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pensation films asymmetrically differ in refractive index from
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FIG.12
Upper film Lower film
Total
RO(hm) |Rth(nm) [Nz RO(hm)  |Rthinm) Nz distance
103 82 1.3 32 153 53| 047189
28 153 600 042811
23 153 704 038786
20 153 804 0.36005
Example | 18 153 903! 034032
16 153 991  0.32681
15 193 1097 031573
13 153 12| 031786
12 153 1324  0.31986
10 153 1477] 032254
94 94 1.9 30 142 53 043059
26 142 6.05| 039529
22 142 704 036304
19 142 804 034119
Fxample 2 17 142 9.03|  0.32651
15 142 991 032036
14 142 1097 032400
12 142 12| 032632
11 142 1324 032906
10 142 1477| 033479
88 110 1.76 28 132 53] 040282
24 132 605 037317
20 132 704 034837
18 132 804 033087
Example 3 15 132 9.03| 032044
14 132 991 032146
13 132 1097| 032378
1 132 12| 032606
10 132 13.24] 032861
9 132 1477| 033141
C°E”‘para“ve 53| 114|267 53 14| 267 036504
xample
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LIQUID CRYSTAL DISPLAY AND METHOD
FOR MANUFACTURING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims priority from and the benefit
of Korean Patent Application No. 10-2008-0083301, filed on
Aug. 26, 2008, which is hereby incorporated herein by refer-
ence for all purposes as if fully set forth herein.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to a vertical alignment
liquid crystal display with compensation films, and a method
for manufacturing the same.

[0004] 2. Discussion of the Background

[0005] Liquid crystal displays are now widely used flat
panel displays. A liquid crystal display has two display panels
on which field generating electrodes such as pixel electrodes
and a common electrode are formed, and a liquid crystal layer
1s disposed between the panels. In the liquid crystal display,
voltages are applied to the field generating electrodes to gen-
erate an electric field in the liquid crystal layer. The alignment
of liquid crystal molecules of the liquid crystal layer is deter-
mined by the electric field. Accordingly, the polarization of
incident light may be controlled to display images.

[0006] Depending upon the light source used, a liquid crys-
tal display may be classified as a backlit liquid crystal display
in which images are displayed using a lighting unit placed at
the back of a liquid crystal cell, a reflective liquid crystal
display in which the images are displayed using external
natural light, or a transflective liquid crystal display in which
the structures of a backlit liquid crystal display and a reflec-
tive liquid crystal display are combined. A transflective liquid
crystal display may be operated in a room or a dark place with
no external light source in a transmission mode in which the
image display is performed using a built-in light source of the
display device, and may be operated in an outdoor high illu-
mination environment in a reflective mode in which the image
display 1s performed by reflecting external light.

[0007] A liquid crystal display may operate in a vertical
alignment mode, a twisted nematic mode, or an electrically
controlled birefringence mode depending upon the character-
istics of the liquid crystal used.

[0008] A vertical alignment mode liquid crystal display
may be advantageous in that the viewing angle may be suffi-
ciently wide to allow the screen images to be recognized from
the lateral side without any gray inversion. However, color
shifting may be generated at the lateral side such that light
leakage may occur and the contrast ratio may be reduced.

SUMMARY OF THE INVENTION

[0009] The present invention provides a vertical alignment
liquid crystal display with compensation films having differ-
ing refractive indexes that may decrease color shifting and
light leakage while enhancing the contrast ratio.

[0010] The present invention also provides a method of
manufacturing the vertical alignment liquid crystal display.
[0011] Additional features of the invention will be set forth
in the description which follows, and in part will be apparent
from the description, or may be learned by practice of the
invention.
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[0012] The present invention discloses a liquid crystal dis-
play including a liquid crystal panel with a vertically aligned
liquid crystal layer, a first compensation film attached to a thin
film transistor side surface of a first substrate of the liquid
crystal panel, a first polarizer attached to an outer surface of
the first compensation film, a second compensation film
attached to a surface of a second substrate facing the first
substrate, and a second polarizer attached to an outer surface
of the second compensation film. The first and second com-
pensation films differ in thickness and in-plane phase retar-
dation from each other.

[0013] The present invention also discloses a method for
manufacturing a liquid crystal display including preparing a
liquid crystal panel with a vertically-aligned liquid crystal
display and attaching a first compensation film to a thin film
transistor side surface of a first substrate of the liquid crystal
panel. Thereafter, a first polarizer is attached to an outer
surface of the first compensation film. A second compensa-
tion film is attached to a surface of a second substrate facing
the first substrate, and a second polarizer is attached to an
outer surface of the second compensation film. The first and
second compensation films differ in thickness and in-plane
phase retardation from each other.

[0014] Itisto be understood that both the foregoing general
description and the following detailed description are exem-
plary and explanatory and are intended to provide further
explanation of the invention as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015] The accompanying drawings, which are included to
provide a further understanding of the invention and are
incorporated in and constitute a part of this specification,
illustrate embodiments of the invention, and together with the
description serve to explain the principles of the invention.
[0016] FIG. 1 shows the attachment relation of polarizers
and compensation films in a liquid crystal display according
to an exemplary embodiment of the present invention.
[0017] FIG. 2, FIG. 3, and FIG. 4 are Poincare coordinates
showing the polarization state of light in a liquid crystal
display shown in FIG. 1.

[0018] FIG. 5 shows the attachment relation of polarizers
and compensation films in a liquid crystal display according
to another exemplary embodiment of the present invention.
[0019] FIG. 6, FIG. 7, and FIG. 8 are Poincare coordinates
showing the polarization state of light in a liquid crystal
display shown in FIG. 5.

[0020] FIG. 9, FIG. 10, and FIG. 11 are Poincare coordi-
nates showing the polarization state of light in a conventional
liquid crystal display.

