to flux
spatters.

(2) When soldering the electroluminescent panel and PC board, the panel and board should not be
detached more than three times. This maximum number is determined by the temperature and
time conditions mentioned above, though there may be some variance depending on the
temperature of the soldering iron.

(3) When remove the electroluminescent panel from the PC board, be sure the solder has completely
melted, the soldered pad on the PC board could be damaged.

¥ Precautions for Operation

(1) Viewing angle varies with the change of liquid crystal driving voltage (VO). Adjust VO to show
the best contrast.

(2) Driving the LCD in the voltage above the limit shortens its life.

(3) Response time is greatly delayed at temperature below the operating temperature range. However,
this does not mean the LCD will be out of the order. It will recover when it returns to the specified
temperature range.

(4) If the display area is pushed hard during operation, the display will become abnormal. However, it
will return to normal if it is turned off and then back on.

(5) Condensation on terminals can cause an electrochemical reaction disrupting the terminal circuit.
Therefore, it must be used under the relative condition of 40°C , 50% RH.

(6) When turning the power on, input each signal after the positive/negative voltage becomes stable.
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v Storage

When storing LCD’s as spares for some years, the following precaution are necessary.

(1) Store them in a sealed polyethylene bag. If properly sealed, there is no need for dessicant.

(2) Store them in a dark place. Do not expose to sunlight or fluorescent light, keep the temperature
between 0°C and 35°C.

(3) The polarizer surface should not come in contact with any other objects. (We advise you to store
them in the container in which they were shipped.)

(4) Environmental conditions :
- Do not leave them for more than 168hrs. at 80°C.
- Should not be left for more than 48hrs. at -30°C.

v Safety
(1) It is recommended to crush damaged or unnecessary LCD’s into pieces and wash them off with
solvents such as acetone and ethanol, which should later be burned.
(2) If any liquid out of a damaged glass cell and comes in contact with the hands, wash off thoroughly
with soap and water.

¥ Limited Warranty
Unless agreed between X.R.D and customer, X.R.D will replace or repair any of its LCD modules
which are found to be functionally defective when inspected in accordance with X.R.D LCD acceptance
standards (copies available upon request) for a period of one year from date of shipments.

Cosmetic/visual defects must be returned to X.R.D within 90 days of shipment. Confirmation of such date
shall be based on freight documents. The warranty liability of X.R.D limited to repair and/or replacement on the terms
set forth above. X.R.D will not be responsible for any subsequent or consequential events.

¥ Return LCM under warranty
No warranty can be granted if the precautions stated above have been disregarded. The typical

examples of violations are :

- Broken LCD glass.

- PCB eyelet’s damaged or modified.

- PCB conductors damaged.

- Circuit modified in any way, including addition of components.

- PCB tampered with by grinding, engraving or painting varnish.

- soldering to or modifying the bezel in any manner.

Module repairs will be invoiced to the customer upon mutual agreement. Modules must be returned
with sufficient description of the failures or defects. Any connectors or cable installed by the customer
must be removed completely without damaging the PCB eyelet’s, conductors and terminals.
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