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FIG. 2
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FIG. 7
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FIG. 8
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LIQUID CRYSTAL DISPLAY

[0001] This application claims priority to Korean Patent
Application No. 10-2007-0100990, filed on Oct. 8, 2007, and
all the benefits accruing therefrom under 35 U.S.C. §119, the
contents of which in its entirety are herein incorporated by
reference.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to a display, and more
particularly, to a liquid crystal display.

[0004] 2. Description of the Related Art

[0005] A liquid crystal display (“LCD”) typically includes
a first display substrate including thin-film transistors
(“TFTs”), a second display substrate facing the first display
substrate, and a liquid crystal layer including liquid crystal
molecules interposed between the first display substrate and
the second display substrate. The LCD takes advantage of
electrical and optical anisotropy and mobility of the liquid
crystal molecules to control transmittance of light by chang-
ing the alignment of the liquid crystal molecules using an
electrical signal. Specifically, the LCD changes polarization
of incident light using birefringence anisotropy of the liquid
crystal molecules. To this end, a polarizing film is attached to
a top surface of the second display substrate and a bottom
surface of the first display substrate of the LCD.

[0006] As light emitted from a lamp passes through the
LCD, it is linearly polarized by a polarizing film of the LCD
suchthat a desired image is displayed for a user, e.g., a person
viewing at the LCD. However, if the user is wearing polarized
sunglasses, such as in an outdoor environment, a luminance
of the LCD in a specific direction significantly deteriorates.
For example, if a polarization axis of the polarizer through
which light emitted from the lamp passes is perpendicular to
that of the polarized sunglasses, the user wearing the polar-
ized sunglasses cannot view image information displayed by
the LCD. Additionally, the polarized sunglasses reduce over-
all luminance of the LCD except when the polarization axis of
the polarizer is substantially parallel to a polarization axis of
the polarized sunglasses.

BRIEF SUMMARY OF THE INVENTION

[0007] The present invention has been made in an effort to
solve the above stated problems, and an exemplary embodi-
ment of the present invention provides a liquid crystal display
(“LCD”), aluminance of which is substantially constant, e.g.,
is not reduced, when viewed by a user wearing polarized
sunglasses.

[0008] More specifically, an LCD according to an exem-
plary embodiment of the present invention includes: a liquid
crystal panel having a reflective region in which a first image
is displayed in a first viewing direction and a transmissive
region in which a second image is displayed in a second
different viewing direction; a first optical film assembly dis-
posed on a first surface of the liquid crystal panel and includ-
ing a first phase-difference film which has a first phase dif-
ference, and a first polarizing film; a second optical film
assembly disposed on a second opposite surface of the liquid
crystal panel and including a second phase-difference film
which has a second phase difference, and a second polarizing
film; and a phase-difference compensating film disposed on
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at least one of the first polarizing film and the second polar-
izing film. The phase-difference compensating film circularly
or elliptically polarizes light.

[0009] An LCD according to alternative exemplary
embodiment of the present invention further includes a first
display substrate, a second display substrate facing the first
display substrate, and a liquid crystal layer disposed between
the first display substrate and the second display substrate.
The first display substrate includes a first gate line and a
second gate line disposed in a first direction; a data line which
crosses the first gate line and the second gate line and is
disposed in a second opposite direction, the data line being
insulated from the first gate line and the second gate line; a
first thin-film transistor formed at an intersection of the first
gate line and the data line; a second thin-film transistor
formed at an intersection of the second gate line and the data
line; a first subpixel electrode connected to the first thin-film
transistor and formed in the transmissive region; and a second
subpixel electrode connected to the second thin-film transis-
tor and formed in the reflective region.

[0010] AnLCD according to another alternative exemplary
embodiment of the present invention further includes a first
display substrate, a second display substrate facing the first
display substrate, and a liquid crystal layer disposed between
the first display substrate and the second display substrate.
The first display substrate includes a gate line disposed in a
first direction; a first data line and a second data line which
cross the gate line, are disposed in a second opposite direc-
tion, and are insulated from the gate line; a first thin-film
transistor formed at an intersection of the gate line and the
first data line; a second thin-film transistor formed at an
intersection of the gate line and the second data line; a first
subpixel electrode connected to the first thin-film transistor
and formed in the transmissive region; and a second subpixel
electrode connected to the second thin-film transistor and
formed in the reflective region.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] The above and other aspects, features and advan-
tages of the present invention will become more readily
apparent by describing in further detail exemplary embodi-
ments thereof with reference to the accompanying drawings,
in which:

[0012] FIG. 1 is an exploded perspective view of a liquid
crystal display (“LCD”) according to an exemplary embodi-
ment of the present invention;

[0013] FIG. 2 is a partial cross-sectional view of the LCD
according to the exemplary embodiment of the present inven-
tion shown in FIG. 1;

[0014] FIG. 3 is a chart which illustrates variation of a
polarized state of light in a transmissive region of the LCD
according to the exemplary embodiment of the present inven-
tion shown in FIG. 1;

[0015] FIG. 4 is a chart which illustrates variation of a
polarized state of light in a reflective region of the LCD
according to the exemplary embodiment of the present inven-
tion shown in FIG. 1;

[0016] FIG. 5 is a layout plan view of a first display sub-
strate of the LCD according to the exemplary embodiment of
the present invention shown in FIG. 1;

[0017] FIG. 6 is a partial cross-sectional view taken along
line VI-VT of FIG. 5;
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[0018] FIG. 7 is a partial cross-sectional view of an LCD
according to an alternative exemplary embodiment of the
present invention; and
[0019] FIG. 8 is a partial cross-sectional view of an LCD
according to another alternative exemplary embodiment of
the present invention.

DETAILED DESCRIPTION OF THE INVENTION

[0020] The invention will now be described more fully
hereinafter with reference to the accompanying drawings, in
which exemplary embodiments of the invention are shown.
The present invention may, however, be embodied in many
different forms and should not be construed as limited to the
embodiments set forth herein. Rather, these embodiments are
provided so that this disclosure will be thorough and com-
plete, and will fully convey the scope of the invention to those
skilled in the art. Like reference numerals refer to like ele-
ments throughout.

[0021] It will be understood that when an element is
referred to as being “on” another element, it can be directly on
the other element or intervening elements may be present
therebetween. In contrast, when an element is referred to as
being “directly on” another element, there are no intervening
elements present. As used herein, the term “and/or” includes
any and all combinations of one or more of the associated
listed items.

[0022] Tt will be understood that although the terms “first,”
“second,” “third” etc. may be used herein to describe various
elements, components, regions, layers and/or sections, these
elements, components, regions, layers and/or sections should
not be limited by these terms. These terms are only used to
distinguish one element, component, region, layer or section
from another element, component, region, layer or section.
Thus, a first element, component, region, layer or section
discussed below could be termed a second element, compo-
nent, region, layer or section without departing from the
teachings of the present invention.

