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LIQUID CRYSTAL DISPLAY AND METHOD
OF MANUFACTURING THEREOF

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This is a continuation of U.S. application Ser. No.
11/691,111 filed on Mar. 26, 2007, which claims priority
under 35 U.S.C. § 119 to Korean Patent Application No. No.
2006-53853 filed on Jun. 15, 2006, contents of both are
hereby incorporated by reference in their entirety.

BACKGROUND OF THE INVENTION

[0002] 1. Technical Field

[0003] The present disclosure relates to a liquid crystal
display and a method of manufacturing the liquid crystal
display, and more particularly, to a liquid crystal display
having an enhanced display quality.

[0004] 2. Discussion of the Related Art

[0005] A liquid crystal display (LCD) is a commonly used
flat panel display. The LCD includes two substrates with
electrodes and a liquid crystal layer interposed between the
two substrates. By applying voltages to the electrodes and
rearranging liquid crystal molecules of the liquid crystal
layer, the amount of light transmitted through the two sub-
strates can be adjusted.

[0006] The LCD includes a thin film transistor (TFT) sub-
strate having a plurality of pixel electrodes in a matrix in a
display area and a countering substrate having a common
electrode which is formed on a surface of the countering
substrate. Each of the pixel electrodes receives driving volt-
ages so that images are displayed. The TFT substrate includes
pixel TFTs connected to each of the pixel electrodes to switch
driving voltages applied to the pixel electrodes, a plurality of
gate lines transmitting signals to control the pixel TFTs and a
plurality of data lines transmitting driving voltages to the
pixel electrodes. The pixel TFTs can transmit or block image
signals transmitted through the plurality of data lines in
response to a gate signal. The gate signal is transmitted
through the plurality of gate lines from a gate driver IC dis-
posed in a peripheral area surrounding the display area.
[0007] Manufacturing efficiency can be improved by inte-
grating a gate driving circuit including a driving TFT on the
TFT substrate. When images are displayed, a portion of light
generated from a backlight assembly passes through the
peripheral area and is reflected from the countering substrate.
Then, the reflected light may impinge upon the driving TFT.
[0008] Since the driving TFT is sensitive to light, the
reflected light impinging upon the driving TFT may adversely
affect the operation of the driving TFT.

SUMMARY OF THE INVENTION

[0009] Exemplary embodiments of the present invention
provide a liquid crystal display capable of enhancing display
quality, and a method of manufacturing the liquid crystal
display.

[0010] According to an exemplary embodiment of the
present invention, a display device includes a thin film tran-
sistor (TFT) substrate, a countering substrate facing the TFT
substrate, a sealant, and a liquid crystal layer interposed
between the TFT substrate and the countering substrate. The
TFT substrate may include a substrate having a display area
and a peripheral area, a first TFT formed in the peripheral area
and having a semiconductor layer and a resistive contact
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member formed on the semiconductor layer, a light blocking
semiconductor pattern, a second TFT formed in the display
area and having a gate electrode. The sealant couples the TEFT
substrate to the countering substrate, and covers the first TFT.
[0011] Thedisplay device may further comprise a resistive
contact pattern formed on the light blocking semiconductor
pattern and can be formed simultaneously with the resistive
contact member.

[0012] The first TFT may further comprise a source elec-
trode and a drain electrode formed on the semiconductor
layer, and a connection part connecting the drain electrode
with a gate line. The source electrode and the drain electrode
can be spaced apart from the light blocking semiconductor
pattern by a predetermined distance. The light blocking semi-
conductor pattern may have hydrogenated amorphous sili-
con, and/or crystalline silicon. The sealant may cover at least
a portion of the light blocking semiconductor pattern.
[0013] According to an exemplary embodiment of the
present invention, a method of manufacturing a display
device includes forming a thin film transistor (TFT) substrate
having a display area and a peripheral area, forming a first
gate electrode in the display area and a second gate electrode
in the peripheral area, forming a semiconductor layer and a
resistive contact member on the first gate electrode and the
second gate electrode, forming a first semiconductor layer
and a first resistive contact member on the first gate electrode
by patterning the resistive contact member and the semicon-
ductor layer, forming a light blocking semiconductor pattern
and a resistive contact pattern in the peripheral area, forming
aconductive layer on the first resistive contact member, form-
ing a first source electrode and a first drain electrode by
patterning the conductive layer, and forming a sealant inter-
posed between the TFT substrate and the countering sub-
strate, wherein the sealant covers the first semiconductor
layer.

