woO 2005/038517 A1 |10 0 OO OO0

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property
Organization
International Bureau

(43) International Publication Date
28 April 2005 (28.04.2005)

(10) International Publication Number

WO 2005/038517 Al

(51) International Patent Classification’: GO2F 1/1335
(21) International Application Number:
PCT/KR2004/002701

(22) International Filing Date: 22 October 2004 (22.10.2004)

(25) Filing Language: Korean

(26) Publication Language: English
(30) Priority Data:

10-2003-0073792 22 October 2003 (22.10.2003) KR
(71) Applicant (for all designated States except US): LG
CHEM, LTD. [KR/KR]; L.G Twin Tower 20, Yoido-dong,

Youngdungpo-gu, Seoul 150-721 (KR).

(72) Inventors; and

(75) Inventors/Applicants (for US only): JEON, By-
oung-Kun [KR/KR]; 203, LG Chemical Shinyeolrip
Apartment, Doryong-dong, Yuseong-gu, Daejeon 305-340
(KR). BELYAEYV, Sergey [RU/KR]; 6-201 LG Chemical
Apartment, Doryong-dong, Yuseong-gu, Daejeon 305-340
(KR). YU, Jeong-Su [KR/KR]; 107-1501 Hanwool Apart-
ment, Shinsung-dong, Yuseong-gu, Daejeon 305-707
(KR). MALIMONENKO, Nikolay [RU/KR]; 6-203
LG Chemical Apartment, Doryong-dong, Yuseong-gu,
Daejeon 305-340 (KR).

(74) Agent: KIM, Seong-Ki; 14F, Kukdong Building, 60-1
Chungmuro3-ka, Chung-ku, Seoul 100-705 (KR).

(81) Designated States (unless otherwise indicated, for every
kind of national protection available): AE, AG, AL, AM,
AT, AU, AZ, BA, BB, BG, BR, BW, BY, BZ, CA, CH, CN,
CO, CR, CU, CZ, DE, DK, DM, DZ, EC, EE, EG, ES, FI,
GB, GD, GE, GH, GM, HR, HU, ID, IL, IN, IS, JP, KE,
KG,KP,KZ, 1L.C, LK, LR, LS, LT, LU, LV, MA, MD, MG,
MK, MN, MW, MX, MZ, NA, NI, NO, NZ, OM, PG, PH,
PL, PT,RO, RU, SC, SD, SE, SG, SK, SL, SY, TJ, TM, TN,
TR, TT, TZ, UA, UG, US, UZ, VC, VN, YU, ZA, ZM, ZW.
(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,
ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),
European (AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, FI,
FR, GB, GR, HU, IE, IT, LU, MC, NL, PL, PT, RO, SE, SI,
SK, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ,
GW, ML, MR, NE, SN, TD, TG).

Published:
with international search report

For two-letter codes and other abbreviations, refer to the "Guid-
ance Notes on Codes and Abbreviations” appearing at the begin-
ning of each regular issue of the PCT Gazette.

(54) Title: IN-PLANE SWITCHING LIQUID CRYSTAL DISPLAY COMPRISING COMPENSATION FILM FOR ANGULAR

FIELD OF VIEW USING +A-PLATE AND +C-PLATE

Backlighting

[l ot T GANT1T

:

£ 3]

(57) Abstract:  Disclosed is an in-plane
switching liquid crystal display. The in-plane
switching liquid crystal display improves
the contrast characteristic at a front and at
a predetermined inclination angle thereof
by using a +A-plate and a +C-plate while
minimizing a color shift according to viewing
angles in the black state.

Observer



WO 2005/038517 PCT/KR2004/002701

10

15

20

25

30

IN—?LANE SWITCHING LIQUID CRYSTAL DISPLAY COMPRISING
COMPENSATION FIIM FOR ANGULAR FIEID OF VIEW USING +A-~PLATE
AND +C-PLATE

Technical Field

The present invention relates to a liquid crystal
display (LCD), and more particularly to an in-plane switching
liquid crystal display (IPS-LCD) including a compensation
film wusing a +A-plate(s) and a +C-plate(s) in order to
improve a viewing angle characteristic of the in-plane
switching liquid crystal display filled with liquid crystal

of positive dielectric anisotropy (A &>0).

Background Art

An IPS-LCD is disclosed in U.S. Patent No. 3,807,831.
However, the IPS-LCD disclosed in U.S. Patent No. 3,807,831
does not use a compensation film. Accordingly, the above IPS-
ILCD represents a low contrast ratio at a predetermined
inclination angle due to a relatively great amount of light
leakage in the black state of the IPS-LCD.

U.S. Patent No. 5,189,538 discloses an LCD including a
viewing angle compensation film using an A-plate and a
positive biaxial retardation film.

In addition, U.S. Patent No. 6,115,095 discloses an IPS-
ICD including a compensation film using a +C-plate and an A-
plate. Characteristics of the IPS-LCD disclosed in U.S.
Patent No. 6,115,095 are as follows:

1) A liquid crystal layer 1s horizontally aligned
between two substrates in such a manner that an electric
field is supplied in parallel to the liquid crystal layer by
means of electrodes.

2) At least one A-plate and C-plate is sandwiched
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between two polarizer plate.

3) A main optical axis of an A-plate is perpendicular to
a main optical axis of a liquid crystal layer.

4) A retardation value of a liquid crystal layer Ry, a
retardation value of a + C-plate Ry, and a retardation value
of an A-plate Ry are determined such that they satisfy the
following equation.

Ric:RictRig = 1:0.5:0.25

5) A relationship between retardation wvalues of the A-
plate and C-plate and a thickness retardation value of a
polarizer plate protective film (TAC, COP and PNB) is not
disclosed.

A main object of using the A-plate and C-plate in U.S.
Patent No. 6,115,095 is to compensate for a color shift of
the IPS-LCD in a white state(a bright state). In this case,
although the color shift of the IPS-ILCD in the white state
can be reduced, a great amount of light leakage may occur at
a predetermined inclination angle of the IPS-ICD in a black
state. For this reason, the IPS-LCD represents a relatively
low contrast ratio at the predetermined inclination angle.

Recently, various methods of reducing the color shift in
the white state has been proposed and used. For example, a
two-domain 1liquid crystal alignment using a zig-zag type
electrode structure has been suggested in order to minimize

the color shift in the white state.

Brief Description of the Drawings

FIG. 1 is a view illustrating a basic structure of an
IPS-LCD. '

FIG. 2 is a view illustrating an alignment of an
absorption axis of a polarizer plate and an optical axis of

liquid crystal in IPS-LCD panel of Fig. 1.



WO 2005/038517 PCT/KR2004/002701

10

15

20

25

30

FIG. 3 is a view illustrating a refractive index of a
retardation f£ilm.

FIGS. 4 to 9 are views illustrating structures of IPS-
ILCDs including a viewing angle compensation film according to
one embodiment of the present invention, in which FIG. 4 is a
first IPS-LCD structure, FIG. 5 1is a second IPS-LCD
structure, FIG. 6 is a third IPS-LCD structure, FIG. 7 is a
fourth IPS-LCD structure, FIG. 8 is a fifth IPS-ICD
structure, and FIG. 9 is a sixth IPS-LCD structure.

FIGS. 10 to 14 are graphs representing simulation
results for a contrast characteristic at inclination angles
of 0° to 80° in all azimuthal angles when a white light is
used in a structure of an IPS-LCD including a viewing angle
compensation film according to one embodiment of the present
invention, in which FIG. 10 is a simulation result of a first
IPS-ICD structure, FIG. 11 is a simulation result of a second
IPS-LCD structure, FIG. 12 is a simulation result of a third
IPS-ICD structure, FIG. 13 is a simulation result of a fourth
IPS-ICD structure, and FIG. 14 is a simulation result of a
fifth IPS-LCD structure.

FIGS. 15 to 26 are views illustrating structures of
IPS-ICDs including a viewing angle compensation film
according to one embodiment of the present invention, in
which FIG. 15 is a seventh IPS-LCD structure, FIG. 16 is an
eighth IPS-ILCD structure, FIG. 17 1s a ninth IPS-LCD
structure, FIG. 18 is a tenth IPS-ICD structure, FIG. 19 1is
an eleyenth IPS-LCD structure, FIG. 20 is a twelfth IPS-LCD
structure, FIG. 21 is a thirteenth IPS-LCD structure, FIG. 22
is a fourteenth IPS-ICD structure, FIG. 23 1is a fifteenth
IPS-ICD structure, FIG. 24 is a sixteenth IPS-LCD structure,
FIG. 25 is a seventeenth IPS-ILCD structure, and FIG. 26 is an
eighteenth IPS-LCD structure.
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FIGS. 27 to 32 are graphs representing simulation
results for a contrast characteristic at inclination angles
of 0° to 80° in all azimuthal angles when a white light is
used in a structure of an IPS-LCD including a viewing angle
compensation film according to one embodiment of the present
invention, in which FIG. 27 is simulation results of seventh
and eighth IPS-LCD structures, FIG. 28 is simulation results
of ninth and tenth IPS-ICD structures, FIG. 29 is simulation
results of eleventh and twelfth IPS-LCD structures, FIG. 30
is simulation results of thirteenth and fourteenth IPS-LCD
structures, FIG. 31 is simulation results of fifteenth and
sixteenth IPS-LCD structures, and FIG. 32 is simulation

results of seventeenth and eighteenth IPS-LCD structures.

