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(57) ABSTRACT

The present disclosure relates to a liquid crystal display
device having a protection element for semiconductor layer
from externally intruding light and a manufacturing method
of the same. The present disclosure suggests a liquid crystal
display device comprising a substrate; a data line and a gate
line crossing each other on the substrate; a thin film transistor
formed at a crossing portion of the data line and the gate line;
a passivation layer covering the thin film transistor; and an
opaque protective layer forming on the passivation layer and
covering the thin film transistor. The liquid crystal display
device according to the present disclosure blocks the light
intrusion into the semiconductor active layer of the thin film
transistor to enhance the electron mobility in the active layer
and the reliability of the elements.
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LIQUID CRYSTAL DISPLAY DEVICE AND
MANUFACTURING METHOD OF THE SAME

[0001] This application claims the benefit of Korea Patent
Application No. 10-2009-0133559 filed on Dec. 30, 2009,
which is incorporated herein by reference for all purposes as
if fully set forth herein.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present disclosure relates to a liquid crystal
display device and a manufacturing method of the same.
Especially, the present disclosure relates to a liquid crystal
display device having a protection element for semiconductor
layer from externally intruding light and a manufacturing
method of the same.

[0004] 2. Discussion of the Related Art

[0005] Nowadays, various flat panel display devices are
developed for overcoming many drawbacks of the cathode
ray tube such as heavy weight and bulk volume. The flat panel
display devices include the liquid crystal display device (or
LCD), the field emission display (or FED), and electrolumi-
nescence device (or ED).

[0006] The liquid crystal display device represents video
data by controlling the light transmitivity of the liquid crystal
layer using the electric fields. According to the direction of
the electric field, the LCD can be classified in the two major
types; one is vertical electric field type and the other is the
horizontal electric field type.

[0007] Forthe vertical electric field type LCD, the common
electrode formed on the upper substrate and the pixel elec-
trode formed on the lower substrate are facing with each other
for forming the electric field of which direction is perpendicu-
lar to the substrate face. The twisted nematic liquid crystal
layer disposed between the upper substrate and the lower
substrate is driven the vertical electric field. The vertical
electric field type LCD has merit of higher aperture ratio,
while it has demerit of narrower view angle about 90 degree.
[0008] For the horizontal electric field type LCD, the com-
mon electrode and the pixel electrode are formed on the same
substrate in parallel. The liquid crystal layer disposed
between the upper substrate and the lower substrate is driven
in In-Plane-Switching (IPS) mode by the electric field paral-
lel to the substrate face. The horizontal electric field type LCD
has a merit of wider view angle over 160 degree.

[0009] Hereinafter, we explain about the horizontal electric
field type LCD in detail. FIG. 1 is a plane view illustrating the
horizontal electric field type LCD according to the related art.
FIG. 2 is a cross-sectional view cutting along the line I-I' for
illustrating the structure of the horizontal electric field type
LCD of the FIG. 1.

[0010] Referring to FIGS. 1 and 2, the horizontal electric
field type LCD comprises a thin film transistor (or TFT) array
substrate TFTS having the thin film transistor TFTC, a color
filter array substrate CFS having the color filter CF and the
black matrix BM, and a liquid crystal layer L.C disposed the
substrates (TFTS and CFS). The TFT array substrate of the
horizontal electric field type LCD includes the gate line GLC
and the data line DLC crossing each other on the lower
substrate SUBLC, the thin film transistor TFTC formed at
each crossing point of the gate line GLC and the data line
DLC, the pixel electrode PXLC and the common electrode
COMC forming the horizontal electric field within the pixel
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area defined by the crossing structure of the gate line GLC and
the data line DLC, and the common line CLC connecting the
common electrode COMC.

[0011] Thethin film transistor TFTC includes the gate elec-
trode GC branching from the gate line GLC, the semiconduc-
tor layer AC overlapping with the gate electrode GC on the
gate insulating layer GIC covering the gate electrode GC, the
source electrode SC branching from the data line DLC and
contacting one side of the semiconductor layer AC, and the
drain electrode DC facing with the source electrode SC and
contacting the other side of the semiconductor layer AC. On
the thin film transistor TFTC, the passivation layer PAS SIC
is formed to protect the thin film transistor TFTC. The pixel
electrode PXLC is formed on the passivation layer PASSIC.

