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THIN FILM TRANSISTOR ARRAY PANEL
AND LIQUID CRYSTAL DISPLAY
INCLUDING THE PANEL

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims the benefit of Korean Patent
Application No. 10-2005-0004271, filed on Jan. 17, 2005 in
the Korean Intellectual Property Office, the disclosure of
which is incorporated herein by reference.

BACKGROUND OF TH INVENTION

[0002] (a) Field of the Invention

[0003] The present invention relates to a thin film transistor
array panel and a liquid crystal display including the panel.
[0004] (b) Description of the Related Art

[0005] A liquid crystal display (LCD) is one of the most
widely used flat panel displays. An LCD includes two panels
provided with field-generating electrodes such as pixel elec-
trodes and a common electrode and a liquid crystal (L.C) layer
interposed therebetween. The LCD displays images by apply-
ing voltages to the field-generating electrodes to generate an
electric field in the LC layer, which determines orientations of
L.C molecules in the LC layer to adjust polarization of inci-
dent light.

[0006] Among the LCDs, a vertical alignment (VA) mode
LCD, which aligns LC molecules such that the long axes of
the LC molecules are perpendicular to the panels in the
absence of electric field, is popular because of its high con-
trast ratio and wide reference viewing angle.

[0007] Thewide viewing angle of the VA mode LCD can be
realized by cutouts in the field-generating electrodes and
protrusions on the field-generating electrodes. Since the cut-
outs and the protrusions can determine the tilt directions of
the LC molecules, the tilt directions can be distributed into
several directions by using the cutouts and the protrusions
such that the reference viewing angle is widened.

[0008] However, the VA mode LCD has poor lateral vis-
ibility as compared with front visibility.

[0009] In addition, it is required to realize a pixel structure
that has a maximum aperture ratio and a good resistance
against pixel defects that can be generated during the manu-
facturing process.

SUMMARY OF THE INVENTION

[0010] A thin film transistor array panel according to an
embodiment of the present invention includes: a substrate; a
gate line disposed on the substrate and extending in a first
direction; a capacitive electrode separated from the gate line
and elongated in a second direction; a data line intersecting
the gate line; a thin film transistor connected to the gate line
and the data line and including a drain electrode; a coupling
electrode overlapping the capacitive electrode and connected
to the drain electrode; and a pixel electrode including at least
one first subpixel electrode connected to the drain electrode
and a second subpixel electrode connected to the capacitive
electrode and spaced apart from the at least first subpixel
electrode by a gap that overlaps the capacitive electrode or the
coupling electrode.

[0011] The thin film transistor array panel may further
include a storage electrode line overlapping the pixel elec-
trode and including a storage electrode.
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[0012] The drain electrode may include an extension over-
lapping the gap and the storage electrode.

[0013] The storage electrode and the capacitive electrode
may extend in a line.

[0014] The storage electrode, the capacitive electrode, the
coupling electrode, and the extension of the drain electrode
may be elongated parallel to the data line and disposed sub-
stantially symmetrical to a reference line parallel to the gate
line.

[0015] Thedrain electrode may further include an intercon-
nection connecting the extension and the coupling electrode
and disposed at a position far from the data line.

[0016] The storage electrode line may overlap the gap.
[0017] The thin film transistor array panel may further
include a passivation layer disposed between the pixel elec-
trode and the capacitive electrode and the coupling electrode.
[0018] The coupling electrode may have a through-hole
and the passivation layer may have a contact hole connecting
the second subpixel electrode and the capacitive electrode
and disposed within the through-hole of the coupling elec-
trode.

[0019] Theat least one first subpixel electrode may include
third and fourth subpixel electrodes disposed opposite each
other with respect to the second subpixel electrode.

[0020] The third subpixel electrode may be connected to
the drain electrode and the fourth subpixel electrode may be
connected to the capacitive electrode.

[0021] The thin film transistor array panel may further
include a shielding electrode separated from the pixel elec-
trode and overlapping the data line or the gate line at least in
part. The pixel electrode and the shielding electrode may
include the same layer. The shielding electrode may extend
along the data line or the gate lines and it may fully cover the
data line.

[0022] The pixel electrode may include a partitioning
member for partitioning the pixel electrode into a plurality of
partitions. The partitioning member may include a portion
extending parallel to the gap.

[0023] The gap may make an angle of about 45 degrees
with the gate line.

[0024] A liquid crystal display according to anembodiment
of the present invention includes: a gate line; a data line
intersecting the gate line; a capacitive electrode separated
from the gate line and elongated substantially parallel to the
data line; a thin film transistor connected to the gate line and
the data line and including a drain electrode; a coupling
electrode overlapping the capacitive electrode and connected
to the drain electrode; a pixel electrode including a first sub-
pixel electrode connected to the drain electrode and a second
subpixel electrode connected to the capacitive electrode and
spaced apart from the first subpixel electrode by a gap that
overlaps the capacitive electrode or the coupling electrode; a
common electrode disposed opposite the pixel electrode; and
a liquid crystal layer interposed between the pixel electrode
and the common electrode.

[0025] The liquid crystal layer may be subjected to a verti-
cal alignment.

BRIEF DESCRIPTION OF THE DRAWINGS

[0026] The present invention will become more apparent
by describing embodiments thereof in detail with reference to
the accompanying drawings in which:

[0027] FIG. 1 is a layout view of a TFT array panel of an
LCD according to an embodiment of the present invention;
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[0028] FIG. 2isalayout view of a common electrode panel
of an LCD according to an embodiment of the present inven-
tion;

[0029] FIG.3isalayout view of an LCD including the TFT
array panel shown in FIG. 1 and the common electrode panel
shown in FIG. 2;

[0030] FIGS.4 and 5 are sectional views of the LCD shown
in FIG. 3 taken along lines IV-IV' and V-V', respectively;
[0031] FIG. 6 is an equivalent circuit diagram of the LCD
shown FIGS. 1-5;

[0032] FIG. 7 is a layout view of an LCD according to
another embodiment of the present invention;

[0033] FIGS. 8 and 9 are sectional views of the LCD shown
in FIG. 7 taken along lines VIII-VIII' and IX-IX"; and
[0034] FIG. 10 is a sectional view of the LCD shown in
FIG. 3 taken along line IV-IV according to another embodi-
ment of the present invention.

