US 20090322995A1

a9 United States

a2y Patent Application Publication (o) Pub. No.: US 2009/0322995 A1

YONEMURA et al. (43) Pub. Date: Dec. 31, 2009
(54) LIQUID CRYSTAL DISPLAY DEVICE AND Publication Classification
METHOD OF MANUFACTURING THE SAME
(51) Imt.CL
(75) Inventors: Koji YONEMURA, Tokyo (JP); GO2F 11337 (2006.01)
Yasuhiro MORIT. T P GO2F 1/1335 (2006.01)
asuhiro - Tokyo (IP) GO2F 113 (2006.01)
Correspondence Address: (52) US.CL .o 349/96; 349/123; 349/187
OBLON, SPIVAK, MCCLELLAND MAIER &
NEUSTADT, L.L.P. 7 ABSTRACT
1940 DUKE STREET A liquid crystal display device includes an alignment layer
ALEXANDRIA, VA 22314 (US) having an alignment direction inclined at an angle o where
0°<0<90° with respect to an extending direction of a gate
(73) Assignee: MITSUBISHI ELECTRIC line, a pixel electrode, and a common electrode placed oppo-
CORPORATION, Chiyoda-ku (JP) site to the pixel electrode with an insulating layer interposed
therebetween. One of the pixel electrode and the common
(21) Appl. No.: 12/490,785 electrode has a slit for generating a fringe electric field to
liquid crystals with the other of the pixel electrode and the
(22) Filed: Jun. 24, 2009 common electrode. The slit includes a first slit lying in the
alignment direction or a direction perpendicular to the align-
(30) Foreign Application Priority Data ment direction, and a plurality of second slits and a plurality
of'third slits respectively inclined at an angle +0 with respect
Jun. 30,2008 (JP) .eooevveniviceccciciene 2008-170382 to the first slit.
Ve 49 42
le [ -0
_—44
48 pa
45 B
\ 47 I /’ 50

—_———_—_—-—-—




Patent Application Publication  Dec. 31, 2009 Sheet 1 of 9 US 2009/0322995 Al

S 1o [ [0

\ 5 g 50

L./

-_—— - — - -

Fig. 1



US 2009/0322995 A1

Dec. 31,2009 Sheet2 of 9

Patent Application Publication

S3ISSYIONNS LH9I11
a3zZ14v10d 40 Q3LLINSNYYL
SIXY NOILldyosay 40 SIXY Ot1dO

0¢

G¢ ol

A IF
J01S 31vy4Lsans 3015 31vy1s4ans
¥3INNOI NO NOILlVOITddY AVYYY NO
SIXY NOILdY0S8Y J9YL70A DNI1ENA SIXY NOILdY¥0Say
q¢ 0¢ Gl
\ X\
..... 7 \\»a T li-l-lw\.\.\ T
l 06+
G¢ 0¢ Gl
X\ f X\
..... :h\u\\\ R o |
.06+ 0




Patent Application Publication  Dec. 31, 2009 Sheet 3 of 9 US 2009/0322995 Al

Fig. 3



Patent Application Publication  Dec. 31, 2009 Sheet 4 of 9 US 2009/0322995 Al

8 44 Bn. . . B2 B1
8 8 8
NN Y NS S /]3
MJ I P P77 6
_ 12
11
—10

Fig. 4



Patent Application Publication  Dec. 31, 2009 Sheet 5 of 9 US 2009/0322995 Al

CORRELATION BETWEEN TOTAL SLIT LENGTH AND
TRANSMITTANCE
3.5
3 .........................................................................
— 2 5 ..........................................................................
>
e
Y
Z
I-'-: ‘l 5 .........................................................................
5
e,
e
0- 5 .........................................................................
0
0 0.5 1 1.5 2 2.5 3 3.5
TOTAL SLIT LENGTH (a.u.)

Fig. 5



Patent Application Publication  Dec. 31, 2009 Sheet 6 of 9 US 2009/0322995 Al

5

R\‘;\\;%% N N \
/

\
\

W
/

N

2/

150

L N\ \\\\ e

Fig. 6



Patent Application Publication  Dec. 31, 2009 Sheet 7 of 9 US 2009/0322995 Al

N

50

\
@%
\‘\\\g
\
4

N
(=]

\§\\

\

N

oS
[ ép]
) °
%
1
b

150

N

. BN \

4

%

Fig. 7



US 2009/0322995 A1

Sheet 8 of 9

Dec. 31, 2009

tion Publication

Patent Applica

WHEN VIEWED
OBLIQUELY FROM

UPPER RIGHT

WHEN VIEWED
OBL IQUELY FROM
UPPER LEFT

RELATED ART

Fig. 8



US 2009/0322995 A1

Dec. 31,2009 Sheet 9 of 9

Patent Application Publication

14y 31V 6 ‘314
$3SSYTINNS LH911 301$ 3Lv4LSAns 301S 3Lv418ANS
032134¥10d 40 03LLINSNYYL ¥3LNN0D NO NOI L¥017ddV AVEYY NO S1XY
SIXY NOILdyosay 40 SIXY TYOILdO  SIXV NOILdyosdv  3BYLTOA BNI¥NG NO! 1dH0S8Y
0z

\
\

0¢




US 2009/0322995 Al

LIQUID CRYSTAL DISPLAY DEVICE AND
METHOD OF MANUFACTURING THE SAME

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention

[0002] The present invention relates to a liquid crystal dis-
play device and a method of manufacturing the same and,
particularly, to a fringe-field switching mode liquid crystal
display device and a method of manufacturing the same.
[0003] 2. Description of Related Art

[0004] A fringe-field switching (FFS) mode of a liquid
crystal display device is a display technique that displays an
image by applying a fringe electric field to liquid crystals
filled between substrates placed opposite to each other.
Because a pixel electrode and a counter electrode are formed
by transparent conductive layers in the FFS mode liquid crys-
tal display device, it is possible to obtain a higher aperture
ratio and transmittance compared to an in-plane switching
(IPS) mode.