Disclosure of the Invention

It is an object of the present invention té provide an
IPS-LCD representing a superior contrast characteristic and a
low color shift at a front and at a predetermined inclination
angle of the IPS-LCD by minimizing light leakage in a black
state at the predetermined inclination angle.

The viewing angle characteristic of the IPS-LCD may be
lowered due to a dependency of a perpendicularity between the
absorption axes of two polarizer plates), to the viewing
angle and a dependency of a birefringence of an IPS-LCD panel
to the viewing angle.

The present inventors have found that a +A-plate and a
+C-plate are necessary to compensate for the above problems
lowering the viewing angle characteristic of the IPS-LCD.
Accordingly, the present inventors have designed two type
retardation films of the +A-plate and +C-plate, thereby
obtaining a wide viewing angle characteristic.

In addition, the present inventors have found that an
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optical axis direction of the +A-plate must be properly
determined in match with an alignment order of the +A-plate
and +C-plate positioned between a polarizer plate and an IPS-
LCD panel. The present invention has been suggested on the
basis of the above concepts.

Accordingly, the present invention provides an in-plane
switching liquid crystal display (IPS-LCD) capable of solving
the above-mentioned problems by using +A-plate and +C-plate.

In detail, the present invention provides an in-plane
switching liquid crystal display comprising: a first
polarizer plate; a liquid crystal cell, which is horizontally
aligned and filled with liquid crystal of positive dielectric
anisotropy (A e>0), an optical axis of the liguid crystal
filled in the liquid crystal cell being aligned in-plane in
parallel to polarizer plate; and a second polarizer plate,
wherein an absorption axis of the first polarizer plate is
perpendicular to an absorption axis of the second polarizer
plate, and the optical axis of the liquid crystal filled in
the liquid crystal cell is parallel to the absorption axis of
the first polarizer plate,

wherein at least one +A-plate (ny > ny = n;) and at least
one +C-plate (ny = ny, < nz) are interposed between the
polarizer plate and the liquid crystal cell in order to
compensate for a viewing angle in a dark state, and an
optical axis of the +A-plate is adjusted according to an
alignment order of +A-plate(s) and +C-plate(s).

According to the preferred embodiment of the present
invention, a pair of compensation films including the +A-
plate and the +C-plate are aligned between the second
polarizer plate (2) and the 1liquid crystal cell; and the
optical axis of the +A-plate is aligned perpendicularly to an

absorption axis (5) of the second polarizer plate if the +A-
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plate is adjacent to the second polarizer plate, or the
optical axis of the +A-plate is aligned in parallel to the
absorption axis (5) of the second polarizer plate if the +A-
plate 1is adjacent to the liquid crystal cell (3). In
addition, the optical axis of the +A-plate aligned between
the first polarizer plate (1) and the liquid crystal cell (3)
can be aligned in parallel to or in perpendicular to an
absorption axis of the first polarizer plate.

When the IPS-LCD exclusively uses the polarizer plates,
a contrast ratio at the inclination angle of 70° is equal to
or less than 10:1. However, the IPS-LCD of the present
invention using the +A-plate and the +C-plate may represent a
minimum contrast ratio above 20:1, preferably 50:1, at the
inclination angle of 70°.

Reference will now be made in detail to the preferred
embodiments of the present invention.

FIG. 1 is a view illustrating a basic structure of an
IPS-ICD.

The IPS-LCD includes a first polarizer plate 1, a second
polarizer plate 2 and an IPS-LCD panel 3. An absorption axis
4 of the first polarizer plate 1 is aligned in perpendicular
to the an absorption axis 5 of the second polarizer plate 2
and the absorption axis 4 of the first polarizer plate 1 is
parallel to an optical axis 6 of the IPS-ICD panel 3. In FIG.
2, two absorption axes 4 and 5 of two polarizer plates and
one optical axis 6 of one IPS-LCD panel are shown.

That is, the liquid crystal display using a compensation
film according to the present invention includes the first
polarizer plate 1, the IPS-LCD panel 3, which is horizontally
aligned between two glass substrates 15 and 16 and includes a
liquid crystal cell filled with 1liquid crystal of positive

dielectric anisotropy (A €>0), and the second polarizer plate
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2. The optical axis 6 of the liquid crystal filled in the
liquid crystal cell is aligned in-plane in parallel to the
first and second polarizer plates 1 and 2. The absorption
axis 4 of the first polarizer plate 1 is aligned in
perpendicular to the absorption axis 5 of the second
polarizer plate 2 and the absorption axis 4 of the first
polarizer plate 1 is parallel to the optical axis 6 of the
liquid crystal filled in the liquid crystal cell of the IPS-
LCD panel 3. In addition, one of first and second substrates
15 and 16 includes an active matrix drive electrode having a
pair of electrodes, which is formed on a surface of the
substrate adjacent to a liquid crystal layer.

A retardation value of the liquid crystal cell of the
IPS-ILCD according to the present invention is preferably
200nm to 450nm at a wavelength of 550nm.

A white state of the IPS-LCD can be obtained by (1)
linearly polarizing light radiated from a backlight unit at
an angle of 0° after passing through one polarizer plate, (2)
rotating the 0°-linearly polarized light into the 90°-linearly
polarized light after passing through a liquid crystal cell,
and then (3) transmitting the 90°-linearly polarized light
through the other polarizer plate. In order to allow the 0°-
polarized light to be converted into the 90°-polarized light,
the liquid crystal cell must have a retardation value
corresponding to a half of a wavelength of an incident light.
In addition, it 1is also possible to use a waveguide
characteristic of a liquid crystal layer of a liquid crystal
cell in a reverse-TN (twisted nematic) IPS-LCD, in which the

retardation value of the liquid crystal cell is set to 400nm.

. The retardation value of the liquid crystal cell may vary

depending on modes of the IPS-LCD.

The LCD according to the present invention may align the
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liquid crystal in multi-directions, or the liquid crystal may
be divided into multi-regions by voltage applied thereto.

The LCDs can be classified into IPS (In-Plain Switching)
LCDs, S-IPS (Super-In-Plan Switching) LCDs and FFS (Fringe
Field Switching) LCDs according to modes of the active matrix
drive electrode including a pair of electrodes. In the
present invention, the IPS-LCD may include the S-IPS LCD, the
FFS ICD, and a reverse TN IPS LCD.

According to the present invention, the IPS-LCD uses a
+A-plate and a +C plate in order to compensate for a viewing
angle thereof. When IPS-LCD uses the +A-plate combined with
the +C plate in order to compensate for the viewing angle of
the IPS-LCD, a wide viewing angle characteristic can be
obtained.

FIG. 3 illustrates a refractive index of a retardation
film used for compensatiné for a viewing angle of the IPS-
ICD. Referring to FIG. 3, an in-plane refractive index in an
x—-axis direction is ng(8), an in-plane refractive index in a
y-axls direction is ny(9), and a thickness refractive index in
a z-axls direction is n,;{(10). In addition, the characteristic
of the retardation film depends on the refractive index.

A  uniaxial retardation film represents mutually
different refractive indexes in two-axis directions among x-
axis, y-axis and z-axis directions. The uniaxial retardation
film is defined as follows:

(1) The +A-plate satisfies an equation of ny > ny = ng
and an in-plane retardation value thereof can be defined as
following Equation 1 by using a difference between two in-
plane refractive indexes and a thickness of a film.

Equation 1

Rin = d x (ngy - ny), wherein d is a thickness of a film.

The +A-plate has a thickness retardation value of almost
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0 and a positive in-plane retardation value.

(2) The +C-plate satisfies an equation of ny = n, < n,,
and a thickness retardation value thereof can be defined as
following Equation 2 by using a thickness of a film and a
difference between an in-plane refractive index and a
thickness refractive index.

Equation 2

Rew = d X (n; - ny), wherein d is a thickness of a film.

The +C-plate 11 has an in-plane retardation wvalue of
almost 0 and a positive thickness retardation value.

