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7) ABSTRACT

Aliquid crystal display having two display surfaces includes
a first substrate supporting a first thin film transistor array
and a first color filter array, and a second substrate support-
ing a second color filter array facing the first thin film
transistor array and a second thin film transistor facing the
first color filter array, and a layer of liquid crystal material
provided between the first and second substrates.
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LIQUID CRYSTAL DISPLAY WITH TWO
SURFACE DISPLAY FUNCTION

[0001] This application claims the benefit of Korean
Patent Application No. 2001-81803, filed on Dec. 20, 2001,
which is hereby incorporated by reference for all purposes as
if fully set forth herein.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] This invention relates to a liquid crystal display,
and more particularly to a liquid crystal display having two
display surfaces.

[0004] 2. Description of the Related Art

[0005] Owing to their capability to be manufactured in
small sizes, minimized thickness, and consume low amounts
of power, flat panel display devices such as liquid crystal
displays are used in portable computers such as notebook
PCs, office automation equipment, and other audio/video
devices. Liquid crystal displays control electric fields
applied to liquid crystal material having anisotropic dielec-
tric properties and selectively transmit light to display
images. Unlike other display devices that are capable of
generating light (e.g., electro-luminescence devices (EL),
cathode ray tubes (CRT), light emitting diodes (LED), etc.),
liquid crystal displays, by themselves typically do not gen-
erate light.

[0006] Accordingly, liquid crystal displays require exter-
nal light sources to generate light. Liquid crystal displays
can be classified as transmission-type and reflection-type
devices, depending on the type of external light source used.
Transmission-type liquid crystal displays typically include a
backlight unit arranged against a rear transparent substrate.
Light generated by the backlight unit is transmitted through
the rear transparent substrate and guided through a second
transparent substrate to a display surface via liquid crystal
material. In reflection-type liquid crystal displays, a reflec-
tive surface is typically formed on the rear substrate such
that external light is reflected from the reflective surface to
the display surface via the liquid crystal material.

[0007] Referring to FIG. 1, a liquid crystal display panel
used in a transmission-type liquid crystal display device
includes an upper substrate 10 and a lower substrate 12. The
upper substrate 10 supports components including color
filters, a common electrode, a black matrix layer, etc. The
lower substrate 12 supports components including signal
lines (e.g., data lines and gate lines) and thin film transistors
(TFTs) formed at crossings of the gate and data lines. TFTs
switch data signals applied to data line to liquid cells in
response to a scanning signal (e.g., gate pulse) applied to a
gate line. Pixel electrodes are formed at pixel areas arranged
between the gate and data lines and a pad area 14, connected
to each gate and data line, applies data signals and scanning
signals supplied from a driving circuit (not shown) to the
gate and data lines, respectively.

[0008] Referring to FIG. 2, a TFT fabrication process may
be performed as follows. First, gate electrode 20 and cor-
responding gate lines are formed by depositing metal such as
aluminum Al, molybdenum Mo, chrome Cr, etc., on a glass
substrate 18 and patterning the deposited metal by photoli-
thography. A gate insulation film 22 is formed by depositing
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an inorganic film such as silicon nitride SiNx on the glass
substrate 18 where the gate electrode 20 is formed. A
semiconductor layer 24 of amorphous silicon (a-Si) and an
ohmic contact layer 26 of a-Si doped with n+ ions are
sequentially formed on the gate insulation film 22. A source
electrode 28 and a drain electrode 30 are formed on the
ohmic contract layer 26 by depositing a metal such as
molybdenum Mo, chrome Cr, etc. The source electrode 28
is subsequently patterned and integrated with a correspond-
ing data line. A portion of the ohmic contact layer 26
exposed within an aperture between the source electrode 28
and the drain electrode 30 is typically removed via a dry or
wet etching process. Next, a protective film 32 made of
silicon nitride SiNx or silicon oxide SiOx is deposited over
the entire surface of the glass substrate 18 so as to cover the
TFT. A contact hole is then formed in the protective film 32
and a pixel electrode 34 made of indium tin oxide (ITO) is
deposited in the contact hole to electrically connect to the
drain electrode 30.

