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ABSTRACT

An IPS liquid crystal displaying apparatus includes: a TFT
array substrate, an opposite substrate opposed to the TEFT
array substrate and liquid crystal interposed between the
TFT array substrate and the opposite substrate, wherein the
TFT array substrate is composed of a glass substrate, a gate
insulating film formed on the glass substrate, a possivation

film formed on the gate insulating film, a plurality of
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scanning lines for transmitting a scanning signal, a plurality
of signal lines for transmitting an image signal, a plurality of

pixels arranged in grid like pattern by crossing the plurality

11/028,059

of scanning lines with the plurality of signal lines, a plurality

of TFTs implementing switching operation of the image
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signal on the basis of the scanning signals, a plurality of

driving electrodes connected with the TFT, a plurality of

electrode.
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opposite electrodes arranged in such a manner that each of
the plurality of opposite electrodes is opposed to each of the
driving electrodes, and a plurality of common lines for
mutually connecting each of the opposite electrode of one of
the plurality of pixels with the other one of the plurality of
pixels, wherein the TFT array substrate is formed on the
passivation film, the passivation film being different from a
layer provided with the driving electrode and the opposite



Patent Application Publication Jul. 14, 2005 Sheet 1 of 28 US 2005/0151914 A1

FIG. 1

g
30~S~ 7 |
_ (7722770 < | V97

it

E




Patent Application Publication Jul. 14, 2005 Sheet 2 of 28 US 2005/0151914 A1

FIG. 2

:
L

»
|

X777 77 7 77
\

40—

N M2
35%

N il ] | ls——50

A (. § | ‘JA

N L | | -

§ T Z.-14

Q E NTTTSS \:\®7
15"".:.;_---“%\415\\////////// 4 S—p



Patent Application Publication Jul. 14, 2005 Sheet 3 of 28

FIG. 3a

US 2005/0151914 A1

4

40—S ]

———————

X777 77777 7 A7 7 7 77777 72 77 77

=

X

\

AW

AN

---------

.....

<2 — 30

—2 10

E



Patent Application Publication Jul. 14, 2005 Sheet 4 of 28 US 2005/0151914 A1

FIG. 4a FIG. 4b

2§m 2
K W,

FIG. ba FIG. Bb

FIG. ba FIG. bb
3 4b? 16
V TS e JP/MQ




Patent Application Publication Jul. 14, 2005 Sheet 5 of 28 US 2005/0151914 A1

FIG. 7a FIG. 7b
16
10
ﬂ% /“ Zhr s
9 1 2 \!\1
FIG. 8a  FIG. 8b
4h 16 5 c




Patent Application Publication Jul. 14, 2005 Sheet 6 of 28 US 2005/0151914 A1

F16. 9a FIG. 9b
L WV
N

FIG. 104 FIG. 10D

Jﬂ% /Jg %%J‘g
N W

—
N

2 | 1 L
FIG. 11a FIG. 11b
3‘ 4b 16
farsnN v Mg

1

AN AN



Patent Application Publication Jul. 14, 2005 Sheet 7 of 28 US 2005/0151914 A1

F16.12a  FIG.12b
:E/\ 4 16 10

' ' 10
o ——— /\/ :ﬁ,ﬁ;ég

5 N W bW

2 9 1 2 1

F16. 13a FI6. 13b

22

10
Ng // o, 5
/ 77777 ! 1 _s—9




Patent Application Publication Jul. 14, 2005 Sheet 8 of 28 US 2005/0151914 A1

FIG. 143 FIG. 14b

N |
W W

FIG. 1bg FIG. 16b

| 21
! 9b
,( — N\

Ly W
j/ W W

2 1
FIG. 163 FIG. 16b
3 2l
gzﬁgz@zzﬂgm/ %
e \em— —/mm——= S 9




Patent Application Publication Jul. 14, 2005 Sheet 9 of 28 US 2005/0151914 A1

FIG. 173 FIG.17b

21 14

V_ﬁ%‘%ﬂg /1 ‘O s
= .

4 Y
2 9 1 ,2 1
FIG. 18a FIG. 18b
| iq s 6 10 7
b | - 10
= m S ‘“g// i ~§9
AN AN
2 .9 1 2 1



Patent Application Publication Jul. 14, 2005 Sheet 10 of 28 US 2005/0151914 A1

18
FI16. 193 il
| NI o °
N1 _
NIRI
N| | .
12--——2_>\\-_ .
- N gis
NI il HTTHHF=2-5
N !
N\
40— N| |
Q A /’/./7;
3—"N|
§ | ———50
N\
AN —a
N| | | .
ko
s ; Nl \;N®7
153\;}\ A s>
| 4 16
FIG. 19b ~
. _ 50
12 S~ //
1 A 7 +—2_~- 30
——?-_/? :

3 S\W/Z/NJ
20



Patent Application Publication Jul. 14, 2005 Sheet 11 of 28 US 2005/0151914 A1

FIG. 20a FI6.20b
. ' \1 \1

FIG. 2143 FIG. 21D

A

2 1 | 1
FIG. 223 FIG. 22b
5 %
(TN, A #_/_\___ 9

A A

2 S 1 1



Patent Application Publication Jul 14,2005 Sheet 12 of 28 US 2005/0151914 A1

FIG.EBa FIG. 23b
5 b e 14 18 0
r) | j/ ;10
S ARda— : \m'\___ / X :;\9
5 N\ W W g
2 g 1 B8 2 1
FIG. 24a FIG. 24b
1a ) 16 5 6 4 22
10
AP f;\\_\_:ég




Patent Application Publication Jul. 14,2005 Sheet 13 of 28 US 2005/0151914 A1

FIG. 2ha
: 1 s 6
NI
§ !
12--—‘2_§ |
N FTTHHF—=2-5
N !
N
'40—5*§' ' '
§ /I’/ 1 /'/: ,/5;6
\ . 1~
=]
| S . <50
AN Ly
N U
NEE=cl S
i:\ Nawmwmwmwat \}»&7
15--—"-/‘:‘-2%////////// js—o2
4 16
F16. 25b .
50
12 —S—— //
11—‘—&___”\ / u;”'?_/ 30

3 S\Wﬁ““?“?“?‘*@io]
20

yie



Patent Application Publication Jul 14,2005 Sheet 14 of 28 US 2005/0151914 A1

FIG. 2ba FI1G. 26b
Eim\ 2
oW
FI16.27a  FI6.27b
4 | |
? 9 2 |
g /J j#ﬁ—“g
j \1\1 \\1
F16. 282 F16. 28b
15 4b 16
bﬂﬁgg?AgTWW — :




Patent Application Publication Jul 14,2005 Sheet 15 of 28 US 2005/0151914 A1

F16G. 293 FIG. 29b

15 b 16 14 | '10,

L J0
5 N\ W bW
e g 1 2 1
F16. 30a F1G. 30b

b M/NW;{N@// %j

ISTENSANENE,

NN

A NN

2 9 1 2 1




Patent Application Publication Jul. 14,2005 Sheet 16 of 28

FIG. 31a

12-—-—

___________________

i

S~

60—

-
- .

LNIEINSONNNNNNNNNNNNNNNNSSSNNSNSSS

=H|

N NN

US 2005/0151914 A1

AW

=

\

\\\

A

- b‘\\\m\\—\\\\‘\\‘\\\

\ .- -

.......

FIG. 31b

SOOI IE IS OO OIS

)

-
______

2%




Patent Application Publication Jul 14,2005 Sheet 17 of 28 US 2005/0151914 A1

FIG. 32a

| .

,_-¢L+;"?114

4 16 e

[EEN
a
.““A
7:‘\2 cecmcrceccemem——— -

FI1G. 32b

3*g—~£ﬁ%LﬂLJ%J%Af“%/’Z/40]
20




US 2005/0151914 A1

Patent Application Publication Jul. 14,2005 Sheet 18 of 28

\

—— ——— e ——— - - — - — —




Patent Application Publication Jul. 14, 2005 Sheet 19 of 28 US 2005/0151914 A1

FIG.34a

AR AR A A |

12-—2 [N

A\

\ ol Ll L L L L L LVl L L el L L L L L

3—S
At A
T 14
PR o N <
H MM AN &7

15" £L>‘§%%%%%7~5?\2

4 16
FIG. 34b
/VSO

12 —S—— 2 30
11— ==
3:\ ) T — I_//Z,/ZIO

I I N . 9]20

Pl S

6 565 6 .