[0012] The gate line GLC supplies the gate signal to the
gate electrode GC of the thin film transistor TFTC. The data
line DLC supplies the pixel signal to the pixel electrode
PXLC via the drain electrode DC of the thin film transistor
TFTC. The gate line GL.C and the data line DLC are crossed
each other so they define the pixel area. The common line
CLC which is disposed between each pixel area and parallel
with the gate line GLC, supplies the reference voltage for
driving the liquid crystal layer.

[0013] By responding to the gate signal of the gate line
GLC, the thin film transistor TFTC turns on to supply the
pixel signal from the data line DLC to the pixel electrode
PXLC. The pixel electrode PXLC is connected to the drain
electrode DC of the thin film transistor TFTC and formed
within the pixel area. The common electrode COMC is con-
nected to the common line CL.C and formed within the pixel
area. Hspecially, the pixel electrode PXLC and the common
electrode COMC are parallel each other in the pixel area. To
do this, the common electrode COMC has a plurality of
segments which are disposed in parallel and spaced away
from each other with predetermined distance, and the pixel
electrode PXLC has a plurality of segments and each of them
is disposed between the segments of the common electrode
COMC.

[0014] Therefore, the horizontal electric field is formed
between the pixel electrode PXLC on which the pixel signal
is applied via the thin film transistor TFTC and the common
electrode COMC on which the reference signal is applied via
the common line CLC. Especially, the horizontal electric field
is formed between the segment of the pixel electrode PXLC
and the segment of the common electrode COMC.

[0015] By the horizontal electric field, the liquid crystal
moleculars arrayed in parallel direction between the thin film
transistor array substrate TF'TS and the color filter array sub-
strate CFS can be rotated according to the dielectric anisot-
ropy property. According to the rotating state, the light trans-
missivity through the pixel area will be varied and then the
video data can be represented.

[0016] The liquid crystal display device as mentioned
above uses back light BL radiated from the back light system
(not shown) placed under the low substrate SUBLC of the
LCD panel for representing the video data. Under this con-
dition, the light entering into the thin film transistor array
substrate TF'TS may be blocked by the gate electrode GC and
it may enter into the semiconductor layer AC by diffraction
phenomena. Some back light BL entering into the pixel area
and considered as not affecting to the semiconductor layer AC
may intrude into the semiconductor layer AC exposed
between the source electrode SC and the drain electrode DC



US 2011/0157509 A1

by reflecting from the black matrix BM formed on the color
filter array substrate CFS or the upper substrate SUBLC.
[0017] Like this, if the light is induced into the semicon-
ductor layer AC of the thin film transistor TFTC, the charac-
teristic curve of the thin film transistor TFTC will be shifted
one side (especially, left) due to the optical and thermal
stresses so that the property and performance of the thin film
transistor TFTC may be degraded. FIG. 3 is a graph showing
the shift phenomenon of the characteristic curve of the thin
film transistor when the light enters into the TFT. As a result,
the current leakage may be occurred and the thin film tran-
sistor TFTC may not transmit the pixel signal to the pixel
electrode PXL.C normally.

SUMMARY OF THE INVENTION

[0018] In order to overcome the above mentioned draw-
backs, the purpose of the present disclosure is to suggest a
liquid crystal display device having a structure for preventing
back light from intruding into the thin film transistor, and a
manufacturing method of the same. Another purpose of the
present disclosure is to suggest a liquid crystal display device
and a manufacturing method of the same in which two metal
layers are disposed over and under the semiconductor layer to
prevent the light from intruding into the semiconductor layer
and to compose double gate structure.