DETAILED DESCRIPTION OF EMBODIMENTS

[0035] 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.

[0036] 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 ele-
ment 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 con-
trast, when an element is referred to as being “directly on”
another element, there are no intervening elements present.
[0037] AnLCD according to an embodiment of the present
invention will be described in detail with reference to FIGS.
1-6.

[0038] FIG. 1 is a layout view of a TFT array panel of an
LCD according to an embodiment of the present invention,
FIG. 2 is a layout view of a common electrode panel of 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, FIGS. 4 and 5 are sectional views ofthe LCD shown
in FIG. 3 taken along lines IV-IV' and V-V', and FIG. 6 is an
equivalent circuit diagram of the LCD shown in FIGS. 1-5.
[0039] Referring to FIGS. 1-5, an LCD according to an
embodiment of the present invention includes a TFT array
panel 100, a common electrode panel 200, and a LC layer 3
interposed between the panels 100 and 200.

[0040] The TFT array panel 100 is now described in detail
with reference FIGS. 1 and 3-5.

[0041] A plurality of gate conductors including a plurality
of gate lines 121, a plurality of storage electrode lines 131,
and a plurality of capacitive electrodes 136 are formed on an
insulating substrate 110 such as transparent glass or plastic.
[0042] The gate lines 121 transmit gate signals and extend
substantially in a transverse direction. Each gate line 121
includes a plurality of gate electrodes 124 projecting upward
and an end portion 129 having a large area for contact with
another layer or an external driving circuit. A gate driving
circuit (not shown) for generating the gate signals may be
mounted on a flexible printed circuit (FPC) film (not shown),
which may be attached to the substrate 110, directly mounted
on the substrate 110, or integrated onto the substrate 110. The
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gate lines 121 may extend to be connected to a driving circuit
that may be integrated on the substrate 110.

[0043] The storage electrode lines 131 are supplied with a
predetermined voltage and extend substantially parallel to the
gate lines 121. Each of the storage electrode lines 131 is
disposed between two adjacent gate lines 121 and it is close to
a lower one of the two adjacent gate lines 121 while main-
taining a sufficient distance from the lower gate line 121.
Each of the storage electrode lines 131 includes a plurality of
storage electrodes 137 projecting upward.

[0044] Each of the capacitive electrodes 136, which are
separated from the storage electrode lines 131, is elongated in
a longitudinal direction in coincidence with the extension
direction of a storage electrode 137.

[0045] A pair of a capacitive electrode 136 and a storage
electrode 137 disposed between two adjacent gate lines 121 is
disposed almost symmetrical to a reference line that is equi-
distant from the two gate lines 121 and parallel to the gate
lines 121. In detail, a lower end of the capacitive electrode 136
is slightly spaced apart from an upper end of the storage
electrode 137, and an upper end of the capacitive electrode
136 is spaced apart from an upper one of the two gate lines
121 by a distance almost equal to a distance between a lower
end of the storage electrode 137 and a lower one of the two
gate lines 121.

[0046] The gateconductors 121,131 and 136 are preferably
made of Al containing metal such as Al and Al alloy, Ag
containing metal such as Ag and Ag alloy, Cu containing
metal such as Cu and Cu alloy, Mo containing metal such as
Mo and Mo alloy, Cr, Ta, or Ti. However, they may have a
multi-layered structure including two conductive films (not
shown) having different physical characteristics. One of the
two films is preferably made of low resistivity metal includ-
ing Al containing metal, Ag containing metal, and Cu con-
taining metal for reducing signal delay or voltage drop. The
other film is preferably made of material such as Mo contain-
ing metal, Cr, 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).
Good examples of the combination of the two films are a
lower Cr film and art upper Al (alloy) film and a lower Al
(alloy) film and an upper Mo (alloy) film. However, the gate
conductors 121, 131 and 136 may be made of various metals
or conductors.

[0047] Thelateral sides of the gate conductors 121,131 and
136 are inclined relative to a surface of the substrate 110, and
the inclination angle thereof ranges about 30-80 degrees.

[0048] A gate insulating layer 140 preferably made of sili-
con nitride (SiNx) or silicon oxide (SiOx) is formed on the
gate conductors 121, 131 and 136.

[0049] A plurality of semiconductor islands 154 preferably
made of hydrogenated amorphous silicon (abbreviated to
“a-S1”) or polysilicon are formed on the gate insulating layer
140. The semiconductor islands 154 are disposed on the gate
electrodes 124 and include extensions covering edges of the
gate lines 121. A plurality of other semiconductor islands (not
shown) may be disposed on the storage electrode lines 131.
[0050] A plurality of ohmic contact islands 163 and 165 are
formed on the semiconductor stripes 154. The ohmic contacts
163 and 165 are preferably made of n+ hydrogenated a-Si
heavily doped with n type impurity such as phosphorous or
they may be made of silicide. The ohmic contacts 163 and 165
are located in pairs on the semiconductor islands 154.
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[0051] The lateral sides of the semiconductor islands 154
and the ohmic contacts 163 and 165 are inclined relative to the
surface of the substrate 110, and the inclination angles thereof
are preferably in a range of about 30-80 degrees.