US 2005/0151914 A1

Patent Application Publication Jul. 14,2005 Sheet 20 of 28

FIG. 353

FI1G. 350




Patent Application Publication Jul 14,2005 Sheet 21 of 28 US 2005/0151914 A1

FIG. 36

| /|/30
1211
Y =<1
N\ V%ZZZ%__/@“’
[ T +<2-9 20
\ T2 4

N S
IS
—Z



Patent Application Publication Jul 14,2005 Sheet 22 of 28 US 2005/0151914 A1

FIG. 373 FIG.37b
2

O\ \n\

r

1 | 1
FIG. 38a FIG.38b
4 |
;(i 9 8 2
—m /\/ %/—JF&\TE’

; EN
2 1A 1
F16. 393 F1G. 39b

‘/

2 2



Patent Application Publication Jul. 14, 2005 Sheet 23 of 28 US 2005/0151914 A1

FIG. 40a F1G. 40b

5 e 14 18 o |

§ (J (J 10

7 N ww § W

2} 9 1. 8 P 1
FIG. 41a FIG. 41b

) 5 g 22

la I 10 |
. %_—jg

I M\9 \\\ \'\a ? M\?S\

2
FIG. 42a FIG. 42b
7N W W bW



US 2005/0151914 A1

Patent Application Publication Jul. 14, 2005 Sheet 24 of 28

FIG. 43a
BACKCROUND ART

N s

SONSMNNNNN /VVV/V//V //VV/VV/VM///

AR A AR AN BMMAAAS AR ARMAAAR RS S I ]

W//////// s~z

/////////////////////////////////

= Aﬂﬁﬁ/ﬂ%ﬁ%ﬁnﬁﬂﬁ//é i

SN H St

m\\\\\\.\\\\\\N\\\\\\\\\\\\\\\M\\\C

L

FIG. 43b
BACKGROUND ART

50

‘.l/

12 S~ //



Patent Application Publication Jul 14,2005 Sheet 25 of 28 US 2005/0151914 A1

F1G. 44

BACKGROUND ART




US 2005/0151914 A1

Patent Application Publication Jul. 14,2005 Sheet 26 of 28

1>

LHV TNNR2OHIXIOVE

G 914

e b A
o s o\
11 11 — _ _ - HH- 1 [~
11 ———t e e LI 0 4
: _ | "
| o
S L
. R
. [] : |_|I|-“ u_
R R
S - ~
| | | ™ |
FHH ..... _ P I1 11
™ £ |
I1.I T 1 _ 11 11 11
e /] \.
\,\ \ |
8 10T



US 2005/0151914 A1

Patent Application Publication Jul. 14,2005 Sheet 27 of 28

o - — —— e = —l— o — = —— - — -

e o e el - — e b - - —— — —— ]

LAV TNAOHINIOVE

ot 914




/////

////////




US 2005/0151914 A1

IN PLANE SWITCHING LIQUID CRYSTAL
DISPLAYING APPARATUS FOR IMPROVED
LUMINANCE

BACKGROUND OF THE INVENTION

[0001] The present invention relates to an IPS (In Plain
Switching) liquid crystal displaying apparatus by generating
an electric field parallel to an array substrate to drive the
liquid crystal. More particularly, the present invention
relates to a construction of a highly bright liquid crystal
displaying apparatus increased in aperture ratio by reducing
influences of the leakage of electric field from a signal line,
thereby reducing the light shielding area.

[0002] In an active matrix type liquid crystal displaying
apparatus, an IPS system where the direction of the electric
field to be applied on the liquid crystal is made parallel to the
array substrate is mainly used as a method of obtaining a
wider viewing angle (for example, see Japanese Unexam-
ined Patent Publication No. 254712/1996). It is reported that
this system enables to remove the almost all of the change
in the contrast and the inversion of the gradation level in
changing the viewing-angle direction (see, for example,
AsiaDisplay, 95, page, 577 to 580 by M. Oh-e, and others).

[0003] A construction of one pixel of the conventional IPS
liquid crystal displaying apparatus is depicted in FIGS. 434
and 43b. FIG. 43a is the plain view thereof. FIG. 43D is a
sectional view taken along a line A-A of FIG. 43a. FIG. 44
is a circuit diagram showing an equivalent circuit of one
pixel of the pixel electrode of an IPS liquid crystal display-
ing apparatus. FIG. 45 is a circuit diagram for illustrating
the circuit of the IPS liquid crystal displaying apparatus.
Referring to FIGS. 43a¢ and 43D, reference numeral 1
denotes a glass substrate, numeral 2 denotes a scanning line,
numeral 3 denotes a signal line, numeral 4 denotes a thin
film transistor (TFT), numeral § denotes a driving electrode,
numeral 6 denotes an opposite electrode, numeral 7 denotes
an electrode for forming the storage capacitance, numeral 8
denotes common line, numeral 9 denotes a gate insulating
film, numeral 10 denotes a passivation film, numeral 11
denotes a liquid crystal, numeral 12 denotes a BM (black
matrix), numeral 14 denotes a contact hole, numeral 15
denotes a source electrode, and numeral 16 denotes a drain
electrode. Numeral 20 denotes an array substrate comprising
glass substrate 1, a signal line 3, a driving electrode 5, an
opposite electrode 6. Numeral 30 denotes an opposite sub-
strate arranged opposite to the array substrate 20. Numeral
40 denotes a slit which is a gap between the signal line 3 and
the opposite electrode 6, and numeral 50 denotes an open-
ing. Referring to FIG. 44 and FIG. 45, the same reference
numerals as those of FIGS. 43a and 43b depict the same
parts or its equivalents as those of FIGS. 43a and 43b.

[0004] The construction and operation of the conventional
IPS liquid crystal displaying apparatus will be described
according to FIGS. 43a and 43b, FIG. 44 and FIG. 45.
Referring to FIG. 45, a plurality of grid shaped pixels
encircled by the scanning line 2 and the signal line 3 can be
made by crossing, at an approximately right angle between
a scanning line 2 connecting the scanning line driving circuit
102 and a signal line 3 connecting the signal line driving
circuit 101. ATFT (Thin Film Transistor) is provided at each
intersection point between a signal line and a scanning line
for forming the grid shaped pixel. Numeral 103 denotes a
circuit for common lines.
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[0005] This condition is shown by an equivalent circuit in
FIG. 4. The TFT 4 is a semiconductor element having three
electrodes of a gate electrode, a source electrode 15 and a
drain electrode 16. The gate electrode is connected with a
scanning line 2 extended from the scanning line driving
circuit. The source electrode 15 is connected with the signal
line 3 connected with the signal line driving circuit. The
remaining drain electrode 16, connected with the driving
electrode 5, drives the liquid crystal by an electric field
caused between the driving electrode § and the opposite
electrode 6. Numeral 13 denotes a storage capacitance for
storing the electric charge between the driving electrode 5
and the opposite electrode 6. The construction of one pixel
will be described in accordance with FIG. 43a and FIG.
43b. In a pixel formed through the crossing between the
scanning line 2 and the signal line 3 are provided a driving
electrode 5 for driving the liquid crystal layer, an opposite
electrode 6 and a TFT 4. In the TEFT 4 there are three
electrodes. The scanning line 2 connected with the scanning
line driving circuit shown in FIG. 45 is connected with the
gate electrode of the TFT 4, so as to apply the scanning
signal, the scanning line driving circuit outputs, upon the
gate electrode of the TFT 4.

[0006] The signal line 3 connected with the signal line
driving circuit is connected with the source electrode 15 of
the TFT 4 to transmit the image signal the signal line driving
circuit outputs. The drain electrode 16 of the TFT 4 is
connected with the driving electrode 5 through a contact
hole 14 as shown in FIG. 43a. In the same pixel, an opposite
electrode 6 is provided to be engaged face to face with the
driving electrode 5. The opposite electrode 6 is connected
with the common line 8. The common line § is connected
with each opposite electrode 6 provided in each pixel on the
TFT array substrate 20.

[0007] The sectional construction of the picture section
will be described in accordance with FIG. 43b. A driving
electrode 5 and an opposite electrode 6 are respectively
formed on the glass substrate 1. Although not shown in FIG.
43b, the scanning line 2 and the common line 8 are also
formed in the same layer as that of the driving electrode §
and the opposite electrode 6. The gate insulating film 9 is
laminated on a glass substrate by covering the driving
electrode, the opposite electrode, the scanning line and the
common line, and the signal line 3 is formed on the gate
insulating film 9. Although not shown in FIG. 43b, the
storage capacitance forming electrode 7 is also formed in the
same layer as that of the signal line 3. A passivation film 10’
is laminated further on the signal line 3, so as to form the
TFT array substrate 20. The TFT array substrate 20 and the
opposite substrate 30 is superposed. The IPS liquid crystal
displaying apparatus is made with a liquid crystal 11 being
sealed between the TFT array substrate 20 and the opposite
substrate 30.

[0008] The IPS liquid crystal displaying apparatus is a
system where the electric filed is caused along the surface of
the TFT array substrate 20 between the driving electrode §
and the opposite electrode 6 provided on the TFT array
substrate 20. Thus, the opposite substrate 30 is a no-
electrode substrate having no electrode. On the opposite
substrate 30 there is provided a BM 12 which is a light
shielding film. Although not shown, the light leaked from a
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slit 40 of FIG. 43« is to be shielded with a back light,
provided on the under side of the TFT array substrate, as a
light source in FIG. 43b.

[0009] An area surrounded by broken lines shown by 50,
defining an opening per pixel, functions as a role of a
window through which light passes with the back light as a
light source. But the light from the back light is shielded by
a driving electrode 5, an opposite electrode 6, a black matrix
12 and so on, thereby influencing upon the picture quality of
the liquid crystal display. Thus, a problem is to reduce the
ratio, in area, of the driving electrode 5, the opposite
electrode 6, the black matrix 12 and so on to be occupied in
the area of the opening 50.

[0010] The above description is given about the construc-
tion of the pixel of the conventional IPS liquid crystal
displaying apparatus about FIGS. 43¢ and 43b, FIG. 44 and
FIG. 45. The operation of the IPS liquid crystal displaying
apparatus will be described. The gate electrode is provided
in each pixel. The gate electrode of the TFT is connected
with the scanning line 2. The source electrode 15 is con-
nected with the signal line 3.

