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7) ABSTRACT

The present invention provides a liquid crystal display device.
An optical film having negative uniaxial double refractive
index ellipsoids is arranged below a semi-transmitting liquid
crystal display cell and, thereafter, a 2/4 phase difference
plate, a A/2 phase difference plate and a polarizer are
arranged. The orientation axis direction of the optical film
having negative uniaxial double refractive index ellipsoids is
substantially equal to the direction which is rotated by 90° in
the clockwise direction from a resultant vector of the orien-
tation axis direction of the upper orientation film and the
orientation axis direction of the lower orientation film of the
liquid crystal display cell. Further, phase lagging axis of the
upper and lower A/4 phase difference plate is set substantially
equal to the orientation axis direction of the optical film
having negative uniaxial double refractive index ellipsoids.
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LIQUID CRYSTAL DISPLAY WITH
PARTICULAR PHASE PLATES HAVING
SPECIFIC AXIS ANGLES

This application is a Continuation application of U.S.
application Ser. No. 11/521,319 filed on Sep. 15, 2006, now
U.S. Pat. No. 7,221,422 which is a Continuation application
of U.S. application Ser. No. 11/219,746 filed on Sep. 7, 2005,
now U.S. Pat. No. 7,126,659 which is a Contiruation appli-
cation of U.S. application Ser. No. 10/777,166 filed on Feb.
13, 2004 now U.S. Pat. No. 6,970,218. Priority is claimed
based on U.S. application Ser. No. 11/521,319 filed on Sep.
15, 2006, which claims priority to U.S. application Ser. No.
11/219,746 filed on Sep. 7, 2005, which claims priority to
U.S. application Ser. No. 10/777,166 filed on Feb. 13, 2004,
which claims priority to Japanese Patent Application No.
2003-060986 filed on Mar. 7, 2003, all of which is incorpo-
rated by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a liquid crystal display
device, and more particularly to areflective typeliquid crystal
display device for displaying images using light incident from
an observation side, and a semi-transmissive type liquid crys-
tal display device for displaying images by selectively or
simultaneously using transmitting light incident from a side
opposite to the observation side and light incident from the
observation side.

2. Description of the Related Art

Theliquid crystal display device is thin, light-weighted and
exhibits the low power consumption and hence, the liquid
crystal display device has been used as a display device in a
wide range of electronic equipments including a notebook-
type personal computer, a word processor, an electronic note-
book, a mobile phone, a camera-built-in video recorder and
the like. Unlike a cathode ray tube and a plasma display
device, the liquid crystal display device is not self-lumines-
cent and displays images or the like by controlling a quantity
of light incident from the outside. Further, it is possible to
perform a color image display of multi colors with the use of
color filters in plural colors as light control elements.

This type of liquid crystal display device sandwiches a
liquid crystal layer between a pair of substrates (hereinafter,
referred to as “an upper substrate” and “a lower substrate”™)
and visualizes an electronic latent image by controlling the
orientation of molecules of the liquid crystal composition
which constitutes the liquid crystal layer in response to an
electric field applied to the liquid crystal layer.

The liquid crystal display device is classified, in accor-
dance with a driving method, into a simple matrix type liquid
crystal display device and an active matrix type liquid crystal
display device. The currently-available liquid crystal display
device is capable of performing a high-definition and high-
speed display and hence, the active matrix type liquid crystal
display devices are mainly used. In the active matrix type
liquid crystal display device, active elements (switching ele-
ments) which are represented by thin film transistors for pixel
selection are provided to the above-mentioned lower sub-
strate or upper substrate and color filters colored in three
colors separately for color display are provided to either one
of these substrates. In a reflective-type liquid crystal display
device, images are displayed by using light incident from an
observation side, while in a semi-transmissive type liquid
crystal display device, images are displayed by selectively or
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2

simultaneously using a transmitting light incident froma side
opposite to the observation side and light incident from the
observation side.

Since the liquid crystal display device is not a self-lumi-
nous type display device, it is necessary to visualize an elec-
tronic latent image with illumination composed of a visible
light and to emit the visualized image as an image light to an
observation surface. A method which emits the illumination
light such as a natural light (an external light) or the like from
the observation surface side is referred to as a reflective type,
while a method which emits an illumination light from a side
opposite to the observation surface is referred to as a trans-
missive type. Further, a liquid crystal display device which
adopts both of the method which emits the illumination light
from the observation surface side and the method which emits
the illumination light from the side opposite to the observa-
tion surface is referred to as a semi-transmissive type (a
semi-transmissive/reflective type). Here, a liquid crystal dis-
play cell which is formed into a semi-transmissive type by
providing reflecting plates to a lower substrate and by form-
ing openings in portions of the reflecting plates has been
commercialized. As a document which discloses this type of
art, JP-A-7-333598 (a patent document 1) can be named.

FIG. 13 is a schematic cross-sectional view of the vicinity
of one pixel for explaining a constitutional example of the
semi-transmissive type liquid crystal display device. A liquid
crystal display device PNL is formed by stacking various
types of optical members described later to a liquid crystal
display cell LCD which is constituted of a lower substrate
SUBI preferably made of glass and having reflecting plates
(reflecting electrodes) RF and transparent pixel electrodes
ITO1 on an inner surface thereof and an upper substrate
SUB2 having a transparent common electrode ITO2 on an
inner surface thereof which faces the lower substrate SUB1 in
an opposed manner and laminated to the lower substrate
SUBL1 with a liquid crystal layer LC sandwiched therebe-
tween.

Here, thin film transistors are formed on the lower substrate
SUBL1 as active elements. Each thin film transistor is consti-
tuted of a gate electrode GT having an anodized film AO ona
surface of aluminum and neodymium (Al—Nd), a gate insu-
lation film GI made of silicon nitride (SiN), a silicon semi-
conductor film Si, a source electrode SD1 and a drain elec-
trode SD2. The pixel electrode ITO1 which is formed of a
transparent electrode is connected to the source electrode
SD1. A passivation film PAS which is formed of an insulation
film 1s formed such that the passivation film PAS covers the
source electrodes SD1 and the drain electrodes SD2, while
the reflecting electrodes RF are formed over the passivation
film PAS. The reflecting electrode RF is connected to the
source electrode SD1 via a contact hole CH formed in the
passivation film PAS in a penetrating manner. The reflecting
electrode RF has a function of a reflecting plate and a function
of a pixel electrode.

An opening ST which is formed by cutting off the reflect-
ing electrode RF is provided to a portion of the reflecting
electrode RF thus forming a semi-transmissive reflection film
which allows light incident from outside (lower side in FIG.
13) of the lower substrate SUBI to pass through the liquid
crystal layer LC toward the upper substrate SUB2 side. In the
drawing, a symbol Cadd indicates an additional capacitance
of the pixel and generates a given capacitance using the pas-
sivation film PAS provided between the electrode which is
formed as a film simultaneously with the gate electrode GT
and the reflecting electrode RF as a dielectric layer. Further, to
an uppermost layer which is brought into contact with the
liquid crystal layer LC, a lower orientation film ORII is
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applied and the orientation treatment in a given direction is
applied to the lower orientation film ORI1. Although there
may be a liquid crystal display device which is provided with
a leveling film below the lower orientation film ORIL, the
leveling film is not shown in the drawing here. Following
optical members are stacked on upper and lower surfaces of
the liquid crystal display cell LCD. Here, spacers which
define a distance between upper and lower substrates are
omitted from FIG. 13.

