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7) ABSTRACT

A liquid crystal display is provided, which includes a thin
film transistor array panel and a common electrode panel
facing the thin film transistor array panel. The thin film
transistor array panel includes a first gate line; a data line
intersecting the gate line; a first thin film transistor including
a gate electrode connected to the gate line, a source electrode
connected to the data line, and a drain electrode; a first pixel
electrode connected to the drain electrode; and a capacitor
electrode overlapping at least one of the pixel electrode and
the drain electrode with interposing an insulator. The com-
mon electrode panel includes a common electrode that faces
the pixel electrode and has an opening facing at least one of
the drain electrode and the capacitor electrode.
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LIQUID CRYSTAL DISPLAY AND THIN FILM
TRANSISTOR ARRAY PANEL THEREFOR

BACKGROUND OF THE INVENTION
[0001]

[0002] The present invention relates to a liquid crystal
display and a thin film transistor array panel therefor.

[0003] (b) Description of the Related Art

[0004] A liquid crystal display (LCD) is one of the most
widely used flat panel displays. An LCD includes a liquid
crystal (LC) layer interposed between a pair of panels
provided with field-generating electrodes. The LC layer is
subject to an electric field generated by the electrodes and
variations in the field strength change the molecular orien-
tation of the LC layer, which in turn change the polarization
of light passing through the LC layer. Appropriately dis-
posed polarizer(s) change the light transmittance based on
the polarization of the light.

[0005] One measure of LCD quality is a viewing angle
that is defined by angle where the LCD exhibits a predeter-
mined contrast ratio. Various techniques for enlarging the
viewing angle have been suggested, including a technique
utilizing a vertically aligned LC layer and providing cutouts
or protrusions at the field-generating electrodes such as pixel
electrodes and a common electrode.

[0006] However, cutouts and the protrusions reduce the
aperture ratio. To increase aperture ratio, it has been sug-
gested that the size of the pixel electrodes be maximized.
However, maximization of the size of the pixel electrodes
results in a close distance between the pixel electrodes,
causing strong lateral electric fields between the pixel elec-
trodes. The strong electric fields cause unwanted altering of
the orientation of the LC molecules, yielding textures and
light leakage and deteriorating display characteristics. The
textures and the light leakage may be screened by a wide
black matrix, which also reduces the aperture ratio.

[0007] In the meantime, a pixel electrode and a common
electrode form a capacitor interposing a liquid crystal layer
called a LC capacitor, and a pixel electrode and a signal line
provided on the panels form an auxiliary capacitor called a
storage capacitor that is connected in parallel to the LC
capacitor. The capacitances between the LC capacitor and
the storage capacitor have appropriate values and appropri-
ate ratios for sufficiently charging the capacitors.

[0008] However, the LC capacitance may be rapidly
increased as the size of the LCD and the pixel electrodes
increases since it is proportional to square of the pitch of the
pixel electrodes. The increase of the LC capacitance
decreases the charging rate of the LC capacitor and increases
the response time of the liquid crystal. Although the decrease
of the charging rate may be compensated by increasing the
storage capacitance and the increase of the response time
may be compensated by increasing the width of the cutouts
or the protrusions, it causes the decrease of the aperture
ratio.

(a) Field of the Invention

SUMMARY OF THE INVENTION

[0009] A motivation of the present invention is to provide
an LCD having optimized L.C capacitance.
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[0010] Another motivation of the present invention is to
provide an LCD having sufficient aperture ratio.

[0011] Another motivation of the present invention is to
provide an LCD having stable liquid crystal alignment.

[0012] Another motivation of the present invention is to
provide a pixel configuration easily applicable to any LCD.

[0013] Aliquid crystal display is provided, which includes
a thin film transistor array panel and a common electrode
panel facing the thin film transistor array panel. The thin film
transistor array panel includes a first gate line; a data line
intersecting the gate line; a first thin film transistor including
a gate electrode connected to the gate line, a source electrode
connected to the data line, and a drain electrode; a first pixel
electrode connected to the drain electrode; and a capacitor
electrode overlapping at least one of the pixel electrode and
the drain electrode with interposing an insulator. The com-
mon electrode panel includes a common electrode that faces
the pixel electrode and has an opening facing at least one of
the drain electrode and the capacitor electrode.

[0014] The data line may include a curved portion and an
intersecting portion connected to the curved portion and
intersecting the gate line. The curved portion of the data line
may include a pair of rectilinear portions connected to each
other and making an angle of about 45 degrees with the gate
line. The pixel electrode may be curved along the curved
portion of the data line.

[0015] The pixel electrode may overlap the data line at
least in part.

[0016] The liquid crystal display may further include: a
second gate line separated from the first gate line and the
data line and disposed adjacent to the first pixel electrode; a
second thin film transistor connected to the second gate ling;
a second pixel electrode connected to the second thin film
transistor.

[0017] The capacitor electrode may be connected to the
second gate line and the liquid crystal display may further
include a capacitor conductor electrically connected to the
pixel electrode and disposed between the capacitor electrode
and the pixel electrode.

[0018] However, the capacitor electrode may be discon-
nected from the second gate line.

[0019] The liquid crystal display may further include a
color filter disposed on either of the thin film transistor array
panel and the common electrode panel.

[0020] The Liquid crystal display may further include a
liquid crystal layer interposed between the thin film transis-
tor array panel and the common electrode panel.

[0021] The liquid crystal layer may have negative anisot-
ropy and substantially vertical alignment. The liquid crystal
display may further include a tilt control member controlling
tilt directions of molecules in the liquid crystal layer, and the
tilt control member may include a cutout in the pixel
electrode or the common electrode, or a protrusion on the
pixel electrode or the common electrode.

[0022] The liquid crystal display may further include a
semiconductor layer disposed opposite the gate electrode
and including a first portion located between the source
electrode and the drain electrode. The semiconductor layer
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may further include a second portion disposed under the data
line. The semiconductor layer may have substantially the
same planar pattern as the data line, the source electrode, and
the drain electrode except for the first portion.

[0023] Athin film transistor array panel is provided, which
includes: a substrate; a gate line formed on the substrate and
including a gate electrode; a data line formed on the sub-
strate and including a curved portion and an intersecting
portion crossing the gate line; a thin film transistor including
a gate electrode connected to the gate line, a source electrode
connected to the data line, and a drain electrode; a pixel
electrode connected to the drain electrode; and a storage
electrode overlapping at least one of the pixel electrode and
the drain electrode with interposing an insulator, wherein at
least one of the drain electrode and the storage electrode
includes a portion extending parallel to the curved portion of
the data line.

[0024] The curved portion of the data line comprises a pair
of portions making a clockwise angle of about 45 degrees
and a counterclockwise angle of about 45 degrees with
respect to the gate line, respectively.

[0025] The drain electrode and the storage electrode may
overlap each other.

[0026] The source electrode may be connected to the
intersecting portion of the data line.

[0027] The pixel electrode may be curved along the
curved portion of the data line.

[0028] The pixel electrode may overlap the data line at
least in part.

[0029] The pixel electrode may include a pair partitions
interposing a cutout therebetween.

[0030] The thin film transistor array panel may further
include a semiconductor layer disposed opposite the gate
electrode and including a first portion located between the
source electrode and the drain electrode. The semiconductor
layer may further include a second portion disposed under
the data line. The semiconductor layer may have substan-
tially the same planar pattern as the data line, the source
electrode, and the drain electrode except for the first portion.

[0031] Aliquid crystal display is provided, which includes
a thin film transistor array panel and a common electrode
panel facing the thin film transistor array panel. The thin film
transistor array panel includes: a substrate; a gate line
formed on the substrate and including a gate electrode; a
data line formed on the substrate and including a curved
portion and an intersecting portion crossing the gate line; a
thin film transistor including a gate electrode connected to
the gate line, a source electrode connected to the data line,
and a drain electrode; a pixel electrode connected to the
drain electrode; and a storage electrode overlapping at least
one of the pixel electrode and the drain electrode with
interposing an insulator. The common electrode panel
includes a common electrode that faces the pixel electrode.

[0032] The liquid crystal display may further include a
color filter disposed on either of the thin film transistor array
panel and the common electrode panel.

[0033] The liquid crystal display may further include a
liquid crystal layer interposed between the thin film transis-
tor array panel and the common electrode panel and having
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negative anisotropy and substantially vertical alignment.
The liquid crystal display may further include a tilt control
member controlling tilt directions of molecules in the liquid
crystal layer. The tilt control member may include a cutout
in the pixel electrode or the common electrode, or a protru-
sion on the pixel electrode or the common electrode.

[0034] The tilt control member may be curved in parallel
to the data line. The tilt control member faces at least one of
the drain electrode and the storage electrode.