[0011] The drain electrode 16 is connected with the driv-
ing electrode 5. Such a TFT 4 is a semiconductor switching
element, which controls the driving operation of the liquid
crystal of each pixel. When a scanning signal is applied,
through the scanning line 2 from the scanning line driving
circuit, upon the gate electrode of the TFT 4, all the TFT 4
of this horizontal line is respectively switched on.

[0012] When the gate electrode is switched on, the image
signal transmitted from the signal line driving circuit flows
to the drain electrode 16 by way of the source electrode 15
and is stored in the driving electrode 5 connected with the
drain electrode 16. Electric charge applied in the driving
electrode 5 is stored with respect to the opposite electrode 6
and the gate electrode is turned on again. The electric charge
of that time is stored before the new image signal electric
charge is applied. The driving electrode 5 and the opposite
electrode 6 function as a capacitor in that the electric charge
is stored while the gate electrode is on, and the stored
electric charge is held as it is when the gate electrode is
turned off. The storage capacitance 13 shown in FIG. 44
increases the accumulating force of the capacitance. The
storage capacitance 13 is formed by the vertical lamination
of the storage capacitance electrode 7 and the common line
8 through the gate insulating film 9.

[0013] In the conventional IPS liquid crystal displaying
apparatus shown in FIGS. 43¢ and 43b, between the signal
line 3 provided in the side end portion of one pixel and the
opposite electrode 6 formed in parallel to the signal line 3 is
caused an electric field due to the potential difference
between the signal line 3 and the opposite electrode 6. FIG.
46 is a view showing influences to be applied, upon the
electric field to be caused between the driving electrode 5
and the opposite electrode 6, by the electric field caused
between the signal line 3 and the opposite electrode 6 of the
conventional IPS liquid crystal displaying apparatus, which
has the TFT array substrate where the driving electrode 5
and the opposite electrode 6 are formed in the layer lower
than the signal line 3. In FIG. 46, changes in the potential
caused between the driving electrode 5 and the opposite
electrode 6 is obtained as a simulator.
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[0014] In FIG. 46, the clectric potential in the window
upper portion or lower portion is calculated when a white
window has been displayed in the half tone of the relative
transmission factor 50%.

[0015] Ttis desirable to correctly drive the liquid crystal to
have the driving electrode 5 between two opposite elec-
trodes 6 so that the potential distribution is symmetrical
around the driving electrode 5. It is found out from FIG. 46
that the potential distribution of an area near the signal line
3 of the opening 50 is subjected to the influences of the
leakage of electric field caused between the signal line 3 and
the opposite electrode 6, thus resulting in asymmetric poten-
tial distribution. The electric field is caused along the surface
of the glass substrate 1, thus causing a problem like
crosstalk. For example, when a white window is displayed
in such black displaying as shown in FIG. 47, there prises
a problem on the display called “longitudinal crosstalk”
where the vertical luminance of the window portion changes
with respect to the other black displaying portion.

[0016] An example in a case of a normally black mode
(wherein the displaying becomes black with the voltage
being not applied) will be described in FIG. 44. When such
a window pattern in FIG. 47 is displayed, the same voltage
as that of the opposite electrode 6 is applied during the
selecting period of the black displaying portion 111 upon the
signal line 3 of the pixels of the window and its upper and
lower portions during the picture face, and a voltage nec-
essary to the white displaying 113 is applied during the
selecting period of the white displaying portion 111.

[0017] The voltage of a value where the absolute value of
the electric potential value between the electrodes has been
averaged by hour is applied upon the liquid crystal 11
effectively. Therefore, for example, when the black display-
ing and the white displaying are equal in the selecting
period, the effective potential equal to the half tone display
112 is applied upon these pixels between the signal line 3
and the opposite electrode 6. At this time, the liquid crystal
on the slit 40 between the signal line 3 and the opposite
electrode 6 becomes a transmission mode by the electric
field to horizontal to the glass substrate 1 to be caused
between the signal line 3 and the opposite electrode 6. The
electric field to be caused by the electrical potential differ-
ence between the signal line 3 and the opposite electrode 6
gives influences even upon the electric field between the
driving electrode 5 and the opposite electrode 6, so as to
change the liquid crystal of the black displaying portion into
the transmission mode. As a result, the crosstalk is caused.

[0018] Inorder to prevent such longitudinal crosstalk from
being caused, the leaking light transmitting through the slit
40 between the signal line 3 and the opposite electrode 6 is
required to be shielded by the BM 12 formed on the opposite
substrate 30 and to prevent the electric field, caused between
the signal line 3 and the opposite electrode 6, from being
interfered with the electric field between the driving elec-
trode 5 and the opposite electrode 6 with the driving
electrode § and the opposite electrode 6 spaced apart from
the opposite electrode 6 of the side end portion on the side
of the opening 50, and the signal line 3. When the driving
electrode 5 and the opposite electrode 6 are separated from
the signal line 3 to make larger the width of the opposite
electrode 6 adjacent to the signal line 3, and the aperture
ratio of the opening 50, namely, a portion to be occupied by



US 2005/0151914 A1

an area where the area of the driving electrode 5 and the
opposite electrode 6 and so on is subtracted from the area of
the opening 50 with respect to the area of the opening 50
surrounded with broken lines in FIG. 434, becomes smaller
to make the picture quality worse. In order to develop the
high picture quality liquid crystal displaying apparatus, it is
necessary to shieled the light, without reducing the aperture
ratio, the electric field to be caused between the signal line
3 and the opposite electrode 6 adjacent to the signal line 3.

[0019] As clear from FIG. 43b, level of the surface of the
passivation film 10 which is an upper layer film of the array
substrate 20 is not flat (level difference), and the gap
between the surface of the passivation film 10 and the
opposite substrate 30 is not flat. Thus, uneven Iuminance is
likely to be caused, causing the picture quality worse. The
level difference provided makes not only the array substrate
inferior due to crack, but also disconnects the wiring on the
array substrate due to the level difference portion in the
manufacturing operation with a problem in improving the
yield factor and reliability of the product.

[0020] Further, in accordance with the conventional IPS
liquid crystal displaying apparatus, picture quality is dete-
riorated by light leaking transmitted from the slit 40, the
light being emitted by a back light serving as a light sourse.
In order to shield the leaked light, the black matrix 12 is
provided on the opposite substrate 30. However, when the
TFT array substrate 20 is superposed with the opposite
substrate 30, there might be generated error. Then, the black
matrix 12 has been formed in such a manner as to be
somewhat larger with some margin for the purpose of taking
the error into consideration. However, there arises such a
problem in which opening ratio is lowered when shieding
effect is enhanced by making the black matrix 12 large.

[0021] The first object of the present invention is to solve
the problems mentioned above, and to provide an IPS liquid
crystal displaying apparatus causing electric field parallel to
a glass substrate, the IPS liquid crystal displaying apparatus
capable of improving shielding effect against electric field
leaking from the signal line, making the opening wide (that
is, making opening ratio high) by lowering the light shield-
ing area. Further, the second object of the present invention
is to provide a high quality IPS liquid crystal displaying
apparatus in which cost for producing the apparatur is
decreased by preventing the lines from disconnection
thereby improving the yield factor.

SUMMARY OF THE INVENTION

[0022] The IPS liquid crystal displaying apparatus of the
present invention comprises:

[0023] a TFT array substrate,

[0024] an opposite substrate opposed to the TFT array
substrate and

[0025] liquid crystal interposed between the TFT array

substrate and the opposite substrate,

[0026] wherein the TFT array substrate is composed of a
glass substrate, a gate insulating film formed on the glass
substrate, a possivation film formed on the gate insulating
film, a plurality of scanning lines for transmitting a scanning
signal, the plurality of scanning lines being formed on the
glass substrate, a plurality of signal lines for transmitting an
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image signal, the plurality of signal lines being formed on
the gate insulating film, a plurality of pixels arranged in grid
like pattern by crossing the plurality of scanning lines with
the plurality of signal lines, a plurality of TFTs implement-
ing switching operation of the image signal on the basis of
the scanning signals, a plurality of driving electrodes con-
nected with the TFT, a plurality of opposite electrodes
arranged in such a manner that each of the plurality of
opposite electrodes is opposed to each of the driving elec-
trodes, and a plurality of common lines for mutually con-
necting each of the opposite electrode of one of the plurality
of pixels with the other one of the plurality of pixels,

[0027] wherein the TFT array substrate is formed on the
passivation film, the passivation film being different from a
layer provided with the driving electrode and the opposite
electrode.

[0028] The IPS liquid crystal displaying apparatus of the
present invention is provided with a driving electrode for
driving the liquid crystal layer by causing the electric field
parallel to the TFT array substrate face, the driving electrode
being connected with the TFT, and an opposite electrode
connected with a common line. At least the opposite elec-
trode has a TFT array substrate formed on the passivation
film, different from a layer where the signal line is formed.

[0029] The IPS liquid crystal displaying apparatus of the
present invention has a TFT array substrate having an
opposite electrode formed to cover one portion of the signal
line or all the portion of the signal line.

[0030] The IPS liquid crystal displaying apparatus of the
present invention has a TFT array substrate having an
opposite electrode formed to cover one portion of the
scanning line or all the portion thereof, having at least an
opposite electrode in a layer different from the scanning line.

[0031] The IPS displaying apparatus of the present inven-
tion has a common line and a scanning line on the same
layer, and a signal line provided on the gate insulating film.

[0032] The IPS liquid crystal displaying apparatus of the
present invention has a TFT array substrate with the surface
of the passivation film being approximately flat in shape.

[0033] The IPS liquid crystal displaying apparatus of the
present invention has a light shielding means formed to have
the signal line and the opposite electrode superposed.