[0005] In liquid crystal display devices, viewing angle
characteristics are degraded due to the occurrence of a phe-
nomenon called color shift that an image looks yellowish or
bluish depending on the angle of view, tone reversal or the
like. Thus, the FFS mode liquid crystal display device has the
structure as shown in FIG. 8 so as to suppress the color shift
and the tone reversal and thereby improve the viewing angle
characteristics. Referring to FIG. 8, in the FFS mode liquid
crystal display device according to related art, molecules of
liquid crystals 20 are oriented perpendicular to or in parallel
with a gate line 43. Further, a common electrode 8 placed
opposite to a pixel electrode 6 with an insulating layer inter-
posed therebetween has slits at an angle of +1 to 20° with
respect to the orientation axis (slow axis) of the liquid crystals
20, which are symmetric about the center of a pixel. In this
structure, the orientation of the liquid crystals 20 changes as
indicated by the dotted line in FIG. 8 when a voltage is
applied, so that the liquid crystals 20 operate symmetrically in
one pixel. This prevents the birefringence effect of the liquid
crystals 20 from varying depending on the oblique angle of
view, thereby improving the viewing angle characteristics.
[0006] In this structure, as shown in FIG. 9, it is necessary
that the absorption axis of a polarizing plate on the array
substrate side is at 0° or 90° and the absorption axis of a
polarizing plate on the counter substrate side is at 90° or 0°,
each with respect to the orientation axis (slow axis) of the
liquid crystals 20, so that they are in crossed Nichols arrange-
ment. In this arrangement, the polarization direction (optical
axis) of transmitted light that is transmitted from the FFS
mode liquid crystal display device is at 0° or 90° with respect
to the gate line 43.

[0007] In the case of using a liquid crystal display device
outdoors, a user may watch an image through polarized sun-
glasses. The absorption axis of the polarized sunglasses is
oriented horizontally in order to prevent reflected light from
entering the eyes. Accordingly, if transmitted light from the
liquid crystal display device is in the horizontal direction, the
polarized sunglasses absorb the light, and a user cannot view
a displayed image. Therefore, when looking at an image
through the polarized sunglasses, display looks all black in
either horizontal (landscape) or vertical (portrait) position.
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[0008] Inordertoaddress the above concern, atechnique of
attaching A/4 plate on top of the polarizing plate is disclosed
in Japanese Unexamined Patent Publication No. 10-10523.
Further, a technique of attaching a polarization canceling
plate that combines two quartz plates on top of the polarizing
plate to thereby improve the visibility when looking at images
through polarized sunglasses is disclosed in Japanese Unex-
amined Patent Publication No. 10-10522. Furthermore, a
technique of specifying the polarization direction of the
polarizing plate on the display surface side to thereby
improve the visibility when looking at images through polar-
ized sunglasses is disclosed in Japanese Unexamined Patent
Publication No. 10-49082.

[0009] However, because the techniques disclosed in Japa-
nese Unexamined Patent Publications Nos. 10-10523 and
10-10522 require an additional member such as the A/4 plate
or the polarization canceling plate, the costs increase. Further,
if such a member is attached to a liquid crystal display device,
the thickness of the liquid crystal display device increases. On
the other hand, if the technique disclosed in Japanese Unex-
amined Patent Publication No. 10-49082 is used in an FFS
mode liquid crystal display device, the contrast decreases.
[0010] Inlight of the foregoing, it is desirable to provide an
FFS mode liquid crystal display device with high display
quality that enables a display to be viewed in both landscape
and portrait positions through polarized sunglasses without
need of any additional member, and a method of manufactur-
ing the same.

SUMMARY OF THE INVENTION

[0011] According to an embodiment of the present inven-
tion, there is provided a liquid crystal display device includ-
ing a plurality of pixels, which includes a first substrate hav-
ing a thin film transistor, a second substrate placed opposite to
the first substrate, liquid crystals filled between the first sub-
strate and the second substrate, alignment layers respectively
placed on surfaces of the first substrate and the second sub-
strate in contact with the liquid crystals and having an align-
ment direction inclined at an inclination angle o where
0°<0<90° with respect to an extending direction of a gate line
connected to a gate electrode of the thin film transistor, a pixel
electrode placed in each pixel and connected to a drain elec-
trode of the thin film transistor, and a common electrode
placed opposite to the pixel electrode with an insulating layer
interposed therebetween, one of the pixel electrode and the
common electrode having a slit for generating a fringe elec-
tric field to the liquid crystals with the other of the pixel
electrode and the common electrode, wherein the slitincludes
a first slit (which is a slit C in an embodiment of the present
invention) placed in each pixel and lying in the alignment
direction or a perpendicular direction to the alignment direc-
tion, a plurality of second slits (which are slits A in an embodi-
ment of the present invention) placed in a first region on one
side of the first slit in each pixel and inclined at an angle 6 to
a given direction with respect to a longitudinal direction of the
first slit, and a plurality of third slits (which are slits B in an
embodiment of the present invention) placed in a second
region on another side of the first slit opposite to the first
region in each pixel and inclined at the angle 8 to a direction
opposite to the given direction with respect to the longitudinal
direction of the first slit.
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[0012] According to another embodiment of the present
invention, there is provided a method of manufacturing a
liquid crystal display device including a plurality of pixels,
which includes steps of forming a thin film transistor on a first
substrate, forming a pixel electrode connected to a drain
electrode of the thin film transistor in each pixel, forming a
common electrode placed opposite to the pixel electrode with
an insulating layer interposed therebetween, the common
electrode having a slit for generating a fringe electric field
with the pixel electrode, forming an alignment layer on the
common electrode, the alignment layer having an alignment
direction inclined at an inclination angle . where 0°<0.<90°
with respect to an extending direction of a gate line connected
to a gate electrode of the thin film transistor, and attaching a
second substrate to the first substrate and filling liquid crys-
tals between the first substrate and the second substrate,
wherein the step of forming the common electrode makes a
first slit placed in each pixel and lying in the alignment direc-
tion or a perpendicular direction to the alignment direction, a
plurality of second slits placed in a first region on one side of
the first slit in each pixel and inclined at an angle 6 to a given
direction with respect to a longitudinal direction of the first
slit, and a plurality of third slits placed in a second region on
another side of the first slit opposite to the first region in each
pixel and inclined at the angle 0 to a direction opposite to the
given direction with respect to the longitudinal direction of
the first slit.

[0013] According to the embodiments of the present inven-
tion, it is possible to provide an FFS mode liquid crystal
display device with high display quality that enables a display
to be viewed in both landscape and portrait positions through
polarized sunglasses without need of any additional member,
and a method of manufacturing the same.

