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) ABSTRACT

A super large wide-angle high-speed response liquid crystal
display apparatus manufactured by using a photolithographic
procedure for three times. The invention adopts a halftone
exposure technology to form a gate electrode, a common
electrode, a pixel electrode and a contact pad, and then uses
the halftone exposure technology to form a silicon (Si) island
and a contact hole, and a general exposure technology to form
a source electrode, a drain electrode and an orientation con-
trol electrode. A passivation layer uses a masking deposition
method. A film is formed by using a P-CVD method, or a
protective area is formed at a local area by using an ink
coating method or spray method, and a TFT array substrate
used for the super large wide-angle high-speed response lig-
uid crystal display apparatus manufactured by using a photo-
lithographic procedure for three times can be produced.

1 Claim, 42 Drawing Sheets

<

G

O NN

]




US 8,305,538 B2
Page 2

2004/0114059
2005/0024548
2005/0036091
2006/0055861
2007/0291209
2008/0231781
2010/0066930
2010/0066931
2010/0066962
2010/0309420

U.S. PATENT DOCUMENTS

Al
Al
Al
Al
Al
Al
Al
Al
Al
Al

6/2004
2/2005
2/2005
3/2006
12/2007
9/2008
3/2010
3/2010
3/2010
12/2010

Leeet al.
Choi et al.
Song
Hirota
Tanaka et al.
Geet al.
Tanaka et al.
Tanaka et al.
Tanaka et al.
Tanaka et al.

FOREIGN PATENT DOCUMENTS

11109393
Jp 2001042347

JP

4/1999
2/2001

OTHER PUBLICATIONS

Office Action (Mail Date Dec. 29,
11/743,749, filed May 3, 2007.
Office Action (Mail Date Dec. 7,
11/743,749, filed May 3, 2007.
Office Action (Mail Date Aug. 19,
11/743,749, filed May 3, 2007.

Office Action (Mail Date Oct. 25,
12/558,050, filed Sep. 11, 2009.

Office Action (Mail Date Sep. 21,
12/558,065, filed Sep. 11, 2009.

* cited by examiner

2009) for US.
2010) for US.
2011) for U.S.
2010) for US.

2011) for U.S.

Appl.
Appl.
Appl.
Appl.

Appl.

No.

No.

No.

No.

No.



U.S. Patent Nov. 6, 2012 Sheet 1 of 42 US 8,305,538 B2

! =
= .
M N2 A CnspINT N, o
T lb‘ —LC; ky e
Fig. 1
ey ey
T—=1 < 8 ] S— I Tt
AEVARAEVIEEANEYERA
LT;' [T A% < &
Fig. 2

/N N/ g
il — C

10 4\3 '
ACAN
sl S 1 R :

~6

Fig. 4

7N\ NI




U.S. Patent Nov. 6, 2012 Sheet 2 of 42 US 8,305,538 B2

".—A-—-._ — .(_l\

el RN
/'_-"‘-\\ w -
VPN el /M
= - ) <. “\-:‘\-_.,_,« == =
= I l Y “--.::::-::‘:.-..-=-»: S~ LSSooe
\g LS'
Fig. b
/I
I e ———
: - " \\'”7»/ Z.gw_\ \
— 1l ] 3

‘\5- j\..—\C6~4’ \5_ \%

N"--h___.-_.,a’

A
r 3
e T m ., \
LS' ,’,:,...——--_:=__-. \,‘5- 8
7/"” e v 1 AP hY
TR
o\ \~_“-Lf'2,/‘)} \l Lg
! N -~ - )
{ .~ e - ;
b /



US 8,305,538 B2

Sheet 3 of 42

Nov. 6, 2012

U.S. Patent

0
Y 3 a
Q-J MNJ - NNJ LJ
J “ 7 | We— -’ -y e -r ) g !
*Nw o

( sowm 7 10j 2IMsodxs SUoPeH ) sSw] ¢ 10f ampaooxd srydeidoyirojoqd
2 6 314

kil 2 R W N

( ssumm 7 1oy amsodxa SUOY[RH ) SW ¢ 10§ 21mpadold onyderdoyjoloyd
L4 w .w M _.m
JJ Nﬂu. A *—.ﬁ w/ - m_.’. i \r_
N ~

8l Iz
( somm 7 10y amsodxs suoyey ) sewy ¢ Jo smpaooid smdeiZoyiioioyd



US 8,305,538 B2

Sheet 4 of 42

Nov. 6, 2012

U.S. Patent

(seuwm 7 1] 2msodxa auoyyfel] ) sswn 1oy ampaooad omderd ogyrjologd

[1°814
.w: z NNJ. +J, \ m,_ mJ
) J s —_/
* 3l b

(sewm 7 Joy dxnsodxs suoyyey ) soum) 4 Jof exmpasold smydei oqyiolon g



U.S. Patent Nov. 6, 2012 Sheet 5 of 42 US 8,305,538 B2

6
BN
A
6
N

S

o g4 1l
.
(=]

|

\‘
\g
10

°(
7\
N
\z5
\—f
“C,
s

e
e

VAR
(s
Fig. 13

Fig. 14

(l3




U.S. Patent Nov. 6, 2012 Sheet 6 of 42 US 8,305,538 B2

Fig. 15



U.S. Patent Nov. 6, 2012 Sheet 7 of 42 US 8,305,538 B2

Fig. 16



US 8,305,538 B2

Sheet 8 of 42

Nov. 6, 2012

U.S. Patent

n

-]

S

Fig. 17



U.S. Patent Nov. 6, 2012 Sheet 9 of 42 US 8,305,538 B2

Fig. 18



U.S. Patent Nov. 6, 2012 Sheet 10 of 42 US 8,305,538 B2

'\\
7
¥ 5
NN
N

///J//<////7//

Fig. 19




US 8,305,538 B2

Sheet 11 of 42

Nov. 6, 2012

U.S. Patent




US 8,305,538 B2

Sheet 12 of 42

Nov. 6, 2012

U.S. Patent

12 814

\w

4

u
==l

&l
{
7




US 8,305,538 B2

Sheet 13 of 42

Nov. 6, 2012

U.S. Patent

4%

U |

\ "




U.S. Patent Nov. 6, 2012 Sheet 14 of 42 US 8,305,538 B2

Data (2n-1) Data (2n) Data (2n+1)
: [ 1
3 5
3 ?ﬂ’l }"3" i 'f 1 e
S S ; ! L Gate (m-1)

cﬂﬁ Cue ﬁ?t'- . % Ce | ﬁ'u aCstéECw f fq,,r
A -t
, Saa it

TAT A5 X . Gate (m)
[eeMeoy ~ [JeoM(® ©OM(B) | [JEOMCED
Sub pixel (B) Sub pixel (A)
Large pixel Small pixel
arca area
Fig. 23
g
g
°
)
.
B
=
—
:
2.
%
=
=1
ol .
Vo Vine) Video Signal Voltage

Fig. 24



U.S. Patent Nov. 6, 2012 Sheet 15 of 42 US 8,305,538 B2

8
- =
— )
e) 8 g T £ &
3 2 3 5. 0 _ 5
Bﬂfﬁ e wgw
g - — )

zBCZM\)