BRIEF DESCRIPTION OF THE DRAWINGS

[0035] The present invention will become more apparent
by describing embodiments thereof in detail with reference
to the accompanying drawings in which:

[0036] FIG.1is alayout view of a TFT array panel for an
LCD according to an embodiment of the present invention;

[0037] FIG. 2 is a layout view of a common electrode
panel for an LCD according to an embodiment of the present
invention;

[0038] FIG. 3 is a layout view of an LCD including the
TFT array panel shown in FIG. 1 and the common electrode
panel shown in FIG. 2;

[0039] FIG. 4 is a sectional view of the LCD shown in
FIG. 3 taken along the line IV-IV',

[0040] FIG. 5 is a sectional view of the LCD shown in
FIG. 3 taken along the lines V-V' and V'-V";

[0041] FIG. 6 is a layout view of a TFT array panel for an
LCD according to another embodiment of the present inven-
tion;

[0042] FIG. 7 is a sectional view of an LCD including the
TFT array panel shown in FIG. 6 taken along the line
VII-VII;

[0043] FIG. 8 is a sectional view of an LCD including the
TFT array panel shown in FIG. 6 taken along the lines
VIII-VIII' and VII'-VIIT",

[0044] FIG. 9 is a layout view of an LCD according to
another embodiment of the present invention;

[0045] FIG. 10 is a sectional view of the LCD shown in
FIG. 9 taken along the line X-X

[0046] FIG. 11 is a layout view of an L.CD according to
another embodiment of the present invention;

[0047] FIG. 12 is a sectional view of the LCD shown in
FIG. 11 taken along the line XII-XII;

[0048] FIG. 13 is a layout view of an L.CD according to
another embodiment of the present invention;

[0049] FIG. 14 is a sectional view of the LCD shown in
FIG. 13 taken along the line XIV-XIV';

[0050] FIG. 15 is a sectional view of the LCD shown in
FIG. 13 taken along the lines XV-XV' and XV'-XV";

[0051] FIG. 16 is a layout view of an LCD according to
another embodiment of the present invention;

[0052] FIG. 17 is a sectional view of a TFT array panel of
the LCD shown in FIG. 16 taken along the line XVII-XVIT';
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[0053] FIG. 18 is a layout view of a TFT array panel for
an LCD according to another embodiment of the present
invention;

[0054] FIG. 19 is a layout view of a common electrode
panel for an LCD according to another embodiment of the
present invention;

[0055] FIG. 20 is a layout view of an LCD including the
TFT array panel shown in FIG. 18 and the common elec-
trode panel shown in FIG. 19;

[0056] FIG. 21 is a sectional view of the LCD shown in
FIG. 20 taken along the line XXI-XXT',

[0057] FIG. 22 is a sectional view of the LCD shown in
FIG. 20 taken along the lines XXII-XXII' and XXII'-XXII";

[0058] FIG. 23 is a layout view of a TFT array panel for
an LCD according to another embodiment of the present
invention;

[0059] FIG. 24 is a sectional view of an LCD including
the TFT array panel shown in FIG. 23 taken along the line
XXIV-XXIV';

[0060] FIG. 25 is a sectional view of an LCD including
the TFT array panel shown in FIG. 23 taken along the lines
XXV-XXV' and XXV'-XXV";

[0061] FIG. 26 is a layout view of an LCD according to
another embodiment of the present invention; and

[0062] FIG. 27 is a sectional view of the LCD shown in
FIG. 26 taken along the line XXVII-XXVII'.

DETAILED DESCRIPTION OF EMBODIMENTS

[0063] The present invention now will be described more
fully hereinafter with reference to the accompanying draw-
ings, in which preferred embodiments of the 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.

[0064] In the drawings, the thickness of layers, films 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, film, 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.

[0065] Now, liquid crystal displays and thin film transistor
(TFT) array panels for LCDs according to embodiments of
the present invention will be described with reference to the
accompanying drawings.

[0066] An LCD according to an embodiment of the
present invention is described in detail with reference to
FIGS. 1-5.

[0067] FIG. 1is alayout view of a TFT array panel for an
LCD according to an embodiment of the present invention,
FIG. 2 is a layout view of a common electrode panel for an
LCD according to an embodiment of the present invention,
FIG. 3 is a layout view of an LCD including the TFT array
panel shown in FIG. 1 and the common electrode panel
shown in FIG. 2, FIG. 4 is a sectional view of the LCD
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shown in FIG. 3 taken along the line IV-IV', and FIG. 5 is
asectional view of the LCD shown in FIG. 3 taken along the
lines V-V' and V'-V".

[0068] An LCD according to an embodiment of the
present invention includes a TFT array panel 100, a common
electrode panel 200 facing the TFT array panel 100, and a
LC layer 300 interposed between the TFT array panel 100
and the common electrode panel 200.

[0069] The TFT array panel 100 is now described in detail
with reference to FIGS. 1, 4 and 5.

[0070] A plurality of gate lines 121 and a plurality of
storage electrode lines 131 are formed on an insulating
substrate 110.

[0071] The gate lines 121 extend substantially in a trans-
verse direction and are separated from each other and
transmit gate signals. Each gate line 121 includes a plurality
of projections forming a plurality of gate electrodes 123 and
an end portion 125 having a large area for contact with
another layer or an external device.

[0072] Each storage electrode line 131 extends substan-
tially in the transverse direction and includes a plurality of
projections forming storage electrodes 133. Each storage
electrode 133 has a shape of a diamond or a rectangle rotated
by about 45 degrees and they are located close to the gate
lines 121. The storage electrode lines 131 are supplied with
a predetermined voltage such as a common voltage, which
is applied to a common electrode 270 on the common
electrode panel 200 of the LCD.

[0073] The gate lines 121 and the storage electrode lines
131 have a multi-layered structure including two films
having different physical characteristics, a lower film and an
upper film. The upper film is preferably made of low
resistivity metal including Al containing metal such as Al
and Al alloy, Ag containing metal such as Ag and Ag alloy,
or Cu containing metal such as Cu and Cu alloy for reducing
signal delay or voltage drop in the gate lines 121 and the
storage electrode lines 131. On the other hand, the lower film
is preferably made of material such as Cr, Mo, Mo alloy, Ta,
or Ti, which has good physical, chemical, and electrical
contact characteristics with other materials such as indium
tin oxide (ITO) or indium zinc oxide (IZO). A good exem-
plary combination of the lower film material and the upper
film material is Cr and Al—Nd alloy. In FIG. 4, the lower
and the upper films of the gate electrodes 123 are indicated
by reference numerals 231 and 232, respectively, the lower
and the upper films of the end portions 125 are indicated by
reference numerals 251 and 252, respectively, and the lower
and the upper films of the storage electrodes 133 are
indicated by reference numerals 331 and 332, respectively.
Portions of the upper film 252 of the end portions 125 of the
gate lines 121 are removed to expose the underlying portions
of the lower films 251.

[0074] The gate lines 121 and the storage electrode lines
131 may have a single layer structure or may include three
or more layers.

[0075] In addition, the lateral sides of the gate lines 121
and the storage electrode lines 131 are inclined relative to a
surface of the substrate 110, and the inclination angle thereof
ranges about 30-80 degrees.
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[0076] A gate insulating layer 140 preferably made of
silicon nitride (SINx) is formed on the gate lines 121 and the
storage electrode lines 131.

[0077] A plurality of semiconductor stripes 151 preferably
made of hydrogenated amorphous silicon (abbreviated as
“a-Si”) or polysilicon are formed on the gate insulating layer
140. Each semiconductor stripe 151 extends substantially in
the longitudinal direction while it is curved periodically.
Each semiconductor stripe 151 has a plurality of projections
154 branched out toward the gate electrodes 123.

[0078] Aplurality of ohmic contact stripes and islands 161
and 165 preferably made of silicide or n+ hydrogenated a-Si
heavily doped with n type impurity such as phosphorous (P)
are formed on the semiconductor stripes 151. Each ohmic
contact stripe 161 has a plurality of projections 163, and the
projections 163 and the ohmic contact islands 165 are
located in pairs on the projections 154 of the semiconductor
stripes 151.

[0079] The lateral sides of the semiconductor stripes 151
and the ohmic contacts 161 and 165 are inclined relative to
the surface of the substrate 110, and the inclination angles
thereof are preferably in a range between about 30-80
degrees.

[0080] A plurality of data lines 171 and a plurality of drain
electrodes 175 separated from each other are formed on the
ohmic contacts 161 and 165 and the gate insulating layer
140.

[0081] The data lines 171 for transmitting data voltages
extend substantially in the longitudinal direction and inter-
sect the gate lines 121 and the storage electrode lines 131.
Each data line 171 has an end portion 179 having a large area
for contact with another layer or an external device and it
includes a plurality of pairs of oblique portions and a
plurality of longitudinal portions such that it curves peri-
odically. A pair of oblique portions are connected to each
other to form a chevron and opposite ends of the pair of
oblique portions are connected to respective longitudinal
portions. The oblique portions of the data lines 171 make an
angle of about 45 degrees with the gate lines 121, and the
longitudinal portions cross over the gate electrodes 123. The
length of a pair of oblique portions is about one to nine times
the length of a longitudinal portion, that is, it occupies about
50-90 percents of the total length of the pair of oblique
portions and the longitudinal portion.