[0021] FIG. 12 shows retardations Ro and Rth, an Nz
refractive index, and a total distance in examples and a com-
parative example.

[0022] FIG. 13 is a graph showing a total distance as a
function of an Nz refractive index in the examples shown in
FIG. 12.

DETAILED DESCRIPTION OF THE
ILLUSTRATED EMBODIMENTS

[0023] The invention is described more fully hereinafter
with reference to the accompanying drawings, in which
embodiments of the invention are shown. This invention may,
however, be embodied in many different forms and should not
be construed as limited to the embodiments set forth herein.
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Rather, these embodiments are provided so that this disclo-
sure is thorough, and will fully convey the scope of the inven-
tion to those skilled in the art. In the drawings, the size and
relative sizes of layers and regions may be exaggerated for
clarity. Like reference numerals in the drawings denote like
elements.

[0024] Tt will be understood that when an element or layer
1s referred to as being “on” or “connected to” another element
or layer, it can be directly on or directly connected to the other
element or layer, or intervening elements or layers may be
present. In contrast, when an element is referred to as being
“directly on” or “directly connected to” another element or
layer, there are no intervening elements or layers present.
[0025] A liquid crystal display according to an exemplary
embodiment of the present invention will be described in
detail with reference 10 F1G. 1.

[0026] FIG. 1 shows the attachment relation of polarizers
and compensation films in a liquid crystal display according
to an exemplary embodiment of the present invention.
[0027] As shown in FIG. 1, a liquid crystal display accord-
ing to an exemplary embodiment of the present invention
includes an upper polarizer 22, an upper compensation film
25, a liquid crystal panel 300, a lower compensation film 15,
and a lower polarizer 12. The distinction between upper and
lower sides is made such that the upper side corresponds to
the side of light incidence, and the lower side to the side of
light emission.

[0028] Theliquid crystal panel 300 will first be described in
detail.

[0029] The liquid crystal panel 300 includes an upper sub-
strate (not shown), a lower substrate (not shown), and a ver-
tically aligned liquid crystal layer (not shown) disposed
between the upper and lower substrates.

[0030] Although the liquid crystal panel 300 may be struc-
tured in various different ways, a representative structure
thereof is described below.

[0031] The lower substrate may include gate lines, data
lines, and thin film transistors connected to the gate and data
lines. The gate lines are connected to gate electrodes of the
thin film transistors to transmit scanning signals to the thin
film transistors. The data lines are connected to source elec-
trodes of the thin film transistors to transmit data voltages to
the thin film transistors. Drain electrodes of the thin film
transistors are connected to pixel electrodes. The pixel elec-
trodes control the direction of alignment of the liquid crystal
display with a voltage charged due to the data voltage. Each
pixel electrode may partition one pixel region into a plurality
of domains by way of domain partitioning units such as
openings or protrusions. The pixel electrode may be formed
with two or more separated electrodes, which may be capaci-
tor-combined with each other.

[0032] An alignment layer may be formed on the topmost
layer of the lower substrate contacting the liquid crystal layer.
[0033] The upper substrate may be overlaid with a light
blocking layer (not shown) having openings, and color filters
(not shown) may be disposed in the openings of the light
blocking layer. The light blocking layer prevents the leakage
oflight, and blocks the liquid crystal layer in areas where it is
not aligned in the desired direction. The color filters make it
possible to display colors by granting color sensations to the
light, and may include three primary colors of red, green, and
blue. A common electrode is formed on the color filters and
the light blocking layer. The common electrode generates an
electric field together with the pixel electrode of the lower
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substrate so as to control the liquid crystal layer. As with the
pixel electrode, domain partitioning units such as openings or
protrusions may be formed at the common electrode.

[0034] An alignment layer may be formed on the bottom-
most layer of the upper substrate contacting the liquid crystal
layer.

[0035] Alternatively, the light blocking layer or the color
filters may be formed on the lower substrate.

[0036] Thecompensation films 15 and 25 and polarizers 12
and 22 are attached to the outer surfaces of the liquid crystal
panel 300.

[0037] The polarizers 12 and 22 have absorption axes A'
and A, respectively, and transmission axes that are perpen-
dicular to the absorption axes A' and A. The polarizers 12 and
22 absorb the light components polarized in the direction of
the absorption axes A' and A, and transmit only the light
components polarized in the direction of the transmission
axes.

[0038] The compensation films 15 and 25 have refractive
indices nx, ny, and nz in x, y, and z axis directions, respec-
tively. The refractive indices of the compensation films 15 and
25 in the in-plane x and y axis directions may be greater than
the refractive index in the z axis direction, which is perpen-
dicular to the x and y axis directions. If the x axis direction is
assumed to have the greatest refractive index in the compen-
sation films 15 and 25, the formula nx>ny>nz is established.
As the refractive index in the x axis direction has the greatest
value, the light polarized in the x axis direction becomes the
slowest, and hence the X axis direction will hereinafter be
referred to as the “slow axis.”

[0039] The slow axes of the compensation films 15 and 25
areindicated by B' and B, respectively, in FIG. 1. The absorp-
tion axis A ofthe upper polarizer 22 and the slow axis B of the
upper compensation film 25 are perpendicular to each other,
and the absorption axis A' of the lower polarizer 12 and the
slow axis B' of the lower compensation film 15 are perpen-
dicular to each other.

[0040] With an exemplary embodiment of the present
invention, the upper compensation film 25 and the lower
compensation film 15 may be differentiated from each other
in at least one of the refractive indices nx, ny, and nz thereof
in the x, y, and z axis directions. It is inconvenient to express
the respective refractive indices in the three axial directions
per the respective compensation films. For this reason, a
representative refractive index (referred to hereinafter as “Nz
refractive index”) expressing all of the three-directional
refractive indices nx, ny, and nz will be defined as below, and
used.

