US 20140218665A1

a9y United States

12) Patent Application Publication (o) Pub. No.: US 2014/0218665 A1

LEE et al. (43) Pub. Date: Aug. 7,2014
(54) IN-PLANE SWITCHING MODE LIQUID Publication Classification
CRYSTAL DISPLAY DEVICE INCLUDING
POLARIZING PLATE AND METHOD OF (51) Imt.ClL
FABRICATING THE SAME GO2F 171343 (2006.01)
(52) US.CL
(71) Applicant: LG DISPLAY CO., LTD., SEOUL CPC ... GO2F 1/134363 (2013.01); GO2F 1/13439
(KR) (2013.01)
USPC .. 349/96; 445/24
(72) Inventors: Jun-Hee LEE, Gyeonggi-do (KR);
Jae-Hyun LEE, Busan (KR)
) (57) ABSTRACT
(73) Assignee: LG DISPLAY CO., LTD., SEOUL
(KR)
An in-plane switching mode liquid crystal display device
(21) Appl. No.: 14/249,417 includes: first and second substrates facing and spaced apart
. from each other; a first polarizing plate including a supporting
(22) Filed: Apr. 10, 2014 layer, a first polarizing layer and a first protecting layer
Lo sequentially on an outer surface of the first substrate; a second
Related U.S. Application Data polarizing plate including a first compensating layer, a second
(62) Division of application No. 12/630,380, filed on Dec. compensating layer, a second polarizing layer and a second
3, 2009, now Pat. No. 8,743,320. protecting layer sequentially on an outer surface of the second
4 substrate, the first and second compensating layers including
(30) Foreign Application Priority Data positive and negative biaxial retardation films, respectively;
and a liquid crystal layer between the first and second sub-
Dec. 23,2008  (KR) .cccoocucrrcnicrn. 10-2008-0132544 strates.
110
/
r/
{ 154
| e
i — 1540 )
| v
i
| T 130
! !
| |
l
i
i
!
1 125 126
1 \ 197 L
! — !
| BN Bl N 1
i @ e p— : &W | N w i
| J L
| 124 ) \ ) 120
| 121 N7 123 |
i — . 157
\

,{iu%% 1152
152/




Patent Application Publication  Aug. 7,2014 Sheet 1 of 16 US 2014/0218665 A1

»/1 |
| A 30
40h O D O
40a _}/—Q O i >
\ 1 >40
oo @ T
1 777 |
_/ /2
2(4 2(2
(related art)

FIG. 14



Patent Application Publication  Aug. 7,2014 Sheet 2 of 16

 [—40a
) 1

+1 §0000

v/ Y
) 20
.
(related art)

FIG. 1B

US 2014/0218665 A1



Patent Application Publication  Aug. 7,2014 Sheet 3 of 16 US 2014/0218665 A1

(related art)
FIG. 2



Patent Application Publication  Aug. 7,2014 Sheet 4 of 16 US 2014/0218665 A1

N 7
i PN 02
| / 54
| A ABS?
| // al
- /
://
//L _________________ |
(related art)
FIG. 34

(related art)
FIG. 3B



Patent Application Publication  Aug. 7,2014 Sheet 5 of 16 US 2014/0218665 A1

(related art)
FIG. 4



Patent Application Publication  Aug. 7,2014 Sheet 6 of 16 US 2014/0218665 A1

e

W
N

N

180°

(related art)
FIG. 5



Patent Application Publication  Aug. 7,2014 Sheet 7 of 16 US 2014/0218665 A1

110

Nz

Ny

FIG. 74



Patent Application Publication  Aug. 7,2014 Sheet 8 of 16 US 2014/0218665 A1

Nz
Ny

FIG. 7B



Patent Application Publication  Aug. 7,2014 Sheet 9 of 16 US 2014/0218665 A1

\BSD Y1 54c
S JLS \<1 54
.
\\
~.

N PLZ
\\ \/ 1543
N
NN\
L)

1520

T obliguely incident light

% of unpolarized state

FIG. 8



Patent Application Publication  Aug. 7,2014 Sheet 100f16  US 2014/0218665 A1




US 2014/0218665 A1

Aug. 7,2014 Sheet 11 of 16

Patent Application Publication

90°

NN
RN /%/////W/

NNnni
T s

TIHHR

2 N \

Nhne ///////////ﬁ/////w//ww /////////M///// N Hn t agt
/////,/////// X /4/ NN W// /w/ \ \ ////// N T, s t
L R T T T T T N
N

21 1 R RTINS
T T R T T T T T

N\

N
N

N
L

NN NN
N N
) ///// N /////%/ X
N
///////N/////
NN

R TR .-
,///407/%7// N
X %&W/&%@%%// N

N
NHnk
N I
N H ey
NAIIHIHNIHMnay
\ ////////%/// /%y/%y/%WZz \\

N
NN
N

N R A N N
//////////// TR E R %////////// NN //ﬂ//
N\ N nnstt Nt N N
X NN nnniin N nnnh N

) Tninn ana NN
N N / NN NN
N NN Nt

SANNNS NN .
N N i %/7/%///%
A RN RN \
B N /«7/7//7% NS R R N

N

\ s
N RN
NN /MV/U///,//////V NN

N N
nnnintt

N
Nk

s R A
///W/,,o%%, //iﬂ/z R //nzy/
R R R NN Nty
Ll X N aan
N \
T T T ////m/ww////%///ﬂﬂ//ﬂ/ﬂm/ \ aaah N N //,w///w%///ﬂ%//w/m%//%
Nhnna N nnaes \ NN Nhin

Ll
aa

S
RS

A

R
L
N

an N N N//Wﬁw// W// N N aan HHRnRnk N N R N
1111 T T N N\ M

AT T T Ty
A T T T T R

7
7
7

\

T i
N
N Nt N ) Nnne N N
NN A R N
A AN AR R AR
N R T T T T R
nt Mt TRt NHHHTHnHT T st
N Tk Nk N T T R
) e N \ T et
T T T R Reas N, T T T
NN NN
T T T T T T E_,— T
///,7/%///4%// lminnm NN NN
\

NRnas
NNk //ﬂ/////
NnnHhaann

NMnin

Nk
%ﬂ//// N\

NN
AR
Hhnnmnnn

0

FIG. 10

27



US 2014/0218665 A1

Aug. 7,2014 Sheet 12 of 16

Patent Application Publication

112.9

retardation value of first

[ap)

cempensating layer{Rth,nm)

o
=)
©
T
f
f

118.9 124.7 130.5

95.7 101.5 107.3 113.1

9.9

841 &

78.3

72.5

nm)

retardation value of second compensating layer{(Rin

FIG. 11



Patent Application Publication

Aug. 7,2014 Sheet 13 of 16

T 220

i
787

— 052 957

5

FIG. 12

US 2014/0218665 A1



Patent Application Publication  Aug. 7,2014 Sheet 140f16  US 2014/0218665 A1

246

FIG. 13



US 2014/0218665 A1

Aug. 7,2014 Sheet 15 0f 16

Patent Application Publication

/ ///////////////
//%

//mm

%
%
%
/
=
_
%
/
-
.
.
.
%
.
/
.
%
.
.

