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VERTICALLY ALIGNED MODE LIQUID
CRYSTAL DISPLAY

BACKGROUND OF THE INVENTION

() Field of the Invention

The present invention relates to a vertically aligned mode
liquid crystal display, and, in particular, to a vertically aligned
mode liquid crystal display including an electrode with cut-
outs for securing wide viewing angle.

(b) Description of Related Art

A typical liquid crystal display (“LCD”) includes an upper
panel with a reference electrode and color filters, a lower
panel with thin film transistors (“TFTs”) and pixel electrodes
and a liquid crystal layer with dielectric anisotropy interposed
therebetweer, and displays desired images by applying dif-
ferent voltages to the reference electrode and the pixel elec-
trodes to generate electric field in the liquid crystal layer,
which changes the orientations of liquid crystal molecules to
control the light transmittance.

Among these LCDs, a vertically aligned mode LCD (re-
ferred to as a “VALCD” hereinafter), which aligns the major
axes of the liquid crystal molecules vertical to upper and
lower panels in absence of electric field, is promising because
of its high contrast ratio and wide viewing angle.

To implement wide viewing angle in the VALCD, a cutout
pattern or protuberances are provided on the electrode. Both
generate fringe field to regularly distribute tilt directions of
the liquid crystal molecules into four directions, thereby giv-
ing wide viewing angle.

Meanwhile, a plurality of signal wires such as gate lines
transmitting scanning signals and data lines transmitting
image signals are provided on a panel with the TFTs (referred
to as a “TFT array panel” hereinafter) for an LCD. These
signal wires have their own resistances and are coupled with
peripheral signal wires or the reference electrode of the upper
panel to generate coupling capacitances. The loads due to
such a resistances and capacitances of respective wires gen-
erate the distortion of the signals transmitted via the signal
wires such as RC delay. In particular, the capacitive coupling
between the data lines and the reference electrode drives the
liquid crystal molecules disposed therebetween to cause light
leakage near the data line, thereby deteriorating the image
quality, and the light leakage, in turn, forces to enlarge the
black matrix to reduce the aperture ratio.

SUMMARY OF THE INVENTION

An object of the present invention is to improve image
quality by reducing the load of a data wire.

Another object of the present invention is to reduce the
light leakage near a data line by decreasing coupling capaci-
tance between the data line and a reference electrode.

To accomplish these and other objects, the present inven-
tion arranges cutouts located opposite each other with respect
1o a data line have inversion symmetry.

In detail, a thin film transistor array panel for liquid crystal
display is provided, which includes: an insulating substrate; a
gate line formed on the insulating substrate; a gate insulating
layer formed on the gate lines; a data line formed on the gate
insulating layer; a passivation layer formed on the data line;
and a plurality of pixel electrodes formed on the passivation
layer and having a plurality of cutouts, wherein the cutouts of
wo adjacent pixel electrodes opposite each other with respect
to the data line have an inversion symmetry.

The cutouts of each pixel electrode preferably includes a
transverse cutout extending substantially in a transverse
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direction to partition the pixel electrode into upper and lower
halves and two oblique cutouts extending in oblique direc-
tions and located in the upper and the lower halves of the pixel
electrode, and the oblique cutouts are substantially perpen-
dicular to each other. In addition, the TFT array panel may
further include a plurality of storage electrode wires includ-
ing a storage electrode line parallel to the gate line and a
storage electrode connected to the storage electrode line, and
may further include a storage bridge connecting two adjacent
storage electrode wires opposite each other with respect to the
gate line.

A liquid crystal display is provided, which includes: a first
insulating substrate; a plurality of first wires formed on the
first insulating substrate; a plurality of second wires intersect-
ing and insulated from the first wire; a plurality of pixel
electrodes located on respective pixel areas defined by the
first wires and the second wires; a plurality of thin film tran-
sistors, each having a gate electrode, a source electrode and a
drain electrode respectively connected to one of the first
wires, one of the second wires and one of the pixel electrodes;
asecond insulating substrate opposite the first insulating sub-
strate; a reference electrode formed on the second insulating
substrate; a plurality of first domain partitioning member
formed on one of the first insulating substrate and the second
insulating substrate; and a plurality of second domain parti-
tioning member formed on one of the first insulating substrate
or the second insulating substrate, wherein the first and the
second domain partitioning members of two adjacent pixel
electrodes opposite each other with respect to one of the data
lines have an inversion symmetry.

The first domain partitioning members of the pixel elec-
trodes preferably includes a plurality of cutouts, the plurality
of cutouts of one of the pixel electrodes include a transverse
cutout extending substantially in a transverse direction to
partition the pixel electrode into upper and lower halves and
two oblique cutouts extending in oblique directions and
located in the upper and the lower halves of the pixel elec-
trode, and the oblique cutouts are substantially perpendicular
to each other. It is preferable that the oblique cutouts are
interposed between the second domain partitioning members
of the reference electrode, and each second domain partition-
ing member includes an oblique portion parallel to the
oblique cutouts and an overlapping portion overlapping edges
ofthe pixel electrodes. The first domain partitioning members
of each pixel electrode preferably include a central cutout
extending substantially along a transverse center line of the
pixel electrode and forking into upper and lower branches
diverging obliquely and two oblique cutouts extending in
oblique directions and located respectively in a lower halfand
an upper half of the pixel electrode, and one of the second
domain partitioning members of the reference electrode is
interposed between the oblique cutouts of the first domain
partitioning members and includes an oblique portion parallel
to the oblique cutouts and an overlapping portion overlapping
edges of at least one of the pixel electrodes and one of the data
lines. The overlapping portion preferably overlaps the one of
the data lines and adjacent two of the pixel electrodes oppo-
site each other with respect to one of the data lines.