In order to compensate for the viewing angle of the IPS-
LCD, the +A-plate preferably has an in-plane retardation
value of 30nm to 500mm at a wavelength of 550nm, and the +C-
plate preferably has a thickness retardation value of 30nm to
500nmm at a wavelength of 550nm.

Light leakage may occur in the black state of the IPS-
ICD mainly because of a polarizer plate and partially because
of an IPS-LCD panel. Therefore, a range of the retardation
value required for compensating for the IPS-LCD can be
obtained by slightly expanding the retardation value such
that the 1light leakage of the 'polarizer plate can be
compensated. That is, the range of the retardation values for
the +A-plate and the +C-plate required for minimizing the
light leakage generated from two polarizer plates with the
absorption axes thereof aligned perpendicularly to each
other, 1is 50nm to 300nm, respectively. In addition, when
taking the IPS-LCD panel into consideration, the above range
can be slightly expanded. For this reason, the range of the
retardation values for the +A-plate and the +C-plate required
for compensating for the viewing angle of the IPS-LCD is 30nm
to 500nm, respectively.

The wavelength dispersion characteristic of the
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retardation film includes normal wavelength dispersion, flat
wavelength dispersion, and reverse wavelength dispersion.

FIGS. 4 to 9 and 15 to 26 illustrate structures of a
viewing angle compensation film including a +C-plate 11 and a
+A-plate 12 wused 1in an IPS-LCD according to the present
invention.

An IPS-LCD panel 3 is interposed between polarizer
plates, wherein liquid crystal molecules 7 are aligned in
parallel to IPS-ICD panel substrates 15 and 16 and in a
rubbing direction, which is formed on the substrates by
surface-treating the substrates such that 1liquid crystal
molecules are aligned in one direction. In order to obtain
the viewing angle compensation function, retardation £films
must be interposed between the IPS-LCD panel 3 and polarizer
plates 1 and 2. An optical axis (or slow axis) 13 of the
retardation film is aligned in perpendicular to or parallel
to an absorption axis 5 of an adjacent polarizer plate. Since
an optical axis of the +C-plate is perpendicular to the
polarizer plate, it may not directly relate to the viewing
angle characteristic. That is, only an angle formed between
the optical axis of the +A-plate and the absorption axis of
the polarizer plate may exert an influence upon the viewing
angle characteristic.

The optical axis direction of the +A-plate is determined
according to an alignment order of the retardation films.

When designing a viewing angle compensation film of the
IPS-LCD, the present invention considers that an internal
protective film of a polarizer plate has a function of the
retardation film while taking a case in which the internal
protective film has a thickness retardation value and a case
in which the internal protective film has no thickness

retardation value into consideration. Design values of the

10
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tA-plate and +C-plate with the internal protective film of
the polarizer plate having the thickness retardation wvalue
are different from those of the +A-plate and +C-plate with
the internal protective film having no thickness retardation
value. Tables 1 to 10 show a variation in the design values
of the +A-plate and +C-plate according to the internal
protective films.

According to a first embodiment of the present
invention, there 1is provided an ILCD including a first
polarizer plate 1, an IPS panel liquid crystal cell 3, a +C-
plate 11, an A-plate 12, and a second polarizer plate, which
are sequentially aligned and in which an optical axis 13 of
the A-plate is perpendicular to an absorption axis 5 of the
second polarizer plate.

When the A-plate is adjacent to the polarizer plate and
the +C-plate is positioned next to the A-plate, the wviewing
angle can be compensated only when the optical axis of the A-
plate is perpendicular to the absorption axis of the adjacent
polarizer plate. That is, the viewing angle characteristic
may be lowered if the optical axis of the A-plate is aligned
in parallel to the absorption axis of the adjacent polarizer
plate.

At this time, the A-plate 12 preferably has an in-plane
retardation value in a range of 30nm to 500nm at a wavelength
of 550nm, and the +C-plate 11 preferably has a thickness
retardation value in a range of 30nm to 500nm at a wavelength
of 550nm.

FIG. 4 shows a first IPS-LCD structure including a
compensation film according to the first embodiment of the
present invention and FIG. 5 shows a second IPS-LCD structure
including a compensation film according to the first

embodiment of the present invention.

11
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The first and second IPS-ICD structures shown in FIGS. 4
and 5 are substantially identical to each other, except for
light sources thereof, which are aligned in opposition to
each other. The first and second IPS-I1CD structures shown in
FIGS. 4 and 5 represent the same viewing angle
characteristics.

FIG. 10 and Table 1 show a simulation result when
practical design values of a retardation film are applied to

the IPS-LCD structure shown in FIG. 4.

Table 1
Internal IPS-ICD Retardation Retardation Internal Minimum
protective value of +C- | value of A- | protective contrast
film of 1% plate (nm) plate (nm) film of 2™| ratio value
polarizer polarizex at
plate plate inclination
angle of 70°

COoP 290nm 94 150 COP 167

99 - A-COP 167

Riy=140nm

99 110 40umTAC 170

116 80 B0UMTAC 150

174 53 PNB 100

Ryp=-130nm

40pmTAC 54 132 COP 75

70 110 40pmTAC 75

100 90 80UmMTAC 60
80umTAC 35 137 COP 33

35 100 40LmTAC 33

50 70 80pmTAC 30

Table 1 shows the contrast ratio value (contrast ratio
value of the white state to the black state) in the IPS-LCD

structure obtained through the simulation at the inclination

12
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angle of 70°.

The contrast ratio value is an index representing a
degree of definition for an image, and a higher contrast
ratio value allows a higher definition image. The simulation
is carried out at the inclination angle of 70° because the
contrast characteristic of the IPS-LCD is greatly degraded at
the inclination angle of 70°. When the IPS-LCD does not use
the viewing angle compensation film, the minimum contrast
ratio value of the IPS-LCD is identical to or less than 10:1.
Accordingly, Table 1 shows an improved minimum contrast ratio
value of the IPS-LCD at the inclination angle of 70° which
means that the contrast characteristic of the IPS-LCD may be
improved at all viewing ‘angles.

FIG. 11 shows a simulation result for the contrast
characteristic when practical design values of a retardation
film are applied to the IPS-LCD structure shown in FIG. 5.

According to a second embodiment of the present
invention, there 1is provided an LCD including a first
polarizer plate 1, an IPS panel liquid crystal cell 3, an A-
plate 12, a +C-plate 11, and a second polarizer plate, which
are sequentially aligned and in which an optical axis 13 of
the A-plate is parallel to an absorption axis 5 of the second
polarizer plate.

Since the IPS-LCD panel rarely exerts an influence upon
the viewing angle characteristic, the above alignment is
substantially identical to an alignment in which the +A-plate
and the +C-plate are aligned between the first and second
polarizer plates. In addition, since the viewing angle
compensation function can be obtained when the optical axis
of the A-plate is aligned perpendicularly to the absorption
axis of an adjacent polarizer plate, the optical axis of the

A-plate must be aligned perpendicularly to the absorption

13
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axis of the first polarizer plate in order to act as a
viewing angle compensation film.

At this time, the A-plate 12 preferably has an in-plane
retardation value in a range of 50nm to 200nm at a wavelength
of 550nm, and the +C-plate 11 preferably has a thickness
retardation value in a range of 80nm to 300mm at a wavelength
of 550nm.

In order to ideally compensate for light leakage of the
polarizer plates, the A-plate preferably has an in-plane
retardation value of about 130nm, and the +C-plate preferably
has a thickness retardation value of 100-200nm. If the
polarizer plate internal protective film acts as a
retardation film having a negative thickness retardation
value, the A-plate preferably has a retardation value of
about 80nm, and the +C-plate preferably has a retardation
value of 100-200nm. Since the IPS-LCD panel has a retardation
value, it is preferable that the +A-plate has a retardation
value of 50nm to 200nm according to the retardation value of
the +C-plate and the +C-plate has a thickness retardation
value of 80nm to 300nm according to the in-plane retardation
value of the +A-plate(see Table 2).

FIG. 6 shows a third IPS-LCD structure including a
compensation film according to the second embodiment of the
present invention and FIG. 7 shows a fourth IPS-LCD structure
including a compensation film according to the second
embodiment of the present invention.

The third and fourth IPS-LCD structures shown in FIGS. 6
and 7 are substantially identical to each other, except for
light sources thereof, which are aligned in opposition to
each other. The third and fourth IPS-ICD structures shown in
FIGS. 6 and 7 represent  the same viewing angle

characteristics.