4
(

T

H
—
an
T
i
| 52
|
é:%w

¢
y
p
oy

iBam—D

L
5

st
7
o
J52
il




US 8,305,538 B2

U.S. Patent Nov. 6, 2012 Sheet 16 of 42
—3—k i {
P ! Scan line driving
22
N ( waveform [’]
! ; ‘LG&. QT ! TOp
lq‘a'ﬁ——L— { ! |+ L . X l
] G |5V
1 N | ib N
a0 L e e e e T Middle
] h : iy
N = N . e =
ﬁ-b———l : I . [Video signal line! Ly
= L &2 | Scan line i’L,rD o %
1 — i x oo
| i Béttom
2 IR | U B,
i 1 3
T3H ,‘E
Period!
Top ' g i |Top of scr\cr\\\.\
L ! TR RN
w : i 4 . .
g E :' : & R light emitting area
= - S N N
- A B I NN\
a : q ] B : {
= : : ] ; G light emitting area
o § ! | \
= Middl : : e , Middlp~—-= —~=- - =~
| I
i : t : : B G light emitting area
1 ! 1
v G\, B : %1 777 y
N N 00
) : i I
! | B i R : E & R light emitting area
1 | 1
1 ! ' !
\ | ' - ST -
RN BN otint ok St
Bottonm. L Y X am——
o g0 ™® e C ) ™
2msec | :{_L_,iquid display
Time (sec) ' response delay time

Fig. 26



U.S. Patent Nov. 6, 2012 Sheet 17 of 42 US 8,305,538 B2

| !: I. :
1H { 1 ] ! . .o
1t Scan line driving B
A : X (ﬁwavefom L a
P T i op
&, —— [ a1 y
i'h R il v
: ¥ i " — ’ i v
{ | |
. ! | ) E :‘-i-'-D ‘u./
T o e e e --Middle
i ! I%L LA
Y | ! 1 of L Video signal ling 4V
ot | 0 : .
- — L
A o |Scan line r i ¥
oy ; Bottom
e.G“L ) I' i S m
b Dy
'2H |
Period :
-
Top : ! .( . Top of screen
RS | B R ! G, B G light emitting area
[} i U
NN S
! ! | : | R light emitting area
o AN N\ S
g ! : N 2 /
1] ! AN | 7 7
S Middg * . T iddle N \<
o ! !
1 1 S, A
2, A 1 N
g_ : ; B : _ R light emitting area
5 g o - -
. 4 N
A AR DN
R .: G :‘ B X G light emitting area
' ; ! Bottom of Screen
Bottom +
0 3 ) i & : Tﬁ ) 1’&%, Screen of the time at
2m sec | _.I'éﬂ‘.l.ld display 5,180 second
N 2
Time (sec) + response delay

time

Fig. 27



U.S. Patent Nov. 6, 2012 Sheet 18 of 42 US 8,305,538 B2

I . L
| can line driving

[
e |
L
R
Iy
I Ly

fe Y f‘” 5 =

. <%
Fi ¥
lec | el N e e = L-———l‘ ————— Midd]e

ted ¥
%
feo il
3.2 -

]
Ay, ] ‘ Bottom
'j\Video signal line

Top

EEREONNN
B light emitting area
NANNNNNNAN
R light emitting area

G light emitting area
iddle {._____ %1 ______ & —

G light emitting area

R light emitting area
L

B light emitting area
BSH0T ot SGeen

]
!
!
! _E 5 Screen of the time at
i
i

Middle

UONISO USRIOS

I 0,

. Liquid dlsplays/l 80 second

Time (sec) %~ "Ffesponse
delay time

Fig. 28



U.S. Patent

UOIISOJ UIIDS

Nov. 6, 2012 Sheet 19 of 42

by
i

1T —Video signal line

2

I \ |
Lty 1y - Scan line driving
G ,! : by ‘| fg‘f/ waveform u'a'
¢ |
RN eyl I
[ 3
R ) ' y € 3
(] ! 4 ~
! [ . {‘U'D | —LV
:\:"l'/ S P \rrfe I
) :
] | [ | ? Mldd]e
t ; -
1 : Il k L
27b Scan line il 5
: r i [ -+ Iv =
b r:—?‘—— ¢ Bottom
: |
]

——

oy
..i _— s e e
N
T ﬁﬁ
1
[}
]
|
1
£I{L:
—
1& '
]
1
;
1
|
1
1
1
YK~ SR — K-
1
5% |
i

:

2H Period

7

Top of screen
G light emitting arca

R light emitting area
ALY

B light emitting area

&

iddle

Mi

fdie

Bottor

B light emitting area
SSSN

G light emitiing area
Bottom of Screen

180 10 !

Time (sec)

180 N
! Liquid display Screen of the time at

Fresponse delay  3/180 second

Fig. 29

US 8,305,538 B2



U.S. Patent Nov. 6, 2012 Sheet 20 of 42 US 8,305,538 B2

\ a4 att 46 uy " g 1
1= DR — =
\o 5 g
Fig. 30
it 4 4, 4s 15 T
t l‘.‘! !——I 1- } ervswmc w—— | hY l_‘;:l I
L Ly \epq g b )
Fig. 31
Data (2n-1) Data (2n) Data (2n+1)

\B \ \ \ \ \ \ \ _ Gate (m-1)

/
[
!

-
-

Gate (m)

I Y Y * N\
13 /[m % a5 /(4{, /[I"( /46 %Iﬂ

CoM (0) coM(ED com(o)

Fig. 32



US 8,305,538 B2

Sheet 21 of 42

Nov. 6, 2012

U.S. Patent

(semm ¢ 10y smnsodxo onoRH ) seum ¢ 103 arnpasod srgderSomijo10ng



U.S. Patent Nov. 6, 2012 Sheet 22 of 42 US 8,305,538 B2

T

Fig. 34



U.S. Patent Nov. 6, 2012 Sheet 23 of 42 US 8,305,538 B2

[

~

i

2

K

Fig. 35




U.S. Patent Nov. 6, 2012 Sheet 24 of 42 US 8,305,538 B2

Driving waveforms of 1Gate [
r‘(m) and 2 Gates (1080-m)

alalen hEaY el o
'

COM(O) signal

‘"W ates of 1D(2n-1) signal

“Znd 2D(2n-1) signal

Driving waveforms of 1Gate ..
(m) and 2 Gates (1080-m) Polarmes of 1D(2n)

—
-- ry NS S ignal and 2D(2n)

(A ey U{ signal

1 \__/k \__/ AT COM(E) signal

Fig. 36

COM(E) lg»x el)) @" (2m) Q‘i et D ];I
r-\—: g

r
'ffj i T -
GOM(O) f AR ! :
G T ?"“’ - g
1 gate (m) f—ﬂ e [~ Nu«( %b‘\
THRR I HHHE
2 gates (1080-m) l‘;l: TR HHE ! ;” |
| R : 1 | il
b N :‘i‘r" }\ll ! N“T‘rl’ . ‘T' I N\'TI‘J\—LAP—— N N
T L r 4 ¢ i
CoM(0) 52 52 k52
A -
coM( E) é—;ib(,u\.{\ éﬁ{Dp‘nT) l‘?\‘Q/D (znt) ﬁ



U.S. Patent Nov. 6, 2012

Sheet 25 of 42

US 8,305,538 B2

10

il q i
— 2N
4 / __\ f__\__
fare s A - \1 S /;J [——
(5 3 s )
Fig. 38
10 10
Nt (\5 //’—QIL\ M
_ g ! S\ — é g 5 —
—_— LN\ i LA - —
s Gy & o G
Fig. 39
)
10
A 1 |
I¥
— NI /—g /E\ ul —
g G3( \s 3|
Fig. 40
0 0
" n
E i g
7 _/ \ S
- Sl /—\1—\ _!ul S [—\T\ 1 —