[0082] Each drain electrode 175 includes a rectangular or
rhombic expansion overlapping a storage electrode 133. The
edges of the expansion of the drain electrode 175 are
substantially parallel to the edges of the storage electrodes
133. Each longitudinal portion of the data lines 171 includes
a plurality of projections such that the longitudinal portion
including the projections forms a source electrode 173 partly
enclosing an end portion of a drain electrode 175. Each set
of a gate electrode 123, a source electrode 173, and a drain
electrode 175 along with a projection 154 of a semiconduc-
tor stripe 151 form a TFT having a channel formed in the
semiconductor projection 154 disposed between the source
electrode 173 and the drain electrode 175.

[0083] The datalines 171 and the drain electrodes 175 also
include a lower film 711 and 751 preferably made of Mo, Mo
alloy or Cr and an upper film 712 and 752 located thereon
and preferably made of Al containing metal. In FIGS. 4 and
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5, the lower and the upper films of the source electrodes 173
are indicated by reference numerals 731 and 732, respec-
tively, and the lower and the upper films of the end portions
179 of the data lines 171 are indicated by reference numerals
791 and 792, respectively. Portion of the upper films 792,
752 of the expansions 179 of the data lines 171 and the drain
electrodes 175 are removed to expose the underlying por-
tions of the lower films 791 and 751.

[0084] Like the gate lines 121 and the storage electrode
lines 131, the data lines 171 and the drain electrodes 175
have inclined lateral sides, and the inclination angles thereof
range about 30-80 degrees.

[0085] The ohmic contacts 161 and 165 are interposed
only between the underlying semiconductor stripes 151 and
the overlying data lines 171 and the overlying drain elec-
trodes 175 thereon and reduce the contact resistance ther-
ebetween.

[0086] A passivation layer 180 is formed on the data lines
171 and the drain electrodes 175, and exposed portions of
the semiconductor stripes 151, which are not covered with
the data lines 171 and the drain electrodes 175. The passi-
vation layer 180 is preferably made of photosensitive
organic material having a good flatness characteristic, low
dielectric insulating material such as a-Si:C:O and a-Si:O:F
formed by plasma enhanced chemical vapor deposition
(PECVD), or inorganic material such as silicon nitride and
silicon oxide. The passivation layer 180 may have a double-
layered structure including a lower inorganic film and an
upper organic film.

[0087] The passivation layer 180 has a plurality of contact
holes 1815 and 1835 exposing the drain electrodes 175 and
the end portions 179 of the data lines 171, respectively. The
passivation layer 180 and the gate insulating layer 140 have
a plurality of contact holes 182b exposing the end portions
125 of the gate lines 121. The contact holes 181b, 1825 and
183b can have various shapes such as polygon or circle. The
area of each contact hole 182b or 1835 is preferably equal
to or larger than about 0.5 mmx15 g#m and not larger than
about 2 mmx60 um. The sidewalls 181a, 182a and 183a of
the contact holes 1815, 182b and 1835H are inclined with an
angle of about 30-85 degrees or have stepwise profiles.

[0088] A plurality of pixel ¢lectrodes 190 and a plurality
of contact assistants 95 and 97, which are preferably made
of ITO or 1ZO, are formed on the passivation layer 180.
Alternatively, the pixel electrodes 191 may be made of
transparent conductive polymer, and, for a reflective LCD,
the pixel electrodes 191 are made of opaque reflective metal.
In these cases, the contact assistants 192 and 199 may be
made of material such as ITO or IZO different from the pixel
electrodes 191.

[0089] Each pixel electrode 190 is located substantially in
an area enclosed by the data lines 171 and the gate lines 121,
and thus it also forms a chevron. The pixel electrodes 190
cover the storage electrode lines 131 including the storage
electrodes 133 and the expansions of the drain electrodes
175 and have chamfered edges substantially parallel to
edges of the storage electrodes 133 that are close to the
chamfered edges.

[0090] The pixel electrodes 190 are physically and elec-
trically connected to the drain electrodes 175 through the
contact holes 1815 such that the pixel electrodes 190 receive
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the data voltages from the drain electrodes 175. The pixel
electrodes 190 supplied with the data voltages generate
electric fields in cooperation with the common electrode
270, which reorient liquid crystal molecules 310 disposed
therebetween.

[0091] A pixel electrode 190 and a common electrode
form a capacitor called a “liquid crystal capacitor,” which
stores applied voltages after turn-off of the TFT. An addi-
tional capacitor called a “storage capacitor,” which is con-
nected in parallel to the liquid crystal capacitor, is provided
for enhancing the voltage storing capacity. The storage
capacitors are implemented by overlapping the pixel elec-
trodes 190 with the storage electrode lines 131. The capaci-
tances of the storage capacitors, i.¢., the storage capacitances
are increased by providing the projections (i.e., the storage
electrodes) 133 at the storage electrode lines 131, elongating
the drain electrodes 175 connected to the pixel electrodes
190, and providing the expansions at the drain electrodes
175 overlapping the storage electrodes 133 of the storage
electrode lines 131 for decreasing the distance between the
terminals and increasing the overlapping areas.

[0092] The pixel electrodes 190 overlap the data lines 171
as well as the gate lines 121 to increase aperture ratio.

[0093] 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 1815 and 182b, respectively. The contact
assistants 95 and 97 protect the exposed portions 125 and
179 and complement the adhesiveness of the exposed por-
tions 125 and 179 and external devices.

[0094] Finally, an alignment layer 11 is formed on the
pixel electrodes 190 and the passivation layer 180.

[0095] The description of the common electrode panel 200
follows with reference to FIGS. 2, 4 and §.

[0096] Alight blocking member called a black matrix 220
is formed on an insulating substrate 210 such as transparent
glass and it includes a plurality of oblique portions facing the
oblique portions of the data lines 171 and a plurality of
right-angled-triangular portions facing the TFTs and the
longitudinal portions of the data lines 171 such that the light
blocking member 220 prevents light leakage between the
pixel electrodes 190 and defines open areas facing the pixel
electrodes 190. Each of the triangular portions of the light
blocking member 220 has a hypotenuse parallel to a cham-
fered edge of a pixel electrode 190.

[0097] A plurality of color filters 230 are formed on the
substrate 210 and the light blocking member 220 and it is
disposed substantially in the open areas defined by the light
blocking member 220. The color filters 230 disposed in
adjacent two data lines 171 and arranged in the longitudinal
direction may be connected to each other to form a stripe.
Each color filter 230 may represent one of three primary
colors such as red, green and blue colors.

[0098] An overcoat 250 preferably made of organic mate-
rial is formed on the color filters 230 and the light blocking
member 220. The overcoat 250 protects the color filters 230
and has a flat top surface.

[0099] A common electrode 270 preferably made of trans-
parent conductive material such as ITO and I1ZO is formed
on the overcoat 250. The common electrode 270 is supplied
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with the common voltage and it has a plurality of chevron-
like cutouts 271 and a plurality of rectangular or rhombic
openings 279.

[0100] Each cutout 271 includes a pair of oblique portions
connected to each other, a transverse portion connected to
one of the oblique portions, and a longitudinal portion
connected to the other of the oblique portions. The oblique
portions of the cutout 271 extend substantially parallel to the
oblique portions of the data lines 171 and face a pixel
electrode 190 so that they may bisect the pixel electrode 190
into left and right halves. The transverse and the longitudinal
portions of the cutout 271 are aligned with transverse and
longitudinal edges of the pixel electrode 190, respectively,
and they make obtuse angles with the oblique portions of the
cutout 190. The cutouts 271 are provided for controlling the
tilt directions of the LC molecules 310 in the LC layer 300
and preferably have a width in a range between about 9-12
microns. The cutouts 271 may be substituted with protru-
sions preferably made of organic material and preferably
having width ranging about 5 microns to 10 microns.

[0101] The openings 279 face the pixel electrodes 190
opposite the drain electrodes 175 or the storage electrodes
133 such that the capacitances of the LC capacitors are
reduced without decreasing the aperture ratio. The figures
show that each opening 279 is connected to a cutout 271, but
it may not.

[0102] When a pixel electrode 190 is enlarged, the capaci-
tance of an associated LC capacitor is also increased. The
increase of the LC capacitance in turn increases the charging
time of the LC capacitor, thereby decreasing the charging
rate thereof. Furthermore, the capacitance of an associated
storage capacitor needs to be increased for maintaining the
capacitance ratio between the I.C capacitor and the storage
capacitor. The increase of the storage capacitance requires a
larger overlapping area between the pixel electrode 190 and
an associated storage electrode 133, and thus a larger area of
the storage electrode 133, thereby decreasing the aperture
ratio. Accordingly, the opening 279 prevents the increase of
the LC capacitance and thus the increase of the storage
capacitance, thereby increasing the charging rate of the LC
capacitor and the aperture ratio.

