LCD

(1%

YM12864T-2
17
116021
(0411)84619565
(0411)84619585
E-mail: market@good-1cd.com

http://www.qgood-1cd.com




YM12864T-2
RECORDS OF REVISION
REVISED
DATE o REVISED DESCRIPTIONS PREPARED | CHECKED | APPROVED
Apr-1-2006 | 100 |FIRSTISSUE it
APR,12 ,2006

Version 1.0




YM12864T-2

CONTENTS

1. FEATURES- - - = - - ==« = - === s x o s e e e e eem e e 1
2. BLOCK DIAGRAM &APPLICATION CIRCUIT - = -« - === === s s e e - 1
3. OUTLINE DIMENSIONS- - = - = = == = = == === s em e me e e e oo e 3
4, ABSOLUTE MAXIMUM RATING - - = = = - == === s s e e e meeeceeeeoon 4
5. ELECTRICAL CHARACTERISTICS - - - = = === === e o me e mee e oo e 4
6. OPTICAL CHARACTERISTICS- - =« - - - === == xw e e e eeaee e o 5
7. TIMING CHARACTERISTICS - - - == = == == = == e m e mmem e ee e e 6
8. DISPLAY CONTROL INSTRUCTION - - =« =< === s <o se e e ccmeemcan 9
9. DISPLAY CONTROL FUNCTIONS- « - - ==« === e s cmem e ccaeenoa 14
10. INTERFACE PIN CONNECTIONS- - - = =« == == == s s s cmem e 21
11. 1205001128 2]1 ) 1 10 22
12. QUALITY GUARANTEE - - ==« = ==sn sesmmmemmooaeennes 23
13. INSPECTION CRITERIA - - - ===« - s s mmeemmmmmeem e 24
14. PRECAUTIONS FOR USING LCD MODULES - - - ==« - = ===« - - = - - 27
15. USING LCD MODULES - - == = = == == = === s x s omemmmeem e 28
APR,12 ,2006

Version 1.0




1%

YM12864T-2
1. FEATURES
ITEM STANDARD VALUE UNIT
Display Type 128 x 64 dots
LCD Type m STN (Blue-white mode), Transmissive, Negative
LCD Duty 1/65
LCD Bias 1/9
Viewing Direction 6:00
Backlight Type O BLUE(LED)
O YELLOW-GREEN(LED)
m WHITE (LED)
Interface 8080 Series / 6800 Series / Serial Interface
Driver IC SSD1815
Module Dimension 55.2(W) X39.8 (H) X6.0 (MAX)(T) mm
Effective Display Area |40.92(W) X24.28 (H) mm
Dot Size 0.28 (W) X 0.34 (H) mm
Dot Pitch 0.32 W) X 0.38 (H) mm
2. BLOCK DIAGRAM &APPLICATION CIRCUIT
* |
1 28*04 Dots
)
SEGO-127/
COM3e~63 COMO~31
b §EESLEELLLEE
HE 535E¥:fggee
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Parallel Application

DEO~DE/

P/S

YM12864T-2

R3,R4: NO CONNECT

RS
/WR

/RD

/RES

/CS1

VSS
VDD

oV

+3~+3.3V

LEDA
LEDK

NOTE:

oV

R1--0q RESISTOR: 6800-SERIES
Re--00 RESISTOR: 8080-SERIES
R3--00 RESISTOR: PARALLEL

Serial Interface Application

L CM

P/S

RS
/WR

/RD
/RES
/CS1

SDA
SCL

LEDA
L EDK

R3,R4: NO CONNECT

+3~+3.3V

oV

NOTE:

R4--0n RESISTOR: SERIAL INTERFACE

VDD

MCU

VSS

MCU
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3. OUTLINE DIMENSIONS
1.0 m S3.2 |
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> 128X64| Dots ol 1n ﬂ o
REE Z JUJ ;; TAB IC
ol 7 & g B 1 36
N O (aomammmmn
qV]
Ip
-z e I ] B
T :
&
877 &| conpucTOR SDEi/CONDUCTOR SIDE
| P1.0%¥19=19(\W/=0.5) . 03%015
20,50
15.85+2 23,50
5.3 lK 44.6 Al

. ,.03°
| | 0e8
o [
I
R
-
%
ol ©
-3 APR 12,2006

Version 1.0



1%

YM12864T-2
4. ABSOLUTE MAXIMUM RATING
ITEM SYMBOL |CONDITION STANDARD VALUE UNIT
MIN TYP MAX
POWER SUPPLY FOR LOGIC VDD Ta=25 -0.3 +4 v
INPUT VOLTAGE VIN Ta=25 VSS-0.3 VDD+0.3 v
Module OPERATION TEMPERATURE TOPR -20 +70
Module STORAGE TEMPERATURE TSTG -30 +80
Storage Humidity Hp Ta<40°C - 90 %RH
5. ELECTRICAL CHARACTERISTICS
ITEM SYMBOL CONDITION MIN TYP MAX UNIT
Supply Voltage (logic) VDD-VSS - 2.4 33 3.5 A"
Supply Voltage (LCD) VDD-V0 Ta= +25 - 9.6 - v
Input signal voltage V-IH “H” level 0.8VDD - VDD v
V-IL “L” level VSS - 0.2VDD v
Output signal voltage V-OH “H” level 0.8VDD - VDD v
VOL “H” level VSS - 0.2VDD v
Supply Current (logic) IDD VDD=3.0V - 150 200 pA
BLUE(LED) 29
Backlight Voltage V-BL Y-G(LED) - 2.0 - v
WHITE (LED) 2.8
BLUE(LED) 20mA
Backlight Current I-BL Y-G(LED) - 60mA - mA
WHITE (LED) 40mA
Backlight Driver Wave kHz
Backlight Brightness
Backlight Life Time
-4- APR ,12 ,2006
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6. OPTICAL CHARACTERISTICS
Item Symboal Condition Min | Typ | Max | Unit Remarks Note
Response Tr - - 239 - ms - 1
Time Tf - - 83 - ms - 1
Contrast Ratio Cr - - 8.5 - - - 2
o 33 - - deg =90 3
Viewing
Cr>2 32 - - deg V=270 3
Angle -
Range 54 - - deg =0 3
34 - - deg =180 3
Note 1. Definition of response time
J 1 e I ; u [ r--- I
-1 ::_Ij'_'____:‘ IZ - — ______:| IZ — - - - -
non-se | ected —t ce | ected — non-selected
= R
100% 00 \ | 0%
Tr| Tr:Rise tine T+ Tf:Fall tire
— | — ————

Note 2. Definition of Contrast Ratio ‘Cr’
Brlgntress of non-se | ECbed segrentlB2)

=

Brightress

arigvtness of solecked segaenkiBl )