L\

N ////////////

MMMMMMWM%//////5

////////////////////////////////////////////3

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

FIG. 14



Patent Application Publication  Aug. 7,2014 Sheet 16 0f16  US 2014/0218665 A1

99.5

92

i |

76.6

/|
/1

69

(Wuu1y)I0AB| BUIIBSUDAWOD 181} JO ON|BA UO|1Ep.Ielol

4
|
|
|

23
86.¢ 114.6 132,17 150 167.4 185 202.6 220.2 237.8 225.5

retardation value of second compensating layer{Rin,nm)

FIG. 15



US 2014/0218665 Al

IN-PLANE SWITCHING MODE LIQUID
CRYSTAL DISPLAY DEVICE INCLUDING
POLARIZING PLATE AND METHOD OF
FABRICATING THE SAME

[0001] This application claims the benefit of Korean Patent
Application No. 2008-0132544 filed on Dec. 23, 2008, which
is hereby incorporated by reference in its entirety.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present application relates to a liquid crystal
display device, and more particularly, to an in-plane switch-
ing mode liquid crystal display device and a method of fab-
ricating the in-plane switching mode liquid crystal display
device.

[0004] 2. Discussion of the Related Art

[0005] As information age progresses, display devices pro-
cessing and displaying a large amount of information has
been developed. Specifically, flat panel display (FPD) devices
have been required for satisfying characteristics such as light
weight, thin profile, and low power consumption. As a result,
a liquid crystal display (LCD) devices having advantages in
color reproducibility and profile have been suggested.
[0006] The LCD device uses the optical anisotropy and
polarization properties ofliquid crystal molecules to produce
an image. Since the liquid crystal molecules have long thin
shapes and a pretilt angle for alignment, the alignment direc-
tion of the liquid crystal molecules can be controlled by
changing the pretilt angle due to an applied voltage. Accord-
ingly, the alignment of the liquid crystal molecules changes in
accordance with the alignment direction of the liquid crystal
molecules controlled by applying a voltage to a liquid crystal
layer. As a result, the image is displayed by modulating a
polarized light due to the optical anisotropy of the liquid
crystal molecules. Among several types of LCD devices,
active matrix LCD (AM-LCD) devices where thin film tran-
sistors (TFTs) and pixel electrodes connected to the TFT's are
disposed in matrix are currently widely used because of their
high resolution and superior quality for displaying moving
pictures.

[0007] A related art LCD device includes a color filter
substrate having a common electrode, an array substrate hav-
ing a pixel electrode, and a liquid crystal layer interposed
between the color filter substrate and the array substrate. In
the related art LCD device, the liquid crystal layer is driven by
a vertical electric field between the pixel electrode and the
common electrode. The related art LCD device provides a
superior transmittance and a high aperture ratio. However, the
related art LCD device has a narrow viewing angle because it
is driven by the vertical electric field. To overcome the above
disadvantages, various other types of LCD devices having
wide viewing angles, such as in-plane switching mode (IPS)
mode LCD device, have been developed.

[0008] FIG. 1A is a cross-sectional view of the related art
in-plane switching mode liquid crystal display device in an
ON state, and F1G. 1B is a cross-sectional view of the related
art in-plane switching mode liquid crystal display device inan
OFF state.

[0009] In FIGS. 1A and 1B, an in-plane switching (IPS)
mode liquid crystal display (LCD) device 10 includes a first
substrate 20 having a thin film transistor (not shown), a sec-
ond substrate 30 having a color filter layer and a black matrix
and a liquid crystal layer 40 between the first and second

Aug.7,2014

substrates 20 and 30. A common electrode 22 and a pixel
electrode 24 are alternately formed on the first substrate 20.
An electric field E is generated according to a voltage applied
to the common electrode 22 and the pixel electrode 24, and
liquid crystal molecules 40a and 405 of the liquid crystal
layer 40 are re-aligned along the electric field E.

[0010] Inthe ON state of FIG. 1A, the voltage is applied to
the common electrode 22 and the pixel electrode 24, and the
electric field E is generated. The electric field E has a vertical
portion directly over the common electrode 22 and the pixel
electrode 24, and a horizontal portion between the common
electrode 22 and the pixel electrode 24. Accordingly, the first
liquid crystal molecules 40q directly over the common elec-
trode 22 and the pixel electrode 24 are not re-aligned, and the
second liquid crystal molecules 405 between the common
electrode 22 and the pixel electrode 24 are re-aligned along
the electric field E. Since the liquid crystal layer 40 between
the common electrode 22 and the pixel electrode 24 is re-
aligned along the horizontal portion of the electric field E in
the ON state, the IPS mode LCD device 10 displays images
with a wide viewing angle. For example, the images may be
displayed with a viewing angle of about 80° to about 85°
along top, bottom, right and left directions with respect to a
normal direction of the IPS mode LCD device.

[0011] Inthe OFF state of FIG. 1B, since the voltage is not
applied to the common electrode 22 and the pixel electrode
24, and the electric field E is not generated. Accordingly, the
first and second liquid crystal molecules 40a and 405 of the
liquid crystal layer 40 are not re-aligned.

[0012] IntheIPS mode LCD deviceaccording to the related
art, a polarization state of the light passing through the IPS
mode LCD device is adjusted by first and second polarizing
plates on outer surfaces of the first and second substrates,
respectively.

[0013] FIG.21sa cross-sectional view showing an in-plane
switching mode liquid crystal display device according to the
related art.

[0014] InFIG. 2, an in-plane switching (IPS) mode liquid
crystal display (LCD) device 10 includes first and second
substrates 20 and 30 facing and spaced apart from each other,
and a liquid crystal layer 40 between the first and second
substrates 20 and 30. Although not shown in FIG. 2, a com-
mon electrode and a pixel electrode generating an electric
field are formed on an inner surface of the first substrate 20.
[0015] 1Inaddition, first and second polarizing plates 52 and
54 are formed on outer surfaces of the first and second sub-
strates 20 and 30, respectively. The first polarizing plate 52
includes a first supporting layer 52q, a first polarizing layer
524 and a first protecting layer 52¢, and the second polarizing
plate 54 includes a second supporting layer 54a, a second
polarizing layer 545 and a second protecting layer 54¢. Each
of the first and second supporting layers 52a and 54a includes
tri-acetyl cellulose (TAC) having a retardation of about 0.
Each of the first and second polarizing layers 525 and 54b
determining a polarization property is formed by stretching
poly-vinyl alcohol (PVA) adsorbing iodine (I) or dye. Each of
the first and second protecting layers 52¢ and 54¢ also
includes TAC.

