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(54) Array substrate for liquid crystal display and method of fabricating the same

(57) An array substrate includes: a trench having a
depth from a surface of a substrate; a gate line, a gate
electrode and a data pattern filling the respective trench-
es, wherein the data pattern is between the adjacent gate
lines; a gate insulating layer on the gate line, the gate
electrode and the data pattern, substantially flat over the
substrate, and including contact holes that expose both
ends of the data pattern, respectively; a data connection
portion on the gate insulating layer and contacting the
adjacent data patterns through the contact holes; a
source electrode extending from the data connection por-
tion, and a drain electrode spaced apart from the source
electrode; a passivation layer on the source and drain
electrodes and including a drain contact hole exposing
the drain electrode; and a pixel electrode on the passi-
vation layer and contacting the drain electrode through
the drain contact hole.
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Description

[0001] The present invention claims the benefit of Ko-
rean Patent Application No. 10-2013-0075901, filed in
Korea on June 28, 2013, which is hereby incorporated
by reference for all purposes as if fully set forth herein.

BACKGROUND OF THE INVENTION

Field of the Invention

[0002] The present invention relates to an array sub-
strate for a liquid crystal display, and more particularly,
to an array substrate for a liquid crystal display and a
method of fabricating the same.

Discussion of the Related Art

[0003] Recently, with the advent of an information-ori-
ented society, the field of display devices configured to
process and display a large amount of information has
rapidly been developed. In particular, liquid crystal dis-
plays (LCDs) or organic light emitting diodes (OLEDs)
have lately been developed as flat panel displays (FPDs)
having excellent performance, such as a small thickness,
light weight, and low power consumption, and has su-
perseded conventional cathode-ray tubes (CRTs).
[0004] Among LCDs, an active matrix (AM)-type LCD
including an array substrate having a TFT serving as a
switching element capable of controlling on/off voltages
of each of pixels may have excellent resolution and ca-
pability of embodying moving images.
[0005] Generally, the LCD is fabricated by fabricating
an array substrate and a color filter substrate and inter-
posing a liquid crystal layer between the array substrate
and the color filter substrate.
[0006] FIG. 1 is an exploded perspective view illustrat-
ing an LCD or an OLED according to the related art.
[0007] Referring to FIG. 1, an array substrate 10 and
a color filter substrate 20 is attached to each other with
a liquid crystal layer 30 therebetween. The array sub-
strate 10 includes a plurality of gate lines 14 and a plurality
of data lines 16 to define a plurality of pixel regions P on
a first substrate 12. A thin film transistor T is formed at
the crossing portion of the gate and data lines 14 and 16
and is connected to a pixel electrode 18 in the pixel region
P.
[0008] The color filter substrate 20 includes a black
matrix 25 corresponding to the gate and data lines 14
and 16 and the thin film transistor T and surrounding the
pixel region P, a color filter layer 26 including red (R),
green (G) and blue (B) 26a, 26b and 26c arranged in the
respective pixel regions P, and a common electrode 28
on the black matrix 25 and the color filter layer 26.
[0009] Although not shown in the drawings, a sealant
is formed between the array substrate 10 and the color
filter substrate 20 to prevent leakage of liquid crystal,
alignment layers are formed on inner surfaces of the array

substrate 10 and the color filter substrate 20, respective-
ly, and polarizers are located on outer surfaces of the
array substrate 10 and the color filter substrate 20, re-
spectively.
[0010] Moreover, a backlight unit is provided below the
array substrate 10. A gate signal is sequentially supplied
to the gate lines 14, then the corresponding thin film tran-
sistor T is turned on and a data signal is supplied to the
data line 16 and then to the pixel electrode 18, and thus
an electric field is produced between the pixel electrode
18 and the common electrode 28 to operate liquid crystal
molecules of the liquid crystal layer 30, thereby displaying
images.
[0011] FIG. 2 is a cross-sectional view illustrating an
array substrate according to the related art.
[0012] Referring to FIG. 2, in the array substrate 10, a
gate line (not shown) and a data line 16 cross each other
to define a pixel region P, and a gate electrode 55 is
formed in a switching region TrA of the pixel region P on
a first substrate 11.
[0013] A gate insulating layer 58 is formed on the gate
electrode 50, and a semiconductor layer 68 including an
active layer 62 made of intrinsic amorphous silicon and
an ohmic contact layer 66 made of impurity-doped amor-
phous silicon is formed on the gate insulating layer 58.
[0014] Source and drain electrodes 76 and 78 are
spaced apart from each other and formed on the ohmic
contact layer 66. The gate electrode 55, the gate insu-
lating layer 58, the semiconductor layer 68 and the source
and drain electrodes 76 and 78 form a thin film transistor
Tr.
[0015] A passivation layer 82 is on the source and drain
electrodes 76 and 78 and includes a drain contact hole
85 exposing the drain electrode 78. A pixel electrode 18
is formed on the passivation layer 82 in the pixel region
P contacts the drain electrode 78 through the drain con-
tact hole 85.
[0016] The gate line has predetermined thickness and
width, and the data line 16 has predetermined thickness
and width.
[0017] As size of the LCD increases, the gate line and
the data line become longer. This causes increase of
resistance of signal line, and thus signal delay occurs.
Accordingly, signal deformation and operation defect are
caused, and display quality is degraded.
[0018] To prevent such the signal delay, signal line is
required to increase in thickness and/or width. However,
in case of increase in width, aperture ratio is reduced. In
case of increase in thickness, step portion becomes
great, and this causes disconnection of a component
over the signal line. Moreover, such the step portion caus-
es vacant space at sides of the signal line, insulation
capability is thus degraded, and thus short-circuit be-
tween the signal line and a conductive component to be
formed later may occur.
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SUMMARY OF THE INVENTION