[0052] A plurality of data conductors including a plurality
of data lines 171 and a plurality of drain electrodes 175 are
formed on the ohmic contacts 163 and 165 and the gate
insulating layer 140.

[0053] The data lines 171 transmit data signals and extend
substantially in the longitudinal direction to intersect the gate
lines 121 and the storage electrode lines 131. Each data line
171 includes a plurality of source electrodes 173 projecting
toward the gate electrodes 124 and an end portion 179 having
a large area for contact with another layer or an external
driving circuit. A data driving circuit (not shown) for gener-
ating the data signals may be mounted on a FPC film (not
shown), which may be attached to the substrate 110, directly
mounted on the substrate 110, or integrated onto the substrate
110. The data lines 171 may extend to be connected to a
driving circuit that may be integrated on the substrate 110.
[0054] Each of the drain electrodes 175 is separated from
the data lines 171 and includes a narrow end portion disposed
opposite the source electrodes 173 with respect to the gate
electrodes 124. The end portion is partly enclosed by a source
electrode 173 that is curved like a character U.

[0055] Each drain electrode 175 further includes a trans-
verse extension 177a, a pair of lower and upper longitudinal
extensions 1775 and 176, and an interconnection 178. Each of
the extensions 1775 and 176 is a rectangle elongated parallel
to the data lines 171 and spaced apart from the data lines 171
by a sufficient distance, and the interconnection 178 connects
the lower extension 1775 and the upper extension 176.
[0056] The transverse extension 177a overlaps a storage
electrode line 131. The lower longitudinal extension 1775
overlaps a storage electrode 137 of the storage electrode line
131 and it has nearly the same shape as the storage electrode
137. The upper extension 176 overlaps a capacitive electrode
136 and it is referred to as a “coupling electrode.” The cou-
pling electrode 176 has a through-hole 176H exposing a top
surface of the gate insulating layer 140 and it has nearly the
same shape as the capacitive electrode 136. The interconnec-
tion 178 connects the coupling electrode 176 and the lower
longitudinal extension 1775 at left sides thereof.

[0057] A gate electrode 124, a source electrode 173, and a
drain electrode 175 along with a semiconductor island 154
form a TFT having a channel formed in the semiconductor
island 154 disposed between the source electrode 173 and the
drain electrode 175.

[0058] The data conductors 171 and 175 are preferably
made of refractory metal such as Cr, Mo, Ta, Ti, or alloys
thereof. However, they may have a multilayered structure
including a refractory metal film (not shown) and a low resis-
tivity film (not shown). Good examples of the multi-layered
structure are a double-layered structure including a lower
Cr/Mo (alloy) film and an upper Al (alloy) film and a triple-
layered structure of a lower Mo (alloy) film, an intermediate
Al (alloy) film, and an upper Mo (alloy) film. However, the
data conductors 171 and 175 may be made of various metals
or conductors.

[0059] The data conductors 171 and 175 have inclined edge
profiles, and the inclination angles thereof range about 30-80
degrees.

[0060] Theohmiccontacts 163 and 165 are interposed only
between the underlying semiconductor islands 154 and the
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overlying data conductors 171 and 175 thereon and reduce the
contact resistance therebetween. The extensions of the semi-
conductor islands 154 disposed on the edges of the gate lines
121 smooth the profile of the surface to prevent disconnection
of the data lines 171 there. The semiconductor islands 154
include some exposed portions, which are not covered with
the data conductors 171 and 175, such as portions located
between the source electrodes 173 and the drain electrodes
175.

[0061] A passivation layer 180 is formed on the data con-
ductors 171 and 175, and the exposed portions of the semi-
conductor islands 154. The passivation layer 180 is preferably
made of inorganic or organic insulator and it may have a flat
surface. Examples of the inorganic insulator include silicon
nitride and silicon oxide. The organic insulator may have
photosensitivity and it preferably has dielectric constant less
than about 4.0. The passivation layer 180 may include a lower
film of inorganic insulator and an upper film of organic insu-
lator such that it takes the excellent insulating characteristics
of'the organic insulator while preventing the exposed portions
of the semiconductor islands 154 from being damaged by the
organic insulator.

[0062] The passivation layer 180 has a plurality of contact
holes 182 exposing the end portions 179 of the data lines 171,
a plurality of contact holes 18541 exposing the lower ends of
the lower extensions 1775 of the drain electrodes 175, and a
plurality of contact holes 18542 exposing the upper ends of
the coupling electrodes 176. The passivation layer 180 and
the gate insulating layer 140 have a plurality of contact holes
181 exposing the end portions 129 of the gate lines 121 and a
plurality of contact holes 186 penetrating the through-holes
176H without exposing the coupling electrode 176 and
exposing portions of the capacitive electrodes 136. The con-
tactholes 181, 182, 18541, 18542 and 186 may have inclined
or stepped sidewalls that can be easily obtained by using
organic material.

[0063] A plurality of pixel electrodes 190, a shielding elec-
trode 88, and a plurality of contact assistants 81 and 82 are
formed on the passivation layer 180. They are preferably
made of transparent conductor such as ITO or IZO or reflec-
tive conductor such as Ag, Al, Cr, or alloys thereof.

[0064] Each pixel electrode 190 is approximately a rect-
angle having chamfered corners and the chamfered edges of
the pixel electrode 190 make an angle of about 45 degrees
with the gate lines 121. The pixel electrodes 190 overlap the
gate lines 121 to increase the aperture ratio.

[0065] Each ofthe pixel electrodes 190 has lower and upper
gaps 93a and 935 that divide the pixel electrode 190 into
lower, upper, and central sub-pixel electrodes 190a1, 190a2
and 1905. The lower and the upper gaps 93a and 936
obliquely extend from a left edge to a right edge of the pixel
electrode 190 such that the central sub-pixel electrode 1905 is
an isosceles trapezoid rotated by a right angle and the lower
and the upper sub-pixel electrodes 190a1 and 19042 are right-
angled trapezoids rotated by a right angle. The lower and the
upper gaps 93a and 935 make an angle of about 45 degrees
with the gate lines 121 and they are perpendicular to each
other.