U.S. Patent Nov. 6,2012 Sheet 26 of 42 US 8,305,538 B2
) 53 D 53
/ \ fa / \rsiF
L \ 4
! 3 <
(56 ‘\s‘s' B U
’ m ) /_L_\
,/ \\ /
3) 1 E) 57
J \ /
4) )
D »
] -fg -\ =
Fig. 42
&)




U.S. Patent Nov. 6, 2012 Sheet 27 of 42 US 8,305,538 B2




U.S. Patent Nov. 6, 2012 Sheet 28 of 42 US 8,305,538 B2




U.S. Patent Nov. 6, 2012 Sheet 29 of 42 US 8,305,538 B2

> 54
3
N\ 7\
—b\_‘f—/ﬁi‘_‘:‘;\—\d : // \i N

2l 13 8 44 16
2 S
e e e o\
3_) )
— e\ ——\— I\~

2

¥E) Ly s



U.S. Patent Nov. 6, 2012 Sheet 30 of 42 US 8,305,538 B2

I
.' .
[ |
! i
{ |
| |

{_

Poor orientation area Poor orientation area

Fig. 47B



U.S. Patent Nov. 6, 2012

y Exposure 6
A

Sheet 31 of 42

US 8,305,538 B2

) First exposure “

BIXZAINNKXARY

+ '"IIIIA
| I

V v Y

69\\./ I

7 Ed 7,7 Tepl, 7. G v fyter I 3 SRR TR 7 £
SR “;":’l;.”’l:l{""’l 'nq""”l l'r fa lf::'" |f,'|.",’,f’,"‘/ '™ ;’r':l';'v'-"r’i"(
brgthees, Vit Lt e et 200 OIS YA YIRS ST 1
f“/H 1] Al M N FNAL t et LAttt las gt IS Er LY, '
f”‘r 1400 Vile -'-JL'-'L—'-'J\I' rl,'-'v ' Sl e (U IR N T VA AR SR N A
H,',lf,/,llf'l ta Jta e
A\ Ay
Loy

DA fter image development
53
54

2)Second exposure - 46

A

58

e O R T R Ay M G RSO I

Y

2 N N N T TE L A
Tirr 'r.;frq' IR et 'r‘r‘,”' Fisy
AL WA N SO ML AT |
ot leigrit 7.2 L lefly, et
crellired .\',/ 1, Y

Yetirs ot N4 e rind s

3) After image development

5
54

oy

Fig. 49



U.S. Patent Nov. 6, 2012 Sheet 32 of 42

D 53 ,j: 53
20
==\ Lﬁ\\\ £f

US 8,305,538 B2

) =
'::‘ \ /E\o‘ ‘ A5 'C%
2) -y
[\ m— =\
B) . g9
e m— ——
45 |
 — —\ “ S\
S\
=\
/ =\
‘ =




U.S. Patent Nov. 6, 2012 Sheet 33 of 42 US 8,305,538 B2

TFT component Pixel Terminal
portion portion portion
53

G—S8 intersection

portion

'l) st

i
i

=

Fig. 51



U.S. Patent Nov. 6, 2012 Sheet 34 of 42 US 8,305,538 B2

G—S Intersection TFT Pixel Terminal
component portion portion

ZDportion 5% mg
=\ e

\ia Lis s \e2

:
==

?Cﬁé:\&, [

20
> H o
P G G

Fig. 52



U.S. Patent Nov. 6, 2012 Sheet 35 of 42 US 8,305,538 B2

1) G-§ intersection TFT component Pixel Terminal

L

H

=\ ,
@[Z{AJ _ﬁ'ﬁli

Y

S

portion portion porti
portion T2
T2 iR
2
al
Y L 2 L l

=)

e

Fig. 53



U.S. Patent Nov. 6, 2012 Sheet 36 of 42 US 8,305,538 B2

¥
/
7 I
L
- —
1 s g
./ g
N i 3
S 1 _
P Iy — “‘;P-_.‘n s Y o—
Iq; Ly e \z)

[ H—H | J[{s
aidated 1 |F[£ F=-= P
I NN\ {

Fig. 55 (Prior Art)



U.S. Patent Nov. 6, 2012 Sheet 37 of 42 US 8,305,538 B2

Fig. 57 (Prior Art)



U.S. Patent Nov. 6, 2012 Sheet 38 of 42 US 8,305,538 B2

20 |
n 2 19
5 7% s
- '/ .Y
/ A \ =
L|3 18‘

3

\
25

Fig. 58 (Prior Art)

N \ N
< Ve v [ Upwp

Fig. 59 (Prior Art)

1 — 7
e \
7 ™~

Fig. 60 (Prior Art)



U.S. Patent Nov. 6, 2012 Sheet 39 of 42 US 8,305,538 B2

Fig. 61

MVA Mode Using a Photolithographic Procedure for Three Times (A)

(1) Form a gate electrode, a pixel electrode, a common electrode and a contact
pad in the pixel electrode (wherein the photolithographic procedure uses a
halftone exposure method for the first time).

(2) Form a separate thin film semiconductor layer component, and a contact hole
(wherein the photolithographic procedure uses a halftone exposure method for
the second time).

(3) Form a source electrode, a drain electrode and an orientation control electrode
(wherein the photolithographic procedure uses a general exposure method).

After an ohmic contact layer of a channel portion of the thin film transistor is dry

etched, a partial film of a passivation layer is formed by a silicon nitride film by

using a mask deposition method (wherein the film is formed at a terminal portion

other than those of a gate electrode, a source electrode and a common electrode).
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Fig. 62

MVA Mode Using a Photolithographic Procedure for Three Times (B)

(1) Form a gate electrode, a pixel electrode and a contact pad in the pixel
electrode (wherein the photolithographic procedure uses a halftone exposure
method for the first time).

(2) Form a separate thin film semiconductor layer component, and a contact hole
(wherein the photolithographic procedure uses a halftone exposure method for
the second time).

(3) Form a source electrode, a drain electrode, an orientation control electrode
and a common electrode (wherein the photolithographic procedure uses a
general exposure method).

After an ohmic contact layer of a channel portion of the thin film transistor is dry

etched, a partial film of a passivation layer is formed by a silicon nitride film by

using a mask deposition method (wherein the film is formed at a terminal portion

other than those of a gate electrode, a source electrode and a common electrode).
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Fig. 63

IPS Mode Using a Photolithographic Procedure for Three Time (C)

(1) Form a gate electrode, a comb pixel electrode, a common electrode for
shielding a video signal line (or a source electrode), a contact pad in the pixel
electrode, and a video signal line for shielding the contact pad in common
electrode (wherein the photolithographic procedure uses a halftone exposure
method for the first time).

(2) Form a separate thin film semiconductor layer component, and a contact hole
(wherein the photolithographic procedure uses a halftone exposure method for
the second time).

(3) Form a source electrode (or video signal line), a drain electrode, a common
electrode at the center of a pixel and a comb common electrode (wherein the
third time of photolithographic procedure uses a halftone exposure method).

After an ohmic contact layer of a channel portion of the thin film transistor is dry

etched, a partial film of a passivation layer is formed by a silicon nitride film by

using a mask deposition method (wherein the film is formed at a terminal portion

other than those of a gate electrode, a source electrode and a common electrode).
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Fig. 64

FFS Mode Using a Photolithographic Procedure for Three Times (D)

(1) Form a gate electrode, a pixel electrode and a contact pad in the pixel
electrode (wherein a first time of applying the photolithographic procedure
adopts a halfione exposure method).

