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LIQUID CRYSTAL DISPLAY

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] This applicationis a division of U.S. application Ser.
No. 10/793,860 filed Mar. 8, 2004, which claims priority to
Korean Patent Application No. 10-2003-0014017 filed Mar.
6, 2003, the entire contents of which are hereby incorporated
by reference.

BACKGROUND OF THE INVENTION

[0002] (a) Field of the Invention

[0003] The present invention relates to a liquid crystal dis-
play.

[0004] (b) Description of the Related Art

[0005] A typical liquid crystal display (“LCD”) includes an

upper panel provided with a common electrode and an array
of color filters, a lower panel provided with a plurality of thin
film transistors (“TFTs) and a plurality of pixel electrodes,
and a liquid crystal layer is interposed therebetween. The
pixel electrodes and the common electrode are applied with
electric voltages and the voltage difference therebetween
causes electric field. The variation of the electric field changes
the orientations of liquid crystal molecules in the liquid crys-
tal layer and thus the transmittance of light passing through
the liquid crystal layer. As a result, the LCD displays desired
images by adjusting the voltage difference between the pixel
electrodes and the common electrode.

[0006] The LCD has a major disadvantage of its narrow
viewing angle, and several techniques for increasing the
viewing angle have been developed. Among these techniques,
the provision of a plurality of cutouts or a plurality of projec-
tions on the pixel electrodes and the common electrode oppo-
site each other along with the vertical alignment of the liquid
crystal molecules with respect to the upper and the lower
panels is promising.

[0007] The cutouts provided both at the pixel electrodes
and the common electrode give wide viewing angle by gen-
erating fringe field to adjust the tilt directions of the liquid
crystal molecules.

[0008] The provision of the projections both on the pixel
electrode and the common electrode distorts the electric field
to adjust the tilt directions of the liquid crystal molecules.
[0009] The fringe field for adjusting the tilt directions of the
liquid crystal molecules to form a plurality of domains is also
obtained by providing the cutouts at the pixel electrodes on
the lower panel and the projections on the common electrode
on the upper panel.

[0010] Among these techniques for widening the viewing
angle, the provision of the cutouts has problems that an addi-
tional mask for patterning the common electrode is required,
an overcoat is required for preventing the effect of the pig-
ments of the color filters on the liquid crystal material, and
severe disclination is generated near the edges of the pat-
terned electrode. The provision of the projections also has a
problem that the manufacturing method is complicated since
it is required an additional process step for forming the pro-
jections or a modification of a process step. Moreover, the
aperture ratio is reduced due to the projections and the cut-
outs.

SUMMARY OF THE INVENTION

[0011] A liquid crystal display is provided, which includes:
a first substrate; a plurality of first signal lines formed on the
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first substrate and supplied with scanning signals; a plurality
of second signal lines formed on the first substrate and sup-
plied with data voltages; a plurality of pixel electrodes formed
on the first substrate; a plurality of direction control elec-
trodes formed on the first substrate; a plurality of first thin film
transistors, each first thin film transistor connected to a rel-
evant one of the first signal lines, a relevant one of the second
signal lines, and a relevant one of the pixel electrodes; a
second thin film transistors, each second thin film transistor
connected to a previous one of the first signal lines, a previous
one or a next one of the second signal lines, and a relevant one
of'the direction control electrodes; a second substrate facing
the first substrate; and a common electrode formed on the
second substrate.

[0012] Preferably, the liquid crystal display is subjected to
a dot inversion and each scanning signal has first and second
pulses in a frame. The first pulse in a scanning signal prefer-
ably synchronized with the second pulse in a previous scan-
ning signal.

[0013] Each pixel electrode may have a cutout overlapping
one of the direction control electrodes at least in part.
[0014] A liquid crystal display is provided, which includes:
aplurality of first signal lines transmitting scanning signals; a
plurality of second signal lines transmitting data voltages;
and a plurality of first and second pixels connected to the first
and the second signal lines, wherein each of the first pixels has
apixel electrode, a direction control electrode, a first thin film
transistor having a gate electrode connected to a relevant first
signal line, a source electrode connected to a relevant second
signal line, and a drain electrode connected to the pixel elec-
trode, and a second thin film transistor having a gate electrode
connected to a previous first signal line or a next first signal
line, a source electrode connected to a next second signal line,
and a drain electrode connected to the direction control elec-
trode; and wherein each of the second pixels has a pixel
electrode, a direction control electrode, a first thin film tran-
sistor having a gate electrode connected to a relevant first
signal line, a source electrode connected to a relevant second
signal line, and a drain electrode connected to the pixel elec-
trode, and a second thin film transistor having a gate electrode
connected to a previous first signal line, a source electrode
connected to a relevant second signal line, and a drain elec-
trode connected to the direction control electrode.

[0015] Preferably, the liquid crystal display is subjected to
a double-dot inversion and each scanning signal has first and
second pulses in a frame.

[0016] The first pixels form a plurality of first pixel rows
and the second pixels form a plurality of second pixel rows,
and the first pixel rows and the second pixel rows may be
alternately arranged.

[0017] Tt is preferable that adjacent two of the first and the
second pixel rows are supplied with data voltages having
equal polarity in pairs and a first pixel row in each pair is to
supplied with a scanning signal prior to a second pixel row in
the pair.

[0018] A liquid crystal display is provided, which includes:
a first substrate; a plurality of first signal lines formed on the
first substrate and supplied with scanning signals; a plurality
of second signal lines formed on the first substrate and inter-
secting the first signal lines; a plurality of pixel electrodes
formed on the first substrate; a plurality of direction control
electrodes formed on the first substrate; a plurality of first thin
film transistors, each first thin film transistor connected to a
relevant one of the first signal lines, a relevant one of the
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second signal lines, and a relevant one of the pixel electrodes;
aplurality of second thin film transistor, each second thin film
transistor connected to a previous one of the first signal lines,
a relevant one of the second signal lines, and a relevant one of
the direction control electrodes; a second substrate facing the
first substrate; and a common electrode formed on the second
substrate.

[0019] Preferably, the liquid crystal display is subjected to
a column inversion and each scanning signal has first and
second pulses in a frame.

[0020] A liquid crystal display is provided, which includes:
a first substrate; a plurality of first signal lines formed on the
first substrate and supplied with scanning signals, each scan-
ning signal having first and second pulses in a frame; a plu-
rality of second signal lines formed on the first substrate and
intersecting the first signal lines; a plurality of third signal
lines formed on the first substrate, intersecting the second
signal lines, and supplied with a common voltage; a plurality
of pixel electrodes formed on the first substrate; a plurality of
direction control electrodes formed on the first substrate; a
plurality of first thin film transistors, each first thin film tran-
sistor connected to a relevant one of the first signal lines, a
relevant one of the second signal lines, and a relevant one of
the pixel electrodes; a plurality of second thin film transistor,
each second thin film transistor connected to a previous one of
the first signal lines, a relevant one of the third signal lines,
and arelevant one of the direction control electrodes; a second
substrate facing the first substrate; and a common electrode
formed on the second substrate.

BRIEF DESCRIPTION OF THE DRAWINGS

[0021] The present invention will become more apparent
by describing embodiments thereof in detail with reference to
the accompanying drawings in which:

[0022] FIG. 1 is an equivalent circuit diagram of an LCD
according to an embodiment of the present invention;
[0023] FIG.2A s alayout view of a TFT array panel for an
LCD according to a first embodiment of the present inven-
tion;

[0024] FIGS. 2B and 2C are sectional views of the TFT
array panel shown in FIG. 2A taken along the lines IIb-IIb'
and Ilc-IIc', respectively;

[0025] FIGS. 3A to 3D are sectional views of a TFT array
panel for an LCD sequentially illustrating a manufacturing
method thereof according to a first embodiment of the present
invention;

[0026] FIG. 4 is a layout view of a TFT array panel for an
LCD according to a second embodiment of the present inven-
tion;

[0027] FIG. 5 is a sectional view of the TFT array panel
shown in FIG. 4 taken along the lines V-V'and V'-V";
[0028] FIGS. 6A to 11B are layout views and sectional
views of a TFT array panel for an LCD sequentially illustrat-
ing a manufacturing method thereof according to a second
embodiment of the present invention;

[0029] FIG. 12 is a schematic diagram of TFT array panels
for an LCD according to first and second embodiments of the
present invention;

[0030] FIG. 13 is an equivalent circuit diagram of an LCD
according to a third embodiment of the present invention;
[0031] FIG. 14 is a layout view of an LCD according to a
third embodiment of the present invention;

[0032] FIG. 15 is a sectional view of the LCD shown in
FIG. 14 taken along the line XV-XV";
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[0033] FIG. 16 is a sectional view of the LCD shown in
FIG. 14 taken along the line XVI-XVT';

[0034] FIG. 17 is a sectional view of the LCD shown in
FIG. 14 taken along the lines XVII-XVII' and XVII'-XVII";
[0035] FIG. 18 is a circuit diagram of an LCD according to
a fourth embodiment of the present invention;

[0036] FIG. 19 illustrates polarity of the pixels of the LCD
according to the fourth embodiment of the present invention;
[0037] FIG. 20 shows waveforms of scanning signals of the
LCD according to the fourth embodiment of the present
invention;

[0038] FIG. 21 is a circuit diagram of an LCD according to
a fifth embodiment of the present invention;

[0039] FIG. 22 illustrates polarity of the pixels of the LCD
according to the fifth embodiment of the present invention;
[0040] FIG. 23 is a circuit diagram of an LCD according to
a sixth embodiment of the present invention;

[0041] FIG. 24 illustrates polarity of the pixels of the LCD
according to the sixth embodiment of the present invention;
and

[0042] FIG. 25 is a circuit diagram of an LCD according to
a seventh embodiment of the present invention.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

[0043] The present invention now will be described more
fully hereinafter with reference to the accompanying draw-
ings, in which preferred embodiments of the inventions
invention are shown. The present invention may, however, be
embodied in many different forms and should not be con-
strued as limited to the embodiments set forth herein.