[0014] When the first semiconductor layer and the first
resistive contact member are formed, a second semiconductor
layer and a second resistive contact member can be formed.
[0015] When the first source electrode and the first drain
electrode are formed, a second source electrode and a second
drain electrode may be formed.

[0016] The method of manufacturing the display device
may further comprise forming a passivation layer having a
first contact hole to expose the first drain electrode and a
second contact hole to expose a gate line and forming a
connection part connecting the first drain electrode with the
gate line.

[0017] When the first source electrode and the first drain
electrode are formed, the first source electrode and the first
drain electrode can be spaced apart from the light blocking
semiconductor pattern by a predetermined distance, and a
light blocking metal layer may be formed on the light block-
ing semiconductor pattern. The light blocking metal layer can
have substantially the same material as a material of the
source electrode and the drain electrode.

[0018] Thelight blocking semiconductor pattern may have
hydrogenated amorphous silicon, and/or crystalline silicon.
The sealant may cover at least a portion of the light blocking
semiconductor pattern.

BRIEF DESCRIPTION OF THE DRAWINGS

[0019] Exemplary embodiments of the present invention
can be understood in more detail from the following descrip-
tions taken in conjunction with the accompanying drawings,
in which:
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[0020] FIG. 1 is a cross-sectional view showing a display
device in accordance with an exemplary embodiment of the
present invention;

[0021] FIG. 2a to FIG. 2e are cross-sectional views for
showing a method of manufacturing a display device in accor-
dance with an exemplary embodiment of the present inven-
tion; and

[0022] FIG. 3 is a cross-sectional view showing a display
device in accordance with an exemplary embodiment of the
present invention.

DESCRIPTION OF THE EXEMPLARY
EMBODIMENTS

[0023] Exemplary embodiments of the present invention
will be described below in more detail with reference to the
accompanying drawings. The present invention may, how-
ever, be embodied in many different forms and should not be
construed as limited to the exemplary embodiments set forth
herein.

[0024] FIG. 1 is a cross-sectional view showing a display
device in accordance with an exemplary embodiment of the
present invention.

[0025] Referring to FIG. 1, a display device 1 includes a
thin film transistor (TFT) substrate 100, a countering sub-
strate 200 facing the TFT substrate 100, a sealant 300 inter-
posed between the two substrates 100, 200 and formed along
a peripheral area of the two substrates 100, 200, and a liquid
crystal layer 400 having liquid crystal molecules, which are
injected into an area defined by the sealant 300.

[0026] An alignment type of the liquid crystal layer 400
may be twisted nematic, vertical alignment, or electrically
controlled birefringence.

[0027] Polarizers (not shown) may be attached on outside
surfaces of the two substrates 100, 200, respectively. Trans-
missive axes of the polarizers can be substantially perpen-
dicular to each other.

[0028] The TFT substrate 100 includes an insulating sub-
strate 110 having a display area DA to display images and a
peripheral area PA surrounding the display area. The insulat-
ing substrate 110 may have transparent glass.

[0029] The display area DA of the TFT substrate 100
includes a plurality of gate lines 121 and a gate electrode
1245, The peripheral area PA of the TFT substrate 100
includes a gate electrode 124a.

[0030] The plurality of gate lines 121 connect to the gate
electrode 124b. A gate signal is applied to the gate electrode
124a.