I Hr ighbeess curwe for mon-selected segrent

Oriving Yol toge

Brighbress curve for seleched segrent

Mareal {8072

[ gl
12000

Note 3. Definition of Viewing Angle Range‘q’
¥lawing Argle Hores B

W
=5
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7 TIMING CHARACTERISTICS

7.1 8080-Series MPU Parallel Interface Timing Characteristics

Symibs PFaramatar Min Typ Max Limit
bercis Cloek Cyele Time 00 . - fi%
Ras addrass Setup Time L1 - - nE
[ Address Hold Time a - - ms
v Write Data Sefup Time 4 . . ns
toies Write Diata Hold Tima 15 - - ns
T Read Data Hald Time 20 . . Fi%
Tou Cutpud Lisable Tima - - i nE
tace Arcess Time - - 140 s
PiiVeey Chig Select Low Pulse 'Widih (read) 120 . . ns
Chip Select Low Pulse Widih {write) &0 - - s
P aay Chig Select High Pulse Width (read) G0 . . fs
Chig Select High Pulse Width {write) &0 - - fis
ir Rise Time 15 ns
te Fall Time - 15 ns
— o
] E{
o
i * Lass -
ag
¥
= N L /a
(CE2=1) - [ -.l‘; .r"f"
.'-:'|l:ll L
e FWeat - .
=" F
_ S EE—— K .
RD 5 ™,
-
— . Fa .
WA
N - N\
- -t -
toaw B
o
DO+ .
(W rite data 1o diiver) Walid Data
- -
gL T 1|:|_|: \I
D07 "
o= d H
[ Read dala frosm driverh Valid Data -
-.‘—l_—.-

O

7.2 6800-Series MPU Parallel Interface Timing Characteristics
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Symbd Farmmeter Min Typ Max ik
T Clock Cycle Time 300 . ns
tas Address Setup Time 0 - - ns
Tam Address Hold Tme D - - ns
tosw Wrte Uata Sefup Tme 40 = - ns
Toenw Write Diata Hokd Tima 15 - - ns
171 ~aad Data Hold Tme 20 - - ns
Ko Cutput Desable Time - b el ns
face Arcess Time = = 140 ns
FilW e Chip Salect Low Pulse Width (read) 120 - - ns
Chip Salect Low Fulse Wi (wrile) G0 b - na
¥y Chip 3alect High Fulae 'Widih [read) G0 - - ne
Chag Salect High Pulse Widith (writg) 60 = = ns
tp Rige Time - - 15 -t
L= Fall Time = = 15 ns
i
w o X X
S X
_
fas taxy
—e
E
e .:-qa'lll-
e =T IR R T R—_
o —ee |
C51 Z‘
{C52=1)
| -
t Ioiw
DDz
(Wnte data 1o drivar)
i —— -
[FYre our | |
D07 valid Data o b
[Fead data from driver) : /‘
o
7.3 Serial Interface Timing Characteristics
APR ,12,2006
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Symbol Parameter Min Typ Mo Lt
LT Clock Cycla Tima Lald - ns
[ Address Setup Teme 150 . . ns
tas Address Hold Time 150 - - ns
tega Chip Select Satup Time (for O input) 120 - - ns
leay Chip Selee! Held Tima (far D inpul) 1] s
trya Wirite Data Setup Tima oo - - ns
leran wrile Data Hald Time 100 %
e Chack Low Time 100 ns
Ly i Ciock High Time 100 ns
Ig Rise Time 15 ns
g Fall Timaa 15 ns
X
tas l-'-l-
wr— - il -
\i\\i\\]:' i /A4
1G52=1) ; .
I"h"l'i
Leiw - teLim
-
SCK %
i
Iz ey [l
30A valkl Uata B
DT -
{C82=1)
SCK LD A DB D) D DO AL X 00
R WA A WAW AW AW YR S—
-8- APR ,12 ,2006
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8. DISPLAY CONTROL INSTRUCTION

COMMAMND TABLE
Bl Patierm Write Commans — Commant
JDC=i, RW{WR =0, E{RID]=1)

[T E N O S Lo Cakunn Addess S8 Te lowsr nibble of Owe colume address register usng
MMM, X, a8 dala Dite. The ivitial disphiy bire regisier i ressd
0000k during FOR

OO0 X, 3 St Higher Column Address Sat the highar nishle of T8 colume address registar using

Mo X My A% dala bits. The mitial display e megigier & el 4o
QO0E during POR

[HERLUT N - A

Sl INBMal REgusiar Resstor Rans

rramal regulaior gain Increases &5 KoK Xy Incregsed from Q000
o 111k A7 POR, K00 Xa = 100D

00D XX Xy Sl Power Comingd Raegisier K=l ums off the cufput ap-amp balter (FOR)
¥y=1- tums on the cutpul op-amp buifer
K y=i tums. off the intemal reguitatar (POR)
H.=1: fums on the inlernal reguiatar
H;:D fums: o the internal vaRage bocster (POR)
Eo= 1 Wums on the intemnal voRage bocester
DA Ky Sl Display S5 Lins S8l display FAM digplay start ling regisser fom 063 usng
gy KMok Ky
Diizgday slam ine ragisier is resat 1o (00000 during POR
10000001 B Cordrast Coniral Register S Comiraat kel from 64 conrast stegs. Contrast incredses (V) ,
K Qe reanes) a5 K XK. 0, K, i ncreased
Bl KXol Xp = 1000008 [FOR)
1010000% Sarl SEegmend Re-map Kg=0r column addrass 00h i mappsd fo SEGD (FOR)
Fp=10 Slumin addrass EIh j= mapped 10 SEGD
Rafar io Figurs 5 for gxampla
1010001 Xy Sai LCD Bilas Eg=lr 1/ bias [POR}
Xg=1" 17 blas
For &g bias ralio 1o 1M, 105, 158 ar 18, ssa Extended Com-
miand Tabia
110010Eg Sail Entire Display QniQim Bg=lr mormal display (FOR)
M¥y=1: entire Ssplay an
101001 1%y Sl MormalReverse Display ¥y=0r marmial dsplay (POR)
Ky=1. reverse display
1I.'|\1IZI111IlG|:I Sl Msplay OndOs K,fl!' fums: off LED panel (7048R)