[0034] The IPS displaying apparatus of the present inven-
tion has a TFT array substrate formed, to have for superpo-
sition in different layers, a TFT for switching the picture
image signal in accordance with the scanning signal, a
driving electrode for accumulating, while the switch of the
TFT is off, the electric load stored when the switch of the
TFT is on, and a storage capacitance increasing electrode for
reinforcing the capacitance of the driving electrode.

BRIEF EXPLANATION OF THE DRAWINGS

[0035] FIG. 1is a sectional view showing the construction
of one pixel of an IPS liquid crystal displaying apparatus of
Embodiment 1 of the present invention;

[0036] FIG. 2 is a plain view showing the construction of
one pixel of an IPS switching type liquid crystal displaying
apparatus of Embodiment 1 of the present invention;
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[0037] FIGS. 34 and 3b are a plain view and a sectional
view showing the construction of one pixel of an IPS liquid
crystal displaying apparatus of the embodiment 1 of the
present invention;

[0038] FIGS. 4a, 4b, 5a, 5b, 6a, 6b, 7a, 7b, 8a and 8b
depict is a process flow of a TFT array substrate of an IPS
liquid crystal displaying apparatus of Embodiment 1 of the
present invention;

[0039] FIGS. 9a, 95, 10a, 10b, 11a, 11b, 12a, 12b, 13a
and 13b depict is another process flow of a TFT array
substrate of an IPS liquid crystal displaying apparatus of
Embodiment 1 of the present invention;

[0040] FIGS. 14a,14b, 15a, 15b, 16a, 16b,17a, 17b, 18a
and 18b depict is a still another process flow of a TFT array
substrate of an IPS liquid crystal displaying apparatus of
Embodiment 1 of the present invention;

[0041] FIGS.19a and 195 are a plain view and a sectional
view showing the construction of one pixel of an IPS liquid
crystal displaying apparatus of Embodiment 2 of the present
invention;

[0042] FIGS. 204, 20b, 21a, 21b, 224, 22b,23a, 23b, 24a
and 24b depict a process flow of a TFT array substrate of an
IPS liquid crystal displaying apparatus of Embodiment 2 of
the present invention;

[0043] FIGS. 254 and 25b are a plain view and a sectional
view showing the construction of one pixel of an IPS liquid
crystal displaying apparatus of Embodiment 3 of the present
invention;

[0044] FIGS.26a,26b,27a,27b, 28a,28b,29a, 29b, 30a
and 3056 depict a process flow of a TFT array substrate of an
IPS liquid crystal displaying apparatus of Embodiment 3 of
the present invention;

[0045] FIGS.31a and 31b are a plain view and a sectional
view showing the construction of one pixel of an IPS liquid
crystal displaying apparatus of Embodiment 4 of the present
invention;

[0046] FIGS.32a and 32b are a plain view and a sectional
view showing the construction of one pixel of an IPS liquid
crystal displaying apparatus of Embodiment 5 of the present
invention;

[0047] FIG. 33 is a view showing the potential distribu-
tion when the driving electrode and the opposite electrode
are in a layer higher than the upper layer;

[0048] FIGS.34a and 34b are a plain view and a sectional
view showing the construction of one pixel of an IPS liquid
crystal displaying apparatus of Embodiment 6 of the present
invention;

[0049] FIGS.35a and 35b are a plain view and a sectional
view showing the construction of one pixel of an IPS liquid
crystal displaying apparatus of Embodiment 7 of the present
invention;

[0050] FIG. 36 is a sectional view showing the construc-
tion of one pixel of an IPS liquid crystal displaying appa-
ratus of Embodiment 8 of the present invention;

[0051] FIGS.37a,37b,38a,38b,39a,39b, 40a, 40b, 414,
41b, 42a and 42b depict a process flow of a TFT array

Jul. 14, 2005

substrate of an IPS liquid crystal displaying apparatus of
Embodiment 9 of the present invention;

[0052] FIGS. 434 and 43b are a plain view and a sectional
view showing the construction of one pixel of the conven-
tional IPS liquid crystal displaying apparatus;

[0053] FIG. 44 shows an equivalent circuit of one pixel of
the conventional IPS liquid crystal displaying apparatus;

[0054] FIG. 45 is a block diagram showing the construc-
tion of the conventional IPS liquid crystal displaying appa-
ratus;

[0055] FIG. 46 is an explanatory view showing the elec-
tric potential distribution when the driving electrode and the
opposite electrode are in a layer lower than the signal ling;
and

[0056] FIG. 47 an explanatory a view showing a crosstalk
DETAILED DESCRIPTION OF THE
INVENTION
Embodiment 1
[0057] One embodiment of the present invention will be

described in accordance with drawings. The reference
numerals in Embodiment 1 are the same as those of the
conventional reference numerals. FIG. 1 is a sectional view
showing the construction of one pixel of the IPS type liquid
crystal displaying apparatus in Embodiment 1 of the present
invention. FIG. 2 is its plain view. FIG. 1 is a sectional view
taken along a line of A-A in FIG. 2. Referring to the
drawing, reference numeral 1 denotes a glass substrate,
numeral 2 denotes a scanning line, numeral 3 denotes a
signal line, numeral 4 denotes a TFT, numeral § denotes a
driving electrode, numeral 6 denotes an opposite electrode,
numeral 7 denotes an electrode for forming the storage
capacitance, numeral 8 denotes a common line, numeral 9
denotes a gate insulating film, numeral 10 denotes a passi-
vation film, numeral 11 denotes a liquid crystal, numeral 12
denotes a BM, numeral 14 denotes a contact hole, numeral
15 denotes a source electrode of the transistor, and numeral
16 denotes a drain electrode of the transistor. Numeral 20
denotes an array substrate comprising a glass substrate 1, a
signal line 3, a driving electrode §, an opposite electrode 6.
Numeral 30 denotes an opposite substrate cerving as a
displaying picture face arranged opposite to the array sub-
strate 20. Numeral 40 denotes a slit which is a gap between
the signal line 3 and the opposite electrode 6. Numeral 50
denotes an opening of a pixel. FIG. 3 depicts the construc-
tion of one pixel of the IPS type liquid crystal displaying
apparatus when a channel passivation TFT 21 which is one
type of a TFT 4 is provided as a TFT to be used in the IPS
type liquid crystal displaying apparatus shown in FIG. 2.
FIG. 34 is its plain view. FIG. 3b is a sectional view.

[0058] The construction of the pixel of the IPS type liquid
crystal displaying apparatus will be described in accordance
with FIG. 1 and FIG. 2. Referring to the drawings, numeral
1 denotes a glass substrate with a scanning line 2 being
formed on the glass substrate 1. A gate insulating film 9 is
laminated to cover the scanning line 2 and a signal line 3 is
provided on the gate insulating film 9. A passivation film 10
is laminated on the signal line 3. A driving electrode 5 and
an opposite electrode 6 are provided on the passivation film
10. The TFT array substrate 20 is made as described above.
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A substrate 30 which is provided to be opposed to the TFT
array substrate 20 is an opposite substrate for grasping a
liquid crystal 11 with respect to the TFT array substrate 20.
The IPS liquid crystal displaying apparatus of the present
invention causes an electric field along the surface of the
TFT array substrate, and thereby to drive the liquid crystal
11 by controlling the direction of the electric field.

[0059] FIG. 2 is a plain view of an IPS liquid crystal
displaying apparatus shown in FIG. 1. Referring to FIG. 2,
numeral 2 denotes a scanning line and numeral 3 denotes a
signal line. An area surrounded by the scanning line 2 and
the signal line 3 becomes one pixel. Numeral 4 denotes a
TFT provided in the intersection point between the scanning
line 2 and the signal line 3. The gate electrode of three
electrodes having the TFT 4 is connected with the scanning
line 2, and the source electrode 15 is connected with the
signal line 3. The drain electrode 16 of three electrodes
having the TFT 4 is connected with the driving electrode 5
by a contact hole 14 in an upper layer through a passivation
film 10 (not shown). An opposite electrode 6 which is
provided opposite to be engaged with the driving electrode
5is connected with the common line 8 of the same layer. The
common line 8 not shown is connected with the opposite
electrode 6 of the other adjacent pixel. The driving electrode
5, the opposite electrode 6, and the common line 8 are

formed at the same time in a layer upper than the signal line
3

[0060] Numeral 7 denotes storage capacitance for keeping
the potential of the driving electrode 5. The opposite elec-
trode 6 and the drain electrode 16 are laminated vertically.
Numeral 40 denotes a slit between the signal line 3 and the
opposite electrode 6. The BM 12 provided in the opposite
substrate 30 shown in FIG. 1 shields the leakage light which
transmits through the slit 40 with the back light as a light
source. Numeral 50 denotes an opening. The larger the area
of the opening becomes, the higher picture quality the liquid
display can obtain. As the IPS liquid crystal displaying
apparatus retains the electric charge stored in the driving
electrode 5 connected with the drain electrode 16 of the TFT
4 and drives the liquid crystal 11 by causing the electric field
along the surface of the glass substrate 1, the opposite
substrate 30 is a no-electrode substrate not provided with an
electrode. One example of the process flow of the TFT array
substrate for composing the pixel of the IPS liquid crystal
displaying apparatus in Embodiment 1 will be described.

