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*

(1) Introduction

Sharp Color TFT-LCD module is the active matrix LCD (Liquid Crystal

Display) produced by making the most of Sharp’s expertise in liquid-

crystal and semiconductor technologies.

The active device is amorphous silicon TFT (Thin Film Transistor). The

module accepts full color video signals (composite video and analog RGB)
. conforming to the NTSC(M)  system standard.

When additionally provided with the backlight-driving DC/AC inverter ,it

is applicable to pocket TVs and various display monitors.

(2) Features

● TFT-active matrix-LCD drive system

● 57,600 pixels (delta configuration)
*

“Slim,lightweight  and compact

@Active-area /  Outline-area=57%  @Thickness=23mm  @Weight=320g

“Built-in video interface circuit (including chroma demodulator,  picture

tone, video AGC circuit) and control circuit responsive to composite

video signal

● AISO responsive to standard analog RGB video signals

“Further RGB signals can be superimposed on composite video signal

(In this case, RGB signais shall  be digital  input signal for 8 colors

display)

“High quality full color rendition with backlight source incorporated.

● Viewing angle: 6 o’clock direction. (LQ6NC01)

Ii o’clock direction. (LQ6NC02)
. .

(3) Construction and Outline “

The module consists of a TFT-LCD panel, driver ICS, control PWB mounted

with electronic circuits,  fluorescent tube, reflector,  frame, front case,

and rear shielding case.

,. (Backlight-driving DC/AC inverter is not built in the module.)

* Illustration of TFT-LCD panel” : See Fig. 1.

* Construction of TFT-LCD modul : See Fig, 2,

*  Out l ine  d imensions  of  TFT-LCD modul : See Fig. 3.
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Table 1

Parameter Specifications Unit Remarks

Display format 57,600 pixels
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

720(W)X240(H) dots

Active area 113,8(W)X87.6(H) mm

Screen size 5.7(diagonal) inches

Dot pitch 0. 158(W)X0.365(H) mm

Dot configuration R.G.B Delta configuration —

Outline dimension 149.4(W)X 117(H)X23(D) mm [Note 4-1]

Weight 320?20 g

[ONote 4-1] Excluding protrusions

(5) Input / Output terminals

5-1) TFT-LCD  panel driving section

‘inNo

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

Symbol i/t

HSY o

VTY o

TST -

NC -

TST -

GND i

Vsw i

GND i

+

VCDC i

VSH i

VBS i

BRT i

+

CNT i

COL i

TIN i
1

3VSL i

VRI i

VGI i

VBI i

T

Table 2

Description Remarks

Internal horizontal sync. signal(In phase with VBS)I I
Internal vertical sync. signal(In phase with VBS) I I
This shall be electrically opened during operation.

This shall be electrically opened during operation.

This shall be electrically opened during operation.

Ground

Selection signal of two sets of video signals [Note5-1]

Ground
D C  b i a s  v o l t a g e  adj~,stiI]g  tcrmixlal o f [Note5-2]c o m m o n  e l e c t r o d e  clI-ivi13g  signal

Positive power supply voltage

Composite video signal [Note5-3]

Brightness adjusting terminal [Note5-4]

Contrast adjusting terminal I
Color gain adjusting terminal 1!

Tint adjusting terminal n

Negative power supply voltage

Color video signal (Red) [Note5-5]

n (Green) Iv

F (Blue) n

Ground I I
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I n  t h e  following  d e s c r i p t i o n s ,  “ H i g h ”  m e a n s  “V~~” a n d  “Low” means “GND”O

[Note5-1]

[ N o t e 5 - 2 ]

[Note5-3]

[Note5-4]

S e l e c t s  i n p u t  s i g n a l s ,  c o m p o s i t e  o r  RGB

~ W h e n  V S W  i s  “ H i g h ”  o r  o p e n ,  c o m p o s i t e v i d e o  s i g n a l  ( P i n  No.11)  i s

s e l e c t e d .

@ When VSW is “Low”, RGB signal set ( P i n  No.17 t h r o u g h  1 9 )  i s

s e l e c t e d .

@ W h e n  R G B  s i g n a l  i s  s u p e r i m p o s e d  o n  t h e  s c r e e n  o f  c o m p o s i t e  s i g n a l ,

“Low’’/’’High” s h o u l d  b e  i n p u t  i n t o  t h i s  t e r m i n a l  b y  s y n c h r o n i z i n g  R G B

s i g n a l .

Common e l e c t r o d e  d r i v i n g  signal (VCO,i) g e n e r a t e d  i n  t h e  m o d u l e  i s

o b s e r v e d  o n  t h e  p i n . S h o u l d  b e  o p e n e d  d u r i n g  o p e r a t i o n ,  a s  t h e  D C

component  o f  VCOM (VCDC) i s  a d j u s t e d  t o  t h e  o p t i m u m  v a l u e  w i t h  VS~ a n d

v,, b e i n g  t h e  t y p i c a l  v a l u e s  o n  s h i p p i n g .

B u t , i n  c a se  o f  change  o f  t he  op t imum va lue  ( fo r  examp le ,  l ower ing  o f

t h e  p o w e r  s o u r c e ) , i t  s h o u l d  b e  re-adjusted b y  t h e  b u i l t - i n  v a r i a b l e

r e s i s t o r  (VC~C) o r  e x t e r n a l  c i r c u i t  s h o w n  i n  Fig,5.

R e f e r  t o  ( A p p e n d i x - 3 ) “Ad jus t i ng  me thod  o f  op t imum DC b i a s  vo l t age”

f o r  re-adjusting.

Similary  i n  c a s e  o f  R G B  i n p u t , a p p l y  c o m p o s i t e v i d e o s i g n a l  o r

c o m p o s i t e  s y n c . s i g n a l  ( w i t h  n e g a t i v e  p o l a r i t y )  f o r  s y n c .  s e p a r a t o r .