14
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12 and Table 2 show a simulation result for the

contrast characteristic when practical design values of a

retardation film are applied to the IPS-LCD structure shown

in FIG. 6.
Table 2
Internal IPS~LCD Retardation Retardation Internal Minimum
protective value of A- | value of +C- | protective contrast
film of 1% plate (nm) plate (nm) film of 2™ ratio value
polarizer polarizer at
plate plate inclination
angle of 70°
COP 290nm 148 91 COP 195
148 126 40umTAC | 187
148 164 80UmTAC 176
148 237 PNB 163
Ryy=—130nm
40umTAC 180 89 cor 75
180 16l COP 68
176 234 PNB 62
Ry=-130nm
80HMTAC 182 89 COP 29
182 163 80OUMTAC 27
FIG. 13 and Table 3 show a simulation result for the

contrast characteristic when practical design values of a

retardation film are applied to the IPS-LCD structure shown

in FIG. 7.

Table 3
Internal IPS-LCD Retardation Retardation Internal Minimum
protective value of A- [ value of +C- | protective contrast
film of 1% plate (nm) plate (nm) film of 2™ ratio value
polarizer polarizer at
plate plate inclination

15
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angle of 70°
40umTAC 25%nm 170 175 80LITAC 78

290nm 180 161 78

330nm | 176 150 83

Although the first and second embodiments of the present
invention illustrate that the A-plate and the +C-plate are
interposed between the second polarizer plate and the IPS-LCD
liquid cell, it is also possible to further align the A-plate
and/or the +C-plate between the first polarizer plate and the
IPS-LCD 1liquid cell as represented in third to ninth
embodiments of the present invention.

According to the third embodiment of the present
invention, there 1s provided an ICD including a first
polarizer plate 1, a first +C-plate 11, an IPS panel liquid
crystal cell 3, an A-plate 12, a second +C-plate 14, and a
second polarizer plate, which are sequentially aligned and in
which an optical axis 13 of the A-plate is parallel to an
absorption axis 5 of the second polarizer plate.

In this case, the A-plate 12 preferably has a
retardation value in a range of 50nm to 200nm at a wavelength
of 550nm. In order to ideally compensate for light leakage of
the ©polarizer plates, the A-plate preferably has a
retardation value of about 130nm. If the polarizer plate
internal protective film acts as a retardation film having a
negative thickness retardation value, the A-plate preferably
has a retardation value of about 80nm. Since the IPS-ILCD
panel has a retardation wvalue, it i1s preferable that the
retardation value of the A-plate has 50nm to 200nm according
to the thickness retardation value(see Table 4).

In addition, the first +C-plate 11 preferably has a

retardation value in a range of 10nm to 400nm at a wavelength
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of 550nm. In order to ideally compensate for light leakage of
the polarizer plates, the A-plate preferably has a
retardation value of about 130nm and the +C-plate preferably
has a thickness retardation wvalue of 100 to 200nm. If the
polarizer plate internal protective film acts as a
retardation film having a negative thickness retardation
value, the A-plate preferably has a retardation wvalue of
about 80nm and the +C-~plate preferably has a retardation
value of 100 to 200nm. Since the IPS-LCD panel has a
retardation value, it is preferable that the +C-plate has a
thickness retardation value of 80nm to 300nm according to the
in-plane retardation value of the +A-plate. If the polarizer
plate internal protective film has a great negative thickness
retardation value, it 1s preferable to use a +C-plate having
a thickness retardation value of 10nm to 400 (see Table 4).

The second +C-plate 14 preferably has a retardation
value in a range of 90nm to 400nm at a wavelength of 550nm
(see Table 4).

As can be understood from the simulation result shown in
Table 4, the superior contrast characteristic is represented
when the second +C-plate 14 has a retardation value in a
range of 90nm to 400nm at a wavelength of 550nm.

FIG. 8 shows a fifth IPS-LCD structure including a
compensation film according to the third embodiment of the
present invention and FIG. 9 shows a sixth IPS-ILCD structure
including a compensation film according to the third
embodiment of the present invention.

The fifth and sixth IPS-LCD structures shown in FIGS. 8
and 9 are substantially identical to each other, except for
light sources thereof, which are aligned in opposition to
each other. The fifth and sixth IPS-LCD structures shown in

FIGS. 8 and 9 represent the same viewing angle
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14 and Table 4 show a simulation result for the

of a

retardation film are applied to the IPS-LCD structure shown

in FIG. 8.
Table 4
Internal Retardation IPS- Retardation Retardation Internal Minirmum
protective value of +C- | LCD value of A- | value of +C- | protective contrast
film of 1% | plate (nm) plate (nm) plate (nm) film of 2™ | ratio value
polarizer polarizer at
plate plate inclination
angle of 70°
COP 10 290mm | 130 98 COP 160
10 130 170 80LUmTAC 150
50 104 120 CoP 160
100 80 145 COP 125
100 80 218 80LmTAC 125
80umTAC 100 125 173 80LmTAC 214
150 92 202 80pmTAC 150
PNB 300 72 230 80umMTAC 100
Ryy=-160nm 300 72 305 PNB 100
Ryy=—160nm
In the IPS-LCD structure according to the present
invention, a relative position between two polarizer plates

and liquid crystal

is

only important,

regardless

relative positions of an observer and a backlight unit.

fourth embodiment

According to the

invention,

there

is

provided

an LCD

of the

of the present

first

including a
polarizer plate 1, a first A-plate 11,

a second A-plate 13,

an IPS panel liquid

crystal cell 3, a +C-plate 15, and a

second polarizer plate, which are sequentially aligned and in
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which an optical axis 12 of the first A-plate 11 is parallel
to an absorption axis 4 of the first polarizer plate and an
optical axis 14 of the second A-plate 13 is parallel to an
absorption axis of the second polarizer plate.

In this the +C-plate 13
retardation value in a range of 50nm to 400nm at a wavelength
of 550nm.

case, preferably has a

In addition, the first A-plate 11 preferably has a
retardation value in a range of 1nm to 500nm at a wavelength
of 550mm and the
retardation value in a range of 1lnm to 500nm at a wavelength
of 550nm.

FIG.

second A-plate 13 preferably has a

15 shows a seventh IPS-LCD structure including a
compensation film according to the fourth embodiment of the
present invention and FIG. 16 shows an eighth IPS-LCD
structure including a compensation film according to the
fourth embodiment of the present invention.

The seventh and eighth IPS-LCD structures shown in FIGS.
15 and 16 are substantially identical to each other, except
for light sources thereof, which are aligned in opposition to

each other. The seventh and eighth IPS-LCD structures shown

in FIGS. 15 and 16 represent the same viewing angle
characteristics.
FIG. 27 and Table 5 show a simulation result for the

contrast characteristic when practical design values of a
retardation film are applied to the IPS-LCD structures shown
in FIGS. 15 and 16.

Table 5
Internal A-plate IPS~LCD A-plate +C-plate Internal Minimum
protective protective | contrast
film of 1% film of 2™ | ratio value
polarizer polarizer at
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plate plate inclination
angle of
70°

80umTAC 160 310nm 100 127 80umTAC 27:1

40umTAC 150 120 150 120:1

Isotropic 80 130 170 125:1

Cop

80umTAC 150 120 90 40umTAC 28:1

40pmTAC 210 120 120 120:1

Isotropic 0 140 130 139:1

COP

80pmTAC 80 170 50 Isotropic 34:1

40prTAC 80 160 60 corp 80:1

Isotropic 130 140 110 92:1

COP

According to the fifth embodiment of the present
invention, there 1s provided an ICD including a first
polarizer plate 1, a first +C-plate 16, a first +A-plate 11,
an IPS panel liquid crystal cell 3, a second +A-plate 13, a
second +C-plate 15, and a second polarizer plate, which are
sequentially aligned and in which an optical axis 12 of the
first A-plate is parallel to an absorption axis 4 of the
first polarizer plate and an optical axis 14 of the second A-
plate is parallel to an absorption axis 6 of the second
polarizer plate.

In this case, the first +C-plate 16 preferably has a
retardation value in a range of 1lnm to 500nm at a wavelength
of 550mm and the second +C-plate 15 preferably has a
retardation value in a range of lnm to 400nm at a wavelength
of 550nm.

In addition, the first A-plate 11 preferably has a
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retardation value in a range of Inm to 500nm at a wavelength

of 550nm and the second A-plate 13 preferably has a
retardation value in a range of Inm to 500nm at a wavelength
of 550nm.

FIG. 17 shows a ninth IPS-LCD structure including a
compensation film according to the fifth embodiment of the
present invention and FIG. 18 shows a tenth IPS-LCD structure
film the fifth

embodiment of the present invention. The ninth and tenth IPS-

including a compensation according to

LCD structures shown in FIGS. 17 and 18 are substantially

identical to each other, except for light sources thereof,
which are aligned in opposition to each other. The ninth and
tenth IPS-LCD structures shown in FIGS. 17 and 18 represent
the same viewing angle characteristics.

