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(57) ABSTRACT

A wide viewing angle liquid crystal display comprises a
back light unit, an optical compensation circular polarizer
unit, a liquid crystal panel and an optical compensation
circular analvzer unit. The optical compensation circular
polarizer unit is set over the back light unit. The liquid
crystal panel is set over the optical compensation circular
polarizer unit. The optical compensation circular analyzer
unit is set over the liquid crystal panel. The liquid crystal
display operates using circularly polarized light to improve
uniformity of viewing angle properties and contrast ratio,
and prevent gray level inversion due to wide-angle viewing.
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OCB LIQUID CRYSTAL DISPLAY WITH
SPECIFIC REFRACTIVE INDICES AND
INEQUALITY RELATIONS

CROSS REFERENCE TO RELATED
APPLICATIONS

This application claims the priority benefit of Taiwan
application serial no. 92112535, filed on May 8, 2003.

BACKGROUND OF INVENTION

1. Field of the Invention

The present invention generally relates to a wide viewing
angle rapid response liquid crystal display, and more par-
ticularly, the present invention relates to a wide viewing
angle rapid response liquid crystal display that operated by
circularly polarized light.

2. Description of the Related Art

The proliferation of multi-media systems in our society
depends to a large extent on the progressive development of
semiconductor devices and display devices. Display devices
such as the cathode ray tube (CRT) have been used for quite
some time due to its remarkable display quality, reliability
and low cost. Although the conventional CRT has many
advantages, the design of the electron gun renders it heavy,
bulky and energy wasting. Moreover, there is always some
potential risk of hurting viewer’s eyes due to its emission of
some radiation. With big leaps in the techniques of manu-
facturing semiconductor devices and opto-electronics
devices, high picture quality, slim, low power consumption
and radiation-free displays such as the thin film transistor
liquid crystal displays (TFT LCD) have gradually become
mainstream display products.

FIG. 1 is a perspective view showing the structural layout
of a conventional wide viewing angle rapid response liquid
crystal display. As shown in FIG. 1, the liquid crystal display
100 mainly comprises a back light module 102, a linear
polarizer 104, a pair of compensation films 106 and 110, an
optically self-compensated birefringence liquid crystal panel
(OCB-LCD) 108 and a linear analyzer 112. The linear
polarizer 104 is set over the back light module 102. The
optically self-compensated birefringence liquid crystal panel
108 is set over the linear polarizer 104. The linear analyzer
112 is set over the optically self-compensated birefringence
liquid crystal panel 108. In addition, the compensation film
106 is sandwiched between the linear polarizer 104 and the
optically self-compensated birefringence liquid crystal panel
108 and the compensation film 110 is sandwiched between
the optically self-compensated birefringence liquid crystal
panel 108 and the linear analyzer 112.

The optically self-compensated birefringence liquid crys-
tal panel 108 has a fast responding speed but demands the
deployment of some form of optical compensation to attain
a wide viewing angle. In the conventional technique, a
system that includes the linear polarizer 104 and the linear
analyzer 112 together with a pair of compensation films 106
and 110 is set to facilitate wide-angle viewing. In general,
one type of wide viewing film with hybrid aligned negative-
birefringence structure is utilized to effect viewing compen-
sation. Although such compensation film can secure a good
viewing property for the display, the design of the liquid
crystal panel is directly constrained by the specification
requirement laid down by the compensation film. In another
conventional compensation technique, the compensation
films 106, 110 fabricated by biaxial materials together with
a multi-gap design are deployed to eliminate gray level
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inversion in wide-angle viewing. However, the multi-gap
design increases the complexity in fabricating the liquid
crystal panel. Furthermore, the linear polarizer and the linear
analyzer combination also render the viewing non-sym-
metrical due to an intrinsic viewing angle dependency.

SUMMARY OF INVENTION

Accordingly, one object of the present invention is to
provide a wide viewing angle quick response liquid crystal
display without using the specific wide viewing films to
provide a viewing angle compensation for a liquid crystal
panel. Hence, the design parameters of the liquid crystal
panel will not be subjected to the limitations of the wide
viewing film.