[0016] When the first and second polarizing plates 52 and
54 are disposed such that absorption axes of the first and
second polarizing plates 52 and 54 are perpendicular to each
other, the IPS mode LCD device is operated in a normally
black mode. Accordingly, when the IPS mode LCD device 10
has an OFF state, the horizontal electric field is not generated
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between the common electrode and the pixel electrode, and
the liquid crystal molecules of the liquid crystal layer 40 are
not re-aligned so that the incident light can penetrate the
liquid crystal layer 40 without polarization. As a result, the
linearly-polarized light passing through the first polarizing
plate 52 to have a polarization axis perpendicular to the
absorption axis of the first polarizing plate 52 penetrates the
liquid crystal layer 40 without change of polarization state,
and is completely absorbed by the second polarizing plate 54
having an absorption axis perpendicular to the absorption
axis of the first polarizing plate 52, thereby a black image
displayed.

[0017] When the IPS mode LCD device has an OFF state,
although the black image is displayed along a normal direc-
tion of the IPS mode LCD device, the brightness of the black
image along up, down, right and left oblique directions of the
IPS mode LCD device may increase due to light leakage. The
light leakage is generated because the absorption axes of the
polarizing plates are not perpendicular to each other.

[0018] FIGS.3A and3B are views showing absorption axes
of polarizing plates of an in-plane switching mode liquid
crystal display device according to the related art when
viewed at a normal viewing angle and at an oblique viewing
angle, respectively.

[0019] InFIG. 3A, when an in-plane switching (IPS) mode
liquid crystal display (LCD) device 10 (of FIG. 2) is viewed
at a normal viewing angle, a first absorption axis ABS1 of a
first polarizing plate 52 on an outer surface of a first substrate
20 (of FIG. 2) and a second absorption axis ABS2 of'a second
polarizing plate 54 on an outer surface of a second substrate
30 (of FIG. 2) cross each other with a first angle al.

[0020] In FIG. 3B, however, when the IPS mode LCD
device 10 is viewed at an oblique viewing angle, the first
absorption axis ABS1 of the first polarizing plate 52 and the
second absorption axis ABS2 of the second polarizing plate
54 cross each other with a second angle a2 greater than the
first angle al. Accordingly, the first absorption axis ABS1 of
FIG. 3B for the obliquely incident light to the IPS mode LCD
device 10 is counterclockwise rotated with respect to the first
absorption axis ABS1 of FIG. 3A for the normally incident
light to the IPS mode LCD device 10, and the second absorp-
tion axis ABS2 of FIG. 3B for the obliquely incident light to
the IPS mode LCD device 10 is clockwise rotated with
respect to the second absorption axis ABS2 of FIG. 3A for the
normally incident light to the IPS mode LCD device 10.
[0021] As a result, the obliquely incident light to the IPS
mode LCD device 10 passes through the first polarizing plate
52 and is linearly polarized to have a polarization state having
a polarization axis PL perpendicular to the first absorption
axis ABS1 of FIG. 3B. However, since the polarization axis
PL is not parallel to the second absorption axis ABS2, the
obliquely incident light is not absorbed by the second polat-
izing plate 54 to cause the light leakage. Therefore, when the
IPS mode LCD device 10 is viewed along up, down, right and
left oblique directions, the luminosity of the black image is
deteriorated due to the light leakage. thereby contrast ratio
reduced.

[0022] FIG. 4 is a Poincare sphere showing polarization
states of obliquely incident light to an in-plane switching
mode liquid crystal display device according to the related
art, and FIG. 5 is a view showing a brightness contour line of
a black image with respect to a viewing angle in an in-plane
switching mode liquid crystal display device according to the
related art.
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[0023] 1InFIG. 4, the obliquely incident light to an in-plane
switching (IPS) mode liquid crystal display (LCD) device
passes through a first polarizing plate 52 (of FIG. 2) and is
linearly polarized to have a polarization state having a polar-
ization axis PL perpendicular to a first absorption axis ABS1.
Since a second absorption axis ABS2 of a second polarizing
plate 54 (of FIG. 2) is not perpendicular to the first absorption
axis ABS1, the polarization axis PL is located at different
position in the Poincare sphere from the second absorption
axis ABS2. Accordingly, the obliquely incident light does not
display a complete black image and light leakage occurs.
[0024] InFIG.S5, the first polarizing plate 52 and the second
polarizing plate 54 are disposed such that the first absorption
axis ABS1 and the second absorption axis ABS2 are parallel
to a horizontal direction and a vertical direction, respectively.
When the [PS mode LCD device displays a black image, a
complete black image without light leakage is viewed at a
normal viewing angle having a polar angle 6 of about 0° with
respect to a z-axis normal to the IPS mode LCD device.
However, a light leakage occurs at an oblique viewing angle
along diagonal directions having azimuthal angles ¢ of about
45°,135°,225° and 315° with respect to an x-axis or a y-axis
parallel to the IPS mode LCD device. Accordingly, brightness
of the black image increases and contrast ratio is reduced at
the oblique viewing angle of the IPS mode LCD device. For
example, the black image may have relatively high brightness
ofabout 0.018331 (arbitrary unit: A.U.) at an oblique viewing
angle having a polar angle of about 60° and an azimuthal
angle of about 45°. Although a compensation film having a
complex retardation is used for the IPS mode LCD device to
solve the above problems, the retardation film causes com-
plication in fabrication process and increase in fabrication
cost.

SUMMARY OF THE INVENTION

[0025] Accordingly, the present invention is directed to an
in-plane switching mode liquid crystal display device and a
method of fabricating the same that substantially obviates one
or more of the problems due to limitations and disadvantages
of the related art.

[0026] An object of the present invention is to provide an
in-plane switching mode liquid crystal display device where
brightness of a black image at an oblique viewing angle is
reduced and contrast ratio is improved and a method of fab-
ricating the in-plane switching mode liquid crystal display
device.

[0027] Another object of the present invention is to provide
an in-plane switching mode liquid crystal display device
where a biaxial film having a retardation value is used as a
supporting layer of a polarizing plate and a method of fabri-
cating the in-plane switching mode liquid crystal display
device.

