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(57) ABSTRACT

A liquid crystal display (LCD) device includes first and sec-
ond substrates, an electrically controlled birefringence (ECB)
mode liquid crystal layer between the first and second sub-
strates, a first polarizer under the first substrate, a second
polarizer on the second substrate, and a first compensation
film between the first and second polarizers, wherein an opti-
cal transmission axis of the first compensation film is set at a
90° angle with respect to an alignment direction of the ECB
liquid crystal layer.
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LIQUID CRYSTAL DISPLAY DEVICE

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention

[0002] Embodiments of the present invention relate to a
liquid crystal display device. More particularly, embodiments
of the present invention relate to an electrically controlled
birefringence liquid crystal display device operating at a not-
mally black mode and having an enhanced contrast ratio.
[0003] 2. Description of the Related Art

[0004] Liquid crystal display (LCD) devices refer to flat
displays employing electro-optical properties of liquid crys-
tal to display images. Conventional LCD devices may include
absorptive, scattering, reflective, and polarization modula-
tion-type LCD devices.

[0005] A conventional polarization modulation-type LCD
device may be characterized as a twisted nematic (TN) LCD,
i.e., a display device employing nematic type liquid crystal
molecules between two substrates, and/or an electrically con-
trolled birefringence (ECB) LCD, i.e., a display configured to
convert optical retardation in order to control light transmit-
tance. Application of voltage to the polarization modulation-
type LCD may affect polarization of light passing through the
liquid crystal layer, e.g., through the TN liquid crystal mol-
ecules, thereby controlling light transmittance in the LCD to
form images. The images may be formed either in a normally
white mode or in a normally black mode.

[0006] The normally white mode refers to a bright display,
1.e., maximized light transmittance, under a low voltage
application and to a dark display under a high voltage appli-
cation. The normally black mode refers to a dark display, i.e.,
minimized light transmittance, under a low voltage applica-
tion, e.g., a non-operational state, and to a bright display
under a high voltage application. Even though the normally
black mode may exhibit a relatively lower light transmittance
as compared to the normally white mode, the normally black
mode may be characterized with a low power consumption
when many dark grey levels are displayed. Further, the nor-
mally black mode may exhibit a higher power efficiency than
the normally white mode due to its ability to employ a standby
power to display images when a power source is turned off.
Accordingly, it may be advantageous to employ a polariza-
tion modulation-type LCD device operating at a normally
black mode.

[0007] However, a manufacturing process of an LCD
device operating at a normally black mode may be complex.
In particular, the normally black mode may be realized by
either a vertical alignment (VA) method, i.e., vertically align-
ing liquid crystal molecules with respect to the substrates at a
low voltage state, or by an in-plane switching (IPS) method,
i.e., horizontally aligning liquid crystal molecules with
respect to the substrates, so that a light absorption axis of a
polarizer may be perpendicular to an alignment direction of
the liquid crystal molecules. As such, realizing a normally
black mode may be difficult in LCD devices due to light
dispersion through the liquid crystal molecules. Further, the
light dispersion may decrease the contrast ratio of the LCD
device. Accordingly, conventional LCD devices operating at
anormally black mode may requirea complex manufacturing
process with high manufacturing costs.

SUMMARY OF THE INVENTION

[0008] Embodiments of the present invention are therefore
directed to a liquid crystal display (LCD) device, which sub-
stantially overcomes one or more of the disadvantages of the
related art.
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[0009] It is therefore a feature of an embodiment of the
present invention to provide an electrically controlled bire-
fringence (ECB) LCD device operating at a normally black
mode and having a high contrast ratio.

[0010] Itisanother feature of an embodiment of the present
invention to provide an ECB LCD device operating at a
normally black mode and having a simplified manufacturing
process at reduced costs.

