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(57) ABSTRACT

Provided are a circular polarizer and a reflective liquid crystal
display including the same. The circular polarizer includes a
polarizer comprising a polarizing film in which an absorption
axis has an angle of about 85° to about 95° with respect to a
liquid crystal alignment direction of a liquid crystal cell,
where, in CIE coordinates, a color “a” is about —1 to about
-0.6 and a color “b” is about 0.3 to about 2.5 and a %
wavelength plate in which an optical axis has an angle of
about 130° to about 140° with respect to the liquid crystal
alignment direction of the light crystal cell. When the circular
polarizer is used, the visibility and color tone of the reflective
liquid crystal display may be improved.
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CIRCULAR POLARISING PLATE AND A
REFLECTIVE LIQUID-CRYSTAL DISPLAY
DEVICE COMPRISING THE SAME

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention

[0002] The present invention relates to a circular polarizer
used in a reflective liquid crystal display, and more particu-
larly, to a circular polarizer having superior visibility and
white balance and a reflective liquid crystal display including
the same.

[0003] 2. Description of the Prior art

[0004] In general, liquid crystal displays (LCDs) may be
classified into a transmissive LCD that uses a backlight as a
light source and a reflective LCD that uses external natural
light or artificial light as a light source without using a back-
light.

[0005] Inthe case of the transmissive LCD, a bright image
may be realized even in a dark external environment by using
a backlight as a light source. However, it may be difficult to
recognize an image in a bright place, and also a large amount
of power may be consumed. On the contrary, since the reflec-
tive LCD uses external natural or artificial light as a light
source, power consumption may be reduced. In addition,
since the reflective LCD does not use a backlight, the reflec-
tive LCD may be thin and light. Thus, the current trend is an
increase in the adoption of the reflective LCD in portable
terminals such as mobile phones.

[0006] A reflective LCD according to a prior art includes
upper and lower substrates formed of a transparent material,
a liquid crystal cell disposed between the upper substrate and
the lower substrate, a reflective plate disposed under the lower
substrate or between the lower substrate and the liquid crystal
cell, a ¥4 phase difference plate disposed on the upper sub-
strate, and a polarizer disposed on the % phase difference
plate.

[0007] However, in the reflective LCD according to the
prior art, a color difference may occur due to the occurrence
of a path difference of reflected light in contradistinction to
transmitted light. Thus, a yellowish phenomenon in which a
screen has a yellowish tinge may occur to deteriorate a color
tone. In addition, light transmittance may be reduced to
thereby reduce brightness when compared to the transmissive
LCD.

SUMMARY OF THE INVENTION

[0008] An aspect of the present invention provides a circu-
lar polarizer, which allows for the realization of improved
transmittance and color tone and a reflective liquid crystal
display including the same.

[0009] According to an aspect of the present invention,
there is provided a circular polarizer for a reflective liquid
crystal display including: a polarizer including a polarizing
film in which an absorption axis has an angle of about 85° to
about 95° with respect to a liquid crystal alignment direction
ofaliquid crystal cell; and a ¥4 wavelength plate in which an
optical axis has an angle of about 130° to about 140° with
respect to the liquid crystal alignment direction of the light
crystal cell.

[0010] Here, the polarizing film may be formed of a poly
vinyl alcohol film. The polarizing film may have a transmit-
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tance of about 43% to 47%. In CIE coordinates, a color “a”
may be about -1 to about —0.6 and a color “b” may be about
0.3 to about 2.5.

[0011] The Y4 wavelength plate may include a monoaxial
oriented film having an in-plane phase difference of about
120 nm to 170 nm in a wavelength of about 550 nm.

[0012] According to another aspect of the present inven-
tion, there is provided a reflective liquid crystal display
including: an upper substrate; a lower substrate facing the
upper substrate at a predetermined distance; a liquid crystal
cell disposed between the upper substrate and the lower sub-
strate; a reflective plate disposed between the lower substrate
and the liquid crystal cell or under the lower substrate; and a
circular polarizer disposed on the upper substrate, wherein
the circular polarizer includes: a polarizer including a polar-
izing film in which an absorption axis has an angle of about
85° to about 95° with respect to a liquid crystal alignment
direction of a liquid crystal cell; and a V4 wavelength plate in
which an optical axis has an angle of about 130° to about 140°
with respect to the liquid crystal alignment direction of the
light crystal cell.