[0061] FIGS. 4a, 4b, 5a, 5b, 6a, 6b, 7a, 7b, 8a and 8b
depict a process flow of a TFT array substrate. FIGS. 9a, 95,
10a, 10b, 11a, 11b, 124, 12b, 13a and 13b depict another
process flow of a TFT array substrate. FIGS. 14a, 14, 15a,
15b, 16a, 16b, 17a, 17b, 18a and 18b depict still another
process flow of a TFT array substrate. The left-hand side
views of FIG. 4a through FIG. 18a show the TFT array
substrate and the right-hand side views thercof show the
terminal portions for embodying the scanning line 2 into the
scanning line driving circuit. Referring to FIGS. 4a, 4b, 5a,
5b, 6a, 6b, Ta, 7b, 8a and 8b a step 1 (FIGS. 4a and 4b)
forms a scanning line 2, of approximately 50 nm through
800 nm in film thickness, under the construction of any one
of Cr, Al, Mo, Ta, Cu, Al—Cu, AlI—Si—Cu, Ti, W, or of
their alloy, or transparent materials such as ITO (Indium Tin
Oxide) or the like or the laminated thereof. The scanning line
2 functions even as the gate electrode of the TFT 4. As an
etching method in forming the scanning line 2 may be used

Jul. 14, 2005

an etching method as the section becomes rectangular
although the taper etching which becomes trapezoidal in
section is shown in FIGS. 4a, 4b, 54, 5b, 6a, 6b, 7a, 7b, 8a
and 8b.

[0062] Instep 2 (FIGS. 5a and 5b), a gate insulating film
9 is accumulated to cover the scanning line 2, amorphous
silicon with impurities such as amorphous silicon, phospho-
rus and so on being doped in it is continuously accommo-
dated, then amorphous silicon is patterned and the TFT 4 is
formed with a channel etch type. A gate insulating film 9 is
proper to have approximately 200 nm through 600 nm in
thickness by using a transparent insulating film such as
silicon nitride, silicon oxide or the like, film oxide of a gate
electrode material (namely, a material of the scanning line 2)
or their laminated films. Also, a micro crystal silicon with
impurities such as phosphorus or the like being doped in it
can be used as a material instead of amorphous silicon with
impurities such as phosphorus or the like being doped in it.

[0063] Instep3(FIGS. 6a and 6b) there is formed a signal
line 3 simultaneously with a source electrode 15 and a drain
electrode 16 of the TFT 4. The signal line 3 functions as a
source electrode 15. The signal line 3 is formed of any one
of Cr, Al, Mo, Ta, Cu, AlI—Cu, AI—Si—Cu, Ti, W or alloy
mainly made of them, or alloy made chiefly of them, or a
transparent material of such as ITO or the like or their
laminated construction.

[0064] In step 4 (FIGS. 7a and 7b) there is formed a
passivation film 10 with a transparent insulating film of
silicon nitride, silicon oxide and so on. In order to electri-
cally connect the driving electrode 5 with the drain electrode
16, the partial passivation film on the drain electrode 16 of
the TFT 4 is removed to form a contact hole 14. At this time,
the gate insulating film 9 and the passivation film 10 are
removed from the terminal portion of the scanning line 2 at
the same time and the passivation film 10 is removed from
the terminal portion of the signal line 3 so that the external
terminal, the scanning line 2 and the signal line 3 can be
connected electrically.

[0065] In step 5 (FIGS. 8a and 8b) there is formed the
driving electrode 5 and the opposite electrode 6, as an
electrode for forming the electric field in a horizontal
direction to the substrate face, with any one of Cr, Al, Mo,
Ta, Cu, Al—Cu, A1—Si—Cu, Ti, W or alloy mainly com-
posed of at least two thereof, or a transparent material of
such as ITO or the like or their laminated construction or
their laminated construction including them. The driving
electrode 5 is connected with the drain electrode 16 through
the contact hole 14. The opposite electrode 6 is connected
with the common line 8. The opposite electrodes 6 are
superposed through the drain electrode 16 and the passiva-
tion film 10 to form the storage capacitance 7 for keeping the
electric potential of the driving electrode. By the above five
steps, the driving electrode 5 and the opposite electrode 6 are
provided in the layer (namely, on the side of the opposite
substrate 30) upper than the signal line 3. The TFT array
substrate 20 which can apply the horizontal electric field to
the substrate face can be made by using a channel etch type
TFT with five photo-lithography processes.

[0066] Although the terminal 22 is formed by using the
metal of the same layer as that of the scanning line 2 in the
process flow of the above described TFT array substrate, a
terminal can be formed by using the ITO. The I'TO has only
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to be made of the same layer as that of the scanning line or
the signal line 3. Although the signal wiring has been
straightly etched, it is desirable to conduct a taper etching
operation. When the signal line is formed on Cr under the Al
laminated construction, an over etching operation is con-
ducted in Cr when the Cr has been patterned after the Al is
patterned, the construction becomes protective in construc-
tion, causing disconnection. In order to prevent it, the
etching of Al is conducted again after the patterning of the
Cr. Retreat the Al from the Cr end face and the protecting
construction can be prevented. This etching of the Al can use
the taper etching. This method can be adapted when the
signal line is formed under the laminated construction of
different metals of two types or more of any one of Cr, Al,
Mo, Ta, Cu, Al—Cu, AI—Si—Cu, Ti, W or alloy mainly
composed of at least two thereof, or transparent materials
such as ITO or their laminated construction.

[0067] In FIGS. 4a, 4b, 5a, 5b, 6a, 6b, 7a, 7b, 8a and 8b
the driving electrode 5 and the opposite electrode 6 can be
formed on the same layer and the driving electrode 5 and the
signal line 3 are formed at the same time as shown in FIGS.
9a, 90, 10a, 100, 11a, 11b, 124, 12b, 13a and 13b. After
forming the passivation film 10 by using the silicon nitride
or the like, the opposite electrode 6 can be formed. In this
case, the driving electrode 5 and the opposite electrode 6 are
formed in a separate layer. A channel passivation film
transistor 21 which is one type of TFT 4 can be used, instead
of a TFT used for the TFT array substrate shown in FIGS.
4a, 4b, 5a, 5b, 6a, 6b, Ta, Tb, 8a and 8b. FIGS. 144, 14b,
154, 15b, 16a, 16b, 17a, 17b, 182 and 186 arc views
showing a process flow of the TFT array substrate formed by
using a channel passivation film transistor 21.

[0068] The TFT array substrate shown in FIGS. 144, 14b,
15a, 15b, 164, 16b, 17a, 17b, 184 and 18b includes a pixel
of the IPS liquid crystal displaying apparatus shown in FIG.
3, and is formed much more in branch layer than the TFT
array substrate shown in FIG. 5. This is due to the difference
of a producing step (FIGS. 15a and 15b) of forming a
scanning line 2, then the continuously depositing the gate
insulating film 9, the amorphous silicon, and the channel
passivation film to cover the scanning line 2, then forming
the channel passivation film 21, ion-injecting the impurities
such as P and so on into the amorphous silicon with the
channel passivation film 21 as a mask to form an n-layer, and
forming the channel passivation film transistor.

[0069] In the characteristic construction of the TFT array
substrate 20 of the IPS liquid crystal displaying apparatus of
Embodiment 1, the driving electrode 5 and the opposite
electrode 6 on the array substrate 20 are arranged on a layer
(namely, on the side of the opposite substrate 30) upper than
the signal line 3. This arrangement allows a step of forming
the contact hole 14 and removing the passivation film 10
from the terminal portion of the signal line 3, and a step of
removing the insulating film 9 and the passivation film 10
from the terminal portion of the scanning line 2 to carry out
at one time. Thus, the number of the masks can be reduced
by one and thereby the manufacturing cost can be reduced.

[0070] 1t has been found by forming the driving electrode
5 and the opposite electrode 6 on the layer of the side of the
opposite substrate 30 with the signal line 3 and the layer
being made different that the influences of the electric field
caused by the electric potential difference between the
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opposite electrode 6, provided adjacently to the signal line
3 on the end portion of the opening 50 shown in FIG. 2, and
the signal line 3, as judged from the description to be
mentioned later in Embodiment 5. Thus, the opposite elec-
trode of the side end portion of the opening 50 can be made
closer to the signal line 3 and the area of the opening 50 can
be made larger.

[0071] 1In FIG. 1, the driving electrode 5 and the opposite
electrode 6 are directly in contact with the liquid crystal
interposed between the TFT array substrate 20 and the
opposite substrate 30, so that the liquid crystal can be
efficiently driven, and the space between the driving elec-
trode § and the opposite electrode 6 can be made wider.
Thus, an effect of improving the aperture ratio can be
obtained.

Embodiment 2

[0072] FIGS. 19a and 195 show the construction of the
pixel electrode of the liquid crystal displaying apparatus of
the embodiment 2 of the present invention. FIG. 19a is its
plain view. FIG. 19b is a sectional view taken along a line
of A-A of FIG. 19a. FIGS. 20a, 20b, 21a, 21b, 22a, 225,
23a, 23b, 244 and 24b are views showing the process flow
of the array substrate. Referring to the drawing, reference
numeral 1 denotes a glass substrate, numeral 2 denotes a
scanning line, numeral 3 denotes a signal line, numeral 4
denotes a thin film transistor (TFT), numeral 5 denotes a
driving electrode, numeral 6 denotes an opposite electrode,
numeral 7 denotes an electrode for forming the storage
capacitance, numeral 8 denotes common line, numeral 9
denotes a gate insulating film, numeral 10 denotes a passi-
vation film, numeral 11 denotes a liquid crystal, numeral 12
denotes a BM, numeral 14 denotes a contact hole, numeral
15 denotes a source electrode of a transistor, and numeral 16
denotes a drain electrode. Numeral 18 denotes a through-
hole, numeral 20 denotes an array substrate comprising a
glass substrate 1, a signal line 3, a driving electrode 5, an
opposite electrode 6. Numeral 30 denotes an opposite sub-
strate serving as a display picture face arranged opposite to
the array substrate 20. Numeral 40 denotes a slit which is a
gap between the signal line 3 and the opposite electrode 6.
Numeral 50 denotes an opening of the pixel.