[0023] The terminology used herein is for the purpose of
describing particular embodiments only and is not intended to
be limiting of the invention. As used herein, the singular
forms “a”, “an” and “the” are intended to include the plural
forms as well, unless the context clearly indicates otherwise.
It will be further understood that the terms “comprises” and/
or“comprising,” or “includes” and/or “including,” when used
in this specification, specify the presence of stated features,
regions, integers, steps, operations, elements and/or compo-
nents, but do not preclude the presence or addition of one or
more other features, regions, integers, steps, operations, ele-
ments, components and/or groups thereof.

[0024] Furthermore, relative terms, such as “lower” or
“bottom” and “upper” or “top” may be used herein to describe
one element’s relationship to other elements as illustrated in
the Figures. It will be understood that relative terms are
intended to encompass different orientations of the device in
addition to the orientation depicted in the Figures. For
example, if the device in one of the figures is turned over,
elements described as being on the “lower” side of other
elements would then be oriented on the “upper” side of the
other elements. The exemplary term “lower” can, therefore,
encompass both an orientation of “lower” and “upper,”
depending upon the particular orientation of the figure. Simi-
larly, if the device in one of the figures were turned over,
elements described as “below” or “beneath” other elements
would then be oriented “above” the other elements. The
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exemplary terms “below” or “beneath” can, therefore,
encompass both an orientation of above and below.

[0025] Unless otherwise defined, all terms (including tech-
nical and scientific terms) used herein have the same meaning
as commonly understood by one of ordinary skill in the art to
which the present invention belongs. It will be further under-
stood that terms, such as those defined in commonly used
dictionaries, should be interpreted as having a meaning which
is consistent with their meaning in the context of the relevant
art and the present disclosure, and will not be interpreted in an
idealized or overly formal sense unless expressly so defined
herein.

[0026] Exemplary embodiments of the present invention
are described herein with reference to cross section illustra-
tions which are schematic illustrations of idealized embodi-
ments of the present invention. As such, variations from the
shapes of the illustrations as a result, for example, of manu-
facturing techniques and/or tolerances, are to be expected.
Thus, embodiments of the present invention should not be
construed as limited to the particular shapes of regions illus-
trated herein but are to include deviations in shapes which
result, for example, from manufacturing. For example, a
region illustrated or described as flat may, typically, have
rough and/or nonlinear features. Moreover, sharp angles
which are illustrated may be rounded. Thus, the regions illus-
trated in the figures are schematic in nature and their shapes
are not intended to illustrate the precise shape of a region and
are not intended to limit the scope of the present invention.
[0027] Hereinafter, exemplary embodiments of the present
invention will be explained in further detail with reference to
the accompanying drawings.

[0028] A liquid crystal display (“LCD”) according to an
exemplary embodiment of the present invention will now be
described in further detail with reference to FIGS. 1 and 2.
FIG. 1 is an exploded perspective view of an LCD according
to an exemplary embodiment of the present invention. FIG. 2
is a partial cross-sectional view of the LCD according to the
exemplary embodiment of the present invention shown in
FIG. 1.

[0029] The LCD according to exemplary embodiments of
the present invention can be used in various devices, includ-
ing small- and medium-sized displays such as portable mul-
timedia players (“PMPs”), personal digital assistants
(“PDAs”), portable digital versatile disk (“DVD”) players,
cellular telephones, notebook computers, digital still cameras
(“DSCs”) and digital still videos (“DSVs”), as well as
medium- and large-sized displays such as digital televisions,
for example, but not being limited thereto.

[0030] For simplicity of description, exemplary embodi-
ments of the present invention will hereinafter be described
with reference to use in a cellular telephone which is used in
an outdoor environment having natural light, e.g., sunlight.
However, alternative exemplary embodiments of the present
invention are not limited thereto. Rather, alternative exem-
plary embodiments may be used in any of the above-men-
tioned devices, as well as any other device which requires an
LCD.

[0031] Referring to FIGS. 1 and 2, an LCD 100 includes a
liquid crystal panel 140, a first optical film assembly 130 and
a second optical film assembly 150 disposed on opposite
sides of the liquid crystal panel 140, and a front light unit 105
disposed on the first optical film assembly 130.

[0032] The liquid crystal panel 140 controls transmittance
of light which passes through a liquid crystal layer 146
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according to an intensity of a voltage applied to the liquid
crystal layer 146 and displays image information, such as
characters, numbers and icons, for example, thereon. The
liquid crystal panel 140 includes a first display substrate 142
having a thin-film transistor (“TFT”) array (not shown), a
second display substrate 144 substantially facing the first
display substrate 142. The liquid crystal layer 146 is inter-
posed substantially between the first display substrate 142
and the second display substrate 144 and includes liquid
crystal molecules.

[0033] Thefirst display substrate 142 includes a plurality of
gate lines, a plurality of data lines, and a pixel electrode (none
shown). The gate lines extend in a first direction, e.g., a
substantially horizontal or row direction, on the first display
substrate 142 and transmit gate signals, while the data lines
extend in a second opposite direction, e.g., a substantially
vertical or column direction, on the first display substrate 142
and transmit data signals. In an exemplary embodiment, the
pixel electrode is made of a transparent conductive material
such as indium tin oxide (“ITO”) or indium zinc oxide
(“170™), for example, but is not limited thereto.

[0034] Switching devices (not shown) are formed at inter-
sections ofthe gate lines and the data lines. Anoutput terminal
of each switching device is connected to a storage capacitor
(not shown) and a liquid crystal capacitor (not shown). In
addition, each switching device is implemented as a TFT
using amorphous silicon (“a-Si”) or polysilicon (“p-Si”) as a
channel layer. A terminal of the storage capacitor may be
connected to a common voltage.

[0035] Referring still to FIGS. 1 and 2, the second display
substrate 144 faces the first display substrate 142 and includes
red, green and/or blue color filters (not shown) in regions
corresponding to the pixel electrode so that each pixel dis-
plays acolor. The color filters may be disposed on or under the
pixel electrode. In addition, a common electrode (not shown)
made of a transparent conductive material, such as ITO or
170, for example, is formed on the color filters.

[0036] The liquid crystal layer 146 includes liquid crystal
molecules (not shown) disposed between the first display
substrate 142 and the second display substrate 144. A direc-
tion in which the liquid crystal molecules are arranged is
determined by a voltage applied, from an external source (not
shown), to the liquid crystal layer 146. Therefore, transmit-
tance of light which passes through the liquid crystal layer
146 is adjusted according to the direction in which the liquid
crystal molecules are arranged. In an exemplary embodiment,
the liquid crystal molecules in the liquid crystal layer 146 are
arranged in a vertical alignment (“VA”) mode, but alternative
exemplary embodiments arenot limited thereto. For example,
the liquid crystal molecules may be arranged in a twisted
nematic (“TN”) mode, a reverse TN mode, a mixed TN mode,
a homogeneous alignment mode, or a reverse electrically
controlled birefringence (“ECB”) mode.

[0037] The pixel electrode of the firstdisplay substrate 142,
the common electrode of the second display substrate 144,
and the liquid crystal layer 146 form the liquid crystal capaci-
10r.