[0044] In the drawings, the thickness of layers and regions
are exaggerated for clarity. Like numerals refer to like ele-
ments throughout. It will be understood that when an element
such as a layer, region or substrate is referred to as being “on”
another element, it can be directly on the other element or
intervening elements may also be present. In contrast, when
an element is referred to as being “directly on” another ele-
ment, there are no intervening elements present.

[0045] Now, LCDs according to embodiments of this
invention will be described in detail with reference to the
accompanying drawings.

[0046] FIG. 1 is an equivalent circuit diagram of an LCD
according to a first embodiment of the present invention.
[0047] An LCD according to a first embodiment of the
present invention includes a TFT array panel, a color filter
array panel opposite the TFT array panel, and a liquid crystal
layer interposed therebetween. The TFT array panel is pro-
vided with a plurality of gate lines and a plurality of data lines
intersecting each other to define a plurality of pixels, and a
plurality of storage electrode lines extending parallel to the
gate lines. The gate lines transmit scanning signals and the
data lines transmit image signals. A common voltage Vcom is
applied to the storage electrode lines. Each pixel is provided
with a pixel TFT for a pixel electrode and a direction-control-
electrode TFT DCETFT for a direction control electrode
(“DCE”). The pixel TFT includes a gate electrode connected
to one of the gate lines, a source electrode connected to one of
the data lines, and a drain electrode connected to one of a
plurality of pixel electrodes, while the DCE TFT includes a
gate electrode connected to a previous gate line, a source
electrode connected to one of the storage electrode lines, and
a drain electrode connected to one of a plurality of direction
control electrodes.
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[0048] The DCE and the pixel electrode are capacitively
coupled, and the capacitor therebetween or its capacitance is
represented by C,,. The pixel electrode and a common elec-
trode provided on the color filter array panel form a liquid
crystal capacitor, and the liquid crystal capacitor or its capaci-
tance is represented by C, ... The pixel electrode and a storage
electrode connected to one of the storage electrode lines form
a storage capacitor, and the storage capacitor or its capaci-
tance is represented by Cg,.

[0049] Although it is not shown in the circuit diagram, the
pixel electrode according to an embodiment of the present
invention has a cutout overlapping the DCE such that the
electric field due to the DCE flows out through the cutout. The
electric field flowing out through the cutout makes the liquid
crystal molecules have pretilt angles. The pretilted liquid
crystal molecules are rapidly aligned without dispersion
along predetermined directions upon the application of the
electric field due to the pixel electrode.

[0050] In order to obtain the pretilted liquid crystal mol-
ecules using the electric field generated by the DCE, the
potential of the DCE relative to the potential of the common
electrode (referred to as the “DCE voltage” hereinafter) is
larger than the potential of the pixel electrode relative to the
potential of the common electrode (referred to as the “pixel
voltage” hereinafter) by a predetermined value. The LCD
according to an embodiment of the present invention easily
satisfies this requirement by isolating the DCE after applying
the potential applied to the storage electrode lines to the DCE.
The reason will be described now.

[0051] The pixel TFT and the DCE TFT are in off state
before applying a gate-on voltage to the previous gate line
G,_,. Upon application of the gate-on voltage to the previous
gate line G,_,, the common voltage is applied to the DCE.
Accordingly, the voltage Vp of the pixel electrode becomes to
have a value lower than the voltage V- of the DCE. When
the DCE TFT is turned off after charging, the DCE floats to
make the voltage charged in the DCE capacitor C, constant.
Accordingly, the voltage V - of the floating DCE is always
larger than the voltage Vp of the pixel electrode irrespective
of the potential change of the pixel electrode. For example,
when the voltage Vp of the pixel electrode is increased when
the pixel TFT is turned on, the voltage V5 of the DCE
follows the voltage increase of the pixel electrode in order to
maintain the potential difference between the DCE and the
pixel electrode.

[0052] This is described in terms of a circuital relation.
[0053] A voltage across a capacitor in an electrical circuitis
given by

1
VC:V0+E£id(t)

[0054] A floating electrode is equivalent to an electrode
connected to a resistor having infinite resistance (R=).
Therefore, i=0 and V_c=V_0, that is, the initial voltage
across the capacitor is maintained. In other words, the poten-
tial of a floating electrode increases or decreases coupled with
the potential of the other electrode.

[0055] Similarly, the voltage V. of the floating DCE
maintains lower than the negative voltage Vp of the pixel
electrode regardless of the voltage Vp of the pixel electrode.
[0056] According to an embodiment of the present inven-
tion, the DCE TFT is connected to the storage electrode lines
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such that the common voltage is applied to the DCE. Hence,
the potentials of the two electrodes increases or decreases to
have substantially the same polarity irrespective of the polar-
ity of the potential applied to the pixel electrode in the next
frame. As a result, the present invention is applied any inver-
sion type such as line inversion and dot inversion.

[0057] For the same gray, there is no variation of the poten-
tial difference between the DCE and the pixel electrode irre-
spective of the grays of previous and next frames, thereby
ensuring stability of image quality.

[0058] The disconnection of the DCE TFTs from the data
lines prevents the increase of the load of the data lines.
[0059] Now, a detailed embodiment of the present inven-
tion is described with reference to FIGS. 2A to 2C.

[0060] FIG. 2A is alayout view of an LCD according to an
embodiment of the present invention, and FIGS. 2B and 2C
are sectional views of'the LCD shown in FIG. 2A taken along
the lines IIB-IIB' and IIC-IIC".

[0061] An LCD according to a first embodiment of the
present invention includes a lower panel, an upper panel
facing the lower panel, and a vertically (or homeotropically)
aligned liquid crystal layer interposed between the lower
panel and the upper panel.

[0062] The lower panel will now be described more in
detail.

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

[0064] Each pixel area is provided with a pixel TFT, a DCE
TFT, a DCE and a pixel electrode. The pixel TFT has three
terminals, a first gate electrode 123a, a first source electrode
173a and a first drain electrode 1754 while the DCE TFT has
three terminals, a second gate electrode 1235, a second source
electrode 1736 and a second drain electrode 17556. The pixel
TFT is provided for switching the signals transmitted to the
pixel electrode 190 while the DCE TFT is provided for
switching the signals entering the DCE 178. The gate elec-
trode 123a, the source electrode 173a and the drain electrode
175 of the pixel TFT are connected to corresponding one of
the gate lines 121, one of the data lines 171 and the pixel
electrode 190, respectively. The gate electrode 1234, the
source electrode 1735 and the drain electrode 1756 of the
DCE TFT are connected to previous one of the gate lines 121,
corresponding one of the storage electrode lines 131 and the
DCE 178, respectively. The DCE 178 is applied with a direc-
tion-controlling voltage for controlling the pre-tilts of the
liquid crystal molecules to generate a direction-controlling
electric field between the DCE 178 and the common electrode
270. The DCE 178 is formed in a step for forming the data
lines 171.

[0065] The layered structure of the lower panel will be
described in detail.

[0066] A plurality of gate lines 121 extending substantially
in a transverse direction are formed on an insulating substrate
110, and a plurality of first and second gate electrodes 123a
and 1235 are connected to the gate lines 121. A plurality of
storage electrode lines 131 and a plurality of sets of first to
fourth storage electrodes 133a-133d are also formed on the
insulating substrate 110. The storage electrode lines 131
extend substantially in the transverse direction, and the first
and the second storage electrodes 133a and 1335 extend from
the storage electrode line 131 in a longitudinal direction. The
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third and the fourth storage electrodes 133¢ and 133d extend
in the transverse direction and connect the first storage elec-
trode 133a and the second storage electrode 13354.

[0067] The gate wire 121, 1234 and 1235 and the storage
electrode wire 131 and 133a-133d are preferably made of Al,
Cr or their alloys, Mo or Mo alloy. If necessary, the gate wire
121, 123a and 1235 and the storage electrode wire 131 and
133a-133d include a first layer preferably made of Cr or Mo
alloys having excellent physical and chemical characteristics
and a second layer preferably made of Al or Ag alloys having
low resistivity.

[0068] A gate insulating layer 140 is formed on the gate
wire 121, 123a and 1235 and the storage electrode wire 131
and 133a-133d.

[0069] A semiconductor layer 151, 154a, 1545 and 155
preferably made of amorphous silicon is formed on the gate
insulating layer 140. The semiconductor layer 151, 154a,
154b and 155 includes a plurality of first and second channel
semiconductors 154a and 1545 forming channels of TFTs, a
plurality of data-line semiconductors 151 located under the
data lines 171, and a plurality of intersection semiconductors
155 located near the intersections of DCEs 178 and the stor-
age electrodes 133¢ and 1334 for ensuring insulation therebe-
tween.

[0070] An ohmic contact layer 161, 163a, 1635, 1654 and
16556 preferably made of silicide or n+ hydrogenated amor-
phous silicon heavily doped with n type impurity is formed on
the semiconductor layer 151, 154a, 1545 and 155.

