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LIQUID CRYSTAL DISPLAY AND THIN FILM
TRANSISTOR ARRAY PANEL THEREFOR

BACKGROUND OF THE INVENTION

[0001]

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

[0003] (b) Description of the Related Art

[0004] A 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 interposed therebe-
tween. The pixel electrodes and the common electrode are
supplied with electric voltages and the voltage difference
therebetween causes electric field. The variation of the
electric field changes the orientations of liquid crystal mol-
ecules in the liquid crystal layer, and thus it changes the
transmittance of light passing through the liquid crystal
layer. As a result, the LCD displays desired images by
adjusting the voltage difference between the pixel electrodes
and the common electrode.

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

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

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

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

[0009] Among these techniques for widening the viewing
angle, the provision of the cutouts has problems that an
additional photolithography step for patterning the common
electrode is required, an overcoat is required for preventing
the contamination of the liquid crystal material due to the
pigments contained in the color filters, and severe disclina-
tion is generated near the edges of the patterned electrode.
The provision of the projections also has a problem that the
manufacturing method thereof is complicated since it
requires an additional process step for forming the projec-
tions or a modification of a process step. Moreover, the
aperture ratio is reduced due to the projections and the
cutouts.

(a) Field of the Invention

SUMMARY OF THE INVENTION

[0010] A thin film transistor array panel is provided, which
includes: an insulating substrate; a plurality of control lines
provided on the substrate and including first and second
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control lines; a plurality of data lines provided on the
substrate and including first and second data lines; a pixel
electrode provided on the substrate and having a cutout; a
field control electrode provided on the substrate and over-
lapping the cutout; a first switching element for applying a
first signal from the first data line to the pixel electrode in
response to a first control signal from the first control line;
and a second switching element for controlling a second
signal to be applied to the field control electrode.

[0011] TItis preferable that the first and the second switch-
ing elements are active at different times and the first
switching element is active after the second switching
element It is more preferable that the first switching element
becomes active immediately after the activation of the first
switching element.

[0012] The second signal may be supplied from one of the
data lines and the second switching element applies the
second signal to the field control electrode in response to a
second control signal from the second control line.

[0013] The second signal is supplied from either the first
data line or the second data line adjacent to the first data line.

[0014] The field control electrode preferably overlaps the
pixel electrode.
[0015] The field control electrode and either the control

lines or the data lines include substantially the same layer.

[0016] The thin film transistor array panel further includes
an insulating layer interposed between the field control
electrode and the pixel electrode and having a trench over-
lapping the cutout.

[0017] Preferably, the thin film transistor array panel fur-
ther includes a semiconductor layer located under the data
lines.

[0018] A liquid crystal display according to an embodi-
ment of the present invention is provided, which includes: a
first panel including a plurality of control lines including
first and second control lines, a plurality of data lines
including first and second data lines, a pixel electrode having
a cutout, a field control electrode overlapping the cutout, a
first switching element electrically connected to the first
control line, the first data line and the pixel electrode, and an
insulating layer interposed between the field control elec-
trode and the pixel electrode; a second panel opposite the
first panel and including a common electrode; and a liquid
crystal layer interposed between the first and the second
panels.

[0019]
tion,

According to an embodiment of the present inven-

Voce > Vpx(l + %)

for positive V,, and

Voce < VpX(l + Z—dd/)
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for negative V where V¢ is a voltage of the field control
electrode with respect to the common electrode, V, is a
voltage of the pixel electrode with respect to the common
electrode, ¢ and d are permittivity and thickness of the liquid
crystal layer, respectively, and €' and d' are permittivity and
thickness of the insulating layer.

[0020] According to another embodiment of the present
invention,

CLC ed

—_—>
2Cpcg +Crc €d

where C; . is a capacitance between the pixel electrode and
the common electrode, Cp1; 1s a capacitance between the
pixel electrode and the field control electrode, € and d are
permittivity and thickness of the liquid crystal layer, respec-
tively, and €' and d' are permittivity and thickness of the
insulating layer.

[0021] The liquid crystal display preferably further
includes a second switching element for controlling a signal
to be applied to the field control electrode.

[0022] Ttis preferable that the first and the second switch-
ing elements are active at different times and the first
switching element is active after the second switching
element. It is more preferable that the first switching element
becomes active immediately after the activation of the first
switching element.

[0023] The second switching element is preferably con-
nected to the second control line, one of the data lines, and
the field control electrode.

[0024] Preferably, the pixel electrode and the field control
electrode are supplied with signals having the same polarity
with respect to a voltage of the common electrode for a
sequence of activation of the second switching element and
the first switching element.

[0025] A liquid crystal display according to another
embodiment of the present invention is provided, which
includes: a first panel including a plurality of control lines
including first and second control lines, a plurality of data
lines including first and second data lines, a pixel electrode
having a cutout, a field control electrode overlapping the
cutout, a first switching element for applying a first signal
from the first data line to the pixel electrode in response to
a first control signal from the first control line, and a second
switching element for controlling a second signal to be
applied to the field control electrode; a second panel oppo-
site the first panel and including a common electrode; and a
liquid crystal layer interposed between the first and the
second panels, wherein the second switching element is
active before the first switching element in a sequence of
activations of the second switching element and the first
switching element and the first and the second signals have
the same polarity with respect to a voltage of the common
electrode for the sequence of activation.

[0026] Preferably, the first switching element becomes
active immediately after the activation of the first switching
element.

BRIEF DESCRIPTION OF THE DRAWINGS

[0027] The above and other advantages of the present
invention will become more apparent by describing pre-
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ferred embodiments thereof in detail with reference to the
accompanying drawings in which:

[0028] FIGS. 1A and 1B are schematic plan views of
LCDs according to embodiments of the present invention;

[0029] FIG. 2 is a schematic sectional view of an LCD
according to an embodiment of the present invention;

[0030] FIGS. 3A to 3C show electric fields and equipo-
tential lines of an LCD according to an embodiment of the
present invention;

[0031] FIG. 4 is a schematic circuit diagram of an LCD
shown in FIGS. 1A and 2;

[0032] FIG. 5A is a layout view of an LCD according to
an embodiment of the present invention;

[0033] FIG. 5B is a sectional view of the LCD shown in
FIG. 5A taken along the line VB-VB';

[0034] FIGS. 6A, 7A, 8A and 9A are layout views of a
TFT array panel for an LCD shown in FIGS. 5A and 5B
sequentially illustrating a manufacturing method thereof
according to an embodiment of the present invention;

[0035] FIGS. 6B, 7B, 8B and 9B are sectional views of
the TFT array panel shown in FIGS. 6A, 7A, 8A and 9A
taken along the lines VIB-VIB', VIIB-VIIB', VIIIB-VIIIB'
and IXB-IXV', respectively;

[0036] FIG. 10A is a layout view of a TFT array panel
according to another embodiment of the present invention;

[0037] FIG. 10B is a sectional view of the TFT array panel
shown in FIG. 10A taken along the line XB-XB';

[0038] FIGS. 11A, 13A and 14A are layout views of a
TFT array panel shown in FIGS. 10A and 10B sequentially
illustrating a manufacturing method thereof according to an
embodiment of the present invention;

[0039] FIGS. 11B, 13 and 14B are sectional views of the
TFT array panel shown in FIGS. 11A, 13A and 14A,
respectively;

[0040] FIG. 12 is a sectional view of the TFT array panel
in a step of the manufacturing method between FIG. 11B
and FIG. 13B;

[0041] FIG. 15A is a layout view of an LCD according to
another embodiment of the present invention; and

[0042] FIG. 15B is a sectional view of the LCD shown in
FIG. 15A taken along the line XVB-XVB'".

