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7) ABSTRACT

An array substrate for a liquid crystal display device includ-
ing a substrate, a gate electrode on the substrate, a first
insulating layer on the gate electrode, an active layer on the
first insulating layer and corresponding to the gate electrode,
a source electrode over the active layer and overlapping an
edge of the active layer, a drain electrode over the active
layer and having an island shape, wherein the drain electrode
entirely overlaps the gate electrode, a second insulating layer
on the source and drain electrodes, and including a drain
contact hole exposing the drain electrode, and a pixel
electrode over the second insulating layer and connected to
the drain electrode.
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ARRAY SUBSTRATE AND LIQUID CRYSTAL
DISPLAY DEVICE INCLUDING THE SAME

[0001] This application claims the benefit of Korean
Application No. P2002-083881 filed on Dec. 26, 2002,
which is hereby incorporated by reference for all purposes as
if fully set forth herein.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to a liquid crystal
display device, and more particularly, to an array substrate
and the liquid crystal display device including the same.

[0004] 2. Discussion of the Related Art

[0005] A cathode ray tube has been widely used as a
display device such as a television and a computer monitor.
However, the cathode ray tube has a large size, heavy
weight, and high driving voltage. Therefore, flat panel
displays that are thin, light weight, and low in power
consumption have been in demand. Among these devices,
the liquid crystal display (LCD) device has been widely
developed because of its superior resolution, color image
display, and image quality.

[0006] The LCD device includes an array substrate, a
color filter substrate and a liquid crystal layer interposed
therebetween. The LCD device displays images by using
differences in refractive indices of light due to the anisotropy
of liquid crystal.

[0007] An LCD device including thin film transistors and
pixel electrodes of a matrix form, which is referred to as an
active matrix LCD (AM-LCD) device, is widely used due to
its high resolution and fast moving images. In the AM-LCD
device, the thin film transistor functions as a switching
element that controls voltage applied to the liquid crystal
layer in a pixel and changes the transmittance of light in the
pixel.

[0008] The thin film transistor for the AM-LCD device
will be described in detail with reference to the attached
drawings.

[0009] FIG. 1 is a schematic plan view of an array
substrate for a liquid crystal display device according to the
related art and shows a thin film transistor as a main part. As
shown in FIG. 1, a gate line 10, is formed in a first direction
and a data line 40, crossing the gate line 10 is formed in a
second direction to define a pixel area. A gate electrode 12
is connected to the gate line 10, and an active layer 30, which
is made of amorphous silicon, is formed on the gate elec-
trode 12. Although not shown in the figure, a gate insulating
layer is formed between the gate electrode 12 and the active
layer 30. A source electrode 42a, which is connected to the
data line 40, overlaps the edge of the active layer 30 in part
and a drain electrode 42b, which is enclosed by the source
electrode 424, 1s disposed on a central portion of the active
layer 30. The drain electrode 42b is connected to a drain
extended portion 42¢, which is formed in the pixel area. The
gate electrode 12, the source electrode 42¢ and the drain
electrode 42b constitute a thin film transistor.

[0010] A passivation layer (not shown) is formed on the
source and drain electrodes 42a and 42b, and the passivation
layer includes a drain contact hole 52 exposing the drain
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extended portion 42¢. A pixel electrode 60 is formed on the
passivation layer and is connected to the drain extended
portion 42¢ through the drain contact hole 52.

[0011] In the thin film transistor, since the gate electrode
12 overlaps the source and drain electrodes 42a and 42b with
definite widths, first and second parasitic capacitors Cgs and
Cgd are formed.

[0012] When a channel is generated in the active layer 30
by voltage applied to the gate electrode 12, the thin film
transistor functions as a switching element by permitting
currents to flow through the channel. If the gate electrode 12
overlaps the source and drain electrodes 424 and 42b to form
the parasitic capacitors Cgs and Cgd, many problems may
occur because the parasitic capacitors Cgs and Cgd are
connected to the gate electrode 12 in parallel. That is, the
parasitic capacitors Cgs and Cgd may delay signals applied
to the gate electrode 12 or may change the threshold voltage
of the thin film transistor. Therefore, it is beneficial that
values of the parasitic capacitors Cgs and Cgd are mini-
mized.