[0071] A data wire 171, 173a, 173b, 175a and 175b is
formed on the ohmic contact layer 161, 1634, 1635, 165a and
1655 and the gate insulating layer 140. The data wire 171,
173a, 173b, 175a and 1755 includes a plurality of data lines
171 extending in the longitudinal direction and intersecting
the gate lines 121 to form a plurality of pixels, a plurality of
first source electrodes 173a branched from the data lines 171
and extending onto portions 163a of the ohmic contact layer,
a plurality of first drain electrodes 175a disposed on portions
165a of the ohmic contact layer, located opposite the first
source electrodes 173a with respect to the first gate electrodes
1234 and separated from the first source electrodes 173q, and
aplurality of second source electrodes 1735 and a plurality of
second drain electrodes 1755 disposed on respective portions
1635 and 1655 opposite each other with respect to the second
gate electrodes 1235. One end portion of each data line 171 is
widened for connection to an external circuit.

[0072] A plurality of DCEs 178 are formed in the pixel
areas defined by the intersections of the gate lines 121 and the
data lines 171. Each DCE 178 includes a plurality of
X-shaped metal pieces connected to one another and is con-
nected to the second drain electrode 17556. The data wire 171,
173a,173b, 1754 and 1756 and the DCEs 178 are preferably
made of Al, Cr or their alloys, Mo or Mo alloy. If necessary,
the data wire 171, 173a, 173b, 175a and 17556 and the DCEs
178 include a first layer preferably made of Cr or Mo alloys
having excellent physical and chemical characteristics and a
second layer preferably made of Al or Ag alloys having low
resistivity.

[0073] A passivation layer 180 preferably made of silicon
nitride or organic insulator is formed on the data wire 171,
173a, 173b, 175a and 1755.

[0074] The passivation layer 180 is provided with a plural-
ity of contact holes 181 exposing the first drain electrodes
175a, a plurality of contact holes 182 extending to the gate
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insulating layer 140 and exposing the storage electrode lines
131, and a plurality of contact holes 183 exposing the second
source electrodes 1735.

[0075] A plurality of pixel electrodes 190 are formed on the
passivation layer 180. Each pixel electrode 190 is connected
to the first drain electrode 175a through the contact hole 181
and has a plurality of X-shaped cutouts 191 and a plurality of
linear cutouts 192. The X-shaped cutouts 191 overlap the
X-shaped portions of the DCE 178 while the linear cutouts
192 overlap the third and the fourth storage electrodes 133¢
and 1334. The DCE 178 broadly overlaps peripheries of the
cutouts 191 as well as the cutouts 191 themselves to form a
storage capacitance along with the pixel electrode 190.
[0076] A plurality of bridges 92 connecting the storage
electrode lines 131 and the second source electrodes 1735
through the contact holes 182 and 183 are also formed on the
passivation layer. Furthermore, a plurality of contact assis-
tants (not shown) connected to the end portions of the gate
lines 121 and the data lines 171 are formed on the passivation
layer 180. The pixel electrodes 190, the bridges 92, and the
contact assistants are preferably formed of indium zinc oxide
(“1Z0”). Alternatively, the pixel electrodes 190, the bridges
92, and the contact assistants are preferably made of indium
tin oxide (“ITO”).

[0077] To summarize, each pixel electrode 190 has the
plurality of cutouts 191 and 192 for partitioning a pixel region
into a plurality of domains, and the first cutouts 191 overlap
the DCE 178 while the second cutouts 192 overlap the storage
electrodes 133¢ and 1334. The DCE 178 and the first cutouts
191 are aligned such that the DCE 178 is exposed through the
first cutouts 191 to be seen in front view. The storage elec-
trode line 131 and the DCE 178 are connected via the DCE
TFT while the data line 171 and the pixel electrode 190 are
connected via the pixel TFT, and the pixel electrode 190 and
the DCE 178 are aligned to form a storage capacitance.
[0078] According to another embodiment of the present
invention, the DCEs 178 include substantially the same layer
as the gate wire 121, 123a and 1235. The portions of the
passivation layer 180 on the DCEs 178 may be removed to
form a plurality of openings.

[0079] The upper substrate 210 will no be described in
detail.
[0080] A black matrix 220 for preventing light leakage, a

plurality of red, green and blue color filters 230, and a com-
mon electrode 270 preferably made of a transparent conduc-
tor such as I'TO or IZO are formed on an upper substrate 210
preferably made of transparent insulating material such glass.
[0081] A plurality of liquid crystal molecules contained in
the liquid crystal layer 3 is aligned such that their director is
perpendicular to the lower and the upper substrates 110 and
210 in absence of electric field. The liquid crystal layer 3 has
negative dielectric anisotropy.

[0082] The lower substrate 110 and the upper substrate 210
are aligned such that the pixel electrodes 190 exactly match
and overlap the color filters 230. In this way, a pixel region is
divided into a plurality of domains by the cutouts 191 and
192. The alignment of the liquid crystal layer 3 in each
domain is stabilized by the DCE 178.

[0083] This embodiment illustrates the liquid crystal layer
3 having negative dielectric anisotropy and homeotropic
alignment with respect to the substrates 110 and 210. How-
ever, the liquid crystal layer 3 may have positive dielectric
anisotropy and homogeneous alignment with respect to the
substrates 110 and 210.
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[0084] A method of manufacturing a TFT array panel of an
LCD having the above-described structure will be described.

[0085] FIGS. 3A to 3D are sectional views of a TFT array
panel for an LCD sequentially illustrating a manufacturing
method thereof according to a first embodiment of the present
invention.

[0086] First, as shown in FIG. 3A, a conductive layer pref-
erably made of metal is deposited by sputtering and either
dry-etched or wet-etched by a first photo-etching step using a
mask to form a gate wire and a storage electrode wire on a
substrate 110. The gate wire includes a plurality of gate lines
121 and a plurality of gate electrodes 123, and the storage
wire includes a plurality of storage electrode lines 131 and a
plurality of storage electrodes 133a-1334.

[0087] As shown in FIG. 3B, a gate insulating layer 140
with 1,500-5,000 A thickness, a hydrogenated amorphous
silicon layer with 500-2,000 A thickness, and a doped amor-
phous silicon layer with 300-600 A thickness are sequentially
deposited by chemical vapor deposition (“CVD”). The doped
amorphous silicon layer and the amorphous silicon layer are
patterned by a photo-etching step using a mask to form an
ohmic contact layer 160a, 1605 and 161 and an amorphous
silicon layer 151, 154a and 1545.

[0088] Thereafter, as shown in FIG. 3C, a conductive layer
with 1,500-3,000 A thickness preferably made of metal is
deposited by sputtering and patterned by a photo-etching step
using a mask to form a data wire and a plurality of DCEs 178.
The data wire includes a plurality of data lines 171, a plurality
of source electrodes 173a and 1735, and a plurality of drain
electrodes 175a and 175b.

[0089] Then, portions of the ohmic contact layer 160a and
1605, which are not covered by the source electrodes 173a
and 1736 and the drain electrodes 1754 and 1754, are
removed such that an ohmic contact layer 163a, 1635, 165a
and 1655 including a plurality of separated portions is formed
and portions of the semiconductor layer 151 between the
source electrodes 1734 and 1736 and the drain electrodes
175a and 1755 are exposed.

[0090] As shown in FIG. 3D, a passivation layer 180 is
formed by coating an organic insulating material having low
dielectric constant and good planarization characteristic or by
CVD of low dielectric insulating material such as SiOF or
SiOC having a dielectric constant equal to or less than 4.0.
The passivation layer 180 together with the gate insulating
layer 140 is patterned by a photo-etching step using a mask to
form a plurality of contact holes 181, 182 and 183.

[0091] Finally,asshownin FIG. 2A, an ITO layer or an IZO
layer with thickness of 1500-500 A is deposited and photo-
etched using a mask to form a plurality of pixel electrodes
190, a plurality of connecting bridges 92, and a plurality of
contact assistants (not shown).

[0092] This technique is applied to a manufacturing
method using five masks as described above. However, the
technique may be well adapted for a method of a TFT array
panel for an LCD using four masks. It is described in detail
with reference to the drawings.

[0093] FIG. 4 is a layout view of a TFT array panel for an
LCD according to a second embodiment of the present inven-
tion, and FIG. 5 is a sectional view of the TFT array panel
shown FIG. 4 taken along the lines V-V' and V'-V".

[0094] A TFT array panel foran LCD according to a second
embodiment of the present invention is manufactured by
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using four masks and has a feature compared witha TFT array
panel manufactured by using five masks, which will be
described now.

[0095] An ohmic contact layer 161, 163a, 1635, 1654 and
1655 formed under a plurality of DCEs 178 and a data wire
including a plurality of data lines 171, a plurality of source
electrodes 173a and 1734, and a plurality of the drain elec-
trodes 175a and 1755 has substantially the same shape as the
datawire 171,173a,1735b, 175a, 1755 and 179 and the DCEs
178. An amorphous silicon layer 151, 1544, 154b and 158 has
substantially the same shape as the data wire and the DCEs
178 except that channel portions between the source elec-
trodes 173a and 1735 and the drain electrodes 175a and 1755
are connected. Remaining structure is substantially the same
as a TFT array panel manufactured by a five-mask process.
[0096] FIG. 4illustrates an expanded end portion 125 ofthe
gate line 121, an expanded end portion 135 of the storage
electrode line 131, and an expanded end portion 179 of the
data line 171 as well as contact assistants 95, 99 and 97.
[0097] A method of manufacturing a TFT array panel will
be now described.

[0098] FIGS. 6A to 11B are layout views and sectional
views of a TFT array panel for an LCD sequentially illustrat-
ing a manufacturing method thereof.