[0013] Here, the polarizing film may be formed of a poly
vinyl alcohol film. The polarizing film may have a transmit-
tance of about 43% to 47%. In CIE coordinates, a color “a”
may be about -1 to about —0.6 and a color “b” may be about
0.3 to about 2.5.

[0014] The ¥ wavelength plate may include a monoaxial
oriented film having an in-plane phase difference of about
120 nm to 170 nm in a wavelength of about 550 nm.

[0015] Thereflective liquid crystal display may be operated
in an in plane switching (IPS) mode or an electrically con-
trolled birefringence (ECB) mode.

BRIEF DESCRIPTION OF THE DRAWINGS

[0016] The above and other aspects, features and other
advantages of the present invention will be more clearly
understood from the following detailed description taken in
conjunction with the accompanying drawings, in which:
[0017] FIG. 1 is a graph illustrating a single transmittance
according to iodine concentration in circular polarizers
manufactured by the Manufacturing Example of the present
invention.

[0018] FIG. 2 is a photograph illustrating a change of a
color tone according to an arrangement of circular polarizers.
[0019] FIG. 3 is a photograph illustrating visual perception
characteristics according to transmittances and phase differ-
ence values of circular polarizers.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENT

[0020] After conducting studies into improving the visibil-
ity and color tone of a reflective liquid crystal display (LCD),
it was seen that the visibility and color tone of the reflective
LCD can be significantly improved when a circular polarizer
in which an absorption axis of a polarizing film and an optical
axis of a /4 wavelength plate, disposed at specific angles with
respect to a liquid crystal alignment direction of a liquid
crystal cell, are used.

[0021] According to the reported results of the studies,
when the absorption axis of the polarizing film and the optical
axis of the Y4 wavelength plate are respectively disposed at
angles of'about 85° to about 95° and about 130° to about 135°
with respect to the liquid crystal alignment direction of the
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liquid crystal cell, it was seen that a color of white light is
shifted from a yellow region to a blue region, significantly
improving visibility and color tone.

[0022] Exemplary embodiments of the present invention
will now be described in detail with reference to the accom-
panying drawings. A circular polarizer of the present inven-
tionincludes (i) a polarizer including a polarizing film and (ii)
a ¥4 wavelength plate. The polarizing film according to the
present invention has an absorption axis disposed at an angle
of about 85° to about 95°, more particularly, about 90° with
respect to a liquid crystal alignment direction of a liquid
crystal cell. The ¥4 wavelength plate has an optical axis dis-
posed at an angle of about 130° to about 140°, more particu-
larly, about 135° with respect to the liquid crystal alignment
direction of the light crystal cell. Here, the absorption axis of
the polarizing film denotes an optical axis in which a poly
vinyl alcohol (hereinafter, referred to as a PVA) film dyeing
iodine is elongated in one axis direction to absorb light when
the polarizing film is manufactured. The optical axis of the V4
wavelength plate denotes an axis in which two orthogonal
components of light transmitting the ¥4 wavelength plate have
the same intensity in the electrical fields thereof. For example,
in the case of a phase difference film, the optical axis of the %4
wavelength plate denotes an axis in an elongation direction
when the phase difference film is elongated into one axis or
two axes to cause a phase difference.

[0023] The polarizing film denotes an optical device which
transmits only light polarized in a specific direction. In gen-
eral, the polarizing film has a structure in which a PVA-based
polymer chain is aligned in a certain direction. The polarizing
film contains an iodine-based compound or a dichroism
polarization material. A PVA-based film is dyed with an
iodine or a dichroism dye, and is then elongated in a certain
direction and cross-linked to manufacture such a polarizing
film. Here, a degree of polymerization of the PVA is not
limited. However, when considering free molecular move-
ment and the smooth mixing of component materials, the
degree of polymerization of the PVA may be about 1,000 to
about 10,000, and more particularly, about 1,500 to about
5,000.

