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THIN FILM TRANSISTOR PANEL FOR LIQUID
CRYSTAL DISPLAY

BACKGROUND OF THE INVENTION

[0001] (a) Field of the Invention

[0002] The present invention relates to a thin film transis-
tor array panel, and in particular, to a thin film transistor
array panel for a liquid crystal display.

[0003] (b) Description of the Related Art

[0004] 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 is interposed therebe-
tween. The pixel electrodes and the common electrode are
applied with electric voltages and the voltage difference
therebetween causes electric field. The variation of the
electric field changes the orientations of liquid crystal mol-
ecules in the liquid crystal layer and thus 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.

[0005] The LCD has a major disadvantage of its narrow
viewing angle, and several techniques for increasing the
viewing angle have been developed. Among these tech-
niques, the provision of a plurality of cutouts or a plurality
of projections on the pixel electrodes and the common
electrode opposite each other along with the vertical align-
ment of the liquid crystal molecules with respect to the upper
and the lower panels is promising.

[0006] The cutouts provided both at the pixel electrodes
and the common electrode give wide viewing angle by
generating fringe field to adjust the tilt directions of the
liquid crystal molecules.

[0007] The provision of the projections both on the pixel
electrode and the common electrode distorts the electric field
to adjust the tilt directions of the liquid crystal molecules.

[0008] The fringe field for adjusting the tilt directions of
the liquid crystal molecules to form a plurality of domains
is also obtained by providing the cutouts at the pixel
electrodes on the lower panel and the projections on the
common electrode on the upper panel.

[0009] Among these techniques for widening the viewing
angle, the provision of the cutouts has problems that an
additional mask for patterning the common electrode is
required, an overcoat is required for preventing the effect of
the pigments of the color filters on the liquid crystal mate-
rial, and severe disclination is generated near the edges of
the patterned electrode. The provision of the projections also
has a problem that the manufacturing method is complicated
since it is required an additional process step for forming the
projections or a modification of a process step. Moreover,
the aperture ratio is reduced due to the projections and the
cutouts.

SUMMARY OF THE INVENTION

[0010] It is a motivation of the present invention to
provide a liquid crystal display capable of being manufac-
tured by a simplified processes and forming stable multi-
domains.
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[0011] It is another motivation of the present invention to
optimize arrangements of cutouts and a direction control
electrode for obtaining stable multi-domains.

[0012] Athin film transistor array panel is provided, which
includes: an insulating substrate; a pair of first and second
signal lines formed on the insulating substrate; a third signal
line formed on the insulating substrate and intersecting the
first and the second signal lines in an insulating manner; a
fourth signal line formed on the insulating substrate and
intersecting the second signal line in an insulating manner;
a pixel electrode formed in a pixel area defined by the
intersections of the first and the second signal lines and the
third signal line and including a plurality of subareas parti-
tioned by cutouts; a direction control electrode formed in the
pixel area and including a portion overlapping at least one of
the cutouts; a first thin film transistor connected to the pixel
electrode, the first signal line, and the third signal line; a
second thin film transistor connected to the pixel electrode,
the second signal line, and the third signal line; and a third
thin film transistor connected to the direction control elec-
trode, the second signal line, and the fourth signal line.

[0013] The fourth signal line may include a portion over-
lapping at least one of the cutouts which does not overlap the
direction control electrode.

[0014] The thin film transistor array panel may further
include a fifth signal line placed between the first and the
second signal lines, wherein the fourth signal line is located
between the first and the second signal lines and the fourth
and the fifth signal lines have inversion symmetry.

[0015] The fourth signal line is preferably supplied with a
common voltage.

[0016] The cutouts may include a transverse cutout bisect-
ing the pixel electrode into upper and lower halves and a
plurality of oblique cutouts having inversion symmetry with
respect to the transverse cutout.

[0017] The direction control electrode may include sub-
stantially the same layer as the third signal line.