First of all, on an outer surface of the lower substrate SUB1
of the liquid crystal display cell LCD, a lower A/4 phase
difference plate PSQ1, a lower A/2 phase difference plate
PSH1 and a lower polarizer POL1 are stacked in this order.
On the other hand, over an inner surface of the upper substrate
SUB2, color filters CF of three colors (R, G, B) which are
defined by a black matrix BM are formed. The color filters CF
are covered with a leveling film OC2 and the common elec-
trode ITO2 is further formed over the leveling film OC2 (only
one color filter shown in FIG. 13). Then, to an uppermost
layer which is brought into contact with the liquid crystal
layer LC, an upper orientation film ORI2 is applied and the
orientation treatment in a.given direction is applied to the
upper orientation film ORI2. In this constitutional example,
an opening HL, which enhances the brightness by directly
emitting a reflecting light from the reflecting electrode RF to
the upper substrate SUB2 is formed in a portion of the color
filter CF. However, the opening HL is not an inevitable con-
stitutional feature. On an outer surface (observation side) of
the upper substrate SUB2, an upper A/4 phase difference plate
PSQ2, an upper A./2 phase difference plate PSH2 and an upper
polarizer POL2 are stacked in this order. Here, the upper A/4
phase difference plate PSQ2 is adhered to the upper substrate
SUB2 using a diffusion tacky adhesive layer SC.

FIG. 14 is a developed view for specifically explaining one
example of the stacked structure of respective optical mem-
bers in the liquid crystal display device shown in FIG. 13. On
the upper side (observation side) of the semi-transmissive
type liquid crystal display cell LCD, the upper A/4 phase
difference plate PSQ2, the upper A/2 phase difference plate
PSH2 and the upper polarizer POL2 are stacked in this order.
Further, on the lower side of the liquid crystal display cell
LCD, the lower A/4 phase difference plate PSQ1, the lower
M2 phase difference plate PSH1 and the lower polarizer
POL1 are stacked in this order thus constituting the liquid
crystal display device PNL as a whole.

SUMMARY OF THE INVENTION

With respect to angles of respective optical axes in the
above-mentioned conventional semi-transmissive type liquid
crystal display device, viewing angles are narrow and the
intensities of the transmitting light are asymmetrical with
respect to left and right viewing angles and hence, there arises
acolor tone shift in the left and right viewing-angle directions
in a color display. This has been one of the tasks to be solved
by the present invention.

It is an advantage of the present invention to provide a
semi-transmissive type liquid crystal display device which
realizes image display of high quality with no color tone shift
in left and right viewing-angle directions by enhancing con-
trast and by having high-luminance and wide viewing angles
by enlarging viewing angles.

According to the present invention, an optical film having
negative uniaxial double refractive index ellipsoids is pro-
vided to a lower side (a surface opposite to an observation
side) of a semi-transmissive type liquid crystal display cell
and, thereafter, a phase difference plate corresponding to A/4
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(a M4 phase difference plate), a phase difference plate corre-
sponding to A/2 (a A/2 phase difference plate) and a polarizer
are arranged in a stacked manner in this order. Here, the
orientation axis direction of the optical film having negative
uniaxial double refractive index ellipsoids is substantially
equal to the direction which is rotated in the clockwise direc-
tion by 90° from a resultant vector of the orientation axis
direction of an upper orientation film and the orientation axis
direction of a lower orientation film of the liquid crystal
display cell, and phase lagging axes of the upper and lower
phase difference plates corresponding to A/4 are set substan-
tially equal to the orientation axis direction of the optical film
having negative uniaxial double refractive index ellipsoids.
Here, in a case of a twist angle 0° at which the resultant vector
of the orientation axes of the upper and lower orientation
films disappears, the orientation axis direction of the optical
film having negative uniaxial double refractive index ellip-
soids is set substantially equal to the orientation axis direction
of the lower orientation film of the liquid crystal display cell.

Further, by using a three-dimensional refractive index con-
trol type phase difference plate as the lower and/or upper A/4
phase difference plates, it is possible to obtain a further wider
viewing angle. Here, an N, coefficient indicative of a three-
dimensional refractive index is preferably set to —1=N_<1.
Here, an N, coefficient is expressed by a following formula.

N=n-n)(n-n,)

n: refractive index in the phase lagging axis direction
n,;: refractive index in the phase advancing axis direction
n_: refractive index in the planar normal direction

With the provision of the optical film disposed below the
semi-transmissive type liquid crystal display cell and having
negative uniaxial double refractive index ellipsoids, the view-
ing angle of the semi-transmissive type liquid crystal display
device can be compensated and hence, a viewing angle of the
transmitting light can be enlarged without damaging the
reflection optical characteristics. Further, by adopting the
three-dimensional refractive index control type phase differ-
ence plate as the A/4 phase difference plate, the viewing angle
of the transmitting light can be further enlarged.

To describe one example of the constitutional features of
the liquid crystal display device according to the present
invention, it is as follows. That is, in a liquid crystal display
device including:

a semi-transmissive type liquid crystal display cell having
a lower substrate, an upper substrate which constitutes an
observation side, a liquid crystal layer sandwiched between
the lower substrate and the upper substrate, a lower orienta-
tion film which is formed over a surface of the lower substrate
which is brought into contact with the liquid crystal layer, and
an upper orientation film formed over a surface of the upper
substrate which is brought into contact with the liquid crystal
layer;

an upper polarizer arranged at a side of the upper substrate
opposite to the liquid crystal layer;

an upper A/2 phase difference plate arranged between the
upper polarizer and the upper substrate;

an upper A/4 phase difference plate arranged between the
upper A/2 phase difference plate and the upper substrate;

a lower polarizer arranged at a side of the lower substrate
opposite to the liquid crystal layer;

a lower A/2 phase difference plate arranged between the
lower polarizer and the lower substrate;

a lower A/4 phase difference plate arranged between the
lower A/2 phase difference plate and the lower substrate; and
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an optical film having negative uniaxial double refractive
index ellipsoids arranged between the lower A./4 phase differ-
ence plate and the lower substrate, wherein

atwist angle of the liquid crystal layer is larger than 0° and
equal to or smaller than 90°,

the orientation axis direction of the optical film having
negative uniaxial double refractive index ellipsoids is
arranged within a range of -5° to +5° with respect to the
direction which is rotated by 90° in the clockwise direction
from a resultant vector of the orientation axis direction of the
upper orientation film and the orientation axis direction of the
lower orientation film of the liquid crystal display cell, and

aphase lagging axis of the lower A/4 phase difference plate
is arranged within a range of =10° to +10° with respect to the
orientation axis direction of the optical film having negative
uniaxial double refractive index ellipsoids, and a phase lag-
ging axis of the upper A/4 phase difference plate is arranged
within a range of —=5° to +5° with respect to the direction
which is rotated 90° in the clockwise direction from a result-
ant vector of the orientation axis direction of the upper ori-
entation film and the orientation axis direction of the lower
orientation film of the liquid crystal display cell.