A second object of this invention is to provide a wide
viewing angle quick response liquid crystal display capable
of eliminating gray level inversion due to wide angle view-
ing without manufacturing a sophisticated multi-gap struc-
ture.

A third object of this invention is to provide a wide
viewing angle quick response liquid crystal display capable
of improving asymmetric viewing angle properties due to an
angle dependency of the basic design.

To achieve these and other advantages and in accordance
with the purpose of the invention, as embodied and broadly
described herein, the invention provides a wide viewing
angle quick response liquid crystal display. The liquid
crystal display comprises a back light unit, an optical
compensation circular polarizer unit, a liquid crystal panel
and an optical compensation circular analyzer unit. The
optical compensation circular polarizer unit is set over the
back light module. The liquid crystal panel is set over the
optical compensation circular polarizer unit. The optical
compensation circular analyzer unit is set over the liquid
crystal panel. This invention utilizes circularly polarized
light to provide the wide viewing angle quick response
liquid crystal display with an uniform viewing angle prop-
erty and improved contrast ratio and avoid the large viewing
angle gray level inversion problem at the same time.

In one embodiment of this invention, the liquid crystal
panel is an optically self-compensated birefringence liquid
crystal panel, for example.

In one embodiment of this invention, the optical compen-
sation circular polarizer unit comprises a polarizer plate and
a first biaxial compensation film sandwiched between the
polarizer plate and the liquid crystal panel. The first biaxial
compensation film has principal refractive indices nx, ny
and nz corresponding to three principal axes X, y and z axis,
respectively. The direction of z-axis is set to be perpendicu-
lar to the substrate of the liquid crystal panel. The principal
refractive indices nx, ny and nz must satisfy the following
inequality relations: nx>ny>nz and 4>(nx-nz)/(nx-ny)>2.
Furthermore, the principal axis with an axial refractive index
nx forms an included angle 05 with the alignment direction
of the liquid crystal panel. The angle 0, is between 40° to
75°, for example. The optical compensation circular ana-
lyzer unit that matches with the optical compensation cir-
cular polarizer unit (the polarizer plate and the first biaxial
compensation film) comprises an analyzer plate, a uniaxial
quarter-wave plate and a second biaxial compensation film.
The absorption axis of the analyzer plate is perpendicular to
the absorption axis of the polarizer plate. The polarizer plate
forms an included angle 0, with the alignment direction of
the liquid crystal panel. The included angle 8, is between
40° to 75°, for example. The second uniaxial quarter-wave
plate is sandwiched between the analyzer plate and the
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liquid crystal panel. The optical axis of the uniaxial quarter-
wave plate is set at an angle of 45° relative to the absorption
axis of the analyzer plate, for example. The second biaxial
compensation film is sandwiched between the second
uniaxial quarter-wave plate and the liquid crystal panel. The
second biaxial compensation film has principal refractive
indices nx', ny' and nz' responding to X, y and z axis,
respectively. The principal refractive indices nx', ny' and nz'
must satisfy the following inequality relations: nx'>ny'>nz'
and (nx'-nz')/(nx'-ny")>6. Furthermore, the principal axis of
the second biaxial compensation film with an axial refractive
index nx' is perpendicular to the alignment direction of the
liquid crystal panel.

