US 20060061718A1

a2 Patent Application Publication (i) Pub. No.: US 2006/0061718 A1l

a9 United States

Shibasaki et al.

(43) Pub. Date: Mar. 23, 2006

(54) LIQUID CRYSTAL DISPLAY DEVICE

(75) Inventors: Masakazu Shibasaki, Kawasaki (JP);
Hidefumi Yoshida, Kawasaki (JP),
Kazuya Ueda, Kawasaki (JP)

Correspondence Address:

Patrick G. Burns, Esq.

GREER, BURNS & CRAIN, LTD.
Suite 2500

300 South Wacker Drive

Chicago, IL 60606 (US)

(73) Assignee: FUJITSU DISPLAY TECHNOLO-
GIES CORPORATION

(21) Appl. No.: 11/071,599
(22) Filed: Mar. 2, 2005
(30) Foreign Application Priority Data

Sep. 21, 2004 (JP) oo 2004-273148

Publication Classification

(51) Int. CL
GO2F 1/1335 (2006.01)
(52) US. €l oot 349/119

7) ABSTRACT

First and second polarization plates are disposed on both
sides of a liquid crystal panel in which thicknesses of a
liquid crystal layer are set up depending on colors of color
filters. Then, a first retardation film is disposed between the
liquid crystal panel and the first polarization film, and a
second retardation film is disposed between the liquid crys-
tal panel and the second polarization film. Assuming that a
maximum value of a refractive index in an in-plane direction
out of principal indices of refraction is Nx, that a refractive
index in an orthogonal direction to the direction of the
refractive index which has the value of Nx is Ny, and that a
thickness is d, the first and second retardation films are set
to satisfy a difference in values of (Nx-Ny)xd equal to or
less than 10 nm.
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FIG. 1 (PRIOR ART)
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FIG. 3
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FIG. 15
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LIQUID CRYSTAL DISPLAY DEVICE

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is based on and claims priority of
Japanese Patent Application No. 2004-273148 filed on Sep.
21, 2004, the entire contents of which are incorporated
herein by reference.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to a liquid crystal
display device of a multi-gap mode configured to set a
thickness of a liquid crystal layer for each color of a color
filter.

[0004]

[0005] As compared to a cathode ray tube (CRT), a liquid
crystal display device has advantages in that it is small in
thickness and weight, and low in driving voltage and power
consumption. For this reason, liquid crystal display devices
are applied to various electronic devices including televi-
sions, notebook personal computers (PCs), desktop PCs,
personal digital assistants (PDAs), cellular telephones, and
the like. In particular, an active matrix liquid crystal display
device provided with thin film transistors (TFTs) as switch-
ing elements for respective picture elements (sub pixels)
exerts excellent display characteristics almost equal to a
CRT owing to high driving performances. Accordingly,
active matrix liquid crystal display devices are now used in
various fields, such as desktop PCs and televisions, where
CRTs have been conventionally applied.

2. Description of the prior art

[0006] In general, a liquid crystal display device includes
two substrates and liquid crystal which is sealed between
these substrates. Picture element electrodes, TFTs, and the
like are formed for respective picture elements on one of the
substrates. Meanwhile, color filters opposed to the picture
clement electrodes, and a common ¢lectrode common to the
respective picture elements are formed on the other sub-
strate. In this specification, the substrate including formation
of the picture element electrodes and the TFTs will be
hereinafter referred to as a TFT substrate, and the substrate
to be disposed opposite to the TFT substrate will be here-
inafter referred to as a counter substrate. Moreover, a
structure formed by sealing the liquid crystal between the
TFT substrate and the counter substrate will be hereinafter
referred to as a liquid crystal panel.

[0007] Conventionally, a twisted nematic (TN) liquid
crystal display device, which is configured to seal horizontal
alignment type liquid crystal (liquid crystal having positive
dielectric constant anisotropy) between two substrates and to
subject liquid crystal molecules to twisted alignment, has
been widely used. However, the twisted nematic liquid
crystal display device has a disadvantage of a poor view
angle characteristic where contrast and color tone vary
largely when a screen is viewed from an inclined angle. For
this reason, a multi-domain vertical alignment (MVA) liquid
crystal display device having a more favorable view angle
characteristic than the TN liquid crystal display device has
been developed and put into practical use. In the MVA liquid
crystal display device, vertical alignment type liquid crystal
(liquid crystal having negative diclectric constant anisot-
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ropy) is scaled between a TFT substrate and a counter
substrate, and a plurality of regions, having mutually dif-
ferent alignment orientations of liquid crystal molecules
upon application of a voltage are formed in one picture
element.

[0008] Although the MVA liquid crystal display device
has a more favorable display characteristic than the TN
liquid crystal display device, the MVA liquid crystal display
device still has a disadvantage of reduction in contrast when
a screen is viewed from a certain direction (from obliquely
above, for example). To solve this disadvantage, as disclosed
in Japanese Patent Publications Nos. 3027805 and 3330574,
and in Japanese Unexamined Patent Publication No. 2002-
182036, a liquid crystal display device configured to dispose
an optical compensation film (a retardation film) between a
liquid crystal panel and a polarization plate has been devel-
oped and put into practical use.

