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(57) ABSTRACT

The invention relates to an array substrate for use in a
transflective liquid crystal display device that has a high
contrast ratio. The array substrate includes a first light-
shielding pattern on a substrate, which is made of the same
material as a gate electrode. The array substrate further
includes a second light-shielding pattern that is made of the
same material as an active layer in the same process step.
These first and second light-shielding patterns are disposed
in a border portion between the transmissive portion and the
reflective portion, where the liquid crystal molecules are
misaligned and the light is distorted. The first and second
light-shielding pattern prevents the light leakage occurring
in the border region between the transmissive portion and
the reflective portion, thereby increasing the contrast ratio of
the transflective LCD device.
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TRANSFLECTIVE LIQUID CRYSTAL DISPLAY
DEVICE AND METHOD OF FABRICATING THE
SAME

[0001] This application claims the benefit of Korean
Patent Application No. 2001-66643 filed on Oct. 29, 2001,
the entirety of 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] The present invention relates to a liquid crystal
display, and more particularly, to a transflective liquid crys-
tal display and method of fabricating the same. Although the
present invention is suitable for a wide scope of applications,
it is particularly suitable for a high contrast ratio.

[0004] 2. Discussion of the Related Art

[0005] The cathode-ray tube (CRT) was developed and is
mainly used for display systems. However, flat panel dis-
plays are beginning to be incorporated into display systems
because of their small dimension, low weight and low power
consumption. Presently, thin film transistor-liquid crystal
displays (TFT-LCD) having a high resolution are being
developed.

[0006] In general, Liquid Crystal Display (LCD) devices
have various advantages in that, for example, they are
relatively thin and require low power for operation, when
compared to CRT display devices. Therefore, such LCD
devices are good candidates to replace CRT display devices
and have been a matter of great interest in a variety of
technical fields.

[0007] Liquid crystal displays are classified into transmis-
sion types and reflection types depending on whether an
internal or external light source is used. The transmission
type has a liquid crystal display panel that does not itself
emit light, and has a backlight as a light-illuminating sec-
tion.

[0008] The backlight is disposed at the rear or one side of
the panel. The liquid crystal panel controls the amount of the
light, which is generated from the backlight and passes
through the liquid crystal panel, in order to implement an
image display. In other words, the light from the backlight
selectively passes through the LCD panel and the LCD
displays images according to the arrangement of the liquid
crystal molecules. However, the backlight of the transmis-
sion type LCD consumes 50% or more of the total power
consumed by the LCD device. Providing a backlight there-
fore increases power consumption.

[0009] In order to overcome the above problem, a reflec-
tion type LCD has been selected for portable information
apparatuses that are often used outdoors or carried with
users. Such a reflection type LCD is provided with a
reflector formed on one of a pair of substrates. Thus, ambient
light is reflected from the surface of the reflector. The
reflection type L.CD using the reflection of ambient light is
disadvantageous in that a visibility of the display is
extremely poor when surrounding environment is dark.

[0010] To overcome the problems described above, a
construction which realizes both a transmissive mode dis-
play and a reflective mode display in one liquid crystal
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display device has been proposed. This is called a transflec-
tive liquid crystal display device. The transflective liquid
crystal display (LCD) device alternatively acts as a trans-
missive LCD device and a reflective LCD device. Due to the
fact that a transflective LCD device can make use of both
internal and external light sources, it can be operated in
bright ambient light and has a low power consumption.

[0011] The conventional transflective liquid crystal dis-
play device adopts a normally white mode in which the
transflective device displays a white color when a signal is
not applied. However, since the transflective liquid crystal
display device is generally designed concentrating on the
reflective mode, only about 50% of the light generated from
the backlight device can pass through the liquid crystal
display panel when the signal is not applied. Accordingly,
the transflective LCD device often produces a gray color in
operating.

[0012] To overcome the gray color problem, the transflec-
tive liquid crystal display device has different liquid crystal
cell gaps between in the reflective portion and in the
transmissive portion. FIG. 1 is a schematic cross-sectional
view of a conventional transflective LCD device having a
transmissive portion and a reflective portion.

[0013] In FIG. 1, the transflective LCD device divided
into the transmissive portion A and the reflective portion B,
and includes lower and upper substrates 10 and 60. A liquid
crystal layer 100 having optical anisotropy is interposed
between the lower and upper substrates 10 and 60.

[0014] The lower substrate 10 includes a first passivation
layer 20 on its surface facing into the upper substrate 60. The
first passivation layer 20 is made of an organic material and
has a first transmitting hole 22 corresponding to the trans-
missive portion A. A transparent electrode 30 of transparent
conductive material is disposed on the first passivation layer
20. A second passivation layer 40 and a reflective electrode
50 are sequentially formed on the transparent electrode 30.
As shown in FIG. 1, the reflective electrode 50 corresponds
to the reflective portion B and has a second transmitting hole
52 that exposes the second passivation layer 40 in the
transmissive portion A. Although not shown in FIG. 1, a
thin film transistor (TFT) is formed on the lower substrate 10
and electrically connected to both the transparent electrode
30 and the reflective electrode 50.

[0015] The upper substrate 60 includes a color filter layer
61 on its surface facing into the lower substrate 10. A
common electrode 62 is formed on the surface of the color
filter layer 61 facing toward the lower substrate 10.

[0016] On the exterior surfaces of the lower and upper
substrates 10 and 60, lower and upper retardation films 71
and 72 are disposed, respectively. Since the lower and upper
retardation films 71 and 72 have a phase difference A4
(A=550 nm), they change the polarization state of the
incident light. Namely, the lower and upper retardation films
71 and 72 convert the linearly polarized light into the right-
or left-handed circularly polarized light, and they also con-
vert the right- or left-handed circularly polarized light into
the linearly polarized light of which polarization direction
may be 45° or 135°. A lower polarizer 81 is disposed on the
rear surface of the lower retardation film 71, and an upper
polarizer 82 is disposed on the front surface of the upper
retardation film 72. Optical axis of the upper polarizer 82 is
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perpendicular to that of the lower polarizer 81. A backlight
device 90 that emits an artificial light is adjacent to the lower
polarizer 81. Light generated from the backlight device 90
is used as a light source in the transmissive mode of the LCD
device.

[0017] The liquid crystals interposed between the lower
and the upper substrates 10 and 60 have a positive diclectric
anisotropy such that the liquid crystal molecules are aligned
parallel with the applied electric field. An optical retardation
(An-d) of the liquid crystal layer 100 depends on refractive-
index anisotropy and thickness of the liquid crystal layer
100. Therefore, the liquid crystal layer 100 has different cell
gaps between in the transmissive portion A and in the
reflective portion B. The first transmitting hole 22 of the first
passivation layer 20 allows the liquid crystal layer 100 of the
transmissive portion A to be thicker than that of the reflective
portion B, and makes the brightness uniform in all over the
LCD device. Advisably, the thickness of the liquid crystal
layer 100 in the transmissive portion A is twice as large as
that in the reflective portion B.

[0018] The liquid crystal display shown in FIG. 1 includes
the organic passivation layer that has the opening therein to
make the different cell gaps. Thus, it is possible for the LCD
device to obtain a uniform transmissivity whether it is
operating in the transmissive mode or in the reflective mode.
The polarization state of the light passing through the LCD
panel shown in FIG. 1 is illustrated with reference to FIGS.
2 and 3.