[0013] The structure of the thin film transistor and the
parasitic capacitors will be described in detail with reference

to FIG. 2. FIG. 2 is a schematic cross-sectional view along
the line II-II' of FIG. 1.

[0014] As shown in FIG. 2, a gate electrode 12 is formed
on a substrate 1 and a gate insulating layer 20 is formed on
the entire surface of the substrate 1 covering the gate
electrode 12. An active layer 30 of amorphous silicon is
formed on the gate insulating layer 20 corresponding to the
gate electrode 12. A source electrode 42a¢ and a drain
electrode 42b, which are facing and spaced apart from each
other, are formed over the active layer 30. The source
electrode 42a is connected to a data line 40 and the drain
electrode 425 is connected to a drain extended portion 42c¢.
As stated above, the gate electrode 12, the source electrode
42 and the drain electrode 42b constitute a thin film
transistor.

[0015] A passivation layer 50 covering the source and
drain electrodes 42a and 42b is formed on the entire surface
of the substrate 1. The passivation layer 50 has a drain
contact hole 52. A pixel electrode 60 is formed on the
passivation layer 50 and is connected to the drain extended
portion 42c¢.

[0016] In the thin film transistor, the source and drain
electrodes 42 and 42b overlap the gate electrode 12 in fixed
portions, and the overlapping portions become first and
second parasitic capacitors Cgs and Cgd, respectively. The
first and second parasitic capacitors Cgs and Cgd negatively
effect the characteristics of the thin film transistor and
decrease the image quality of the liquid crystal display
device. Thus, it is beneficial that values of the first and
second parasitic capacitors Cgs and Cgd are minimized.

[0017] In addition, the drain electrode 42b may be mis-
aligned with respect to the gate electrode 12 when the drain
electrode 42b is formed. This means that a size of the drain
electrode 42b overlapping the gate electrode 12 may change,
and cause variation of the second parasitic capacitor Cgd.

[0018] More particularly, when misalignment occurs, a
length 1 of the drain electrode 42b overlapping the gate
electrode 12 may increase or decrease by Al. Therefore, the
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size of the drain electrode 42b overlapping the gate electrode
12, and a parasitic capacitance Cpara of the second parasitic
capacitor Cgd also includes a parasitic capacitance deviation
ACpara, which may be a positive value or a negative value.
The parasitic capacitance deviation ACpara may interfere
with data signals that are applied to the pixel electrode 60
through the data line 40 and cause problems such as flicker
to get worse.

SUMMARY OF THE INVENTION

[0019] Accordingly, the present invention is directed to an
array substrate and a liquid crystal display device including
the same that substantially obviates one or more of the
problems due to limitations and disadvantages of the related
art.

[0020] An advantage of the present invention is to provide
an array substrate including a thin film transistor that mini-
mizes [[the]] parasitic capacitance deviation.

[0021] Another advantage of the present invention is to
provide a liquid crystal display device including a thin film
transistor that reduces flicker.

[0022] Additional features and advantages of the inven-
tion will be set forth in the description which follows, and
in part will be apparent from the description, or may be
learned by practice of the invention. The advantages of the
invention will be realized and attained by the structure
particularly pointed out in the written description and claims
hereof as well as the appended drawings.

[0023] To achieve these and other advantages and in
accordance with the purpose of the present invention, as
embodied and broadly described, an array substrate for a
liquid crystal display device includes a substrate, a gate
electrode on the substrate, a first insulating layer on the gate
electrode, an active layer on the first insulating layer and
corresponding to the gate electrode, a source electrode over
the active layer and overlapping an edge of the active layer
and forming a first parasitic capacitance between the source
electrode and the gate electrode, a drain electrode over the
active layer and having an island shape, wherein the drain
electrode entirely overlaps the gate electrode and forms a
second parasitic capacitance between the drain electrode and
gate electrode, a second insulating layer on the source and
drain electrodes, and including a drain contact hole exposing
the drain electrode, and a pixel electrode over the second
insulating layer and connected to the drain electrode.