[0019] In order to accomplish the above purpose, the
present disclosure suggests a liquid crystal display device
comprising a substrate; a data line and a gate line crossing
each other on the substrate; a thin film transistor formed at a
crossing portion of the data line and the gate line; a passiva-
tion layer covering the thin film transistor; and an opaque
protective layer forming on the passivation layer and covering
the thin film transistor.

[0020] The thin film transistor comprises: a gate electrode
connecting to the gate line; a semiconductor layer formed
within an area of the gate electrode on a gate insulation layer
covering the gate electrode; a source electrode branching
from the data line and contacting one side of the semiconduc-
tor layer; and a drain electrode facing with the source elec-
trode and contacting the other side of the semiconductor
layer.

[0021] The gate electrode and the opaque protective layer
have a same size and are overlapping each other.

[0022] The opaque protective layer includes an opaque
conductive material having at least one of molibdenium and
titanium.

[0023] The opaque conductive material includes at least
one of ITO (Indium Tin Oxide) and IZO (Indium Zinc Oxide)
having a thickness thicker than a critical thickness.

[0024] The opaque protective layer connects to the gate
electrode.
[0025] Theliquidcrystal display device further comprises a

pixel electrode having a transparent conductive material con-
necting to the thin film transistor on the passivation layer.
[0026] The transparent conductive material includes at
least one of ITO (Indium Tin Oxide) and IZO (Indium Zinc
Oxide) having a thickness thinner than a critical thickness.
[0027] A manufacturing method of a liquid crystal display
device comprising: forming a data line and a gate line which
are crossing each other on a substrate, and a thin film transis-
tor connecting to the data line and the gate line; depositing a
passivation layer on the thin film transistor; and forming an
opaque passivation layer covering the thin film transistor on
the passivation layer.
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[0028] The forming the thin film transistor comprises:
forming the gate line and a gate electrode branching from the
gate line on the substrate; forming a gate insulating layer
covering the gate line and the gate electrode; forming a semi-
conductor layer within an area of the gate electrode on the
gate insulating layer; and forming a source electrode branch-
ing from the data line and contacting one side of the semi-
conductor layer, and a drain electrode facing with the source
electrode and contacting the other side of the semiconductor
layer.

[0029] The forming the opaque passivation layer, the gate
electrode and the opaque protective layer have a same size
and are overlapping each other.

[0030] The forming the opaque passivation layer, the
opaque protective layer is formed by depositing an opaque
conductive material including at least one of molibdenium
and titanium.

[0031] The forming the opaque passivation layer, the
opaque protective layer is formed by depositing at least one of
ITO (Indium Tin Oxide) and IZO (Indium Zinc Oxide) having
a thickness thinner than a critical thickness.

[0032] The forming the passivation layer comprises:
depositing a passivation material; and forming a gate contact
hole exposing some portions of the gate electrode by penetrat-
ing the passivation layer and the gate insulating layer; and
wherein the forming the opaque protective layer, the opaque
protective layer contacts the gate electrode through the gate
contact hole.

[0033] The forming the passivation layer comprises:
depositing a passivation material; and forming a drain contact
hole exposing some portions of the drain electrode by pen-
etrating the passivation layer; and further comprising: form-
ing a pixel electrode contacting the drain electrode through
the drain contact hole on the passivation layer.

[0034] The forming the passivation layer comprises:
depositing a passivation material; and forming a drain contact
hole exposing some portions of the drain electrode by pen-
etrating the passivation layer, and a gate contact hole expos-
ing some portions of the gate electrode by penetrating the
passivation layer and the gate insulating layer; and the form-
ing the opaque protective layer comprises: depositing a trans-
parent conductive material including at least one of ITO (In-
dium Tin Oxide) and IZO (Indium Zinc Oxide) having a
thickness thicker than a critical thickness; and patterning the
transparent conductive material to form the pixel electrode
contacting the drain electrode through the drain contact hole,
and the opaque protective layer contacting the gate electrode
through the gate contact hole, wherein the opaque protective
layer has a size same with the gate electrode with the thick-
ness thicker than the critical thickness and overlaps with the
gate electrode, and the pixel electrode has a thickness thinner
than the critical thickness.