Further, according to the present invention, in a liquid
crystal display device including:

a semi-transmissive type liquid crystal display cell having
a lower substrate, an upper substrate which constitutes an
observation side, a liquid crystal layer sandwiched between
the lower substrate and the upper substrate, a lower orienta-
tion film which is formed over a surface of the lower substrate
which is brought into contact with the liquid crystal layer, and
an upper orientation film formed over a surface of the upper
substrate which is brought into contact with the liquid crystal
layer;

an upper polarizer arranged at a side of the upper substrate
opposite to the liquid crystal layer;

an upper A/2 phase difference plate arranged between the
upper polarizer and the upper substrate;

an upper A/4 phase difference plate arranged between the
upper A/2 phase difference plate and the upper substrate;

a lower polarizer arranged at a side of the lower substrate
opposite to the liquid crystal layer;

a lower A/2 phase difference plate arranged between the
lower polarizer and the lower substrate;

a lower A/4 phase difference plate arranged between the
lower A/2 phase difference plate and the lower substrate; and

an optical film having negative uniaxial double refractive
index ellipsoids arranged between the lower 2./4 phase differ-
ence plate and the lower substrate, wherein

atwist angle of the liquid crystal layer is 0°,

the orientation axis direction of the optical film having
negative uniaxial double refractive index ellipsoids is
arranged within a range of -5° to +5° with respect to the
orientation axis direction of the lower orientation film of the
liquid crystal display cell,

aphase lagging axis of the lower A/4 phase difference plate
is arranged within a range of -10° to +10° with respect to the
orientation axis direction of the optical film having negative
uniaxial double refractive index ellipsoids, and a phase lag-
ging axis of the upper A/4 phase difference plate is arranged
within a range of —5° to +5° with respect to the orientation
axis direction of the upper orientation film of the liquid crystal
display cell.

Here, either one or both of the lower A/4 phase difference
plate and the upper A/4 phase difference plate are formed of a
three-dimensional refractive index control type phase differ-
ence plate having a N, coefficient of —-1=N <1, wherein the
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N, coefficient indicates a three-dimensional refractive index
of the three-dimensional refractive index control type phase
difference plate.

That is, the present invention may form the lower A/4 phase
difference plate using the three-dimensional refractive index
control type phase difference plate or may form the upper A/4
phase difference plate using the three-dimensional refractive
index control type phase difference plate, or may form the
both of the lower A/4 phase difference plate and upper A/4
phase difference plate using the three-dimensional refractive
index control type phase difference plate.

The semi-transmissive type liquid crystal display device of
the present invention may be also constituted such that by
mounting an auxiliary illumination device (also referred to as
a back light) on a back surface of the lower substrate side of
the liquid crystal display cell, the brighter image display can
be obtained. Due to such a constitution, the semi-transmissive
type liquid crystal display device can have the high light
transmitting property with a wide viewing angle and can
obtain displayed images having the favorable symmetry in
the left-and-right direction.

In this manner, according to the present invention, by mak-
ing use of the reflecting light of the external light or by
selectively or simultaneously making use of the transmitting
light and the reflecting light, in both of an environment having
abright external light and a dark environment, itis possible to
obtain a bright and clear image having a wide viewing angle
and a high contrast ratio. Further, it is also possible to obtain
a color image display of high quality having no color tone
shift. It is needless to say that the present invention is not
limited to the above-mentioned respective constitutions and
the constitution of embodiments described later and various
modifications are conceivable without departing from the
technical concept of the present invention.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 11s an explanatory view of an example of appearance
of a liquid crystal display cell and a twist angle of liquid
crystal molecules according to the present invention;

FIG. 2 is a cross-sectional view for explaining the structure
of the vicinity of one pixel of the liquid crystal display cell
shown in FIG. 1;

FIG. 3 is a developed view for explaining the stacked
structure of respective optical members in the first embodi-
ment of the liquid crystal display device according to the
present invention;

FIG. 4 is an explanatory view of the arrangement of optical
axes of respective optical members of the liquid crystal dis-
play device having the stacked structure shown in FIG. 3;

FIG. 5 is a schematic cross-sectional view for explaining
the structure of an optical film having negative uniaxial
double refractive index ellipsoids;

FIG. 6 is a developed view for explaining the stacked
structure of respective optical members in the second
embodiment of the liquid crystal display device according to
the present invention;

FIG. 7 is an explanatory view of the arrangement of optical
axes of respective optical members of the liquid crystal dis-
play device having the stacked structure shown in FIG. 6;

FIG. 8 is a schematic cross-sectional view for explaining
the structure of a three-dimensional refractive index control
type phase difference plate corresponding to A/4;

FIG. 9 is a developed view for explaining the stacked
structure of respective optical members in the third embodi-
ment of the liquid crystal display device according to the
present invention;
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FIG. 10 is an explanatory view of the arrangement of
optical axes of respective optical members of the liquid crys-
tal display device having the stacked structure shown in FIG.
9,

FIG. 11 is a developed view for explaining the stacked
structure of respective optical members in the fourth embodi-
ment of the liquid crystal display device according to the
present invention;

FIG. 12 is an explanatory view of the arrangement of
optical axes of respective optical members of the liquid crys-
tal display device having the stacked structure shown in FIG.
11,

FIG. 13 is a schematic cross-sectional view of the vicinity
of one pixel for explaining a constitutional example of a
semi-transmissive type liquid crystal display device; and

FIG. 14 is a developed view for specifically explaining one
example of the stacked structure of the respective optical
members according to the liquid crystal display device shown
in FIG. 13.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Embodiments of a liquid crystal display device according
to the present invention are explained hereinafter in conjunc-
tion with drawings showing the embodiments. FIG. 1 is an
explanatory view of an example of appearance of a liquid
crystal display cell and a twist angle of liquid crystal mol-
ecules according to the present invention, and FIG. 2 is a
cross-sectional view for explaining the structure of the vicin-
ity of one pixel of the liquid crystal display cell shown in FIG.
1. Here, in FIG. 2, the thin film transistor explained in con-
junction with FIG. 13 is omitted from the drawing. Although
the liquid crystal display cell LCD shown in FIG. 2 corre-
sponds to a modification of the liquid crystal display cell LCD
shown in FIG. 13, the liquid crystal display cell LCD shown
in FIG. 13 can be directly used as it is in the present invention.
The liquid crystal display cell LCD is configured such that
liquid crystal LC is filled in a gap defined by laminating a
lower substrate SUB1 and an upper substrate SUB2 which are
preferably made of glass. The gap (cell gap) between both
substrates is defined by spacers SPC. The liquid crystal LC is
injected into the gap through a liquid crystal injection open-
ing INJ and the liquid crystal injection opening INJ is plugged
by a suitable resin after injecting the liquid crystal LC.