[0009] TFTs selectively supply video signals to each of
their corresponding liquid crystal cells based on a gate signal
applied to their corresponding gate lines. Accordingly, the
transmittance of light, within a liquid crystal cell, generated
by a backlight may be controlled so that the liquid crystal
display can display images.

[0010] FIG. 3 illustrates a sectional view of a liquid
crystal display having two display surfaces.

[0011] Referring to FIG. 3, liquid crystal displays having
two display surfaces typically include a first liquid crystal
display panel 40 having a first set of two substrates bonded
together, a first backlight unit 42 for transmitting light to the
first liquid crystal display panel 40, a first liquid crystal
display module including a first pad area 44, to which a
driver (not shown) is connected for driving liquid crystal
cells of the first liquid crystal display panel 40, a second
liquid crystal display panel 50 having a second set of two
substrates bonded together, a second backlight unit 52 for
transmitting light to the second liquid crystal display panel
50, and a second liquid crystal display module including a
second pad arca 54, to which a driver (not shown) is
connected for driving liquid crystal cells of the second liquid
crystal display panel 50.

[0012] Liquid crystal displays having two display surfaces
are capable of displaying first images in a first direction on
a first display surface via the first liquid crystal display
module and displaying second images in a second direction
on a second display surface via the second liquid crystal
display module.

[0013] Use of liquid crystal display devices such as those
illustrated in FIG. 3 is disadvantageous, however, because
two liquid crystal display modules are required to display
the first and second images on the first and second display
surfaces. Accordingly, liquid crystal display devices such as
those illustrated in FIG. 3 tend to be undesirably thick.

SUMMARY OF THE INVENTION

[0014] Accordingly, the present invention is directed to a
liquid crystal display having two display surfaces that sub-
stantially obviates one or more of the problems due to
limitations and disadvantages of the related art.

[0015] An advantage of the present invention provides a
liquid crystal display having two display surfaces, wherein
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the liquid crystal display is capable of displaying images on
display surfaces facing two different (e.g., opposing) direc-
tions.

[0016] Additional features and advantages of the inven-
tion will be set forth in the description which follows, and
in part will be apparent from the description, or may be
learned by practice of the invention. These and other advan-
tages of the invention will be realized and attained by the
structure particularly pointed out in the written description
and claims hereof as well as the appended drawings.

[0017] To achicve these and other advantages and in
accordance with the purpose of the present invention, as
embodied and broadly described, a liquid crystal display
having two display surfaces may include a first substrate
having a first thin film transistor array and a first color filter
array, and a second substrate having a second color filter
array facing the first thin film transistor array and having a
second thin film transistor array facing the first color array,
and a liquid crystal layer arranged between the first and
second substrates.

[0018] In one aspect of the present invention, the liquid
crystal display having two display surfaces may include a
first pad area formed at one side of the first substrate and a
second pad area formed at one side of the second substrate.

[0019] In another aspect of the present invention, the first
and second pad areas may each be connected to the first and
second thin film transistor arrays, respectively, for applying
driving signals supplied from a driver to the first and second
thin film transistor arrays, respectively.

[0020] In yet another aspect of the present invention, the
liquid crystal display having two display surfaces may be
provided as a transmission-type or semi-transmission-type
liquid crystal display.

[0021] In still another aspect of the present invention, the
liquid crystal display having two display surfaces may
include a first backlight unit arranged at a rear of the first thin
film transistor array and a second backlight unit arranged at
a rear of the second thin film transistor array.

[0022] In still another aspect of the present invention, the
liquid crystal display having two display surfaces may be
provided as a reflection-type liquid crystal display.

[0023] In yet another aspect of the present invention, the
liquid crystal display having two display surfaces may
include a first reflection plate arranged at a rear of the first
thin film transistor array and a second reflection plate
arranged at a rear of the second thin film transistor array.