BRIEF DESCRIPTION OF THE DRAWINGS

[0018] The present invention will become more apparent
by describing embodiments thereof in detail with reference
to the accompanying drawings in which:

[0019] FIG. 1 is an equivalent circuit diagram of an LCD
according to an embodiment of the present invention;

[0020] FIG. 2 is a layout view of an LCD according to a
first embodiment of the present invention;

[0021] FIG. 3 is a sectional view of the LCD shown in
FIG. 2 taken along the line III-IIT';

[0022] FIG. 4 is a sectional view of the LCD shown in
FIG. 2 taken along the line IV-IV';

[0023] FIG. 5 is a sectional view of the TFT array panel
shown in FIG. 2 taken along the lines V-V' and V'-V"; and

[0024] FIGS. 6 and 7 are layout views of LCDs according
to other embodiments of the present invention.
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DETAILED DESCRIPTION OF EMBODIMENTS

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

[0026] Inthe 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 on the other
element or intervening elements may also be present. In
contrast, when an element is referred to as being “directly
on” another element, there are no intervening elements
present.

[0027] Then, liquid crystal displays according to embodi-
ments of this invention will be described in detail with
reference to the accompanying drawings.

[0028] FIG. 1 is an equivalent circuit diagram of an LCD
according to an embodiment of the present invention.

[0029] An LCD according to an embodiment of the
present invention includes a plurality of gate lines transmit-
ting gate signals, a plurality of data lines transmitting data
voltages, and a plurality of pixels connected to the gate lines
and the data lines. As shown in FIG. 1, each pixel includes
a plurality of capacitors C1, C2 and C3 and a plurality of
TFTs T1, T2 and T3. The transistor T1 has a gate connected
to a gate line Gi, a source connected to a data line Dj, and
a drain connected to the capacitors C1 and C2, while the
transistor T3 has a gate connected to a previous gate line
Gi-1, a source connected to a data line Dj, and a drain
connected to the capacitors C1 and C2. The transistor T2 has
a gate connected to the previous gate line Gi-1, a source
connected to a predetermined voltage such as a common
voltage Veom, and a drain connected to the capacitors C2
and C3. The capacitors C2 and C3 are connected in parallel
to a predetermined voltage such as the common voltage
Veom.

[0030] In structural view, the LCD includes a TFT array
panel (not shown), a color filter array panel (not shown)
facing the TFT array panel and separated with a predeter-
mined gap, and a liquid crystal layer (not shown) filled in the
predetermined gap.

[0031] The TFT array panel includes a plurality of gate
lines and a plurality of data lines intersecting each other to
define a plurality of pixel arcas as well as a plurality of
storage electrode lines transmitting a predetermined voltage
such as the common voltage Vcom.

[0032] Each pixel area is provided with a pixel electrode
(PE) (not shown), a direction control electrode (DCE) (not
shown), first and second PE TFTs (indicated by the reference
numerals T1 and T3 in FIG. 1) for the PE, and a DCE TFT
(indicated by the reference T2 in FIG. 1) for the DCE. The
first PE TFT T1 includes a gate electrode connected to a gate
line Gi, a source electrode connected to a data line Dj, and
a drain electrode connected to the PE, while the second PE
TFT T2 includes a gate electrode connected to a previous
gate line Gi-1, a source electrode connected to the data line
Dj, and a drain electrode connected to the PE. The DCE TFT
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T2 includes a gate electrode connected to the previous gate
line Gi-1, a source electrode connected to a storage electrode
line, and a drain electrode connected to the DCE.

[0033] The color filter array panel includes a plurality of
color filters (not shown) and a common electrode (not
shown) provided with the common voltage Vcom.

[0034] The PE and the common electrode along with the
liquid crystal layer interposed therebetween form a liquid
crystal (LC) capacitor indicated by C; . The PE and the
storage electrode line along with an insulator disposed
therebetween form a storage capacitor represented by Cgr.
Since both the common electrode and the storage electrode
lines are supplied with the common voltage Veom, the LC
capacitor C; . and the storage capacitor Cqp can be repre-
sented by a single storage capacitor C1 as shown in FIG. 1.

[0035] The DCE and the PE are capacitively coupled to
form a capacitor represented by C2.

[0036] The DCE and the common electrode are also
capacitively coupled to form a capacitor represented by C3.
The capacitor C3 may further indicate a parasitic capacitor
generated between the DCE and the storage electrode lines.