Hg=1-wms on LCD panel

0T gl g

Sal Page Addness

Se1 GODRAM Pags AJOTes 10-5) USING Xyizi Xy

'|1|:|'.'|:'|;] s S COM Outplil Sean Dirschosn .H.;:E' it mode (POR)
Hy=1" remappad mode, COMO to COMN-1] bacomas COMIN-1]
8 COMO when Mullisdes rais s equdl o W, See Figure 5
a5 Fn esample i §osqual by 64
11100000 S Fedd-Modty-iv ke Mode Bead-modify-wile mode will be emieed in which ™E oumn
@ddress will not ba incremantad duning dspiay data ead. At FOR,
Bead-modily-wile mdde i tumed OFF.
11100010 Cofteare Aeset rifialize the inlemal status egester,
111011190 Sarl End of Read-Modiy-ivrie Mods Exit Rzad-modify-wrte mode. Columin address before enSering e
meode will e restoned. Al POR, Regd-modh-write mode 8 OFF
1|.'.|1ﬂ11|]!|;. Bal IndicEor Cesca Ky = O ez atcd off (POR, 50 nsed of saiond command Byle)
.‘*u = 1. imsesanor o (BeCond command Byhe requinsd)
R % 1) edicanor Display Mooe, oM = D0 indicator off
This second byte command is requined | X,Xs = 01: indicator an and biinking at -1 secand interval
OMLY when “Set Indicator On® com- | %X, = 10: indicator on and biinking at ~ 112 second inberval
mand is =0l .“-1;.7 11 indicatar an constanty
11100011 NOP Command for No Dpseration
11110000 Tesl Mode Heset Reserved fof IC 188ling. Do NOT USe.
e L) 'I-'e:.! Whmle Resaryed bar i lesting. Do HCIT LSS,

Sl Power Sae Mode

Standby or sleep mode wil be eriersd wilh compound commands

APR ,12 ,2006
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Bit Pattern Read Command _ Commant
(DVC=D, RAWWR)=1, E(RD=0)

D3 DaDa0 050005 Slatus Regisier Read DOy=0; indicates an nbemal operalion is completed

(Data Read Back from the D-=1: indicabas an nbemal operasion i in progreas.

drivar) D=0 indicates revarse segment mapping with column address
Oy=1: indicates normal segment mapping with column address
D=0 indicabas the dBplay = ON
Dy=1: indicates the display is OFF

D=0 initializalion is nol in progress

Dg=1: inib@lzation is n progress after RES or sofwans resal

Dy0s04 0y = 1010, these 4-bit is fixed 1o 1010 which could be used
o idenbdy a5 Solomon Systech Device

EXTENDED COMMAND TABLE

KrXpXpXaXaXaX Xy

My¥aXs S8t TC Value

B MaKe Mgty Omse, Fred.

Bt Pattern Command Camimant

10101000 Kok KXo Ko Sef Multiplex Ratie | To select mulbiplex ratic N from 2 to 65 [Included lcon Ling].
DN X M= Nl KM Mo + 2, 89 N = 111111h = 2 = 65 (POR)
10101001 %, Sat Bias Ratio X, Xg= 00 18, 1%

MyMg =01 16, 1/5
Hy¥g= 10: 19, 1T (POR)
¥, ¥, = 11: Prohibied

Xz = 000: -0.01%/C (TCO, POR)
NyMais = O10: -0 10%/C (TC2)
XMoo = 100: -0 18%/C (TC4)
HgHgia = 111 -0 25%IC (TCT)
KgHpom 001, 011, 101, 110: Resarved

Increase e valus of X;XaXe wil increass the oscillator reguency
and vice versa. This command is not recommended 1o be used
KsXps = D1UPOR)

10101 01X, ¥ Bet 174 Bias Ratio

g = 0: use Mormal Sefting (POR}
¥y = 1: fimad af 14 Sias

11010010
DX 00010

¥, Sat Total Frame Phases

Thie On/OA of the Static kan i givan by 3 phases!1 phase oyanap-
ping of e M and MSTAT signals. This command s&l how many
phases of deviding the MASTAT sagnals for each frame.

Thie more the phasss, the less the averlapping and thus the lewer
e effective driving voltaga

XaXg = 00: 3 phases

¥a¥g =01 E phasaes

KaXp = 10; T phases (FOR)

Moo= 11 16 phases

11010011
0NN, X3 Xk Xy

Kk Koo, 00 5ot Display Ofset
ffar M rato has been
=at lass than 64 oniys

Afhar POR, Ba¥ KK, Kq =0

Afber setfing mue ralio less han 64, dats will be displayed af Ceriier
of matrix. Sae Tabla 1

Ta mowve display bowands Row O by L, KM 000 Mo =L

To move display away from Row 0 by L, XX X000 K, = 54-L
Mote: max. valie of L = (64 - dsplay musx)i2

Note! Patlems other han that given in Command Table and Exended Command Table are prohibibed o enter o he chip
a3 a command. Otherwise, unexpected result will oocurs,

-10 -
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Data Read I Wit —_— - —

1o read data trom tha GLLDRAM, inpud High to RAY(NWR) pn and DG pin for B800-5enes paralial moda, Low 2 E{RL] pin and High o
VG pin for B)80-5enes paraliel mode Mo data read i provided for sanial mede, In normal mode, GDDRAM column addmss pointer will be
increassd by one automaticaly afer each data read. However, no automatic incregse will be performed in read-modify-ante mode. Also, 3
dummiy read is requned before the first data read _E-H_Ft;um 3in Fun:hnnal_l:ll::rlptun

To write data o the GODDRAM, input Low 10 ROWINR]) pim and High o DS pan for SE00-saries paralled mode, For senal intefaca, 7 will
always ba mowrite mode. GODRAM column address pombar will B2 increased by one automatically afier each data wne

YMI12864T-2

Address Increment Table (Automatic)

tC RANWE) | Comment Address Incredment Remarks
i) 0 Write Command Mo

1] 1 Fead Siaius Mo

1 0 Write Data Yes

1 1 Fead Data ¥es "1

Address Incremsant is done aulomatically amer data read wrile. The column address poinier of E-DDR-‘I.".': Iz afMected
Remarks 1. 0 read data is Bsued n read-modfy-wrile mode, address will NOT be increased
2. Column Addrass will MOT wrao round 1o zero when ovarflog.

Commands Required for R/W[WR) Actions on RAM

RWIWR] Actions on RAMs Commands Reguired
[Fioa/W e Data fromit GODRAM Set GODRAM Page Adoress T EE
Set GDDRAM Column Address (000 KX 2 4 K"
(D000 K X% 4 K s
Readn® e Data :1{3:{515:':_1}:.:'}:._'\}:1.:{33
FavelResion GLLRAM Lolumn Agdress Have GLDURAM Column Address by rego-mocsy- | (111000080
wiile made
Restore GOORAM Column Address by end of read- | (11101110)
miedify-warite mode

Note: 1. Mo reed 1o nesend the command again if it is sl previously
2. The read § vwrile actian 10 1he Display Dala RAM does nal depend on the display mode, This msans e user can tl'l.'ll'r‘,'|E I BAM
contant whether the fanget RAM comtent 15 being displayed or nod.