A method of manufacturing such a thin film transistor
panel includes: forming a gate wire including a plurality of
gate lines, a plurality of gate electrodes connected to the gate
lines and a plurality of gate pads connected to the gate lines on
an insulating substrate; forming a gate insulating layer; form-
ing a semiconductor layer; forming a data wire including a
plurality of data line intersecting the gate lines, a plurality of
data pads connected to the data lines, a plurality of source
electrodes adjacent to the gate electrodes and a plurality of
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drain electrodes disposed opposite the source electrodes by
depositing and pattering a conductive material; forming a
passivation layer; forming a plurality of contact holes expos-
ing the gate pads, the data pads and the drain electrodes by
patterning the passivation layer together with the gate insu-
lating layer; and forming a plurality of auxiliary gate pads, a
plurality of auxiliary data pads and a plurality of pixel elec-
trodes respectively connected to the gate pads, the data pads
and the drain electrodes via the contact holes by depositing
and patterning a transparent conductive layer, wherein the
formation of a plurality of pixel electrodes makes adjacent
two of the pixel electrodes opposite each other with respect to
one of the data lines to have a substantial inversion symmetry.

It is preferable that the data wire and the semiconductor
layer are formed together by one photolithography using a
photoresist pattern having a first portion, a second portion
thinner than the first portion, and a third portion thinner than
the second portion. The second portion is preferably located
between one of the source electrodes and one of the drain
electrodes and the first portion is located on the data wire in
the one photolithography.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a layout view of a TFT array panel for an LCD
according to a first embodiment of the present invention;

FIG. 2 is a layout view of a color filter panel for an LCD
according to the first embodiment of the present invention;

FIG. 3 is a layout view of an LCD according to the first
embodiment of the present invention;

FIG. 4 is a sectional view taken along the line IV-IV' in
FIG. 3;

FIG. 5A is a layout view of pixel electrodes and cutouts of
eight pixels (4x2) of an LCD according to the first embodi-
ment of the present invention;

FIG. 5B is a layout view of those shown in FIG. 5A with a
black matrix;

FIG. 6 is a sectional view of an LCD according to a second
embodiment of the present invention;

FIG. 7 is a layout view of a TFT array panel for an LCD
according to a third embodiment of the present invention;

FIG. 8 is a layout view of a color filter panel according to
the third embodiment of the present invention;

FIG. 9 is a layout view of an LCD according to the third
embodiment of the present invention;

FIG.10A is alayout view of pixel electrodes and cutouts of
eight pixels (4x2) of an LCD according to the third embodi-
ment of the present invention;

FIG. 10B is a layout view of those shown in FIG. 10A with
a black matrix;

FIG. 11 is a sectional view schematically showing the
overlapping between a cutout of a reference electrode and a
data line;

FIG. 12 is a graph showing the parasitic capacitance
applied to a data line as function of the ratio of removed area
in a portion of a reference electrode overlapping the data line;

FIGS. 13 to 17 are sectional views of a TFT array panel for
an LCD sequentially showing the steps of a manufacturing
method thereof using five masks; and
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FIGS. 18A and 18B to FIGS. 26A and 26B are sectional
views of a TFT array panel for an LCD sequentially showing
the steps of a manufacturing method thereof using four
masks.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

Embodiments of the present invention will be described in
detail with reference to accompanying drawings for those
skilled in the art to practice easily. This invention may, how-
ever, be embodied in many different forms and should not be
construed as limited to the embodiments set forth herein.

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

Then, thin film transistor array panels for liquid crystal
displays according to embodiments of the present invention
will be described with reference to the drawings.

FIG. 1 is a layout view of a TFT array panel for an LCD
according to a first embodiment of the present invention, FIG.
2 is alayout view of a color filter panel for an LCD according
to the first embodiment of the present invention, FIG. 3 is a
layout view of an LCD according to the first embodiment of
the present invention, and FIG. 4 is a sectional view taken
along the line IV-IV' in FIG. 3.

An LCD includes a lower substrate 110, an upper substrate
210 opposite thereto and a liquid crystal layer 3 interposed
between the substrates 110 and 210 and including liquid
crystal molecules aligned vertical to the substrates 110 and
210.

A plurality of pixel electrodes 190 are formed on an inner
surface of the lower substrate 110 preferably made of trans-
parent insulating material such as glass. The pixel electrodes
190 are preferably made of transparent conductive material
such as ITO (indium tin oxide) and IZ0 (indium zinc oxide)
and have a plurality of cutouts 191, 192 and 193. The respec-
tive pixel electrodes 190 are connected to TFTs to be applied
with image signal voltages. The TFTs are connected to a
plurality of gate lines 121 transmitting scanning signals and a
plurality of data lines 171 transmitting image signals, to be
turned on or off in response to the scanning signals. A lower
polarizer 12 is attached on an outer surface of the lower
substrate 110. For a reflective LCD, the pixel electrodes 190
are not made of transparent material, and the lower polarizer
12 is unnecessary.

Ablack matrix 220 for blocking light leakage, a plurality of
the red, green and blue color filters 230 and a reference
electrode 270 preferably made of transparent conductive
material such as ITO and IZO are formed on an inner surface
of the upper substrate 210 preferably made of transparent
insulating material such as glass. A plurality of cutouts 271,
272 and 273 are provided on the reference electrode 270.
Although the black matrix 220 ovetlaps the boundaries of
pixel areas, it may further overlap the cutouts 271, 272 and
273 of the reference electrode 270 in order for blocking light
leakage generated by the cutouts 271, 272 and 273.

An LCD according to the first embodiment will be
described more in detail.

A plurality of gate lines 121 extending substantially in a
transverse direction are formed on a lower insulating sub-
strate 110. A plurality of expansions of each gate line 121
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form a plurality of gate electrodes 123. A plurality of storage
electrode lines 131 extending substantially parallel to the gate
lines 121 are also formed on the insulating substrate 110. A
plurality of pairs of storage electrodes 133a and 1335 extend-
ing in a longitudinal direction are branched from each storage
electrode line 131 are connected to each other via a storage
electrode 133¢ extending in the transverse direction. The
number of the storage electrode lines 131 may be two or more.
The gate lines 121, the gate electrodes 123, the storage elec-
trode lines 131 and the storage electrodes 133 are preferably
made of metal such as Al or Cr. They include either a single
layer or double layers preferably including sequentially
deposited Cr and Al layers. Alternatively, they include a vari-
ety of metals.

