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(57) ABSTRACT

A thin film transistor substrate includes; a substrate, a plural-
ity of gate lines disposed on the substrate, a plurality of data
lines disposed substantially perpendicular to the gate lines,
wherein the plurality of data liens include a plurality of out-
ermost data lines, a plurality of thin film transistors (“TFTs”)
connected to the gate and data lines, a plurality of pixel
electrodes connected to the plurality of TFTs, and a plurality
of dummy patterns connected to the outermost data lines.
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1
THIN FILM TRANSISTORS SUBSTRATE AND
LIQUID CRYSTAL DISPLAY HAVING THE
SAME

This application claims priority to Korean Patent applica-
tion No. 10-2007-0014944, filed on Feb. 13, 2007, and all the
benefits accruing therefrom under 35 U.S.C. §119, the con-
tents of which in its entirety are herein incorporated by ref-
erence.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a thin film transistor sub-
strate and a liquid crystal display having the same, and more
particularly, to a thin film transistor substrate with dummy
patterns formed outside the outermost data lines to compen-
sate for a charging rate and a liquid crystal display having the
thin film transistor substrate.

2. Description of the Related Art

A liquid crystal display (“LCD”) includes a thin film tran-
sistor (“TFT”) substrate with pixel electrodes formed
thereon, a color filter substrate with a common electrode
formed thereon, and a liquid crystal layer interposed between
the TFT and color filter substrates. In the LCD, an electric
field is produced in the liquid crystal display by applying
voltage to the pixel and common electrodes. The applied
electric field controls the orientation of liquid crystal mol-
ecules in the liquid crystal layer and the orientation of the
liquid crystal molecules in the liquid crystal layer thereby
controls the polarization of incident light. Typically, LCD
displays include a plurality of pixels, each pixel capable of
independently controlling the amount of incident light pass-
ing therethrough.

Gate and data lines for transmitting scanning and image
signals, respectively, extend substantially perpendicular to
each other, on the TFT substrate. Each pixel of the LCD is
connected to at least one data line and at least one gate line and
each pixel occupies a pixel region. A TFT and a pixel elec-
trode are formed in each pixel region. The TFT is connected
to the gate and data lines, and the pixel electrode is connected
to the TFT. Here, the TFT is a switching element allowing an
image signal transmitted through the data line to be transmit-
ted to the pixel electrode or cut off depending on the state of
a scanning signal transmitted through the gate line.

Moving images may be shown by rapidly displaying a
series of slightly changing images. Each image in the series is
called a frame.

As the resolution and sized of LCDs have increased the
requirement for lightweight, thin and small-sized compo-
nents for the LCD has also increased. In order to implement a
high resolution display, the number of pixels, and therefore
also the number of data and gate lines, is essentially
increased. Particularly, if the number of data lines is
increased, the number of data driving integrated circuits
(“ICs”) for applying image signals to the data lines is also
increased. Therefore, the size of an LCD enlarges.

An LCD with a reduced number of data driving ICs has
been suggested to reduce the size of the LCD while maintain-
ing a high resolution. In this case, the number of gate driving
ICs should be increased instead; therefore a Gate IC Integra-
tion (“GII”) method of integrating gate driving ICs in a panel
is generally applied at the same time. Further, in order to
effectively arrange the gate lines in increasing numbers, pix-
els are arranged in an abscissa (or x-axis) direction. Charging
time for each frame in such an L.CD display is insufficient for
fully charging a data voltage from the data line to a corre-
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sponding pixel electrode. Therefore, a line reversal method,
wherein each data line is driven at a voltage substantially
opposite a common voltage, is used to compensate for the
slower charging time. Further, in order to implement a pixel
reversal while maintaining a line reversal method, TFTs con-
nected to each data line may be arranged alternately left to
right along the respective data line, thereby forming a zigzag
pattern.

After TFTs are arranged alternately right and left in a
zigzag pattern with respect to a data line, another data line
may be added at each outermost side thereof. As such, each
outermost data line is connected to half as many pixels as
other respective data lines. For example, the leftmost data line
is connected to the pixels only at the right side thereof, and the
rightmost data line is connected to the pixels only at the left
side thereof. Thus, the outermost data line differs from the
other data lines in a capacitance between gate and drain
electrodes. Accordingly, since the capacitance of the outer-
most data line is smaller than that of the other data lines, the
charging rate of the pixels connected to the outermost data
line is higher than that of the pixels connected to the other data
lines.

Further, since there are only approximately half the pixels
connected to each outermost data line as those connected to
each of the other data lines, liquid crystal capacitors Clc and
storage capacitors Cst of the pixels connected to the outer-
most data line are approximately half as large as those con-
nected to the other respective data lines. Thus, the charging
rate of the pixels connected to the outermost data lines is
higher than that of the pixels connected to the other data line.

Since the charging rate of pixels connected to such an
outermost data line is higher than that of pixels connected to
other data lines, a display failure such as wrinkling stripes
appears along the left and right sides of a panel. For example,
a pixel with a display failure appears darker than adjacent
pixels in a case of a twisted nematic (““TN”’) mode LCD, and
appears brighter than adjacent pixels in a case of a patterned
vertical alignment (“PVA”) mode LCD.

BRIEF SUMMARY OF THE INVENTION

Aspects of the present invention include a thin film tran-
sistor (“TFT”) substrate capable of minimizing a display
failure, which occurs because the charging rate of pixels
connected to outermost data lines is different from that of
pixels connected to other data lines, and a liquid crystal dis-
play (“LCD”) having the thin film transistor substrate.

According to an exemplary embodiment of the present
invention, a TFT substrate includes; a substrate, a plurality of
gate lines disposed on the substrate, a plurality of data lines
disposed substantially perpendicular to the gate lines, a plu-
rality of TFTs connected to the gate lines and the data lines, a
plurality of pixel electrodes connected to the plurality of
TFTs, and a plurality of dummy patterns connected to the
outermost data lines.