[0024] In another aspect of the present invention, a liquid
crystal display device includes first and second substrates
facing and spaced apart from each other, a gate electrode on
an inner surface of the first substrate, a first insulating layer
on the gate electrode, an active layer on the first insulating
layer and corresponding to the gate electrode, a source
electrode over the active layer and overlapping an edge of
the active layer, a drain electrode over the active layer and
having an island shape, wherein the drain electrode is
entirely on the gate electrode wherein the drain electrode is
spaced apart from the source electrode, a second insulating
layer on the source and drain electrodes, and including a
drain contact hole exposing the drain electrode, a pixel
electrode over the second insulating layer and connected to
the drain electrode via the drain contact hole, a black matrix
on an inner surface of the sccond substrate, a color filter
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layer on the black matrix, a common electrode on the color
filter layer, and a liquid crystal layer between the pixel
electrode and the common electrode.

[0025] It is to be understood that both the foregoing
general description and the following detailed description
are exemplary and explanatory and are intended to provide
further explanation of the invention as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0026] 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,
illustrate embodiments of the invention and together with
the description serve to explain the principle of the inven-
tion.

[0027]

[0028] FIG. 1 is a schematic plan view of an array
substrate for a liquid crystal display device according to the
related art;

[0029] FIG. 2 is a schematic cross-sectional view along
the line II-II' of FIG. 1;

[0030] FIG. 3 is a schematic plan view of an array
substrate for a liquid crystal display device according to an
embodiment of the present invention;

[0031] FIG. 4 is a schematic cross-sectional view along
the line IV-IV' of FIG. 3;

In the drawings:

[0032] FIG. 5 is an equivalent circuit diagram for FIG. 4;
and
[0033] FIG. 6 is a schematic cross-sectional view of a

liquid crystal display device including the array substrate
according to the embodiment of the present invention.

DETAILED DESCRIPTION OF THE
ILLUSTRATED EMBODIMENTS

[0034] Reference will now be made in detail to the illus-
trated embodiment of the present invention, an example of
which is 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.

[0035] FIG. 3 is a schematic plan view of an array
substrate for a liquid crystal display device according to an
embodiment of the present invention. As shown in FIG. 3,
a gate line 110 is formed in a first direction on a substrate
100 and a data line 140, crossing the gate line 110, is formed
in a second direction to define a pixel area. A gate electrode
112 is connected to the gate line 110, and an active layer 130,
which is made of amorphous silicon, is formed on the gate
electrode 112. Although not shown in the figure, a gate
insulating layer may be formed between the gate electrode
112 and the active layer 130, and an ohmic contact layer may
be further formed on the active layer 130 to improve contact
characteristics with metal layers.

[0036] A source electrode 1424 is connected to the data
line 140, and overlaps the edge of the active layer 130 in
part. The source electrode 1424 has an opening A at a certain
portion. A drain electrode 142b is enclosed by the source
electrode 142a and is disposed on a central portion of the
active layer 130. The drain electrode 1425 has an island
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shape and is wholly located on the gate electrode 112. The
gate electrode 112, the source electrode 1424 and the drain
electrode 142b constitute a thin film transistor.

[0037] A passivation layer (not shown) is formed on the
source and drain electrodes 1424 and 142b, and the passi-
vation layer includes a drain contact hole 152 exposing the
drain electrode 142b. A pixel electrode 160 is formed on the
passivation layer at the pixel area and is electrically con-
nected to the drain electrode 142b. That is, an extended
portion 160a is extended from the pixel electrode 160, and
contacts the drain electrode 142b through the drain contact
hole 152. In addition, the extended portion 160z passes
through the opening A of the source electrode 142 and does
not overlap the source electrode 142a. Therefore, a parasitic
capacitor is not formed between the source electrode 1424
and the extended portion 160a.

[0038] In the thin film transistor, the gate electrode 112 is
overlapped by the source and drain electrodes 142a¢ and
142b with definite widths, and thus first and second parasitic
capacitors Cgs and Cgd are formed. Moreover, a third
parasitic capacitor Cgp is formed because the gate electrode
112 is overlapped by the extended portion 160a.

[0039] In the present invention, since not only the gate
insulating layer (not shown) and the active layer 130, but
also the passivation layer are interposed between the gate
electrode 112 and the extended portion 160z and function as
a dielectric substance of a capacitor, the third parasitic
capacitor Cgp has a smaller parasitic capacitance as com-
pared with the first and second parasitic capacitors Cgs and
Cgd. Additionally, the drain electrode 1425, which consti-
tutes the second parasitic capacitor Cgd, entirely overlaps
the gate electrode 112. Thus, although the drain electrode
142b may be misaligned, the parasitic capacitance of the
second parasitic capacitor Cgd is unchanged. That is, a
parasitic capacitance deviation ACpara caused by misalign-
ment may be decreased.