[0019] Accordingly, the present invention is directed to
an array substrate for an LCD and a method of fabricating
the same which substantially obviates one or more of the
problems due to limitations and disadvantages of the re-
lated art.
[0020] An advantage of the present invention is to pro-
vide an array substrate for an LCD and a method of fab-
ricating the same that can reduce signal delay and step
portion with increase of thickness of signal line.
[0021] Additional features and advantages of the
present invention will be set forth in the description which
follows, and in part will be apparent from the description,
or may be learned by practice of the invention. These
and other advantages of the invention will be realized
and attained by the structure particularly pointed out in
the written description and claims thereof as well as the
appended drawings.
[0022] To achieve these and other advantages and in
accordance with the purpose of the present invention, as
embodied and broadly described herein, an array sub-
strate includes: a layer arrangement including a pixel re-
gion; a trench having a depth from a surface of the layer
arrangement; a gate line, a gate electrode and a data
pattern filling the respective trenches, wherein the data
pattern is between the adjacent gate lines; a gate insu-
lating layer on the gate line, the gate electrode and the
data pattern, substantially flat over the layer arrange-
ment, and including contact holes that expose both ends
of the data pattern, respectively; a semiconductor layer
on the gate insulating layer over the gate electrode; a
data connection portion on the gate insulating layer and
contacting the adjacent data patterns through the contact
holes; a source electrode connected to the data connec-
tion portion, and a drain electrode spaced apart from the
source electrode; a pixel electrode connected to the drain
electrode.
[0023] In one or more embodiments, the layer arrange-
ment comprises a substrate including the pixel region,
wherein the surface of the layer arrangement is a surface
of the substrate, and wherein the gate insulating layer is
substantially flat over the substrate.
[0024] In one or more embodiments, the layer arrange-
ment comprises a substrate including the pixel region,
and a buffer layer on the substrate, wherein the surface
of the layer arrangement is a surface of the buffer layer,
and wherein the gate insulating layer is substantially flat
over the substrate.
[0025] In one or more embodiments, the depth is equal
to or less than a thickness of the buffer layer.
[0026] In one or more embodiments, the array sub-
strate further comprises: a passivation layer on the
source and drain electrodes and including a drain contact
hole exposing the drain electrode, wherein the pixel elec-
trode is on the passivation layer and contacts the drain
electrode through the drain contact hole, and wherein
the source electrode extends from the data connection

portion and on the semiconductor layer.
[0027] In one or more embodiments, the depth is about
0.5 mm to about 5 mm, and the gate line, the gate elec-
trode and the data pattern have a thickness equal to the
depth.
[0028] In another aspect, a method of fabricating an
array substrate includes: providing a layer arrangement
including a pixel region; etching the layer arrangement
including the pixel region to form a trench having a depth
from a surface of the layer arrangement; forming a gate
line, a gate electrode and a data pattern filling the re-
spective trenches, wherein the data pattern is between
the adjacent gate lines; forming a gate insulating layer
on the gate line, the gate electrode and the data pattern,
the gate insulating layer being substantially flat over the
layer arrangement; forming a semiconductor layer on the
gate insulating layer over the gate electrode; patterning
the gate insulating layer to form contact holes that expose
both ends of the data pattern, respectively; forming a
data connection portion on the gate insulating layer, the
data connection portion contacting the adjacent data pat-
terns through the contact holes, a source electrode con-
nected to the data connection portion, and a drain elec-
trode spaced apart from the source electrode; and form-
ing a pixel electrode connected to the drain electrode.
[0029] In one or more embodiments, providing the lay-
er arrangement comprises providing a substrate includ-
ing the pixel region, wherein etching the layer arrange-
ment comprises etching the substrate including the pixel
region to form the trench having the depth from a surface
of the substrate, and wherein the gate insulating layer is
substantially flat over the substrate.
[0030] In one or more embodiments, etching the sub-
strate including the pixel region to form the trench having
the depth from the surface of the substrate, and forming
the gate line, the gate electrode and the data pattern
filling the respective trenches comprises: forming a pho-
toresist pattern on the substrate and exposing a portion
corresponding to the trench; etching the substrate using
the photoresist pattern to form the trench; forming a cat-
alytic layer on the trench and the photoresist pattern; re-
moving the photoresist pattern, whereby the catalytic lay-
er remains in the trench; and immersing the substrate
having the catalytic layer remaining in the trench into a
plating solution in which a metal material is dissolved and
performing an electroless plating, thereby plating the
metal material in the trench.
[0031] In one or more embodiments, providing the lay-
er arrangement comprises forming a buffer layer on a
substrate including the pixel region, wherein etching the
layer arrangement comprises etching the buffer layer to
form the trench having the depth from a surface of the
buffer layer, and wherein the gate insulating layer is sub-
stantially flat over the buffer layer.
[0032] In one or more embodiments, etching the buffer
layer to form the trench having the depth from the surface
of the buffer layer, and forming the gate line, the gate
electrode and the data pattern filling the respective
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trenches comprises: forming a photoresist pattern on the
buffer layer which exposes a portion corresponding to
the trench; etching the buffer layer using the photoresist
pattern to form the trench; forming a catalytic layer on
the trench and the photoresist pattern; removing the pho-
toresist pattern, whereby the catalytic layer remains in
the trench; and immersing the substrate having the cat-
alytic layer remaining in the trench into a plating solution
in which a metal material is dissolved and performing an
electroless plating, thereby plating the metal material in
the trench.
[0033] In one or more embodiments, the depth is equal
to or less than a thickness of the buffer layer.
[0034] In one or more embodiments, the catalytic layer
is formed by coating Pd-Sn colloid or depositing Pd ion.
[0035] In one or more embodiments, the method fur-
ther comprises: after forming a data connection portion
on the gate insulating layer, forming a passivation layer
on the source and drain electrodes, the passivation layer
including a drain contact hole exposing the drain elec-
trode, wherein the pixel electrode is on the passivation
layer and contacts the drain electrode through the drain
contact hole, and wherein the source electrode extends
from the data connection portion and on the semicon-
ductor layer.
[0036] In one or more embodiments, the depth is 0.5
mm to 5 mm.
[0037] In another aspect, an array substrate includes:
a substrate including a pixel region; a trench having a
depth from a surface of the substrate; a gate line, a gate
electrode and a data pattern filling the respective trench-
es, wherein the data pattern is between the adjacent gate
lines; a gate insulating layer on the gate line, the gate
electrode and the data pattern, substantially flat over the
substrate, and including contact holes that expose both
ends of the data pattern, respectively; a semiconductor
layer on the gate insulating layer over the gate electrode;
a data connection portion on the gate insulating layer and
contacting the adjacent data patterns through the contact
holes; a source electrode connected to the data connec-
tion portion, and a drain electrode spaced apart from the
source electrode; a pixel electrode connected to the drain
electrode.
[0038] In one or more embodiments, the array sub-
strate further comprises: a passivation layer on the
source and drain electrodes and including a drain contact
hole exposing the drain electrode, wherein the pixel elec-
trode is on the passivation layer and contacts the drain
electrode through the drain contact hole, and wherein
the source electrode extends from the data connection
portion and on the semiconductor layer.
[0039] In one or more embodiments, the depth is about
0.5 mm to about 5 mm, and the gate line, the gate elec-
trode and the data pattern have a thickness equal to the
depth.
[0040] In another aspect, an array substrate includes:
a substrate including a pixel region; a buffer layer on the
substrate and including a trench having a depth from a

