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LIQUID CRYSTAL DISPLAY AND THIN FILM
TRANSISTOR ARRAY PANEL THEREFOR

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a continuation application of
U.S. patent application Ser. No. 11/288,246, filed on Nov. 29,
2005, which is a continuation application of U.S. patent appli-
cation Ser. No. 10/445,849, filed on May 28, 2003 which
issued as U.S. Pat. No. 6,999,134, which claims the benefit of
Korean patent application no. 2002-0070706, filed on Nov.
14, 2002, which is hereby incorporated by reference for all
purposes as if fully set forth herein.

BACKGROUND OF THE INVENTION

[0002] (A) Field of the Invention

[0003] The present invention relates to a liquid crystal dis-
play and a thin film transistor array panel therefor.

[0004] (B) Description of the Related Art

[0005] A typical liquid crystal display (“LCD”) includes an
upper panel provided with a common electrode and an array
of color filters, a lower panel provided with a plurality of thin
film transistors (“TFTs) and a plurality of pixel electrodes,
and a liquid crystal layer interposed therebetween. The pixel
electrodes and the common electrode are supplied with elec-
tric voltages and the voltage difference therebetween causes
electric field. The variation of the electric field changes the
orientations of liquid crystal molecules in the liquid crystal
layer, and-thus-it changes the transmittance of light passing
through the liquid crystal layer. As a result, the LCD displays
desired images by adjusting the voltage difference between
the pixel electrodes and the common electrode.

[0006] Sincethe LCD has disadvantages of narrow viewing
angle and poor lateral visibility, several techniques for
improving these disadvantages have been developed. Among
these techniques, the provision of cutouts or projections on
the pixel electrodes and the common electrode opposite each
other along with the vertical alignment of the liquid crystal
molecules with respect to the panels is promising.

[0007] The cutouts provided at the pixel electrodes and the
common electrode induce fringe field, which disperses the tilt
directions of the liquid crystal molecules to give wide viewing
angle. The provision of the projections on the pixel electrode
and the common electrode distorts the electric field to adjust
the tilt directions of the liquid crystal molecules. The liquid
crystal layer of the LCD provided with the cutouts or the
protrusions is divided into a plurality of domains based on the
tilt directions of the liquid crystal molecules.

[0008] However, the lateral visibility of these conventional
LCDs is still poor since the tilt angles of the liquid crystal
molecules even in the different domains are the same for the
same voltages applied to the pixel electrodes.

SUMMARY OF THE INVENTION

[0009] A thin film transistor array panel is provided, which
includes: first and second signal lines transmitting first and
second signals, respectively; first and second switching ele-
ments connected to the first and the second signal lines, each
of the first and the second switching elements having a first
terminal connected to the first signal line, a second terminal
connected to the second signal and a third terminal and trans-
mitting the second signal in response to the first signal; and
first and second liquid crystal capacitors connected to the
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third terminals of the first and the second switching elements,
respectively, wherein a capacitance between the first and the
third terminals of the first switching element is different from
a capacitance between the first and the third terminals of the
second switching element.

[0010] The liquid crystal display preferably includes first
and second storage capacitors connected to the third termi-
nals of the first and the second switching elements in parallel
to the first and the second liquid crystal capacitors, respec-
tively.

[0011] A thin film transistor array panel is provided, which
includes: an insulating substrate; a first signal line provided
on the substrate; a second signal line provided on the sub-
strate; first and second thin film transistors connected to the
first signal line and the second signal line, each of the first and
the second thin film transistors having a first terminal con-
nected to the first signal line, a second terminal connected to
the second signal and a third terminal; and first and second
pixel electrodes connected to the third terminals of the first
and the second thin film transistors, respectively, wherein a
capacitance between the first and the third terminals of the
first thin film transistor is different from a capacitance
between the first and the third terminals of the second thin
film transistor.