[0103] Ahomogeneous or homeotropic alignment layer 21
is coated on the common electrode 270.

[0104] Apair of polarizers 12 and 22 are provided on outer
surfaces of the panels 100 and 200 such that their transmis-
sive axes are crossed and one of the transmissive axes is
parallel to the gate lines 121.

[0105] The LCD may further include at least one retarda-
tion film for compensating the retardation of the LC layer
300 and a backlight unit for providing light for the LCD.

[0106] The LC layer 300 has negative dielectric anisot-
ropy and the LC molecules 310 in the LC layer 300 are
aligned such that their long axes are substantially vertical to
the surfaces of the panels 100 and 200 in absence of electric
field.

[0107] Upon application of the common voltage to the
common electrode 270 and a data voltage to the pixel
electrodes 190, a primary electric field substantially perpen-
dicular to the surfaces of the panels 100 and 200 is gener-
ated. The LC molecules 310 tend to change their orientations
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in response to the electric field such that their long axes are
perpendicular to the field direction. In the meantime, the
cutouts 271 of the common electrode 270 and the edges of
the pixel electrodes 190 distort the primary electric field to
have a horizontal component which determines the tilt
directions of the LC molecules 310. The horizontal compo-
nent of the primary electric field is perpendicular to the
edges of the cutouts 271 and the edges of the pixel electrodes
190.

[0108] Accordingly, four sub-regions having different tilt
directions, which are partitioned by edges of a pixel elec-
trode 190, a cutout 271 bisecting the pixel electrode 190, and
an imaginary transverse center line passing through the
meeting point of the oblique portions of the cutout 271, are
formed in a pixel region of the LC layer 300, which are
located on the pixel electrode 190. Each sub-region has two
major edges defined by the cutout 271 and an oblique edge
of the pixel electrode 190, respectively, which are spaced
apart preferably from about 10 microns to about 30 microns.
The number of the sub-regions in a pixel region is preferably
four if the planar area of the pixel region is smaller than
about 100x300 square microns, and, if not, it is preferably
four or eight. The number of the sub-regions can be varied
by changing the number of the cutouts 271 of the common
electrode 270, by providing cutouts at the pixel electrodes
190, or by changing the number of curved points of the
edges of the pixel electrodes 190. The sub-regions are
classified into a plurality of, preferably four, domains based
on the tilt directions.

[0109] In the meantime, the direction of a secondary
electric field due to the voltage difference between the pixel
electrodes 190 is perpendicular to the edges of the cutouts
271. Accordingly, the field direction of the secondary elec-
tric field coincides with that of the horizontal component of
the primary electric field. Consequently, the secondary elec-
tric field between the pixel electrodes 190 enhances the
determination of the tilt directions of the LC molecules 310.

[0110] Since the LCD performs inversion such as dot
inversion, column inversion, etc., adjacent pixel electrodes
are supplied with data voltages having opposite polarity with
respect to the common voltage and thus a secondary electric
field between the adjacent pixel electrodes is almost always
generated to enhance the stability of the domains.

[0111] Since the tilt directions of all domains make an
angle of about 45 degrees with the gate lines 121, which are
parallel to or perpendicular to the edges of the panels 100
and 200, and the 45-degree intersection of the tilt directions
and the transmissive axes of the polarizers gives maximum
transmittance, the polarizers can be attached such that the
transmissive axes of the polarizers are parallel to or perpen-
dicular to the edges of the panels 100 and 200 and it reduces
the production cost.

[0112] The resistance increase of the data lines 171 due to
the curving can be compensated by widening the data lines
171 since distortion of the electric field and increase of the
parasitic capacitance due to the increase of the width of the
data lines 171 can be compensated by maximizing the size
of the pixel electrodes 190 and by adapting a thick organic
passivation layer.

[0113] The LCD shown in FIGS. 1-5 can have several
modifications.
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[0114] For example, the pixel electrodes 191 as well as the
common electrode 270 may have cutouts (not shown) for
generating fringe field. Furthermore, the cutouts may be
substituted with protrusions disposed on the common elec-
trode 270 or the pixel electrodes 190.

[0115] The shapes and the arrangements of the cutouts or
the protrusions may be varied depending on the design
factors such as the size of pixels, the ratio of the transverse
edges and the longitudinal edges of the pixel electrodes, the
type and characteristics of the liquid crystal layer 3, and so
on.

[0116] As another example of the modification, the pixel
electrodes 190 and the common electrode 270 may have no
cutout or protrusion for controlling the molecular tilt direc-
tions of the LC layer.

[0117] As still another example of the modification, the
LC layer 300 may has positive dielectric anisotropy and is
aligned in a twisted nematic mode, where the LC molecules
therein are aligned parallel to surfaces of the panels 100 and
200 and twisted by an approximately right angle from the
TFT array panel 100 to the common electrode panel 200 in
absence of electric field.

[0118] As further another example of the modification, the
pixel electrodes 190, the data lines 171, the semiconductor
stripes 151, the ohmic contact stripes 161, the light blocking
members 220, the color filters 230, etc., may be straight or
rectangular rather than curved, oblique, rhombic, or paral-
lelogrammic.

[0119] A method of manufacturing the TFT array panel
shown in FIGS. 1-5 according to an embodiment of the
present invention will be now described in detail.

[0120] First, a lower conductive film preferably made of
Cr, Mo, or Mo alloy and an upper conductive film preferably
made of Al containing metal or Ag containing metal are
sputtered in sequence on an insulating substrate 110 and they
are wet or dry etched in sequence to form a plurality of gate
lines 121, each including a plurality of gate electrodes 123
and an expansion 125, and a plurality of storage electrode
lines 131 including a plurality of storage electrodes 133.

[0121] After sequential chemical vapor deposition of a
gate insulating layer 140 with thickness of about 1,500-5,
000 A, an intrinsic a-Si layer with thickness of about
500-2,000 A, and an extrinsic a-Si layer with thickness of
about 300-600 A, the extrinsic a-Si layer and the intrinsic
a-Si layer are photo-etched to form a plurality of extrinsic
semiconductor stripes and a plurality of intrinsic semicon-
ductor stripes 151 including a plurality of projections 154 on
the gate insulating layer 140.

[0122] Subsequently, two conductive films including a
lower conductive film and an upper conductive film and
having a thickness of 1,500-3,000 A are sputtered in
sequence and patterned to form a plurality of date lines 171,
each including a plurality of source electrodes 173 and an
expansion 179, and a plurality of drain electrodes 175. The
lower conductive film is preferably made of Cr, Mo, or Mo
alloy, and the upper conductive film is preferably made of Al
containing metal or Ag containing metal.

[0123] Thereafter, portions of the extrinsic semiconductor
stripes, which are not covered with the data lines 171 and the
drain electrodes 175, are removed to complete a plurality of
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ohmic contact stripes 161 including a plurality of projections
163 and a plurality of ohmic contact islands 165 and to
expose portions of the intrinsic semiconductor stripes 151.
Oxvgen plasma treatment preferably follows in order to
stabilize the exposed surfaces of the semiconductor stripes
151.

[0124] Next, a passivation layer 180 made of a photosen-
sitive organic insulator is coated and exposed through a
photo-mask having a plurality of transmissive areas and a
plurality of slit areas disposed around the transmissive areas.
Accordingly, portions of the passivation layer 180 facing the
transmissive areas absorb the full energy of the light, while
portions of the passivation layer 180 facing the slit areas
partially absorb the light energy. The passivation layer 180
is then developed to form a plurality of contact holes 181h
and 183b exposing portions of the drain electrodes 175 and
portions of the expansions 179 of the data lines 171,
respectively, and to form upper portions of a plurality of
contact holes 182b exposing portions of the gate insulating
layer 140 disposed on the expansions 125 of the gate lines
121. Since the portions of the passivation layer 180 facing
the transmissive areas are removed to its full thickness,
while the portions facing the slit areas remain to have
reduced thickness, sidewalls 1814, 182a and 183z of the
contact holes 181b, 182b and 18356 have stepped profiles.

[0125] After removing the exposed portions of the gate
insulating layer 140 to expose the underlying portions of the
expansions 125 of the gate insulating layer 140, the exposed
portions of the upper conductive films 752, 792 and 252 of
the drain electrodes 175, the expansions 179 of the data lines
171, and the expansions 125 of the gate lines 121 are
removed to expose underlying portions of the lower con-
ductive films 751, 791 and 251 of the drain electrodes 175,
the expansions 179 of the data lines 171, and the expansions
125 of the gate lines 121.