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
construed as limited to the embodiments set forth herein.

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

[0045] Now, LCDs according 1o embodiments of this
invention will be described in detail with reference to the
accompanying drawings.

[0046] FIGS. 1A and 1B are schematic plan views of
LCDs according to embodiments of the present invention,
and FIG. 2 is a schematic sectional view of an LCD
according to an embodiment of the present invention,
respectively.

[0047] An LCD according to an embodiment of the
present invention includes a lower panel 100, an upper panel
200 facing the lower panel 100, and a liquid crystal layer 3
interposed between the lower panel 100 and the upper panel
200 and including a plurality of liquid crystal molecules
aligned perpendicular to the surfaces of the panels 100 and
200.

[0048] A plurality of gate lines 121 and a plurality of data
lines 171 are provided on a lower insulating substrate 110 of
the lower panel 100. The gate lines 121 and the data lines
171 are insulated from each other via an insulator 140 and
intersect each other. A pair of one of the gate lines 121 and
one of the data lines 171 define a pixel.

[0049] A pair of a pixel electrode (“FE”) 190 and a
direction control electrode (“DCE”) 178 insulated from each
other via an insulator 180 are provided on the lower sub-
strate 110. The DCE 178 includes substantially the same
layer as the data lines 171 but it may include substantially
the same layer as the gate lines 121. The PE 190 has a cutout
191, which overlaps the DCE 178. The PE 190 is connected
to a pair of a gate line 121 and a data line 171 viaa PE TFT
T,, while the DCE 178 is connected to another pair of a gate
line 121 and a data line 171 via a DCE TFT T,. The gate line
121 connected to the DCE TFT T, is previous to the gate line
121 connected to the PE TFT T,. The data line 171 con-
nected to the DCE TFT T, is previous to the data line 171
connected to the PE TFT T, as shown in FIG. 1A. Alter-
natively, a pair of the PE TFT T, and the DCE TFT T, are
connected to the same data line 171 as shown in FIG. 1B.
The PE TFT T, transmits the voltages from the associated
data line 171 to the PE 190 in response to a voltage from the
gate line 121 while the DCE TFT T, transmits the voltages
from the associated data line 171 to the DCE 178 in response
to a voltage from the previous gate line.

[0050] A storage electrode 133 is also provided on the
lower substrate 110 and includes substantially the same layer
as the gate lines 121. The storage electrode 133 is insulated
from the gate lines 121, the data lines 171, the pixel
electrode 190 and the DCE 178 via the insulators 140 and
180, and overlaps the pixel electrode 190.

[0051] A common electrode 270 is provided on an upper
insulating substrate 210 of the upper panel 200, and supplied
with a common voltage Veom, which is also applied to the
storage electrode 133.

[0052] The various conductors of the liquid crystal display
shown in FIG. 2 form a plurality of capacitors. The pixel
electrode 190 and the common electrode 270 form a liquid
crystal capacitor C; ., while the storage electrode 133 and
the pixel electrode 190 form a storage capacitor Cgp for
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enhancing the charge storing capacity of the liquid crystal
capacitor C; .. The direction control electrode 178 forms a
DCE capacitor Cp along with the pixel electrode 190,
forms a capacitor C;, along with the common electrode
270, and forms a capacitor C along with the storage
electrode 133.

[0053] The pixel electrode 190 and the common electrode
270 generate an electric field in the liquid crystal layer 3
interposed therebetween. The liquid crystal molecules in the
liquid crystal layer 3 changes their orientations depending
on the electric field to vary the transmittance of the light
passing through the LCD. The electric field is curved near
the cutout 191 to form so called a fringe field, which
determines the inclination directions of the liquid crystal
molecules upon application of the electric field. The DCE
178 and the common electrode 190 also generate an electric
field for controlling the tilt directions of the liquid crystal
molecules.

[0054] The operation of the LCD shown in FIGS. 1A, 1B
and 2 are described in detail with reference to FIGS. 3A to
3C, which show both electric fields and equipotential lines
respectively indicated by arrows and dotted lines. As
described above, the liquid crystal molecules are vertically
aligned to the panels 100 and 200 and tend to align perpen-
dicular to electric field.

[0055] In the figures, V, is a voltage across the liquid
crystal capacitor C; ., i.e., the voltage applied to the pixel
electrode 190 subtracted by the common electrode Vcom,
while V5 1s the voltage applied to the DCE 190 subtracted
by the common electrode Vcom. For convenience, it is
assumed that the common electrode 270 is grounded, i.e.,
Veom=0. Then, V,, is considered to be the voltage applied to
the pixel electrode 190, while V.5 is considered to be the
voltage applied to the DCE 190. In addition, the permittivity
and the thickness of the liquid crystal layer 3 are indicated
by € and d, respectively, while the permittivity and the
thickness of the insulating layer 180 are indicated by €' and
d', respectively. Furthermore, the voltage V,, applied to the
pixel electrode 190 has a positive value.

[0056] As shown in FIG. 3A, an electric field in the liquid
crystal layer 3 near edges 192 and 193 of the PE 190 and
near the cutout 191 is distorted due to the geometry of the
PE 190, when there is no DCE. In detail, the field near the
edges 192 and 193 of the PE 190 and edges of the cutout 191
goes outwardly from the PE 190 to the common electrode
270. Consider liquid crystal molecules on the pixel electrode
190 in a region between the left edge 192 of the PE 190 and
the left edge of the cutout 191, which is called a domain. The
liquid crystal molecules near the left edge of the cutout 191
and the edge 192 of the PE 190 tilt opposite each other, and
the tilt directions of the liquid crystal molecules in the
domain gradually vary from the left edge of the cutout 191
to the left edge 192. Similarly, the tilt directions of the liquid
crystal molecules in a domain between the right edge of the
cutout 191 and the right edge 193 of the PE 190 gradually
vary from the right edge of the cutout 191 to the right edge
193 of the PE 190.

[0057] When the voltage V-, applied to the DCE 178 is
higher than the voltage V, applied to the PE 190 by a
predetermined value, the field in the liquid crystal layer 3
near the edges of the cutout 191 is straight and perpendicular
to the panels 100 and 200 as shown in FIG. 3B. For the
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voltage V, with a negative value, the DCE voltage Ve
should be lower than the pixel voltage V, by the predeter-
mined value.

[0058] When the voltage Vpx applied to the DCE 178 is
higher than the voltage V,, applied to the PE 190 by a value
larger than the above-described predetermined value, the
field in the liquid crystal layer 3 near each edge 192 or 193
of the PE 190 and the corresponding edge of the cutout 191
is similar as shown in FIG. 3C. In detail, the field near the
left edge 192 and near the left edge of the cutout 191 goes
leftwards from the PE 190 to the common electrode 270.
Similarly, the field near the right edge 193 and the right edge
of the cutout 191 goes rightwards from the PE 190 to the
common electrode 270. Accordingly, the liquid crystal mol-
ecules near each edge of the cutout 191 and the correspond-
ing edges 192 or 193 of the PE 190 tilt in substantially the
same direction, and the tilt directions of the liquid crystal
molecules in each domain are uniform. For the voltage V,
with a negative value, the DCE voltage V. should be
lower than the pixel voltage V,, by a value larger than the
predetermined vale.