(2) Form a separate thin film semiconductor layer component, and a contact hole
(wherein a second time of applying the photolithographic procedure adopts a
halftone exposure method).

(3) Form a source electrode (or a video signal line), a drain electrode, a common
electrode at the center of a pixel and a comb common electrode (wherein a
third time of applying the photolithographic procedure adopts a halfione
exposure method).

After an ohmic contact layer of a channel portion of the thin film transistor is dry

etched, a partial film of a passivation layer is formed by a silicon nitride film by

using a mask deposition method (wherein the film is formed at a terminal portion

other than those of a gate electrode, a source electrode and a common electrode).
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1
LOW-COST LARGE-SCREEN WIDE-ANGLE
FAST-RESPONSE LIQUID CRYSTAL DISPLAY
APPARATUS

RELATED APPLICATIONS

This application is a divisional application claiming prior-
ity to Ser. No. 12/558,086 filed on Sep. 11, 2009, which is a
divisional application of Ser. No. 11/743,749, filed on May 3,
2007.

FIELD OF THE TECHNOLOGY

The present invention relates to a large-screen wide-angle
liquid crystal display apparatus manufactured by using a half-
tone exposure method.

BACKGROUND

In multi-domain vertical alignment (MVA) liquid crystal
display apparatuses, an alignment control electrode for con-
trolling an alignment of a liquid crystal molecule has been
disclosed in Japan Laid Open Patents Nos. 07-230097,
11-109393 and 2001-042347.

SUMMARY

In view of the shortcomings of the prior art, the inventor of
the present invention based on years of experience in the
related industry conducting research and experiments, finally
developed a large-screen wide-angle liquid crystal display
apparatus in accordance with the present invention to over-
come the foregoing shortcomings.

Therefore, it is a primary objective of the present invention
to adopt a prior art alignment control electrode of a liquid
crystal display (LCD) panel structure to correspond to
smaller pixels. Because only one type of alignment control
electrode is used, and the edge field effect of a pixel electrode
is adopted, it is not applicable for lager pixels.

Atpresent, the mainstream of multi-domain vertical align-
ment (MVA) liquid crystal display apparatus generally uses a
bump or slit electrode for the alignment control of the sides of
a color filter (CF) substrate, and this method can make a
proper alignment if the pixel is large, but the cost of CF
substrates is high, and becomes an obstacle for manufacturing
a large-screen liquid crystal TV by a low cost.

Therefore, it is a primary objective of the present invention
to reduce the number of photolithographic procedures of the
transparent thin film transistor (TFT) active matrix substrate
and the CF substrate during the manufacture of the TFT active
matrix liquid crystal display apparatus in order to shorten the
manufacturing procedure, lowering the manufacturing cost,
and improving the yield rate.

The technical measures taken by the present invention are
described as follows.

In Measure 1, unstable and swinging discrimination lines
are avoided, and two types of alignment control electrodes are
installed at an upper layer of a pixel electrode through an
insulating film, and between common electrodes correspond-
ing to the pixel electrodes. With the foregoing two different
types of alignment control electrodes, the oblique direction of
anisotropic liquid crystal molecules having a negative dielec-
tric constant can be controlled precisely.

In Measure 2, one type of alignment control electrode is
installed at an upper layer of a pixel electrode through an
insulating film, and a slender slit is formed in the pixel elec-
trode, and these two alignment control mechanisms can con-
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trol the oblique direction of anisotropic liquid crystal mol-
ecules having a negative dielectric constant precisely.

In Measure 3, the alignment control electrodes as used in
Measures 1 and 2 are connected to the pixel electrodes as
close to the substrate as possible.

In Measure 4, the alignment control mechanisms as used in
Measures 1 and 2 provide four perfect area alignments for a
curvature of 90 degrees at a position proximate to the center
of the pixel.

In Measure 5, a halftone exposure method is introduced
into the manufacturing process of the TFT array substrate to
reduce the number of photolithographic procedures.

In Measure 6, a basic unit pixel is divided into two sub
pixels, and the common electrodes are installed parallelly on
a video signal line, and the common electrodes of odd-num-
bered rows and even-numbered rows switch signals with dif-
ferent polarities in each scan period, and produce different
voltages applied to the liquid crystal molecules of the two sub
pixels.

With Measures 1 and 2, the TFT array substrate has all
alignment control functions, and thus it is not necessary to
form a pad or slit on the CF substrate for the alignment
control, so that the MVA LCD panel can be manufactured
with a low-cost CF substrate to lower the cost and improve the
yield rate.

With Measure 3, the alignment control electrode connected
to the pixel electrode is proximate to the substrate for enhanc-
ing the rotational torque of an electric field of anisotropic
liquid crystal molecules having negative dielectric constant
and acted at the vertical alignment, so as to achieve a high-
speed response.

With Measure 4, unnecessary discrimination lines can be
avoided to improve the overall light transmission rate of the
screen and reduce unevenness of the LCD panel.

With Measures 1, 2 and 5, the processing costs for both CF
substrate and TFT array substrate can be lowered, and thus the
manufacturing cost of MVA LCD panels can be lowered
significantly; the production efficiency can be improved, and
the yield rate can be enhanced.

With Measures 5 and 6, the liquid crystal alignment control
mechanism can be manufactured by a very simple manufac-
turing process, and the correction of y curve can be achieved
by a very simple circuit, and thus a little cost is incurred for
enhancing the display quality of a MVA liquid crystal display
apparatus.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a cross-sectional view of a conventional MVA
LCD panel;

FIG. 2 is a cross-sectional view of a conventional MVA
LCD panel;

FIG. 3 is a cross-sectional view of a MVA LCD panel of the
present invention;

FIG. 4 is a cross-sectional view of a MVA LCD panel of the
present invention;

FIG. 5 is a schematic view of the principle of a MVA LCD
panel of the present invention;

FIG. 6 is a schematic view of the principle of a MVA LCD
panel of the present invention;

FIG. 7 is a schematic view of the principle of a MVA LCD
panel of the present invention;

FIG. 8 is a cross-sectional view of a MVA LCD panel
adopting a TFT matrix substrate in accordance with the
present invention;
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FIG. 9 is a cross-sectional view of a TFT array substrate
used for a MVA LCD panel in accordance with the present
invention;

FIG. 10 is a cross-sectional view of a TFT array substrate
used for a MVA LCD panel in accordance with the present
invention;

FIG. 11 is a cross-sectional view of a TFT array substrate
used in a MVA LCD panel in accordance with the present
invention;

FIG. 12 is a cross-sectional view of a TFT array substrate
used in a MVA LCD panel in accordance with the present
invention;

FIG. 13 is a cross-sectional view of a TFT array substrate
used in a MVA LCD panel in accordance with the present
invention;

FIG. 14 is a cross-sectional view of a TF'T array substrate
used in a MVA LCD panel in accordance with the present
invention;

FIG. 15 is a planar view of a TFT array substrate used in a
MVA LCD panel in accordance with the present invention;

FIG. 16 is a planar view of a TFT array substrate used in a
MVA LCD panel in accordance with the present invention;

FIG. 17 is a planar view of a TFT array substrate used in a
MVA LCD panel in accordance with the present invention;

FIG. 18 is a planar view of a TFT array substrate used in a
MVA LCD panel in accordance with the present invention;

FIG. 19 is a planar view of a TFT array substrate used in a
MVA LCD panel in accordance with the present invention;