Nz=(nx-nz)/(nx-ny) (Equation 1)

[0041] With the use of the Nz refractive index, the upper
and lower compensation films 25 and 15 according to an
exemplary embodiment of the present invention may be dif-
ferentiated from each other in the Nz refractive index thereof
such that the Nz refractive index of the upper compensation
film 25 is smaller than the Nz refractive index of the lower
compensation film 15.

[0042] The liquid crystal display with the above-identified
characteristics will be described in detail with reference to
FIG. 2, FIG. 3, and FIG. 4.

[0043] FIG. 2, FIG. 3, and FIG. 4 are Poincare coordinates
showing the polarization state of light in a liquid crystal
display shown in FIG. 1. With the exemplary embodiment
shown in FIG. 2, FIG. 3, and FIG. 4, the in-plane phase
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retardation Ro of the upper compensation film 25 is 88 nm,
the thickness direction phase retardation Rth is 110 nm, and
the Nz refractive index is 1.76, while the in-plane phase
retardation Ro of the lower compensation film 15 is 12 nm,
the thickness direction phase retardation Rth is 130 nm, and
the Nz refractive index is 10.97.

[0044] Thein-plane phase retardation Ro and the thickness
direction phase retardation Rth are determined by way of the
following Equations 2 and 3, in which d indicates the thick-
ness of the compensation film.

Ro=(nx—nyy*d (Equation 2)

Rih=((mx+ny)2-nz)*d

[0045] With the Poincare coordinate system, the polariza-
tion state of light is expressed by points on the coordinate.
Referring to FIG. 2, FIG. 3, and FIG. 4, A' indicates the point
expressing the polarization state of the light passing the lower
polarizer 12, and E indicates the point expressing the polar-
ization state of the absorption axis of the upper polarizer 22.
As the E point corresponds to the absorption axis of the upper
polarizer 22, light may not leak as it comes closer to the E
point. Meanwhile, referring to FIG. 2, FIG. 3, and FIGS. 4, R,
G, and B represent the polarization state of the respective
colors. The degree of color shift is identified on the basis of
the dispersion degree of the respective R, G, and B points. As
the distance between the respective R, G, and B points is
enlarged, the color shift increases.

[0046] FIG. 2 shows the polarization state of light after it
passes the lower polarizer 12 and the lower compensation
film 15. FIG. 3 shows the polarization state of light after it
passes the liquid crystal layer, and FIG. 4 shows the polariza-
tion state of light just before the light passing the upper
compensation film 25 is incident upon the upper polarizer 22.
[0047] FIG. 2 shows the polarization state of light that is
varied as the rays of red, green, and blue having passed the
lower polarizer 12 transmit through the lower compensation
film 15. When the respective color rays pass the transmission
axis of the lower polarizer 12, they involve the polarization
state of A", and as they transmit through the lower compen-
sation film 15, the polarization state thereof varies depending
upon the wavelength of light, like that shown in FIG. 2.
[0048] FIG. 3 shows the polarization state varied as the rays
of R, G, and B shown in FIG. 2 transmit through the liquid
crystal layer. If no electric field is applied to the liquid crystal
layer so that the liquid crystal layer is in a black display state
(a vertically-aligned state), the in-plane phase retardation Ro
of the liquid crystal layer is 0, and the thickness direction
phase retardation Rth is 320 nm. When the thickness direction
phase retardation Rth is determined, the thickness of the
vertically-aligned liquid crystal layer may be controlled
according to the refractive index characteristic of the liquid
crystal used, and adapted to that thickness direction phase
retardation Rth.

[0049] FIG. 3 shows the polarization state of light that is
varied as the rays of R, G, and B pass the liquid crystal layer.
[0050] FIG. 4 shows the polarization state of light that is
varied as the rays of R, G, and B shown in FIG. 3 transmit
through the upper compensation film 25. When the respective
R, G, and B rays are in the polarization state of E, all the light
components are absorbed so that the black is displayed. How-
ever, as shown in FIG. 4, a slight distance is present at the
coordinate between the polarization state of the respective
color rays and the polarization state of the absorption axis so
that the leakage of light occurs. When the distance between

(Equation 3)
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the E point and the respective color points of R, G, and B on
the Poincare coordinate shown in FIG. 4 is measured, the
distance to the R point is 0.12245, the distance to the G point
is 0.00259, and the distance to the B point is 0.19509, while
the sum of those distances is 0.32013. (The distance between
the respective color points of R, G, and B and the E point will
be hereinafter referred to as “unit color distance,” and the sum
of the respective unit color distances as “total distance.””) As
such a distance is a distance on the Poincare coordinate, no
separate units thereof exist, and light leakage may occur in
proportion to that distance. Furthermore, the degree of color
shift is identified based on the dispersion degree of the R, G,
and B coordinates.

[0051] A liquid crystal display according to another exem-
plary embodiment of the present invention will now be
described in detail.

[0052] FIG. 5 shows the attachment relation of polarizers
and compensation films in a liquid crystal display according
to an exemplary embodiment of the present invention.
[0053] As shown in FIG. 5, a liquid crystal display accord-
ing to an exemplary embodiment of the present invention
includes an upper polarizer 22, an upper compensation film
25, aliquid crystal panel 300, a lower compensation film 15,
and a lower polarizer 12. Differing from the exemplary
embodiment shown in FIG. 1, the slow axis B' of the lower
compensation film 15 is parallel to the absorption axis A' of
the lower polarizer 12 in the exemplary embodiment shown in
FIG. 5.