[0024] Tt is to be understood that both the foregoing
general description and the following detailed description
are exemplary and explanatory and are intended to provide
further explanation of the invention as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0025] The accompanying drawings, which are included
to provide a further understanding of the invention and are
incorporated in and constitute a part of this specification,
illustrate embodiments of the invention and together with
the description serve to explain the principles of the inven-
tion.
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[0026] In the drawings:

[0027] FIG. 1 illustrates a plan view of an upper substrate
and a lower substrate of a liquid crystal display of the related
art;

[0028] FIG. 2 illustrates a sectional view of a thin film
transistor shown in FIG. 1;

[0029] FIG. 3 illustrates a sectional view of a related art
liquid crystal display having two display surfaces;

[0030] FIG. 4 illustrates a plan view of an upper substrate
and a lower substrate of a liquid crystal display having two
display surfaces in accordance with one aspect of the present
invention;

[0031] FIG. 5 illustrates a sectional view of the liquid
crystal display having two display surfaces in accordance
with one aspect of the present invention;

[0032] FIG. 6 illustrates a diagram of a reflection type
liquid crystal display;

[0033] FIG. 7 illustrates a plan view of un upper substrate
and a lower substrate of a liquid crystal display having two
display surfaces in accordance with another aspect of the
present invention; and

[0034] FIG. 8 illustrates a sectional view of liquid crystal
display having two display surfaces in accordance with
another aspect of the present invention.

DETAILED DESCRIPTION OF THE
ILLUSTRATED EMBODIMENTS

[0035] Reference will now be made in detail to embodi-
ments of the present invention, examples of which are
illustrated in the accompanying drawings.

[0036] Referring to FIG. 4, in accordance with an aspect
of the present invention, a liquid crystal display having two
display surfaces may be provided as a transmission-type or
semi-transmission-type liquid crystal display. Accordingly,
the liquid crystal display may, for example, include a first
transparent substrate 60 supporting a first thin film transistor
(TET) array 66 and a first color filter array 64, wherein a first
black matrix layer 62 is formed at a boundary of the first
color filter array 64 and the first TFT array 66, and a second
transparent substrate 70 supporting a second TFT array 76
and a second color filter array 74, wherein a second black
matrix layer 72 is formed at a boundary of the second color
filter array 74 and the second TFT array 76. The first and
second black matrix layers 62 and 72, respectively, prevent
a leakage of light from between the first TFT array 66 and
the first color filter array 64 and from between the second
TFT array 76 and the second color filter array 74, respec-
tively.

[0037] Signal lines (e.g., data lines and gate lines) may be
formed in the first and second TFT arrays 66 and 76,
respectively, and thin film transistors (TFTs) may be formed
at crossings of the gate and data lines. Each TFT may
respond to a scanning signal (e.g., a gate pulse) supplied
from a corresponding gate line by switching a data signal
applied to a data line to a corresponding liquid crystal cell.
A pixel electrode may be formed at a pixel area arranged
between the gate and data lines. A color filter, common
electrode, a black matrix layer, etc. may be formed in the
first and second color filter arrays 64 and 74, respectively.
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[0038] In one aspect of the present invention, a first pad
area 68 may be formed on one side of the first substrate 60.
Gate and data lines of the first TFT array 66 may be
connected to the first pad area 68 such that data signals and
scanning signals generated from a driving circuit (not
shown) may be applied to the gate and data lines.

[0039] In another aspect of the present invention, a second
pad area 78 may be formed in one side of the second
substrate 70. Gate and data lines of the second TFT array 76
may be connected to the second pad area 78 such that data
signals and scanning signals generated from a driving circuit
(not shown) may be applied to the data lines and the gate
lines respectively.

[0040] The first and second substrate 60 and 70, respec-
tively, may be bonded together and separated by a layer of
liquid crystal display material (not shown). In one aspect of
the present invention, the first TFT array 66 may be arranged
to face the second color filter array 74 and the first color filter
array 64 may be arranged to face the second TFT array 76.

[0041] Referring to FIG. §, in accordance with one aspect
of the present invention, the liquid crystal display having
two display surfaces may be provided as a transmission-type
or semi-transmission-type liquid crystal display. Accord-
ingly, video data and scanning signals may be applied from
a driver (not shown) to the first and second TFT arrays 66
and 76, respectively, via the first and second pad areas 68
and 78, respectively. In one aspect of the present invention,
video data applied to the first TFT array 66 may enable
transmittance characteristics of the layer of liquid crystal
material to be controlled such that light generated by a first
backlight unit 65 may be selectively transmitted along a first
direction through the second color filter array 74 and a first
image may be displayed on a first display surface of the
second substrate 70. Similarly, video data applied to the
second TFT array 76 may enable transmittance characteris-
tics of the layer of liquid crystal material to be controlled
such that light generated by a second backlight unit 75 may
be selectively transmitted along a second direction through
the first color filter array 64 and a second image may be
displayed on a second display surface of the first substrate
60.