In one exemplary embodiment the pixel electrode includes
a first side substantially parallel with the gate line and a
second side which is oblique or perpendicular to the gate line,
wherein the first side is longer than the second side.

In one exemplary embodiment the dummy pattern
includes; a lower electrode extending from the gate line, an
insulation film disposed on the lower electrode, and an upper
electrode disposed on the insulation film, wherein the upper
electrode at least partially overlaps the lower electrode and
extends from the outermost data line.

In one exemplary embodiment the dummy pattern com-
prises a dummy TFT and a dummy pixel electrode.
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In one exemplary embodiment the dummy pattern may
comprises a dummy storage electrode.

According to another exemplary embodiment of the
present invention a TFT substrate includes; a substrate, a
plurality of gate lines disposed on the substrate, a plurality of
data lines disposed substantially perpendicular to the gate
lines, wherein the plurality of data liens include a plurality of
outermost data liens adjacent to only one other data line of the
plurality of data lines, a plurality of TFTs, wherein a plurality
of the TFTs is connected to each data line, and the TFTs are
connected to alternating sides of the data lines along a length
of the data lines, and each of the TFTs includes a gate elec-
trode, a source electrode and a drain electrode, a plurality of
pixel electrodes connected to the plurality of TFTs, and a
plurality of dummy patterns connected to the outermost data
lines.

In one exemplary embodiment the plurality of dummy
patterns are connected to a side of the outermost data lines
which is substantially opposite the side adjacent to another
data line.

In one exemplary embodiment the dummy pattern
includes; a lower electrode extending from the gate line, an
insulation film disposed on the lower electrode, and an upper
electrode disposed on the insulation film, wherein the upper
electrode at least partially overlaps the lower electrode and
extends from the outermost data line.

In one exemplary embodiment the lower electrode is sub-
stantially the same shape as the gate electrode, and the upper
electrode is substantially the same shape as the source elec-
trode.

In one exemplary embodiment the lower electrode is larger
than the gate electrode, and the upper electrode is larger than
the source electrodes.

In one exemplary embodiment the dummy pattern
includes; a dummy gate electrode, a dummy gate insulation
film and a dummy active layer disposed on the dummy gate
electrode, a dummy source electrode disposed on the dummy
active layer and at least partially overlapping the dummy gate
electrode, a dummy drain electrode spaced apart from the
dummy source electrode by a predetermined interval and at
least partially overlapping the dummy gate electrode, a pro-
tection film including a contact hole which at least partially
exposes the dummy drain electrode, and a dummy pixel elec-
trode connected to the dummy drain electrode through the
contact hole.

In one exemplary embodiment the dummy gate electrode
has substantially the same shape as the gate electrode, and the
dummy source electrode has substantially the same shape as
the source electrode, and wherein the dummy drain electrode
is smaller than the drain electrode, and the dummy pixel
electrode is smaller than the pixel electrodes.

In one exemplary embodiment the dummy pattern
includes; a dummy gate electrode and the dummy storage
electrode spaced apart from each other by a predetermined
interval, a dummy gate insulation film and a dummy active
layer disposed on the dummy gate electrode, a dummy source
electrode disposed on the dummy active layer and at least
partially overlapping the dummy gate electrode, a dummy
drain electrode spaced apart from the dummy source elec-
trode by a predetermined interval and at least partially over-
lapping the dummy gate electrode, a protection film including
a contact hole which at least partially exposes the dummy
drain electrode, and a dummy pixel electrode connected to the
dummy drain electrode through the contact hole.

In one exemplary embodiment the dummy gate electrode
has substantially the same shape as the gate electrode, and the
dummy source electrode has substantially the same shape as
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the source electrode, and wherein the dummy drain electrode
is smaller than drain electrode, and the dummy pixel elec-
trode is smaller than the pixel electrode.

According to a further aspect of the present invention, an
exemplary embodiment of an LCD includes; a TFT substrate
including; a substrate, a plurality of gate lines disposed on the
substrate, a plurality of data lines disposed substantially per-
pendicular to the gate lines, wherein the plurality of data lines
includes a plurality of outermost data lines adjacent to only
one other data line of the plurality of data lines, a plurality of
TFTs, wherein a plurality of the TFTs are connected to each
data line, the TFTs are connected to alternating sides of the
data lines along a length of the data lines, a plurality of pixel
electrodes connected to the plurality of TFTs, and a plurality
of dummy patterns connected to the outermost data lines in a
zigzag pattern; a color filter substrate having a color filter and
a common electrode corresponding to the TFT substrate, and
a liquid crystal layer interposed between the TFT substrate
and the color filter substrate.

According to another exemplary embodiment of the
present invention a method for manufacturing a TFT substrate
includes; providing a substrate, disposing a plurality of gate
lines on the substrate, disposing a plurality of data lines
substantially perpendicular to the gate lines on the substrate,
wherein the plurality of data lines include a plurality of out-
ermost data lines, connecting a plurality of thin film transis-
tors to the gate lines and the data lines; connecting a plurality
of pixel electrodes to the plurality of thin film transistors, and
connecting a plurality of dummy patterns to the outermost
data lines.