[0031] The plurality of gate lines 121 and the gate elec-
trodes 124a, 124b may include, for example, aluminum, an
aluminum alloy, silver, a silver alloy, copper, a copper alloy,
molybdenum, a molybdenum alloy, chromium, titanium, and/
or tantalum. The plurality of gate lines 121 and the gate
electrodes 124a, 124b may have a single layer or multiple
layers. Each layer of a multiple layer configuration may
include a different material. That is, the plurality of gate lines
121 and the gate electrodes 124a, 1245 may have, for
example, a lower layer (not shown) and an upper layer (not
shown). For example, the upper layer of the plurality of gate
lines 121 and the gate electrodes 124a, 124b may have a low
resistivity metal to reduce signal delay and voltage drop. The
upper layer may include, for example, aluminum or an alu-
minum alloy. The lower layer of the plurality of gate lines 121
and the gate electrodes 1244, 1245 may have a material hav-
ing good contact characteristics with indium tin oxide (ITO),
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or indium zinc oxide (IZ0). The lower layer may include, for
example, molybdenum, a molybdenum alloy, and/or chro-
mium. The combination of the multiple layers may have, for
example, a lower layer that includes chromium and an upper
layer that includes aluminum-neodymium alloy.

[0032] A gate insulating layer 140 is formed on the gate
lines 121 and the gate electrodes 124a, 124b. The gate insu-
lating layer 140 may have, for example, a silicon nitride
(SiNx).

[0033] Semiconductor layers 151a, 1515 are formed on the
gate insulating layer 140, respectively. The semiconductor
layers may have, for example, hydrogenated amorphous sili-
con, and/or crystalline silicon.

[0034] A light blocking semiconductor pattern 155 is
formed adjacent to the gate electrode 1244 in the peripheral
area PA and spaced apart from the semiconductor layer 151a.
The light blocking semiconductor pattern 155 may have sub-
stantially the same material as a material of the semiconduc-
tor layer 151a.

[0035] The light blocking semiconductor pattern 155 can
reflect or absorb light emitted from a backlight assembly
disposed behind the TFT substrate 100, so that an amount of
light passed through the TET substrate 100 decreases.
[0036] Resistive contact members 161a, 1615 are formed
on the semiconductor layers 151a, 1515 except for channel
areas. The resistive contact members 161a, 1615 may have,
for example, silicide or n+ hydrogenated amorphous silicon
doped with high density n-type impurities. The resistive con-
tact members 161a, 1615 may be formed between the semi-
conductor layers 151a, 1515, respectively, and the source and
drain electrodes 173a, 1735, 175a, 175b. The resistive contact
members 161a, 1615 can reduce a contact resistance.

[0037] A resistive contact pattern 165 is formed on the light
block semiconductor pattern 155 in the peripheral area PA.
Furthermore, the resistive contact pattern 165 is formed on
the same layer as a layer of the resistive contact members
1614, 1615, and may have substantially the same material as
the material of the resistive contact members 161a, 1615. The
resistive contact pattern 165 and the light blocking semicon-
ductor pattern 155 can reflect or absorb light emitted from a
backlight assembly disposed behind the TFT substrate 100,
so that the efficiency of light blocking increases.

[0038] Source electrodes 173a, 173b branched from data
lines (not shown) and drain electrodes 1754, 1755 spaced
apart from the source electrodes 1734, 1735 are formed on the
resistive contact members 161a, 1615 and the gate insulating
layer 140.

[0039] A driving TFT T1 may include the gate electrode
124a, the source electrode 1734, the drain electrode 1754 and
the semiconductor layer 151a in the peripheral area. A pixel
TFT T2 may include the gate electrode 1245, the source
electrode 1735, the drain electrode 1756 and the semiconduc-
tor layer 1514 in the display area.

[0040] The drain electrode 175a of the driving TFT T1 can
be connected with gate lines 121 through a connection part
192. Thus, the driving TFT T1 applies a gate signal to the gate
electrode 1245 of the pixel TFT T2 through gate lines 121.
[0041] The source electrodes 173a, 173b and the drain
electrodes 1754, 1755 may include a refractory metal such as,
for example, chromium, molybdenum, a molybdenum alloy,
tantalum, and/or titanium. Furthermore, the source electrodes
173a, 1735 and the drain electrodes 175a, 1755 may include
multiple layers which have, for example, two layers, such as
alower layer (not shown) and an upper layer (not shown). The
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lower layer may have, for example, molybdenum, a molyb-
denum alloy, and/or chromium. The upper layer may have, for
example, aluminum or an aluminum alloy.