[0011] At least one of the above and other features and
advantages of the present invention may be realized by pro-
viding aLCD device, including first and second substrates, an
electrically controlled birefringence (ECB) mode liquid crys-
tal layer between the first and second substrates, a first polar-
izer under the first substrate, a second polarizer on the second
substrate, and a first compensation film between the first and
second polarizers, wherein an optical transmission axis of the
first compensation film is set at a 90° angle with respect to an
alignment direction of the ECB liquid crystal layer.

[0012] Thefirst and second polarizers may be configured to
have perpendicular light absorption axes. The ECB mode
liquid crystal layer may have an alignment direction of about
45°. A retardation of the first compensation film may substan-
tially equal a retardation of the ECB liquid crystal layer. The
retardation of the first compensation film may be about A/2.
The first compensation film may be between the ECB liquid
crystal layer and the second polarizer. The first compensation
film may include a half wave plate. The LCD device may be
configured to operate in a normally black mode.

[0013] The LCD device may further include a second com-
pensation film between the first and second polarizers, the
second compensation film having an optical transmission
axis set at a 90° angle with respect to the alignment direction
of the ECB liquid crystal layer. The ECB liquid crystal layer
may be between the first and second compensation films. The
first compensation film may be between the ECB liquid crys-
tal layer and the first polarizer. The second compensation film
may be between the ECB liquid crystal layer and the second
polarizer. The first and second compensation films may have
substantially same optical retardation values. Each of the first
and second compensation films may include a quarter wave
plate. A sum of optical retardation values of the first and
second compensation films may substantially equal an optical
retardation value of the liquid crystal layer.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] The above and other features and advantages of the
invention will become more apparent to those of ordinary
skill in the art by describing in detail exemplary embodiments
thereof with reference to the attached drawings, in which:
[0015] FIG. 1 illustrates a schematic cross-sectional view
of a liquid crystal display (LCD) device according to an
embodiment of the present invention;

[0016] FIG. 2 illustrates an exploded detailed perspective
view of the LCD device in FIG. 1;

[0017] FIG. 3 illustrates a diagram of optical alignments of
components of the LCD device in FIG. 1 according to an
embodiment of the present invention;

[0018] FIG. 4 illustrates a schematic cross-sectional view
of a LCD device according to another embodiment of the
present invention; and

[0019] FIG. Sillustrates a diagram of optical alignments of
components of the LCD device in FIG. 4 according to an
embodiment of the present invention.
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DETAILED DESCRIPTION OF THE INVENTION

[0020] Korean Patent Application No. 10-2007-0009010,
filed on Jan. 29, 2007, in the Korean Intellectual Property
Office, and entitled: “Liquid Crystal Display Device,” is
incorporated by reference herein in its entirety.

[0021] Embodiments of the present invention will now be
described more fully hereinafter with reference to the accom-
panying drawings, in which exemplary embodiments of the
invention are illustrated. Aspects of the invention may, how-
ever, be embodied in different forms and should not be con-
strued as limited to the embodiments set forth herein. Rather,
these embodiments are provided so that this disclosure will be
thorough and complete, and will fully convey the scope of the
invention to those skilled in the art.

[0022] In the figures, the dimensions of layers and regions
may be exaggerated for clarity of illustration. It will also be
understood that when alayer or element is referred to as being
“on” another layer or substrate, it can be directly on the other
layer or substrate, or intervening layers may also be present.
Further, it will be understood that when a layer is referred to
as being “under” another layer, it can be directly under, and
one or more intervening layers may also be present. In addi-
tion, it will also be understood that when a layer is referred to
as being “between” two layers, it can be the only layer
between the two layers, orone or more intervening layers may
also be present. Like reference numerals refer to like elements
throughout.