[0009] FIG. 1 is a schematic diagram showing a configu-
ration of a MVA liquid crystal display device disclosed in
Japanese Patent Publication No. 3027805. As described
above, a liquid crystal panel 10 is configured to seal vertical
alignment type liquid crystal between a TEFT substrate and a
counter substrate. A polarization plate 11 is disposed on one
of surfaces (which is on the lower side in FIG. 1) of this
liquid crystal panel 10, and a polarization plate 12 is
disposed on the other side (which is on the upper side in
FIG. 1). Absorption axes of these polarization plates 11 and
12 are mutually orthogonalized.

[0010] Viewed from the liquid crystal panel 10 side, a
retardation film 13 and a retardation film 14 are sequentially
disposed between the liquid crystal panel 10 and the polar-
ization plate 12. Assuming that refractive indices in the X
direction, the Y direction (these are the in-plane directions),
and the Z direction (the thickness direction) are Nx, Ny, and
Nz, respectively, the retardation film 13 has positive refrac-
tive index anisotropy which satisfies Nx>Ny=Nz. On the
contrary, assuming that refractive indices in the X direction,
the Y direction, and the Z direction are Nx, Ny, and Nz,
respectively, the retardation film 14 has negative refractive
index anisotropy which satisfies Nx=Ny>Nz.

[0011] Incidentally, there has been disclosed a multi-gap
liquid crystal display device, in which the thicknesses of a
liquid crystal layer (cell gaps) in a red (R) picture element,
a green (G) picture element, and a blue (B) picture element
are adjusted by the thicknesses of color filters in order to
correct differences in optical rotations of liquid crystal
molecules which vary depending on optical wavelengths. In
this type of the multi-gap liquid crystal display device, the
thicknesses of the liquid crystal layer for the respective
picture elements are set to satisfy the relation of the blue
picture element<the green picture element the red picture
element, for example. In this way, a color representation
characteristic particularly in a multiple tone display is
improved.

[0012] However, in the multi-gap liquid crystal display
device, it is considered difficult to improve a view angle
characteristic by use of the retardation films. The reason will
be described below.

[0013] When a phase difference in the in-plane direction
(the X direction or the Y direction) of the retardation film is
Rin and a phase difference in the thickness direction (the Z
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direction) thereof is Rth, the values Rin and Rth will be
defined by the following formulae (1) and (2):

Rin=(Nx-Ny)xd €))
Rth=((Nx+Ny)/2-Nz)xd ©
[0014] Here, d is the thickness of the retardation film.

Optimal values of the phase difference Rin in the in-plane
direction and the phase difference Rth in the thickness
direction has a correlation with retardation possessed by the
liquid crystal layer. The retardation RLC of the liquid crystal
layer will be calculated by the following formula (3):

RLC=Anxdk [©)

[0015] Here, An is a difference in the refractive indices of
the liquid crystal layer between extraordinary ray and ordi-
nary ray, and dk is the thickness of the liquid crystal layer.

[0016] However, as described previously, the thicknesses
of the liquid crystal layer vary depending on the colors of the
color filters in the multi-gap liquid crystal display device.
Accordingly, the values of retardation of the liquid crystal
layers vary among the red picture element, the green picture
element, and the blue picture element. Therefore, optimal
conditions of the retardation film also vary among the red
picture element, the green picture element, and the blue
picture element.

[0017] The retardation film is generally formed by stretch-
ing a polymeric film.

[0018] Accordingly, the phase difference Rin in the in-
plane direction and the phase difference Rth in the thickness
direction are uniform, and it is extremely difficult to partially
change the phase difference Rin in the in-plane direction and
the phase difference Rth in the thickness direction. There-
fore, even when the phase difference Rin in the in-plane
direction and the phase difference Rth in the thickness
direction are for example set appropriately for the red
picture element, the light will pass through in an oblique
direction in the green picture element or the blue picture
element. In this case, a portion supposed to be seen actually
in black will be observed in green or blue in the green picture
element or the blue picture element. In addition, the color in
that portion may change depending on the viewing angle.

SUMMARY OF THE INVENTION

[0019] In consideration of the foregoing problem, it is an
object of the present invention to provide a multi-gap liquid
crystal display device, which is capable of suppressing a
phenomenon of coloring of a portion supposed to be in black
when the portion is viewed obliquely, and of providing more
favorable display quality than a conventional liquid crystal
display device.

[0020] The above-described problem will be solved by a
liquid crystal display device including a liquid crystal panel
in which thicknesses of a liquid crystal layer are set up
depending on colors of color filters, first and second polar-
ization plates disposed so as to interpose the liquid crystal
panel, a first retardation film disposed between the liquid
crystal panel and the first polarization plate, and a second
retardation film disposed between the liquid crystal panel
and the second polarization plate. Here, assuming that a
maximum value of a refractive index in an in-plane direction
out of principal indices of refraction is Nx, that a refractive
index in an orthogonal direction to the direction of the
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refractive index which has the value of Nx is Ny, and that a
thickness is d, the first and second retardation films are set
to satisfy a difference in values of (Nx-Ny)xd equal to or
less than 10 nm.