Over an inner surface of a lower substrate SUB1, reflecting
plates RF which preferably have a light diffusion function are
formed. Further, over the reflecting plates RF, a leveling film
OC1, the pixel electrodes ITO1 which are formed of a trans-
parent electrodeanda lowerorientation film ORI1 are formed-
inthis order. Here, the reflecting plates RF may be reflecting
electrodes RF as has been explained in conjunction with FIG.
13. Further, over an inner surface of an upper substrate SUB2,
color filters CF of three colors which are defined by a black
matrix BM are formed (in FIG. 2, only one of the color filters
of three colors is shown). Above these color filters CF, a
leveling film OC2, a common electrode ITO2 which is
formed using a transparent electrode, and an upper orienta-
tion film ORI2 are formed in this order. The orientation axis
(orientation axis direction) of the lower orientation film ORI1
in FIG. 2 is indicated by AX1 in FIG. 1 and the orientation
axis (orientation axis direction) of the upper orientation film
ORI2 is indicated by AX2 in FIG. 1. Due to such a constitu-
tion, a viewing angle enlarging direction A is formed. Further,
a twist angle of the liquid crystal molecules which constitute
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the liquid crystal LC assumes 61. Here, X-X in FIG. 1 indi-
cates the left-and-right direction and Y-Y indicates the up-
and-down direction.

FIG. 3 is a developed view for explaining the stacked
structure of respective optical members in the first embodi-
ment of the liquid crystal display device according to the
present invention. Above (observation side) the semi-trans-
missive type liquid crystal display cell LCD, an upper A/4
phase difference plate PSQ2, an upper A/2 phase difference
plate PSH2 and an upper polarizer POL2 are stacked in this
order. Below the semi-transmissive type liquid crystal display
cell LCD, an optical film NMF having negative uniaxial
double refractive index ellipsoids is provided. Further, over
the optical film NMF, a A/4 phase difference plate PSQ1, a /2
phase difference plate PSH1 and a lower polarizer POL1 are
stacked and arranged in this order. Further, BL in FIG. 3
indicates a backlight.

The orientation axis direction AX3 (not shown in the draw-
ing) of the optical film NMF having negative uniaxial double
refractive index ellipsoids is set substantially equal to the
direction which is rotated 90° in the clockwise direction from
a resultant vector of the orientation axis direction AX2 of the
upper orientation film ORI2 and the orientation axis direction
AX1 of the lower orientation film ORI1 of the liquid crystal
display cell LCD. Further, phase lagging axes AX7, AX4 (not
shown in the drawing) of the upper and lower A/4 phase
difference plates PSQ2, PSQ1 are arranged substantially
equal to the orientation axis direction AX3 of the optical film
NMF having negative uniaxial double refractive index ellip-
soids. Here, at a twist angle 0° where the resultant vector of
the orientation axes AX2, AX1 of the upper and lower orien-
tation film ORI2, ORII is not present, the orientation axis
direction AX3 of the optical film NMF having negative
uniaxial double refractive index ellipsoids is arranged sub-
stantially equal to the orientation axis direction AX1 of the
lower orientation film ORI1 of the liquid-crystal display cell
LCD.

FIG. 4 is an explanatory view of the arrangement of optical
axes of respective optical members of the liquid crystal dis-
play device having the stacked structure shown in FIG. 3.
Hereinafter, with respect to the optical axes of the optical
members, the counterclockwise direction as viewed from an
observation side surface is defined as “+” and the clockwise
direction as viewed from the observation side surface is
defined as “-”. Further, the absorption axes AX9, AX6 of the
upper and lower polarizer POL2, POL1 may be used as trans-
mission axes. Further, light diffusion means such as diffusion
tacky adhesive agent or the like may be interposed between
the semi-transmissive type liquid crystal display cell LCD
and the upper A/4 phase difference plate PSQ2, between the
upper A4 phase difference plate PSQ2 and the upper A/2
phase difference plate PSH2 and between the upper A/2 phase
difference plate PSH2 and the upper polarizer POL2. Further,
a brightness promoting film adopting a polarization separa-
tion method may be arranged outside the lower polarizer
POL1.

In the semi-transmissive type liquid crystal display cell
LCD, And of the transmitting portion at the wavelength of 550
nm is set to a value within a range of 250 nm to 400 nm
(preferably, 300 nm). Then, And of the reflecting portion at
the wavelength of 550 nm is set to a value within a range of
130 nm to 250 nm (preferably, 200 nm). Further, a twist angle
(angle formed between the orientation axis AX1 of the lower
orientation film ORI1 and the orientation axis AX2 of the
upper orientation film ORI2) 81 of liquid crystal molecules
falls within a range of 0° to 90°. Further, in this embodiment,
in the same manner as FIG. 1, the twist angle is set to 30°.
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The phase lagging axis AX7 of the upper A/4 phase differ-
ence plate PSQ2 is arranged within a range of -=5° to +5° with
respect to the direction which is rotated by 90° in the clock-
wise direction from a resultant vector of the orientation axis
direction AX2 of the upper orientation film ORI2 and the
orientation axis direction AX1 of the lower orientation film
ORI of the liquid crystal display cell LCD. In this embodi-
ment, the angle is set to 0°. The phase lagging axis AX8 of the
upper A/2 phase difference plate PSH2 is arranged at an angle
within a range of =70° to -50° from the phase lagging axis
AX7 of the upper A//4 phase difference plate PSQ2 and, in
this embodiment, the angle is set to —60°. The absorption axis
AX9 of the upper polarizer POL2 is arranged at an angle
within a range of —25° to -5° from the phase lagging axis AX8
of the upper A/2 phase difference plate PSH2 and, in this
embodiment, the angle is setto —15°. And (valley value) of the
upper A4 phase difference plate PSQ2 is set to a value within
arange of 50nm to 200 nm and, in this embodiment, the And
is set to 100 nm. And (valley value) of the upper A/2 phase
difference plate PSH2 is set to a value within a range of 200
nm to 300 nm and, in this embodiment, the And is set to 255
nm.

The orientation axis direction AX3 of the optical film NMF
having negative uniaxial double refractive index ellipsoids is
arranged within an inclination range of -5° to +5° with
respect to the direction (downward direction in FIG. 4) which
is rotated by 90° in the clockwise direction from a resultant
vector (right direction in FIG. 4) of the orientation axis direc-
tion AX2 of the upper orientation film ORI2 and the orienta-
tion axis direction AX1 of the lower orientation film ORI1 of
the liquid crystal display cell LCD. Here, in this embodiment,
this inclination is set to 0°. Further, at a twist angle 0° where
the resultant vector of the orientation axis directions AX2,
AX1 of the upper and lower orientation film ORI2, ORIl is
not present, the orientation axis direction AX3 of the optical
film NMF is arranged within an inclination range of -5° to
+5° with respect to the orientation axis direction AX1 of the
lower orientation film ORII.

