SHARP
LM3201 OP Medium Size Graphic Type LCD Module

Features
W 12 cm [4.7"] QVGA format B High brightness (80 cd/m?)
M Biack & white display B Mechanically compatible with LM32P10 and
LM32K101
Specifications
Parameter | | _Unit Parameter » Unit
 Display size 12[4.71 cm["]| |[Brightness 80 cd/m? |
Dot format (H x V) 320 x 240 dot Duty ratio : 1/240 Po-
Dot pitch (H x V) - 030x030  mm [ |Backlight = 1CCFT(E) | - |
Active area (H x V) 96.0x720 ' mm Power consumption panel 178 ! MW |
| Panel type ; FSTN | - ] Backlight 1250 mwW
Panel mode Transmissive | - | | Outline dimensions (W x H x D) 148.0x96.0(107.0)x80] mm
Color _BW . color | |Weight 1 140 g
Contrast ratio 12:1 P Operating temperature | 0 to +45 C |
Response time * 400 [-] ! ms Storage temperature i -25 to +60 C
Outline Dimensions it mm
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l. Applicatiop
Thie dets sheet is to introduce the specifieation of LM32010P,
Pasgive Matrix type LCD Unit.
(320 240 dot, TSTN, negative type, with backlight sysiem by cold cathode

fluorescent tube (CCFT).)

2. Copstraetion aad Outlipe
Consutruction : 320X 240 fuil dot graphic display uvait
Gutlipe > g8 Frg. 8.
Gonmection  See Fig. 8 . and Table 5.

There shall be no scriches, steins, chips, distortions and otber external
drawbacks that may affeet the display functlon.
Rejection criteris shall be moted in Inspectien Stapderd S-U-012-01.
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3. Mechaniea] Specificatingg
i
' L Teble 1
| : Parageler Specification Unit !
: - QOutline dimensions 148 (W) x 86(H) x 8MAX (D) Notel mn
i i Fifeciive viewing sres | 100 (¢} ¥ 7§{% : ua )
| Display forasi 320 (00) x 240 (8) full dot ; ]
. . Dot size 0.28 (W x 0.28 (g | it
i Dot spacing 6.02 an
1 Character color Yhite Notel - ]
; ! Bxzckgronad ¢olor Black Notel - |
: | Weight | Approx. 140 £

{ Nolxl © Exeluded the mounting tab. (See Fig. 8

Note? : Due to the charscieristics of the LC Material,

¥ith environmental temperatars.

the ¢olors vary

‘v :;".:;’)' b:r?l de: {";ch oA L owin Tr"
é T Dels OFF D B ack
| 4. _Absolute Maximum Retings
}
i
; 4-1. Tleetrical Absolute Maximua Ratings
: o Tahle 2 -
o Parsmeter Symbol Min MAX Tait Bemark
Supply veltage (Logic) Voa—Vas 0 8.0 v
Supply voltage (LCD Driver) | Vop—Vzz! 0 30.0 Y
L Input voltaze Yin 0 ¥DD Y Ta=25ﬁ3
, Back Light ycer? 0 {1500 | Vrams
: ICCHT 0 £.5 | sdres
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4-). Fuvironmental Coadition
. Tshle d .
Ttem Tstg Topr Remark
KIN. | MAX. | MIN. | MAX.
Ambient ilemperature | ~25°C | +60°C 0°C | +45°C
Bxmidiiy , Note ! Note | No coedensation
Vibration . Note d Note 2 3 directions (X/Y/1)
Shoek  Mote 3 Note 3 § directions
| ' (+X/2Y/+1) |

Nate 1) TaZ40°Cereeee 90% EH Max
Ta>45°C- ---absoiute humidily shali be less igen
Ta=40°C / 90% RR

Note 2) Thess test conditlions are in sccordance with “JEC 88-2-8°
Frequeacy : 10 — 5352
Viblation widtk : 1, Smm
Toterval : 10HZ ~ 53HI ~- 108
{1 min)
7 boure for sach direction of X/T/2 (6 bours as tofal)