[0019] From the point of the optical axis, the X-Y-Z
coordinates are defined as illustrated in FIG. 1. The Z-axis
is a progressing direction of the light, and the X-Y plane is
parallel with the lower and upper substrates 10 and 60. From
the observer’s viewpoint at the bottom of the liquid crystal
display device, the optical axis of the upper polarizer 82 is
135 degrees with respect to the X-axis, and the optical axis
of the lower polarizer 71 is 45 degrees with respect to the
X-axis. Therefore, when the observer is at the top of the
liquid crystal display device, the optical axis of the upper
polarizer 82 is 45 degrees with respected to the X-axis.
Furthermore, since the second polarizer 72 has a phase
difference »/4 ().=550 nm) and an optical axis along the
X-axial direction, incident light having 45 degrees with
respect to the X-axis is converted into a left-handed circu-
larly polarized light, a left-handed circularly polarized light
is converted into a linearly polarized light of 135 degrees
from the X-axis, incident light 135 degrees with respect to
the X-axis is converted into a right-handed circularly polar-
ized light, and a right-handed circularly polarized light is
converted into a linearly polarized light of 45 degrees along
the left-handed direction. However, since the lower retarda-
tion film 71 has a phase difference 1/4 (=550 nm) and an
optical axis along the Y-axial direction, incident light having
45 degrees with respect to the X-axis is converted into a
right-handed circularly polarized light, a right-handed cir-
cularly polarized light is converted into a linearly polarized
light of 135 degrees from the X-axis, incident light 135
degrees with respect to the X-axis is converted into a
left-handed circularly polarized light, and a left-handed
circularly polarized light is converted into a linearly polar-
ized light of 45 degrees along the right-handed direction.
The liquid crystal layer 100 disposed in the reflective region
B of FIG. 1 has a optical retardation of A/4 and makes the
polarized light right-handed.
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[0020] FIGS. 2A and 2B are views illustrating the state of
ambient light passing through components of the transflec-
tive LCD device of FIG. 1 when it is operating in a reflective
mode.

[0021] FIG. 2A shows the state of the ambient light in the
reflective mode when a signal voltage is not applied, i.c., the
TFT (not shown) is turned OFF. The ambient light illumi-
nates the upper linear polarizer 82. Only the portion of the
ambient light that is parallel with the optical axis of the
upper polarizer 82 passes through the upper polarizer 82 as
linearly polarized light (45° from x-axis of reference frame).
The linearly polarized light is changed into left-handed
circularly polarized light by the upper retardation film 72.
The left-handed circularly polarized light passes through the
upper substrate 60, through the color filter layer 61 and
through the common electrode 62 without any polarization
change. The left-handed circularly polarized light then
passes through the liquid crystal layer 100 that has optical
retardation of /4. The left-handed circularly polarized light
is then converted into linearly polarized light of which
polarization direction is 45° as it passes through the liquid
crystal layer 100. The linearly polarized light is then
reflected by the reflective electrode 50. Due to the reflection,
the linearly polarized light changes its polarization direction
from 45° to 135°. The reflected linearly polarized light is
converted back into a left-handed circularly polarized light
as it passes through the liquid crystal layer 100. The left-
handed circularly polarized light is then converted into a
linearly polarized light of which polarization direction is
135° as it passes through the upper retardation film 72. The
linearly polarized light is parallel to the optical axis of the
upper polarizer 82, and thus passes through the upper linear
polarizer 82. Thus, the LCD device produces light having a
white color.

[0022] FIG. 2B shows the state of the ambient light in the
reflective mode when a signal voltage is applied, i.e., the
TFT (not shown) is turned ON. In the ON-state, the liquid
crystal layer 100 does not affect polarization state of the
incident light. Thus, incident light passes through the liquid
crystal layer without any change of polarization state.

[0023] Accordingly, the ambient light that passes through
the upper polarizer 82 as linearly polarized light is converted
into left-handed circularly polarized light by the upper
retardation film 72. The left-handed circularly polarized
light passes through the upper substrate 60, through the color
filter layer 61, through the common electrode 62, and
through the liquid crystal layer 100. The left-handed circu-
larly polarized light is then reflected by the reflective elec-
trode 50, which causes the left-handed circularly polarized
light to become converted into right-handed circularly polar-
ized light with a phase shift of 180° via a mirror effect. The
right-handed circularly polarized light then passes through
the liquid crystal layer 100, through the common electrode
62, through the color filter layer 61, and through the second
substrate 60. The right-handed circularly polarized light is
then converted into linearly polarized light of having a
polarization direction of 45° as it passes through the upper
retardation film 72. The linearly polarized light is perpen-
dicular to the optical axis of the upper polarizer 82, and as
such does not pass through the upper linear polarizer 82.
Thus, the LCD device results in a black color.
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[0024] FIGS. 3A and 3B are views illustrating the state of
light from a backlight device passing through components of
the transflective LCD device of FIG. 1 when it is operating
in a transmissive mode.

[0025] FIG. 3A shows the state of the light from the
backlight device in the transmissive mode when a signal
voltage is not applied, i.e., when the TFT (not shown) is
turned OFF. At this time, the liquid crystal layer 100
disposed in the transmissive portion A of FIG. 1 has a
optical retardation of A/2 because the liquid crystal layer in
the transmissive portion A is twice as thick as that in the
reflective portion B.

[0026] The light from the backlight device enters the
lower polarizer 81. As mentioned before, transmissive axis
of the lower polarizer 81 is arranged perpendicular to that of
the upper polarizer 82. Only the portion of the light that is
parallel with the transmissive axis of the lower polarizer 81
passes through the lower polarizer 81 as linearly polarized
light of which polarization direction is 45°. The resultant
linearly polarized light is converted into right-handed cir-
cularly polarized light as it passes through the lower retar-
dation film 71. Then, the right-handed circularly polarized
light passes through the lower substrate 10 and through the
transparent electrode 30 without any phase shift. Next, the
right-handed circularly polarized light is converted into
left-handed circularly polarized light as it passes through the
liquid crystal layer 100, this being due to a optical retarda-
tion 2/2 of the liquid crystal layer 100. The left-handed
circularly light then passes through the common electrode
62, through the color filter layer 61 and through the upper
substrate 60, without any phase shift. As the left-handed
circularly polarized light passes through the upper retarda-
tion film 72, the left-handed circularly polarized light is
converted into linearly polarized light of which polarization
direction is 135°. The linearly polarized light is polarized
parallel with the optical axis of the upper polarizer 82, and
thus passes through the upper linear polarizer 82. As a result,
the L.CD device produces a gray color.

[0027] FIG. 3B shows the polarization state of the light
from the backlight device in the transmissive mode when a
signal voltage is applied, i.e., the TFT (not shown) is turned
ON. The liquid crystal does not affect the incident light, and
thus the incident light passes through the liquid crystal layer
without any change of polarization state. The light from the
backlight device enters the lower polarizer 81. Only the
linearly polarized light of the light of which polarization
direction is 45° can pass through the lower polarizer 81. The
resultant linearly polarized light is converted into right-
handed circularly polarized light as it passes through the
lower retardation film 71. Then, the right-handed circularly
polarized light passes through the lower substrate 10,
through the transparent electrode 30, and through the trans-
mitting holes 22 and 52 without any polarization change.
When the right-handed circularly polarized light passes
through the liquid crystal layer 100, it is not converted and
polarized any more because the liquid crystal layer 100
ideally does not have the optical retardation in the ON-state.
The right-handed circularly polarized light then passes
through the common electrode 62, through color filter layer
61, and through the upper substrate 60. As the right-handed
circularly polarized light passes through the upper retarda-
tion film 72, it is converted into linearly polarized light of
which polarization direction is 45°. This linearly polarized
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light is polarized perpendicular to the optical axis of the
upper polarizer 82, and therefore, does not pass through the
upper linear polarizer 82. Thus, the LCD device produces a
black color.

[0028] As described before, since the conventional LCD
device has different cell gaps between in the transmissive
portion and in the reflective portion, the uniform brightness
can be obtained whether it is operating in the transmissive
mode or in the reflective mode. Furthermore, because it
ideally displays the black colors when the voltage is applied,
the contrast ratio increases. Accordingly, the LCD device
has an improved image quality.

[0029] However, as shown in FIG. 1, the first transmitting
hole 22 of the first passivation layer 20 causes the liquid
crystal layer 100 to have different cell gaps, and moreover,
the transmitting hole 22 has slanted portions therearound.
Therefore, the cell gaps have altered continuously all over
the slanted portions. Further, the liquid crystal molecules
above the slanted portions are not aligned properly when the
voltage is not applied. These cause the change of the optical
retardation of the liquid crystal layer in the slanted portion,
thereby promoting the light leakage in those slant portions.
When the voltage is applied, the electric field is distorted in
the slanted portions, thus the liquid crystal molecules are not
aligned appropriately. The optical retardation of the liquid
crystal layer also changes in the slanted portion when the
voltage is applied, and the light leakage additionally occurs.