[0059] According to an embodiment of the present inven-
tion, the electric field in the liquid crystal layer 3 near the
cutout 191 is straight and perpendicular to the panels 100
and 200 as shown in FIG. 3B when

VDCE—V X(1+g’i(;)

A uniform tilt direction of liquid crystal molecules in the
domains, as shown in FIG. 3C, is obtained when

VDCE>V X(l+%)

for a positive pixel voltage V,, and

VDCE<V X(l-l—%)

for a negative pixel voltage V,,. However, the voltage V.
such that

VDCE<V X(1+%)

for a positive pixel voltage V, or

Voce > VPX(I + %)

for a negative pixel voltage V, gives a similar condition
shown in FIG. 3A, which does not contribute to a uniform
tilt direction of the liquid crystal molecules.
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[0060] The above conclusion is obtained by assuming the
common electrode 190 and the pixel electrode 190 as
surface charge sources.

[0061] The pixel voltage V,, and the DCE voltage Vg
are given by:

g% ¢9)
Vpy=Epcxd = Txd;and

_ v A ®
VDCE—Vp+Ede—Vp+ /d,
&

where E; - is the electric field in the liquid crystal layer 3, B
is the electric field in the insulating layer 180, o, and o are
the surface charge densities on the common electrode 270
and on the pixel electrode 190, respectively, and A is an area
of the pixel electrode 190 or a corresponding area of the
common electrode 270.

[0062] The distortion of the electric field in the liquid
crystal layer 3 is due to the extra surface charges on the pixel
electrode 190. Accordingly, the field distortion is prevented
when there is no net surface charge on the pixel electrode
190. That is, the surface charge density o on the pixel
electrode 190 is equal to o,. Since

e
ToA = VPE

from Equation (1), Equation (2) becomes

v v Ad’—V v, 5 ed' v ed' (3
e B o e )
[0063] As a result, the applicants concluded that the volt-

age Vg applied to the DCE 178 is larger than the positive
voltage V,, applied to the pixel electrode 190 by a predeter-
mined value for obtaining a uniform tilt direction of the
liquid crystal molecules. On the contrary, the voltage Vi,
applied to the DCE 178 is smaller than the negative voltage
V, applied to the pixel electrode 190 by a predetermined
value.

[0064] In addition, the applicants found that the voltage
V_ . is larger than the DCE voltage V,, when, in the LCD
shown in FIGS. 1A and 1B, the DCE TFT T, is turned on
earlier than the PE TFT T, and the polarity of the voltage
V_ . and the DCE voltage V, ate the same, which will be
described in detail with reference to FIG. 4.

[0065] FIG. 4 is a schematic circuit diagram of an LCD
shown in FIGS. 1A and 2. In FIG. 4, the capacitors C; 1, and
Cpg in FIG. 2 are ignored since the capacitances of the
capacitors C; , and C are very small, and the common
voltage Vcom is zero.

[0066] Before application of a gate-on voltage to a previ-
ous gate line G,_,, the PE TFT T, and the DCE TFT T, are
in off states. Upon the application of the gate-on voltage to
the previous gate line G, |, a positive data voltage is applied
to the DCE 178. Then, the voltage V, of the PE 190 is
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changed, according to the voltage distribution between the
capacitors Cpp , C; and Cgp connected between the
common electrode 270 and the DCE 178, to have a value
lower than the voltage V5 of the DCE 178. There after, the
DCE TFT T, is turned off to make the DCE 178 floating. The
floating of the DCE 178 makes the voltage across the DCE
capacitor Cpg constant. Accordingly, the voltage Vg of
the floating DCE 178 is always larger than the voltage V,, of
the PE 190 irrespective of the voltage change of the PE 190.
For example, if the PE voltage V,, is increased when the
pixel TFT T is turned on, the DCE voltage V5 follows the
voltage rising of the PE voltage V, in order to maintain the
voltage across the DCE capacitor Cpp.

[0067] Similarly, the voltage V. of the floating DCE
178 is always smaller than the negative voltage V, of the PE
190 irrespective of the voltage change of the PE 190.

[0068] The applicants also found that the stable domains
are obtained under the condition that

Crc ed’ @
— |V, + Vil > —|V,l,
ZCDCE-I-CLCl 4 ! i S/dl Pl

or

C[_C Sd/ (5)

- > s
ZCDCE+CLC &d

where V,_, is a data voltage to be applied upon turning on of
the previous gate line, i.e., a data voltage to be applied to the
DCE 178.

[0069] This result is obtained assuming that the capaci-
tances C;p, and Cpg and the parasitic capacitances Cgy
between the gates and the drains of the TFTs T, and T, are
ignorable compared with the capacitances Cpp and C; .

[0070] The voltage V, of the pixel electrode 190 and the
voltage Vcp, of the DCE 178 are given by

C
Vo=V~ #

CLC + Cu) +2ng -

Vor = Vo) = V,,
(Cop + Cga)? ( )=,

Cpcg +Crp +Cyy
and

Crc o

Vo 2V, + ——————(V, + V1),
P 2pep+Cie T

where V; is the data voltage to be applied to the pixel
electrode 190.

[0071] By substituting Vg with Equation 7, the relation

] ’

& &
Vpcg > Vp X (1 + E) (positive) or Vpeg <V, X(l + E) (negative)
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for obtaining stable domains becomes
. Cre ) ed’ .. ®)
vV, + m(vp +Vi) >V, + ﬁvu (positive), or
Cic ed’ .
P+ m(vp +Vi) <V, + EVP (negative).

[0072] Subtraction of V, from both sides of Equation 8
vields

Crc ed .. 9
m(vp +Vi)> vd V, (positive), or
C[_C ed’

——(V,+ V)< —V, tive).
2CDCE+CLC( b+ Vi1) A (negative)

[0073] Since V, and V, , have the same polarity, Inequal-
ity (9) becomes

Cre o (10)
[ SR N
ZCDCE +Crc gd’ or

1 ed’

> —
Cpce gd
+1

2
Crc

[0074] Accordingly, stable domains are obtained by
adjusting the ratio of the capacitances Ccx/C; o, the ratio of
the permittivity e/e' and the ratio of the distances d'/d.

[0075] Next, an LCD according to an embodiment of the
present invention is described in detail with reference to
FIGS. 5A and 5B.

[0076] FIG. 5A is a layout view of an LCD according to
an embodiment of the present invention, and FIG. 5B is a
sectional view of the LCD shown in FIG. 5A taken along the
line VB-VB".

[0077] An LCD according to an embodiment of the
present invention includes a lower panel 100, an upper panel
200 facing the lower panel 100, and a liquid crystal layer 3
interposed between the lower panel 100 and the upper panel
200 and including a plurality of liquid crystal molecules
aligned perpendicular to the surfaces of the panels 100 and
200.

[0078] A plurality of gate lines 121 and a plurality of
storage electrodes 131 are formed on an insulating substrate
110. The gate lines 121 extend substantially in a transverse
direction and substantially parallel to each other, and each
gate line includes a plurality of pairs of expansions forming
first and second gate electrodes 124a and 1245b. The storage
electrodes 131 extend substantially parallel to the gate lines
121 and each storage electrode 131 includes a stem and a
plurality of sets of first to fourth branches 133a-1334
forming a ladder shape. The first branch 133a extends from
the stem in a longitudinal direction, and the second branch
1335 includes a longitudinal portion connected to the stem
and a transverse portion connected to an end of the longi-
tudinal portion. The third and the fourth branches 133¢ and
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133d extend in the transverse direction and connect the first
branch 133a and the second branch 13354.