[0073] In Embodiment 1, the common line 8 is formed on
the same layer as that of the opposite electrode 6. In the
embodiment 2, the common line 8 is formed on the same
layer as that of the scanning line 2, namely, on the glass
substrate 1 as shown in FIGS. 20a, 205, 214, 21b, 224, 22b,
23a,23b, 24a and 24b. The source electrode 15 is connected
with the signal line 3, which is laminated on the scanning
line 2 and the common line 8 through the gate insulating film
9. Furthermore, the driving electrode 5 and the opposite
electrode 6 are formed through the passivation film 10. The
driving electrode 5 is connected with the drain electrode 16
through the contact hole 14. The opposite electrode 6 is
connected with the common line 8 through the through-hole
18. The channel passivation film TFT can be used as the TET
4.

[0074] In the IPS liquid crystal displaying apparatus of
Embodiment 2, as in Embodiment 1, the driving electrode 5
and the opposite electrode 6 are formed in a layer close to
the liquid crystal different from the signal line 3. As the
liquid crystal can be driven more efficiently, the space
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between the driving electrode 5 and the opposite electrode 6
can be made wider to improve the aperture ratio. Since the
common line 8 and the scanning line 2 are formed in the
same layer, the common line 8 can be formed on the flat
glass substrate 1 together with the scanning line 2. Thus, a
problem of disconnecting the common line 8 with a level
difference portion is prevented from being caused, so as to
improve traction defective. Therefore, the reliability of the
product is improved. In Embodiment 1, the opposite elec-
trode 6 cannot be made thinner in film due to resistivity of
the common line 8, but in Embodiment 2, the film of the
opposite electrode 6 can be made thinner. The dispersion of
the electrode space is made smaller due to the thinner film
of the opposite electrode 6, so as to realize a liquid crystal
displaying apparatus which is less in uneven luminance
across the whole picture face.

Embodiment 3

[0075] FIGS. 25a and 25b show the construction of one
pixel of the liquid crystal displaying apparatus of the
embodiment 2 of the present invention FIG. 254 is its plain
view. FIG. 25b is a sectional view taken along a line of A-A
of FIG. 25a. FIGS. 26a, 26b, 27a, 27b, 28a, 28b, 29a, 29b,
304 and 30b are views showing the process flow of the array
substrate. Referring to the drawing, reference numeral 1
denotes a glass substrate, numeral 2 denotes a scanning line,
numeral 3 denotes a signal line, numeral 4 denotes a TFT,
numeral 5 denotes a driving electrode, numeral 6 denotes an
opposite electrode, numeral 7 denotes an electrode for
forming the storage capacitance, numeral 8 denotes common
line, numeral 9 denotes a gate insulating film, numeral 10
denotes a passivation film, numeral 11 denotes a liquid
crystal, numeral 12 denotes a BM, numeral 14 denotes a
contact hole, numeral 15 denotes a source electrode of a
transistor, and numeral 16 denotes a drain electrode.
Numeral 20 denotes an array substrate comprising a glass
substrate 1, a signal line 3, a driving electrode 5, an opposite
electrode 6. Numeral 30 is an opposite substrate serving as
a displaying picture face arranged opposite to the array
substrate 20. Numeral 40 denotes a slit which is a gap
between the signal line 3 and the opposite electrode 6.
Numeral 50 denotes an opening of the pixel.

[0076] In forming the TFT array substrate 20, the passi-
vation film 10 is formed of a transparent insulation film such
as silicon nitride, silicon oxide. The surface of the passiva-
tion film 10 is not flat and has a level difference. In
Embodiment 3, the passivation film 10 is made flat by
removing the level difference of the surface of the passiva-
tion film 10, as shown in FIG. 25b and FIGS. 26a, 26b, 274,
27b, 28a, 28b, 294, 29b, 30z and 30b, by forming with the
use of a material such as acrylic melamine, acrylic epoxy or
the like having a function of flattening the surface of the
layer to be formed.

[0077] The IPS liquid crystal displaying apparatus of
Embodiment 3 can equally constitute with precision the gap
between the surface of the array substrate across the whole
displaying picture face and the opposite substrate 30 by
flattening the surface of the passivation film 10. A liquid
crystal displaying apparatus which is less in uneven bril-
liance across the whole picture face can be made. The
fraction defective which is caused due to cracks or the like
in the level difference portion of the passivation film 10 can
be made smaller to improve the yield. A high quality liquid
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crystal displaying apparatus can be realized which is applied
equally in rubbing treatment necessary to the orientation of
the liquid crystal by the flattening operation and is less in
orientation disturbing.

[0078] As in Embodiment 1, the driving electrode 5 and
the opposite electrode 6 are provided closer to the liquid
crystal than a formed layer of the signal line 3, with an effect
of improving the aperture ratio, because the liquid crystal
can be driven efficiently, and the space between the driving
electrode 5 and the opposite electrode 6 can be widened.

Embodiment 4

[0079] FIGS. 31a and 315 show the construction of one
pixel electrode of the liquid crystal displaying apparatus of
Embodiment 4 of the present invention FIG. 3 1a is its plain
view. FIG. 31b is a sectional view taken along a line of A-A
of FIG. 3 la. Referring to the drawing, reference numeral 1
denotes a glass substrate, numeral 2 denotes a scanning line,
numeral 3 denotes a signal line, numeral 4 denotes a TFT,
numeral 5 denotes a driving electrode, numeral 6 denotes an
opposite electrode, numeral 7 denotes an electrode for
forming the storage capacitance, numeral 8 denotes common
line, numeral 9 denotes a gate insulating film, numeral 10
denotes a passivation film, numeral 11 denotes a liquid
crystal, numeral 14 denotes a contact hole, numeral 15
denotes a source electrode of a TFT 4, and numeral 16
denotes a drain electrode of the TFT. Numeral 20 denotes an
array substrate composing a glass substrate 1, a signal line
3, a driving electrode 5, an opposite electrode 6. Numeral 30
denotes an opposite substrate serving as a displaying picture
face arranged opposite to the array substrate 20. Numeral 60
denotes a light shielding film provided on the glass substrate
1

[0080] Embodiment 4 is characterized by formation of a
light shielding film 60 on a glass substrate 1, which shields
the leakage light from a slit 40 (see FIG. 43a) between the
signal line 3 and the opposite electrode 6 in the pixel
structure of the liquid crystal displaying apparatus of
Embodiment 1 through Embodiment 3. The structure of the
liquid crystal displaying apparatus of Embodiment 4 will be
described in accordance with FIG. 31 and FIG. 31b.

[0081] A light shielding film 60 is formed on the glass
substrate 1 in FIG. 31b. Although not shown in FIG. 315,
the scanning line 2 is also formed on the same layer as that
of the light shielding film 60. The scanning line 2 functions
as a gate electrode of the TFT 4. A gate insulating film 9 is
laminated on the scanning line 2 and the light shielding film
60. A signal line 3, in a position superposed on the light
shielding film 60, on the gate insulating film 9. The TFT 4
is also formed on the gate insulating film 9. The TFT 4 can
use either of the channel etch TFT and the channel passi-
vation film TFT. The source electrode 15 of the TFT 4 and
the drain electrode 16 are also formed in the same layer as
that of the signal line 3, so as to laminate the passivation film
10. Continuously a contact hole 14 is formed in the passi-
vation film 10. The driving electrode 5 provided on the
passivation film 10 and the drain electrode of the TFT 4
provided on the gate insulating film 9 are connected with
each other through the contact hole 14.

[0082] The opposite electrode 6 is formed on the passi-
vation film 10 as in the driving electrode 5. In a position
where the opposite electrode 6 is superposed on the light
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shielding film 60, it is superposed through the drain elec-
trode 16 and the passivation film 10 to form the storage
capacitance 7 for keeping the electric potential of the driving
electrode 5. The opposite electrode 6 is connected with the
common line 8 provided on the same layer. Broken lines are
shown on both the end portions of the pixel of FIG. 31a. The
broken lines show a position in FIG. 31a of the light
shielding film 60 provided on the glass substrate 1 shown in
FIG. 31b. As shown by the broken lines, it is found out that
a slit 40 (see FIG. 43a) is covered between the signal line
3 and the opposite electrode 6 by formation of the opposite
electrodes 6 at both the ends to be superposed on the light
shielding film 60.

[0083] In Embodiment 4, the driving electrode 5 and the
opposite electrode 6 are formed on the passivation film 10.
The driving electrode 5 and the signal line 3 are formed
simultaneously on the gate insulating film 9 and the opposite
electrode 6 can be formed after the passivation film has been
formed by using silicon nitride or the like. In this case, the
driving electrode 5 and the opposite electrode 6 are formed
in a different layer. In Embodiment 4, the light leaking from
the slit 40 (not shown) between the signal line 3 and the
opposite electrode 6 is not caused by formation of the light
shielding film 60 on the glass substrate 1. Thus, the width of
the BM 12 of the opposite substrate 30 can be made
narrower and the light shielding in the direction of the signal
line 3 do not have to be conducted by the BM 12. Therefore,
the BM 12 can be omitted so that the opening portion can be
provided larger.

