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LIQUID CRYSTAL DISPLAY

CROSS REFERENCE TO RELATED
APPLICATION

[0001] This application is based on and claims priority of
Japanese Patent Application JP2008-223324 filed on Sep. 1,
2008, the entire contents of which are incorporated herein by
reference.

BACKGROUND OF THE INVENTION

[0002] A) Field of the Invention

[0003] The present invention relates to a liquid crystal dis-
play (LCD)

[0004] B) Description of the Related Art

[0005] Many of liquid crystal display apparatus capable of

segment display or both segment display and dot-matrix dis-
play under multiplex driving now mount a normally black
type liquid crystal display having a very low display lumi-
nance in a background display area and dark display areas
Most of them are monochromatic displays using a single
color LED asabacklight, and adopt a twist nematic (TN) type
as a liquid crystal display structure.

[0006] A vertically aligned liquid crystal display is known
which disposes a liquid crystal cell of a vertical alignment
mode in which liquid crystal molecules in a liquid crystal
layer are aligned vertically or approximately vertically
between upper and lower glass substrates sandwiching the
liquid crystal layer, between approximately crossed-Nichol
disposed polarizers As this vertical alignment type liquid
crystal display is observed normal direction of a glass sub-
strate, the optical characteristics become almost equal to
those of the crossed-Nichol disposed polarizers. Therefore,
an optical transmissivity becomes very low, and it is possible
to realize a high contrast ratio relatively easily. The vertical
alignment type liquid crystal display allows good normally
black image display independent from an emission wave-
length of a backlight.

[0007] An invention of a liquid crystal display is disclosed
(for example, refer to Japanese Patent No. 2047880) in which
an optical film having negative uniaxial optical anisotropy or
an optical film (negative biaxial film) having negative biaxial
optical anisotropy is inserted at one or both sides between the
upper polarizer and upper glass substrate and between the
lower polarizer and lower glass substrate. Even if the liquid
crystal display is observed along an oblique direction, it is
possible to suppress a rise in optical transmissivity and a fall
in contrast ratio so that good image display can be realized.
[0008] For this viewing angle compensation method
described in Japanese Patent No. 2047880, effective condi-
tions have been proposed (for example, refer to Japanese
Patent No. 3330574) for an inplane retardation and an
arrangement of an in-plane slow axis, respectively of a nega-
tive biaxial film.

[0009] As anoptical film (negative C plate) having negative
uniaxial optical anisotropy, a biaxially stretching film is dis-
tributed in markets which is formed by stretched triacethyl
cellulose (TAC) resin formed in a film shape by a melting cast
method or norbornene base cyclic olefin polymer (nor-
bornene COP) resin formed in a film shape by a melting
extrude method, the resin having been used as a material of a
protective film of a polarizer, along a film extrude direction
and its perpendicular direction.
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[0010] As anegative biaxial film, there are a film formed by
uniaxially stretched specific TAC resin along a direction pet-
pendicular to a film longitudinal direction, and a film formed
by biaxially stretched norbornene COP resin. These films are
used, for example, in a liquid crystal television, and distrib-
uted in markets by a larger amount than negative C plates.
[0011] Most of negative C plates made of a commercially
available TAC film have a retardation Rth of 50 nm or smaller
in a thickness direction. A negative C plate made of a com-
mercially available norbornene COP film has also a retarda-
tion Rth of 300 nm or smaller in a thickness direction An
optical film having Rth larger than 300 nm is not presently
distributed in markets, although it is known that this film can
be made of cholesteric liquid crystal polymer.

[0012] Commercially available negative biaxial films have
an in-plane retardation Re of 0 nm<Re=300 nm, both for
stretched TAC and norbornene COP, and most of them have
Re of 20 nm<Re=300 nm. A maximum retardation in a
thickness direction is about 220 nm to 350 nm.

[0013] Supplementary description will be made on an opti-
cal film prior to making detailed description of conventional
examples and embodiments,

[0014] An optical film having negative uniaxial optical
anisotropy (negative C plate) has a relation of nx=ny>nz, and
an optical film having negative biaxial optical anisotropy has
arelation of nx>ny>nz, where nx and ny are in-plane refrac-
tive indices of an optical film, and nz is an out of plane
refractive index along a thickness direction.

[0015] As an Nz factor is defined by Nz=(nx-nz)/(nx-ny),
negative uniaxial optical anisotropy is N=co and negative
biaxial optical anisotropy is 1<Nz<co,

[0016] Nz=1 indicates positive uniaxial optical anisotropy,
and an optical film having positive uniaxial optical anisotropy
is called an A plate. An A plate is nx>ny=nz. Nz<1 indicates
mainly positive biaxial optical anisotropy. However, a case of
Nz=0 and Nz=-c0 is excluded because only one optical axis
exists. An optical film of Nz=0 is called a negative A plate,
whereas an optical film of Nz=- is called a positive C plate.
[0017] An in-plane retardation Re of an optical film is
defined by Re=(nx-ny)*d where d is a film thickness, and a
thickness direction retardation Rth is defined by Rth=[{(nx-
ny)/2}-nz]*d.