[0079] The gate lines 121 and the storage electrodes 131
are preferably made of Al, Cr or their alloys, Mo or Mo
alloy. T he gate lines 121 and the storage electrodes 131
preferably include a layer preferably made of Cr or Mo
alloys having excellent physical and chemical characteris-
tics and another layer preferably made of Al or Ag alloys
having low resistivity. In addition, the lateral sides of the
gate lines 121 are tapered, and the inclination angle of the
lateral sides with respect to a horizontal surface ranges
30-80 degrees.

[0080] A gate insulating layer 140 is formed on the gate
lines 121 and the storage electrodes 131.

[0081] A plurality of semiconductor stripes 151 and a
plurality of semiconductor islands 158 preferably made of
hydrogenated amorphous silicon (“a-Si”) are formed on the
gate insulating layer 140. Each semiconductor stripe 151
extends in the longitudinal direction and located between the
first branch 1334 and the second branch 1335 belonging to
adjacent sets of the branches 133¢-133d of the storage
electrode 131. Each semiconductor stripe 151 includes a
plurality of expansions 154 disposed near the gate electrodes
124a and 1245, which form channels of TFTs. The semi-
conductor islands 158 are located near the intersections of
the second branches 1334 and the third and the fourth
branches 133¢ and 133d of the storage electrode 131.

[0082] A plurality of sets of an ohmic contact stripe 161
and a plurality of pairs of ohmic contact islands 1654 and
1650 preferably made of silicide or hydrogenated a-Si
heavily doped with n type impurity are formed on the
semiconductor stripes 151. A plurality of ohmic contact
islands (not shown) are also formed on the semiconductor
islands 158.

[0083] The lateral sides of the semiconductor stripes and
islands 151 and 158 and the ohmic contact stripes and
islands 161, 165a and 1656 are tapered, and the inclination
angles thereof are in the range between 30-80 degrees.

[0084] A plurality of sets of a data line 171 and a plurality
of pairs of first and second drain electrodes 175a and 1755
are formed on the ohmic contact stripes 161, the ohmic
contact islands 1654 and 1655, and the gate insulating layer
140. The data lines 171 extend substantially in the longitu-
dinal direction along the semiconductor stripes 151 and the
ohmic contact stripes 161 and intersect the gate lines 121
and the storage electrodes 131. Each data line 171 includes
a plurality of sets of pairs of expansions forming first and
second source electrodes 1734 and 1735 and extending onto
the expansions 154 of the semiconductor stripe 151. The first
and the source electrodes 173a and 1735 located opposite
the first and the second drain electrodes 175¢ and 1756 with
respect to the gate electrodes 124a and 124b, respectively.
The drain electrodes 175a and 1755 extend from the expan-
sions 154 to the stem of the storage electrode 131. The
expansions 154 of the semiconductor stripe 151 completely
covers the intersections of the gate lines 121 and the data
lines 171 to ensure the insulation therebetween, and the
semiconductor stripe 151 becomes wider near the intersec-
tions of the data line 171 and the storage electrodes 131 to
have a width larger than that of the data lines, thereby
ensuring the insulation therebetween, while most portions of
the semiconductor stripe 131 are narrower that the data lines
171.
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[0085] A plurality of DCEs 178 are formed on the gate
insulting layer 140 and the ohmic contact islands on the
semiconductor islands 158. Each DCE 178 includes a plu-
rality of X-shaped pieces located between in areas sur-
rounded by the storage electrode 131. The X-shaped pieces
are connected in series near the semiconductor islands 158
through interconnections 178« and 1785, and the uppermost
one of the X-shaped pieces is connected to the second drain
electrode 1754. The interconnections 178a and 1785 con-
necting the X-shaped pieces intersect the branches 133¢ and
133d of the storage electrode 131, and the semiconductor
islands 158 and the ohmic contact islands thereon ensure the
insulation between the interconnections 178a and 1786 and
the branches 133¢ and 1334.

[0086] The data lines 171, the drain electrodes 175a and
1756 and the DCEs 178 are preferably made of Al, Cr or
their alloys, Mo or Mo alloy. The data lines 171, the drain
electrodes 175¢ and 1755 and the DCEs 178 preferably
include a layer preferably made of Cr or Mo alloys having
excellent physical and chemical characteristics and another
layer preferably made of Al or Ag alloys having low
resistivity. The data lines 171, the drain electrodes 175a and
1755 and the DCEs 178 have tapered lateral sides, and the
inclination angles of the lateral sides ranges 30-80 degrees.

[0087] The ohmic contact stripes and islands 161, 165a
and 1655 are interposed only between the semiconductor
stripes and islands 151 and 158 and the data lines 171, the
drain electrodes 175a and 1755, and the DCEs 178 to reduce
the contact resistance therebetween, and some portions of
the semiconductor stripes and islands 151 and 158 are
exposed out of the data lines 171, the drain electrodes 175a
and 1755, and the DCEs 178.

[0088] The first gate electrode 124a, the first source elec-
trode 173a and the first drain electrode 175a along with a
portion of the semiconductor stripe 161 located between the
first source electrode 173a and the first drain electrode 175a
form a TFT for controlling a voltage to be applied to the
pixel electrode 190, while the second gate electrode 1245,
the second source electrode 1736 and the second drain
electrode 475b along with a portion of the semiconductor
stripe 161 located between the second source electrode 1735
and the second drain electrode 1756 form a TFT for con-
trolling a voltage to be applied to the DCE 178.

[0089] A passivation layer 180 preferably made of silicon
nitride or organic insulator is formed on the data lines 171,
the drain electrodes 175a and 1756 and the DCEs 178 and
the exposed portions of the semiconductor stripes and
islands 151 and 158.

[0090] The passivation layer 180 is provided with a plu-
rality of contact holes 183 exposing the first drain electrodes
175a and a plurality of contact holes 182 exposing end
portions of the data lines 171. The gate insulating layer 140
and the passivation layer 180 are provided with a plurality
of contact holes 181 exposing end portions of the gate lines
121. The contact holes 181 and 182 are provided for
electrical connection with an external device, and can have
various shapes such as polygon or circle. The area of each
contact hole 181 or 182 is preferably equal to or larger than
0.5 mmx15 pm and not larger than 2 mmx60 pm.

[0091] A plurality of pixel electrodes 190 and a plurality
of contact assistants 91 and 92 are formed on the passivation
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layer 180. The pixel electrodes 190 and the contact assistants
91 and 92 are preferably made of indium zinc oxide (“IZ0™)
or indium tin oxide (“ITO™).

[0092] Each pixel electrode 190 is connected to the first
drain electrode 175a through the contact hole 183 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 to expose most portions
of the DCE 178 while the linear cutouts 192 overlap the third
and the fourth branches 133c¢ and 133d of the storage
electrode 131. Each pixel electrode 190 overlaps the DCE
178, which is connected to a previous gate line 121 and a
previous data line 171 through a TFT, near the cutouts 191
to form a DCE capacitor Cp while the pixel electrode 190
also overlaps the storage electrode 131 to form a storage
capacitor Cgr.

[0093] The contact assistants 91 and 92 are connected to
the exposed end portions of the gate lines 121 and the data
lines 171 through the contact holes 181 and 182. The contact
assistants 91 and 92 are optional, but are preferred to protect
the exposed portions of the gate lines 121 and the data lines
171, respectively, and to complement the adhesiveness of
the TFT array panel and driving ICs therefor.