[0035] The liquid crystal display device according to the
present disclosure blocks the light intrusion into the semicon-
ductor active layer of the thin film transistor to enhance the
electron mobility in the active layer and the reliability of the
elements. Therefore, even though this TFT is used for a long
time, any problem of picture quality such as yogore is not
occurred and the good quality of the liquid crystal display
device is ensured. Furthermore, as the present disclosure
suggests the double gate thin film transistor, it is possible to
desing the liquid crystal display device having smaller size of
thin film transistor with the same performance and property.
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Therefore, the present disclosure suggests the liquid crystal
display device having a high aperture ratio.

BRIEF DESCRIPTION OF THE DRAWINGS

[0036] 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 invention.
[0037] In the drawings:

[0038] FIG. 1 is a plane view illustrating the horizontal
electric field type liquid crystal display device according to
the related art.

[0039] FIG. 2 is a cross-sectional view illustrating the
structure of the liquid crystal display device of FIG. 1 by
cutting along the line I-I'.

[0040] FIG. 3 is a graph showing the shift phenomenon
occurred in the characteristic curve of the thin film transistor
when the light intrudes into the active layer of the thin film
transistor.

[0041] FIG. 4 aplane view illustrating a thin film transistor
array substrate of the horizontal electric field type liquid
crystal display device according to the present disclosure.
[0042] FIG. 5 is a cross-sectional view illustrating the
structure of the thin film transistor array substrate of F1G. 4 by
cutting along the line A-A".

[0043] FIG. 6 is a cross-sectional view illustrating the
structure of the thin film transistor array substrate of F1IG. 4 by
cutting along the line B-B'.

[0044] FIGS.7Ato 7G are cross sectional views illustrating
the steps of the manufacturing process for thin film transistor
array substrate according to the first embodiment of the
present disclosure.

[0045] FIGS. 8A to 8E are cross sectional views illustrating
the steps of the manufacturing process for thin film transistor
array substrate according to the second embodiment of the
present disclosure.

DETAILED DESCRIPTION OF THE
ILLUSTRATED EMBODIMENTS

[0046] Referring to attached figures, we will explain pre-
ferred embodiments of the present disclosure. FIG. 4 a plane
view illustrating a thin film transistor array substrate of the
horizontal electric field type liquid crystal display device
according to the present disclosure. FIG. 5 is a cross-sectional
view illustrating the structure of the thin film transistor array
substrate of FIG. 4 by cutting along the line A-A'. FIG. 6 is a
cross-sectional view illustrating the structure of the thin film
transistor array substrate of FIG. 4 by cutting along the line
B-B".

[0047] The horizontal electric field type liquid crystal dis-
play device according to the present disclosure comprises a
thin film transistor array substrate TFTS having a plurality of
thin film transistor TFT, a color filter array substrate (not
shown) having a plurality of color filter (not shown), and a
liquid crystal layer (not shown) disposed between the thin
film transistor array substrate TFTS and the color filter array
substrate. The thin film transistor array substrate TFTS of the
horizontal electric field type LCD includes a gate line GL and
a data line DL formed in crossing each other on a lower
substrate SUB, a thin film transistor TFT formed at the cross-
ing position, a pixel electrode PXL and a common electrode
COM forming the horizontal electric field in a pixel area
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defined by the crossing of the gate line GL and the data line
DL, and a common line CL connecting to the common elec-
trode COM.

[0048] The thin film transistor TFT includes a gate elec-
trode G branched from the gate line GL, an (semiconductor)
active layer A overlapping with the gate electrode G on the
gate insulating layer GI covering the gate electrode G, a
source electrode S branched from the data line DL and con-
tacting one side of the active layer A, and a drain electrode D
facing with the source electrode S and contacting the other
side of the active layer A.

[0049] Especially, preferably, the gate electrode G has a
width wider than that of the gate line GL. and become one
portion of the gate line GL within the pixel electrode. The
active layer A overlapping with the gate electrode G on the
gate insulating layer GI preferably has a size smaller than that
ofthe gate electrode G. With these structures, the active layer
A can be protected by the gate electrode from any back light
radiated from the lower direction.