[0028] Additional features and advantages of the invention
will be set forth in the description which follows, and in part
will be apparent from the description, or may be learned by
practice of the invention. The objectives and other advantages
of the invention will be realized and attained by the structure
particularly pointed out in the written description and claims
hereof as well as the appended drawings.

[0029] To achieve these and other advantages and in accor-
dance with the purpose of the present invention, as embodied
and broadly described, an in-plane switching mode liquid
crystal display device includes: first and second substrates
facing and spaced apart from each other; a first polarizing
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plate including a supporting layer, a first polarizing layer and
a first protecting layer sequentially on an outer surface of the
first substrate; a second polarizing plate including a first com-
pensating layer, a second compensating layer, a second polar-
izing layer and a second protecting layer sequentially on an
outer surface of the second substrate, the first and second
compensating layers including positive and negative biaxial
retardation films, respectively; and a liquid crystal layer
between the first and second substrates.

[0030] Inanotheraspect, anin-plane switching mode liquid
crystal display device includes: first and second substrates
facing and spaced apart from each other; a first polarizing
plate including a first compensating layer, a first polarizing
layer and a first protecting layer sequentially on an outer
surface of the first substrate, the first compensating layer
including a positive biaxial retardation film; a second polar-
izing plate including a second compensating layer, a second
polarizing layer and a second protecting layer sequentially on
an outer surface of the second substrate, the second compen-
sating layer including a positive biaxial retardation film; and
a liquid crystal layer between the first and second substrates.
[0031] In another aspect, a method of fabricating an in-
plane switching mode liquid crystal display device includes:
forming a liquid crystal layer between first and second sub-
strates facing and spaced apart from each other; forming a
first polarizing plate including a supporting layer, a first polar-
izing layer and a first protecting layer on an outer surface of
the first substrate; and forming a second polarizing plate
including a first compensating layer, a second compensating
layer, a second polarizing layer and a second protecting layer
on an outer surface of the second substrate, the first and
second compensating layers including positive and negative
biaxial retardation films, respectively.

[0032] In another aspect, a method of fabricating an in-
plane switching mode liquid crystal display device includes:
forming a liquid crystal layer between first and second sub-
strates facing and spaced apart from each other; forming a
first polarizing plate including a first compensating layer, a
first polarizing layer and a first protecting layer on an outer
surface of the first substrate, the first compensating layer
including a positive biaxial retardation film; and forming a
second polarizing plate including a second compensating
layer, a second polarizing layer and a second protecting layer
on an outer surface of the second substrate, the second com-
pensating layer including a positive biaxial retardation film.
[0033] Itisto beunderstood that both the foregoing general
description and the following detailed description are exem-
plary and explanatory and are intended to provide further
explanation of the invention as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0034] The accompanying drawings, which are included to
provide a further understanding of the invention and are
incorporated in and constitute a part of this specification,
illustrate embodiments of the invention and together with the
description serve to explain the principles of the invention. In
the drawings:

[0035] FIG. 1A is a cross-sectional view of the related art
in-plane switching mode liquid crystal display device in an
ON state;

[0036] FIG. 1B is a cross-sectional view of the related art
in-plane switching mode liquid crystal display device in an
OFF state;
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[0037] FIG.2isa cross-sectional view showing an in-plane
switching mode liquid crystal display device according to the
related art;

[0038] FIGS.3A and3B are views showing absorption axes
of polarizing plates of an in-plane switching mode liquid
crystal display device according to the related art when
viewed at a normal viewing angle and at an oblique viewing
angle, respectively;

[0039] FIG. 4 is a Poincare sphere showing polarization
states of obliquely incident light to an in-plane switching
mode liquid crystal display device according to the related
art,

[0040] FIG. 5isa view showing abrightness contour line of
a black image with respect to a viewing angle in an in-plane
switching mode liquid crystal display device according to the
related art;

[0041] FIG. 6 is a cross-sectional view showing an in-plane
switching mode liquid crystal display device according to a
first embodiment of the present invention;

[0042] FIGS.7A and 7B are views illustrating positive and
negative biaxial retardation films, respectively, for a polariz-
ing plate of an in-plane switching mode liquid crystal display
device according to a first embodiment of the present inven-
tion;

[0043] FIG. 8 is an exploded perspective view showing an
absorption axis of a polarizing plate and polarization states of
incident light passing through the polarization plate of an
in-plane switching mode liquid crystal display device accord-
ing to a first embodiment of the present invention;

[0044] FIG. 9 is a Poincare sphere showing polarization
states of obliquely incident light to an in-plane switching
mode liquid crystal display device according to a first
embodiment of the present invention;

[0045] FIG. 10 is view showing a brightness contour line of
a black image with respect to a viewing angle in an in-plane
switching mode liquid crystal display device according to a
first embodiment of the present invention;

[0046] FIG. 11 is a view showing brightness distribution at
an oblique viewing angle with respect to retardation values of
firstand second compensating layers of an in-plane switching
mode liquid crystal display device according to a first
embodiment of the present invention;

[0047] FIG. 12 is a cross-sectional view showing an in-
plane switching mode liquid crystal display device according
to a first embodiment of the present invention;

[0048] FIG. 13 is a Poincare sphere showing polarization
states of obliquely incident light to an in-plane switching
mode liquid crystal display device according to a second
embodiment of the present invention;

[0049] FIG. 14 is view showing a brightness contour line of
a black image with respect to a viewing angle in an in-plane
switching mode liquid crystal display device according to a
second embodiment of the present invention; and

[0050] FIG. 15 is a view showing brightness distribution at
an oblique viewing angle with respect to retardation values of
firstand second compensating layers of an in-plane switching
mode liquid crystal display device according to a second
embodiment of the present invention.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

[0051] Reference will now be made in detail to the embodi-
ments of the present invention, examples of which are illus-
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trated in the accompanying drawings. Wherever possible,
similar reference numbers will be used to refer to the same or
similar parts.

[0052] FIG. 6isa cross-sectional view showing an in-plane
switching mode liquid crystal display device according to a
first embodiment of the present invention.

[0053] InFIG. 6, an in-plane switching (TPS) mode liquid
crystal display (LCD) device 110 includes first and second
substrates 120 and 130 facing and spaced apart from each
other and a liquid crystal layer 140 between the first and
second substrates 120 and 130.

[0054] A gate electrode 121 and a common electrode 122
are formed on an inner surface of the first substrate 120, and
a gateinsulating layer 123 is formed on the gate electrode 121
and the common electrode 122. An active layer 124 including
an intrinsic semiconductor layer and an impurity-doped semi-
conductor layer is formed on the gate insulating layer 123
over the gate electrode 121, and source and drain electrodes
125 and 126 spaced apart from each other are formed on the
active layer 124. In addition, a pixel electrode 127 connected
to the drain electrode 126 is formed on the gate insulating
layer 123. The pixel electrode 127 and the common electrode
122 are disposed to be horizontally spaced apart from each
other. The gate electrode 121, the active layer 124, the source
electrode 125 and the drain electrode 126 constitute a thin
film transistor (TFT) T.