[0038] The liquid crystal panel 140 included in the LCD
100 according to an exemplary embodiment is semi-trans-
missive. For example, the liquid crystal panel 140 may be
divided into a reflective region and a transmissive region.
More specifically, the reflective region is a region wherein a
reflector 160 (FIG. 2) is disposed between the first display
substrate 142 and the second display substrate 144. In the
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reflective region, lamp light 112 from a lamp 110 and external
light 114 are reflected substantially upward (as viewed in
FIGS. 1 and 2) by the reflector 160 to form a sub image SUB
IMAGE. Conversely, the transmissive region is a region not
including the reflector 160. Thus, the lamp light 112 and the
external light 114 pass downward through the transmissive
region of the liquid crystal panel 140 and form a main image
MAIN IMAGE.

[0039] A driving integrated circuit (“1C”) 147 receives a
gate control signal, a data control signal, and a data signal
froma printed circuit board (“PCB”) (not shown) via an input
terminal thereof and transmits a gate driving signal and a data
driving signal to the gate lines and the data lines, respectively,
formed on the first display substrate 142 via an output termi-
nal thereof. Therefore, a desired image is displayed on the
liquid crystal panel 140.

[0040] As shown in FIG. 1, in an exemplary embodiment,
the driving IC 147 is mounted on a peripheral region of the
first display substrate 142, e.g., not in an image display region
which corresponds to the second display substrate 144. Fur-
ther, the driving IC 147 is mounted on the peripheral region of
the first display substrate 142 using a chip on glass (“COG”)
method so that the output terminal of the driving 1C 147 is
connected to the gate lines and the data lines extending toward
the driving IC 147 from the image display region. As
described in further detail above, the gate driving signal and
the data driving signal generated by the driving IC 147 are
transmitted to each pixel in the image display region of the
first display substrate 142.

[0041] A flexible PCB (“FPCB”) 148 including electric
wiring formed on a flexible board according to a predeter-
mined circuit design connects and/or supports various elec-
tronic parts (not shown). The FPCB 148 includes a base film,
terminal regions, and an interface region. A plurality of thin
metal-sheet patterns, e.g., lead terminals (not shown), are
arranged in the terminal regions on both sides of the base film.
Additional thin metal-sheet patterns, e.g., the electric wiring,
are formed in the interface region and connect the terminal
regions arranged on both sides of the base film to each other.
A plurality of through-holes (not shown) may be formed in
the interface region, and electronic parts mounted on the base
film may be connected to the electric wiring by the through-
holes to form an electric circuit.

[0042] Anend of the FPCB 148 formed as described above
is connected to the PCB (not shown), and an opposite end
thereof is connected to the input terminal of the driving IC
147. Therefore, the FPCB 148 delivers the gate driving signal,
the data driving signal and the data signal from the PCB to the
driving IC 147.

[0043] The front light unit 105 is disposed adjacent to the
second display substrate 144 of the liquid crystal panel 140
and supplies light to the liquid crystal panel 140. The front
light unit 105 includes a light guide panel 120 and the lamp
110.

[0044] Thelight guide panel 120 guides light emitted from
the lamp 110. In an exemplary embodiment, the light gnide
panel 120 is made of a transparent plastic material such as
acrylic, for example, and guides light emitted from the lamp
110 toward the liquid crystal panel 140 disposed under the
light guide panel 120. Therefore, various patterns may be
formed on a top surface of the light guide panel 120 to guide
light incident to the light guide panel 120 toward the liquid
crystal panel 140. A prism pattern 122 is formed on the top
surface of the light guide panel 120. In an alternative exem-
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plary embodiment of the present invention, the top surface of
the light guide panel 120 is substantially flat (not shown in
FIGS. 1 and 2) and the prism pattern 122 is formed on a
bottom surface of the light guide panel 122.

[0045] 1In order to increase a display quality of the sub
image SUB IMAGE formed in the reflective region of the
LCD 100, a reflective layer (not shown) may be formed on a
portion of the top surface of the light guide panel 120 which
overlaps the transmissive region. Specifically, the reflective
layer is formed on the portion of the top surface of the light
guide panel 120 which overlaps the transmissive region to
block external light received through the transmissive region
from under the liquid crystal panel 140, since the external
light may decrease the display quality of the sub image SUB
IMAGE formed by the reflective region.

[0046] As shown in FIG. 1., the lamp 110 is disposed at a
peripheral end of the light guide panel 120 to provide light to
a side of the light guide panel 120. In an exemplary embodi-
ment, the lamp 110 is a light emitted diode (“LED”), but in
alternative exemplary embodiments, the lamp 110 may be a
cold cathode fluorescent lamp (“CCFL”) or an external elec-
trode fluorescent lamp (“EEFL”), for example, but is not
limited thereto.

[0047] Stll referring to FIG. 2, the first optical film assem-
bly 130 is interposed between the liquid erystal panel 140 and
the front light unit 105. The first optical film assembly 130
includes a first A/4 phase-difference film 132, a first A/2
phase-difference film 134, a first polarizing film 136, and a
first phase-difference compensating film 138 on an upper
surface of the liquid crystal panel 140.

[0048] The first A/4 phase-difference film 132 is disposed
onthe second display substrate 144 and has a phase difference
of A/4. For example, the first A/4 phase-difference film 132
may have a delay value of approximately 120 nm to approxi-
mately 180 nm with respect to light having a wavelength of
approximately 550 nm, thereby introducing the phase differ-
ence of approximately A/4 such that light which exits the first
W/4 phase-difference film has a wavelength of approximately
370 nm to approximately 430 nm.

[0049] The first A/2 phase-difference film 134 is disposed
on the first A/4 phase-difference film 132 and has a phase
difference, with respect to light having a wavelength of A, of
approximately A/2. For example, the first A/2 phase-differ-
ence film 134 may have a delay value of approximately 240
nm to approximately 320 nm with respect to light having a
wavelength of approximately 550 nm, thereby introducing
the phase difference of approximately A/2, e.g., light exiting
the first A/2 phase-difference film has a wavelength of
approximately 230 nm to approximately 310 nm.

[0050] In an alternative exemplary embodiment, the first
\/2 phase-difference film 134 maybe excluded from the first
optical film assembly 130.

[0051] The first polarizing film 136 is disposed on the first
A2 phase-difference film 134 and polarizes light which
passes therethrough. More specifically, light substantially
perpendicular to a polarization axis of the first polarizing film
136 cannot pass through, e.g., is effectively blocked by, the
first polarizing film 136.

[0052] In an exemplary embodiment, the first polarizing
film 136 is made of polyvinyl alcohol (“PVA”), polycarbon-
ate, polystyrene, or polymethacrylate, for example. A support
film (not shown) may be adhered to a surface of the first
polarizing film 136 to enhance durability, mechanical
strength, thermal resistance, and moisture resistance of the
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first polarizing film 136. The support films may be made of
triacetyl celluous (“TAC”), polyethylene terephthalate, poly-
ethylene glycol, polymethyl metacrylate, or polycarbonate,
for example, but alternative exemplary embodiments of the
present invention are not limited thereto.