BRIEF DESCRIPTION OF THE DRAWINGS

Exemplary embodiments of the present invention can be
understood in more detail from the following description
taken in conjunction with the accompanying drawings, in
which:

FIG. 1 is a top plan view layout of an exemplary embodi-
ment of a thin film transistor (“TFT”) substrate according to
the present invention;

FIG. 2 is an enlarged top plan view layout of a cell region
of'the exemplary embodiment of'a TFT substrate according to
the present invention;

FIG. 3 is a cross-sectional view taken along line 1-1' of
FIG. 2;

FIG. 4 is an enlarged top plan view layout showing a
dummy region of an exemplary embodiment of a TFT sub-
strate, on which a first exemplary embodiment of a dummy
pattern according to the present invention is formed;

FIG. 5 is a cross-sectional view taken along lines 2-2' and
3-3'of FIG. 4;

FIG. 6 is an enlarged top plan view layout of a dummy
region of an exemplary embodiment of a TFT substrate, on
which a second exemplary embodiment of a dummy pattern
according to the present invention is formed;

FIG. 7 is a cross-sectional view taken along lines 4-4' and
5-5' of FIG. 6;

FIG. 8 is an enlarged top plan view layout of a dummy
region of an exemplary embodiment of a TFT substrate, on
which a third exemplary embodiment of a dummy pattern
according to the present invention is formed;

FIG. 9 is a cross-sectional view taken along line 6-6' of
FIG. 8;

FIG. 10 is an enlarged top plan view layout of a dummy
region of an exemplary embodiment of a TFT substrate, on
which a fourth exemplary embodiment of a dummy pattern
according to the present invention is formed; and
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FIGS. 11 and 12 are cross-sectional views taken along lines
7-7" and 8-8' in FIG. 10, respectively.

DETAILED DESCRIPTION OF THE INVENTION

The invention now will be described more fully hereinafter
with reference to the accompanying drawings, in which
embodiments of the invention are shown. This invention may,
however, be embodied in many different forms and should not
be construed as limited to the embodiments set forth herein.
Rather, these embodiments are provided so that this disclo-
sure will be thorough and complete, and will fully convey the
scope of the invention to those skilled in the art. Like refer-
ence numerals refer to like elements throughout.

It will be understood that when an element is referred to as
being “on” another element, it can be directly on the other
element or intervening elements may be present therebe-
tween. In contrast, when an element is referred to as being
“directly on” another element, there are no intervening ele-
ments present. As used herein, the term “and/or” includes any
and all combinations of one or more of the associated listed
items.

It will be understood that, although the terms first, second,
third etc. may be used herein to describe various elements,
components, regions, layers and/or sections, these elements,
components, regions, layers and/or sections should not be
limited by these terms. These terms are only used to distin-
guish one element, component, region, layer or section from
another element, component, region, layer or section. Thus, a
first element, component, region, layer or section discussed
below could be termed a second element, component, region,
layer or section without departing from the teachings of the
present invention.

The terminology used herein is for the purpose of describ-
ing particular embodiments only and is not intended to be
limiting of the invention. As used herein, the singular forms
“a”, “an” and “the” are intended to include the plural forms as
well, unless the context clearly indicates otherwise. It will be
further understood that the terms “comprises” and/or “com-
prising,” or “includes” and/or “including” when used in this
specification, specify the presence of stated features, regions,
integers, steps, operations, elements, and/or components, but
do not preclude the presence or addition of one or more other
features, regions, integers, steps, operations, elements, com-
ponents, and/or groups thereof.

Furthermore, relative terms, such as “lower” or “bottom”
and “upper” or “top,” may be used herein to describe one
element’s relationship to another elements as illustrated in the
Figures. It will be understood that relative terms are intended
to encompass different orientations of the device in addition
to the orientation depicted in the Figures. For example, if the
device in one of the figures is turned over, elements described
as being on the “lower” side of other elements would then be
oriented on “upper” sides of the other elements. The exem-
plary term “lower”, can therefore, encompasses both an ori-
entation of “lower” and “upper,” depending of the particular
orientation of the figure. Similarly, if the device in one of the
figures is turned over, elements described as “below” or
“beneath” other elements would then be oriented “above” the
other elements. The exemplary terms “below” or “beneath”
can, therefore, encompass both an orientation of above and
below.

Unless otherwise defined, all terms (including technical
and scientific terms) used herein have the same meaning as
commonly understood by one of ordinary skill in the art to
which this invention belongs. It will be further understood
that terms, such as those defined in commonly used dictio-
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6

naries, should be interpreted as having a meaning that is
consistent with their meaning in the context of the relevant art
and the present disclosure, and will not be interpreted in an
idealized or overly formal sense unless expressly so defined
herein.

Exemplary embodiments of the present invention are
described herein with reference to cross section illustrations
that are schematic illustrations of idealized embodiments of
the present invention. As such, variations from the shapes of
the illustrations as a result, for example, of manufacturing
techniques and/or tolerances, are to be expected. Thus,
embodiments of the present invention should not be con-
strued as limited to the particular shapes of regions illustrated
herein but are to include deviations in shapes that result, for
example, from manufacturing. For example, a region illus-
trated or described as flat may, typically, have rough and/or
nonlinear features. Moreover, sharp angles that are illustrated
may be rounded. Thus, the regions illustrated in the figures
are schematic in nature and their shapes are not intended to
illustrate the precise shape of a region and are not intended to
limit the scope of the present invention.

Hereinafter, exemplary embodiments of the present inven-
tion will be described in detail with reference to the accom-
panying drawings.

FIG. 1 is a top plan view layout of an exemplary embodi-
ment of a thin film transistor (“TFT”) substrate according to
the present invention, FIG. 2 is an enlarged top plan view
layout of a cell region of the exemplary embodiment of a TFT
substrate of FIG. 1, and FIG. 3 is a cross-sectional view taken
along line 1-1' of FIG. 2.

Referring to FIGS. 1 to 3, the TFT substrate according to
the current exemplary embodiment of the present invention
includes a plurality of gate lines 110 (including individual
gate lines 110a and 1105) extending in a substantially hori-
zontal direction; a plurality of data lines 130 (including indi-
vidual data lines 130a, 13056 and 130c) extending in a sub-
stantially vertical direction to intersect the gate lines 110;
TFTs 120 arranged in a zigzag pattern left to right with
respect to each of the data lines 130 at intersection positions
of the gate lines 110 and the data lines 130; storage electrode
portions 140 each including extension portions 141, 142 and
143, which extend substantially adjacent to the gate and data
lines 110 and 130, and a connection portion 144; and pixel
electrodes 160 formed to be respectively connected to the
TFTs 120 in individual pixel regions and to overlap with the
storage electrode portions 140. Furthermore, the TFT sub-
strate also includes dummy patterns 200 respectively formed
in dummy regions at outsides of the outermost data lines 1305
and 130c. The dummy patterns 200 are electronic compo-
nents added to the data and gate lines to mimic electrical
properties of pixels in a display region of the display. The
dummy patterns 200 will be described in more detail below.
Meanwhile, in one exemplary embodiment the pixel region is
defined to have a rectangular shape on a plane and to have a
horizontal length longer than that of the vertical length.