SUMMARY OF THE INVENTION

[0030] Accordingly, the present invention is directed to a
transflective liquid crystal display and a method of fabricat-
ing the same that substantially obviate one or more of the
problems due to limitations and disadvantages of the related
art.

[0031] An advantage of the present invention is to provide
a transflective LCD display and a method of fabricating the
same preventing a light leakage.

[0032] Another advantage of the present invention is to
provide a transflective LCD display and a method of fabri-
cating the same achieving a high contrast ratio.

[0033] 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. The objectives and
other advantages 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.

[0034] To achieve these and other advantages and in
accordance with the purpose of the present invention, as
embodied and broadly described, an array substrate for use
in a transflective liquid crystal display includes a substrate
including a transmissive portion, a reflective portion and a
border region in a pixel region, wherein the border region is
between the transmissive portion and the reflective portion;
at least a gate line, a gate electrode and a first light-shielding
patter on the substrate, wherein the first light-shielding
pattern has a first opening corresponding in position to the
transmissive portion and is disposed in the border region; a
gate insulation layer on the substrate covering the gate line,
the gate electrode and the first light-shielding pattern; an
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active layer on the gate insulation layer over the gate
electrode; a second light-shielding pattern on the gate insu-
lation layer, wherein the second light-shielding pattern has a
second opening corresponding in position to the transmis-
sive portion and is disposed in the border region; first and
second ohmic contact layers on the active layer; at least a
data line, a source electrode and a drain electrode, wherein
the data line defines the pixel region with the gate -line, and
wherein the source electrode is disposed on the first ohmic
contact layer and the drain electrode is disposed on the
second ohmic contact layer; an inorganic insulation layer on
the gate insulation layer, the inorganic insulation layer
covering the data line, the source and drain electrodes and
the second light-shielding pattern; and an organic passiva-
tion layer on the inorganic insulation layer; wherein the
inorganic insulation layer and the organic passivation layer
have a drain contact hole that exposes a portion of the drain
electrode; and wherein the inorganic insulation layer and the
organic passivation layer have a first transmitting hole that
corresponds in position to the transmissive potion.

[0035] The above-mentioned array substrate may further
include a first inorganic passivation layer on the organic
passivation layer; a reflective plate on the first inorganic
passivation layer; a second inorganic passivation layer on
the first inorganic passivation layer to cover the reflective
plate; and a transparent electrode on the second inorganic
passivation layer. The reflective plate has a second trans-
mitting hole that corresponds in position to both the trans-
missive portion and the border region. Also, the reflective
plate is disposed in the reflective portion. The first and
second inorganic passivation layers have an additional drain
contact hole that exposes a portion of the drain electrode.
The transparent electrode contacts the drain electrode
through the additional drain contact hole. The first and
second inorganic passivation layers are formed of an inor-
ganic material selected from a group consisting of silicon
nitride and silicon oxide. The reflective plate is made of a
metallic material selected from a group consisting of alu-
minum and aluminum alloy. the transparent electrode is
formed of a transparent conductive material selected from a
group consisting of indium tin oxide and indium zinc oxide.

[0036] Beneficially, the organic passivation layer is
formed of an organic material selected from a group con-
sisting of benzocyclobutene and acryl-based resin. The first
and second light-shielding patterns extend to the reflective
portion. The first transmitting hole exposes the substrate by
removing a portion of the gate electrode in the first opening.

[0037] The above-mentioned array substrate may further
include a transparent electrode on the organic passivation
layer, the transparent electrode contacting the drain elec-
trode through the drain contact hole; an inorganic passiva-
tion layer on the organic passivation layer to cover the
transparent electrode, the inorganic passivation layer having
a contact hole that exposes a portion of the transparent
electrode over the drain contact hole; and a reflective elec-
trode on the inorganic passivation layer, the reflective elec-
trode contacting the transparent electrode through the con-
tact hole, the reflective electrode having a second
transmitting hole that corresponds to both the transmissive
portion and the border region. The reflective electrode is
disposed in the reflective portion.

[0038] The above-mentioned array substrate may further
include a reflective plate between the inorganic insulation
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layer and the organic passivation layer, the reflective plate
having a second transmitting hole corresponds to both the
transmissive portion and the border region; and a transparent
electrode on the organic passivation layer, the transparent
electrode contacting the drain electrode through the drain
contact hole.

[0039] In another aspect of the present invention, a
method of forming an array substrate for use in a transflec-
tive liquid crystal display (LCD) device includes the steps of
providing a substrate that includes a transmissive portion, a
reflective portion and a border region in a pixel region,
wherein the border region is between the transmissive
portion and the reflective portion; simultaneously forming at
least a gate line, a gate electrode and a first light-shielding
pattern on the substrate, wherein the first light-shielding
pattern has a first opening corresponding in position to the
transmissive portion and is disposed in the border region;
forming a gate insulation layer on the substrate to cover the
gate line, the gate electrode and the first light-shielding
pattern; simultaneously forming an active layer and a second
light-shielding pattern, wherein the active layer is disposed
on the gate insulation layer over the gate electrode and the
second light-shielding pattern is disposed on the gate insu-
lation layer, and wherein the second light-shielding pattern
has a second opening corresponding in position to the
transmissive portion and is disposed in the border region;
forming first and second ohmic contact layers on the active
layer; simultancously forming at least a data line, a source
electrode and a drain electrode, wherein the data line defines
the pixel region with the gate line, and wherein the source
electrode is disposed on the first ohmic contact layer and the
drain electrode is disposed on the second ohmic contact
layer; forming an inorganic insulation layer on the gate
insulation layer to cover the data line, the source and drain
electrodes and the second light-shielding pattern; and form-
ing an organic passivation layer on the inorganic insulation
layer; and patterning both the inorganic insulation layer and
the organic passivation layer to from a drain contact hole and
a first transmitting hole, wherein the drain contact hole
exposes a portion of the drain electrode, and wherein the
transmitting hole corresponds in position to the transmissive
potion.

[0040] The above-mentioned method further includes the
steps of forming a first inorganic passivation layer on the
organic passivation layer; forming a reflective plate on the
first inorganic passivation layer; forming a second inorganic
passivation layer on the first inorganic passivation layer to
cover the reflective plate; and forming a transparent elec-
trode on the second inorganic passivation layer. The reflec-
tive plate has a second transmitting hole that corresponds in
position to both the transmissive portion and the border
region. The reflective plate is disposed in the reflective
portion. The method may further include the step of pat-
terning both the first and second inorganic passivation layers
to form an additional drain contact hole that exposes a
portion of the drain electrode. The transparent electrode
contacts the drain electrode through the additional drain
contact hole. The first and second inorganic passivation
layers are formed of an inorganic material selected from a
group consisting of silicon nitride and silicon oxide. Ben-
eficially, the reflective plate is made of a metallic material
selected from a group consisting of aluminum and aluminum
alloy, and the transparent electrode is formed of a transpar-
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ent conductive material selected from a group consisting of
indium tin oxide and indium zinc oxide.

[0041] Beneficially, the organic passivation layer is
formed of an organic material selected from a group con-
sisting of benzocyclobutene and acryl-based resin. The first
and second light-shielding patterns can extend to the reflec-
tive portion. The above method further includes a step of
removing a portion of the gate electrode located in the first
opening to expose the substrate.

[0042] The above-mentioned method may further include
the steps of forming a transparent electrode on the organic
passivation layer, the transparent electrode contacting the
drain electrode through the drain contact hole; forming an
inorganic passivation layer on the organic passivation layer
to cover the transparent electrode, the inorganic passivation
layer having a contact hole that exposes a portion of the
transparent electrode over the drain contact hole; and form-
ing a reflective electrode on the inorganic passivation layer,
the reflective electrode contacting the transparent electrode
through the contact hole, the reflective electrode having a
second transmitting hole that corresponds to both the trans-
missive portion and the border region. The reflective elec-
trode is disposed in the reflective portion.

[0043] The above mentioned method may further include
the steps of forming a reflective plate between the inorganic
insulation layer and the organic passivation layer, the reflec-
tive plate having a second transmitting hole corresponding
to both the transmissive portion and the border region; and
forming a transparent electrode on the organic passivation
layer, the transparent electrode contacting the drain elec-
trode through the drain contact hole.