[0066] Thelower and the upper sub-pixel electrodes 190al
and 19042 are connected to the lower and the upper exten-
sions 1776 and 176 of the drain electrodes 175 through con-
tact holes 18541 and 18542, respectively.

[0067] The central sub-pixel electrode 1905 is connected to
a capacitive electrode 136 through a contact hole 186 and
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overlaps a coupling electrode 176. The central sub-pixel elec-
trode 1905, the capacitive electrode 136, and the coupling
electrode 176 form a “coupling capacitor.”

[0068] The central sub-pixel electrode 1905 has central
cutouts 91 and 92, the lower sub-pixel electrode 1904l has
lower cutouts 94a and 95a, and the upper sub-pixel electrode
19042 has upper cutouts 945 and 955. The cutouts 91, 92 and
944-95b partition the sub-pixel electrodes 1905, 190a1 and
19042 into a plurality of partitions. The pixel electrode 190
having the cutouts 91, 92 and 94a-955 and the gaps 93a and
9354 (also referred to as cutouts hereinafter) substantially has
an inversion symmetry with respect to an imaginary line
bisecting the pixel electrode 190 and parallel to the pixel
electrode.

[0069] Each of the lower and the upper cutouts 94a-955
obliquely extends approximately from a left corner, a lower
edge, or an upper edge of the pixel electrode 190 approxi-
mately to a right edge of the pixel electrode 190. The lower
and the upper cutouts 94a-95b make an angle of about 45
degrees to the gate lines 121, and they extend substantially
perpendicular to each other.

[0070] Each of the center cutouts 91 and 92 includes a
transverse portion and a pair of oblique portions connected
thereto. The transverse portion shortly extends along the
capacitive electrode 136, and the oblique portions obliquely
extend from the transverse portion toward the left edge of the
pixel electrode 190 in parallel to the lower and the upper
cutouts 94a-95b, respectively.

[0071] The number of the cutouts or the number of the
partitions is varied depending on the design factors such as
the size of the pixel electrode 190, the ratio of the transverse
edges and the longitudinal edges of the pixel electrode 190,
the type and characteristics of the liquid crystal layer 3, and so
on.

[0072] The shielding electrode 88 is supplied with the com-
mon voltage and it includes longitudinal portions extending
along the data lines 171 and transverse portions extending
along the gate lines 127 to connect adjacent longitudinal
portions. The longitudinal portions fully cover the data lines
171, while each of the transverse portions lies within the
boundary of a gate line 121.

[0073] The shielding electrode 88 blocks electromagnetic
interference between the data lines 171 and the pixel elec-
trodes 190 and between the data lines 171 and the common
electrode 270 to reduce the distortion of the voltage of the
pixel electrodes 190 and the signal delay of the data voltages
carried by the data lines 171.

[0074] The contactassistants 81 and 82 are connected to the
end portions 129 of the gate lines 121 and the end portions
179 of the data lines 171 through the contact holes 181 and
182, respectively. The contact assistants 81 and 82 protect the
end portions 129 and 179 and enhance the adhesion between
the end portions 129 and 179 and external devices.

[0075] The description of the common electrode panel 200
follows with reference to FIGS. 2-5.

[0076] A light blocking member 220 referred to as a black
matrix for preventing light leakage is formed on an insulating
substrate 210 such as transparent glass or plastic. The light
blocking member 220 include a plurality of rectilinear por-
tion facing the data lines 171 on the TFT array panel 100 and
a plurality of widened portions facing the TFTs on the TFT
array panel 100. Otherwise, the light blocking member 220
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may have a plurality of openings that face the pixel electrodes
190 and it may have substantially the same planar shape as the
pixel electrodes 190.

[0077] A plurality of color filters 230 are also formed on the
substrate 210 and they are disposed substantially in the areas
enclosed by the light blocking member 220. The color filters
230 may extend substantially along the longitudinal direction
along the pixel electrodes 190. The color filters 230 may
represent one of the primary colors such as red, green and blue
colors.

[0078] An overcoat 250 is formed on the color filters 230
and the light blocking member 220. The overcoat 250 is
preferably made of (organic) insulator and it prevents the
color filters 230 from being exposed and provides a flat sur-
face.

[0079] A common electrode 270 is formed on the overcoat
250. The common electrode 270 is preferably made of trans-
parent conductive material such as ITO and IZO and has a
plurality of sets of cutouts 71, 72,73, 74a, 74b, 75a, 755, 76a
and 76b.

[0080] A set of cutouts 71-765 face a pixel electrode 190
and include center cutouts 71, 72 and 73, lower cutout 74a,
75a and 76a and upper cutouts 74, 755 and 765. The cutout
71 is disposed near the contact hole 186 and each of the
cutouts 72-765 is disposed between adjacent cutouts 91-956
of'the pixel electrode 190 or between a cutout 954 or 955 and
a chamfered edge of the pixel electrode 190. Each of the
cutouts 71-765 has at least an oblique portion extending par-
allel to the lower cutout 93a-95a or the upper cutout 9356-956
of'the pixel electrode 190. Each of the oblique portions of the
cutouts 72-75b has a depressed notch and the cutouts 71-765
have substantially an inversion symmetry with respect to the
above-described imaginary transverse line of bisecting the
pixel electrode 190.