-11 - APR ,12 ,2006
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Command Description Lz
Set Lower Column Address St Entire Display oniOf

This command specifies the lower nibbde of the 3-bil column
address of the display dala RaM, The colemn addess will be
incremented by each data access after i is pre-sed by the MCUL

Zet Higher Calumn Address

This command specifies the hagher nibbke of the 8-bit column
address of the display dala RAM. The colemn addess will be
incremented by each data access after & is pre-sel by the MCL

Zet Internal Regulator Resistors Ratio

This command is to enabée any one of the eight Internal resis-
tor seis for different reguiator gain when using internal regulator
resisior network (RS pin pulled high), Please refer to Block Dia-
gram Desdriplion section for detall calcukation of the LCD driv-
ing violtage.

Set Power Control Register
This command turns on'off the various power circuits assock-
ated with the chip

Set Display Start Line

This command is 10 set Display Start Line regisier to seter-
mine slarting address of display RAM o be displayed by select-
ing a value from 0 ta &3 With value eguals to 0, D0 of Page 0 is
mapped o COMD, 'With value equals o 1, D1 of Paged I8
mapped o COMO. The display start ne valees of 0 to 63 ane

assagned o Page Oto 7.

Set Contrast Control Register

This commands adjusts the contrast of the LCD panel by
changing %z of the LCD dive wollage provided by the On-Chig
power circuits. V¢ is sel with 64 sleps (5-bity contrast conbral
register. It is @ compound commands;

Sat Contrast Contral Register |

| Conitras] Level Data |

Changas
Complele?

Yas

[ [+]

Set Segment Re-map

This commands changes the mapping betwesn the display
gata column address and segment driver. It allows Nexibility in
larvoud cheing LCGO mceule assembly. Refer o Figune 5 for exam-
phe.

Set LCD Bias

This command salects a suilable bias ratio (VT or 1/%)
required Tor driving the partcular LCD ganel in use. The POR
default for SS01815 5 sel to 1159 bias. For setfing 144, 175, 1545
and 18 bias, an exiended compound command should be

-12 -

This command forces the entire display, including the ioon
row, b be 0N regardiess of the conbents of the display data
RAM. This command has priority over normakteverse dis-
play. This command will be used with “Set Display Display
QMNAOFFT command 10 fonm a compound command for enber-
ing power save mode. See "Sel Power Save Mode”.

Sat HormalReverse Display

This command sabs the display to be either nommal’
reverse. In normal display, a Rl data of 1 indicates an “"0ON™
pixel while n reverse display, a RAM data of 0 indicales an

SOMT pleel. Inicon mode, the ioon line 5 nof reversed by this
command

Set Display QniOf
This command alternatively tums the display on and off

Wihen display off is issued with enlire display on, power save
mode will be enlered. See "2l Power Sawe Mode™ for

details

Set Page Address
This command posiions the page asdress from 0 o 8 pos-
sibbe positions in GDORAM. Refer to Figure § for mappang.

Set COM Quiput Scan Direction
This command sets the scan derection of the COM oulput
allowing layout Nexbility In LCD module assembly

Set Read-Modify-Write Mode
This command puts the chip in read-modify-write mose in
wihich;
1. the codurmin addness is =aved before entedng the made
2. the column address is incremented by display data write
Bl nol by display data read

Software Reset

This command causes some of the inlemal slabus regislers
of the chip bo be inilialized:

1. Static indicator i wmead OFF

2. Displday start line register is s&l 1o 0

3. Column address counler IS sat o0

4. Page address s set fo D

5. Marmal scan direchion of e COM outputs

&. Contrast controd register s sat oD

7. Tesi mode i iumed OFF
Set End of Read-Modify-Write Mode

This command relieves the chip from read-modify-wribe
micde. The column address hal is saved before enlening
read-modify-write mode will be restored.

Set Indicator Qo
This cormmand turns on and off the stabic drive indicators. it

also confnols whelher slandy mode or sleep mode will e

APR ,12 ,2006
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enltered after the power save compound command See “Set
Power Sawve Mode”.

Whnen e “Set Indicator On® command s semt, the “indicabor
Chispiay Mode® must be Tollowed in e nexd command, The “Sel
Indicatar " command is @ single yle command and no ok
Icrwing command is required

HOP
A command causing No Opseration.

Set Test Mode

This command force the driver I:|'II|:I Indz M= iest mode for
internal testing of the chip. Under nomal operation, user should
MOT s this command

et Power Save Mode
To enter Standby of Sleep Mode, it should be done by using
a compound cormmand composed of *Set Display OMAOFF and
“Sel Entire Display ON/OFF™ commands, When “5el Enlire Dis-
play OK° is issved when display is OFF, either Standly Mode
or Sleep Mode will be entered
The status of the Siatic Indicator wall determine which power
save mode 15 entered. [ stabc indicator 15 of, the Sleep Mode
will 2e entered
1. Internal oscillaior and LCD power supply circuits are
g
2 Segment and COMMON dIVers oUtput Ve, level
3. The display data and operation mode befare sleap are
hedd
4 Inbernal display RAK can il be accessed
If the static indicatar is on, e chip enters Standby Mode
which i simikar bo slesp miode except
1. Inbernal cscillator is on
2 Stabic drive Sysiem is on
Nole also that if the sofware resel command &5 isseed dunng
S@Endby Mode, Skeep Mooe il be entered. Both power save
mades can be axted by he |ssue of 3 new software command
or by pulling Low a1 hardware pin RES.

Status register Read _

This command is issued by pulling DVC Low dunng & data read
(refer b Figure 9 and 10 for paraiel nlensee wavetorms). I al-
lows e RCLU o monitor the infermal siatus of the chip. MNo slatus
redd B prowviged for Senal misde

These commands afe used, in addtion to basic commands, to
trigger the enhanced features, on top of general ones, designed
fior thie chip.

Set Multiplex Ratio

This command swilches defaull &4 muRiplex mode o any
multiplex made from 2 to 84, The chip pads ROWD-ROWES will
be swilched o comesponding COM signal culpul, See Tabbe 1
for examples of different multiplex setings

9. DISPLAY CONTROL FUNCTIONS

-13-

Set Blas Ratio
Except the 174 bias, all the avallable bias ratios (175, 118, 1/7,
118 and 1/9) could be Sel wsing this command plus the Set LCD
Bias. When changing the display muliplex rabie, e bias ratio
alsa need 10 be adusied 1o make display conlras! consistent

Set Temperature Coefficient (TC) Value

4 defferent temperature coeficient setlings is selected by this
command in order o match vanous liquad crystal temperature
grades

Modily Oscillator Frequency
The oscillator frequncy can be fine uned by applying this com.-

mand. Since e oscillator requency will be affected by some
athier faciors, this command 8 not recommended for QE'EFH
usage Please contacl our apphcation engineer for more detail
E!lplﬂ'l-ﬂﬂﬂ'l'l on this command

Set 1/4 Bias Ratio

This command seds the bias aho direcy 1o 14 bias. This ratio
is especially for use in unoer 12mux Ssplay.