[0012] Another liquid crystal display is provide, which
includes: a first panel including a first insulating substrate, a
first signal line provided on the first substrate, a second signal
line provided on the first substrate, first and second thin film
transistors connected to the first signal line and the second
signal line, and first and second pixel electrodes connected to
the first and the second thin film transistors, respectively; a
second panel facing the first panel and including a second
insulating substrate and a common electrode provided on the
second substrate; and a liquid crystal layer interposed
between the first panel and the second panel, wherein each of
the firstand the second thin film transistors has a first terminal
connected to the first signal line, a second terminal connected
to the second signal and a third terminal connected to a
corresponding one of the first and the second pixel electrodes,
and a capacitance between the first and the third terminals of
the first thin film transistor is different from a capacitance
between the first and the third terminals of the second thin
film transistor.

[0013] Another thin film transistor array panel is provided,
which includes: an insulating substrate; a gate line formed on
the substrate and including a gate electrode; a gate insulating
layer formed on the gate line; a semiconductor layer formed
on the gate insulating layer opposite the gate electrode; a data
line formed on the gate insulating layer and including a first
source electrode located on the semiconductor layer; first and
second drain electrodes formed on the semiconductor layer,
separated from each other and overlapping the gate electrode;
apassivation layer formed on the data line and the first and the
second drain electrodes; and first and second pixel electrodes
electrically connected to the first and the second drain elec-
trodes, respectively, wherein an overlapping area between the
gate electrode and the first drain electrode is different from an
overlapping area between the gate electrode and the second
drain electrode.

[0014] The source electrode may be connected to the first
and the second drain electrodes via the semiconductor layer.
[0015] Alternatively, the first source electrode is connected
to the first drain electrode via the semiconductor layer, and the
data line further comprises a second source electrode located
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on the semiconductor layer and connected to the second drain
electrode via the semiconductor layer.

[0016] The thin film transistor array panel preferably fur-
ther includes an ohmiic contact layer disposed between the
semiconductor layer and the source electrode and the first and
the second drain electrodes and/or a storage electrode over-
lapping at least one of the first and the second pixel electrodes.

BRIEF DESCRIPTION OF THE DRAWINGS

[0017] The above and other advantages of the present
invention will become more apparent by describing preferred
embodiments thereof in detail with reference to the accom-
panying drawings in which:

[0018] FIG. 1 is a layout view of a TFT array panel for an
LCD according to an embodiment of the present invention;
[0019] FIG. 2 is a sectional view of the TFT array panel
shown in FIG. 1 taken along the line II-II";

[0020] FIG. 3 is an equivalent circuit diagram of an LCD
including the TFT array panel shown in FIGS. 1 and 2;

[0021] FIG. 4 illustrates a pixel voltage of an LCD as func-
tion of time;
[0022] FIG. 5 shows voltage-transmittance curves for sub-

pixel regions of a normally black mode LCD;

[0023] FIG. 6 is a layout view of a TFT array panel for an
LCD according to another embodiment of the present inven-
tion; and

[0024] FIG. 7 is a sectional view of the TFT array panel
shown in FIG. 1 taken along the line VII-VIT'".

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

[0025] The present invention now will be described more
fully hereinafter with reference to the accompanying draw-
ings, in which preferred embodiments of the inventions
invention are shown. The present invention may, however, be
embodied in many different forms and should not be con-
strued as limited to the embodiments set forth herein.

[0026] In the drawings, the thickness of layers and regions
are exaggerated for clarity. Like numerals refer to like ele-
ments 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 on 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.

[0027] Now, LCDs according to embodiments of this
invention will be described in detail with reference to the
accompanying drawings.

[0028] FIG. 1 is a layout view of a 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-IT', and FIG. 3 is an equivalent
circuit diagram of an LCD including the TFT array panel
shown in FIGS. 1 and 2.