Note 3) Accerelation : 480w/S* (50&)
Palse width : llags
4 times for each direetion of +X/2V/21
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8. Pleeirigal Specifigations
5.1 Fleeirical charscteristies
Table 4
| Tez25C, VRD=3V L5 %
, Prameter Syabol | Comditions | Him | Tys. | Mex_ | Unib
“supply voltege (Logic] | Voo-Vas 175 | 5.0 | &2s |V
Suppiy voltsge (LCD drivel | Vex-Ves| VoosSY (Noie §j |-18.5 |-18.0 }-17.¢ Vo
( Input signal vollage Vix ‘B lavel 0. §YID -- yDD y o
i "1 level 0 ~ Joavm| v |
i loput leakage eurrent ey ‘B level - — 20 ukh
| ) "L Tevel 0.0 | - - G
' Supply curreat (Lofic) lon  |Vea=3V, Ves=-18Y | — g 18 oA
Supply current (LCD) Ize VE=100kQ - § 12 wh 4
Power comsumpution (LCD} | PALCD |F=80BZ (Note 2) | — | 118 358 ¥
"Siart voltage (B/L) Y718 {Toverter 430 Yros f
Supply voltage (B/L) YITL  {LM000108 225 | 260 | 213 | Vres
Supply current (B/L) IFT  |Input voltage 12V 5 § | mhrus |
Power consumption {8/L) P4FT o 1,25 A B

t

Note 1} The viewing angle (6] where obtains the maximua contrast can be get
by adjusting varieble resistor between VEI and VR2.

Refer to Yig. 4 for the diff{nition of &.
Note 2) Display bigh frequeney pattern.

YD (+3VY)

LCD unit

o

V35 (GND)

>

YEE (-18Y)

>

200kQ ¥ VR

YR!

YRZ




Used Cobnnector

; §2103-1217 [Moler]

Maling Cable ¢ [ Cmm pick ., 12ping F.T.C.
CN2
| Piz No.*li Symbols Deseriptlon
o ViTl Pover supply for CCFT back light
' 2 YIT2 Power zupply fop CCFT back light

| [

*l ; Pia No. and 1ts locstien are ghown {n Fig §.

-
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5=2. Interface signals
CN1 Table §

| Pin No. | Symbols Description Level

T § Sesn start-up signal "H"

1 | crl Tnput dete lateh signal H>L |

3 P2 | Dats {npat clock sigoal H>L

4 YD Power supply for logic and LCD (43v) - ;E

5 VsS Groond potentisl (Ov) = :

K YEZ | Pover supply for LCD (-18) - !

7 20 B

; DI | Display date signsl B (ON), L (OFF} |

d D2 |

. i3 i |

i 1 VRI LCD Contrast Adjust (A) f - !

L 12 VRZ_{ LCD Contrast Adjust (B} - _f
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B-1. Cireuit Configursiion

e

6-2.

6-3.

Fie.7 shows the block disgram of the Unit’'s circuitry
Display Face Configuration

the display face electrically consisis of signa] display segment of
320 x 240 dots.

Taput Datz and Coatrol Signal

7ie LCD driver 13 80 hits LSI, consistizg of shift registers, lalch circuite
and LCU driver cireuits.

Cispiay data which are exteraally divided inio date for each row (320 dots]
1] be sequeptially transferced in the fore of 4-bii perallel data ihrougk
shitt resisters by Cloek Sigaal CP2 from the left top of the dizplsy face.

¥hen data of one row (320 dots) have best inputied, then leched in the

trop of parallel data for 320 lines of signal electrodes by Latch Sigus! CPL
“hen the corresponding drive signal will be transmitied to the 320 linmes of
colunn electrodes of the LCD pamel by the LCD drive cireuits.

4. this time, scsan start-up signal § has been transferred from the scan
sigoal driver to the Ist row of scan electrodes, and the contemis of ihe
dsta ¢ignals ars displayed on the 13t rowe of the displey face according to
the combinations of voltages applied to the scan snd signal electrodes of
the LCD.

¥nile the Ist rows of data are being displayed, tbe 2nd rovs of data are
satersd. When 320 doty of data Bave beea tramsferred then latched on the
talling edge of CPl clock, the displey face proceeds o the 2nd rows of
display.

sich dats input will be repeated up to the 240tk row of each displey segment,
“row npper Lo lower rows, Lo complete one frame of display by time sharizg
method, Then dats inpat proceeds to the next displar face.