Here, the data lines 130a, 1305 and 130¢ will be described
by being divided into the two outermost data lines 1305 and
130c¢ adjacent to the dummy regions and the other data lines
1304 which exclude the two outermost data liens 1305 and
130c. The gate lines 110 will be described by being divided
into odd-numbered gate lines 110a and even-numbered gate
lines 1104. Further, an inside region between the outermost
data lines 13056 and 130c is referred to as a cell region A, while
an outside region of the outermost data lines 1305 and 130c¢ is
referred to as a dummy region B.

The gate lines 110a and 1105 are formed by patterning a
first conductive layer to extend in the horizontal direction,
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with a portion of each gate line protruding therefrom to form
a gate electrode 111 of the TFT 120. Further, in one exem-
plary embodiment gate drivers (not shown) for applying gate
signals to the gate lines 110 are provided at both end regions
thereof.

The gate lines 110 and the gate electrodes 111 a formed on
asubstrate 100, and a gate insulation film 121 is formed on top
ofthe gate lines 110, the gate electrodes 111 and substantially
the rest of the substrate 100 which is not covered by the gate
lines 110. Exemplary embodiments of the gate insulation film
121 include a silicon oxide film or a silicon nitride film.

An active layer 122 which forms a channel portion of the
TFT 120 is formed on top of the gate insulation film 121
disposed above the gate electrode 111. An ohniic contact
layer 123 for reducing contact resistance is formed on top of
the active layer 122. In one exemplary embodiment, an amor-
phous silicone layer is used as the active layer 122. In one
exemplary embodiment an amorphous silicone layer doped
with highly concentrated silicides or N-type impurities is
used as the ohniic contact layer 123.

In one exemplary embodiment the data lines 130a, 1305
and 130c¢ are formed to extend in the direction vertically
intersecting the gate lines 110 by patterning a second conduc-
tive layer. Further, a portion of the data line 130 extends onto
the active layer 122 above the gate electrode 111 to form a
source electrode 131, and a drain electrode 132 is formed
substantially adjacent to the source electrode 131 on the
active layer 122 above the gate electrode 111. The drain
electrode 132 is formed to extend within the pixel region
along a path which is first substantially parallel with the data
and subsequently substantially parallel with the gate lines 130
and 110. Alternative exemplary embodiments include con-
figurations wherein the gate lines 110 and the data lines 130
are formed by alternative means such as chemical vapor depo-
sition (“CVD”), etc. Additionally, alternative exemplary
embodiments include configurations wherein the drain elec-
trode 132 extends along alternative paths, e.g., first extending
substantially parallel to the gate line before extending sub-
stantially parallel to the data line.

At this time, the gate electrodes 111 along the odd-num-
bered gate line 110a are formed at the left sides of the data
lines 130a and 130c¢, and are not formed at the left side of the
data line 1305. In addition, the gate electrodes 111 along the
even-numbered gate line 1105 are formed at the right sides of
the data lines 130a and 1305 and are not formed at the right
side of the data line 130c. That is, the gate electrodes 111 are
formed at the right side of the data line 1305 and are not
formed at the left side thereof, while the gate electrodes 111
are formed at the left side of the data line 130c and are not
formed at the right side thereof. The TFTs 120 along the
odd-numbered gate lines are formed at the left sides of the
data lines 130a and 130¢, and are not formed at the left side of
the data lines 1305. Meanwhile, the TFTs 120 along the
even-numbered gate lines 1105 are formed at the right sides of
the data lines 130a and 1305, and are not formed at the right
side of the data lines 130c¢. Thus, the TFTs 120 are arranged in
a zigzag pattern between two adjacent data lines, e.g.,
between data lines 130a and 1305, between adjacent data
lines 130a and 130a and between data lines 130a and 130c.
That is, TFTs 120 are disposed alternately at the left and right
sides of the data lines 130a along the length of the data line,
so that the arrangement of the TFTs appears to be a zigzag
pattern with respect to the data lines 130a.

In an alternate exemplary embodiment, the TFTs 120 along
the even-numbered gate line 1105 may be formed at the left
sides of the data lines 130a and 130c¢, while not being formed
at the left side of the data line 1304. In such an alternative
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exemplary embodiment the TFTs 120 along the odd-num-
bered gate line 110a may be formed at the right sides of the
data lines 130a and 1305, while not being formed at the right
side of the data line 130c.

The dummy pattern 200 is formed along the odd-numbered
gate line 110aq at the left side of the data line 1305 in which the
gate electrode 111 is not formed. A dummy pattern 200 is also
formed in the even-numbered gate line 1104 at the right side
of the data line 1305 in which the gate electrode 111 is not
formed. The dummy patterns 200 are formed such that the
charging rate of the data lines 1305 and 130c¢ in the dummy
regions B are substantially identical with that of the data lines
130q in the cell region A.

