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LIQUID CRYSTAL DISPLAY DEVICE AND
METHOD OF FABRICATING THE SAME

[0001] This application claims the benefit of Korean Patent
Application No. 2006-128468 filed on Dec. 15, 2006, which
is hereby incorporated by reference as if fully set forth herein.

TECHNICAL FIELD

[0002] The present invention relates to a liquid crystal dis-
play (LCD) device and a method of fabricating the same and,
more particularly, to an LCD device to improve an aperture
ratio by decreasing a line width of semiconductor layer pro-
vided below a data line, and a method of fabricating the same.

BACKGROUND
Discussion of the Related Art

[0003] Recently, LCD devices have received increased
attention because they offer a high-tech, high-value added
product in which the LCD device has low power consumption
and good portability.

[0004] Generally, the LCD device includes a thin film tran-
sistor array substrate, a color filter array substrate and a liquid
crystal layer, wherein the liquid crystal layer is formed
between the thin film transistor array substrate and the color
filter array substrate.

[0005] The thin film transistor array substrate includes a
plurality of gate and lines crossing each other to define a
plurality of pixel regions; a plurality of thin film transistors
corresponding to switching elements, wherein each thin film
transistor is provided adjacent to a crossing portion of the gate
and data lines; and a plurality of pixel electrodes respectively
formed in the pixel regions.

[0006] The color filter array substrate includes color filters
to represent various colors; and a black matrix to divide the
color filters and to prevent light leakage.

[0007] The thin film transistor array substrate is fabricated
by a plurality of semiconductor processes and mask pro-
cesses, whereby the fabrication process of the thin film tran-
sistor array substrate is complicated, and the fabrication cost
thereof is increased.

[0008] Accordingly, a new method has been proposed to
decrease the mask processes, wherein a semiconductor layer
pattern, a data line pattern and a source/drain pattern includ-
ing source and drain electrodes are completed by one mask
process. That is, a first etching process is provided to form the
source/drain pattern and semiconductor layer having the
same pattern, and a second etching process is provided to
separate the source and drain electrodes from each other.

[0009] Using this method, the semiconductor layer may be
fabricated by one etching step. However, the data line posi-
tioned on the semiconductor layer is fabricated by two etch-
ing steps. Thus, the line width of the data line is smaller than
the line width of semiconductor layer positioned under the
data line.

[0010] Accordingly, the semiconductor layer protrudes
toward the pixel region at both sides of the data line. In order
to decrease the influence of parasitic capacitance, the pixel
electrode of pixel region is formed at a predetermined dis-
tance from the data line and the semiconductor layer. As a
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result, the area of pixel electrode is decreased in proportion to
the distance that semiconductor layer protrudes beyond the
data line.

SUMMARY

[0011] Inone embodiment, an LCD device includes a sub-
strate including a plurality of gate lines and a plurality of data
lines crossing each other to define a plurality of pixel regions
on the substrate. A thin film transistor (TFT) resides at cross-
ing portions of the gate lines and the data lines, each TFT
including a semiconductor layer electrically coupled to a
corresponding data line and a drain electrode electrically
coupled to a pixel electrode. The data lines and the semicon-
ductor layer make a composite line in regions on the substrate
between adjacent pixel electrodes in which a line width of the
data line is substantially the same as a line width of the
semiconductor layer.

[0012] In another embodiment, an LCD device includes a
substrate including a gate line and a data line crossing each
other to define a pixel region on the substrate. A thin film
transistor (TFT) resides at a crossing portion of the gate line
and the data line. The TFT includes a gate electrode con-
nected to the gate line, a gate insulation layer overlying the
gate electrode, a semiconductor layer overlying the gate insu-
lation layer, a source electrode overlying the semiconductor
layer and connected to the data line, and a drain electrode. A
pixel electrode connected to the drain electrode, and a portion
of the data line overlies a portion of the semiconductor layer
in a region adjacent to the pixel electrode where a line width
of'the data line is substantially the same as a line width of the
semiconductor layer in the region adjacent to the pixel elec-
trode.