[0037] The reference numerals for the above-described
capacitors are also used for indicating the capacitances of
the capacitors in this specification.

[0038] The PE may have an aperture overlapping the DCE
such that an electric field generated by the DCE goes out
through the aperture. The electric field generated by the
DCE pre-tilts liquid erystal molecules in the liquid crystal
layer. The pretilted liquid crystal molecules are rapidly tilted
without dispersion upon the application of the electric field
generated by the PE.

[0039] In order to obtain the pretilt of the liquid crystal
molecules using the electric field generated by the DCE, a
voltage of the DCE relative to a voltage of the common
electrode (referred to as a “DCE voltage” hereinafter) is
larger than a voltage of the PE relative to a voltage of the
common electrode (referred to as a “pixel voltage” herein-
after) by a predetermined value.

[0040] The LCD according to an embodiment of the
present invention easily satisfies this requirement by apply-
ing the voltage for the storage electrode line to the DCE and
applying a previous data voltage for a previous pixel row to
the PE and then, electrically isolating the DCE before a main
data voltage is applied to the PE.

[0041] Consider a moment that a given PE in an LCD in
dot inversion is refreshed by a positive potential. A gate-on
voltage applied to the previous gate line Gi-1 turns on the
DCE TFT T2 to apply the common voltage Vcom to the
DCE and it also turns on the second PE TFT T3 to apply a
previous data voltage with a negative polarity (with refer-
ence to the common voltage Vcom) to the PE. Accordingly,
the DCE voltage Vi is higher than the pixel voltage V.

[0042] When the DCE TFT T2 is turned off to floats the
DCE, the capacitor C2 formed by the DCE and the PE
maintains the voltage difference therebetween such that the
DCE voltage Vi is always higher than the pixel voltage
V,, irrespective of the change of the pixel voltage V. For
example, the pixel voltage V,, is increased to a positive value
when the first PE TFT T1 is turned on, and the DCE voltage
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Ve follows the voltage increase of the PE in order to
maintain the voltage difference between the DCE and the
PE.

[0043] A voltage Ve across a capacitor having a capaci-
tance C is given by:

Veov 1 oy (L
c= 0+Z,J:l(f) 1,

[0044] where V, is an initial voltage across the capacitor
and i(t) is a current flowing in the capacitor as function of
time t.

[0045] A floating electrode is equivalent to an electrode
connected to a resistor having an infinite resistance. There-
fore, i=0 and Vc=V,, that is, the initial voltage across the
capacitor is maintained. In other words, the voltage of the
floating electrode increased or decreased coupled with the
voltage of the other electrode.

[0046] On the contrary, when the PE is refreshed with a
negative polarity data voltage, the DCE voltage Vo is
always lower than the pixel voltage V,, by a predetermined
value since the previous data voltage has a positive polarity.

[0047] The DCE Voltage Vg is given from FIG. 1:

@)

Vpce =~ (Vd] + Vd3),

c2
C2+C3

[0048] where Vd1 is a data voltage for the PE subtracted
by the common voltage Vcom and (-Vd3) is the data voltage
for a previous PE subtracted by the common voltage Vcom.

[0049]

[0050] When the gate-on voltage is applied to the previous
gate line Gi-1, the second PE TFT T2 and the DCE TFT T3
turn on, while the first PE TFT T1 maintains its inactivation
state. Then, the common voltage Vcom is applied to the
DCE so that the DCE voltage Vo becomes zero, and the
previous data voltage is applied to the PE such that the pixel
voltage V of the PE is equal to (-Vd3). Accordingly, the
electric charges Q1, Q2 and Q3 stored in the capacitors Cl1,
C2 and C3 are given:

Relation 2 is derived by the following procedures.

03=C3-Viey=0; ®
02=C2-(Vpop+Vd3)=C2-Vd3; and )
01=C1-Vd3. ©)
[0051] When the gate-on voltage is applied to the relevant

gate line Gi, the first PE TFT T1 turns on, while the TFTs T2
and T3 turn off. Accordingly, the DCE becomes floating so
that the electrical charges stored in the DCE is kept constant.
The charge conservation law results in:

0'2+03=02+03=C2-Vd3, (6)

[0052] where Q2 and Q'3 are charged in the capacitors C2
and C3 after the DCE is floated.