surface of the buffer layer; a gate line, a gate electrode
and a data pattern filling the respective trenches, wherein
the data pattern is between the adjacent gate lines; a
gate insulating layer on the gate line, the gate electrode
and the data pattern, substantially flat over the substrate,
and including contact holes that expose both ends of the
data pattern, respectively; a semiconductor layer on the
gate insulating layer over the gate electrode; a data con-
nection portion on the gate insulating layer and contact-
ing the adjacent data patterns through the contact holes;
a source electrode connected to the data connection por-
tion, and a drain electrode spaced apart from the source
electrode; a pixel electrode connected to the drain elec-
trode.
[0041] In one or more embodiments, the array sub-
strate further comprises: a passivation layer on the
source and drain electrodes and including a drain contact
hole exposing the drain electrode, wherein the pixel elec-
trode is on the passivation layer and contacts the drain
electrode through the drain contact hole, and wherein
the source electrode extends from the data connection
portion and on the semiconductor layer.
[0042] In one or more embodiments, the depth is 0.5
mm to 5 mm, and the gate line, the gate electrode and
the data pattern have a thickness that is the same as the
depth.
[0043] In one or more embodiments, the depth is equal
to or less than a thickness of the buffer layer.
[0044] In another aspect, a method of fabricating an
array substrate includes: etching a substrate including a
pixel region to form a trench having a depth from a surface
of the substrate; forming a gate line, a gate electrode and
a data pattern filling the respective trenches, wherein the
data pattern is between the adjacent gate lines; forming
a gate insulating layer on the gate line, the gate electrode
and the data pattern, the gate insulating layer being sub-
stantially flat over the substrate; forming a semiconductor
layer on the gate insulating layer over the gate electrode;
patterning the gate insulating layer to form contact holes
that expose both ends of the data pattern, respectively;
forming a data connection portion on the gate insulating
layer, the data connection portion contacting the adjacent
data patterns through the contact holes, a source elec-
trode connected to the data connection portion, and a
drain electrode spaced apart from the source electrode;
and forming a pixel electrode connected to the drain elec-
trode.
[0045] In one or more embodiments, the method fur-
ther comprises: after forming a data connection portion
on the gate insulating layer, forming a passivation layer
on the source and drain electrodes, the passivation layer
including a drain contact hole exposing the drain elec-
trode, wherein the pixel electrode is on the passivation
layer and contacts the drain electrode through the drain
contact hole, and wherein the source electrode extends
from the data connection portion and on the semicon-
ductor layer.
[0046] In one or more embodiments, etching the sub-
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strate including the pixel region to form the trench having
the depth from a surface of the substrate, and forming
the gate line, the gate electrode and the data pattern
filling the respective trenches comprises: forming a pho-
toresist pattern on the substrate and exposing a portion
corresponding to the trench; etching the substrate using
the photoresist pattern to form the trench; forming a cat-
alytic layer on the trench and the photoresist pattern; re-
moving the photoresist pattern, whereby the catalytic lay-
er remains in the trench; and immersing the substrate
having the catalytic layer remaining in the trench into a
plating solution in which a metal material is dissolved and
performing an electroless plating, thereby plating the
metal material in the trench.
[0047] In one or more embodiments, the depth is 0.5
mm to 5 mm.
[0048] In one or more embodiments, the catalytic layer
is formed by coating Pd-Sn colloid or depositing Pd ion.
[0049] In another aspect, a method of fabricating an
array substrate comprises: forming a buffer layer on a
substrate including a pixel region; etching the buffer layer
to form a trench having a depth from a surface of the
buffer layer; forming a gate line, a gate electrode and a
data pattern filling the respective trenches, wherein the
data pattern is between the adjacent gate lines; forming
a gate insulating layer on the gate line, the gate electrode
and the data pattern, and substantially flat over the sub-
strate; forming a semiconductor layer on the gate insu-
lating layer over the gate electrode; patterning the gate
insulating layer to form contact holes that expose both
ends of the data pattern, respectively; forming a data
connection portion on the gate insulating layer, which
contacts the adjacent data patterns through the contact
holes, a source electrode connected to the data connec-
tion portion, and a drain electrode spaced apart from the
source electrode; and forming a pixel electrode connect-
ed to the drain electrode.
[0050] In one or more embodiments, the method fur-
ther comprises: after forming a data connection portion
on the gate insulating layer, forming a passivation layer
on the source and drain electrodes, the passivation layer
including a drain contact hole exposing the drain elec-
trode, wherein the pixel electrode is on the passivation
layer and contacts the drain electrode through the drain
contact hole, and wherein the source electrode extends
from the data connection portion and on the semicon-
ductor layer.
[0051] In one or more embodiments, etching the buffer
layer to form the trench having the depth from a surface
of the buffer layer, and forming the gate line, the gate
electrode and the data pattern filling the respective
trenches comprises: forming a photoresist pattern on the
buffer layer which exposes a portion corresponding to
the trench; etching the buffer layer using the photoresist
pattern to form the trench; forming a catalytic layer on
the trench and the photoresist pattern; removing the pho-
toresist pattern, whereby the catalytic layer remains in
the trench; and immersing the substrate having the cat-