[0014] The above and other objects, features and advan-
tages of the present invention will become more fully under-
stood from the detailed description given hereinbelow and the
accompanying drawings which are given by way of illustra-
tion only, and thus are not to be considered as limiting the
present invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015] FIG.1isa front view showing the structure ofa TFT
array substrate used in a liquid crystal display device;
[0016] FIG. 2 is a view to describe the arrangement direc-
tion of polarizing plates according to an embodiment of the
present invention;

[0017] FIG. 3 is a plan view showing the pixel structure of
a TFT array substrate according to an embodiment of the
present invention;

[0018] FIG. 4 isasectional view along line IV-IV in FIG. 3;
[0019] FIG. 5 is a graph showing the relationship between
a total slit length when a slit width is fixed and transmittance
per unit area when viewed from the front;

[0020] FIG. 6 is a view to describe a specific example of
arrangement of slits according to an embodiment of the
present invention;

[0021] FIG.7isaview to describe another specific example
of arrangement of slits according to an embodiment of the
present invention;
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[0022] FIG. 8 is a plan view showing the pixel structure of
a TFT array substrate in an FFS mode liquid crystal display
device according to related art; and

[0023] FIG. 9 is a view to describe the arrangement direc-
tion of polarizing plates in an FF'S mode liquid crystal display
device according to related art.

DESCRIPTION OF THE EXEMPLARY
EMBODIMENTS

[0024] A liquid crystal display device according to an
embodiment of the present invention is described hereinafter
with reference to FIG. 1. FIG. 1 is a front view showing the
structure of a thin film transistor (TFT) array substrate to be
used in a liquid crystal display device. The liquid crystal
display device according to the embodiment is an FFS mode
liquid crystal display device in which a pixel electrode and a
counter electrode are placed in the TFT array substrate.
[0025] The liquid crystal display device according to the
embodiment includes a substrate 10. The substrate 10 is an
array substrate such as a TFT array substrate, for example.
The substrate 10 includes a display area 41 and a frame area
42 surrounding the display area 41. In the display area 41, a
plurality of gate lines (scanning signal lines) 43 and a plural-
ity of source lines (display signal lines) 44 are placed. The
plurality of gate lines 43 are arranged in parallel with each
other. Likewise, the plurality of source lines 44 are arranged
in parallel with each other. The gate lines 43 and the source
lines 44 intersect with each other. Each area surrounded by
the adjacent gate lines 43 and the adjacent source lines 44
serves as a pixel 47. Thus, a plurality of pixels 47 are arranged
in matrix in the substrate 10.

[0026] Inthe frame area 42 of the substrate 10, a scanning
signal driving circuit 45 and a display signal driving circuit 46
are placed. The gate lines 43 extend from the display area 41
to the frame area 42 and are connected to the scanning signal
driving circuit 45 at the end of the substrate 10. Likewise, the
source lines 44 extend from the display area 41 to the frame
area 42 and are connected to the display signal driving circuit
46 at the end of the substrate 10. An external line 48 is
connected in the vicinity of the scanning signal driving circuit
45. Further, an external line 49 is connected in the vicinity of
the display signal driving circuit 46. The external lines 48 and
49 are wiring boards such as a flexible printed circuit (FPS),
for example.

[0027] External signals are supplied to the scanning signal
driving circuit 45 and the display signal driving circuit 46
through the external lines 48 and 49. The scanning signal
driving circuit 45 supplies a gate signal (scanning signal) to
the gate lines 43 based on an external control signal. The gate
lines 43 are sequentially selected by the gate signal. On the
other hand, the display signal driving circuit 46 supplies a
display signal to the source lines 44 based on an external
control signal and display data. A display voltage according
to display data is thereby supplied to each pixel 47.

[0028] Each pixel includes at least one TFT 50. The TFT 50
is placed in the vicinity of the intersection of the source line
44 and the gate line 43. For example, the TFT 50 supplies a
display voltage to a pixel electrode. Specifically, the TFT 50,
which is a switching element, is turned on by the gate signal
from the gate line 43. A display voltage is thereby applied
from the source line 44 to the pixel electrode that is connected
to a drain electrode of the TFT 50. The pixel electrode is
placed opposite to a common electrode (counter electrode)
having slits with an insulating layer interposed therebetween.
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A fringe electric field corresponding to the display voltage is
generated between the pixel electrode and the counter elec-
trode. Further, an alignment layer (not shown) is placed on the
surface of the substrate 10. The detailed structure of the pixel
47 is described later.

[0029] Further, a counter substrate is placed opposite to the
substrate 10. The counter substrate is a color filter substrate,
for example, and it is placed on the viewing side. The counter
substrate is placed to face the array substrate with a cell gap of
about 1to 5 um, for example. On the counter substrate, a black
matrix (BM), a color filter, an alignment layer and soon are
placed. Further, an overcoat layer or a columnar photospacer
may be placed between the color filter and the alignment
layer.

[0030] Aliquidcrystal layeris placed between the substrate
10 and the counter substrate. In other words, liquid crystals
are filled between the substrate 10 and the counter substrate.
Inthis embodiment, the liquid crystals are oriented at an angle
o, which is larger than 0° and smaller than 90°, with respect
to the gate line 43 when no voltage is applied. Thus, the
orientation direction (slow axis) of the liquid crystals is set at
the angle o, which is 0°<0.<90°, with respect to the extending
direction of the gate line 43. Accordingly, the alignment lay-
ers that are placed on the respective surfaces of the substrate
10 and the counter substrate in contact with the liquid crystals
have the alignment direction which is inclined at the angle o
with respect to the extending direction of the gate line 43.
[0031] Further, a polarizing plate, a retardation film and so
on are placed on the outer sides of the substrate 10 and the
counter substrate. Furthermore, a backlight unit or the like is
placed on the non-viewing side of the liquid crystal display
panel. In this embodiment, the absorption axis of the polar-
izing plate is set to be in the direction perpendicular to or in
parallel with the orientation direction (slow axis) of the liquid
crystals. This is described hereinafter with reference to FIG.
2. FIG. 2 is a view to describe the arrangement direction of
polarizing plates according to an embodiment of the present
invention. As shown in FIG. 2, if the absorption axis of a
polarizing plate 15 on the array substrate side is set at the
angle o with respect to the extending direction of the gate line
43, which is the direction in parallel with the orientation
direction (slow axis) of the liquid crystals, the absorption axis
of a polarizing plate 25 on the counter substrate side is set at
the angle a+90°, so that they are in crossed Nichols arrange-
ment. On the other hand, if the absorption axis of the polar-
izing plate 15 on the array substrate side is set at the angle
a.+90° with respect to the extending direction of the gate line
43, which is the direction perpendicular to the orientation
direction (slow axis) of the liquid crystals, the absorption axis
ofthe polarizing plate 25 on the counter substrate side is set at
the angle a, so that they are in crossed Nichols arrangement.
In this manner, the polarizing plates 15 and 25 have the
absorption axes that are set in the orientation direction of the
liquid crystals or in the direction perpendicular to the orien-
tation direction.