[0021] The inventors of the present invention carried out
various experiments and researches for improving the dis-
play quality of the multi-gap liquid crystal display device.
As a result, the inventors have found out a fact that peak
directions of passage of light are almost the same in spite of
a change in the thicknesses of the liquid crystal layer by
means of providing the retardation films on both sides of the
liquid crystal panel and setting the difference in the values
of (Nx-Ny)xd equal to or less than 10 nm between these
retardation films.

[0022] For example, light transmitted through a red color
filter will have a red color, light transmitted through a green
color filter will have a green color, and light transmitted
through a blue color filter will have a blue color. Here, if the
peak directions of passage of the light in respective colors
are the same, these light components will be mixed together
and will turn into an achromatic color. In this way, it is
possible to suppress the phenomenon of coloring the portion
supposed to be in black when the portion is viewed
obliquely, and thereby to improve the display quality.

BRIEF DESCRIPTION OF THE DRAWINGS

[0023] FIG. 1 is a schematic diagram showing a configu-
ration of a conventional liquid crystal display device.

[0024] FIG. 2 is a schematic diagram showing a configu-
ration of a liquid crystal display device according to a first
embodiment of the present invention.

[0025] FIG. 3 is a view showing a simulation calculation
result of an amount of light passage in a liquid crystal
display device having the thickness of a liquid crystal layer
equal to 5 um, where retardation films are disposed on both
sides of a liquid crystal panel.

[0026] FIG. 4 is a view showing a simulation calculation
result of an amount of light passage in the liquid crystal
display device having the thickness of the liquid crystal
layer equal to 4 um, where the retardation films are disposed
on both sides of the liquid crystal panel.

[0027] FIG. 5 is a view showing a simulation calculation
result of an amount of light passage in the liquid crystal
display device having the thickness of the liquid crystal
layer equal to 3 um, where the retardation films are disposed
on both sides of the liquid crystal panel.

[0028] FIG. 6 is a graph showing a relation between an
azimuth and an amount of light passage in the liquid crystal
display device including the retardation films disposed on
both sides of the liquid crystal panel, where values of
in-plane phase differences of retardation films are equal.

[0029] FIG. 7 is a graph showing a relation between the
azimuth and the amount of light passage in the liquid crystal
display device including the retardation films disposed on
both sides of the liquid crystal panel, where the values of
in-plane phase differences of retardation films have a dif-
ference of 10 nm.

[0030] FIG. 8 is a graph showing a relation between the
azimuth and the amount of light passage in the liquid crystal



US 2006/0061718 Al

display device including the retardation films disposed on
both sides of the liquid crystal panel, where the values of
in-plane phase differences of retardation films have a dif-
ference of 20 nm.

[0031] FIG. 9 is a graph showing a relation between the
azimuth and the amount of light passage in the liquid crystal
display device including the retardation films disposed on
both sides of the liquid crystal panel, where the values of
in-plane phase differences of retardation films have a dif-
ference of 30 nm.

[0032] FIG. 10 is a schematic diagram showing a con-
figuration of a liquid crystal display device according to a
comparative example.

[0033] FIG. 11 is a view showing a simulation calculation
result of an amount of light passage in a liquid crystal
display device having the thickness of a liquid crystal layer
equal to 5 um, where a retardation film is disposed on only
one side of a liquid crystal panel.

[0034] FIG. 12 is a view showing a simulation calculation
result of an amount of light passage in the liquid crystal
display device having the thickness of the liquid crystal
layer equal to 4 um, where the retardation film is disposed
on only one side of the liquid crystal panel.

[0035] FIG. 13 is a view showing a simulation calculation
result of an amount of light passage in the liquid crystal
display device having the thickness of the liquid crystal
layer equal to 3 um, where the retardation film is disposed
on only one side of the liquid crystal panel.

[0036] FIG. 14 is a plan view showing a TFT substrate of
the liquid crystal display device of the first embodiment.

[0037] FIG. 15 is a chromaticity diagram showing chro-
maticity in a black display mode in the liquid crystal display
device of the embodiment.

[0038] FIG. 16 is a chromaticity diagram showing chro-
maticity in a black display mode in the liquid crystal display
device of the comparative example.

[0039] FIG. 17 is a schematic diagram showing a liquid
crystal display device according to a second embodiment of
the present invention.

[0040] FIG. 18 is a schematic diagram showing a liquid
crystal display device of a modified example of the second
embodiment.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0041] Now, preferred embodiments of the present inven-
tion will be described with reference to the accompanying
drawings.

First Embodiment

[0042] FIG. 2 is a schematic diagram showing a structure
of a multi-gap liquid crystal display device according to a
first embodiment of the present invention.

[0043] As shown in FIG. 2, the liquid crystal display
device of this embodiment includes a liquid crystal panel 20,
a pair of polarization plates 25a and 25b disposed so as to
interpose the liquid crystal panel 20, a retardation film 244
disposed between the liquid crystal panel 20 and the polar-
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ization plate 25a, and a retardation film 24b disposed
between the liquid crystal panel 20 and the polarization plate
25b. Moreover, a backlight unit (not shown) is disposed on
one side of the liquid crystal panel 20 (on a backside) as a
light source.