[0094] An alignment layer 11 is coated on entire surface of
the upper panel 100 except for areas provided with the
contact assistants 91 and 92.

[0095] According to another embodiment of the present
invention, a plurality of metal islands (not shown) preferably
made of the same material as the gate lines 121 or the data
lines 171 are provided near the end portions of the gate lines
121 and/or the data lines 171. The metal islands are con-
nected to the contact assistants 91 or 92 via plurality of
contact holes (not shown) provided at the passivation layer
180 and/or the gate insulating layer 140.

[0096] According to another embodiment of the present
invention, the storage electrodes 131 are omitted and the
pixel electrode 190 overlaps the gate line 121 to form a
storage capacitor Cqr.

[0097] According to another embodiment of the present
invention, the DCEs 178 include substantially the same
layer as the gate lines 121.

[0098]
detail.

[0099] Ablack matrix 220 for preventing light leakage and
a plurality of red, green and blue color filters 230, which are
alternately arranged, are formed on an upper substrate 210
preferably made of transparent insulating material such
glass. A common electrode 270 preferably made of a trans-
parent conductor such as ITO or IZO is formed on the black
matrix 220 and the color filters 230, and an alignment layer
21 is coated on the common electrode 270.

[0100] The liquid crystal layer 3 has negative dielectric
anisotropy and homeotropic alignment, where a plurality of
liquid crystal molecules contained in the liquid crystal layer
3 are aligned such that their major axes are substantially
perpendicular to the lower and the upper panels 100 and 200
in absence of electric field.

Next, the upper panel 210 will now be described in

[0101] The lower panel 100 and the upper panel 200 are
aligned and assembled such that the pixel electrodes 190
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overlap the color filters 230 and the gate lines 121, the data
lines 171 and the TFTs are covered with the black matrix
220. In this way, a plurality of domains partitioned by the
cutouts 191 and 192 are obtained, which are stabilized by the
DCEs 178.

[0102] A method of manufacturing the TFT array panel of
the LCD shown in FIG. 5A and 5B according to an
embodiment of the present invention is described with
reference to FIGS. 6A to 9B as well as FIGS. 5A and 5B.

[0103] FIGS. 6A, 7A, 8A and 9A are layout views of a
TFT array panel for an LCD shown in FIGS. 5A and 5B
sequentially illustrating a manufacturing method thereof
according to an embodiment of the present invention, and
FIGS. 6B, 7B, 8B and 9B are sectional views of the TFT
array panel shown in FIGS. 6A, 7A, 8A and 9A taken along
the lines VIB-VIB', VIIB-VIIB', VIIIB-VIIIB' and IXB-
IXV', respectively.

[0104] First, as shown in FIGS. 6A and 6B, a metal layer
is sputtered on a substrate 10, and photo-etched to form a
plurality of gate lines 131 and a plurality of storage elec-
trodes 131.

[0105] Next, a gate insulating layer 140 with 1,500-5,00 A
thickness, a hydrogenated a-Si layer with 500-2,000 A
thickness, and a doped hydrogenated a-Si layer with 300-
600 A thickness are sequentially deposited by such as
chemical vapor deposition (“CVD?”). After the deposition of
the triple layers, the upper two layers, i.e., the doped a-Si
layer and the a-Si layer are photo-etched using a photoresist
pattern to form a plurality of doped a-Si stripes 164 and a
plurality of semiconductor stripes and islands 151 and 158,
as shown in FIGS. 7A and 7B. In this step, a plurality of
doped a-Si islands (not shown) are also formed on the
semiconductor islands 158.

[0106] As shown in FIGS. 8A and 8B, a metal layer with
1,500-3,000 A thickness is sputtered and photo-etched to
form a plurality of data lines 171, a plurality of drain
electrodes 1754 and 1756 and a plurality of DCEs 178.
Then, portions of the doped a-Si stripes 164, which are not
covered by the data lines 171 and the drain electrodes 175a
and 175b, are removed to separate a plurality of ohmic
contact stripes 161 and a plurality of ohmic contact islands
1654 and 16556 therefrom and to expose portions of the
semiconductor layer 151 between the data lines 171 and the
drain electrodes 175a and 175b. Portions of the doped a-Si
islands on the semiconductor islands 178, which are not
covered with the DCEs 178, are also removed in this step.

[0107] Subsequently, 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.
Thereafter, the passivation layer 180 and the gate insulating
layer 140 are photo-etched using a photoresist pattern to
form a plurality of contact holes 181, 182 and 183, as shown
in FIGS. 9A and 9B.

[0108] As shown in FIGS. 6A and 6B, an ITO layer or an
170 layer with thickness of 1,500-500 A is deposited and
photo-etched using a photoresist pattern to form a plurality
of pixel electrodes 190 and a plurality of contact assistants
91 and 92, and finally, an alignment layer 11 is coated on the
substrate 110.
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[0109] ATFT array panel for an LCD according to another
embodiment of the present invention is described in detail
with reference to FIGS. 10A and 10B.

[0110] FIG. 10A is a layout view of a TFT array panel
according to another embodiment of the present invention,
and FIG. 10B is a sectional view of the TFT array panel
shown in FIG. 10A taken along the line XB-XB'.

[0111] A plurality of gate lines 121 and a plurality of
storage electrodes 131 are formed on an insulating substrate
110. Fach gate line includes a plurality of pairs of expan-
sions forming first and second gate electrodes 124a and
124b. Each storage electrode 131 includes a stem and a
plurality of sets of first to fourth branches 133a-1334
forming a ladder shape. The first branch 133a includes a
longitudinal portion connected to the stem and a transverse
portion connected to an end of the longitudinal portion, and
the second branch 1335 extends from the stem in a longi-
tudinal direction The third and the fourth branches 133¢ and
1334 extend in the transverse direction and connect the first
branch 133a and the second branch 1335.

[0112] A gate insulating layer 140 is formed on the gate
lines 121 and the storage electrodes 131.

[0113] A plurality of semiconductor stripes 151 preferably
made of hydrogenated a-Si are formed on the gate insulating
layer 140. Each semiconductor stripe 151 includes a plural-
ity of sets of three branches 154a, 1545 and 158. The
branches 154a and 1545 in each set are disposed near the
respective gate electrodes 124a and 1245 to form channels
of TFTs, and the branch 158 is connected to the branch 1545
and includes three X-shaped portions and two interconnec-
tions respectively connecting adjacent X-shaped portions.
Each of the X-shaped portions of the branch 158 is located
in an area confined by the storage electrode 131 and the
interconnections of the branch 158 are located near the
intersections of the second branches 1335 and the third and
the fourth branches 133¢ and 1334 of the storage electrode
131.

[0114] A plurality of sets of an ohmic contact stripe 161
and a plurality of pairs of ohmic contact islands 165a and
1656 preferably made of silicide or hydrogenated a-Si
heavily doped with n type impurity are formed on the
semiconductor stripes 151. The ohmic contact island 165a is
located on the branch 154a of the semiconductor stripe 151,
while ohmic contact island 1655 is located on the branches
154b and 158 of the semiconductor stripe 151. A portion of
the ohmic contact island 1655 located on the branch 158 of
the semiconductor stripe 151 is represented by reference
numeral 168.

[0115] A plurality of data lines 171, a plurality of pairs of
first and second drain electrodes 175¢ and 1756, and a
plurality of DCEs 178 connected to the second drain elec-
trodes 1756 are formed on the ohmic contact stripes 161 and
the ohmic contact islands 1654 and 1655. Each data line 171
includes a plurality of sets of pairs of expansions forming
first and second source electrodes 173a and 1736 and
extending onto the expansions 154 of the semiconductor
stripe 151.