alytic layer remaining in the trench into a plating solution
in which a metal material is dissolved and performing an
electroless plating, thereby plating the metal material in
the trench.
[0052] In one or more embodiments, the depth is equal
to or less than a thickness of the buffer layer.
[0053] In one or more embodiments, the depth is 0.5
mm to 5 mm.
[0054] In one or more embodiments, the catalytic layer
is formed by coating Pd-Sn colloid or depositing Pd ion.
[0055] In another aspect, an array substrate includes:
a substrate including a pixel region; a trench having a
depth from a surface of the substrate; a gate line, a gate
electrode and a data pattern filling the respective trench-
es, wherein the data pattern is between the adjacent gate
lines; a gate insulating layer on the gate line, the gate
electrode and the data pattern, substantially flat over the
substrate, and including contact holes that expose both
ends of the data pattern, respectively; a semiconductor
layer on the gate insulating layer over the gate electrode;
a data connection portion on the gate insulating layer and
contacting the adjacent data patterns through the contact
holes; a source electrode extending from the data con-
nection portion and on the semiconductor layer, and a
drain electrode spaced apart from the source electrode;
a passivation layer on the source and drain electrodes
and including a drain contact hole exposing the drain
electrode; and a pixel electrode on the passivation layer
and contacting the drain electrode through the drain con-
tact hole.
[0056] In another aspect, an array substrate includes:
a substrate including a pixel region; a buffer layer on the
substrate and including a trench having a depth from a
surface of the buffer layer; a gate line, a gate electrode
and a data pattern filling the respective trenches, wherein
the data pattern is between the adjacent gate lines; a
gate insulating layer on the gate line, the gate electrode
and the data pattern, substantially flat over the substrate,
and including contact holes that expose both ends of the
data pattern, respectively; a semiconductor layer on the
gate insulating layer over the gate electrode; a data con-
nection portion on the gate insulating layer and contact-
ing the adjacent data patterns through the contact holes;
a source electrode extending from the data connection
portion and on the semiconductor layer, and a drain elec-
trode spaced apart from the source electrode; a passi-
vation layer on the source and drain electrodes and in-
cluding a drain contact hole exposing the drain electrode;
and a pixel electrode on the passivation layer and con-
tacting the drain electrode through the drain contact hole.
[0057] In yet another aspect, a method of fabricating
an array substrate includes: etching a substrate including
a pixel region to form a trench having a depth from a
surface of the substrate; forming a gate line, a gate elec-
trode and a data pattern filling the respective trenches,
wherein the data pattern is between the adjacent gate
lines; forming a gate insulating layer on the gate line, the
gate electrode and the data pattern, and the gate insu-
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lating layer being substantially flat over the substrate;
forming a semiconductor layer on the gate insulating lay-
er over the gate electrode; patterning the gate insulating
layer to form contact holes that expose both ends of the
data pattern, respectively; forming a data connection por-
tion on the gate insulating layer and contacting the adja-
cent data patterns through the contact holes, a source
electrode extending from the data connection portion and
on the semiconductor layer, and a drain electrode spaced
apart from the source electrode; forming a passivation
layer on the source and drain electrodes and including a
drain contact hole exposing the drain electrode; and
forming a pixel electrode on the passivation layer and
contacting the drain electrode through the drain contact
hole.
[0058] In yet another aspect, a method of fabricating
an array substrate includes: forming a buffer layer on a
substrate including a pixel region; etching the buffer layer
to form a trench having a depth from a surface of the
buffer layer; forming a gate line, a gate electrode and a
data pattern filling the respective trenches, wherein the
data pattern is between the adjacent gate lines; forming
a gate insulating layer on the gate line, the gate electrode
and the data pattern, and substantially flat over the sub-
strate; forming a semiconductor layer on the gate insu-
lating layer over the gate electrode; patterning the gate
insulating layer to form contact holes that expose both
ends of the data pattern, respectively; forming a data
connection portion on the gate insulating layer and con-
tacting the adjacent data patterns through the contact
holes, a source electrode extending from the data con-
nection portion and on the semiconductor layer, and a
drain electrode spaced apart from the source electrode;
forming a passivation layer on the source and drain elec-
trodes and including a drain contact hole exposing the
drain electrode; and forming a pixel electrode on the pas-
sivation layer and contacting the drain electrode through
the drain contact hole.
[0059] It is to be understood that both the foregoing
general description and the following detailed description
are exemplary and explanatory and are intended to pro-
vide further explanation of the invention as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0060] The accompanying drawings, which are includ-
ed to provide a further understanding of the invention and
are incorporated in and constitute a part of this specifi-
cation, illustrate embodiments of the invention and to-
gether with the description serve to explain the principles
of the invention.
[0061] In the drawings:

FIG. 1 is an exploded perspective view illustrating
an LCD or an OLED according to the related art;

FIG. 2 is a cross-sectional view illustrating an array
substrate according to the related art;

FIG. 3 is a plan view illustrating an array substrate
of an LCD according to a first embodiment of the
present invention;

FIG. 4 is a cross-sectional view taken along a line,
IV-IV of FIG. 3;

FIG. 5 is a cross-sectional view taken along a line,
V-V of FIG. 3;

FIG. 6 is a cross-sectional view illustrating an array
substrate of an LCD according to a second embod-
iment of the present invention;

FIGs. 7A to 7G are plan views illustrating a method
of fabricating the array substrate of the LCD accord-
ing to the first embodiment;

FIGs. 8A to 8K are cross-sectional views taken along
a line VIII-VIII of FIGs. 7A to 7G;

FIGs. 9A to 9K are cross-sectional views taken along
a line IX-IX of FIGs. 7A to 7G; and

FIGs. 10A to 10E are cross-sectional views illustrat-
ing a method of fabricating the array substrate of the
LCD according to the second embodiment.