A gate insulating layer 140 preferably made of SiNx is
formed on the gate lines 121, the storage electrode lines 131
and the storage electrodes 133.

A plurality of data lines 171 extending in the longitudinal
direction are formed on the gate insulating layer 140. A plu-
rality of branches of each data line 171 form a plurality of
source electrodes 173 and a plurality of drain electrodes 175
25 are formed adjacent to the respective source electrodes
173. In addition, a plurality of under-bridge metal pieces 172
overlapping the gate lines 121 are formed on the gate insu-
lating layer 140. The data lines 171, the source electrodes 173
and the drain electrodes 175 are preferably made of Cr or Al
like the gate wire. They may also have a single-layered struc-
ture or a multiple-layered structure.

A plurality of channel portions 151 of a semiconductor
layer 151 and 153 used as channel portions of TFTs are
formed under the source electrodes 173 and the drain elec-
trodes 175, and a plurality of data portions 153 of the semi-
conductor layer 151 and 153 extending in the longitudinal
direction and connecting the semiconductor channel portions
153 are formed under the data lines 171. A contact layer 161
for reducing the contact resistance between the source and the
drain electrodes 173 and 175 and the semiconductor channel
portions 151 is formed on the semiconductor layer 151 and
153. The semiconductor layer 151 and 153 is preferably made
of amorphous silicon, and the contact layer 161 is preferably
made of amorphous silicon heavily doped with N-type impu-
rity.

A passivation layer 180 preferably made of inorganic insu-
lator such as SiNx or organic insulator such as resin is formed
on the data lines 171 and the like. A plurality of contact holes
181 exposing the drain electrodes 175 are provided in the
passivation layer 180.

A plurality of pixel electrodes 190, each having a plurality
of cutouts 191, 192 and 193, are formed on the passivation
layer 180. The pixel electrodes 190 are preferably made of a
transparent conductor such as ITO or IZO or an opaque con-
ductor having an excellent light-reflecting characteristic such
as Al. The cutouts 191, 192 and 193 on each pixel electrode
190 include a transverse cutout 192 extending in the trans-
verse direction and located at a position so as to partition the
pixel electrode 190 into upper and lower halves arranged in
the longitudinal direction, and two oblique cutouts 191 and
193 extending in oblique directions and located respectively
in the lower and the upper halves of the pixel electrodes 190.
The extensions of the oblique cutouts 191 and 193 are per-
pendicular to each other in order for regularly distributing the
field directions of the fringe fields into four directions.

The cutouts 191, 192 and 193 of two adjacent pixel elec-
trodes 190 opposite each other with respect to a data line 171
have substantially inversion symmetry with respect to the
data line 171.
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In addition, a plurality of storage connections or bridges
91, which connect the storage electrodes 133« to the storage
electrode lines 131 opposite thereto with respect to the gate
lines 121, are formed on the passivation layer 180. The stor-
age bridges 91 contact the storage electrodes 1334 and the
storage electrode lines 131 via a plurality of contact holes 183
and 184 provided both in the passivation layer 180 and the
gate insulating layer 140. The storage bridges 91 overlap the
under-bridge metal pieces 172. The storage bridges 91 elec-
trically connect all the storage wire on the lower substrate
110. This storage wire, if necessary, may be used for repairing
the defects of the gate lines 121 and/or the data lines 171, and
the under-bridge metal pieces 172 are used for enhancing
electrical connections between the gate lines 121 and the
storage bridges 91 when irradiating a laser beam for such
repair.

A black matrix 220 for blocking light leakage is formed on
an upper substrate 210. A plurality of red, green and blue
color filters 230 are formed on the black matrix 220. A refer-
ence electrode 270 having a plurality of sets of cutouts 271,
272 and 273 are formed on the color filters 230. The reference
electrode 270 is preferably made of a transparent conductor
such as ITO or IZ0.

Each set of the cutouts 271, 272 and 273 of the reference
electrode 270 interpose the oblique cutouts 191 and 193 of the
pixel electrode 190 between two adjacent cutouts 271, 272
and 273. Each cutout 271, 272 or 273 includes an oblique
portion or portions parallel to the oblique cutouts 191 and 193
and transverse and longitudinal portions overlapping the
edges of the pixel electrodes 190.

The cutouts 271, 272 and 273 of the reference electrode
270 opposite each other with respect to a boundary line
between two adjacent pixel areas (i.e., a line extending along
the data line) have substantially inversion symmetry with
respect to the boundary line.

Abasic structure of an LCD according to the present inven-
tion is prepared by aligning and combining the TFT array
panel and the color filter panel having the above-described
configurations and injecting liquid crystal material therebe-
tween to be vertically aligned. When the TFT array panel and
the color filter panel are aligned, the cutouts 191,192 and 193
of the pixel electrodes 190 and the cutouts of the reference
electrode 271, 272 and 273 divide the respective pixel areas
into several small domains. These small domains are classi-
fied into four types based on average direction of major axes
of liquid crystal molecules therein. The small domains of two
adjacent pixel areas opposite each other with respect to a data
line 171 have substantial inversion symmetry with respect to
the data line 171 due to the inversion symmetry of both the
cutouts 191, 192 and 193 of the pixel electrodes 190 and the
cutouts 271, 272 and 273 of the reference electrode 270. In
this case, the term substantial inversion symmetry” means
that it allows the distortion of the symmetry due to the align-
ing error of the upper and lower substrates 110 and 210.

FIG. 5A is a layout view of pixel electrodes and cutouts of
eight pixels (4x2) of an LCD according to the first embodi-
ment of the present invention, and FIG. 5B is a layout view of
those shown in FIG. 5A with a black matrix.

As shown in FIG. 5A, an LCD according to the first
embodiment of the present invention has a cutout pattern
including an octagon including the cutouts of a pair of adja-
cent pixels and repeatedly arranged in four directions.