[0018] FIGS. 10A and 10B are schematic configurations of
liquid crystal displays according to conventional examples.
Japanese Patent No. 3330574 discloses techniques assuming
the structures of these liquid crystal displays.

[0019] FIG. 10A is a schematic diagram illustrating the
liquid crystal display of a first conventional example

[0020] Betweenan upper polarizer 10 and alower polarizer
20 crossed-Nichol disposed, a mono domain vertical align-
ment liquid crystal cell 30 is disposed. The mono domain
vertical alignment liquid crystal cell 30 is constituted of an
upper glass substrate (transparent substrate) 4, a lower glass
substrate (transparent substrate) 6 and a mono domain verti-
cal alignment liquid crystal layer 5 squeezed between both
substrates 4 and 6. A single first optical film 3, e.g., nor-
bornene COP biaxially stretched film, is disposed between
the upper glass substrate 4 of the vertical alignment liquid
crystal cell 30 and the upper polarizer 10.

[0021] Theupper and lower polarizers 10 and 20 each have
the structure that a polarizing layer 1 is disposed on a TAC
base film 2. For example, the polarizing layer 1 is made of
stretched polyvinyl alcohol.
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[0022] Inthe directional coordinate system shown wherein
a right/left direction of the liquid crystal display is defined as
a 180°-0° (9 o’clock-3 o’clock) direction, an absorption axis
Fab of the polarizing layer 1 of the upper polarizer 10 is set
along the 135° direction, and an absorption axis Rab of the
polarizing layer 1 of the lower polarizer 20 is set along the 45°
direction. An in-plane slow axis SA1 of the first optical film 3
is set along the 45° direction.

[0023] As described earlier, the thickness direction retarda-
tion Rth of the first optical film can be set to only 300 nm or
smaller. Therefore, if a retardation And of the liquid crystal
layer 5 of the liquid crystal display of the first conventional
exampleis large, good viewing angle compensation cannot be
obtained in a background area and dark display areas.
[0024] FIG. 10B is a schematic diagram illustrating the
liquid crystal display of a second conventional example. A
different point from the first conventional example resides in
that between a lower glass substrate 6 of a vertical alignment
liquid crystal cell 30 and a lower polarizer 20, a single second
optical film 7, e.g., norbornene COP biaxially stretched film,
is disposed. An in-plane slow axis SA2 of the second optical
film 7 is set along the 135° direction. The first conventional
example is a liquid crystal display of one-side compensation,
whereas the second conventional example is a liquid crystal
display of both-side compensation.

[0025] In the liquid crystal display of the second conven-
tional example, the retardation in the thickness direction of
the optical films can be set to about 600 nm at a maximum as
a total sum of the first and second optical films. However, as
the liquid crystal display is observed at a large polar angle
along the normal direction of the right/left direction (180°-0°
direction) set along 45° direction relative to the absorption
axes Fab and Rab of the upper and lower polarizers 10 and 20,
an optical transmissivity in the bright display area becomes
extremely low, and display image cannot be visually recog-
nized at all in some cases.

[0026] The present inventor obtained right/left direction
viewing angle characteristics during bright image display of
the liquid crystal displays of the first and second conventional
examples. “LCDMASTERG6.16” manufactured by SHIN-
TECH, Inc. was used as a simulator. The same simulator was
used for other simulations in this specification.

[0027] Forboth the firstand second conventional examples,
the vertical alignment liquid crystal cell 30 was structured to
have anti-paralleled mono domain alignment having a pretilt
angle of 89.9° on the substrate surface and the six o’clock
direction (270° direction) alignment of central molecules of
the liquid crystal layer 5, by using liquid crystal material
having negative dielectric anisotropy Ae. A retardation And of
the liquid crystal layer was set to about 430 nm for the first
conventional example, and to about 445 nm for the second
conventional example. SHC13U manufactured by Polat-
echno Co. Ltd was used as the upper and lower polarizers 10
and 20, and an in-plane retardation of the TAC base film 2 was
set to 3 nm, and a thickness direction retardation was set to 50
nm.

[0028] The first and second optical films 3 and 7 are made
of a biaxially stretched norbornene COP film, as described
above. For simulation, an in-plain retardation of the first
optical film 3 of the first conventional example was set to 50
nm and a thickness direction retardation was set to 300 nm.
Forthe second conventional example, in-plane retardations of
the first and second optical films 3 and 7 were set both to 30
nm, and thickness direction retardations were set both to 150
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nm. Both the first and second conventional examples provide
the optimum optical film conditions of an optical transmis-
sivity smaller than 0.03% as viewed at a right direction polar
angle of 50° under the absence of applied voltage.

[0029] FIG. 11 is a graph illustrating the right/left direction
viewing angle characteristics with an optical transmissivity of
observation from normal direction of liquid crystal display
being set to about 15%.

[0030] The abscissa of the graph represents a right/left
direction observation angle in the unit of “*”, and the ordinate
represents an optical transmissivity in the unit of “%”. A
curve a indicates right/left observation viewing angle charac-
teristics of the liquid crystal display (one-side compensation)
of the first conventional example, and a curve b indicates
right/left observation viewing angle characteristics of the lig-
uid crystal display (both-side compensation) of the second
conventional example.