[0054] As with the liquid crystal panel 300 shown in FIG. 1,
the liquid crystal panel 300 shown in FIG. 5 has a vertically-
aligned liquid crystal layer, and may be structured in various
different ways.

[0055] Compensation films 15 and 25 and polarizers 12 and
22 are attached to the outer surfaces of the liquid crystal panel
300.

[0056] The polarizers 12 and 22 have absorption axes A'
and A, respectively, and transmission axes perpendicular to
the absorption axes A' and A. The light component that is
polarized in the absorption axis direction is absorbed, and
only the light component that is polarized in the transmission
axis direction perpendicular to the absorption axis directionis
allowed to transmit therethrough.

[0057] The compensation films 15 and 25 have refractive
indices nx, ny, and nz in the x, y, and 7z axis directions,
respectively. With the compensation films 15 and 25, the
refractive indices in the in-plane x and y axis directions are
greater than the refractive index in the z axis direction vertical
thereto. If the x axis direction is assumed to have the greatest
refractive index in the compensation films 15 and 25, it is
established that nx>ny>nz. As the refractive index in the x
axis direction has the greatest value, the light that is polarized
in the x axis direction is the slowest, and hence the x axis
direction may be referred to as the slow axis. The slow axes of
the compensation films 15 and 25 are indicated by B' and B in
FIG. 5, respectively. The absorption axis A of the upper
polarizer 22 and the slow axis B of the upper compensation
film 25 are perpendicular to each other, and the absorption
axis A" of the lower polarizer 12 and the slow axis B' of the
lower compensation film 15 are parallel to each other.
[0058] With an exemplary embodiment of the present
invention, the upper and lower compensation films 25 and 15
are differentiated from each other in at least one of the refrac-
tive indices nx, ny, and nz thereof in the X, y, and z axis
directions. It is inconvenient to express the respective refrac-
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tive indices for the three axes per the respective compensation
films. For this reason, a representative refractive index (re-
ferred to hereinafter as “Nz refractive index”) may be used to
collectively express all the refractive indices nx, ny, and nz in
the respective directions.

[0059] With the use of the Nz refractive index, the upper
and lower compensation films 25 and 15 are differentiated
from each other in the Nz refractive index thereof such that
the Nz refractive index of the upper compensation film 25 is
smaller than the Nz refractive index of the lower compensa-
tion film 15.

[0060] A liquid crystal display with the above-identified
characteristics will be described in detail with reference to
FIG. 6, FIG. 7, and FIG. 8.

[0061] FIG. 6, FIG.7, and FIG. 8 are Poincare coordinates
showing the polarization state of light in a liquid crystal
display according to an exemplary embodiment of the present
invention. With the exemplary embodiment shown in FIG. 6,
FIG. 7, and FIG. 8, the in-plane phase retardation Ro of the
upper compensation film 25 is 86 nm, the thickness direction
phase retardation Rth is 109 nm, and the Nz refractive index
is 1.76, while the in-plane phase retardation Ro of the lower
compensation film 15 is 15 nm, the thickness direction phase
retardation Rth is 156 nm, and the Nz refractive index is
10.97. The in-plane phase retardation Ro, the thickness direc-
tion phase retardation Rth, and the Nz refractive index satisfy
the above-described Equations 1, 2, and 3.

[0062] The Poincare coordinate system expresses the
polarization state of light by way of the points on the coordi-
nate. Referring to FIG. 6, FIG. 7, and FIG. 8, A' indicates the
point expressing the polarization state of light as it passed the
lower polarizer 12, and E indicates the point expressing the
polarization state of the absorption axis of the upper polarizer
22. As the E point corresponds to the absorption axis of the
upper polarizer 22, the leakage of light is not made as it comes
closer to the E point. Meanwhile, referring to FIG. 6, FIG. 7,
and FIGS. 8, R, G, and B show the polarization state of the
respective colors. The degree of color shifting is identified
depending upon the dispersion degree of the respective R, G,
and B points. As the distance between the respective R, G, B
points is enlarged, the color shifting may be increased.
[0063] FIG. 6 shows the polarization state of light after it
has passed the lower polarizer 12 and the lower compensation
film 15, FIG. 7 shows the polarization state of light after it has
passed the liquid crystal layer, and FIG. 8 shows the polar-
ization state of light just before the light having passed the
upper compensation film 25 is incident upon the upper polar-
izer 22.

[0064] FIG. 6 shows the polarization state of light that is
varied as the rays of red, green, and blue that have passed the
lower polarizer 12 transmit through the lower compensation
film 15. When the respective colors pass the transmission axis
ofthe lower polarizer 12, they exhibit the polarization state of
A, As the light passes through the lower compensation film
15, the polarization state thereof is altered depending upon
the wavelength of light, like that shown in FIG. 6.

[0065] FIG. 7 shows the polarization state of the rays of R,
G, and B shown in FIG. 6, which are varied as they pass
through the liquid crystal layer. When the liquid crystal layer
is in a black display state (a vertically-aligned state) with no
application of an electric field, the in-plane phase retardation
Ro of the liquid crystal layer is 0, and the thickness direction
phase retardation Rth is 320 nm. When the thickness direction
phase retardation Rth is determined, the thickness of the
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vertically-aligned liquid crystal layer may be controlled
according to the refractive index characteristic of the liquid
crystal used, and may be adapted according to the thickness
direction phase retardation Rth.