[0044] 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

[0045] 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.

[0046] In the drawings:

[0047] FIG. 1 is a schematic cross-sectional view of a
conventional transflective LLCD device having a transmis-
sive portion and a reflective portion;

[0048] FIGS. 2A and 2B are views illustrating the state of
ambient light passing through components of the transflec-
tive LCD device of FIG. 1 when it is operating in a reflective
mode;

[0049] FIGS. 3A and 3B are views illustrating the state of
light from a backlight device passing through components of
the transflective LCD device of FIG. 1 when it is operating
in a transmissive mode;

[0050] FIG. 4 is a typical schematic plan view of one pixel
of an array substrate of a transflective liquid crystal display
device according to the present invention;
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[0051] FIG. 5 shows a cross-sectional view according to
a first embodiment of the present invention taken along line
V-V of FIG. 4,

[0052] FIGS. 6A to 6G illustrate the process steps of
manufacturing an array substrate according to the first
embodiment of the present invention;

[0053] FIG. 7 shows the cross-sectional view of FIG. 5
modified to have a dual layer gate electrode;

[0054] FIG. 8 shows a cross-sectional view according to
a second embodiment of the present invention taken along
line VI-VI of FIG. 4,

[0055] FIGS. 9A to 9G illustrate the process steps of
manufacturing an array substrate according to the second
embodiment of the present invention; and

[0056] FIG. 10 shows the cross-sectional view of FIG. 8
modified to have a dual layer gate electrode;

[0057] FIG. 11 shows a cross-sectional view according to
a third embodiment of the present invention taken along line
VII-VII of FIG. 4;

[0058] FIGS. 12A to 12F illustrate the process steps of
manufacturing an array substrate according to the third
embodiment of the present invention; and

[0059] FIG. 13 shows the cross-sectional view of FIG. 11
modified to have a dual layer gate electrode;

DETAILED DESCRIPTION OF THE
ILLUSTRATED EMBODIMENTS

[0060] Reference will now be made in detail to an embodi-
ment of the present invention, example of which is illus-
trated in the accompanying drawings. Wherever possible,
the same reference numbers will be used throughout the
drawings to refer to the same or like parts.

[0061] FIG. 4 is a typical schematic plan view of one pixel
of an array substrate of a transflective liquid crystal display
device according to the present invention, and FIG. 5 shows
a cross-sectional view taken along line V-V of FIG. 4 and
illustrates an array substrate according to a first embodiment
of the present invention. The array substrate of the present
invention includes a transmissive portion C, a reflective
portion D and a border region E.

[0062] In FIGS. 4 and 5, gate lines 121 are arranged in a
transverse direction on a transparent substrate 110, while
data line 161 are arranged in a longitudinal direction. A pair
of the gate and data lines 121 and 161 define a pixel region.
Gate electrodes 122 on the transparent substrate 110 extends
from the gate lines 121. A first light-shielding pattern 125 is
formed on the transparent substrate 110 of the same material
as the gate lines and electrodes 121 and 122. The first
light-shielding pattern 125 is disposed in the border region
E between the transmissive portion C and the reflective
portion D, and has an opening corresponding in position to
the transmissive portion C. The first light-shielding pattern
125 not only lies in the border region E but also extends to
the reflective portion D. The first light shielding pattern 125
may be of the same material as the gate line 121, gate
electrode 122, or data line 161.

[0063] A gate insulation layer 130, which is silicon nitride
or silicon oxide, is formed on the transparent substrate 110
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to cover the gate lines 121, the gate electrodes 122 and the
first light-shielding pattern 125. An active layer 141 is
formed on the gate insulation layer 130, especially over the
gate electrode 122. A second light-shielding pattern 145 is
also formed on the gate insulation layer 130 above the first
light-shielding pattern 125. Here, the active layer 141 and
the second light-shielding pattern 145 are formed of amor-
phous silicon. Like the first light-shielding pattern 125, the
second light-shielding pattern 145 is also disposed in the
border region E between the transmissive portion C and the
reflective portion D, and has an opening corresponding in
position to the transmissive potion C. The second light-
shielding pattern 145 not only lies in the border region E, but
also extends to the reflective portion D.

[0064] Ohmic contact layers 151 and 152 are disposed on
the active layer 141 and are made of impurity-included
amorphous silicon. A source electrode 162 extending from
the data line 161 is formed on the first ohmic contact layer
151, and a drain electrode 163 spaced apart from the source
electrode 162 is formed on the second ohmic contact layer
152. A first inorganic insulation layer 170a and a first
passivation layer 170 are sequentially formed on the gate
insulation layer 130 to cover the second light-shielding
pattern 145, the data line 161, and the source and drain
electrodes 162 and 163. The first passivation layer 170 is
formed of the organic material. Therefore, the first inorganic
insulation layer 170a should be interposed between the TET
and the first passivation layer 170, because the organic
material deteriorates the electrical characteristics of the TFT
when it directly contacts the active layer 141.

[0065] The first passivation layer 170 has a first transmit-
ting hole 172 corresponding to the transmissive portion C in
the pixel region. As described above, such a transmitting
hole 172 provides different cell gaps in the transmissive
portion C and in the reflective portion D, thereby allowing
the transflective LCD device to display uniform brightness.
Substantially, the cell gap of the transmissive portion C is
twice as large as that of the reflective portion D. The organic
material for the first passivation layer 170 is generally
selected from one of benzocyclobutene (BCB) and acryl-
based resin. In the structure shown in FIG. 5, the first
transmitting hole 172 can penetrate the first inorganic insu-
lation layer 170a and the gate insulation layer 130 to the
transparent substrate 110.

[0066] A second inorganic insulation layer 170b and a
reflective plate 180 are sequentially formed on the first
passivation layer 170. As shown in FIG. 5, the reflective
plate 180 has a second transmitting hole 182 corresponding
to both the reflective portion C and the border region E. The
second transmitting hole 182 may be a little bit wider than
the first transmitting hole 172. Aluminum or aluminum alloy
is employed for the reflective plate 180, for example. The
material for the reflective plate 180 should have a superior
reflectivity and is formed on the inorganic insulation layer
1705 using a sputtering method. If the reflective plate 180 is
directly formed on the organic passivation layer 170, the
sputtering chamber can be contaminated and thus the manu-
facturing yields decrease. Therefore, the second inorganic
insulation layer 170b should be disposed between the first
passivation layer 170 and the reflective plate. 180. A second
passivation layer 190 is formed on the second inorganic
insulation layer 1706 to cover the reflective plate 180. The
second passivation layer has a drain contact hole 191 that
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exposes a portion of the drain electrode 163. The second
passivation layer 190 is formed of an inorganic material,
such as silicon oxide and silicon nitride. Although not shown
in FIG. §, the second passivation layer 190 may have a third
transmitting hole that corresponds in position to the first and
second transmitting holes 172 and 182. A transparent elec-
trode 200 is formed on the second passivation layer 190, and
contacts the drain electrode 163 through the drain contact
hole 191. In the first embodiment of the present invention
shown in FIG. 5, although the second passivation layer 190
electrically isolates the transparent electrode 200 from the
reflective plate 180, the reflective plate 180 and the trans-
parent electrode 200 can have an electrical connection each
other.

[0067] Accordingly in the first embodiment, since the first
light-shielding pattern 125 is formed using the same material
as the gate lines and electrodes in the border region E
between the transmissive portion C and the reflective portion
D, the light generated from the backlight device can be
prevented when the transflective LCD device is operating in
the transmissive mode. Furthermore, since the amorphous
silicon of the second light-transmitting pattern absorbs the
ambient light from the outside, it can prevent the distortion
caused by the reflective light in the transmissive mode and
in the reflective mode. As a result, the transflective LCD
device improves the contrast ratio both in the reflective
mode and in the transflective mode according to the first
embodiment of the present invention.

[0068] FIGS. 6A to 6G show cross sectional views taken
along line V-V of FIG. 4 and illustrate the sequential process
steps of manufacturing an array substrate according to the
first embodiment of the present invention.