DETAILED DESCRIPTION OF THE ILLUSTRATED 
EMBODIMENTS

[0062] Reference will now be made in detail to the il-
lustrated embodiments of the present invention, which
are illustrated in the accompanying drawings.
[0063] FIG. 3 is a plan view illustrating an array sub-
strate of an LCD according to a first embodiment of the
present invention, FIG. 4 is a cross-sectional view taken
along a line, IV-IV of FIG. 3, and FIG. 5 is a cross-sec-
tional view taken along a line, V-V of FIG. 3. For the pur-
pose of explanation, a region where a thin film transistor
Tr as a switching element is formed in a pixel region P
is referred to as a switching region TrA.
[0064] Referring to FIGs. 3 to 5, trenches tch are
formed in an insulation substrate 110 as a base of an
array substrate 101. For example, the trenches tch are
located at a region where a gate line 113 and a gate
electrode 117 are formed, and a part, except for a cross-
ing part of the gate line 113 and the data line 130 and a
part to a predetermined distance from the crossing por-
tion, out of a region where a data line 130 is formed.
[0065] It is preferred, but not required that the trench
tch may have a depth of about 0.5 to 5 mm, and the trench-
es tch for the gate line 113 and the data line 130 may
have respective widths which a gate line or data line of
a common array substrate has.
[0066] In the substrate 110, the gate line 113, the gate
electrode 117 and a data pattern 115 fill the respective
trenches tch. The gate line 113, the gate electrode 117
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and the data pattern 115 may have a single-layered struc-
ture made of the same material, for example, one of alu-
minum (Al), aluminum alloy (e.g., AlNd), copper (Cu) and
copper alloy. The data pattern 115 is located between
adjacent gate lines 113.
[0067] The gate line 113, the gate electrode 117 and
the data pattern 115 may have a thickness which is the
same as the depth of the trench tch. Accordingly, the
surface of the gate line 113, the gate electrode 117 and
a data pattern 115 may be substantially even with respect
to the surface of the substrate 110.
[0068] Accordingly, even when the gate line 113, the
gate electrode 117 and the data pattern 115 have a thick-
ness much greater than that of the gate line and the data
line the related art, a step portion protruding upward from
the surface of the substrate 110 is hardly formed. Thus,
components to be formed later are not substantially af-
fected by the gate line 113, the gate electrode 117 and
the data pattern 115.
[0069] A gate insulating layer 120 is formed on the en-
tire surface of the substrate 110 having the gate line 113,
the gate electrode 117 and the data pattern 115 therein.
The gate insulating layer 120 may be made of an inor-
ganic insulating material, for example, silicon oxide
(SiO2) or silicon nitride (SiNx).
[0070] The gate insulating layer 120 is substantially
even because the surface of the substrate therebelow
having the gate line 113, the gate electrode 117 and the
data pattern 115 is substantially even. The gate insulating
layer 120 has first contact holes ch1 exposing ends of
the data pattern 115.
[0071] A semiconductor layer 125 is formed on the gate
insulating layer in the switching region TrA corresponding
to the gate electrode 117.
[0072] The semiconductor layer 125 includes an active
layer 125a made of intrinsic amorphous silicon, and an
ohmic contact layer 125b made of impurity-doped amor-
phous silicon exposing a center portion of the active layer
125a.
[0073] A data connection portion 131, and source and
drain electrodes 133 and 136 are formed on the gate
insulating layer 120 and the semiconductor layer 125.
The data connection portion 131, and the source and
drain electrodes 133 and 136 may have a single-layered
or multi-layered structure using at least one of aluminum
(Al), aluminum alloy (e.g., AlNd), copper (Cu), copper
alloy, molybdenum (Mo), and molybdenum alloy (e.g.,
MoTi). The data connection portion 131 may be a data
connection pattern, for example. The data connection
portion 131 overlap the adjacent data patterns 115 at
both sides thereof and the gate line 113, and contacts
the data patterns 115 at both sides thereof through the
first contact holes ch1. The source electrode 133 is con-
nected to the data connection portion 131. More partic-
ularly, the source electrode 133 extends from the data
connection portion 131 and is located on the ohmic con-
tact layer 125b. The drain electrode 136 is spaced apart
from the source electrode 133 and located on the ohmic

contact layer 125b.
[0074] The data patterns 115 formed at the trenches
tch and the data connection portion 131 form the data
line 130 extending along a direction crossing the gate
line 113.
[0075] The gate electrode 117, the gate insulating layer
120, the semiconductor layer 125, and the source and
drain electrodes 133 and 136 form the thin film transistor
Tr.
[0076] A passivation layer is formed on the data con-
nection portion 131 and the source and drain electrodes
133 and 136. The passivation layer includes a drain con-
tact hole 148 exposing the drain electrode 136.
[0077] The passivation layer may a single-layered
structure using inorganic insulating material or organic
insulating material, or a double-layered structure made
using inorganic insulating material and organic insulating
material. In this embodiment, for the purpose of expla-
nation, the passivation layer has a double-layered struc-
ture with a first layer 140 made of inorganic insulating
material, and a second layer 145 made of organic insu-
lating material and thus having an even surface.
[0078] In this regard, when the active layer 125a con-
tacts organic insulating material, a channel portion of the
active layer 125a is contaminated by the organic insulat-
ing material, and thus property of the thin film transistor
Tr may be degraded. To prevent this problem, the first
layer 140 of inorganic insulating material is first formed
and then the second layer 145 of organic insulating ma-
terial is formed thereon.
[0079] Further, using the second layer 145 of organic
insulating material may be advantageous to operation of
particular LCDs. In this regard, among various modes of
LCDs such as twist nematic mode, in-plane switching
mode, fringe field mode, etc., the in-plane switching
mode LCD and fringe field mode LCD prefer a pixel elec-
trode formed on an flat surface for uniformity and effi-
ciency of production of electric field, and in consideration
of this, the second layer 145 is employed to produce a
flat surface.
[0080] A pixel electrode 150 is formed on the second
layer 145 and contacts the drain electrode 136 through
the drain contact hole 148. The pixel electrode 150 may
be made of a transparent conductive material, for exam-
ple, indium-tin-oxide (ITO) or indium-zinc-oxide (IZO).
[0081] However, the passivation layer can be omitted.
And in this case, the pixel electrode 150 can be formed
on, e.g., drain electrode 136 and connected to the drain
electrode 136.
[0082] The pixel electrode 150 may have a plate shape
in the pixel region P, and in this case, the array substrate
110 may be used as an array substrate for a twist nematic
mode LCD.
[0083] However, the pixel electrode 150 may have oth-
er shapes according to the modes of LCDs. For example,
in case that the array substrate 101 is used for an in-
plane switching mode LCD, the pixel electrode 150 may
be configured to have a plurality of bars spaced apart
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from one another, and a common electrode may be con-
figured to have a plurality of another bars alternating with
the bars of the pixel electrode 150 to produce an in-plane
electric field. In this case, the common electrode is con-
nected to a common line, and the common line may be
formed in the substrate 110 filling a corresponding trench
that is spaced apart from and parallel with the gate line
113.
[0084] Alternatively, in case that the array substrate
110 is used for a fringe field mode LCD, the pixel elec-
trode 150 may be configured to have a plate shape, and
a common electrode may be configured to have a plurality
of bar-shaped openings to produce an in-plane electric
field. In this case, the common electrode may be formed
over the pixel electrode 150 with an insulating layer ther-
ebetween.
[0085] As described above, because of the trench tch,
the array substrate 101 can use the gate line 113 and
the data line 130 several times to tens of times thicker
than those of the related art. Accordingly, even when
display area increases and the signal line becomes long-
er, thickness increases and thus resistance is reduced.
Therefore, signal delay can be prevented.
[0086] Moreover, even when the thickness of the gate
line 113 and the data line 130 increases, a step portion
due to this is not produced. Accordingly, disconnection
of a component over the signal line or a vacant space
near the signal line due to the step portion is prevented.
Therefore, product defect rate and production cost can
be reduced.
[0087] FIG. 6 is a cross-sectional view illustrating an
array substrate of an LCD according to a second embod-
iment of the present invention.
[0088] The array substrate 202 of the second embod-
iment is similar to the array substrate 101 of the first em-
bodiment but is different in the trench tch. Explanation of
parts similar to parts of the first embodiment may be omit-
ted.
[0089] The trench tch of the first embodiment is formed
in the substrate 110 while the trench tch of the second
embodiment is formed in a buffer layer 112 on the sub-
strate 110. The buffer layer 112 may be made of inorganic
or organic insulating material.
[0090] A gate line 113, a gate electrode 117 and a data
pattern 115 fill the corresponding trenches tch in the buff-
er layer 112. The surface of the gate line 113, the gate
electrode 117 and the data pattern 115 may be substan-
tially even with respect to the surface of the buffer layer
112.
[0091] The trench tch may be configured to open the
surface of the substrate 110 therebelow. Alternatively,
the trench tch may be configured to have a depth less
than a thickness of the buffer layer 112.
[0092] The layered structure over the gate line 113,
the gate electrode 117 and the data pattern 115 is similar
to that of the first embodiment.
[0093] The array substrate 201 of the second embod-
iment can have the same advantages as that of the first