[0050] The source electrode S is branched from the data
line DL to overlap with the gate electrode G on the gate
insulating layer, and contacts one side of the active layer A. In
the plane view, the gate electrode G and the source electrode
S are totally overlapped each other. The drain electrode D
facing with the source electrode S contacts the other side of
the active layer A. Furthermore, the drain electrode D extends
along the direction of the data line DL outside of the gate
electrode G to have connection portion with the pixel elec-
trode PXL.

[0051] On the thin film transistor TFT, a passivation layer
PASSI is formed to protect the thin film transistor TFT. The
passivation layer PASST has a drain contact hole CHD expos-
ing some portions of the drain electrode D extruding from the
gate electrode G area to the pixel area. Through the drain
contact hole CHD, the drain electrode D contacts the pixel
electrode PXL formed on the passivation layer PASSI. In the
same way, the passivation layer PASSI and the gate insulating
layer GI have a gate contact hole CHG exposing some por-
tions of the gate electrode G. Preperably, the gate contact hole
CHG is formed at farther position from the thin film transistor
TFT.

[0052] Then, on the passivation layer PASSI, a protective
layer SG including opaque metal and separating from the
pixel electrode PXL is formed. Especially, preferably, the
protective layer SG is formed as having a size same with that
of the gate electrode G and overlapping with the gate elec-
trode G. As a result, the active layer A of the thin film tran-
sistor TFT is protected by the gate electrode G and the pro-
tective layer SG from the light intruding from upper and lower
sides. Furthermore, the protective layer SG preferably con-
tacts the gate electrode G through the gate contact hole CHG.
Accordingly, the thin film transistor TFT has a double gate
structure having two gate electrodes at upper and lower sides
of the active layer A, respectively.

[0053] When the thin film transistor TFT has the double
gate structure, it is possible to make the thin film transistor
TFT be smaller than that of the related art. Therefore, it is
possible to reduce the area ratio occupying in the pixel area.
Accordingly, the light transmittance area in the pixel area will
be increased and the aperture ration will be enhanced.
[0054] The gate line GL supplies the gate signal to the gate
electrode G. The data line DL supplies the pixel signal to the
pixel electrode PXL via the drain electrode D of the thin film
transistor TFT. The gate line GL, and the data line DL are
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crossed each other so they define the pixel area. The common
line CL which is disposed between each pixel area and par-
allel with the gate line GL, supplies the reference voltage for
driving the liquid crystal layer.

[0055] By responding to the gate signal of the gate line GL,
the thin film transistor TFT turns on to supply the pixel signal
from the data line DL to the pixel electrode PXL. The pixel
electrode PXL is connected to the drain electrode D of the thin
film transistor TFT and formed within the pixel area. The
common electrode COM is connected to the common line CL,
and formed within the pixel area. Especially, the pixel elec-
trode PXL and the common electrode COM are parallel each
other in the pixel area. To do this, the common electrode COM
has a plurality of bent segments which are disposed in parallel
and spaced away from each other with predetermined dis-
tance, and the pixel electrode PXL has a plurality of bent
segments and each of them is disposed between the segments
of the common electrode COM.

[0056] Therefore, the horizontal electric field is formed
between the pixel electrode PXL on which the pixel signal is
applied via the thin film transistor TFT and the common
electrode COM on which the reference signal is applied via
the common line CL. Especially, the horizontal electric field
is formed between the bent segment of the pixel electrode
PXL and the bent segment of the common electrode COM.
[0057] Hereinafter, explained is amanufacturing method of
a thin film transistor array substrate of a liquid crystal display
device according to the first embodiment of the present dis-
closure. FIGS. 7a to 7g are cross sectional views illustrating
the steps of the manufacturing process for thin film transistor
array substrate according to the first embodiment of the
present disclosure. In the first embodiment, to explain about
the double gate structure for preventing light intrusion into
the thin film transistor, FIG. 7A to 7G are the cross sectional
views cutting along the B-B' of FIG. 4.