In one embodiment of this invention, the optical compen-
sation circular polarizer unit comprises a polarizer plate, a
first uniaxial quarter-wave plate and a first biaxial compen-
sation film. The first uniaxial quarter-wave plate is sand-
wiched between the polarizer plate and the liquid crystal
panel, for example. The optical axis of the first uniaxial
quarter-wave plate is set at an angle of 45° relative to the
absorption axis of the polarizer plate. The first biaxial
compensation film is sandwiched between the first uniaxial
quarter-wave plate and the liquid crystal panel. The first
biaxial compensation film has principal refractive indices
nx, ny and nz. The principal refractive indexes nx, ny and nz
must satisfy the following inequality relations: nx>ny>nz
and (nx-nz)/(nx-ny)>6. Furthermore, the principal axis
with an axial refractive index nx is perpendicular to the
alignment direction of the liquid crystal panel. The optical
compensation circular analyzer unit that matches with the
optical compensation circular polarizer unit (the polarizer
plate, the first uniaxial quarter-wave plate and the first
biaxial compensation film) comprises an analyzer plate and
a second biaxial compensation film sandwiched between
analyzer plate and the liquid crystal panel. The absorption
axis of the analyzer plate is perpendicular to the absorption
axis of the polarizer plate, for example. The absorption axis
of the polarizer plate forms an included angle 6, with the
liquid crystal panel. The included angle 6, is between 40° to
75°, for example. The second biaxial compensation film has
principal refractive indices nx', ny' and nz'. The principal
refractive indices nx', ny' and nz' must satisfy the following
inequality relations: nx'>ny'>nz' and 4>(nx'-nz')/(nx'-ny')
>2. Furthermore, the principal axis of the second biaxial
compensation film with an axial refractive index nx' forms
an included angle 6, with the alignment direction of the
liquid crystal panel. The included angle 0, is between 20° to
50°, for example.

In one embodiment of this invention, the optical compen-
sation circular analyzer unit that matches with the optical
compensation circular polarizer unit (the polarizer plate, the
first uniaxial quarter-wave plate and the first biaxial com-
pensation film) comprises an analyzer plate, a second
uniaxial quarter-wave plate and a second biaxial compen-
sation film. The absorption axis of the analyzer plate is
perpendicular to the absorption axis of the polarizer plate,
for example. The polarizer plate forms an included angle 6,
with the liquid crystal panel. The included angle 8, is
between 40° to 50°, for example. The second uniaxial
quarter-wave plate is sandwiched between the analyzer plate
and the liquid crystal panel. The optical axis of the second
uniaxial quarter-wave plate is set at an angle of 45° relative
to the absorption axis of the analyzer plate, for example. The
second biaxial compensation film is sandwiched between the
second uniaxial quarter-wave plate and the liquid crystal
panel. The second biaxial compensation film has principal
refractive indices nx', ny' and nz'. The principal refractive
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indices nx', ny' and nz' must satisfy the following inequality
relations: nx'sny'snz' and (nx'-nz')/(nx'-ny')>6. Further-
more, the principal axis of the second biaxial compensation
film with an axial refractive index nx' is perpendicular to the
alignment direction of the liquid crystal panel.

In one embodiment of this invention, the optical compen-
sation circular polarizer unit comprises a cholesteric liquid
crystal layer and a first biaxial compensation film. The
optical compensation circular analyzer unit that matches
with the optical compensation circular polarizer unit (the
cholesteric liquid crystal layer and the first biaxial compen-
sation film) comprises an analyzer plate, a uniaxial quarter-
wave plate and a second hiaxial compensation film. The
absorption axis of the analyzer plate forms an included angle
05 with the alignment direction of the liquid crystal panel.
The included angle 85 is between 15° to 50°, for example.
The uniaxial quarter-wave plate is sandwiched between the
analyzer plate and the liquid crystal panel. The optical axis
of the second uniaxial quarter-wave plate is set at an angle
of 45° relative to the absorption axis of the analyzer plate,
for example. The second biaxial compensation film is sand-
wiched between the uniaxial quarter-wave plate and the
liquid crystal panel. The second biaxial compensation film
has principal refractive indices nx', ny' and nz'. Furthermore,
the principal axis of the second biaxial compensation film
with an axial refractive index nx' is perpendicular to the
alignment direction of the liquid crystal panel.