[0044] The liquid crystal panel 20 includes first and sec-
ond substrates 21g and 21b, and a liquid crystal layer 22
made of liquid crystal having negative dielectric constant
anisotropy and sealed between the substrates 21a and 215.
Red picture elements on which red color filters 23R are
disposed, green picture elements on which green color filters
23G are disposed, and blue picture elements on which blue
color filters 23B are disposed, are arranged on the substrate
21a in the predetermined order. Three adjacent picture
elements in red, green, and blue collectively constitute a
pixel, which enables various color displays.

[0045] Here, the blue color filter 23B is the thickest, then
the green color filter 23G is the second thickest, and the red
color filter 23R is the thinnest. Correspondingly, the thick-
ness of the liquid crystal layer is reduced in the order of the
red picture element, the green picture element, and the blue
picture element (the liquid crystal layer in the red picture
element>the liquid crystal layer in the green liquid crystal
layer>the liquid crystal layer in the blue element). Normally,
the color filters 23R, 23G, and 23B are formed on a counter
substrate. However, these color filters may be formed on a
TFT substrate.

[0046] The polarization plates 25a and 25b are disposed to
orthogonalize absorption axes to each other. Moreover, a
slow axis of the retardation film 244 is disposed orthogo-
nally to the absorption axis of the adjacent polarization plate
25a, and a slow axis of the retardation film 24b is disposed
orthogonally to the absorption axis of the adjacent polariza-
tion plate 25b.

[0047] Each of the retardation films 24a and 24b has
positive refractive index anisotropy which satisfies Nx>Ny=
Nz on the assumption that a maximum value of a refractive
index in an in-plane direction is Nx, that a refractive index
in an orthogonal direction to the direction of the refractive
index which has the value of Nx is Ny, and that a refractive
index in a thickness direction is Nz. Moreover, assuming
that a thickness of each of the retardation films 24a and 24b
is d, each of the retardation films 244 and 24b needs to
satisfy a phase difference in the in-plane direction, i.e. a
difference in values of (Nx-Ny)xd, to be equal to or less
than 10 nm.

[0048] However, when the retardation films 24a and 24b
include a combination of a plurality of films, the sum of
vectors of phase differences in the in-plane direction and the
sum of vectors of phase differences in the thickness direction
of these films will be respectively defined as the phase
differences in the in-plane direction and the phase differ-
ences in the thickness direction of the retardation films 24a
and 24b. Normally, a protection layer made of a high
molecular polymer film is provided on a surface of each of
the polarization films 25z and 25b, and the protection film
has a phase difference in the in-plane direction and a phase
difference in the thickness direction as well. Therefore, upon
calculation of the phase difference in the in-plane direction,
it is necessary to consider the protection layers of the
polarization plates 25¢ and 25b as part of the retardation
films 24a and 24b.
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[0049] In the liquid crystal display device of this embodi-
ment, when a voltage is not applied to the liquid crystal
layer, liquid crystal molecules are aligned almost perpen-
dicularly to the surfaces of substrates, whereby light is not
transmitted in the direction perpendicular to the front surface
(a normal line direction) of the liquid crystal panel. Accord-
ingly, the liquid crystal device comes to a black display
mode in this case.

[0050] Here, a simulation calculation result of an amount
of light passage in oblique directions in the black display
mode will be described. Here, it is to be noted that each of
the retardation films 24a and 24b is designed to have a phase
difference Rin in the in-plane direction equal to 30 nm
(Rin=30 nm) and a phase difference Rth in the thickness
direction equal to 120 nm (Rth=120 nm). Moreover, a
difference in refractive indices (a difference in refractive
indices between extraordinary ray and ordinary ray) An of
the liquid crystal layer 22 is set equal to 0.08 (An=0.08).

[0051] FIG. 3 is a view showing a simulation calculation
result of an amount of light passage in the liquid crystal
display device having the thickness of the liquid crystal
layer equal to 5 um. FIG. 4 is a view showing a simulation
calculation result of the amount of light passage in the liquid
crystal display device having the thickness of the liquid
crystal layer equal to 4 um. FIG. § is a view showing a
simulation calculation result of the amount of light passage
in the liquid crystal display device having the thickness of
the liquid crystal layer equal to 3 um. Note that the differ-
ence in the values of (Nx-Ny)xd between the retardation
films 24a and 24b is set to 0.

[0052] In the following explanation, an angle in a circum-
ferential direction with respect to a horizontal direction (an
X direction) on a plane of the liquid crystal panel as a
standard (0°) will be referred to as an azimuth, and an angle
indicating an inclination with respect to the normal line
direction of the liquid crystal panel as a standard (0°) will be
referred to as a polar angle. Moreover, in terms of FIG. 3 to
FIG. 5, circles drawn in dashed lines indicate positions
where the polar angles are 20°, 40°, and 60°, respectively,
and the outermost circle indicates a position where the polar
angle is 80°, In addition, each contour in FIG, 3 to FIG. 5§
is a line joining points of the same amount of light passage.