[0069] Referring first to FIG. 6A, a metallic material is
deposited on the transparent substrate 110 and then patterned
to form the gate line 121 (in FIG. 4) and the gate electrode
122. At this time, the first light-shielding pattern 125 is also
formed in a position corresponding to the border region E
between the transmissive portion C and the reflective portion
D

[0070] InFIG. 6B, the gate insulation layer 130 is formed
on the transparent substrate 110 to cover the gate line 121 (in
FIG. 4), the gate electrode 122 and the first light-shielding
pattern 125. Thereafter, an amorphous silicon layer and an
impurity-included amorphous silicon layer are sequentially
formed on the gate insulation layer 130, and then patterned
to form the active layer 141 over the gate electrode 122 and
the extrinsic semiconductor layer 153 on the active layer
141. At this time, the second light-shielding pattern 145 and
a dummy pattern 155 are also formed over the first light-
shielding pattern 125.

[0071] Next in FIG. 6C, a metallic material is deposited
on the gate insulation layer 130 to cover the patterned silicon
layers, and then patterned to form the data line 161 and the
source and drain electrodes 162 and 163. Thereafter, the
exposed portion of the extrinsic semiconductor layer 153 is
eliminated and the dummy pattern 155 is also simulta-
neously removed, thereby forming the first and second
ohmic contact layers 151 and 152. As a result, the drain
electrode 162 is formed on the first ohmic contact layer 151
and the source electrode 163 is formed on the second ohmic
contact layer 152.

[0072] In FIG. 6D, the first inorganic insulation layer
170a is deposited on the gate insulation layer 130 using one
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of silicon nitride and silicon oxide to cover the second light
shielding pattern 145, the data line 161, and the source and
drain electrodes 162 and 163. Sequentially, the first passi-
vation layer 170 is formed on the first inorganic insulation
layer 170a using one of benzocyclobutene (BCB) and acryl-
based resin. Then, the first passivation 170 and the first
inorganic insulation layer 170z are patterned to form the first
transmitting hole 172 and a first drain contact hole 171. At
this time, a portion of the gate insulation layer 130 can be
patterned to let the first transmitting hole 172 expose the
transparent substrate 110 in the transmissive portion C, as
shown in FIG. 6D.

[0073] Referring to FIG. 6E, the second inorganic insu-
lation layer 170b is formed on the first passivation layer 170.
Thereafter, a metallic material having a superior reflectivity,
such as aluminum or aluminum alloy, is deposited on the
second inorganic insulation layer 170b, and then patterned to
form the reflective plate 180. Here, the reflective plate 180
is disposed in the pixel region defined by the gate and data
lines 121 and 161 (in FIG. 4), and has the second transmit-
ting hole 182 over the first transmitting hole 172.

[0074] Now in FIG. 6F, the second passivation layer 190
is formed on the second inorganic insulation layer 1705 to
cover the reflective plate 180 using the inorganic material.
Both the second passivation layer 190 and the second
inorganic insulation layer 170b are patterned to form a
second drain contact hole 191 that exposes a portion of the
drain electrode 163. At this time, a third transmitting hole
corresponding in position to the first and second transmitting
holes 172 and 182 may be formed by removing portions of
the second inorganic insulation layer 1705 and the second
passivation layer 190.

[0075] In FIG. 6G, a transparent conductive material is
deposited on the second passivation layer 190 and then
patterned to form the transparent electrode 200. Through the
drain contact hole 191, the transparent electrode 200 con-
tacts the drain electrode 163. Here, the transparent conduc-
tive material is indium tin oxide (ITO) or indium zinc oxide
(IZ0).

[0076] Although FIGS. 6A to 6G show the transparent
electrode is formed above the reflective plate, it is possible
that the reflective plate changes places with the transparent
electrode. Additionally, the reflective plate can be connected
with the transparent electrode to serve as a pixel electrode.

[0077] As shown in FIG. 7, the structure of FIG. 5 can be
modified to include a gate elcterode 122 having a double
layer structure. For example, a lower gate electrode portion
1224 may be aluminum, while a gate electrode portion 122b
may be molybdenum. In such case, the first light-shielding
pattern 125 is of the same material as one of the lower gate
electrode portion 1224 and the upper gate electrode portion
122b.

[0078] FIG. 8 shows cross-sectional view taken along line
VI-VI of FIG. 4 and illustrates an array substrate according
to a second embodiment of the present invention. The array
substrate shown in FIG. 8 is similar to that shown in FIG.
5, but there are some differences.

[0079] In FIG. 8, the array substrate of the present inven-
tion is divided into a transmissive portion C, a reflective
portion D and a border region E. A gate electrode 222 and
a first light-shielding pattern 225 are formed on the trans-
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parent substrate 210. The first light-shielding pattern 225 is
disposed in the border region E between the transmissive
portion C and the reflective portion D and has an opening
corresponding in position to the transmissive portion C. The
first light-shielding pattern 225 not only lies in the border
region E but also extends to the reflective portion D. A gate
insulation layer 230 is formed on the transparent substrate
210 to cover the gate electrodes 222 and the first light-
shielding pattern 225. The first light shielding pattern 225
may be of the same material as the gate electrode 222, gate
line (not shown) or data line (not shown).

[0080] An active layer 241 is formed on the gate insulation
layer 230, especially over the gate electrode 222. A second
light-shielding pattern 245 is also formed on the gate insu-
lation layer 230 above the first light-shielding pattern 225.
Here, the active layer 241 and the second light-shielding
pattern 245 are formed of amorphous silicon. Like the first
light-shielding pattern 225, the second light-shielding pat-
tern 245 is also disposed in the border region E between the
transmissive portion C and the reflective portion D and has
an opening corresponding in position to the transmissive
potion C. The second light-shielding pattern 245 not only
lies in the border region E but also extends to the reflective
portion D. Ohmic contact layers 251 and 252 are disposed
on the active layer 241 are made of impurity-included
amorphous silicon. A source electrode 262 is formed on the
first ohmic contact layer 251, while a drain electrode 263 is
formed on the second ohmic contact layer 252.

[0081] An inorganic insulation layer 270z and a first
passivation layer 270 are sequentially formed on the gate
insulation layer 230 to cover the second light-shielding
pattern 245 and the source and drain electrodes 262 and 263.
The first passivation layer 270 is formed of the organic
material, such as benzocyclobutene (BCB) or acryl-based
resin. Therefore, as described in the first embodiment, the
inorganic insulation layer 270a should be interposed
between the TFT and the first passivation layer 270 because
the organic material deteriorates the electrical characteristics
of the TFT when it directly contacts the active layer 241. The
first passivation layer 270 has a first transmitting hole 272
corresponding to the transmissive portion C in a pixel region
defined by the gate and data lines. Further, the first passi-
vation layer 270 has a first contact hole 271 that exposes a
portion of the drain electrode 263. As described hereinbe-
fore, such a transmitting hole 272 provides different cell
gaps in the transmissive portion C and in the reflective
portion D, thereby allowing the transflective LCD device to
display uniform brightness whether the transflective LCD
device is operating as the transmissive mode or as the
reflective mode. Substantially, the cell gap of the transmis-
sive portion C is twice as large as that of the reflective
portion D. In the structure shown in FIG. 8, the first
transmitting hole 272 can penetrate the inorganic insulation
layer 270a and the gate insulation layer 230 to the trans-
parent substrate 210.

[0082] A transparent electrode 280 is formed on the first
passivation layer 270, and contacts the drain electrode 263
through the first contact hole 271. The transparent electrode
280 is made of a transparent conductive material, such as
indium tin oxide (ITO) or indium zinc oxide (IZO). Since
such a transparent conductive material does not contaminate
the deposition apparatus when it is deposited on the organic
passivation layer 270, an additional inorganic insulation
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layer is not required between the organic passivation layer
270 and the transparent electrode 280 in the second embodi-
ment, unlike the first embodiment. A second passivation
layer 290 is formed on the first passivation layer 270 and on
the transparent electrode 280. The second passivation layer
290 is an inorganic material, such as silicon oxide and
silicon nitride, and has a second contact hole 291 that
exposes a portion of the transparent electrode 280 over the
drain electrode 263. A reflective electrode 300 is formed on
the second passivation layer 290. As shown in FIG. 8, the
reflective electrode 300 has a second transmitting hole 302
corresponding to both the reflective portion C and the border
region E, and thus, the reflective electrode 300 corresponds
in position to the reflective portion D. The second transmit-
ting hole 302 may be a little bit wider than the first
transmitting hole 272. The reflective electrode 300 contacts
the transparent electrode 280 through the second contact
hole 291.