[0042] FIG. 6 illustrates a sectional view of a reflection-
type liquid crystal display having two display surfaces
according to another aspect of the present invention.

[0043] Referring to FIG. 6, a reflection-type liquid crystal
display in accordance with the present aspect of the inven-
tion may, for example, include a polarizer 82 for polarizing
natural light into linearly polarized light, a phase plate 84 for
converting the linear polarized light into circularly polarized
light, a first glass substrate 86 for transmitting the circularly
polarized light, an upper substrate 100, a color filter 88
including red, green, and blue filters, formed on the upper
substrate 100, a plurality of pixel electrodes 90 formed over
the entire surface of the color filter 88, a layer of liquid
crystal material 92 for converting the circularly polarized
light into linearly polarized light, a lower substrate 110
including signal lines (e.g., gate lines and data lines) and a
plurality of TFTs formed at crossings of the gate and data
lines (not shown) formed on a second glass substrate 96, and
a reflection plate 94 for reflecting the light transmitted by the
layer of liquid crystal material 92.

[0044] In one aspect of the present invention, an applied
voltage drives the reflection-type liquid crystal display
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shown in FIG. 6. Further, light (e.g., a mix of natural light
and surrounding light) incident on the reflection type liquid
crystal display) may be transmitted through the polarizer 82
and converted into linearly polarized light having a first
polarization direction. The linearly polarized light transmit-
ted through the polarizer 82 is then converted into left
circularly polarized light (i.e., light having an electric field
vector rotating about an axis of propagation in a counter-
clockwise direction) by the phase plate 84 and transmitted
through the first glass substrate 86.

[0045] The left circularly polarized light transmitted
through the first glass substrate 86 is transmitted as left
circularly polarized light having a specific wavelength when
it is transmitted through the color filter 88 (e.g., an absorp-
tion-type color filter) including red, green, and blue filters.
If the left circularly polarized light transmitted through the
color filter 88 is transmitted through the liquid crystal layer
92, the left circularly polarized light is transformed into
linearly polarized light having a second polarization direc-
tion, perpendicular to the first polarization direction. The
reflection plate 98 reflects the linearly polarized light having
the second polarization direction back into the layer of liquid
crystal material 92. The layer of liquid crystal material 92
converts the linearly polarized light having the second
polarization direction into left circularly polarized light and
transmits the converted light through the color filter 88. The
left circularly polarized light transmitted through the color
filter 88 is then converted into linearly polarized light having
the first polarization direction via phase plate 84. The
linearly polarized light is converted such that it is transmit-
ted through the polarizer 82 to display a specific color.

[0046] Referring to FIG. 7, in accordance with an aspect
of the present invention, the liquid crystal display having
two display surfaces may be provided as a reflection-type
liquid crystal display. Accordingly, the liquid crystal display
may, for example, include a first transparent substrate 120
supporting a first thin film transistor (TFT) array 126 and a
first color filter array 124, wherein a first black matrix layer
122 is formed at a boundary of the first color filter array 124
and the first TFT array 126, and a second transparent
substrate 130 supporting a second TFT array 136 and a
second color filter array 134, wherein a second black matrix
layer 132 is formed at a boundary of the second color filter
array 134 and the second TFT array 136. The first and
second black matrix layers 122 and 132, respectively, pre-
vent a leakage of light from between the first TET array 126
and the first color array 124 and from between the second
TFT array 136 and the second color filter array 134, respec-
tively.

[0047] Signal lines (e.g., data line and gate lines) may be
formed in the first and second TFT arrays 126 and 136,
respectively, and thin film transistors (TFTs) may be formed
at crossings of the gate and data lines. Each TFT may
respond to a scanning signal (¢.g., a gate pulse) supplied
from a corresponding gate line by switching a data signal
applied to a data line to a corresponding liquid crystal cell.
A pixel electrode may be formed at a pixel area arranged
between the gate and data lines.