[0058] Referring to FIG. 7A, on a transparent substrate
SUB, a metal material is deposited and patterned with a first
mask to form gate elements. The gate elements include a gate
line GL, a gate electrode G protruded from the gate line GL,
a common line CL, and a common electrode COM connected
to the common line CL.

[0059] Referring to FIG. 7B, on the gate elements, a gate
insulating layer GI is deposited to cover the whole substrate
SUB. On the gate insulating layer GI, a semiconductor mate-
rial is deposited and patterned with a second mask to form an
active layer A. The active layer A is overlapping with the gate
electrode G, while it has smaller size than the gate electrode
G so that the active layer A is to be restricted within the range
of the gate electrode G.

[0060] After completing the active layer A, a metal material
is deposited on the whole surface of the substrate SUB and
patterned with a third mask to form source-drain elements.
The source-drain elements include a data line DL, a source
electrode S branched from the data line DL and contacting
one side of the active layer A, and a drain electrode D con-
tacting the other side of the active layer A and facing with the
source electrode S. The data line DL is perpendicularly cross-
ing the gate line GL with the gate insulating layer therebe-
tween. The source electrode S is disposed within the area of
the gate electrode G. The drain electrode D is formed of which
some portions are extruded from the area of the gate electrode
G to the pixel area, as shown in FIG. 7C.

[0061] On the substrate SUB having the source-drain ele-
ments, an insulating material such as SiNx or SiOx is depos-
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ited to form a passivation layer PASSI. With a fourth mask,
the passivation layer PASSI and the gate insulating layer GI
covering the gate electrode G to form a gate contacthole CHG
exposing some portions of the gate electrode, as shown in
FIG. 7D.

[0062] Referring to FIG. 7E, on the whole surface of the
substrate SUB, an opaque metal layer is deposited using an
alloy metal including molibdenium (Mo) and titanium (Ti)
(i.e. Mo—Ti). Patterning the opaque metal layer with a fifth
mask, a protective layer SG is formed to have substantially
same size with the gate electrode G and to be overlapped with
the gate electrode G. The protective layer SG contacts the gate
electrode G through the gate contact hole CHG so it plays role
of upper gate electrode of the thin film transistor TFT.
[0063] Until now, to explain focusing on the protective
layer SG mainly, the cross-section views cutting along the
B-B'line of FIG. 4 is used. Hereinafter, to explain focusing on
the pixel electrode PXL, the cross-section views along the
A-A'line will be used. Referring to FIG. 7, by patterning the
passivation layer PASSI with a sixth mask, formed is a drain
contact hole CHD exposing some portions of the drain elec-
trode D extruded from the area of the gate electrode G to the
pixel area, as shown in FIG. 7F.

[0064] Referring to FIG. 7G, on the surface of the whole
substrate SUB having the drain contact hole CHD, a trans-
parent conductive material such as ITO (Indium-Tin-Oxide)
or IZO (Indium-Zinc-Oxide) is deposited. Patterning the
transparent conductive material with a seventh mask, a pixel
electrode PXL is formed. The pixel electrode PXL is contact-
ing the drain electrode D through the drain contact hole CHD.
Furthermore, the pixel electrode PXL is parallel with the
common electrode COM to form a horizontal electric field.
[0065] Inthe first embodiment, the protective layer SG and
the pixel electrode PXL are formed in different steps. There-
fore, at least seven mask processes are required. However, it
is possible to reduce the number of mask processes by using
the half-tone masks. In the second embodiment of the present
disclosure, we will explain a manufacturing method of a thin
film transistor array substrate having less mask processes
than the first embodiment. In the second embodiment, the first
to the third mask processes of the first embodiment are used as
they are. To show the pixel electrode PXL and the protective
layer SG at the same time, the cross sectional views cutting
along A-A'line and B-B line would be shown in one figure.
FIGS. 8A to 8E are cross sectional views illustrating the steps
of the manufacturing process for thin film transistor array
substrate according to the second embodiment of the present
disclosure.

