~)

I epy !
033 28- 2

2]

LIQUID CRYSTAL DISPLAY DEVICE

BACKGROUND OF THE INVENTION
Field of the Invention
The present invention relates to a liquid crystal
display device improved in viewing angle characteristics,
and particularly in viewing angle characteristics of display

contrast and gray scale inversion.

Description of Related Art
The most widely used liquid crystal disblay device
(hereinafter referred to as LCD) at present is a normally
white (hereinafter referred to as NW) mode twisted nematic
LCD (hereinafter referred to as TN-LCD). In this NW mode
TN-LCD, a nematic liquid crystal is held between a pair of
glass substrates having transparent electrodes. The nematic
liquid crystal has a helical axis in the normal direction
of the pair of glass substrates, and also has an alignment
structure characterized in that the twisted angle of the axis
is about 90° . This combination of the nematic liquid crystal
and the pair of glass substrates forms a liquid crystal cell.
The liquid crystal cell is held between a pair of linear
polarizing films disposed so that the absorption axes thereof

are orthogonal to each other.



)

N

When no voltage is applied to the NW mode TN-LCD, linearly
polarized incident light is rotated by 90° by the optical
rotatory power of the liguid crystal cell and delivered,

thereby generating a white condition. When voltage is

~applied, liquid crystal molecules rise with respect to the

glass substrates, and the optical rotatory power is lost.
The linearly polarized incident light is delivered while
keeping its condition, thereby generating a black condition.
The white condition, the black condition and an intermed_iate
condition there between are used to perform gray scale
display. |

However, the nematic'liquid crystal for the LCD has a
bar-shaped molecular structure, and exhibits positive
refractive index énisqtropy having a high refractive index
in the direction of the molecular axis. Because of the phase
difference due to the refractive index'anisotropy of the
liquid crystal, the polarized condition of light obliquely
passing through the LCD changes in a direction different from
the normal direction of the LCD. As aresult, when thedisplay
on the LCD is viewed from an angle difﬁerent from the normal
direction of the LCD, improper viewing angle characteristics
are generated; that is, the contrast of thedisplay is lowered,
and the gray scale display is inverted.

Since this viewing angle characteristics are caused by

the refractive index anisotropy of the liquid crystal



molecules, investigation for its improvements have been
conducted by using a phase retarder film exhibiting
refractive index anisotropy opposite to that of the liquid
crystal so as to compensate for a phase difference due to
~the refractive index énisotropy of liquid crystal molecules.
In the improvements in the viewing angle
characteristics, a significant effect can be obtained by
improving the vieﬁing angle characteristics in the black
display condition, namely in the voltage applicatipn.
condition. In the voltage application condition, the liquid
crystai molecules are aligned in a direction nearly
perpendicular té the glass substrates. By regarding this
condition as a positive index an;sotropic substance having
anoptical axis in the normal direction of the glass substrate,
a method of using a phase retarder film having an optical
axis in the normal direction of the f£ilm and having negative
refractive index anisotropy as a phase retarder film for
.compgnsating for the ﬁositive index anisotropy has been
disclosed in Japanese Laid-open Patent Publication
Nos.2-015239, 3-103823 and the like. However, in an actual
LCD, since the liquid crystal molecules remain tilted near
“the glass substrate even in the voltage application condition
because of the restraint force of the alignment film of the
substrate, it is difficult to sufficiently compensate for

the light polarization condition caused by the liguid crystal



cell by using the phase retarder film havihg an op-t;,ical axis
in the normal direction of the film and having negative
refractive index anisotropy.