[0042] The source electrodes 173a, 173b and the drain
electrodes 175a, 1756 are spaced apart from the light block-
ing semiconductor pattern 155 and the resistive contact pat-
tern 165 by a predetermined distance to avoid short-circuit.
[0043] A passivation layer 180 is formed on the source
electrodes 173a, 1735, the drain electrodes 1754, 1755, the
exposed semiconductor layer 151a, 1515 and the resistive
contact pattern 165. The passivation layer 180 may have, for
example, an organic material having good planarization char-
acteristics and photosensitivity, a low dielectric constant
insulating material deposited by Plasma Enhanced Chemical
Vapor Deposition (PECVD), such as a-Si:C:O, a-Si:O:F, and
an inorganic material, such as, silicon nitride (SiNx). The
passivation layer 180 may have a single layer or multiple
layers. When the passivation layer 180 includes an organic
material, an insulating layer (not shown) can be formed under
the organic material to prevent the semiconductor layers
151a, 1515 and the passivation layer 180 from being con-
tacted. The insulating layer (not shown) may have, for
example, silicon nitride (SiNx), and/or silicon oxide (SiO02).
[0044] The passivation layer 180 may have a first contact
hole 181 to expose the drain electrode 175¢ of the driving
TFT T1, a second contact hole 182 to expose the gate lines
121, and a third contact hole 185 to expose the drain electrode
1755 of the pixel TFT T2.

[0045] A plurality of pixel electrodes 190 and a plurality of
connection parts 192 are formed on the passivation layer 180.
The plurality of pixel electrodes 190 may have, for example,
indium tin oxide (ITO), and/or indium zinc oxide (1Z0).
[0046] The pixel electrodes 190 are electrically connected
with the drain electrode 1755 of the pixel TFT T2 through the
third contact hole 185. The connection part 192 connects the
drain electrode 175a of the driving TFT T1 with the gate lines
121 through the first and second contact holes 181, 182.
[0047] When a gate signal is applied to the gate electrode
124q of the driving TFT T1, an electrical signal applied to the
source electrode 1734 is applied to the gate lines 121 through
the drain electrode 1756 and the connection part 192.
[0048] When a gate signal is applied to the gate electrode
1245 of the pixel TFT T2, a driving signal is applied to the
pixel electrodes 190 through the source electrode 1736 and
the drain electrode 175b. The pixel electrodes 190 receiving
the driving signal generate an electric field with a common
electrode 270, so that liquid crystal molecules of the liquid
crystal layer 400 can be adjusted.

[0049] A countering substrate 200 facing the TFT substrate
100 includes an insulating substrate 210 having, for example,
transparent glass and a black matrix 220 formed on the insu-
lating substrate 210. The black matrix 220 may cover the
driving TFT T1 and the pixel TFT T2, and prevent light
leakage between the pixel electrodes 190. Furthermore, the
black matrix 220 can define an open area facing the pixel
electrodes 190.

[0050] Color filters 230 are formed on the insulating sub-
strate 210 and the black matrix 220, and disposed substan-
tially in the open area defined by the black matrix 220. The
color filters 230 may include, for example, a red color filter, a
green color filter, and/or a blue color filter.

[0051] An overcoat layer 240 is formed on the black matrix
220 and the color filter 230. The overcoat layer 240 can act as
a planarization layer.
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[0052] A common electrode 270 is formed on the overcoat
layer 240. The common electrode may have a transparent
conductive material, such as, for example, indium tin oxide
(ITO) or indium zine oxide (IZO). In an exemplary embodi-
ment, the common electrode 270 can be formed on the black
matrix 220 and the color filters 230.

[0053] A sealant 300 can couple the two substrates 100,
200, and can seal the liquid crystal layer 400 filled in the
display area. The sealant 300 can cover the driving TFT T1, so
that a portion of light which is emitted from a backlight
assembly disposed behind the TFT substrate 100 and
reflected from the countering substrate 200 can be absorbed.
Thus, an amount of the light that is incident to the driving TFT
T1 decreases.

[0054] A sealant 300 may be widely formed to cover at least
a portion of the light blocking semiconductor pattern as well
as the driving TFT T1. Therefore, light which is incident
through peripheral area of the driving TFT T1 and reflected
from the countering substrate 200 can be absorbed by the
sealant 300. Accordingly, an amount of the light that is inci-
dent to the driving TFT T1 decreases.