[0029] A plurality of gate lines 121 and a plurality of stor-
age electrode lines 131 are formed on an insulating substrate
110 preferably made of transparent glass. The gate lines 121
extend substantially in a row direction and substantially par-
allel to each other and each gate line 121 includes a plurality
of expansions forming gate electrodes 123. The storage elec-
trode lines 131 extend substantially parallel to the gate lines
121 and are supplied with a common voltage Vcom to be
applied to a common electrode (not shown) of another panel
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(not shown) of an LCD. Each storage electrode 131 may
include a plurality of branches (not shown).

[0030] The gate lines 121 and the storage electrode lines
131 are preferably made of Al, Cr or their alloys, Mo or Mo
alloy. The gate lines 121 and the storage electrode lines 131
preferably include a layer preferably made of Cr or Mo alloys
having excellent physical and chemical characteristics and
another layer preferably made of Al or Ag alloys having low
resistivity. In addition, the lateral sides of the gate lines 121
are tapered, and the inclination angle of the lateral sides with
respect to a horizontal surface ranges 30-80 degrees.

[0031] A gate insulating layer 140 is formed on the gate
lines 121 and the storage electrode lines 131.

[0032] A plurality of semiconductor islands 150 preferably
made of hydrogenated amorphous silicon (“a-Si”) are formed
on the gate insulating layer 140 and located opposite the gate
electrodes 123 with respect to the gate insulating layer 130.
Each semiconductor island 150 forms a channel of TFT.
[0033] A plurality of sets of ohmic contacts 163, 1654 and
1655 preferably made of'silicide or hydrogenated a-Si heavily
doped with n type impurity such as phosphorous are formed
on the semiconductor islands 150. The lateral sides of the
semiconductor islands 150 and the ohniic contacts 163, 165a
and 1655 are tapered, and the inclination angles thereof are in
the range between 30-80 degrees.

[0034] A plurality of sets of a data line 171 and a plurality
ofpairs of first and second drain electrodes 175a and 1755 are
formed on the ohmic contacts 163, 165a and 1655, and the
gate insulating layer 140. The data lines 171 extend substan-
tially in the column direction intersect the gate lines 121 and
the storage electrode lines 131. Each data line 171 includes a
plurality of source electrodes 173 extending onto the semi-
conductor islands 150. Each pair of the drain electrodes 175a
and 1755 are separated from an associated source electrode
173, located opposite each other with respect to the source
electrode 173, and extends in opposite directions from an
associated semiconductor island 150 on an associated gate
electrode 123.

[0035] The datalines 171 and the drain electrodes 175a and
1755 are preferably made of Al, Cr or their alloys, Mo or Mo
alloy. The data lines 171 and the drain electrodes 175a and
1755 preferably include a layer preferably made of Cr or Mo
alloys having excellent physical and chemical characteristics
and another layer preferably made of Al or Ag alloys having
low resistivity. The data lines 171 and the drain electrodes
175a and 1755 have tapered lateral sides, and the inclination
angles of the lateral sides ranges 30-80 degrees.

[0036] The ohmic contacts 163, 165a and 1655 are inter-
posed only between the semiconductor islands 150 and the
data lines 171 and the drain electrodes 175a and 1755 to
reduce the contact resistance therebetween. Some portions of
the semiconductor islands 150 are exposed out of the data
lines 171 and the drain electrodes 175a and 1755.

[0037] The gateelectrode 123, the source electrode 173 and
the first drain electrode 175a along with a portion of the
semiconductor island 150 located between the source elec-
trode 173 and the first drain electrode 175a form a TFT, while
the gate electrode 123, the source electrode 173 and the
second drain electrode 1755 along with a portion of the semi-
conductor island 150 located between the source electrode
173 and the second drain electrode 1755 form another TFT.
[0038] Each of the first and the second drain electrodes
175a and 17556 overlap the gate electrode 123 to form a
parasitic capacitor Cgda or Cgdb. The capacitance of the
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parasitic capacitor Cgda or Cgdb is proportional to the over-
lapping area. According to an embodiment of the present
invention, the overlapping area between the first drain elec-
trode 175a and the gate electrode 123 is different from the
overlapping area between the second drain electrode 1755
and the gate electrode 123 such that the capacitance between
the first drain electrode 1754 and the gate electrode 123 is
different from the capacitance between the second drain elec-
trode 1754 and the gate electrode 123.