Inorder to also compensate for the tilted liquid crystal
~molecules, a method of using a phase retarder film having
an optical axis in a direction tilted from the normal
direction of the film and having negative refractive index
anisotropy has been disclosed in Japanese Laid-open Patent
Publication Nos. 63-239421, 6-214116 and the like. However,
although these methods can improve the compensation condition
for the liquid crystal cell being in the voltage applicétion
condition, compensation becomes insufficient in the
intermediate gray scale display condition wherein the tilted
liquid' crystal portions increase and take more complicated
alignment configurations because of lower application
voltage. Therefore, it isdifficult to improve the gray scale
inversion phenomenon, although the viewing
angle ch;racteristic of display contrast can be improved.
As a result, only incomplete viewing angle characteristics

can be obtained. ,
Japanese Laid-open Patent Publications Nos. 5-080323

and 7-306406 and WO096/10773 describe that the viewing angle
éharacteristics can also be improved by using a phase retarder
plate having an optical axis tilted from the normal direction

of the £ilm although having the same positive refractive index
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anisotropy as the liquid crystal has. Although showing that
the use of the phase retarder plate having positive refractive
index anisotropy and having an optical axis tilted from the

normal direction of the film is effective for curbing gray

scale inversion of the liquid crystal cell, these

publications make no concrete references to manners in which
the phase retarder plate is used to achieve the curbingeffect.
With the modes described in these publications, Tﬁ-LCDs
cannot be obtained having significantly improved.vieying
angle characteristics of both display contrast and gray scale
inversion.

Thus, for the optical compensation plate used for
improving viewing angle characteristics of the TN-LCD, no
plate has been found that is capable of significantly
impro#ing'viewing angle characteristics of not only display
contrast but also gray scale inversion.

In view of thesé circumstances, the inventors
assiduously made examinations to find that TN-LCDs having
significantly improved viewing angle characteristics of both
display contrast and gray scale inversion aie obtained by
combining a layer (optical compensation layer B) comprising
at least one optical compensation layer having optically
positive refractive index anisotropy and having a
characteristic wherein the principal optic axis thereof is

tilted 20 to 70° from the normal direction of the film and



a layer (optical compensation layer A) comprising at least
one optical compensation layer having almost no refractive
index anisotropy in-plane-of the film and having a
characteristic wherein the refractive index in the thickness
direction of the film is lower than that in-plane of the £ilm,
or further a layer (optical compensation layer C) comprising
at least one uniaxial optical compensation léyer having
optically positive refractive index anisotropy and by
laminating these optical compensation layers having
different charécteristics in a specific order with respect
to the polarizing films and the liquid crystal cell, namely
in the érder of; on both sides of the liquid crystal cell
from the side of the liquid crystal cell, the optical
compensation layer B and the optical éompenéation iayer A,
or the optical compensation layer C, the optical compensation
layer B and the optical compensation layer A, so that the

present invention has been completed.

SUMMARY OF THE INVENTION

An object of the present invention is to provide a TN-LCD
having significantly improved viéwing angle characteristics
of display contrast and gray scale inversion.

.The present invention relates to the followings.
(1) A normally white mode liquid crystal display device

comprising an about 90° twisted nematic liquid crystal cell



and two light polarizing films disposed on both sides of the
cell, |
wherein

* a layer (optical compensation layer A) comprising at
least one optical compensation layer having almost no
refractive index anisotropy in-plane of the film and having
a characteristic wherein a refractive index in the thickness
direction of the film is lower than that in-plane of the £ilm,

- a layer (optical compensation laver B) comprisigg at
least one optical compensation layer having optically
poéitive refractive index anisotropy and having a
characteristic ﬁherein the optical axis thereof is tilted
20 to 70° from the normal direction of the f£ilm,

*a polarizing f;lm, and

*a liquid crystal cell
are laminated in the following order: the polarizing film,
the optical compensation layer A, the optical compensation
layer B, the liquid crystal cell, the optical compensation
layer B, the optical compensation layer A and the polarizing

£ilm. _
(2) A liquid crystal display device wherein a layer (optical

compensation layer C) comprising at least one uniaxial
optical compensation layer having optically positive
refractive index anisotropy is further laminated between the

optical compensation layer B and the liquid crystal cell of



the liquid crystal display device described in the above (1)
in the following order: said polarizing film, said optical
compensation layer &, said 6ptical compensation layer B, said
optical'compensation layer C, said liquid crystal cell, said
optical compensation layer C, said optical compensation layer

B, said optical compensation layer A and said polarizing £ilm.