[0013] Inyetanother embodiment, a method for fabricating
an LCD device includes forming a gate line and a gate elec-
trode on a substrate and sequentially forming a gate insulating
layer, a semiconductor layer, and a metal layer overlying the
substrate and the gate line and the gate electrode. Source and
drain electrodes and a data line are formed and a passivation
layer is formed overlying the source and drain electrodes. A
mask pattern is formed on passivation layer, in which the
mask has an opening over a portion of the data line. The
passivation layer is etched using the mask pattern and the
semiconductor layer is etched using the mask pattern and a
portion of the data line as an etch mask to form a composite
layer in which the semiconductor layer and the portion of the
data line have substantially the same line width.

[0014] TItis to be understood that both the foregoing general
description and the following detailed description of the
present invention are exemplary and explanatory and are
intended to provide further explanation of the invention as
claimed.

BRIEF DESCRIPTION OF THE DRAWING

[0015] The accompanying drawings, which are included to
provide a further understanding of the invention and are
incorporated in and constitute a part of this application, illus-
trate embodiment(s) of the invention and together with the
description serve to explain the principle of the invention. In
the drawings:

[0016] FIG. 11is aplane view of illustrating an LCD device
according to a preferred embodiment of the present invention;
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[0017] FIG. 2 is a cross section view of illustrating an
alternative embodiment of an LCD device along section lines
I-I' to V-V' of FIG. 1; and

[0018] FIG. 3 is a cross section view of illustrating another
LCD device along section lines I-I' to V-V' of FIG. 1; and
[0019] FIGS. 4A to 4H are cross section views illustrating
a method of fabricating the LCD device shown in FIG. 2.

DETAILED DESCRIPTION

[0020] Reference will now be made in detail to the pre-
ferred embodiments of the present invention, examples of
which are illustrated in the accompanying drawings. Wher-
ever possible, the same reference numbers will be used
throughout the drawings to refer to the same or like parts.
[0021] FIG. 1is aplane view of illustrating an LCD device
according to a preferred embodiment of the present invention.
FIG. 2 is a cross section view of illustrating an LCD device
along I-I' to V-V' of FIG. 1.

[0022] As illustrated in FIGS. 1 and 2, the LCD device
according to the preferred embodiment of the present inven-
tion includes a gate line 114 and a data line 112 crossing each
other to define a pixel region on a substrate 100; a thin film
transistor (TFT) formed at a crossing portion of the gate line
114 and the data line 112; a pixel electrode 124 electrically
connected with the thin film transistor (TFT) through a first
contact hole 1224; a gate pad 80 electrically connected with
the gate line 114; a data pad 90 electrically connected with the
data line 112; a line hole 130 to expose the data line 112 and
the periphery thereof; and a data passivation pattern 113 to
surround the exposed data line 112. Those skilled in the art
will realize that a display device includes many such pixel
regions arranged in an array.

[0023] The thin film transistor (TFT) includes a gate elec-
trode 118 diverged from the gate line 114; a gate insulation
layer 102 formed on an entire surface of the substrate 100
including the gate electrode 118; a semiconductor layer 120
formed on the gate insulation layer 102 above the gate elec-
trode 118; and source and drain electrodes 116a and 11654
diverged from the data line 112 and formed at both sides of the
semiconductor layer 120.

[0024] When the data line 112 is positioned on the semi-
conductor layer 120, a line width of data line 112 is the same
as or is smaller than a line width of semiconductor layer 120.

[0025] The semiconductor layer 120 includes an active
layer 120a and an ohmic contact layer 1205. The semicon-
ductor layer 120 overlies the gate electrode 118 with the gate
insulation layer 102 therebetween, and is also formed below
the data line 112 and a data lower pad 90a. Importantly, if the
semiconductor layer 120 is positioned below the data line 112
between the adjacent pixel electrodes 124, the line width of
semiconductor layer 120 is the same as the line width of data
line 112. If the semiconductor layer 120 is positioned at the
crossing of the gate line 114 and the data line 112, the line
width of semiconductor layer 120 is the same as or is larger
than the line width of data line 112. In case of the semicon-
ductor layer 120 below the data lower pad 904, the line width
of semiconductor layer 120 is the same as or is larger than the
line width of data lower pad 90a.