FIG. 20 is a planar view of a TFT array substrate used in a
MVA LCD panel in accordance with the present invention;

FIG. 21 is a planar view of a TFT array substrate used in a
MVA LCD panel in accordance with the present invention;

FIG. 22 is a planar view of a TFT array substrate used in a
MVA LCD panel in accordance with the present invention;

FIG. 23 shows a circuit model of a TFT array substrate of
field-order driven MVA LCD panel in accordance with the
present invention;

FIG. 24 shows a relation between the brightness and the
signal voltage applied to a MVA LCD panel as depicted in
FIG. 23;

FIG. 25 shows a circuit model of a TFT array substrate that
is divided into upper and lower field-order driven MVA LCD
panels in accordance with the present invention;

FIG. 26 illustrates a field-order driving method that divides
a screen into upper and lower sections and writes data from
the center of the screen to the upper or lower section of the
screen in accordance with the present invention;

FIG. 27 illustrates a field-order driving method that divides
a screen into upper and lower sections and writes data from
the upper or lower sections of the screen towards the center of
the screen in accordance with the present invention;

FIG. 28 illustrates a field-order driving method that divides
a screen into upper and lower sections and writes data from
the center of the screen to the upper or lower section of the
screen in accordance with the present invention;

FIG. 29 illustrates a field-order driving method that divides
a screen into upper and lower sections and writes data from
the upper or lower sections of the screen towards the center of
the screen in accordance with the present invention;

FIG. 30 is a cross-sectional view of a basic unit pixel of a
TFT array substrate of a horizontal electric field LCD panel in
accordance with the present invention;

FIG. 31 is a cross-sectional view of a basic unit pixel of a
TFT array substrate of a horizontal electric field LCD panel in
accordance with the present invention;
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FIG. 32 shows a circuit model of a circuit of a TFT array
substrate of a field-order driven horizontal electric field LCD
panel in accordance with the present invention;

FIG. 33 is across-sectional view of a TFT array substrate of
a horizontal electric field LCD panel in accordance with the
present invention;

FIG. 34 is a planar view of a TFT array substrate of a
horizontal electric field LCD panel in accordance with the
present invention;

FIG. 35 is a planar view of a TFT array substrate of a
horizontal electric field LCD panel in accordance with the
present invention;

FIG. 36 is a waveform diagram of a horizontal electric field
LCD panel as depicted in FIG. 35;

FIG. 37 shows a circuit model of a TFT array substrate of
a field-order driven horizontal electric field LCD panel that
divides a display screen into upper and lower sections in
accordance with the present invention;

FIG. 38 is a cross-sectional view of a basic unit pixel of a
TFT array substrate of a MVA LCD panel in accordance with
the present invention;

FIG. 39 is a cross-sectional view of a basic unit pixel of a
TFT array substrate of a MVA LCD panel in accordance with
the present invention;

FIG. 40 is a cross-sectional view of a basic unit pixel of a
TFT array substrate of a MVA LCD panel in accordance with
the present invention;

FIG. 41 is a cross-sectional view of a basic unit pixel of a
TFT array substrate of a MVA LCD panel in accordance with
the present invention;

FIG. 42 is a cross-sectional view of a manufacturing flow
that adopts a halftone exposure method to form a contact pad
for a pixel electrode in accordance with the present invention;

FIG. 43 is a cross-sectional view of a manufacturing flow
that adopts a halftone exposure method to form a contact pad
for a pixel electrode in accordance with the present invention;

FIG. 44 is a cross-sectional view of a manufacturing flow
that adopts a halftone exposure method to give an island effect
to a semiconductor layer of a thin film transistor component
and form a contact hole in accordance with the present inven-
tion;

FIG. 45 is a cross-sectional view of a manufacturing flow
that forms a source electrode, a drain electrode, a terminal
electrode, and comb common electrode in accordance with
the present invention;

FIG. 46 is a cross-sectional view of a flow of manufactur-
ing a thin film transistor substrate by a halftone exposure
method in accordance with the present invention;

FIG. 47A illustrates the structure of a horizontal electric
field active matrix substrate at a center pixel common elec-
trode of the center of a basic unit pixel;

FIG. 47B 1illustrates the structure of a horizontal electric
field active matrix substrate showing a poor orientation area;

FIG. 48 illustrates a masking principle of a halftone expo-
sure applied in the present invention;

FIG. 49 illustrates the principle of a halftone multiple
exposure method applied in the present invention;

FIG. 50 is a cross-sectional view of a manufacturing flow
of using a halftone exposure method to form a thin film
transistor substrate in accordance with the present invention;

FIG. 51 is a cross-sectional view of a manufacturing flow
of using a halftone exposure method to form a scan line
portion, a pixel electrode and a terminal portion of a thin film
transistor substrate in accordance with the present invention;

FIG. 52 shows a cross-sectional view of a manufacturing
flow of using a halftone exposure method to give an island
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effect to a semiconductor layer of a thin film transistor com-
ponent and expose a pixel electrode and a terminal portion
completely;

FIG. 53 shows a cross-sectional view of a manufacturing
flow before forming a source electrode and a drain electrode
in the process of manufacturing a thin film transistor compo-
nent as illustrated in FIGS. 52 and 53;

FIG. 54 is cross-sectional view of the structure forming a
TFT array substrate of an orientation control electrode con-
nected to a scan line and disposed on the previously formed
pixel electrode;

FIG. 55 is a planar view of a TFT array substrate as
depicted in FIG. 54;

FIG. 56 is a cross-sectional view of forming a vertical
alignment cell of one type of orientation control electrode
connected to a common electrode and disposed on the previ-
ously formed pixel electrode;

FIG. 57 is a cross-sectional view of a vertical alignment
cell of one type of orientation control electrode connected to
a pixel electrode and disposed on the previously formed plate
electrode;

FIG. 58 is a cross-sectional view of a structure of forming
only one type of orientation control electrode on a pixel
electrode of the previously formed TFT array substrate;

FIG. 59 is a cross-sectional view of a structure of forming
only one type of orientation control electrode on a pixel
electrode of the previously formed TFT array substrate;

FIG. 60 is a cross-sectional view of a structure of forming
only one type of orientation control electrode on a pixel
electrode of the previously formed TFT array substrate;

FIG. 61 illustrates a manufacturing flow of performing the
photolithographic procedure for three times that uses a MVA
TFT array substrate to apply a halftone exposure method for
two times;

FIG. 62 illustrates a manufacturing flow of performing the
photolithographic procedure for three times that uses a MVA
TFT array substrate to apply a halftone exposure method for
two times;

FIG. 63 illustrates a manufacturing flow of performing the
photolithographic procedure for three times that uses an IPS
TFT array substrate to apply a halftone exposure method for
three times; and

FIG. 64 illustrates a manufacturing flow of performing the
photolithographic procedure for three times that uses an IPS
TFT array substrate to apply a halftone exposure method for
three times.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

To make it easier for our examiner to understand the objec-
tive, innovative features and performance of the present
invention, we use a preferred embodiment and the accompa-
nying drawings for a detailed description of the present inven-
tion.