Seap start-up Signal § generates scan sigmel to drive horizental electrodes,

The umit shull be driven 2t the speed of 70~80Rz/freme to svoid flickeriag.
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iince DC voliage. if applied to LCD panel, canses chemical reaction whiek wi:l
‘eteriorste LC) panel, drive waveform shall be inveried o prevent the gene-
ration of such DC voltage, Azd to prevest such problem, AC waveformw circujf
generated by counting CP1 (M generator) {s bullt im this eircuit.

fecuuse of the charaeteristics of the CMOS driver LSI, ihe power eonsumptiocn
+f “he unit gnge up a¢ the operating frequercy CP2 incresses. Thus the driver
;81 applies the system of transferring 4-bit palallel dsta through ithe 4 I:inrs
<f shif! resistors to reduce the dats transfer speed CP2. Thenks to the LST,
the power comsumption of the uait will be mipimized.

in his circnit configuralion, 4-hit display data shall be therefare izputtec
to data igput pins of DO~-DI.

Surihermore ithe LCD unit adopts bue lime system for data input to minimize
tbe power consumpiion. Ir this system data {opui terzingl of each driver
181 is sctlvated omly when relevent data input is fed.

tgle input for colum electrodes of both the upper and the lower display
cegnent and chip select of driver LSI sre made as follows:

The driver LST at the left end of the display face iz first selected,
snd the adjacent driver LSI of the right side is selecled when B0 dots
dats {20 CPY) is fed. This process is sequentially comtinued until datx
is 2ad to the dpiver LSI at the pight end of the display face.

Thig process is gimultaneously folloved at tre colugr driver LSI'g of
both the upper amd the lower display segments. Thus dats imput throngh

:-bit bug line sequentially from the left end of the dizplay face.

Simee this graphic digplay unit coptains mo reflesh RAM, it requires detn
end timigg pulse inputs even for staile display.

The timing chart of input signals are shown ip Fig, 3.
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! 1. Optiegi Ch apieti
(Table 7 shows the optieal characteristics when the viewing angle obtaining
the masiaum contrest (¢) is adjusled to 0 degrees.)

_ Table T YDD=§Y, Ta=23'C
[ Perameter Srmbol Condition | Min. [ Typ. [Max [ Unit [Remark |
‘z 'j. B~} 820" €240 ( 45 - - dgr. LNDtE l‘ll‘
' 81| 6.(62 (Co=4.0 [ — [ = [-15 |dgr. | Note !
{Viewing angle 82 20 - - {dgr. fNote t
? l range | Be~0. ) @80 [Co240 | 55 | ~ | ~ [dgr. [Kele 1|
| | .8, jCo=&.0 | = | ~ [-25 [dge. |Note ||
i _— 6, 6.8, 25 | ~ | [der. |Note i
{ Coutras! ratio Co 8=, ¢=0 Lol e| - Note 2
"2espense ‘T 80", ¢=l P~ 0 200! 30lms |Note 2
| spead [ zd [ 6= = [ = 0] 300 ms |Hote 3
T Nete 1) The viewing engle range may bedefined as showr below
al(iﬂ‘) !6:0‘ - ¥ Adgles @1, 82 sud & shall fall

: withio the renge overwhich the
$-180" 4 displayed charscler each be read
: ‘, 82(20")
\ i

/ ¢:0- \
Yiewing direction

Fig 4  Definiiion of Viewing Angile

Note 2] Contrest ratis may be defined ng follows:
Contrast ratlo is caleurated by nsing the following formula
wben the wavelorm voltage (Fic. 8) is spplied ir opiical eharmeteristics

test methad (Fig 5).

Photg-detector output voltage with
select waveforn being applied

Coatragt ratjo =

Photo~detector output valtgge with
nor-select waveform being applied _ﬂj

e
I
{




et ——

SHAIRP, LCs2s524 | LM32010P

Note 3} The response characteristics of photo-detector oulput are measured as
shown iz Fig. 8, assuming that input signels are spplide so0 ag to seiect
and deselect the dols o be memsured, iz ihe opitical charscteristiicy

test method showa ina Pig §,

Nate 4) Table 7 shown the optical characteristics delected when {he LCD app!ied
voltage wavaforas sre in the highest frequency *

* The mos{ critical condition for the charzeteristics of LCD.

/
/

Norasl
lize
i , ‘L‘ka__Photo-detector
' ' {Included & viewing sensi-
AN tivity modulstor)

Viewing sensitivity modupator

__Polarizerﬂ‘::::::::::ji r

[
AAMARNNNNN LCD Parnel

f ~ Refleclor

1]
!