FIG. 28 and Table 6 show a simulation result for the

contrast characteristic when practical design values of a

retardation film are applied to the IPS-LCD structures shown

in FIGS. 17 and 18.
Table 6

Internal +C~ A-plate | IPS-LCD | A-plate | +C- Internal Minirmum

protective plate plate protective contrast

film of 1% film of 2™ | ratio value

polarizer polarizer at

plate plate inclination
angle of 70°

80umTAC 70 270 310mm 160 150 80pmMTAC 45:1

40pmTAC 40 280 160 150 46:1

Isotropic 0 280 160 150 42:1

COP

80umTAC 40 280 120 130 40pTAC 73:1

40pmTAC 30 0 140 120 94:1
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Isotropic 30 0 120 140 146:1
COP

80uUMTAC 30 100 150 60 Isotropic 90:1
40pmTAC 20 100 140 90 COP 126:1
Isotropic 30 0 120 110 142:1
cop

According to the sixth embodiment of the present
invention, there 1is provided an LCD including a first
polarizer plate 1, a first +A-plate 11, a first +C-plate 16,
an IPS panel liquid crystal cell 3, a second +C-plate 15, a
second +A-plate 13, and a second polarizer plate, which are
sequentially aligned and in which an optical axis 12 of the
first A-plate is parallel to an absorption axis 4 of the
first polarizer plate and an optical axis 14 of the second A-
plate is perpendicular to an absorption axis 6 of the second
polarizer plate.

In this case, the first +C-plate 16 preferably has a
retardation value in a range of 1lnm to 500nm at a wavelength
of 550nm and the second +C-plate 15 preferably has a
retardation value in a range of lnm to 500nm at a wavelength
of 550nm.

In addition, the first A-plate 11 preferably has a
retardation value in a range of Ilnm to 500nm at a wavelength
of 550nm and the second A-plate 13 preferably has a
retardation value in a range of 1nm to 500nm at a wavelength
of 550nm.

FIG. 19 shows an eleventh IPS-LCD structure including a
compensation film according to the sixth embodiment of the
present invention and FIG. 20 shows a twelfth IPS-LCD
structure including a compensation film according to the

sixth embodiment of the present invention. The eleventh and
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sources thereof,

other.

FIGS. 19 and

characteristics.
-FIG.

contrast characteristic when practical design values
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each other,

represent

same
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except for

viewing

19 and 20 are

light

which are aligned in opposition to each
The eleventh and twelfth IPS-ICD structures shown in
the

angle

29 and Table 7 show a simulation result for the

of a

retardation film are applied to the IPS-LCD structures shown
in FIGS. 19 and 20.

Table 7
Internal A- +C— IPS~LCD | +C- A-plate | Internal Minimum
protective plate | plate plate protective contrast
film of 1% Film of 2™ | ratioc wvalue
polarizer polarizer at
plate plate inclination

angle of 70°

80umTAC 110 110 310nm 210 40 80umTAC 24:1
40umTAC 110 110 210 100 75:1
Isotropic 0 110 210 110 59:1
COP
80LmTAC 30 110 150 110 40pumTAC 133:1
40pmTAC 20 110 170 130 109:1
Isotropic 0 110 200 130 64:1
COP
80umTAC 0 110 190 160 Isotropic 62:1
40pmTAC 180 120 240 130 cop 30:1
Isotropic 180 120 200 160 48:1
COP

According to the seventh embodiment of the present
invention, there provided an LCD including a first

polarizer plate 1, a first +C-plate 16,
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an IPS panel liquid crystal cell 3, a second +C-plate 15, a
second +A-plate 13, and a second polarizer plate, which are
sequentially aligned and in which an optical axis 12 of the
first A-plate is parallel to an absorption axis 4 of the
first polarizer plate and an optical axis 14 of the second A-
plate is perpendicular to an absorption axis 6 of the second
polarizer plate.

In this case, the first +C-plate 16 preferably has a
retardation value in a range of Inm to 500nm at a wavelength
of 550nm and the second +C-plate 15 preferably has a
retardation value in a range of Ilnm to 500mm at a wavelength
of 550nm.

In addition, the first A-plate 11 preferably has a
retardation value in a range of Inm to 500nm at a wavelength
of 550nm and the second A-plate 13 preferably has a
retardation value in a range of Inm to 500nm at a wavelength
of 550nm.

FIG. 21 shows a thirteenth IPS-LCD structure including a
compensation film according to the seventh embodiment of the
presént invention and FIG. 22 shows a fourteenth IPS-LCD
structure including a compensation film according to the
seventh embodiment of the present invention. The thirteenth
and fourteenth IPS-LCD structures shown in FIGS. 21 and 22
are substantially identical to each other, except for light
sources thereof, which are aligned in opposition to each
other. The thirteenth and fourteenth IPS-LCD structures shown
in FIGS. 21 and 22 represent the same viewing angle
characteristics.

FIG. 30 and Table 8 show a simulation result for the
contrast characteristic when practical design values of a
retardation film are applied to the IPS-LCD structures shown
in FIGS. 21 and 22.
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Table 8
Internal C- A-plate | IPS-LCD | +C- A-plate | Internal Minimum
protective | plate plate protective contrast
film of 1° film of 2™ | ratio value
polarizer polarizer at
plate plate inclination
angle of 70°
80UNTAC 100 200 310nm 70 100 BOMTAC 40:1
40pmTAC 60 230 60 100 25:1
0 90 110 80 99:1
80UmTAC 50 70 80 90 40pmTAC 63:1
40umTAC 20 70 90 100 94:1
10 90 100 120 117:1
80umTAC 50 40 80 120 Isctropic 95:1
40pmTAC 50 60 100 150 COP 133:1
50 40 110 180 69:1
According to the eighth embodiment of the present
invention, there 1s provided an LCD including a first

10

15

polarizer plate 1, a first +A-plate 11, a first +C-plate 16,
an IPS panel liquid crystal cell 3,

second +C-plate 15,

a second +A-plate 13, a
and a second polarizer plate, which are
sequentially aligned and in which an optical axis 12 of the
first A-plate i1s parallel to an absorption axis 4 of the
first polarizer plate and an optical axis 14 of the second A-
plate is parallel to an absorption axis 6 of the second
polarizer plate.

In this case, the first +C-plate 16 preferably has a
retardation value in a range of Inm to 500nm at a wavelength
of 550nm and the second +C-plate 15 preferably has a
retardation value in a range of I1nm to 500nm at a wavelength

of 550nm.
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In addition, the first A-plate 11 preferably has a

retardation value in a range of 1nm to 500nm at a wavelength
of 550nm and the second A-plate 13 preferably has a
retardation value in a range of lnm to 500nm at a wavelength

of 550nm.

FIG. 23 shows a fifteenth IPS-LCD structure including a
compensation film according to the eighth embodiment of the
present invention and FIG. 24 shows a sixteenth IPS-LCD
structure including a compensation film according to the
eighth embodiment of the present invention. The fifteenth and
sixteenth IPS-LCD structures shown in FIGS. 23 and 24 are

substantially identical to each other, except for light

sources thereof, which are aligned in opposition to each

other. The fifteenth and sixteenth IPS-LCD structures shown
in FIGS. 23 and 24 represent the same viewing angle
characteristics.

FIG. 31 and Table 9 show a simulation result for the

contrast characteristic when practical design values of a

retardation film are applied to the IPS-LCD structures shown
in FIGS. 23 and 24.
Table 9

Internal A- +C- IPS-ICD | A-plate | +C- Internal Minimum

protective plate | plate plate protective contrast

film of 1% film of 2| ratio value

polarizer polarizer at

plate plate inclination
angle of 70°

80pmTAC 60 60 310nm 100 120 80pnTAC 86:1

40umTAC 60 60 100 160 156:1

Isotropic 0 60 100 190 92:1

COP

80pmTAC 110 70 50 120 40pmTAC 46:1
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40pmTAC 80 70 90 140 135:1
Isotropic 0 70 100 160 84:1
COP

80pmTAC 60 80 90 80 Isotropic 171:1
40pmTAC 70 80 90 100 COP 121:1
Isotropic‘ 0 70 100 130 94:1
COP

According to the ninth embodiment of the present
invention, there 1is provided an LCD including a first
polarizer plate 1, a first +A-plate 11, a first +C-plate 16,
an IPS panel liquid crystal cell 3, a second +A-plate 13, a
second +C-plate 15, and a second polarizer plate, which are
sequentially aligned and in which an optical axis 12 of the
first A-plate is perpendicular to an absorption axis 4 of the
first polarizer plate and an optical axis 14 of the second A-
plate is parallel to an absorption axis 6 of the second
polarizer plate.

In this case, the first +C-plate 16 preferably has a
retardation value in a range of 1lnm to 500nm at a wavelength
of 550nm and the second +C-plate 15 preferably has a
retardation value in a range of 1lnm to 500nm at a wavelength
of 550nm.