[0053] The first phase-difference compensating film 138 is
disposed on the first polarizing film 136 and circularly or
elliptically polarizes light which has been linearly polarized
by the first polarizing film 136. In an exemplary embodiment,
the first phase-difference compensating film 138 is be a A/4
phase-difference film, e.g., the first phase-difference com-
pensating film 138 delays the phase of light by A4, as
described above in greater detail. Therefore, in the LCD 100
according to an exemplary embodiment of the present inven-
tion, a sharp drop in the luminance of the LCD 100 in a
specific viewing direction is be prevented, and a user can see
the sub image SUB IMAGE formed by the circularly or
elliptically polarized light, even if the user is wearing polar-
ized sunglasses which would otherwise prevent the user from
viewing the subimage SUB IMAGE.

[0054] The second optical film assembly 150 is disposed
under the liquid crystal panel 140 in a substantially symmetri-
cal manner with respect to the first optical film assembly 130.
The second optical film assembly 150 includes a second A/4
phase-difference film 152, a second A/2 phase-difference film
154, a second polarizing film 156, and a second phase-differ-
ence compensating film 158 disposed on a lower surface of
the liquid crystal panel 140.

[0055] Still referring to FIGS. 1 and 2, the second A/4
phase-difference film 152 is disposed under the first display
substrate 142 and has a phase difference of approximately
}/4. For example, in an exemplary embodiment, the second
/4 phase-difference film 152 has a delay value of approxi-
mately 120 nm to approximately 180 nm with respect to light
having a wavelength of approximately 550 nm.

[0056] The second A/2 phase-difference film 154 is dis-
posed under the second A/4 phase-difference film 152 and has
a phase difference of }/2. For example, in an exemplary
embodiment of the present invention, the second A/2 phase-
difference film 154 has a delay value of approximately 240
nm to approximately 320 nm with respect to light having a
wavelength of approximately 550 nm.

[0057] Inanalternative exemplary embodiment, the second
22 phase-difference film 154 may be excluded from the
second optical film assembly 150.

[0058] The second polarizing film 156 is disposed under
the second A2 phase-difference film 154 and polarizes light
which passes therethrough. Specifically, light substantially
perpendicular to a polarization axis of the second polarizing
film 156 cannot pass through, e.g., is effectively blocked by,
the second polarizing film 156. In an exemplary embodiment,
the second polarizing film 156 is made of PVA, polycarbon-
ate, polystyrene, or polymethacrylate, for example. A support
film (not shown) may be adhered to a surface of the second
polarizing film 156 to enhance the durability, mechanical
strength, thermal resistance, and moisture resistance of the
second polarizing film 156. The support films may be made of
TAC, polyethylene terephthalate, polyethylene glycol, poly-
methyl metacrylate, or polycarbonate.

[0059] The second phase-difference compensating film
158 is disposed under the second polarizing film 156 and
circularly or elliptically polarizes light which has been lin-
early polarized by the second polarizing film 156. The second
phase-difference compensating film 158 may be a A/4 phase-
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difference film which delays the phase of light by A/4. Thus,
a sharp drop in the luminance of the LCD 100 in a specific
direction is substantially reduced and/or effectively pre-
vented, and a user can see the main image MAIN IMAGE
formed y the circularly or elliptically polarized light even
when the user is wearing polarized sunglasses.

[0060] Relationships between the phase-difference films,
the polarizing films and the phase-difference compensating
films described in greater detail above will now be described
in further detail with reference to FIGS. 2 through 4. More
specifically, a process of forming the subimage SUB IMAGE
and the main image MAIN IMAGE (FIGS. 1 and 2) by
polarizing light emitted from the front light unit 105 using the
relationships between optic, e.g., optical, axes of the phase-
difference films, optic axes of the phase-difference compen-
sating films and polarization axes of the polarizing films will
be described in further detail. FIG. 3 is a chart which illus-
trates variation in a polarized state of light in the transmissive
region ofthe LCD according to the exemplary embodiment of
the present invention shown in FIG. 1. FIG. 4 is a chart which
illustrates variation in a polarized state of light in the reflec-
tive region of the LCD according to the exemplary embodi-
ment of the present invention shown in FIG. 1. For purposes
of description, it will hereinafter be assumed that an angle at
a “three o’clock” position, e.g., pointing substantially to the
right in FIGS. 3 and 4, from a point of view of an observer is
0 degrees and that rotation in a clockwise direction is a for-
ward direction. In addition, a VA mode LCD will be
described. More specifically, in the LCD 100 having the VA
mode, a long axis of the liquid crystal molecules is perpen-
dicular to surfaces of the first display substrate 142 and the
second display substrate 144 (FIGS. 1 and 2) when no electric
field is applied to the liquid crystal layer 146 (FIG. 2). Thus,
since the polarization axis of the first polarizing film 136 is
substantially perpendicular to the polarization axis of the
second polarizing film 156, the LCD 100 operates in a nor-
mally black mode, e.g., the LCD 100 displays a black screen
when no electric field is applied to the liquid crystal layer 146.

[0061] Inaddition, for purposes of illustration and descrip-
tion, an exemplary embodiment will hereinafter be described
based on an assumptions that: the polarization axis of the first
polarizing film 136 is approximately 90 degrees; the optic
axis of the first A/2 phase-difference film 134 is approxi-
mately 105 degrees; the optic axis of the first A/4 phase-
difference film 132 is approximately 165 degrees; the optic
axis of the second A/4 phase-difference film 152 is approxi-
mately 75 degrees; the optic axis of the second A/2 phase-
difference film 154 is approximately 15 degrees; and the
polarization axis of the second polarizing film 156 is approxi-
mately 0 degrees.

[0062] The distance between the first display substrate 142
and the second display substrate 144, e.g., a thickness of the
liquid crystal layer 146, is defined as a cell gap. The cell gap
and a refractive index of liquid crystal molecules are adjusted
such that the liquid crystal layer 146 has a phase difference of
W2 in the transmissive region and the liquid crystal layer 146
has a phase difference of A/4 in the reflective region when no
electric field is applied to the liquid crystal layer 146. For
example, the cell gap in the transmissive region may be sub-
stantially equal to a value d (FIG. 2), and the cell gap in the
reflective region may be substantially equal to d/2. In addi-
tion, an exemplary embodiment will hereinafier be described
based onassumptions that an alignment direction of the liquid
crystal molecules of the liquid crystal layer 146 is approxi-

Apr. 9, 2009

mately 0 degrees, e.g., when no electric field is applied to the
liquid crystal layer 146, the alignment direction of the liquid
crystal molecules is perpendicular to the first display sub-
strate 142 and the second display substrate 144. Thus, no
phase difference occurs when no electric field is applied to the
liquid crystal layer 146.