[0126] Finally, a plurality of pixel electrodes 190 and a
plurality of contact assistants 92 and 97 are formed on the
passivation layer 180 and on the exposed portions of the
lower conductive films 751, 791 and 251 of the drain
electrodes 175, the expansions 125 of the gate lines 121, and
the expansions 179 of the data lines 171 by sputtering and
photo-etching an IZO or I'TO layer with thickness of about
400-500 A.

[0127] An LCD according to another embodiment of the
present invention will be described in detail with reference
to FIGS. 6-8.

[0128] FIG. 6 is a layout view of a TFT array panel for an
LCD according to another embodiment of the present inven-
tion, FIG. 7 is a sectional view of an LCD including the TFT
array panel shown in FIG. 6 taken along the line VII-VIT,
and FIG. 8 is a sectional view of an LCD including the TET
array panel shown in FIG. 6 taken along the lines VIII-VIIT'
and VIII'-VIII".

[0129] Referring to FIGS. 6-8, an LCD according to this
embodiment also includes a TFT array panel 100, a common
electrode panel 200, and a LC layer 300 interposed therebe-
tween.

[0130] Layered structures of the panels 100 and 200
according to this embodiment are almost the same as those
shown in FIGS. 1-5. In particular, the common electrode
panel 200 may have substantially the same layout as that
shown in FIG. 2.
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[0131] Regarding the TFT array panel 100, a plurality of
gate lines 121 including a plurality of gate electrodes 123
and a plurality of storage electrode lines 131 including a
plurality of storage electrodes 133 are formed on a substrate
110, and a gate insulating layer 140, a plurality of semicon-
ductor stripes 151 including a plurality of projections 154,
and a plurality of ohmic contact stripes 161 including a
plurality of projections 163 and a plurality of ohmic contact
islands 165 are sequentially formed thereon. A plurality of
data lines 171 including a plurality of source electrodes 173
and a plurality of drain electrodes 175 including expansions
are formed on the ohmic contacts 161 and 165, and a
passivation layer 180 is formed thereon. A plurality of
contact holes 181b, 182b and 183b are provided at the
passivation layer 180 and the gate insulating layer 140, and
a plurality of pixel electrodes 190 and a plurality of contact
assistants 95 and 97 are formed on the passivation layer 180.
An alignment layer 11 is formed thereon.

[0132] Regarding the common electrode panel 200, a light
blocking member 220, a plurality of color filters 230, an
overcoat 250, a common electrode 270 having a plurality of
openings 279, and an alignment layer 21 are formed on an
insulating substrate 210.

[0133] Different from the LCD shown in FIGS. 1-5, the
semiconductor stripes 151 have almost the same planar
shapes as the data lines 171 and the drain electrodes 175 as
well as the underlying ohmic contacts 161 and 165. How-
ever, the projections 154 of the semiconductor stripes 151
include some exposed portions, which are not covered with
the data lines 171 and the drain electrodes 175, such as
portions located between the source electrodes 173 and the
drain electrodes 175.

[0134] A manufacturing method of the TF array panel
according to an embodiment simultaneously forms the data
lines 171, the drain electrodes 175, the semiconductors 151,
and the ohmic contacts 161 and 165 using one photolithog-
raphy process.

[0135] A photoresist pattern for the photolithography pro-
cess has position-dependent thickness, and in particular, it
has first and second portions with decreased thickness. The
first portions are located on wire areas that will be occupied
by the data lines 171 and the drain electrodes 175 and the
second portions are located on channel areas of TFTs.

[0136] The position-dependent thickness of the photore-
sist is obtained by several techniques, for example, by
providing translucent areas on the exposure mask 300 as
well as transparent areas and light blocking opaque areas.
The translucent areas may have a slit pattern, a lattice
pattern, a thin film(s) with intermediate transmittance or
intermediate thickness. When using a slit pattern, it is
preferable that the width of the slits or the distance between
the slits is smaller than the resolution of a light exposer used
for the photolithography. Another example is to use reflow-
able photoresist. In detail, once a photoresist pattern made of
a reflowable material is formed by using a normal exposure
mask only with transparent areas and opaque areas, it is
subject to reflow process to flow onto areas without the
photoresist, thereby forming thin portions.

[0137] As aresult, the manufacturing process is simplified
by omitting a photolithography step.
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[0138] Many of the above-described features of the LCD
shown in FIGS. 1-5 may be appropriate to the LCD shown
in FIGS. 6-8.

[0139] An LCD according to another embodiment of the
present invention will be described in detail with reference
to FIGS. 9 and 10.

[0140] FIG. 9 is a layout view of an LCD according to
another embodiment of the present invention, and FIG. 10
is a sectional view of the LCD shown in FIG. 9 taken along
the line X-X'.

[0141] Referring to FIGS. 9 and 10, an LCD according to
this embodiment also includes a TFT array panel 100, a
common electrode panel 200, and a L.C layer 300 interposed
therebetween.

[0142] Layered structures of the panels 100 and 200
according to this embodiment are almost the same as those
shown in FIGS. 1-5.

[0143] Regarding the TFT array panel 100, a plurality of
gate lines 121 including a plurality of gate electrodes 123
and a plurality of storage electrode lines 131 including a
plurality of storage electrodes 133 are formed on a substrate
110, and a gate insulating layer 140, a plurality of semicon-
ductor stripes 151 including a plurality of projections 154,
and a plurality of ohmic contact stripes 161 including a
plurality of projections 163 and a plurality of ohmic contact
islands 165 are sequentially formed thereon. A plurality of
data lines 171 including a plurality of source electrodes 173
and a plurality of drain electrodes 175 including expansions
are formed on the ohmic contacts 161 and 165, and a
passivation layer 180 is formed thereon. A plurality of
contact holes 181, 182b and 183b are provided at the
passivation layer 180 and the gate insulating layer 140, and
a plurality of pixel electrodes 190 and a plurality of contact
assistants 95 and 97 are formed on the passivation layer 180.
An alignment layer 11 is formed thereon.

[0144] Regarding the common electrode panel 200, a light
blocking member 220, a plurality of color filters 230, an
overcoat 250, a common electrode 270 having a plurality of
openings 279, and an alignment layer 21 are formed on an
insulating substrate 210.

[0145] Different from the LCD shown in FIGS. 1-5, each
pixel electrode 190 has a cutout 191. Each cutout 191
includes a pair of oblique portions that extending parallel to
the data lines 171 and bisects the pixel electrode 190 into left
and right partitions forming pairs of subpixel areas Pa and
Pb. In addition, the common electrode 270 has a plurality of
pairs of cutouts 271a and 271b parallel to the cutouts 191
and bisecting the partitions of the pixel electrodes 190 into
left and right portions. The figures show that a pair of cutouts
271a and 271b are connected by an opening 279 at their
ends.

[0146] In addition, the storage electrodes 133, the expan-
sions of the drain electrodes 175, the contact holes 181
exposing portions of the drain electrodes 175, and the
openings 279 have shapes of parallelogram.

[0147] Although the figures show that a pair of partitions
forming a pixel electrode 190 are interposed between adja-
cent data lines 171, the partitions may be separated by a data
line 171.
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[0148] Many of the above-described features of the LCD
shown in FIGS. 1-5 may be appropriate to the LCD shown
in FIGS. 9 and 10.

[0149] Although FIGS. 1-10 show that the pixel elec-
trodes 190, the data lines 171, etc., are curved, they may be
straight or orthogonal. In addition, the shape and the

arrangement of the cutouts 271 and the openings 279 may be
modified.

[0150] An LCD according to another embodiment of the
present invention will be described in detail with reference
to FIGS. 11 and 12.

[0151] FIG. 11 is a layout view of an LCD according to
another embodiment of the present invention, and FIG. 12
is a sectional view of the LCD shown in FIG. 11 taken along
the line XII-XII'.

[0152] Referring to FIGS. 11 and 12, an LCD according
to this embodiment also includes a TFT array panel 100, a
common electrode panel 200, and a L.C layer 300 interposed
therebetween.

[0153] Layered structures of the panels 100 and 200
according to this embodiment are almost the same as those
shown in FIGS. 1-5.

[0154] Regarding the TET array panel 100, a plurality of
gate lines 121 including a plurality of gate electrodes 123 are
formed on a substrate 110, and a gate insulating layer 140,
a plurality of semiconductor stripes 151 including a plurality
of projections 154, and a plurality of ohmic contact stripes
161 including a plurality of projections 163 and a plurality
of ohmic contact islands 165 are sequentially formed
thereon. A plurality of data lines 171 including a plurality of
source electrodes 173 and a plurality of drain electrodes 175
are formed on the ohmic contacts 161 and 165, and a
passivation layer 180 is formed thereon. A plurality of
contact holes 181, 182 and 183 are provided at the passi-
vation layer 180 and the gate insulating layer 140, and a
plurality of pixel electrodes 190 and a plurality of contact
assistants 95 and 97 are formed on the passivation layer 180.