In one embodiment of this invention, the optical compen-
sation circular polarizer unit comprises a cholesteric liquid
crystal layer and a first biaxial compensation film. The
optical compensation circular analyzer unit that matches
with the optical compensation circular polarizer unit (the
cholesteric liquid crystal layer and the first biaxial compen-
sation film) comprises an analyzer plate and a second biaxial
compensation film. The absorption axis of the analyzer plate
forms an included angle 6, with the alignment direction of
the liquid crystal panel. The included angle 0, is between
15° to 50°, for example. The second biaxial compensation
film is sandwiched between the analyzer plate and the liquid
crystal panel. The second biaxial compensation film has
principal refractive indices nx', ny' and nz'. Furthermore, the
principal axis of the second biaxial compensation film with
an axial refractive index nx' forms an included angle 0, with
the alignment direction of the liquid crystal panel. The
included angle 0, is between 20° to 50°, for example.

In brief, the wide viewing angle quick response liquid
crystal display in this invention is operated by circularly
polarized light so that the uniformity of viewing angle
properties and contrast ratio are improved and gray level
inversion at wide viewing angle is prevented.

It is to be understood that both the foregoing general
description and the following detailed description are exem-
plary, and are intended to provide further explanation of the
mnvention as claimed.

BRIEF DESCRIPTION OF DRAWINGS

The accompanying drawings are included to provide a
further understanding of the invention, and are incorporated
in and constitute a part of this specification. The drawings
illustrate embodiments of the invention and, together with
the description, serve to explain the principles of the inven-
tion.

FIG. 1 is a perspective view showing the structural layout
of a conventional wide viewing angle quick response liquid
crystal display.
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FIG. 2 is a perspective view showing the structural layout
of a wide viewing angle liquid crystal display according to
a first preferred embodiment of this invention.

FIG. 3 is a schematic diagram showing the relatively axial
orientation angle of various optical films in FIG. 2.

FIG. 4 is a perspective view showing the structural layout
of a wide viewing angle liquid crystal display according to
a second preferred embodiment of this invention.

FIG. 5 is a schematic diagram showing the relatively axial
orientation angle of various optical films in FIG. 4.

FIG. 6 is a perspective view showing the structural layout
of a wide viewing angle liquid crystal display according to
a third preferred embodiment of this invention.

FIG. 7 is a schematic diagram showing the relatively axial
orientation angle of various optical films in FIG. 6.

FIG. 8 is a perspective view showing the structural layout
of a wide viewing angle liquid crystal display according to
a fourth preferred embodiment of this invention.

FIG. 9 is a schematic diagram showing the relatively axial
orientation angle of various optical films in FIG. 8.

FIG. 10 is a perspective view showing the structural
layout of a wide viewing angle liquid crystal display accord-
ing to a fifth preferred embodiment of this invention.

FIG. 11 is a schematic diagram showing the relatively
axial orientation angle of various optical films in FIG. 10.

DETAILED DESCRIPTION

Reference will now be made in detail to the present
preferred embodiments of the invention, examples of which
are illustrated in the accompanying drawings. Wherever
possible, the same reference numbers are used in the draw-
ings and the description to refer to the same or like parts.

FIG. 2 is a perspective view showing the structural layout
of a wide viewing angle liquid crystal display according to
a first preferred embodiment of this invention. FIG. 3 is a
schematic diagram showing the relatively axial orientation
angle of various optical films in FIG. 2. As shown in FIG.
2, the wide viewing angle quick response liquid crystal
display 200 comprises a back light unit 202, an optical
compensation circular polarizer unit 204, a liquid crystal
panel 206 and an optical compensation circular analyzer unit
208. The optical compensation circular polarizer unit 204 is
set over the back light unit 202. The liquid crystal panel 206
is a quick response optically self-compensated birefringence
liquid crystal panel (OCB-LCD), for example. The liquid
crystal panel 206 is set over the optical compensation
circular polarizer unit 204. The optical compensation circu-
lar analyzer unit 208 is set over the liquid crystal panel 206.

