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(57) ABSTRACT

A TFT array panel includes a substrate, a first gate line and a
second gate line disposed on the substrate, a storage electrode
line disposed on the substrate, a first data line intersecting the
first and second gate lines, a second data line intersecting the
first and second gate lines and spaced apart from the first data
line, adrain electrode facing a part of the first data line and the
second data line, an organic insulating layer disposed on the
first data line and the second data line, the organic insulating
layer having a contact hole exposing the drain electrode, a
pixel electrode disposed on the organic insulating layer, the
pixel electrode electrically connected to the drain electrode,
and a storage electrode making a storage conductor with the
pixel electrode, wherein the pixel electrode comprises a first
part overlapping the first data line, and a second part overlap-
ping the second data line, and wherein the width of the first
part is different from that of the second part.

12 Claims, 5 Drawing Sheets
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1
THIN FILM TRANSISTOR ARRAY PANEL
FOR LIQUID CRYSTAL DISPLAY HAVING
PIXEL ELECTRODE THAT OVERLAPS GATE
OR DATA LINES WITH DIFFERENT WIDTHS

CROSS-REFERENCE TO RELATED
APPLICATION

This application is a Continuation of U.S. patent applica-
tion Ser. No. 11/873,767 filed Oct. 17,2007 now U.S. Pat. No.
7,646,444 which is a Continuation of U.S. patent application
Ser. No. 11/551,450, filed Oct. 20, 2006 now U.S. Pat. No.
7,289,171, which is a Divisional of U.S. patent application
Ser. No. 10/317,591, filed Dec. 12, 2002, now U.S. Pat. No.
7,145,620, issued Dec. 5, 2006, which claims priority to
Korean Application No. 2002-31098, filed Jun. 3, 2002, the
disclosures of which are incorporated by reference herein in
their entireties.

BACKGROUND OF THE INVENTION

(a) Field of the Invention

The present invention relates to a thin film transistor array
panel for a liquid crystal display including a pixel electrode.

(b) Description of the Related Art

A liquid crystal display (“LCD”) is one of the most widely
used flat panel displays. An LCD includes two panels having
field-generating electrodes and a liquid crystal layer inter-
posed therebetween and controls the transmittance of light
passing through the liquid crystal layer fly realigning liquid
crystal molecules in the liquid crystal layer with voltages
applied to the electrodes.

One of the most commonly used LCDs provides a plurality
of planar field-generating electrodes on one panel with
switching elements switching the voltages applied to the elec-
trodes and one large planar field-generating electrode on the
other panel, which is applied with a fixed voltage or two
swinging voltages. Thin film transistors (“TFTs”) are usually
used as the switching elements, and the panel including the
TFTs is called the “TFT array panel.”

The planar field-generating electrodes provided on respec-
tive panels generate electric field perpendicular to the panels.
Some of the electric field lose that perpendicularity near the
edges of the electrodes.

A typical LCD further includes an alignment layer for
determining initial alignments of the liquid crystal molecules.
One type of the alignment layer forces the director of the
liquid crystal material to be parallel to the surface of the
alignment layer (which is called homogeneous alignment),
while another type forces the director to be normal to the
surface (which is called hemeotropic alignment). A proper
surface treatment of the alignment layer such as rubbing and
light exposure controls the tilt directions of the liquid crystal
molecules. For example, the rubbing in a direction enforces
the major axes of the liquid crystal molecules to tilt in that
direction.

The combination of the irregularity of the electric field near
the edges of the field-generating electrodes and the compul-
sive alignment of the liquid crystal molecules using the sur-
face treatment of the alignment layer may result in loss of
control for the liquid crystal molecules. This effect is called
disinclination, which causes light leakage.

SUMMARY OF THE INVENTION

A thin film transistor array panel for a liquid crystal display
is provided, which includes: a substrate; a plurality of signal
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lines provided on the substrate and including a gate line and a
data line insulated from each other; a switching element elec-
trically connected to the gate line and the data line; a pixel
electrode electrically connected to the switching element and
overlapping at least one of the signal lines via an insulator to
form at least one overlapping area; and a rubbed alignment
layer covering the pixel electrode, wherein at least one por-
tion of the at least one overlapping area near a starting posi-
tion of rubbing of the alignment layer is wider than other
portions of the at least one overlapping area.

According to an embodiment of the present invention, the
pixel electrode has an expansion forming the at least one
portion of the at least one overlapping area.