FIG. 5 is a schematic cross-sectional view for explaining
the structure of the optical film having negative uniaxial
double refractive index ellipsoids. The optical film NMF hav-
ing negative uniaxial double refractive index ellipsoids is
produced by performing the hybrid orientation of discotic
liquid crystal DLC in a uniaxial direction on a base film BF.
Light which passes through the optical film NMF receives an
action of the discotic liquid crystal DLC which is subjected to
the hybrid orientation and hence, the light is irradiated as light
having the direction (the orientation axis direction AX3 in the
FIG. 5) along which the birefringence changes corresponding
to the incident angle of the transmitting light which is oppo-
site to the direction (viewing angle enlarging direction A in
FIG. 1) along which the birefringence of the liquid crystal cell
LCD changes.

The phase lagging axis AX4 of the lower A/4 phase differ-
ence plate PSQ1 is arranged at an angle within a range of =10°
to +10° with respect to the orientation axis direction AX3 of
the optical film NMF having negative uniaxial double refrac-
tive index ellipsoids. In this embodiment, the angle is set to
0°. The phase lagging axis AX5 of the lower A/2 phase dif-
ference plate PSH1 is arranged at an angle within a range of
50° to 70° from the phase lagging axis direction AX4 of the
lower A/4 phase difference plate PSQI. In this embodiment,
the angle is set to 60°. The absorption axis AX6 of the lower
polarizer POL1 is arranged at an angle within a range of -85°
to =65° from the phase lagging axis AX5 of the lower A/2
phase difference plate PSH1. In this embodiment, the angle is
set to =75°. And (valley value) of the lower A/4 phase differ-
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ence plate PSQ1 is set to a value within a range of 50 nm to
200 nm. In this embodiment, the And is set to 140 nm. And
(valley value) of the lower A/2 phase difference plate PSHI is
set to a value within a range of 200 nm to 300 am. In this
embodiment, the And is set to 260 nm.

Due to the constitution of this embodiment, by using a
reflecting light of an external light or by selectively or simul-
taneously using a transmitting light and a reflecting light, in
both of an environment having a bright external light and a
dark environment, bright clear images having a wide viewing
angle and a high contrast ratio can be obtained and, further,
color image display device of a high quality with no color
tone shift. can be obtained.

FIG. 6 is a developed view for explaining the stacked
structure of respective optical members in the second
embodiment of the liquid crystal display device according to
the present invention. Above (observation side) a semi-trans-
missive type liquid crystal display cell LCD, in the same
manner as the first embodiment, an upper A4 phase differ-
ence plate PSQ2, an upper A/2 phase difference plate PSH2
and an upper polarizer POL2 are stacked in this order. Further,
below the semi-transmissive type liquid crystal display cell
LCD, an optical film NMF having negative uniaxial double
refractive index ellipsoids is formed. Then, over the optical
film NME, a lower three-dimensional refractive index control
type phase difference plate TPSQ1 corresponding to A/4, a
M2 phase difference plate PSH1 and a lower polarizer POL1
are stacked in this order.

The orientation axis direction AX3 ofthe optical film NMF
having negative uniaxial double refractive index ellipsoids is
arranged substantially equal to the direction which is rotated
90° in the clockwise direction from a resultant vector of the
orientation axis direction AX2 of the upper orientation film
ORI2 and the orientation axis direction AX1 of the lower
orientation film ORI of the liquid crystal display cell LCD
and, at the same time, the phase lagging axes AX7, AX4 ofthe
upper and lower A/4 phase difference plates PSQ2, TPSQ1
are arranged substantially equal to,the orientation axis direc-
tion AX3 of the optical film NMF having negative uniaxial
double refractive index ellipsoids. Here, at a twist angle 0°
where the resultant vector of the orientation axes AX2, AX1
of the upper and lower orientation films ORI2, ORI1 is not
present, the orientation axis direction AX3 of the optical film
NMF having negative uniaxial double refractive index ellip-
soids is arranged substantially equal to the orientation axis
direction AX1 of the lower orientation film ORI1 of the liquid
crystal display cell LCD.

FIG. 7 is an explanatory view of the arrangement of optical
axes of respective optical members of the liquid crystal dis-
play device having the stacked structure shown in FIG. 6.
Hereinafter, the definitions of the optical axes of the optical
members are similar to the definitions used in the first
embodiment. A light diffusion means such as diffusion tacky
adhesive agent may be interposed between the semi-transmis-
sive type liquid crystal display cell LCD and the upper A/4
phase difference plate PSQ2, between the upper A/4 phase
difference plate PSQ2 and the upper 2/2 phase difference
plate PSH2 and between the upper A/2 phase difference plate
PSH2 and the upper polarizer POL2. Further, a brightness
promoting film adopting a polarization separation method
may be arranged outside the lower polarizer POL1.

In the semi-transmissive type liquid crystal display cell
LCD, And of the transmitting portion at the wavelength of 550
nm is set to a value within a range of 250 nm to 400 nm
(preferably, 300 nm). Further, And of the reflecting portion at
the wavelength of 550 nm is set to a value within a range of
130 nm to 250 nm (preferably, 200 nm). Further, a twist angle
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(angle formed between the orientation axis AX1 of the lower
orientation film ORI and the orientation axis AX2 of the
upper orientation film ORI12) 61 of liquid crystal molecules is
set to a value within a range of 0° to 90°. In this embodiment,
in the same manner as FIG. 1, the twisting angle is set to 30°.

The phase lagging axis AX7 of the upper A/4 phase differ-
ence plate PSQ2 is arranged within a range of -5° to +5° with
respect to the direction which is rotated by 90° in the clock-
wise direction from a resultant vector of the orientation axis
direction AX2 of the upper side orientation film ORI2 and the
orientation axis direction AX1 of the lower orientation film
ORI1 of the liquid crystal display cell LCD. In this embodi-
ment, the angle is set to 0°. The phase lagging axis AX8 of the
upper A/2 phase difference plate PSH2 is arranged at an angle
within a range of =70° to -50° from the phase lagging axis
AX7 of theupper 2/4 phase difference plate PSQ2 and, in this
embodiment, the angle is set to —-60°. The absorption axis
AX9 of the upper polarizer POL2 is arranged at an angle
within a range of —25° to -5° from the phase lagging axis AX8
of the upper A/2 phase difference plate PSH2 and, in this
embodiment, the angle is setto —15°. And (valley value) of the
upper A4 phase difference plate PSQ2 is set to a value within
arange of 50 nm to 200 nm and, in this embodiment, the And
is set to 100 nm. And (valley value) of the upper A/2 phase
difference plate PSH2 is set to a value within a range of 200
nm to 300 nm and, in this embodiment, the And is set to 255
nm.

The orientation axis direction AX3 of the optical film NMF
having negative uniaxial double refractive index ellipsoids is
arranged within an inclination range of -5° to +5° with
respect to the direction which is rotated by 90° in the clock-
wise direction from a resultant vector of the orientation axis
direction AX2 of the upper orientation film ORI2 and the
orientation axis direction AX1 of the lower orientation film
ORI1 of the liquid crystal display cell LCD. Here, in this
embodiment, this inclination is set to 0°. Further, at a twist
angle 0° where the resultant vector of the orientation axis
directions AX2, AX1 of the upper and lower orientation films
ORI2, ORIl is not present, the orientation axis direction AX3
is arranged within an inclination range of -5° to +5° with
respect to the orientation axis direction AX1 of the lower
orientation film ORII.