[0099] First, as shown in FIGS. 6A and 6B, Al, Ag, their
alloys or the like is deposited and photo-etched to form a gate
wire including a plurality of gate lines 121 and 125 and a
plurality of gate electrodes 123, and a storage electrode wire
131 and 1334-1334d. (First Mask)

[0100] As shown in FIG. 7, a silicon nitride gate insulating
layer 140 with 1,500-5,000 A thickness, an amorphous sili-
con layer 150 with 500-2,000 A thickness, and a contact layer
160 with 300-600 A thickness are sequentially deposited by
CVD. A conductive layer 170 preferably made of Al, Ag or
their alloys is deposited by preferably sputtering, and a pho-
toresist film PR with thickness of 1-2 microns is coated
thereon.

[0101] Thereafter, the photoresist film PR is exposed to
light through a mask and is developed to form a photoresist
pattern PR as shown in FIGS. 8 A and 8B. Each portion of the
photoresist pattern PR located on a channel area C of a TFT,
which is placed between a source electrode 173a or 1735 and
a drain electrode 175a or 1755, is thicker than each portion of
the photoresist pattern PR located on a data area A where a
data wire will be formed. All portions of the photoresist film
PR on the remaining areas B are removed. Here, the ratio of
the thickness of the photoresist pattern PR on the channel area
C and on the data area A is adjusted depending on process
conditions of subsequent etching steps described later, and it
is preferable that the thickness of the former is equal to or less
than a half of that of the latter, for example, equal to or less
than 4,000 A. (Second Mask)

[0102] The position-dependent thickness of the photoresist
pattern is obtained by several techniques. A slit pattern, a
lattice pattern or a translucent film is provided on the mask in
order to adjust the light transmittance in the area C.

[0103] When using a slit pattern, it is preferable that width
of the slits and a gap between the slits is smaller than the
resolution of an exposer used for the photolithography. In
case of using a translucent film, thin films with different
transmittances or different thickness may be used to adjust the
transmittance on the masks.

[0104] When a photoresist film is exposed to light through
such a mask, polymers of a portion directly exposed to the
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light are almost completely decomposed, and those of a por-
tion exposed to the light through a slit pattern or a translucent
film are not completely decomposed because the amount of a
light irradiation is small. The polymers of a portion of the
photoresist film blocked by a light-blocking film provided on
the mask are hardly decomposed. After the photoresist film is
developed, the portions containing the polymers, which are
not decomposed, is left. At this time, the thickness of the
portion with less light exposure is thinner than that of the
portion without light exposure. Since too long exposure time
decomposes all the molecules, it is necessary to adjust the
exposure time.

[0105] The small thickness of the photoresist film may be
obtained using reflow. That is, the photoresist film is made of
a reflowable material and exposed to light through a normal
mask having opaque and transparent portions. The photore-
sist film is then developed and subject to reflow such that
portions of the photoresist film flows down onto areas without
photoresist, thereby forming thin portions.

[0106] Next, the photoresist pattern PR and the underlying
layers including the conductive layer 170, the contact layer
160 and the semiconductor layer 150 are etched such that the
data wire and the underlying layers are left on the data areas
A, only the semiconductor layer is left on the channel areas C,
and all the three layers 170, 160 and 150 are removed to
expose the gate insulating layer 140 on the remaining areas B.
[0107] First, as shownin FIG. 9, the exposed portions of the
conductive layer 170 on the other areas B are removed to
expose the underlying portions of the contact layer 160. Both
dry etch and wet etch are selectively used in this step and
preferably performed under the condition that the conductive
layer 170 is easily etched and the photoresist pattern PR are
hardly etched. However, since it is hard to identify the above-
described condition for dry etch, and the dry etch may be
performed under the condition that the photoresist pattern PR
and the conductive layer 170 are etched simultaneously. In
this case, the portions of the photoresist pattern PR on the
channel areas C for dry etch are preferably made to be thicker
than those for the wet etch to prevent the removal of the
portions of the photoresist pattern PR on the channel areas C
and thus the exposure of the underlying portions of the con-
ductive layer 170.

[0108] As a result, as shown in FIG. 9, only the portions
171, 170a and 1705 of the conductive layer 170 on the chan-
nel areas C and the data areas A are left and the portions of the
conductive layer 170 on the remaining areas B are removed to
expose the underlying portions of the contact layer 160. Here,
the data-wire conductors 171, 170a and 1705 have substan-
tially the same planar shapes as the data wire 171,173a, 1735,
175a, 175b and 179 except that the source electrodes 173a
and 1735 and the drain electrodes 175a and 1756 are not
disconnected from but connected to each other. When using
dry etch, the thickness of the photoresist pattern PR is reduced
to an extent.

[0109] Next,asshowninFIG.9, the exposed portions of the
contact layer 160 and the underlying portions of the amor-
phous silicon layer 150 on the areas B as well as the portions
of the photoresist pattern PR on the channel areas C are
removed by dry etch. The etching is performed under the
conduction that the photoresist pattern PR, the contact layer
160 and the semiconductor layer 150 are easily etched and the
gate insulating layer 140 is hardly etched. (It is noted that
etching selectivity between the intermediate layer and the
semiconductor layer is nearly zero.) In particular, it is pref-
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erable that the etching ratios for the photoresist pattern PR
and the semiconductor layer 150 are nearly the same. For
instance, the etched thicknesses of the photoresist pattern PR
and the semiconductor layer 150 can be nearly the same by
using a gas mixture of SF; and HC], or a gas mixture of SF
and O,. When the etching ratios for the photoresist pattern PR
and for the semiconductor pattern 150 are the same, the initial
thickness of the portions of the photoresist pattern PR on the
channel areas C is equal to or less than the sum of the thick-
ness of the semiconductor layer 150 and the thickness of the
contact layer 160.

[0110] Consequently, as shown in FIG. 10, the portions of
the photoresist pattern PR on the channel areas C are removed
to expose the underlying portions of source/drain (“S/D”)
conductors 170a and 1705, and the portions of the contact
layer 160 and the semiconductor layer 150 on the remaining
areas B are removed to expose the underlying portions of the
gate insulating layer 140. In the meantime, the portions of the
photoresist pattern PR on the data areas A are also etched to
become thinner Moreover, the semiconductor pattern 151,
154a, 1545 and 158 is completed in this step. A plurality of
ohmic contacts 161, 160a, 1605 and 168 are formed on the
semiconductor pattern 151, 154a, 1545 and 158.

[0111] Then, photoresist remnants left on the surface of the
S/D conductors 170a and 1705 on the channel areas C are
removed by ashing.

[0112] Next, as shown in FIGS. 11A and 11B, portions of
the S/D conductors 170a and 17056 and the underlying por-
tions of the S/D ohmic contacts 160a and 1605 on the channel
areas C are etched to be removed. Here, the etching of both the
S/D conductors 170a and 1705 and the S/D ohmic contacts
160a and 1605 may be done using only dry etching. Alterna-
tively, the S/D conductors 170a and 1705 are etched by wet
etching and the S/D ohmic contacts 160a and 1605 are etched
by dry etching. In the former case, it is preferable to perform
the etching under the condition that etching selectivity
between the S/D conductors 170a and 1706 and the S/D
ohmic contacts 160a and 1605 is high. It is because the low
etching selectivity makes the determination of the etching
finish point difficult, thereby causing the adjustment of the
thickness of the portions of the semiconductor pattern 154a
and 1545 left on the channel areas C to be difficult. In the latter
case alternately applying wet etching and dry etching, a step-
wise lateral sidewall is formed since the wet etch etches the
lateral sides of the S/D conductors 170a and 1705, while the
dry etch hardly etches the lateral sides of the S/D ohmic
contacts 160a and 1605. Examples of etching gases used for
etching the S/D ohmic contacts 160a and 1605 are a gas
mixture of CF, and HCl and a gas mixture of CF, and O,. Use
of the gas mixture of CF, and O, enables to obtain uniform
thickness of etched portions of the semiconductor pattern
1544 and 1545. In this regard, the exposed portions of the
semiconductor pattern 154a and 1545 are etched to have a
reduced thickness, and the portions of the photoresist pattern
PR on the data-wire areas A are also etched to have a reduced
thickness. This etching is performed under the condition that
the gate insulating layer 140 is not etched, and it is preferable
that the photoresist pattern PR is thick enough to prevent the
portions of the photoresist pattern PR on the data-wire areas
A from being removed to expose the underlying portions of
the data wire 171, 173a, 1735, 175a, 1755 and 179.

[0113] Accordingly, the source electrodes 173a and 1735
and the drain electrodes 175a and 1755 are separated from
each other, and, simultaneously, the data wire 171, 173a,
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173b,175a,175b and 179 and the ohmic contact pattern 161,
163a, 1635, 165a and 16554 thereunder are completed.

[0114] Finally, the portions of the photoresist pattern PR
left on the data areas A are removed. Alternatively, the por-
tions of the photoresist pattern PR on the data areas A are
removed after the portions of the S/D conductors 170a and
1705 on the channel areas C are removed and before the
underlying portions ofthe S/D ohmic contacts 160a and 1605
are removed.

[0115] As described above, wet etching and dry etching
may be performed one after the other, but only dry etching
may be used. The latter is relatively simple but it is not easy to
find a proper etching condition compared with the former. On
the contrary, it is easy to find a proper etching condition for
the former case but the former is relatively complicated com-
pared with the latter.