[0024] The polarizing film may have a transmittance of
about 43% to about 47%. In CIE coordinates, a color “a” may
be about -1 to about 0.6, and a color “b” may be about 0.3 to
about 2.5.

[0025] Here, the color “a” and the color “b” denote values
expressing colors in CIE coordinates. Furthermore, the color
“a” is calculated using an Equation: a=500 [(X/Xn)"*~(Y/
Yn)'"3], where +a denotes a red color and —a denotes a green
color. Also, the color “b” is calculated using an Equation:
b=200 [(Y/Yn)"*~(Z/Zn)'?], where +b denotes a yellow
color and -b denote a blue color (where Xn, Yn, and Zn
correspond to X, Y, and Z coordinates for a reference white
color).

[0026] The transmittance of the polarizing film may be
controlled by adequately adjusting an iodine concentration in
the dyeing process. A KI concentration may be adjusted in a
complementary color process of the polarizer manufacturing
process to produce iodine ion species absorbing light having
a short wavelength. Also, the amount of iodine ion species
may be adjusted to control a color of the polarizing film.

[0027] When the polarizing film having the above-de-
scribed transmittance and colors “a” and “b” is used, white
color balance may be superior, as compared to the prior art.
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[0028] Since the polarizing film has a thin thickness, a
protection film may be attached to one surface or both sur-
faces of the polarizing film to manufacture the polarizer.
Here, a triacethyl cellulose (TAC) film may mainly be used as
the protection film. Alternatively, the TAC film may be
attached to the polarizing film using an adhesive. Also, a
functional film such as a wide-viewing angle plate or a bright-
ness enhanced film, except for a protection film, may be
additionally attached to the polarizer to improve an additional
function.

[0029] The Y4 wavelength plate converts linearly polarized
light into circularly polarized light. As described above, the
optical axis of the Y4 wavelength plate of the present invention
may be disposed at an angle of about 135° with respect to the
liquid crystal alignment direction of the liquid crystal cell.
[0030] The ¥4 wavelength plate may include a cyclo olefin
polymer (COP)-based film, a polycarbonate film, or a liquid
crystal film, which are elongated into one axis. Particularly,
among these, the Y4 wavelength plate may include a mono-
axial oriented film.

[0031] In this case, the ¥4 wavelength plate of the present
invention may have an in-plane phase difference of about 120
nm to about 170 nm in a wavelength of about 550 nm. The
in-plane phase difference is calculated using following Equa-
tion, where n_, n,, and n, denote refractive indexes in x-axis,
y-axis, and z-axis directions (a thickness direction), respec-
tively, and d denotes a thickness of the 4 wavelength plate.

In-plane phase difference R,,=(n,~n,)xd Equation

[0032] A reflective LCD according to the present invention
will be described below.

[0033] Thereflective LCD ofthe present invention includes
an upper substrate, a lower substrate, a liquid crystal cell, a
reflective plate, and a circular polarizer.

[0034] Here, the upper and lower substrates may include a
substrate formed of a transparent material, for example, a
glass or light-transmitting plastic substrate.

[0035] The upper and lower substrates face each other with
a predetermined distance therebetween. Also, switching
devices for driving a liquid crystal cell are disposed on facing
surfaces of the upper and lower substrates.

[0036] Theliquid crystal cell is disposed between the upper
substrate and the lower substrate. Also, the liquid crystal cell
is formed of liquid crystals having positive dielectric anisot-
ropy. A driving mode may be changed according to an
arrangement and driving state of the liquid crystals within the
liquid crystal cell. The reflective LCD may be operated in
various modes such as a twisted nematic (TN) mode, a super
twisted nematic (STN) mode, a polymer dispersed liquid
crystal (PDLC) mode, an electrically controlled birefrin-
gence (ECB) mode, and an in plane switching (IPS) mode.
When comparing a viewing angle, the reflective LCD may be
operated in the ECB or ISP mode, but is not limited thereto.