[0053]

—02/C2+Q'3/C3=Vd1. )

Furthermore, the voltage distribution law yields:
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[0054] The substitution of Q3 in Relation 7 with
(C2-Vd3-Q12), which is obtained from Relation 6, results in:

~C3-VdI+C2-Vd3 )

Q2= C2+C3

[0055]
[0056]
V2=Vpep= V1. ©)

[0057] From Relations 8 and 9, Relation 2 is obtained. In
the meantime, since the DCE TFT T2 is disconnected from
the data line Dj, the DCE may not increase in the load to the
data line.

[0058] Furthermore, since the DCE is supplied with the
common voltage Vcom, the initial field generated by the
DCE is stable to prevent the textures in displaying white
color as well as red, green and blue colors.

[0059] Now, an LCD according to an embodiment of the
present invention is described in detail with reference to
FIGS. 2 to 5.

[0060] FIG. 2 is a layout view of an LCD according to an
embodiment of the present invention, and FIGS. 3, 4 and 5
are sectional views of the LCD shown in FIG. 2 taken along
the lines III-IIT', IV-VI' and V-V'-V".

[0061] An LCD according to an embodiment of the
present invention includes a TFT array panel 100, a color
filter array panel 200 facing the TFT array panel 100, and a
vertically (or homeotropically) aligned liquid crystal layer 3
interposed between the TFT array panel 100 and the color
filter array panel 200.

[0062]

[0063] A plurality of gate lines 121 are formed on an
insulating substrate 110 and a plurality of data lines 171 are
formed thereon. The gate lines 121 and the data lines 171 are
insulated from each other and intersect each other to define
a plurality of pixel areas.

[0064] Each pixel area is provided with a PE 190, a DCE
178, first and second PE TFTs, and a DCE TFT.

[0065] The first PE TFT has three terminals, a first gate
electrode 123ab, a first source electrode 173ab and a first
drain electrode 1754, while the second PE TFT has three
terminals, the first gate electrode 123ab, the first source
electrode 173ab and a second drain electrode 175b. The
DCE TFT has three terminals, a second gate electrode 123c,
a second source electrode 173c¢, and a third drain electrode
175¢.

[0066] The first PE TFT is provided for switching main
data voltages transmitted to the pixel electrode 190, while
the second PE TFT and the DCE TFT is provided for
providing initial voltage differences between the pixel elec-
trode 190 and the DCE 178.

[0067] The gate electrode 123ab, the source electrode
173ab, and the drain electrode 175 of the first PE TFT are
connected to corresponding one of the gate lines 121, one of
the data lines 171, and the pixel electrode 190, respectively.
The gate electrode 123ab, the source electrode 173ab, and

where V2 is a voltage across the capacitor C2.

From the voltage distribution law,

The TFT array panel 100 is now described in detail.
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the drain electrode 175b of the second PE TFT are connected
to a previous one of the gate lines 121, the data line 171, and
the pixel electrode 190. The gate electrode 123c, the source
electrode 173c¢, and the drain electrode 175¢ of the DCE TET
are connected to the previous gate line 121, corresponding
one of the storage electrode lines 131, and the DCE 178,
respectively. The DCE 178 is applied with a direction-
controlling voltage for controlling the pre-tilts of the liquid
crystal molecules to generate a direction-controlling electric
field between the DCE 178 and the common electrode 270.
The DCE 178 is formed in a step for forming the data lines
171.

[0068] The layered structure of the TFT array panel will be
described in detail.

[0069] A plurality of gate lines 121 and a plurality of pairs
of first and second storage electrode lines 131a and 1315 are
formed on an insulating substrate 110.

[0070] Each gate line 121 extends substantially in a trans-
verse direction and it includes a plurality of pairs of branches
forming first and second gate electrodes 123ab and 123¢ and
an expanded end portion 125 for signal reception from an
external device.