[0116] Thereafter, as shown in FIGS. 4 and 5, a passivation
layer 180 is formed by growing a-Si:C:O or a-Si:O:F by
CVD, by depositing silicon nitride, or by coating an organic
insulating material such as acryl-based material. When form-
ing an a-Si:C:O layer, SiH(CH,),, SiO,(CH,),, (SiH),0,
(CH,;).,, Si(C,H50), or the like used as basic source, oxidant
such as N,O or O,, and Ar or He are mixed in gaseous states
to flow for the deposition. For an s-Si:O:F layer, the deposi-
tion is performed with flowing a gas mixture including SiH,,
SiF, or the like and an additional gas of O,. CF, may be added
as a secondary source of fluorine.

[0117] AsshowninFIGS.4andS5, the passivation layer 180
together with the gate insulating layer 140 is photo-etched to
form a plurality of contact holes 181, 182, 183, 184, 185 and
186 exposing the first drain electrodes 175a, the second
source electrodes 1735, the storage electrode lines 131, the
expanded end portions 125 of'the gate lines 121, the expanded
end portions 135 of the storage electrode lines 131, and the
expanded end portions 179 of the data lines 171. It is prefer-
able that the area of the contact holes 184, 185 and 186
exposing the end portions 125, 179 and 135 is equal to or
larger than 0.5 mmx15 pm and not larger than 2 mmx60 pm.

(Third Mask)

[0118] Finally, an ITO layer or an IZO layer with a thick-
ness of 1500-500 A is deposited and photo-etched to form a
plurality of pixel electrodes 190 connected to the drain elec-
trodes 175, a plurality of contact assistants 95 connected to
the expanded end portions 125 of the gate lines 121, a plural-
ity of contact assistants 97 connected to the expanded end
portions 179 ofthe data lines 171, and a plurality of bridges 92
connecting the second source electrodes 1735 and the storage
electrode lines 131. (Fourth Mask)

[0119] Since Cr etchant can be used as an etchant for an
170 layer, the exposed portions of the metal for the data wire
and the gate wire through the contact holes are not corroded in
the photo-etching step for forming the pixel electrodes 190,
the contact assistants 95 and 97 and the bridges 92 from the
170 layer. An example of the Cr etchant is (HNO,/(NH,),Ce
(NO;)¢/H,0). The IZO layer is deposited at temperature pref-
erably in a range from a room temperature to 200° C. for
minimizing the contact resistance at the contacts. A preferred
example of a target for the IZO layer includes In,O; and ZnO.
The content of ZnO is preferably in arange between 15 atm %
and 20 atm %.

[0120] Meanwhile, nitrogen gas is preferably used for the
pre-heating process before the deposition of the ITO layer or
the IZO layer. This is to prevent the formation of metal oxides
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on portions of the metallic layers exposed through the contact
holes 181, 182, 183, 184, 185 and 186.

[0121] FIG. 12 is a schematic diagram of the TFT array
panels for an LCD shown in FIGS. 2A and 4 according to an
embodiment of the present invention.

[0122] A TFT T1 connected to a data line 171 switches
signals transmitted to a pixel electrode 190 while a TFT T2
connected to a storage electrode line switches signals enter-
ing a DCE 178. The pixel electrode 190 and the DCE 178 is
capacitively coupled. For the same gray, there is no variation
of'the potential difference between the DCE 178 and the pixel
electrode 190. Therefore, stability of image quality is ensured
irrespective of inversion types such as line inversion, dot
inversion or the like.

[0123] A source electrode of a DCE TFT according to the
first and the second embodiments of the present invention is
connected to a storage electrode line. However, the source
electrode may be connected to a previous data line, which has
some problems.

[0124] First, the application of the gate-on voltage to a
previous gate line (represented as Gate N-1 in FIG. 1) causes
a pixel electrode located diagonal to a relevant pixel applied
with a gray voltage and a DCE of the relevant pixel applied
with an initial voltage. The initial voltage ofthe DCE is equal
to the gray voltage of the diagonally-located pixel electrode.
Accordingly, the potential difference V,, between the DCE
and a pixel electrode of the relevant pixel is determined by the
gray voltage of the diagonally-located pixel electrode. For
example, a low gray voltage such as a black voltage applied to
the diagonally-located pixel electrode causes the low initial
voltage of the DCE, thereby resulting in a low V5. A low
V ppmeans that the potential difference between the DCE and
the pixel electrode is small, and thus lateral field due to the
DCE is weak. Accordingly, the arrangement of the liquid
crystal molecules is unstable, thereby causing unstable tex-
ture. In order to short response time, the texture is preferably
stable, which is obtained by the potential difference V.
higher than about 5 V.

[0125] Next, the V,, is defined by a voltage across a
capacitor CDP, which is serially connected to an equivalent
capacitor of C, and C ;. Accordingly, the value of V.
increases as the capacitance C, decreases. For reducing the
capacitance CDP, the overlapping area between the pixel
electrode and the DCE is designed to be minimized. However,
this may cause image quality to be sensitively varied by
misalignment of a mask during a manufacturing process and
light leakage near the DCE. For the former case, the mask
misalignment changes the overlapping area of the pixel elec-
trode and the DCE, and this directly affect on the image
quality. The latter case occurs when the initial voltage of the
DCE is high (that is, the gray voltage applied to the diago-
nally-located pixel electrode is high) and a black voltage is
applied to the relevant pixel. The high voltage of the DCE
forces to move the liquid crystal molecules to yield light
leakage, which may not be blocked by the narrow DCE. The
light leakage decreases contrast ratio.

[0126] A third embodiment for solving these problems will
be described now.

[0127] FIG. 13 is an equivalent circuit diagram of an LCD
according to a third embodiment of the present invention.
[0128] An LCD according to an embodiment of the present
invention includes a TFT array panel, a color filter array panel
opposite the TFT array panel, and a liquid crystal layer inter-
posed therebetween. The TFT array panel is provided with a
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plurality of gate lines and a plurality of data lines intersecting
each other to define a plurality of pixels, and a plurality of
storage electrode lines extending parallel to the gate lines.
The gate lines transmit scanning signals and the data lines
transmit image signals. A common voltage Vcom is applied to
the storage electrode lines. Each pixel is provided with a pixel
TFT for a pixel electrode and first and second DCE TFTs
DCETFT1 and DCETFT2 for a DCE. The pixel TFT includes
a gate electrode connected to a relevant gate line, a source
electrode connected to a relevant data line, and a drain elec-
trode connected to a relevant pixel electrode. The first DCE
TFT includes a gate electrode connected to a previous gate
line, a source electrode connected to a previous data line, and
a drain electrode connected to a relevant DCE, while the
second DCE TFT includes a gate electrode connected to the
previous gate line, a source electrode connected to the rel-
evant data line, and a drain electrode connected to the relevant
pixel electrode.

[0129] The DCE is capacitively coupled with the pixel elec-
trode, and the capacitor therebetween or its capacitance is
represented by C,,,.. The pixel electrode and a common elec-
trode provided on the color filter array panel form a liquid
crystal capacitor, and the liquid crystal capacitor or its capaci-
tance is represented by C, ... The pixel electrode and a storage
electrode connected to one of the storage electrode lines form
a storage capacitor, and the storage capacitor or its capaci-
tance is represented by Cg;.

[0130] Although it is not shown in the circuit diagram, the
pixel electrode according to an embodiment of the present
invention has a cutout overlapping the DCE such that the
electric field due to the DCE flows out through the cutout. The
electric field flowing out through the cutout makes the liquid
crystal molecules have pretilt angles. The pretilted liquid
crystal molecules are rapidly aligned without dispersion
along predetermined directions upon the application of the
electric field due to the pixel electrode.

[0131] The LCD is assumed to be subject to dot inversion.
The application of a gate-on signal to the previous gate line
Gate N-1 turns on both the DCE TFTs DCETFT1 and
DCETFT2 to make the DCE have a (+) gray voltage and to
make the pixel electrode have a (-) gray voltage. The initial
voltage of the DCE is the difference between the positive gray
voltage and the negative gray voltage from the data lines Data
A and Data B, respectively, which is twice or more the initial
voltage of the DCE without the second DCE TFT DCETFT2.
When the pixel TFT is turned on and the DCE TFTs
DCETFT1 and DCETFT2 are turned off upon application of
the gate-on signal to the relevant gate line Gate N, the DCE
floats and thus the potential of the DCE also increases with
maintaining the potential difference V ,» from the potential of
the pixel electrode. Accordingly, the structure according to
the third embodiment ensures higher V,,, to enhance the
stability of the arrangement of the liquid crystal molecules,
thereby stabilizing the is texture.

[0132] Furthermore, since the V,, is determined by the
gray voltages of two adjacent previous pixels and is rarely
affected by the capacitance Cp, the capacitance C,,, need
not be reduced to allow the DCE to have a sufficient width for
overlapping the pixel electrode. Accordingly, the light leak-
age near the DCE is blocked and the image quality is not
considerably affected by the mask misalignment.

[0133] In addition, the high VDP improves the response
time and the afterimage.
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[0134] The structure shown in FIG. 13 is suitable for dot
inversion and line inversion, while other structures having
modified connections of three TFT's may be adapted for other
types of inversion.

[0135] Now, an exemplary TFT array panel for an LCD
according to the third embodiment of the present invention is
described in detail with reference to FIGS. 14 to 17.

[0136] FIG. 14 is a layout view of an LCD according to the
third embodiment of the present invention, FIG. 15 is a sec-
tional view of the LCD shown in FIG. 14 taken along the line
XV-XV', FIG. 16 is a sectional view of the LCD shown in
FIG. 14 taken along the line XVI-XVT', FIG. 17 is a sectional
view of the LCD shown in FIG. 14 taken along the lines
XVII-XVIT' and XVII'-XVII".

[0137] An LCD according to a third embodiment of the
present invention includes a lower panel, an upper panel
facing the lower panel, and a vertically aligned liquid crystal
layer interposed between the lower panel and the upper panel.