Considering the arrangement of a black matrix, as shownin
FIG. 5B, the transverse and longitudinal portions are blocked
by the black matrix except for transverse portions located at
the centers of the pixel areas. The aperture ratio of the LCD
having this configuration reaches 41%.
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FIG. 6 is a sectional view of an LCD according to a second
embodiment of the present invention.

An LCD according to the second embodiment is different
from the LCD according to the first embodiment in that a
plurality of protuberances 281 are provided as a domain par-
titioning means instead of the cutouts of areference electrode.
Alternatively, a plurality of protuberances 281 is provided on
aplurality of pixel electrodes 190, or the cutouts 191, 192 and
193 the pixel electrodes 190 are substituted with a plurality of
protuberances.

FIG. 7 is a layout view of a TFT array panel for an LCD
according to a third embodiment of the present invention, and
FIG. 8is a layout view of a color filter panel according to the
third embodiment of the present invention, and FIG. 9 is a
layout view of an LCD according to the third embodiment of
the present invention.

A TFT array panel of an LCD according to the third
embodiment of the present invention has substantially the
same structure as that according to the first embodiment
shown in FIG. 1 except for the arrangements of cutouts of
pixel electrodes. Only the arrangement of cutouts 191, 192
and 193 will be described now.

The cutouts 191, 192 and 193 of each pixel electrode 190 of
the TFT array panel for an LCD according to the third
embodiment include a central cutout 192 extending substan-
tially along a transverse center line of the pixel electrode 190
and then forking into upper and lower branches diverging
obliquely and two oblique cutouts 191 and 193 extending in
oblique directions and located respectively in a lower halfand
an upper half of the pixel electrode 190.

A color filter panel has a black matrix 220 and a plurality of
color filters 230, which have substantially the same configu-
rations as that according to the first embodiment. However,
the color filter array panel has a reference electrode with a
plurality of first to five cutouts 271-275 having the shapes
different from those according to the first embodiment. Only
the arrangement of the cutouts 271-275 will be described
now.

Fach first cutout 271 and each third cutout 273 traverse a
pixel area in oblique directions and the cutouts 271 and 273 in
two adjacent pixel areas are connected to each other. Each
connection of the cutouts occupies a considerable portion of
the boundary areas between the two pixel areas. Each second
cutout 272 traverses the pixel area, and the cutouts 272 in two
neighboring pixel areas are connected to each other. Each
connection of the cutouts occupies a considerable portion of
the boundary areas between the two pixel areas. Each fourth
cutout 274 and each fifth cutout 275 chamfer the corners of
the pixel area to occupy considerable corner portions of the
pixel area. The fourth and the fifth cutouts 274 and 275 in two
adjacent pixel areas are connected to each other. In addition,
the fourth and the fifth cutouts 274 and 275 in two adjacent
pixel areas arranged in the longitudinal direction are con-
nected to each other. As described above, although the por-
tions connecting the cutouts between the neighboring pixel
areas have been referred to as the connections, they are also
referred to as the overlaps so as to underscore that the portions
overlap the data lines. This reference is suggested in order to
focus ona function that the overlapping of the cutouts and the
data lines reduce the capacitive load applied to the data lines
to reduce the distortion of the image signals.

The feature of the LCD according to the third embodiment
1s to large areas of the reference electrode near the boundaries
of the pixel areas are removed due to connections of the
cutouts 271-275 of the reference electrode 270 between the
neighboring pixels. The removal of the reference electrode
near the boundaries of the pixel areas reduces the capacitive
load applied to the data lines 171 to decrease the distortion of
the signals due to RC delay. This will be described more in
detail later.
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FIG.10A is alayout view of pixel electrodes and cutouts of
eight pixels (4x2) of an LCD according to the third embodi-
ment of the present invention, and FIG. 10B is a layout view
of those shown in FIG. 10A with a black matrix.

First, as shown in FIG. 10A, the LCD according to the third
embodiment of the present invention has a cutout pattern
including a diamond shape including the cutouts of a pair of
adjacent pixels and repeatedly arranged in four directions. In
addition, a cross-shaped pattern is arranged at the center of
four diamond shapes.

Considering the arrangement of a black matrix, as shownin
FIG. 10B, the transverse and longitudinal portions are
blocked by the black matrix except for transverse portions
located at the centers of the pixel areas.

Considering the arrangement of the black matrix, as shown
in FIG. 10B, most of the connections of the first to the fifth
cutouts positioned near the boundaries the pixel areas are
blocked by the black matrix.

This arrangement can reduce the capacitive load applied to
the data lines and increase the aperture ratio of the LCD. The
aperture ratio reaches 42% in this arrangement.

Then, the reduction of the capacitive load applied to the
data lines in the LCD according to the third embodiment will
be examined more in detail.

FIG. 11 is a sectional view showing the overlapping of
cutout of a reference electrode and a data line, and FIG. 12 is
a graph showing the parasitic capacitance applied to a data
line as function of the ratio of removed area in a portion of a
reference electrode overlapping the data line.

As shown in FIG. 11, a cutout 171 of a reference electrode
270 overlaps a data line 171. The removed portion of the
reference electrode 270 corresponding to the cutout 171 is the
nearest portion of the reference electrode 270 from the data
line 171. Since all portions of the reference electrode 270
forms a capacitor in cooperation with the dataline 171 and the
nearest portion of the reference electrode 270 is removed, the
capacitance therebetween, which causes a negative effect that
the image signal flowing along the data line 171 is distorted
due to RC delay, is reduced. Accordingly, the overlapping of
the cutout of the reference electrode 270 and the data line 171
reduces the distortion of the image signal.

FIG. 12 shows the magnitude of the capacitance between a
data line 171 and a reference electrode 270 as function of
removed area in the reference electrode 270 on the data line
171. Removal of the entire area of the overlapping portion of
the reference electrode 270 overlapping the data line 171
reduces the capacitance therebetween about 10% relative to
the capacitance when entire area of the overlapping portion is
remained, while about 50% removal reduces the capacitance
about 5%. Since the second embodiment of the present inven-
tion removes about 50% of the overlapping portion of the
reference electrode 270, the parasitic capacitance is reduced
by about 5%. The reduction of the parasitic capacitance
decreases the delay of the image signals transmitted along the
data lines. Table 1 shows the measured results for a practical
panel using an oscilloscope.