B r i g h t n e s s ,  C o n t r a s t ,  C o l o r  g a i n  a n d  T i n t a r e  a d j u s t e d  b y  t h e  D C

v o l t a g e  s u p p l i e d  t o  e a c h  p i n . ( c o n t r a s t , c o l o r  g a i n , a n d  t i n t  a r e  n o t

avalable fo r  RGB s igna l  i npu t )

T h e y  a r e  a d j u s t e d  t o  t h e  o p t i m u m  v a l u e  o n  s h i p p i n g ,  b u t ,  t h e y  c a n

b e  re-adjusted  b y  t h e  b u i l t - i n  v a r i a b l e  r e s i s t o r  (BRT,CNT,COL,TIN)  o r

e x t e r n a l  c i r c u i t

( H o w e v e r ,  a s

c h a r a c t e r i s t i c ,

o u t e r  a d j u s t m e n t

[Note5-5] ~ Respons ive  t o  O-O.7Vpp  ana log  RGB s igna l  when  VSW i s  f i xed  t o  “Low”

shown in  Fig.5.

t h e c o n t r a s t  i s a d j u s t e d  t o maximize d i s p l a y

i t i s  r e c o m m e n d e d  n o t  t o  r e a d j u s t i t  a n d  t o  r e m a i n

t e r m i n a l s  o p e n . )

@ I n  c a s e  o f  s u p e r i m p o s i n g  o n  c o m p o s i t e  v i d e o  s i g n a l  a s  o n  s c r e e n

display(ref;  Note5-1),  R G B  s i g n a l s  s h a l l  b e  d i g i t a l  s i g n a l  (Low:OVp-p

High:>2Vp-p  avalable f o r  8  c o l o r s  d i s p l a y )
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ight driving section

Table 3

~inNo.1 Symboll i/o I Description Remarks

L1 VL 1 i Power supply for fluorescent tube 1 (GND) [Note5-6]

L2 NC - No connection

L3 VL 2 i Power supply for fluorescent tube 1 (High)

L4 VL 3 i Power supply for fluorescent tube 2 (High)

L5 NC - No connection

L6 VL 4 i Power supply for fluorescent tube 2 (GND) [Note5-6]

[Note5-6] Should be grounded by the backlight driving DC/AC inverter, as the LI

and L6 terminals are connected with the shielding film in the module.

These  t e rmina l s  w i l l  be  g rounded  by  t he  op t i ona l  DC/AC i n v e r t e r .

(Fo r  i n t e rna l  e l ec t r i ca l  connec t ion  o f  back l igh t  un i t ,  s ee  F i g . ( [ )

below.)

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Fluorescent

Connectors ~’

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Fig.(i) Wiring diagram of backlight unit

Caution: Shielding case is separated from GND terminal and electrically open.
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(6) Absolute maximum ratings

Table 4 GND=OV Ta=25T

Parameter Symbol MIN MAX Unit Remarks

Positive power supply voltage v, ~ - 0 . 3 +6.0 v

Negative power supply voltage v, ~ - 9 . 0 +0.3 v

Video input signal 1 Vil — 2.0 Vp -p [Note6-1]

Video input signal 2 Viz – v~H–o.3 Vp-p [Note6-2]

Digital input/output signals VI - 0 . 3 V,.+0.3 v [Note6-3]

D C  b i a s  voltaee  o f VCDC v~L-o.3
c o m m o n  e l e c t r o d e  drivins  sisnal

-1.5 v

Picture adjusting terminal voltage Vp,c - 0 . 3 v,l.1-o.3 v [Note6-4]

Storage temperature Tstg -25 60 t

Operating temperature Panel temp. Topp o 60 t [Note6-5]

Ambient temp. Topa o 40 t
b
[Note6-1]  VBS terminal (composite video signal)

[Note6-2] VRI,VGI,VBI terminals (RGB signals)
——

[Note6-3] HSY,VSY VSW terminals

[Note6-4] BRT,CNT,COL,TIN terminals

[Note6-5] Maximum wet-bulb temperature 38T or less.

No dew condensation.
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(7) Electrical characteristics

7-1) Recommended operating conditions

A) TFT-LCD panel section

Table 5 GND=OV Ta=25t

Parameter Symbol MIN TYP MAX Unit Remarks

Positive power supply voltage Vs ~ +4.8 +5.0 +5.2 v

Negative power supply voltage VS L -7.6 -8.0 -8.4 v

Video input signal amplitude VBS 0 . 7 1 .0 1 . 3 Vp -p [Note7-1]

(peak level) ‘RGB(l) – 0 . 7 – Vp -p [Note7-2]

VRG,(2) 2 . 0 – 4 . 0 Vp -p [Note7-3]

Video input signal DC component Vi~C - 1 . 0 0 +1,0 v [Note7-4]

Digital input High level v IH +3.5 — V, “ v [Note7-5]

voltage Low level v, ~ o – +1.5 v

Digital output High level vOH +3.5 – v SH v [Note7-6]

voltage Low level Vo L o – +1.5 v
DC b i a s  volta=e of COmmOn VCDCe l e c t r o d e  drivins sisnal -4.5 -3.5 -2.5 v [Note7-7]

[Note7-1]

[Note7-2]

[Note7-3]

[Note7-4]

[Note7-5]

[Note7-6]

[Note7-7]

VBS (composite video signal) Input impedance : 750

Amplitude of sync. signal : >0.2Vp-p

VRI,VGI,VBI  terminals (RGB signals for analog display)

Input impedance : >lOkQ

VRI,VGI,VBI  terminals (RGB signals for superimposing)

Input impedance : >lOkfl

VBS,VRI,VGI,VBI terminals

VSW terminal (selection signal of two sets of video signals)

Input impedance : >50k9
——
HSY,VSY terminals (Internal sync. signals).

Load resistance : >20k2

Adjusted for each module so as to attain maximum contrast ratio.

Refer to Appendix-3 for adjusting.

.
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B)  Back l igh t  d r iv ing  sec t ion

Table 6 Ta=25?

Parameter Symbol MIN TYP MAX Unit Remarks

Lamp voltage VL 290 330 370 Vrms ( jus t  fo r  r e fe rence)

Lamp current IL 6.0 7 .0 8.0 mArms

Frequency f, 20 50 kHz

Kick-of f  vo l t age v, – — 800 Vrms

M D C / A C  i n v e r t e r  f o r  d r i v i n g  c o l d  c a t h o d e  f l u o r e s c e n t  t u b e  (CCFT) is  not  bui l t

in the module.

D C / A C  i n v e r t e r  f o r  e x t e r n a l  c o n n e c t i o n  (Model  No . : LQI)J04) is optionally

a v a i l a b l e .