[0023] An exemplary embodiment of a liquid crystal dis-
play (LCD) device according to the present invention will be
described in more detail below with references to FIGS. 1-3.
As illustrated in FIGS. 1-2, the LCD may include a lower
substrate 110, an upper substrate 120, a liquid crystal layer
130 between the lower and upper substrates 110 and 120, first
and second compensation films 116 and 123, and first and
second polarizers 117 and 124. The lower and upper sub-
strates 110 and 120 may be between the first and second
polarizers 117 and 124. More particularly, as illustrated in
FIG. 1, the first compensation film 116 may be between the
lower substrate 110 and the first polarizer 117, and the second
compensation film 123 may be between the upper substrate
120 and the second polarizer 124. For example, the LCD may
be assembled so that the first polarizer 117, the first compen-
sation film 116, the lower substrate 110, the liquid crystal
layer 130, the upper substrate 120, the second compensation
film 123, and the second polarizer 124 are stacked sequen-
tially, as further illustrated in FI1G. 1.

[0024] As illustrated in FIG. 2, the LCD may further
include a plurality of gate and data lines 111 and 112 in a
matrix pattern on a surface of the lower substrate 110. For
example, the gate and data lines 111 and 112 may be between
the lower and upper substrates 110 and 120, and the gate and
data lines 111 and 112 may intersect one another, e.g., pet-
pendicularly, to define a pixel region 113, as further illus-
trated in FIG. 2. A pixel electrode 115 and a thin film transis-
tor (TFT) 114 may be formed in the pixel region 113, so that
the TFT 114 is at an intersection point of the gate and data
lines 111 and 112. The TFT 114 may connect the pixel elec-
trode 115 to the gate and data lines 111 and 112. A color filter
121 and a common electrode 122 may be formed between the
upper substrate 120 and the second compensation film 123, as
further illustrated in FIG. 2.

[0025] The LCD may further include a back light unit (not
shown) under the lower substrate 110 to provide a driver
integrated circuit (IC) and a light source. The driver IC may
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include a printed circuit board (PCB) and a driving circuit.
The PCB may generate scan and data signals, and the driving
circuit may supply the generated scan and data signals to
corresponding gate and data lines 111 and 112 in accordance
with a signal received from an external source via a flexible
printed circuit (FPC) electrically connected to a pad unit. The
light source may emit light [ toward the liquid crystal layer
130, as illustrated in FI1G. 2.

[0026] The liquid crystal layer 130 of the LCD may be
configured to exhibit electrically controlled birefringence
(ECB), so that the light L incident on the liquid crystal layer
130 may be reflected therefrom in a form of two rays of light
having different refractive indices, i.e., having a predeter-
mined optical retardation. The liquid crystal layer 130 may
have a predetermined alignment direction, and may be opti-
cally configured with respect to the first and second polarizers
117 and 124, and with respect to the first and second com-
pensation films 116 and 123, in order to improve control of
light transmittance therethrough via control of the predeter-
mined optical retardation, thereby improving contrast ratio of
an ECB LCD operating at a normally black mode, as will be
discussed in more detail below with respect to FI1G. 3.
[0027] Each of the first and second compensation films 116
and 123 of the LCD may exhibit birefringence. For example,
each of the first and second compensation films 116 and 123
may be a quarter-wave plate to exhibit birefringence of Ya
phase, 1.e., optical retardation of about 90°. Accordingly, each
of the first and second compensation films 116 and 123 may
have a birefringence that substantially equals about 1 of a
birefringence of the liquid crystal layer 130, so that a sum of
optical retardation values of the first and second compensa-
tion films 116 and 123 may substantially equal the predeter-
mined optical retardation of the liquid crystal layer 130. It
should be noted, however, that the birefringence values of the
first and second compensation films 116 and 123 may not be
equal, as long as the sum of optical retardation values thereof
substantially equals the predetermined optical retardation of
the liquid crystal layer 130. Further, an optical transmission
axis of each of the first and second compensation films 116
and 123 may be set at an angle of about 90° with respect to the
predetermined alignment direction of the liquid crystal layer
130, as illustrated in FIG. 3.