[0040] Accordingly, in the thin film transistor for a liquid
crystal display device of the present invention, since the
parasitic capacitances and the parasitic capacitance devia-
tion are decreased, problems including flicker are reduced
and the image quality of the liquid crystal display device is
improved.

[0041] This reduction of the parasitic capacitances and the
parasitic capacitance deviation will be explained in detail
with reference to the attached drawings.

[0042] FIG. 4 is a schematic cross-sectional view along
the line IV-IV' of FIG. 3 and FIG. 5 is an equivalent circuit
diagram for FIG. 4.

[0043] Asshown in FIG. 4, a gate electrode 112 is formed
on a substrate 100 and a gate insulating layer 120 is formed
on the entire surface of the substrate 100 covering the gate
electrode 112. An active layer 130 of amorphous silicon is
formed on the gate insulating layer 120 corresponding to the
gate electrode 112. A source electrode 142a and a drain
electrode 142b, which are facing and spaced apart from each
other, are formed over the active layer 130. The source
electrode 142a is connected to a data line 140. The drain
electrode 14256 has an island shape and is disposed to be
wholly included on the gate electrode 112. As stated above,
the gate electrode 112, the source electrode 142a and the
drain electrode 142b constitute a thin film transistor.
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[0044] A passivation layer 150 covering the source and
drain electrodes 142a and 142b is formed on the entire
surface of the substrate 100. The passivation layer 150 has
a drain contact hole 152 exposing the drain electrode 1425b.
A pixel electrode 160 is formed on the passivation layer 150
and is connected to an extended portion 1604, which con-
tacts the drain electrode 1425 through the drain contact hole
152.

[0045] In the thin film transistor, the source and drain
electrodes 142a and 142b overlap the gate electrode 112,
thereby forming first and second parasitic capacitors Cgs
and Cgd, and the extended portion 160a overlaps the gate
electrode 112, thereby forming a third parasitic capacitor
Cgp.

[0046] As shown in FIG. 5, since the first, second and
third parasitic capacitors Cgs, Cgd and Cgp are connected to
the gate electrode 112 in parallel, the total parasitic capaci-
tance of the thin film transistor is expressed by the sum of
the parasitic capacitances of the parasitic capacitors: Ctot=
Cgs+Cgd+Cgp.

[0047] The first and second parasitic capacitors Cgs and
Cgd include the gate insulating layer 120 and the active layer
130 as the dielectric substances, while the third parasitic
capacitor Cgp includes the gate insulating layer 120, the
active layer 130 and the passivation layer 150 as dielectric
substances. Since the dielectric substance of the third para-
sitic capacitor Cgp has a much thicker thickness than the
dielectric substances of the first and second parasitic capaci-
tors Cgs and Cgd, the parasitic capacitance of the third
parasitic capacitor Cgp is very small in comparison to the
parasitic capacitances of the first and second parasitic
capacitors Cgs and Cgd:Cgp<<Cgs, Cgd. Accordingly, the
parasitic capacitance of the thin film transistor according to
the present invention is decreased. Moreover, the passiva-
tion layer 150 may be made of benzocyclobutene (BCB),
which has a relatively low dielectric constant, and in this
case, the capacitance of the third parasitic capacitor Cgp
becomes smaller.

[0048] Meanwhile, in FIG. 4, as the drain electrode 1425
is formed in an island shape that is entirely included on the
gate electrode 112, the parasitic capacitance of the second
parasitic capacitor Cgd, which is formed by the gate elec-
trode 112 and the drain electrode 1425, is unchanged even
if the drain electrode 142b is misaligned.

[0049] In addition, the parasitic capacitance of the third
parasitic capacitor Cgp, which is formed by the extended
portion 160z and the gate electrode 112, may be changed
due to misalignment of the extended portion 160a. However,
since the parasitic capacitance of the third parasitic capacitor
Cgp is small, the deviation of the parasitic capacitance of the
third parasitic capacitor Cgp, also, is so small. That is,
although the extended portion 160 is misaligned and a
length m of the extended portion 160a overlapping the gate
electrode 112 may be increased or decreased by Am, the
parasitic capacitance deviation ACgp of the third parasitic
capacitor Cgp is very small in comparison with the total
parasitic capacitance, i.e., ACgp<<Ctot. Therefore, the abso-
lute value of the deviation of the total parasitic capacitance
decreases as compared with the related art. More particu-
larly, the absolute value of the deviation of the total parasitic
capacitance of the thin film transistor according to the
present invention decreases more than about 40% as com-
pared with the related art.
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[0050] Accordingly, problems including flicker are
reduced and the image quality of the liquid crystal display
device is improved.