[0155] Regarding the common electrode panel 200, a light
blocking member 220, a plurality of color filters 230, an
overcoat 250, and a common electrode 270 having a plu-
rality of openings 279 are formed on an insulating substrate
210.

[0156] Different from the LCD shown in FIGS. 1-5, the
pixel electrodes 190, the data lines 171, the semiconductor
stripes 151, the ohmic contact stripes 161, the light blocking
members 220, the color filters 230, etc., are straight or
rectangular rather than curved, oblique, rhombic, or paral-
lelogrammic.

[0157] In addition, the pixel electrodes 190 and the com-
mon electrode 270 have no cutout or protrusion for obtain-
ing multi-domains and the LC layer 300 preferably has
positive dielectric anisotropy and is aligned in a twisted
nematic mode, where the LC molecules therein are aligned
parallel to surfaces of the panels 100 and 200 and twisted by
an approximately right angle from the TFT array panel 100
to the common electrode panel 200 in absence of electric
field. However, it is merely an option.

[0158] Furthermore, the LCD has no storage electrode line
for forming storage capacitors. Instead, each gate line 121
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has a plurality of projections 127 protruding downward to
overlap the pixel electrodes 190, thereby forming storage
capacitors, and a plurality of storage capacitor conductors
177 connected to the pixel electrodes 190 through contact
holes 187 in the passivation layer 180 are interposed
between the pixel electrodes 190 and the projections 127 to
increase the storage capacitances. However, the LCD may
include storage electrode lines under the lack of the storage
capacitance.

[0159] The openings 279 face the projections 127 and the
storage capacitor conductors 177 instead of the drain elec-
trodes 175.

[0160] The gate lines 121, the data lines 171, the drain
electrodes 175, and the storage capacitor conductors 177
consist of a single layer although they may have a multi-
layered structure. The gate lines 121 are preferably made of
Al containing metal, Ag containing metal, Cu containing
metal, Cr, Mo, Mo alloy, Ta, or Ti, and the data lines 171 are
preferably made of refractory metal such as Cr, Mo, Mo
alloy, Ta and Ti.

[0161] The figures show that the semiconductor stripes
151 becomes widened near the gate lines 121 although they
are narrower than the data lines 171 at most places, such that
the surface profile is smoothed to prevent the disconnection
of the data lines 171.

[0162] Many of the above-described features of the LCD
shown in FIGS. 1-5 may be appropriate to the LCD shown
in FIGS. 11 and 12.

[0163] An LCD according to another embodiment of the
present invention will be described in detail with reference
to FIGS. 13-15.

[0164] FIG. 13 is a layout view of an LCD according to
another embodiment of the present invention, FIG. 14 is a
sectional view of the LCD shown in FIG. 13 taken along the
line XIV-XIV', and FIG. 15 is a sectional view of the LCD
shown in FIG. 13 taken along the lines XV-XV' and
XV-XV".

[0165] Referring to FIGS. 13-15, an LCD according to
this embodiment also includes a TFT array panel 100, a
common electrode panel 200, and a T.C layer 300 interposed
therebetween.

[0166] Layered structures of the panels 100 and 200
according to this embodiment are almost the same as those
shown in FIGS. 11 and 12.

[0167] Regarding the TFT array panel 100, a plurality of
gate lines 121 including a plurality of gate electrodes 123 are
formed on a substrate 110, and a gate insulating layer 140,
a plurality of semiconductor stripes 151 including a plurality
of projections 154, and a plurality of ohmic contact stripes
161 including a plurality of projections 163 and a plurality
of ohmic contact islands 165 are sequentially formed
thereon. A plurality of data lines 171 including a plurality of
source electrodes 173 and a plurality of drain electrodes 175
are formed on the ohmic contacts 161 and 165, and a
passivation layer 180 is formed thereon. A plurality of
contact holes 181, 182 and 183 are provided at the passi-
vation layer 180 and the gate insulating layer 140, and a
plurality of pixel electrodes 190 and a plurality of contact
assistants 95 and 97 are formed on the passivation layer 180.
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[0168] Regarding the common electrode panel 200, a light
blocking member 220, a plurality of color filters 230, an
overcoat 250, and a common electrode 270 having a plu-
rality of openings 279 are formed on an insulating substrate
210.

[0169] Different from the LCD shown in FIGS. 11 and
12, the TFT array panel according to this embodiment
provides a plurality of storage electrode lines 131, which are
separated from the gate lines 121, on the same layer as the
gate lines 121 without projections of the gate lines 121. The
storage electrode lines 131 are supplied with a predeter-
mined voltage such as the common voltage. In addition,
without providing the storage capacitor conductors 177
shown in FIGS. 11 and 12, the drain electrodes 175 extend
to overlap the storage electrode lines 131 to form storage
capacitors. The storage electrode lines 131 may be omitted
if the storage capacitance generated by the overlapping of
the gate lines 121 and the pixel electrodes 191 is sufficient.

[0170] The openings 279 face the expansions of the drain
electrodes 175 and the storage electrode lines 131.

[0171] Furthermore, the semiconductor stripes 151 have
almost the same planar shapes as the data lines 171 and the
drain electrodes 175 as well as the underlying ohmic con-
tacts 161 and 165. However, the projections 154 of the
semiconductor stripes 151 include some exposed portions,
which are not covered with the data lines 171 and the drain
electrodes 175, such as portions located between the source
electrodes 173 and the drain electrodes 175.

[0172] Many of the above-described features of the LCD
shown in FIGS. 11 and 12 may be appropriate to the LCD
shown in FIGS. 13-15.

[0173] An LCD according to another embodiment of the
present invention will be described in detail with reference
to FIGS. 16 and 17.

[0174] FIG. 16 is a layout view of an L.CD according to
another embodiment of the present invention and FIG. 17 is
a sectional view of a TFT array panel of the LCD shown in
FIG. 16 taken along the line XVII-XVII'.

[0175] Referring to FIGS. 16 and 17, an LCD according
to this embodiment also includes a TFT array panel 100, a
common electrode panel (not shown), and a LC layer (not
shown) interposed therebetween.

[0176] Layered structures of the panels according to this
embodiment are almost the same as those shown in FIGS.
11 and 12.

[0177] Regarding the TFT array panel 100, a plurality of
gate lines 121 including a plurality of gate electrodes 123
and a plurality of projections 127 are formed on a substrate
110, and a gate insulating layer 140, a plurality of semicon-
ductor stripes 151 including a plurality of projections 154,
and a plurality of ohmic contact stripes 161 including a
plurality of projections 163 and a plurality of ohmic contact
islands 163 are sequentially formed thereon. A plurality of
data lines 171 including a plurality of source electrodes 173,
a plurality of drain electrodes 175, and a plurality of storage
capacitor conductors 177 are formed on the ohmic contacts
161 and 165 and the gate insulating layer 140, and a
passivation layer 180 is formed thereon. A plurality of
contact holes 181, 182, 183 and 187 are provided at the
passivation layer 180 and the gate insulating layer 140, and
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a plurality of pixel electrodes 190 and a plurality of contact
assistants 95 and 97 are formed on the passivation layer 180.

[0178] Regarding the common electrode panel, a light
blocking member (not shown), and a common electrode (not
shown) having a plurality of openings 279 are formed on an
insulating substrate 210.

[0179] Different from the LCD shown in FIGS. 11 and
12, the TFT array panel according to this embodiment
provides a plurality of red, green and blue color filter stripes
R, G and B under the passivation layer 180, while there is
no color filter on the common electrode panel. Each of the
color filter stripes R, G and B are disposed substantially
between adjacent two the data lines 171 and extends in a
longitudinal direction. The color filter stripes R, G and B
have a plurality of openings C1 and C2 exposing the drain
electrodes 175 and the storage capacitor conductors 177 and
surrounding the contact holes 181 and 187, respectively.
However, the contact holes 181 and 187 may fully expose
the openings C1 and C2 and may further expose top surface
of the color filters R, G and B, thereby smoothing the
profiles of the contacts between the pixel electrodes 190 and
the drain electrodes 175 and the storage capacitor conduc-
tors 177. The color filter stripes R, G and B are not disposed
on a peripheral area which is provided with expanded end
portions 125 and 179 of the gate lines 121 and the data lines
179. Although the figures show that edges of adjacent color
filter stripes R, G and B exactly match each other, the color
filter stripes R, G and B may overlap each other on the data
lines 171 to enhance the light blocking or they may be
spaced apart from each other.

[0180] Furthermore, there is no overcoat on the common
electrode panel, but it is optional.