[0138] The lower panel will now be described more in
detail.
[0139] A plurality of gate lines 121 are formed on an insu-

lating substrate 110 and a plurality of data lines 171 are
formed thereon. The gate lines 121 and the data lines 171 are
insulated from each other and intersect each other to define a
plurality of pixel areas.

[0140] Each pixel area is provided with a pixel TFT, a first
DCE TFT, a second DCE TFT, a DCE and a pixel electrode.
The pixel TFT has three terminals, a first gate electrode 123a,
afirst source electrode 173ab and a first drain electrode 175a.
The first DCE TFT has three terminals, a second gate elec-
trode 1235, the first source electrode 173ab and a second
drain electrode 17556 while the second DCE TFT has three
terminals, a third gate electrode 123¢, a second source elec-
trode 173¢ and a third drain electrode 175¢. The first source
electrode 173ab is used both for the pixel TFT and the first
DCE TFT. The pixel TFT and the first DCE TFT are provided
for switching the signals transmitted to the pixel electrode
190 while the second DCE TFT is provided for switching the
signals entering the DCE 178. The gate electrode 123a, the
source electrode 173a and the drain electrode 175 of the pixel
TFT are connected to relevant one of the gate lines 121,
relevant one of the data lines 171 and the pixel electrode 190,
respectively. The gate electrode 1235, the source electrode
1734 and the drain electrode 1755 of the first DCE TFT are
connected to previous one of the gate lines 121, the relevant
data line 171 and the pixel electrode 190, respectively. The
gate electrode 123¢, the source electrode 173¢ and the drain
electrode 175¢ of the second DCE TFT are connected to the
previous gate line 121, previous one of the data lines 171 and
the DCE 178, respectively. The DCE 178 is applied with a
direction-controlling voltage for controlling the pre-tilts of
the liquid crystal molecules to generate a direction-control-
ling electric field between the DCE 178 and the common
electrode 270. The DCE 178 is formed in a step for forming
the data lines 171.

[0141] The layered structure of the lower panel will be
described in detail.

[0142] A plurality of gate lines 121 extending substantially
in a transverse direction are formed on an insulating substrate
110, and a plurality of first to third gate electrodes 123a-123¢
are connected to the gate lines 121. One end portion 125 of
each gate line 121 is widened.

[0143] A plurality of first and second storage electrode
lines 131a and 13154 and a plurality of sets of first to fourth



US 2011/0211137 Al

storage electrodes 133a,133b,133¢ and 133d are also formed
on the insulating substrate 110. The first and the second
storage electrode lines 131a and 1315 extend substantially in
the transverse direction. The first and the second storage
electrodes 1334 and 1335 extend from the first and the second
storage electrode lines 1314 and 1315 in a longitudinal direc-
tion and are curved to extend in an oblique direction while the
third and the fourth storage electrodes 134a and 1345 extend
in the longitudinal direction. A first storage wire including the
first storage electrode lines 131a and the first and the third
electrodes 133a and 1344 and a second storage wire including
the second storage electrode lines 1315 and the second and
the fourth electrodes 1335 and 1345 have inversion symme-
try.

[0144] The gate wire 121, 123a-123¢ and 125 and the stor-
age electrode wire 131, 133a, 1335, 134a and 13454 are pref-
erably made of Al, Cr or their alloys, Mo or Mo alloy. If
necessary, the gate wire 121, 123a and 1235 and the storage
electrode wire 131 and 133a-133d include a first layer pref-
erably made of Cr or Mo alloys having excellent physical and
chemical characteristics and a second layer preferably made
of Al or Ag alloys having low resistivity.

[0145] A gate insulating layer 140 is formed on the gate
wire 121, 123a-123¢ and 125 and the storage electrode wire
131, 133a, 1335, 134a and 1345.

[0146] A semiconductor layer 151, 154ab and 154c¢ prefer-
ably made of amorphous silicon is formed on the gate insu-
lating layer 140. The semiconductor layer 151, 154ab and
154¢ includes a plurality of first and second channel semi-
conductors 154ab and 154¢ forming channels of TFTs and a
plurality of data-line semiconductors 151 located under the
data lines 171.

[0147] Anohmic contact layer 161, 163ab, 163¢ and 165a-
165¢ preferably made of silicide or n+ hydrogenated amor-
phous silicon heavily doped with n type impurity is formed on
the semiconductor layer 151, 154ab and 154c.

[0148] A datawire171,173ab,173c,175a-175¢ and 179 is
formed on the ohmic contact layer 161, 163ab, 163¢ and
165a-165¢ and the gate insulating layer 140. The data wire
171,173ab, 173¢, 175a-175¢ and 179 includes a plurality of
data lines 171 extending in the longitudinal direction and
intersecting the gate lines 121 to form a plurality of pixels, a
plurality of first source electrodes 173ab branched from the
data lines 171 and extending onto portions 163ab of the
ohmic contact layer, a plurality of first and second drain
electrodes 175a and 17556 disposed on portion 165a and 1655
of the ohmic contact layer, located opposite the first source
electrodes 173ab and separated from the first source elec-
trodes 173ab, and a plurality of second source electrodes
173c and a plurality of third drain electrodes 175¢ disposed on
respective portions 163¢ and 165¢ opposite each other with
respect to the third gate electrodes 123¢. One end portion of
each data line 171 is widened for connection to an external
circuit.

[0149] A plurality of DCEs 178 and 178a-178¢ are formed
in the pixel areas defined by the intersections of the gate lines
121 and the data lines 171. Each DCE 178 and 178a-178¢
includes a V-shaped stem 178 and a chevron-shaped branch
178a-178c¢ and is connected to the third drain electrode 175¢.
The data wire 171, 173ab, 173¢, 175a-175¢ and 179 and the
DCEs 178 and 178a-178¢ are preferably made of Al, Cr or
their alloys, Mo or Mo alloy. If necessary, the data wire 171,
173ab, 173c, 175a-175¢ and 179 and the DCEs 178 and
178a-178¢ include a first layer preferably made of Cr or Mo
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alloys having excellent physical and chemical characteristics
and a second layer preferably made of Al or Ag alloys having
low resistivity.

[0150] A passivation layer 180 preferably made of silicon
nitride or organic insulator is formed on the data wire 171,
173ab, 173¢, 175a-175¢ and 179.

[0151] The passivation layer 180 is provided with a plural-
ity of first and second contact holes 181 and 182 exposing the
first and the second drain electrodes 175a and 1755, a plural-
ity of third contact holes 183 extending to the gate insulating
layer 140 exposing the end portions 125 of the gate lines 121,
and a plurality of fourth contact holes 184 exposing the end
portions 179 of the data lines 171. The contact holes exposing
the end portions 125 and 179 may have various shapes such as
polygon or circle. The area of the contact hole is preferably
equal to or larger than 0.5 mmx15 pm and not larger than 2
mmx60 pm.

[0152] A plurality of pixel electrodes 190 are formed on the
passivation layer 180. Each pixel electrode 190 is connected
to the first and the second drain electrode 1754 and 175b
through the first and the second contact holes 181 and 182,
respectively. The pixel electrode 190 has a transverse cutout
191 and a plurality of oblique cutouts 192a,1925,1934,1935,
194a,1945, 195a and 1955. The transverse cutout 191 bisects
the pixel electrode 190 into upper and lower halves, and the
oblique cutouts 1924, 1925, 193a, 1936, 194a, 1945, 195a
and 1955 have inversion symmetry with respect to the trans-
verse cutout 191. Some cutouts 191, 1924, 1925, 194a, 1945,
195a and 1955 overlap the DCE 178 and 178a-178¢ while the
other cutouts 193a and 1935 overlap the storage electrodes
133a and 1335.

[0153] Furthermore, a plurality of contact assistants 95 and
97 are formed on the passivation layer 180. The contact assis-
tants 95 and 97 are connected to the end portions 125 and 179
through the contact holes 183 and 184, respectively. The pixel
electrodes 190 and the contact assistants 95 and 97 are pref-
erably formed of IZO. Alternatively, the pixel electrodes 190
and the contact assistants 95 and 97 are preferably made of
ITO.

[0154] To summarize, each pixel electrode 190 has the
plurality of cutouts 191, 1924, 1925, 193a, 1935, 1944, 1945,
1954 and 1955 for partitioning a pixel region into a plurality
of domains, and the cutouts 191, 192a, 1925, 194a, 1945,
195a and 19556 overlap the DCE 178 and 178a-178¢. The
DCE 178 and 178a-178¢ and the cutouts 191, 192a, 1925,
194a,1945,195a and 1955 are aligned such that the DCE 178
and 178a-178c¢ is exposed through the cutouts 191, 192a,
1925,194a,1945b, 195a and 1955 to be seen in front view. The
DCE 178 and 1784-178c¢ is connected to the second DCE TFT
while the pixel electrode 190 is connected to the first DCE
TFT the pixel TFT, and the pixel electrode 190 and the DCE
178 are aligned to form a storage capacitance.

[0155] According to another embodiment of the present
invention, the DCEs 178 and 178a-178¢ include substantially
the same layer as the gate wire 121, 123a-123¢ and 125. The
portions of the passivation layer 180 on the DCEs 178 and
178a-178¢ may be removed to form a plurality of openings.

[0156] The upper substrate 210 will no be described in
detail.
[0157] A black matrix 220 for preventing light leakage, a

plurality of red, green and blue color filters 230, and a com-
mon electrode 270 preferably made of a transparent conduc-
tor such as ITO or IZO are formed on an upper substrate 210
preferably made of transparent insulating material such glass.
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[0158] A plurality of liquid crystal molecules contained in
the liquid crystal layer 3 is aligned such that their director is
perpendicular to the lower and the upper substrates 110 and
210 in absence of electric field. The liquid crystal layer 3 has
negative dielectric anisotropy.