[0051] FIG. 6 is a schematic cross-sectional view of a
liquid crystal display device including the array substrate
according to an embodiment of the present invention. Here,
the explanation of the array substrate will be omitted.

[0052] As shown in FIG. 6, a transparent substrate 200 is
spaced apart from and disposed over the array substrate 100.
A black matrix 210 is formed on an inner surface of the
substrate 200 and a color filter layer 220 is formed on the
black matrix 210. The color filter layer 220 has three colors
of red (R), green (G) and blue (B), and each color corre-
sponds to each pixel area. A common electrode 230 is
formed on the color filter layer 220.

[0053] Aliquid crystal layer 300 is interposed between the
pixel electrode 160 and the common electrode 230.

[0054] Tt 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 inventions. Thus, it is intended that the present
invention covers the modifications and variations of this
invention provided they come within the scope of the
appended claims and their equivalents.

What is claimed is:
1. An array substrate for a liquid crystal display device,
comprising:

a substrate;
a gate electrode on the substrate;
a first insulating layer on the gate electrode;

an active layer on the first insulating layer and corre-
sponding to the gate electrode;

a source electrode over the active layer and overlapping
an edge of the active layer and forming a first parasitic
capacitance between the source electrode and gate
electrode;

a drain electrode over the active layer and having an
island shape, wherein the drain electrode is entirely on
the gate electrode and forms a second parasitic capaci-
tance between the drain electrode and gate electrode;

a second insulating layer on the source and drain elec-
trodes, and including a drain contact hole exposing the
drain electrode; and

a pixel electrode over the second insulating layer and

connected to the drain electrode.

2. The array substrate according to claim 1, wherein the
pixel electrode includes an extended portion covering the
drain electrode, wherein a third parasitic capacitance is
formed by the extended portion and the gate electrode.

3. The array substrate according to claim 2, wherein the
extended portion contacts the drain electrode through the
drain contact hole.
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4. The array substrate according to claim 1, wherein the
source electrode has an opening.

5. The array substrate according to claim 4, wherein the
extended portion passes through the opening.

6. The array substrate according to claim 4, wherein the
source electrode encloses the drain electrode.

7. The array substrate according to claim 1, wherein the
source electrode partially overlaps the gate electrode.

8. The array substrate according to claim 1, wherein the
second insulating layer is made of benzocyclobutene (BCB).

9. The array substrate according to claim 1, further
comprising an ohmic contact layer between the active layer
and the source and drain electrodes.

10. A liquid crystal display device, comprising:

first and second substrates facing and spaced apart from
cach other;

a gate electrode on an inner surface of the first substrate;
a first insulating layer on the gate electrode;

an active layer on the first insulating layer and corre-
sponding to the gate electrode;

a source electrode over the active layer and overlapping
an edge of the active layer;

a drain electrode over the active layer and having an
island shape, wherein the drain electrode is entirely on
the gate electrode, wherein the drain electrode is spaced
apart from the source electrode;

a second insulating layer on the source and drain elec-
trodes, and including a drain contact hole exposing the
drain electrode;

a pixel electrode over the second insulating layer and
connected to the drain electrode via the drain contact
hole;

a black matrix on an inner surface of the second substrate;
a color filter layer on the black matrix;
a common electrode on the color filter layer; and

a liquid crystal layer between the pixel electrode and the

common electrode.

11. The device of claim 10, wherein the source electrode
has an opening.

12. The device according to claim 11, wherein the source
electrode encloses the drain electrode.

13. The device according to claim 10, wherein the pixel
electrode includes an extended portion covering the drain
electrode.

14. The device according to claim 13, wherein the
extended portion contacts the drain electrode through the
drain contact hole.

15. The device according to claim 13, wherein the
extended portion passes through an opening of the source
electrode.
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