As shown in FIGS. 2 and 3, the optical compensation
circular polarizer unit 204 comprises a polarizer plate 204a,
a first uniaxial quarter-wave plate 2045 and a first biaxial
compensation film 204¢. The first uniaxial quarter-wave
plate 2045 is sandwiched between the polarizer plate 204«
and the liquid crystal panel 206. The optical axis of the first
uniaxial quarter-wave plate 2045 is set at an angle of 45°
relative to the absorption axis of the polarizer plate 204q, for
example. The first biaxial compensation film 204¢ is sand-
wiched between the first uniaxial quarter-wave plate 2045
and the liquid crystal panel 206. The first biaxial compen-
sation film 204c¢ has principal refractive indices nx, ny and
nz. The principal refractive indices nx, ny and nz must
satisfy the following inequality relations: nx>ny>nz and
(nx-nz)/(nx-ny)>6. Furthermore, the principal axis of the
first biaxial compensation film 204¢ with an axial refractive
index nx is perpendicular to the alignment direction of the
liquid crystal panel 206.
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In this embodiment, the optical compensation circular
analyzer unit 208 that matches with the optical compensa-
tion circular polarizer unit 204 (the polarizer plate 204q, the
first uniaxial quarter-wave plate 2045 and the first biaxial
compensation film 204¢) comprises an analyzer plate 208a,
a second uniaxial quarter-wave plate 2085 and a second
biaxial compensation film 208¢. The absorption axis of the
analyzer plate 208a is perpendicular to the absorption axis of
the polarizer plate 204a. The polarizer plate 204a forms an
included angle 6, with the alignment direction of the liquid
crystal panel 206. The included angle 0, is between 40° to
50°, for example.

The second uniaxial quarter-wave plate 2085 is sand-
wiched between the analyzer plate 208a and the liquid
crystal panel 206. The optical axis of the second uniaxial
quarter-wave plate 2085 is set at an angle of 45° relative to
the absorption axis of the analyzer plate 208a, for example.
The second biaxial compensation film 208¢ is sandwiched
between the second uniaxial quarter-wave plate 2085 and
the liquid crystal panel 206. The second biaxial compensa-
tion film 208¢ has principal refractive indices nx', ny' and
nz'. The principal refractive indices nx', ny' and nz' must
satisfy the following inequality relations: nx'>ny'>nz' and
(nx'-nz')/(nx'-ny")>6. Furthermore, the principal axis of the
second biaxial compensation film 208¢ with an axial refrac-
tive index nx' is perpendicular to the alignment direction of
the liquid crystal panel 206.

FIG. 4 is a perspective view showing the structural layout
of a wide viewing angle liquid crystal display according to
a second preferred embodiment of this invention. FIG. 5 is
a schematic diagram showing the relatively axial orientation
angle of various optical films in FIG. 4. As shown in FIG.
4, the wide viewing angle quick response liquid crystal
display 300 comprises a back light unit 302, an optical
compensation circular polarizer unit 304, a liquid crystal
panel 306 and an optical compensation circular analyzer unit
308. Since the components of the liquid crystal display 300
are positioned in an identical way as in the first embodiment,
and therefore a detailed description of the locations of these
components are omitted.

As shown in FIGS. 4 and 5, the optical compensation
circular polarizer unit 304 comprises a polarizer plate 304a,
a first uniaxial quarter-wave plate 3045 and a first biaxial
compensation film 304¢. The first uniaxial quarter-wave
plate 3045 is sandwiched between the polarizer plate 304a
and the liquid crystal panel 306. The optical axis of the first
uniaxial quarter-wave plate 3045 is set at an angle of 45°
relative to the absorption axis of the polarizer plate 304a, for
example. The first biaxial compensation film 304¢ is sand-
wiched between the first uniaxial quarter-wave plate 3045
and the liquid crystal panel 306. The first biaxial compen-
sation film 304¢ has principal refractive indices nx, ny and
nz. The principal refractive indices nx, ny and nz must
satisfy the following inequality relations: nx>ny>nz and
(nx-nz)/(nx-ny)>6. Furthermore, the principal axis of the
first biaxial compensation film 304¢ with an axial refractive
index nx is perpendicular to the alignment direction of the
liquid crystal panel 306.