[0066] When the rays of R, G, and B pass the liquid crystal
layer, the polarization state thereof is altered as shown in FIG.
7

[0067] FIG. 8 shows the polarization state of the rays of R,
G, and B shown in FIG. 7, which are varied as they transmit
through the upper compensation film 25. When the respective
R, G, and B rays have the polarization state of E, they are all
absorbed, thereby displaying the black. However, as shown in
FIG. 8, a slight distance is present at the coordinate between
the polarization state of the color rays and the polarization
state of the absorption axis, and the light is leaked. If the unit
color distance between the E point and the respective R, G,
and B points on the Poincare coordinate shown in FIG. 8 is
measured, it is 0.13204 for R, 0.00364 for G, and 0.19433 for
B, while the total distance being the sum thereof is 0.33001.
As such adistance is that on the Poincare coordinate, separate
units thereof do not exist, and the leakage of light occurs in
proportion to the distance value. Furthermore, the degree of
color shifting may be identified by way of the dispersion
degree of the R, G, and B coordinates.

[0068] As described above, the Poincare coordinates are
based on the exemplary embodiment of the present invention
shown in FIG. 1 and FIG. 5. Compared with the Poincare
coordinates shown in FIG. 2, FIG. 3, and FIG. 4 and FIG. 6,
FIG. 7, and FIG. 8, the Poincare coordinates related to a
conventional symmetrical liquid crystal display will now be
described.

[0069] FIG. 9, FIG. 10, and FIG. 11 are Poincare coordi-
nates showing the polarization state of light in a conventional
symmetrical liquid crystal display.

[0070] With the conventional symmetrical liquid crystal
display, the upper compensation film 25 and the lower com-
pensation film 15 have the same Nz value.

[0071] FIG. 9, FIG. 10, and FIG. 1 show the measurement
results related to the conventional liquid crystal display on
condition that the in-plane phase retardation Ro of the upper
and lower compensation films is 53 nm, the thickness direc-
tion phase retardation Rth is 114 nm, and the Nz refractive
index 15 2.67.

[0072] Referringto FIG.9,FIG. 10,andFIG. 1, A' indicates
the point expressing the polarization state of light as it passes
the lower polarizer 12, and E indicates the point expressing
the polarization state of the absorption axis of the upper
polarizer 22. As the E point corresponds to the absorption axis
of the upper polarizer 22, light leakage may not occur as it
comes closer to the E point. Meanwhile, referring to FIG. 9,
FIG. 10, and FIGS. 1, R, G, and B represent the polarization
state of the respective colors. The degree of color shift is
identified depending upon the dispersion degree of the
respective R, G, and B points. As the distance between the
respective R, G, and B points is enlarged, color shifting may
be increased.

[0073] FIG. 9 shows the polarization state of light after it
has passed the lower polarizer 12 and the lower compensation
film 15, and FIG. 10 shows the polarization state of light after
it has passed the liquid crystal layer. F1G. 1 shows the polar-
ization state of light just before the light having passed the
upper compensation film 25 is incident upon the upper polar-
izer 22.
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[0074] FIG. 9 shows the polarization state of light that is
varied as the rays of red, green, and blue having passed the
lower polarizer 12 transmit through the lower compensation
film 15. The respective colors that have passed the transmis-
sion axis of the lower polarizer 12 exhibit the polarization
state of A", and as they transmit through the lower compen-
sation film 15, the polarization state thereof'is altered depend-
ing upon the wavelength of light, like that shown in FIG. 9.
[0075] FIG. 10 shows the polarization state of light that is
varied as the rays of R, G, and B shown in FIG. 9 transmit
through the liquid crystal layer. When the liquid crystal layer
is in a black display state with no application of an electric
field, the in-plane phase retardation Ro of the liquid crystal
layer is 0, and the thickness direction phase retardation Rth is
320 nm. With the determination of the thickness direction
phase retardation Rth, the thickness of the vertically-aligned
liquid crystal layer may be controlled according to the refrac-
tive index characteristic of the liquid crystal used, and
adapted according to the thickness direction phase retardation
Rth.

[0076] When the rays of R, G, and B pass the liquid crystal
layer, the polarization state thereof is altered like that shown
in FIG. 7.

[0077] FIG. 11 shows the polarization state of light varied
asthe R, G, and B rays shown in FIG. 10 transmit through the
upper compensation film 25. When the respective R, G, and B
rays have the polarization state of E, all the light components
are absorbed, thereby displaying the black. However, as
shownin FIG. 11, a slight distance is present at the coordinate
between the polarization state of the color rays and the polar-
ization state of the absorption axis, and the light is leaked.
When the unit color distance between the E point and the
respective R, G, and B points is measured on the Poincare
coordinate shown in FIG. 11, it is 0.12250 for R, 0.00874 for
G, and 0.23380 for B, while the total distance, i.e. the sum
thereof, is 0.36504. Such a distance is a distance on the
Poincare coordinate, no separate units thereof exist, and light
leakage may occur in proportion to the distance value. Fur-
thermore, the degree of color shifting is identified the disper-
sion degree of the R, G, and B coordinates.

[0078] Table 1 collectively lists the refractive index of the
compensation films shown in F1G. 4, F1G. 8, and FIG. 11, and
the distance to the E point.

TABLE 1
Exemplary Exemplary
embodiment of  embodiment of  Conventional
Kind FIG. 1 FIG. 5 display device
Upper 88 86 53
compensation film
Ro (nm)
Upper 110 109 114
compensation film
Rth (nm)
Upper 1.76 1.76 2.67
compensation film
Nz
Lower 12 15 53
compensation film
Ro (nm)
Lower 130 156 114
compensation film
Rth (nm)
Lower 10.97 10.97 2.67
compensation film
Nz
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TABLE 1-continued
Exemplary Exemplary
embodiment of  embodiment of ~ Conventional

Kind FI1G. 1 FIG. 5 display device
Unit color distance 0.12245 0.13204 0.12250
of R
Unit color distance 0.00259 0.00364 0.00874
of G
Unit color distance 0.19509 0.19433 0.23380
of B
Total distance 0.32013 0.33001 0.36504

[0079] Tt can be clearly identified from Table 1 that the
exemplary embodiments of the present invention shown in
FIG. 1 and FIG. 5 differ from the conventional one.