[0055] According to an exemplary embodiment of the
present invention, by forming the light blocking semiconduc-
tor pattern 155 and the resistive contact pattern 165 adjacent
to the driving TFT T1, the light emitted from the backlight
assembly can be prevented from being incident to the driving
TFT T1. Thus, malfunction of the driving TFT T1 decreases.
[0056] The sealant 300 is formed to cover the driving TFT
T1 so that the sealant 300 can absorb a portion of light emitted
from the backlight assembly and reflected from the counter-
ing substrate 200. Therefore, the light incident to the driving
TFT T1 decreases and malfunction of the driving TFT T1 also
decreases.

[0057] FIG. 2a to FIG. 2e are cross-sectional views for
showing a method of manufacturing a display device in accor-
dance with an exemplary embodiment of the present inven-
tion.

[0058] Referring to FIG. 24, an insulating substrate 110
having a display area DA to display an image and a peripheral
area PA surrounding the display area DA is formed. A first
gate electrode 124q in the peripheral area PA and gate lines
121 and a second gate electrode 1245 connected with the gate
lines 121 are formed on the insulating substrate 110.

[0059] The gate lines 121 and the gate electrodes 124a,
1245 may be formed, for example, by a sputtering process and
a photolithography process. The gate lines 121 and the gate
electrodes 124qa, 1245 can include a conductive layer which
is, for example, aluminum, an aluminum alloy, silver, a silver
alloy, copper, a copper alloy, molybdenum, a molybdenum
alloy, chromium, titanium, and/or tantalum.

[0060] A gate insulating layer 140, a hydrogenated amor-
phous silicon layer and a resistive contact member are con-
secutively formed on the gate lines 121 and the gate elec-
trodes 1244, 124b and cover the gate lines 121 and the gate
electrodes 124a, 1245. The gate insulating layer 140, the
hydrogenated amorphous silicon layer and the resistive con-
tact member are formed by, for example, low temperature
chemical vapor deposition (LTCVD) or plasma enhanced
chemical vapor deposition (PECVD).

[0061] Referring to FIG. 24, by patterning the hydroge-
nated amorphous silicon layer and a doped (N+) amorphous
silicon layer, first semiconductor layers 1514, 1515 and resis-
tive contact members 161a, 1616 are formed on the gate
electrodes 124a, 1245. A light blocking semiconductor pat-
tern 155 and a resistive contact pattern 165 are formed in the
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peripheral area and spaced apart from the first semiconductor
layer 151a and the first resistive contact member 161a.
[0062] Then, a conductive layer can be deposited through a
sputtering method. The conductive layer may include a
refractory metal such as, for example, chromium, molybde-
num, tantalum, and/or titanium.

[0063] Referring to FIG. 25, source electrodes 173a, 1735
and drain electrodes 1754, 1755 are formed on the resistive
contact members 161a, 1615, respectively, by patterning the
conductive layer through a photolithography process.

[0064] The first source electrode 1734 and the first drain
electrode 175a are spaced apart from the light blocking semi-
conductor pattern 155 and the resistive contact pattern 165 to
prevent short-circuit.

[0065] A portion of the resistive contact member 161a,
1615 that is not covered by the source electrodes 173q, 1735
and the drain electrodes 1754, 1754 is patterned. Thus, the
semiconductor layers 151a, 1515 disposed between the sepa-
rated resistive contact members 1614, 1615 are exposed. Inan
embodiment, an oxygen plasma process can be implemented
to the exposed semiconductor layers 1514, 1515.

[0066] Referring to FIG. 2¢, a passivation layer 180 is
formed by depositing an organic insulating material or an
inorganic insulating material. Then, a plurality of contact
holes 181, 182, 185 are formed through a photolithography
process. Each of the contact holes 181, 182, 185 exposes the
first and second drain electrodes 175a, 1756 and a portion of
the gate lines 121. The second contacthole 182 can expose the
gate insulating layer 140 under the passivation layer 180
through a photolithography process.

[0067] Referring to FIG. 2d, a pixel electrode 190 and a
connection part 192 are formed on the passivation layer. The
pixel electrode 190 and the connection part 192 may include,
for example, indium tin oxide (ITO), and/or indium zinc
oxide (1Z0).