In one exemplary embodiment the storage electrode por-
tions 140 are formed substantially simultaneously with the
data lines 130a, 1305 and 130c¢ by patterning the second
conductive layer. Alternative exemplary embodiments
include alternative methods of forming the storage electrode
portions 140, including but not limited to CVD, etc. Each of
the storage electrode portions 140 is formed along inner
edges in each pixel region. The storage electrode portion 140
includes the first extension portion 141 formed on the gate
insulation film 121 and extending substantially parallel to the
data line 130, and the second and third extension portions 142
and 143 extending substantially in parallel to the gate line 110
from both ends of the first extension portion 141. Further-
more, the storage electrode portion 140 further includes the
connection portion 144, which crosses the gate line 110 from
the second extension portion 142 and is connected to the third
extension portion 143 of the storage electrode portion 140
formed in an adjacent pixel region. Meanwhile, the physical
properties, e.g., size and composition, of the storage electrode
portion 140 may vary depending on a target capacitance of the
storage capacitor. That is, since the capacitance of a storage
capacitor is determined depending on the area of an overlap-
ping region between the storage electrode portion 140 and the
pixel electrode 160, the shape of the storage electrode portion
140 may be variously changed.

Meanwhile, exemplary embodiments of the gate line 110
may be formed of any one selected from the group consisting
of Al, Nd, Ag, Ti, Ta, Mo, Cr, MoW, Cu and a combination
thereof. The gate line 110 may be formed to have a single-
layered structure, or in alternative exemplary embodiments it
may have a multiple-layered structure formed by laminating
the above metals. Although the gate line 110 having a straight
line form is illustrated in this exemplary embodiment, it is not
limited thereto. That is, a portion of the gate line 110 may be
bent. Further, the data lines 130, the source electrodes 131,
the drain electrodes 132 and the storage electrode portions
140 may be formed of substantially the same material as the
aforementioned material of the gate lines 110, and may be
formed to have a single- or multiple-layered structure. In the
current exemplary embodiment, it has been described that the
ohmic contact and active layers 123 and 122 are formed under
the source and drain electrodes 131 and 132. However, the
present invention is not limited thereto. That is, alternative
exemplary embodiments include configurations wherein the
ohmic contact and active layers 123 and 122 may be posi-
tioned under the data lines 130 and the storage electrode
portions 140. In other words, the data lines 130, the storage
electrode portions 140, the ohniic contact layers 123 and the
active layers 122 may be formed by being simultaneously
patterned.

A protection film 150 is formed on top of the data lines 130,
the TFTs 120 and the storage electrode portions 140, and the
substrate 100 not covered thereby. In one exemplary embodi-
ment an inorganic insulation material, or an organic insula-
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tion material such as resin may be used as the protection film
150. Further, a contact hole 151 for exposing each drain
electrode 132 is formed in the protection film 150.

A pixel electrode 160 partially overlapping with the stor-
age electrode portion 140 is formed on the protection film
150. In one exemplary embodiment the pixel electrodes 160
are formed by patterning a third conductive layer, exemplary
embodiments of which include indium tin oxide (“ITO”) or
indium zinc oxide (“I1Z0”). The pixel electrode 160 is con-
nected to the drain electrode 132 of the TFT 120 through the
contact hole 151.

In addition, although not shown, the pixel electrode 160
may be divided into a plurality of domains. The pixel elec-
trode 160 may include a cut-away or protrusion pattern as a
domain regulating means. Further, a micro concave-convex
pattern for regulating the orientation of liquid crystal mol-
ecules in the domains may be formed on the pixel electrode
160.

Although not shown, a color filter substrate with acommon
electrode formed thereon may be positioned over the TFT
substrate 100. The common electrode may correspond to the
pixel electrode 160. Further, an LCD panel may be manufac-
tured by forming a liquid crystal layer between the two sub-
strates. At this time, a black matrix for preventing light leak-
age and color filters for displaying colors may be formed on
the color filter substrate. Exemplary embodiments of the
color filters include red, blue and green color filters. In such
an exemplary embodiment, the red, blue and green color
filters may be arranged to alternatively repeat in the horizon-
tal direction.

FIG. 4 is an enlarged top plan view layout of a dummy
region of an exemplary embodiment of a TFT substrate, on
which a first exemplary embodiment of a dummy pattern
according to the present invention is formed, and FIG. 5 is a
cross-sectional view taken along lines 2-2' and 3-3' of FIG. 4.

Referring to FIGS. 4 and 5, the dummy pattern includes a
lower electrode 210, an insulation film 220, an active layer
230, an ohniic contact layer 240 and an upper electrode 250.
In one exemplary embodiment the lower electrode 210 is
formed in the dummy region B substantially simultaneously
when the gate electrode 111 is formed in the cell region A by
patterning the first conductive layer. In the present exemplary
embodiment the lower electrode 210 is formed into substan-
tially the same pattern as the gate electrode 111. Further, in
the present exemplary embodiment the insulation film 220 is
formed of substantially the same material through substan-
tially the same process as the gate insulation film 121 in the
cellregion A. The formation ofthe insulation film 220 may be
limited to the top of the lower electrode 210, or it may be
formed over substantially the entire the dummy region B.
Further, in the present exemplary embodiment the active and
ohniic contact layers 230 and 240 are formed of substantially
the same material through substantially the same process as
the active and ohniic contact layers 122 and 123 of the cell
region (A). The formation of the active and ohmic contact
layers 230 and 240 may be limited to beneath the upper
electrode 250, or it may be formed over substantially the
entire lower electrode 210, or it may be omitted. In one
exemplary embodiment the upper electrode 250 is formed
substantially simultaneously with the source electrode 131 in
the cell region A by patterning the second conductive layer. In
one exemplary embodiment the upper electrode 250 is
formed into substantially the same pattern as the source elec-
trode 131.

As described above, the dummy pattern is formed in the
dummy region B outside the outermost data line 130c¢ to have
substantially the same pattern as the gate and source elec-
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trodes of the TFT formed in the cell region A. Accordingly,
the dummy pattern can be formed without changing the shape
of a mask or adding additional masks, and a difference of
charging rates between the cell and dummy regions A and B
can be compensated by varying the capacitance between the
upper and lower electrodes 210 and 250 of the dummy pat-
tern.