[0031] It can be seen from the graph that an optical trans-
missivity of the liquid crystal display of the first conventional
example is higher than that of the second conventional
example, at an observation angle larger than a polar angle of
50°. Right/left symmetry of the liquid crystal display (both-
side compensation) of the second conventional example is
better than that of the first conventional example.

[0032] The present inventor actually manufactured the lig-
uid crystal displays of the first and second conventional
examples. It has been found that the second conventional
example has the tendency that color shift is observed remark-
ably at a large angle, and this tendency is not proper from the
viewpoint of outer appearance of the display.

[0033] In order to obtain a larger display capacity, i.e., a
duty ratio, a liquid crystal display by using multiplex driving,
it is necessary that steepness of the electro-optical character-
istics is good. In the case of a vertical alignment type liquid
crystal display, steepness is reflected upon a display lumi-
nance because a transmissivity in the bright display area is
greatly influenced.

[0034] Ifadisplay capacity is desired to be madelarger than
that of a %4 duty driving condition, it is preferable to set a
retardation And of a liquid crystal layer larger than 300 nm,
and more preferably larger than 360 nm. If a display capacity
is desired to be made larger than that of a %16 duty driving
condition, it is preferable to set a retardation And of a liquid
crystal layer larger than 550 nm, and more preferably larger
than 600 nm. It is considered that even if the liquid crystal
displays of the first and second conventional examples are
manufactured by using commercially available optical films,
it is difficult to obtain good image display performance.

SUMMARY OF THE INVENTION

[0035] An object of the present invention is to provide a
liquid crystal display capable of realizing good image display.
[0036] According to one aspect of the present invention,
there is provided a liquid crystal display includes: first and
second transparent substrates; a liquid crystal layer squeezed
between the first and second transparent substrates and ver-
tically aligned at a retardation of 300 nm or larger to 1000 nm
or smaller; first and second viewing angle compensators dis-
posed on the first transparent substrate on a side opposite to
the liquid crystal layer and having negative biaxial optical
anisotropy; a first polarizer disposed on the first and second
viewing angle compensators on a side opposite to the first
transparent substrate; and a second polarizer disposed on the
second transparent substrate on a side opposite to the liquid
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crystal layer, the second polarizer being crossed-Nichol dis-
posed with said first polarizer, wherein: the second viewing
angle compensator is disposed between the first transparent
substrate and first viewing angle compensator; an in-plane
slow axis of the first viewing angle compensator is disposed
perpendicular to an absorption axis of the first polarizer; the
in-plane slow axis of the first viewing angle compensator is
disposed perpendicular to an in-plane slow axis of the second
viewing angle compensator; and a retardation in an in-plane
direction of the first viewing angle compensator is larger than
a retardation in an in-plane direction of the second viewing
angle compensator.

[0037] According to another aspect of the present inven-
tion, there is provided a liquid crystal display including: first
and second transparent substrates; a liquid crystal layer
squeezed between the first and second transparent substrates
and vertically aligned at a retardation of 200 nm or larger to
500 nm or smaller; first and second viewing angle compen-
sators disposed on the first transparent substrate on a side
opposite to the liquid crystal layer, at least one of the first and
second viewing angle compensators being an A plate, and the
other being a viewing angle compensator having negative
optical anisotropy if both are not an A plate; a first polarizer
disposed on the first and second viewing angle compensators
on a side opposite to the first transparent substrate; and a
second polarizer disposed on the second transparent substrate
on a side opposite to the liquid crystal layer, the second
polarizer being crossed-Nichol disposed with said first polar-
izer, wherein: the second viewing angle compensator is dis-
posed between the first transparent substrate and first viewing
angle compensator; an in-plane slow axis of the first viewing
angle compensator is disposed perpendicular to an absorption
axis of the first polarizer; the in-plane slow axis of the first
viewing angle compensator is disposed perpendicular to an
in-plane slow axis of the second viewing angle compensator;
and a retardation in an in-plane direction of the first viewing
angle compensator is larger than a retardation in an in-plane
direction of the second viewing angle compensator.

[0038] According to the present invention, it is possible to
provide a liquid crystal display capable of realizing good
image display.

BRIEF DESCRIPTION OF THE DRAWINGS

[0039] FIG. 1 is a schematic diagram illustrating a liquid
crystal display according to an embodiment.

[0040] FIGS. 2A to 2C are graphs illustrating analysis
results of an Re2 dependency of an optical transmissivity
under observation at a right direction polar angle of 50°, Rel
being used as a parameter.

[0041] FIGS. 3A to 3C are graphs illustrating analysis
results of an Re2 dependency of a liquid crystal layer retar-
dation And minimizing an optical transmissivity under obser-
vation at a right direction polar angle of 50°, Rel being used
as a parameter.

[0042] FIG. 4 isa graph illustrating a relation between Re2
and an optical transmissivity under observation at a right
direction polar angle of 50°.

[0043] FIG. 5 is a schematic diagram of a liquid crystal
display according to a modification.

[0044] FIG. 6 is a graph illustrating a relation between Rel
and Re2.
[0045] FIG.7 is a graph illustrating a relation between Re2

and a retardation And of a liquid crystal layer 5.
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[0046] FIG. 8 is a graph illustrating a correlation between
Rel and Re2 under each Rth1 condition.