FIG. 8 is a schematic cross-sectional view for explaining
the structure of a three-dimensional refractive index control
type phase difference plate corresponding to A/4. In this lower
three-dimensional refractive index control type phase differ-
ence plate TPSQ1 corresponding to A/4, while an ordinary
phase difference plate is extended in one axis direction, the
three-dimensional refractive index control type phase differ-
ence plate is extended in the biaxial direction and hence, the
refractive index distribution RD in the film is controlled in a
three-dimensional manner. The light which passes through
the optical film is irradiated as light having the comparatively
small change of birefringence compared to an amount of
change of birefringence of an ordinary phase difference plate
corresponding to the incident angle of the transmitting light.

It is desirable that an N, coefficient indicative of a three-
dimensional refractive index of the three-dimensional refrac-
tive index control type phase difference plate corresponding
to M4 is setto -1 =N_<1. Here, N, coefficient is expressed by
a following formula.

N=n-n.)n-n,)

n: refractive index in the phase lagging axis direction
n,;: refractive index in the phase advancing axis direction
n: refractive index in the planar normal direction
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In FIG. 7, the phase lagging axis AX4 of the lower three-
dimensional refractive index control type phase difference
plate TPSQ1 is arranged at an angle within a range of =10° to
+10° with respect to the orientation axis direction AX3 ofthe
optical film NMF having negative uniaxial double refractive
index ellipsoids. In this embodiment, the angle is set to 0°.
The phase lagging axis AX5 of the lowerA/2 phase difference
plate PSH1 is arranged at an angle within a range of 50° to 70°
from the phase lagging axis AX4 of the lower three-dimen-
sional refractive index control type phase difference plate
TPSQ1. In this embodiment, the angle is set to 60°. An
absorption axis AX6 of the lower polarizer POL1 is arranged
at an angle within a range of =80° to -65° from the phase
lagging axis AX5 of the lower A/2 phase difference plate
PSH1. In this embodiment, the angle is set to =75°. And
(valley value) of the lower three-dimensional refractive index
control type phase difference plate TPSQ1 is set to a value
within a range of 50 nm to 200 nm. In this embodiment, the
Andisset to 140 nm. And (valley value) of the lower A/2 phase
difference plate PSH1 is set to a value within a range of 200
nm to 300 nm. In this embodiment, the And is set to 260 nm.

Due to the constitution of this embodiment, by using a
reflecting light of an external light or by selectively or simul-
taneously using a transmitting light and a reflecting light, in
both of an environment having a bright external light and a
dark environment, bright clear images having a wide viewing
angle and a high contrast ratio is obtained. Further, a color
image display device of high quality with no color tone shift
can be obtained.

FIG. 9 is a developed view for explaining the stacked
structure of respective optical members in the third embodi-
ment of the liquid crystal display device according to the
present invention. Above (observation side) a semi-transmis-
sive type liquid crystal display cell LCD, an upper three-
dimensional refractive index control type phase difference
plate TPSQ2 corresponding to A/4, an upper A/2 phase differ-
ence plate PSH2 and an upper polarizer POL2 are stacked in
this order. Further, below the semi-transmissive type liquid
crystal display cell LCD, an optical film NMF having nega-
tive uniaxial double refractive index ellipsoids is formed.
Further, over the optical film NMF, a lower A/4 phase differ-
ence plate PSQ1, alower /2 phase difference plate PSH1 and
a lower polarizer POL1 are stacked in this order.

The orientation axis direction AX3 ofthe optical film NMF
having negative uniaxial double refractive index ellipsoids is
arranged substantially equal to the direction which is rotated
90° in the clockwise direction from a resultant vector of the
orientation axis direction AX2 of the upper orientation film
ORI2 and the orientation axis direction AX1 of the lower
orientation film ORI1 of the liquid crystal display cell LCD
and, at the same time, the phase lagging axes AX7, AX4 ofthe
upper and lower /4 phase difference plates TPSQ2, PSQ1
are arranged substantially equal to the orientation axis direc-
tion AX3 of the optical film NMF having negative uniaxial
double refractive index ellipsoids. Here, at a twist angle 0°
where the resultant vector of the orientation axes AX2, AX1
of the upper and lower orientation films ORI2, ORI1 is not
present, the orientation axis direction AX3 of the optical film
NMF having negative uniaxial double refractive index ellip-
soids is arranged substantially equal to the orientation axis
direction AX1 of the lower orientation film ORI1 of the liquid
crystal display cell LCD.

FIG. 10 is an explanatory view of the arrangement of
optical axes of respective optical members of the liquid crys-
tal display device having the stacked structure shown in FIG.
9. Hereinafter, the definitions of the optical axes of the optical
members are similar to the definitions used in the above-
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mentioned respective embodiments. Further, the absorption
axes AX9, AX6 of the upper and lower polarizers POL2,
POL1 may be used as transmission axes. Then, a light diffu-
sion means such as a diffusion tacky adhesive agent may be
interposed between the semi-transmissive type liquid crystal
display cell LCD and the upper three-dimensional refractive
index control type phase difference plate TPSQ2, between the
upper three-dimensional refractive index control type phase
difference plate TPSQ2 and the upper A/2 phase difference
plate PSH2, and between the upper A/2 phase difference plate
PSH2 and the upper polarizer POL2. Further, a brightness
promoting film adopting a polarization separation method
may be arranged outside the lower polarizer POL1.

In the semi-transmissive type liquid crystal display cell
LCD, And of the transmitting portion at the wavelength of 550
nm is set to a value within a range of 250 nm to 400 nm
(preferably, 300 nm). Then, And of the reflecting portion at
the wavelength of 550 nm is set to a value within a range of
130 nm to 250 nm (preferably, 200 nm). Further, a twist angle
(angle formed between the orientation axis AX1 of the lower
orientation film ORI1 and the orientation axis AX2 of the
upper orientation film ORI2) 81 of liquid crystal molecules
falls within a range of 0 to 90°. Further, in this embodiment,
in the same manner as FIG. 1, the twist angle is set to 30°.

The phase lagging axis AX7 of the upper three-dimen-
sional refractive index control type phase difference plate
TPSQ2 is arranged within a range of =50 to +50 with respect
to the direction which is rotated by 90° in the clockwise
direction from a resultant vector of the orientation axis direc-
tion AX2 of the upper side orientation film ORI2 and the
orientation axis direction AX1 of the lower orientation film
ORI1 of the liquid crystal display cell LCD. In this embodi-
ment, the angle is set to 0°. The phase lagging axis AX8 of the
upper A/2 phase difference plate PSH2 is arranged at an angle
within a range of =70° to -50° from the phase lagging axis
AX7 of the upper three-dimensional refractive index control
type phase difference plate TPSQ2 and, in this embodiment,
the angle is set to -60°. The absorption axis AX9 of the upper
polarizer POL2 is arranged at an angle within a range of -25°
to =5° from the phase lagging axis AX8 of the upper A/2 phase
difference plate PSH2 and, in this embodiment, the angle is
setto —=15°. And (valley value) of the upper three-dimensional
refractive index control type phase difference plate TPSQ?2 is
set to a value within a range of 50 nm to 200 nm and, in this
embodiment, the And is set to 100 nm. And (valley value) of
the upper A/2 phase difference plate PSH2 is set to a value
within a range of 200 nm to 300 nm and, in this embodiment,
the And is set to 255 nm. Here, it is desirable that an N,
coefficient of the upper three-dimensional refractive index
control type phase difference plate TPSQ2 is set to =1=N,<1
in the same manner as the lower three-dimensional refractive
index control type phase difference plate TPSQ1 as explained
in conjunction with FI1G. 8.