[0026] The gate pad 80 includes a lower gate pad 80a
extended from the gate line 114; and an upper gate pad 805
electrically connected with the lower gate pad 80a through a
second contact hole 1225.
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[0027] The data pad 90 includes a lower data pad 90a
extended from the data line 112; and an upper data pad 905
electrically connected with the lower data pad 90a through a
third contact hole 122c.

[0028] Then, a passivation layer 104 is formed on the
source/drain pattern including the source and drain electrodes
1164 and 1164, the data line 112 and the lower data pad 90a,
wherein the passivation layer 104 exposes the drain electrode
1165, the lower data pad 90qa and the data line 112.

[0029] Also, the upper gate pad 8056 and the upper data pad
905 are formed on the same layer as the pixel electrode 124,
and are formed of the same material as the pixel electrode
124.

[0030] Then, a data protection pattern 113 covers the upper
and lateral sides of corresponding data line 112 exposed by
the line hole 130 and the lateral side of semiconductor layer
120 positioned below the corresponding data line 112. At this
time, the data protection pattern 113 is formed of the same
material as that of the pixel electrode 124, and the data pro-
tection pattern 113 is formed in the line hole 130.

[0031] By removing the passivation layer 104 and gate
insulation layer 102 surrounding the data line 112, the line
hole 130 exposes the upper surface of substrate 100 as well as
the data line 112.

[0032] In addition, the line hole 130 may be formed as
shown in FIG. 3. As shown in FIG. 3, the line hole 130
exposes the data line 112 and the upper surface of gate insu-
lation layer 102 by removing the passivation layer 104 sur-
rounding the data line 112.

[0033] FIGS. 4A to 4H are cross section views illustrating
a method of fabricating an LCD device shown in FIG. 2.
[0034] First, as illustrated in FIG. 4A, a gate metal layer is
formed on the substrate 100 by a deposition method using
sputtering. Then, the gate metal layer is patterned by photo-
lithography, whereby a gate pattern including the gate line
114, the gate electrode 118 and the lower gate pad 80a is
formed on the substrate 100.

[0035] Then, as illustrated in FIG. 4B, the gate insulation
layer 102, the semiconductor layer 120 including the active
layer 120a and ohmic contact layer 12056, and a source and
drain metal layer 116 are sequentially formed on the substrate
100 over the gate pattern.

[0036] The gate insulation layer 102 may be formed of an
inorganic insulation material of silicon oxide (SiO,) or silicon
nitride (SiN,). Also, the source and drain metal layer 116 may
be formed in a single-layered structure or multi-layered struc-
ture of molybdenum (Mo), titanium (Ti), tantalum (Ta),
molybdenum alloy (Mo alloy), copper (Cu), aluminum (Al)
or aluminum neodymium (AINd).

[0037] Then, a photoresist layer (not shown) is formed on
the source and drain metal layer 116. Thereon, a second mask
(not shown) using a diffraction mask or a half-tone mask is
provided. In this case, the second mask includes a closed part
to block the incident light; a semi-transmission part or dif-
fraction part to transmit the incident light partially; and a
transmission part to transmit the incident light.

[0038] As the photoresist layer is exposed and developed
using the second mask, a first photoresist pattern 200 is
formed at different thicknesses, wherein the first photoresist
pattern 200 is positioned on the predetermined portions
including the lower data pad 904, the source and drain elec-
trodes 1164 and 1165, and the data line 112. In other words,
the predetermined portion of first photoresist pattern 200 to
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separate the source and drain electrodes from each other is
made relatively thinner. (Indented region shown in FIG. 4B).

[0039] Asillustrated in FIG. 4C, the source and drain metal
layer 116, except the portion for the source and drain pattern,
is removed by wet etching using the first photoresist pattern
200 as a mask. Then, the semiconductor layer 120 except the
portion for the semiconductor pattern is removed by the dry
etching using the first photoresist pattern 200 as a mask.