[0047] FIG. 9 is a graph illustrating a relation between a
retardation And of the liquid crystal layer 5 and Re2 minimiz-
ing a background optical transmissivity under observation at
a right direction polar angle of 50°.

[0048] FIGS. 10A and 10B are schematic diagrams illus-
trating liquid crystal displays according to conventional
examples.

[0049] FIG. 11 is a graph illustrating right/left direction
viewing angle characteristics under front observation with an
optical transmissivity being set to about 15%.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0050] FIG. 1 is a schematic diagram illustrating a liquid
crystal display according to an embodiment.

[0051] Betweenan upper polarizer 10 and a lower polarizer
20 generally crossed-Nichol disposed, a liquid crystal layer,
e.g., amono domain vertical alignment liquid crystal cell 30,
is disposed having a vertical alignment liquid crystal layer
subjected to a vertical or generally vertical alignment process.
The mono domain vertical alignment liquid crystal cell 30 is
constituted of an upper glass substrate (transparent substrate)
4, alower glass substrate (transparent substrate) 6 and a mono
domain vertical alignment liquid crystal layer 5 squeezed
between both substrates 4 and 6. Between the upper glass
substrate 4 of the vertical alignment liquid crystal cell 30 and
the upper polarizer 10, a first optical film 8 and a second
optical film 9 are disposed sequentially in this order from the
upper polarizer 10 side. Both the optical films 8 and 9 may
use, e.g., norbornene COP stretched film.

[0052] The upper and lower polarizers 10 and 20 may use,
e.g., SHC13U manufactured by Polatechno Co. Ltd. The
upper and lower polarizers 10 and 20 each have the structure
that a polarizing layer 1 is disposed on a TAC base film 2. For
example, the polarizing layer 11is made of stretched polyvinyl
alcohol Although not shown, a TAC film serving as a protec-
tive film is laminated on the upper and lower polarizers 10 and
20 on the outer sides of the liquid crystal display.

[0053] An in-plane slow axis SA1 of the first optical film 8
disposed in proximity with the upper polarizer 10 is disposed
approximately perpendicular to an absorption axis Fab of the
upper polarizer 10. An in-plane slow axis SA2 of the second
optical film 9 disposed between the first optical film 8 and
vertical alignment liquid crystal cell 30 is disposed approxi-
mately perpendicular to the in-plane slow axis SA1 of the first
optical axis 8.

[0054] Inthe directional coordinate system shown wherein
aright/left direction of the liquid crystal display is defined as
a 180°-0° (9 o’clock-3 o’clock) direction, the absorption axis
Fab of the upper polarizer 10 is set along the 135° direction,
the absorption axis Rab of the lower polarizer 20 is set along
the 45° direction, and the in-plane slow axis SA2 of the
second optical film 9 is set along the 135° direction

[0055] The vertical alignment liquid crystal layer 5 is made
of, e.g., liquid crystal material manufactured by Merch Japan
and having a refractive index anisotropy An<0.1 and a dielec-
tric anisotropy Ae<-5.1 An alignment film is formed on the
upper and lower glass substrates 4 and 6 on the liquid crystal
layer 5 side, by using, e.g., alignment film material SE1211
manufactured by Nissan Chemical Industries, [.td. The align-
ment film is subjected to an anti-paralleled mono domain
vertical alignment process to realize a pretilt angle of approxi-
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mately 90°, e.g., 89.9° relative to the substrate surface. An
alignment direction of central liquid crystal molecules in the
vertical alignment liquid crystal layer 5 is a six o’clock (270°)
direction.

[0056] Transparent electrodes, e.g. ITO electrodes, are dis-
posed on the upper and lower glass substrates 4 and 6 and
inner than the alignment films to thereby change an alignment
state of liquid crystal molecules in the liquid crystal layer 5
and switch a display pattern of the liquid crystal display
[0057] The present inventor made simulation analysis by
changing in various ways the first and second optical films 8
and 9 of the liquid crystal display of the embodiment, and
checked the conditions of realizing good image display.
[0058] (1) First, the viewing angle characteristics in the
absence of applied voltage, i.e., the viewing angle character-
istics in the display background area, of the liquid crystal
display was simulated by using negative biaxial films for both
the first and second optical films 8 and 9.

[0059] (i) Studied first was the case in which the thickness
direction retardations Rth1 and Rth2 of the first and second
optical films 8 and 9 are equal (Rth1=Rth2). Analyzed was the
liquid crystal layer retardation And dependency of the back-
ground area optical transmissivity under observation at a right
direction polar angle of 50°, for each of Rth1(=Rth2)=90 nm,
180 nm and 300 nm. The analysis was performed under
various conditions of the in-plane retardations Rel and Re2 of
the first and second optical films 8 and 9, and under each
condition, And was searched minimizing the background area
optical transmissivity under observation at the right direction
polar angle of 50°.

[0060] FIGS. 2 to 2C are graphs illustrating analysis results
of the Re2 dependency of an optical transmissivity under
observation at the right direction polar angle of 50°, Rel
being used as a parameter. The abscissas of the graphs in
FIGS. 2A to 2C represent all Re2 in the unit of “nm”, and the
ordinates represent all an optical transmissivity under obser-
vation at the right direction polar angle of 50° in the unit of
“%”.