[0080] With the exemplary embodiments shown in FIG. 1
and FIG. 5, the unit color distance between the respective R,
G, and B points and the E point is relatively shortas compared
with that in the conventional display device. The unit color
distance of R in the exemplary embodiment of FIG. 5 is
slightly larger than that in the conventional liquid crystal
display so as to induce the leakage of light, but the unit color
distance of G and B may be reduced so as to decrease the total
amount of light leakage. That is, the upper and lower com-
pensation films differ in Nz refractive index from each other
such that the Nz refractive index of the upper compensation
film 25 may be smaller than that of the lower compensation
film 15, thereby decreasing light leakage.

[0081] Furthermore, when the distance between the respec-
tive R, G, and B points is discriminated through the unit color
distance of the respective R, G, and B rays of FIG. 4, FIG. 8,
and FIG. 11, it turns out that the distance between the G and
the B rays is the greatest with the conventional liquid crystal
display, and the resulting color shifting is most serious there-
with.

[0082] Therefore, as shown in FIG. 1 and FIG. 5, the upper
and lower compensation films 15 and 25 are differentiated
from each other in the Nz refractive index thereof, thereby
improving the display characteristics.

[0083] The structure where the upper and lower compen-
sation films 15 and 25 differ in Nz refractive index from each
other such that the Nz refractive index of the upper compen-
sation film 25 is smaller than the Nz refractive index of the
lower compensation film 15 may be expressed by way of the
in-plane phase retardation Ro and the thickness direction
phase retardation Rth.

[0084] The in-plane phase retardation Ro of the upper com-
pensation film 25 is greater than the in-plane phase retarda-
tion Ro of the lower compensation film 15, and the thickness
direction phase retardation Rth of the upper compensation
film 25 is smaller than the thickness direction phase retarda-
tion Rth of the lower compensation film 15.

[0085] That is, when the light having passed the lower
polarizer 12 transmits through the lower compensation film
15, the reduction in the in-plane phase retardation Ro makes
it possible to prevent the R, G, and B points from being
dispersed left and right on the Poincare coordinate, while the
enlargement in the thickness direction phase retardation Rth
may make it possible to prevent the R, G, and B points from
being dispersed up and down on the Poincare coordinate.
Such a characteristic is maintained to be valid even after the
light passes the liquid crystal layer. The light that has passed
the liquid crystal layer is incident upon the upper compensa-
tion film 25. In order for the light that has passed the upper
compensation film 25 to converge to the E point correspond-
ing to the absorption axis of the upper polarizer 22, the upper
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polarizer 22 is structured such that the in-plane phase retar-
dation Ro thereof is enlarged and the thickness direction
phase retardation Rth thereof may be reduced as compared
with the lower compensation film 15. Consequently, when the
light passes through the liquid crystal layer, the respective R,
G, and B points are not dispersed in four directions so as to
decrease color shifting, and the color rays easily converge to
the absorption axis of the upper polarizer 22 through the
upper compensation film to decrease the leakage of light.
When light leakage decreases, the black color becomes
darker, and hence the contrast ratio (CR) may be improved.
[0086] The range of the Nz refractive index in forming the
upper and lower compensation films 25 and 15 will now be
described by way of examples below.

[0087] FIG. 12 shows the phase retardations Ro and Rth,
the Nz refractive index, and the total distance in examples and
a comparative example. and FIG. 13 is a graph showing the
total distance as a function of the Nz refractive index with the
examples of FIG. 12.

[0088] Witheachof Examples 1,2, and 3 shownin FIG. 12,
the upper compensation film 25 had a fixed Nz value, and the
Nz value of the lower compensation film 15 was altered using
the retardations Ro and Rth, thereby measuring the total
distance.

[0089] In relation to the comparative example showing in
FIG. 12, a conventional symmetrical liquid crystal display
with the shortest total distance was exemplified.

[0090] With the examples shown in FIG. 12 and FIG. 13,
the thickness direction phase retardation Rth of the liquid
crystal is 320 nm (based on the black display state), and the
panel temperature is about 50 degrees.

[0091] With Example 1, the in-plane phase retardation Ro
of the upper compensation film 25 is 103 nm, the thickness
direction phaseretardation Rth is 82 nm, and the Nz refractive
index thereofis 1.3. Thereafter, the in-plane phase retardation
Ro of the lower compensation film 15, the thickness direction
phase retardation Rth thereof, and the Nz refractive index
thereof were altered, and the total distance thereof was mea-
sured. Compared with the total distance in the conventional
liquid crystal display, the total distance where the Nz refrac-
tive index of the lower compensation film 15 was 8.04 or more
turned out to be relatively short. As the conventional liquid
crystal display involved the shortest total distance, it was
determined that substantially improved display characteris-
tics were obtained in Example 1 when the lower compensa-
tion film 15 had an Nz value of 6 or more.

[0092] With Example 2, the in-plane phase retardation Ro
of the upper compensation film 25 is 94 nm, the thickness
direction phaseretardation Rth is 94 nm, and the Nz refractive
index is 1.5. The total distance was measured while the in-
plane phase retardation Ro, the thickness direction phase
retardation Rth, and the Nz refractive index of the lower
compensation film 15 varied. Compared with the total dis-
tance related to the conventional art, the total distance where
the Nzrefractive index of the lower compensation film 15 was
7.04 or more turned out to be relatively short. As the conven-
tional art involved the shortest total distance, it was deter-
mined that substantially improved display characteristics
were obtained in Example 2 when the Nz value of the lower
compensation film 15 was 6 or more.