[0081] Each of the lower and the upper cutouts 74a-76b
includes an oblique portion and a pair of transverse and lon-
gitudinal portions or a pair of longitudinal portions. The
oblique portion extends approximately from a left edge, a
lower edge, or an upper edge of the pixel electrode 190
approximately to a right edge of the pixel electrode 190. The
transverse and longitudinal portions extend from respective
ends of the oblique portion along edges of the pixel electrode
190, overlapping the edges of the pixel electrode 190, and
making obtuse angles with the oblique portion.

[0082] Each of the center cutouts 71 and 72 includes a
central transverse portion, a pair of oblique portions, and a
pair of terminal longitudinal portions and the center cutout 73
includes a pair of oblique portions and a pair of terminal
longitudinal portions. The central transverse portion is dis-
posed near the left edge or a center of the pixel electrode 190
and extends along the capacitive electrode 136. The oblique
portions extend from an end of the central transverse portion
or approximately from a center of the right edge of the pixel
electrode 190, approximately to the left edge of the pixel
electrode. The oblique portions of the cutouts 71 and 72 make
oblique angles with the central transverse portion. The termi-
nal longitudinal portions extend from the ends of the respec-
tive oblique portions along the left edge of the pixel electrode
190, overlapping the left edge of the pixel electrode 190, and
making obtuse angles with the respective oblique portions.
[0083] The number of the cutouts 71-765 may be also var-
ied depending on the design factors, and the light blocking
member 220 may overlap the cutouts 71-765 to block the light
leakage through the cutouts 71-765.
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[0084] Alignment layers 11 and 21 that may be homeotro-
pic are coated on inner surfaces of the panels 100 and 200, and
polarizers 12 and 22 are provided on outer surfaces of the
panels 100 and 200 so that their polarization axes may be
crossed and one of the polarization axes may be parallel to the
gate lines 121. One of the polarizers 12 and 22 may be omitted
when the LCD is a reflective LCD.

[0085] The LCD may further include at least one retarda-
tion film (not shown) for compensating the retardation of the
LClayer 3. The retardation film has birefringence and gives a
retardation opposite to that given by the LC layer 3.

[0086] The LCD may further include a backlight unit (not
shown) supplying light to the LC layer 3 through the polar-
izers 12 and 22, the retardation film, and the panels 100 and
200.

[0087] It is preferable that the LC layer 3 has negative
dielectric anisotropy and it is subjected to a vertical alignment
that the LC molecules in the LC layer 3 are aligned such that
their long axes are substantially vertical to the surfaces of the
panels 100 and 200 in the absence of electric field. Accord-
ingly, incident light cannot pass the crossed polarization sys-
tem 12 and 22.

[0088] The opaque members such as the storage electrode
lines 131, the capacitive electrodes 136, and the extensions
177a, 1776 and 176 of the drain electrodes 175, and the
transparent members such as the pixel electrodes 190 having
the cutouts 91-95b6 and 71-76b are almost symmetrically
arranged with respect to a reference line that are equidistant
from adjacent gate lines 121. At least one of the opaque
members elongated in the longitudinal direction, i.e., the
storage electrodes 137, the capacitive electrodes 136, and the
longitudinal extensions 176 and 1775 of the drain electrodes
175 intersects the gaps 93a and 935 between the subpixel
electrodes 19041, 19042 and 19054.

[0089] In this configuration, since the longitudinal exten-
sions 176 and 1775 and the interconnections 178 of the drain
electrodes 175 are spaced apart from the data lines 171, short
circuit between the data lines 171 and the drain electrodes 175
can be reduced. Similarly, the storage electrode lines 131 are
spaced apart from the gate lines 121 by a sufficient distance,
short circuit between the gate lines 121 and the storage elec-
trode lines 131 can be reduced.

[0090] Furthermore, since the data lines 171 and the drain
electrodes 175 intersect the storage electrode lines 131 and
the capacitive electrodes 136 by a minimized amount while
maintaining up-down symmetry, disconnection of the data
lines 171 and the drain electrodes 175 can be reduced.
[0091] In addition, since capacitor members such as the
storage electrodes 137, the capacitive electrodes 136, and the
longitudinal extensions 176 and 1775 of the drain electrodes
175 are elongated and aligned in the longitudinal direction,
and the contacts between the lower and the upper subpixel
electrodes 190a1 and 19042 and the drain electrodes 175 are
made on the longitudinal extensions 176 and 1775, the aper-
ture ratio can be increased.

[0092] The LCD shown in FIGS. 1-5 is represented as an
equivalent circuit shown in FIG. 6.

[0093] Referring to FIG. 6, a pixel of the LCD includes a
TFTQ, afirst subpixel including a first L.C capacitor C; ~a and
a storage capacitor Cgza, a second subpixel including a sec-
ond LC capacitor C, -b, and a coupling capacitor Ccp.
[0094] The first LC capacitor C;a includes lower and
upper sub-pixel electrodes 190a1 and 19042 as one terminal,
a portion of the common electrode 270 corresponding thereto
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as the other terminal, and a portion of the LC layer 3 disposed
therebetween as a dielectric. Similarly, the second L.C capaci-
tor C, -b includes a central sub-pixel electrode 1905 as one
terminal, a portion of the common electrode 270 correspond-
ing thereto as the other terminal, and a portion of the L.C layer
3 disposed thereon as a dielectric.

[0095] The storage capacitor Cg,a includes transverse and
lower longitudinal extensions 177a and 1775 of a drain elec-
trode 175 as one terminal, portions of a storage electrode line
131 overlapping the extensions 177a and 17754 as the other
terminal, and a portion of the gate insulating layer 140 dis-
posed therebetween as a dielectric.

[0096] The coupling capacitor Ccp includes a central sub-
pixel electrode 1905 and a capacitive electrode 136 as one
terminal, a coupling electrode 176 as the other terminal, and
portions of the passivation layer 180 and the gate insulating
layer 140 disposed therebetween as a dielectric.