[0055] Although not shown in FIG. 6, a gate line and a data
line are formed over the inner surface of the first substrate
120, and the TFT T is connected to the gate line and the data
line. Further, a data signal of the data line is applied to the
pixel electrode 127 according to a gate signal of the gate line
by the TFT T. A passivation layer 128 is formed on the source
electrode 125, the drain electrode 126 and the pixel electrode
127. A liquid crystal layer 140 is formed between the passi-
vation layer 128 and an inner surface of the second substrate
130.

[0056] First and second polarizing plates 152 and 154 are
formed on outer surfaces of the first and second substrates 120
and 130, respectively. Although notshown in FIG. 6, adhesive
layers may be formed between the first substrate 120 and the
first polarizing plate 152 and between the second substrate
130 and the second polarizing plate 154 for attachment.

[0057] The first polarizing plate 152 includes a first sup-
porting layer 152q, a first polarizing layer 1525 and a first
protecting layer 152¢. The first supporting layer 1524 may
include tri-acetyl cellulose (TAC) having a retardation of
about 0. The first polarizing layer 1524 substantially deter-
mining a polarization property may be formed by stretching
poly-vinyl alcohol (PVA) adsorbing iodine (I) or dye. In
addition, the first protecting layer 152¢ may include TAC.
[0058] The second polarizing plate 154 includes a first
compensating layer 154a, a second compensating layer 1545,
a second polarizing layer 154¢ and a second protecting layer
1544. The first compensating layer 154q includes a positive
biaxial retardation film and may be formed by stretching an
acrylic resin film such as a polymethyl methacrylate
(PMMA) film. The second compensating layer 1545 includes
a negative biaxial retardation film and may be formed by
stretching a cyclo-olefin polymer (COP) film. In addition, the
second polarizing layer 154¢ substantially determining a
polarization property may be formed by stretching poly-vinyl
alcohol (PVA) adsorbing iodine (I) or dye, and the second
protecting layer 154d may include TAC.
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[0059] Hereinafter, the retardation film for the first and
second compensating layers 154a and 1545 of the second
polarizing plate 154 will be illustrated.

[0060] FIGS.7A and 7B are views illustrating positive and
negative biaxial retardation films, respectively, for a polariz-
ing plate of an in-plane switching mode liquid crystal display
device according to a first embodiment of the present inven-
tion.

[0061] A retardation film may be classified into uniaxial
and biaxial types according to the number of optical axes. In
addition, a retardation film may be classified into positive and
negative types according to difference between refractive
indexes along an optical axis direction and along the other
direction different than the optical axis direction. For
example, a retardation film having one optical axis may be
classified under a uniaxial type and a retardation film having
two optical axes may be classified under a biaxial type. In
addition, a retardation film where a refractive index along an
optical axis direction is greater than a refractive index along
the other direction may be classified under a positive type, and
a retardation film where a refractive index along an optical
axis direction is smaller than a refractive index along the other
direction may be classified under a negative type.

[0062] A retardation film may be represented by refractive
indexes along directions in an Xyz coordinate. For example,
when a retardation film is located in an xy plane, the x axis and
the y axis represent a plane direction of the retardation film,
and the retardation film has refractive indexes of nx, ny and nz
along the X, y and z axes, respectively. In addition, the retar-
dation value of the retardation film along the plane direction,
1.e., along the x axis or the y axis, is denoted by Rin, which is
defined by (nx-ny) and may be referred to as an plane direc-
tional retardation value, and the retardation value of the retar-
dation film along a thickness direction, i.e., along the 7 axis,
1s denoted by Rth, which is defined by (nz-nx) or (nz-ny) and
may be referred to as a thickness directional retardation value.
A positive A-plate and a negative A-plate of a uniaxial retar-
dation film satisfy relations of (nx>ny=nz) and (nx<ny=nz),
respectively. Further, a positive C-plate and a negative C-plate
satisfy relations of (nz>nx=ny) and (nz<nx=ny), respectively.
Moreover, as shown in FIGS. 7A and 7B, a positive B-plate
and a negative B-plate of a biaxial retardation film satisfy
relations of (nz>nx>ny) and (nx>ny>nz), respectively.
[0063] The first and second compensating layers 154a and
1545 (of FIG. 6) in the second polarizing plate 154 of the IPS
mode LCD device 110 (of FIG. 6) may be formed of the
positive and negative B-plates of FIGS. 7A and 7B, respec-
tively. In the IPS mode LCD device 110, since the obliquely
incident light passes through the first polarizing plate 152 and
the polarization state of the obliquely incident light is
changed by the first and second compensating layers 154a
and 1545 of the second polarizing plate 154, the obliquely
incident light is completely absorbed by the second polariz-
ing layer 154¢ of the second polarizing plate 154.

[0064] FIG. 8 is an exploded perspective view showing an
absorption axis of a polarizing plate and polarization states of
incident light passing through the polarization plate of an
in-plane switching mode liquid crystal display device accord-
ing to a first embodiment of the present invention, FIG. 9isa
Poincare sphere showing polarization states of obliquely inci-
dent light to an in-plane switching mode liquid crystal display
device according to a first embodiment of the present inven-
tion, and FIG. 10 is view showing a brightness contour line of
a black image with respect to a viewing angle in an in-plane
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switching mode liquid crystal display device according to a
first embodiment of the present invention.

[0065] In FIG. 8, while passing through a first polarizing
plate 1525 having a first absorption axis ABS1, an obliquely
incident light of an unpolarized state to an in-plane switching
(IPS) mode liquid crystal display (LCD) device 110 (of FIG.
6) is linearly polarized to have a first polarization state having
a first polarization axis PL1 such that a polarization compo-
nent parallel to the first absorption axis ABS1 is removed and
apolarization component perpendicular to the first absorption
axis ABS1 remains. In addition, the light of the first polariza-
tion state is elliptically polarized to have a second polariza-
tion state having a rotating second polarization axis PL2
while passing through a first compensating layer 154a of a
second polarizing plate 154 (of FIG. 6), and the light of the
second polarization state is linearly polarized to have a third
polarization state having a third polarization axis PL3 while
passing through a second compensating layer 1545 of the
second polarizing plate 154. Since the third polarization axis
PL3 is parallel to a second absorption axis ABS2 of a second
polarizing layer 154¢ of the second polarizing plate 154, the
light of the third polarization state is absorbed by the second
polarizing plate 154. As a result, the obliquely incident light
is completely absorbed and the IPS mode L.CD device 110
displays a black image. Each of optical axes of the first and
second compensating layers 154a and 1544 is parallel to the
first absorption axis ABS1 and perpendicular to the second
absorption axis ABS2.