FIG. 6 is an enlarged top plan view layout of a dummy
region of an exemplary embodiment of a TFT substrate, on
which a second exemplary embodiment of a dummy pattern
according to the present invention is formed, and FIG. 7 is a
cross-sectional view taken along lines 4-4' and 5-5' of FIG. 6.

Referring to FIGS. 6 and 7, the dummy pattern includes a
lower electrode 210, an insulation film 220, an active layer
230, an ohmic contact layer 240 and an upper electrode 250.
The second exemplary embodiment of a dummy pattern
according to the present invention has electrodes which differ
in shape from the first exemplary embodiment of a dummy
pattern according to the present invention. That is, in the
current exemplary embodiment the lower electrode 210 is
formed in the shape of a rectangle, and the upper electrode
250 is also formed in the shape of a rectangle. An exemplary
embodiment of a method of forming the second exemplary
embodiment of a dummy pattern is substantially similar with
that of the first exemplary embodiment.

As described above, the gate and source electrodes of the
TFT formed in the cell region A are formed in the dummy
region B outside the outermost data line 130¢, and simulta-
neously, the lower and upper electrodes 210 and 250 in the
rectangular shape are formed. Accordingly, a difference of
charging rates between the cell and dummy regions A and B
can be compensated by varying the capacitance between the
upper and lower electrodes 210 and 250 of the dummy pat-
tern. Further, the desired capacitance of the lower and upper
electrodes 210 and 250 can be adjusted by changing the size
of the lower and upper electrodes 210 and 250.

FIG. 8 is an enlarged top plan view layout of a dummy
region of an exemplary embodiment of a TFT substrate, on
which a third exemplary embodiment of a dummy pattern
according to the present invention is formed, and FIG. 9 is a
cross-sectional view taken along line 6-6' of FIG. 8.

Referring to FIGS. 8 and 9, the dummy pattern includes a
dummy pixel electrode 260, and a dummy TFT, which has a
dummy gate electrode 211, a dummy gate insulation film 221,
adummy active layer 222, a dummy ohniic contact layer 223,
a dummy source electrode 231 and a dummy drain electrode
232. In one exemplary embodiment the dummy gate elec-
trode 211 is formed in the dummy region B substantially
simultaneously with the gate electrode 111, when the gate
electrode 111 is formed in the cell region A by patterning the
first conductive layer. In the current exemplary embodiment
the dummy gate electrode 211 is formed into substantially the
same pattern as the gate electrode 111. Further, in the current
exemplary embodiment the dummy gate insulation film 221
is formed of substantially the same material through substan-
tially the same process as the gate insulation film 121 formed
in the cell region A. The formation of the dummy gate insu-
lation film 221 may be limited to the top of the dummy gate
electrode 211, or may be formed over substantially the entire
dummy region B. In addition, the dummy active layer 222 and
the dummy ohmic contact layer 223 may be formed using a
semiconductor layer through substantially the same process
as the active layer 122 and the ohmic contact layer 123 formed
in the cell region A. The dummy source and dummy drain
electrodes 231 and 232 may be formed in the dummy region
B substantially simultaneously with the source and drain
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electrodes 131 and 132, which are formed in the cell region A,
by patterning the second conductive layer.

In the current exemplary embodiment the dummy source
and dummy drain electrodes 231 and 232 are formed into
substantially the same pattern as the source and drain elec-
trodes 131 and 132. In the current exemplary embodiment the
dummy drain electrode 232 is formed to have an extension
length shorter than that of the drain electrode 132. Further, in
the current exemplary embodiment a protection film 255 is
formed on substantially the entire top of the dummy region B
including the dummy source and dummy drain electrodes 231
and 232. A contact hole 251 for exposing a predetermined
region of the dummy drain electrode 232 is formed by etching
a predetermined region of the protection film 255. The
dummy pixel electrode 260 is formed to be connected to the
dummy drain electrode 232 through the contact hole 256. The
dummy pixel electrode 260 is formed in the dummy region B
substantially simultaneously with the pixel electrode 160,
which is formed in the cell region A, by patterning the third
conductive layer. In the current exemplary embodiment the
dummy pixel electrode 260 is formed to have a size smaller
than that of the pixel electrode in the cell region A. One factor
influencing the size of the dummy pixel electrode is the size of
the dummy region B.

In the above described exemplary embodiment, the
dummy pattern is formed to have the dummy TFT and the
dummy pixel electrode. The dummy pattern is formed in such
a manner so that a difference of charging rates between the
cell and dummy regions A and B can be compensated for.
Moreover, even various kinds of parasitic capacitances
formed from the outside can be identical with each other in
the cell and dummy regions A and B, respectively.

In addition, since the dummy pattern having the dummy
TFT and the dummy pixel electrode is not intended to control
the liquid crystal layer but is instead formed to compensate
for capacitance, the dummy pattern does not take up much
space. Further, exemplary embodiments include configura-
tions wherein the black matrix, formed on the color filter
substrate for preventing light leakage, is formed to partially
overlap with the outermost pixels. Since in the current exem-
plary embodiment a pixel is formed to be elongated in the
horizontal direction, loss of a display region is inevitable
when the whole of the pixel or a portion thereof overlaps with
the color filter substrate. However, if the black matrix is
formed to overlap with the dummy pattern by adding the
dummy pattern, a sufficient space overlapping with the black
matrix can be ensured without the loss of display area.

FIG. 10 is an enlarged top plan view layout of a dummy
region of an exemplary embodiment of a TFT substrate, on
which a fourth exemplary embodiment of a dummy pattern
according to the present invention is formed, FIG. 11 is a
cross-sectional view taken along line 7-7' in FIG. 10, and FIG.
12 is a cross-sectional view taken along line 8-8' in FIG. 10.