TABLE 1

50% Removal
of Reference Electrode

No Removal
of Reference Electrode

Resistance (kQ) 44.9 46
Delay (us) 60 grays 5.724 5513
256 grays 6.443 6.123

Now, methods of manufacturing a TFT array panel for an
LCD according to embodiments of the present invention,
which provides above-described structure and effect, will be
described.
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First, referring to FIGS. 13 to 17, a method using five
photo-masks will be described.

As shown in FIG. 13, a first gate wire layer 211, 231 and
251 preferably made of Cr or Mo alloy having excellent
physical and chemical characteristics and a second gate wire
layer 212, 232 and 252 preferably made of Al or Ag alloy
having a low resistivity are deposited on a substrate 110 and
patterned to forma gate wire including a plurality of gate lines
121, a plurality of gate electrodes 123 and a plurality of gate
pads 125 and extending substantially in the transverse direc-
tion. At this time, although not shown, a storage electrode
wire is also formed (A First Mask).

For the first gate wire layer 211, 231 and 251 of Mo alloy
and the second gate wire layer 212, 232 and 252 of Ag alloy,
both layers are etched by an etchant for Al alloy such as a
mixture of phosphoric acid, nitric acid, acetic add and deion-
ized water. Thus, the formation of the gate wire 121, 123 and
125 including double layers is completed by using a single
etching process. Since the etching ratio of the mixture of
phosphoric acid, nitric add, acetic add and deionized water for
Ag alloy is higher than that for Mo alloy, a taper angle of 30
degrees required for the gate wire can be obtained.

Next, as shown in FIG. 14, three layers, a gate insulating
layer 140 preferably made of SiNx, an amorphous silicon
layer and a doped amorphous silicon layer are deposited
sequentially, and the amorphous silicon layer and the doped
amorphous silicon layer are photo-etched together to form a
semiconductor layer 151 and an ohmic contact layer 160 on
the gate insulating layer 140 opposite the gate electrodes 123
(A Second Mask).

Subsequently, as shown in FIG. 15, a first data wire layer
711,731, 751 and 791 preferably made of Cr or Mo alloy and
a second data wire layer 712, 732, 752 and 792 preferably
made of Al or Ag alloy are deposited and photo-etched to
form a data wire. The data wire include a plurality of data
lines 171 intersecting the gate line 121, a plurality of source
electrodes 173 connected to the data lines 171 and extending
onto the gate electrodes 121, a plurality of data pads 179
connected to one ends of the data lines 171 and a plurality of
drain electrodes 175 separated from the source electrodes 173
and opposite the source electrodes 173 withrespect to the gate
electrodes 121 (A Third Mask).

Thereafter, portions of the doped amorphous silicon layer
pattern 160, which are not covered by the data wire 171, 173,
175 and 179, are etched such that the doped amorphous
silicon layer pattern 160 is separated into two portions 163
and 165 opposite each other with respect to the gate elec-
trodes 123 to expose portions of the semiconductor pattern
151 between the two portions of the doped amorphous silicon
layer 163 and 165. Oxygen plasma treatment is preferably
performed in order to stabilize the exposed surfaces of the
semiconductor layer 151.

Next, as shown in FIG. 16, a passivation layer 180 is
formed by growing a a-Si:C:O film or a a-Si:O:F film by
chemical vapor deposition (“CVD”), by depositing an inor-
ganic insulating film such as SiNx, or by coating an organic
insulating film such as acryl-based material. The deposition
of the a-Si:C:O film is performed by using SiH(CH,);, SiO,
(CH,),, (8iH),0,(CH,),, Si(C,H;0), etc., in gaseous states
as a basic source, and flowing a gas mixture of an oxidizer
such as N,O and O, and Ar or He. The deposition of the
a-Si:O:F film is performed in the flow of a gas mixture of O,
and SiH,, SiF,, etc. CF, may be added as an auxiliary source
of fluorine. (A Second Mask)

The passivation layer 180 is patterned together with the
gateinsulating layer 140 by a photo etching process to form a
plurality of contact holes 181, 182 and 183 exposing the gate
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pads 125, the drain electrodes 175 and the data pads 179.
Here, the planar shapes of the contact holes 181, 182 and 183
are polygonal or circular. It is preferable that the area of each
of the contact holes 181 and 183 exposing the pads 125 and
179 is equal to or larger than 0.5 mmx15 pm and equal to or
less than 2 mmx60 pum. Although not shown, a plurality of
contact holes for contacting storage bridges with the storage
electrode lines and the storage electrodes are also formed in
this step (A Fourth Mask).

Finally, as shown in FIG. 17, an [TO layer or an 17O layer
is deposited and photo-etched to a plurality of pixel electrodes
190, a plurality of auxiliary gate pads 95 and a plurality of
auxiliary data pads 97. Each pixel electrode 190 is connected
to the drain electrode 175 via the first contact hole 181, and
each of the auxiliary gate pad 95 and the auxiliary data pad 97
are connected to the gate pad 95 and the data pad 97 via the
second and the third contact holes 182 and 183. A pre-heating
process using nitrogen gas is preferably performed before
depositing ITO or IZ0. This is required for preventing the
formation of metal oxides on the exposed portions of the
metal layers through the contact holes 181, 182 and 183.
Although not shown, a plurality of storage bridges is also
formed in this step, and a photo-mask is designed such that
the cutouts of the pixel electrodes 190 have an inversion
symumetry with respect to the data lines 171 (A Fifth Mask).

Now, a method of manufacturing a TFT array panel using
four photo-masks according to an embodiment of the present
invention will be described.

FIGS. 18A and 18B to FIGS. 26A and 26B are sectional
views of a TFT array panel for an LCD sequentially showing
the steps of a manufacturing method thereof using four
masks.