[0116] The data lines 171 have substantially the same
planar shape as the ohmic contact stripes 161, the first drain
electrodes 1754 have substantially the same planar shape as
the ohmic contact islands 1654, and the second drain elec-
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trodes 175b and the DCE 178 have substantially the same
planar shape as the ohmic contact islands 1656 and 168. The
semiconductor stripes 151 have substantially the same pla-
nar shape as the data lines 171, the drain electrodes 1754 and
175b and the DCEs 178 except for channel portions located
between the data lines 171 and the drain electrodes 175a and
1756.

[0117] Accordingly, each DCE 178 includes a plurality of
X-shaped pieces and a plurality of interconnections located
on the X-shaped portions and the interconnections of the
branch 158 of the semiconductor stripe 151, respectively.

[0118] The first gate electrode 124a, the first source elec-
trode 173 and the first drain electrode 1754 along with the
first branch 154a of the semiconductor stripe 161 located
between the first source electrode 173a and the first drain
electrode 175a form a TFT for controlling a voltage to be
applied to the pixel electrode 190, while the second gate
electrode 1245, the second source electrode 1735 and the
second drain electrode 1756 along with the second branch
1545 of the semiconductor stripe 161 located between the
second source electrode 1735 and the second drain electrode
1756 form a TFT for controlling a voltage to be applied to
the DCE 178.

[0119] A passivation layer 180 preferably made of silicon
nitride or organic insulator is formed on the data lines 171,
the drain electrodes 1754 and 1756 and the DCEs 178 and
the exposed portions of the semiconductor stripes 151.

[0120] The passivation layer 180 is provided with a plu-
rality of contact holes 183 exposing the first drain electrodes
175a and a plurality of contact holes 182 exposing end
portions of the data lines 171. The gate insulating layer 140
and the passivation layer 180 are provided with a plurality
of contact holes 181 exposing end portions of the gate lines
121.

[0121] A plurality of pixel electrodes 190 and a plurality
of contact assistants 91 and 92 are formed on the passivation
layer 180.

[0122] Each pixel electrode 190 is connected to the first
drain electrode 1754 through the contact hole 183 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 to expose most portions
of the DCE 178 while the linear cutouts 192 overlap the third
and the fourth branches 133¢ and 133d of the storage
electrode 131. Each pixel electrode 190 overlaps the DCE
178, which is connected to a previous gate line 121 but to the
same data line 171 through a TFT, near the cutouts 191 to
form a DCE capacitor CD, while the pixel electrode 190 also
overlaps the storage electrode 131 to form a storage capaci-
tor Cgr.

[0123] The contact assistants 91 and 92 are connected to
the exposed end portions of the gate lines 121 and the data
lines 171 through the contact holes 181 and 182.

[0124] An alignment layer 11 is coated on entire surface of
the upper panel 100 except for areas provided with the
contact assistants 91 and 92.

[0125] Now, a method of manufacturing the TFT array
panel shown in FIGS. 10A and 10B are described in detail
with reference to FIGS. 11A to 14B as well as FIGS. 10A
and 10B.
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[0126] FIGS. 11A, 13A and 14A are layout views of a
TFT array panel shown in FIGS. 10A and 10B sequentially
illustrating a manufacturing method thereof according to an
embodiment of the present invention. FIGS. 11B, 13B and
14B are sectional views of the TFT array panel shown in
FIGS. 11A, 13A and 14A, respectively, and FIG. 12 is a
sectional view of the TFT array panel in a step of the
manufacturing method between FIG. 11B and FIG. 13B.

[0127] First, as shown in FIGS. 11A and 11B, Al, Ag,
their alloys or the like is deposited and photo-etched to form
a plurality of gate lines 121 and a plurality of storage
electrodes 131.

[0128] As shown in FIG. 12, a silicon nitride layer 140, an
a-Si layer 150, a doped a-Si layer 160, and a metal layer 170
preferably made of Al, Ag or their alloys are sequentially
deposited by CVD and sputtering, and a photoresist film
with thickness of about 1-2 microns is coated thereon.
Thereafter, the photoresist film is exposed to light through a
photo mask (not shown) and is developed as shown in FIG.
12. The photoresist film has position-dependent thickness
and, for example, includes first to third portions having
thickness decreasing in sequence. In FIG. 12, the first and
the second portions are indicated by reference numerals PR1
and PR2, while there is no numeral indicating the third
portion since the third portion is shown to have zero thick-
ness and to expose the underlying conductive layer 170. The
ratio of the thickness of the photoresist film PR1 and PR2 is
adjusted depending on process conditions of subsequent
process steps, and it is preferable that the thickness of the
second portion is equal to or less than a half of that of the
first portion, for example, equal to or less than 4,000 A.

[0129] The position-dependent thickness of the photore-
sist film 1s obtained by several techniques, for example, by
providing semi-transparent areas on the exposure mask as
well as transparent areas and opaque areas. The semi-
transparent areas alternatively have a slit pattern, a lattice
pattern, a thin film(s) with intermediate transmittance or
intermediate thickness. When using a slit pattern, it is
preferable that the width of the slits or the distance between
the slits is smaller than the resolution of a light exposer used
for the photolithography. Another example is to use reflow-
able photoresist. That is, once a photoresist pattern made of
a reflowable material is formed by using a normal exposure
mask only with transparent areas and opaque areas, it is
subject to reflow process to flow onto areas without the
photoresist, thereby forming thin portions.

[0130] The different thickness of the photoresist film PR1
and PR2 enables to selectively etch the underlying layers
when using suitable process conditions. Therefore, a plural-
ity of data lines 171, a plurality of drain electrodes 175a and
1756 and a plurality of DCEs 178 as well as a plurality of
ohmic contact stripes and islands 161, 165a and 1655 and a
plurality of semiconductor stripes 151 are obtained by a
series of etching steps.

[0131] An exemplary sequence of forming the structure
shown in FIGS. 13A and 13B is as follows:.

[0132] (1) Removal of portions of the conductive layer
170, the doped a-Si layer 160 and the a-Si layer 150 under
the third portion of the photoresist film;

[0133] (2) Removal of the second portion PR2 of the
photoresist film;
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[0134] (3) Removal of portions of the conductive layer
170 and the doped a-Si layer 160 under the second portion
PR2 of the photoresist film; and

[0135] (4) Removal of the first portion PR1 of the photo-
resist film.

[0136]

[0137] (1) Removal of portions of the conductive layer
170 under the third portion of the photoresist film;

[0138] (2) Removal of the second portion PR2 of the
photoresist film;

Another exemplary sequence is as follows:

[0139] (3) Removal of portions of the doped a-Si layer 160
and the a-Si layer 150 under the third portion of the
photoresist film;

[0140] (4) Removal of portions of the conductive layer
170 under the second portion PR2 of the photoresist film;

[0141] (5) Removal of the first portion PR1 of the photo-
resist film; and
[0142] (6) Removal of the doped a-Si layer 160 under the

second portion PR2 of the photoresist film

[0143] Although the removal of the second portion PR2 of
the photoresist film causes the thickness reduction of the first
portion PR1 of the photoresist film, it does not remove the
first portion PR1, which protects the underlying layers from
removal or etching, since the thickness of the second portion
PR2 is smaller than the first portion PR1.