In order to restore to other as rabo, this command must be
execued, with L5B=0, before the “Set Muliplex ratio”™ or “Set
LCD Bias” command is sent

et Total Frame Phases

The total number of phases fof one display framse is set by tis
Cofmmand

The S1xic loon s generabed by the overapping of e M and
METAT signals. To tum on the Siatic Icon, 3 phases overlapping
will be applied o ihese signals, while 1 phass overlapping will be
given bo fhe OFF skatus

The mare the lokal number of phgesin one frame, he less ihe
awerlapping Sme and Bus the ower the eMective drving valtage
at the S@bc lcon on e LCD pamel.

Set Display Offset

This command s=hould Be send DMLY when the multiglex ratio
is gt begs than G4

When the mulitplex rabio less than 64 ks set, the display will be
rapped in the middle (y-direction) of the LCD, s2e Table 1. Use
Ehis cormmiand could mase e dsplay verlically within i 64 com-
Mans

To miake he Reduced-Mux Com O (Corm 0 aler reducing the
mulpiex ratio) towards the Row O direction Tor L lines, the 6-Bit
data in second command Should be given by L

To mawe in the ofher direction by L lines, the 6-bit data should
be given by 64-L.

Piease node that the display Is confined within the un-reduced
G4 mux. Thal is maximum value of L is given by the half of 62 mi-
nus ihe reduced-multiplex raio. For an odd display musx afler re-
duchon, moving away Trom Row O direction will nas 1 more step

APR ,12 ,2006
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Command Decoder and Command Interface

This mddisle detsimines whelher he inpul data i inbefprebsd &8
daty or I'.“llill'l""l'l!'ﬁ‘] DHEE direcied 1o this moduls baasd wson the
input of the DG pin. W DUC ig Fegh, dakta is weithen 10 Oraphic DiEsplay
Data RAM (GDDRAM). i DVC i ke, the inpul a1 DDy is imerpreted
a5 8 Command and it will e deioded and Be writien 0 e corme-
sponding command regisier.

WIPL Paralled GR00-series lvberace

The paralial interdface consists of 8 bi-direciional data ping {De-Dgh
RAWIWR), DG, EMRD). C51 ard CEZ RAWIWR] input High indicates
@ read operation from She Graphic Display Data RAM (GDORAM]) of
e skatus register. RANDNR] Input Low indicabes 3 wrts cparation fo
Display Data_RAM or internal_Command Registers depending on ha
status of OIC mput. The ERD) input serves as data laich signal
{clack) when high prowvided that G991 and C532 are low and high
respectively. FRefer 1o Figure 9 for Faraled inberface Timing Dagram
ol B800-senes microprobessors

I arder by mateh e operaling requesncy of display RAM with fat
of the miooprooessar, some pipeline processing is internally per-
faimed whidh réguirés (ke insstdion of 3 dummy read befars He first
Aclual dapkay dala read. This s showr in Figure 3 below.

BPU Parall=l BlE0-series intelace

Eeniri_llﬂl_rﬂurhc_: Corrssts ol g lri-dilﬂunil data ping (0y-Dgl,
E{RD), RAYOWR), OAC, C51 and C352. E(RD) inps serdes a3 data
mead lateh signal (clock) when low provided el C21 and C32 are
v and high respectively. Whether il is Ssplay dats or stalus regis-
ber read |a comirolied by DVC. RANGNR) inpul sarves as dals wine
kch signalclock) when high prowidad that G371 and CSZ are low
and high respecively. Whather i is display data or command neges-
far wring is controdled by OVE. Refer 1o Fagure 10 for Parallal Interitace
Timing Deagram of BOA0-sanes mMICIONIOCEEEN0

Simidar to BS00-senes inteface, 3 dummy read is also required
bafore the frst actual display data read

MPU Senial mierface

Thae Slflilzﬂﬁl:l consists of senal clock SCK {Dg), senal data
E0A (D), DI, 51 and CE2. SDA is shified inko a B-bil shill regisier
on eeery nsing edge of SCL in the onder of Oy, Dg.... D= DT is sam-
pled an ewvery esghit clock o determing whether the data byte in the
Ff register i wnmien i e Depkyy Dacs FAM of command regisies
al e samse clock,

R[]
E{RD)
data bus Mo :: n n=1 m+2
wiite column address  dummy read data read! data read 2 fata read 3

Figure 3 - Display data read with the inserion of dummy read

Oscillator Circuit

Thiz module is an On-Chip 0w poder RC 0acil3on creuiiry
[Figuure 4). The QscllEor genaraies e clock for the DC-DC wol-
98 comeanmal. This doth B 380 used in ihe Digplay Timing Gan-
ETER0T

- 14 -

* * Discillator anabde
enabile enanls|
Cecilkytion Cincuil Bustar p—i L)

s
Iriemnal pawell nesEr

€1 802
Figure 4 - Oscillator Circuitry
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Graphet Display Data RAM (GDDRAM) galecied by sofwaie. Foi varlical scroling of disphiy, am wisinal reg-
The GOORAM 15 a bE mapped stabc RAM holding the bR pafam iglar slonng he display aran ling ¢an De sl 0 conrel e portion o

B be deaplayesd. The size of the RAM is 132 X 85= 2580 Wis. Figune e AAM data o be mapped o the display. Figure & shows the case

S = gescriphon of e GDDRAM address map. For mechanical in which the deplay Sta e regisien i sal i 380

Sexibiily, re-mapping on ko Ssgment and Comeon oultputs can be

Caolamnn addrass 83H

Colummn gadress J0H \00H]

I' [=53H]

—— LEH[O0] s s ssasnsasinsansnsennsaninsnssnsnasn COME (COMES]

Page 0 ey I I I e e i pepepeige
EErEw =Bt Bt AT R Rt ATe RS Rt R R R RPN
e m A m ke e m A n e e e ek

— i —

Fage 1 [

Page 2 e

Page 3 srrna

Page 4 E e ieeaeaeieeeaaiaiaeeeeiaan
E T T rEaEFrsEE FAEE RN lrlll'rlllll'rlllllrl:
LB  csccsssssssssssssssesnsssannanananms
fErEE R R R I I R B R ]
Page 5 S LLLIIIIIIIiIIiiniIiiiiiiiiiiiin
MEE e iaiiiiaiaaiiiiiiiiiiiiiiiii.:
- LEE @ s s s s s s e e se s mm s s mhm sa s m s s s oa md s
Page 5 S nllniiininIiviiniiiiniIiiiiz
D IR ¥ | =—— comea jcomo)
EE' 3= a COMG | COMET)
a7 T
MEE _ LIoIlIlIIIIIICIIIIIIIIITIIIIIIIICIL COMT (COMBE)
Page RIS B T e e e e e e e e e e e [ITTITTIT] e jo0HS

e |

SEGTH

Miobe The configuralion in parenihesss repeesenl the remasosd valoes of Rows and Columna

Figure 5. Graphic Display Data RAM [GDDRAM] Address Map (with display start line at 38H)
Far 132 X &4 Graphic Display Meode with separated lcon Line
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LD Dirivang Valtage Generabor and Regulator

This module generates the LED woltage required for display drive
Ing ouitput It takes @ singis supply input and QanNeraiae nacessany voll-
=ge levels. This block consests of

1. 23, 3% and 4X DC-DE voltags convenar
The buil-in DC-DE voltage comeerier i use io genarabe large nasg-
ative LCD driving woltage with reference 1o Voy fnom he valage
inpidl (Vg For S501815, il is possibds o produce 26, 30 or 4X
hosasting from the probecitial differen] betesen Ves g - Vo
Dretail configurations. of e DC-08 comeensr for difensrl baosting
mulspkes are given in Figurs 6 31 the fght.