[0048] 1In one aspect of the present invention, the first and
second color filter arrays 124 and 134, respectively, may
include a polarizer such as polarizer 82 shown in FIG. 6 for
polarizing natural light into linearly polarized light, a phase
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plate such as phase plate 84 shown in FIG. 6 for converting
the linearly polarized light into circularly polarized light, a
first glass substrate such as the first glass substrate 86 shown
in FIG. 6 for transmitting the circularly polarized light, a
color filter such as the color filter 88 shown in FIG. 6, where
red, green, and blue filters are arranged, and pixel electrodes
such as pixel electrodes 90 shown in FIG. 6 formed on the
entire surface of the color filter 88.

[0049] In one aspect of the present invention, a first pad
arca 128 may be formed on one side of the first substrate
120. Gate and data lines of the first TFT array 126 may be
connected to the first pad area 128 such that data signals and
scanning signals generated from a driving circuit (not
shown) may be applied to the gate and data lines.

[0050] In another aspect of the present invention, a second
pad area 138 may be formed on one side of the second
substrate 130. Gate and data lines of the second TFT array
136 may be connected to the second pad area 138 such that
data signals and scanning signals generated from a driving
circuit (not shown) may be applied to the gate and data lines.

[0051] The first and second substrates 120 and 130,
respectively, may be bonded together and may be separated
by a layer of liquid crystal display material (not shown). In
one aspect of the present invention, the first TFT array 126
may be arranged to face the second color filter array 134 and
the first color filter array 124 may be arranged to face the
second TFT array 136.

[0052] Referring to FIG. 8, in accordance with one aspect
of the present invention, the liquid crystal display having
two display surfaces may be provided as a reflection-type
liquid crystal display. Accordingly, video data and scanning
signals may be supplied from a driver (not shown) to the first
and second TFT arrays 126 and 136, respectively, via the
first and second pad areas 128 and 138, respectively. In one
aspect of the present invention, video data applied to the first
TFT array 126 may enable transmittance characteristics of
the layer of liquid crystal material to be controlled such that
light reflected by a first reflection plate 125 may be selec-
tively transmitted along a first direction through the second
color filter array 134 and a first image may be displayed on
a first display surface of the second substrate 130. Similarly,
video data applied to the second TFT array 136 may enable
transmittance characteristics of the layer of liquid crystal
material to be controlled such that light reflected by a second
reflection plate 135 may be selectively transmitted along a
second direction through the first color filter array 124 and
a second image may be displayed on a second display
surface of the first substrate 120.
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[0053] As described above, a liquid crystal display having
two display surfaces may generally include a first substrate
divided in two portions, wherein a first portion includes a
TFT array and a second portion includes a color filter array,
and a second substrate, facing the first substrate and also
divided into the first and second portions. In one aspect of
the present invention, the first and second substrates are
bonded together such that the first portion of one substrate
faces the second portion of the other and vice versa. Accord-
ingly, the liquid crystal display having two display surfaces
is capable of displaying images in two directions and has a
reduced thickness compared to liquid crystal displays such
as those illustrated in FIG. 3.

[0054] Tt will be apparent to those skilled in the art that
various modifications and variation can be made in the
present invention without departing from the spirit or scope
of the invention. Thus, it is intended that the present inven-
tion cover the modifications and variations of this invention
provided they come within the scope of the appended claims
and their equivalents.

1-17. (canceled)
18. A liquid crystal display, comprising:

a first substrate having a first display surface;

a second substrate having a second display surface oppos-
ing the first display surface; and

a layer of liquid crystal material contacting both the first
and second substrates, wherein images are displayable
by both the first and second display surfaces.

19. The liquid crystal display according to claim 18,

further comprising:

a first array arranged on the first substrate; and

a second array arranged on the second substrate, wherein
the first array is substantially aligned with the second
display surface and the second array is substantially
aligned with the first display surface.

20. The liquid crystal display according to claim 18,

further comprising:

a first black matrix layer arranged on the first substrate;
and

a second black matrix layer arranged on the second
substrate, wherein the first and second black matrix
layers substantially overlap each other.
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