7-2) Power consumption

Table 7 Ta=25~

Parameter Symbol Condit ion MIN TYP MAX Unit Remarks

Power P o s i t i v e
supply  c u r r e n t I SH V$H=+5.0V — +120 +155 mA

Consuflplion Ne6ative

by the panel supply  c u r r e n t 1,, V,,=-8.OV - -90 -120 mA

section Tota l w, — 1.32 1.73 v [Note7-8]
Power  c o n s u m p t i o n  b y  t h e w, On rated
f l u o r e s c e n t t u b e  s e c t i o n l igh t ing – 4.6 6 .0 w [Note7-9]

[Note7-8] Excluding power consumption by the backlight.

[Note7-9] Ca lcu la ted  re fe rence  va lue  (I,xV,).

7 - 3 )  C i r c u i t  d i a g r a m

The circuit block diagram of TFT-LCD module is shown in Fig.4.

(For  de ta i l , refer  to (Appendix-1) and (Appendix-2).)

The recommended external  circuit  of  TFT-LCD module is shown in Fig.5.

Caution: Turn on or  off  the power supply (V~H and V~~) at  the same t ime.

Be sure to supply all power  vo l t ages  be fo re  inpu t t ing  inpu t  s igna l s .
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7 - 4 )  I n p u t / O u t p u t  s i g n a l  w a v e f o r m s

Shown in Fig.  6

C a u t i o n : I n p u t  s t a n d a r d  c o m p o s i t e  v i d e o  ( o r  s y n c . )  s i g n a l  m a t c h i n g  f o r  NTSC(M)

system in VBS.

A  l o n g  t i m e  i n p u t  o f  n o n - s t a n d a r d  s y n c . s i g n a l  m a y  c a u s e  f l i c k e r  o r

d e g r a d a t i o n  o f  d i s p l a y  q u a l i t y .

7 - 5 )  I n p u t / O u t p u t  s i g n a l  t i m i n g  c h a r t

Shown in Fig.  7

T a b l e  8  s h o w s  t h e  t i m i n g  s p e c i f i c a t i o n s .

Tab le  8 fH=15.7kHz,  fv=60Hz

P a r a m e t e r Symbol MIN TYP MAX Unit Remarks

H o r i z o n t a l I n p u t  p u l s e  w i d t h rHsl 4 . 2 4 . 7 5 . 7 psec

s y n c . O u t p u t  p u l s e  w i d t h ~tis~ 2 . 3 3 . 0 4 . 6 psec f=f, [Note7-10]

H o r i z o n t a l  sync.phase  d i f f e r e n c e T pd - 1 . 5 1 . 3 psec [Note7-11]

V e r t i c a l  sync.output  p u l s e  w i d t h r Vs 243 256 269 psec 4/fg

V e r t i c a l  s y n c . p h a s e  d i f f e r e n c e r pv 6 7 / 3 3 7 3 / 3 9 79/45 psec [Note7-12]

( S u p p l y  v o l t a g e  c o n d i t i o n :  V,.=+5V,VS,=-8V)

[Note7-10]  A d j u s t e d  b y  v a r i a b l e  r e s i s t o r  (H-POS).

[Note7-11] V a r i a b l e  r a n g e  b y  v a r i a b l e  r e s i s t o r  (H-POS)

(Posi t ive  when HSY proceeds VBS.)

A d j u s t e d  v a l u e  : rpd=-O.  l z 0 . 7  psec

[Note7-12] O d d  f i e l d / E v e n  f i e l d  (  l/f./O.5/fIi  )

7 - 6 )  D i s p l a y  t i m e  r a n g e

( a )  H o r i z o n t a l l y

1 0 . 9 -  6 1 . 0  psec f r o m  t h e  f a l l i n g  e d g e  o f  H S Y .

( b )  V e r t i c a l l y

19-258H  f r o m  t h e  f a l l i n g  e d g e  o f  V S Y .
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(8) Optical characteristics

Table 9 Ta=25~

Parameter Symbol Condition MIN TYP MAX Unit Remarks

Aell CR21O 30(10) – – Degree LQ6NC01

Viewing angle range L612 CR210 10(30) – – Degree (LQ6NC02)

A92 CR2 10 45 – – Degree [Note 8-1,2]

Contrast ratio CRmax g =0” 30 – – [Note 8-2,3]

Response Rise rr 1=15” – 30 – ms {Note 8-2]

t i m e Decay rd — 50 – ms [Note 8-4]

Brightness YL 100 120 – nt

Color temperature KL
t =()” — 7900 – K [tiote 8-5]

Mhite chromaticity x 0.247 0.297 0.347

Y 0.262 0.312 0.362

[Note 8-1] Viewing angle range is defined as follows.

Noraal  l i n e

ock direction

Fig. (ii )” Definition of viewing angle range

[Note 8-2] Applied voltage for measuring optical characteristics

a) VC~C must be adjusted by the (1) Flicker measuring method or the

(2) Contrast measuring method described in the (Appendix-3)

“Adjusting method of optimum common electrode DC bias voltage.”

b) Brightness adjusting terminal (BRT) should be opened.

c) Video signal of reference black level and 100% white level must

be input,

.
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[ N o t e  8 - 3 ]  C o n t r a s t  r a t i o  i s  d e f i n e d  a s  f o l l o w s ,

C o n t r a s t  r a t i o  i s c a l c u l a t e d  w i t h  t h e  f o l l o w i n g f o r m u l a  i n  t h e

o p t i c a l  c h a r a c t e r i s t i c s  m e a s u r i n g  m e t h o d  s h o w n  i n  F i g .  8 .

C o n t r a s t  r a t i o  ( C R )

= Pho tode t ec to r  ou tpu t  w i th  LCD be ing  “wh i t e”

Pho tode t ec to r  ou tpu t  w i th  LCD be ing  “b l ack”
[ N o t e  8 - 4 ]  I n p u t  s i g n a l s a r e  a p p l i e d  t o  t h e  a r e a  m e a s u r e d  t o  m a k e  t h e  a r e a

“ w h i t e ” and “ b l a c k ” r e s p e c t i v e l y , a n d  c h a n g e w i t h  t i m e i n  t h e

p h o t o d e t e c t o r  o u t p u t  i s  m e a s u r e d  i n  t h e  optical character1st1c5

m e a s u r i n g  m e t h o d  s h o w n  i n  F i g .  8 .