[0032] The liquid crystals are driven by a fringe electric
field between the pixel electrode and the counter electrode.
Specifically, the orientation of the liquid crystals between the
substrates changes by an applied voltage. The polarization
state of light passing through the liquid crystal layer thereby
changes. Specifically, the polarization state of linearly polar-
ized light having passed through the polarizing plate changes
by the liquid crystal layer. To be more precise, as shown in
FIG. 2, light from the backlight unit becomes linearly polar-
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ized light by the polarizing plate 15 on the array substrate
side. Then, the linearly polarized light passes through the
liquid crystal layer, so that its polarization state changes.
[0033] The amount of light passing through the polarizing
plate 25 on the counter substrate side varies depending on the
polarization state. Specifically, among the transmitted light
that is transmitted through the liquid crystal display panel
from the backlight unit, the amount of light passing through
the polarizing plate 25 on the viewing side varies. The orien-
tation of liquid crystals varies depending on a display voltage
to be applied. Therefore, it is possible to change the amount of
light passing through the polarizing plate 25 on the viewing
side by controlling the display voltage. Thus, it is possible to
display a desired image by varying the display voltage for
each pixel.

[0034] Transmitted light 30 that has been transmitted
through the polarizing plate 25 on the counter substrate side is
linearly polarized light having the optical axis at the angle a
or a.+90° with respect to the gate line 43. Specifically, as
shown in FIG. 2, if the absorption axis of the polarizing plate
25 on the counter substrate side is set at the angle 0+90° with
respect to the gate line 43, the transmitted light 30 in the
polarization direction at the angle o with respect to the gate
line 43 is transmitted from the liquid crystal display device.
On the other hand, if the absorption axis of the polarizing
plate 25 on the counter substrate side is set at the angle o with
respect to the gate line 43, the transmitted light 30 in the
polarization direction at the angle a+90° with respect to the
gate line 43 is transmitted from the liquid crystal display
device. The value of the angle a. is set to be 0°<a<90° with
respect to the extending direction of the gate line 43, as
mentioned previously. Accordingly, the polarization direc-
tion of the transmitted light 30 that is transmitted from the
liquid crystal display device does not completely coincide
with the horizontal direction in which the absorption axis of
polarized sunglasses 35 is placed. It is thereby possible to
prevent a display from looking all black in either horizontal
(landscape) or vertical (portrait) position when looking at an
image through the polarized sunglasses 35. This enables a
user to view a display in both horizontal (landscape) and
vertical (portrait) positions while wearing the polarized sun-
glasses 35.

[0035] The pixel structure of the liquid crystal display
device according to an embodiment of the present invention is
described hereinafter with reference to FIGS. 3 and 4. FIG. 3
is a plan view showing the pixel structure of a TFT array
substrate according to an embodiment of the present inven-
tion. FIG. 4 is a sectional view along line IV-IV in FIG. 3.
FIG. 3 shows one of the pixels 47 of the TFT array substrate.
The structure having the channel-etch type TFT 50 is
described hereinbelow by way of illustration.

[0036] Referringto FIGS. 3 and 4, the gate line 43, a part of
which serves as a gate electrode 1, is placed on the transparent
insulating substrate 10 such as glass. The gate line 43 extends
linearly in one direction on the substrate 10. The gate elec-
trode 1 and the gate line 43 are made of Cr, Al, Ta, Ti, Mo, W,
Ni, Cu, Au or Ag, an alloy film made mainly of those or a
stacked film of those, for example.

[0037] Agate insulating layer 11, which is a first insulating
layer, is placed to cover the gate electrode 1 and the gate line
43. The gate insulating layer 11 is made of an insulating film
such as silicon nitride or silicon oxide. Further, in the forma-
tion area of the TFT 50, a semiconductor layer 2 is placed
opposite to the gate electrode 1 with the gate insulating layer



US 2009/0322995 Al

11 interposed therebetween. In this example, the semicon-
ductor layer 2 is placed on the gate insulating layer 11 so as to
overlap the gate line 43, and the part of the gate line 43 which
overlaps the semiconductor layer 2 serves as the gate elec-
trode 1. The semiconductor layer 2 is made of amorphous
silicon, polycrystalline polysilicon or the like, for example.
[0038] Further, ohmic contact layers into which conductive
impurity is doped are placed on both ends of the semiconduc-
tor layer 2. The parts of the semiconductor layer 2 which
correspond to the ohmic contact layers are source and drain
regions, respectively. Specifically, the part of the semicon-
ductor layer 2 which corresponds to the ohmic contact layer
on the upper side in FIG. 3 serves as the source region. The
part of the semiconductor layer 2 which corresponds to the
ohniic contact layer on the lower side in FIG. 3 serves as the
drain region. In this manner, the source and drain regions are
formed at the both ends of the semiconductor layer 2. The part
of the semiconductor layer 2 between the source and drain
regions serves as a channel region. The ohmiic contact layer is
not placed on the channel region of the semiconductor layer 2.
The ohniic contact layer is made of n-type amorphous silicon,
n-type polycrystalline silicon or the like into which impurity
such as phosphorus (P) is doped at high concentration, for
example.

[0039] A source electrode 4 and a drain electrode 5 are
respectively placed on the ohniic contact layers. Specifically,
the source electrode 4 is placed on the ohmic contact layer on
the source region side. The drain electrode 5 is placed on the
ohniic contact layer on the drain region side. The channel-
etch type TFT 50 is formed in this manner. The source elec-
trode 4 and the drain electrode 5 extend to the outside of the
channel region of the semiconductor layer 2. Thus, like the
ohniic contact layers, the source electrode 4 and the drain
electrode 5 are not placed on the channel region of the semi-
conductor layer 2.

[0040] The source electrode 4 extends to the outside of the
channel region of the semiconductor layer 2 and is connected
to the source line 44. The source line 44 is placed on the gate
insulating layer 11 and extends linearly in the direction inter-
secting the gate line 43 over the substrate 10. Thus, the source
line 44 branches off at the intersection with the gate line 43
and extends along the gate line 43, to form the source elec-
trode 4.