[0028] Each of the first and second polarizers 117 and 124
of the LCD may be any suitable polarizer employed in a LCD
by one of ordinary skill in the art. The first and second polar-
izers 117 and 124 may be configured to have perpendicular
light absorption axis to each other. Maximum light transmit-
tance in each of the first and second polarizers 117 and 124
may be at 90° with respect to a respective absorption axis. For
example, if the first polarizer 117 has a light absorption axis
at about 0°, its maximum light transmittance may be at about
90°.

[0029] Accordingly, for example, if the liquid crystal layer
130 is configured an alignment direction of about 45°, each of
the first and second compensation films 116 and 123 may be
configured to have an optical transmission axis of about 135°,
and the first and second polarizers 117 and 124 may be con-
figured to have light absorption axes of about 0° and about
90°, respectively. Alternatively, the first and second polarizers
117 and 124 may be configured to have light absorption axes
at about 90° and about 0° respectively. In this respect, it
should be noted that the plane of alignment is the xz-plane, as
illustrated in FIG. 3, and angles are expressed with respect to
the positive x-axis.
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[0030] Accordingly, when light is incident on the first
polarizer 117, rays of light directed along the light absorption
axis, e.g., about 0°, may be absorbed therein, while rays of
light in other directions may be transmitted through the first
polarizer 117 toward the first compensation film 116. The
light transmitted toward the first compensation film 116 may
be inserted therefrom with a phase delay of about (+A/4) to be
incident on the liquid crystal layer 130. The light may be
inserted in the liquid crystal layer 130, so that the light may be
passed in the liquid crystal layer 130 with a phase delay of
about /2, therefore the passed to liquid crystal layer 130 light
may be a phase delay of about (-A/4). The light with a phase
delay of about (-A/4) may be passed thorough the second
compensation film 123. The compensation film have a phase
delay of about (+\/4). Therefore, the passed to the second
compensation film light may be a phase delay of about 0. In
other words, due to the configuration of the optical transmis-
sion axis of the first compensation film 116 with respect to the
liquid crystal alignment direction of the liquid crystal layer
130, 1.c., 90°, the light is incident on the second compensation
film 123 at a total phase delay of about zero.

[0031] Next, the light incident on the second compensation
film 123 may be inserted therefrom at an additional phase
delay of about %/4, so that the light passed through from the
second compensation film 123 toward the second polarizer
124 may be at a substantially same phase as a phase delay of
about zero. In other words, the optical retardation caused by
the liquid crystal layer 130 may be substantially eliminated.
Finally, the light inserted from the second compensation film
123 may be incident on the second polarizer 124 to be com-
pletely absorbed therein, thereby providing a normally black
mode, i.e., dark state when voltage is not applied to the LCD
device.

[0032] The LCD device according to embodiments of the
present invention may be advantageous in configuring the
liquid crystal layer 130 at an optical alignment with respect to
the first and second compensation films 116 and 123, so that
the initial optical retardation of the liquid crystal layer 130
may be substantially removed, thereby facilitating operation
of the ECB LCD at a normally black mode.

[0033] According to another embodiment of the present
invention illustrated in FIG. 4, a LCD device may be substan-
tially similar to the LCD described previously with respect to
FIGS. 1-3, with the exception of including a single compen-
sation film 223 instead of first and second compensation films
116 and 123. In other words, the liquid crystal layer 130 may
be positioned directly above the first polarizer 117, and the
single compensation film 223 and the second polarizer 124
may be formed sequentially above the liquid crystal layer
130. In this respect, it is noted that the term “single” with
respect to the single compensation film 223 is used solely to
distinguish the single compensation film 223 from the first
and second compensation films 116 and 123, and therefore,
does not indicate any structural characteristics thereof.

[0034] The single compensation film 223 may be, e.g., a
half-wave plate, and may have an optical transmission axis at
90° with respect to the predetermined alignment direction of
the liquid crystal layer 130, as illustrated in FIG. 5. A retar-
dation of the compensation film 223 may be identical to the
retardation of the liquid crystal layer 130, i.e., the compen-
sation film 223 and the liquid crystal layer 130 may have the
same birefringence (An). But the direction of retardation is
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opposed in the compensation film and liquid crystal layer.
The compensation film: positive half wave, the liquid crystal
layer: negative half wave.