[0037] Inthe present invention, the LCD may have a liquid
crystal cell gap of about 2.0 pm to 2.4 pm. When the LCD has
a liquid crystal cell gap ranging from about 2.0 pm to 2.4 pm,
the white color may be significantly improved.

[0038] The reflective plate reflects light incident from the
outside of the LCD to the reflected light as a light source.
Also, the reflective plate is disposed between the lower sub-
strate and the liquid crystal cell or under the lower substrate.
The reflective plate may be manufactured by the depositing of
a conductive metal, e.g., aluminum or silver.
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[0039] The above-described circular polarizer of the
present invention is used as the reflective LCD. As described
above, the circular polarizer of the present invention includes
the polarizer including a polarizing film in which an absorp-
tion axis is disposed at an angle of about 85° to about 95°,
more particularly, about 90° with respect to a liquid crystal
alignment direction of a liquid crystal cell and a 4 wave-
length plate in which an optical axis is disposed at an angle of
about 130° to about 140°, more particularly, about 135° with
respect to the liquid crystal alignment direction of the light
crystal cell. Here, the polarizing film may be formed of a PVA
film and have a transmittance of about 43% to about 47%. In
CIE coordinates, a color “a” may be about -1 to about -0.6,
and a color “b” may be about 0.3 to about 2.5. Also, the Y4
wavelength plate may be a monoaxially oriented film having
an in-plane phase difference of about 120 nm to about 170 nm
in a wavelength of about 550 nm. Since the circular polarizer
has the same function and configuration as the above-de-
scribed circular polarizer, detailed description thereof will be
omitted.

[0040] Hereinafter, the present invention will be described
in detail with respect to specific embodiments.

Manufacturing Example

[0041] APVA film (manufactured by Kuraray Co. Ltd., and
degree of polymerization: 2400) was immersed in a washing
bath and a swelling bath and dyed in an aqueous solution
containing I, and KI. Then, the PVA film was elongated five
times in an aqueous solution containing boric acid and KI to
manufacture polarizing elements. Here, an I, concentration
and a dyeing bath temperature are shown in the following
Table 1. Also, the KI solution was adjusted to have a concen-
tration of about 2% to about 4% in a complementary color
process to control a color of each of the polarizing elements.
[0042] Thereafter, a TAC film having a thickness of about
60 um was disposed on both surfaces of the polarizing ele-
ment and a PVA-based adhesive solution was injected
between the polarizing element and the TAC film to laminate
them together using a laminator. Then, the resultant structure
was dried for about eight minutes at a temperature of about
80° C. to manufacture a polarizer. A ¥4 wavelength phase
difference film was disposed on a flat surface of the manufac-
tured polarizer, and then an optical axis of the V4 wavelength
phase difference film was disposed at an angle of about 45°
with respect to an absorption axis direction of the polarizer
using an adhesive film. Then, the resultant structure was
laminated to manufacture a circular polarizer having high
transmittance.

Experimental Example 1

[0043] Transmittances and colors of the polarizers manu-
factured by the manufacturing example were measured using
a spectrophotometer (manufactured by N&K Technology,
Inc.). The measured results are shown in Table 1 below. Also,
FIG. 1 is a graph illustrating single transmittances (Ts) of the
polarizers according to an iodine concentration.

TABLE 1
Elongation  Norm. I2 2
Temperature (pt) (pt) a b Ts Te Ac
48 1.00 0.079 -1.14 3.00 04203 0.00033 3.48

0.70 0.055 -0.92 241 0.4316 0.00138 2.86
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TABLE 1-continued

Norm. 12 2
(pt) a b Ts Te Ac

Elongation
Temperature (pt)

0.50 0.040 -0.79 1.82
0.30 0.024 -0.69 1.24
53 1.00 0.095 -1.50 3.16
0.39 0.037 -094 1.42
0.27 0.026 -1.05 0.70

0.4418 0.00719 2.14
0.4719 0.04805 1.32
0.4132 0.00019 3.72
0.4464 0.00979 2.01
0.4929 0.08232 1.08

*Norm. [,: Relative iodine concentration
I,: Iodine concentration

Ts: Single transmittance

Te: Orthogonal transmittance

Ac = -log(Tc), absorbance

[0044] Referring to Table 1 and FIG. 1, it is seen that the
transmittance of the polarizer may be adequately adjusted by
adjusting the iodine concentration.