[0066] Referring to FIG. 8A, on a transparent substrate
SUB, a metal material is deposited and patterned with a first
mask to form gate elements. The gate elements include a gate
line GL, a gate electrode G protruded from the gate line GL,
acommon line CL, and a common electrode COM connected
to the common line CL.

[0067] Referring to FIG. 7B, on the gate elements, a gate
insulating layer GI is deposited to cover the whole substrate
SUB. Sequentially, a semiconductor material is deposited on
the gate insulating layer G and patterned with a second mask
to form an active layer A. The active layer A is overlapping
with the gate electrode G, while it has smaller size than the
gate electrode G so that the active layer A is to be restricted
within the range of the gate electrode G.

[0068] After completing the active layer A, a metal material
is deposited on the whole surface of the substrate SUB and
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patterned with a third mask to form source-drain elements.
The source-drain elements include a data line DL, a source
electrode S branched from the data line DL and contacting
one side of the active layer A, and a drain electrode D con-
tacting the other side of the active layer A and facing with the
source electrode S. The data line DL is perpendicularly cross-
ing the gate line GL with the gate insulating layer therebe-
tween. The source electrode S is disposed within the area of
the gate electrode G. The drain electrode D is formed of which
some portions are extruded from the area of the gate electrode
G to the pixel area, as shown in FIG. 8C.

[0069] On the substrate SUB having the source-drain ele-
ments, a passivation layer PASSI is deposited. Using fourth
mask, a half-tone mask, the gate insulating layer GI covering
the drain electrode D and the gate insulating layer GI and the
passivation layer PASSI covering the gate electrode G are
patterned at the same time. Then, on the drain electrode D, a
drain contact hole CHD penetrating the passivation layer
PASSI is formed, while on the gate electrode G, a gate contact
hole CHG penetrating the gate insulating layer GI and the
passivation layer PASSI is formed, as shown in FIG. 8D.
[0070] In the same way, on the passivation layer PASSI
having the drain contact hole CHD and the gate contact hole
CHG, a pixel electrode PXL and a passivation layer SG are
simultaneously formed using a transparent conductive mate-
rial such as ITO (Indium Tin Oxide) or IZO (Indium Zinc
Oxide). The pixel electrode PXT would preferably be a trans-
parent conductive layer while the protective layer SG would
preferably be an opaque conductive layer. To form them at the
same time with the same material, the thicknesses of them
would be different. The ITO and 170, as the oxidized con-
ductive materials, have the transparency property when they
are thinner than a predetermined thickness. Otherwise, when
they are thicker than the predetermined thickness, they have
the opaque property. This predetermined thickness is called
the critical thickness. At first, on the passivation layer PASSI,
ITO or 1Z0O is deposited having thickness thicker than the
critical thickness. And then, using a fifth mask, another half-
tone mask, a transparent pixel electrode PXL thinner than the
critical thickness and an opaque protective layer SG thicker
than the critical thickness are formed, at the same time, as
shown in FIG. 8E.

[0071] While the embodiment of the present invention has
been described in detail with reference to the drawings, it will
be understood by those skilled in the art that the invention can
be implemented in other specific forms without changing the
technical spirit or essential features of the invention. There-
fore, it should be noted that the forgoing embodiments are
merely illustrative in all aspects and are not to be construed as
limiting the invention. The scope of the invention is defined
by the appended claims rather than the detailed description of
the invention. All changes or modifications or their equiva-
lents made within the meanings and scope of the claims
should be construed as falling within the scope of the inven-
tion.

What is claimed is:

1. A liquid crystal display device comprising:

a substrate;

a data line and a gate line crossing each other on the
substrate;

athin film transistor formed at a crossing portion of the data
line and the gate line;

a passivation layer covering the thin film transistor; and
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an opaque protective layer forming on the passivation layer
and covering the thin film transistor.

2. The device according to the claim 1, wherein the thin

film transistor comprises:

a gate electrode connecting to the gate line;

a semiconductor layer formed within an area of the gate
electrode on a gate insulation layer covering the gate
electrode;

a source electrode branching from the data line and con-
tacting one side of the semiconductor layer; and

a drain electrode facing with the source electrode and con-
tacting the other side of the semiconductor layer.