[0083] FIGS. 9A to 9G show cross-sectional views taken
along line VI-VI of FIG. 4 and illustrate the sequential
process steps of manufacturing an array substrate according
to the second embodiment of the present invention.

[0084] Referring first to FIG. 9A, a metallic material is
deposited on the transparent substrate 210 and then pat-
terned to form the gate electrode 222 and the first light-
shielding pattern 225. The first light-shielding pattern 225 is
disposed in a position corresponding to the border region E

between the transmissive portion C and the reflective portion
D.

[0085] InFIG. 9B, the gate insulation layer 230 is formed
on the transparent substrate 210 to cover the gate electrode
222 and the first light-shielding pattern 225. Thereafter, an
amorphous silicon layer and an impurity-included amor-
phous silicon layer are sequentially formed on the gate
insulation layer 230, and then patterned to form the active
layer 241 over the gate electrode 222 and the extrinsic
semiconductor layer 253 on the active layer 241. At this
time, the second light-shielding pattern 245 and a dummy
pattern 255 are also sequentially formed on the gate insu-
lation layer 230 and over the first light-shielding pattern 225.

[0086] Next in FIG. 9C, a metallic material is deposited
on the gate insulation layer 230 to cover the patterned silicon
layers, and then patterned to form the source and drain
electrodes 262 and 263. Thereafter, the exposed portion of
the extrinsic semiconductor layer 253 is eliminated and the
dummy pattern 255 is also simultaneously removed, thereby
forming the first and second ohmic contact layers 251 and
252. As a result, the drain electrode 262 is formed on the first
ohmic contact layer 251 and the source electrode 263 is
formed on the second ohmic contact layer 252.

[0087] In FIG. 9D, the inorganic insulation layer 270a is
deposited on the gate insulation layer 230 using one of
silicon nitride and silicon oxide to cover the second light-
shielding pattern 245 and the source and drain electrodes
262 and 263. Sequentially, the first passivation layer 270 is
formed on the inorganic insulation layer 170a using one of
benzocyclobutene (BCB) and acryl-based resin. Then, the
inorganic insulation layer 270a and the first passivation
layer 270 are patterned to form the first contact hole 271 and
the first transmitting hole 272. The contact hole 271 exposes
a portion of the drain electrode 263. The first transmitting
hole 272 corresponds to the transmissive portion C. When
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the first transmitting hole 272 is formed, a portion of the gate
insulation layer 230 can be removed to let the first trans-
mitting hole 272 expose the transparent substrate 210 in the
transmissive portion C, as shown in FIG. 9D.

[0088] Referring to FIG. 9E, a transparent conductive
material is deposited on the first passivation layer 270 and
then patterned to form the transparent electrode 280.
Through the first contact hole 271, the transparent electrode
280 contacts the drain electrode 263. Here, the transparent
conductive material is indium tin oxide (ITO) or indium zinc
oxide (IZO).

[0089] Now in FIG. 9F, the second passivation layer 290
is formed on the first passivation layer 270 to cover the
transparent electrode 280 using the inorganic material, such
as silicon nitride or silicon oxide. The second passivation
layer 290 is patterned to form a second contact hole 291 that
exposes a portion of the transparent electrode 280 over the
drain electrode 263.

[0090] In FIG. 9G, a metallic material having a superior
reflectivity, such as aluminum or aluminum alloy, is depos-
ited on the second passivation layer 290, and then patterned
to form the reflective electrode 300. Here, the reflective
electrode 300 is disposed in the pixel region defined by the
gate and data lines 121 and 161 (in FIG. 4), and has the
second transmitting hole 302 over the first transmitting hole
272. The reflective electrode 300 contacts the transparent
electrode 280 through the second contact hole 291.

[0091] In the first and second embodiments, the first
passivation layer is formed of an organic material and the
second passivation layer is formed of an inorganic material.
As a contrary concept, however, the first passivation layer
can be formed of the inorganic material and the second
passivation layer is formed of the organic material.

[0092] As shown in FIG. 10, the structure of the second
embodiment as illustrated in FIG. 8 can be modified to
include a gate electrode 222 having a double layer structure.
For example, a lower gate portion 222a may be aluminum,
while an upper gate portion 222b may be molybdenum. In
such case, the first light shielding pattern 225 is of the same
material as one of the lower gate portion 2224 and the upper
gate portion 222b.

[0093] FIG. 11 shows cross-sectional view taken along
line VI-VI of FIG. 4 and illustrates an array substrate
according to a third embodiment of the present invention.
The array substrate shown in FIG. 11 is similar to that
shown in FIGS. 5 and 8, but there are some differences.

[0094] In FIG. 11, the array substrate of the present
invention is also divided into a transmissive portion C, a
reflective portion D and a border region E. A gate electrode
322 and a first light-shielding pattern 325 are formed on the
transparent substrate 310. The first light-shielding pattern
325 is disposed in the border region E between the trans-
missive portion C and the reflective portion D, and has an
opening corresponding in position to the transmissive por-
tion C. The first light-shielding pattern 325 not only lies in
the border region E but also extends’ to the reflective portion
D. A gate insulation layer 330 is formed on the transparent
substrate 310 to cover the gate electrodes 322 and the first
light-shielding pattern 325. The first light shielding pattern
325 may be of the same material as the gate electrode 322,
gate line (not shown) or data line (not shown).
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[0095] An active layer 341 is formed on the gate insulation
layer 330, especially over the gate electrode 322. A second
light-shielding pattern 345 is also formed on the gate insu-
lation layer 330 above the first light-shielding pattern 325.
Here, the active layer 341 and the second light-shielding
pattern 345 are formed of amorphous silicon. Like the first
light-shielding pattern 325, the second light-shielding pat-
tern 345 is also disposed in the border region E between the
transmissive portion C and the reflective portion D, and has
an opening corresponding in position to the transmissive
potion C. The second light-shielding pattern 345 not only
lies in the border region E but also extends to the reflective
portion D. On the active layer 341 disposed are ohmic
contact layers 351 and 352 that are made of impurity-
included amorphous silicon. A source electrode 362 is
formed on the first ohmic contact layer 351, while a drain
electrode 363 is formed on the second ohmic contact layer
352

[0096] A first passivation layer 370 is formed on the gate
insulation layer 330 to cover the second light-shielding
pattern 345 and the source and drain electrodes 362 and 363.
Areflective plate 380 is formed on the first passivation layer
370. The reflective plate 380 corresponds to the reflective
portion D, and has a first transmitting hole 382 correspond-
ing to both the reflective portion C and the border region E.
The first transmitting hole 382 may be a little bit wider than
a second transmitting hole that is formed in a later step.
Aluminum or aluminum alloy is employed for the reflective
plate 380, for example. The material for the reflective plate
380 should have a superior reflectivity. A second passivation
layer 390 is formed on the first passivation layer 370 to
cover the reflective plate 380. The second passivation layer
390 is an organic material, such as benzocyclobutene (BCB)
or acryl-based resin. As described in the first and second
embodiments, since the inorganic passivation layer 370 is
interposed between the TFT and the organic passivation
layer 390, it prevents the deterioration of the electrical
characteristics of the TFT. The first and second passivation
layers 370 and 390 have a drain contact hole 391 that
exposes a portion of the drain electrode 363 and a second
transmitting hole 392 that corresponds to the transmissive
portion C. In the structure shown in FIG. 11, the second
transmitting hole 392 can penetrate the gate insulation layer
330 to the transparent substrate 310. As described herein-
before, the second transmitting hole 392 provides different
cell gaps between in the transmissive portion C and in the
reflective portion D, thereby allowing the transflective LCD
device to display uniform brightness whether the transflec-
tive LCD device is operating as the transmissive mode or as
the reflective mode. Substantially, the cell gap of the trans-
missive portion C is twice as large as that of the reflective
portion D. A transparent electrode 400 is formed on the
second passivation layer 390 and contacts the drain elec-
trode 363 through the drain contact hole 391. The transpar-
ent clectrode 400 is made of a transparent conductive
material, such as indium tin oxide (ITO) or indium zinc
oxide (IZO). Since such a transparent conductive material
does not contaminate the deposition apparatus when it is
deposited on the organic passivation layer 390, an additional
inorganic insulation layer is not required between the
organic passivation layer 390 and the transparent electrode
400.