DETAILED DESCRIPTiON OF THE INVENTION

In the present invention, the layer (optical .
compensation layer A) comprising at least one optical
compensation layer having almost no refractive index
anisotropy in-plane of the £ilm and having a characteristic
wherein the refractive index in the thickness direction of
the film is lower than t,ha£ in-plane of the film is not limited
to a specific one as long as it satisfies the requirements
for necessary optical characteristics. For example, it is
possible .to use a transparent polymer cast film having a
refractive index structure wherein the retardation in-plane
of the film is low due to the alignment of polymers at the
time film formation by the solvent cast method and having
a refractive index (ng) in the thickness direction of the
film is lower than the average refractive index (np) in-
plane of the film; a biaxial streched film of transparent
polymers; a phase retarder using inorganic lavered compound,

disclosed in Japanese Laid-open Patent Publication No.



5-196819; a compensa'tor formed by alternately laminating thin
films made of substances havingdifferent refractive indexes,
disclosed in Japanese Laid-open Patent Publication No.5-
249457; and the like.

The optical characteristics of the optical compensation
layer A are determined by the retardation value (R,) in-
plane and the retardation value (RA’ = (ng -ntS x d, d: the
_ thickness of the film) in the thickness direction. These
-values are appropriately selected depending on the ppgical
characteristics and the finally required viewing angle
.characteristics of the liquid crystal cell to be used.
Generally, these values are used in the following ranges:
Ry = 0 to 100 nm and R’ = 50 to 250 nm, preferably R, = 0
to 50 nm and Ry’ = 50 to 200 nm.

In the present invention,: the layer (optical
compensation layer B) comprising at least one optical
compensation iayer having optically positive refractive
index anisotropy and having a characteristic wherein the
optical axis is tilted 20 to 70° from the normal direction
of the film is not limited to a specific one as long as it
satisfies the requirements for necessary optical
characteristics. For example, it is possible touse a tilted
élignment sheet aligned by subjecting thermoplastic resin
to the application of an electric or magnetic field or

different circumferential speed rolling, disclosed in
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Japanesé Laid-open Patent Publication Nos. 4-120512 and
6-222213; atilted alignment layer of a liquid crystal polymer
aligned and secured by application of an electric or magnetic
field or by.alignment control using an alignment £ilm,
disclosed in Japcnese Laid-open Patent Publication Nos.
7-152035 and'7-191216;'or an optical anisotropic layer made
by oblique vacuum deposition of an inorganic dielectric
substance or the like on a transparent substance, disclosed
in Patent Publication No. W096/10773; and the like.

The optical characteristics of the optical compensation
layer B are determined by the tilting angle (6) of the
principal opticlaxis from the normal direction of the liguid
crystal cell substrate and a retardation value (Rg) measured
from the normal direction of the optical compensation layer.
These values are appropriately selected depending on the
optical characteristics and the finally required viewing
angle characteristics of the liquid crystal cell to be used.
Generally, these values are used
in the following ranges: 6 = 20 to 70° and Rg = 10 to 200
nm, preferably 6 = 25 to 45° and Rg = 20 to 50 nm.

The two kinds of optical compensation layers having
different characteristics are laminated between one of the
polarizing films and the l%quid crystal cell and also
laminated between the liqguid crystal cell and the other

polarizing film; in other words, these layers, plates and
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cell are laminated in the following order : the pblarizing
film, the optical compensation layer A, the optical
compensation layer B, the liquid crystal cell, the optical

compensation layer B, the optical compensation layer A and

“the polarizing £ilm.