Referring to FIGS. 1 and 2 for cross-sectional views of a
current mainstream multi-domain vertical alignment liquid
crystal display (MVA LCD) panel, a mechanism for control-
ling the direction of movements both is installed separately on
upper and lower substrates to control the vertical alignment of
anisotropic liquid crystal molecules of a negative dielectric
constant, and an orientation control slit4 disposed on a side of
a substrate corresponding to a thin film transistor (TFT) for a
liquid crystal alignment control. Because the discrimination
line of an LCD using this method is constant without swing-
ing, uneven display rarely occurs, and LCD panels with high
quality of display can be produced as a good yield rate.
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Because the discrimination line position in a pixel is fixed
without moving, uniform brightness is displayed in the LCD
panel, and high quality LCD panels can be produced at a good
yield rate. However, it is necessary to form a slit or a bump 2
disposed on a lateral side of a color filter (CF) substrate
corresponding to a thin film transistor (TFT) substrate for the
structure as shown in FIGS. 1 and 2 to control the liquid
crystal alignment; thus, the production cost of the CF sub-
strate is higher than that of the twisted nematic (TN) CF
substrate. To lower the cost of the CF substrate, all liquid
crystal alignment control functions are built in the TFT sub-
strate side.

Referring to FIGS. 54 to 60 for an embodiment of a CF
substrate 74 side having no alignment control function as
disclosed in the previous patents, these CF substrates 74
cannot be used as large substrates. These previous disclosures
can be used for small pixels only. Because an edge field effect
of a pixel electrode 5 is used, these substrates are not appro-
priate for the large pixel electrodes used for the liquid crystal
TV.

With the two basic structures shown in FIGS. 3 and 4, a
TFT substrate side has all of the liquid crystal alignment
control functions, including a vertical alignment film 3. In the
TFT substrate side shown in FIG. 3, two different liquid
crystal alignment control electrodes 9, 10 are installed
between the common electrode of the substrate and corre-
spond to the pixel electrode 5 to successfully form an equal-
potential distribution 11 as shown in FIG. 5. Alignment con-
trol electrode 10 of FIG. 4 is installed on a pixel electrode 5 at
the TFT substrate side and between the slit for alignment
control 6, and the pixel electrode 5 corresponds to a common
electrode of the substrate to successfully form an equal-po-
tential distribution 11 as shown in FIG. 6. Even for a structure
as shown in FIG. 7, instead of the structure as shown in FIG.
6, the similar equal-potential distribution 11 can be formed
successfully.

In FIGS. 5-7, a common electrode is located facing to the
liquid crystal alignment control electrode 9. The closer the
distance from the common electrode to the liquid crystal
alignment control electrode 9, the more similar the equal
potential distribution diagram 11 of FIGS. 5-7 will be. This is
because the liquid crystal alignment control electrode 9 of
FIG. 5 is not connected to the pixel electrode 5 which is
connected to the common electrode. Also disclosed in FIG. 7,
an orientation control electrode 12 disposed under the orien-
tation control slit of the pixel electrode.

If a cell gap is greater than 5 pm, the structure of a pixel
electrode 5 of a TFT substrate connected to the liquid crystal
alignment control electrode 10 in accordance with the present
invention almost has no effect. However, if the cell gap is
below 3 um, the effect is significant. If the cell gap is below
2.5 um, a sufficiently equal-potential distribution diagram 11
is formed for controlling the alignment of liquid crystal mol-
ecules.

Referring to FIGS. 15 and 17 for planar views of Embodi-
ment 1 of a TFT substrate, two types of different alignment
control electrodes 9, 10 are formed at an upper layer of a pixel
electrode 5, and an alignment control electrode installed at the
middle of a pixel is coupled to a gate electrode 13 and
installed parallel with a common electrode 16. Another align-
ment control electrode with a different alignment control is
passed and disposed at a contact pad 35 in the pixel electrode
5 and coupled to the pixel electrode 5. Referring to FIGS. 38
and 40 for a cross-sectional view of Embodiment 1 of the
present invention, the height of alignment control electrode
10 of the pixel electrode 5 is increased to get closer to the
common electrode 16 of the substrate as much as possible.
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Referring to FIGS. 8,9,11, 13,15, and 17, wherein F1IG. 10
is across-sectional view ofa MVA LCD panel adopting a TFT
matrix substrate, FIG. 9 is a cross-sectional view of TFT array
substrate used for a MVA LCD panel, and FIGS. 11 and 13,
which are the partial cross-sectional view of the TFT array
substrate used in the MVA LCD panel shown in FIGS. 15 and
17, respectively, in which the pixel electrode 5 must be
installed at a lower layer to form a liquid crystal alignment
control electrode at an upper layer of the pixel electrode 5 in
accordance with the present invention. Therefore, its charac-
teristic resides on the fact that the photolithographic proce-
dure is used for producing a pixel electrode 5. FIG. 8 shows a
process of using the photolithographic procedure for three
times as depicted in FIG. 61. To shorten the manufacturing
process, the present invention adopts a halftone exposure
method, characterized in that an exposure method as shown in
FIGS. 48 and 49 is used for producing two or more types of
posiresist thicknesses 53, 54 after the image is developed.

FIGS. 8-12 also disclose a contact pad 22 disposed in the
pixel electrode 5 for connection with the orientation control
electrode 10, and a glass substrate 25; FIGS. 10 and 12 further
show a contact pad 23 disposed in the pixel electrode 5 for
connection with a capacitor electrode 24; FIGS. 13 and 14
show a pad electrode 31; FIGS. 15-18 show a thin film tran-
sistor 32, a contact hole 33 coupled to orientation control
electrode 9 and common electrode 16, a contact hole 35
coupled to orientation control electrode 10 and contact pad
disposed in the pixel electrode 5; FIG. 18 shows a contact hole
36 proximate the drain electrode 18; and FIGS. 19 and 20
shows a thin film transistor 37 for driving pixel electrodes 40
disposed in a large panel area and a thin film transistor 38 for
driving pixel electrodes 41 disposed in a small panel area.

In the first of the three times of photolithographic proce-
dureas shownin FIG. 61, a gate electrode 13, a pixel electrode
5, a common electrode 16 and a contact pad 14 in a pixel
electrode 5 are formed. In the first procedure, two manufac-
turing processes exist as shown in FIGS. 42 and 43, and either
one of the two manufacturing processes can be used for
forming the pixel electrode 5, but it is preferable to select a
shorter process as shown in FIG. 42. If the thickness of the
alignment control electrode as shown in FIG. 9 is reduced,
and the halftone exposure method is used in the third time
photolithographic procedure, it is preferable to select the
process as shown in FIG. 43.

An aluminum alloy is used for making a scan line 13 (or a
gate electrode) in this invention; therefore, ITO (Indium Tin
Oxide) cannot be used in the pixel electrode 5 because a
partial battery reaction will result, and the abnormal corrosion
or ITO blackening issues usually occur. As a result, the pixel
electrode 5 is generally a transparent electrode made of a thin
film oxide such as titanium nitride or zirconium nitride.

The nitride of the transparent pixel electrode and the
P—SiNxo of the gate insulating film 8 cannot have a large
selectivity for creating a contact hole 34 by a dry etching
method, and the manufacturing processes of the previous
embodiments as shown in FIGS. 51 to 53 cannot be used
anymore. To solve this problem, the present invention uses an
aluminum alloy series contact pad to solve the aforemen-
tioned problem.