[0063] Referring to FIGS. 2 and 3, when an electric field
(not shown) is applied to the liquid crystal layer 146 in the
transmissive region (hereinafter referred to as an “ON” state),
unpolarized light, e.g., the external light 114 or the lamp light
112, remains unpolarized after passing through the first
phase-difference compensating film 138. As the unpolarized
external light 114 or lamp light 112 passes through the first
polarizing film 136, it is linearly polarized at approximately
90 degrees. Then, the light linearly polarized at approxi-
mately 90 degrees passes through the first /2 phase-differ-
ence film 134 and is thereby linearly polarized at approxi-
mately 120 degrees. As the light linearly polarized at
approximately 120 degrees passes through the first A/4 phase-
difference film 132, it is circularly polarized to the left, as
indicated by the arrow in FIG. 3. In addition, as the light
circularly polarized to the left passes through the liquid crys-
tal layer 146, it is circularly polarized to the right. Then, the
light circularly polarized to the right passes through the sec-
ond /4 phase-difference film 152 and is linearly polarized at
approximately 30 degrees. The light linearly polarized at
approximately 30 degrees next passes through the second A/2
phase-difference film 154 and is linearly polarized at approxi-
mately 0 degrees to match a transmission axis of the second
polarizing film 156.

[0064] As the light linearly polarized at O degrees passes
through the second polarizing film 156 and the second phase-
difference compensating film 158, it is circularly or ellipti-
cally polarized. In an exemplary embodiment, an angle
between the optic axis of the second phase-difference com-
pensating film 158 and the polarization axis of the second
polarizing film 156 is approximately 45 degrees, and circu-
larly polarized light is output; however, alternative exemplary
embodiments of the present invention are not limited thereto.
For example, when the angle between the optic axis of the
second phase-difference compensating film 158 and the
polarization axis of the second polarizing film 156 is not equal
to approximately 45 degrees, elliptically polarized light, e.g.,
non-circularly polarized light, is outputted, as shown in FIG.
3. Therefore, a user can see the main image MAIN IMAGE
(FIG. 2) formed by the circularly or, alternatively, elliptically
polarized light even when the user is wearing polarized sun-
glasses. Further, as discussed above in greater detail, a sharp
drop in the luminance of the LCD 100 in a specific direction
is substantially reduced or effectively prevented in the LCD
100 according to an exemplary embodiment of the present
invention.

[0065] Still referring to FIGS. 2 and 3, when no electric
field is applied to the liquid crystal layer 146 in the transmis-
sive region (hereinafter referred to as an “OFF” state), unpo-
larized light, e.g., the external light 114 or the lamp light 112
remains unpolarized after passing through the first phase-
difference compensating film 138. As the unpolarized exter-
nal light 114 or lamp light 112 passes through the first polar-
izing film 136, it is linearly polarized at approximately 90
degrees. Then, the light linearly polarized at approximately
90 degrees passes through the first A/2 phase-difference film
134 and is linearly polarized at approximately 120 degrees.
As the light linearly polarized at approximately 120 degrees
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passes through the first A/4 phase-difference film 132, it is
circularly polarized to the left.

[0066] When the light circularly polarized to the left passes
through the liquid crystal layer 146, no phase shift occurs.
Thus, the light circularly polarized to the left remains circu-
larly polarized to the left after passing through the liquid
crystal layer 146. As the light circularly polarized to the left
passes through the second A/4 phase-difference film 152,
however, it is linearly polarized at approximately 120
degrees. In addition, as the light linearly polarized at 120
degrees passes through the second A/2 phase-difference film
154, it is linearly polarized at approximately 90 degrees to be
substantially perpendicular to the transmission axis of the
second polarizing film 156. Since the light linearly polarized
at 90 degrees cannot pass through the second polarizing film
156, a black screen is displayed on the liquid crystal panel
140.

[0067] Referring now to FIGS. 2 and 4, when an electric
field is applied to the liquid crystal layer 146 in the reflective
region, e.g., the ON state, unpolarized light, e.g., the external
light 114 or the lamp light 112, remains unpolarized after
passing through the first phase-difference compensating film
138. As the unpolarized external light 114 or lamp light 112
passes through the first polarizing film 136, it is linearly
polarized at approximately 90 degrees. Then, the light lin-
early polarized at approximately 90 degrees passes through
the first /2 phase-difference film 134 and is linearly polar-
ized at approximately 120 degrees. As the light linearly polar-
ized at approximately 120 degrees passes through the first 3/4
phase-difference film 132, it is circularly polarized to the left.
As the light circularly polarized to the left passes through the
liquid crystal layer 146, it is linearly polarized at approxi-
mately 45 degrees.

[0068] As the light linearly polarized at approximately 45
degrees is reflected by the reflector 160, itis linearly polarized
at approximately 135 degrees. Then, the light linearly polar-
ized at approximately 135 degrees passes again through the
liquid crystal layer 146 and is circularly polarized to the left.
Then, the light circularly polarized to the left passes through
the first A/4 phase-difference film 132 and is linearly polar-
ized at approximately 60 degrees. As the light linearly polar-
ized at approximately 60 degrees passes through the first A/2
phase-difference film 134, it is linearly polarized at approxi-
mately 90 degrees to substantially match a transmission axis
of the first polarizing film 136.

[0069] As the light linearly polarized at approximately 90
degrees passes through the first polarizing film 136 and the
first phase-difference compensating film 138, it is circularly
or elliptically polarized. Specifically, when an angle between
the optic axis of the first phase-difference compensating film
138 and the polarization axis of the first polarizing film 136 is
approximately 45 degrees, circularly polarized light is output.
Alternatively, when the angle between the optic axis of the
first phase-difference compensating film 138 and the polar-
ization axis of the first polarizing film 136 is not equal to
approximately 45 degrees, elliptically polarized light is out-
put, as shown in FIG. 4. Therefore, a sharp drop in the lumi-
nance of the LCD 100 in a specific direction is substantially
reduced and/or effectively prevented, and a user can see the
sub image SUB IMAGE formed by the circularly or ellipti-
cally polarized light even when the user is wearing polarized
sunglasses.

[0070] Still referring to FIG. 4, when an electric field is not
applied to the liquid crystal layer 146 in the reflective region,
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e.g., the OFF state, unpolarized light, e.g., the external light
114 or the lamp light 112 remains unpolarized after passing
through the first phase-difference compensating film 138. As
the unpolarized external light 114 or lamp light 112 passes
through the first polarizing film 136, it is linearly polarized at
approximately 90 degrees. Then, the light linearly polarized
at approximately 90 degrees passes through the first A/2
phase-difference film 134 and is linearly polarized at approxi-
mately 120 degrees. As the light linearly polarized at 120
degrees passes through the first A/4 phase-difference film
132, it is circularly polarized to the left.