As described above, each of the optical compensation layers
A and B may be a single layer or may be, if necessary, composed

of a plurality of layers.

In the present invention, the viewing angle

characteristics may be further improved by laminating, in

addition to the optical compensation layers A and B, a layer
(optical compenéation layer C) comprising at least one
uniaxial optical compensation layer having optically
positive refractive iqdex anisotropy between the optical

compensation layer B and the liquid crystal cell.

In the present invention, the layer (optical
compensation layer C) comprising at least one uniaxial
optical compensation layer having optically pqsitive
refractive index anisotropy is not limited to a specific one
as long as it satisfies the requirements for necessary optical
characteristics. For example, it is possible to use a
uniaxial stretched film made of thermoplastic resin and
generally used as a phase retarder, and a homogeneous

alignment layer of a liquid crystal sﬁbstance, and the like.
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The optical characteristics of the optical co:ﬁpensation
layer C are determined by the :L;etardation value (Rg) in-
plane of the compensa_ltion layer. This value is appropriately
selected depending on the optical characteristics and the
finally requiréd viewing angle characteristics of the liquid
crystal cell to be used. Generally, this value is used in
the following range: R = 10 to 100 nm, preferably R, = 30
to 70 nm. ' -

The three kinds of optical compensation layers having
different characteristics are laminated between one of the
polarizing films and the liquid crystal cell and also
laminated between the liguid crystal cell and the other
polarizing film; in other words, these layers, plates and
cell are laminated in the following order: the polarizing
film, the optical compensation layer A, the optical
compensation layer B, the optical compensation layer C, the
liquid crystal cell, the optical compensation layer C, the
optical compensation layer B, the optical compensat.ion layer
A and the polarizing film. As described above, each of the
optical compensation layers A, B and C may be a single layerxr
or may be, if necessary, composed of a plurality of layers.

In the lamination structure of the optical compensation
layers of the present invention, the effect of improving the
viewing angle characteristics signifi_cantly depends on the

relationship between the i:ubbing direction of the substrates



13

on the light incident side and the light outgoiﬁg side of
the liquid crystal cell and the principal optic axis direction
of the optical compensation layer B, the optical compensation
layer B being disposed on each side of the liquid crystal
_appropriately selected depending on the optical
characteristics and the finally reqguired viewing angle
characteristics of the liquid crystal cell to be used. The
most significant effect of improving viewing angle .
characteristics is obtained when the upper side direction
‘of the principal optic éxis of 'Ehe optical compeﬁsation layer
B as viewed from the light outgoing side of the liquid crystal
cell is set to about +180° with respect to the rubbing
direction of the liquid crystal cell substrate disposed close
to the light incident side and the light outgoing side of
the liquid crystal cell, provided that the counterclockwise
direction viewed from the light outgoing side of the liquid
crystal cell is defined as positive.

Furthermore, in the lamihation structure of the optical
compensation layers of the present invention, the effect of
improving the viewing angle characteristics significantly
depends on the relationship between the rubbing direction
of the substrate on the light incident side and the light
‘outgoing side of the liguid crystal cell and the direction
of the slow axis of the layer (optical compensation layer

C) comprising at least one optical compensation layer having
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optically positive refractive index anisotropy and having
a uniaxial alignment characteristic. The direction of the
slow axis is appropriately selected depending on the optical
characteristics and the finally required viewing angle
characteristics of the liquid crystal cell to be used. The
more significant effect of improving viewing angle
characteristiés can be obtained when the direction of the
slow axis is set aﬁproximately perpendicular to the rubbing
direction of the liguid crystal cell substrate disposed close
to the light incident side and the light outgbing side of
the liquid crystal cell.

The directions of the absorption axes of the polarizing
films on both sides of the cell are selectively determined
to be approximately vertical (E mode) or approximately
parallel (O mode) with respect to the rubbing direction of
the liquid crystal cell substrate close to the 1light incident
side and the light outgoing side depending on the finally
required optical characteristics of the LCD.