[0061] The graphs of FIGS. 2A, 2B and 2C illustrate the
analysis results at Rth1(=Rth2) of 90 nm, 180 nm and 300 nm,
respectively. A range of Rth1 and Rth2 able to be realized by
presently commercially available norbornene COP is prob-
ably 90 nm=Rth1, Rth2=300 nm.

[0062] InFIGS.2A and 2B, a relation between Re2 and an
optical transmissivity at Re1=100 nm is indicated by a curve
a. This relation at Re1=140 nm is indicated by a curve b. A
curve ¢ indicates the relation at Re1=180 nm. In FIG. 2C, the
relations at Re1=70 nm, 100 nm and 140 nm are indicated by
curves a, b and ¢, respectively,

[0063] Itcanbe seen that the curves a to ¢, in any one of the
graphs of FIGS. 2A to 2C are secondary functional curves.
Namely, it can be recognized that the optical transmissivity
under observation at the right direction polar angle of 50°
under each Rel condition indicates secondary functional
dependency taking a minimum value at some Re2. It can also
seen that good background viewing angle characteristics can
be obtained if Rel is in a range of 70 nm=Rel=180 nm,
preferably in a range of 100 nm=Rel1=150, and if Re2 is in
a range of 15 nm=Re2=70 nm, preferably in a range of 15
nm=Re2=60 nm. In these ranges, Rel>Re2 for all Rthl
(=Rth2) conditions.

[0064] FIGS. 3A to 3C are graphs illustrating the Re2
dependency of a liquid crystal layer retardation And minimiz-
ing an optical transmissivity under observation at the right
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direction polar angle of 50°, Rel being used as a parameter.
The abscissas of the graphs in FIGS. 3A to 3C represent all
Re2 in the unit of “nm”, and the ordinates represent all a liquid
crystal layer retardation And minimizing an optical transmis-
sivity under observation at the right direction polar angle of
50°, in the unit of “%”.

[0065] Similar to FIGS. 2A to 2C, the graphs of FIGS. 3A,
3B and 3C illustrate the analysis results at Rth1(=Rth2) of 90
nm, 180 nm and 300 nm, respectively.

[0066] InFIGS.3Aand3B,arelationbetweenRe2and And
at Re1=100 nm is indicated by a curve a. This relation at
Re1=140 nm is indicated by a curve b. A curve ¢ indicates the
relation at Re1=180 nm. In FIG. 3C, the relations at Re1=70
nm, 100 nm and 140 nm are indicated by curves a, b and c,
respectively.

[0067] Itcanbe seen from the graphs of FIGS. 3A to 3C that
the liquid crystal retardation And minimizing an optical trans-
missivity under observation at the right direction polar angle
of 50° becomes larger as Rel becomes smaller under any one
of the Rth1(=Rth2) conditions. It is also recognized that there
is the tendency that this liquid crystal retardation becomes
larger as Re2 becomes larger. It can be seen also that good
background viewing angle characteristics can be obtained if
the liquid crystal layer retardation And is in a range of 250
nm=And=1000 nm, preferably in a range of 300
nm=And=750 nm.

[0068] (ii) Next, the present inventor made simulation
analysis also for the case in which the thickness direction
retardations Rthl and Rth2 of the first and second optical
films 8 and 9 are different. The Re2 (in-plane retardation of
the second optical film 9) dependency of the background area
optical transmissivity under observation at the right direction
polar angle of 50° was calculated by fixing the in-plane retar-
dation Rel of the first optical film 8 to 180 nm and the
thickness direction retardation Rth1 to 180 nm, and by chang-
ing the thickness direction retardation Rth2 of the second
optical film 9 to 90 nm, 180 nm and 300 nm. In the simulation,
the liquid crystal layer retardation And was changed properly
to minimize the background area optical transmissivity.
[0069] FIG. 4is a graph illustrating calculation results. The
abscissa of the graph represent Re2 in the unit of “nm”, and
the ordinate represents an optical transmissivity under obser-
vation as the right direction polar angle of 50°, in the unit of
“%”.

[0070] Curvesa, band ¢ indicate the relations between Re2
and an optical transmissivity at Rth=90 nm, 180 nm and 300
nm, respectively.

[0071] It can be understood from FIG. 4 that there is the
tendency that if Rth1>Rth2 (curve a), a better optical trans-
missivity (lower optical transmissivity) is obtained under a
large Re2 condition, whereas if Rth1<Rth2 (curve ¢), a better
optical transmissivity (lower optical transmissivity) is
obtained under a small Re2 condition. However, the good
background viewing angle characteristics are realized in any
one of both the cases.

[0072] It can be recognized from these studies that good
background viewing angle characteristics can be realized if
Rth1=Rth2 (cures b and ¢) and 100 nm=Rel1=150 nm, and
15 nm=Re2=60 nm.

[0073] (i) FIG. 5 is a schematic diagram illustrating a
liquid crystal display according to a modification. The liquid
crystal display of the modification is different from the liquid
crystal display of theembodiment in that a negative C plate 11
is disposed between an upper glass substrate 4 and a second
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optical film 9. In the liquid crystal display illustrated in FIG.
5, although a single negative C plate 11 is disposed, a plurality
of negative C plates may be disposed.