[0144] By selecting an appropriate etching condition, the
second portion PR2 of the photoresist film and the portions
of the doped a-Si layer 160 and the a-Si layer 150 under the
third portion of the photoresist film are simultaneously
removed. Similarly, the removal of the first portion PR1 of
the photoresist film and the removal of the portions of the
doped a-Si layer 160 under the second portion PR2 of the
photoresist film are simultaneously performed. For instance,
the etched thicknesses of the photoresist film and the a-Si
layer 150 (or the doped a-Si layer 160) are nearly the same
when using a gas mixture of SF, and HCI, or a gas mixture
of SF, and O,.

[0145] Photoresist remnants left on the surface of the
conductive layer 170, if any, are removed by ashing.

[0146] Examples of etching gases used for etching the
doped a-Si layer 160 in the step (3) of the first example and
in the step (4) of the second example 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 layer 150.

[0147] Subsequently, a passivation layer 180 is formed by
growing a-Si:C:0 or a-Si:O:F, by CVD of silicon nitride, or
by coating an organic insulating material such as acryl-based
material. When forming an a-Si:C:O layer, SiH(CH,),,
Si0,(CH,),, (SiH),0,(CH,),, Si(C,HsO), 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 deposition is performed by 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. As shown in FIGS. 10A and 10B, the passivation



US 2006/0164565 A1l

layer 180 together with the gate insulating layer 140 is
photo-etched to form a plurality of contact holes 181, 182
and 183.

[0148] Finally, an ITO layer or an IZO layer is deposited
and photo-etched to form a plurality of pixel electrodes 190
and a plurality of contact assistants 91 and 92.

[0149] For the ITO layer, a Cr etchant such as (HNO,/
(NH,),Ce(NO,)s/H,0O) can be used as an etchant, which
does not corrode the exposed portions of the gate lines 121,
the data lines 171 and the drain electrodes 175a and 1755
through the contact holes 181, 182 and 183. The 1ZO layer
is deposited at temperature preferably 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 a range between 15 atm % and 20 atm %.

[0150] Meanwhile, nitrogen gas, which prevents the for-
mation of metal oxides on the exposed portions of the gate
lines 121, the data lines 171 and the drain electrodes 175a
and 175b through the contact holes 181, 182 and 183, is
preferably used for the pre-heating process before the depo-
sition of the ITO layer or the IZO layer.

[0151] An LCD according to another embodiment of the
present invention is described in detail with reference to
FIGS. 15A and 15B.

[0152] FIG. 15A is a layout view of an LCD according to
another embodiment of the present invention, and FIG. 15B
is a sectional view of the LCD shown in FIG. 15A taken
along the line XVB-XVB'.

[0153] An LCD according to this embodiment of the
present invention also includes a lower panel 100, an upper
panel 200 facing the lower panel 100, and a liquid crystal
layer 3 interposed between the lower panel 100 and the
upper panel 200 and including a plurality of liquid crystal
molecules aligned parallel to the surfaces of the panels 100
and 200.

[0154] A plurality of gate lines 121 and a plurality of
storage electrodes 131 extending substantially in a trans-
verse direction are formed on an insulating substrate 110.

[0155] Each gate line includes a plurality of pairs of
expansions forming first and second gate electrodes 124a
and 124b.

[0156] Each storage electrode 131 includes a stem and a
plurality of sets of first to fourth branches 133a-1334
forming a ladder shape. The first branch 133a extends
upwardly and downwardly from the stem in a longitudinal
direction. The second branch 1335 includes a major portion
connected to the stem and extending upwardly and down-
wardly from the stem in a longitudinal direction and two
subsidiary portions connected to both ends of the major
portion and extending substantially in the transverse direc-
tion Two pairs of the third and the fourth branches 133¢ and
133d extend in the transverse direction from the first branch
133a and the second branch 13354 respectively, and
approach each other.

[0157] A gate insulating layer 140 is formed on the gate
lines 121 and the storage electrodes 131.

[0158] A plurality of semiconductor stripes 151 and a
plurality of semiconductor islands 158 preferably made of
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a-Si are formed on the gate insulating layer 140. Each
semiconductor stripe 151 extends in the longitudinal direc-
tion and located between the first branch 133a and the
second branch 1336 belonging to adjacent sets of the
branches 133a-133d of the storage electrode 131. Each
semiconductor stripe 151 includes a plurality of expansions
154 disposed near the gate electrodes 124a and 1245, which
form channels of TFTs. The semiconductor islands 158 are
located on the stems of the storage electrode 131.

[0159] A plurality of sets of an ohmic contact stripe 161
and a plurality of pairs of ohmic contact islands 165a and
1655 preferably made of silicide or hydrogenated a-Si
heavily doped with n type impurity are formed on the
semiconductor stripes 151. A plurality of ohmic contact
islands 168 are also formed on the semiconductor islands
158.

[0160] A plurality of sets of a data line 171 and a plurality
of pairs of first and second drain electrodes 175¢ and 1755
are formed on the ohmic contact stripes 161, the ohmic
contact islands 1654 and 1655, and the gate insulating layer
140. Fach data line 171 includes a plurality of sets of pairs
of expansions forming first and second source electrodes
173a and 1735 and located opposite the first and the second
drain electrodes 175a and 1755 with respect to the first and
the second gate electrodes 124a and 1245, respectively.

[0161] A plurality of DCEs 178 are formed on the gate
insulating layer 140 and the ohmic contact islands 168. Each
DCE 178 includes a plurality of crosses located in areas
surrounded by the storage electrode 131. The crosses of the
DCE 178 are connected in the gaps between the third and the
fourth branches of the storage electrode 131, and one of the
X-shaped pieces is connected to the second drain electrode
175b. The DCE intersects the stem of the storage electrode
131, and the semiconductor islands 158 and the ohmic
contact islands 168 thereon ensure the insulation between
the DCE 178 and the storage electrode 131.

[0162] The ohmic contact stripes and islands 161, 1654,
1650 and 168 are interposed only between the semiconduc-
tor stripes and islands 151 and 158 and the data lines 171,
the drain electrodes 1754 and 175b, and the DCEs 178 to
reduce the contact resistance therebetween, and thus some
portions of the semiconductor stripes and islands 151 and
158 are exposed out of the data lines 171, the drain elec-
trodes 1754 and 1755, and the DCEs 178.

[0163] The first gate electrode 124a, the first source elec-
trode 173a and the first drain electrode 1754 along with a
portion of the semiconductor stripe 161 located between the
first source electrode 173a and the first drain electrode 175a
form a TFT for controlling a voltage to be applied to the
pixel electrode 190, while the second gate electrode 1245,
the second source electrode 1736 and the second drain
electrode 175b along with a portion of the semiconductor
stripe 161 located between the second source electrode 1735
and the second drain electrode 1756 form a TFT for con-
trolling a voltage to be applied to the DCE 178.

[0164] A passivation layer 180 preferably made of silicon
nitride or organic insulator is formed on the data lines 171,
the drain electrodes 175a and 1756 and the DCEs 178 and
the exposed portions of the semiconductor stripes and
islands 151 and 158.

[0165] The passivation layer 180 is provided with a plu-
rality of contact holes 183 exposing the first drain electrodes
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175a and a plurality of contact holes 182 exposing end
portions of the data lines 171. The gate insulating layer 140
and the passivation layer 180 are provided with a plurality
of contact holes 181 exposing end portions of the gate lines
121. The passivation layer 180 has a plurality of trenches
185 exposing the DCEs 178, which contribute to the for-
mation of stable domains by affecting the tilt directions of
the liquid crystal molecules.