embodiment 101.
[0094] Methods of fabricating the array substrates ac-
cording to the first and second embodiments are ex-
plained as below.
[0095] FIGs. 7A to 7G are plan views illustrating a
method of the array substrate of the LCD according to
the first embodiment, FIGs. 8A to 8K are cross-sectional
views taken along a line VIII-VIII of FIGs. 7A to 7G, and
FIGs. 9A to 9K are cross-sectional views taken along a
line IX-IX of FIGs. 7A to 7G.
[0096] Referring to FIGs. 7A, 8A and 9A, a first pho-
toresist layer is formed on a substrate 110 which is made
of, for example, glass or plastic, and then light exposure
and developing are performed to form a first photoresist
pattern 181 at regions except for regions where a gate
line 113, a gate electrode 117 and a data pattern 115 are
formed. In other words, the first photoresist pattern 181
exposes the regions where the gate line 113, the gate
electrode 117 and the data pattern 115 are formed.
[0097] Referring to FIGs. 7A, 8B and 9B, the substrate
110 is etched using the first photoresist pattern 181 to
form trenches tch. The trench tch may have a width of
about 5 mm to about 15 mm and a depth 0.5 mm to 5 mm.
[0098] The trench tch corresponding to the gate line
113 extends without disconnection along a first direction
that is an extension direction of the gate line 113. The
trench tch corresponding to the data pattern 115 extends
along a second direction crossing the first direction and
is separated with respect to each trench tch for the gate
line 113.
[0099] Referring to FIGs. 7A, 8C and 9C, a catalytic
layer 185 is formed entirely on the substrate 110 having
the first photoresist pattern 181. For example, the cata-
lytic layer 185 may be made of palladium (Pd) group ma-
terial, and may be formed by coating Pd-Sn colloid or
depositing Pd ion (e.g., Pd2+).
[0100] Referring to FIGs. 7A, 8D and 9D, a stripping
process is performed to remove the first photoresist layer
181.
[0101] Accordingly, the catalytic layer 185 on the first
photoresist pattern 181 is removed, and thus the catalytic
layer 185 remains on an inner surface of the trench tch,
and the surface of the substrate 110 outside the trench
tch is exposed without the catalytic layer 185 thereon.
[0102] Referring to FIGs. 7B, 8E and 9E, the substrate
110 having the catalytic layer 185 in the trench tch is
immersed in a tank 195 containing a plating solution in
which at least one metal material of low resistance, for
example, at least one of aluminum (Al), aluminum alloy,
copper and copper alloy ion is dissolved, and electroless
plating is performed.
[0103] Through the electroless plating, metal ion is se-
lectively plated in the trench tch having the catalytic layer
185 therein but is not plated on the surface of the sub-
strate 110 not having the catalytic layer 185.
[0104] Accordingly, when the electroless plating is fin-
ished, the gate line 113, the gate electrode 117 and the
data pattern 115 are formed filling the corresponding
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trenches tch.
[0105] Referring to FIGs. 7B, 8F and 9F, a gate insu-
lating layer 120 is formed entirely on the substrate 110
having the gate line 113, the gate electrode 117 and the
data pattern 115. The gate insulating layer 120 may be
made of inorganic insulating material, for example, silicon
oxide (SiO2) or silicon nitride (SiNx).
[0106] The gate insulating layer 120 is substantially flat
without a step portion on the substrate 110 because the
surface of the gate line 113, the gate electrode 117 and
the data pattern 115 below the gate insulating layer is
substantially even with the surface of the substrate 110.
[0107] Referring to FIGs. 7C, 8G and 9G, intrinsic
amorphous silicon layer and impurity-doped amorphous
silicon layer are formed on the gate insulating layer 120,
and then a mask process is performed to form an active
layer 125a and an impurtity-doped amorphous silicon
pattern 124 on the active layer 125a.
[0108] Referring to FIGs. 7D, 8H and 9H, a mask proc-
ess is performed for the substrate 110 having the active
layer 125a and the imputiry-doped amorphous silicon
pattern 124 to remove portions of the gate insulating layer
120 corresponding to ends of the data pattern 115 and
form a first contact hole ch1 exposing each of both ends
of the data pattern 115.
[0109] Referring to FIG. 7E, 8I and 9I, a second metal
layer is formed on the substrate 110 having the first con-
tact hole ch1. The second metal layer may be formed by
depositing at least one from a metal material group in-
cluding aluminum (Al), aluminum alloy, copper, copper
alloy, molybdenum and molybdenum alloy.
[0110] A mask process is performed for the second
metal layer to form a data connection portion 131, and
source and drain electrodes 133 and 136. The data con-
nection portion 131 crosses the corresponding gate line
113, and contacts the data patterns 115 at both sides
thereof through the respective first contact hole ch1 to
connect the data patterns 115. The source electrode 133
branches off from the data connection portion 131, and
the drain electrode 136 is spaced apart from the source
electrode 133. The source and drain electrodes 133 and
136 are formed on the impurity-doped amorphous silicon
pattern 124.
[0111] The data pattern 115 and the data connection
portion 131 are alternated and connected along the sec-
ond direction to form each data line 130.
[0112] Then, a portion of the impurity-doped amor-
phous silicon pattern 124 exposed between the source
and drain electrodes 133 and 136 are removed to form
an ohmic contact layer 125b below each of the source
and drain electrodes 133 and 136 and expose a center
portion of the active layer 125a.
[0113] The active layer 125a and the ohmic contact
layer 125b form a semiconductor layer 125. The gate
electrode 117, the gate insulating layer 120, the semi-
conductor layer 125 and the source and drain electrodes
133 and 136 in the switching region TrA form a thin film
transistor Tr.