According to another embodiment of the present invention,
the pixel electrode has a plurality of major edges, and at least
one of the major edges proceeds into the at least one of the
gate line and the data line more deeply than other major edges
to form the at least one portion of the at least one overlapping
area.

The switching element preferably includes a semiconduc-
tor layer electrically connected to the gate line and the pixel
electrode, and the semiconductor layer extends along the data
line. The switching element further includes an ohmic contact
interposed between the semiconductor layer and the data line.

According to an embodiment of the present invention, the
thin film transistor array panel further includes: a storage
electrode separated from the signal lines; id a storage con-
ductor electrically connected to the pixel electrode and over-
lapping the storage electrode via an insulating layer. The
storage conductor is directly connected to the thin film tran-
sistor.

It is preferable that the pixel electrode is located on the
insulator, and the thin film transistor is located under the
insulator.

Another thin film transistor array panel for a liquid crystal
display is provided, which includes: a substrate; a plurality of
signal lines provided on the substrate and including a gate line
and a data line; a gate insulating layer interposed between the
gate line and the data line; a switching element electrically
connected to the gate line and the data line; a pixel electrode
electrically connected to the switching element; and a passi-
vation layer interposed between the pixel electrode and the
data line and between the pixel electrode and the gate line,
wherein the pixel electrode overlaps at least one of the signal
lines to form at least one overlapping area and includes an
expansion providing larger width of a portion of the at least
one overlapping area than other portions of the at least one
overlapping area.

The at least one of the signal lines preferably includes the
gate line.

According to an embodiment of the present invention, the
pixel electrode has substantially a rectangular shape with four
major edges including first two major edges substantially
parallel to the gate line and second two major edges substan-
tially parallel to the data line, and a portion of the first two
major edges form the expansion.

BRIEF DESCRIPTION OF THE DRAWINGS

A more complete appreciation of the invention, and many
of the attendant advantages thereof, will be readily apparent
as the same becomes better understood by reference to the
following detailed description when considered in conjunc-
tion with the accompanying drawings in which like reference
symbols indicate the same or the similar components,
wherein:
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FIG.11is alayout view of an exemplary TFT array panel for
an LCD according to an embodiment of the present invention;

FIG. 2 is a sectional view of the TFT array panel shown in
FIG. 1 taken along the line II-1I";

FIG. 3 is alayout view of an exemplary TFT array panel for
an LCD according to another embodiment of the present
invention; and

FIGS. 4 and 5 are sectional views of the TFT array panel
shown in FIG. 3 taken along the lines IV-IV' and V-V, respec-
tively.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

The present invention now will be described more fully
hereinafter with reference to the accompanying drawings, in
which preferred embodiments of the invention are shown.

In the drawings, the thickness of layers and regions are
exaggerated for clarity. Like numerals refer to like elements
throughout. It will be understood that when an element such
as a layer, region or substrate is referred to as being “on”
another element, it can be directly f-n the other element or
intervening elements may also be present. In contrast, when
an element is referred to as being “directly on” another ele-
ment, there are no intervening elements, present.

FIG. 1 is a layout view of an exemplary TFT array panel
according to an embodiment of the present invention, and
FIG. 2 is a sectional view of an exemplary LCD including the
TFT array panel shown in FIG. 1 taken along the line II-1I".

As shown in FIG. 2, an LCD according to an embodiment
of the present invention includes a lower panel (“TFT array
panel”) 100, an upper panel (“color filter panel”) 200 and a
liquid crystal layer 3 interposed therebetween.

The color filter panel 200 includes an insulating substrate
210, a black matrix 220, a plurality of color filters 230 and a
reference electrode 270 formed in sequence. In addition, an
alignment layer 21 is provided on the reference electrode 270.

As shown in FIGS. 1 and 2, the TFT array panel 100
includes a plurality of gate lines 121 and a plurality of storage
electrode lines 131 extending substantially in a transverse
direction formed on an insulating substrate 110. The gate
lines 121 and the storage electrode lines 131 include either a
single layer preferably made of material with low resistivity
such as silver, silver alloy, aluminum and aluminum alloy, or
multiple layers including such a single layer and a layer
preferably made of material with good physical and electrical
contact characteristics, such as Cr, Ti and Ta. A plurality of
branches of each gate line 121 form gate electrodes 124 of
TFT’s, and portions of storage electrode lines 131 expand
upward and downward to form storage electrodes 133. A
predetermined voltage such as a reference voltage or a com-
mon electrode voltage (referred to as “a common voltage”
hereinafter) is applied to the storage electrode lines 131 from
an external source. The common voltage is also applied to the
reference electrode 270 of the color filter panel 200.