[0181] The gate lines 121 include a lower film preferably
made of low resistivity material such as Al containing metal,
Ag containing metal, and Cu containing metal and an upper
film preferably made of good contact material such as Cr,
Mo, Mo alloy, Ta or Ti. In FIG. 17, the lower and the upper
films of the gate electrodes 123 are indicated by reference
numerals 231 and 232, respectively, the lower and the upper
films of the end portions 125 are indicated by reference
numerals 251 and 252, respectively, and the lower and the
upper films of the projections 127 are indicated by reference
numerals 271 and 272, respectively.

[0182] Many of the above-described features of the LCD
shown in FIGS. 11 and 12 may be appropriate to the LCD
shown in FIGS. 16 and 17.

[0183] An LCD according to another embodiment of the
present invention will be described in detail with reference
to FIGS. 18-22.

[0184] FIG. 18 is a layout view of a TFT array panel for
an LCD according to another embodiment of the present
invention, FIG. 19 is a layout view of a common electrode
panel for an LCD according to another embodiment of the
present invention, FIG. 20 is a layout view of an LCD
including the TFT array panel shown in FIG. 18 and the
common electrode panel shown in FIG. 19, FIG. 21 is a
sectional view of the LCD shown in FIG. 20 taken along the
line XXI-XXI', and FIG. 22 is a sectional view of the LCD
shown in FIG. 20 taken along the lines XXII-XXII' and
XXII'-XXII".
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[0185] Referring to FIGS. 18-22, an LCD according to
this embodiment also includes a TFT array panel 100, a
common electrode panel 200, and a T.C layer 300 interposed
therebetween.

[0186] Layered structures of the pancls 100 and 200
according to this embodiment are almost the same as those
shown in FIGS. 1-5.

[0187] Regarding the TFT array panel 100, a plurality of
gate lines 121 including a plurality of gate electrodes 123
and a plurality of storage electrode lines 131 are formed on
a substrate 110, and a gate insulating layer 140, a plurality
of semiconductor stripes 151 including a plurality of pro-
jections 154, and a plurality of ohmic contact stripes 161
including a plurality of projections 163 and a plurality of
ohmic contact islands 165 are sequentially formed thereon.
A plurality of data lines 171 including a plurality of source
electrodes 173 and a plurality of drain electrodes 175 are
formed on the ohmic contacts 161 and 165, and a passivation
layer 180 is formed thereon. A plurality of contact holes 181,
182 and 183 are provided at the passivation layer 180 and
the gate insulating layer 140, and a plurality of pixel
electrodes 190 and a plurality of contact assistants 95 and 97
are formed on the passivation layer 180. An alignment layer
11 is formed thereon.

[0188] Regarding the common electrode panel 200, a light
blocking member 220, a plurality of color filters 230, an
overcoat 250, a common electrode 270 having a plurality of
cutouts 271, and an alignment layer 21 are formed on an
insulating substrate 210.

[0189] Different from the LCD shown in FIGS. 1-5, the
storage electrode lines 131 are disposed near the center of
the pixel electrodes 190 and they include a plurality of
branches that obliquely extend upward and downward in
parallel to the data lines 171 to form storage electrodes 133.
In addition, the drain electrodes 175 are also elongated along
the storage electrodes 133, and the storage electrodes 133
and the drain electrodes 175 overlap the cutouts 271 of the
common electrode 270. However, the pixel electrodes 190
have no separate rectangular, rhombic, or parallelogrammic
opening.

[0190] Since the storage electrodes 133 overlap the drain
electrodes 175 through a long distance, sufficiently large
storage capacitance is obtained. Furthermore, the elongation
of the storage electrodes 133 and the drain electrodes 175 do
not cause the reduction of the aperture ratio since they
overlap the cutouts 271. Accordingly, the aperture ratio can
be rather increased by the omission of the openings in the
common electrode 270 compared with that shown in FIGS.
1-5.

[0191] In addition, the freedom of the pixel design and the
storage capacitance is high since the storage electrode 133
and the drain electrode are disposed at a boundary of
domains.

[0192] Many of the above-described features of the LCD
shown in FIGS. 1-5 may be appropriate to the LCD shown
in FIGS. 18-22.

[0193] An LCD according to another embodiment of the
present invention will be described in detail with reference
to FIGS. 23-25.
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[0194] FIG. 23 is a layout view of a TFT array panel for
an LCD according to another embodiment of the present
invention, FIG. 24 is a sectional view of an LCD including
the TFT array panel shown in FIG. 23 taken along the line
XXIV-XXIV', and FIG. 25 is a sectional view of an LCD
including the TFT array panel shown in FIG. 23 taken along
the lines XXV-XXV' and XXV-XXV".

[0195] Referring to FIGS. 23-25, an LCD according to
this embodiment also includes a TFT array panel 100, a
common electrode panel 200, and a LC layer 300 interposed
therebetween.

[0196] Layered structures of the panels 100 and 200
according to this embodiment are almost the same as those
shown in FIGS. 18-22. In particular, the common electrode

panel 200 may have substantially the same layout as that
shown in FIG. 19.

[0197] Regarding the TFT array panel 100, a plurality of
gate lines 121 including a plurality of gate electrodes 123
and a plurality of storage electrode lines 131 including a
plurality of storage electrodes 133 are formed on a substrate
110, and a gate insulating layer 140, a plurality of semicon-
ductor stripes 151 including a plurality of projections 154,
and a plurality of ohmic contact stripes 161 including a
plurality of projections 163 and a plurality of ohmic contact
islands 1635 are sequentially formed thereon. A plurality of
data lines 171 including a plurality of source electrodes 173
and a plurality of drain electrodes 175 are formed on the
ohmic contacts 161 and 165, and a passivation layer 180 is
formed thereon. A plurality of contact holes 181, 182 and
183 are provided at the passivation layer 180 and the gate
insulating layer 140, and a plurality of pixel electrodes 190
and a plurality of contact assistants 95 and 97 are formed on
the passivation layer 180. An alignment layer 11 is formed
thereon.

[0198] Regarding the common electrode panel 200, a light
blocking member 220, a plurality of color filters 230, an
overcoat 250, a common electrode 270 having a plurality of
cutouts 271, and an alignment layer 21 are formed on an
insulating substrate 210.

[0199] Different from the LCD shown in FIGS. 18-22, the
semiconductor stripes 151 have almost the same planar
shapes as the data lines 171 and the drain electrodes 175 as
well as the underlying ohmic contacts 161 and 165. How-
ever, the projections 154 of the semiconductor stripes 151
include some exposed portions, which are not covered with
the data lines 171 and the drain electrodes 175, such as
portions located between the source electrodes 173 and the
drain electrodes 175.

[0200] Many of the above-described features of the LCD
shown in FIGS. 18-22 may be appropriate to the LCD
shown in FIGS. 23-25.

[0201] An LCD according to another embodiment of the
present invention will be described in detail with reference
to FIGS. 26 and 27.

[0202] FIG. 26 is a layout view of an LCD according to
another embodiment of the present invention, and FIG. 27
is a sectional view of the LCD shown in FIG. 26 taken along
the line XXVII-XXVII'.

[0203] Referring to FIGS. 26 and 27, an LCD according
to this embodiment also includes a TFT array panel 100, a
common electrode panel 200, and a LC layer 300 interposed
therebetween.
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[0204] Layered structures of the pancls 100 and 200
according to this embodiment are almost the same as those
shown in FIGS. 18-22.

[0205] Regarding the TFT array panel 100, a plurality of
gate lines 121 including a plurality of gate electrodes 123
and a plurality of storage electrode lines 131 including a
plurality of storage electrodes 133 are formed on a substrate
110, and a gate insulating layer 140, a plurality of semicon-
ductor stripes 151 including a plurality of projections 154,
and a plurality of ohmic contact stripes 161 including a
plurality of projections 163 and a plurality of ohmic contact
islands 165 are sequentially formed thereon. A plurality of
data lines 171 including a plurality of source electrodes 173
and a plurality of drain electrodes 175 are formed on the
ohmic contacts 161 and 165, and a passivation layer 180 is
formed thereon. A plurality of contact holes 181, 182 and
183 are provided at the passivation layer 180 and the gate
insulating layer 140, and a plurality of pixel electrodes 190
and a plurality of contact assistants 95 and 97 are formed on
the passivation layer 180.

[0206] Regarding the common electrode panel 200, a light
blocking member 220, an overcoat 250, and a common
electrode 270 having a plurality of cutouts 271 are formed
on an insulating substrate 210.

[0207] Different from the LCD shown in FIGS. 18-22,
each pixel electrode 190 has a cutout 191. Each cutout 191
includes a pair of oblique portions that extending parallel to
the data lines 171 and bisects the pixel electrode 190 into left
and right partitions forming pairs of subpixel areas Pa and
Pb. In addition, the common electrode 270 has a plurality of
pairs of cutouts 271a and 271b parallel to the cutouts 191
and bisecting the partitions of the pixel electrodes 190 into
left and right portions.