[0114] Referring to FIGs. 7F, 8J and 9J, a first passi-
vation layer 140 is formed on the substrate 110 having
the source and drain electrodes 133 and 136, and then
a second passivation layer 145 is formed on the first pas-
sivation layer 140. The first passivation layer 140 may
be made of inorganic insulating material, for example,
silicon oxide (SiO2) or silicon nitride (SiNx), and the sec-
ond passivation layer 145 may be made of organic insu-
lating material, for example, photo acryl.
[0115] A mask process is performed for the first and
second passivation layer 140 and 145 to form a drain
contact hole 148 exposing the drain electrode 136.
[0116] Referring to FIGs. 7G, 8K and 9K, a transparent
conductive material layer is formed on the second pas-
sivation layer 145 and patterned in a mask process to
form a pixel electrode 150 in the pixel region P. The pixel
electrode 150 contacts the drain electrode 136 through
the drain contact hole 148.
[0117] However, the passivation layers can be omitted.
And in this case, the transparent conductive material lay-
er can be formed on, e.g., drain electrode 136 and pat-
terned in a mask process to form a pixel electrode 150
in the pixel region P. The pixel electrode 150 is connected
to the drain electrode 136.
[0118] Through the above-described processes, the
array substrate 101 can be fabricated. The array sub-
strate 101 as above may be used for a twisted nematic
mode LCD.
[0119] Alternatively, the pixel electrode 150 is formed
to have a plurality of bars in the pixel region and a com-
mon electrode may be formed, in the same process of
forming the pixel electrode 150, to have a plurality of an-
other bars alternating with the bars of the pixel electrode
150. The array substrate 110 having such the configura-
tion may be used for an in-plane switching mode LCD.
[0120] In case of the array substrate 110 for the in-
plane switching mode LCD, a common line may be
formed in the process of forming the gate line 113, a
common contact hole may be formed in the process of
forming the drain contact hole 148 of the passivation lay-
ers 140 and 145, and the common electrode may contact
the common line through the common contact hole.
[0121] Alternatively, after forming the pixel electrode
150, then an insulating layer is formed on the pixel elec-
trode 150, and then a common electrode is formed on
the insulating layer to have a plurality of bar-shaped
openings over the pixel electrode 150. The array sub-
strate 110 having such the configuration may be used
for a fringe field mode LCD.
[0122] FIGs. 10A to 10E are cross-sectional views il-
lustrating a method of the array substrate of the LCD
according to the second embodiment.
[0123] The method of fabricating the array substrate
of the second embodiment includes forming a trench in
a buffer layer other than a substrate, and the processes
after forming the trench in the buffer layer is similar to
are similar to those of the first embodiment and explana-
tions thereof may be omitted.
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[0124] Referring to FIG. 10A, a buffer layer 112 is
formed on a substrate 110. The buffer layer 112 may be
made of inorganic insulating material, for example, silicon
oxide (SiO2) or silicon nitride (SiNx), or organic insulating
material, for example, photo acryl, polyimide or polysty-
rene.
[0125] The buffer layer 112 may have a thickness
equal to or more than that of a gate line 113, a gate elec-
trode 117 and a data pattern 115 to be formed later.
[0126] Then, a photoresist layer is formed on the buffer
layer 112 and patterned in a mask process to form a first
photoresist pattern 181 at regions except for regions
where the gate line 113, the gate electrode 117 and the
data pattern 115 are formed. In other words, the first pho-
toresist pattern 181 exposes the regions where the gate
line 113, the gate electrode 117 and the data pattern 115
are formed.
[0127] Referring to FIG. 10B, the buffer layer 112 is
etched using the first photoresist pattern 181 as an etch-
ing mask to form a trench tch. The trench tch may have
a depth about 0.5 mm to 5 mm. The trench tch may expose
the substrate 110 by completely removing the buffer layer
112 or may not expose the substrate 110 by partially
removing the buffer layer 112.
[0128] Referring to FIG. 10C, a catalytic layer 185 is
formed entirely on the first photoresist pattern 181 and
in the trench tch. For example, the catalytic layer 185
may be made of palladium (Pd) group material, and may
be formed by coating Pd-Sn colloid or depositing Pd ion
(e.g., Pd2+).
[0129] Referring to FIG. 10D, a stripping process is
performed to remove the first photoresist layer 181.
[0130] Accordingly, the catalytic layer 185 on the first
photoresist pattern 181 is removed, and thus the catalytic
layer 185 remains on an inner surface of the trench tch,
and the surface of the buffer layer 112 outside the trench
tch is exposed without the catalytic layer 185 thereon.
[0131] Referring to FIGs. 10E, the substrate 110 hav-
ing the catalytic layer 185 in the trench tch is immersed
in a tank 195 containing a plating solution in which at
least one metal material of low resistance, for example,
at least one of aluminum (Al), aluminum alloy, copper
and copper alloy ion is dissolved, and electroless plating
is performed.
[0132] Through the electroless plating, metal ion is se-
lectively plated in the trench tch having the catalytic layer
185 therein but is not plated on the surface of the buffer
layer 112 not having the catalytic layer 185.
[0133] Accordingly, when the electroless plating is fin-
ished, the gate line 113, the gate electrode 117 and the
data pattern 115 are formed filling the corresponding
trenches tch.
[0134] The post processes may be described with ref-
erence to the method of the first embodiment.
[0135] As described above, because of the trench tch,
the array substrate 101 can use the gate line and the
data line several times to tens of times thicker than those
of the related art. Accordingly, even when display area

increases and the signal line becomes longer, thickness
increases and thus resistance is reduced. Therefore, sig-
nal delay can be prevented.
[0136] Moreover, even when the thickness of the gate
line and the data line increases, a step portion due to this
is not produced. Accordingly, disconnection of a compo-
nent over the signal line or a vacant space near the signal
line due to the step portion is prevented. Therefore, prod-
uct defect rate and production cost can be reduced.
[0137] It will be apparent to those skilled in the art that
various modifications and variations can be made in the
present invention without departing from the spirit or
scope of the invention. Thus, it is intended that the
present invention cover the modifications and variations
of this invention provided they come within the scope of
the appended claims and their equivalents.