[0053] As apparent from FIG. 3, when the thickness of the
liquid crystal layer 22 is equal to 5 um, peaks of light
passage are observed in the directions of the azimuths of
about 45°, about 135°, about 225°, and about 315°, and in
the direction of the polar angle of about 70°. Moreover, as
apparent from FIG. 4 and FIG. 5, when the thickness of the
liquid crystal layer is equal to 4 yum or 3 um as well, peaks
of light passage are observed in the directions of the azi-
muths of about 45°, about 135°, about 225°, and about 315°,
and in the direction of the polar angle of about 70°.

[0054] As described above, in the liquid crystal display
device of this embodiment, the difference in the values of
(Nx-Ny)xd between the retardation films 24a and 24b is set
to 0. Accordingly, the directions of the peaks of light passage
do not change largely in spite of the change in the thick-
nesses of the liquid crystal layer. That is, the directions of the
peaks of light passage are substantially the same even when
the thicknesses of the color filters 23R, 23G, and 23B (the
thicknesses of the liquid crystal layer in the red picture
element, the green picture element, and the blue picture
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element) are different from one another. The light transmit-
ted through the red color filter will have a red color, the light
transmitted through the green color filter will have a green
color, and the light transmitted through the blue color filter
will have a blue color. However, in the liquid crystal display
device of this embodiment, these light components are
mixed together and turn into an achromatic color when
viewed as a whole. In this way, the light passage becomes
inconspicuous, and favorable display quality is thereby
obtained.

[0055] A relation between the directions of peaks of light
passage and the thickness of the liquid crystal layer was also
investigated in the case where the retardation films disposed
on both sides of the liquid crystal layer 22 have mutually
different in-plane phase differences Rin. As a result, it was
made clear that the directions of the peaks of light passage
do not change largely in spite of the change in the thick-
nesses of the liquid crystal layer if the difference in the value
of the in-plane phase differences Rin between the respective
retardation films is equal to or less than 10 nm, and that
chromatic colors of red, blue, and the like are hardly
observed in the black display mode.

[0056] Now, results of investigations concerning relations
between the azimuth and the amount of light passage when
the differences of the in-plane phase differences Rin of the
retardation films are equal to 0 nm, 10 nm, and 20 nm will
be described below.

[0057] FIG. 6 to FIG. 9 are graphs showing the amount of
light passage in the directions of the azimuth in a range from
00 to 900 and at the polar angle of 70° in terms of the liquid
crystal panel where the retardation films are disposed on
both sides of the liquid crystal layer 22. The amounts of light
passage are represented by relative values on the assumption
that the peak value of the amount of light passage is set to
1 depending on the thickness of the liquid crystal layer.
Here, the amounts of light passage were calculated while
setting the thicknesses of the liquid crystal layer equal to 3
um, 4 ym, and 5 pm.

[0058] FIG. 6 is the graph showing the amounts of light
passage when the in-plane phase differences Rin of the
retardation films 24a and 24b are mutually equal (Rin=30
nm for both of the retardation films 244 and 24b). FIG. 7 is
the graph showing the amounts of light passage when
difference in the in-plane phase the differences Rin between
the retardation films 244 and 24b is equal to 10 nm (Rin=25
nm for the retardation film 244 and Rin=35 nm in the
retardation film 24b). FIG. 8 is the graph showing the
amounts of light passage when the difference in the in-plane
phase differences Rin between the retardation films 24a and
24b is equal to 20 nm (Rin=20 nm for the retardation film
24a and Rin=40 nm for the retardation film 24b). FIG. 9 is
the graph showing the amounts of light passage when the
difference in the in-plane phase differences Rin between the
retardation films 244 and 24b is equal to 30 nm (Rin=15 nm
for the retardation film 244 and Rin=45 nm for the retarda-
tion film 24b).

[0059] As apparent from FIG. 6, when the in-plane dif-
ferences Rin of the retardation films 24a and 24b are
mutually equal, peak positions of the amounts of light
passage are substantially the same in the direction of the
azimuth of about 45° irrespective of whether the thickness of
the liquid crystal layer is equal to 3 um, 4 um or 5 um.
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Therefore, as described previously with reference to FIG. 3
to FIG. 5, the directions of the peaks of light passage are
substantially the same even when the thicknesses of the
color filters 23R, 23G, and 23B are different from one
another. The light transmitted through the red color filter will
have a red color, the light transmitted through the green
color filter will have a green color, and the light transmitted
through the blue color filter will have a blue color. However,
in the liquid crystal display device of this embodiment, these
light components are mixed together and turn into an
achromatic color when viewed as a whole. In this way, the
light passage becomes inconspicuous, and favorable display
quality is thereby obtained.

[0060] Meanwhile, as apparent from FIG. 7, when the
difference in the in-plane differences Rin of the retardation
films 24a and 24b is equal to 10 nm, the peak positions of
the amounts of light passage are oriented in the direction of
the azimuth of about 45° when the thickness of the liquid
crystal layer is equal to 3 ym or 4 ym. Meanwhile, the peak
position of the amount of light passage is oriented in the
direction of the azimuth of about 35° when the thickness of
the liquid crystal layer is equal to 5 um. In this way, when
the difference in the in-plane phase differences is equal to 10
nm, the peak positions of light passage are deviated by about
10° depending on the thicknesses of the liquid crystal layer.
When the peak positions of light passage are shifted depend-
ing on the thicknesses of the liquid crystal layer, the light
components in red, green, and blue are not mixed together
and do not turn into an achromatic color. However, such
coloring is indiscernible to the naked eye, and it is hard to
tell a difference from an achromatic color.