The orientation axis direction AX3 of the optical film NMF
having negative uniaxial double refractive index ellipsoids is
arranged within an inclination range of -5° to +5° with
respect to the direction which is rotated by 90° in the clock-
wise direction from a resultant vector of the orientation axis
direction AX2 of the upper orientation film ORI2 and the
orientation axis direction AX] of the lower orientation film
ORI1 of the liquid crystal display cell LCD. Here, in this
embodiment, this inclination is set to 0°. Further, at a twist
angle 0° where the resultant vector of the orientation axis
directions AX2, AX1 of the upper and lower orientation films
ORI2, ORI11 is not present, the orientation axis direction AX3
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is arranged within an inclination range of =5° to +5° with
respect to the orientation axis direction AX1 of the lower
orientation film ORI1.

The phase lagging axis AX4 of the lower A/4 phase differ-
ence plate PSQ1 is arranged at an angle within a range of =10°
to +10° with respect to the orientation axis direction AX3 of
the optical film NMF having negative uniaxial double refrac-
tive index ellipsoids. In this embodiment, the angle is set to
0°. The phase lagging axis AX5 of the lower A/2 phase dif-
ference plate PSH1 is arranged at an angle within a range of
50° to 70° from the phase lagging axis direction AX4 of the
lower A/4 phase difference plate PSQI. In this embodiment,
the angle is set to 60°. The absorption axis AX6 of the lower
polarizer POL1 is arranged at an angle within a range of -85°
to =65° from the phase lagging axis AX5 of the lower A/2
phase difference plate PSH1. In this embodiment, the angle is
set to =75°. And (valley value) of the lower A/4 phase differ-
ence plate PSQ1 is set to a value within a range of 50 nm to
200 nm. In this embodiment, the And is set to 110 nm. And
(valley value) of the lower A/2 phase difference plate PSHI is
set to a value within a range of 200 nm to 300 nm. In this
embodiment, the And is set to 260 nm.

Due to the constitution of this embodiment, by using a
reflecting light of an external light or by selectively or simul-
taneously using a transmitting light and a reflecting light, in
both of an environment having a bright external light and a
dark environment, bright clear images having a wide viewing
angle and a high contrast ratio can be obtained and, further,
color image display device of a high quality with no color
tone shift can be obtained.

FIG. 11 is a developed view for explaining the stacked
structure of respective optical members in the fourth embodi-
ment of the liquid crystal display device according to the
present invention. Further, FIG. 12 is an explanatory view of
the arrangement of optical axes of respective optical members
of the liquid crystal display device having the stacked struc-
ture shown in FIG. 11. This embodiment is substantially
equal to the third embodiment of the present invention which
is explained in conjunction with FIG. 10 with respect to the
constitution of the optical members stacked on the upper side
of the liquid crystal display cell LCD and is substantially
equal to the second embodiment of the present invention
which is explained in conjunction with FIG. 7 with respect to
the constitution of the optical members stacked on the lower
side of the liquid crystal display cell LCD.

That is, over the upper side of the liquid crystal display cell
LCD, the upper three-dimensional refractive index control
type phase difference plate TPSQ2, the upper 2/2 phase dif-
ference plate PSH2, and the upper polarizer POL2 are stacked
in this order, while over the lower side of the semi-transmis-
sive type liquid crystal display cell LCD, the optical film
NMF having negative uniaxial double refractive index ellip-
soids, the lower three-dimensional refractive index control
type phase difference plate TPSQ1, the lower 2/2 phase dif-
ference plate PSH1, and the lower polarizer POL1 are stacked
in this order. The optical axes and the orientation axes of these
respective optical members are substantially equal to the opti-
cal axes and the orientation axes explained in conjunction
with FIG. 7 and FIG. 10.

Due to the constitution of this embodiment, by using a
reflecting light of an external light or by selectively or simul-
taneously using a transmitting light and a reflecting light, in
both of an environment having a bright external light and a
dark environment, bright clear images having a wide viewing
angle and a high contrast ratio can be obtained and, further, a
color image display device of a high quality with no color
tone shift can be obtained.
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With respect to the first embodiment to the fourth embodi-
ment which have been explained heretofore, the particularly
important point lies in the arrangement method of the orien-
tation axis direction AX3 of the optical film NMF having
negative uniaxial double refractive index ellipsoids, the phase
lagging axis AX4 of the lower A/4 phase difference plate
PSQ1 (lower three-dimensional refractive index control type
phase difference plate TPSQ1) and the phase lagging axis
AX7 of the upper A/4 phase difference plate PSQ2 (upper
three-dimensional refractive index control type phase differ-
ence plate TPSQ2) when the optical film NMF having nega-
tive uniaxial double refractive index ellipsoids is applied to
the semi-transmissive type liquid crystal display device for
enlarging the viewing angle.

In the conventional liquid crystal display device which is
not provided with the optical film NMF having negative
uniaxial double refractive index ellipsoids, various combina-
tions can be considered with respect to the arrangement direc-
tions of these axes AX4, AX7. However, the case in which the
optical film NMF having negative uniaxial double refractive
index ellipsoids is applied has not been reviewed convention-
ally. To the contrary, by arranging these axes AX3, AX4, AX7
in the manners explained in the first embodiment to the fourth
embodiment, the liquid crystal display device can obtain the
high contrast, the wide viewing angle and, particularly the
left-and-right symmetry with respect to the enlargement of
the viewing angle. On the other hand, when the arrangement
method of these axes AX3, AX4, AX7 exceeds this range, the
characteristics are degraded.

Here, even when the range of the phase lagging axis AX7 of
the upper A/4 phase difference plate PSQ2 (upper three-di-
mensional refractive index control type phase difference plate
TPSQ2) is set to a range of -10° to +10° from the given
direction, it is possible to enlarge the viewing angle. However,
to obtain the left-and-right symmetry with respect to the
enlargement of the viewing angle, it is desirable to set the
range of the lagging phase axis AX7 to the range of -5° to +5°
from the given direction as explained in the embodiments.

Further, as described in the second embodiment to the
fourth embodiment, by combining.the lower three-dimen-
sional refractive index control type phase difference plate
TPSQ1 and/or the upper three-dimensional refractive index
control type phase difference plate TPSQ2, it is possible to
obtain the particularly excellent characteristics.