In this embodiment, the optical compensation circular
analyzer unit 308 that matches with the optical compensa-
tion circular polarizer unit 304 (the polarizer plate 3044, the
first uniaxial quarter-wave plate 3045 and the first biaxial
compensation film 304¢) comprises an analyzer plate 308a
and a second biaxial compensation film 3085 sandwiched
between the analyzer plate 308a and the liquid crystal panel
308. The absorption axis of the analyzer plate 308a is
perpendicular to the absorption axis of the polarizer plate
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304a. The polarizer plate 304a forms an internal angle 6,
with the alignment direction of the liquid crystal panel 306.
The internal angle 6, is between 40° to 75°, for example. The
second biaxial compensation film 3085 has principal refrac-
tive indexes nx', ny' and nz'. The principal refractive indexes
nx', ny' and nz7' must satisfy the following inequality rela-
tions: nx'>ny'>nz' and 4>(nx'-nz')/(nx'-ny")>2. Further-
more, the principal axis of the second biaxial compensation
film 208c with an axial refractive index nx' forms an
included angle 6, with the alignment direction of the liquid
crystal panel 306. The included angle 0, is between 20° to
50°, for example.

FIG. 6 is a perspective view showing the structural layout
of a wide viewing angle liquid crystal display according to
a third preferred embodiment of this invention. FIG. 7 is a
schematic diagram showing the relatively axial orientation
angle of various optical films in FIG. 6. As shown in FIG.
6, the wide viewing angle quick response liquid crystal
display 400 comprises a back light unit 402, an optical
compensation circular polarizer unit 404, a liquid crystal
panel 406 and an optical compensation circular analyzer unit
408. Since the components of the liquid crystal display 400
are positioned in an identical way as the first embodiment,
and therefore a detailed description of the locations of these
components are omitted.

As shown in FIGS. 6 and 7, the optical compensation
circular polarizer unit 404 comprises a polarizer plate 404«
and a first biaxial compensation film 4045 sandwiched
between the polarizer plate 4044 and the liquid crystal panel
406. The first biaxial compensation film 404a has principal
refractive indices nx, ny and nz. The principal refractive
indices nx, ny and nz must satisfy the following inequality
relations: nx>ny>nz and 4>(nx-nz)/(nx-ny)>2. Further-
more, the principal axis of the first biaxial compensation film
404b with an axial refractive index nx forms an included
angle 6, with the alignment direction of the liquid crystal
panel 406. The included angle 6, is between 40° to 75°, for
example.

In this embodiment, the optical compensation circular
analyzer unit 408 that matches with the optical compensa-
tion circular polarizer unit 404 (the polarizer plate 404« and
the first biaxial compensation film 4045) comprises an
analyzer plate 408a, a uniaxial quarter-wave plate 4085 and
a second biaxial compensation film 408¢c. The absorption
axis of the analyzer plate 408a is perpendicular to the
absorption axis of the polarizer plate 404a. The polarizer
plate 404a forms an included angle 0, with the alignment
direction of the liquid crystal panel 406. The included angle
0, is between 40° to 75°, for example. The second biaxial
compensation film 408¢ is sandwiched between the uniaxial
quarter-wave plate 4085 and the liquid crystal panel 406.
The second biaxial compensation film 408¢ has principal
refractive indices nx', ny' and nz'. The principal refractive
indices nx', ny' and nz' must satisfy the following inequality
relations: nx">ny'>nz' and (nx'-nz')/(nx'-ny")>6. Further-
more, the principal axis of the second biaxial compensation
film 408¢ with the refractive index nx' is perpendicular to the
alignment direction of the liquid crystal panel 406.

FIG. 8 is a perspective view showing the structural layout
of a wide viewing angle liquid crystal display according to
a fourth preferred embodiment of this invention. FIG. 9 is a
schematic diagram showing the relatively axial orientation
angle of various optical films in FIG. 8. As shown in FIG.
8, the wide viewing angle quick response liquid crystal
display 500 comprises a back light unit 502, an optical
compensation circular polarizer unit 504, a liquid crystal
panel 506 and an optical compensation circular analyzer unit
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508. Since the components of the liquid crystal display 500
are positioned in an identical way as the first embodiment,
and therefore a detailed description of the locations of these
components are omitted.