[0068] Referring to F1G. 2e, a sealant 300 is applied along
the peripheral area of the TFT substrate 100 to cover the
driving TFT T1. The sealant 300 may include, for example,
liquid phase sealant or gel type sealant. The sealant 300 may
be widely applied along the peripheral area so as to cover at
least a portion of the light blocking semiconductor pattern as
well as to the driving TFT T1.

[0069] Then, the sealant 300 is hardened to couple the TFT
substrate 100 with the countering substrate 200.

[0070] A liquid crystal layer 400 is injected into an area
defined by the sealant 300 and the two substrates 100, 200.
[0071] FIG. 3 is a cross-sectional view showing a display
device in accordance with an exemplary embodiment of the
present invention.

[0072] Referring to FIG. 3, a light blocking metal layer 174
is formed on the resistive contact pattern 165 of the TFT
substrate 101. When the source electrodes 173a, 17356 and the
drain electrodes 175a, 1755 are formed on the resistive con-
tact member 1614, 1615, the light blocking metal layer 174 is
formed simultaneously with the source electrodes 173a, 1735
and the drain electrodes 175a, 1755.

[0073] By forming the light blocking metal layer 174 on the
resistive contact pattern 165, an efficiency of light blocking
can be improved.

[0074] Although exemplary embodiments of the present
invention have been described herein with reference to the
accompanying drawings, it is to be understood that the
present invention should not be limited to those precise
embodiments and that various other changes and modifica-
tions may be made by one of ordinary skill in the related art
without departing from the scope or spirit of the invention. All
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such changes and modifications are intended to be included
within the scope of the invention as defined by the appended
claims.

What is claimed is:

1. A display device comprising:

a thin film transistor (TFT) substrate having a display area
and a peripheral area surrounding the display area,

wherein the TFT substrate comprises:

a substrate;

a first TFT formed in the peripheral area, the first TFT
including a semiconductor layer and a resistive contact
member formed on the semiconductor layer;

a light blocking semiconductor pattern formed adjacent to
the first TFT; and

a second TFT formed in the display area and including a
gate electrode;

wherein, the light blocking semiconductor pattern is
formed in a shape of an island and disposed on the same
layer as the semiconductor layer.

2. Thedisplay device of claim 1, wherein the light blocking
semiconductor pattern is formed between the first TFT and
the second TFT.

3. The display device of claim 2, further comprising a
resistive contact pattern formed on the light blocking semi-
conductor pattern, wherein the resistive contact pattern is
formed from the same layer as the resistive contact pattern.

4. The display device of claim 3, wherein the light blocking
semiconductor pattern comprises at least one of hydroge-
nated amorphous silicon or crystalline silicon.

5. The display device of claim 1, wherein the light blocking
semiconductor pattern is formed in an opposite side to the
second TFT with the first TFT being therebetween.

6. The display device of claim 5, further comprising a
resistive contact pattern formed on the light blocking semi-
conductor pattern, wherein the resistive contact pattern is
formed from the same layer as the resistive contact pattern.

7. The display device of claim 6, wherein the light blocking
semiconductor pattern comprises at least one of hydroge-
nated amorphous silicon or crystalline silicon.

8. The display device of claim 6, further comprising:

a countering substrate;

a sealant coupling the TFT substrate to the countering

substrate; and

a liquid crystal layer interposed between the TFT substrate
and the coupling substrate,

wherein the sealant covers at least a portion of the light
blocking semiconductor pattern.

9. The display device of claim 1, wherein the light blocking
semiconductor pattern is formed in an opposite side to the
second TFT with the first TFT being therebetween, and
between the first and the second TFTs.

10. The display device of claim 9, further comprising a
resistive contact pattern formed on the light blocking semi-
conductor pattern, wherein the resistive contact pattern is
formed from the same layer as the resistive contact pattern.

11. The display device of claim 10, wherein the light block-
ing semiconductor pattern comprises at least one of hydroge-
nated amorphous silicon or crystalline silicon.

12. The display device of claim 11, further comprising:

a countering substrate;

a sealant coupling the TFT substrate to the countering

substrate; and

a liquid crystal layer interposed between the TFT substrate
and the coupling substrate,

wherein the sealant covers at least a portion of the light
blocking semiconductor pattern.
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