The gate lines 121 and the storage electrode lines 131 are
covered by a gate insulating layer 140 preferably made of
silicon nitride.

A plurality of semiconductor islands 154 preferably made
ofpolysilicon or hydrogenated amorphous silicon are formed
on the gate insulating layer 140 opposite the gate electrodes
124, and a plurality of pairs of ohmic contacts 163 and 165
preferably made of silicide or n+hydrogenated amorphous
silicon heavily doped with n type impurity are formed on the
semiconductor islands 154. One of each pair of ohmic con-

10

15

35

40

45

60

4

tacts 163 and 165 is separated from and disposed opposite to
the other of the pair with respect to a corresponding one of the
gate electrodes 124.

A plurality of data lines 171 and a plurality of drain elec-
trodes 175 of the TFT's are formed on the ohmic contacts 163
and 165 and the gate insulating layer 140. The data lines 171
and the drain electrodes 175 preferably include Cr, Mo, Mo
alloy, Al, Al alloy, Ta and Ti, and may have a double-layered
structure including a low-resistivity metal layer and a good-
contact metal layer exhibiting good contact characteristic
with another material such as, IZO (indium zinc oxide).
Examples of the double-layered structure are an Al (or Al
alloy) layer End a Cr layer; and an Al (or Al alloy) layer and
a Mo (or Mo alloy) layer.

The data lines 171 extend substantially in a longitudinal
direction an intersect the gate lines 121, and a plurality of
branches of each data line 171 form source electrodes 173 of
the TFTs. Each source electrode extending to one 163 of the
corresponding pair of the ohmic contacts 163 and 165 is
separated from and opposite the corresponding one of the
drain electrodes 175, which is located at least in part on the
other 165 of the pair of the ohmic contacts 163 and 165 with
respect to corresponding one of the gate electrodes 124. The
drain electrodes 175 extend onto the storage electrodes 133 to
overlap.

The ohmic contacts 163 and 165 interposed between the
semiconductor islands 154 and the data lines 171 and the
drain electrodes 175 reduce the contact resistance therebe-
tween.

A passivation layer 180 preferably made of silicon nitride,
silicon oxide, low-permittivity insulating material such as
SiO:C and SiO:F obtained by chemical vapor deposition or
low-permittivity organic insulating material is formed on the
data lines 171 and portions of the semiconductor islands 154,
which are not covered by the data lines 171 and the drain
electrodes 175.

The passivation layer 180 has a plurality of contact holes
182 and 183 exposing end portions 179 of the data lines 171
and the drain electrodes 175, and the passivation layer 180
and the gate insulating layer 140 has a plurality of contact
holes 181 exposing end portions 129 of the gate lines 121.
Contact holes 181 and 182 are provided for electrical connec-
tion between the signal lines 121 and 171 and respective
driving circuits therefore.

A plurality of pixel electrodes 190 preferably made of
transparent conductive material such as indium zinc oxide
(“1Z0”) and indium tin oxide (“ITO”) are formed on the
passivation layer 180. Each pixel electrode 190 is electrically
connected to respective one of the drain electrodes 175
through the corresponding contact hole 183.

Each pixel electrode 190 applied with voltages from the
data lines 171 generate electric fields in cooperation with a
corresponding reference electrode provided on the other
panel, and the variation of the applied voltage changes the
orientations of liquid crystal molecules in a liquid crystal
layer between the two field-generating electrodes, the pixel
electrode 190 and the reference electrode. In view of electri-
cal circuits, each pair of the pixel electrode 190 and the
reference electrode form a capacitor with liquid crystal
dielectric far storing electrical charges. The storage capaci-
tance due to the overlap of the drain electrodes 175 and the
storage electrodes 133 enhances the charge storing capacity
of the liquid crystal capacitors.

Furthermore, a plurality of contact assistants 91 and 92
preferably made of the same material as the pixel electrodes
190 are formed on the passivation layer 180. The contact
assistants 91 and 92 are connected to the exposed end portions
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129 and 179 of the gate and the data lines 121 and 171 through
the contact holes 181 and 182, respectively. One skilled in the
art can readily appreciate that the contact assistants 91 and 92
are not required but are preferred elements used to protect the
exposed portions 129 and 179 of the gate and the data lines
121 and 171, respectively, and to complement the adhesive-
ness of the TFT array panel and the driving circuits.