[0071] Each storage electrode line 131a or 1315 extends
substantially in the transverse direction although it has some
curves. Each pair of storage electrode lines 131¢ and 1315
include a plurality of sets of branches forming first fourth
storage electrodes 133a, 133b, 1344 and 134a. The first and
the second storage electrodes 133a and 133b are branched
from the first and the second storage electrode lines 1314
and 13b in a longitudinal direction, respectively. The third
and the fourth storage electrodes 134a and 134b are
branched from the first and the second storage electrode
lines 131 and 1315 in the longitudinal direction and they
are curved to extend in oblique directions. The first storage
electrode lines 131 and the second storage electrode lines
1315 have inversion symmetry.

[0072] The gate lines 121 and the storage electrode lines
1314 and 1315 are preferably made of Al, Cr or their alloys,
Mo or Mo alloy. If necessary, the gate lines 121 and the
storage electrode lines 131a and 1315 include a first layer
preferably made of Cr or Mo alloys having excellent physi-
cal and chemical characteristics and a second layer prefer-
ably made of Al or Ag alloys having low resistivity.

[0073] A gate-insulating layer 140 is formed on the gate
lines 121 and the storage electrode lines 131a and 1315.

[0074] A semiconductor layer 151, 154ab and 154¢ pref-
erably made of amorphous silicon is formed on the gate
insulating layer 140. The semiconductor layer 151, 154ab
and 154c¢ includes a plurality of first and second channel
semiconductors 154ab and 154¢ forming channels of TFTs
and a plurality of data-line semiconductors 151 located
under the data lines 171.

[0075] An ohmic contact layer 161, 163ab, 163c, 1654,
165b and 165c¢ preferably made of silicide or n+ hydroge-
nated amorphous silicon heavily doped with n type impurity
is formed on the semiconductor layer 151, 154ab and 154c¢.

[0076] Aplurality of data lines 171 including a plurality of
first source electrodes 173ab, a plurality of second source
electrodes 173c, a plurality of first, second and third drain
electrodes 175a, 175b and 175¢, and a plurality of DCEs 178
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and 178a-178¢ are formed on the ohmic contact layer 161,
163ab, 163¢, 1654, 165b and 165¢ and the gate insulating
layer 140.

[0077] The data lines 171 extend in the longitudinal direc-
tion and intersect the gate lines 121 to define a plurality of
pixels. The first source electrodes 173ab are branched from
the data lines 171 and extend onto portions 163ab of the
ohmic contact layer. The first and the second drain elec-
trodes 175a and 175b are disposed on portions 165 and
165b of the ohmic contact layer, located opposite each other
with respect to the first source electrodes 173ab, and sepa-
rated from the first source electrodes 173ab. The second
source electrodes 173¢ and the third drain electrodes 175¢
are disposed on respective portions 163c and 165¢ opposite
each other, Each data line 171 includes an expanded end
portion 179 for receiving data voltages from an external
device.

[0078] The DCEs 178 and 1784-178¢ are located in the
pixel areas defined by the intersections of the gate lines 121
and the data lines 171. Each DCE 178 and 178a-178¢
includes a stem 178, a pair of oblique branches 1784 and
178¢ obliquely extending from the stem 178, a transverse
branch 178¢ extending in the transverse direction from the
stem 178, and a pair of curved branches 1784 and 178b
obliquely branched from the transverse branch 178c and
extending in the longitudinal direction.

[0079] The data lines 171, the source electrodes 173ab and
173c, the drain electrodes 1752-175¢, and the DCEs 178 and
178a-178¢ are preferably made of Al, Cr or their alloys, Mo
or Mo alloy. If necessary, the data lines 171, the source
electrodes 173ab and 173c¢, the drain electrodes 175a-175¢,
and the DCEs 178 and 178a-178¢ include a first layer
preferably made of Cr or Mo alloys having excellent physi-
cal and chemical characteristics and a second layer prefer-
ably made of Al or Ag alloys having low resistivity.

[0080] A passivation layer 180 preferably made of silicon
nitride or organic insulator is formed on the data lines 171,
the source electrodes 173ab and 173c, the drain electrodes
175a-175¢, and the DCEs 178 and 178a-178e.