100%
90%

10%
0%

“White” “Black” “White”
~ k

F i g .  ( i i i )

[ N o t e  8 - 5 ]  M e a s u r e d  o n  t h e  c e n t e r  a r e a  o f  t h e  p a n e l  a t  a  v i e w i n g  c o n e  1 °  b y

TOPCON luminance meter BM-7.
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( 9 )  M e c h a n i c a l  c h a r a c t e r i s t i c s

9 - 1 )  E x t e r n a l  a p p e a r a n c e

T h e r e s h a l l  n o t  b e  a n y  c o n s p i c u o u s  d e f e c t s . ( S e e  F i g .  3 .  “Outline

dimensions of  TFT-LCD module”.)

9 - 2 )  P a n e l  t o u g h n e s s

T h e  p a n e l  s h a l l  n o t  b r e a k  w h e n  t h e  p a n e l  c e n t e r  i s  p r e s s e d  w i t h  2  k g  f o r c e

by 15 mm dia. s m o o t h  f l a t  s u r f a c e .

( C a u t i o n ) : T h e  l e a s t  f o r c e  c a n  cause f u n c t i o n a l  t r o u b l e s  i f  i t  i s  a p p l i e d

on

9 - 3 )  1 / 0  c o n n e c t o r

A )  1 / 0  c o n n e c t o r

i) A p p l i c a b l e

t h e  a c t i v e  a r e a  f o r  a  l o n g  t i m e .

p e r f o r m a n c e

o f  LCD pane l  d r i v ing  c i r cu i t  (  FPC  connec to r  20  p in s )

F P C :  S h o w n  i n  F i g .  (iv).

ii) T e r m i n a l  h o l d i n g  f o r c e :  1 0 0  g  o r  Iarger/pin

( E a c h  t e r m i n a l  i s  p u l l e d  o u t  a t  a  r a t e  o f  2 5  t 3 mm/min.)

i) I n s e r t i o n / p u l l i n g  d u r a b i l i t y : C o n t a c t  r e s i s t a n c e  n o t  l a r g e r  t h a n  d o u b l e

t h e  i n i t i a l  v a l u e  a f t e r  a p p l i c a b l e  F P C  i s  i n s e r t e d  a n d  p u l l e d  o u t  2 0

t i m e s .

IHI =1 1-+-+-+-++-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+

Ref .  No Name M a t e r i a l

o B a s e  m a t e r i a l PolYimide or equivalent material (25 ~m thick)

@ C o p p e r  f o i l Copper foil (35 ~m thick),
solder Plated in 2 to 12 ~m thickness

@ C o v e r l a y Pol Yimide or equivalent material
!

I @ Polyester Polyimide or equivalent materialR e i n f o r c i n g  p l a t e (188 ~m thick)
I

Fig.(&)  Applicable FPC for 1/0 c o n n e c t o r  ( 1 . 0  m m  p i t c h )
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B )  1 / 0  c o n n e c t o r  o f  b a c k l i g h t  d r i v i n g  c i r c u i t  ( X H  c o n n e c t o r  3  p i n s  X 2 pcs.)

1) A p p l i c a b l e  c o n n e c t o r  h o u s i n g : X H P - 3  ( p r o d u c e d  b y  J a p a n  S o l d e r l e s s

T e r m i n a l )

U )  T e r m i n a l  h o l d i n g  f o r c e : 100 g or  more/pin

( P u l l e d  o u t  a t  a  r a t e  o f  1  t h r o u g h  5  m m / s e e . )

i) I n s e r t i o n / p u l l i n g  d u r a b i l i t y : C o n t a c t  r e s i s t a n c e  n o t  l a r g e r  t h a n  d o u b l e

t h e  i n i t i a l  v a l u e  a f t e r  c o n n e c t o r s  a r e i n s e r t e d  a n d  p u l l e d  o u t  2 0

t i m e s .

( 1 0 )  D i s p l a y  q u a l i t y

T h e  d i s p l a y  q u a l i t y  o f  t h e  c o l o r  TFT-LCD m o d u l e  s h a l l  b e  i n  c o m p l i a n c e  w i t h

t h e  D e l i v e r y  I n s p e c t i o n  S t a n d a r d ( S e p a r a t e  S h e e t  LDI-90522).
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(11) H a n d l i n g  i n s t r u c t i o n s

11-1)  M o u n t i n g  o f  m o d u l e

The  TFT-LCD modu le  i s d e s i g n e d  t o  b e  m o u n t e d  o n  e q u i p m e n t  u s i n g  t h e

m o u n t i n g  t a b s  i n  t h e  f o u r  c o r n e r s  o f  t h e  m o d u l e  r e a r  f a c e .

O n  m o u n t i n g  t h e  m o d u l e , a s  t h e  M3 t a p p i n g  s c r e w  ( f a s t e n i n g  t o r q u e  i s  5

t h r o u g h  6  kg.cm) i s  r e c o m m e n d e d , b e  s u r e  t o  f i x  t h e  m o d u l e  o n  t h e  s a m e

p l a n e ,  t a k i n g  c a r e  n o t  t o  w a r p  o r  t w i s t  t h e  m o d u l e .

B e  s u r e  t h a t  s o u r c e  o f  p o w e r  i s  o f f  w h e n i n s e r t i n g / p u l l i n g  o u t  1 / 0

c o n n e c t o r  o f  t h e  m o d u l e .

1 1 - 2 )  P r e c a u t i o n s  i n  m o u n t i n g

@ P o l a r i z e r  w h i c h  i s  m a d e  o f  s o f t  m a t e r i a l  a n d  s u s c e p t i b l e  t o  f l a w  m u s t  b e

h a n d l e d  c a r e f u l l y . P r o t e c t i v e film ( l a m i n a t o r )  i s  a p p l i e d  o n  t h e

s u r f a c e  t o  p r o t e c t  i t  a g a i n s t  s c r a t c h e s  a n d  d i r t s . I t  i s  r e commended  to

p e e l  o f f  t h e  l a m i n a t o r  i m m e d i a t e l y  b e f o r e  t h e  u s e ,  t a k i n g  c a r e  o f  s t a t i c

e l e c t r i c i t y .