[0097] The first LC capacitor C, ~a and the storage capaci-
tor Cgare connected in parallel to a drain of the TFT Q. The
coupling capacitor Cep is connected between the drain of the
TFT Q and the second LC capacitor C,b. The common
electrode 270 is supplied with a common voltage Vcom and
the storage electrode lines 131 may be supplied with the
common voltage Vcom.

[0098] The TFT Q applies data voltages from a data line
171 to the first LC capacitor C, .a and the coupling capacitor
Ccp in response to a gate signal from a gate line 121, and the
coupling capacitor Ccp transmits the data voltage with a
modified magnitude to the second LC capacitor C, -b.
[0099] Ifthe storage electrode line 131 is supplied with the
common voltage Vcom and each of the capacitors C, ~a, Cgp,
C, cb and Cep and the capacitance thereof are denoted as the
same reference characters, the voltage Vb charged across the
second LC capacitor C, b is given by:

Vb=Vax [Ccp/(Ccp+Cy ob)],

where Va denotes the voltage of the first LC capacitor C, ~a.
[0100] Since the term Ccp/(Cep+C, -b)is smaller than one,
the voltage Vb of the second LC capacitor C, b is greater
than that of the first LC capacitor C, ~a. This inequality may
be also true for a case that the voltage of the storage electrode
line 131 is not equal to the common voltage Vcom.

[0101] When the potential difference is generated across
the first LC capacitor C, .a or the second L.C capacitor C, -b,
an electric field substantially perpendicular to the surfaces of
the panels 100 and 200 is generated in the LC layer 3 and both
the pixel electrode 190 and the common electrode 190 are
commonly referred to as field generating electrodes herein-
after. Then, the LC molecules in the LC layer 3 tilt in response
to the electric field such that their long axes are perpendicular
to the field direction. The degree of the tilt of the LC mol-
ecules determines the variation of the polarization of light
incident on the LC layer 3 and the variation of the light
polarization is transformed into the variation of the light
transmittance by the polarizers 12 and 22. In this way, the
LCD displays images.

[0102] The tilt angle of the LC molecules depends on the
strength of the electric field. Since the voltage Va of the first
LC capacitor C;a and the voltage Va of the second LC
capacitor C, -b are different from each other, the tilt direction
of'the LC molecules in the first subpixel is different from that
in the second subpixel and thus the luminances of the two
subpixels are different. Accordingly, while maintaining the
average luminance of the two subpixels in a target luminance,
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the voltages Va and Vb of the first and the second subpixels
can be adjusted so that an image viewed from a lateral side is
the closest to an image viewed from the front, thereby
improving the lateral visibility.

[0103] The ratio of the voltages Va and Vb can be adjusted
by varying the capacitance of the coupling capacitor Ccep, and
the coupling capacitance Ccp can be varied by changing the
overlapping area and distance between the coupling electrode
176 and the central sub-pixel electrode 1905 (and the capaci-
tive electrode 136). For example, the distance between the
coupling electrode 176 and the central sub-pixel electrode
1905 becomes large when the capacitive electrode 136 is
removed and the coupling electrode 176 is moved to the
position of the capacitive electrode 136. Preferably, the volt-
age Vb of the second LC capacitor C, b is from about 0.6 to
about 0.8 times the voltage Va of the first LC capacitor C, .a.

[0104] The voltage Vb charged in the second L.C capacitor
C, b may be larger than the voltage Va of the first LC capaci-
tor C; -a. This can be realized by precharging the second LC
capacitor C;-b with a predetermined voltage such as the
common voltage Vcom.

[0105] The ratio of the lower and the upper sub-pixel elec-
trodes 190a1 and 19042 of the first subpixel and the central
sub-pixel electrode 1905 of the second subpixel is preferably
from about 1:0.85 to about 1:1.15 and the number of the
sub-pixel electrodes in each of the LC capacitors C; ~a and
C, cb may be changed.

[0106] The tilt direction of the LC molecules is determined
by a horizontal component generated by the cutouts 91-955
and 71-765 of the field generating electrodes 190 and 270 and
the oblique edges of the pixel electrodes 190 distorting the
electric field, which is substantially perpendicular to the
edges of the cutouts 91-955 and 71-765 and the oblique edges
of the pixel electrodes 190. Referring to FIG. 3, a set of the
cutouts 91-955 and 71-7654 divides a pixel electrode 190 into
a plurality of sub-areas and each sub-area has two major
edges. Since the LC molecules on each sub-area tilt perpen-
dicular to the major edges, the azimuthal distribution of the
tilt directions are localized to four directions, thereby increas-
ing the reference viewing angle of the LCD.

[0107] Inaddition, when the areas that can transmit light for
the above-described four tilt directions are the same, the
visibility becomes better for various viewing directions.
Since the opaque members are symmetrically arranged as
described above, the adjustment of the transmissive areas is
easy.

[0108] The notches in the cutouts 72-75b determine the tilt
directions of the LC molecules on the cutouts 72-755 and they
may be provided at the cutouts 91-956 and may have various
shapes and arrangements.

[0109] The shapes and the arrangements of the cutouts
91-95b and 71-765 for determining the tilt directions of the
LC molecules may be modified and at least one of the cutouts
91-95b and 71-76b can be substituted with protrusions (not
shown) or depressions (not shown). The protrusions are pref-
erably made of organic or inorganic material and disposed on
or under the field-generating electrodes 190 or 270.

[0110] In the meantime, since there is no electric field
between the shielding electrode 88 and the common electrode
270, the L.C molecules on the shielding electrode 88 remain
their initial orientations and thus the light incident thereon is
blocked. Accordingly, the shielding electrode 88 may serve as
a light blocking member.
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[0111] An LCD according to another embodiment of the
present invention will be described in detail with reference to
FIGS. 7,8 and 9.