[0081] The passivation layer 180 and the gate insulating
layer 140 are provided with a plurality of contact holes 181
and 182 exposing the first and the second drain electrodes
175a and 175b, a plurality of contact holes 183 exposing the
end portions 125 of the gate lines 121, a plurality of contact
holes 184 exposing the end portions 179 of the data lines
171, a plurality of contact holes 185 exposing the storage
electrode lines 131, and a plurality of contact holes 185
exposing the second source electrodes 173c.

[0082] A plurality of PEs 190, a plurality of contact
assistants 95 and 97, and a plurality of connections 92 are
formed on the passivation layer 180.

[0083] Each PE 190 is connected to the first and the
second drain electrode 1754, 1750 and 175c¢ through the
contact holes 181 and 182, respectively. The PE 190 has a
transverse cutout 191 and a plurality of oblique cutouts
1924, 192b, 193a, 1936, 194a and 194b. The transverse
cutout 191 bisects the PE 190 into upper and lower halves,
and the oblique cutouts 192a, 192b, 1934, 1935, 194 and
194b have inversion symmetry with respect to the transverse
cutout 191. Some cutouts 191, 1924, 1925, 194¢ and 1946
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overlap the DCE 178 and 178a-178¢ while the other cutouts
1932 and 193b overlap the storage electrodes 133a and
133b.

[0084] The connections 92 are connected to the storage
electrode lines 131 through the contact holes 185 and to the
second source electrodes 173c¢ through the contact holes
186.

[0085] The contact assistants 95 and 97 are connected to
the exposed end portions 125 of the gate lines 121 and the
exposed end portions 179 of the data lines 171 through the
contact holes 183 and 184, respectively.

[0086] The PEs 190, the connections 92, and the contact
assistants 95 and 97 are are preferably formed of 1ZO or
ITO.

[0087] To summarize, each PE 190 has the plurality of
cutouts 191, 1924, 192b, 1934, 193b, 1944 and 194b, and
some cutouts 191, 192a, 192b, 1944 and 194b overlap the
DCE 178 and 1784-178¢. The DCE 178 and 178a-178¢ and
the cutouts 191, 1924, 1925, 1944 and 194b are aligned such
that the DCE 178 and 1784-178¢ is exposed through the
cutouts 191, 1924, 1926, 1944 and 1945 to be seen in front
view.

[0088] The cutouts 191, 1924, 192b, 193a,193b, 1944 and
194b partition the PE 190 into a plurality of subareas, and
liquid crystal regions located on the subareas are called
domains. The domains disposed opposite each other with
respect to a cutout have different tilt directions and they are
classified into four groups based on the tilt directions.

[0089] The DCE 178 and 178a-178e¢ is connected to the
DCE TFT, while the PE 190 is connected to the first and the
second PE TFT.

[0090] According to another embodiment of the present
invention, the DCEs 178 and 178a-178¢ include substan-
tially the same layer as the gate lines 121. Portions of the
passivation layer 180 located on the DCEs 178 and 178a-
178¢ may be removed to form a plurality of openings.

[0091]

[0092] A black matrix 220 for preventing light leakage, a
plurality of red, green and blue color filters 230, and a
common electrode 270 preferably made of a transparent
conductor such as ITO or IZO are formed on an upper
substrate 210 preferably made of transparent insulating
material such glass.

[0093] A plurality of liquid crystal molecules contained in
the liquid crystal layer 3 is aligned such that their director is
perpendicular to the lower and the upper substrates 110 and
210 in absence of electric field. The liquid crystal layer 3 has
negative dielectric anisotropy.

[0094] The TFT array panel 110 and the color filter panel
200 are aligned such that the PEs 190 match and overlap the
color filters 230. In this way, a pixel region is divided into
a plurality of domains by the cutouts 191, 1924, 1925, 1934,
193b, 194a and 194b. The alignment of the liquid crystal
layer 3 in each domain is stabilized by the DCE 178 and
178a-178e.