@ P r e c a u t i o n s  i n  p e e l i n g  o f f  t h e  l a m i n a t o r

A )  F o r k i n g  e n v i r o n m e n t

W h e n  t h e  l a m i n a t o r  i s  p e e l e d  o f f , s t a t i c  e l e c t r i c i t y  m a y  c a u s e  d u s t  t o

s t i c k  t o  t h e  p o l a r i z e r  s u r f a c e . T o  a v o i d  t h i s , t h e  f o l l o w i n g  w o r k i n g

e n v i r o n m e n t  i s  d e s i r a b l e .

a)

b)

c)

d)

F l o o r : C o n d u c t i v e  t r e a t m e n t  o f  1  MQ o r  more  on  t he  t i l e

( C o n d u c t i v e  m a t  o r  c o n d u c t i v e  p a i n t  o n  t h e  t i l e )

C lean  room f r ee  f rom dus t  and  w i th  an  adhens ive  ma t  on  t he  door~ay

Humid i ty : 50 % to 70 % RH

W o r k e r s  s h a l l  w e a r  c o n d u c t i v e  s h o e s ,  c o n d u c t i v e  w o r k  c l o t h e s ,

c o n d u c t i v e  g l o v e s  a n d  a n  e a r t h  b a n d .

B )  W o r k i n g  p r o c e d u r e s

a )  D i r e c t  t h e  w i n d  o f  d i s c h a r g i n g  b l o w e r

t h a t module i s  b l o w n  s u f f i c i e n t l y .

m o d u l e  a n d  d i s c h a r g i n g  b l o w e r  w i t h i n  2 0

somewhat  downward to  ensure

Keep t h e  d i s t a n c e  b e t w e e n

cm. ( S e e  F i g .  ( v - i ) . )

b )  A t t a c h  a d h e n s i v e  t a p e  t o  t h e  l a m i n a t o r  p a r t  n e a r  d i s c h a r g i n g  b l o w e r

s o  a s  t o  p r o t e c t  p o l a r i z e r  a g a i n s t  f l a w . ( S e e  F i g .  ( v  - i i ) . )

C ) P e e l  o f f  l a m i n a t o r ,  p u l l i n g  a d h e n s i v e  t a p e  s l o w l y  t o  y-our s i d e

t a k i n g  5  o r  m o r e  s e c o n d .

d )  O n  p e e l i n g  o f f  t h e  l a m i n a t o r ,  p a s s  t h e  m o d u l e  t o  t h e  n e x t  w o r k

p r o c e s s  t o  p r e v e n t  t h e  m o d u l e  t o  g e t  d u s t .
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1 1-3)

20 cm or less

T’yOdule
Fig. (v-i)

D rection of wind of blower

F i g .  ( v )

e )  M e t h o d  o f  r e m o v i n g  d u s t  f r o m  p o l a r i z e r
0 Blow o f f  d u s t w i t h  Nz b l o w e r  f o r  w h i c h  s t a t i c

p r e v e n t i v e measu re h a s b e e n t a k e n . I o n i z e d  a i r

e l e c t r i c i t y

gun (Hugle

E l e c t r o n i c s  C o . )  i s  r e c o m m e n d e d .

“  S i n c e  p o l a r i z e r  i s  v u l n e r a b l e ,  w i p i n g  s h o u l d

i s unavoidable  , w i p e  i t c a r e f u l l y w i t h

b r e a t h i n g  o n  i t .  “Belleseime” (Kanebo,  L t d . )

W h e n  m e t a l  p a r t  o f  t h e  T F T - L C D  m o d u l e  ( s h i e l d i n g

s o i l e d , w i p e  i t  w i t h  s o f t  d r y  c l o t h . F o r  s t u b b o r n

b r e a t h i n g  o n  i t .

b e  a v o i d e d , I f  w i p i n g

l e n s c l e a n i n g c l o t h ,

i s  d e s i r a b l e .

l i d  a n d  r e a r  c a s e )  i s

d i r t s , w i p e  t h e  p a r t ,

.

W i p e  o f f  w a t e r  d r o p o r  f i n g e r  g r e a s e  i m m e d i a t e l y . L o n g  c o n t a c t  w i t h

w a t e r  m a y  c a u s e  d i s c o l o r a t i o n  o r  s p o t s .

TFT-LCD  m o d u l e  u s e s  g l a s s  w h i c h  b r e a k s  o r  c r a c k s  e a s i l y  i f  d r o p p e d  o r

b u m p e d  o n  h a r d  s u r f a c e . H a n d l e  w i t h  c a r e .

S i n c e  C M O S  LSI is u s e d  i n  t h i s  m o d u l e , t a k e  c a r e  o f  s t a t i c  e l e c t r i c i t y

a n d  e a r t h  y o u r  b o d y  w h e n  h a n d l i n g .

P r e c a u t i o n s  i n  a d j u s t i n g  m o d u l e

A d j u s t i n g  v o l u m e s  o n  t h e  r e a r  f a c e  o f  t h e  m o d u l e  h a v e  b e e n  set optimally

b e f o r e  s h i p m e n t . T h e r e f o r e , d o  n o t  c h a n g e  a n y  a d j u s t e d  v a l u e s .  I f

a d j u s t e d  v a l u e s  a r e  c h a n g e d , t h e  s p e c i f i c a t i o n s  d e s c r i b e d  h e r e  m a y  n o t  b e

s a t i s f i e d .

.
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O t h e r s

D o  n o t  e x p o s e  t h e  m o d u l e  t o  d i r e c t  s u n l i g h t  o r  i n t e n s i v e  u l t r a v i o l e t  r a y s

f o r  m a n y  h o u r s ; l i q u i d  c r y s t a l  i s  d e t e r i o r a t e d  b y  u l t r a v i o l e t  r a y s .

S t o r e  t h e  m o d u l e  a t  a  t e m p e r a t u r e  n e a r  t h e  r o o m  t e m p e r a t u r e . A t  l o w e r

t h a n  t h e  r a t e d  s t o r a g e  t e m p e r a t u r e , l i q u i d  c r y s t a l  s o l i d i f i e s ,  c a u s i n g

t h e  panel t o  b e  d a m a g e d . A t  h i g h e r  t h a n  t h e  r a t e d  s t o r a g e  t e m p e r a t u r e ,

l i q u i d  c r y s t a l  t u r n s  i n t o  i s o t r o p i c  l i q u i d  a n d  m a y  n o t  r e c o v e r .

I f  L C D  panel b r e a k s , t h e r e  m a y  b e  a  p o s s i b i l i t y  t h a t  t h e  l i q u i d  c r y s t a l

e s c a p e s  f r o m  t h e  p a n e l . S i n c e  t h e  l i q u i d  c r y s t a l  i s  i n j u r i o u s ,  d o  n o t

p u t  i t  i n t o  t h e  e y e s  o r  m o u t h . W h e n  l i q u i d  c r y s t a l  s t i c k s  t o  h a n d s ,  f e e t

o r  c l o t h e s , w a s h  i t  o u t  i m m e d i a t e l y  w i t h  s o a p .