In the present invention, the retardation values
(RA,RA’,RB and Rg) of the opjtical compensation layers and the
tilting directions of the optical axes are obtained by
measurements on the basis of ordinary methods known to those

people skilled in the art.
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According to the present invention, TN-LCDs having
significantly improved viewing angle characteristics of

display contrast and gray scale inversion can be provided.

_EXAMPLES
The present invention will be explained in detail by

way of the' following examples.

Example 1 . .
Based on a method described in Japanese Laid-open Patent

Publication No. 5-196819, an optical compensation layer Al
was formed having almost no refractive index anisotropy
in-plane of the film and having a characteristic wherein the
refractive index in the thickness direction of the film was
lower thah that in-plane of the £film. The retardation values
of the optical compensation layer Al were R, = 7 nm and RA’
= 56 nm.

Based on a method described in W096/10773, an optical
compensation layer Bl was formed having optically positive
refractive index anisotropy and having a characteristic
wherein the principal optic axis thereof was tilted from the
normal direction of the film. The tilting angle of the
optical compensation layer Bl was & = 30° and the
retardation value thereof was Ry = 35 nm.

A TN-LCD was produced by laminating the above-described
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two kinds of optical compensation layers between the liquid
crystal cell and the polarizing films diéposed on both sides
thereof in a TFT-TN liquid Erystal televisipn (CRYSTALTRON,
AE-L1) made by Sharp Corporation in the following order: the
polarizing film, the optical compensation layer Al, the
optical compensation layer Bl, the liquid crystal cell, the
opticalcompensationlayerBl,theopticalcompeﬁsatidnlayer
Al and the polarizing film.

At this time, the upper side direction of the pr:_‘.nqipal
optic axis of the optical.compensation layer Bl as viewed
from the light outgoing side of the liquid crystal cell was
set to +180° with respect to the rubbing &irectioﬂ of the
liquid crystal cell substrate disposed close to the light
incident side and the light outgoing side of the liquid
crystal cell.

In this TN-LCD, white display, black display and gray
scale display of eight gray levels were performed with VG365N
video pattern generator made by AMT Corporation, and contrast
ratio at the time of the white/black display and gray scale
in;rersion at the time of the gray scale display.of eight gray
levels were measured within a range of 60° intheupper, lower,
left and right directions with LCD-7000 made by Otsuka .
Electronics Co., Ltd.

The angles where gray scale inversion occurs in the upper,

lower, left and right directions are shown in Table 1. In
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this LCD, the viewing angle characteristics of both display
contrast and gray scale inversion were excellent in all of
the upper, lower, left and right directions. Thus, the LCD

is far more excelient than conventional TN-LCDs.

Example 2

Based on the method described in Japane#e Laid-open
Patent Publication No. 5-196819, the optical compensation
layer Al was formed having almost no refractive index
anisotropy in-plane of the fiim and having a characteristic
wherein the refractive index in the thickness direction of
the film was lower than that in-pl_ane'of the film. The
retar.dation values of the optical compensation layer Al were
Ry = 7 nm and R, = 56 nm.

Based on the method described in W096/10773, an optical
compensation layer B2 was formed having optically positive
refractive index anisotropy and having a characteristic
wherein the principal optic axis thereof was tilted from the
normal direction of the film. The tilting angle of the
optical compensation layer B2 was & = 35° and the
retardation value thereof was Rz = 24 nm.