[0035] Accordingly, when light is incident on the first
polarizer 117, rays of light may be inserted therefrom toward
the liquid crystal layer 130. The light may be inserted in the
liquid crystal layer 130, so that the light may be passed
through from the liquid crystal layer 130 with a phase delay of
aboutA/2 toward the single compensation film 223. However,
since the single compensation film 223 is a half-wave plate
with an optical transmission axis at a 90° angle with respect to
the liquid crystal alignment direction of the liquid crystal
layer 130. The single compensation film have a phase delay of
(+M2), the liquid crystal layer have a phase delay of (-A/2).
Therefore the light passed through the liquid crystal layer 130
and single compensation film 223 may be a phase delay of
zero. In other words, the light inserted from the compensation
film 223 toward the second polarizer 124 may have a phase
delay of 0° with respect to the light transmitted through the
first polarizer 117, i.e., an initial retardation of the liquid
crystal layer 130 may be removed by the single compensation
film 223. Since the first and second polarizers 117 and 124
have perpendicular absorption axes, the light incident on the
second polarizer 124 may be completely absorbed by the
second polarizer, so that the ECB LCD may operate at a
normally black mode.

[0036] The operation principle of the ECB LCD may be
illustrated with respect to the Jones Matrix method repre-
sented by Equations 1-4 below, wherein 1 denotes an imagi-
nary unit and A denotes a wavelength.

Al 0 Equation 1
—g%
4 ( 0 -1 ]
A @r( 10 l Equation 2
ZE 0 i
A g( 10 ] Equation 3
_e2
2 01
A —in( 1 Equation 4
L)
2 01

[0037] For example, when light is sequentially incident on
the first compensation film 116, liquid crystal layer 130, and
second compensation film 123, the phase delay in each layer
may be offset according to the law of Jones Matrix. More
specifically, when the exponential function of Equations 1-4
equals 1, application of Equations 2, 3 and 2 to the first
compensation film 116, the liquid crystal layer 130, and the
second compensation film 123, respectively, may provide
respective phase delays of A/4, (-A/2) and A/4. When the
exponential function of Equations 1-4 equals 1, application of
Equations 3 and 4 to the liquid crystal layer 130 and the single
compensation film 223, respectively, may provide respective
phase delays of A/2 and (-A/2).

EXAMPLES

[0038] A LCD device according to an embodiment of the
present invention, i.e., ECB LCD operating at a normally
black mode, was compared to conventional LCD devices, i.e.,
advanced super view (ASV) LCD and multi-domain vertical
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alignment (MVA) LCD, in terms of contrast ratio with respect
to wide viewing angles. Results are reported in Table 1 below.

TABLE 1
ASV (sharp) MVA (TMD)
Transreflective Transreflective
NB ECB LCD LCD
Contrast Ratio 340:1 300:1 348:1

[0039] As described above, embodiments of the present
invention provide a normally black (NB) ECB mode LCD
device having a compensation film between a liquid crystal
layer and a polarizer, so that an optical transmission axis of
the compensation film is perpendicular to an alignment direc-
tion ofthe liquid crystal layer. Such a configuration of an ECB
LCD device may minimize initial retardation of the liquid
crystal layer, thereby increasing a contrast ratio of the NB
ECB LCD. Further, the ECB LCD device may have a simple
structure, thereby decreasing manufacturing steps and costs
in order to enhance its productivity and reduce a unit price
thereof.

[0040] Exemplary embodiments of the present invention
have been disclosed herein, and although specific terms are
employed, they are used and are to be interpreted in a generic
and descriptive sense only and not for purpose of limitation.
Accordingly, it will be understood by those of ordinary skill
in the art that various changes in form and details may be
made without departing from the spirit and scope of the
present invention as set forth in the following claims.