O b s e r v e a l l o t h e r  p r e c a u t i o n a r y requ i r emen t s i n  h a n d l i n g g e n e r a l

e l e c t r o n i c  c o m p o n e n t s .

( 1 2 )  S h i p p i n g  r e q u i r e m e n t s

12-1)

12-2)

a

a

P a c k i n g  f o r m  i s  s h o w n  i n  F i g .  9 .

C a r t o n  s t o r a g e  c o n d i t i o n

N u m b e r  o f  l a y e r s  o f  c a r t o n s  i n  p i l e  :  1 0  layers  M a x .

E n v i r o n m e n t a l  c o n d i t i o n  :
0 T e m p e r a t u r e oTto40t
0 H u m i d i t y 60 %RH or less (at 40 V)

N o  d e w  c o n d i t i o n  e v e n  a t  a l o w  t e m p e r a t u r e  a n d

h i g h  h u m i d i t y
0 A t m o s p h e r e Harmfu l  ga se s  such  a s  a c id  and  a lka l i  wh ich  co r rode

e l e c t r o n i c components and w i r e s must not be

d e t e c t e d .
0 S t o r a g e  p e r i o d About 3 months

0 O p e n i n g  o f  p a c k a g e T o  p r e v e n t  TFT-LCD  m o d u l e  f r o m  b e i n g  d a m a g e d  by

s t a t i c  e l e c t r i c i t y ,  a d j u s t  t h e  r o o m  h u m i d i t y  t o

5 0  %RH o r  h i g h e r  a n d  p r o v i d e  a n  a p p r o p r i a t e  m e a s u r e

f o r e l e c t r o s t a t i c e a r t h i n g b e f o r e o p e n i n g t h e

package .

( 1 3 )  R e l i a b i l i t y  t e s t  i t e m s

Re l i ab i l i t y  t e s t  i t ems  fo r  t he  TFT-LCD modu le  a r e  shown  in  Tab le  10 .
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Reliability Test Items for TFT-LCD Module

NCI

Y

2

7

—

8

9

Test items

High temperature

storage test

Low temperature

storage test

High temperature

and high humidity

operation test

High temperature

operation test

Low temperature

operation test

Electrostatic

discharge test

Shock test

Vibration test

Heat shock test

Table 10

Conditions I
Ta= 60”C 2 4 0 H

T a = – 2 5 ° C 2 4 0 H I

T a = 40”C” 95%RH 2 4 0 H

Ta= 40”C 2 4 0 H

T a = o “c 2 4 0 H

*,2 o Ov “ 200PF(OQ) Once for each terminal

100G”6ms, tX;iY;iZ 3 times for each direction

(JIS C7021, A-7 Condition C)

Frequency range: 1 0-5 5Hz
Stroke :1.5mm

Sweep I I )HZ-55HZ-1OHZ

2 hours for each direction of X,Y,Z (6 hours in total)

(JIS C7021, A-10 Condition A)

–25°C-+600C/5 Cycles (2 hours/cycle)

(lH) (lH)

[ Result Evaluation Criteria ]

Under the display quality test conditions with normal operation state,

there shall be no change which may affect practical display function.
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I f  a n y  p r o b l e m  o c c u r s  i n  r e l a t i o n  t o  t h e  d e s c r i p t i o n  i n  t h e  p r e s e n t

s p e c i f i c a t i o n s  o r o t h e r  r e l e v a n t i tems, i t  s h a l l  b e  e l i m i n a t e d  i n  a l l

s ince r i ty  th rough  d i scuss ion .
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P o l a r i z i n g  filter  I

-—--n o

I

@—
J

I

Clasa  subscrace
Color filter (Calor  filter  s i d e)

cignal

lLtrc J ~fl Ilu II II I
L i q u i d  C~St~l

1 Passlvation  film
I

I
(TH  aide)

—  ,—. .—.
r

Polarizing filter  II

G

~ white  l i g h t  SOUCCe
(Fluorescent  rube)

Fig .  1 I l l u s t r a t i on  o f  TFT-LCD pane l
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Fluorescent
holding PWB

Front case

TFT-LCD panel
*.

Gate driver

Fluorescent

Frame

.-awmlcsource:verv1Reflector

Shieldin~ case\ --—--

Fig. 2 Construction of TFT-LCD module
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II

S o u r c e  dr

I TFT-LCD Panel

ver

II II Ii--i
1:~ II + “: Gate  d r i v e r. . . . . .

c1

d r i v i n g
s i g n a l

C o n t r o l  c i r c u i t
.G

. . . . .cl~_ll I
Ii I / II

t
I 1 Common e l e c t r o d e  d r i v i n g  s i g n a l  (VCOI

LCD driving video signal

~Power  supply  VSH ,VSL

—  CND

— ‘OS Compoa i te
v ideo  s i gna l

v i d e o  signalV i d e o  i n t e r f a c e  IC If I , RGB
1 (analog/d ig~Lal)

<
?
!

DRT
CNT

<
~.

\ :(;:
i Vcoc< ~...-.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..- i. . . . . . . . . . . . . . . . . . .

idco i n t e r f a c e  c i r c u i t  I : .!

Racklight
I : Ilsck  light

“ d r i v i n g  circuitn~vnl
Ilack  light d r i v i n g  s i g n a l !:

(optinal) “i  :--- . - .  .  - - - - - - - - - - - :

N o t e )  * Not included in the module

Fig.4 Circuit block diagram of TFT-LCD  module
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“ -’vpp
(Analog input)

B:

c

‘:~,upe,i”po,e,
;M

(Superimpose)

D:
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1/0 connectOr  1
TFT-LCDmodille

i
IISY————
VSY 1 C-hios [.s1 e Buffer

TPT-LCD

15V

Sska
22kP -O15V

r-C.
I*33k o

(Vcrl ical) u . .