Referring to FIGS. 10 to 12, the dummy pattern includes a
dummy gate electrode 211, a dummy storage electrode 215, a
dummy insulation film 221, a dummy active layer 222, a
dummy ohmic contact layer 223, a dummy source electrode
231, a dummy drain electrode 232 and a dummy pixel elec-
trode 260. The fourth exemplary embodiment of a dummy
pattern according to the present invention is substantially
similar to the third exemplary embodiment of a dummy pat-
tern except the fourth exemplary embodiment further
includes the dummy storage electrode 215 in the dummy
pattern. In one exemplary embodiment the dummy storage
electrode 215 is formed in the dummy region B substantially
simultaneously with the gate electrode 111, which is formed
in the cell region A, by patterning the first conductive layer.
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Further, in the present exemplary embodiment the dummy
storage electrode 215 is formed to have a larger size than that
of the dummy gate electrode 211. The other components are
substantially identical with those of the third exemplary
embodiment described above.

In the aforementioned fourth exemplary embodiment of
the present invention, the dummy storage electrode 215, the
dummy pixel electrode 260 and the protection film 255 ther-
ebetween forms a storage capacitor. In one exemplary
embodiment the size of the dummy pattern may be set to be
substantially identical with that of a pixel region. In such an
exemplary embodiment the capacitance of the liquid crystal
capacitor Clc and the storage capacitor Cst in the dummy
pattern can be identical with those in the pixel region. How-
ever, in such an exemplary embodiment a space occupied by
the dummy pattern is increased. In order for the capacitance
of the liquid crystal and storage capacitors Clc and Cst in the
dummy pattern to be substantially identical with those in the
pixel region while minimizing the space occupied by the
dummy pattern, the capacitance of the storage capacitor Cst
may be increased. Thus, the storage capacitor Cst is formed in
the dummy pattern by forming the dummy storage electrode
215. As aresult, various capacitances generated in the pixel of
the cell region A can be almost identically mimicked in the
dummy pattern.

As described above, according to exemplary embodiments
of the present invention, the dummy pattern is formed in the
dummy regions in which the outermost data lines are not
connected to a pixel, so that the charging rate of the outermost
data lines having pixels at only one side thereof can be main-
tained to be substantially identical with that of the other data
lines having pixels at both sides thereof. Accordingly, the
output deviation of the data lines can be reduced, and display
failure of the outermost pixels can be prevented.

While the present invention has been illustrated and
described in connection with the accompanying drawings and
exemplary embodiments thereof, the present invention is not
limited thereto and is defined by the appended claims. There-
fore, it will be understood by those skilled in the art that
various modifications and changes can be made thereto with-
out departing from the spirit and scope of the invention
defined by the appended claims.

What is claimed is:

1. A thin film transistor substrate, comprising:

a substrate;

a plurality of gate lines disposed on the substrate;

a plurality of data lines disposed substantially perpendicu-
lar to the gate lines, wherein the plurality of data lines
include a plurality of outermost data lines;

a plurality of thin film transistors connected to the gate
lines and the data lines;

a plurality of pixel electrodes connected to the plurality of
thin film transistors; and

a plurality of dummy patterns connected to the outermost
data lines in a zigzag pattern.

2. The thin film transistor substrate as claimed in claim 1,
wherein the pixel electrode comprises a first side substan-
tially parallel with the gate line and a second side which is
oblique or perpendicular to the gate line, wherein the first side
is longer than the second side.

3. The thin film transistor substrate as claimed in claim 1,
wherein the dummy pattern comprises:

a lower electrode extending from the gate line;

an insulation film disposed on the lower electrode; and

an upper electrode disposed on the insulation film,
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wherein the upper electrode at least partially overlaps the
lower electrode and extends from the outermost data
line.

4. The thin film transistor substrate as claimed in claim 1,
wherein the dummy pattern comprises dummy thin film tran-
sistors and dummy pixel electrodes.

5. The thin film transistor substrate as claimed in claim 4,
wherein the dummy pattern flirt her comprises a dummy
storage electrode.

6. The thin film transistor substrate as claimed in claim 1,
wherein the outermost data lines are adjacent to only one
other data line of the plurality of data lines.

7. The thin film transistor substrate as claimed in claim 6,
wherein the dummy patterns are connected to a side of the
outermost data lines which is opposite the side of the outer-
most data line adjacent to another data line.

8. The thin film transistor substrate as claimed in claim 1,
wherein the substrate includes a display region and a non-
display region and the dummy patterns are disposed in the
non-display region.

9. The thin film transistor substrate as claimed in claim 1,
wherein the plurality of dummy patterns are each connected
to a same side of a respective outermost data line of the
outermost data lines, and the dummy patterns are disposed in
an alternating pattern relative to the outermost data lines and
succession of the plurality of gates lines.

10. A thin film transistor substrate, comprising:

a substrate;

a plurality of gate lines disposed on the substrate;

a plurality of data lines disposed substantially perpendicu-
lar to the gate lines, wherein the plurality of data lines
include a plurality of outermost data lines adjacent to
only one other data line of the plurality of data lines;

aplurality of thin film transistors, wherein a plurality of the
thin film transistors is connected to each data line, and
the thin film transistors are connected to alternating
sides of the data lines along a length ofthe data lines, and
each of the thin film transistors includes a gate electrode,
a source electrode and a drain electrode;

a plurality of pixel electrodes connected to the plurality of
thin film transistors; and

a plurality of dummy patterns connected to the outermost
data lines in a zigzag pattern.

11. The thin film transistor substrate as claimed in claim 10,
wherein the plurality of dummy patterns are each connected
to a same side of a respective outermost data line of the
outermost data lines, and the dummy patterns are disposed in
an alternating pattern relative to the outermost data lines and
succession of the plurality of gates lines.

12. The thin film transistor substrate as claimed in claim 10,
wherein the dummy pattern comprises:

a lower electrode extending from the gate line;

an insulation film disposed on the lower electrode; and

an upper electrode disposed on the insulation film,

wherein the upper electrode at least partially overlaps the
lower electrode and extends from the outermost data
line.

13. The thin film transistor substrate as claimed in claim 12,
wherein the lower electrode is substantially the same shape as
the gate electrode, and the upper electrode is substantially the
same shape as the source electrode.