[0097] In the third embodiment, since the first passivation
layer 370 are formed of the inorganic material and since the
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reflective plate 380 are formed on the inorganic material
(i.e., the first passivation layer 370), the additional inorganic
layer is not required on front and rear surfaces of the organic
passivation layer 390. Therefore, when forming the array
substrate according to the third embodiment, the manufac-
turing process steps are reduced.

[0098] FIGS. 12A to 12F show cross-sectional views
taken along line VII-VII of FIG. 4 and illustrate the sequen-
tial process steps of manufacturing an array substrate
according to the third embodiment of the present invention.

[0099] Referring first to FIG. 12A, a metallic material is
deposited on the transparent substrate 310 and then pat-
terned to form the gate electrode 322 and the first light-
shielding pattern 325. The first light-sheilding pattern 325 is
disposed in a position corresponding to the border region E
between the transmissive portion C and the reflective portion
D and has an opening corresponding to the transmissive
portion C.

[0100] In FIG. 12B, the gate insulation layer 330 is
formed on the transparent substrate 310 to cover the gate
electrode 322 and the first light-shielding pattern 325. There-
after, an amorphous silicon layer and an impurity-included
amorphous silicon layer are sequentially formed on the gate
insulation layer 330, and then patterned to form the active
layer 341 over the gate electrode 322 and the extrinsic
semiconductor layer 353 on the active layer 341, respec-
tively. At this time, the second light-shielding pattern 345
and a dummy pattern 355 are also sequentially formed on the
gate insulation layer 330 and over the first light-shielding
pattern 325.

[0101] Next in FIG. 12C, a metallic material is deposited
on the gate insulation layer 330 to cover the patterned silicon
layers, and then patterned to form the source and drain
electrodes 362 and 363. Thereafter, the exposed portion of
the extrinsic semiconductor layer 353 is eliminated, and the
dummy pattern 355 is also simultaneously removed, thereby
forming the first and second ohmic contact layers 351 and
352. As a result, the drain electrode 362 is formed on the first
ohmic contact layer 351 and the source electrode 363 is
formed on the second ohmic contact layer 352.

[0102] In FIG. 12D, the first passivation layer 370 is
deposited on the gate insulation layer 330 using one of
silicon nitride and silicon oxide to cover the second light-
shielding pattern 345 and the source and drain electrodes
362 and 363. Thereafter, a metallic material having a supe-
rior reflectivity, such as aluminum or aluminum alloy, is
deposited on the first passivation layer 370, and then pat-
terned to form the reflective plate 380. Here, the reflective
plate 380 is disposed in the pixel region defined by the gate
and data lines 121 and 161 (in FIG. 4), and has the first
transmitting hole 382 that corresponds to both transmissive
portion C and the border region E. As a result, the reflective
plate 380 corresponds in position to the reflective portion D.

[0103] Referring to FIG. 12E, the second passivation
layer 390 is formed on the first passivation layer 370 to
cover the reflective plate 380. The second passivation layer
390 is one of benzocyclobutene (BCB) and acryl-based
resin. Then, the first passivation layer 370 and the second
passivation layer 390 are patterned to form the drain contact
hole 391 and the second transmitting hole 392. The drain
contact hole 391 exposes a portion of the drain electrode
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363. The second transmitting hole 392 corresponds to the
transmissive portion C. When forming the second transmit-
ting hole 392, a portion of the gate insulation layer 330 can
be removed to let the second transmitting hole 392 expose
the transparent substrate 310 in the transmissive portion C,
as shown in FIG. 12E.

[0104] Now in FIG. 12F, a transparent conductive mate-
rial is deposited on the second passivation layer 390 and then
patterned to form the transparent electrode 400. The trans-
parent electrode 400 contacts the drain electrode 363
through the drain contact hole 391. Here, the transparent
conductive material is indium tin oxide (ITO) or indium zinc
oxide (IZO).

[0105] Accordingly in the third embodiment, since the
reflective plate is disposed between the inorganic passiva-
tion layer and the organic passivation layer, the additional
inorganic layer is not needed, thereby decreasing the manu-
facturing process.

[0106] As shown in FIG. 13, the structure of the third
embodiment as illustrated in FIG. 11 can be modified to
include a gate electrode 322 having a double layer structure.
For example, a lower gate portion 3224 may be aluminum,
while an upper gate portion 322b may be molybdenum. In
such case, the first light shielding pattern 325 is of the same
material as on the lower gate portion 3224 and the upper gate
portion 322b.

[0107] As aforementioned, since the first light-shielding
pattern are formed using the same material as the gate lines
and electrodes in the border region E between the transmis-
sive portion C and the reflective portion D, the light gener-
ated from the backlight device can be prevented when the
transflective LCD device is operating in the transmissive
mode. Furthermore, since the amorphous silicon of the
second light-transmitting pattern absorbs the ambient light
from the outside, it can prevent the distortion caused by the
reflective light in the transmissive mode and in the reflective
mode. From these results, a high contrast ratio can be
achieved in the transflective LCD device. Additionally, the
manufacturing process steps do not increase according to the
present invention although the light-shielding patterns are
formed in the array substrate of the transflective LCD
device.

[0108] It 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.

What is claimed is:

1. An array substrate for a transflective liquid crystal
display, comprising:

a substrate including a transmissive portion, a reflective
portion and a border region in a pixel region, wherein
the border region is between the transmissive portion
and the reflective portion;

at least a gate line, a gate electrode and a first light-
shielding pattern on the substrate, wherein the first
light-shielding pattern has a first opening correspond-
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ing in position to the transmissive portion and is
disposed in the border region;

a gate insulation layer on the substrate covering the gate
line, the gate electrode and the first light-shielding
pattern;

an active layer on the gate insulation layer over the gate
electrode;

a second light-shielding pattern on the gate insulation
layer, wherein the second light-shielding pattern has a
second opening corresponding in position to the trans-
missive portion and is disposed in the border region;

first and second ohmic contact layers on the active layer;

at least a data line, a source electrode and a drain
electrode, wherein the data line defines the pixel region
with the gate line, and wherein the source electrode is
disposed on the first ohmic contact layer and the drain
electrode is disposed on the second ohmic contact
layer;

an inorganic insulation layer on the gate insulation layer,
the inorganic insulation layer covering the data line, the
source and drain electrodes and the second light-shield-
ing pattern; and

an organic passivation layer on the inorganic insulation
layer;

wherein the inorganic insulation layer and the organic
passivation layer have a drain contact hole that exposes
a portion of the drain electrode; and

wherein the inorganic insulation layer and the organic
passivation layer have a first transmitting hole that
corresponds in position to the transmissive potion.
2. The array substrate according to claim 1, further
comprising:

a first inorganic passivation layer on the organic passiva-
tion layer;

a reflective plate on the first inorganic passivation layer;

a second inorganic passivation layer on the first inorganic
passivation layer to cover the reflective plate; and

a transparent electrode on the second inorganic passiva-

tion layer.

3. The array substrate according to claim 2, wherein the
reflective plate has a second transmitting hole that corre-
sponds in position to both the transmissive portion and the
border region.

4. The array substrate according to claim 2, wherein the
reflective plate overlaps a portion of the border region.

5. The array substrate according to claim 2, wherein the
reflective plate is disposed in the reflective portion.

6. The array substrate according to claim 2, wherein the
first and second inorganic passivation layers have an addi-
tional drain contact hole that exposes a portion of the drain
electrode.

7. The array substrate according to claim 6, wherein the
transparent electrode contacts the drain electrode through
the additional drain contact hole.