Light source

Pig. § Qotice Chrrastarigfics Tegt Method
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(Drive wavatora)
A | 1/240 Doty f%
# qu il
; LU
v |
Non-select Selaet Non-gelect
T T wavefore TR gaveforg — St vavefora ——
Respouge
vavelorm
t- 100%
detactor 80X 10%
antput ) y

Tr

Tr: Bise tine
Td: Deetry time

Td

[ PAGE
i 14
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7-2. Charecteristics of Backlightit
fa) Brighiness
| Parsmeter Mia, 17D, Max, Unit
Brighthess 60 80 — __‘d/"‘2

Reting are defiged 8¢ the averzge brightness at § messurement points.

0 | B
BE T v
It ! g
180 | in IR
F g L E
dot | e o
b q \J\
[ Dat eres
40 160 280 Dot
{b} Keesurameni condition
CCEY {averter : LMOOO10S

LCD unit Condition :

Tezparsture .
Messorement equipmeat :

INPOT voltage :

YEE=-18. 0V,
Te=25C, 30 minutes after turning on.

(C} Opereting life time
- The opratiag life time iy 10,800 khours more under ike following

canditions.

CCFT Laverter i3

17T=3pArns
18225 £ 5°C
- The operating life time is defined as having ended when any of the followirg

condifions occur.

~Fhen the {llomisence or quantity of light has decreased to 30% of the
initial valve.

12.0v  IPT: fmA

LCD 1g full dot ON (¥hite)

BM-7 (TOPCON Copperation)

-¥hen the 1ight of CCFT goes to flieker remarkble.
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COLUMN
{1dot 2dot 3dot 320dot
N |
1dot —- 1,1 1,2 15 e———————————————— > [ 1,320 ]
2d0t s o 2)1 2,2 ‘\ :
3dot —} 3,1
LA
B v o
240dot —1 - —> | 240,320

Note) 1,2 means 1st row 2nd clumn dot.

COLUMN
160:2not3dot 4dot5dotﬁdot7c:‘.8dot 9 10 3 0 .
ROW R A Ly pe
A 1 1 |
1dot —}- [D30Z 0T D0 [ D3| D2 DT DO D3 | D2 | €—————————3[D3 [DZ [DT [DU |
2dot —}- (D3 {02 (DT [DO [ D3| D2 | DT [ DD A
3dot — (D3 [D2 [D1 (DO ‘
A
R’ X
240dot —¢- (D3 ] e — T ————————— > [03 D2 D11 DO]

Fig. 1 Dot chart of display area
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CP1 [ L . [ _ M
P2 | [ 1 [ [T L [
D3 X240.317 XThvalid X° 1.1 3 1.5 X 1, 317XInvalid Y 2.1 X X 2,317 X
D2 X240,318 XIrvalid 1.2 X} 1.6 X _}X_1.318Tavalid ¥_ 2.2 X X 2.318 X
D1 X240,319 XTrvalid X 1.3 X} 1,7 X X _1.319)Invalid X' 2.3 X X 2.319 X
DO X240,320 XIrvalid X 1.4 X 1.8 X _ X_ 1.320XTnvalid X_ 2.4 X "X 2.320 X
S - 11 ]
CP2 X 320/4 pulses
/(/
R [ ot I | n I M
e
d
u | 0o~3 X a~u0 X Xawo a~3200 X, a~300 X X
c
e
o (R N e I I
CP1 x 240 pulses

Fig. 2 Data input timing chart
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CP1 x 240 pulese
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tr {tLWH tf
cP1 \ v N
TCP2 tS21 | 12
AVASRIA
~ I N A e | R
LCHH £OHL | tf
tSy < tH |
7 \
DATA tSSU, | J_tSH
\ / /- L
u'4 | \
) CP2 x (320/4) pulses / \
S i
TFRM=12.5 ~14.3 ms
/
ARYA YA YA WA WA
first second 240th
line's line's line's
Reduced data data data
_ftransfer transfer transfer

Fig.3 Interface timing chart

VIH=0. 8VDD
VIL=0.2VDD
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Table 7 Interface timing ratings
Item Symbol Rating Unit
MIN. TYP. NAX.

Frame cycle TFRM 12.5 - 14.3 ms
CP2 clock cycle TCP2 130 - - ns
"H” level clock width tCWH 60 - - ns
"L level clock width tCWL 60 - - ns
"H” level latch clock width tLWH 60 - - ns
Data set up time tSuU 50 - - ns
Data hold time tSH 40 - - ns
CP2 1 clock allowance time from CP1 | t512 0 - - ns
CP1 1 clock allowance time from GP2 | tS21 0 - - ns
Input signal rise/fall time (Note 1) tr, tf - - trf ns
S Signal Data set up time tSSU 40 - - ns
S Signal Data hold time tSH 60 - - ns

Note 1) Owing to the characteristics of this LCD module, “shadowing” will become more

eminent as frame frequency goes up,

flicker will become more eminent as flame

frequency goes down. So it is recommended that the module should be driven

according to the specified limit.