Claims

1. An array substrate comprising:

a layer arrangement including a pixel region;
a trench having a depth from a surface of the
layer arrangement;
a gate line, a gate electrode and a data pattern
filling the respective trenches, wherein the data
pattern is between the adjacent gate lines;
a gate insulating layer on the gate line, the gate
electrode and the data pattern, substantially flat
over the layer arrangement, and including con-
tact holes that expose both ends of the data pat-
tern, respectively;
a semiconductor layer on the gate insulating lay-
er over the gate electrode;
a data connection portion on the gate insulating
layer and contacting the adjacent data patterns
through the contact holes;
a source electrode connected to the data con-
nection portion, and a drain electrode spaced
apart from the source electrode;
a pixel electrode connected to the drain elec-
trode.

2. The array substrate of claim 1, wherein the layer ar-
rangement comprises a substrate including the pixel
region,
wherein the surface of the layer arrangement is a
surface of the substrate, and
wherein the gate insulating layer is substantially flat
over the substrate.

3. The array substrate of claim 1, wherein the layer ar-
rangement comprises a substrate including the pixel
region, and a buffer layer on the substrate,
wherein the surface of the layer arrangement is a
surface of the buffer layer, and
wherein the gate insulating layer is substantially flat
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over the substrate.

4. The array substrate according to claim 3, wherein
the depth is equal to or less than a thickness of the
buffer layer.

5. The array substrate according to any one of claims
1 to 4, further comprising:

a passivation layer on the source and drain elec-
trodes and including a drain contact hole expos-
ing the drain electrode,
wherein the pixel electrode is on the passivation
layer and contacts the drain electrode through
the drain contact hole, and
wherein the source electrode extends from the
data connection portion and on the semiconduc-
tor layer.

6. The array substrate according to any one of claims
1 to 5, wherein the depth is about 0.5 mm to about 5
mm, and the gate line, the gate electrode and the
data pattern have a thickness equal to the depth.

7. A method of fabricating an array substrate compris-
ing:

providing a layer arrangement including a pixel
region;
etching the layer arrangement including the pix-
el region to form a trench having a depth from a
surface of the layer arrangement;
forming a gate line, a gate electrode and a data
pattern filling the respective trenches, wherein
the data pattern is between the adjacent gate
lines;
forming a gate insulating layer on the gate line,
the gate electrode and the data pattern, the gate
insulating layer being substantially flat over the
layer arrangement;
forming a semiconductor layer on the gate insu-
lating layer over the gate electrode;
patterning the gate insulating layer to form con-
tact holes that expose both ends of the data pat-
tern, respectively;
forming a data connection portion on the gate
insulating layer, the data connection portion
contacting the adjacent data patterns through
the contact holes, a source electrode connected
to the data connection portion, and a drain elec-
trode spaced apart from the source electrode;
and
forming a pixel electrode connected to the drain
electrode.

8. The method of claim 7, wherein providing the layer
arrangement comprises providing a substrate in-
cluding the pixel region,

wherein etching the layer arrangement comprises
etching the substrate including the pixel region to
form the trench having the depth from a surface of
the substrate, and
wherein the gate insulating layer is substantially flat
over the substrate.

9. The method according to claim 8, wherein etching
the substrate including the pixel region to form the
trench having the depth from the surface of the sub-
strate, and forming the gate line, the gate electrode
and the data pattern filling the respective trenches
comprises:

forming a photoresist pattern on the substrate
and exposing a portion corresponding to the
trench;
etching the substrate using the photoresist pat-
tern to form the trench;
forming a catalytic layer on the trench and the
photoresist pattern;
removing the photoresist pattern, whereby the
catalytic layer remains in the trench; and
immersing the substrate having the catalytic lay-
er remaining in the trench into a plating solution
in which a metal material is dissolved and per-
forming an electroless plating, thereby plating
the metal material in the trench.

10. The method of claim 7, wherein providing the layer
arrangement comprises forming a buffer layer on a
substrate including the pixel region,
wherein etching the layer arrangement comprises
etching the buffer layer to form the trench having the
depth from a surface of the buffer layer, and
wherein the gate insulating layer is substantially flat
over the buffer layer.

11. The method according to claim 10, wherein etching
the buffer layer to form the trench having the depth
from the surface of the buffer layer, and forming the
gate line, the gate electrode and the data pattern
filling the respective trenches comprises:

forming a photoresist pattern on the buffer layer
which exposes a portion corresponding to the
trench;
etching the buffer layer using the photoresist
pattern to form the trench;
forming a catalytic layer on the trench and the
photoresist pattern;
removing the photoresist pattern, whereby the
catalytic layer remains in the trench; and
immersing the substrate having the catalytic lay-
er remaining in the trench into a plating solution
in which a metal material is dissolved and per-
forming an electroless plating, thereby plating
the metal material in the trench.
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12. The method according to claim 10 or 11, wherein the
depth is equal to or less than a thickness of the buffer
layer.

13. The method of claim 9 or 11, wherein the catalytic
layer is formed by coating Pd-Sn colloid or depositing
Pd ion.

14. The method according to any one of claims 7 to 13,
further comprising:

after forming a data connection portion on the
gate insulating layer, forming a passivation layer
on the source and drain electrodes, the passi-
vation layer including a drain contact hole ex-
posing the drain electrode,
wherein the pixel electrode is on the passivation
layer and contacts the drain electrode through
the drain contact hole, and
wherein the source electrode extends from the
data connection portion and on the semiconduc-
tor layer.

15. The method according to any one of claims 7 to 14,
wherein the depth is 0.5 mm to 5 mm.
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