[0061] Moreover, as apparent from FIG. 8, when the
difference in the in-plane differences Rin of the retardation
films 24a and 24b is equal to 20 nm, the peak position of the
amount of light passage is oriented in the direction of the
azimuth of about 45° when the thickness of the liquid crystal
layer is equal to 3 um. Meanwhile, the peak position of the
amount of light passage is oriented in the direction of the
azimuth of about 50° when the thickness of the liquid crystal
layer is equal to 4 um, and the peak position of the amount
of light passage is oriented in the direction of the azimuth of
about 30° when the thickness of the liquid crystal layer is
equal to 5 um. In this way, when the difference in the
in-plane phase differences is equal to 20 nm, the peak
positions of light passage are deviated by about 20° at the
maximum depending on the thicknesses of the liquid crystal
layer. When the peak positions of light passage are deviated
by about 20°, the light components in red, green, and blue
are not mixed together. As a result, a color is visible to a
portion supposed to be in the black display.

[0062] Furthermore, as apparent from FIG. 9, when the
difference in the in-plane differences Rin of the retardation
films 24a and 24b is equal to 30 nm, the peak position of the
amount of light passage is oriented in the direction of the
azimuth of about 45° when the thickness of the liquid crystal
layer is equal to 3 um. Meanwhile, the peak position of the
amount of light passage is oriented in the direction of the
azimuth of about 50° when the thickness of the liquid crystal
layer is equal to 4 um, and the peak position of the amount
of light passage is oriented in the direction of the azimuth of
about 25° when the thickness of the liquid crystal layer is
equal to 5 pum. In this way, when the difference in the
in-plane phase differences is equal to 30 nm, the peak
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positions of light passage are deviated by about 25° at the
maximum depending on the thicknesses of the liquid crystal
layer. In this case as well, since the peak positions of light
passage are shifted by 20° or more, the portion supposed to
be in the black display will bear a color.

[0063] As described above, when the difference in the
in-plane phase difference Rin between the retardation films
24a and 24b is equal to or below 10 nm, the deviation in the
peak positions of light passage will be lower than about 10°.
Accordingly, when this liquid crystal panel is viewed from
an oblique direction, a slight color at the portion supposed
to be in the black display is indiscernible to the naked eye.
Hence, it is possible to obtain favorable display quality.

[0064] In the meantime, as shown in FIG. 10, simulation
calculation of an amount of light passage in oblique direc-
tions in the black display mode was carried out in terms of
a liquid crystal display device in which a retardation film 61
is disposed on only one surface (which is on an upper side
of a substrate 214 in the drawing) of the liquid crystal panel
20 for the purpose of comparison. Here, it is to be noted that
the phase difference Rin in the in-plane direction of the
retardation film 61 was set equal to 60 nm (Rin=60 nm) and
the phase difference Rth in the thickness direction was set
equal to 240 nm (Rth=240 nm). Moreover, the difference in
refractive indices An of the liquid crystal layer 22 was set
equal to 0.08.

[0065] FIG. 11 is a view showing a simulation calculation
result of an amount of light passage in the liquid crystal
display device having the thickness of the liquid crystal
layer 22 equal to 5 um. FIG. 12 is a view showing a
simulation calculation result of the amount of light passage
in the liquid crystal display device having the thickness of
the liquid crystal layer 22 equal to 4 um. FIG. 13 is a view
showing a simulation calculation result of the amount of
light passage in the liquid crystal display device having the
thickness of the liquid crystal layer 22 equal to 3 um.

[0066] As apparent from FIG. 11, when the thickness of
the liquid crystal layer 22 is equal to 5 um, peaks of light
passage are observed in the directions of the azimuths of
about 60°, about 120°, about 240°, and about 300°, and in
the direction of the polar angle of about 70°. Moreover, as
apparent from FIG. 12, when the thickness of the liquid
crystal layer 22 is equal to 4 um, peaks of light passage are
observed in the directions of the azimuths of about 65°,
about 115°, about 245°, and about 295°, and in the direction
of the polar angle of about 70°. Furthermore, as apparent
from FIG. 13, when the thickness of the liquid crystal layer
22 is equal to 3 um, peaks of light passage are observed in
the directions of the azimuths of about 30°, about 150°,
about 210°, and about 330°, and in the direction of the polar
angle of about 70°. As described above, in the liquid crystal
display device including the retardation film having the
positive dielectric anisotropy on only one side of the liquid
crystal panel, the directions of the peaks of light passage
largely change along with changes in the thicknesses of the
liquid crystal layer. Therefore, when this structure is applied
to a multi-gap liquid crystal display device, a color such as
blue or red is visible to a portion supposed to be in black
when the liquid crystal panel is viewed obliquely. In addi-
tion, the color may change depending on the viewpoint.
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[0067] Now, a result of investigation of display character-
istics by means of a liquid crystal display device of this
embodiment, which is actually manufactured, will be
described below.