[0074] The liquid crystal display of the modification can
realize good viewing angle characteristics even a retardation
And of aliquid crystal layer 5 is, for example, larger than 750
nm. However, as And is made large, there arises the tendency
that optical transmissivity increases at a large polar observa-
tion angle, and furthermore, an in-plane uniformity of And
settings becomes severe. The present inventor manufactured
liquid crystal displays and confirmed that good image display
is possible at And up to about 1000 nm.

[0075] The present inventor has also studied the right/left
direction viewing angle characteristics of the liquid crystal
displays of the embodiment and modification in the presence
of applied voltage It has been found that the optical transmis-
sivity characteristics are right/left asymmetric similar to the
first conventional example (one-side compensation) illus-
trated in FIG. 10A. However, it has been confirmed that
definite defects of an optical transmissivity are not observed
atalarge polar observation angle and that color shift is clearly
smaller than that of the second conventional example (both-
side compensation) illustrated in FIG. 10B.

[0076] (II) Next, the present inventor made simulation
analysis similar to that described in (1), for the case in which
an A plate is used as one or both of the first and second optical
films 8 and 9 in the structure of the liquid crystal display of the
embodiment illustrated in FIG. 1.

[0077] Useofthe A plate may not work effectively if a high
Andis set to the liquid crystal display to increase the thickness
direction retardation. However, since only a uniaxial stretch-
ing process is used, a manufacture cost can be reduced.

[0078] (i) The present inventor has studied first the liquid
crystal display having an A plate as the first optical film 8. The
present inventor has analyzed a relation between Rel (in-
plane retardation of the first optical film 8) and Re2 (in-plane
retardation of the second optical film 9) minimizing a back-
ground area optical transmissivity under observation at the
right direction polar angle of 50°, when a negative biaxial film
having a thickness direction retardation Rth2=90 nm, 180 nm
and 300 nm is used as the second optical film 9, and when an
A plate is used also as the second optical film 9 (Rth2=Re2/2).
For this analysis, a retardation And of the liquid crystal layer
5 was changed properly with a change in optical parameter of
the first and second optical films 8 and 9.

[0079] FIG. 6 is a graph illustrating analysis results. The
abscissa of the graph represents Re2 and the ordinate repre-
sents Rel, respectively in the unitof “nm”. A curve aindicates
the relation between Rel and Re2 when the second optical
film 9 is an A plate. Curves b, ¢ and d indicate the relation
between Rel and Re2 when a negative biaxial film having the
thickness direction retardation Rth2=90 nm, 180 nm and 300
nm is used as the second optical film 9, respectively.

[0080] Itcan be seen from the graph that Rel and Re2 have
an approximately proportional relation under any one of the
conditions. It is also recognized that Re1>Re2. It can be seen
also that as a value of Rth2 becomes large, a difference
between Rel and Re2 increases. Under any one of the con-
ditions, an in-plane retardation Rel of the first optical film 8
(A plate in this analysis) is effective in a range of 100
nm=Rel-300 nm. Since an in-plane retardation of an A plate
easily available is in a range of 100 nm or larger and 150 nm
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or smaller, and in a range of 250 nm or larger and 300 nm or
smaller, the in-plane retardation is adjusted preferably in
these ranges.

[0081] FIG. 7 is a graph illustrating the relation between
Re2 and a retardation And of the liquid crystal layer 5 under
the condition applied to the analysis. The abscissa of the
graph represents Re2 and the ordinate represents a retardation
And of the liquid crystal layer 5, respectively in the unit of
“am”. A curve aindicates the relation whenthe second optical
film 9 is an A plate. Curves b, ¢ and d indicate the relation
when a negative biaxial film having the thickness direction
retardation Rth2=90 nm 180 nm and 300 nm is used as the
second optical film 9, respectively.

[0082] It can be seen that upward convex secondary func-
tional correlation exists between Re2 and And. In order to set
a maximum And under each condition, it can be seen that the
larger a value of Rth2, Re2 is made smaller Re2 is preferably
in a range of 0 nm=Re2=150 nm, and more preferably in a
range of 4500/Rth2-10 nm=Re2=4500/Rth2+10 nm.
[0083] (i1) Next, simulation analysis was performed for the
case in which the first optical film 8 is a negative biaxial film
and the second optical film 9 is an A plate. A relation between
Rel and Re2 minimizing a background area optical transmis-
sivity under observation at the right direction polar angle of
50° was studied for each of the thickness direction retarda-
tions Rth1 of the first optical film (negative biaxial film) 8 of
90 nm, 180 nm and 300 nm. The retardation And of the liquid
crystal layer 5 was adjusted properly to be optimum, in accor-
dance with the values of Rel, Re2 and Rthl.

[0084] FIG. 8 is a graph illustrating correlation between
Rel and Re2 under each Rth1 condition. The abscissa of the
graph represents Re2 and the ordinate represents Rel, respec-
tively in the unit of “nm”. Curves a, b and c indicate the
relation between Rel and Re2 at Rth=90nm, 180 nm and 300
nm, respectively.