Note 2)

trf=50 in case tCT=(TCP2-tCWH-tCWL) /2250
trf=tCT in case tCT=(TCP2-tCWH-tCHL) /2<0
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5-3 Supply voltage sequence condition
The power ON/OFF sequence shown on Fig. 4 shall be
followed to avoid latch-up of drive LSIs and application
of DC voltage to LCD panel.
500 ms MIN. (Note 1) -
; 1 1 : \
VDD \—-IJ \
b ‘ i i E l
: > Active < : ; '
S “L” level Ope?atgfﬁ (- “L” leve!l
|}
CP1, CP2 Interface timing,acfive opgration
DATA N Pl
J
||
1 I
DISP
d K
8 |
i
|1
1 | n
YEE
Fig. 4 Power ON/OFF sequence
Table 8 Sequence timing ratings
POWER ON POWER OFF
SYNBOL With DISP Without DISP SYMBOL With DISP without DISP
control control control control
a 0 ms MIN. 0 ms MIN. h 0 ms MIN. 0 ms MIN
20 ms MAX. 20 ms MAX.
b 0 ms NIN. 20 ms MIN. i 0 ms NIN. 20 ms MIN.
c 20 ms MIN. - i 20 ms MIN. -
d 0 ms NIN. - k 0 ms MIN. -
e - 0 ms MIN. I - 0 ms MIN.
f 0 ms NIN. (Note 2) m 0 ms MIN. (Note 2)
g - 20 ms MIN. n - 0 ms MIN.
Note 1) Power ON/OFF cycle time. All signals and power line shall be in accordance

Note 2)

with above sequence in case of power ON/OFF.
VEE to be set at "VSS level”




SPEC No. MODEL No.

PAGE

255;|'|U‘1L]F;!|:" LC97306A LM32019P 13

6. Module driving method

6-1 Circuit configuration
Fig.5 shows the block diagram of the module’'s circuitry.
Fig.5 Circuit block diagram

CCPU
PV
E | DISP OFF
! RAM r ! Control f DO, D1, 02.D3
| B A LSI ,
mmooes o ' CP2
| ' CP1
: .S
— <e
| LSt
| LS12 °

320 X 240 Dots —

, /LTA;;‘.

<
o
LS4 | LSI5 f‘%> LS16 LS17 I
py i b
® . 2 & . 4
& *
® —9—
N
N BIAS
GENERATOR GENERATOR

VDD, VSS, VEE




SHARP LC97306A] LM32019P

SPEC No. NODEL No. PAGE

14

6-2 Display face configuration
The display consists of 320x240 dots as shown in Fig.1. The interface is to be

driven at 1/240 duty ratio

6-3 Input Data and Control Signal

The LCD driver is 80 bits LSI, consisting of shift registers, latch circuits and
LCD driver circuits. Input data for each row (320 dot) will be sequentially
transferred in the form of 4 bit parallel data through shift registers from top left
of the display together with clock signal (CP2).

When input of one row (320 dots) is completed, the data will be latched in the form
of parallel data corresponding to the signal electrodes by the falling edge of latch
signal (CP1). Then. the corresponding drive signals will be transmitted to the 320
lines of column electrodes of the LCD panel by the LCD drive circuits

At this time, scan start-up signal (S) has been transferred from the scan signal
driver to the 1st row of scan electrodes, and the contents of the data signals are
displayed on the 1st row of the display face according to the combinations of
voltages applied to the scan and signal electrodes of the LCD. While the data of Ist
row are being displayed, the data of 2nd row are entered. When data for 320 dots have

been transferred, they will be latched by the falling edge of LP, switching the
display to the 2nd row.

Such data input will be repeated up to the 240th row of each display segment. from
upper row to lower rows. to complete one frame of display by time sharing method

S generates scan signal to drive horizontal electrodes.

Since DC voltage. if applied to LCD panef, causes chemical reaction in LC materials
causing deterioration of the materials, drive wave-form shall be inverted at every
display frame to prevent the generation of such DC voltage. Control Signal M plays

such a role.