A TN-LCD was produced by laminating the above~described
two kinds of optical compensation layers between the liquid
crystal cell and the polarizing films disposed on both sides

thereof in a TFT-TN-LCD equipped notebook personal computer
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(PC9821 Lal0) made by NEC Corporation in the following order:
the polarizing £ilm, the optical compensation layer Al, the
optical compensation layer.Bz, the liguid crystal cell, the
opticalcompenéationlayerBZ,theopticalcompensationlayer
Al and the polarizing filim.

| At this time, the upper side direction of the principal
optic axis of the optical compensation layer 52 as viewed
from the light outéoing side of the liquid crystal cell was
set to +180° with respect to the rubbing direction of the
liquid crystal cell substrate disposed close to the light
incident side and the 1i§ht outgoing side of the ligquid
crystal cell. |

In this TN-LCD, white display, black display and gray
scale display of eight gray levels were performed by computer
software, and contrast ratio at the time .of the white/black
display and gray scale inversion at the time of the gray scale
display of eight grav scales were measured within a range
of 60° in the upper, lower, left and right directions with
LCD-7000 made by Otsuka Electronics Co., Ltd.

The angles where gray scale inversion occurs in the upper,
lower, left and right directions are shown in Table 1. 1In
this LCD, the viewing angle characteristics of both display
contrast and gray scale inversion were excellent in all of
the upper, lower, left and right directions. Thus, the LCD

is far more excellent than conventional TN-LCDs.



19

Example 3

Based on the method &escribed in Japanese Laid-open
Patent Publication No. 5-196819, the optical compensation
layer Al was formed having aimost no refractive index
anisotropy in-plane of the £ilm and havinj'a characteristic
whereih the refractive index in the thickness'direction of
the film waé lower than that in-plane of the film. The

retardation values of the optical compensation layer Al were

'Ry = 7 nm and R, = 56 nm.

Based on the method described in W096/10773, the optical
compensation layer B2 was formed having Sptically positive
refractive index anisoﬁropy and having a characteristic
wherein the principai optic axis thereof was tilted from thé
normal direction of the film. The tilting angle of the

optical compensation layer B2 was O = 35° and the

retérdation value thereof was Rg = 24 nm.

A uniaxial optical compensation layer Cl having
optically positive refractive index anisotropy was formed
by uniaxially stretching a polycarbonate film formed by the
- solvent cast method. The retardation value of the optical
compensation layer Cl was R, = 46 nm.

A TN-LCD was produced by laminating the above-described
three kinds of optical compensation layers between the liquid

crystal cell and the polarizing films disposed on both sides
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thereof in the TFT-TN-LCD equipped notebook personal computer
(PC9821 Lall) made by NEC Corporation in the following order:
the polarizing £ilm, the oﬁtical compensation layer Al, the
optical compensation layer B2, the optical compensation layer
Cl, the liquid crystal cell, the optical compensation layer
Cl, the optical compensation layer B2, che optical
compensation layer Al and the polarizing film.

At this time, the upper side direction of the principal
optic axis of the optical compensation layer B2 as vi_ewed
from the light outgoing side of the liguid crystal cell was
set to +180° with respect to the rubbing direction of the
ligquid crystal cell substrate disposed close to the light
incident side and the light outgoing side of the liquid
crystal cell, and the direction of the slow axis of the optical
compensation layer C was set perpendicular to the rubbing
direction of the liquid crystal cell sub.strate disposed close
to the light incident side and the light outgoing side of
the liquid crystal cell.

In this TN-LCD, white display; black display and gray
scale display of eight gray levels were perfbrmed by computer
software, and contrast ratio at the time of the white/black
display and gray scale inversion at the time of the gray scale
display of eight grayv scales were measured within a range
of 60° in the upper; lower, left and right directions with

LCD-7000 made by Otsuka Electronics Co., Ltd.
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The angles where gray scale inversion occurs in'the upper,
lower, left and right directions are shown in Table 1. In
this LCD, the viewing anglé characteristics of both display
contrast and gray scale inversion were excellent in all of

the upper, lower, left and right directions. Thus, the LCD

is far more excellent than conventional TN-LCDs.