[0040] As illustrated in FIG. 4D, the thickness of first pho-
toresist pattern 200 is decreased by ashing. Therefore, the
predetermined portion of first photoresist pattern 200 to sepa-
rate the source and drain electrodes from each other is
removed.

[0041] As illustrated in FIG. 4E, the source and drain pat-
tern is wet-etched using the first photoresist pattern 200 as a
mask, so that the source and drain electrodes 116a and 1165
are separated from each other. Then, the ohmic contact layer
1205 exposed by the dry etching is removed. At this time, the
source and drain electrode pattern is formed by the wet-
etching processes of two times. Thus, the width of data line
112 is smaller than the width of semiconductor layer 120
positioned therebelow, and the width of source and drain
electrodes 116a and 11654 is smaller than the width of semi-
conductor layer 120 positioned therebelow.

[0042] For example, if the data line 112 is formed of the
dry-etchable metal of molybdenum (Mo), the semiconductor
layer 120 positioned below the data line 112 is protruding
about 1~3 pum at both sides of the data line 112. In the mean-
time, if the data line 112 is formed of the wet-etchable metal
of copper (Cu), the semiconductor layer 120 positioned
below the data line 112 is protruding about 3~5 pum at both
sides of the data line 112. In this case, the difference between
the line width of semiconductor layer 120 and the line width
of data line 112 formed by the wet-etchable metal of copper
(Cu) is larger than the difference between the line width of
semiconductor layer 120 and the line width of data line 112
formed by the dry-etchable metal of molybdenum (Mo).

[0043] As shown in FIG. 4F, a passivation layer 104 is
formed on an entire surface of the substrate including the
lower gate pad 80a and the source and drain pattern. The
passivation layer 104 may be formed of the inorganic insula-
tion material which is the same as the gate insulation layer
102; the acrylic-based organic compound of which dielectric
constant is small; or the organic insulation material of BCB or
PFCB.

[0044] Then, a photoresist layer (not shown) is formed on
the passivation layer 104, and is then exposed and developed
using a third mask. As a result, a second photoresist pattern
300 is formed, which exposes the predetermined portions of
passivation layer 104 provided on the lower gate pad 80a, the
drain electrode 1165, the data line 112 and the lower data pad
90a.

[0045] As shown in FIG. 4G, the first to third contact holes
122a,1225b and 122¢ and line hole 130 are formed through an
etching process using the second photoresist pattern 300 as a
mask. After the etching process, the first contact hole 122a
exposes the drain electrode 1165 through the passivation
layer 104; the second contact hole 1225 exposes the lower
gate pad 80q through the passivation layer 104 and the gate
insulation layer 102; the third contact hole 122¢ exposes the
lower data pad 90a through the passivation layer 104; and the
line hole 130 exposes the upper and lateral sides of data line
112 through the passivation layer 104 and gate insulation
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layer 102, and exposes the lateral side of semiconductor layer
120 positioned therebelow, and the upper surface of substrate
100.

[0046] An etching process is also carried out to remove
portions of the semiconductor layer 120 protruding beyond
the data line 112 in area exposed by the line hole 130. By
removing the passivation layer 104 exposed by the second
photoresist pattern 300; and the semiconductor layer 120
protruding at both sides of the data line 112 when forming the
line hole 130, the line width of semiconductor layer 120
positioned below the data line 112 between the adjacent pixel
electrodes 124 is identical to the line width of data line 112.
Also, the passivation layer remains at the crossing of the gate
line 114 and the data line 112, to thereby prevent the semi-
conductor layer 120 and the gate insulation layer 102 posi-
tioned below the data line 112 from being etched.