The liquid crystal display device according to the present
invention is preferably used for low-power-consumption
devices such as a display part of the mobile phone, a display
part of a Personal Digital Assistant (PDA) or the like. How-
ever, the application of the liquid crystal display device
according to the present invention is not limited to the above
and it is needless to say that the liquid crystal display device
canbe used in a notebook type personal computer and various
display monitors.

Further, the liquid crystal display device according to the
present invention is not limited to an active matrix type liquid
crystal display device which uses the thin film transistors in
the above-mentioned embodiments. That is, the present
invention is also applicable to a thin-film diode type liquid
crystal display device, other active matrix type liquid crystal
display device, or a simple matrix type liquid crystal display
device.

As has been described heretofore, according to the present
invention, it is possible to enhance the contrast in the semi-
transmissive type liquid crystal display device and obtain a
high brightness and a wide viewing angle by enlarging the
viewing angle whereby it is possible to provide the liquid
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crystal display device which realizes the high-quality image
display without a color tone shift in the viewing angle direc-
tion.

What is claimed is:

1. A liquid crystal display device comprising:

a liquid crystal display cell having a lower substrate, an
upper substrate which constitutes an observation side, a
liquid crystal layer sandwiched between the lower sub-
strate and the upper substrate, a lower orientation film
which is formed over a surface of the lower substrate
which is brought into contact with the liquid crystal
layer, and an upper orientation film formed over a sur-
face of the upper substrate which is brought into contact
with the liquid crystal layer;

an upper polarizer arranged at a side of the upper substrate
opposite to the liquid crystal layer;

an upper A/2 phase difference plate arranged between the
upper polarizer and the upper substrate;

an upper A/4 phase difference plate arranged between the
upper A/2 phase difference plate and the upper substrate;

a lower polarizer arranged at a side of the lower substrate
opposite to the liquid crystal layer;

a lower A/2 phase difference plate arranged between the
lower polarizer and the lower substrate;

a lower A/4 phase difference plate arranged between the
lower A/2 phase difference plate and the lower substrate;
and

an optical film having negative uniaxial double refractive
index ellipsoids arranged between the lower A/4 phase
difference plate and the lower substrate, wherein

atwist angle of the liquid crystal layer is larger than 0° and
equal to or smaller than 90°,

the orientation axis direction of the optical film having
negative uniaxial double refractive index ellipsoids is
arranged within a range of -5° to +5° with respect to the
direction which is rotated by 90° in the clockwise direc-
tion from a resultant vector of the orientation axis direc-
tion of the upper orientation film and the orientation axis
direction of the lower orientation film of the liquid crys-
tal display cell,

a phase lagging axis of the lower A/4 phase difference plate
is arranged within a range of -10° to +10° with respect to
the orientation axis direction of the optical film having
negative uniaxial double refractive index ellipsoids, and
a phase lagging axis of the upper A/4 phase difference
plate is arranged within a range of -5° to +5° with
respect to the direction which is rotated 90° in the clock-
wise direction from a resultant vector of the orientation
axis direction of the upper orientation film and the ori-
entation axis direction of the lower orientation film of
the liquid crystal display cell, and

a phase lagging axis of the lower \/2 phase difference plate
is arranged at an angle within a range of 50° to 70° from
the phase lagging axis of the lower A./4 phase difference
plate.

2. A liquid crystal display device according to claim 1,
wherein the lower A/4 phase difference plate is formed of a
three-dimensional refractive index control type phase differ-
ence plate having a N, coefficient of -1=Nz<1, wherein the
Nz coefficient indicates a three-dimensional refractive index.

3. A liquid crystal display device according to claim 1,
wherein the upper A/4 phase difference plate is formed of a
three-dimensional refractive index control type phase differ-
ence plate having a Nz coeflicient of -1 =Nz<1, wherein the
N, coefficient indicates a three-dimensional refractive index.

4. A liquid crystal display device according to claim 1,
wherein both of the lower A/4 phase difference plate and the
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upper A4 phase difference plate are formed of a three-dimen-
sional refractive index control type phase difference plate
having a Nz coefficient of -1=Nz<1, wherein the Nz coeffi-
cient indicates a three-dimensional refractive index.

5. A liquid crystal display device according to claim 1,

wherein the liquid crystal display device includes a backlight.

6. A liquid crystal display device comprising:

a liquid-crystal display cell having a lower substrate, an
upper substrate which constitutes an observation side, a
liquid crystal layer sandwiched between the lower sub-
strate and the upper substrate, a lower orientations film
which is formed over a surface of the lower substrate
which is brought into contact with the liquid crystal
layer, and an upper orientation film formed over a sur-
face of the upper substrate which is brought into contact
with the liquid crystal layer;

an upper polarizer arranged at a side of the upper substrate
opposite to the liquid crystal layer;

an upper A/2 phase difference plate arranged between the
upper polarizer and the upper substrate;

an upper A/4 phase difference plate arranged between the
upper 80 /2 phase difference plate and the upper sub-
strate;

a lower polarizer arranged at a side of the lower substrate
opposite to the liquid crystal layer;

a lower A/2 phase difference plate arranged between the
lower polarizer and the lower substrate;

a lower A/4 phase difference plate arranged between the
lower A/2 phase difference plate and the lower substrate;
and

an optical film having negative uniaxial double refractive
index ellipsoids arranged between the lower A/4 phase
difference plate and the lower substrate, wherein

a twist angle of the liquid crystal layer is 0°,

the orientation axis direction of the optical film having
negative uniaxial double refractive index ellipsoids is
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arranged within a range of -=5° to +5° with respect to the
orientation axis direction of the lower orientation film of
the liquid crystal display cell,

a phase lagging axis of the lower A/4 phase difference plate
is arranged within a range of -10° to +10° with respect to
the orientation axis direction of the optical film having
negative uniaxial double refractive index ellipsoids, and
a phase lagging axis of the upper A/4 phase difference
plate is arranged within a range of -5° to +5° with
respect to the orientation axis direction of the upper
orientation film of the liquid crystal display cell, and

a phase lagging axis of the lower A/2 phase difference plate
is arranged at an angle within a range of 50° to 70° from
the phase lagging axis of the lower A/4 phase difference
plate.

7. A liquid crystal display device according to claim 6,
wherein the lower A/4 phase difference plate is formed of a
three-dimensional refractive index control type phase differ-
ence plate having a Nz coefficient of -1 =Nz<1, wherein the
Nz coefficient indicates a three-dimensional refractive index.

8. A liquid crystal display device accordant to claim 6,
wherein the upper A/4 phase difference plate is formed of a
three-dimensional refractive index control type phase differ-
ence plate having a Nz coefficient of -1 =Nz<1, wherein the
Nz coefficient indicates a three-dimensional refractive index.

9. A liquid crystal display device according to claim 6,
wherein both of the lower A/4 phase difference plate and the
upper A4 phase difference plate are formed of a three-dimen-
sional refractive index control type phase difference plate
having a Nz coefficient of —-1=Nz<1, wherein the Nz coefi-
cient indicates a three-dimensional refractive index.

10. A liquid crystal display device according to claim 6,
wherein the liquid crystal display device includes a backlight.
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