Comparative Example 1

A TN~LCD having three kinds of optical compensa?ion
layers laminated therein was produced in a manner similar
to that of Example 3 except that the optical compensation
layers were laminated in the following order: the polarizing
film, the optical compensation layer Cl, the optical
compensation layer B2, the optical compensation layer Al,
the liquid crystal cell, the optical compensation layer Al,
the optical compensation layer B2, the optical compensation
layer Cl and the polarizing film.

In this TN-LCD, white display, black display and gray
scale display of eight gray levels were performed by computer
software.

In this TN-LCD, although the viewing angles of display
contrast in the left, right and lower directions were
excellent, but the angle in the upper direction was inferior,
and the viewing angle characteristic of gray scale inversion

was not very excellent in any of the upper, lower, left and
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right directions.
Comparative Example 2

A TN-LCD was produced where in the TN-LCD of Example
3, the optical compensation layers were not used but only
the polarizing films were mounted.

In this TN—LCD,.white display, black disélay and gray
scale display of eight gray levels were performed by computer
software, and contrast ratio at the time of the white/black
display and gray scale inversion at the time of the gray scale
display of eight gray scales were measured within a range
of 60° in the uﬁper, lower, left and right directions with
Lcn-fooo made by Otsuka Electronics Co., Ltd.

The angles where gray scale inversion occurs in the upper,
lower, left and right directions are shown in Table 1. In
this TN-LCD, the viewiﬁg angle of display contrast and the
viewing angle characteristic of gray scale inversion were
not very excellent in any of the upper, lower, left and right

directions.
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Table 1
Angle where gray scale inversion occurs
Upper .Lower Left Right
Example 1 39° 45° 59° 52°
Example 2 35° 20° 50° 50°
Example 3 35° 15° 60" or | - 60 ox
greater greater
Compafatlve 30° 5° 27° 30°
example 2 .
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WHAT IS CLAIMED 1IS:
1. A normally white mode liquid crystal display device
comprising an about 90° twisted nematic liquid crystal cell

and two light polarizing films disposed on both sides of said

cell, wherein

*.a layer (optical compensation layer A) comprising at
least one optical compensation layer having élmost no
refractive index anisotropy in-plane of‘the film and having
a characteristic wherein the refractive index in the
thickness direction of the film is lower than that in-plane
of said film;

* a layer (optical compensation layer B) comprising at

least one optical compensation layer having optically

positive refractive index anisotropy and having a
characteristic wherein the principal optic axis thereof is
tilted 20 to 70° from the normal direction of the film;
ca pqlarizing £ilm, and
*a liquid crystal cell
are laminated in the following order: said polarizing film,
said optical compensation layer A, said optical compensation
layer B, said liquid crystal cell, said optical compensation
layer B, said optical compensation layer A and said polarizin'g

film.

2. A liquid crystal display device wherein a layer

(optical compensation layer C) comprising at least one
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uniaxial optical compensation layer having optically
positive refractive index anisotropy is further laminated
between the optical compehsation layer B and the liquid
crystal cell of the liquid crystal display device according
to claim 1l in the following order: said polarizing £ilm, said
opticalcompensationlgyerA,saidopticalcompensationlayer
B, said optical compensation layer C, said 1iquid crystal
cell, said optical compensation layer C, said optical
compensation layer B, said optical compensa;ion layer A and

said polarizing £ilm.

3. The liquid crystal display device according to claim
1 or claim 2 , wherein, as viewed from the light outgoing
side of said liquid crystal cell, the upper side direction
of the principal optic axis of said optical compensation layer
B insaid twoor three kinds of optical compensation layers,
is set to about +180° with respect to the rubbing direction
of liquid crystal cell substrate disposed close to the light
incideﬁt side and the light outgoing side of said liquid
crystal cell.

4. The liquid crystal display device according to claim
2, wherein the direction of the slow axis of said optical
compensation layer C.in said three kinds of optical
compensation layers, is set approximafely perpendicular to

the rubbing direction of liquid crystal cell substrate
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disposed close to the light incident side and the light

outgoing side of said liquid crystal cell.