In the second time of the photolithographic procedure, the
thin film semiconductor components are separated and the
contacthole 34 is formed. This procedure is illustrated in FIG.
44. Because this procedure also adopts the halftone exposure
method, the procedure of the first time can be used for per-
forming two operations. The process adopted in FIGS. 11 and
17 is a halftone exposure process other than that adopted in
FIG. 61, and the halftone exposure method as illustrated in
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FIG. 46 is used for separating the thin film semiconductor
components while forming a source electrode 17 and a drain
electrode 18. The halftone exposure process as shown in FIG.
46 is very similar to the halftone exposure process as shown in
FIG. 50, but the halftone exposure process as shown in FIG.
46 is more difficult to take place. When a positive photo-resist
layer at a thin area 54 is removed by an oxygen plasma
method in the foregoing embodiment, as shown in FIG. 50,
sidewalls of a thin film semiconductor layer 21 are oxidized,
and the oxidization takes place easily at the time of removing
an ohmic contact layer 20 (n+a-silicon layer) of a channel
portion of the thin film transistor component, but an even
removal cannot be achieved. In the situation, as shown in FIG.
46, the thin film semiconductor layer 21 is protected by a
metal barrier 19 layer completely when the positive photo-
resist layer at the thin area 54 is removed by the oxygen
plasma method, and thus the oxidization almost will not take
place at the sidewalls.

FIGS. 42 and 43 also show a transparent electrode layer 55,
a low resistance electrode layer 56 for wiring, and a residual
posiresist 57 after oxygen plasma ashing; FIG. 44 shows a
mask 58 for halftone exposure, a mask 59 for halftone expo-
sure, a mask 60 for halftone exposure, a posiresist for halftone
exposure 61, and a connection terminal portion 62 for exter-
nal circuit; FIG. 47B shows an area 63 with fine rubbing
procedure of the orientation film, an area 64 with worse
rubbing procedure of the orientation film, and a fiber 65 for
rubbing procedure; and FIGS. 48 and 49 show a glass 66 for
shielding, a ray 67 in a complete exposure area, a ray 68 in a
non-complete exposure area.

In the third photolithographic procedure as shown in FIG.
61, an exposure method is generally used for forming a source
electrode 17, a drain electrode 18 and an alignment control
electrode as shown in FIG. 8. In FIG. 9, the third photolitho-
graphic procedure also adopts a photolithographic procedure
that uses a halftone exposure method as shown in FIG. 45.

InFIGS. 8, 9 and 13, the third photolithographic procedure
is used for forming two different types of alignment control
electrodes 9, 10 at an upper layer of the pixel electrode 5
through the insulating film 8. In FIG. 11, a fourth photolitho-
graphic procedure is used for forming two different types of
alignment control electrodes 9,10, such that an oblique direc-
tion of vertical alignment negative dielectric constant aniso-
tropic liquid crystal molecules 7, as shown in FIGS. 3 and 5.

InFIGS. 8,9 and 13, apassivation film 15 is a P—SiNx film
formed partially by using a CVD method. An ink-jet printing
method or a plate offset printing method is sued to coat a
passivation film 15 made of an organic compound such as
BCB. The shortcoming of the process shown in FIG. 11
resides on that a short circuit may occur easily at the common
electrode 16 of the corresponding substrate when two differ-
ent types of alignment control electrodes 9, 10 are formed on
the passivation film 15.

Referring to FIGS. 16 and 18 for planar views of Embodi-
ment 2 of TFT substrate in accordance with the present inven-
tion, a slit 6 is formed on the pixel electrode 5 for the align-
ment control, and a liquid crystal alignment control electrode
10 connected to the pixel electrode 5 is formed at an upper
layer of the pixel electrode 5 through the insulating film 8.
Referring to FIGS. 39 and 41 for cross-sectional views of
Embodiment 2 of a pixel, Embodiment 2 similar to Embodi-
ment 1 also installs the alignment control electrode 10 con-
nected to the pixel electrode 5 at a position proximate to the
substrate, and thus its characteristic resides on that each type
of electrodes and semiconductor layers is installed at a lower
layer of the alignment control electrode 10.
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Embodiments 1 and 2 of the present invention include all
alignment control functions at the TF'T substrate side. Com-
paring Embodiment 1 with the previous methods as shown in
FIGS. 1 and 2, the methods adopted by the present invention,
as shown in FIGS. 3 and 4, also have the existing short-circuit
problem at the same layer of a video signal line 17 while the
alignment control electrode is being formed. Therefore, the
pixel structures as shown in FIGS. 15 and 17 are avoided, and
astructure having a curvature of 90 degrees at the center of the
pixel is used instead. The video signal line 17 and the align-
ment control electrode of this structure are equidistantly
arranged in parallel with each other, so as to reduce the chance
of having a short circuit.

Referring to FIGS. 10,12, 14, 16, and 18, wherein FIG. 10
is a cross-sectional view of a TFT array substrate used for a
MVA LCD panel, and FIGS. 12 and 14 that are partial cross-
section views of the TFT portions as shown in FIGS. 16 and
18 respectively, the basic principle of the Embodiment 2 as
illustrated in FIGS. 4 and 6 adopts an alignment control slit 6
for determining the oblique direction of the liquid crystal
molecules correctly; however, Embodiment 2 cannot increase
the strength of electric field as Embodiment 1 does. There-
fore, the response rate of Embodiment 2 is slower than that of
Embodiment 1. In the application of displaying animations, it
is appropriate to adopt Embodiment 1 for the manufacture of
LCD panels. From the planar views, as shown in FIGS. 15 and
17, many metal wires are installed densely on the same layer
in Embodiment 1, and thus the existing short circuit problem
may occur easily. In addition to the short-circuit issue, the
voltage applied to the pixel electrode 5 of Embodiments 1 and
2 is not 100% applied to the liquid crystal layer, and thus the
shortcoming of requiring a higher driving voltage as shown in
FIGS. 1 and 2 still exists. Because the CF substrate 74 can use
a low-cost CF substrate 74 which has about the same cost of
TN, the product competitiveness can be improved. Particu-
larly, the present invention provides a driving method of a
field order driven the LCD panel that does not require a color
filter as shown in FIGS. 3 and 4. Unlike the conventional
method shown in FIGS. 1 and 2, the MVA LCD panel has to
be aligned to the upper and lower substrates before the MVA
LCD panel can be driven by the field order. In other words, the
MVA LCD panel driven by the field order of the present
invention does not require to be aligned with the upper sub-
strate or the lower substrate. Referring to FIGS. 19 and 21 for
planar views of the TFT substrate in accordance with
Embodiment 3 of the present invention and FIG. 23 for a
circuit model of the TFT substrate of the invention, a basic
unit pixel is divided by the video signal line 17 into two sub
pixels: sub pixel A and sub pixel B. The ratio of areas of the
sub pixel A to the sub pixel B is approximately equal to 1:2.
Even though the data is obtained from the same video signal
line 17, the phase is changed by different common electrode,
since each pixel electrode 40, 41 is combined with a capacitor
of a different common electrode, and a horizontal period (H
period) is applied, and the waveform of a signal with an
opposite polarity maintains the effective voltage of the sub
pixel A greater than the effective voltage of the sub pixel B.
FIG. 24 shows the quantity of light transmission of the LCD
panel when the signal waveform is driven, and the threshold
voltage of the liquid crystals of the sub pixel A and the sub
pixel B can be changed for correcting y.

FIG. 62 shows the process of manufacturing the TFT sub-
strates as illustrated in FIGS. 19 and 21, wherein a common
electrode 39 is manufactured in the first the photolithographic
procedure. In Embodiment 3, as shown in FIG. 23, it is not
necessary to arrange the video signal line 17 in parallel with
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the common electrode 39, and thus the common electrode 39
is manufactured by the third photolithographic procedure as
shown in FIG. 62.