[0066] Although the first absorption axis ABS1 of the first
polarizing layer 1525 is not perpendicular to the second
absorption axis ABS2 of the second polarizing layer 152¢ at
an oblique viewing angle of the IPS mode LCD device 110,
the obliquely incident light has the first polarization state
having the first polarization axis PL1 perpendicular to the first
absorption axis ABSI1 after passing through the first polariz-
ing layer 1526 and has the third polarization state having the
third polarization axis PL3 parallel to the second absorption
axis ABS2 after passing through the firstand second compen-
sating layers 154a and 1545, Accordingly, the obliquely inci-
dent light is completely absorbed by the second polarizing
layer 154c.

[0067] The Poincare sphere representing all polarization
states of light on a sphere has been widely used for designing
a compensation film because polarization states are easily
anticipated by using the Poincare sphere when an optical axis
and a retardation value are given. An equator of the Poincare
sphere represents a linear polarization. A positive third pole
S3 and a negative third pole -S3 represent a left handed
circular polarization and a right handed circular polarization,
respectively. In addition, an upper hemisphere and a lower
hemisphere represent a left handed elliptical polarization and
a right handed elliptical polarization, respectively.

[0068] InFIG.9,red, green and blue (R, G and B) obliquely
incident lights are linearly polarized by the first polarizing
plate 152 having the first absorption axis ABS1 to have the
first polarization state having the first polarization axis PL1
that is located adjacent to the equator of the Poincare sphere.
In addition, the R, G and B obliquely incident lights is ellip-
tically polarized by the first compensating layer 152a to have
the second polarization state having the rotating second polar-
ization axis PL2 that has the same longitude as the first polar-
ization axis PL.1 on the Poincare sphere, and is linearly polar-
ized by the second compensating layer 1525 to have the third
polarization state having the third polarization axis PL3 that is
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located adjacent to the equator of the Poincare sphere. Since
the third polarization axis PL3 has substantially the same
coordinates as the second absorption axis ABS2 ofthe second
polarizing plate 154, the R, G and B obliquely incident lights
may be completely absorbed by the second polarizing plate
154. As a result, the IPS mode LCD device 110 displays the
black image even with the obliquely incident light, and qual-
ity of the black image and contrast ratio of the IPS mode LCD
device 110 are improved.

[0069] In FIG. 10, when the IPS mode LCD device 110
displays a black image, a complete black image without light
leakage is viewed at oblique viewing angles along diagonal
directions having azimuthal angles ¢ of about 45°, 135°, 225°
and 315° as well as at a normal viewing angle having a polar
angle 6 of about 0°. For example, the black image may have
a brightness of about 0.000898 (arbitrary unit: A.U.) at an
oblique viewing angle having a polar angle 6 of about 60° and
an azimuthal angle ¢ of about 45°. Accordingly, at the oblique
viewing angle, the brightness of the black image may be
reduced to about 5% of the brightness of the black image,
which may be about 0.018331, of the related art IPS mode
LCD device. Therefore, the brightness of the black image and
the contrast ratio are improved at the oblique viewing angles
of the IPS mode LCD device of the first embodiment of the
present invention.

[0070] The retardation values of the first and second com-
pensating layers 154a and 1545 may be determined according
to the minimum value of the brightness of the black image at
the oblique viewing angles.

[0071] FIG. 11 and TABLE 1 are a view and a table, respec-
tively, showing brightness distribution at an oblique viewing
angle with respect to retardation values of first and second
compensating layers of an in-plane switching mode liquid
crystal display device according to a first embodiment of the
present invention.

TABLE 1

second compensating laver (Rin, nm)

80 90 100 115 125

first 50 6316 5003 4033 3671 4420
compensating 60 5447 3826 3623 2197 2939
layer 70 5265 3494 2180 1613 2347
(Rth,nm; 80 5405 3347 1819 898 1464
90 5728 3532 1936 1088 1173

[0072] InFIG.11and TABLE I, the brightness of the black
image is minimized when a retardation value Rth of the
positive B-plate of the first compensating layer 154a (of FIG.
6) along a thickness direction (z axis) is within a range of
about 60 nm to about 100 nm and a retardation value Rin of
the negative B-plate of the second compensating layer 1545
(of FIG. 6) along a plane direction (x axis or y axis) is within
arange of about 90 nm to about 130 nm. For example, when
the retardation value Rth of'the first compensating layer 154a
is within a range of about 70 nm to about 90 nm and the
retardation value Rin of the second compensating layer 1545
is within a range of about 90 nm to about 110 nm, the black
image may have the minimum brightness.

[0073] FIG. 12 is a cross-sectional view showing an in-
plane switching mode liquid crystal display device according
to a second embodiment of the present invention.

[0074] InFIG. 12, an in-plane switching (IPS) mode liquid
crystal display (LCD) device 210 includes first and second
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substrates 220 and 230 facing and spaced apart from each
other and a liquid crystal layer 240 between the first and
second substrates 220 and 230.

[0075] A gate electrode 221 and a common electrode 222
are formed on an inner surface of the first substrate 220, and
a gateinsulating layer 223 is formed on the gate electrode 221
and the common electrode 222. An active layer 224 including
an intrinsic semiconductor layer and an impurity-doped semi-
conductor layer is formed on the gate insulating layer 223
over the gate electrode 221, and source and drain electrodes
225 and 226 spaced apart from each other are formed on the
active layer 224. In addition, a pixel electrode 227 connected
to the drain electrode 226 is formed on the gate insulating
layer 223. The pixel electrode 227 and the common electrode
222 are disposed to be horizontally spaced apart from each
other. The gate electrode 221, the active layer 224, the source
electrode 225 and the drain electrode 226 constitute a thin
film transistor (TFT) T.

[0076] Although not shown in FIG. 12, a gate line and a
data line are formed over the inner surface of the first substrate
220, and the TFT T is connected to the gate line and the data
line. Further, a data signal of the data line is applied to the
pixel electrode 227 according to a gate signal of the gate line
by the TFT T. A passivation layer 228 is formed on the source
electrode 225, the drain electrode 126 and the pixel electrode
227. A liquid crystal layer 240 is formed between the passi-
vation layer 228 and an inner surface of the second substrate
230.

[0077] First and second polarizing plates 252 and 254 are
formed on outer surfaces of the first and second substrates 220
and 230, respectively. Although not shown in FIG. 12, adhe-
sive layers may be formed between the first substrate 220 and
the first polarizing plate 252 and between the second substrate
230 and the second polarizing plate 254 for attachment.