-8V

,..
5fin0 I

(Note)
t

!nll(lt inpndan~”  ,)f  A
Iltl)(lt  impedance ~f Ij

Input  impedance of C

t!jv

15V

I 5V

I I \ Fluorccccnt
I

“o r --------------
o
0

1.1 LI
,* L2 L2

./ —

2::00mA)* “

: 1..1 I 4: >IOKQ L5 1:5 .
: >IOOKQ 1.6. . . . . . . . . . . . . . . . L G

Optional invcrter

Fig. 5 Recommended rcu

pano I

1 I

-- —-. — .-- —---- -- ———-— . . . . . . . . ..- ———  ., —— ___ —_. . . . . . . . . . . .

t of TFT-LCD module
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RCB
video signal

VR[-VBI

Composite
video signal

V B S

/

[0.9usec IIorizontal  display period : 50,0USCC

:p~
111=63.  5flsec4

Fig. 7 Input/output si~nal timing chart
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(Appendix-1)

< C o n s t r u c t i o n  o f  T F T - L C D  m o d u l e  >

TFT-LCD m o d u l e  i s  c o m p o s e d  o f  a n  L C D  p a n e l , d r i v e r  I C S  f o r  t h e  L C D  p a n e l ,  a

c o n t r o l  c i r c u i t  f o r  t h e  d r i v e r  I C S , a  v i d e o  s i g n a l  p r o c e s s i n g  c i r c u i t  ( v i d e o

i n t e r f a c e  c i r c u i t )  p e c u l i a r  t o  L C D ,  a n d  a  b a c k l i g h t ,

T h e  d r i v e r  I C S  a r e  d i v i d e d  i n t o  t w o  t y p e s : a  s o u r c e  d r i v e r  ( d a t a  d r i v e r )

w h i c h  r e c e i v e s  R.G.B s i g n a l s  a n d  s e n d s  t h e m  s e q u e n t i a l l y  b y  o n e  h o r i z o n t a l  l i n e

of  the LCD panel, a n d  a  g a t e  d r i v e r  ( s c a n  d r i v e r )  w h i c h  s c a n s  2 4 0  g a t e  l i n e s  o f

the LCD panel .

T h e  c i r c u i t  d i a g r a m  i s  s h o w n  i n  Fig,4.

T h e  m o d u l e  d i s p l a y s  a n  i m a g e  o n  L C D  p a n e l  a s  i t  r e c e i v e s  p o w e r  s u p p l i e s

(V,H,VS,), c o m p o s i t e  v i d e o  s i g n a l ,  R.GoB v i d e o  s i g n a l s ,  D C  b i a s  v o l t a g e  o f

c o m m o n  e l e c t r o d e  d r i v i n g  s i g n a l  (VC~C)  ,  select ion signal o f  c o m p o s i t e  a n d  R.G.B

v i d e o s i g n a l s  (VSW),  b r i g h t n e s s  a d j u s t i n g  D C  v o l t a g e  (BRT),  c o l o r  g a i n

a d j u s t i n g  D C  v o l t a g e  (COL),  t i n t a d j u s t i n g  D C  v o l t a g e  ( T I N ) ,  a n d  c o n t r a s t

a d j u s t i n g  D C  v o l t a g e  (CNT) ,from t h e  e x t e r i o r .

T h e  c o m p o s i t e  v i d e o  s i g n a l  i s  s u b j e c t  t o  s y n c h r o n o u s  s e p a r a t i o n  i n  t h e  m o d u l e

a n d  u s e d  t o  w r i t e  a  v i d e o  s i g n a l  a c c u r a t e l y  o n  e a c h  p i x e l  o n  t h e  m o d u l e .

T h e  c o n t r o l  c i r c u i t  r e c e i v e s  c o m p o s i t e  s y n c h r o n i z i n g  s i g n a l  s e p a r a t e d  i n  t h e

v i d e o  i n t e r f a c e  c i r c u i t ,  g e n e r a t e s  c l o c k  p u l s e s  s y n c h r o n i z e d  w i t h  t h e  c o m p o s i t e

s y n c h r o n i z i n g  s i g n a l  a n d  g a t e  a n d  s o u r c e  d r i v e r s - d r i v i n g  s i g n a l s ,  a n d  o u t p u t s

i n t e r n a l  h o r i z o n t a l  s y n c h r o n i z i n g  s i g n a l  (~), i n t e r n a l  v e r t i c a l  s y n c h r o n i z i n g

signal (~) a n d  p o l a r i t y  i n v e r s i o n  s i g n a l  (FRP).

T h e  v o l t a g e  l e v e l  o f  R.G.B v i d e o  s i g n a l s  a p p l i e d  t o  t h e  l i q u i d  c r y s t a l  l a y e r

o f  e ach  pixel t h r o u g h  t h e  s o u r c e  d r i v e r . I C  a n d  T F T  i s  a b o u t  3 . 7  V p - p  f r o m  b l a c k

t o  w h i t e  l e v e l . I n  o r d e r  t o  p r e v e n t  t h e  electro-chemical  d e c o m p o s i t i o n  o f  t h e

l i q u i d  c r y s t a l , i t  i s  n e c e s s a r y  t o  a p p l y  A C  v o l t a g e  t o  t h e  l i q u i d  c r y s t a l .

F o r  t h i s  p u r p o s e ,  t h e  p o l a r i t y  o f  t h e  v i d e o  s i g n a l s  m u s t  b e  a l t e r n a t e d .

S i n c e t h e  a m p l i f i c a t i o n  a n d  p o l a r i t y i n v e r s i o n  o f t h e  v i d e o s i g n a l s a r e

p e r f o r m e d  i n  t h e  v i d e o  i n t e r f a c e  c i r c u i t  i n  t h e  m o d u l e  u s i n g  t h e  p o l a r i t y

i n v e r s i o n  s i g n a l  (FRP), c o m p o s i t e  v i d e o  s i g n a l  o f  1 . 0  V p - p  o r  s t a n d a r d  a n a l o g

RoG.B  s i g n a l s  o f  0 . 7  Vp-p  m a y  b e  u s e d  f o r  b o t h  o f  t h e  i n p u t s  t o  t h e  m o d u l e .

Power supplies to this module are @ 5 V (V,H),  @ O V (GND),  and @ -8 V

(VSL). C o n t r o l  IC o p e r a t e s  o n  O  t o  5  V  l i n e  s o  that it outpl~ts ~ and= a t

o to 5  V  l e v e l . P o w e r  s u p p l i e s  t o  t h e  v i d e o  i n t e r f a c e  c i r c u i t  a r e  VSH a n d

VSL.
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VSW is used to select composite or RoGoB video signals.

VSW selects composite video signal when it is “High” or open, and selects R.G.B

signals when it is “Low”.