2 Wpitage Regulaior (Vollages referenced o Vo)
The feedback gain conbred for LCD driving contrast curees can be
selached by IS pin to aither inbemal (RS pin = H) ar axdamal (IRS
pin = L]
Far indamal resieior nebwork = enabisd, Tiene are signt selling can
he ot by softwans
I exdemal comirol is seleched, extemal resisiors are reguined o ba
connecied Detwean Vag and Yp (R1), and batween Y and v,
(R}

3. Contrast Gontrol (\oltages referenced o Vsl
ScSweare controd of the &4 contrast vollage lewels af each woRage
regulator feedback gain. The equation of calculating the LED drive

ing wolage is gren as:

Contrast

Ea-anZGﬂfﬂ*{l+ ]*Kgr

Vae + R# (Voo — V)

Veer =( )
|+ R
‘wliE e
e Fag Barcion 1] 1 2 L] 4 k] ] 7 Bt
Fute witg Facix
L AN AM] 45 A2 A8 A0 &) A0 -I'I-l:|l3|'||
B wrin] ame] snz] ] wer| mis| mm| pw| wm |
A
T T - = I
[T L B e P o] I o T T i
T (¥ 5] (X7 FEFT [Tik
1.4 [ yr] [ I 5l | [+ g Beped |
4. Bias Drvider

Divide the reguiator ouput 1o ghve the LCD driving wolkages (Vs -
¥ial A low power consumplion cincuil design in this bias diveder
saves most of the display cumment comparing %o radibonal design

£ Bias Rabe Selecton cincutry
SoMaare contral of 17 and 109 Bias ralio oo malch e chaiadhiens-
lic af LCD pamel. In addian, 14, 175, 188 and 1/8 bias rabas ane
alse soffeae selecable using the acended command far any
max apphicabcn

6. Sell adjusi lemparaune compansation circuiny
This btk provides d diferen] compensation ssfings 0 salisty
varous Bquid crystal temperaiure gradings by soffware conirod
Dhafai iemperatere cosMcient (TC) seling s TCO

- 16 -

S501815
Ves Ve Gy E|:j," Cp G

1 i

2% Boosting Conflguration
SRD1E15 |
| Vesi Vg C, Cop Ciy Com Coy

Led 1 Lt L

¥ Boosting Conflguration

5501815

I .""SSI Veg Cay Cop Gy Er E‘.Eu |

LT LI G

(S (s

4} Boosting Configuration

Remarks:

1.C1 = 04T - 1.00F

2. Boosting Ingut From Vs,

3. Vo, Shouikd be lower potential than or equal to V.
4. Al voltages are refarencad o Vo

Figure & - Configurations for DC-DC Converter
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3 VL6 vs Contrast Settings
. 30 . 20 30 40 50 60
-5 : -!. - ':".—'I'.—-‘___._:__‘__‘__‘_
= B .. —— - L S - —1'-—1----__‘__‘__—. _,_E.D
Mo~ A G L | a1
T .._'_.- . - ; -
L R e E e —— T |22
= e e N o - e
E’ e T = (=23
:- -\.______-‘---1-. S " ; ll--__n__‘-_-:-.-_‘__-_-*- '.'-.__- - 24
14 e e g Ty |25
s S Tty |26
13 - e il | |27
=15 -
contrast level at VDD = 2.775V
Figure 7 - Contrast Curves at Different Interneal Feedback Resistor Ratio Settings
Resst Circisi OlRAQE Can DE Sepanated Mo o sele and ussd wilh differant oy

This biock mclodes Powes On Aessd ciroudry and the Resat pin,
RES. Both of hese hawing e sams e2e] lunclion. Onte RES
TRCRIVES A negatnie resst puise @ intemal orountny Wil slart o inihal-
ize. Minimum pidse awdth for complating the resed sequence = Tus
Thee s2alus of e chip alfer resel (s gresn by

1. Diesplay is umed OFF

F, 132564 Displary Displary Mode with s&poraied kcon Ling
Maormal segment and display data columin addwmess manping
(BEGD mapped %o sodseas D0h)
Raad-mocdfy-wnte mods B OFF
Power cantrol register I5 5af 10 0000
Shelt regisier dats clear in ssmal inlerdface
Bias ratko i gef 0 19
Siatic indicator i fumed OFF
Dissplary stari I iy 388 fo dizplay RAM column addrmss O
10, Cokimn sddress counier i@ ssl w0
11 Pags addenss i 58710 0
12 Naormal scan dinscton al the COM cutouls
13, Contrast conitral regaier is st 1o 208
T, Tast mode & umed OFF

bad

W m - A s

Display Data LAtch

A defis ol regislers ERITHNG The SEpiay Sigadl infermaton. Fod
SZ0ME15, thers ame TOT lalches (132 = ES) for hoklng tha dala,
wehich will be fed io the HY Bufler Call and Level Selecior b6 outoul
the requined voftage level

Lawsl Selsctor
Lews] Selecior is 3 conirol of e Ssplay aynchicnization. Diapiyy

Synchronizahon s importart since { seects the requined LCD voltage
s o (e WY Bulfler Call, which in lum cutouls e COM or 3EG LCD
wavelorm

HY Buffer Cell |Level Shifler)

Y Bulfer Cell work ag a level ghifter which ransiates the low voltags
outpt signal to e reqursd oriving vollage. The output = shifed o
with =n internal FAM clock which comies from the Display Timing Gen
BrEOl. The wonbge Besis e given by 5 level s&achoe which S ST
chimpizad with the intamial M sigral

APR ,12 ,2006
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COMO
COM1
coM2
COM3
COM4
COMS
COME
COMT

Figure 8a. LCD Display Example =0"

TIME SLOT

l1]zla[a[=]elr]ele] - - wei1]z|a|a[=]a]r]ela] - - seilalz]z[alsla]e]ale] - . meil1]z]z]a]=]a]r]a]a] .. e

B "‘.:l:
- - P _'\.'_-.
oMl e
L - Vg
N

- = Vi
- —— e —— - Y A
com1 | 1=

.
N - od Vig
Wi a
- . - :]:

- oW

| | .‘ . W
BEGDH -1
- e n n m A p— W 4
L T
.
—‘ Hﬂ = Voo
- = 3
EFG' - - — W W = '-_'_E
= = - ee— e = = =y ".'__‘
Vi

B

" Moie : M s the number of muthpies raso mof ncloded loon, N s sgual @ 52 on POR

Figure 8b - LCD Driving Waveform
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10. INTERFACE PIN CONNECTIONS

PIN|SYMBOL| I/O FUNCTION

1 |VSS Ground pin, connected to 0V

2 |IRES Reset signal input:

Initialization of the chip is started once this pin is pulled low. Minimum pulse
width for completing the reset procedure is Sus.