[0071] When the light circularly polarized to the left passes
through the liquid crystal layer 146, no phase difference
occurs. Thus, the light circularly polarized to the left remains
circularly polarized to the left after passing through the liquid
crystal layer 146. As the light circularly polarized to the left is
reflected by the reflector 160, it is circularly polarized to the
right. When the light circularly polarized to the right passes
through the liquid crystal layer 146 again, it remains circu-
larly polarized to the right. As the light circularly polarized to
the right passes through the first A/4 phase-difference film
132, it is linearly polarized at approximately 150 degrees. As
the light linearly polarized at approximately 150 degrees
passes through the first A/2 phase-difference film 134, it is
linearly polarized at approximately 0 degrees to be substan-
tially perpendicular to the transmission axis of the first polar-
izing film 136. Since the light linearly polarized at approxi-
mately 0 degrees cannot pass through the first polarizing film
136, a black screen is displayed on the liquid crystal panel
140.

[0072] The first display substrate 142 included in the LCD
100 according to an exemplary embodiment of the present
invention will now be described in further detail with refer-
ence to FIGS. 5 and 6. FIG. 5 is a layout plan view of a first
display substrate, e.g., the first display substrate 142 of the
LCD according to the exemplary embodiment of the present
invention shown in FIG. 1. FIG. 6 is a partial cross-sectional
view taken along line VI-VI' of FIG. 5.

[0073] Referring to FIGS. 5 and 6, a first gate line 22a and
asecond gate line 225, as well as a storage wire 28 are formed
on an insulation substrate 10 which is made of a material such
as transparent glass, for example.

[0074] The first gate line 22« and the second gate line 225
extend inthe first, e.g., substantially horizontal direction, and
are physically and electrically separated from each other. The
first gate line 224 and the second gate line 226 transmit gate
signals. Further, the first gate line 22a and the second gate line
22b are disposed in an upper portion and a lower portion,
respectively, of each pixel, as shown in FIG. 5. In addition, a
first gate electrode 26a branches downward from the first gate
line 22a, and a second gate electrode 265 branches upward
from the second gate line 225. The first gate line 22a, the
second gate line 225, the first gate electrode 26a, and the
second gate electrode 265 will hereinafter be collectively
referred to as “gate wiring”.

[0075] The storage wire 28 extends in the first, e.g., sub-
stantially horizontal, direction and carries a common voltage.
The storage wire 28 overlaps a first drain electrode 66a and a
second drain electrode 664 to form storage capacitors.
[0076] In an exemplary embodiment, the gate wiring and
the storage wire 28 are made of an aluminum (Al)-based
metal, such as Al or an Al alloy, a silver (Ag)-based metal,
such as Ag or an Ag alloy, a copper (Cu)-based metal such as
Cu or a Cu alloy, a molybdenum (Mo)-based metal such as
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Mo or a Mo alloy, chrome (Cr), titanium (Ti), or tantalum
(Ta), for example, but alternative exemplary embodiments are
not limited thereto. In addition, the gate wiring and the stor-
age wire 28 may have a multi-layered structure including two
conductive layers (not shown) with different physical char-
acteristics. One of the two conductive layers may be made of
a metal with low resistivity, such as an Al-based metal, an
Ag-based metal or a Cu-based metal, in order to reduce a
signal delay or a voltage drop of the gate wiring and the
storage wire 28. Conversely, the other one of the conductive
layers may be made of a different material, such as a material
having superior contact characteristics with ITO and I70,
such as a Mo-based metal, chrome, titanium, or tantalum, for
example. In addition, the multi-layered structure may be a
double-layered structure including a combination of a lower
chrome layer and an upper Al layer or a combination of a
lower Al layer and an upper Mo layer. However, alternative
exemplary embodiments of the present invention are not lim-
ited to the abovementioned structures; rather, the gate wiring
and the storage wire 28 of alternative exemplary embodi-
ments may be formed of various metals and conductors.
[0077] A gate insulating film 30, made of silicon nitride
(“SiNx”), for example, is formed on the gate wiring, e.g., on
the first gate line 22a and the second gate line 224, as well as
the first storage electrode 26a, the second storage electrode
26b, and the storage wiring 28.

[0078] Semiconductor layers 40a and 405, made of hydro-
genated amorphous silicon or polycrystalline silicon, for
example, are formed on the gate insulating film 30. The
semiconductor layers 40a and 405 may have various shapes.
For example, in an exemplary embodiment, the semiconduc-
tor layers 40a and 405 may be shaped substantially like
islands, as shown in FIG. 5. However, in an alternative exem-
plary embodiment, the semiconductor layers 40a and 406
may be substantially rectilinear, and may extend along a data
line 62.

[0079] Ohmic contact layers 55a, 55b, 56a and 565 are
formed on the semiconductor layers 40a and 405. In an exem-
plary embodiment, the ohmic contact layers 55a, 556, 56a
and 560 are made of a material such as silicide or n+ hydro-
genated amorphous silicon doped with n-type impurities in
high concentration, for example. A first pair of the ohmic
contact layers 554 and 56a and a second pair of the ohmic
contact layers 555 and 565 are disposed on the semiconductor
layers 40a and 405, respectively.

[0080] The data line 62, the first drain electrode 66a, and
the second drain electrode 664 are formed on the ohmic
contact layers 55a, 55b, 564 and 565 and the gate insulating
film 30, as shown in FIG. 6.

[0081] The dataline 62 extends in the second, e.g., substan-
tially vertical, direction and crosses the first gate line 22a and
the second gate line 225, and delivers a data voltage. The data
line 62 has a first source electrode 654 and a second source
electrode 655 each of which extends substantially toward the
first drain electrode 664 and the second drain electrode 665,
respectively. The data line 62, the first source electrode 65a,
the second source electrode 655, the first drain electrode 66a,
and the second drain electrode 665 will hereinafter collec-
tively be referred to as “data wiring”.

[0082] In an exemplary embodiment, the data wiring is
made of chrome, a Mo-based metal, or a refractory metal such
as tantalum and titanium, for example. In addition, the data
wiring may have a multi-layered structure including a lower
layer (not shown) made of a refractory metal, and an upper
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layer (not shown) made of a material having a low resistivity
and disposed on the lower layer. The multi-layered structure
may be a double-layered structure including a combination of
a lower chrome layer and an upper Al layer or, alternatively, a
combination of a lower Al layer and an upper Mo layer. In an
alternative exemplary embodiment, the multi-layered struc-
ture may be a triple-layered structure composed of Mo, Al,
and Mo layers, for example, but not being limited thereto.
[0083] The first source electrode 65a and the second source
electrode 655 partially overlap the semiconductor layers 40a
and 404, respectively. In addition, the first drain electrode 66a
and the second drain electrode 664 face the first source elec-
trode 66a and the second source electrode 665 with respect to
the first gate electrode 264 and the second gate electrode 265,
respectively, and partially overlap the semiconductor layers
40a and 405, respectively, as shown in FIGS. 5 and 6. In an
exemplary embodiment, the ohmic contact layers 554, 555,
56a and 565 are interposed between the semiconductor layers
40q and 405, the first source electrode 654 and the second
source electrode 65b, the semiconductor layers 40a and 405,
the first drain electrode 66a, and the second drain electrode
660 to reduce contact resistance therebetween.