First, as shown in FIGS. 18A and 18B, like the first
embodiment, a first gate wire layer 211, 231 and 251 prefer-
ably made of Cr or Mo alloy having excellent physical and
chemical characteristics and a second gate wire layer 212,
232 and 252 preferably made of Al or Ag alloy having a low
resistivity are deposited on a substrate 110 and patterned to
form a gate wire including a plurality of gate lines 121, a
plurality of gate electrodes 123 and a plurality of gate pads
125 and a storage electrode wire (A First Mask).

Next, as shown in FIGS. 19A and 19B, a gate insulating
layer 140 of SiNx, a semiconductor layer 150, and a contact
layer 160 are sequentially deposited by CVD such that the
layers 30, 40 and 50 bear thickness of 1,500-5,000 A, 500-2,
000 A and 300-600 A, respectively. A first conductive film
701 preferably made of Cr or Mo alloy and a second conduc-
tive film 702 preferably made of Al or Ag alloy are deposited
by sputtering to form a conductive layer 170. Thereafter, a
photoresist film PR with the thickness of 1-2 um is coated
thereon.

Subsequently, the photoresist film PR is exposed to light
through a mask, and developed to form a photoresist pattern
PR2 and PR1 as shown in FIGS. 20A and 20B. Second
portions PR2 of the photoresist pattern PR2 and PR1, which
are located on channel areas C of TFTs between source and
drain electrodes 173 and 175, are established to bear thick-
ness smaller than that of the first portions PR1 on data areas A
where the data wire is formed. The portions of the photoresist
film on the remaining area B are removed. The thickness ratio
of the second portions PR2 on the channel areas C to the first
portions PR1 on the data areas A is adjusted depending upon
the etching conditions in the etching steps to be described
later. It is preferable that the thickness of the second portions
PR2 is equal to or less than half of the thickness of the first
portions PR1, in particular, equal to or less than 4,000 A.
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The position-dependent thickness of the photoresist film is
obtained by several techniques. In order to adjust the amount
of light exposure in the areas C, a slit pattern, a lattice pattern
or translucent films are provided on a mask.

When using a slit pattern, it is preferable that the width of
the portions between the slits or the distance between the
portions, i.e., the width of the slits is smaller than the resolu-
tion of an exposer used for the photolithography. In case of
using translucent films, thin films with different transmit-
tances or with different thicknesses may be used to adjust the
transmittance of the mask.

When the photoresistive film is irradiated with light
through such a mask, polymers of the portions directly
exposed to the light are almost completely decomposed, and
those of the portions facing the slit pattern or the translucent
films are not completely decomposed due to the small amount
of light exposure. The polymers of the portions blocked by
light-blocking films are hardly decomposed. Development of
the photoresistive film makes the portions having the poly-
mers, which are not decomposed, to be left, and makes the
portions exposed to the smaller light irradiation to be thinner
than the portions which do not experience the light exposure.
Here, it is required not to make the exposure time long enough
10 decompose all the molecules.

The thin portions PR2 of the photoresist pattern may be
obtained by performing a reflow process to flow a reflowable
photoresist film into the areas without the photoresist film
after exposing to light and developing the photoresist film,
using a usual mask with transmissive areas completely trans-
mitting the light and blocking areas completely blocking the
light.

Thereafter, the photoresist pattern PR2 and the underlying
layers, i.e., the conductive layer 170, the contact layer 150 and
the semiconductor layer 150 are etched such that a data wire
and the underlying layers are left over on the data areas A,
only the semiconductor layer is left over on the channel areas
C, and all of the three layers 170, 160 and 150 are removed
from the remaining areas B to expose the gate insulating layer
140.

As shown in FIGS. 21A and 21B, the exposed portions of
the conductive layer 170 on the areas B are removed to expose
the underlying portions of the contact layer 150. In this step,
both dry etching and wet etching is selectively used and
preferably performed under the condition that the conductive
layer 170 is selectively etched while the photoresist pattern
PR1 and PR2 is hardly etched. However, an etching condition
capable of etching the photoresist pattern PR1 and PR2 as
well as the conductive layer 170 would be suitable for dry
etching since it is difficult to find a condition for selectively
etching only the conductive layer 170 while not etching the
photoresist pattern PR1 and PR2. In this case, the second
portion PR2 should have relatively thick compared with that
for wet etching in order to prevent the exposure of the under-
lying conductive layer 170 through the etching.

Consequently, as shown in FIGS. 21A and 21B, portions
171,173,175 and 179 of the conductive layer on the channel
areas C and the data areas A, and a storage capacitor elec-
trodes 177 are left over, while portions of the conductive layer
170 on the remaining areas B is removed out to expose the
underlying portions of the contact layer 150. The remaining
conductor patterns 171, 173, 175 and 179 have substantially
the same shapes as the data wire 171,173,175 and 179 except
that the source and the drain electrodes 173 and 175 are still
connected without separation. When using the dry etching,
the photoresist pattern PR1 and PR2 are also etched to a
predetermined thickness.
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Next, as shown in FIGS. 21A and 21B, the exposed por-
tions of the contact layer 150 on the areas B and the underly-
ing portions of the semiconductor layer 150 are simulta-
neously removed by dry etching together with the second
photoresist portions PR2. The etch is preferably made in a
condition that the photoresist pattern PR1 and PR2, the con-
tact layer 150 and the semiconductor layer 150 are simulta-
neously etched while the gate insulating layer 140 is not
etched. (It is noted that the semiconductor layer and the
intermediate layer have no etching selectivity.) Particularly,
the etching ratios of the photoresist pattern PR1 and PR2 and
the semiconductor layer 150 are preferably equal to each
other. For example, the film and the layer are etched to sub-
stantially the same thickness using a gas mixture of SF, and
HC1 or a gas mixture of SF¢ and O,. For the equal etching
ratios of the photoresist pattern PR1 and PR2 and the semi-
conductor layer 150, the thickness of the second portions PR2
is preferably equal to or less than the sum of the thicknesses
of the semiconductor layer 150 and the contact layer 150.