As shown in FIGS. 8 and 9, the optical compensation
circular polarizer unit 504 comprises a cholesteric liquid
crystal layer 504 and a first biaxial compensation film 5045
sandwiched between the cholesterol liquid crystal layer
504a and the liquid crystal panel 506. The first biaxial
compensation film 5045 has principal refractive indices nx,
ny and nz. The principal refractive indices nx, ny and nz
must satisfy the following inequality relations: nx>ny>nz.
Furthermore, the principal axis of the first biaxial compen-
sation film 5046 with an axial refractive index nx is per-
pendicular to the alignment direction of the liquid crystal
panel 506.

In this embodiment, the optical compensation circular
analyzer unit 508 that matches with the optical compensa-
tion circular polarizer unit 504 (the cholesteric liquid crystal
layer 504a and the first biaxial compensation film 50454)
comprises an analyzer plate 508a, a uniaxial quarter-wave
plate 5085 and a second biaxial compensation film 508c.
The absorption axis of the analyzer plate 5084 forms an
included angle 05 with the alignment direction of the liquid
crystal panel 506. The included angle 65 is between 15° to
50°. The second uniaxial quarter-wave plate 5085 is sand-
wiched between the analyzer plate 5084 and the liquid
crystal panel 506. The optical axis of the uniaxial quarter-
wave plate 508 is set at an included angle of 45° relative to
the absorption axis of the analyzer plate 508a. The second
biaxial compensation film 508¢ is sandwiched between the
second uniaxial quarter-wave plate 5085 and the liquid
crystal panel 506. The second biaxial compensation film
508¢ has principal refractive indices nx', ny' and nz'. Fur-
thermore, the principal axis of the second biaxial compen-
sation film 508¢ with the refractive index nx' is perpendicu-
lar to the alignment direction of the liquid crystal panel 506.

FIG. 10 is a perspective view showing the structural
layout of a wide viewing angle liquid crystal display accord-
ing to a fifth preferred embodiment of this invention. FIG. 11
is a schematic diagram showing the relatively axial orien-
tation angle of various optical films in FIG. 10. As shown in
FIG. 10, the wide viewing angle quick response liquid
crystal display 600 comprises a back light unit 602, an
optical compensation circular polarizer unit 604, a liquid
crystal panel 606 and an optical compensation circular
analyzer unit 608. Since the components of the liquid crystal
display 600 are positioned in an identical way as the first
embodiment, and therefore a detailed description of the
locations of these components are omitted.

As shown in FIGS. 10 and 11, the optical compensation
circular polarizer unit 604 comprises a cholesteric liquid
crystal layer 604a and a first biaxial compensation film
6045. The first biaxial compensation film 6045 is sand-
wiched between the cholesterol liquid crystal layer 604a and
the liquid crystal panel 606. The first biaxial compensation
film 6044 has principal refractive indices nx, ny and nz. The
principal refractive indexes nx, ny and nz must satisfy the
following inequality relations: nx>ny>nz. Furthermore, the
principal axis of the first biaxial compensation film 6045
with an axial refractive index nx is perpendicular to the
alignment direction of the liquid crystal panel 606.

In this embodiment, the optical compensation circular
analyzer unit 608 that matches with the optical compensa-
tion circular polarizer unit 604 (the cholesteric liquid crystal
layer 604a and the first biaxial compensation film 6045)
comprises an analyzer plate 608z and a second biaxial
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compensation film 6085. The absorption axis of the analyzer
plate 608a forms an included angle 0, with the alignment
direction of the liquid crystal panel 606. The included angle
B4 1s between 15° to 50°, for example. The second biaxial
compensation film 6084 is sandwiched between the analyzer
plate 608a and the liquid crystal panel 606. The second
biaxial compensation film 6085 has principal refractive
indices nx', ny' and nz'. Furthermore, the principal axis of the
second biaxial compensation film 508¢ with the refractive
index nx' forms an included angle 8, with the alignment
direction of the liquid crystal panel 606. The included angle
8, is between 20° to 50°, for example.