[0084] In an exemplary embodiment, the first drain elec-
trode 66a and the second drain electrode 665 have a substan-
tially bar-shaped portion which overlaps the semiconductor
layer 40a or 405, and a relatively wider extension portion
which extends from the bar-shaped portion to overlap the
storage wire 28. More specifically, the second drain electrode
665 is formed under a second subpixel electrode 825 which
corresponds to the reflective region and functions as the
reflector 160 (FIG. 2) which reflects the lamp light 112 (FIG.
2) and the external light 114 (FIG. 2). In an alternative exem-
plary embodiment, the storage wire 28 disposed under the
second drain electrode 665 may also function as the reflector
160. However, alternative exemplary embodiments of the
present invention are not limited thereto. For example, the
second subpixel electrode 825 may be made of a reflective
conductor and thus function as the reflector 160 (FIG. 2).
[0085] Inan exemplary embodiment, a first TFT is a three-
terminal device having the first gate electrode 264 as a control
terminal, the first source electrode 65a as an input terminal,
and the first drain electrode 66a as an output terminal. In
addition, a second TFT is a three-terminal device having the
second gate electrode 265 as a control terminal, the second
source electrode 655 as an input terminal, and the second
drain electrode 665 as an output terminal.

[0086] A passivation layer 70 is formed on the data wiring.
The passivation layer 70 is made of an inorganic material such
as silicon nitride or silicon oxide, an organic material having
photosensitivity and superior planarization characteristics, or
an insulating material, such as a-Si:C:O or a-Si:O:F formed
by plasma enhanced chemical vapor deposition (“PECVD”),
for example, but not being limited thereto. The passivation
layer 70 may have a double-layered structure including a
lower inorganic layer and an upper organic layer to protect
exposed portions of the semiconductor layers 40a and 405
while taking advantage of superior characteristics of the
organic layer.

[0087] A first contact hole 76a and a second contact hole
76b expose the first drain electrode 664 and the second drain
electrode 665, respectively, and are formed in the passivation
layer 70. The first subpixel electrode 82a and the second
subpixel electrode 825 are formed in each pixel region and are
electrically connected to the first drain electrode 66¢ and the
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second drain electrode 66 by the first contact hole 764 and
the second contact hole 764, respectively. The first subpixel
electrode 82¢ and the second subpixel electrode 825 are made
of reflective conductors such as ITO or IZO, for example, but
are not limited thereto.

[0088] The first subpixel electrode 82a and the second sub-
pixel electrode 824 are physically and electrically connected
to the first drain electrode 66a and the second drain electrode
660 by the first contact hole 76a and the second contact hole
76b, respectively, and receive data voltages from the first
drain electrode 66a and the second drain electrode 665,
respectively.

[0089] The first subpixel electrode 82a and the second sub-
pixel electrode 825, to which the data voltages are applied,
generate an electric field with the common electrode of the
second display substrate 144 to thereby align the liquid crys-
tal molecules of the liquid crystal layer 146 disposed between
the first subpixel electrode 824, the second subpixel electrode
825, and the common electrode.

[0090] The first subpixel electrode 82a and the common
electrode form a first liquid crystal capacitor (not shown),
while the second subpixel electrode 826 and the common
electrode form a second liquid crystal capacitor (not shown).
The first liquid crystal capacitor and the second liquid crystal
capacitor sustain voltages applied thereto after the first TFT
and the second TFT are turned off. To enhance voltage-sus-
taining capabilities, the first storage capacitor and the second
storage capacitor are connected in parallel to the first liquid
crystal capacitor and the second liquid crystal capacitor,
respectively. The first storage capacitor and the second stor-
age capacitor are formed by overlapping the first subpixel
electrode 82a and the second subpixel electrode 825 or, alter-
natively, the first drain electrode 66a and the second drain
electrode 665 connected to the first subpixel electrode 82a
and the second subpixel electrode 825 with the storage wire
28.

[0091] The first subpixel electrode 82a and the second sub-
pixel electrode 825, which form each pixel region, are sepa-
rated from each other with a predetermined gap therebe-
tween. The outer boundary of the first subpixel electrode 82a
and the second subpixel electrode 824 is substantially recti-
linear, but alternative exemplary embodiments are not limited
thereto. The first subpixel electrode 82a forms the transmis-
sive region, and the second subpixel electrode 825 forms the
reflective region, e.g., with the second drain electrode 665
and/or the storage wiring 28 disposed thereunder.

[0092] Different gradation voltages may be applied to the
first subpixel electrode 82a and the second subpixel electrode
82b to thereby display different images in the transmissive
region and the reflective region. However, when the same
gradation voltage is applied to the first subpixel electrode 824
and the second subpixel electrode 825, the main image MAIN
IMAGE and the sub image SUB IMAGE may be substantially
the same image.

[0093] An alignment film (not shown), which aligns the
liquid crystal layer 146, is coated on the first subpixel elec-
trode 824 and the second subpixel electrode 825, as well as
the passivation layer 70.

[0094] As described above, the LCD 100 according to an
exemplary embodiment of the present embodiment sepa-
rately drives the first subpixel electrode 824 and the second
subpixel electrode 8256 using the first gate line 22a and the
second gate line 22b, and the data line 62. However, alterna-
tive exemplary embodiments of the present invention are not
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limited thereto. For example, the LCD 100 may also drive the
first subpixel electrode 82a and the second subpixel electrode
82b separately using one gate line and two data lines. Further,
the first TFT may be formed at an intersection of a gate line
and a first data line, and the second TFT may be formed at the
intersection of the gate line and a second data line. As aresult,
the first subpixel electrode 82a and the second subpixel elec-
trode 825 are thereby connected to the first TFT and the
second TFT, respectively, to separately drive the reflective
region and the transmissive region.

[0095] Hereinafter, an LCD according to another exem-
plary embodiment of the present invention will be described
with reference to FIG. 7. FIG. 7 is a partial cross-sectional
view of an LCD according to an alternative exemplary
embodiment of the present invention. For simplicity, any
repetitive description of elements substantially identical to
those of the exemplary embodiment described in greater
detail above with reference to FIGS. 1 through 6 will herein-
after be omitted.

[0096] Referring to FIG. 7, an LCD 200 according to an
alternative exemplary embodiment of the present invention
includes a first optical film assembly 130. The first optical
film assembly 130 includes a first A/4 phase-difference film
132, a first A/2 phase-difference film 134, a first polarizing
film 136, and a first phase-difference compensating film 138
disposed on an upper surface of a liquid crystal panel 140. In
addition, a second optical film assembly 250 includes a sec-
ond A/4 phase-difference film 152, a second A/2 phase-differ-
ence film 154, and a second polarizing film 156 disposed on
a lower surface of the liquid crystal panel 140. In an exem-
plary embodiment, light, which passes through the first opti-
cal film assembly 130 to form a sub image SUB IMAGE, is
circularly polarized, or, in an alternative exemplary embodi-
ment, is elliptically polarized, as described above in greater
detail.

[0097] Hereinafter, an LCD according to another exem-
plary embodiment of the present invention will be described
with reference to FIG. 8. FIG. 8 is a partial cross sectional
view of an LCD according to another alternative exemplary
embodiment of the present invention. For simplicity, any
repetitive description of elements substantially identical to
those of the exemplary embodiment described in greater
detail above with reference to FIGS. 1 through 6 will herein-
after be omitted.