[0047] Inorderto form the line hole shown in FIG. 3, a slit
mask or a half-tone mask is used. Following is the example
using the slit mask. The slit mask is formed of a transmission
part corresponding to first to third contact holes 122a, 1225
and 122c¢; a slit part corresponding to the line hole 130; and a
closed part corresponding to the passivation layer 104.
[0048] Through the etching process using the photoresist
pattern formed by the exposure and development using the
slit mask, the first to third contact holes 122a, 1225 and 122¢
are formed and the line hole 130 passing through the passi-
vation layer 104 is formed. When forming the line hole 130,
the semiconductor layer 120 protruding at both sides of data
line 112 is removed so that the semiconductor layer 120
positioned below the data line has the same line width as that
of the data line 122.

[0049] As illustrated in FIG. 4H, the first to third contact
holes 1224, 1225 and 122¢ and the line hole 130 are formed.
A transparent conductive material (not shown) is deposited
on the passivation layer 104 to cover the data line 112. The
transparent conductive material may be formed of Indium Tin
Oxide (ITO), Tin Oxide (TO), Indium Zinc Oxide (IZO), or
Indium Tin Zinc Oxide (ITZO).

[0050] Then, a transparent conductive pattern including the
pixel electrode 124, the data protection pattern 113, the upper
data pad 905 and the upper gate pad 8054 is formed by photo-
lithography and etching using a fourth mask (not shown).
[0051] The data protection pattern 113 covers the lateral
side of semiconductor layer 120 and the upper and lateral
sides of data line 112 exposed by the line hole 130. Also, the
data protection pattern 113 overlies the data line 112 with the
passivation layer 104 therebetween where the data line 112
crosses over the gate line 114.

[0052] The data protection pattern 113 is formed to prevent
the semiconductor layer 120 and data line 112 exposed by the
line hole 130 from being etched by an etchant used when
forming the pixel electrode 124.

[0053] As mentioned above, the LCD device according to
the present invention and the method of fabricating the same
have the following advantages.

[0054] In the LCD device according to the present inven-
tion and the method of fabricating the same, the line width of
semiconductor layer underlying the data line is decreased so
that the area of pixel electrode is increased in proportion to the
decreased line width of semiconductor layer, thereby improv-
ing the aperture ratio of LCD device.

[0055] 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
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the inventions. Thus, it is intended that the present invention
covers the modifications and variations of this invention pro-
vided they come within the scope of the appended claims and
their equivalents.

1. An LCD device comprising:

a substrate including a plurality of gate lines and a plurality
of data lines crossing each other to define a plurality of
pixel regions on the substrate; and

a thin film transistor (TFT) formed at crossing portions of
the gate lines and the data lines, each TFT including a
semiconductor layer electrically coupled to a corre-
sponding data line and a drain electrode electrically
coupled to a pixel electrode,

wherein the data lines and the semiconductor layer com-
prise a composite line in regions on the substrate
between adjacent pixel electrodes, and

wherein a line width of the data line is substantially the
same as a line width of the semiconductor layer in the
composite line.

2. The LCD device of claim 1 further comprising a data

protection layer covering the composite line.

3. The LCD device of claim 1 further comprising a passi-
vation layer overlying gate lines, the data lines, and the TFT,
the passivation layer having a line opening exposing the com-
posite line.

4. The LCD device of claim 1, wherein the composite line
extends on the substrate beyond an edge of the pixel electrode
to a data pad, and wherein opposite edges of the semiconduc-
tor layer protrude beyond opposite edges of the data line at the
data pad.

5. The LCD device of claim 4 wherein a position at which
the opposite edges of the semiconductor layer protrude
beyond the opposite edges of the data line is substantially
coincident with the edge of the pixel electrode.

6. An LCD device comprising:

a substrate including a gate line and a data line crossing

each other to define a pixel region on the substrate;

a thin film transistor (TFT) formed at a crossing portion of
the gate line and the data line,

the TFT including a gate electrode connected to the gate
line, a gate insulation layer overlying the gate electrode,
a semiconductor layer overlying the gate insulation
layer, a source electrode overlying the semiconductor
layer and connected to the data line, and a drain elec-
trode; and

a pixel electrode connected to the drain electrode,

wherein a portion of the data line overlies a portion of the
semiconductor layer in a region adjacent to the pixel
electrode, and

wherein a line width of the data line is substantially the
same as a line width of the semiconductor layer in the
region adjacent to the pixel electrode.