[0084] The liquid crystal displaying apparatus is manu-
factured by superposed combination between the TFT array
substrate and the opposite substrate with a color filter
attached to it, including the liquid crystal 11 into between
these substrates, and connecting the driving circuit. Super-
posed errors are sometimes caused by a step of superposing
the TFT array substrate and the opposed substrate. Thus, in
the BM, the light shiclding area has to be provided larger
(see FIG. 43q), considering the superposed errors, so as to
positively shield the leakage light from the slit 40 of the TFT
array substrate 20. The transmission portion of the slit
leakage light can be shielded in light positively by provision
of the light shielding film 60 on the TFT array substrate 20.
The superposed error between the TFT array substrate and
the opposite substrate is not necessary to be considered.
Thus, the BM 12 can be provided into the size of a necessary
minimum, and thereby the opening portion can be made
larger.

[0085] In the IPS liquid crystal displaying apparatus of
Embodiment 4, the driving electrode 5 and the opposite
electrode 6 are provided in a layer close to the liquid crystal
as in the IPS liquid crystal displaying apparatus of Embodi-
ment 1. The liquid crystal can be driven effectively and the
space between the electrodes can be widened, with an effect
of improving the aperture ratio.

Embodiment 5

[0086] A construction of one pixel of the IPS liquid crystal
displaying apparatus of Embodiment 5 is depicted in FIGS.
324 and 32b. The plain view thereof is depicted in FIG. 32a.
FIG. 32b is a sectional view taken along a line A-A of FIG.
32a. Referring to the drawing, reference numeral 1 denotes
a glass substrate, numeral 2 denotes a scanning line, numeral
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3 denotes a signal line, numeral 4 denotes a thin film
transistor (TFT), numeral 5 denotes a driving electrode,
numeral 6 denotes an opposite electrode, numeral 7 denotes
an electrode for forming the storage capacitance, numeral 8
denotes common line, numeral 9 denotes a gate insulating
film, numeral 10 denotes a passivation film, numeral 11
denotes a liquid crystal, numeral 12 denotes a BM, numeral
14 denotes a contact hole, numeral 15 denotes a source
electrode of a transistor, and numeral 16 denotes a drain
electrode of a transistor. Numeral 20 denotes an array
substrate comprising glass substrate 1, a signal line 3, a
driving electrode 5, an opposite electrode 6. Numeral 30
denotes an opposite substrate serving as a displaying picture
face arranged opposite to the array substrate 20.

[0087] Embodiment 5 is characterized by formation of the
driving electrode 5 and the opposite electrode 6, as in
Embodiment 1, in a layer upper than the signal line 3, and
furthermore, the formation of the opposite electrode 6 to
cover the signal line 3, so as to make it hard to receive the
influences of the leakage electric field from the signal line 3
but further, not to cause the leakage light from the slit 40 (see
FIG. 43a) between the signal line 3 and the opposite
electrode 6. FIG. 33 depicts the simulated results of changes
in electric potential caused between the driving electrode 5
formed to cover the signal line 3 and the opposite electrode
6 formed in the same layer as that of the driving electrode
5. FIG. 33 is the calculated electric potential in the window
upper portion or lower portion when a white window has
been displayed on the half tone of 50% in relative transmis-
sion factor.

[0088] Between FIG. 46 and FIG. 33 there is shown the
electric potential distribution in the TFT array substrate of
the conventional IPS liquid crystal displaying apparatus
having the driving electrode 5 and the opposite electrode 6
in the layer lower than the signal line 3. In FIG. 33, the
electric field to be caused by the electric potential difference
between the signal line 3 and the opposite electrode 6 is
shielded by the opposite electrode 6 arranged on the upper
portion to cover the signal line 3. Thus, the electric potential
distribution is approximately symmetrical in the area close
to the signal line 3 of the opening 50 and the area separated
from the signal line 3.

[0089] In this manner, the TFT array substrate 20 of the
IPS liquid crystal displaying apparatus of Embodiment 5 can
reduce remarkably the influences, of the electric field to be
caused between the signal line 3 and the opposite electrode
6, with respect to the electric field to be caused between the
driving electrode 5 and the opposite electrode 6 by forma-
tion of the driving electrode 5 and the opposite electrode 6
in a layer upper than the signal line 3, and formation of the
opposite electrode 6 to cover the signal line 3. The opposite
electrode 6 of the end of the opening 50 can be made much
closer to the signal line 3, thus making it possible to widen
the total area of the opening 50 wider.

[0090] As the opposite electrode 6 is formed to cover the
signal line 3, the leakage light can be shield, thus making it
possible to remove the BM 12. As the area of the opening
portion 50 can be widened, a liquid crystal displaying
apparatus higher in brilliance can be provided. As a step of
providing the BM 12 can be reduced, the productivity can be
improved, and a liquid crystal displaying apparatus can be
produced with lower cost. As in Embodiment 1, the driving
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electrode 5 and the opposite electrode 6 can be formed in a
layer close to the liquid crystal. The liquid crystal can be
driven efficiently and the space between the electrodes can
be widened, thus improving the aperture ratio.

Embodiment 6

[0091] FIGS. 34a and 34b show the construction of one
pixel of the IPS liquid crystal displaying apparatus of
Embodiment 6. FIG. 34q is its plain view. FIG. 34b is a
sectional view taken along a line of A-A of FIG. 344 The
construction of the pixel of the IPS liquid crystal displaying
apparatus of Embodiment 6 shown in FIGS. 344 and 34b are
fundamentally similar to that of the pixel of the IPS dis-
playing apparatus of Embodiment 5 shown in FIG. 12, the
description thereof is omitted. Although the opposite elec-
trode 6 of the construction for completely covering the
signal line 3 is provided in Embodiment 5, the opposite
electrode 6 of the construction for covering one portion of
the signal line 3 can be used as in the opposite electrode 6
of the pixel of the IPS liquid crystal displaying apparatus of
Embodiment 6 shown in FIGS. 34a and 34b.

[0092] According to Embodiment 6, the opposite elec-
trode 6 is adapted to form one portion of the signal line 3.
Thus, the electric field for generating the electric potential
difference between the signal line 3 and the opposite elec-
trode 6 can reduce the influences for influencing the electric
field between the driving electrode 5 and the opposite
electrode 6, and the leakage light passing through the slit 40
between the signal line 3 and the opposite electrode 6 can be
shielded. It is possible to make the width of the BM 12
narrower or remove the BM 12. A liquid crystal displaying
apparatus which is wider in an opening and higher in
luminance can be realized. Also, a process of providing the
BM 12 can be reduced by removing the BM 12, so as to
improve the productivity. As a superposed area of the signal
line 3 and the opposite electrode 6 becomes smaller, the
short circuit defect between the signal line 3 and the opposite
electrode 6 can be reduced. As the superposed area of the
signal line 3 and the opposite electrode 6 becomes smaller,
the capacitance between the signal line 3 and the opposite
electrode 6 can be made smaller, so that the load of the
wiring can be reduced,. making it easier to do a driving
operation.

Embodiment 7

[0093] FIGS. 354 and 35b show the construction of one
pixel of the IPS liquid crystal displaying apparatus of
Embodiment 7. FIG. 35q is its plain view. FIG. 35b is a
sectional view taken along a line of A-A of FIG. 354. As the
construction of the pixel of the IPS liquid crystal displaying
apparatus of Embodiment 7 shown in FIGS. 354 and 35b are
fundamentally similar to that of the pixel of the IPS type
displaying apparatus of the embodiment 5 shown in FIGS.
344 and 34b, the description thereof is omitted. Embodiment
7 is characterized by enlarging the opposite electrode 6 up
to above the scanning line 2, and connecting the opposite
electrode 6 of the other pixel adjacent to the pixel by using
the opposite electrode 6, in the pixel construction of the
liquid crystal displaying apparatus in, for example, Embodi-
ment 6 as shown in FIGS. 34a and 34b.

[0094] By using such a construction, the width of the
opposite electrode 6 becomes thicker so that the resistivity
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of the opposite electrode 6 is lowered and the load is
reduced, making it easier to conduct a driving operation. As
the electric potential is supplied from the opposite electrode
6 on the scanning line 2 even when the common line 8 is
disconnected, it does not become defective on display. The
reliability of the product is improved. The construction of
the opposite electrode 6 in Embodiment 7 can be adapted to
not only to Embodiment 7, but also the other embodiments.

Embodiment 8

[0095] FIG. 36 shows the sectional construction of the
storage capacitance portion of one pixel of the liquid crystal
displaying apparatus of Embodiment 8 of the present inven-
tion. Referring to the drawing, reference numeral 17 denotes
an electrode for increasing the storage capacitance formed
on the glass substrate 1. Numeral 16 denotes a drain elec-
trode of the TFT. The storage capacitance portion of the
liquid crystal liquid displaying apparatus of Embodiment 8
as shown in the drawing is superposed and laminated on a
layer (for example, the layer of the scanning line 2) separate
from the drain electrode 16 of the TFT through the gate
insulating film 9. It can make the area of the electrode for
forming the storage capacitance smaller by the laminating
construction of the electrode of the storage capacitance
portion. As a result, the opening 50 (not shown) of the pixel
can be made wider.