An alignment layer 11 is formed on the TFT array panel
100. As indicated by an arrow in FIG. 1, the alignment layer
21 is rubbed obliquely, preferably, about a direction from the
upper left corner to the lower right corner of the TFT array
panel 100 or the pixel electrodes 190.

As shown in FIG. 1, the pixel electrodes 190 overlap the
gate lines 121 and the data lines 171 to increase aperture ratio,
and it is preferably adapted for low-permittivity passivation.
The pixel electrode 190 is substantially rectangular in shape
with two major edges substantially parallel to the gate lines
121 and the other two edges substantially parallel to the data
lines 171. The upper one of the two gate-parallel edges has an
expansion 191 located near the upper left corner of the pixel
electrode 190 to increase the width of the corresponding
overlapping area between the pixel electrode 190 and the gate
line 121 and/or the data line 171. In addition, the left one of
the two data-parallel edges of the pixel electrode proceeds
into the data line 171 more deeply than the right one to
increase the width of the left overlapping area.

The orientation of the liquid crystal molecules in the liquid
crystal layer 3 near the rubbing-starting corner of the pixel
electrode 190 is distorted since the tilt direction of the liquid
crystal molecules due to the rubbing makes a large angle with
the field direction of the fringe field due to the discontinuity of
the pixel electrode 190. Since the overlapping area between
the pixel electrode 190 and the signal lines 121 and 171 is
light-blocked by the signal lines 121 and 171, the increased
overlapping area near the rubbing-starting corner means that
the distorted area (or the disinclination area) is sufficiently
blocked by the signal lines 121 and 171.

A TFT array panel for an LCD according to another
embodiment of the present invention will be described in
detail with reference to FIGS. 3-5.

FIG. 3 is alayout view of an exemplary TFT array panel for
an LCD according to another embodiment of the present
invention, and FIGS. 4 and 5 are sectional views of the TFT
array panel shown in FIG. 3 taken along the lines IV-VI' and
V-V, respective y.

As shown in FIGS. 3-5, a TFT array panel of an LCD
according to this embodiment is almost the same as that of an
LCD shown in FIGS. 1 and 2.

Different from the TFT array panel shown in FIGS. 1 and
2, a plurality of pixel electrodes 190 have no expansion for
increasing the corresponding overlapping area. Instead, the
upper one of two gate-parallel edges of the pixel electrode
190 proceeds in to the gate line 121 more deeply than the
lower one to increase the width of the upper overlapping area.

Furthermore, a plurality of storage conductors 177 over-
lapping a plurality of storage electrode lines 131 are spaced
apart from a plurality of drain electrodes 175. A plurality of
contact holes 184 for exposing the storage conductors 177 are
also provided to electrically connect the storage conductors
177 to the appropriate pixel electrodes 190.

In addition, a plurality of gate electrodes 124 of TFTs are
parts of respective gate lines 121 rather than their branches.

Furthermore, there are provided a plurality of semiconduc-
tor stripes and islands 151 and 157 under respective plurality
of data lines 171, a plurality of drain electrodes 175 and the
storage conductors 177. Each semiconductor stripe 151
extends onto the gate electrodes 124 along a plurality of
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source electrodes 173 and a plurality of drain electrodes 175
to form channels of the TFTs. A plurality of ohmic contacts
161, 165 and 167 are provided between the semiconductor
stripes and islands 151 and 157 and the data lines 171, the
drain electrodes 175 and the storage conductors 177.

The semiconductor stripes 151 have similar planar shapes
as the data lines 171 and the drain electrodes 175 except for
channels of the TFTs. For example, although the data lines
171 are disconnected from the drain electrodes 175 on the
channels of the TFTs, the semiconductor stripes 151 run
continuously to form channels of the TFTs. The semiconduc-
tor islands 157 have similar planar shapes as the storage
conductors 177. The ohmic contacts 161, 165 and 167 have
similar planar shapes as the data lines 171, the drain elec-
trodes 175 and the storage conductors 177.

While the present invention has been described in detail
with reference to the preferred embodiments, those skilled in
the art will appreciate that various modifications and substi-
tutions can be made thereto without departing from the spirit
and scope of the present invention as set forth in the appended
claims.