[0095] This embodiment illustrates the liquid crystal layer
3 having negative dielectric anisotropy and homeotropic
alignment with respect to the substrates 110 and 210. How-

The upper panel 200 will no be described in detail.
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ever, the liquid crystal layer 3 may have positive dielectric
anisotropy and homogeneous alignment with respect to the
substrates 110 and 210.

[0096] A TFT array panel according to another embodi-
ment of the present invention may be manufactured using
four photo-etching steps. In this case, a semiconductor layer
may have substantially the same planar shape as data lines,
source electrode, drain electrodes, DCEs, and underlying
ohmic contacts, which is resulted from the patterning using
a single photoresist.

[0097] In the above-structured liquid crystal display, the
domain partitioning is made by way of the apertures of the
PE, and the domain stability is reinforced by way of the
direction control electrode and the storage electrode. There-
fore, the domain partitioning depends upon the arrangement
of the PE apertures, the direction control electrode and the
storage electrode, and the domain stability is also largely
influenced by the arrangement.

[0098] An exemplary TFT array panel for an LCD accord-
ing to another embodiment of the present invention is
described in detail with reference to FIG. 6.

[0099] FIG. 6 is a layout view of an LCD according to
another embodiment of the present invention.

[0100] As shown in FIG. 6, a source electrode 173ab has
a W shape partly enclosing drain electrodes 175¢ and 175b
so that the width of channels of TFTs is increased.

[0101] Other structures of the TFT panel shown in FIG. 6
are similar to those shown in FIG. 2.

[0102] An exemplary TFT array panel for an LCD accord-
ing to another embodiment of the present invention is
described in detail with reference to FIG. 7.

[0103] FIG. 7 is a layout view of an LCD according to
another embodiment of the present invention.

[0104] Asshown in FIG. 7, a pair of oblique cutouts 1944
and 194b of a PE 190 end far from an upper edge of the PE
190, and a pair of other oblique cutouts 195 and 195b
opposite the cutouts 194¢ and 194b are additionally pro-
vided at the PE 190 such that a bridge connecting partitions
of the PE 190 located opposite each other with respect to the
cutouts 194, 194b, 1954 and 195b.

[0105] Other structures of the TFT panel shown in FIG. 6
are similar to those shown in FIG. 2.

[0106] As described above, the application of the common
voltage to the DCE via the storage electrodes stabilizes the
textures in a three color LCD as well as a four color LCD
including white pixels.

[0107] 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 substitutions 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 is:
1. A thin film transistor array panel comprising:

an insulating substrate;

a pair of first and second signal lines formed on the
insulating substrate;,
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a third signal line formed on the insulating substrate and
intersecting the first and the second signal lines in an
insulating manner;

a fourth signal line formed on the insulating substrate and
intersecting the second signal line in an insulating
manner;

a pixel electrode formed in a pixel area defined by the
intersections of the first and the second signal lines and
the third signal line and including a plurality of subar-
eas partitioned by cutouts;

a direction control electrode formed in the pixel area and
including a portion overlapping at least one of the
cutouts;

a first thin film transistor connected to the pixel electrode,
the first signal line, and the third signal line;,

a second thin film transistor connected to the pixel elec-
trode, the second signal line, and the third signal line;
and

a third thin film transistor connected to the direction
control electrode, the second signal line, and the fourth
signal line.
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2. The thin film transistor array panel of claim 1, wherein
the fourth signal line includes a portion overlapping at least
one of the cutouts which does not overlap the direction
control electrode.

3. The thin film transistor array panel of claim 2, further
comprising a fifth signal line placed between the first and the
second signal lines, wherein the fourth signal line is located
between the first and the second signal lines and the fourth
and the fifth signal lines have inversion symmetry.

4. The thin film transistor array panel of claim 1, wherein
the fourth signal line is supplied with a common voltage.

5. The thin film transistor array panel of claim 1, wherein
the cutouts comprise a transverse cutout bisecting the pixel
electrode into upper and lower halves and a plurality of
oblique cutouts having inversion symmetry with respect to
the transverse cutout.

6. The thin film transistor array panel of claim 2, wherein
the direction control electrode comprises substantially the
same layer as the third signal line.
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