In summary, major advantages of the wide viewing angle,
quick response liquid crystal display of this invention
includes: 1. Circularly polarized light is used in the display
operation so that viewing angle dependency is effectively
reduced. 2. Uniaxial quarter-wave plate together with biaxial
compensation film is deployed for optical compensation.
Therefore, the uniformity of viewing angle properties and
contrast ratio are improved and gray level inversion at wide
viewing angle is prevented. 3. Cholesteric liquid crystal
layer together with biaxial compensation film is used for
optical compensation so that the uniformity of viewing angle
properties and contrast ratio are improved and gray level
inversion at wide viewing angle is prevented.

It will be apparent to those skilled in the art that various
modifications and variations can be made to the structure of
the present invention without departing from the scope or
spirit of the invention. In view of the foregoing, it is intended
that the present invention cover modifications and variations
of this invention provided they fall within the scope of the
following claims and their equivalents.

The invention claimed is:

1. A wide viewing angle liquid crystal display, compris-
ing:

a back light unit;

an optical compensation circular polarizer unit disposed

over the back light unit;

an optically self-compensated birefringence liquid crystal

panel disposed over the optical compensation circular
polarizer unit; and

an optical compensation circular analyzer unit disposed

over the optically self-compensated birefringence lig-

uid crystal panel, and the optical compensation circular

analyzer unit comprising;

an analyzer plate, wherein the absorption axis of the
analyzer plate is perpendicular to the absorption axis
of the polarizer plate, and the polarizer plate form an
included angle of between 40° to 50° with the
alignment direction of the liquid crystal panel;
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a second uniaxial quarter-wave plate sandwiched
between the analyzer plate and the optically self-
compensated birefringence liquid crystal panel,
wherein the optical axis of the second uniaxial
quarter-wave plate forms an included angle of about
45° with the absorption axis of the analyzer plate;
and

a second biaxial compensation film sandwiched
between the second uniaxial quarter-wave plate and
the optically self-compensated birefringence liquid
crystal panel, wherein the second biaxial compensa-
tion film hasprincipal refractive indices nx', ny' and
nz' that satisfy the following inequality relations:
nx>ny'>nz' and 4>(nx'-nz'}/(nx'-ny")>2, and the
principal axis with the refractive index nx' is per-
pendicular to the alignment direction of the liquid
crystal panel.

2. The liquid crystal display of claim 1, wherein the
optical compensation circular poiarizer unit further com-
prises:

a polarizer plate; and

a first biaxial compensation film sandwiched between the
polarizer plate and the liquid crystal panel.

3. The liquid crystal display of claim 2, wherein the first
biaxial compensation film has principal refractive indices
nx, ny and nz that satisfies the following inequality relations:
nx>ny>nz and 4>(nx-nz)/(nx-ny)>2, and the principal axis
with the refractive index nx forms an included angle
between 40° to 75° with the alignment direction of the liquid
crystal panel.

4. The liquid crystal display of claim 1, wherein the
optical compensation circular polarizer unit further com-
prises:

a polarizer plate;

a first uniaxial quarter-wave plate-sandwiched between
the polarizer plate and the liquid crystal panel, wherein
the optical axis of the first uniaxial quarter-wave plate
and an absorption axis of the polarizer plate form an
included angle of about 45°; and

a first biaxial compensation film sandwiched between the
first uniaxial quarter-wave plate and the liquid crystal
panel.

5. The liquid crystai display of claim 4, wherein the first
biaxial compensation film has principal refractive indices
nx, ny and nz that satisfy the following inequality relations:
nx>ny>nz and (nx-nz)/(nx-ny)>6, and the principal axis
with the refractive index nx is perpendicular to the align-
ment direction of the liquid crystal panel.
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