[0093] Furthermore, with Example 3, the in-plane phase
retardation Ro of the upper compensation film 25 is 88 nm,
the thickness direction phase retardation Rth is 110 nm, and
the Nz refractive index is 1.76. The total distance was mea-

Mar. 4, 2010

sured while the in-plane phase retardation Ro, the thickness
direction phase retardation Rth, and the Nz refractive index of
the lower compensation film 15 varied. Compared with the
total distance related to the conventional art, the total distance
where the Nz refractive index of the lower compensation film
15 was 7.04 or more was relatively short. As the conventional
art involved the shortest total distance, it was determined that
substantially improved characteristics were obtained in
Example 3 when the Nz value of the lower compensation film
15 was 6 or more.

[0094] Collectively speaking, when the Nz refractive index
of the upper compensation film 25 ranges from 1 to 2, the Nz
refractive index of the lower compensation film 15 is prefer-
ably established to be 6 or more. However. when the Nz
refractive index exceeds 30, the in-plane phase retardation Ro
comes to have an excessively small value, possibly incurring
processing problems. Accordingly, the Nz refractive index of
the lower compensation film 15 may range from 6 to 30.
[0095] With the examples shown in FIG. 12 and FIG. 13,
measurements were made when the thickness direction phase
retardation Rth of the liquid crystal was 320 nm. Referring to
FIG. 12, as the thickness direction phase retardation Rth of
the vertically-aligned liquid crystal ranges from 260 nm to
340 nm, the upper and lower limits in the range of FIG. 12
may be enlarged. In this connection, the thickness direction
phase retardation Rth of the upper compensation film 25 may
range from 80 to 115, and the in-plane phase retardation Ro
may range from 80 to 110. Furthermore, the thickness direc-
tion phase retardation Rth of the lower compensation film 15
may range from 130to 155, and the in-plane phase retardation
Ro may range from 5 to 35.

[0096] Meanwhile, the sum of the thickness direction phase
retardation Rth of the upper and lower compensation films 25
and 15 may range from 200 nm to 300 nm, and the sum of the
in-plane phase retardation Ro of the upper and lower com-
pensation films 25 and 15 may range from 80 nm to 150 nm.
When the sum of the thickness direction phase retardation
Rth and the sum of the in-plane phase retardation Ro of the
compensation films 15 and 25 are examined based on the
thickness direction retardation Rth of the liquid crystal layer,
the sum of the thickness direction phase retardation Rth ofthe
lower and upper compensation films 15 and 25 is in the range
0f 0.6 to 0.94 times the thickness direction phase retardation
Rth of the liquid crystal layer, and the sum of the in-plane
phase retardation Ro thereof is in the range of 0.25 to 0.5
times the thickness direction phase retardation Rth of the
liquid crystal layer.

[0097] Tt will be apparent to those skilled in the art that
various modifications and variations can be made in the
present invention without departing from the spirit or scope of
the invention. Thus, it is intended that the present invention
cover the modifications and variations of this invention pro-
vided they come within the scope of the appended claims and
their equivalents.

What is claimed is:

1. A liquid crystal display, comprising:

aliquid crystal panel comprising a vertically-aligned liquid
crystal layer;

a first compensation film attached to a surface of a first
substrate of the liquid crystal panel, the first substrate
comprising a thin film transistor;

a first polarizer attached to an outer surface of the first
compensation film;
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a second compensation film attached to a surface of a

second substrate facing the first substrate; and

a second polarizer attached to an outer surface of the sec-

ond compensation film,

wherein the first compensation film and the second com-

pensation film differ in thickness direction phase retar-
dation and in-plane phase retardation from each other.

2. The liquid crystal display of claim 1, wherein the first
polarizer and the second polarizer each have an absorption
axis, and the absorption axes of the first polarizer and the
second polarizer are perpendicular to each other.

3. The liquid crystal display of claim 2, wherein the first
compensation film and the second compensation film each
have a slow axis, and the slow axis of the first compensation
film is perpendicular to the absorption axis of the first polar-
izer, and the slow axis of the second compensation film is
perpendicular to the absorption axis of the second polarizer.

4. The liquid crystal display of claim 3, wherein the first
compensation film and the second compensation film each
have a thickness direction phase retardation Rth and an in-
plane phase retardation Ro, and the first compensation film
and the second compensation film are differentiated from
each other both in the in-plane phase retardation Ro and the
thickness direction phase retardation Rth thereof.

5. The liquid crystal display of claim 4, wherein the in-
plane phase retardation Ro of the first compensation film is
smaller than the in-plane phase retardation Ro of the second
compensation film.

6. The liquid crystal display of claim 2, wherein the first
compensation film and the second compensation film each
have a slow axis, and the slow axis of the first compensation
film is parallel to the absorption axis ofthe first polarizer, and
the slow axis of the second compensation film is perpendicu-
lar to the absorption axis of the second polarizer.

7. The liquid crystal display of claim 6, wherein the first
compensation film and the second compensation film each
have a thickness direction phase retardation Rth and an in-
plane phase retardation Ro, and the first compensation film
and the second compensation film are differentiated from
each other both in the in-plane phase retardation Ro and the
thickness direction phase retardation Rth thereof.

8. The liquid crystal display of claim 7, wherein the in-
plane phase retardation Ro of the first compensation film is
smaller than the in-plane phase retardation Ro of the second
compensation film.

9. The liquid crystal display of claim 1, wherein if a side of
light incidence upon the liquid crystal display is assumed to
be a second side, the first compensation film and the second
compensation film each have an Nz refractive index, and the
Nz refractive index of the first compensation film is greater
than the Nz refractive index of the second compensation film.

10. The liquid crystal display of claim 9, wherein the Nz
refractive index of the second compensation film ranges from
1to2.

11. The liquid crystal display of claim 10, wherein the Nz
refractive index of the first compensation film ranges from 6
1o 30.