14. The thin film transistor substrate as claimed in claim 12,
wherein the lower electrode is larger than the gate electrode,
and the upper electrode is larger than the source electrode.

15. The thin film transistor substrate as claimed in claim 10,
wherein the dummy pattern comprises:
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a dummy gate electrode;

a dummy gate insulation film and a dummy active layer
disposed on the dummy gate electrode;

a dummy source electrode disposed on the dummy active
layer and at least partially overlapping the dummy gate
electrode;

a dummy drain electrode spaced apart from the dummy
source electrode by a predetermined interval and at least
partially overlapping the dummy gate electrode;

a protection film including a contact hole which at least
partially exposes the dummy drain electrode; and

a dummy pixel electrode connected to the dummy drain
electrode through the contact hole.

16. The thin film transistor substrate as claimed in claim 15,
wherein the dummy gate electrode has substantially the same
shape as the gate electrode, and the dummy source electrode
has substantially the same shape as the source electrode, and
wherein the dummy drain electrode is smaller than the drain
electrode, and the dummy pixel electrode is smaller than the
pixel electrode.

17. The thin film transistor substrate as claimed in claim 9,
wherein the dummy pattern comprises:

a dummy gate electrode and a dummy storage electrode
spaced apart from each other by a predetermined inter-
val;

a dummy gate insulation film and a dummy active layer
disposed on the dummy gate electrode;

a dummy source electrode disposed on the dummy active
layer and at least partially overlapping the dummy gate
electrode;

a dummy drain electrode spaced apart from the dummy
source electrode by a predetermined interval and at least
partially overlapping the dummy gate electrode;

a protection film including a contact hole which at least
partially exposes the dummy drain electrode; and

a dummy pixel electrode connected to the dummy drain
electrode through the contact hole.

18. The thin film transistor substrate as claimed in claim 17,
wherein the dummy gate electrode has substantially the same
shape as the gate electrode, and the dummy source electrode
has substantially the same shape as the source electrode, and
wherein the dummy drain electrode is smaller than the drain
electrode, and the dummy pixel electrode is smaller than the
pixel electrode.

19. The thin film transistor substrate as claimed in claim 10,
wherein the plurality of dummy patterns are connected to a
side of the outermost data lines which is substantially oppo-
site the side adjacent to another data line.

20. The thin film transistor substrate as claimed in claim 19,
wherein the plurality of dummy patterns are alternatingly
disposed along an axis of the substrate.

21. A liquid crystal display, comprising:

a thin film transistor substrate comprising:

a substrate;

a plurality of gate lines disposed on the substrate;

a plurality of data lines disposed substantially perpendicu-
lar to the gate lines, wherein the plurality of data lines
include a plurality of outermost data lines adjacent to
only one other data line of the plurality of data lines;

aplurality of thin film transistors, wherein a plurality of the
thin film transistors are connected to each data line, the
thin film transistors are connected to alternating sides of
the data lines along a length of the data lines;

a plurality of pixel electrodes connected to the plurality of
thin film transistors; and

a plurality of dummy patterns connected to the outermost
data lines in a zigzag pattern;
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acolor filter substrate including a color filter and acommon
electrode corresponding to the thin film transistor sub-
strate; and

a liquid crystal layer interposed between the thin film tran-
sistor substrate and the color filter substrate.

22. A method for manufacturing a thin film transistor sub-

strate, the method comprising:

providing a substrate;

disposing a plurality of gate lines on the substrate;

disposing a plurality of data lines substantially perpendicu-
lar to the gate lines on the substrate, wherein the plurality
of data lines include a plurality of outermost data lines;

connecting a plurality of thin film transistors to the gate
lines and the data lines;

16

connecting a plurality of pixel electrodes to the plurality of

thin film transistors; and

connecting a plurality of dummy patterns to the outermost

data lines in a zigzag pattern.

23. The method for manufacturing a thin film transistor
substrate as claimed in claim 22, wherein the plurality of
dummy patterns are each connected to a same side of a
respective outermost data line of the outermost data lines, and

10 the dummy patterns are disposed in an alternating pattern

relative to the outermost data lines and succession of the
plurality of gates lines.



THMBW(EF)

[ i (S RIR) A ()
e (S IR) A (%)

HAT R E (TR AGE)

FRI& B A

EHA

RIEHE(F)

S EREESE

BEG®)

BRBAEERSE B, REEERLNSRMRE  EXEET
HR&IREN S RBIEL , EPSRBBELIFESRRAANRIEL |
ZNEERGE (TFT ) ERIMRENBIEL , ERISNMTFTHS
MNMEEBER , AREEIKAANBELZNSNMERER,

BRAEGEERNEREZERNW AR T RE

US7710527 AFF (A B 2010-05-04
US11/933184 FiE B 2007-10-31
=EfFH)]Aat

SAMSUNG ELECTRONICS CO. , LTD.

=EDISPLAY CO., LTD.

LEE HONG WOO
LEE JONG HWAN
HAN SANG YOUN
KIM SUNG MAN
MOON YEON KYU

LEE, HONG WOO
LEE, JONG HWAN
HAN, SANG YOUN
KIM, SUNG MAN
MOON, YEON KYU

GO02F1/1343 G02F1/1345

GO02F1/136286 G02F1/1345 G02F2001/13629

BREMRMBELLP

1020070014944 2007-02-13 KR

US20080192163A1

Espacenet USPTO

patsnap

nfa
=
=

110a

R N R =

L



https://share-analytics.zhihuiya.com/view/1092744a-c1e0-4651-8abd-fb0fa9cb660f
https://worldwide.espacenet.com/patent/search/family/039685495/publication/US7710527B2?q=US7710527B2
http://patft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PALL&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.htm&r=1&f=G&l=50&s1=7710527.PN.&OS=PN/7710527&RS=PN/7710527