[0166] A plurality of pixel electrodes 190 and a plurality
of contact assistants 91 and 92 are formed on the passivation
layer 180.

[0167] Each pixel electrode 190 is connected to the first
drain electrode 175a through the contact hole 183 and has a
plurality of cross-shaped cutouts 191 and a plurality of linear
cutouts 192. The cross-shaped cutouts 191 overlap the
crosses of the DCE 178 to expose trenches 185 of the
passivation layer 180 while the linear cutouts 192 overlap
the storage electrode 131. Each pixel electrode 190 overlaps
the DCE 178, which is connected to a previous gate line 121
and a previous data line 171 through a TFT, to form a DCE
capacitor CD while the pixel electrode 190 also overlaps the
storage electrode 131 to form a storage capacitor Cgr.

[0168] An alignment layer 11 is coated on entire surface of
the upper panel 100 except for areas provided with the
contact assistants 91 and 92.

[0169] The upper panel 210 will now be described in
detail A black matrix 220, a plurality of red, green and blue
color filters 230, and a common electrode 270 are formed on
an upper substrate 210. An overcoat (not shown) may be
provided on or under the common electrode 270, and an
alignment layer 21 is coated on the common electrode 270.

[0170] The liquid crystal layer 3 has positive dielectric
anisotropy and homogeneous alignment, where a plurality of
liquid crystal molecules contained in the liquid crystal layer
3 are aligned such that their major axes are substantially
parallel to the lower and the upper panels 100 and 200 in
absence of electric field. The liquid crystal molecules pref-
erably have twisted structure from the lower panel 100 to the
upper panel 200.

[0171] Although preferred embodiments of the present
invention have been described in detail hereinabove, it
should be clearly understood that many variations and/or
modifications of the basic inventive concepts herein taught
which may appear to those skilled in the present art will still
fall within the spirit and scope of the present invention, as
defined in the appended claims.

What is claimed is:
1. A thin film transistor array panel comprising:

an insulating substrate;

a plurality of control lines provided on the substrate and
including first and second control lines;

a plurality of data lines provided on the substrate and
including first and second data lines;

a pixel electrode provided on the substrate and having a
cutout;

a field control electrode provided on the substrate and
overlapping the cutout;
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a first switching element for applying a first signal from
the first data line to the pixel electrode in response to a
first control signal from the first control line; and

a second switching element for controlling a second

signal to be applied to the field control electrode.

2. The thin film transistor array panel of claim 1, wherein
the first and the second switching elements are active at
different times.

3. The thin film transistor array panel of claim 2, wherein
the second switching element is active before the first
switching element

4. The thin film transistor array panel of claim 3, wherein
the first switching element becomes active immediately after
the activation of the first switching element.

5. The thin film transistor array panel of claim 3, wherein
the second signal is supplied from one of the data lines and
the second switching element applies the second signal to
the field control electrode in response to a second control
signal from the second control line.

6. The thin film transistor array panel of claim 5, wherein
the second signal is supplied from the first data line.

7. The thin film transistor array panel of claim 5, wherein
the second signal is supplied from the second data line, and
the second data line is adjacent to the first data line.

8. The thin film transistor array panel of claim 1, wherein
the field control electrode overlaps the pixel electrode.

9. The thin film transistor array panel of claim 1, wherein
the field control electrode and the control lines include
substantially the same layer.

10. The thin film transistor array panel of claim 1, wherein
the field control electrode and the data lines include sub-
stantially the same layer.

11. The thin film transistor array panel of claim 1, further
comprising an insulating layer interposed between the field
control electrode and the pixel electrode and having a trench
overlapping the cutout.

12. The thin film transistor array panel of claim 1, further
comprising a semiconductor layer located under the data
lines.

13. A liquid crystal display comprising:

a first panel including a plurality of control lines including
first and second control lines, a plurality of data lines
including first and second data lines, a pixel electrode
having a cutout, a field control electrode overlapping
the cutout, a first switching element electrically con-
nected to the first control line, the first data line and the
pixel electrode, and an insulating layer interposed
between the field control electrode and the pixel elec-
trode;

a second panel opposite the first panel and including a
common electrode; and

a liquid crystal layer interposed between the first and the
second panels,

wherein

Voce > VpX(l + Z—dd/)
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for positive V,, and

Voce < Vp)((l + }dd,)

for negative V,, where V. is a voltage of the field
control electrode with respect to the common electrode,
V, is a voltage of the pixel electrode with respect to the
common electrode, € and d are permittivity and thick-
ness of the liquid crystal layer, respectively, and €' and
d' are permittivity and thickness of the insulating layer.

14. The liquid crystal display of claim 13, further com-
prising a second switching element for controlling a signal
to be applied to the field control electrode.

15. The liquid crystal display of claim 14, wherein the first
and the second switching elements are active at different
times.

16. The liquid crystal display of claim 15, wherein the
second switching element is active before the first switching
element.

17. The liquid crystal display of claim 16, wherein the first
switching element becomes active immediately after the
activation of the first switching element.

18. The liquid crystal display of claim 16, wherein the
second switching element is connected to the second control
line, one of the data lines, and the field control electrode.

19. A liquid crystal display comprising:

a first panel including a plurality of control lines including
first and second control lines, a plurality of data lines
including first and second data lines, a pixel electrode
having a cutout, a field control electrode overlapping
the cutout, a first switching element electrically con-
nected to the first control line, the first data line and the
pixel electrode, and an insulating layer interposed
between the field control electrode and the pixel elec-
trode;

a second panel opposite the first panel and including a
common electrode; and

a liquid crystal layer interposed between the first and the
second panels,

wherein

CLC ed

—_—>
2Cpcg +Cre €d

where C; . is a capacitance between the pixel electrode
and the common electrode, Ccg is a capacitance
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between the pixel electrode and the field control elec-
trode, € and d are permittivity and thickness of the
liquid crystal layer, respectively, and €' and d' are
permittivity and thickness of the insulating layer.

20. The liquid crystal display of claim 19, further com-
prising a second switching element for controlling a signal
to be applied to the field control electrode.

21. The liquid crystal display of claim 20, wherein the first
and the second switching elements are active at different
times.

22. The liquid crystal display of claim 21, wherein the
second switching element is active before the first switching
element.

23. The liquid crystal display of claim 22, wherein the first
switching element becomes active immediately after the
activation of the first switching element.

24. The liquid crystal display of claim 22, wherein the
second switching element is connected to the second control
line, one of the data lines, and the field control electrode.

25. The liquid crystal display of claim 24, wherein the
pixel electrode and the field control electrode are supplied
with signals having the same polarity with respect to a
voltage of the common electrode for a sequence of activa-
tion of the second switching element and the first switching
element.

26. A liquid crystal display comprising:

a first panel including a plurality of control lines including
first and second control lines, a plurality of data lines
including first and second data lines, a pixel electrode
having a cutout, a field control electrode overlapping
the cutout, a first switching element for applying a first
signal from the first data line to the pixel electrode in
response to a first control signal from the first control
line, and a second switching element for controlling a
second signal to be applied to the field control elec-
trode;

a second panel opposite the first panel and including a
common electrode; and

a liquid crystal layer interposed between the first and the
second panels,

wherein the second switching element is active before the
first switching element in a sequence of activations of
the second switching element and the first switching
element and the first and the second signals have the
same polarity with respect to a voltage of the common
electrode for the sequence of activation
27. The liquid crystal display of claim 26, wherein the first
switching element becomes active immediately after the
activation of the first switching element.
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