In this way, as shown in FIGS. 22A and 22B, the second
portions PR2 on the channel areas C are removed to expose
the source/drain conductor pattern 173 and 175, and the por-
tions of the contact layer 150 and the semiconductor layer 150
on the areas B are removed to expose the underlying portions
of the gate insulating layer 140. Meanwhile, the first portions
PR1 on the data areas A are also etched to have reduced
thickness. In this step, the formation of a semiconductor
pattern 151, 153 and 157 are completed. A contact layer 161,
163 and 165 and 169 is formed on the semiconductor pattern
151, 153 and 157.

Residual photoresist remained on the surface of the source/
drain conductor pattern 173 and 175 on the channel areas Cis
then removed by ashing.

Subsequently, as shown in FIGS. 23A and 23B, the
exposed portions of the source/drain conductor pattern 173
and 175 on the channel areas C and the underlying portions of
the source/drain contact layer pattern 163 and 165 are etched
to be removed. Dry etching may be applied to both of the
source/drain conductor pattern 173 and 175 and the source/
drain contact layer pattern 163 and 165. Alternatively, wet
etching is applied to the source/drain conductor pattern 173
and 175 while dry etching is applied to the source/drain
contact layer pattern 163 and 165. In the former case, it is
preferable that the conductor pattern 173 and 175 and the
contact layer pattern 1631 and 165 are etched under large
etching selectivity because, if not large, it is not easy to find
the end point of etching and in turn, it is not easy to adjust the
thickness of the semiconductor pattern 151 left on the channel
areas C. In the latter case alternately performing dry etch and
wet etch, the lateral sides of the source/drain conductor pat-
tern 173 and 175 subject to wet etch are etched, while those of
the contact layer pattern 163 and 165 subject to dry etch are
hardly etched, thereby obtaining the stepwise lateral sides.
Examples of etching gases used for etching the conductor
pattern 173 and 175 and the contact layer 163 and 165 are a
gas mixture of CF, and HC] and a gas mixture of CF, and O,.
The gas mixture of CF, and O, leaves the semiconductor
pattern 151 with even thickness. At this time, as shown in FIG.
23B, top portions of the semiconductor pattern 151 may be
removed to cause thickness reduction, and the first portions
PR1 of the photoresist pattern is etched to a predetermined
thickness. The etching is performed under the condition that
the gate insulating layer 140 is hardly etched, and it is pref-
erable that the photoresist film is so thick to prevent the first
portion PR1 from being etched to expose the underlying data
wire 171,173,175 and 179 and the underlying storage capaci-
tor electrodes 177.
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In this way, the source and the drain electrodes 173 and 175
are separated from each other while completing the formation
of the data wire 171, 173, 175 and 179 and the underlying
contact layer pattern 161, 163 and 165.

Finally, the first portions PR1 remained on the data areas A
are removed. However, the removal of the first portions PR1
may be made between the removal of the portions of the
source/drain conductor pattern 173 and 175 on the channel
areas C and the removal of the underlying portions of the
contact layer pattern 163 and 165.

As described above, dry etch and wet etch are alternately
performed or only dry etch is used. Although the latter pro-
cess using only one type of etch is relatively simple, it is hard
to find appropriate etching conditions. On the contrary, the
former process enables to find proper etching conditions
while it is rather complicated.

Next, as shown in FIGS. 24A and 24B, a passivation layer
180 is formed by growing a a-Si:C:0 film or a a-Si:O:F film
by chemical vapor deposition (“CVD”), by depositing an
inorganic insulating film such as SiNx, or by coating an
organic insulating film such as acryl-based material. The
deposition of the a-Si:C:O film is performed by using SiH
(CH,;);, Si0,(CH;),, (81),0,(CH;),, Si(C,HO),, etc., in
gaseous states as a basic source, and flowing a gas mixture of
an oxidizer such as N,O and O, and Ar or He. The deposition
of the a-Si:O:F film is performed in the flow of a gas mixture
of O, and SiH,, SiF,,, etc. CF, may be added as an auxiliary
source of fluorine. (A Second Mask).

Subsequently, as shown in FIGS. 25A and 25B, the passi-
vation layer 180 is photo-etched together with the gate insu-
lating layer 140 to form a plurality of contact holes 181, 182,
183 and 184 exposing the drain electrodes 175, the gate pads
125 and the data pads 179 and the storage capacitor electrodes
177. 1t is preferable that the area of each of the contact holes
181 and 183 exposing the pads 125 and 179 is equal to or
larger than 0.5 mmx15 pm and equal to or less than 2 mmx60
pm. Although not shown, a plurality of contact holes for
contacting storage bridges with the storage electrode lines
and the storage electrodes are also formed in this step (A
Third Mask).

Finally, as shownin FIGS. 26 A and 26B, an ITO layer oran
170 layer is deposited and photo-etched to a plurality of pixel
electrodes 190, a plurality of auxiliary gate pads 95 and a
plurality of auxiliary data pads 97. Each pixel electrode 190 is
connected to the drain electrode 175 and the storage capacitor
electrode 177, and each of the auxiliary gate pad 95 and the
auxiliary data pad 97 are connected to the gate pad 95 and the
data pad 97. Although not shown, a plurality of storage
bridges is also formed in this step, and a photo-mask is
designed such that the cutouts of the pixel electrodes 190 have
an inversion symmetry with respect to the data lines 171 (A
Fourth Mask).

Since the pixel electrodes 190, the auxiliary gate pads 95
and the auxiliary data pads 97 made of 170 is formed by using
a Cr etchant, it is possible to prevent the corrosion of the
exposed portions of the data wire or the gate wire through the
contact holes during the photo etching step for forming the
pixel electrodes 190, the auxiliary gate pads 95 and the aux-
iliary data pads 97. An example of such etchant is HNO,/
(NH,),Ce(NO;)4/H,0. Deposition of IZO in a temperature
range between a room temperature and about 200° C. is
preferred for minimizing the contact resistance at the con-
tacts. It is preferable that a target used for forming an IZ0 film
includes In,0; and ZnO and an amount of ZnO contained
therein is in a range of 15-29 at %.

A pre-heating process using nitrogen gas is preferably
performed before depositing ITO or IZO. This is required for
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preventing the formation of metal oxides on the exposed
portions of the metal layers through the contact holes 181,
182, 183 and 184.