3 |/ICs I |Chip select input:

The chip is enabled for MCU communication only when /CS is pulled low.

4 RS | |Data/Command control pin:

When the pin is pulled high, the data at DBO~DB7 is treated as display data.

When the pin is pulled low, the data at DBO~DB7 wll be transferred to the
command register

5 |PIS | |Parallel/Serial interface select:

When the pin is pulled high, parallel interface mode is selected.

When the pin is pulled low, serial interface will be selected.

It is valid only when internal pull high resistor(R3) and pull low resistor(R4) are
not used.

6 [/WR I When interfacing to an 6800-series microprocessor, this pin will be used as
Read/Write select input. Read mode will be carried out when this pin is pulled high
and write mode when low.

When interfacing to an 8080-series microprocessor, this pin will be the Write
input. Data write operation is initiated when this pin is pulled low when the chip is
selected.

7 |/RD I When interfacing to an 6800-series microprocessor, this pin will be used as the
Enable signal. Read/Write operation is initiated when this pin is pulled high when
the chip is selected.

When interfacing to an 8080-series microprocessor, this pin receives the Read
signal. Data read operation is initiated when this pin is pulled low when the chip is
selected.

8 |DBO 8-bit bi-directional data bus

9 |DB1 8-bit bi-directional data bus

10 |DB2 O |8-bit bi-directional data bus

11 |DB3 O |[8-bit bi-directional data bus

12 |DB4 O |[8-bit bi-directional data bus

13 |DB5 O |8-bit bi-directional data bus

14 |DB6 O |8-bit bi-directional data bus

15 |DB7 O |8-bit bi-directional data bus

16 |VDD I/O [Power for supply(3.0V)

17 |SCL I/0 |Serial clock input

18 [SDA I/O |Serial data input

19 |LEDA I/O |LCD driver supplies voltage.

20 |LEDK I/0O |LCD driver supplies voltage.
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11.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 80
storage temperature for a long time. 200 hrs
2 Low temperature | Endurance test applying the low storage -30
storage temperature for a long time. 200 hrs
3 High temperature | Endurance test applying the electric stress 70
operation (Voltage & Current) and the thermal stress to 200 hrs
the element for a long time.
4 Low temperature | Endurance test applying the electric stress -20
operation under low temperature for a long time. 200 hrs
5 High temperature | Endurance test applying the high temperature 50 , 90 RH MIL-202E-103B
i Humidity storage | and high humidity storage for a long time. 96 hrs JIS-C5023
6 High temperature | Endurance test applying the electric stress 50 , 90 RH MIL-202E-103B
| Humidity (Voltage & Current) and temperature humidity | 96 hrs JIS-C5023
operation stress to the element for a long time.
7 Temperature Endurance test applying the low and high 20 -70 10cycles
cycle temperature cycle.
200C¢ 0 25°C T0PC
Amin. =~ dmun = 30min
S =
1 cycle
Mechanical Test
8 Vibration test Endurance test applying the vibration during MIL-202E-201A
transportation and using. 10-22Hz > 1.5mmp-p | ;5 55025
JIS-C7022-A-10
22-500Hz — 1.5G
Total 0.5hrs
9 Shock test Constructional and mechanical endurance test | 50G half sign wave 1l MIL-202E-213B
applying the shock during transportation. msedc 3 times of each
direction
10 Atmospheric Endurance test applying the atmospheric 115 mbar 40 hrs MIL-202E-105C
pressure test pressure during transportation by air.
Others
11 | Static electricity Endurance test applying the electric stress to VS=800V, RS=1.5 k MIL-883B-3015.1
test the terminal. CS=100 pF
1 time

*+#% Supply voltage for logic system = 3V. Supply voltage for LCD system = Operating voltage at 25
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Failure Judgement Criterion

Criterion Item Test Item No. Failure Judgment Criterion
112|3(4|5|6 78] 9 |11

Basic specification Out of the Basic Specification

Electrical characteristic Out of the DC and AC Characterstic

Mechanical Out of the Mechanical Specification

characterstic Color change : Out of Limit

Apperance Specification
Optical characterstic Out of the Apperance Standard

12. QUALITY GUARANTEE

Acceptable Quality L evel

Each lot should satisfy the quality level defined as follows.
- Inspection method : MIL-STD-105E LEVEL II Normal one time sampling

- AQL
Partition AQL Definition
A: Major 0.4% Functional defective as product
B: Minor 1.5% Satisfy all functions as product but not satisfy cosmetic standard

Definition of ‘LOT’

One lot means the delivery quantity to customer at one time.

Conditions of Cosmetic | nspection

Environmental condition
The inspection should be performed at the 1cm of height from the LCD module under 2 pieces of

40W white fluorescent lamps (Normal temperature 20~25 and normal humidity 60+15%RH).

I nspection method
The visual check should be performed vertically at more than 30cm distance from the LCD panel.

Driving voltage
The VO value which the most optimal contrast can be obtained near the specified VO in the

specification. (Within +0.5V of typical value at 25 ).