[0078] The first polarizing plate 252 includes a first com-
pensating layer 2524, a first polarizing layer 2525 and a first
protecting layer 252¢. The first compensating layer 252a may
include a positive biaxial retardation film and may be formed
by stretching an acrylic resin film such as a polymethyl meth-
acrvlate (PMMA) film, The first polarizing layer 2525 sub-
stantially determining a polarization property may be formed
by stretching poly-vinyl alcohol (PVA) adsorbing iodine (I)
or dye. In addition, the first protecting layer 252¢ may include
TAC.

[0079] The second polarizing plate 254 includes a second
compensating layer 2544, a second polarizing layer 2545 and
a second protecting layer 254¢. The second compensating
layer 254q includes a positive biaxial retardation film and
may be formed by stretching an acrylic resin film such as a
polymethyl methacrylate (PMMA) film. The second polariz-
ing layer 254b substantially determining a polarization prop-
erty may be formed by stretching poly-vinyl alcohol (PVA)
adsorbing iodine (I) or dye, and the second protecting layer
254¢ may include TAC.

[0080] Each of the first and second compensating layers
252a and 254a of the first and second polarizing plates 252
and 254 may be formed of a positive B-plate satisfying a
relation of nz>nx>ny. After the obliquely incident light to the
IPS mode LCD device 210 passes through the first polarizing
layer 2525 of the first polarizing plate 252, the polarization
state of the obliquely incident light is changed by the first and
second compensating layers 252a and 254a of the first and
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second polarizing plates 252 and 254 to be completely
absorbed by the second polarizing layer 2545 of the second
polarizing plate 254.

[0081] FIG. 13 is a Poincare sphere showing polarization
states of obliquely incident light to an in-plane switching
mode liquid crystal display device according to a second
embodiment of the present invention, and FIG. 14 is view
showing a brightness contour line of a black image with
respect to a viewing angle in an in-plane switching mode
liquid crystal display device according to a second embodi-
ment of the present invention.

[0082] In FIG. 13, while red, green and blue (R, G and B)
obliquely incident lights of an unpolarized state pass through
the first polarizing layer 2525 (of FIG. 12) of the first polar-
izing plate 252 (of FIG. 12) having the first absorption axis
ABS1, acomponent parallel to the first absorption axis ABS1
is absorbed and a component perpendicular to the first
absorption axis ABS1 remains. As a result, the R, G and B
obliquely incident lights have a first polarization state having
a first polarization axis PL1 that is located adjacent to the
equator of the Poincare sphere. In addition, the first polariza-
tion state of the R, G and B obliquely incident lights is
changed to an elliptic second polarization state having the
rotating second polarization axis PL.2 while passing through
the first compensating layer 252a (of FIG. 12) of the first
polarizing plate 252, and the second polarization state of the
R, G and B obliquely incident lights is changed to an elliptic
third polarization state having a rotating third polarization
axis PL3 while passing through the liquid crystal layer 240 (of
FIG. 12). Further, the third polarization state of the R, G and
B obliquely incident lights is changed to a to an elliptic fourth
polarization state having the rotating fourth polarization axis
PL4 while passing through the second compensating layer
254a (of F1G. 12) of the second polarizing plate 254 (of FIG.
12). Since the fourth polarization axis PL4 has substantially
the same coordinates as the second absorption axis ABS2 of
the second polarizing layer 2545, the R, G and B obliquely
incident lights may be completely absorbed by the second
polarizing plate 254. As a result, the IPS mode LCD device
210 displays the black image even with the obliquely incident
light, and quality of the black image and contrast ratio of the
IPS mode LCD device 210 are improved. An optical axis of
the first compensating layer 252a is parallel to the first
absorption axis ABS1 and perpendicular to the second
absorption axis ABS2, and an optical axis of the second
compensating layer 254a is perpendicular to the first absorp-
tion axis ABS1 and parallel to the second absorption axis
ABS2.

[0083] In FIG. 14, when the IPS mode LCD device 210
displays a black image, a complete black image without light
leakage is viewed at oblique viewing angles along diagonal
directions having azimuthal angles ¢ of about 45°, 135°, 225°
and 315° as well as at a normal viewing angle having a polar
angle 6 of about 0°. For example, the black image may have
a brightness of about 0.001295 (arbitrary unit: A.U.) at an
oblique viewing angle having a polar angle 6 of about 60° and
an azimuthal angle ¢ of about 45°. Accordingly, at the oblique
viewing angle, the brightness of the black image may be
reduced to about 7% of the brightness of the black image,
which may be about 0.018331, of the related art IPS mode
LCD device. Therefore, the brightness of the black image and
the contrast ratio are improved at the oblique viewing angles
of the IPS mode L.CD device of the second embodiment of the
present invention.
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[0084] The retardation values of the first and second com-
pensating layers 252a and 254a may be determined according
to the minimum value of the brightness of the black image at
the oblique viewing angles.

[0085] FIG.15and TABLE 2 are a view and a table, respec-
tively, showing brightness distribution at an oblique viewing
angle with respect to retardation values of first and second
compensating layers of an in-plane switching mode liquid
crystal display device according to a second embodiment of
the present invention.

TABLE 2

second compensating laver (Rin, nm)

160 180 200 220 240

first 65 4283 3284 3245 4181 6059
compensating 75 4213 2691 2234 2878 4607
layer 85 5523 2866 1447 1349 3026
(Rin,nm) 95 6886 3629 1829 1295 2958
105 8702 4876 2756 1760 3137

[0086] InFIG.15and TABLE 2, the brightness of the black
image is minimized when a retardation value Rin of the
positive B-plate of the first compensating layer 252a (of FIG.
12) along a plane direction (x axis or y axis) is within a range
of about 60 nm to about 110 nm and a retardation value Rin of
the positive B-plate of the second compensating layer 254a
(of FIG. 12) along a plane direction (x axis or y axis) is within
arange of about 170 nm to about 240 nm. For example, when
the retardation value Rin of the first compensating layer 252a
is within a range of about 80 nm to about 100 nm and the
retardation value Rin of the second compensating layer 2545
is within a range of about 190 nm to about 220 nm, the black
image may have the minimum brightness.
[0087] Consequently, in the [PS mode LCD device accord-
ing to the present invention, since each of the first and second
polarizing plates includes a biaxial retardation film, the
obliquely incident light is compensated and the light leakage
at the oblique viewing angle is prevented. As a result, the
brightness of the black image at the oblique viewing angle is
reduced, and the contrast ratio of the IPS mode LCD device at
the oblique viewing angle is improved, thereby the display
quality improved.
[0088] It will be apparent to those skilled in the art that
various modifications and variations can be made in the IPS
mode LCD device and the method of fabricating the IPS
mode LCD device of the present invention without departing
from the spirit or scope of the invention. Thus, it is intended
that the present invention cover the modifications and varia-
tions of this invention provided they come within the scope of
the appended claims and their equivalents.
1-5. (canceled)
6. An in-plane switching mode liquid crystal display
device, comprising:
first and second substrates facing and spaced apart from
each other;
a first polarizing plate including a first compensating layer,
a first polarizing layer and a first protecting layer
sequentially on an outer surface of the first substrate, the
first compensating layer including a positive biaxial
retardation film;
asecond polarizing plate including a second compensating
layer, a second polarizing layer and a second protecting
layer sequentially on an outer surface of the second
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substrate, the second compensating layer including a
positive biaxial retardation film; and