[0041] On the other hand, the drain electrode 5 extends to
the outside of the channel region of the semiconductor layer
2. Thus, the drain electrode 5 has an extending part that
extends to the outside of the TFT 50. The source electrode 4,
the drain electrode and the source line 44 are made of Cr, Al,
Ta, Ti, Mo, W, Ni, Cu, Au or Ag, an alloy film made mainly of
those or a stacked film of those, for example.

[0042] Further, a second insulating layer 12 is placed to
cover the source electrode 4, the drain electrode 5 and the
source line 44. The second insulating layer 12 has a contact
hole (not shown) that reaches the extending part of the drain
electrode 5. The second insulating layer 12 is made of an
insulating film such as silicon nitride or silicon oxide.
[0043] On the second insulating layer 12, a pixel electrode
6 that is electrically connected to the drain electrode 5 through
the contact hole is placed. The pixel electrode 6 is connected
to the extending part of the drain electrode 5 through the
contact hole. Further, the pixel electrode 6 extends from the
extending part of the drain electrode 5 to the inside of the pixel
47. Specifically, as shown in FIG. 3, the pixel electrode 6 is
placed substantially all over the area surrounded by the source
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line 44 and the gate line 43 except the TFT 50. The pixel
electrode 6 is made of a transparent conductive film such as
ITO.

[0044] Furthermore, a third insulating layer 13 is placed to
cover the pixel electrode 6. The third insulating layer 13 is
made of an insulating film such as silicon nitride or silicon
oxide. Further, a common electrode 8 is placed on the third
insulating layer 13. The common electrode 8 is placed oppo-
site to the pixel electrode 6 with the third insulating layer 13
interposed therebetween. As shown in FIG. 4, the common
electrode 8 has slits to generate a fringe electric field with the
pixel electrode 6. In this example, the common electrode 8 is
placed substantially all over the display area 41 except the slit
parts. Thus, the common electrode 8 is electrically connected
to the common electrodes 8 of all the adjacent pixels 47. The
common electrode 8 is made of a transparent conductive film
such as ITO. In FIG. 3, only the outer shape of slits is illus-
trated as the common electrode 8.

[0045] In this embodiment, the common electrode 8 has a
plurality of slits that lie in different directions as shown in
FIG. 3. Specifically, a plurality of slits A1,A2, ..., An (which
are referred to collectively as the slits A) are placed in a first
region 81, which is a part of the pixel 47. Further, a plurality
of'slits B1, B2, . . ., Bm (which are referred to collectively as
the slits B) are placed in a second region 82, which is another
part of the pixel 47. Furthermore, a slit C is placed between
the first region 81 and the second region 82. The slit C is
located on the boundary between the first region 81 and the
second region 82.

[0046] TheslitC lies in the same direction as the orientation
direction (slow axis) of the liquid crystal 20 when no voltage
is applied or in the direction perpendicular to the orientation
direction. Thus, the slit C lies in the alignment direction of the
alignment layer or in the direction perpendicular to the align-
ment direction. Accordingly, the slit C is inclined at the angle
a. or a+90° with respect to the gate line 43. FIG. 3 shows the
case where the slit C lies in the same direction as the orien-
tation direction (slow axis) of the liquid crystal 20, which is
the direction that is inclined at the angle o with respect to the
gate line 43, by way of illustration. In each pixel 47, the part
above the slit C s the first region 81, and the part below the slit
C is the second region 82. Thus, the first region 81 is located
on one side of the slit C, and the second region 82 is located
on the other side of the slit C, which is the side opposite to the
first region 81.

[0047] Theslits A in the first region 81 and the slits B in the
second region 82 are placed to be inclined at +0 with respect
to the slit C. Specifically, as shown in FIG. 3, the longitudinal
direction of the slits B is set at the angle +6 with respect to the
longitudinal direction of the slit C. Thus, the slits B are
inclined to a given direction at the angle 6 with respect to the
longitudinal direction of the slit C. The angle 0 is preferably
in the range of 1° to 20°. On the other hand, the longitudinal
direction of the slits A is set at the angle -6 with respect to the
longitudinal direction of the slit C. Thus, the slits A are
inclined to the direction opposite to the inclination direction
of the slits B at the angle 6 with respect to the longitudinal
direction of the slit C. Accordingly, the angle of inclination of
the slits A with respect to the slit C is symmetric to the angle
of inclination of the slits B with respect to the slit C about the
longitudinal direction of the slit C. By placing the slits A and
B in such an inclined manner, the liquid crystals 20 can
operate symmetrically about the slit C in one pixel 47. This
allows the birefringence effect to be symmetric in the first
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region 81 and the second region 82. It is thereby possible to
prevent color shift from occurring when viewing an image
from different angles, thus obtaining suitable viewing angle
characteristics.

[0048] The angle of inclination of the slits A and the angle
of inclination of the slits B with respect to the slit C may be
opposite. Specifically, the slits A may be inclined at the angle
+6 and the slits B may be inclined at the angle —6 with respect
to the slit C. Accordingly, one of the slits A and the slits B is
inclined at the angle +6 and the other one is inclined at the
angle -0, where 1°<8=20°, with respect to the slit C. A
difference in the angle of inclination between the slits A and
the slits B is 20.

[0049] The plurality of slits A1,A2, ..., Anare arranged in
parallel with each other in the first region 81. The plurality of
slits B1, B2, . . ., Bm are also arranged in parallel with each
other in the second region 82. The plurality of slits A1, A2, .
.., An are arranged at a regular interval Sa. The plurality of
slits B1, B2, . . ., Bm are arranged at a regular interval Sb,
which is equal to the interval Sa. Generally, the intervals Sa
and Sb are preferably in the range of 1 to 10 um.

[0050] The plurality of slits A1,A2, ..., An have afixed slit
width Wa. The slits A1, A2, . . ., An have slit lengths L(al),
L(a2), ..., L(an), respectively. It is not necessary that all of
the slit lengths I(al), L(a2), . . ., L(an) have the same value.
Likewise, the plurality of'slits B1, B2, . .., Bm have a fixed slit
width Wb. The slits B1, B2, . . . , Bm have slit lengths L(b1),
L(b2), ..., L(bm), respectively. It is not necessary that all of
the slit lengths [(b1), L(b2), . . ., L(bm) have the same value.
In this embodiment, it is preferred that the respective slit
lengths are adjusted in such a way that a total slit length
L(A)=L(al)+L(a2)+ . .. +L(an) of the slits A is the same as a
total slit length L(B)=L(b1)+L(b2)+ ... +L(bm) of the slits B.
[0051] By making the slits so as to satisfy L(A)=L(B), the
operating region of the liquid crystals 20 is equalized between
the first region 81 and the second region 82. This is described
hereinbelow. FIG. 5 is a graph showing the relationship
between a total slit length when a slit width is fixed and
transmittance per unit area when viewed from the front. As
shown in FIG. 5, the total slit length and the transmittance are
in a proportional relationship. Thus, the operating region of
the liquid crystals 20 is proportional to the total slit length.
Therefore, by equalizing the total slit length L(A) of the slits
A in the first region 81 and the total slit length L(B) of the slits
B in the second region 82, the operating region of the liquid
crystals 20 is the same between the first region 81 and the
second region 82. It is thereby possible to prevent color shift
from occurring when viewing an image from different angles
more reliably, thus obtaining more suitable viewing angle
characteristics.