[0068] Firstly, a 15-inch XGA (1024x768 pixels, and a
pixel pitch of 297 ym) liquid crystal panel is prepared. This
liquid crystal panel has a structure in which liquid crystal
having negative dielectric constant anisotropy (made by
Merck, An=0.08) is sealed between a TFT substrate and a
counter substrate.

[0069] FIG. 14 is a plan view showing a region equivalent
to two picture elements on the TFT substrate of this liquid
crystal panel. A plurality of gate bus lines 111 extending in
the horizontal direction and a plurality of data bus lines 112
extending in the vertical direction are formed on the TFT
substrate. A first insulating film (a gate insulating film) is
formed between the gate bus lines 111 and the data bus lines
112, whereby the gate bus lines 111 are electrically insulated
from the data bus lines 112. Each rectangular region defined
by the gate bus lines 111 and the data bus lines 112
constitutes a picture element region.

[0070] ATFT 114 and a picture element electrode 115 are
formed in each picture element region. As shown in FIG. 14,
the TFT 114 applied part of the gate bus line 111 as a gate
clectrode, and a source electrode 114z and a drain electrode
114b are disposed facing to each other with the gate bus line
111 interposed therebetween. The drain electrode 1146 of the
TFT 114 is connected to the data bus line 112, and the source
electrode 114a thereof is electrically connected to the picture
element electrode 115. Slits 1154 are formed on the picture
element electrode 115 so as to cause liquid crystal molecules
to be oriented in four directions when a voltage is applied.
That 1s, the picture element 115 is divided into a first region
(an upper right region) provided with the plurality of slits
115 extending at an angle of 45° with respect to the
horizontal direction, a second region (an upper left region)
provided with the plurality of slits 115¢ extending at an
angle of 135°, a third region (a lower left region) provided
with the plurality of slits 1154 extending at an angle of 225°,
and a fourth region (a lower right region) provided with the
plurality of slits 1154 extending at an angle of 315°, Each slit
115a has a width of 3 ym, and each interval between any
closest two slits 1154 is also equal to 3 um. As schematically
shown in FIG. 14, liquid crystal molecules 100 are inclined
in the directions of the slits 1154 upon application of a
voltage, and four domains having mutually different direc-
tions of inclinations of the liquid crystal molecules are
formed in one picture element.

[0071] Meanwhile, color filters and a common electrode
are formed on the counter substrate. The color filters include
three types of red (R), green (G), and blue (B), and a color
filter in red, green, or blue is disposed at each of the picture
elements. Here, the red and green color filters have the
thickness of 2 um, and the blue color filters have the
thickness of 2.8 um.

[0072] Here, cach of the TFT substrate and the counter
substrate applies a glass plate having the thickness of 0.7
mm (OA-2 made by Nippon Electric Glass) as a base.
Meanwhile, vertical alignment films (of a polyimide mate-
rial made by JSR) are formed on surfaces of the TFT
substrate and the counter substrate by use of the printing
method, and the vertical alignment films are subjected to a
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thermal treatment at the temperature of 180° C. for 60
minutes. In addition, spacers each having the diameter of
about 4.7 um (made by Sekisui Fine Chemical) are disposed
between the THFT substrate and the counter substrate. After
sealing the liquid crystal, the thickness of the liquid crystal
layer at the red picture elements and the green picture
elements is set to 4.71 um and the thickness of the liquid
crystal layer at the blue picture elements is set to 3.73 um.

[0073] Thereafter, the liquid crystal display device accord-
ing to the embodiment having the structure as illustrated in
FIG. 2 is manufactured by disposing the retardation films,
which have the phase difference Rin in the in-plane direction
equal to 40 nm and the phase difference Rth in the thickness
direction equal to 115 nm, respectively on both sides of the
liquid crystal panel configured as described above, and then
disposing the polarization plates made by Sumitomo Chemi-
cal respectively on outer sides thereof.

[0074] In the meantime, as shown in FIG. 10, a liquid
crystal display device was manufactured by disposing the
retardation film on only one side of the liquid crystal panel
and disposing the polarization plates respectively on outer
sides thereof. The in-plane phase difference Rin of this
retardation film is set to 80 nm and the phase difference Rth
in the thickness direction is set to 230 nm.

[0075] By using the liquid crystal display devices of the
embodiment and the comparative example configured as
described above, chromaticity in a black display mode were
measured while viewing each of the liquid crystal display
devices lighted up by backlights from an the oblique direc-
tion.

[0076] FIG. 15 is a chromaticity diagram showing a result
of measurement of chromaticity at the polar angle of 70° and
at the azimuth in a range from 10° to 80° in terms of the
liquid crystal display device of the embodiment. Meanwhile,
FIG. 16 is a chromaticity diagram showing a result of
measurement of chromaticity at the polar angle of 70° and
at the azimuth in a range from 10° to 80° in terms of the
liquid crystal display device of the comparative example. In
FIG. 15 and FIG. 16, observed color variations are plotted
on CIE chromaticity diagram.