Experimental Example 2

[0045] Two circular polarizer samples each having a trans-
mittance of about 47% and an in-plane phase difference value
ofabout 130 nm in a ¥4 phase difference plate were laminated
on a surface of a reflective LCD in directions different from
each other, and then, the color tones thereof were compared
and measured by human eye visual inspection. FIG. 2 is a
photograph illustrating the measured results. FIG. 2(A) illus-
trates measured results in a case in which the circular polar-
izer samples are laminated so that an absorption axis of the
polarizer is inclined at an angle of about 90° and an optical
axis of the % wavelength plate is inclined at an angle of about
135° with respect to a liquid crystal alignment direction of a
liquid crystal cell. FIG. 2(B) illustrates measured results in
case where the circular polarizer samples are laminated so
that the absorption axis of the polarizer is inclined at an angle
of about 45° and the optical axis of the %4 wavelength plate is
inclined at an angle of about 90° with respect to the liquid
crystal alignment direction of the liquid crystal cell.

[0046] When a power is supplied to the LCD, as shown in
FIG. 2, in case where the absorption axis of the polarizer and
the optical axis of the ¥4 wavelength plate are inclined at
angles within the above-described ranges with respect to the
liquid crystal alignment direction, i.e., in case of the sample
A, white and black color tones were maintained. On the other
hand, in case where the optical axis of the /4 wavelength plate
is inclined at an angle outside of the above-described range,
i.e., in the case of the sample B, the white and black color
tones were distorted to have a bluish color tone. This may be
interpreted as a color shift phenomenon occurring in a case in
which the optical axis of the Y4 wavelength plate is not
adequately aligned to change a polarized state of light.

Experimental Example 3

[0047] Circular polarizer samples having different trans-
mittances and different in-plane phase difference values of a
V4 phase different plate were laminated on a surface of a
reflective LCD, and then, visual perception characteristics
thereof were compared and measured by human eye visual
inspection. FIG. 3 is a photograph illustrating the measured
results.

[0048] In FIG. 3, sample A, disposed at the far left side,
represents a related-art circular polarizer in which a %4 phase
difference plate and a V4 phase difference plate are laminated
to a polarizing element having a transmittance of about 42%.
Samples B1 to B3 shown at a middle portion represent circu-
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lar polarizers in which the polarizer having the high transmit-
tance according to the present invention is applied and Y4
phase difference plates each having an in-plane phase differ-
ence of about 130 nm are attached to polarizing elements
having transmittances of about 45%, 46%, and 47% in order
from the top. Samples C1 to C3 disposed at the most right side
represent circular polarizers in which %4 phase difference
plates each having an in-plane phase difference of about 110
nm are attached to polarizing elements having transmittances
of about 45%, 46%, and 47% in order from the top.

[0049] AsshowninFIG. 3, in the case in which the circular
polarizers B1 to B3, having the high transmittance, are used,
it is seen that more neutral white color tone is realized when
compared to a case in which an existing circular polarizer is
used. However, even though each of the circular polarizers B1
to B3 has high transmittance, when the circular polarizers
have a phase difference of about 110 nm (C1 to C3), it is seen
that the color shift occurs in a reddish color direction to
relatively reduce the impression of color.

[0050] When the circular polarizer of the present invention
is applied to the reflective LCD, a contrast ratio may be
improved to enhance visibility when compared a case in
which the related-art circular polarizer is used. In addition,
the yellow color tone may be reduced to realize superior white
balance.

[0051] While the present invention has been shown and
described in connection with the exemplary embodiments, it
will be apparent to those skilled in the art that modifications
and variations can be made without departing from the spirit
and scope of the invention as defined by the appended claims.