a liquid crystal layer between the first and second sub-

strates
wherein the first compensating layer includes a positive
B-plate satisfying a relation of nz>nx>ny,

wherein the second compensating layer including a nega-
tive B-plate satisfying a relation of nx>ny>nz, nx, ny,
and nz represents refractive indexes of each of the first
and second compensating layers along the x, y, and z
axes, respectively,

wherein the x and y axes represents a plane direction of

each of the first and second compensating layers, and
wherein the z-axis represents a thickness direction of each
of the first and second compensating layers.
7. The device according to claim 6, wherein:
the first compensating layer has a plane directional retar-
dation value (Rin) within a range of about 60 nm to about
110 nm; and

the second compensating layer has a plane directional
retardation value (Rin) within a range of'about 170 nm to
about 240 nm.

8. The device according to claim 6, wherein each of the first
and second compensating layers includes a stretched polym-
ethyl methacrylate (PMMA) film.

9. The device according to claim 6, wherein:

each of the first and second polarizing layers includes a

stretched poly-vinyl alcohol (PVA) adsorbing one of
iodine (1) and dye; and

each of the first and second protecting layers includes

tri-acetyl cellulose (TAC).

10. The device according to claim 6, wherein:

absorption axes of the first and second polarizing plates are

perpendicular to each other;

an optical axis of the first compensating layer is parallel to

the absorption axis of the first polarizing layer and per-
pendicular to the absorption axis of the second polariz-
ing layer; and

an optical axis of the second compensating layer is perpen-

dicular to the absorption axis of the first polarizing layer
and parallel to the absorption axis of the second polar-
izing layer.
11. A method of fabricating an in-plane switching mode
liquid crystal display device, the method comprising:
forming a liquid crystal layer between first and second
substrates facing and spaced apart from each other;

forming a first polarizing plate including a supporting
layer, a first polarizing layer and a first protecting layer
on an outer surface of the first substrate; and
forming a second polarizing plate including a first compen-
sating layer, a second compensating layer, a second
polarizing layer and a second protecting layer on an
outer surface ofthe second substrate, the first and second
compensating layers including positive and negative
biaxial retardation films, respectively,
wherein the first compensating layer includes a positive
B-plate satisfying a relation of nz>nx>ny,

wherein the second compensating layer including a nega-
tive B-plate satisfying a relation of nx>ny>nz, nx, ny,
and nz represents refractive indexes of each of the first
and second compensating layers along the x, y, and z
axes, respectively,

wherein the x and y axes represents a plane direction of

each of the first and second compensating layers, and
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wherein the 7-axis represents a thickness direction of each
of the first and second compensating layers.

12. The method according to claim 11, wherein:

the first compensating layer has a thickness directional
retardation value (Rth) within a range of about 60 nm to
about 100 nm; and

the second compensating layer has a plane directional
retardation value (Rin) within a range of about 90 nm to
about 130 nm.

13. The method according to claim 11, wherein:

the first compensating layer is formed by stretching a poly-
methyl methacrylate (PMMA) film; and

the second compensating layer is formed by stretching a
cyclo-olefin polymer (COP) film.

14. The method according to claim 1, wherein:

the supporting layer includes tri-acetyl cellulose (TAC)
having a retardation of about 0;

each of the first and second polarizing layers is formed by
stretching a poly-vinyl alcohol (PVA) adsorbing one of
iodine (I) and dye; and

each of the first and second protecting layers includes
tri-acetyl cellulose (TAC).

15. The method according to claim 1, wherein:

absorption axes of the first and second polarizing plates are
perpendicular to each other; and

each of optical axes of the first and second compensating
layers is parallel to the absorption axis of the first polar-
izing layer and perpendicular to the absorption axis of
the second polarizing layer.

16. A method of fabricating an in-plane switching mode

liquid crystal display device, the method comprising:

forming a liquid crystal layer between first and second
substrates facing and spaced apart from each other;

forming a first polarizing plate including a first compen-
sating layer, a first polarizing layer and a first protecting
layer on an outer surface of the first substrate, the first
compensating layer including a positive biaxial retarda-
tion film; and

forming a second polarizing plate including a second com-
pensating layer, a second polarizing layer and a second
protecting layer on an outer surface of the second sub-
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strate, the second compensating layer including a posi-
tive biaxial retardation film,
wherein the first compensating layer includes a positive
B-plate satisfying a relation of nz>nx>ny,

wherein the second compensating layer including a nega-
tive B-plate satisfying a relation of nx>ny>nz, nx, ny,
and nz represents refractive indexes of each of the first
and second compensating layers along the x, y, and z
axes, respectively,

wherein the x and y axes represents a plane direction of

each of the first and second compensating layers, and
wherein the z-axis represents a thickness direction of each
of the first and second compensating layers.
17. The method according to claim 16, wherein:
the first compensating layer has a plane directional retar-
dation value (Rin) within a range ofabout 60 nm to about
110 nm; and

the second compensating layer has a plane directional
retardation value (Rin) within a range of about 170 nm to
about 240 nm.

18. The method according to claim 16, wherein each of the
first and second compensating layers is formed by stretching
a polymethyl methacrylate (PMMA) film.

19. The method according to claim 16, wherein:

each of the first and second polarizing layers is formed by

stretching a poly-vinyl alcohol (PVA) adsorbing one of
iodine (1) and dye; and

each of the first and second protecting layers includes

tri-acetyl cellulose (TAC).

20. The method according to claim 16, wherein:

absorption axes of the first and second polarizing plates are

perpendicular to each other;

an optical axis of the first compensating layer is parallel to

the absorption axis of the first polarizing layer and per-
pendicular to the absorption axis of the second polariz-
ing layer; and

an optical axis of the second compensating layer is perpen-

dicular to the absorption axis of the first polarizing layer
and parallel to the absorption axis of the second polar-
izing layer.
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