What is claimed:

1. A thin film transistor array panel comprising:

a substrate;

a first gate line and a second gate line disposed on the

substrate;

a storage electrode line disposed on the substrate;

a first data line intersecting the first and second gate lines;

a second data line intersecting the first and second gate
lines and spaced apart from the first data line;

a drain electrode facing a part of the first data line and the
second data line;

an organic insulating layer disposed on the first data line
and the second data line, the organic insulating layer
having a contact hole exposing the drain electrode;

a pixel electrode disposed on the organic insulating layer,
the pixel electrode electrically connected to the drain
electrode; and

a storage electrode making a storage conductor with the
pixel electrode;

wherein the pixel electrode comprises a first part overlap-
ping the first data line, and a second part overlapping the
second data line, and

wherein the width of the first part is different from that of
the second part.

2. The thin film transistor array panel of claim 1, wherein
the pixel electrode comprises a third part and a fourth part
respectively overlapping the first and second gate lines, and
wherein the width of the fourth part is greater than that of the
third part.

3. The thin film transistor array panel of claim 2, further
comprising a thin film transistor disposed around an intersec-
tion of the first gate line and the second data line, wherein the
thin film transistor comprises the drain electrode, a gate elec-
trode connected to the first gate line and a source electrode
connected to the second data lines.

4. The thin film transistor array panel of claim 3, wherein
the pixel electrode is connected to the drain electrode through
the contact hole.

5. A thin film transistor array panel comprising:

a substrate;

a first gate line and a second gate line disposed on the

substrate;

a storage electrode line disposed on the substrate;

a first data line intersecting the first and second gate lines;

a second data line intersecting the first and second gate
lines and spaced apart from the first data line;



US §,130,357 B2

7

a drain electrode facing a part of the first data line and the
second data line;

a first ohmic contact and a first semiconductor disposed
under the drain electrode, the first ohmic contact and the
first semiconductor having a similar planar shape of the
drain electrode;

a second ohmic contact and a second semiconductor dis-
posed under the first data line and the second data line,
the second ohmic contact and the second semiconductor
having a similar planar shape of the first data line and the
second data line;

an organic insulating layer disposed on the first data line
and the second data line, the organic insulating layer
having a contact hole exposing the drain electrode;

a pixel electrode disposed on the organic insulating layer,
the pixel electrode electrically connected to the drain
electrode; and

a storage electrode making a storage conductor with the
pixel electrode;

wherein the pixel electrode comprises a first part overlap-
ping the first data line, and a second part overlapping the
second data line, and

wherein the width of the first part is different from that of
the second part.

6. The thin film transistor array panel of claim 5, wherein
the pixel electrode comprises a third part and a fourth part
respectively overlapping the first and second gate lines, and
wherein the width of the fourth part is greater than that of the
third part.

7. The thin film transistor array panel of claim 6, further
comprising a thin film transistor disposed around an intersec-
tion of the first gate line and the second data line, wherein the
thin film transistor comprises the drain electrode, a gate elec-
trode connected to the first gate line and a source electrode
connected to the second data line.

8. The thin film transistor array panel of claim 7, wherein
the pixel electrode is connected to the drain electrode through
the contact hole.
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9. A thin film transistor array panel comprising:

a substrate;

a first gate line disposed on the substrate;

a second gate line spaced apart from the first gate line;

a storage electrode line disposed on the substrate;

a data line intersecting the first gate line and the second gate
line;

a drain electrode facing a part of the data line;

a first ohmic contact and a first semiconductor disposed
under the drain electrode, the first ohmic contact and the
first semiconductor having a similar planar shape of the
drain electrode;

a second ohmic contact and a second semiconductor dis-
posed under the data line, the second ohmic contact and
a second semiconductor having a similar planar shape of
the data line;

an organic insulating layer disposed on the data line, the
organic insulating layer having a contact hole exposing
the drain electrode; and

a pixel electrode disposed on the organic insulating layer,
the pixel electrode electrically connected to the drain
electrode;

wherein the pixel electrode includes a first part overlapping
the first gate line, and a second part overlapping the
second gate line, and

wherein the width of the first part is different from that of
the second part.

10. The thin film transistor array panel of claim 9, further
comprising a thin film transistor disposed around an intersec-
tion of the first gate line and the data line, wherein the thin film
transistor comprises the drain electrode, a gate electrode con-
nected to the first gate line and a source electrode connected
to the data line.

11. The thin film transistor array panel of claim 10, wherein
the pixel electrode is connected to the drain electrode through
the contact hole.

12. The thin film transistor array panel of claim 9, further
comprising a storage electrode making a storage conductor
with the pixel electrode.

* * # ok %
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