[0098] Referring to FIG. 8, an LCD 300 according to an
alternative exemplary embodiment of the present invention
includes a first optical film assembly 330. The first optical
film assembly 330 includes a first A/4 phase-difference film
132, a first /2 phase-difference film 134, and a first polariz-
ing film 136 disposed on an upper surface of a liquid crystal
panel 140. In addition, a second optical film assembly 150
includes a second A4 phase-difference film 152, a second A/2
phase-difference film 154, a second polarizing film 156, and
a second phase-difference compensating film 158 disposed
on a lower surface of the liquid crystal panel 140. Light,
which passes through the second optical film assembly 150 to
form a main image MAIN IMAGE, is circularly or elliptically
polarized, as described above in greater detail.

[0099] Thus, according to exemplary embodiments of the
present invention as described herein, an LCD provides
advantages which include, but are not limited to, having lumi-
nance in a specific direction which is not reduced when
viewed by a user wearing polarized sunglasses. In addition,
different images can be displayed on two surfaces of a liquid
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crystal panel of the LCD. Further, the LCD is semi-transmis-
sive, and power consumption is thereby substantially reduced
and/or effectively minimized.

[0100] The present invention should not be construed as
being limited to the exemplary embodiments set forth herein.
Rather, these exemplary embodiments are provided so that
this disclosure will be thorough and complete and will fully
convey the concept of the present invention to those skilled in
the art.

[0101] Further, while the present invention has been par-
ticularly shown and described with reference to exemplary
embodiments thereof, it will be understood by those of ordi-
nary skill in the art that various changes in form and detail
may be made therein without departing from the spirit or
scope of the present invention as defined by the following
claims.

What is claimed is:

1. A liquid crystal display comprising:

a liquid crystal panel having a reflective region in which a
first image is displayed in a first viewing direction and a
transmissive region in which a second image is dis-
played in a second viewing direction different than the
first direction;

a first optical film assembly disposed on a first surface of
the liquid crystal panel and comprising:

a first phase-difference film which has a first phase dif-
ference; and
a first polarizing film; and

asecond optical film assembly disposed on a second oppo-
site surface of the liquid crystal panel and comprising:
asecond phase-difference film which has a second phase

difference; and
a second polarizing film; and

a phase-difference compensating film disposed on at least
one of the first polarizing film and the second polarizing
film,

wherein the phase-difference compensating film circularly
or elliptically polarizes light.

2. The liquid crystal display of claim 1, wherein the phase-
difference compensating film has a phase difference of
approximately A/4, A being a wavelength of the light.

3. The liquid crystal display of claim 1, wherein the first
phase-difference film has a phase difference of approximately
N4,

4. The liquid crystal display of claim 3, further comprising
a first A/2 phase-difference film disposed between the first
phase-difference film and the first polarizing film.

5. The liquid crystal display of claim 1, wherein the second
phase-difference film has a phase difference of approximately
N4,

6. The liquid crystal display of claim 5, further comprising
a second A/2 phase-difference film disposed between the
second phase-difference film and the second polarizing film.

7. The LCD of claim 1, wherein the liquid crystal panel
comprises:

a first display substrate;

asecond display substrate facing the firstdisplay substrate;
and

a liquid crystal layer disposed between the first display
substrate and the second display substrate,

wherein when an electric field is applied to the liquid
crystal layer, a first portion of the liquid crystal layer
which corresponds to the transmissive region has a
phase difference of approximately A/2, and a second
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portion of the liquid crystal layer which corresponds to
the reflective region has a phase difference of approxi-
mately A/4.

8. The liquid crystal display of claim 7, wherein a ratio of
a cell gap of the transmissive region to a cell gap of the
reflective region is approximately 2:1.

9. The liquid crystal display of claim 7, wherein the first
display substrate comprises:

a first gate line and a second gate line disposed in a first

direction;

a data line which crosses the first gate line and the second
gate line and is disposed in a second opposite direction,
the data line being insulated from the first gate line and
the second gate line;

a first thin-film transistor formed at an intersection of the
first gate line and the data line;

a second thin-film transistor formed at an intersection of
the second gate line and the data line;

a first subpixel electrode connected to the first thin-film
transistor and formed in the transmissive region; and

a second subpixel electrode connected to the second thin-
film transistor and formed in the reflective region,

wherein an output terminal of the second thin-film transis-
tor is formed in the reflective region, the output terminal
comprising a material which reflects light.

10. The liquid crystal display of claim 1, further compris-
ing a light guide panel disposed on the first optical film
assembly and which guides light supplied to the liquid crystal
panel.

11. The liquid crystal display of claim 10, wherein light
reflected by the reflective region and light which has passed
through the transmissive region passes through the first opti-
cal film assembly to form the first image.

12. The liquid crystal display of claim 10, wherein light
passed through the transmissive region passes through the
second optical film assembly to form the second image.

13. The liquid crystal display of claim 1, wherein the liquid
crystal panel comprises:

a first display substrate;

asecond display substrate facing the first display substrate;
and

a liquid crystal layer disposed between the first display
substrate and the second display substrate,

wherein the first display substrate comprises:

a first gate line and a second gate line disposed in a first
direction;

adata line which crosses the first gate line and the second
gate line and is disposed in a second opposite direc-
tion, the data line being insulated from the first gate
line and the second gate line;

a first thin-film transistor formed at an intersection of the
first gate line and the data line;

a second thin-film transistor formed at an intersection of
the second gate line and the data line;

a first subpixel electrode connected to the first thin-film
transistor and formed in the transmissive region; and

a second subpixel electrode connected to the second
thin-film transistor and formed in the reflective
region.

14. The liquid crystal display of claim 13, wherein different
data voltages are applied to the first subpixel electrode and the
second subpixel electrode.

15. The liquid crystal display of claim 1, wherein the liquid
crystal panel comprises:
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a first display substrate;
asecond display substrate facing the firstdisplay substrate;
and

a liquid crystal layer disposed between the first display
substrate and the second display substrate,

wherein the first display substrate comprises:

a gate line disposed in a first direction;

a first data line and a second data line which cross the
gate line, are disposed in a second opposite direction,
and are insulated from the gate line;

a first thin-film transistor formed at an intersection of the
gate line and the first data line;

a second thin-film transistor formed at an intersection of
the gate line and the second data line;
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a first subpixel electrode connected to the first thin-film
transistor and formed in the transmissive region; and
a second subpixel electrode connected to the second
thin-film transistor and formed in the reflective
region.
16. The liquid crystal display of claim 1, further compris-
ing a front light unit comprising:
a light guide panel disposed on the first optical film assem-
bly; and
a light source which inputs light to the light guide panel.
17. The liquid crystal display of claim 16, further compris-
ing a reflective layer formed on a portion of a surface of the
light guide panel which overlaps the transmissive region of
the liquid crystal panel.
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