[0039] A passivation layer 180 preferably made of silicon
nitride or organic insulator is formed on the data lines 171 and
the drain electrodes 175a and 1755, and the exposed portions
ofthe semiconductor islands 150. The passivation layer 180 is
provided with a plurality of first and second contact holes 181
and 182 exposing the first and the second drain electrodes
175a and 1755, respectively.

[0040] A plurality of pairs of first and second pixel elec-
trodes 190a and 19054 are formed on the passivation layer 180.
The first and the second pixel electrodes 190a and 1905 are
connected to the first and the second drain electrodes 175a
and 17556 through the first and the second contact holes,
respectively. That is, a pair of the first and the second pixel
electrodes 190a and 1905 are connected to respective TFTs
connected to the same gate line 121 and the same data line
171. The first and the second pixel electrodes 190a and 1905
overlap the storage electrode lines 131 to form storage capaci-
tors Csta and Cstb, respectively. The pixel electrodes 190a
and 1905 are preferably made of transparent conductive
material such as indium zinc oxide (“EO”) and indium tin
oxide (“ITO”), or reflective conductive material.

[0041] An LCD according to an embodiment of the present
invention further includes a common electrode panel (not
shown) facing the TFT array panel as well as the TFT array
panel and a liquid crystal layer interposed therebetween. The
common electrode panel includes a common electrode (not
shown) forming a plurality of liquid crystal capacitors CL.Ca
and CLCa along with the first and the second pixel electrodes
190a and 1905 of the TFT array panel. As described above,
the common electrode is supplied with the common voltage
Vcom. A polarizer or polarizers (not shown) are attached on
outer surfaces of the panels, and a retardation film or films
(not shown) may be attached to the outer surface of the
common electrode panel.

[0042] Incircuital view, an LCD according to this embodi-
ment of the present invention includes a plurality of pixels
including two subpixels. Each subpixel includes a TFT
including a parasitic capacitor Cgda or Cgdb, and a liquid
crystal capacitor CLCa or CLCb and a storage capacitor Csta
or Cstb connected to the TFT in parallel as shown in FIG. 3.
[0043] When a gate-on voltage Vg is applied to a gate line
121 and a data voltage Vd is applied to a data line 171, the
TFTs connected to the gate line 121 are turned on and thus the
capacitors CL.Ca and CLCa connected thereto are charged
with pixel voltages Vpa and Vpb. If the data voltage Vd is
larger than the common voltage Vcom, the pixel voltages Vpa
and Vpb increase during the application of the data voltage Vd
and are abruptly dropped upon turning off of the TFTs as
shown in FIG. 4, which illustrates a pixel voltage Vp as
function of time. On the contrary, the data voltage Vd is
smaller than the common voltage Vcom, the pixel voltages
Vpa and Vpb decrease during the application of the data
voltage Vd, and are abruptly increased upon turning off of the
TFTs. The voltage drop is called a “kick-back voltage,” which
is resulted from the parasitic capacitor Cgda or Cgdb.
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[0044] The kick-back voltages AVpa and AVpb for two
respective subpixels are given by:

Cgda )
Crca+ Csta+ Cgda

_ g(l Crca+ Csta ]
- B Crca+ Csta+ Cgda

AVpa=Vgx

AVpb = Vgx Cedb @
PO= VX b+ Cstb+ Cgdb
Crcb + Cstb
= Vg(l - 7]
Creb+ Cstb + Cgdb

[0045] where the capacitors and their capacitances are indi-
cated by the same reference numerals.

[0046] As shown in Equations (1) and (2), the kick-back
voltage increases as the parasitic capacitance increases and
vice versa.