[0085] Itcan be seen from the graph that Ret and Re2 have
an approximately proportional relation under any one of the
Rth1 conditions. It can be recognized that Re1>Re2. It can be
seen also that the larger a value of Rthl, a difference between
Rel and Re2 increases.

[0086] FIG. 9 is a graph illustrating the relation between
Re2 minimizing a background area optical transmissivity
under observation at the right direction polar angle of 50° and
aretardation And of the liquid crystal layer 5. The abscissa of
the graph represents Re2 and the ordinate represents a retar-
dation And of the liquid crystal layer 5, respectively in the unit
of “nm”. Curves a, b and ¢ indicate the relation between Re2
and And at Rth=90 nm, 180 nm and 300 nm, respectively.
[0087] Tt can be seen from the graph that there is the ten-
dency that the smaller a value of Re2, And can be set larger in
any one of the Rth conditions. Tt is expected that Re2 is
preferably set to 100 nm or smaller, and more preferably 70
nm or smaller. As FIG. 8 is referred to, it is preferable to set
Rel to 140 nm or smaller, particularly 100 nm or larger and
140 nm or smaller.

[0088] (iii) In the case of (II) wherein an A plate is used as
one or both of the first and second optical films 8 and 9, a
preferable range of the thickness direction retardation Rthl of
the first optical film 8 is considered to be a half (Rel/2) of the
in-plane retardation Ret or larger and 300 nm or smaller.
Similarly, a preferable range of the thickness direction retar-
dation Rth2 of the second optical film 9 is considered to be a
half (Re2/2) of the in-plane retardation Re2 or larger and 300
nm or smaller.



US 2010/0053522 A1

[0089] It can be considered further from the results illus-
trated in FIGS. 7 and 9 that a preferable range of the retarda-
tion And of the liquid crystal layer 5 is 200 nm or larger and
500 nm or smaller, and more preferably 300 nm or larger and
450 nm or smaller. In order to realize good background view-
ing angle characteristics when a large And is set, it is effective
that at least one negative C plate 11 is disposed between the
upper glass substrate 4 and second optical film 9 as illustrated
in FIG. 5.

[0090] Although the present invention has been described
in connection with the embodiment and conventional
examples, the present invention is not limited thereto. It is
obvious that various alterations, improvements, combina-
tions and the like can be made by those skilled in the art.
[0091] The present invention is applicable to general liquid
crystal displays. For example, the present invention is suitable
for being applied to a liquid crystal display capable of seg-
ment display, dot matrix display and both the segment display
and dot matrix display Further, the present invention is suit-
able for being applied to a TFT driving liquid crystal display
and a multiplex driving liquid crystal display having a display
capacity of a % duty or higher.

What are claimed are:

1. A liquid crystal display comprising:

first and second transparent substrates;

a liquid crystal layer squeezed between said first and sec-
ond transparent substrates and vertically aligned at a
retardation of 300 nm or larger to 1000 nm or smaller;

first and second viewing angle compensators disposed on
said first transparent substrate on a side opposite to said
liquid crystal layer and having negative biaxial optical
anisotropy;

a first polarizer disposed on said first and second viewing
angle compensators on a side opposite to said first trans-
parent substrate; and

a second polarizer disposed on said second transparent
substrate on a side opposite to said liquid crystal layer,
said second polarizer being crossed-Nichol disposed
with said first polarizer,

wherein:

said second viewing angle compensator is disposed
between said first transparent substrate and said first
viewing angle compensator;

an in-plane slow axis of said first viewing angle compen-
sator 1s disposed perpendicular to an absorption axis of
said first polarizer;

the in-plane slow axis of said first viewing angle compen-
sator is disposed perpendicular to an in-plane slow axis
of said second viewing angle compensator; and

a retardation in an in-plane direction of said first viewing
angle compensator is larger than a retardation in an
in-plane direction of said second viewing angle compen-
sator.

2. The liquid crystal display according to claim 1, wherein
the retardation in the in-plane direction of said first viewing
angle compensator is 70 nm or larger and 180 nm or smaller,
and the retardation in the in-plane direction of said second
viewing angle compensator is 15 nm or larger and 70 nm or
smaller.

3. The liquid crystal display according to claim 1, wherein:

the retardation in the in-plane direction of said first viewing
angle compensator is 100 nm or larger and 150 nm or
smaller;
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the retardation in the in-plane direction of said second
viewing angle compensatoris 15 nm or larger and 60 nm
or smaller; and

a retardation in a thickness direction of said first viewing
angle compensator is a retardation or smaller in the
thickness direction of said second viewing angle com-
pensator.

4. The liquid crystal display according to claim 1, wherein
the retardation of the liquid crystal layer is 300 nm or larger
and 750 nm or smaller.

5. The liquid crystal display according to claim 1, further
comprising at least one negative C plate disposed between
said first transparent substrate and said second viewing angle
compensator.

6. The liquid crystal display according to claim 1, wherein
retardations in a thickness direction of said first and second
viewing angle compensators are both 90 nm or smaller and
300 nm or larger.