What is claimed is:

1. A liquid crystal display (LCD) device, comprising;

first and second substrates;

an electrically controlled birefringence (ECB) mode liquid
crystal layer between the first and second substrates;

a first polarizer under the first substrate;

a second polarizer on the second substrate; and

a first compensation film between the first and second
polarizers;

wherein an optical transmission axis of the first compen-
sation film is set at a 90° angle with respect to an align-
ment direction of the ECB liquid crystal layer.
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2. The LCD device as claimed in claim 1, wherein the first
and second polarizers are configured to have perpendicular
light absorption axes.

3. The LCD device as claimed in claim 1, wherein the ECB
mode liquid crystal layer has an alignment direction of about
45°.

4. The LCD device as claimed in claim 1, wherein a retar-
dation of the first compensation film substantially equals a
retardation of the ECB liquid crystal layer.

5. The LCD device as claimed in claim 4, wherein the
retardation of the first compensation film is about A/2.

6. The LCD device as claimed in claim 4, wherein the first
compensation film is between the ECB liquid crystal layer
and the second polarizer.

7. The LCD device as claimed in claim 1, wherein the first
compensation film includes a half wave plate.

8. The LCD as claimed in claim 1, further comprising a
second compensation film between the first and second polar-
izers, the second compensation film having an optical trans-
mission axis set at a 90° angle with respect to the alignment
direction of the ECB liquid crystal layer.

9. The LCD device as claimed in claim 8, wherein the ECB
liquid crystal layer is between the first and second compen-
sation films.

10. The LCD device as claimed in claim 9, wherein the first
compensation film is between the ECB liquid crystal layer
and the first polarizer.

11. The LCD device as claimed in claim 10, wherein the
second compensation film is between the ECB liquid crystal
layer and the second polarizer.

12. The LCD device as claimed in claim 8, wherein the first
and second compensation films have substantially same opti-
cal retardation values.

13. The LCD device as claimed in claim 12, wherein each
of the first and second compensation films includes a quarter
wave plate.

14. The LCD device as claimed in claim 12, wherein a sum
of optical retardation values of the first and second compen-
sation films substantially equals an optical retardation value
of the liquid crystal layer.

15. The LCD device as claimed in claim 1, the LCD device
is configured to operate in a normally black mode.

% ok ok sk ok



LR EH(F)

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

HAT R E (TR AGE)

#RI&ZBAA
4PN

IPCH %5
CPCH %5
11 AR

H A2 FF 30k
ShEREESE

BEG®F)

RELR (LCD ) FEEREE-—NE-ER , £FE-—NE_ERZEH
BEXTH (ECB) EXKEE , EF —ERTEANE —RikE , 5
“ERENE-miRESE  ARFE-NE-RiRkeF BN E MR , &
5 —FMEERE X FE S AR TECBR ARG 5 @R ERKI0° A,

patsnap
BRIETREE

US20080180605A1 NI (»&E)B 2008-07-31

US12/010608 RiEH 2008-01-28

KIM GHANG

KIM GHANG

KIM GHANG

KIM GHANG

KIM, GHANG

GO02F1/13363 G02F1/1335

GO02F1/1393 G02F1/13363

1020070009010 2007-01-29 KR

US7733450

Espacenet USPTO

124
123

121
122

lZO{L : /_—*'/7 E
/2/7 /:”7/'63’7 117
//(:i_

116
115



https://share-analytics.zhihuiya.com/view/bfa5f71f-8376-4a5e-9ef7-20faad6154d2
https://worldwide.espacenet.com/patent/search/family/039667530/publication/US2008180605A1?q=US2008180605A1
http://appft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PG01&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.html&r=1&f=G&l=50&s1=%2220080180605%22.PGNR.&OS=DN/20080180605&RS=DN/20080180605