Although preferred embodiments of the present invention
have been described indetail hereinabove, it should be clearly
understood that many variations and/or modifications of the
basic inventive concepts herein taught which may appear to
those skilled in the present art will still fall within the spirit
and scope of the present invention, as defined in the appended
claims. Especially, a variety of modifications may be made in
arrangements of cutouts provided at the pixel electrodes and
the reference electrode.

The above-described configurations improve the aperture
ratio of the LCD and reduce the distortion of the image
signals.

What is claimed is:

1. A thin film transistor array panel for a liquid crystal
display comprising:

an insulating substrate;

a gate line formed on the insulating substrate;

a gate insulating layer formed on the gate lines;

a data line formed on the gate insulating layer;

a passivation layer formed on the data line;

a plurality of pixel electrodes formed on the passivation
layer and having a plurality of cutouts,

a plurality of storage electrode wires including a storage
electrode line parallel to the gate line and a storage
electrode connected to the storage electrode line; and

a storage bridge connecting two adjacent storage electrode
wires opposite each other with respect to the gate line;

wherein the cutouts of each pixel electrode comprise a
transverse cutout extending substantially along a trans-
verse center line of the pixel electrode; and

wherein the cutouts of two adjacent pixel electrodes oppo-
site each other with respect to the data line have a dia-
mond-shaped inversion symmetry in a top view of the
thin film transistor array panel.

2. The thin film transistor array panel of claim 1, wherein
the cutouts of each pixel electrode further comprise at least
first and second oblique cutouts extending in oblique direc-
tions, and

wherein the cutouts of each pixel electrode comprise a
transverse cutout extending substantially in a transverse
direction to partition the pixel electrode into upper and
lower halves and the at least first and second oblique
cutouts extending in oblique directions and are located
respectively in the upper and the lower halves of the
pixel electrode, and the oblique cutouts are substantially
perpendicular to each other.

3. A liquid crystal display comprising:

a first insulating substrate;

a plurality of first wires formed on the first insulating
substrate;

a plurality of second wires intersecting and insulated from
the first wires;

a plurality of pixel electrodes located on respective pixel
areas defined by the first wires and the second wires;

a plurality of thin film transistors, each having a gate elec-
trode, a source electrode and a drain electrode respec-
tively connected to one of the first wires, one of the
second wires and one of the pixel electrodes;

a second insulating substrate opposite the first insulating
substrate;

a reference electrode formed on the second insulating sub-
strate;

a plurality of first domain partitioning members formed on
one of the first insulating substrate and the second insu-
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lating substrate wherein the first domain partitioning
members comprise a transverse domain partitioning
member extending substantially along a transverse cen-
ter line of the pixel electrode; and

aplurality of second domain partitioning members formed

on one of the first insulating substrate or the second
insulating substrate,

wherein the first and the second domain partitioning mem-

bers of two adjacent pixel electrodes opposite each other
with respect to the data line have a diamond-shaped
inversion symmetry in a top view of the liquid crystal
display,

wherein the first domain partitioning members further

comprise at least first and second oblique cutouts
extending in oblique directions, and

wherein the traverse domain partitioning member of the

first domain partitioning members of each pixel elec-
trode comprise a central cutout extending substantially
along a transverse center line of the pixel electrode and
forking into upper and lower branches diverging
obliquely and two oblique cutouts extending in oblique
directions and located respectively in a lower half and an
upper half of the pixel electrode, and one of the second
domain partitioning members of the reference electrode
is interposed between the oblique cutouts of the first
domain partitioning members and includes an oblique
portion parallel to the oblique cutouts and an overlap-
ping portion overlapping edges of at least one of the
pixel electrodes and one of the data lines.

4. The liquid crystal display of claim 3, wherein the over-
lapping portion overlaps the one of the data lines and adjacent
two of'the pixel electrodes opposite each other with respect to
one of the data lines.

5. The liquid crystal display of claim 3, wherein the second
domain partitioning members comprises a dielectric protu-
berance.

6. A liquid crystal display comprising:

a first insulating substrate;

a plurality of first wires formed on the first insulating

substrate;

a plurality of second wires intersecting and insulated from

the first wires;

a plurality of pixel electrodes located on respective pixel

areas defined by the first wires and the second wires;

a plurality of thin film transistors, each having a gate elec-

trode, a source electrode and a drain electrode respec-
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tively connected to one of the first wires, one of the
second wires and one of the pixel electrodes;

a second insulating substrate opposite the first insulating
substrate;

a reference electrode formed on the second insulating sub-
strate;

a plurality of first domain partitioning members formed on
one of the first insulating substrate and the second insu-
lating substrate wherein the first domain partitioning
members comprise a transverse domain partitioning
member extending substantially along a transverse cen-
ter line of the pixel electrode; and

a plurality of second domain partitioning members formed
on one of the first insulating substrate or the second
insulating substrate,

wherein the first and the second domain partitioning mem-
bers of two adjacent pixel electrodes opposite each other
with respect to the data line have a diamond-shaped
inversion symmetry in a top view of the liquid crystal
display,

wherein the first domain partitioning members further
comprise at least first and second oblique cutouts
extending in oblique directions,

wherein the traverse domain partitioning member is a
transverse cutout, and

wherein the first domain partitioning members of the pixel
electrodes comprise a plurality of cutouts, the plurality
of cutouts of one of the pixel electrodes comprise a
transverse cutout extending substantially in a transverse
direction to partition the pixel electrode into upper and
lower halves, the at least first and second oblique cutouts
extending in oblique directions and located in the upper
and the lower halves of the pixel electrode, and the
oblique cutouts are substantially perpendicular to each
other, and wherein the oblique cutouts are interposed
between the second domain partitioning members of the
reference electrode, and each second domain partition-
ing member includes an oblique portion parallel to the
oblique cutouts and an overlapping portion overlapping
edges of the pixel electrodes.

7. The liquid crystal display of claim 6, wherein the second

domain partitioning members comprises a dielectric protu-
berance.
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