[0047] According to this embodiment, the parasitic capaci-
tance Cgda is different from the parasitic capacitance Cgdb
and thus the kick-back voltage AVpa is different from the
kick-back voltage AVpb since the overlapping area between
the first drain electrode 175a and the gate electrode 123 is
different from the overlapping area between the second drain
electrode 1756 and the gate electrode 123 as described above.
[0048] Referring to FIG. 2, the overlapping areas are
adjusted by changing the overlapping width while maintain-
ing the overlapping length to be constant. In this embodiment,
the overlapping width d2a between the first drain electrode
175a and the gate electrode 123 is different from the overlap-
ping width d2b between the second drain electrode 1756 and
the gate electrode 123.

[0049] Accordingly, the pixel voltage Vpa is different from
the pixel voltage Vpb.

[0050] It is noted that the kick-back voltages AVpa and
AVpb are as small as possible since the kick-back voltages
may generate afterimage and flicker. A measured value of a
kick-back voltage upon application of a data voltage Vd of 10
V was about 0.5 V to 1.0V, which was expected to be about
0.8 V to 0.9V through a simulation.

[0051] The difference of the pixel voltages Vpa and Vpb
differentiates the strength of electric fields in respective sub-
pixel regions Pa and Pb, which are portions of the liquid
crystal layer located on the first and the second pixel elec-
trodes 190a and 19054, respectively. The different field
strength in turn differentiates the tilt angles of liquid crystal
molecules in the subpixel regions Pa and Pb.

[0052] FIG. 5 shows voltage-transmittance (V-T) curves
for the subpixel regions Pa and Pb of a normally black mode
LCD, which are different from each other. The V-T curve for
the subpixel region Pa with a larger parasitic capacitance
Cgda underlies that for the subpixel region Pb with a smaller
parasitic capacitance Cgdb.

[0053] Accordingly, the characteristics of the subpixel
regions Pa and Pb effectively compensate each other to widen
the viewing angle of the LCD. The LCD may be in a vertically
aligned (VA) mode, twisted-nematic (TN) mode or optical-
compensated bend (OCB) mode.

[0054] Now, an LCD according to another embodiment of
the present invention is described in detail with reference to
FIGS. 6-8.

[0055] FIG. 6 is a layout view of a TFT array panel for an
LCD according to another embodiment of the present inven-
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tion, and FIG. 7 is a sectional view of the TFT array panel
shown in FIG. 1 taken along the line VII-VIT'.

[0056] Referring to FIGS. 6 and 7, a TFT array panel
according to this embodiment includes a plurality of gate
lines 121 and a plurality of storage electrode lines 131 formed
on an insulating substrate 110, a gate insulating layer 140
formed on the gate lines 121 and the storage electrode lines
131, and a plurality of semiconductor islands 150 formed on
the gate insulating layer 140.

[0057] A plurality of ohmiic contacts 163a, 1635, 165a and
1655 are formed on the semiconductor islands 150.

[0058] A plurality of sets of a data line 171 and a plurality
of pairs of first and second drain electrodes 1754 and 1755 are
formed on the ohmic contacts 163, 1654 and 1655, and the
gate insulating layer 140. Each data line 171 includes a plu-
rality of first and second source electrodes 173a and 1734
extending onto the semiconductor islands 150. Each of the
first and the second drain electrodes 175a and 1755 are sepa-
rated from the first and the second source electrodes 173a and
173b. The first source electrode 173a and the first drain elec-
trode 1754 face each other while the second source electrode
17354 and the second drain electrode 1755 faces each other.
[0059] The gate electrode 123, the first source electrode
173a and the first drain electrode 175a along with a portion of
the semiconductor island 150 located between the first source
electrode 1734 and the first drain electrode 175a form a TFT,
while the gate electrode 123, the second source electrode
1734 and the second drain electrode 1756 along with a portion
of the semiconductor island 150 located between the second
source electrode 1735 and the second drain electrode 1755
form another TFT.