[0112] FIG. 7 is a layout view of an LCD according to
another embodiment of the present invention, and FIGS. 8
and 9 are sectional views of the LCD shown in FIG. 7 taken
along lines VIII-VIII' and IX-IX"

[0113] Referring to FIGS. 7-9, an LCD according to this
embodiment also includes a TFT array panel 100, a common
electrode panel 200, a LC layer 3 interposed between the
panels 100 and 200, and a pair of polarizers 12 and 22
attached on outer surfaces of the panels 100 and 200.

[0114] Layered structures of the panels 100 and 200
according to this embodiment are almost the same as those
shown in FIGS. 1-5.

[0115] Regarding the TFT array panel 100, a plurality of
gate lines 121 including gate electrodes 124 and end portions
129, a plurality of storage electrode lines 131 including stor-
age electrodes 137, and a plurality of capacitive electrodes
136 are formed on a substrate 110. A gate insulating layer
140, a plurality of semiconductors 154, and a plurality of
ohmic contacts 163 and 165 are sequentially formed on the
gate lines 121 and the storage electrodes lines 131. A plurality
of data lines 171 including source electrodes 173 and end
portions 179 and a plurality of drain electrodes 175 including
extensions 176, 177a and 1775 and interconnections 178 are
formed on the ohmic contacts 163 and 165. A passivation
layer 180 is formed on the data lines 171, the drain electrodes
175, and exposed portions of the semiconductors 154. A
plurality of contact holes 181, 182, 185421, 18542 and 186 are
provided at the passivation layer 180 and the gate insulating
layer 140 and the contact holes 186 pass through through-
holes 176H provided at the extensions 176 of the drain elec-
trodes 175. A plurality of pixel electrodes 190 including sub-
pixel electrodes 190a1, 19042 and 19056 and having cutouts
91-955, a shielding electrode 88, and a plurality of contact
assistants 81 and 82 are formed on the passivation layer 180,
and an alignment layer 11 is coated thereon.

[0116] 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 cutouts
71-76b, and an alignment layer 21 are formed on an insulating
substrate 210.

[0117] Different from the LCD shown in FIGS. 1-5, the
semiconductors 154 and the ohmic contacts 163 of the TFT
array panel 100 according to this embodiment extend along
the data lines 171 to form semiconductor stripes 151 and
ohmic contact stripes 161. In addition, the semiconductor
stripes 154 have almost the same planar shapes as the data
lines 171 and the drain electrodes 175 as well as the under-
lying ohmic contacts 163 and 165. However, the semiconduc-
tors 154 include some exposed portions, which are not cov-
ered with the data lines 171 and the drain electrodes 175, such
as portions located between the source electrodes 173 and the
drain electrodes 175.

[0118] A manufacturing method of the TFT array panel
according to an embodiment simultaneously forms the data
lines 171 and the drain electrodes 175, the semiconductors
151, and the ohmic contacts 161 and 165 using one photoli-
thography step.

[0119] A photoresist masking pattern for the photolithog-
raphy process has position-dependent thickness, and in par-
ticular, it has thicker portions and thinner portions. The
thicker portions are located on wire areas that will be occu-
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pied by the data lines 171 and the drain electrodes 175 and the
thinner portions are located on channel areas of TFTs.
[0120] The position-dependent thickness of the photoresist
is obtained by several techniques, for example, by providing
translucent areas on the exposure mask 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 reflowable photoresist. In detail, once a
photoresist pattern made of a reflowable material is formed by
using anormal 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.
[0121] As a result, the manufacturing process is simplified
by omitting a photolithography step.

[0122] Many of the above-described features of the LCD
shown in FIGS. 1-5 may be appropriate to the LCD shown in
FIGS. 7-9.

[0123] An LCD according to another embodiment of the
present invention will be described in detail with reference to
FIG. 10.

[0124] FIG. 10 is an sectional view of the LCD shown in
FIG. 3 taken along line IV-IV".

[0125] Referring to FIG. 10, an LCD according to this
embodiment also includes a TFT array panel 100, a common
electrode panel 200, a LC layer 3 interposed between the
panels 100 and 200, and a pair of polarizers 12 and 22
attached on outer surfaces of the panels 100 and 200.

[0126] Layered structures of the panels 100 and 200
according to this embodiment are almost the same as those
shown in FIGS. 1-5.

[0127] Regarding the TFT array panel 100, a plurality of
gate lines 121 including gate electrodes 124 and end portions
129, a plurality of storage electrode lines 131 including stor-
age electrodes 137, and a plurality of capacitive electrodes
136 are formed on a substrate 110. A gate insulating layer
140, a plurality of semiconductors 154, and a plurality of
ohmic contacts 163 and 165 are sequentially formed on the
gate lines 121 and the storage electrodes lines 131. A plurality
of data lines 171 including source electrodes 173 and end
portions 179 and a plurality of drain electrodes 175 including
extensions 176, 177a and 17756 and interconnections 178 are
formed on the ohmic contacts 163 and 165 and the gate
insulating layer 140. A passivation layer 180 is formed on the
data lines 171, the drain electrodes 175, and exposed portions
of the semiconductors 154. A plurality of contact holes 181,
182, 18541, 18542 and 186 are provided at the passivation
layer 180 and the gate insulating layer 140 and the contact
holes 186 pass through through-holes 176H provided at the
extensions 176 ofthe drain electrodes 175. A plurality of pixel
electrodes 190 including subpixel electrodes 19041, 19042
and 1905 and having cutouts 91-955, a shielding electrode 88,
and a plurality of contact assistants 81 and 82 are formed on
the passivation layer 180, and an alignment layer 11 is coated
thereon.