[0208] The storage electrode lines 131 are disposed near
the gate lines 121 and each storage electrode 133 overlap a
left cutout 2714 of the common electrode 270. However, the
storage electrode 133 may overlap a right cutout 2715 of the
common electrode 270 or a cutout 191 of a pixel electrode
190.

[0209] The storage electrode lines 131 may further include
additional storage electrodes (not shown) overlapping the
cutouts 191 or 2715 and, in this case, the drain electrodes
175 may include branches (not shown) overlapping the
addition storage electrodes.

[0210] The storage electrodes 133 may be shorter than
those shown in FIG. 26, and for example, they may termi-
nate near the center of the pixel electrodes 190.

[0211] In addition, a plurality of red, green and blue color
filter stripes R, G and B is formed under the passivation layer
180, while there is no color filter on the common electrode
panel. Each of the color filter stripes R, G and B are disposed
substantially between adjacent two the data lines 171 and
extends in a longitudinal direction to be periodically curved
along the data lines 171. The contact holes 181 also pen-
etrate the color filter stripes R, G and B to expose the drain
electrodes 175. The color filter stripes R, G and B are not
disposed on a peripheral area which is provided with
expanded end portions 125 and 179 of the gate lines 121 and
the data lines 179. Although the figures show that edges of
adjacent color filter stripes R, G and B exactly match each
other, the color filter stripes R, G and B may overlap each
other on the data lines 171 to enhance the light blocking or
they may be spaced apart from each other.
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[0212] Although the figures show that a pair of partitions
forming a pixel electrode 190 are interposed between adja-
cent data lines 171, the partitions may be separated by a data
line 171.

[0213] Many of the above-described features of the LCD
shown in FIGS. 18-22 may be appropriate to the LCD
shown in FIGS. 26 and 27.

[0214] Although FIGS. 18-27 show that the pixel elec-
trodes 190, the data lines 171, etc., are curved, they may be
straight or orthogonal. In addition, the shapes and the
arrangements of the cutouts 191,271,271 and 2715 and the
types and the alignment of the LC layer 300 may be
modified.

[0215] As described above, the embodiments of the
present invention provides the openings at the common
electrode, which prevent the increase of the LC capacitance
and thus the increase of the storage capacitance, thereby
increasing the charging rate of the LC capacitor and the
aperture ratio. In addition, the embodiments make the stor-
age electrodes or the drain electrodes face the cutouts of the
common electrode, which are curved like the pixel elec-
trodes, thereby increasing the freedom of the pixel design
and the storage capacitance as well as the aperture ratio.

[0216] 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 liquid crystal display comprising:

a thin film transistor array panel including
a first gate line,
a data line intersecting the gate line,

a first thin film transistor including a gate electrode
connected to the gate line, a source electrode connected
to the data line, and a drain ¢lectrode,

a first pixel electrode connected to the drain electrode, and

a capacitor electrode overlapping at least one of the pixel
electrode and the drain electrode with interposing an
insulator; and

a common electrode panel facing the thin film transistor
array panel including a common electrode that faces the
pixel electrode and has an opening facing at least one
of the drain electrode and the capacitor electrode.

2. The liquid crystal display of claim 1, wherein the data
line comprises a curved portion and an intersecting portion
connected to the curved portion and intersecting the gate
line.

3. The liquid crystal display of claim 2, wherein the
curved portion of the data line comprises a pair of rectilinear
portions connected to each other and making an angle of
about 45 degrees with the gate line.

4. The liquid crystal display of claim 2, wherein the pixel
electrode is curved along the curved portion of the data line.

5. The liquid crystal display of claim 1, wherein the pixel
electrode overlaps the data line at least in part.
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6. The liquid crystal display of claim 1, further compris-
ing:
a second gate line separated from the first gate line and the

data line and disposed adjacent to the first pixel elec-
trode;

a second thin film transistor connected to the second gate
line; and

a second pixel electrode connected to the second thin film

transistor.

7. The liquid crystal display of claim 6, wherein the
capacitor electrode is connected to the second gate line.

8. The liquid crystal display of claim 7, further comprising
a capacitor conductor electrically connected to the pixel
electrode and disposed between the capacitor electrode and
the pixel electrode.

9. The liquid crystal display of claim 6, wherein the
capacitor electrode is disconnected from the second gate
line.

10. The liquid crystal display of claim 1, further com-
prising a color filter disposed on either of the thin film
transistor array panel and the common electrode panel.

11. The liquid crystal display of claim 1, further compris-
ing a liquid crystal layer interposed between the thin film
transistor array panel and the common electrode panel.

12. The liquid crystal display of claim 11, wherein the
liquid crystal layer has negative anisotropy and substantially
vertical alignment.

13. The liquid crystal display of claim 12, further com-
prising a tilt control member controlling tilt directions of
molecules in the liquid crystal layer.

14. The liquid crystal display of claim 13, wherein the tilt
control member comprises a cutout in the pixel electrode or
the common electrode.

15. The liquid crystal display of claim 13, wherein the tilt
control member comprises a protrusion on the pixel elec-
trode or the common electrode.

16. The liquid crystal display of claim 1, further com-
prising a semiconductor layer disposed opposite the gate
electrode and including a first portion located between the
source electrode and the drain electrode.

17. The liquid crystal display of claim 16, wherein the
semiconductor layer further comprises a second portion
disposed under the data line.

18. The liquid crystal display of claim 17, wherein the
semiconductor layer has substantially the same planar pat-
tern as the data line, the source electrode, and the drain
electrode except for the first portion.

19. A thin film transistor array panel comprising:

a substrate;

a gate line formed on the substrate and including a gate
electrode;

a data line formed on the substrate and including a curved
portion and an intersecting portion crossing the gate
line;

a thin film transistor including a gate electrode connected
to the gate line, a source electrode connected to the data
line, and a drain electrode;

a pixel electrode connected to the drain electrode; and

a storage electrode overlapping at least one of the pixel
electrode and the drain electrode with interposing an
insulator,
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wherein at least one of the drain electrode and the storage
electrode includes a portion extending parallel to the
curved portion of the data line.

20. The thin film transistor array panel of claim 19,
wherein the curved portion of the data line comprises a pair
of portions making a clockwise angle of about 45 degrees
and a counterclockwise angle of about 45 degrees with
respect to the gate line, respectively.

21. The thin film transistor array panel of claim 19,
wherein the drain electrode and the storage electrode overlap
each other.

22. The thin film transistor array panel of claim 19,
wherein the source electrode is connected to the intersecting
portion of the data line.

23. The thin film transistor array panel of claim 19,
wherein the pixel electrode is curved along the curved
portion of the data line.

24. The thin film transistor array panel of claim 19,
wherein the pixel electrode overlaps the data line at least in
part.

25. The thin film transistor array panel of claim 19,
wherein the pixel electrode comprises a pair partitions
interposing a cutout therebetween.

26. The thin film transistor array panel of claim 19, further
comprising a semiconductor layer disposed opposite the gate
electrode and including a first portion located between the
source clectrode and the drain electrode.

27. The thin film transistor array panel of claim 26,
wherein the semiconductor layer further comprises a second
portion disposed under the data line.

28. The thin film transistor array panel of claim 27,
wherein the semiconductor layer has substantially the same
planar pattern as the data line, the source electrode, and the
drain electrode except for the first portion.

29. A liquid crystal display comprising:

a thin film transistor array panel including
a substrate,

a gate line formed on the substrate and including a gate
¢clectrode,
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a data line formed on the substrate and including a curved
portion and an intersecting portion crossing the gate
line,

a thin film transistor including a gate electrode connected
to the gate line, a source electrode connected to the data
line, and a drain electrode,

a pixel electrode connected to the drain electrode, and

a storage electrode overlapping at least one of the pixel
electrode and the drain electrode with interposing an
insulator; and

a common electrode panel facing the thin film transistor
array panel including a common electrode that faces the
pixel electrode.

30. The liquid crystal display of claim 29, further com-
prising a color filter disposed on either of the thin film
transistor array panel and the common electrode panel.

31. The liquid crystal display of claim 29, further com-
prising a liquid crystal layer interposed between the thin film
transistor array panel and the common electrode panel and
having negative anisotropy and substantially vertical align-
ment.

32. The liquid crystal display of claim 29, further com-
prising a tilt control member controlling tilt directions of
molecules in the liquid crystal layer.

33. The liquid crystal display of claim 32, wherein the tilt
control member comprises a cutout in the pixel electrode or
the common electrode.

34. The liquid crystal display of claim 32, wherein the tilt
control member comprises a protrusion on the pixel elec-
trode or the common electrode.

35. The liquid crystal display of claim 32, wherein the tilt
control member is curved in parallel to the data line.

36. The liquid crystal display of claim 35, wherein the tilt
control member faces at least one of the drain electrode and
the storage electrode.
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