[0060] According to this embodiment of the present inven-
tion, the overlapping areas between the first drain electrode
175a and the gate electrode 123 and between the second drain
electrode 1756 and the gate electrode 123 are different such
that the capacitance between the first drain electrode 175a
and the gate electrode 123 is different from the capacitance
between the second drain electrode 1755 and the gate elec-
trode 123.

[0061] A passivation layer 180 is formed on the data lines
171 and the drain electrodes 175a and 1755, and the semi-
conductor islands 150. The passivation layer 180 is provided
with a plurality of first and second contact holes 181 and 182
exposing the first and the second drain electrodes 175a and
175b, respectively. A plurality of pairs of first and second
pixel electrodes 190a and 1905 are formed on the passivation
layer 180. The first and the second pixel electrodes 190a and
1905 are connected to the first and the second drain electrodes
175a and 1755 through the first and the second contact holes,
respectively. That is, a pair of the first and the second pixel
electrodes 190a and 1905 are connected to respective TFTs
connected to the same gate line 121 and the same data line
171. The first and the second pixel electrodes 1904 and 1905
overlap the storage electrode lines 131 to form storage capaci-
tors Csta and Cstb, respectively.

[0062] According to this embodiment, the parasitic capaci-
tance Cgda is different from the parasitic capacitance Cgdb
and thus the kick-back voltage AVpa is different from the
kick-back voltage AVpb since the overlapping area between
the first drain electrode 1754 and the gate electrode 123 is
different from the overlapping area between the second drain
electrode 1754 and the gate electrode 123 as described above.
[0063] Referring to FIG. 7, the overlapping width d2a
between the first drain electrode 175a and the gate electrode
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123 is different from the overlapping width d25 between the
second drain electrode 1755 and the gate electrode 123.
[0064] Accordingly, the pixel voltage Vpa is different from
the pixel voltage Vpb, and V-T curves for subpixel regions Pa
and Pb on the first and the second pixel electrodes 1904 and
1905 are different from each other. Therefore, the character-
istics of the subpixel regions Pa and Pb effectively compen-
sate each other to widen the viewing angle of the LCD.
[0065] Although preferred embodiments of the present
invention have been described in detail hereinabove, it should
be clearly understood that many variations and/or modifica-
tions of the basic inventive concepts herein taught which may
appear to those skilled in the present art will still fall within
the spirit and scope of the present invention, as defined in the
appended claims.

What is claimed is:

1. A liquid crystal display, comprising:

a first panel including:

a first insulating substrate;

a plurality of gate lines provided on the first substrate;

a plurality of data lines provided on the first substrate;

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

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

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

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

asecond panel facing the first panel and including a second

insulating substrate and a common electrode provided
on the second substrate; and

a liquid crystal layer interposed between the first panel and

the second panel and comprising a plurality of liquid
crystal molecules,
wherein two different voltages originated from a single
signal are applied to the first and second pixel electrodes,

wherein the first pixel electrode connects to a first electric
capacitor and the second pixel electrode connects to a
second electric capacitor, a capacitance of the first elec-
tric capacitor is different from a capacitance of the sec-
ond electric capacitor,
wherein the first thin film transistor includes a first termi-
nal, a second terminal, and a third terminal connected to
the first pixel electrode and the second thin film transis-
tor includes a first terminal, a second terminal, and a
third terminal connected to the second pixel electrode,

wherein the third terminal of the first thin film transistor
connects to a first storage capacitor and the third termi-
nal of the second thin film transistor connects to a second
storage capacitor, and

wherein the liquid crystal molecules are vertically aligned

when the liquid crystal layer is not applied an electric
field.

2. The liquid crystal display of claim 1, wherein a capaci-
tance between the first terminal and the third terminal of the
first thin film transistor is different from that between the first
terminal and the third terminal of the second thin film tran-
sistor.

3. The liquid crystal display of claim 2, further comprising
a first storage electrode line connected to the first storage
capacitor and a second electrode line connected to the second
storage capacitor.
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