In addition, the first A-plate 11 preferably has a
retardation value in a range of I1nm to 400nm at a wavelength
of 550nm and the second A-plate 13 preferably has a
retardation value in a range of 1nm to.SOOnm at a wavelength
of 550nm.

FIG. 25 shows a seventeenth IPS-LCD structure including
a compensation film according to the ninth embodiment of the
present invention and FIG. 26 shows a eighteenth IPS-LCD

structure including a compensation film according to the
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ninth embodiment of the present invention. The seventeenth

25 and 26
except for light

and eighteenth IPS-LCD structures shown in FIGS.
are substantially identical to each other,
sources thereof,
The seventeenth and eighteenth IPS-LCD
shown in FIGS.

which are aligned in opposition to each

other. structures

25 and 26 represent the same viewlng angle
characteristics.

FIG. 32 and Table 10 show a simulation result for the

contrast characteristic when practical design values of a

retardation film are applied to the IPS-LCD structures shown
in FIGS. 25 and 26.
Table 10

Internal A~ +C- IPS-1CD | A-plate | +C- Internal Minimum

protective plate | plate plate protective contrast

film of 1% film of 2™ | ratio value

polarizer polarizer at

plate plate inclination
angle of 70°

80MmTAC 20 100 310nm 160 150 80pmTAC 23:1

40UTAC 10 90 110 170 79:1

Isotropic 10 100 100 220 61:1

COP

80umTAC 250 100 140 350 40pmTAC 87:1

40umTAC 250 100 150 350 107:1

Isotropic 250 90 150 320 113:1

COP

80LmTAC 260 100 140 340 Isotropic 121:1

40pmTAC 260 100 140 320 COP 120:1

Isotropic 260 90 150 300 112:1

Ccop

A diagonal direction represents a direction forming an

angle of 45°
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polarizer plate, causing the worst viewing angle
characteristic of the IPS-LCD. When two type retardation
films are used as viewing angle compensation films of the
IPS-ILCD, the viewing angle characteristic in the diagonal
direction may be improved (see contrast characteristics
illustrated in FIGS. 10 to 14 and 27 to 32).

Protective films used for protecting the polarizer
plates may exert an influence wupon the viewing angle
compensation characteristic of the IPS-LCD. In general, the
polarizer plate 1s made from stretched PVA (polyvinyl
alcohol) doped with iodine, and the protective film used for
the polarizer plate can be made from a TAC (triacetate
cellulose) film having a thickness retardation wvalue, PNB
(polynobonene) or a non-oriented COP (cyclo olefin without
stretching) film having no thickness retardation value. If
the protective film having the thickness retardation value,
such as the TAC film, is used for the polarizer plate, the
viewing angle compensation characteristic may be
deteriorated. However, if an isotropic film, such as the non-
oriented COP film(COP without stretching), is used as the
protective film for the polarizer plate, a superior vieWing
angle characteristic can be obtained.

Preferably, the internal protective film for the first
and second polarizer plates is one selected from the group
consisting of non-stretched COP (cyclo olefin), 40um TAC
(triacetate cellulose), 80pum TAC (triacetate cellulose), and
PNB (polynobonene). Particularly, the internal protective
film for the first polarizer plate 1 is preferably made from
COP having a thickness retardation value of 0 or 40um TAC.

If the internal protective film made from COP is used
for the first polarizer plate, that is, when the internal

protective film has the thickness retardation value of 0, the
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best contrast characteristic can be obtained. Contrast
characteristics of the IPS-LCD at the inclination angle of 70°
represented when the COP film or the TAC film is used as the
internal protective film for the first polarizer plate are
illustrated in Tables 1 to 10. As illustrated in Tables 1 to
10, the IPS-LCD represents the best contrast characteristic
when the COP film or the 40um TAC film is used as the
internal protective film for the polarizer plate. x
The retardation film used for the A-plate 12 includes a
uniaxially  stretched polycarbonate  film, a uniaxially
stretched COP, a nematic liquid crystal film or a discotic

liquid crystal film. In addition, a film used for the C-plate

‘11 includes a homeotropically aligned liquid crystal film or

a biaxially stretched polycarbonate film. The +C plate can be
fabricated by using a polymer film or a UV curable liquid
crystal film.

Meanwhile, the polarizer plate includes an external
protective film, PVA-I (stretched PVA doped with iodine), and
an internal protective film. Although the TAC film is mainly
used as the internal protective film for the polarizer plate,
a +A-plate film or a +C-plate film can be used instead of the

internal protective film.

Advanced Effect

As described above, the in-plane switching liquid
crystal display according to the present invention can
improve the contrast characteristic. at a front and at a
predetermined inclination angle thereof by using the +A-plate
and the +C-plate while minimizing a color shift according to
viewing angles in the black state.

Embodiments

Hereinafter, preferred embodiments of the present
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invention will be described. However, it is noted that the
preferred embodiments  described below are used for

illustrative purpose and the present invention is not limited
thereto.

Embodiment 1
The IPS-LCD shown in FIG. 4 includes an IPS liquid
crystal cell filled with liguid crystal.having a cell gap of
2.9um, a pretilt angle of 3°, dielectric anisotropy of A

I

+7, and a birefringence of An = 0.1. The +C-plate 11 is
fabricated by using an UV curable and homeotropically aligned
liquid crystal film and has a thickness retardation value R
= 174nm at a wavelength of 550nm. The A-plate 12 is
fabricated by using a stretched polycarbonate film and has an
in-plane retardation value Ri, = 53nm. The internal protective
film for the first polarizer plate 1 is made from an
isotropic COP film, and the internal protective film for the
second polarizer plate 2 1s made from a PNB (polynobonene)
film having a thickness retardation value Ry, = -130nm. When a
white light is used, the contrast characteristic of the IPS-
ILCD at an inclination angle of 0° to 80° in all azimuthal
angles is illustrated in FIG. 10.

Referring to FIG. 10, a center of a circle corresponds
to an inclination angle of 0, and the inclination angle
increases as a radius of the circle becomes enlarged.
Numerals 20, 40, 60 and 80 marked along the radius of the
circle in FIG. 10 represent the inclination angles.

In addition, numerals 0 to 330 marked along a
circumference of the circle represent the azimuthal angles.
FIG. 10 shows the contrast characteristic in all viewing
directions (inclination angles of 0° to 80° and azimuthal
angles of 0° to 360°) when an upper polarizer plate is aligned

in a direction of an azimuthal angle of 0° and a lower
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polarizer plate is aligned in a direction of an azimuthal
angle of 90°. An IPS-LCD, which exclusively uses a polarizer
plate, may represent a contrast ratio equal to or less than

10:1 at an inclination angle of 80°. However, the IPS-LCD of

the present invention represents a contrast ratio above 100:1

at an inclination angle of 80° as shown in FIG. 10.

Embodiment 2

The IPS-LCD shown in FIG. 5 includes an IPS liquid
crystal cell filled with liquid crystal having a cell gap of
2.9um, a pretilt angle of 3°, dielectric anisotropy of Ag =
+7, and a birefringence of An = 0.1. The +C-plate 11 is
fabricated by using an UV curable and homeotropically aligned
liquid crystal film and has a thickness retardation value R
= 70nm at a wavelength of 550nm. The A-plate 12 is fabricated
by using a stretched polycarbonate film and has an in-plane
retardation value Ry, = 110. The internal protective film for
the first and second polarizer plates 1 and 2 is made from a

40pm TAC film having a thickness retardation value Ry, = -
32nm.

When a white light is used, the contrast characteristic

of the IPS-ICD at an inclination angle of 0° to 80° in all
azimuthal angles is illustrated in FIG. 11. Referring to FIG.

11, the IPS-1LCD represents the superior contrast

characteristic above 50:1 at an inclination angle of 80°.

Eﬁbodiment 3

The IPS-LCD shown in FIG. 6 includes an IPS liquid
crystal cell filled with liquid crystal having a cell gap of
2.9um, a pretilt angle of 3°, dielectric anisotropy of Ag =
+7, and a birefringence of An = 0.1. The +C-plate 11 is

fabricated by using an UV curable and homeotropically aligned
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liquid crystal film and has a thickness retardation value Ry
= 91lnm at a wavelength of 550nm. The A-plate 12 is fabricated
by using a stretched polycarbonate film and has an in-plane
retardation value Rijn = 148. The internal protective film for
the first and second polarizer plates 1 and 2 is made from an
isotropic COP film. When a white light is used, the contrast
characteristic of the IPS-LCD at an inclination angle of 0° to
80° in all azimuthal angles is 1llustrated in FIG. 12.
Referring to FIG. 12, the IPS-LCD represents the superior
contrast characteristic above 200:1 at an inclination angle

of 80°.