7. The LCD device of claim 6, wherein the data line and the
semiconductor layer extend on the substrate beyond an edge
of the pixel electrode to a data pad, and wherein opposite
edges of the semiconductor layer protrude beyond opposite
edges of the data line at the data pad.

8. The LCD device of claim 7 wherein a position at which
the opposite edges of the semiconductor layer protrude
beyond the opposite edges of the data line is substantially
coincident with the edge of the pixel electrode.

9. The LCD device of claim 6 further comprising a passi-
vation layer overlying gate line, the data line, and the TFT, the
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passivation layer having a line opening exposing the portion
of the data line in the region adjacent to the pixel electrode.

10. The LCD device of claim 9, wherein the data line and
the semiconductor layer and the gate insulation layer com-
prise a composite layer in the region adjacent to the pixel
electrode, the composite layer having a top surface and side-
walls, and wherein a data protection layer overlies the top
surface and the sidewalls of the composite layer.

11. The LCD device of claim 9, wherein the data line and
the semiconductor layer comprise a composite layer overly-
ing the gate insulation layer in the region adjacent to the pixel
electrode, the composite layer having a top surface and side-
walls, and wherein a data protection layer overlies the top
surface and the sidewalls of the composite layer.

12. The LCD device of claim 6, wherein the data line, and
the source and drain electrodes comprise at least one of
molybdenum (Mo), titanium (T1), tantalum (Ta), molybde-
num alloy (Mo alloy), copper (Cu), aluminum (Al) or alumi-
num neodymium (AINd).

13. The LCD device of claim 6, wherein the gate insulating
layer comprises silicon oxide or silicon nitride,

14. A method for fabricating an LCD device, the method
comprising:

forming a gate line and a gate electrode on a substrate;

sequentially forming a gate insulating layer, a semiconduc-

tor layer, and a metal layer overlying the substrate and
the gate line and the gate electrode;

forming source and drain electrodes and a data line:

forming a passivation layer overlying the source and drain

electrodes, and forming a mask pattern on passivation
layer, the mask having an opening over a portion of the
data line; and

etching the passivation layer using the mask pattern and

etching the semiconductor layer using the mask pattern
and a portion of the data line as an etch mask to form a
composite layer in which the semiconductor layer and
the portion of the data line have substantially the same
line width.

15. The method of claim 14, wherein forming source and
drain electrodes comprises:

forming a photoresist layer on the metal layer and differ-

entially exposing the photoresist layer to form a mask
having a thin photoresist portion in a region overlying
the gate electrode;

carrying out a first etching process using the mask to a

partially etch the metal layer; and

carrying out a second etching process using the mask to

etch the semiconductor layer.

wherein the second etching process erodes the thin photo-

resist portion and etches the metal layer underling the
thin photoresist layer to form source and drain elec-
trodes and a data line in which the semiconductor layer
protrudes beyond opposite edges of the data line;

16. The method of claim 15, wherein differentially expos-
ing the photoresist layer comprises exposing the photoresist
layer using a mask having a closed portion to block incident
light, a diffraction portion to partially transmit incident light,
and a transmission portion to transmit incident light.

17. The method of claim 15, wherein carrying out a first
etching process comprises carrying out a wet etching process
and wherein carrying out a second etching process comprises
carrying out a dry etching process.

18. The method of claim 17, wherein forming a metal layer
comprises forming molybdenum Mo layer, and wherein the
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semiconductor layer protrudes about 1 um to about 3 pm
beyond the opposite edges of the data line in the second
portion of a data line.

19. The method of claim 17, wherein forming a metal layer
comprises forming a copper (Cu) and wherein the semicon-
ductor layer protrudes about 3 pm to about 5 um beyond the
opposite edges of the data line in the second portion of a data
line.
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20. The method of claim 14 further comprising:

forming contact holes in the passivation layer;

forming a pixel electrode overlying the passivation layer;
and

forming a data line protection layer covering the composite
layer.
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