Embodiment 9

[0096] FIGS.37q,37b,38a,38b,39q,39b, 40a, 40b, 414,
41b, 424 and 42b are views showing the process flow of the
TFT array substrate of the Embodiment 9. Referring to
FIGS. 37a, 37D, 38a, 38b, 394,395, 40a, 40b, 41a,41b, 42a
and 42b, reference numeral 1 denotes a glass substrate,
numeral 2 denotes a scanning line, numeral 3 is a signal line,
numeral 4 denotes a TFT, numeral 5 denotes a driving
electrode, numeral 6 denotes an opposite electrode, numeral
8 denotes common line, numeral 9 denotes a gate insulating
film, numeral 10 denotes a passivation film, numeral 14
denotes a contact hole, numeral 15 denotes a source elec-
trode of a transistor, and numeral 16 denotes a drain elec-
trode of a transistor. Numeral 19 denotes a second passiva-
tion film. Numeral 20 denotes an array substrate comprising
a glass substrate 1, a signal line 3, a driving electrode 5, an
opposite electrode 6.

[0097] In Embodiment 9, a second passivation film 19 is
formed on the TFT array substrate shown in FIGS. 4a
through 18 and FIGS. 4b through 18b. The construction of
one pixel of the liquid crystal displaying apparatus of
Embodiment 9 is similar to Embodiment 1. A method of
manufacturing the liquid crystal displaying apparatus of the
embodiment will be described hereinafter. The process flow
of the TFT array substrate in Embodiment 9 is similar to
Embodiment 1 up to a step for forming the opposite elec-
trode 6. In Embodiment 9, a second passivation film 19 is
formed on the top layer of the opposite electrode 6.

[0098] By forming the second passivation film 19 between
the driving electrode 5 and the opposite electrode 6, the short
circuit, between the driving electrode 5 and the opposite
electrode 6, due to foreign materials can be prevented to
improve the yield. As the level difference between the
driving electrode 5 and the opposite electrode 6 can be made
flat, a high quality of liquid crystal displaying apparatus can



US 2005/0151914 A1

be realized where the rubbing treatment necessary for the
liquid erystal orientation is equally applied and is less in
orientation disturbing.

[0099] According to the IPS liquid crystal displaying
apparatus of the present invention, the driving electrode and
the opposite electrode are formed in a layer close to the
liquid crystal different to the signal line. The driving elec-
trode and the opposite electrode are formed in a layer close
to the liquid crystal so that the liquid crystal can be driven
more efficiently. Thus, the space between the driving elec-
trode and the opposite electrode can be widened, so as to
improve the aperture ratio.

[0100] According to the IPS liquid crystal displaying
apparatus of the present invention, at least the opposite
electrode of the driving electrode and the opposite electrode
is formed in a layer close to the liquid crystal different from
a layer where the signal line is formed, so that influences
given by the electric field to be caused by the electric
potential difference between the signal line and the opposite
electrode.

[0101] According to the IPS liquid crystal displaying
apparatus of the present invention, the opposite electrode is
formed to cover one portion or all the portion of the signal
line. The electric field to be caused by the electric potential
difference between the signal line and the opposite electrode
influences the electric field to be caused between the driving
electrode of the opening and the opposite electrode, thereby
restraining a problem of deteriorating the picture quality on
the displaying from being caused. Thus, the liquid crystal
display of high picture quality can be made and the leakage
light from between the signal line for making the black light
a light source, and the opposite electrode can be shielded
accurately. The BM can be removed, so as to improve the
aperture ratio.

[0102] According to the IPS liquid crystal displaying
apparatus of the present invention, at least the opposite
electrode is provided in a layer different from the scanning
line so as to cover one portion or all the portion of the
scanning line. The opposite electrode of the other pixel can
be connected by the opposite electrode, so that the width of
the opposite electrode can be made thicker without reduction
in the area of the opening. Accordingly, the resistivity of the
opposite electrode can be lowered to reduce the load of the
wiring. As the electric potential can be fed from the opposite
electrode on the scanning line when the common line is
disconnected, the reliability can be increased by restraining
the defects on the displaying from being caused.

[0103] According to the IPS liquid crystal displaying
apparatus of the present invention, the common line and the
scanning line are provided on the same layer and the single
line is provided on a layer closer to the opposite substrate
than to the common line and the scanning line. The defect to
be caused in the stage difference portion can be restrained.

[0104] According to the IPS liquid crystal apparatus of the
present invention, a passivation film whih formed approxi-
mately flat in surface where the TFT array substrate comes
into contact with the liquid crystal. Thus, the gap between
the array substrate surface and the opposite substrate across
all the display picture surface is equally constructed with
precision. The rubbing treatment necessary for the liquid
crystal orientation is equally applied and the orientation
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disturbing can be reduced. The liquid crystal displaying
apparatus which is less in uneven luminance across the
whole picture face can be realized. The fraction defective
which is caused by cracks in the stage difference portion of
the passivation film becomes smaller, so as to improve the
yield.

[0105] In the IPS liquid crystal displaying apparatus of the
present invention, a TFT array substrate is provided having
a light shielding means formed to have the signal line and
the opposite electrode superposed. The leakage light for
transmitting through the slit can be shielded, and thus the
BM provided on the opposite substrate becomes unneces-
sary. The superposed errors are not necessary to be consid-
ered in the superposition between the TFT array substrate
and the opposite substrate in determining the size of the light
shielding means. Thus, the size of the light shielding means
can be made that of a necessary minimum, so as to improve
the aperture ratio.

[0106] According to the in plain switching type liquid
crystal displaying apparatus of the present invention, a TFT
array substrate formed to be superposed with a TFT, a
driving electrode, and a storage capacitance increasing elec-
trode being different in layer. The area of the electrode for
forming the storage capacitance can be made smaller and the
opening portion of the pixel can be made wider correspond-
ingly, and the liquid crystal displaying apparatus higher in
luminance can be realized.

[0107] Though several embodiments of the present inven-
tion are described above, it is to be understood that the
present invention is not limited only to the above-men-
tioned, various changes and modifications may be made in
the invention without departing from the spirit and scope
thereof.

1-8. (canceled)
9. An IPS In Plane Switching (IPS) liquid crystal display-
ing apparatus, comprising:

a Thin Film Transistor (TFT) array substrate;

an opposite substrate opposed to said TFT array substrate;
and

liquid crystal interposed between said TFT array substrate
and said opposite substrate,

wherein said TFT array substrate comprises,
a glass substrate,
a gate insulating film formed on said glass substrate,
a passivation film formed on said gate insulating film,

a plurality of scanning lines configured to transmit a
plurality of scanning signals and formed on said
glass substrate,

a plurality of signal lines configured to transmit a
plurality of image signals and formed on said gate
insulating film,

a plurality of pixels arranged in a grid like pattern by
crossing said plurality of scanning lines with said
plurality of signal lines,

a plurality of TFTs implementing a switching operation
of said plurality of image signals based on said
plurality of scanning signals,
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a plurality of driving electrodes formed on said passi-
vation film and connected with said plurality of
TFTs,

a plurality of opposite electrodes formed on said pas-
sivation film, each of said plurality of opposite
electrodes opposing each of said plurality of driving
electrodes, and

a plurality of common lines configured to connect each
of said plurality of opposite electrodes with each of
said plurality of pixels,

wherein said TFT array substrate includes at least one
common line of said plurality of common lines and at
least one scanning line of said plurality of scanning
lines on a same layer, and at least one signal line of said
plurality of signal lines provided on said gate insulating
film,

wherein said TFT array substrate is provided with a light
shielding means formed in such a manner as to super-
pose one signal line of the plurality of signal lines and
one opposite electrode of the plurality of opposite
electrodes.
10. An IPS In Plane Switching (IPS) liquid crystal dis-
playing apparatus, comprising:

a Thin Film Transistor (TFT) array substrate;

an opposite substrate opposed to said TFT array substrate;
and

liquid crystal interposed between said TFT array substrate
and said opposite substrate,

wherein said TFT array substrate comprises,
a glass substrate,
a gate insulating film formed on said glass substrate,
a passivation film formed on said gate insulating film,

a plurality of scanning lines configured to transmit a
plurality of scanning signals and formed on said
glass substrate,
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a plurality of signal lines configured to transmit a
plurality of image signals and formed on said gate
insulating film,

a plurality of pixels arranged in a grid like pattern by
crossing said plurality of scanning lines with said
plurality of signal lines,

a plurality of TFTs implementing a switching operation
of said plurality of image signals based on said
plurality of scanning signals,

a plurality of driving electrodes formed on said passi-
vation film and connected with said plurality of
TFTs,

a plurality of opposite electrodes formed on said pas-
sivation film, each of said plurality of opposite
electrodes opposing each of said plurality of driving
electrodes, and

a plurality of common lines configured to connect each
of said plurality of opposite electrodes with each of
said plurality of pixels,

wherein said TFT array substrate includes at least one
common line of said plurality of common lines and at
least one scanning line of said plurality of scanning
lines on a same layer, and at least one signal line of said
plurality of signal lines provided on said gate insulating
film,

wherein said TFT array substrate further comprises:
at least one TFT of said plurality of TFTs;

at least one driving electrode of said plurality of driving
electrodes; and

at least one storage capacity increasing electrode,

wherein said at least one TFT of said plurality of TFTs,
said at least one driving electrode of said plurality of
driving electrodes, and said at least one storage capac-
ity increasing electrode are formed in different layers of
said TFT array substrate.
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