Embodiment 4

The IPS-LCD shown in FIG. 7 includes an IPS liquid
crystal cell filled with liquid crystal having a cell gap of
2.9um, a pretilt angle of 3°, dielectric anisotropy of Ag =
+7, and a birefringence of An = 0.1. The first +C-plate 11 is
fabricated by using an UV curable and homeotropically aligned
liquid crystal film and has a thickness retardation value R
= 175nm at a wavelength of 550nm. The A-plate 12 1is
fabricated by using a stretched polycarbonate film and has an
in-plane retardation value Riy = 170. The internal protective
film for the first polarizer plate 1 is made from 40um TAC
having a thickness retardation value Ry = -32nm and the
internal protective film for the second polarizer plate 2 is
made from 80um TAC having a thickness retardation value Ren =
—-64nm. When a white light is used, the contrast
characteristic of the IPS-ICD at an inclination angle of 0° to
80° in all azimuthal angles is illustrated in FIG. 13.
Referring to FIG. 13, the IPS-LCD represents the superior
contrast characteristic above 50:1 at an inclination angle of

80°.
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Embodiment 5

The IPS-ILCD shown in FIGS. 8 and 9 includes an IPS
liquid crystal cell filled with liguid crystal having a cell
gap of 2.9%um, a pretilt angle of 3° dielectric anisotropy of
Ae = +7, and a birefringence of An = 0.1. The first +C-plate

11 is fabricated by using an UV curable and homeotropically

~aligned liquid crystal film and has an in-plane retardation

value Riyz = 100nm. The second +C-plate 14 is fabricated by
using an UV curable and homeotropically aligned liguid
¢rystal film and has a thickness retardation value Ry, = 173nm
at a wavelength of 550nm. The A-plate 12 is fabricated by
using a stretched COP film and has an in-plane retardation
value Rip, = 125nm. The internal protective film for the first
and second polarizer plates is made from 80pum TAC having a
thickness retardation value Ry, = —64nm. When a white light is

used, the contrast characteristic of the IPS-ICD at an

- inclination angle of 0° to 80° in all azimuthal angles is

illustrated in FIG. 14. Referring to FIG. 14, the IPS-LCD
represents the superior contrast characteristic above 200:1

at an inclination angle of 80°.

Embodiment 6

The IPS-LCD shown in FIGS. 15 and 16 includes an IPS
liquid crystal cell filled with liquid crystal having a cell
gap of 3.1um, a pretilt angle of 1°, dielectric anisotropy of
Ae = +7, and a birefringence of An = 0.1. The +C-plate 15 is
fabricated by using an UV curable and homeotropically aligned
liquid crystal film and has a thickness retardation value Ry
= 60nm at a wavelength of 550nm. The second A-plate 13 is
fabricated by using a stretched COP film and has an in-plane

retardation wvalue Ry, = 160nm. The first A-plate 11 1is
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fabricated by using a stretched COP film and has an in-plane
retardation value Rij, = 80nm. The internal protective film for
the first polarizer plate 1 is made from a 40um TAC film
having a thickness retardation value Ry, = -30nm and the
internal protective film for the second polarizer plate 2 is
made from a non-stretched isotropic COP film, which rarely
represents thickness retardation. When a white light is used,
the contrast characteristic of the IPS-LCD at an inclination

angle of 0° to 80° in all azimuthal angles 1is illustrated in
FIG. 27.

Ernbodiment 7

The IPS-LCD shown in FIGS. 17 and 18 includes an IPS
liquid crystal cell filled with liquid crystal having a cell
gap of 3.1pm, a pretilt angle of 1°, dielectric anisotropy of
Ae = +7, and a birefringence of An = 0.1. The first A-plate
11 is fabricated by using a stretched COP film and has an in-
plane retardation value Rij, = 100nm. The first +C-plate 16 is
fabricated by using an UV curable and homeotropically aligned
liquid crystal film and has a thickness retardation value Ry
= 20nm at a wavelength of 550mm. The second A-plate 13 is
fabricated by using a stretched COP film and has an in-plane
retardation value Rij, = 140nm. The second +C-plate 15 is
fabricated by using an UV curable and homeotropically aligned
liquid crystal film and has a thickness retardation value R
= 90nm at a wavelength of 550nm. The internal protective film
for the first polarizer plate 1 is made from a 40pm TAC film
having a thickness retardation value Ry, = -30nm and the
internal protective film for the second polarizer plate 2 is
made from a non-stretched isotropic COP film, which rarely
represents thickness retardation. When a white light is used,

the contrast characteristic of the IPS-LCD at an inclination
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angle of 0° to 80° in all azimuthal angles is illustrated in
FIG. 28.

Embodiment 8

The IPS-LCD shown in FIGS. 19 and 20 includes an IPS
liguid crystal cell filled with liquid crystal having a cell
gap of 3.1lpm, a pretilt angle of 1°, dielectric anisotropy of
Ag = 47, and a birefringence of An = 0.1. The first A-plate
11 is fabricated by using a stretched COP film and has an in-
plane retardation value Rj, = 20nm. The first +C-plate 16 is
fabricated by using an UV curable and homeotropically aligned
liquid crystal film and has a thickness retardation value Ry,
= 110nm at a wavelength of 550nm. The second A-plate 13 is
fabricated by using a stretched COP film and has an in-plane
retardation value Ry, = 130nm. The second +C-plate 15 is
fabricated by using an UV curable and homeotropically aligned
liquid crystal film and has a thickness retardation value Ry
= 170nm at a wavelength of 550nm. The internal protective
film for the first and second polarizer plates 1 and 2 1is
made from a 40um TAC film having a thickness retardation
value Ryn = -30nm. When a white light is used, the contrast
characteristic of the IPS-ILCD at an inclination angle of 0° to

80° in all azimuthal angles is illustrated in FIG. 209.

Embodiment 9

The IPS-LCD shown in FIGS. 21 and 22 includes an IPS
liquid crystal cell filled with liquid crystal having a cell
gap of 3.1um, a pretilt angle of 1° dielectric anisotropy of
Ag = +7, and a birefringence of An = 0.1. The first A-plate
11 is fabricated by using a stretched COP film and has an in-
plane retardation value Rj, = 70nm. The first +C-plate 16 is

fabricated by using an UV curable and homeotropically aligned
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liquid crystal film and has a thickness retardation value Ry
= 50nm at a wavelength of 550nm. The second A-plate 13 is
fabricated by using a stretched COP film and has an in-plane
retardation value Ry, = 90nm. The second +C-plate 15 is
fabricated by using an UV curable and homeotropically aligned
liguid crystal film and has a thickness retardation wvalue Ry,
= 80nm at a wavelength of 550nm. The internal protective film
for the first polarizer plate 1 is made from a 80um TAC film
having a thickness retardation value Ry = -50mm, and the
internal protective film for the second polarizer plate 2 is
made from a 40um TAC film having a thickness retardation
value Ry, = -30nm. When a white light is used, the contrast

characteristic of the IPS-LCD at an inclination angle of 0° to

- 80° in all azimuthal angles is illustrated in FIG. 30.

Embodiment 10

The IPS-LCD shown in FIGS. 23 and 24 includes an IPS
liquid crystal cell filled with liquid crystal having a cell
gap of 3.1lum, a pretilt angle of 1°, dielectric anisotropy of
Ag = +7, and a birefringence of An = 0.1. The first A-plate
11 is fabricated by using a stretched COP film and has an in-
plane retardation value Rj, = 60nm. The first +C-plate 16 is
fabricated by using an UV curable and homeotropically aligned
liquid crystal film and has a thickness retardation value Ry
- 60mnm at a wavelength of 550mm. The second A-plate 13 is
fabricated by using a stretched COP film and has an in-plane
retardation wvalue Ri, = 100nm. The second +C-plate 15 1is
fabricated by using an UV curable and homeotropically aligned
liguid crystal film and has a thickness retardation value Ry
= 120nm at a wavelength of 550nm. The internal protective

film for the first and second polarizer plates 1 and 2 is

made from a 80um TAC film having a thickness retardation
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value Ry, = -50mm. When a white light is used, the contrast
characteristic of the IPS-LCD at an inclination angle of 0° to

80° in all azimuthal angles i1s illustrated in FIG. 31.