[0128] Regarding the common electrode panel 200, a light
blocking member 220, an overcoat 250, a common electrode
270 having cutouts 71-765, and an alignment layer 21 are
formed on an insulating substrate 210.

[0129] Different from the LCD shown in FIGS. 1-5, the
TFT array panel 100 includes a plurality of color filters 230
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disposed under the passivation layer 180, while the common
electrode panel 200 has no color filter. In this case, the over-
coat 250 may be removed from the common electrode panel
200.

[0130] Thecolor filters 230 are disposed between two adja-
cent data lines 171 and they have a plurality of through-holes
235 and 236 through which the contact holes 185 and 186
pass through, respectively. The color filters 230 are not pro-
vided on peripheral areas provided with the end portions 129
and 179 of the signal lines 121 and 171.

[0131] The color filters 230 may extend along a longitudi-
nal direction to form stripes and the edges of adjacent two of
the color filters 230 may exactly match with each other on the
data lines 171. However, the color filters 230 may overlap
each other to block the light leakage between the pixel elec-
trodes 190, or may be spaced apart from each other. When the
color filters 230 overlap each other, linear portions of the light
blocking member 220 may be omitted and in this case, the
shielding electrode 88 may cover edges of the color filters
230. Overlapping portions of the color filters 230 may have a
reduced thickness to decrease the height difference.

[0132] The color filters 230 may be disposed on the passi-
vation layer 180, or the passivation layer 180 may be omitted.
[0133] Many of the above-described features of the LCD
shown in FIGS. 1-5 may be appropriate to the LCD shown in
FIG. 10.

[0134] 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.

1. A thin film transistor array panel comprising:

substrate;

a gage line disposed on the substrate and extending in a first
direction;

a capacitive electrode separated from the gate line and
elongated in a second direction;

a data line intersecting the gate line;

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

a pixel electrode including at least one first subpixel elec-
trode connected to the drain electrode and a second
subpixel electrode connected to the capacitive electrode
and spaced apart from the at least first subpixel electrode
by a gap that overlaps the capacitive electrode or the
coupling electrode.

2.-18. (canceled)

19. A liquid crystal display comprising:

a gate line;

a data line intersecting the gate line;

a capacitive electrode separated from the gate line and
elongated substantially parallel to the date line;

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

a coupling electrode overlapping the capacitive electrode
and connected to the drain electrode;

a pixel electrode including a first subpixel electrode con-
nected to the drain electrode and a second subpixel elec-
trode connected to the capacitive electrode and spaced
apart from the first subpixel electrode by a gap that
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overlaps the capacitive electrode or the coupling elec-
trode;

a common electrode disposed opposite the pixel electrode;
and

a liquid crystal layer interposed between the pixel elec-
trode and the common electrode.

20. (canceled)

21. A method of manufacturing thin film transistor array

panel, the method comprising:

forming a gate line and a capacitive electrode on a sub-
strate, the gate line and the capacitive electrode sepa-
rated from each other and extending in different direc-
tions;
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forming a data line including a source electrode, a drain
electrode separated from the date line, and a coupling
electrode overlapping the capacitive electrode and con-
nected to the drain electrode; and

forming a pixel electrode including at least one first sub-
pixel electrode connected to the drain electrode and a
second subpixel electrode connected to the capacitive
electrode,

wherein the second subpixel electrode is spaced apart from
the at least first subpixel electrode by a gap that overlaps
the capacitive electrode or the coupling electrode.

* * * #* ok



TRAFROE) SBELCEREYERNSEERN AR S RS
NIF(2E)E US20100103087A1
HiES US12/646795

[ i (S RIR) A ()

RIB(ERR)AGE)

HERB(ERR)AE)

SHIN KYOUNG JU
4£CHONG CHUL
hEER

SHIN KYOUNG-JU
RET

PARK CHEOL-WOO

= EDISPLAY CO. , LTD.

patsnap

2010-04-29

2009-12-23

GO02F1/134309 G02F1/136213 G02F2001/134354 G02F2001/134345 G02F2001/133742

[#R]% BB A SHIN KYOUNG JU
CHAI CHONG CHUL
PARK CHEOL WOO

KA SHIN, KYOUNG-JU
CHAI, CHONG-CHUL
PARK, CHEOL-WOO

IPCH 3= G09G3/36 HO1L21/336

CPCH¥E=

£ £ 1020050004271 2005-01-17 KR

H {0 FF sk US8164586

SNEBEEE Espacenet USPTO

BE(R)

REARLZAXEANVERREEETERTE | ERMRLREEER
EHHinE—F A, BRBREMRL D T 30 % = F K SRk
HARNBIEL SRATE | ERIMREANBELH B RBRBEE
%, ERABREBHFERIFBR GRBNEBEERIFEMHED
—NE-FHEEEARANERIERENA BT SR RBRIBS BN

EBNABREELE-—FREENEARTNE - FEHEREN.

iaz az
il W} L i
=
Pe LH 118 o556
Hi—=—17
180b-] ; H— ] o
o3 —=s
HT1H—190a2
[ [T H+—185a=2
H+—H 1138
92— T4 —1ve
190e1 e
190{190=2 \__::.a?g
190b L LT
o1 r— 411 137
17
o2 -H—1—o3a
-1t 185al
131
177 [ —51a
- H-—3l-190a1
175 =
a1 124} ,-———-[—ssa
] ' —Lg
181 g P
1z e~
1:34’%3 121 %5' -



https://share-analytics.zhihuiya.com/view/e33db0f9-6ece-486f-a4a5-1898e7f821f4
https://worldwide.espacenet.com/patent/search/family/036683471/publication/US2010103087A1?q=US2010103087A1
http://appft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PG01&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.html&r=1&f=G&l=50&s1=%2220100103087%22.PGNR.&OS=DN/20100103087&RS=DN/20100103087