12. The liquid crystal display of claim 11, wherein the
thickness direction phase retardation Rth of the liquid crystal
layer ranges from 260 nm to 340 nm when the liquid crystal
display is vertically aligned.

13. The liquid crystal display of claim 1, wherein the thick-
ness direction phase retardation Rth of the first compensation
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film is greater than the thickness direction phase retardation
Rth of the second compensation film.

14. The liquid crystal display of claim 13, wherein the
thickness direction phase retardation Rth of the liquid crystal
layer ranges from 260 nm to 340 nm.

15. The liquid crystal display of claim 14, wherein the
thickness direction phase retardation Rth of the second com-
pensation film ranges from 80 nm to 115 nm, and the in-plane
phase retardation Ro of the second compensation film ranges
from 80 nm to 110 nm.

16. The liquid crystal display of claim 15, wherein the
thickness direction phase retardation Rth of the first compen-
sation film ranges from 130 nm to 155 nm, and the in-plane
phase retardation Ro of the first compensation film ranges
from 5 nm to 35 nm.

17. The liquid crystal display of claim 14, wherein the sum
of the thickness direction phase retardation Rth of the first
compensation film and the second compensation film is
ranges from 0.6 to 0.94 times the thickness direction phase
retardation Rth of the liquid crystal layer.

18. The liquid crystal display of claim 17, wherein the sum
of the in-plane phase retardation Ro of the first compensation
film and the second compensation film is in the range of 0.25
to 0.5 times the thickness direction phase retardation Rth of
the liquid crystal layer.

19. A method for manufacturing a liquid crystal display,
comprising;

preparing a liquid crystal panel with a vertically-aligned

liquid crystal layer;

attaching a first compensation film to a surface of a first

substrate of the liquid crystal panel, the first substrate
comprising a thin film transistor;

attaching a first polarizer to an outer surface of the first

compensation film;

attaching a second compensation film to a surface of a

second substrate facing the first substrate; and
attaching a second polarizer to an outer surface of the
second compensation film,

wherein the first compensation film and the second com-

pensation film differ in thickness direction phase retar-
dation and in-plane phase retardation from each other.

20. The method of claim 19, wherein the first polarizer and
the second polarizer each have an absorption axis, and the
absorption axes of the first polarizer and the second polarizer
are perpendicular to each other.

21. The method of claim 20, wherein the first compensation
film and the second compensation film each have a slow axis,
and the slow axis of the first compensation film is parallel to
the absorption axis of the first polarizer, and the slow axis of
the second compensation film is perpendicular to the absorp-
tion axis of the second polarizer.

22. The method of claim 21, wherein the first compensation
film and the second compensation film each have a thickness
direction phase retardation Rth and an in-plane phase retar-
dation Ro, and the first compensation film and the second
compensation film are differentiated from each other both in
the in-plane phase retardation Ro and the thickness direction
phase retardation Rth thereof.

23. The method of claim 22, wherein the in-plane phase
retardation Ro of the first compensation film is smaller than
the in-plane phase retardation Ro of the second compensation
film.

24. The method of claim 19, wherein the first compensation
film and the second compensation film each have a slow axis,
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and the slow axis of the first compensation film is perpen-
dicular to the absorption axis of the first polarizer, and the
slow axis of the second compensation film is perpendicular to
the absorption axis of the second polarizer.

25. The method of claim 24, wherein the first compensation
film and the second compensation film each have a thickness
direction phase retardation Rth and an in-plane phase retar-
dation Ro, and the first compensation film and the second
compensation film are differentiated from each other both in
the in-plane phase retardation Ro and the thickness direction
phase retardation Rth thereof.

26. The method of claim 25, wherein the in-plane phase
retardation Ro of the first compensation film is smaller than
the in-plane phase retardation Ro of the second compensation
film.

27. The method of claim 19, wherein if a side of light
incidence upon the liquid crystal display is assumed to be a
second side, the first compensation film and the second com-
pensation film each have an Nz refractive index, and the Nz
refractive index of the first compensation film is greater than
the Nz refractive index of the second compensation film.

28. The method of claim 27, wherein the Nz refractive
index of the second compensation film ranges from 1 to 2.

29, The method of claim 28, wherein the Nz refractive
index of the first compensation film ranges from 6 to 30.

30. The method of claim 29, wherein if the liquid crystal
layer is vertically aligned, the thickness direction phase retar-
dation Rth of the liquid crystal layer ranges from 260 nm to
340 nm.
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31. The method of claim 19, wherein the thickness direc-
tion phase retardation Rth of the first compensation film is
greater than the thickness direction phase retardation Rth of
the second compensation film.

32. The method of c¢laim 19, wherein the thickness direc-
tion phase retardation Rth of the liquid crystal layer ranges
from 260 nm to 340 nm.

33. The method of claim 32, wherein the thickness direc-
tion phase retardation Rth of the second compensation film
ranges from 100 nm to 120 nm, and the in-plane phase retar-
dation Ro of the second compensation film ranges from 80 nm
to 100 nm.

34. The method of c¢laim 33, wherein the thickness direc-
tion phase retardation Rth of the first compensation film
ranges from 125 nm to 160 nm, and the in-plane phase retar-
dation Ro of the first compensation film ranges from 5 nm to
20 nm.

35. The method of claim 32, wherein the sum of the thick-
ness direction phase retardation Rth of the first compensation
film and the second compensation film ranges from 0.6 to
0.94 times the thickness direction phase retardation Rth of the
liquid crystal layer.

36. The method of claim 35, wherein the sum of the in-
plane phase retardation Ro of the first compensation film and
the second compensation film is in the range of 0.25 t0 0.5
times the thickness direction phase retardation Rth of the
liquid crystal layer.
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