8. The array substrate according to claim 2, wherein the
first and second inorganic passivation layers are formed of
an inorganic material selected from a group consisting of
silicon nitride and silicon oxide.
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9. The array substrate according to claim 2, wherein the
reflective plate is made of a metallic material selected from
a group consisting of aluminum and aluminum alloy.

10. The array substrate according to claim 2, wherein the
transparent electrode is formed of a transparent conductive
material.

11. The array substrate according to claim 10, wherein the
transparent conductive material is one of indium tin oxide
and indium zinc oxide.

12. The array substrate according to claim 1, wherein the
organic passivation layer is formed of an organic material
selected from a group consisting of benzocyclobutene and
acryl-based resin.

13. The array substrate according to claim 1, wherein the
first and second light-shielding patterns extend to the reflec-
tive portion.

14. The array substrate according to claim 1, wherein the
first transmitting hole exposes the substrate by removing a
portion of the gate electrode in the first opening.

15. The array substrate according to claim 1, wherein the
first light shielding pattern is made of the same material as
the gate line.

16. The array substrate of claim 1, wherein the gate line
has a two layer structure and wherein the first light shielding
pattern is made of the same material as at least one of the two
layers of the gate line.

17. The array substrate of claim 1, wherein the second
light shielding pattern is made of amorphous silicon.

18. The array substrate according to claim 1, further
comprising:

a transparent electrode on the organic passivation layer,
the transparent electrode contacting the drain electrode
through the drain contact hole;

an inorganic passivation layer on the organic passivation
layer to cover the transparent electrode, the inorganic
passivation layer having a contact hole that exposes a
portion of the transparent electrode over the drain
contact hole; and

a reflective electrode on the inorganic passivation layer,
the reflective electrode contacting the transparent elec-
trode through the contact hole, the reflective electrode
having a second transmitting hole that corresponds to
both the transmissive portion and the border region.

19. The array substrate according to claim 18, wherein the
reflective electrode is disposed in the reflective portion.

20. The array substrate according to claim 18, wherein the
inorganic passivation layers is formed of an inorganic mate-
rial.

21. The array substrate of claim 20, wherein the inorganic
material is one of silicon nitride and silicon oxide.

22. The array substrate according to claim 18, wherein the
reflective electrode is made of one of aluminum and alumi-
num alloy.

23. The array substrate according to claim 18, wherein the
transparent electrode is formed of a transparent conductive
material selected from a group consisting of indium tin
oxide and indium zinc oxide.

24. The array substrate according to claim 1, further
comprising:

a reflective plate between the inorganic insulation layer
and the organic passivation layer, the reflective plate
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having a second transmitting hole corresponding to
both the transmissive portion and the border region;
and

a transparent electrode on the organic passivation layer,
the transparent electrode contacting the drain electrode
through the drain contact hole.

25. The array substrate according to claim 24, wherein the
reflective plate is made of one of aluminum and aluminum
alloy.

26. The array substrate according to claim 24, wherein the
transparent electrode is formed of a transparent conductive
material selected from a group consisting of indium tin
oxide and indium zinc oxide.

27. A method of manufacturing an array substrate for use
in a transflective liquid crystal display, comprising the steps
of:

providing a substrate that includes a transmissive portion,
a reflective portion and-a border region in a pixel
region, wherein the border region is between the trans-
missive portion and the reflective portion;

simultaneously forming at least a gate line, a gate elec-
trode and a first light-shielding pattern on the substrate,
wherein the first light-shielding pattern has a first
opening corresponding in position to the transmissive
portion and is disposed in the border region;

forming a gate insulation layer on the substrate to cover
the gate line, the gate electrode and the first light-
shielding pattern;

simultaneously forming an active layer and a second
light-shielding pattern, wherein the active layer is dis-
posed on the gate insulation layer over the gate elec-
trode and the second light-shielding pattern is disposed
on the gate insulation layer, and wherein the second
light-shielding pattern has a second opening corre-
sponding in position to the transmissive portion and is
disposed in the border region;

forming first and second ohmic contact layers on the
active layer;

simultaneously forming at least a data line, a source
electrode and a drain electrode, wherein the data line
defines the pixel region with the gate line, and wherein
the source electrode is disposed on the first ohmic
contact layer and the drain electrode is disposed on the
second ohmic contact layer;

forming an inorganic insulation layer on the gate insula-
tion layer to cover the data line, the source and drain
electrodes and the second light-shielding pattern; and

forming an organic passivation layer on the inorganic
insulation layer; and

patterning both the inorganic insulation layer and the
organic passivation layer to from a drain contact hole
and a first transmitting hole, wherein the drain contact
hole exposes a portion of the drain electrode, and
wherein the transmitting hole corresponds in position
to the transmissive portion.

28. The method according to claim 27, further comprising

the steps of:

forming a first inorganic passivation layer on the organic
passivation layer;



US 2003/0081159 Al

forming a reflective plate on the first inorganic passivation
layer;

forming a second inorganic passivation layer on the first
inorganic passivation layer to cover the reflective plate;
and

forming a transparent electrode on the second inorganic

passivation layer.

29. The method according to claim 28, wherein the
reflective plate has a second transmitting hole that corre-
sponds in position to both the transmissive portion and the
border region.

30. The method according to claim 28, wherein the
reflective plate is disposed in the reflective portion.

31. The method according to claim 28, further comprising
the step of patterning both the first and second inorganic
passivation layers to form an additional drain contact hole
that exposes a portion of the drain electrode.

32. The method according to claim 31, wherein the
transparent electrode contacts the drain electrode through
the additional drain contact hole.

33. The method according to claim 28, wherein the first
and second inorganic passivation layers are formed of an
inorganic material selected from a group consisting of
silicon nitride and silicon oxide.

34. The method according to claim 28, wherein the
reflective plate is made of one of aluminum and aluminum
alloy.

35. The method according to claim 28, wherein the
transparent electrode is formed of a transparent conductive
material.

36. The method according to claim 35, wherein the
transparent conductive material is one of indium tin oxide
and indium zinc oxide.

37. The method according to claim 28, wherein the
organic passivation layer is formed of an organic material
selected from a group consisting of benzocyclobutene and
acryl-based resin.

38. The method according to claim 28, wherein the first
and second light-shielding patterns extend to the reflective
portion.

39. The method according to claim 28, further comprising
a step of removing a portion of the gate electrode located in
the first opening to expose the substrate.

40. The method according to claim 27, further comprising
the steps of:

forming a transparent electrode on the organic passivation
layer, the transparent electrode contacting the drain
electrode through the drain contact hole;
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forming an inorganic passivation layer on the organic
passivation layer to cover the transparent electrode, the
inorganic passivation layer having a contact hole that
exposes a portion of the transparent electrode over the
drain contact hole; and

forming a reflective electrode on the inorganic passivation
layer, the reflective electrode contacting the transparent
electrode through the contact hole, the reflective elec-
trode having a second transmitting hole that corre-
sponds to both the transmissive portion and the border
region.

41. The method according to claim 40, wherein the
reflective electrode is disposed in the reflective portion.

42. The method according to claim 40, wherein the
inorganic passivation layer is formed of an inorganic mate-
rial selected from a group consisting of silicon nitride and
silicon oxide.

43. The method according to claim 40, wherein the
reflective electrode is made of one of aluminum and alumi-
num alloy.

44. The method according to claim 40, wherein the
transparent electrode is formed of a transparent conductive
material.

45. The method according to claim 44, wherien the
transparent conductive material is one of indium tin oxide
and indium zinc oxide.

46. The method according to claim 27, further comprising
the steps of:

forming a reflective plate between the inorganic insulation
layer and the organic passivation layer, the reflective
plate having a second transmitting hole corresponding
to both the transmissive portion and the border region;
and

forming a transparent electrode on the organic passivation
layer, the transparent electrode contacting the drain
electrode through the drain contact hole.

47. The method according to claim 46, wherein the
reflective plate is made of one of aluminum and aluminum
alloy.

48. The method according to claim 46, wherein the
transparent electrode is formed of a transparent conductive
material selected from a group consisting of indium tin
oxide and indium zinc oxide.

49. The method according to claim 48, wherein the
transparent conductive material is one of indium tin oxide
and indium zinc oxide.
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