[0052] A specific size of the slits A, B and C or the like is
described hereinafter with reference to FIG. 6. FIG. 6 is a
view to describe a specific example of arrangement of the slits
A, B and C according to the embodiment. In FIG. 6, in the
pixel 47 having an opening of 150 pmx50 um, for example,
the slit C at the angle a=45°, which is the same as the angle of
the orientation (slow axis) of the liquid crystals 20, is made. In
FIG. 6, the first region 81 above the slit C has nine slits A1 to
A9, and the second region 82 below the slit C has seven slits
B1 to B7. The slit width Wa of the slits A1to A9 is 3.5 um, and
the interval Sa ofthe slits A1 to A9 is 5.0 um. Likewise, the slit
width Wb of the slits B1 to B7 is 3.5 um, which is the same as
Wa, and the interval Sb of the slits B1 to B7 is 5.0 pm, which
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is the same as Sa. In this manner, the slits Al to A9 have the
same slit width as the slits B1 to B7 in the example of FIG. 6.
The angle of inclination +6 of the slits B1 to B7 with respect
to the slit C is +10°, and the angle of inclination -0 of the slits
Al to A9 with respect to the slit C is —=10°. Accordingly, as
shown in FIG. 6, the slits B1 to B7 are inclined at an angle of
55° with respect to the extending direction of the gate line 43.
On the other hand, the slits A1 to A9 are inclined at an angle
of'35° with respect to the extending direction of the gate line
43.

[0053] Further, the respective slit lengths of the slits Al to
A9 and the slits B1 to B7 are adjusted in such a way that the
total slit length L(A) of the slits Al to A9 and the total slit
length L(B) of the slits B1 to B7 satisfy L(A)=L(B)=360 pm.
Specifically, the slit lengths of I.(al1)=10 pum, [.(a2)=28 um,
L(a3)=47 pm, L(a4)=56 um, L(a5)=55 pum, L(a6)=55 pm,
L(a7)=55 um, L(a8)=44 pm and L.(a9)=10 um are set. Further,
the slit lengths of L(b1)=22 pm, L(b2)=73 pum, L(b3)=77 um,
L(b4)=73 pum, L(b5)=57 um, L(b6)=38 um and L.(b7)=20 pm
are set.

[0054] The slit width Wa of the slits A and the slit width Wb
of the slits B may not be the same value. Thus, L(A)=L(B)
may be satisfied by adjusting the slit width Wa of the slits A to
be a different value from the slit width Wb of the slits B. In
other words, the slit width Wa may be set differently from the
slit width Wb so as to satisfy L(A)=L(B). FIG. 7 is a view to
describe another specific example of arrangement of the slits
A, B and C according to the embodiment. In FIG. 7, the
respective slit lengths of the slits Al to A9 and the slits B1 to
B7 are adjusted in such a way that the total slit length L (A) of
the slits Al to A9 and the total slit length L(B) of the slits B1
to B7 satisfy L(A)=L(B)=380 um.

[0055] Specifically, the slit lengths of L(al1)=9 um, .(a2)
=27 um, [(a3)=43 um, L(a4)=55 pm, [(a5)=56 um, L(a6)
=56 um, L(a7)=57 um, L(a8)=57 um and [.(a9)=20 pm are
set. Further, the slit lengths of L(b1)=34 um, L(b2)=74 pm,
L(b3)=80 um, L(b4)=74 um, L(b5)=58 um, L(b6)=29 pm and
L(b7)=21 pm are set.

[0056] The size ofthe opening of the pixel 47 is 150 pmx50
um, and the angle of inclination of the slit C is a=45°, which
is the same as the angle of the orientation (slow axis) of the
liquid crystals 20. The angle of inclination +6 of the slits B1
to B7 with respect to the slit C is +10°, and the angle of
inclination -0 of the slits A1 to A9 with respect to the slit C is
—-10°. Further, the interval Sa of the slits Al to A9 and the
interval Sb ofthe slits B1 to B7 are both 5.0 um. In such a case,
it is preferred that the slit width Wb of the slits B1 to B7is 3.5
um, and the slit width Wa of the slits A1 to A9 is 3.0 um, which
is smaller than Wh.

[0057] As described above, the slits A1 to A9 have a differ-
ent slit width from the slits B1 to B7 in the example of FIG. 7.
Thus, in the case where L(A)=L(B) is not satisfied because
either one of the first region 81 or the second region 82 is not
large enough when the slit width Wa and the slit width Wb are
fixed the same value, for example, it is possible to satisfy
L(A)=L(B) by decreasing the slit width in the region that is
not large enough or increasing the slit width in the region that
is large enough. Further, in the case L(A)=L(B) is satisfied but
the slits A or B are arranged unevenly in a part of the first
region 81 or the second region 82, it is possible to arrange the
slits evenly all over each region by increasing the slit width as
appropriate. Generally, the slit widths Wa and Wb are prefer-
ably in the range of 2 to 10 pm.
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[0058] Hereinafter, a method of manufacturing the liquid
crystal display device according to an embodiment of the
present invention is described. Firstly, a film made of Cr, Al,
Ta, Ti, Mo, W, Ni, Cu, Au or Ag, an alloy film made mainly of
those or a stacked film of those is deposited all over the
transparent insulating substrate 10 such as glass. The film is
formed all over the substrate 10 by sputtering or vapor depo-
sition, for example. Next, a resist is applied thereon, and the
applied resist is exposed to light through a photomask. The
resist is then developed, thereby pattering the resist. This
series of processes is referred to hereinafter as photolithog-
raphy. After that, the film is etched using the resist pattern as
a mask, thereby removing the photoresist pattern. The gate
electrode 1 and the gate line 43 are thereby patterned.
[0059] Next, a first insulating layer to serve as the gate
insulating layer 11, a material of the semiconductor layer 2
and a material of the ohmic contact layer are deposited in this
order so as to cover the gate electrode 1 and the gate line 43.
They are formed all over the substrate 10 by plasma CVD,
atmospheric pressure CVD, low pressure CVD or the like, for
example. Silicon nitride, silicon oxide or the like may be used
as the gate insulating layer 11.