[0159] Thelower substrate 110 and the upper substrate 210
are aligned such that the pixel electrodes 190 exactly match
and overlap the color filters 230. In this way, a pixel region is
divided into a plurality of domains by the cutouts 191, 1924,
1925,193a, 1935, 194a,194b,195a and 19556. The alignment
of'the liquid crystal layer 3 in each domain is stabilized by the
DCE 178 and 178a-178c.

[0160] This embodiment illustrates the liquid crystal layer
3 having negative dielectric anisotropy and homeotropic
alignment with respect to the substrates 110 and 210. How-
ever, the liquid crystal layer 3 may have positive dielectric
anisotropy and homogeneous alignment with respect to the
substrates 110 and 210.

[0161] A TFT array panel according to the third embodi-
ment of the present invention may be manufactured using four
photo-etching steps. In this case, a data wire and DCEs have
a triple-layered structure including an amorphous silicon
layer, an ohmic contact layer and a metal layer, and the triple
layers have substantially the same planar shape, which is
resulted from the patterning of the amorphous silicon layer,
the ohmic contact layer and the metal layer using a photoresist
film. Since such a manufacturing method is described in
detail in the description about the second embodiment of the
present invention, the manufacturing method is understood in
view of the fact that the patterns made of the same layer(s) are
formed in the same step and thus the detailed description
thereof is omitted.

[0162] The third embodiment provides three TFTs in each
pixel for improve the low voltage difference V5 in case of
connecting the source electrode of the DCE TFT to the pre-
vious data line, the sensitive change of image quality due to
misalignment of the mask during the manufacturing process,
the light leakage near the DCE, and so on.

[0163] However, the increase of the number of the TFTs in
each pixel decreases the aperture ratio and makes it difficult to
providing a repairing mechanism for repairing wire defects in
the manufacturing process.

[0164] The following embodiments suggest driving
mechanisms that make two TFTs comparing with three TFTs.
[0165] FIG. 18 is a circuit diagram of an LCD according to
a fourth embodiment of the present invention, FIG. 19 illus-
trates polarity of the pixels of the LCD according to the fourth
embodiment of the present invention, and FIG. 20 shows
waveforms of scanning signals of the LCD according to the
fourth embodiment of the present invention.

[0166] An LCD according to a fourth embodiment of the
present invention also includes a TFT array panel, a color
filter array panel opposite the TFT array panel, and a liquid
crystal layer interposed therebetween. The TFT array panel is
provided with a plurality of gate lines and a plurality of data
lines intersecting each other to define a plurality of pixels. The
gate lines transmit scanning signals and the data lines trans-
mit image signals. Each pixel is provided with a pixel TFT T1
for a pixel electrode and a DCE TFT T2 for a DCE. The pixel
TFT T1 includes a gate electrode connected to a relevant gate
line G,,, a source electrode connected to a relevant data line
D,,, and a drain electrode connected to a relevant pixel elec-
trode. The DCE TFT T2 includes a gate electrode connected
to a previous gate line G,,_,, a source electrode connected to
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a next data line D,,,,, and a drain electrode connected to a
relevant DCE. The source electrode of the DCE TFT T2 may
be connected to a previous data line D,,_,.

[0167] TheDCE iscapacitively coupled with the pixel elec-
trode, and the capacitor therebetween or its capacitance is
represented by Cdp. The pixel electrode and a common elec-
trode provided on the color filter array panel form a liquid
crystal capacitor, and the liquid crystal capacitor or its capaci-
tance is represented by Clc. The pixel electrode and a storage
electrode, which is indicated as a ground, form a storage
capacitor, and the storage capacitor or its capacitance is rep-
resented by Cst. The DCE forms capacitors along with the
common electrode and the storage electrode, and the capaci-
tors or their capacitances are represented by Cld and Cdg,
respectively.

[0168] Although it is not shown in the circuit diagram, the
pixel electrode according to this embodiment of the present
invention has a cutout overlapping the DCE such that the
electric field due to the DCE flows out through the cutout. The
electric field flowing out through the cutout makes the liquid
crystal molecules tilt along predetermined directions like the
previous embodiments.

[0169] A dot inversion shown in FIG. 19 and dual-pulse
gate signals shown in FIG. 20 can make the LCD shown in
FIG. 18 function like the LCD according to the third embodi-
ment.

[0170] A dual-pulse gate signal has two consecutive gate-
on pulses in a frame, the first pulse for charging the DCE and
the second pulse for applying data voltages to the pixel elec-
trode. The first pulse of a gate signal is synchronized with the
second pulse of a gate signal for a previous gate line.

[0171] The charging of the LCD shown in FIGS. 18-20 is
described in detail.

[0172] Letus assume that a pixel electrode and a DCE of a
pixel in the n-th row and the m-th column are charged with
-5V and -15V, respectively. Now, the pixel electrode will be
refreshed by a voltage +5V.

[0173] Thevoltage Vp ofthe pixel electrode and the voltage
Vdce of the DCE are

Vp=-5V and Vdce=-15V. )

[0174] When the pixels in the (n-2)-th row are refreshed,
the gate line G,,_, is supplied with the second pulse, while the
gate line G,,_, is supplied with the first pulse. In addition, the
data line D, ., is supplied with -5V under the dot inversion.
Then, the DCE TFT T2 of the pixel in the n-th row and the
m-th column having a gate electrode and a source electrode
respectively connected to the gate line G,,_, and the data line
D,,., is turned on to supply a voltage of -5V to the DCE,
thereby charging the capacitor Cdp and the capacitors Clc and
Cst in series.

Vp>-5V and Vdce=-5V. 2)

[0175] When the pixels in the (n—1)-th row are refreshed,
the gate line G,,_, is supplied with the second pulse, while the
gate line G,, is supplied with the first pulse. In addition, the
data lines D,,,, and D,, are supplied with +5V and -5V,
respectively, under the dot inversion. Then, both the pixel
TFT T1 and the DCE TFT T2 of the pixel in the n-th row and
the m-th column are turned on to supply a voltage of -5V to
the pixel electrode and a voltage of +5V to the DCE.

Vp=-5V and Vdce=+5V. 3)

[0176] When the pixels in the n-th row are refreshed, the
gate line G,, is supplied with the second pulse, while the gate
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line G,,_, is supplied with no pulse. In addition, the data lines
D,, are supplied with +5V. Then, only the pixel TFT T1 of the
pixel in the n-th row and the m-th column are turned on to
supply a voltage of +5V to the pixel electrode. If Cld+
Cdg<<Cdp, the voltage of the DCE, which is floating to
maintain the voltage difference from the pixel electrode,
increases along that of the pixel electrode to have a value of
+15V.

Vp=+5V and Vdce=+15V. (4)

[0177] To summarize, the dual-pulse gate signals enables
two TFTs to function as three TFTs. That is, it is possible to
obtain a sufficiently high voltage difference Vdp regardless of
the capacitance Cdp.

[0178] The fourth embodiment facilitates the charging of
the DCE by providing stepwise charging as well as reducing
a TFT. That is, the second charging step (2) that is not
obtained in the third embodiment may enable the smooth
charging of the DCE.

[0179] FIG. 21 is a circuit diagram of an LCD according to
a fifth embodiment of the present invention, and FIG. 22
illustrates polarity of the pixels of the LCD according to the
fifth embodiment of the present invention.

[0180] An LCD according to a fifth embodiment of the
present invention also includes a TFT array panel, a color
filter array panel opposite the TFT array panel, and a liquid
crystal layer interposed therebetween. The TFT array panel is
provided with a plurality of gate lines and a plurality of data
lines intersecting each other to define a plurality of pixels.
[0181] Each pixelis provided with two TFTs, and the pixels
are classified into two kinds depending on the connection of
the TFTs.

[0182] A first pixel includes a pixel TFT T1a having a gate
electrode connected to a relevant gate line G,,, a source elec-
trode connected to a relevant data line D,,, and a drain elec-
trode connected to a relevant pixel electrode and a DCE TFT
T2a having a gate electrode connected to a previous gate line
G,,_1, a source electrode connected to a next data line D

n—1

and a drain electrode connected to a relevant DCE.

[0183] A second pixel includes a pixel TFT T1b having a
gate electrode connected to a relevant gate line G,,_,, a source
electrode connected to a relevant data line D,,, and a drain
electrode connected to a relevant pixel electrode and a DCE
TFT T2 having a gate electrode connected to a previous gate
line G,,_,, a source electrode connected to the relevant data
line D,,,, and a drain electrode connected to a relevant DCE.
[0184] The first pixels and the second pixel are alternately
arranged along a column direction.

[0185] Although it is not shown in the circuit diagram, the
pixel electrode according to this embodiment of the present
invention has a cutout overlapping the DCE such that the
electric field due to the DCE flows out through the cutout. The
electric field flowing out through the cutout makes the liquid
crystal molecules tilt along predetermined directions like the
previous embodiments.

[0186] A double-dot inversion shown in FIG. 22 and the
dual-pulse gate signals shown in FIG. 20 can make the LCD
shown in FIG. 21 function like the LCD according to the
fourth embodiment.

[0187] In adjacent rows of the first and the second pixels
supplied with the data voltages having the same polarity, the
first pixels are supplied with the scanning signal prior to the
second pixels.

m+13
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[0188] FIG. 23 is a circuit diagram of an LCD according to
a sixth embodiment of the present invention, and FIG. 24
illustrates polarity of the pixels of the LCD according to the
sixth embodiment of the present invention.