[0077] As shown in FIG. 15, in the liquid crystal display
device of the embodiment, deviations of chromaticity dia-
gram are located on a straight line and deviation widths are
also small. Accordingly, it is apparent that only the strength
of the blue color is changed by moving the view angle in the
liquid crystal display device of the embodiment, and that it
is possible to obtain favorable display quality with small
color shading.

[0078] On the contrary, as shown in FIG. 16, in the liquid
crystal display device of the comparative example, the
chromaticity diagram is substantially deviated when chang-
ing the azimuth. Accordingly, it is apparent that a color such
as green or blue is visible to the portion supposed to be in
the black display mode in the liquid crystal display device of
the comparative example, and that the color also varies
depending on the view angle.

Second Embodiment

[0079] FIG. 17 is a schematic diagram showing a liquid
crystal display device according to a second embodiment of
the present invention. In terms of FIG. 17, the same con-
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stituents as those illustrated in FIG. 2 are designated by the
same reference numerals, and detailed description thereof
will be omitted.

[0080] In this embodiment, a retardation film 72 and a
retardation film 71a are sequentially disposed between the
liquid crystal panel 20 and the polarization plate 254 in the
above-mentioned lamination order viewed from the liquid
crystal panel 20 side. Moreover, a retardation film 715 is
disposed between the liquid crystal panel 20 and the polar-
ization plate 25b. The retardation films 71a and 715 has the
positive refractive index anisotropy (Nx>Ny=Nz), while the
retardation film 72 has the negative refractive index anisot-
ropy (Nx=Ny>Nz).

[0081] In the liquid crystal display device of this embodi-
ment, it is also possible to suppress the phenomenon of
coloring when viewed from an oblique direction, and
thereby to obtain favorable display quality as similar to the
first embodiment.

[0082] Here, as shown in FIG. 18, it is also possible to
obtain a similar effect by disposing the retardation film 72
having the negative refractive index anisotropy between the
retardation film 71 and the liquid crystal panel 20.

What is claimed is:
1. A liquid crystal display device comprising:

a liquid crystal panel in which thicknesses of a liquid
crystal layer are set up depending on colors of color
filters,

first and second polarization plates disposed so as to
interpose the liquid crystal panel;

a first retardation film disposed between the liquid crystal
panel and the first polarization plate; and

a second retardation film disposed between the liquid
crystal panel and the second polarization plate,

wherein, assuming that a maximum value of a refractive
index in an in-plane direction out of principal indices of
refraction is Nx, that a refractive index in an orthogonal
direction to the direction of the refractive index which
has the value of Nx is Ny, and that a thickness is d, the
first and second retardation films are set to satisfy a
difference in values of (Nx-Ny)xd equal to or less than
10 nm.

2. The liquid crystal display device according to claim 1,

wherein absorption axes of the first and second polariza-
tion plates are disposed orthogonally to each other,

a slow axis of the first retardation film is disposed
orthogonally to the absorption axis of the first polar-
ization plate, and

a slow axis of the second retardation film is disposed
orthogonally to the absorption axis of the second polar-
ization plate.
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3. The liquid crystal display device according to claim 1,
wherein the liquid crystal panel comprises:
a pair of substrates; and

liquid crystal having negative dielectric constant anisot-
ropy which is sealed between the substrates.
4. The liquid crystal display device according to claim 3,

wherein a thin film transistor and a picture element
electrode connected to the thin film transistor are
formed for each picture element on one of the pair of
substrates, and

a common electrode opposed to the picture element
electrode is formed on the other substrate.
5. The liquid crystal display device according to claim 1,

wherein, assuming that a refractive index in a thickness
direction is Nz, the first and second retardation films
respectively satisfy a relation of Nx>Ny=Nz.

6. The liquid crystal display device according to claim 5,

wherein a third retardation film satisfying a relation of
Nx=Ny>Nz is disposed between the liquid crystal panel
and the first retardation film.

7. The liquid crystal display device according to claim 3,

wherein a third retardation film satisfying a relation of
Nx=Ny>Nz is disposed between the liquid crystal panel
and the second retardation film.

8. The liquid crystal display device according to claim 1,

wherein three types of color filters in red, green, and blue
are provided as the color filters.
9. The liquid crystal display device according to claim 8,

wherein a thickness of a liquid crystal layer at a portion
where the red color filter is formed is greater than a
thickness of the liquid crystal layer at a portion where
the blue color filter is formed.

10. The liquid crystal display device according to claim 9,

wherein a thickness of a liquid crystal layer at a portion
where the green color filter is formed is smaller than a
thickness of the liquid crystal layer at a portion where
the red color filter is formed, and

the thickness of the liquid crystal layer at the portion
where the green color filter is formed is greater than a
thickness of the liquid crystal layer at a portion where
the blue color filter is formed.

11. The liquid crystal display device according to claim 9,

wherein the thickness of the liquid crystal layer at the
portion where the red color filter is formed is equal to
a thickness of the liquid crystal layer at a portion where
the green color filter is formed.

12. The liquid crystal display device according to claim 1,

wherein at least any one of the first and second retardation
films is an assembly of a plurality of layer having
refractive index anisotropy.
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