13. INSPECTION CRITERIA
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13.1 Module Cosmetic Criteria

No. | Item Judgement Criterion Partition
1 | Difference in Spec. None allowed Major
2 | Pattern peeling No substrate pattern peeling and floating Major
3 | Soldering defects No soldering missing Major

No soldering bridge Major
No cold soldering Major
4 Resist flaw on Invisible copper foil ('0.5mm or more) on substrate Minor
substrate pattern
5 | Accretion of metallic | No soldering dust No accretion of metallic foreign matters Minor
Foreign matter (Not exceed '0.2mm) Minor
6 | Stain No stain to spoil cosmetic badly Minor
7 | Plate discoloring No plate fading, rusting and discoloring Minor
8 | Solder amount a. Soldering side of PCB Minor
Solder to form a ‘Filet’ all e
around the lead.
Solder should not hide the e
1. Lead parts lead form perfectly. (too
much) A :(
b. Components side
( In case of ‘“Through Hole PCB’)
Solder to reach the Components side of PCB.
2. Flat packages Either ‘Toe’ (A) or ‘Seal’ Minor
(B) of the lead to be covered A j—//C_EC
by ‘Filet’.
Lead form to be assume over solder. A B
3. Chips (32)H =2h =2 (1/2)H Minor
e e
Ve
|
13.2 Screen Cosmetic Criteria (Non-Oper ating)
| No. | Defect | Judgement Criterion Partition
-22- APR ,12 ,2006
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1 | Spots In accordance with Screen Cosmetic Criteria (Operating) No.1. Minor
2 | Lines In accordance with Screen Cosmetic Criteria (Operating) No.2. Minor
3 Bubb.les in Size - d mm Acceptable Qty in active area Minor
polarizer d=03 Disregard
03<d<10 3
10<d<15 1
15<d 0
4 | Scratch In accordance with spots and lines operating cosmetic criteria. Minor
When the light reflects on the panel surface, the scratches are not to
be remarkable.
Allowable .
5 density Above defects should be separated more than 30mm each other. Minor
6 | Coloration Not to be noticeable coloration in the viewing area of the LCD Minor
panels. Back-lit type should be judged with back-lit on state only.
7 | Contamination Not to be noticeable. Minor
13.3. Screen Cosmetic Criteria (Operating)
No. | Defect | Judgement Criterion Partition
1 | Spots A) Clear Note : Minor
Size - d mm Acceptable Qty in active area
d=01 Disregard
01<d=02 3
02=d=03 2
03<d 0
Including pin holes and defective dots which must be within one pixel
size.
B) Unclear Size :
Size - d mm Acceptable Qty 1n active area
d=02 Disregard
02<d=05 6
05<d=07 2
07=d 0
-23- APR ,12 ,2006
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2 | Lines A)Clear Minor
L5350 (0)
20 (3 See No. 1
002 005 0.1 W
Note : () - Acceptable Qty in active area L
-Length (mm) W - Width (mm)
o - Disregard
B) Unclear
L 10.0 (©)
(6)
2.0 See No. 1
0.05 03 0.3 W
‘Clear’ = The shade and size are not changed by VO.
‘Unclear’ = The shade and size are changed by VO.
13.4. Screen Cosmetic Criteria (Operating) (Continued)
No. | Defect Judgement Criterion Partition
3 | Rubbing line Not to be noticeable.
4 | Allowable density | Above defects should be separated more than 10mm each other. Minor
5 | Rainbow Not to be noticeable. Minor
6 | Dot size To be 95% ~ 105% of the dot size (Typ.) in drawing. Partial Minor
defects of each dot (ex. pin-hole) should be treated as ‘Spot’. (see
Screen Cosmetic Criteria (Operating) No.1)
7 | Uneven Uneven brightness must be BMAX / BMIN < 2 Minor
brightness (only - BMAX : Max. value by measure in 5 points
back-lit type - BMIN : Min. value by measure in 5 points
module) Divide active area into 4 vertically and horizontally. Measure
5 points shown in the following figure.
0 Measieing poaaly
Note :
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(1) Size : d = (long length + short length) / 2
(2) The limit samples for each item have priority.

(3) Complexed defects are defined item by item, but if the number of defects are defined in above
table, the total number should not exceed 10.

(4) In case of ‘concentration’, even the spots or the lines of ‘disregarded’ size should not allowed.
Following three situations should be treated as ‘concentration’.

- 7 or over defects in circle of 'Smm.

- 10 or over defects in circle of '10mm.

- 20 or over defects in circle of "20mm.

14. 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.

(8) Install the LCD Module by using the mounting holes. When mounting the LCD module make sure it is
free of twisting, warping and distortion. In particular, do not forcibly pull or bend the 10 cable or the backlight
cable.

(9) Do not attempt to disassemble or process the LCD module.

(10) NC terminal should be open. Do not connect anything.

(11) If the logic circuit power is off, do not apply the input signals.

(12) To prevent destruction of the elements by static electricity, be careful to maintain an optimum work
environment.

- Be sure to ground the body when handling the LCD modules.

- Tools required for assembling, such as soldering irons, must be properly grounded.

- To reduce the amount of static electricity generated, do not conduct assembling and other work under
dry conditions.
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- The LCD module is coated with a film to protect the display surface. Exercise care when peeling off this
protective film since static electricity may be generated.

Storage Precautions
When storing the LCD modules, avoid exposure to direct sunlight or to the light of fluorescent lamps. Keep
the modules in bags (avoid high temperature high humidity and low temperatures below 01C). Whenever
possible, the LCD modules should be stored in the same conditions in which they were shipped from our
company.

Others

Liquid crystals solidify under low temperature (below the storage temperature range) leading to defective
orientation or the generation of air bubbles (black or white). Air bubbles may also be generated if the module is
subject to a low temperature.

If the LCD modules have been operating for a long time showing the same display patterns, the display
patterns may remain on the screen as ghost images and a slight contrast irregularity may also appear. A
normal operating status can be regained by suspending use for some time. It should be noted that this
phenomenon does not adversely affect performance reliability.

To minimize the performance degradation of the LCD modules resulting from destruction caused by static
electricity etc., exercise care to avoid holding the following sections when handling the modules.

- Exposed area of the printed circuit board.
- Terminal electrode sections.

15. 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 isopropylalcohol.

(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 temp erature 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).
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(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.

Pratective plate

] g l Fiteing plate

T

|
T ] — T 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  0.1mm.

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 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.

(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
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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.
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Precaution for soldering to the LCM
(1) Observe the following when soldering lead wire, connector cable and etc. to the LCM.
- Soldering iron temperature : 28000C  1001C.
- 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 electoluminescent 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 40C0C , 50% RH.

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

1.3us nin
- [—

Positive voltege | I/
[0

[
oM ! I-—I': nin.30 rs mox,( forgraphic)

1

]
(Negative voltage) | \

|

|

|

_-: pa—U min. 30 n5 nox.{ forgrophic)

Y/

Gh

Storage
When storing LCDs 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

-28 - APR ,12 ,2006
Version 1.0



1%

between 01C and 357]C.
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(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.)
Safety
(1) It is recommended to crush damaged or unnecessary LCDs into pieces and wash them off with
solvents such as acetone and ethanol, which should later be burned.
(2) If any liquid leakes 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 GOOD DISPLAY and customer, GOOD DISPLAY will replace or repair any of its

LCD modules which are found to be functionally defective when inspected in accordance with GOOD
DISPLAY LCD acceptance standards (copies available upon request) for a period of one year from date of
shipments. Cosmetic/visual defects must be returned to GOOD DISPLAY within 90 days of shipment.
Confirmation of such date shall be based on freight documents. The warranty liability of GOOD DISPLAY
limited to repair and/or replacement on the terms set forth above. GOOD DISPLAY 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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