[0189] An LCD according to a sixth embodiment of the
present invention also includes a TFT array panel, a color
filter array panel opposite the TFT array panel, and a liquid
crystal layer interposed therebetween. The TFT array panel is
provided with a plurality of gate lines and a plurality of data
lines intersecting each other to define a plurality of pixels.
[0190] Each pixel is provided with a pixel TFT T1 for a
pixel electrode and a DCE TFT T2 for a DCE. The pixel TFT
T1 includes a gate electrode connected to a relevant gate line
G,,, a source electrode connected to a relevant data line D,,,,
and a drain electrode connected to a relevant pixel electrode.
The DCE TFT T2 includes a gate electrode connected to a
previous gate line G,,_,, a source electrode connected to the
relevant data line D and a drain electrode connected to a
relevant DCE.

[0191] Although it is not shown in the circuit diagram, the
pixel electrode according to this embodiment of the present
invention has a cutout overlapping the DCE such that the
electric field due to the DCE flows out through the cutout. The
electric field flowing out through the cutout makes the liquid
crystal molecules tilt along predetermined directions like the
previous embodiments.

[0192] A column inversion shown in FIG. 24 and the dual-
pulse gate signals shown in FIG. 20 can make the LCD shown
in FIG. 23 function like the LCD according to the fourth
embodiment.

[0193] The dual-pulse gate signals can be applied to cases
that the DCE is supplied with a voltage from a storage elec-
trode line, which will be described hereinafter.

[0194] FIG. 25 is a circuit diagram of an LCD according to
a seventh embodiment of the present invention.

[0195] Each pixel of an LCD according to a seventh
embodiment of the present invention is provided with a pixel
TFT T1 for a pixel electrode and a DCE TFT T2 for a DCE.
The pixel TFT T1 includes a gate electrode connected to a
relevant gate line G,,, a source electrode connected to a rel-
evant data line D,,, and a drain electrode connected to a
relevant pixel electrode. The DCE TFT T2 includes a gate
electrode connected to a previous gate line G,,_,, a source
electrode connected to a common voltage, and a drain elec-
trode connected to a relevant DCE.

[0196] This configuration is substantially the same as those
according to the first and the second embodiments since the
common voltage is transmitted to the TFT array panel by the
storage electrode line.

[0197] The dual-pulse gate signals shown in FIG. 20 can
make the LCD shown in FIG. 25 function like the LCD
according to the fourth to the sixth embodiments. Any of the
dot inversion, the double-dot inversion, the column inversion,
etc., will have an effect.

[0198] The charging of the LCD shown in FIG. 25 is
described in detail. For descriptive convenience, the inversion
type is limited to the dot inversion.

[0199] Let us assume that a pixel electrode and a DCE of a
pixel in the n-th row and the m-th column are charged with
-5V and -15V, respectively. Now, the pixel electrode will be
refreshed by a voltage +5V.

[0200] Thevoltage Vp ofthe pixel electrode and the voltage
Vdce of the DCE are

Vp=-5V and Vdce=-15V. )

m+12
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[0201] When the pixels in the (n-2)-th row are refreshed,
the gate line G,,_, is supplied with the second pulse, while the
gate line G,,_, is supplied with the first pulse. Then, the DCE
TFT T2 of the pixel in the n-th row and the m-th column
having a gate electrode connected to the gate line G,,_, is
turned on to supply the common voltage of OV (for conve-
nience) to the DCE, thereby charging the capacitor Cdp and
the capacitors Clc and Cst in series.

Vp>-5V and Vdce-OV. (6)

[0202] When the pixels in the (n-1)-th row are refreshed,
the gate line G,,_, is supplied with the second pulse, while the
gate line G,, is supplied with the first pulse. In addition, the
data line D,, is supplied with =5V under the dot inversion.
Then, both the pixel TFT T1 and the DCE TFT T2 of the pixel
in the n-th row and the m-th column are turned on to supply a
voltage of -5V to the pixel electrode and the common voltage
of OV to the DCE.

Vp=-5V and Vdce=0V. (7)

[0203] When the pixels in the n-th row are refreshed, the
gate line G,, is supplied with the second pulse, while the gate
line G,,_, is supplied with no pulse. In addition, the data lines
D,, are supplied with +5V. Then, only the pixel TFT T1 of the
pixel in the n-th row and the m-th column are turned on to
supply a voltage of +5V to the pixel electrode. The voltage of
the DCE, which is floating to maintain the voltage difference
from the pixel electrode, increases along that of the pixel
electrode to have a value of +10V.

Vp=+5V and Vdce=+10V. (8)

[0204] To summarize, the dual-pulse gate signals enables to
obtain a sufficiently high voltage difference Vdp regardless of
the capacitance Cdp when the DCE is supplied with the
common voltage through the storage electrode line.

[0205] As described above, a DCE TFT switching the sig-
nals transmitted to a DCE and a pixel electrode to generate
initial direction-control voltage, thereby ensuring stable
brightness.

[0206] Although preferred embodiments of the present
invention have been described in detail hereinabove, it should
be clearly understood that many variations and/or modifica-
tions of the basic inventive concepts herein taught which may
appear to those skilled in the present art will still fall within
the spirit and scope of the present invention, as defined in the
appended claims.

What is claimed is:

1. A liquid crystal display comprising:

a plurality of first signal lines transmitting scanning sig-
nals;

a plurality of second signal lines transmitting data volt-
ages; and

a plurality of first and second pixels connected to the first
and the second signal lines,

wherein each of the first pixels has a pixel electrode, a
direction control electrode, a first thin film transistor
having a gate electrode connected to a relevant first
signal line, a source electrode connected to a relevant
second signal line, and a drain electrode connected to the
pixel electrode, and a second thin film transistor having
a gate electrode connected to a previous first signal line
or a next first signal line, a source electrode connected to
a next second signal line, and a drain electrode con-
nected to the direction control electrode; and
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wherein each of the second pixels has a pixel electrode, a
direction control electrode, a first thin film transistor
having a gate electrode connected to a relevant first
signal line, a source electrode connected to a relevant
second signal line, and a drain electrode connected to the
pixel electrode, and a second thin film transistor having
a gate electrode connected to a previous first signal line,
a source electrode connected to a relevant second signal
line, and a drain electrode connected to the direction
control electrode.

2. The liquid crystal display of claim 1, wherein the liquid
crystal display is subjected to a double-dot inversion and each
scanning signal has first and second pulses in a frame.

3. The liquid crystal display of claim 2, wherein the first
pixels form a plurality of first pixel rows and the second pixels
form a plurality of second pixel rows.

4. The liquid crystal display of claim 3, wherein the first
pixel rows and the second pixel rows are alternately arranged.

5. The liquid crystal display of claim 4, wherein adjacent
two of the first and the second pixel rows are supplied with
data voltages having equal polarity in pairs and a first pixel
row in each pair is supplied with a scanning signal prior to a
second pixel row in the pair.

6. The liquid crystal display of claim 2, wherein the first
pulse in a scanning signal is synchronized with the second
pulse in a previous scanning signal.

7. The liquid crystal display of claim 1, wherein each pixel
electrode has a cutout overlapping one of the direction control
electrodes at least in part.

8. A liquid crystal display comprising:

a first substrate;

a plurality of first signal lines formed on the first substrate

and supplied with scanning signals;

a plurality of second signal lines formed on the first sub-
strate and intersecting the first signal lines;

a plurality of pixel electrodes formed on the first substrate;

a plurality of direction control electrodes formed on the
first substrate;

a plurality of first thin film transistors, each first thin film
transistor connected to a relevant one of the first signal
lines, a relevant one of the second signal lines, and a
relevant one of the pixel electrodes;

a plurality of second thin film transistor, each second thin
film transistor connected to a previous one of the first
signal lines, a relevant one of the second signal lines, and
a relevant one of the direction control electrodes;

a second substrate facing the first substrate; and

a common electrode formed on the second substrate.

9. The liquid crystal display of claim 8, wherein the liquid
crystal display is subjected to a column inversion and each
scanning signal has first and second pulses in a frame.

10. The liquid crystal display of claim 9, wherein the first
pulse in a scanning signal is synchronized with the second
pulse in a previous scanning signal.

11. The liquid crystal display of claim 8, wherein each
pixel electrode has a cutout overlapping one of the direction
control electrodes at least in part.

12. A liquid crystal display comprising:

a first substrate;

a plurality of first signal lines formed on the first substrate
and supplied with scanning signals, each scanning sig-
nal having first and second pulses in a frame;

a plurality of second signal lines formed on the first sub-
strate and intersecting the first signal lines;
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aplurality of third signal lines formed on the first substrate, signal lines, a relevant one of the third signal lines, and a
intersecting the second signal lines, and supplied with a relevant one of the direction control electrodes;
common voltage; a second substrate facing the first substrate; and

a plurality of pixel electrodes formed on the first substrate; a common electrode formed on the second substrate.

a plurality of direction control electrodes formed on the 13. The liquid crystal display of claim 12, wherein the first
first substrate; pulse in a scanning signal is synchronized with the second

a plurality of first thin film transistors, each first thin film pulse in a previous scanning signal.
transistor connected to a relevant one of the first signal 14. The liquid crystal display of claim 12, wherein each
lines, a relevant one of the second signal lines, and a  pixel electrode has a cutout overlapping one of the direction
relevant one of the pixel electrodes; control electrodes at least in part.

a plurality of second thin film transistor, each second thin
film transistor connected to a previous one of the first kok ok ok ok
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