3. The device according to the claim 2, wherein the gate
electrode and the opaque protective layer have a same size
and are overlapping each other.

4. The device according to the claim 2, wherein the opaque
protective layer includes an opaque conductive material.

5. The device according to the claim 4, wherein the opaque
conductive material includes at least one of molibdenium and
titanium.

6. The device according to the claim 4, wherein the opaque
conductive material includes at least one of ITO (Indium Tin
Oxide) and 17O (Indium Zinc Oxide) having a thickness
thicker than a critical thickness.

7. The device according to the claim 4, wherein the opaque
protective layer connects to the gate electrode.

8. The device according to the claim 1, further comprising:

a pixel electrode having a transparent conductive material
connecting to the thin film transistor on the passivation
layer.

9. The device according to the claim 8, wherein the trans-
parent conductive material includes at least one of ITO (In-
dium Tin Oxide) and IZO (Indium Zinc Oxide) having a
thickness thinner than a critical thickness.

10. A manufacturing method of a liquid crystal display
device comprising:

forming a data line and a gate line which are crossing each
other on a substrate, and a thin film transistor connecting
to the data line and the gate line;

depositing a passivation layer on the thin film transistor;
and

forming an opaque passivation layer covering the thin film
transistor on the passivation layer.

11. The method according to the claim 10, wherein the

forming the thin film transistor comprises:

forming the gate line and a gate electrode branching from
the gate line on the substrate;

forming a gate insulating layer covering the gate line and
the gate electrode;

forming a semiconductor layer within an area of the gate
electrode on the gate insulating layer; and

forming a source electrode branching from the data line
and contacting one side of the semiconductor layer, and
a drain electrode facing with the source electrode and
contacting the other side of the semiconductor layer.

12. The device according to the claim 11, wherein the
forming the opaque passivation layer, the gate electrode and
the opaque protective layer have a same size and are overlap-
ping each other.

13. The device according to the claim 11, wherein the
forming the opaque passivation layer, the opaque protective
layer is formed by depositing an opaque conductive material
including at least one of molibdenium and titanium.
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14. The method according to the claim 11, wherein the
forming the opaque passivation layer, the opaque protective
layer is formed by depositing at least one of ITO (Indium Tin
Oxide) and IZO (Indium Zinc Oxide) having a thickness
thinner than a critical thickness.

15. The method according to the claim 11, wherein the
forming the passivation layer comprises:

depositing a passivation material; and

forming a gate contact hole exposing some portions of the

gate electrode by penetrating the passivation layer and
the gate insulating layer; and

wherein the forming the opaque protective layer, the

opaque protective layer contacts the gate electrode
through the gate contact hole.

16. The method according to the claim 11, wherein the
forming the passivation layer comprises:

depositing a passivation material; and

forming a drain contact hole exposing some portions of the

drain electrode by penetrating the passivation layer; and
further comprising:

forming a pixel electrode contacting the drain electrode

through the drain contact hole on the passivation layer.

17. The method according to the claim 11, wherein the
forming the passivation layer comprises:
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depositing a passivation material; and

forming a drain contact hole exposing some portions of the
drain electrode by penetrating the passivation layer, and
a gate contact hole exposing some portions of the gate
electrode by penetrating the passivation layer and the
gate insulating layer; and

the forming the opaque protective layer comprises:

depositing a transparent conductive material including at
least one of ITO (Indium Tin Oxide) and IZO (Indium
Zinc Oxide) having a thickness thicker than a critical
thickness; and

patterning the transparent conductive material to form the
pixel electrode contacting the drain electrode through
the drain contact hole, and the opaque protective layer
contacting the gate electrode through the gate contact
hole,

wherein the opaque protective layer has a size same with
the gate electrode with the thickness thicker than the
critical thickness and overlaps with the gate electrode,
and the pixel electrode has a thickness thinner than the
critical thickness.
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