BRT, COL, TIN, CNT, and V,~C are adjusted to the optimum value on shipping.

The module contains backlight (cold cathode fluorescent tubes) but not

driving circuit for the backlight. Therefore, it is necessary to install

DC/AC inverter for driving the fluorescent tubes,

a

a

Standard DC/AC inverter (Model name:

In addition, the backlight of the

backlight unit (Model name: LQOB04)

replacement.

LQOJ04) is available as an option.

module is designed to be replaceable, and

is available as a service part for the
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(Appendix-2)

< Example of TFT-LCD TV >

Fig.A shows a block diagram example of the TFT-LCD module applied to a TV

set.
!— . ...-.-=

The block enclosed by;~-,G.,-,-_] is the TFT-LCD module.

Other signal processing systems are the same as those in ordinary CRT-TVs.

The following seven signals must be supplied to this module from the

exterior:

@ Composite video signal: VBS

@ Standard analog RoG.B video signals

@ Signal for selecting input video signals: VSW

@ DC bias voltage of common electrode driving signal: VC~C

@ Brightness adjusting DC voltage: BRT

@ Color gain adjusting DC voltage: COL

@ Tint adjusting DC voltage: TIN

The following two signals are output from this module to the exterior.

@ Internal horizontal synchronizing signal: HSY

@ Internal vertical synchronizing signal: VSY

When this module is applied to a TV set, for example, HSY and VSY are used to

display selected channel number and characters on the screen.
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(Appendix-3)

Ad jus t i ng  me thod  o f  op t imum common  e l ec t rode  DC b i a s  vo l t age

T O  o b t a i n  o p t i m u m  D C  b i a s  v o l t a g e o f  c o m m o n  e l e c t r o d e  d r i v i n g  signal (VC~c) ,

p h o t o - e l e c t r i c  d e v i c e s  a r e  v e r y  e f f e c t i v e , a n d  t h e  a c c u r a c y  i s  w i t h i n  O , I V .

( I n  v i s u a l e x a m i n a t i o n method, t h e  a c c u r a c y  i s  a b o u t ().5V  b e c a u s e  o f  t h e

d i f f e r e n c e  a m o n g  i n d i v i d u a l s . )

To  ga in  op t imum common  e l ec t rode  DC b i a s  vo l t age , t h e r e  a r e  t w o  m e t h o d s  w h i c h

u s e  p h o t o - e l e c t r i c  d e v i c e s . The  va lue  o f  op t imum DC b i a s  vo l t age  i s  t he  s ame  in

b o t h  m e t h o d s .

~Measurement o f  f l i c k e r

D C  b i a s  v o l t a g e  i s  a d j u s t e d  s o  a s  t o  m i n i m i z e  60Hz(30Hz)  f l i c k e r .

@Measurement  o f  c o n t r a s t

D C  b i a s  v o l t a g e  i s  a d j u s t e d  So as t o  M i n i m i z e

v o l t a g e .

Output voltage

Pho to -e l ec t r i c
device

1/,
u

‘CDC
LCD I [

t h e  p h o t o - e l e c t r i c  o u t p u t

Oscilloscope
(X-Y recorder)

Fig.B Measurement system

(l)Measurement  o f  f l i c k e r

P h o t o - e l e c t r i c  o u t p u t  v o l t a g e  i s measu red by an o s c i l l o s c o p e  a t  a  s y s t e m

s h o w n  i n  Fig,B.

D C  b i a s  v o l t a g e  m u s t  b e  a d j u s t e d  s o  a s  t o  m i n i m i z e  t h e  60Hz(30Hz)  f l i c k e r

wi th  DC b i a s  v o l t a g e  c h a n g i n g  s l o w l y .  (Fig,C)
,

1
DC bias voltage=Optimum

I I I # I I I
Fig.C W a v e f o r m s  o f  f l i c k e r
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(2)Measurement  o f  c o n t r a s t

P h o t o - e l e c t r i c  o u t p u t  v o l t a g e  i s  m e a s u r e d  b y  o s c i l l o s c o p e  o r  X - Y  r e c o r d e r  b y

u s i n g  t h e  s y s t e m  i n  Fig.A. Common  e l ec t rode  DC b i a s  vo l t age  mus t  be  ad ju s t ed  so

a s  t o  m i n i m i z e  t h e  p h o t o - e l e c t r i c  o u t p u t  v o l t a g e  w i t h  D C  b i a s  v o l t a g e  changing

s l o w l y .  (Fig,D)

$ X - Y  r e c o r d e r  o u t p u t

Optimum DC bias voltage

- 4 -3 -2

VCDC (v)

Fig.D Op t imum common  e l ec t rode  DC b i a s  vo l t age  by measu remen t  o f  con t r a s t

(3)Notes

QMeasurement i s  m o r e  a c c u r a t e  a t  h a l f  t o n e  a s  c o m p a r e d  w i t h  o t h e r

g r a d a t i o n  l e v e l .

( C h a n g e  o f  p h o t o - e l e c t r i c  o u t p u t  i s  s m a l l  a t  b l a c k  level.)see Fig.E.

@DC b i a s  v o l t a g e  m u s t  b e  a d j u s t e d  s l o w l y . T h e  v a l u e  o f  o p t i m u m  c o m m o n

e l e c t r o d e  D C  b i a s  v o l t a g e  c h a n g i n g f a s t  i s  d i f f e r e n t  f r o m  t h a t  w i t h  c h a n g i n g

s l o w l y .

Because  DC re sponse  i s  s l ow .  s ee  Fig.F.

@The f i n a l  a d j u s t m e n t  o f  D C  b i a s  v o l t a g e  m u s t  be made by changing  f r o m

p o s i t i v e  t o  n e g a t i v e .
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DC bias voltage

Fig. E Relation between gradation

level and DC bias voltage

Optimum common electrode, DC bias

voltage is  almost  equal  between

half  tone and black level .

Bu t  i t  i s  d i f f i cu l t  t o  des ide  the

optimum point  at  black level .

t o n e

el

X - Y  r e c o r d e r  o u t p u t I

I . . I
:::1 I L

o

DC bias voltage

. . ..:

.
I

*

2

(0.5V/cm)

Fig,F Output voltage with DC bias

voltage changing fast

The value of minimum point is not

definite because DC response is S 1 O W.

And  op t imum po in t  cannot  be a t ta ined .