Embodiment 11

The IPS-LCD shown in FIGS. 25 and 26 includes an IPS
liquid crystal cell filled with liquid crystal having a cell
gap of 3.lpm, a pretilt angle of 1°, dielectric anisotropy of
Ag = +7, and a birefringence of An = 0.1. The first A-plate
11 is fabricated by using a stretched COP film and has an in-
plane retardation value Rj, = 250nm. The first +C-plate 16 is
fabricated by using an UV curable and homeotropically aligned
liquid crystal film and has a thickness retardation value Ry,
= 100nm at a wavelength of 550nm. The second A-plate 13 is
fabricated by using a stretched COP film and has an in-plane
retardation wvalue Riy = 150nm. The second +C-plate 15 1is
fabricated by using an UV curable and homeotropically aligned
liquid crystal film and has a thickness retardation value Ry
= 350nm at a wavelength of 550nm. The internal protective
film for the first and second polarizer plates 1 and 2 is
made from a 40pm TAC film having a thickness retardation
value Ry = -30nm. When a white light is used, the contrast
characteristic of the IPS-LCD at an inclination angle of 0° to

80° in all azimuthal angles is illustrated in FIG. 32.

~While this invention has been described in connection
with what is presently considered to be the most practical
and preferred embodiment, it 1is to be understood that the
invention is not limited to the disclosed embodiment and the
drawings, but, on the contrary, it is intended to cover
various modifications and variations within the spirit and

scope of the appended claims.
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Claims

1. An in-plane switching liquid crystal display
comprising:

a first polarizer plate;

a liquid crystal cell, which is horizontally aligned and
filled with liquid crystal of positive dielectric anisotropy
(A e0), an optical axis of the liquid crystal filled in the
liquid crystal cell being aligned in-plane in parallel to
polarizer plate; and

a second polarizer plate,

wherein an absorption axis of the first polarizer plate
is perpendicular to an absorption axis of the second
polarizer plate, and the optical axis of the liquid crystal
filled in the liquid crystal cell is parallel to the
absorption axis of the first polarizer plate,

wherein at least one +A-plate (ny > ny, = n,) and at
least one +C-plate (ny = ny < n,) are interposed between the
polarizer plate and the liquid crystal cell in order to
compensate for a viewing angle in a dark state, and an
optical axis of the +A-plate is adjusted according to an
alignment order of +A-plates and +C-plates, in which ny and ny
represent an in-plane refractive index, n, represents a
thickness refractive index, the A-plate has an in-plane
retardation value of Riyn = d x (nx - ny), and the +C-plate has

a thickness retardation value of Rij, = d x (n, - ny), wherein d

is a thickness of a retardation f£ilm.

2. The in-plane switching 1liquid crystal display as
claimed in claim 1, wherein a pair of compensation films
including the +A-plate and the +C-plate are aligned between
the second polarizer plate and the liquid crystal cell,

in which the optical axis of the +A-plate is aligned
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perpendicularly to an absorption axis of the second polarizer
plate if the +A-plate is adjacent to the second polarizer
plate, or the optical axis of the +A-plate is aligned in
parallel to the absorption axis of the second polarizer plate

if the +A-plate is adjacent to the liquid crystal cell.

3. The in-plane switching liquid crystal display as
claimed in claim 1, wherein the first polarizer plate, the
liquid crystal cell, the 4C-plate, the +A-plate, and the
second polarizer plate are sequentially aligned, in which the
optical axis of the +A-plate 1is perpendicular to an

absorption axis of the second polarizer plate.

4. The in-plane switching liquid crystal display as
claimed in claim 3, wherein the +A-plate has an in-plane
retardation value in a range of 30nm to 500nm at a wavelength
of 550nm. k

5. The in-plane switching liquid crystal display as
claimed in claim 3, wherein the +C-plate has a thickness
retardation value in a range of 30nm to 500nm at a wavelength
of 550nm.

6. The in-plane switching liguid crystal display as
claimed in claim 1, wherein the first polarizer plate, the
liquid crystal cell, the +A-plate, the +C-plate, and the
second polarizer plate are sequentially aligned, in which the
optical axis of the +A-plate is parallel to an absorption

axlis of the second polarizer plate.

7. The in-plane switching liquid crystal display as

claimed in claim 6, wherein the +A-plate has an in-plane
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retardation value in a range of 50nm to 200nm at a wavelength
of 550nm.

8. The in-plane switching liquid crystal display as
claimed in claim 6, wherein the +C-plate has a retardation

value in a range of 80nm to 300nm at a wavelength of 550nm.

9. The in-plane switching liquid crystal display as
claimed in claim 1, wherein the first polarizer plate, a
first +C-plate, the liquid crystal cell, the +A-plate, a
second +C-plate, and the second polarizer plate are
sequentially aligned, in which the optical axis of the +A-
plate 1is parallel to an absorption axis of the second

polarizer plate.

10. The in-plane switching liquid crystal display as
claimed in claim 9, wherein the +A-plate has an in-plane
retardation value in a range of 50nm to 200nm at a wavelength
of 550nm.

11. The in-plane switching liquid crystal display as
claimed in claim 9, wherein the first +C-plate has a
retardation value in a range of 10nm to 400nm at a wavelength
of 550nm.

12. The in-plane switching liquid crystal display as
claimed in claim 9, wherein the second +C-plate has a
retardation value in a range of 90nm to 400nm at a wavelength

of 550nm.

13. The in-plane switching liquid crystal display as

claimed in claim 1, wherein the first polarizer plate, a
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first +A-plate, the liquid crystal cell, a second +A-plate,
the +C-plate, and the second polarizer plate are sequentially
aligned, in which an optical axis of the first +A-plate is
parallel to an absorption axis of the first polarizer plate,
and an optical axis of the second +A-plate is parallel to an

absorption axis of the second polarizer plate.

14. The in-plane switching liquid crystal display as
claimed in claim 1, wherein the first polarizer plate, a
first +C-plate, a first +A-plate, the liquid crystal cell, a
second +A-plate, a second +C-plate, and the second polarizer
plate are sequentially aligned, in which an optical axis of
the first +A-plate is parallel to an absorption axis of the
first polarizer plate, and an optical axis of the second +A-
plate 1is parallel to an absorption axis of the second

polarizer plate.

15. The in-plane switching liquid crystal display as
claimed in claim 1, wherein the first polarizer plate, a
first +A-plate, a first +C-plate, the liquid crystal cell, a
second +C-plate, a second +A-plate, and the second polarizer
plate are sequentially aligned, in which an optical axis -of
the first +A-plate is parallel to an absorption axis of the
first polarizer plate, and an optical axis of the second +A-
plate is perpendicular to an absorption axis of the second

polarizer plate.

16. The in-plane switching ligquid crystal display as
claimed in claim 1, wherein the first polarizer plate, a
first +C-plate, a first +A-plate, the liquid crystal cell, a
second +C-plate, a second +A-plate, and the second polarizer

plate are sequentially aligned, in which an optical axis of
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the first +A-plate is parallel to an absorption axis of the
first polarizer plate, and an optical axis of the second +A-
plate is perpendicular to an absorption axis of the second

polarizer plate.

17. The in-plane switching liquid crystal display as
claimed in claim 1, wherein the first polarizer plate, a
first +A-plate, a first +C-plate, the liquid crystal cell, a
second +A-plate, a second +C-plate, and thé second polarizer
plate are sequentially aligned, in which an optical axis of
the first +A-plate is parallel to an absorption axis of the
first polarizer plate, and an optical axis of the second +A-
plate is parallel to an absorption axis of the second

polarizer plate.

18. The in-plane switching liquid crystal display as
claimed in claim 1, wherein the first polarizer plate, a
first +A-plate, a first +C-plate, the liquid crystal cell, a
second +A-plate, a second +C-plate, and the second polarizer
plate are sequentially aligned, in which an optical axis of
the first +A-plate is perpendicular to an absorption axis of
the first polarizer plate, and an optical axis of the second
+A-plate is parallel to an absorption axis of the second

polarizer plate.

19. The in-plane switching liquid crystal display as
claimed in claim 13, wherein the +C-plate has a retardation

value in a range of 50nm to 400nm at a wavelength of 550nm.
20. The in-plane switching liquid crystal display as

claimed in any one of claims 13 to 18, wherein the first and

second +A-plates have a retardation value in a range of 1nm
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21. The in-plane switching liguid crystal display as
claimed in any one of claims 14 to 18, wherein the first and
second +C-plates have a retardation value in a range of I1nm

to 500nm at a wavelength of 550nm, respectively.

22. The in-plane switching liquid crystal display as
claimed in any one of claims 3, 6, 9, and 13 to 18, wherein
at least one of internal protective films for the first and
second polarizer plates has a retardation wvalue of 0 or a

negative thickness retardation wvalue.

23. The in-plane switching liquid crystal display as
claimed in any one of claims 3, 6, 9, and 13 to 18, wherein
the +A-plate is used as an internal protective film for at

least one polarizer plate.

24. The in-plane switching liquid crystal display as
claimed in any one of claims 3, 6, 9, and 13 to 18, wherein
the +C-plate is used as an internal protective film for at

least one polarizer plate.
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