[0060] The material of the semiconductor layer 2 may be
amorphous silicon, polycrystalline polysilicon or the like, for
example. The material of the ohmic contact layer may be
n-type amorphous silicon, n-type polycrystalline silicon or
the like into which impurity such as phosphorus (P) is doped
at high concentration, for example. After that, the layer to
serve as the semiconductor layer 2 and the layer to serve as the
ohmic contact layer are patterned into an island shape above
the gate electrode 1 by the process of photolithography, etch-
ing and resist removal.

[0061] Afterthat, inthis embodiment, a film made of Cr, Al,
Ta, Ti, Mo, W, Ni, Cu, Au or Ag, an alloy film made mainly of
those or a stacked film of those is deposited to cover the layers
formed above. The film is formed by sputtering or vapor
deposition, for example. After that, the film is patterned by the
process of photolithography, etching and resist removal,
thereby forming the source electrode 4, the drain electrode 5
and the source line 44. Then, the layer to serve as the ohmic
contact layer is etched using the source electrode 4 and the
drain electrode 5 as a mask. Specifically, the part of the ohmic
contact layer having an island shape which is not covered with
the source electrode 4 or the drain electrode 5 is removed by
etching. The semiconductor layer 2 having the channel region
between the source electrode 4 and the drain electrode 5 and
the ohmic contact layer are thereby formed.

[0062] Although the etching is performed using the source
electrode 4 and the drain electrode 5 as a mask in this
example, the etching of the ohmic contact layer may be per-
formed using the resist pattern that is used when patterning
the source electrode 4 and the drain electrode 5 as a mask. In
this case, the ohmic contact layer is etched before removing
the resist pattern on the source electrode 4 and the drain
electrode 5.

[0063] After that, the second insulating layer 12 is depos-
ited to cover the source electrode 4, the drain electrode 5 and
the source line 44. For example, an inorganic insulating film
such as silicon nitride or silicon oxide is deposited as the
second insulating layer 12 all over the substrate 10 by CVD or
the like. The channel region of the semiconductor layer 2 is
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thereby covered with the second insulating layer 12. Then,
after depositing the second insulating layer 12, a contact hole
that reaches the extending part of the drain electrode 5 is made
in the second insulating layer 12 by the process of photoli-
thography, etching and resist removal.

[0064] Then, a transparent conductive film such as ITO is
deposited on the second insulating layer 12 all over the sub-
strate 10 by sputtering or the like. The transparent conductive
film is then patterned by the process of photolithography,
etching and resist removal. The pixel electrode 6 that is con-
nected to the drain electrode 5 through the contact hole is
thereby formed.

[0065] Further, the third insulating layer 13 is deposited to
cover the pixel electrode 6. For example, an inorganic insu-
lating film such as silicon nitride or silicon oxide is deposited
as the third insulating layer 13 all over the substrate 10 by
CVD or the like. The pixel electrode 6 is thereby covered with
the third insulating layer 13.

[0066] Furthermore, a transparent conductive film such as
ITO is deposited on the third insulating layer 13 all over the
substrate 10 by sputtering or the like. The transparent con-
ductive film is then patterned by the process of photolithog-
raphy, etching and resist removal. The common electrode 8
having a plurality of slits A, B and C lying in different direc-
tions is thereby formed opposite to the pixel electrode 6 with
the third insulating layer 13 interposed therebetween. By the
processes described above, the TEFT array substrate according
to the embodiment is completed.

[0067] On the TFT array substrate fabricated as above, an
alignment layer is formed by the subsequent cell manufactur-
ing process.

[0068] Further, an alignment layer is formed also on a
counter substrate that is fabricated separately. Then, an align-
ment process (rubbing process) is performed on the respec-
tive alignment layers so as to make micro scratches in one
direction on contact surfaces with the liquid crystals 20. In
this embodiment, the direction that is the same as or perpen-
dicular to the longitudinal direction of the slit C made in the
common electrode 8 on the TFT array substrate is the rubbing
direction. The alignment layers having the alignment direc-
tion that is inclined at the angle o of inclination, where
0°<0<90°, with respect to the extending direction of the gate
line 43 are thereby formed.

[0069] After that, a sealing material is applied to attach the
TFT array substrate and the counter substrate together. After
attaching the TFT array substrate and the counter substrate,
the liquid crystals 20 are filled through a liquid crystal filling
port by vacuum filling method or the like. The liquid crystal
filling port is then sealed. The liquid crystals 20 are oriented
in such a way that its orientation (slow axis) is in the same
direction as the rubbing direction. Further, polarizing plates
are attached to both sides of the liquid crystal cell that is
formed in this manner. Finally, driving circuits are connected,
and a backlight unit is mounted. At this time, the absorption
axis of one of the polarizing plate 15 on the TFT array sub-
strate side and the polarizing plate 25 on the counter substrate
side is set to the direction perpendicular to the orientation
direction (slow axis) of the liquid crystals 20, and the absorp-
tion axis of the other polarizing plate is set to the direction in
parallel with the orientation direction (slow axis) of the liquid
crystals 20. The liquid crystal display device according to the
embodiment is thereby completed.



US 2009/0322995 Al

[0070] As described above, in this embodiment, the orien-
tation direction (slow axis) of the liquid crystals 20 when no
voltage is applied between the pixel electrode 6 and the com-
mon electrode 8 is at the angle o, where 0°<0.<90°, with
respect to the extending direction of the gate line 43. There-
fore, the polarizing plates are placed in such a way that their
absorption axes are perpendicular to or in parallel with the
orientation direction (slow axis) of the liquid crystals 20. The
optical axis of the transmitted light 30 that is transmitted from
the liquid crystal display device is thereby different from the
horizontal direction in which the absorption axis of the polar-
ized sunglasses 35 is placed in both landscape and portrait
positions. It is thereby possible to prevent a display from
looking all black in either landscape or portrait position when
looking at the display through the polarized sunglasses 35.