DESCRIPTION OF THE SYMBOLS

[0052] FIG. 2(A) illustrates measured results in a case in
which the circular polarizer samples are laminated so that an
absorption axis of the polarizer is inclined at an angle of about
90° and an optical axis of the 4 wavelength plate is inclined
at an angle of about 135° with respect to a liquid crystal
alignment direction of a liquid crystal cell. FIG. 2(B) illus-
trates measured results in case where the circular polarizer
samples are laminated so that the absorption axis of the polar-
izer is inclined at an angle of about 45° and the optical axis of
the V4 wavelength plate is inclined at an angle of about 90°
with respect to the liquid crystal alignment direction of the
liquid crystal cell.

[0053] FIG. 3(A) represents a related-art circular polarizer
in which a V4 phase difference plate and a 4 phase difference
plate are laminated to a polarizing element having a transmit-
tance of about 42%. FIGS. 3(B1) to 3(B3) represent circular
polarizers in which the polarizer having the high transmit-
tance according to the present invention is applied and Y4
phase difference plates each having an in-plane phase differ-
ence of about 130 nm are attached to polarizing elements
having transmittances of about 45%, 46%, and 47% in order
from the top. FIGS. 3(C1) to 3(C3) represent circular polar-
izers in which Y phase difference plates each having an
in-plane phase difference of about 110 nm are attached to
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polarizing elements having transmittances of about 45%,
46%, and 47% in order from the top.

What is claimed is:

1. A circular polarizer for a reflective liquid crystal display,
comprising:

a polarizer comprising a polarizing film in which an
absorption axis has an angle of about 85° to about 95°
with respect to a liquid crystal alignment direction of a
liquid crystal cell, where, in CIE coordinates, a color “a”
is about -1 to about -0.6 and a color “b” is about 0.3 to
about 2.5; and

a Y4 wavelength plate in which an optical axis has an angle
of about 130° to about 140° with respect to the liquid
crystal alignment direction of the light crystal cell.

2. The circular polarizer of claim 1, wherein the polarizing

film is formed of a poly vinyl alcohol film.

3. The circular polarizer of claim 1, wherein the polarizing
film has a transmittance of about 43% to 47%.

4. The circular polarizer of claim 1, wherein the ¥4 wave-
length plate comprises a monoaxial oriented film.

5. The circular polarizer of claim 4, wherein the %4 wave-
length plate has an in-plane phase difference of about 120 nm
to 170 nm in a wavelength of about 550 nm.

6. A reflective liquid crystal display comprising:

an upper substrate;

a lower substrate facing the upper substrate at a predeter-
mined distance;

a liquid crystal cell disposed between the upper substrate
and the lower substrate;

a reflective plate disposed between the lower substrate and
the liquid crystal cell or under the lower substrate; and

a circular polarizer disposed on the upper substrate,

wherein the circular polarizer comprises: a polarizer com-
prising a polarizing film in which an absorption axis has
an angle of about 85° to about 95° with respect to a liquid
crystal alignment direction of a liquid crystal cell,
where, in CIE coordinates, a color “a” is about -1 to
about —-0.6 and a color “b” is about 0.3 to about 2.5; and
a Y4 wavelength plate in which an optical axis has an
angle of about 130° to about 140° with respect to the
liquid crystal alignment direction of the light crystal cell.

7. The reflective liquid crystal display of claim 6, wherein
the polarizing film is formed of a poly vinyl alcohol film.

8. The reflective liquid crystal display of claim 6, wherein
the polarizing film has a transmittance of about 43% to 47%.

9. The reflective liquid crystal display of claim 6, wherein
the %4 wavelength plate comprises a monoaxial oriented film.

10. The reflective liquid crystal display of claim 9, wherein
the Y4 wavelength plate has an in-plane phase difference of
about 120 nm to 170 nm in a wavelength of about 550 nm.

11. The reflective liquid crystal display of claim 6, wherein
the reflective liquid crystal display is operated in an in plane
switching (IPS) mode or an electrically controlled birefrin-
gence (ECB) mode.
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