7. A liquid crystal display comprising:

first and second transparent substrates;

a liquid crystal layer squeezed between said first and sec-
ond transparent substrates and vertically aligned at a
retardation of 200 nm or larger to 500 nm or smaller;

first and second viewing angle compensators disposed on
said first transparent substrate on a side opposite to said
liquid crystal layer, at least one of said first and second
viewing angle compensators being an A plate, and the
other being a viewing angle compensator having nega-
tive optical anisotropy if both are not an A plate;

a first polarizer disposed on said first and second viewing
angle compensators on a side opposite to said first trans-
parent substrate; and

a second polarizer disposed on said second transparent
substrate on a side opposite to said liquid crystal layer,
said second polarizer being crossed-Nichol disposed
with said first polarizer,

wherein:

said second viewing angle compensator is disposed
between said first transparent substrate and said first
viewing angle compensator;

an in-plane slow axis of said first viewing angle compen-
sator is disposed perpendicular to an absorption axis of
said first polarizer;

the in-plane slow axis of said first viewing angle compen-
sator is disposed perpendicular to an in-plane slow axis
of said second viewing angle compensator; and

a retardation in an in-plane direction of said first viewing
angle compensator is larger than a retardation in an
in-planedirection of said second viewing angle compen-
sator.

8. The liquid crystal display according to claim 7, wherein:

a retardation in a thickness direction of said first viewing
angle compensator is a half of, or larger than, a retarda-
tion in the in-plane direction of said first viewing angle
compensator and 300 nm or smaller; and

aretardation in the thickness direction of said second view-
ing angle compensator is a half of, or larger than a
retardation in the in-plane direction of said second view-
ing angle compensator and 300 nm or smaller.

9. The liquid crystal display according to claim 7, wherein:

said first and second viewing angle compensators are both
an A plate or said first viewing angle compensator is an
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A plate and said second viewing angle compensator is a
viewing angle compensator having negative biaxial
optical anisotropy;

a retardation in the in-plane direction of said first viewing
angle compensator is 100 nm or larger and 300 nm or
smaller; and

aretardation in the in-plane direction of said second view-
ing angle compensator is larger than 0 and 150 nm or
smaller.

10. The liquid crystal display according to claim 9, wherein
Re2 and Rth2 satisfy a relation of 4500/Rth2-10
nm=Re2=4500/Rth2+10 nm, where Re2 is a retardation in
the in-plane direction of said second viewing angle compen-
sator, and Rth is a retardation in the thickness direction.

11. The liquid crystal display according to claim 9, wherein
a retardation in the in-plane direction of said first viewing
angle compensator is 100 nm or larger and 150 nm or smaller,
or 250 nm or larger and 300 nm or smaller.

12. The liquid crystal display according to claim 7,
wherein:
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said first viewing angle compensator is a viewing angle
compensator having negative biaxial optical anisotropy,
and said second viewing angle compensator is an A
plate;

a retardation in the in-plane direction of said first viewing
angle compensator is 140 nm or smaller; and

a retardation in the in-plane direction of said second view-
ing angle compensator is 100 nm or smaller.

13. The liquid crystal display according to claim 12,

wherein:

a retardation in the in-plane direction of said first viewing
angle compensator is 100 nm or larger and 140 nm or
smaller; and

a retardation in the in-plane direction of said second view-
ing angle compensator is 70 nm or smaller.

14. The liquid crystal display according to claim 7, wherein

a retardation of said liquid crystal layer is 300 nm or larger
and 450 nm or smaller.

15. The liquid crystal display according to claim 7, further
comprising at least one negative C plate disposed between
said first transparent substrate and said second viewing angle
compensator.



THMBW(EF)

[ i (S RIR) A ()
e (S IR) A (%)

HAT R E (TR AGE)

#RI&ZBAA
RHA
IPCH %5
CPCH %5
£ %X

H A2 FF 30k
SERaERE

BEG®F)

BB~

US20100053522A1

US12/542092

A FEESKA 4t

STANLEY ELECTRIC CO.

STANLEY ELECTRIC CO. ,

IWAMOTO YOSHIHISA

IWAMOTO, YOSHIHISA

GO02F1/1335

GO02F1/1393 G02F1/133634

2008223324 2008-09-01 JP

US8248561

Espacenet USPTO

, LTD.

LTD.

—MRIERS , BEAEGER  FEEE—ME-EHRE , H
300-1000nm AV EE R EEHED; 5E — M A MEBRREEFE —ERLEHE
BANMAZEORM E—RRES , REEFE—NF MBS L E-E

LM E Rk SAAE —RIRERIREIREMRK ,

Hep E2iMz

RIREBEFE -ERME—IM2ER B, E—AIMERENEAEHEET S —
RiRER R HIRE, F —AMERNEAEHEE TS - IMZBRNE RS
HWiRE;F —FMERNE N F @A EER X T 5 MR E N 77 [ Y

B

180

270

2010-03-04

2009-08-17

patsnap


https://share-analytics.zhihuiya.com/view/5190df7b-20fa-4e20-b67f-55de48e33d49
https://worldwide.espacenet.com/patent/search/family/041724916/publication/US2010053522A1?q=US2010053522A1
http://appft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PG01&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.html&r=1&f=G&l=50&s1=%2220100053522%22.PGNR.&OS=DN/20100053522&RS=DN/20100053522