[0071] Further, the slits A and the slits B of the common
electrode 8 are inclined at +6 or —6 with respect to the slit C
that lies in the direction in parallel with or perpendicular to the
orientation direction (slow axis) of the liquid crystals 20, so
that the liquid crystals 20 operate symmetrically about the slit
C. This prevents the birefringence effect in one pixel 47 area
from varying depending on the angle of view. It is thereby
possible to prevent color shift from occurring when viewing
an image from different angles, and suitable viewing angle
characteristics can be obtained. Further, there is no increase in
thickness due to addition of a member unlike the techmques
of Japanese Unexamined Patent Publications Nos. 10-10523
and 10-10522, thus allowing reduction in thickness of the
liquid crystal display device. Furthermore, there is no
decrease in contrast unlike when applying the technique of
Japanese Unexamined Patent Publication No. 10-49082 to an
FFS mode liquid crystal display device. Therefore, in this
embodiment, it is possible to provide an FFS mode liquid
crystal display device with high display quality that enables a
display to be viewed in both landscape and portrait positions
through polarized sunglasses without need of any additional
member, and a method of manufacturing the same.

[0072] Although the liquid crystal display device including
the channel-etch type TFT 50 is described in this embodi-
ment, it may include another type of the TFT 50, such as a
top-gate type.

[0073] Further, although the common electrode 8 is placed
substantially all over the display area 41 except the slit parts,
the present invention is not limited thereto. The shape of the
common electrode 8 may be altered as appropriate as long as
the plurality of slits A, the plurality of slits B and the slit C
satisfy the above-described conditions. Further, although the
case where the common electrode 8 having the slits is placed
above the pixel electrode 6 with the third insulating layer 13
interposed therebetween is described by way of illustration,
the present invention is not limited thereto. For example, the
common electrode 8 may be placed below the pixel electrode
6 having the slits with an insulating layer interposed therebe-
tween. In this case, the plurality of slits A, the plurality of slits
B and the slit C are made in the pixel electrode 6. Thus, the
slits A, B and C for generating a fringe electric field are made
to satisfy the above-described conditions in either one of the
pixel electrode 6 and the common electrode 8 that are placed
opposite to each other with an insulating layer interposed
therebetween.
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[0074] From the invention thus described, it will be obvious
that the embodiments of the invention may be varied in many
ways. Such variations are not to be regarded as a departure
from the spirit and scope of the invention, and all such modi-
fications as would be obvious to one skilled in the art are
intended for inclusion within the scope of the following
claims.

What is claimed is:

1. A liquid crystal display device including a plurality of
pixels, comprising:

a first substrate having a thin film transistor;

a second substrate placed opposite to the first substrate;

liquid crystals filled between the first substrate and the

second substrate;

alignment layers respectively placed on surfaces of the first

substrate and the second substrate in contact with the
liquid crystals and having an alignment direction
inclined at an inclination angle o where 0°<0.<90° with
respect to an extending direction ofa gate line connected
to a gate electrode of the thin film transistor;

a pixel electrode placed in each pixel and connected to a

drain electrode of the thin film transistor; and

a common electrode placed opposite to the pixel electrode

with an insulating layer interposed therebetween, one of

the pixel electrode and the common electrode having a

slit for generating a fringe electric field to the liquid

crystals with the other of the pixel electrode and the
common electrode,

wherein the slit comprises

a first slit placed in each pixel and lying in the alignment
direction or a perpendicular direction to the alignment
direction,

a plurality of second slits placed in a first region on one
side of the first slit in each pixel and inclined at an
angle 0 to a given direction with respect to a longitu-
dinal direction of the first slit, and

a plurality of third slits placed in a second region on
another side of the first slit opposite to the first region
in each pixel and inclined at the angle 6 to a direction
opposite to the given direction with respect to the
longitudinal direction of the first slit.

2. The liquid crystal display device according to claim 1,
wherein a total slit length of the plurality of second slits and
a total slit length of the plurality of third slits have the same
value.

3. The liquid crystal display device according to claim 1,
wherein the plurality of second slits have the same slit width
as the plurality of third slits.

4. The liquid crystal display device according to claim 1,
wherein the plurality of second slits have a different slit width
from the plurality of third slits.

5. The liquid crystal display device according to claim 1,
wherein the angle 0 is in a range of 1° to 20°.

6. The liquid crystal display device according to claim 1,
further comprising a polarizing plate placed in the second
substrate on a side opposite to the first substrate and having an
absorption axis set in the alignment direction or the perpen-
dicular direction.

7. A method of manufacturing a liquid crystal display
device including a plurality of pixels, comprising steps of:

forming a thin film transistor on a first substrate;

forming a pixel electrode connected to a drain electrode of

the thin film transistor in each pixel;
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forming a common electrode placed opposite to the pixel
electrode with an insulating layer interposed therebe-
tween, the common electrode having a slit for generating

a fringe electric field with the pixel electrode;

forming an alignment layer on the common electrode, the
alignment layer having an alignment direction inclined
atan inclination angle o where 0°<0.<90° with respect to
an extending direction of a gate line connected to a gate
electrode of the thin film transistor; and

attaching a second substrate to the first substrate and filling
liquid crystals between the first substrate and the second
substrate,

wherein the step of forming the common electrode makes

a first slit placed in each pixel and lying in the alignment
direction or a perpendicular direction to the alignment
direction,

a plurality of second slits placed in a first region on one
side of the first slit in each pixel and inclined at an
angle 0 to a given direction with respect to a longitu-
dinal direction of the first slit, and

a plurality of third slits placed in a second region on
another side of the first slit opposite to the first region
in each pixel and inclined at the angle 6 to a direction
opposite to the given direction with respect to the
longitudinal direction of the first slit.
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8. The method of manufacturing the liquid crystal display
device according to claim 7, wherein in the step of forming
the common electrode, the second and third slits are formed in
such a way that a total slit length of the plurality of second slits
and a total slit length of the plurality of third slits have the
same value.

9. The method of manufacturing the liquid crystal display
device according to claim 7, wherein in the step of forming
the common electrode, the plurality of second slits are formed
to have the same slit width as the plurality of third slits.

10. The method of manufacturing the liquid crystal display
device according to claim 7, wherein in the step of forming
the common electrode, the plurality of second slits are formed
to have a different slit width from the plurality of third slits.

11. The method of manufacturing the liquid crystal display
device according to claim 7, wherein the angle 6 is in a range
of' 1° to 20°.

12. The method of manufacturing the liquid crystal display
device according to claim 7, further comprising a step of
forming a polarizing plate in the second substrate on a side
opposite to the first substrate,

wherein in the step of forming the polarizing plate, an

absorption axis of the polarizing plate is set in the align-
ment direction or the perpendicular direction.

s * * s ok
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