FIG. 53 shows a residual posiresist after general exposure
72; FIG. 54 shows an embodiment of a CF substrate 74; FIG.
55 shows a source electrode 73 formed from transparent
electrode 17 (video signal line), an orientation control elec-
trode 75 coupled to the gate electrode 13; FIGS. 56 and 57
shows an orientation control electrode 76 with the same
potential of common electrode 16 formed on the passivation
film 15; and FIG. 59 shows an orientation control electrode 78
made from transparent electrode material as the pixel elec-
trode.

FIG. 25 shows a circuit model of the TFT substrate when a
high-precision super large LCD panel is manufactured. FIGS.
26 to 29 show the method of driving a TFT substrate, as
illustrated in FIG. 25. FIGS. 26 to 29 relate to the field order
driving method. Because the display screen is divided into
two: an upper screen and a lower screen, the video signal line
17 is also divided into two: an upper video signal line 51 and
alower video signal line 52, and the video signals 51,52 of the
same polarity are applied.

The common electrode 39 has not been divided into two,
but both upper and lower portions integrated. FIGS. 26 and 28
show that video signals 51, 52 are written from the center of
the screen to the upper and lower screens in order to prevent
the blocks of the upper and lower screens from being sepa-
rated. FIGS. 27 and 29 show that video signals 51, 52 are
written from the upper and lower screens to the center of the
screens. To divide the display screen into two, the horizontal
scan period is extended to two times of 2H. FIGS. 26 and 27
show that the horizontal scan period is divided into two, such
that different video signals can be written for two pixels by
two different multitasking methods. FIGS. 28 and 29 show
that the horizontal scan period is divided into three, such that
different video signals 51, 52 can be written for three pixels
by three multitasking methods.

Referring to FIGS. 31 and 34 for a planar view and a
cross-sectional view of an IPS TFT substrate in accordance
with Embodiment 4 of the present invention, and FIG. 63 for
the manufacturing process of an IPS TFT substrate in accor-
dance with Embodiment 4 of the present invention, three
times of photolithographic procedure adopting three times of
halftone exposure method are conducted. FIG. 32 shows a
circuit model of a TFT substrate as illustrated in FIG. 34. The
center of a pixel and the video signal 17 are arranged in
parallel with the common electrode 46. FIG. 37 shows a
circuit model of a TFT substrate when a high-precision sup-
per large LCD panel is manufactured. FIG. 36 shows a driving
waveform diagram of a TFT substrate as illustrated in FIG.
37. Signal waveforms of different polarities are applied on
even-numbered rows and odd-numbered rows, and signal
waveforms of different polarities are applied to the even-
numbered rows and odd-numbered row of video signal wave-
forms, and a signal with an opposite polarity is applied to the
common electrode 46 of each corresponding video signal line
51, 52.

Although the modes of liquid crystals are different, the
circuit models of the common electrode 46 and the video
signal line 51, 52 is identical to those as shown in FIG. 25. The
IPS TFT substrate as shown in FIG. 37 can also adopt the
same field order driving method of Embodiment 3. Similar to
the process shown in FIG. 25, the process shown in FIG. 37
divides the display screen into two: an upper screen and a
lower screen, and thus the video signal line 17 is also divided
into two: an upper video signal line 51 and a lower video
signal line 52, and the polarity of video signals are the same.



US 8,305,538 B2

11

The common electrode 46 has not been divided into two,
but it is connected from top to bottom as a whole. To prevent
the blocks of upper and lower screens from being separated,
the video signals 51, 52 are written from the center of the
screen upward or downward, or the video signals 51, 52 are
written from the top or bottom of the screen towards the center
of the screen. The driving method for the scan lines 13 is
identical to that of Embodiment 3.

Referring to FIGS. 30 and 35 for a planar view and a
cross-sectional view of a FFS TFT substrate in accordance
with Embodiment 5 of the present invention respectively,
FIG. 33 for a cross-sectional view of a portion of a thin film
transistor, and F1G. 64 for the manufacturing process of a FFS
TFT substrate in accordance with Embodiment 5 of the
present invention, the photolithographic procedure is con-
ducted for three times, and a halftone exposure method is
applied for all of the three times. The three times of photo-
lithographic procedure in Embodiments 4 and 3 use the half-
tone exposure method as shown in FIG. 47A. Unlike the
vertical alignment LCD panel, a horizontal electric field panel
requires a different alignment processing procedure (such as
the friction processing). To prevent having a poor alignment
area, it is necessary to minimize the roughness of the TFT
substrate. However, the planar views of FIGS. 34 and 35 show
that the thickness of electrodes 44, 45 is increased to lower the
resistance of a common electrode 46 at the center of the
screen.

Because a pooralignment area, as shown in FIG. 47B, must
occur in both IPS and FFS modes, the shortcoming of being
unable to show the black color for a black potential exists. To
minimize the poor alignment area, it is necessary to apply the
halftone exposure method for three times.

FIGS. 42 and 43 use the manufacturing process as illus-
trated in FIG. 64, and the process of the halftone exposure
method is applied for one time, and any one can be selected.
FIG. 44 illustrates the process of applying the halftone expo-
sure method for the second time, FIG. 45 illustrates the pro-
cess of applying the halftone exposure method for three
times, and FIG. 46 illustrates the process of performing the
photolithographic procedure for four times for manufacturing
the FFS TFT substrate. The halftone exposure method is
applied for two times.

Even if the FFS TFT substrate as shown in FIG. 35 adopts
the same driving method as the IPS TFT substrate as shown in
FIG. 34, all circuit models of the TET substrate as shown in
FIG. 37 can be applicable for the FFS mode of FIG. 35. Ifthe
driving method of FIG. 36 is used, the FFS mode with a high
driving voltage can be driven easily. Because the FFS mode
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can produce a strong electric field, the response rate of the
liquid crystal molecules is smaller than that of the IPS mode
and applicable for the field order driving method. Particularly,
a high voltage can be applied to the LCD panels as shown in
FIGS. 36 and 37, and thus such method is considered as a
driving method applicable for high-speed operations, and
most suitable for the field order driving method for the
divided upper and lower screens as shown in FIGS. 26 to 29.

What is claimed is:

1. An active matrix vertical alignment liquid crystal display

apparatus, comprising:

transparent pixel electrodes, scan lines are formed on a thin
film transistor (TFT) substrate;

a transparent insulating film is formed on transparent pixel
electrodes, and video signal lines and common lines are
formed on the transparent insulating film;

transparent pixel electrodes are electrically connected to
drain electrodes of TFT;

first liquid crystal alignment control electrodes and second
liquid crystal alignment control electrodes are formed
on the transparent insulating film, or are formed on a
passivation film of TFT;

the first liquid crystal alignment control electrodes and the
second liquid crystal alignment control electrodes are
slender and parallel with each other, and are positioned
alternately;

the first liquid crystal alignment control electrodes are
electrically connected to a transparent pixel electrode;
and the second liquid crystal alignment control elec-
trodes are electrically connected to a common line in a
pixel

the transparent pixel electrodes are closer to the video
signal lines and the common lines than the liquid crystal
alignment control electrodes, and the first liquid crystal
alignment control electrodes are closer to the video sig-
nal lines and the common lines than the second liquid
crystal alignment control electrodes;

the video signal lines are aligned in parallel with odd-
numbered columns and even-numbered columns of
common electrode, and a voltage is applied to signals
with different opposite polarities within a horizontal
scan period (H period);

a transparent common electrode is positioned opposite to
the TFT substrate, and is connected to common lines
formed on the TFT substrate, and there are no slits in the
transparent common electrode, and there are no bumps
on the transparent common electrode.
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